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Preface

The book “Antioxidant-Antidiabetic Agents and Human Health” is divided into five sec-
tions covering specific chapters. The book containing 15 chapters primarily addresses the
health benefits of antioxidant-rich natural products and medicinal plants in management
and treatment of diabetes and other chronic diseases. Each chapter draws on the scientific
and educational expertise of the authors presenting unique content, style of communication
and scientific background, making it an excellent book in the field of medicinal plants and
human health. It provides historical and scientific evidence on the usefulness of antioxidant-
rich natural products and plants with therapeutic potentials in management and treatment
of diabetes mellitus and other chronic diseases. Scientists, professional health workers, aca-
demics and students of different backgrounds would undoubtedly appreciate and value its
deeply educative contents. The book pointedly adds to the pool of scientific and professio-
nal knowledge in the field, but further provides better understanding on the topics covered.
The carefully selected references provided in each chapter would act as catalyst for further
information on the diverse topics treated in the book.

Oluwafemi Oguntibeju

Nutrition & Chronic Disease Research Unit, Oxidative Stress Research Centre,
Department of Biomedical Sciences

Faculty of Health & Wellness Sciences

Cape Peninsula University of Technology

Bellville, South Africa
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Chapter 1

Lipid Profile, Antidiabetic and Antioxidant Activity of
Acacia ataxacantha Bark Extract in Streptozotocin-
Induced Diabetic Rats

Rotimi O. Arise, Aderounmu |. Ganiyu and
Oluwafemi O. Oguntibeju

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/57151

1. Introduction

Diabetes mellitus is a heterogeneous primary disorder of carbohydrate metabolism which
exists everywhere in the world and interests approximately 371 million people worldwide.
The prevalence of diabetes mellitus is increasing with ageing of the population and lifestyle
changes associated with rapid urbanization and westernization. The disease is found in all
parts of the world and is rapidly increasing in its coverage [1, 2]. WHO projects that diabetes
will be the 7 leading cause of death in 2030 [2, 3]. It is a metabolic disorder initially charac-
terized by a loss of glucose homeostasis with disturbances of carbohydrate, fat and protein
metabolism resulting from defects in insulin secretion, insulin action, or both [4]. Without
enough insulin, the cells of the body cannot absorb sufficient glucose from the blood; hence
blood glucose levels increase, which is termed as hyperglycemia. If the glucose level in the
blood remains high over a long period of time, this can result in long-term damage to organs,
such as the kidneys, liver, eyes, nerves, heart and blood vessels. Complications in some of these
organs can lead to death [5]

The roles of certain organs such as the pancreas, liver and kidney in diabetes mellitus are very
important.The pancreas plays a primary role in the metabolism of glucose by secreting the
hormones insulin and glucagon (Figure 1). The islets of Langerhans secrete insulin and
glucagon directly into the blood. Insulin is a protein that is essential for proper regulation of
glucose and for maintenance of proper blood glucose levels [6]. Glucagon is a hormone that
opposes the action of insulin. It is secreted when blood glucose level falls. It increases blood
glucose concentration partly by breaking down stored glycogen in the liver by a pathway

I m EC H © 2014 Arise et al; licensee InTech. This is a paper distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,

distribution, and reproduction in any medium, provided the original work is properly cited.
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known as glycogenolysis. Gluconeogenesis is the production of glucose in the liver from non-
carbohydrate precursors such as glycogenic amino acids [7].

WHO classification of diabetes introduced in 1980 and revised in 1985 was based on clinical
characteristics. The two most common types of diabetes were insulin-dependent diabetes
mellitus (IDDM) or (type I) and non-insulin-dependent diabetes mellitus (NIDDM) or (type
IT). WHO classification also recognized malnutrition-related diabetes mellitus and gestational
diabetes. Malnutrition-related diabetes was omitted from the new classification because its
etiology is uncertain, and it is unclear whether it is a separate type of diabetes [8, 9, and 10].

International Diabetes Federation [11] reported that one in 10 adults will have diabetes by 2030,
posing a huge challenge to health care systems around the world. According to the report, the
number of people living with diabetes worldwide will increase to 552 million by 2030 from
366 million in 2011 unless action is taken. Over 80 percent of its related deaths occur in low-
and middle-income countries. It has been predicted that the number of cases may jump by 90

percent even in Africa, where infectious diseases have previously been the top killer [11].
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Figure 1. The role of pancreas in the body
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The conventional treatment for diabetes mellitus is oral hypoglycemic agents/insulin therapy
[12]. However these have been shown to have prominent side effects and they do not modify
the course of diabetic complications [13, 14]. The need to develop new antidiabetic drugs has
led to studies that have attempted to screen some indigenous plants for antidiabetic activity
[15, 16]. Traditional preparations of plant sources are widely used almost everywhere in the
world to treat this disease. Therefore plant materials are considered to be the alternative sources
for finding out new leads for antihyperglycemic agents. The plant drugs are frequently
considered to beless toxic when compared to synthetic drugs [17]. More than 1,123 plant species
havebeenused totreat diabetes and more than 200 pure compounds havebeen shown to possess
characteristics of lowering blood glucose activity [18]. Acacia ataxacantha or Flame Thorn is an
African tree species with conspicuous red pods and numerous hooked prickles. It is wide-
spread in sub-Saharan Africa from Senegal in the west to Sudan in the east, Namibia, Botswa-
na, Zimbabwe, and in the Transvaal and KwaZulu-Natal. In arid regions it prefers low-lying
sites near streams, water courses and in valleys, but in higher rainfall areas it is a common
member of the vegetation, often favouring forestmargins. The flaking barkislight grey, splitting
longitudinally and transversely, and revealing a buff under-colour. The persistent prickles are
profuse on young twigs, but can also be found on older wood. Unlike most Acacias, the prickles
are not in pairs, but scattered along young twigs (‘ataxacantha'i.e orderless prickles).

Source : Davidson and Jeppe [19]

Figure 2. Acacia ataxacantha
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Hence, the aim of this study is to investigate the anti-diabetic potential and safety evaluation
of ethanolic extract of Acacia ataxacantha bark in streptozotocin-induced diabetic rats. The
results were compared with standard anti-diabetic drug, metformin.

2. Materials and methods

2.1. Experimental animals and reagents

36 Albino rats (Rattus norvegicus) with an average weight of 132.5 g were obtained from the
Animal Holding Unit of the Department of Biochemistry, University of Ilorin, Ilorin, Kwara
State, Nigeria. Animal husbandry and experimentation were consistent with Guiding Princi-
ples in the use of Animals in Toxicology [20]. All the reagents used for this study were of
analytical grade and were prepared in all glass-distilled water.

2.2. Plant extract preparation

The bark of Acacia ataxacantha was obtained from Akure, Ondo State, Nigeria. Identification
was carried out at the University Ilorin Herbarium, Department of Plant Biology, Ilorin,
Nigeria where voucher number 872 was deposited. The bark was air-dried under shade and
pulverized into fine powder. 200 g of the fine powder was percolated in 500 ml of absolute
ethanol (60-80 °C) for 24h. The percolated mixture was filtered and evaporated at room
temperature according to the method of Majekodunmi et al. [21]. A homogenous aqueous
suspension of the extract was made before administration to the experimental animals [21].

2.3. Induction of experimental diabetes

The animals were fasted overnight and diabetes was induced by a single intra-peritoneal
injection of freshly-prepared STZ (55 mg/kg body weight of rats) in 0.1 M citrate buffer (pH
4.5) [22]. The animals were allowed to drink 5% glucose solution overnight to overcome the
drug-induced hypoglycaemia. Control rats were injected with citrate buffer alone. The animals
were considered as diabetic, if their blood glucose values were above 250 mg/dL on the third
day after the STZ injection. The treatment was started on the fourth day after the STZ injection
and this was considered the first day of treatment.

2.4. Animals grouping

All rats were maintained under standard laboratory conditions (12 h light/dark cycle, 25 + 2
°C). The rats were acclimatized for a week in the laboratory. They were fed with standard
rodent diet and tap water ad libitum. The animals were then randomly divided into 6 groups-

Group 1: Received distilled water (Control)
Group 2: Diabetic untreated rats

Group 3: Diabetic and treated with125 mg/kg b.w of ethanolic extract of Acacia ataxacanthabark
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Group 4: Diabetic and treated with 250 mg/kg b.w of ethanolic extract of Acacia ataxacantha
bark.

Group 5: Diabetic and treated with 500 mg/kg b.w of ethanolic extract of Acacia ataxacanthabark
Group 6: Diabetic and treated with standard drug (Metformin)

2.5. Sample preparation

At the end of the experimental period, venous blood was collected from the experimental
animals and serum was prepared by centrifuging the blood samples at 3000 rpm for 5 minutes
[23] and serum collected by pippeting. The animals were thereafter quickly dissected and the
liver and pancreas removed. The pancreas and liver were suspended in ice-cold 0.25 M sucrose
solution (1:5 w/v) and homogenized. The homogenates were kept frozen overnight to ensure
maximum release of enzymes [24].

2.6. Estimation of hepatic glucose and glycogen

Hepatic glucose and glycogen were estimated using the method of Barham and Trinder [25]
and Passoneau and Lauderdale [26] respectively.

2.7. Determination of liver enzyme activities

The method described by Reitman and Frankel [27] was used for assaying the activity of
alanine aminotransferase and aspartate aminotransferase.

2.8. Lipids profile analysis

Total cholesterol, triglyceride, high density lipoprotein cholesterol, low density lipoprotein
cholesterol were assayed using the method of Zlakis et al. [28], Foster and Dunn [29], Burstein
et al.[30] and Friedwald et al. [31] respectively.

2.9. Determination of liver function indices

The procedure described by Doumas et al. [32] and Sherlock [33] was used for the determina-
tion of albumin and bilirubin concentrations respectively.

The method of Tietz et al. [34] was used to determine the levels of serum urea and creatinine.

2.10. Determination of superoxide dismutase activity and malondialdehyde concentration

The pancreatic superoxide dismutase activity was determined by the method of Misra and
Fridovich [35] while malondialdehyde concentration was assayed using the method described
by Varshney and Kale [36].

2.11. Statistical analysis

All data are expressed as the mean of sixth replicates + standard error of mean (S.E.M).
Statistical evaluation of data was performed by SPSS version 16 using one way analysis of

7
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variance (ANOVA), followed by Dunett’s posthoc test for multiple comparism. Values were
considered statistically significant at p<0.05 (confidence level = 95%).

3. Results

3.1. Phytochemical constituents of ethanolic extract of Acacia ataxacantha bark

Table 1 shows the phytochemical constituents of ethanolic extract of Acacia ataxacantha bark.
In the analysis carried out, alkaloids, polyphenols, flavonoids, saponins, tannins, terpernoids
were present while glycoside was not detected.

3.2. Glycemic effects of ethanolic extract of Acacia ataxacantha bark in streptozotocin-
induced diabetic rats

Figure 3 presents the glycemic effects of ethanolic extract of Acacia ataxacantha bark in strep-
tozotocin-induced diabetic rats. There was continuous increase in the fasting blood glucose
level of diabetic control rats from the first day of treatment till the sixth day. While, upon oral
administration of ethanolic extract of Acacia ataxacantha bark, there was a significant reduction
(p<0.05) in the fasting blood glucose level, of rats administered 125 mg/kg body weight of the
extract, decline in the fasting blood glucose concentration began on day 3 and continued till
day 6. Whereas, continuous reduction was recorded for fasting blood glucose concentration
from day 2 upon oral administration of 250 mg/kg and 500 mg/kg body weight of the extract
and standard drug (metformin).

3.3. Effects of ethanolic extract of Acacia ataxacantha bark on hepatic glucose and glycogen
concentration

Figures 4 and 5 depict the effects of ethanolic extract of Acacia ataxacantha bark on the hepatic
glucose and glycogen levels of STZ — induced diabetic rats. There was a significant difference
(p>0.05) in the hepatic glucose and glycogen levels in all the treatment groups compared to
the normal control. However, highest hepatic glucose and least glycogen concentrations were
recorded in the diabetic control when compared to the control.

Phytochemicals Extract
Alkaloids +
Polyphenols +
Flavonoids +
Saponin +
Glycoside _
Tannins +
Terpenoid +

Keys: Presence of constituents (+); Absence of constituents (-)

Table 1. Phytochemical screening of ethanolic extract of Acacia ataxacantha bark
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Figure 3. Effects of ethanolic extract of Acacia ataxacantha bark on the fasting blood level of STZ-induced diabetic rats
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Figure 4. Effects of ethanolic extract of Acacia ataxacantha bark on the hepatic glucose concentration of STZ-induced
diabetic rats
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Figure 5. Effects of ethanolic extract of Acacia ataxacantha bark on the hepatic glycogen concentration of STZ-in-
duced diabetic rats

3.4. Effect of administration of ethanolic extract of Acacia ataxacantha bark on serum
parameters of streptozotocin-induced diabetic rats

The influence of administration of ethanolic extract of Acacia ataxacantha bark on serum
parameters is shown in Table 2. There was a significant difference (p<0.05) in the urea level in
all the treatment groups when compared to the control except that 250 mg/kg body weight
and metformin displayed a similar pattern to the control. Also, there was no significant
difference (p>0.05) in the creatinine level in all the treatment groups when compared to the
control but a significant increase (p<0.05) was observed in diabetic control compared to the
normal control. There were significant differences (p<0.05) in albumin level of all groups
compared to the control except that 250 mg/kg b.w and metformin were similar in pattern to
the control.

3.5. Effect of administration of ethanolic extract of Acacia ataxacantha bark on the lipids
profile of streptozotocin-induced diabetic rats

Figure 6 shows the effect of ethanolic extract of Acacia ataxacantha bark on serum total choles-
terol (TC), high density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol
(LDL-C) and triglyceride. The serum total cholesterol (TC), low density lipoprotein cholesterol
(LDL-C) and triglyceride concentrations were significantly reduced (p<0.05) upon adminis-
tration of ethanolic extract of Acacia ataxacantha bark and metformin.
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Parameters  Control Diabetic control 125mg/kg 250mg/kg 500mg/kg Metformin
Urea 29.67+0.3°  40.23+0.10¢ 23.49+1.19° 29.82+0.592 21.04+1.22° 30.29+0.5°
Creatinine 0.47+0.14*>  0.57+0.12° 0.48+0.15° 0.48+0.012 0.50+0.132 0.49+0.102
Albumin 18.67+0.33* 27.01+0.61°¢ 22.00£1.15° 21.33+0.33¢ 25.33+0.88¢ 20.00+1.2%

Values are expressed as mean of six determinations + SEM

Row values with different superscripts are significantly (p<0.05) different

Table 2. Effects of ethanolic extract of Acacia ataxacantha bark on the concentration of some serum parameters of
STZ-induced diabetic rats

180
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control

Values are means (n=6) + S.D (bars with different superscripts are significantly different at p<0.05).

Figure 6. Effects of ethanolic extract of Acacia ataxacantha bark on the serum lipid profile of STZ-induced diabetic rats

Figure 7 shows the effect of administration of ethanolic extract of Acacia ataxacantha bark on
the total bilirubin and conjugated bilirubin level in streptozotocin induced diabetic rats. Both
total biliribin and conjugated bilirubin were significantly higher (p<0.05) in diabetic untreated
compared to the control, but it was significantly decreased (p<0.05) upon administration of
ethanolic extract of Acacia ataxacantha bark and metformin.
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3.6. Effect of the administration of ethanolic extract of Acacia ataxacantha bark on aspartate
and alanine aminotransferase activities in streptozotocin induced diabetic rats

Tables 3 and 4 show the effect of administration of ethanolic extract of Acacia ataxacantha bark
on alanine and aspartate aminotransferase activities in the liver and serum respectively. There
was a significant reduction (p<0.05) in the activity of ALT in the groups administered 500mg/
kg b.w when compared to the control while there was no significant difference in the remaining
treatment groups. However, in the serum, there was no significant difference (p>0.05) in ALT
activity except in the groups administered 500mg/kg b.w and metformin when compared to
the normal control. There were significant alterations (p<0.05) in the activity of AST in the liver
of all the groups compared to the normal control. However, significant elevations (p<0.05)
were observed in the activity of AST in the serum of all treatment groups when compared to
the control.

3.7. Effects of ethanolic extract of Acacia ataxacantha bark on pancreatic lipid peroxidation
of streptozotocin-induced diabetic rats

Figure 8 depicts the effects of ethanolic extract of Acacia ataxacantha bark on the pancreatic lipid
peroxidation in STZ - induced diabetic rats. There were no significant differences (p>0.05) in
malondialdehyde concentration in the pancreas of rats administered 125mg/kg body weight
and metformin when compared to the control. However, there was a significant elevation
(p<0.05) in the concentration of thiobarbituric acid (TBA) reacting substance in the pancreas
of rats administered 250 mg/kg b.w, 500 mg/kg b.w and diabetic but not treated rats when
compared to the normal control.
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Figure 7. Effects of ethanolic extract of Acacia ataxacantha bark on the bilirubin levels of STZ-induced diabetic rats
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Diabetic .
Parameters Control 125mg/kg 250mg/kg 500mg/kg Metformin
control
Liver 0.48+0.00° 0.14+0.00° 0.45+0.01° 0.46+0.00° 0.14+0.00° 0.57+0.00°
Serum 0.15+0.01° 0.46+0.00¢ 0.43+0.22° 0.17+0.00° 0.26+0.00° 0.15+0.20°

Values are expressed as mean of six determinations + SEM

Row values with different superscripts are significantly (p<0.05) different

Table 3. Effect of the administration of ethanolic extract of Acacia ataxacantha bark on the alanine aminotransferase

activities in streptozotocin-induced diabetic rats

Diabetic .
Parameters Control 125mg/kg 250mg/kg 500mg/kg Metformin
control
Liver 0.36+0.032 0.14+0.00° 0.68+0.00¢ 0.67+0.01¢ 0.13+0.02° 0.65+0.01¢
Serum 0.24+0.08? 0.72+0.01¢ 0.48+0.00° 0.62+0.00¢ 0.60+0.01¢ 0.52+0.01°

Values are expressed as mean of six determinations + SEM

Row values with different superscripts are significantly (p<0.05) different.

Table 4. Effect of the administration of ethanolic extract of Acacia ataxacantha bark on aspartate aminotransferase

activity in streptozotocin-induced diabetic rats

= Pt [F¥] =

Malondialdehyde Contents (pmol/L)
o

control

Control Diabetic 125mg/kg 250mg/kg 500mg/kg Metformin

Groups

Values are means (n=6) = S.D (bars with different superscripts are significantly different at p<0.05)

Figure 8. Effects of ethanolic extract of Acacia ataxacantha bark on the lipid peroxidation in STZ-induced diabetic rats
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3.8. Effects of ethanolic extract of Acacia ataxacantha bark on pancreatic superoxide
dismutase activities of streptozotocin-induced diabetic rats

Figure 9 shows the effects of ethanolic extract of Acacia ataxacantha bark on the activity of
pancreatic superoxide dismutase. There were significant alterations (p<0.05) in the superoxide
dismutase activity in the pancreas of all the tretment groups except the groups administered
500 mg/kg b.w of the extract and metformin, which compared favourably with the control.

250

200

| I I
DII II _

Control  Diabetic 125mg/kg 250mg/kg 500mg/kg Metformin
control

15

o |

10

=]

5

(=]

Superoxide dismutase activities
(U/L)

Groups

Values are means (n=6) + S.D (bars with different superscripts are significantly different at p<0.05).

Figure 9. Effects of ethanolic extract of Acacia ataxacantha bark on the superoxide dismutase activity of STZ-induced
diabetic rats

4. Discussion

Diabetes mellitus is a metabolic disorder that has arguably achieved epidemic proportions. It
is known to affect more than 371 million persons globally, and is projected to affect 522 million
people by the year 2030 [1, 2 and 11]. Phytotherapy for some decades has played an important
role in the management of the disease especially in resource-poor countries. Clearly, the
identification of plant materials that can manage diabetes and its complications would save
millions of people, especially in developing countries, from untimely death.

The presence of secondary metabolites such as alkaloids, polyphenols, flavonoid, saponins,
tannins, and terpenoid in the ethanolic extract of Acacia ataxacantha bark may contribute to its
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hypoglyceamic activity and medicinal value. These compounds have been shown to be
responsible for hypoglyceamic activity in Momordica charantia [37]. The activities of flavonoids
and polyphenol have been ascribed to the structural relationship between different parts of
their chemical structures [38].

STZ is a broad spectrum antibiotic extracted from Streptomyces acromogenes. The STZ-induced
diabetes causes the destruction of pancreatic (3 cells of islets, which leads to a reduction of
insulin release and increase in blood glucose. STZ — induced diabetes has been described as a
useful experimental model to study the antidiabetic activity of several agents [39]. STZ is well
known for its selective pancreatic islet 3-cell cytotoxicity used to induce diabetes mellitus in
animals. It interferes with cellular metabolic oxidative mechanisms [39]. Significant elevation
was observed in fasting blood glucose in diabetic rats. This observed hyperglycemia may be
due to induced gluconeogenesis in the absence of insulin [40]. However, marked reductions
observed after 2 days and the progressive decrease till the 6" day which was highest in 125
mg/kg and 250 mg/kg b.w of the extract compared well with the standard drug (metformin).
These decreases could be due to the direct stimulation of the secretion of insulin thus promot-
ing glucose uptake metabolism by inhibiting hepatic gluconeogenesis through the stimulation
of a regeneration process and revitalization of the remaining beta cells [41].

The increased levels of hepatic glucose in streptozotocin - induced diabetic rats were reduced
following the administration of ethanolic extract of Acacia ataxacantha bark. The reduced
glucose levels suggests that ethanolic extract of Acacia ataxacantha bark may have exerted
insulin-like effect on peripheral tissues by either promoting glucose uptake metabolism by
inhibiting hepatic gluconeogenesis [42] or by absorption of glucose into the muscle and adipose
tissues [43] through the stimulation of a regeneration process and revitalization of the
remaining beta cells [42,43].

Glycogen is the primary intracellular storable form of glucose in various tissues and its level
in such tissues especially the liver is a direct reflection of insulin activity [44]. The glycogen
content was decreased in the liver of diabetic rats in this study. But upon oral administration
of ethanolic extract of Acacia ataxacantha bark, glycogen content were increased significantly
which is comparable to that of metformin, thus confirming its insulin potentiating action to a
marked extent. This may be due to the activation of glycogen synthase system and inhibition
of glycogen phosphorylase [45] by the extract. It may also be due to decreased enzymatic
activities of hexokinase and phosphofructokinase resulting in depletion of liver and muscle
glycogen [46].

The concentrations of total protein, bilirubin and albumin may indicate state of the liver and
type of damage [47]. Bilirubin is formed by the breakdown of hemoglobin in the liver, spleen
and bone marrow [48]. An increase in tissue or serum albumin concentrations results in
jaundice. Jaundice occurs in toxic or infectious diseases of the liver [49]. The significant increase
in the total bilirubin, conjugated bilirubin and albumin levels in the diabetic control rats and
reduction following oral administration of ethanolic extract of Acacia ataxacantha bark are
indicative of amelioration of the adverse effects caused by diabetes.
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The kidneys remove metabolic wastes such as urea, uric acid, creatinine and ions and thus
optimum chemical composition of body fluids is maintained. The concentrations of these
metabolites increase in blood during renal diseases or renal damage associated with uncon-
trolled diabetes mellitus. Blood urea and creatinine are considered as significant markers of
renal dysfunction [50]. Observed increase in urea and creatinine level in the diabetic control
were reduced following the administration of ethanolic extract of Acacia ataxacantha bark to a
level close to the value obtained for the normal control. Due to continuous catabolism of amino
acid during diabetic state, high quantity of urea will be formed from urea cycle. On the other
hand, it may be as a result of repression of glycolytic enzymes, thus glucose is channeled into
pentose phosphate pathway resulting in the increased availability of ribose-5-phosphate
which may lead to increased formation of phosphoribosyl pyrophosphate (PRPP) and
ultimately resulting in high concentration of uric acid in the blood [51].

Lipids play a vital role in the pathogenesis of diabetic mellitus. Diabetic is associated with
profound alterations in the plasma lipid, triglycerides and lipoprotein profile and with an
increased risk of coronary heart disease [52]. The most common lipid abnormalities in diabetes
are hypertriglyceridemia and hypercholesterolemia. The increase in the levels of serum lipids
such as cholesterol and triglycerides in the diabetic rats may be due to the fact that under
normal circumstances, insulin activates lipoprotein lipase and hydrolyses triglycerides. Insulin
increases uptake of fatty acids into adipose tissue and increases triglyceride synthesis.
Moreover, insulin inhibits lipolysis. In case of insulin deficiency, lipolysis is not inhibited but
an increased lipolysis which finally leads to hyperlipidemia. In diabetic condition, the
concentration of serum free acids is elevated as a result of free fatty acid outflow from fat
deposited, where the balance of the free fatty acid esterification-triglyceride lipolysis cycle is
displaced in favour of lipolysis [53].

HDL is an anti-atherogenic lipoprotein. It transports cholesterol from peripheral tissues into
the liver and thereby acts as a protective factor against coronary heart disease. The level of
HDL-cholesterol slightly increased after administration of ethanolic extract of Acacia ataxacan-
thabark at 250 mg/kg and 500 mg/kg b.w. This might be due to increase in the activity of lecithin
cholesterol acyl transferase (LCAT), which may contribute to the regulation of blood lipids
[54]. Administration of ethanolic extract of Acacia ataxacantha bark lowered cholesterol level at
all doses while 250 mg/kg and 500 mg/kg b.w were able to reduce triglycerides and LDL-
cholesterol levels. Significant lowering of total cholesterol, triglycerides, LDL-cholesterol and
rise in HDL-cholesterol is a very desirable biochemical state for prevention of atherosclerosis
and ischaemic conditions [55].

Liver is the vital organ of metabolism, detoxification, storage and excretion of xenobiotic and
their metabolites [56]. Aspartate aminotransferase, alanine aminotransferase, albumin and
bilirubin are considered as part of liver toxicity markers [57]. In streptozotocin-induced
diabetic animals, change in the serum enzymes is directly related to change in the metabolic
functions of aspartate aminotransferase, alanine aminotransferase, albumin and bilirubin [58,
59]. It has been reported that the increased aminotransferase activities under insulin deficiency
[60] were responsible for the increased gluconeogenesis and ketogenesis during diabetic.
Aspartate aminotransferase is an enzyme found mainly in the cell of the liver, heart, skeletal
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muscles, kidney, and pancreas and to a lesser amount in red blood cells. Its serum concentra-
tion is proportional to the amount of cellular leakage or damage and it is released into the
serum in larger quantities when any one of these tissues is damaged and its increase is usually
associated with heart attack or liver disease. While on the other hand, alanine aminotransferase
is an enzyme found mainly in the liver and elevated levels in serum usually indicates liver
damage [61]. The mechanism by which the serum aspartate and alanine aminotransferases are
raised in diabetic untreated may involve increased liberation of these enzymes from tissues
(mainly liver), owing to oxidative stress or the formation of advanced glycosylation end
product [57]. The increase in the activities of these enzymes in serum of diabetic control might
be induced due to liver dysfunction. Ohaeri [62] reported that liver was necrotized in STZ-
induced diabetic rats. Therefore an increase in the activities of ALT and AST in the serum might
be mainly due to the leakage of these enzymes from the liver cytosol into the blood stream [63]
which gives an indication of hepatotoxic effect of STZ. Reduction in the activities of ALT and
AST in the serum might consequently be due to alleviation of liver damage caused by STZ-
induced diabetic mellitus [64], while 500mg/kg body weight might be toxic.

Malondialdehyde is used as a biomarker to measure level of oxidative stress in an organism
[65]. Malondialdehyde participate in a variety of chemical and biological reactions including
covalent binding to protein, RNA, and DNA. The significant increase (p<0.05) in pancreatic
malondialdehyde concentration in the diabetic but treated groups was reduced upon oral
administration of the ethanolic extract of Acacia ataxacantha bark. These may be due to the
presence of antioxidant phytochemicals in the extract which reduced the oxidative stress that
caused lipid peroxidation thereby reducing the generation of free radicals and thus may have
prevented the damage of cellular organelles either by decreasing localized oxygen concentra-
tion, presenting first chain initiation by scavenging initial radicals and binding metals or by
decomposing peroxide. Antioxidant enzymes have been shown to play important role in
maintaining physiological levels of oxygen and hydrogen peroxide by hastening the dismu-
tation of oxygen radicals and eliminating organic peroxide and hydro-peroxides generated
from inadvertent exposure to STZ [66]. In the enzymatic antioxidant defense system, SOD is
one of the important enzymes that scavenge the superoxide radicals by converting them to
hydrogen peroxides and molecular oxygen [67]. The observed decrease in the pancreatic SOD
activity in diabetic control rats could result from inactivation by H,O, or by glycosylation of
the enzymes, which has been reported to occur in diabetes [68, 69]. However, the increased
SOD activity following oral administration of ethanolic extract of Acacia ataxacantha bark might
be due to presence of antioxidant phytochemicals which scavenge the superoxide radical by
converting them to hydrogen peroxides and molecular oxygen [67].

5. Conlusion

Overall, it may be concluded that ethanolic extract of Acacia ataxacantha bark at 125 mg/kg b.w
exhibited promising antidiabetic activity in streptozotocin-induced diabetic rats. Thus, the
antihyperglyceamic and anti-dyslipidemic activity of ethanolic extract of Acacia ataxacantha
bark could represent a protective mechanism against the development of atherosclerosis,
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especially in diabetic condition and may prove to be of clinical importance in the management

of type 2 diabetes. However, this may not be safe at higher doses.
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1. Introduction

Diabetes mellitus is a group of disorders of multiple aetiologies resulting from a defect in
insulin secretion, insulin action, or both. Insulin deficiency in turn leads to chronic hypergly-
cemia (very high blood glucose levels) with disturbances in carbohydrate, fat and protein
metabolism [1]. The two major types of diabetes mellitus (DM) are insulin dependent (IDDM)
- type 1 and non -insulin dependent (NIDDM) -type 2. Type 1 DM is characterized by a specific
destruction of the pancreatic 3 cells commonly associated with immune-mediated damage [2].
Individuals with type 2 DM display a gradual change in glucose homeostasis due to insulin
resistance and/or decreased insulin secretion [3].

Sustained hyperglycemia leads to the progressive development of long-term microvascular
and macrovascular complications which causes morbidity and mortality among those affected
[4, 5]. Although glycemic control has long been the mainstay for preventing the progression
of diabetic complications, there is far less evidence that these interventions reverse diabetic
complications [6]. Also, limitations in intensive glycemic treatment such as difficulty in
achieving and/or maintaining tight glycemic control [7], incidence of hypoglycemia and
increased mortality [8, 9] suggest an urgent need for alternative and/or complementary
therapies to this disorder.

Hyperglycemia-induced oxidative stress is now recognized as the driving force for the
development of diabetic complications [10]. Oxidative stress in diabetes results in stimulation
of the polyol pathway, formation of advanced glycation end products (AGE), activation of
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protein kinase C (PKC) and subsequent formation of reactive oxygen radicals [11, 12].
Hyperglycemia, not only generates more reactive oxygen species (ROS), but also attenuates
antioxidative mechanisms by scavenging enzymes and substances [13].

2. The complications of diabetes mellitus (DM)

The injurious effects of hyperglycemia are separated into microvascular (involving small
vessels such as capillaries) and macrovascular complications (involving large vessels, such as
arteries and veins). Microvascular complications include diabetic nephropathy, neuropathy
and retinopathy while macrovascular complications include coronary artery disease, periph-
eral arterial disease and stroke [5].

Diabetic nephropathy is a major cause of end-stage renal disease worldwide. It is a progressive
decline in the glomerular filtration rate, characterized by glomerular hyperfiltration, glomer-
ular and tubular epithelial hypertrophy, increased urinary albumin excretion, increased
basement membrane thickness and mesangial expansion with the accumulation of extracel-
lular matrix proteins (ECM) [14]. Alteration of the permeability characteristics of the glomer-
ular capillary wall manifests clinically as abnormal albuminuria [15]. Microalbuminuria
progresses to end-stage renal disease through a number of stages including normoalbuminu-
ria, microalbuminuria and macroalbuminuria [16].

Diabetic retinopathy results from the damage of the small vasculature of the retina, multi
cellular and the light sensitive tissue at the back of the eye. It is a major cause of visual
impairment worldwide [17, 18]. The retina capillaries are lined with endothelial cells respon-
sible for maintaining the blood retinal barrier, and are surrounded by smooth muscle cells,
pericytes, which provide tone to the vessels [18]. The vascular lesions that are identified at the
early stage of diabetic retinopathy include pericytes disappearance from capillaries resulting
in pericyte ghosts, obliteration of capillaries and small arterioles, gradual thickening of
vascular basement membrane, increased permeability of endothelial cells, and formation of
microaneurysms (i.e. weakening of vessel walls that results in the projection of a balloonlike
sac), vessel leakage, exudate, and hemorrhage [19, 20].

Neuropathies are characterized by a progressive loss of nerve fiber function. A widely accepted
definition of diabetic neuropathy is “the presence of symptoms and/or signs of peripheral
nerve dysfunction in people with mellitus after exclusion of other causes” [21]. In the periph-
eral nervous system, diabetes causes a progressive deterioration of sensory nerves and damage
to motor nerves [22]. Diabetic neuropathy is ultimately the leading cause of lower extremity
amputation [23]. Peripheral neuropathy is thought to develop because of cellular damage to
endothelial cells, affecting nerve blood flow and also damage to the neurons affecting con-
ductivity of impulses [23]. Signs and symptoms of diabetic neuropathy include decrease or no
sweating, numbness, or tingling, and some sort of burning sensation, weakness and loss of
reflexes [24].
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Both type I and type Il diabetes are powerful and independent risk factors for coronary artery
disease (CAD), stroke, and peripheral arterial disease [25, 26, 27]. Diabetics have a 2- to 4-fold
higher risk for cardiovascular events [28] and nearly 80% of diabetes-associated deaths are
caused by cardiovascular disease (CVD) [29]. Atherosclerosis, (excessive accumulation of
lipids, cholesterol, inflammatory cells, and connective tissue in the vessel wall) accounts for
more than 80% of the CVD-associated death and disability [30, 31]. Formation of atherosclerotic
plaques can result in occlusion of vessel lumen and a rapid cessation in blood flow to target
tissue [32]. Hyperglycemia, increased free fatty acids, and insulin resistance induce a large
number of alterations at the cellular level that contribute to vascular dysfunction and accelerate
the atherosclerotic process. These include increased oxidative stress, decreased bioavailability
of NO, disturbances of intracellular signal transduction and increased production of several
prothrombotic factors [32, 33].

3. Role of oxidative stress in diabetic complications

Reactive oxygen species (ROS) and reactive nitrogen species (RNS) are the terms collectively
describing free radicals and other non-radical reactive derivatives also called oxidants.
Biological free radicals are highly unstable molecules which are products of normal cellular
metabolism. They have electrons available to react with various organic substrates such as
lipids, proteins and deoxyribonucleic acid (DNA). Free radicals are well recognized for playing
a dual role as both deleterious and beneficial species, since they can be either harmful or
beneficial to living systems [34]. At low or moderate levels free radicals (ROS and RNS) exerts
beneficial effects such as defence against infectious agents, induction of a mitogenic response
and the maturation process of cellular structures [35-37]. ROS include superoxide anion
(05 ), hydroxyl (OH), hydrogen peroxide (H,O,) and hypochlorous acid (HOCI) while RNS
include nitric oxide (NO), nitrogen dioxide (NO, -) and peroxynitrite (OONO") [38, 39]. High
concentrations of free radicals on the other hand result in deleterious processes that can
damage cell structures due to oxidative stress [40, 41].

Free radicals produced under physiological conditions are maintained at steady state levels
by endogenous or exogenous antioxidants (externally supplied through foods or supple-
ments) which act as free radical scavengers. However, oxidative stress occurs when the
production of free radicals overwhelms the detoxification capacity of cellular antioxidant
system causing biological damage [42-44]. The endogenous antioxidants (Table 1) com-
prise of the enzymatic antioxidants such as superoxide dismutase (SOD), glutathione
peroxidase (GPx), glutathione reductase (GR), catalase (CAT), and non-enzymatic antioxi-
dants including glutathione (GSH), « lipoic acid, vitamins C and E [39, 45, 46]. On the other
hand, the exogenous antioxidants include micronutrients and other exogenously adminis-
tered compounds such as vitamin E, vitamin C, trace metals (selenium, manganese, zinc),
carotenoids and flavonoids [39, 44, 47].
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Antioxidants Cellular location Role Reference

Enzymatic Antioxidants

) Decomposition of H,0,to water and
(A) Catalase Peroxisomes [48]
oxygen

Detoxifies H,0,and lipid peroxides with
simultaneous oxidation of GSH and [49]
generation of GSSG

Cytoplasm, mitochondria,

(B) Glutathione peroxidase
and nucleus

Cytoplasm, mitochondria, Recycles Glutathione disulfide back to

50
and nucleus glutathione using the cofactor NADPH (501

(Q) Glutathione reductase

Cytoplasm, nucleus
(D) Superoxide dismutase ytop . . Conversion of superoxide radical to H,0, [51]
lysosomes, mitochondria

Non enzymatic antioxidants

Acts as a cofactor for antioxidant
Cytoplasm, mitochondria  enzymes (GPx, GST), regenerates other
and nucleus antioxidants such as Vitamins C and E to
their active forms

(A) GSH [52]

Directly scavenge singlet oxygen, peroxyl
(B) Vitamin-E Membrane and superoxide radicals , protects [34]
against peroxidation of membrane lipids

Acts synergistically with vitamin E to
(C) Vitamin-C Cytosol terminate radical inducedlipid [34, 53]
peroxidation

o Cell membrane and Increases glutathione and vitamin C
(D) a-Lipoic acid [54]
cytoplasm levels

Table 1. Role of antioxidants in the protection against free radical damage

Numerous experimental evidences have highlighted a direct link between oxidative stress and
diabetes through the measurement of oxidative stress biomarkers in both diabetic patient and
rodents. As shown in Table 2, a hyperglycemic state can lead to an increase in the levels of
oxidative DNA damage markers such as 8-hydroxy-2’-deoxyguanosine (8-OHdG) and 8-
oxo-7, 8-dihydro-2'-deoxyguanosine (8-oxodG); lipid-peroxidation products measured as
thiobarbituric acid-reactive substances (TBARS); protein oxidation products such as nitrotyz-
osine and carbonyl levels and also lower the activity of antioxidant enzymes. Cell culture
studies using pancreatic beta cells, aortic smooth muscle cells and endothelial cells have also
provided evidence for an increase in ROS production in diabetes [55, 56].

Due to their ability to directly oxidize and damage DNA, proteins, and lipids, free radicals are
believed to play a key role in the onset and progression of late-diabetic complications [57]. In
the absence of an appropriate condensation by antioxidant defense network, increased
oxidative stress leads to activation of stress-sensitive intracellular signaling pathways and the
formation of gene products that cause cellular damage and contribute to late diabetic compli-
cations [58-61].
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Antioxidants and

Evidence of oxidative stress Target tissue/organ References
macromolecules
. L Liver, Pancreas, Liver,
Enzymatic antioxidants ¥ SOD,CAT,GR, GPX . [62-64]
kidney
¥ Vit Eand C Liver, kidney [64]

: ) ) [65]
Non-enzymatic Kidney, hippocampus. (661
antioxidant ¥ GSH /GSSG,GSH Retina, (67]

Animals Heart (68]
Lipids 2 TBARS, lipid peroxides, MDA Kidney [69-70]
DNA 1 8-OHdG, 8-OHG Plasma, Liver, Kidney [71-72]
) . ) kidney [73]
Protein 1 Nitrotyrosine X
Retina [67]
Reactive oxygen species 4 ROS Hippocampus [66]
Enzymatic antioxidants 4 SOD,CAT, GPX Erythrocyte [74]
Non enzymatic 4 GSH Erythrocyte (75]
antioxidants Y Y
. 1 F2-Isoprostanes Urine [76]
Humans Lipid
» MDA Erythrocyte [77]
DNA 1 8-OHdG Urine [78-79]
. 1 Nitrotyrosine
Protein Plasma [80, 81]

Protein carbonyl

Table 2. Experimental evidence supporting the involvement of oxidative stress

4. Pathways of free radical generation in diabetes mellitus and its
associated complications

In diabetes, ROS is thought to be generated through increased polyol pathway [82], increased
formation of advanced-glycation end products (AGEs) [83] and protein kinase C (PKC)
activation [84].

4.1. Aldose reductase pathway and ROS generation

Aldose reductase is the rate limiting enzyme of the polyol pathway. The nicotinamide ade-
nine dinucleotide phosphate (NAD(P)H)-requiring aldose reductase, catalyses the reduction
of glucose to sorbitol followed by the oxidation of sorbitol to fructose by NAD+ dependent
sorbitol dehydrogenase. At normal blood glucose concentration (5.5 mM), aldose reductase
catalyzed reaction represents less than 3% of total glucose utilization [85]. However, hypergly-
cemia results in saturation of hexokinase and more than 30% of glucose is directed into the
polyol pathway [86]. In a diabetic state, polyol pathway increases in tissues that do not require
insulin for cellular glucose uptake, such as retina, kidney, peripheral nerves and blood vessels
[87].
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The overall reaction of the polyol pathway leads to a shortage of intracellular NAD(P)H and
asurplus of NADH, i.e, areductive imbalance. Increased NADH generation during conversion
of sorbitol to fructose provides substrate for NADH oxidase to generate ROS [88]. NADH
serves as a source of electrons in complex 1 of the electron transport chain resulting in increased
mitochondrial generation of superoxide radical. In diabetic cells, oxidative phosphorylation
in mitochondria is enhanced due to increase flux of electron donors into the electron transport
chain. This drives the inner mitochondrial membrane potential upward causing blockage of
electron transfer inside complex 111 [89]. Electrons back up to coenzyme Q results and electrons
are transferred one at a time to molecular oxygen, generating superoxide. DNA damage by
superoxide and peroxynitrite results in the activation of poly (ADP-ribose) polymerase
(PARP), a DNA repair enzyme. PARP reduces the activity of glyceraldehyde-3- phosphate
dehydrogenase (GAPDH) (an enzyme of the glycolytic pathway which catalyses the conver-
sion of glyceraldehydes -3 phosphate to 1, 3 biphosphoglycerate) by ADP- ribosylation [90,
91]. A consequence of GAPDH inhibition by PARP is an increase in triose phosphate pool,
upstream of GAPDH and increase flux of intermediates into the damaging pathways of
diabetic complications.

The polyol pathway also results in reduction in the bioavailability of NAD(P)H. The reduced
bioavailability of NAD(P)H negatively affects the antioxidant defence system by depleting
glutathione (GSH) a very important antioxidant. This is because the activity of GSH reductase,
an antioxidant enzyme that generates GSH from its oxidized form (GSSH) depends on
NAD(P)H. Depletion of NAD(P)H also decreases the synthesis of nitric oxide (NO), a vaculo-
protective agent. NAD(P)H serves as a cofactor for nitric oxide synthase (NOS) which
synthesizes NO from L-arginine. If endothelial nitric oxide synthase (eNOS) lack its substrate,
L-arginine or one of its co-factor, it may produce superoxide radical (O, ) instead of NO and
this is referred to as ““uncoupled state of nitric oxide”[92]. Nitric oxide performs several
physiological roles such as inhibition of platelet activation, vascular relaxation [93] and acts
as an anti-inflammatory agent by reducing platelet aggregation and adhesion [94]. These
properties inhibit atherogenesis and protect the blood vessel. Reduced bioavailability of NO
level will therefore increase inflammation, enhance thrombosis and disrupt the integrity of
endothelial cells. Reduction in NO has been documented in diabetes subjects with nephrop-
athy [95]. Superoxide anion directly quenches NO by forming highly reactive peroxynitrite
(ONOO) which initiates lipid peroxidation, oxidizes sulfhydryl group in protein and nitrates
amino acids such as tyrosine, thereby affecting many signal transduction pathways. The polyol
pathway serves as a main source of ROS generation in the retina [96]. In addition, sorbitol
accumulation has been implicated in osmotic swelling of the eye lens and cataractogenesis [97].

4.2. Advanced glycation end product (AGEs) formation and ROS generation in diabetic
complications

Glucose can react spontaneously with free amino groups of protein to form Schiff bases. These
Schiff bases through complex reactions such as amadori rearrangement, dehydration and
condensation forms cross-linked heterogeneous fluorescent derivatives called advanced
glycation end products (AGEs). Advanced glycation end products constitute a heterogeneous
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group of molecules formed by non-enzymatic reactions of reducing sugars, ascorbate and
other carbohydrates with amino acids, lipids and nucleic acids [98, 99]. Glycation end product’s
adducts such as pyraline, pentosidine and N- Carboxy- methyl lysine (CML) are found to be
elevated in diabetic tissues [100 - 102].

Once formed, AGEs can cause tissue damage by two main pathways which are: (1) formation
of cross links that alter protein structure and function and, (2) interaction of AGE with AGE-
cell surface receptors on the surfaces of various cells such as endothelial cells, macrophages,
neurons, and smooth-muscle cells resulting in activation of cell signaling and gene expression
thatinduces oxidative stress and inflammation [98, 99; 102-105]. Oxidative stress can accelerate
AGE formation while AGE formation can also amplify the production of more ROS resulting
in a vicious cycle of AGE formation and oxidative stress.

AGE’s mediate some of their effect via interaction with some receptors that have been shown
to bind to these chemical moieties. Among these receptors, Receptor for Advanced Glycation
End products (RAGE) is the most extensively studied [106]. Evidence from numerous studies
suggest that AGE’s are involved in a vicious cycle of inflammation, generation of ROS and
increased production of AGE’s. Ligand RAGE interaction results in activation of pathways
such as p21ras, erk1/2 (p44/p42), MAP kinases, p38 and SAPK/JNK MAP kinases [107-109]. A
consequence of the activation of these pathways is the nuclear translocation of transcription
factor, Nuclear Factor Kappa B (NF-KB). Translocation of NF-KB to the nucleus increases the
transcription of a number of proteins such as, vascular endothelial growth factor (VEGF),
monocyte chemoattractant protein-1 (MCP-1), vascular cell adhesion molecule-1 (VCAM-1)
and intracellular adhesion molecule-1 (ICAM-1) and pro-inflammatory cytokines such as
interleukin (IL)-1B, IL-6, 1L-18 and tumour necrosis factor (TNF)-a which are centrally
involved in the endothelial recruitment of neutrophil and subsequent development or
progression of atherosclerotic plaque [109-112].

The gene regions of NF-KB are located at the promoter region of RAGE. Moreover, binding of
NF-KB to the promoter region of RAGE results in up-regulation of RAGE itsel. Interaction of
AGE with RAGE generates more oxidative stress and this further potentiates the formation of
AGE’s [109, 113]. Generation of ROS by ligand stimulated RAGE activation is mediated at least
in part via activation of NADPH oxidase [114]. Other mechanisms by which AGE’s may be
linked to increased generation of ROS is by reducing the activities of enzymatic antioxidant
such as SOD and CAT, lowering of glutathione stores, and activation of PKC [107, 115, 116].

Increased renal AGE in diabetic animals and patients have been linked to structural abnor-
mality observed in diabetic nephropathy such as mesangial expansion, glomerular basement
membrane thickening and tubulointerstitial fibrosis [117]. Advanced Glycation End Product’s
level is increased with decreased renal function in type 1 diabetic patients [118]. Evidence from
clinical studies indicates a correlation between progression of diabetic retinopathy and the
level of AGE in serum and retinal blood vessels of diabetic patients [100, 119]. In diabetes,
increased AGE's are observed within retinal capillary cells and causes pericyte loss in diabetic
retinopathy [120]. AGE’s induce toxic effects on retinal pericytes by causing oxidative stress
and subsequent apoptosis [121].
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High levels of serum AGE’s have been documented in patients with type 2 diabetes mellitus
and coronary heart disease [122]. Glycation increases susceptibility of low density lipoprotein
(LDL) to oxidative modification which is considered a critical step in its atherogenicity [123].
Glycation end products can also enhance atherosclerosis by trapping LDL in the subendothe-
lium and decrease the recognition of AGE-modified LDL by LDL receptor [124]. Modification
of LDL and its increased localization in vessels increases foam cell production and accelerates
atherosclerosis development [125]. Oxidative stress induces AGE’s formation on collagen
leading to cross-linking which is considered to play a role in diabetic cardiomyopathy [126].
The intermolecular collagen cross-linking caused by AGE increases vascular stiffness and
interferes with arterial blood flow [127, 128] and this partly explains the diastolic dysfunction
and systolic hypertension seen in diabetic subjects.

4.3. Protein kinase C (PKC) activation and ROS generation in diabetic complications

PKC activation is related to vasoconstriction, proliferation and overgrowth of smooth muscle
cells as well as accelerated synthesis of extracellular matrix proteins, and thus plays significant
roles in the onset and progression of vascular cell dysfunction in diabetes mellitus [129-131].
Two major pathways have been implicated in the activation of PKC in hyperglycemia.
Persistent and excessive activation of several PKC isoforms result primarily from enhanced
de novo synthesis of diacylglycerol (DAG) from glucose via increase in triose phosphate
availability [90, 105, 132, 133]. There is also evidence that the interaction between AGE’s and
their cell-surface receptors can result in enhanced activity of PKC isoforms [134, 135].

PKC likely regulates diabetic complications on multiple levels such as activation of eNOS,
NAD(P)H oxidase, phospholipase A, (PLA,), endothelin-1 (ET-1), Vascular endothelial growth
factor (VEGF), Transforming growth factor-3 (TGF-3), and by activating NF-KB. Diacylgly-
cerol activated PKC alters the gene expression of key proteins leading to decrease blood flow,
capillary occlusion, inflammation, free radicals generation and damage to cellular macromo-
lecule [130-132, 136, 137].

High glucose levels can stimulate ROS production via a PKC-dependent activation of
NAD(P)H oxidase in cultured aortic endothelial cells, smooth muscle cells, and renal mesan-
gial cells [84]. Nicotinamide adenine dinucleotide phosphate oxidase, which is primarily found
in phagocytic cells, is the main source of ROS in non-phagocytic cells such as mesangial cells,
endothelial cells [138], fibroblasts [139], podocytes [140] and smooth muscle cells [141]. The
expression of NAD(P)H oxidase components is up-regulated in vascular tissues from animal
models of diabetes and in patients with diabetes and coronary artery disease [142-144].
Experimental evidence indicates that NAD(P)H oxidase-dependent production of ROS may
cause DNA damage in diabetic renal tissues leading to the development of nephropathy [145].
Increased activity of the NAD(P)H oxidase has also been reported in the retina of diabetic rats
suggesting its involvement in the development of diabetic retinopathy [146].
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5. Antioxidant as therapeutic agents in the management of diabetes
mellitus

Despite efforts to control blood glucose, tissue and organ damage are cumulative over many
years in most diabetic patients. Varying degrees of hyperglycemia are virtually unavoidable
in subjects with diabetes mellitus and glycemic memory has been used to describe the
development of diabetes-related complications in diabetic patients even after normoglycemia
has been restored and initial glycemic environment is remembered in the target organs
[105,147]. It is noteworthy that ROS has been implicated as a major cause of the metabolic
memory after glucose normalization due to the chains of reactions leading to cell damage and
loss of cellular function. Due to the implication of hyperglycemia-induced oxidative stress in
diabetes, these patients should in theory benefit from antioxidant supplementation. The
beneficial effect of antioxidants has been reported in animal models of diabetes and in diabetic
patients [50, 148]

6. Vitamins

Vitamin E is a fat-soluble vitamin. It has been shown that plasma a-tocopherol concentrations
are lower in diabetics compared to controls [58] and appear to be even lower in diabetics with
complications such as microangiopathy than in diabetics without complications [81]. Admin-
istration of Vitamin E has proven to be beneficial in preventing cellular damage by inhibition
of lipid peroxidation, protein oxidation, protein glycations and platelet aggregation [149-151]
Vitamin E supplementation for two weeks (600 mg/day) lowered urinary F2-isoprostanes (a
marker of lipid oxidation) in type 2 diabetics [152]. It was shown in a study that a decrease in
plasma F2-isoprostanes was seen in type 2 diabetic patients after six weeks supplementation
with Vitamin E [153].

Oxidative stress in the kidney of diabetics is usually associated with tissue damage that
interferes with proper organ function, causing an increase in urinary protein excretion and
blood urea nitrogen (BUN) [154]. Vitamin E supplementation (1000 IU/kg diet) to diabetic rats
for 4 weeks significantly reduced urinary protein excretion and BUN suggesting a beneficial
effect on kidney function [154]. Inhibitory effect of Vitamin E on glycation of hemoglobin in
type I and type 2 diabetic rats has been documented [151, 155]. The ability of vitamin E to
inhibit AGE’s might be due to its antioxidant effect on the autoxidative pathways of AGE
formation [156]. Vitamin E administration has also reduced oxidation of low density lipopro-
tein (LDL) and development of atherosclerosis [157].

Numerous studies have shown that vitamin E normalized parameters of oxidative stress and
inhibited vascular abnormalities caused by hyperglycemia-induced production of DAG and
PKC activation in the retina, glomerulus and macrophages [158-160]. Supplementation with
vitamin E reduced basement membrane thickening in diabetic rat retina and reduced vascular
endothelial growth factor (VEGF) and aldose reductase activity, the abnormalities associated
with diabetic retinopathy [161]. Dietary supplementation of vitamin E (2000 IU/kg) to diabetic
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rats for 8 weeks had cardioprotective effects which was simultaneously associated with an
ability of vitamin E to blunt diabetes-induced amplification of myocardial 8-iso PGF2 and
oxidized GSSG formation [162]. Clinical trials with vitamin E provided evidence that vitamin
E may improve cardiovascular function [163, 164]. However, most large studies with vitamin
E have not yielded positive benefits for decreasing the development or progression of diabetic
microvascular and cardiovascular pathologies or mortality [165, 166].

Vitamin C is an antioxidant vitamin which plays an important role in protecting free radical-
induced damage and a decrease in basal vitamin C levels has been documented in type 2 DM.
Treatment of diabetic rats with vitamin C significantly decreased renal malondialdehyde,
albuminuria, proteinuria, glomerular and tubulointerstitial sclerosis, suggesting the role of
vitamin C in suppressing the progression of renal injury in diabetic rats [167]. Vitamin C also
improved diabetes-induced endothelial dysfunction in a rat model by enhancing NO bioa-
vailability [168].

The beneficial effects of vitamin C supplementation in humans are controversial. A study
reported that vitamin C may improve glycemic control, lowering both fasting blood glucose
and glycated haemoglobin (HbA1c) [169]. Chronic oral administration of vitamin C to patients
with type 2 diabetes causes a decline in plasma free radicals that is associated with improved
whole body glucose disposal [170,171] and improved endothelial function [172]. Recently,
another study reported a reduction in the malondialdehyde (MDA) level, a major product of
oxidative damage in both fasting and postprandial states of type 2 diabetic patients after
vitamin C (1000 mg day™) supplementation for 6 weeks although no effect was observed on
lipid profiles [173]. Some studies have indicated that the intra-arterial infusion of vitamin c
restores endothelium-dependent vasodilation in patients with type 1 or type 2 diabetes [174,
175] suggesting that hyperglycemia-induced oxidative stress mediates endothelial dysfunc-
tion in diabetic patients.

However, in contrast to these promising results, other studies showed no beneficial effect with
vitamin C treatment. Chen and colleagues [176] concluded that a high oral dose of vitamin C
therapy was ineffective at improving endothelial dysfunction and insulin resistance in type 2
DM. It is important to note that complete replenishment of vitamin C levels was not achieved
in the subjects. This is crucial since high concentrations of vitamin C (>80 uM) has been
documented as a requirement for the preservation of NO-dependent endothelial function as
vitamin C only competes with NO for superoxide anion at these high concentrations [177-178].
Also, in another study, no beneficial effects of oral vitamin C supplementation (1.5 g daily for
3 weeks) was observed on blood pressure, oxidative stress, and endothelial function in type 2
diabetes [179].

7. Flavonoids

Flavonoids (bioflavonoids) are a diverse group of polyphenols (phenyl benzopyrans) which
function as phytochemicals [180]. Flavonoids are well-known for their multi-directional
biological activities including anti-diabetic efficacy. Experimental evidence has shown that
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flavonoids exhibits anti-inflammatory [181], anticarcinogenic [182], antiviral [183] and
antiallergic properties. These effects are generally associated with free radical scavenging
activity of flavonoids. The antioxidant effects of flavonoids are enhanced by the number and
position of hydroxyl groups in the molecule. The catechol structure, presence of unsaturation
and 4-oxo function in the C-ring also contributes to their radical scavenging activity [184,
185]. Flavonoids may be capable of binding the transition metal ions, which play a role in
glycoxidation, thus preventing metal-catalysed formation of hydroxyl radicals or related
species from H,O, [186].

Flavone Flavonol Flavanone

Isoflavone Flavan-3-ols

Figure 1. Classes of flavonoids [187]

The potential beneficial effects of flavonoids in the prevention of diabetes mellitus and its
associated complications have been investigated both in vitro and in vivo studies (Table 3). The
inhibitory effect of flavonoids on glycation has been demonstrated and it is suggested that this
effectis partly due to their antioxidant properties [188]. Epigallocatechin (EGC) has a beneficial
effect in a rat model of diabetic nephropathy via suppressing hyperglycemia, proteinuria and
lipid peroxidation. EGC also reduced renal accumulation of AGE’s and their related oxidative
stress [189]. Another study demonstrated the in vitro inhibitory effect of different flavonoids
on pentosidine formation in collagen in the presence of glucose (250 mmol/L). The decreasing
inhibitiory activity was observed from myricetin, quercetin, rutin, catechin and kaempferol in
a structure and concentration dependent manner [190]. Kim and colleagues [191] also inves-
tigated the effect of quercetin, isoquercitrin, hyperin and cacticin on formation of AGE'’s in
vitro. At a concentration of 50 mM, the percentages of inhibition were 1.0, 89.6, 92.0 and 40.5,
respectively. The inhibitory effect of hyperin on AGE formation was 6.5 times higher than that
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of aminoguanidine, a known AGE inhibitor which showed 14.1% inhibition at a concentration
of 50 uM.

Flavonoids, in addition to their antioxidant effect, possess inhibitory activity on aldose
reductase pathway and can serve as a potential multifunctional agent in the prevention of
diabetic retinopathy. Goodarzi et al. [192] showed that oral administration of quercetin and
the flavanone, naringin to streptozotocin-induced diabetic rats significantly reduced aldose
reductase activity in the lenses compared to control. Oral administration of two isoflavone
compounds, tectorigenin and irigenin also inhibited sorbitol accumulation in the lenses of
streptozotocin induced diabetic rats [193].

Activation of PKC contributes to the loss of capillary pericytes and thickening of vascular
basement membrane (BM) in diabetic retinopathy [194]. Also PKC mediated alterations in
vascular permeability, blood flow, formation and response to angiogenic growth factors
contribute to retinal leakage, ischemia, and neovascularisation [195]. Therefore, PKC inhibitors
can be targeted for the treatment of diabetic retinopathy. Hesperetin (Hsp), a flavanone found
in citrus fruits and a potent antioxidant has retina vasculo-protective properties due to its
strong anti-angiogenic effect via inhibiting VEGF and PKC-f3 pathways [196]. Modulation of
endogenous biomarkers and inhibition of diabetes induced neuropathic pain was observed in
diabetic rats after naringin (4’,5,7-trihydroxy flavonone 7-rhamnoglucoside) administration
[197]. In the same study, a dose dependent decrease in the levels of oxidative-nitrosative stress,
inflammatory mediators as well as apoptosis was documented in neural cells. The antioxidant
properties of naringin may be a factor in the inhibition of neurodegeneration.

The soy isoflavone genistein (3 and 6mg/kg), administered by a subcutaneous injection to
diabetic mice relieved peripheral painful neuropathy by reverting the proinflammatory
cytokine and ROS overproduction. It also restored the inducible nitric oxide synthase (iNOS)
and eNOS content and increased NO production in thoracic aorta although treatment had no
effect on hyperglycemia [198]. The flavonoid luteolin (200 mg/kg), when administered to rats
orally, protected against the progression of diabetes-induced cardiac dysfunction by attenua-
tion of myocardial oxidative stress probably through its antioxidant properties [199].

In a double blind placebo-controlled study, the effects of daflon 500 (made up of flavonoids
diosmin (90%) and hesperidin (10%)) was investigated in a group of 28 type 1 diabetic patients.
Treatment with these flavonoids resulted in a decrease in HbA,- which is associated with an
increase in the level and activities of thiol-containing antioxidants such as glutathione
peroxidase [200]. The in vitro protective effect of myricetin on protein oxidation and membrane
lipid peroxidation of erythrocytes from diabetic patients was reported in a study by Pandey
and co-workers [201].

The treatment of diabetic rats with rutin decreased fasting plasma glucose, glycosylated
haemoglobin, thiobarbituric acid reactive substances and lipid hydroperoxides while levels of
non-enzymatic antioxidants were increased [202]. In another study, rutin supplementation
(500 mg tablets) to diabetic patients for 60 days decreased the levels of fasting blood glucose,
blood pressure and improved lipid profiles in the diabetic subjects [203]. Rutin reduced blood
glucose, ameliorated oxidative stress and inhibited the accumulation of extracellular matrix
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(ECM) component and glomerular basement membrane thickening in the renal cortex of
diabetic rats suggesting its renoprotective effect in experimental diabetic nephropathy [204].
The inhibitory effect of rutin on AGE formation in STZ-induced rats has also been shown [205].

Diosmin (DS) (diosmetin 7-O-rutinoside) is a natural flavone glycoside which can be obtained
by dehydrogenation of the corresponding flavanone glycoside, hesperidin that is abundant in
the pericarp of various citrus fruits [206]. Diosmin treatment of streptozotocin-nicotinamide
induced diabetic rats, ameliorated oxidative stress in plasma and tissues as evidenced by
improved glycemic and antioxidant status along with decreased lipid peroxidation [207].
Experimental evidence showed the potential of rutin, a flavonol to delay glomerulosclerosis
of diabeticnephropathy (DN) due to its ability to inhibit cell hypertrophy and the accumulation
of ECM mediated by TGF-1/Smads and ROS signals in mesangial cells cultured by high
glucose [208] Quercetin enhances endothelium-derived NO bioavailability, reduced blood
glucose levels and oxidative stress in diabetic rats suggesting its beneficial effect in vascular
function [209].

Classes of
. Selected Target organ, . i
Flavonoid and . Mechanism of action Reference
examples tissue or cells
Food sources
Decreased MDA levels,
Liver Increased activity of SOD and GSH [210]
concentration.
Morin
Decreased ROS production, DNA damage
Hepatocytes and apoptosis. Modulation of antioxidant [211]

enzymes; GSH, CAT, SOD and GPX.

Lowered blood glucose and improved renal
Flavonols : o
function. Increased total antioxidant
(Brussel sprouts, ) - o
) ) Kidney, serum,  capability activities of SOD, CAT and GPX.
apples, onion, Rutin ] ] [204]
urine Lowered ECM accumulation and AGE
curly kale, leek, ) ]
] formation. Decreased renal expression of
beans, cherries,

' ‘ TGF-B.
Citrus fruits,
Cranberries) Lowered MDA and NO level, increased
Pancreas, serum, o o
antioxidant enzyme activity and [212]
erythrocyte.

preservation of islet cells integrity.

Quercetin Lowered blood glucose and improved renal
) function. Reduced renal lipid peroxides and
Kidney, serum, B o
] increased activity of anti-oxidative enzymes; [213]
urine
SOD and CAT and non-enzymatic

antioxidant GSH.
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Classes of
. Selected Target organ, . i
Flavonoid and i Mechanism of action Reference
examples tissue or cells
Food sources
Boost antioxidant system by increasing
activities of SOD, GR, GPx, CAT and levels of
Hesperidin & non-enzymatic antioxidants; GSH, VIT-C and
o Liver, serum [214]
Naringin VIT-E.
Decreased lipid peroxidation product, MDA
and proinflammatory markers, TNF-q, IL-6.
Decreased aldose reductase activity and
Hesperidin  Retina, plasma levels of AGE's, VEGF, ICAM-1, TNF-q, IL-1B [215]
Flavanones (Citus and MDA while increasing SOD activity.
peel, Orange juice, Lowered fasting blood glucose, decreased
grape fruit juice, Pancreas, hyperglycemia, glycated haemoglobin, MDA
lemon juice) heamoglobin,  and markers of hepatic damage. [216]
serum, plasma  Increased levels of insulin and enzymatic
and non-enzymatic antioxidants.
Naringenin Improved glycemic control and elevated
insulin level, reduced plasma levels of kidney
Kidney, liver dysfunction markers. Lowered renal activity (217]
serum, urine, and expression of NF-KB and pro-
inflammatory cytokine and chemokine,
suppression of PKC activity.
Flavanolols
(Milk thistle, red ) o
: ) . ) Increased expression and activity of SOD,
onion, Silymarin Kidney ) [218]
o GPX, CAT. Decreased high blood glucose
Siberian larch
tree)
Decreased activity of SOD, MDA content
Kidney and expression of Heme Oxygenase-1 [219]
(HO-1) protein.
Luteolin
Aortic Vasorelaxation, decrease in ROS
Flavones o o o
Aortic ring production, increased activity of SOD, NOS [220]
(Parsley, pepper
] and level of NO.
celery, broccoli
capsicum) Decreased TBARS and hydroperoxides.
Increased activity of enzymatic
Diosmin Liver and kidney antioxidants ;SOD, CAT, GPx, GST and GR [207]

and non-enzymatic antioxidants; GSH,
Vitamin C and Vitamin E.
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Classes of
. Selected Target organ, . i
Flavonoid and i Mechanism of action Reference
examples tissue or cells
Food sources
] Aortic relaxation, decreased blood pressure,
Chrysin and o )
luteoli Serum and aorta decreased lipidemia and serum AGE's. [221]
uteolin
Increased ‘NO generation
Flavones Increased insulin levels and decreased
o ) hyperglycemia. Normalized LPO and
Apigenin  Serum and liver o [222]
endogeneous antioxidants, CAT, SOD, GSH
in the liver.

Decreased hyperglycemia NADPH oxidase

) ) activity and ROS production. Increased
Catechin Thoracicaorta : [223]
Flavan-3-ols (Red insulin level, lowered blood pressure and

improved aortic relaxation.

wine and red
grapes, green and b e lslet Increased anti-inflammatory cytokines,
ancreatic Islets,
black tea) . A IL-10, 1L-12.
Epicatechin  plasma, [224]

Improved glucose tolerance and insulin

haemoglobin
levels and lowered HbA1C.

Decreased MDA level and expression of PKC
and pro-inflammatory proteins such as NF-
KB, MCP-1 and Cox-2.

Genistein  Kidney Activation of antioxidant enzymes and [225]
Isoflavones defense against oxidative damage via
(Soy foods and increase expression of Nrf2, a transactivator
legumes) of antioxidant genes.

Maintenance of endothelium dependent
o relaxation and attenuation of oxidative
Daidzein Aorta ) i [226]
stress via decrease MDA levels and increase

SOD activity

Abbreviations: Find all citations in this journal (defECM: Extracellular matrix, MDA: Malondialdehyde, NO: Nitric oxide,
NOS: Nitric oxide synthase, NADPH; nicotinamide adenine dinucleotide phosphate, LPO: Lipid peroxidation, Nrf2: NF-
E2-related factor-2, Cox-2: Cyclooxygenase-2, TAOC: Total antioxidative capability

Table 3. Beneficial effects of some flavonoids in diabetes mellitus

The inherent antioxidative properties of some common antidiabetic drugs such as aminogua-
nidine, statins, thiazolidinediones, glibenclamide and repaglinide also provides an additional
support to the involvement of oxidative stress in diabetes and therefore suggest that the use
of antioxidants as therapeutic agents in diabetes is a promising approach [227-231].
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8. Conclusion and future perspective

Increased ROS production has been suggested as a common pathway linking diverse patho-
genic mechanisms of diabetic vascular complications. There are numerous evidences from
animal studies on the beneficial effect of antioxidant vitamins supplementation in diabetes
mellitus, but results from clinical studies are inconclusive. The antioxidant activity of some
anti-diabetic drugs has also been shown to contribute significantly to their therapeutic effect.
Biflavonoids as antioxidants are promising and attractive natural substances to enrich the
current therapy options against diabetes. The overall positive results from animal studies
suggest that the role of antioxidants cannot be underestimated in the quest to find effective
therapies for diabetic complications. A multi-therapeutic approach to the treatment of diabetic
complications might increase the chance of successful therapeutic intervention. In addition to
maintaining glycemic control, blockage of pathways involved in the formation of free radicals
with antioxidants is a promising approach to the treatment of hyperglycemia-mediated
complications in humans. The bioactivity of flavonoids in vivo can be greatly influenced by
metabolism and bioavailability and this information is limited in many studies. Limited clinical
studies have been carried out to support the beneficial effects of flavonoids in the prevention
of diabetic complications. In order to achieve the goal of using flavonoids in the management
of diabetes mellitus, further investigation on the long and short-term effect of the ingestion of
flavonoids in humans is warranted.
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1. Introduction

Plants play important role in the cycle of nature. This is because life on earth basically depends
on them. Plants provide man with all his needs as regards food, shelter, clothing, flavours and
fragrance as well as medicine. They are naturally occurring substances that produce almost
all the foods that animals as well as humans eat. They have unique potential to make their own
food through photosynthesis. All foods that people eat naturally come directly or indirectly
from plants. Food is fundamental to human survival. It is basic for averting hunger, satisfying
one’s palate and maintaining health of every human being. Itis used as a status symbol, making
people happy, emotionally and socially content, and constitutes a form of cultural expression.
Itis also used in the performance of various rituals and rites as well as for therapeutic purposes.
Culture has a lot of influence on the kind of foods people eat and how they eat them. Traditional
foods, was adopted to describe all foods from a particular culture, available from local sources
and culturally acceptable as appropriate and desirable foods [1]. The direct and indirect food
sources as regards nutrition are simply described as and categorized into two major sources -
plant and animal foods, respectively.

Despite the unique role of plant foods as irreplaceable food sources for humans, not all plant
foods are available or edible worldwide. Traditional plant foods are those plants grown for
food in varying proportions within the farming system operating in any particular locality; or
gathered in wild or semi-wild conditions; and are accepted by the community, through custom,
habit and tradition as appropriate and desirable foods [1, 2]. They are categorized as those that
are consumed as traditional dietary staples and those consumed as components of accompa-
nying relishes and sauces. These traditional foods are often used in sciences as basis for
ensuring and optimizing utilization of indigenous foods and their health benefits by individ-
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uals, households and communities. The use of plant foods for therapeutic purposes represents
one of the biggest human uses of the natural flora of the world [3]. This is because of their
health-enhancing bioactive constituents [4]. In the last four decades, there has been consider-
able interest in resurrecting health-promoting potentials of indigenous plant foods in devel-
oping countries and integrating their use into modern medical system. The reasons for this
interest are varied and include, i) the negative impact of nutrition transition that increase
epidemic of diet-related non-communicable chronic diseases (NCDs) in such regions; ii) high
cost of medicare, which put modern health care out of reach of the poor; iii) low adherence to
drug prescriptions; and iv) side effects of medicinal plant and herbal medicine extracts
and/or preparations, because out of ignorance the consumers consume them as food supple-
ments that are safe at any dose. This is not true for any of the high biologically active medicinal
plants. Most of them cannot be consumed habitually as local foods without adverse effects.
There was need to challenge reduced interest in and demand for drugs amidst poor health
management in these poor regions. Pharmaceutical preparations from medicinal plants
created a new expanding market as herbal components of health foods and preventive
medicine under “nutraceuticals” or “nutriceuticals”. Culhane [5] defined them as products
produced from food and sold in pills, powders and other medicinal forms not generally
associated with food and are shown to have a physiological benefit or provide protection
against chronic diseases. Chronic diseases are largely preventable diseases. Diet-related NCDs
are diseases of long duration and generally slow in progression [6]. They are relatively difficult
to manage. The high cost and side effects of these supplements still limit their use and have
made this approach an unsustainable alternative strategy for chronic disease management and
prevention.

Carbohydrate food sources form the greatest percentage [50-60%) of the daily diet for different
segments of the population [7]. In Nigeria, starchy staples (cereals, roots/tubers) and legumes
constitute the major part of the traditional diets, up to 70% and 25%, respectively [8, 9, 10].
Physiologically, chronic restriction of carbohydrate-rich sources, mainly supplied by plant
foods, may pose a serious threat to Nigeria’s survival. Diabetics are particularly adversely
affected due to misinformation and inability to seek dietetic intervention. Such dietary
misinformation has led to starvation and the development of psychosocial problems in
diabetics. This is because they feel denied and full of anxiety in anticipation of lifestyle changes
[11].

Type 2 diabetes is more common in Nigeria. There was increase in the average prevalence rate
from 2.7% [12] to 3.9% [13] and annual increase of 0.3%. Over the years, diet was implicated
both as one of the aetiological factors to the development of diabetes [14] as well as a key
component in diabetes management [7, 15]. Plant foods are the most important dietary sources
to meet the nutritional needs of majority of the population in sub-Saharan Africa and Asian
subcontinent [16]. Dietary fibre is a component of carbohydrate in plant foods shown to
modulate post-prandial blood glucose after discovery of the “dietary fibre hypothesis” by
Cleave [17] and Burkitt et al. [18]. Roles of phytochemicals and antioxidant constituents of
plant foods were reported [4]. On this basis, plant foods hold good promise for diabetes
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management. There are mounting scientific evidence to date on their various health-promoting
properties.

The global concern for the diversification of the uses of plant foods to improve normal and
therapeutic nutrition for diabetes control has shifted scientists’ interest to enhancing the
potential sources of beneficial constituents in plant foods. Plant foods have generated increas-
ing research interest because of their anti-diabetic potentials. There is need to integrate
traditional plant foods within local research and innovative systems, in accordance with local
needs, food habits and priorities. Currently, documentations on Nigerian indigenous plant
foods with anti-diabetic properties are either scattered or lacking. Most reviews on anti-
diabetic potentials of plants both locally [19, 20, 21] and internationally [22, 23, 24] were done
on medicinal plants. Evidently, not all medicinal plants and herbs used locally are edible.
Similarly, not all identified food crops have anti-diabetic potentials. Most of the plants assayed
pharmacologically present some difficulties in their dietetic application in humans. They create
a gap in optimizing their health-promoting potentials. This paper focuses on some Nigerian
indigenous plant foods with anti-diabetic potentials, parts used, their individual effects as
reported in vitro/in vivo and the extent to which the elucidated parts of the plants were
incorporated into the traditional diets for good glycaemic control. The scientific evidence for
health benefits of the identified plant foods are summarized in tabular format, and the strength
of the evidence is discussed in general terms. Optimization of the utilization of some commonly
consumed indigenous anti-diabetic plant foods and their diversification would enhance good
diabetes management, improve health of people with diabetes in Nigeria and offer more
sustainable health benefits for the indigenous inhabitants.

2. Plant foods in human nutrition and health

Plant foods have remained the ultimate source of nutrients for larger population of the world.
They are simply described as irreplaceable food resources for humans, which exclude animal
sources. Besides, they are available, affordable and acceptable. They are used for socio-cultural,
diabolic, nutritional and therapeutic purposes. These foods contain many chemical com-
pounds needed for metabolic functions in varying proportions. Some of these chemical
compounds are non-nutrients that are beneficial to man and others provoke some adverse
reactions depending on the levels of intake, interrelationships of nutrients and food habits.
Plant foods are classified as cereals, roots and tubers, legumes (pulses, oil seeds and nuts),
vegetables and fruits [25]. In order to accommodate these various constituents in foods
provided by plants foods, three main categories were established according to the major
nutrients they provide. They include the macronutrients (carbohydrate, protein, fat and water),
micronutrients (minerals and vitamins) and non-nutrient components (dietary fibre, phyto-
chemicals, anti-nutrients, food toxicants and additives). Metabolic functions of these nutrients
and non-nutrients were reviewed by several authors. Bennett [16] observed that plant foods
provide the bulk of daily calories for humans [85%) and about 65% of the protein, an assortment
of minerals and vitamins, unsaturated fats and phytochemicals in a characteristic manner that
reflects current dietary recommendations aimed at promoting health and reducing diet-related
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chronic diseases. Thomas [26] concluded that the contribution a food makes to nutrient intake
of a person depends on the quantity consumed per 100g, the amount consumed per meal and
the frequency of consumption.

Obviously, plant foods have other values related to human nutrition and health apart from
their nutritional importance. Plant foods are one of the elements in virtually all cultures, with
symbolic and ritualistic values that link language and religion. In many cultures, especially
the Asian countries, distinction between food and medicine as therapeutic agents is obscure
as the traditional vegetable diets provide the people with disease fighting arsenals that serve
both protective/preventive and curative functions. For this reason, foods are widely recognized
as the primary health provider.

The bioactive compounds or secondary metabolites are the non-nutrient components in plant
foods. They have some nutritional effects and health benefits. They are those substances
contained in foods which supply no nutrients. They could contain some compounds that are
beneficial to health or toxic to humans and/or act as antagonists to nutrients in foods [27]. They
include tannins and other phenolic compounds (phenols, flavonoids, isoflavonoids), saponins,
glucosinolates, alkaloids [28, 29], phytate and dietary fibre [30]. These chemical compounds
are found in different classes and parts of plant foods in varying amounts. They are more
concentrated in plant storage organs (leaves and seeds) than other parts of the plants [22].
These constituents have their individual health-promoting qualities that compel people to
combine the different food sources to achieve healthy eating and maintain good health. Several
authors [27, 31-35] studied therapeutic potentials and metabolic effects of foods rich in dietary
fibre and phytochemical constituents. These include lower risk of colon cancer, promotion of
early satiety and normal laxation, moderation of post-prandial blood glucose responses and
improved insulin sensitivity, reduction in total and low density lipoprotein (LDL)-cholesterol,
regulation of appetite and enhancement of sodium and fluid balance. They are also used to
treat constipation and prevent development of diverticulosis and diverticulitis. These are
features of a dietary pattern to treat and prevent obesity and its co-morbidities (especially type
2 diabetes mellitus). These two conditions are closely linked because hyperglycaemia and
hypercholesterolaemia are well-known cardiovascular risk factors in type 2 diabetes mellitus.
Invariably, diets adequate in dietary fibre are usually rich in micronutrients and phytochem-
icals, and frequently less calorically dense and lower in fat and added sugars. However,
environmental factors, cultural food habits and insufficient nutritional information about
health benefits of traditional plant foods still pose a problem to healthy food choices. Drew-
nowski and Gomez-Carneros [29] reported that most of the bioactive compounds are bitter,
acrid or astringent and aversive to the consumer and may be wholly incompatible with
consumer acceptance. These caused increasing epidemic of diet-related diseases across the
regions. They suggest the need to take sensory properties and food preferences into account
when advocating for increased consumption and diversification of rich sources of these
secondary metabolites in plant foods. The challenge of achieving adequate supply of energy
and nutrient intake as well as the health-promoting compounds from plant-based foods/diets
without compromising the health of an individual, forms the basis for current dietary recom-
mendations aimed at promoting consumption of plant foods to reduce diet-related NCDs.
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3. Plant foods utilization in Nigeria

Nigeria’s diverse ethnic groups (over 250] are accommodated under three main ethnic regions
- Igbo (in the East), Yoruba (in the West) and Hausa-Fulani (in the North). The country has a
beautiful climate, which endows it with very rich biodiversity. A variety of plant foods (maize,
rice, sorghum, millet, yam, cassava, cocoayam and legumes) are mainly produced as subsis-
tence food crops in Africa. They are more commonly and widely consumed in Nigeria and
other developing countries than in the developed world. They are relatively available,
affordable and acceptable. They contribute appreciably to the nutrient intake (energy, protein,
fat, vitamins and minerals) of the less developed world. In Nigeria, starchy staples (cereals,
roots/tubers) and legumes constitute the major part of the traditional diets (up to 70% and 25%,
respectively) [8]. However, cereals are the major staples in the north with much higher intake
of animal protein sources (mutton, beef and milk), while starchy roots and tubers are the main
staples in the south with relatively more consumption of legumes [10]. These foods contribute
appreciably to nutrient intake of southerners [36]. The plant foods are cultivated, gathered
wild or are semi-wild.

Roots and tubers are the thickened underground starch storage organs of some plants,
propagated vegetatively from the underground stems and their stem cuttings. These edible
roots and tubers belong to several families and are formed by both monocotyledons (yams and
cocoyams) and dicotyledons (cassava and sweet potatoes) [37]. Cereals are seeds of grass
family (Gramineae). Cereals are important crops which serve as industrial raw materials and
staple foods for the world over [38]. Cereals are the most widely cultivated and consumed
crops globally. World cultivated cereals include wheat, maize, rice, barley, oats, rye, sorghum,
millet, wild rice and hungry rice (acha). In Nigeria, the starchy staples (maize, rice, sorghum,
millet, yam, cassava, cocoayam and plantain) are utilized in many different forms for prepa-
ration of various dishes. Their nutritional importance is that they provide most of the energy,
contain high carbohydrate, low protein and appreciable amount of minerals and vitamins,
especially the B-complex vitamins. They form the base and usually constitute the major
ingredients in the traditional dishes. Some dishes are light and serve as breakfast. Others are
solid and frequently made palatable in combination with a variety of legumes and by the
addition of palm oil, vegetables and fruits, a range of spices, various sauces and fish/meats.
They serve as main meals and eaten later in the day. Processing and preparation methods of
these starchy staples and their recipes vary with ethic groups and geographical locations. Each
of these staples irrespective of the preparation methods produces a thick paste known as
“foofoo” eaten with soups/sauces. These dishes are highly cherished and consumed daily in
all parts of Nigeria [39]. These starchy staples are also used to produce complementary foods
and local snacks as roasted/fried/baked products or drinks. Some like yam, cocoyam, ‘okoho’
(Cissus pulponea root) are also used to thicken traditional soups.

Legumes are flowering plants in the family Fabaceae (or Leguminosae) that have pods, which
contain beans or peas. According to Okafor [40], a list of edible woody leguminous plants,
consisting of 150 species covering 103 genera in 48 families was recorded in Nigeria. Legumes
rank second to the grasses as source of fodder (for animal) and food for man. The plants are
most commonly known as pulses, peas or beans [38]. They contain more protein and less
carbohydrate than cereals. There are two main types of legumes: those containing high protein
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[25-35%) and oil content [15-45%) and those containing moderate protein [18-24%) and less
than 5% oil content. They are oil seeds and pulses, respectively. The most common forms in
which legumes are used — they may be cooked alone as pottage, or eaten in combination with
any starchy staple of choice. The more widely consumed legumes include cowpea, pigeon pea,
soyabean, bambara-groundnut, african yam bean, groundbean and lima bean. It is due to their
high protein content that legumes are widely used in combination with cereals for production
of nutritious complementary foods for infants and young children both in Nigeria and other
developing countries, in both industrial and household levels. This is because legumes are
deficient in sulphur-containing amino acids (methionine and cystine) and contain high amount
of lysine. Cereals are deficient in lysine and rich in the sulphur-containing amino acids.
Legumes play very important culinary roles as soup thickeners. Many of the leguminous seeds
are used for thickening soups, sauces and stews in Nigeria [41]. These soup thickeners are
condiments/ingredients used in preparation of local soups to alter their consistency and give
them special flavour [42]. Traditionally, roots/tubers (yam and cocoayam, ‘okoho’), vegetables
(okro, ‘ogbamu’ leaves), legumes (grain legumes/oil seeds and nuts) and fungi are used for
thickening soups. Soups made from them are basically prepared with meat and/or fish (when
available), oil, vegetables, crayfish, pepper and other condiments and water to obtain watery
or thick consistencies depending on their composition. These soups are traditionally consumed
in combination with cereals and starchy roots/tubers, processed into a form of paste known as
“foofoo”. Soups are very important accompaniment to main dishes in Nigeria. Ene-Obong et
al. [39] recorded 110 soup recipes out of 322 recipes in all the 6 geo-political zones in Nigeria.
The total number of recipes documented reflects the biodiversity of the Nigerian food system.
The high viscous property possessed by these leguminous soup thickeners is associated with
their dietary fibre content, implicated in attenuation of post-prandial blood glucose and control
of lipid metabolism [32].

Vegetables are succulent herbaceous plants that are harvested and eaten whole or in part, raw
or cooked as part of a main dish or salad [43]. They can be classified into leaves (green, fluted
pumpkin), stems/whole shoot (asparagus, elephant grass, ‘achara’), roots (carrot), flowers,
immature fruit (fresh corn, okra), mature green fruits (peppers), ripe fruit (tomato), fresh pod
(vegetable cowpea), bulbs (onions), tubers (irish potatoes, yams) and fungi (mushrooms,
puftballs). There are over 500 known edible vegetables in Africa. Some of these are valued for
their bulking effect/thickening power and others may be used as garnishes or spices. Vegeta-
bles are generally low in calories and protein. They are valued most for high vitamins and
minerals contents. They are low in sodium and rich in potassium, which helps to lower blood
pressure [44, 45]. They also contain dietary fibre and phytochemicals (pigments and other
compounds that impart flavour to foods), which have heart-disease fighting properties.
However, fruits and vegetables consumption is generally low in Nigeria despite their recog-
nition as very important food items to reduce nutrient deficiencies from inadequate intake of
minerals and vitamins [46].

Composition of vegetables depends on their species, part of plant and stage of maturity. Spices
are vegetables used as ingredients, which contribute to the taste and flavour of foods. The
flavour of vegetables is due to sugars, organic acids, minerals salts, volatile sulphur com-
pounds and tannins. The strong flavour of some vegetables (onions and cabbage) is due to
their sulphur-containing compounds. Non-volatile acids such as malic, citric, oxalic and
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succinic may also contribute to flavour in vegetables. The colour of vegetables depends on the
pigments they contain. Spices are known to exert several physiological effects including
antidiabetic influence [47]. Anthocyanins impart the blue, purple and red colours to vegetables
such as tomatoes, garden eggs and red peppers. Chlorophyll imparts green colour to green
leafy vegetables and carotenoids are responsible for the yellow colour in carrots, sweet
potatoes and maize. Green leafy vegetables also contain carotenoids but this is masked by the
more intense green of chlorophyll. The indigestible dietary fibres — cellulose, hemicelluloses
and lignin give the vegetables their characteristics structure. However, some vegetables also
contain pectin as storage carbohydrate, which has been linked to reduction of post-prandial
hyperglycaemia. Data collection and assessment of commonly consumed foods in all the 6 geo-
political zones in Nigeria published by Ene-Obong et al. [39] showed that fruit consumption
was conspicuously absent in all the areas. Fruits are the fleshy or dry ripened ovary of a plant,
enclosing the seeds. They are commonly eaten raw and used for desserts. Green and yellow
vegetables are rich sources of beta-carotene and essential minerals. Most fruits, particularly
the citrus species are abundant in vitamin C. These vitamins play antioxidant roles in the body
and needs to be supplied in the diet.

4. Diabetes and its public health importance

The term “Diabetes” has been defined by many authors from different perspectives. However,
the similarity in these definitions is that diabetes is a chronic metabolic disorder, characterized
by high blood glucose (hyperglycemia), associated with impaired carbohydrate, fat and
protein metabolism, resulting from either insufficient or no release of insulin by pancreas in
the body [48, 49]. Diabetes mellitus is a chronic life-long disease, which has been known to
mankind for over 2000 years. It requires careful monitoring and control. Currently, diabetes
ranks fourth worldwide among the NCDs (cardiovascular diseases, cancers, chronic respira-
tory diseases and diabetes) with prevalence rates of 30%, 13%, 7% and 2%, respectively WHO
[50]. It has been projected that by 2020 -2025, the number of people in the developing world
with diabetes will increase by more than 2.5 fold; from 84 million in 1995 to 228 million in 2025
[7] and that 70% of deaths due to type 2 diabetes will occur in developing countries. Diabetes
mellitus is increasingly being recognized as a major public health problem in developing
countries.

Aetiological classification of diabetes mellitus includes type I diabetes (immune-mediated and
idiopathic), type 2 diabetes, gestational diabetes and other specific types [48, 49]. However,
types 1 and 2 diabetes mellitus appeared to have gained much more popularity among
researchers and have generally been considered as the two major categories. In Africa, type 2
diabetes is the predominant form of diabetes in sub-Saharan Africa, accounting for over 90%
of cases. The IDF Atlas [51] estimated that 10.8 million people have type 2 diabetes in sub-
Saharan Africa in 2006 and this would rise to 18.7 million by 2025, an increase of 80%, as such
exceeding the predicted worldwide increase of 55% [52]. In the past, the estimates on mortality
of diabetes as the leading cause of death for sub-Saharan Africa were amongst the lowest for
all regions globally [53]. This was attributed to Africa’s rich biodiversity and high consumption
of natural foods, which are rich in complex carbohydrates, proteins and dietary fibre.
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There is enormous and escalating economic and social cost of treating type 2 diabetes. Sifelani
[54] observed that the number of people seeking medical assistance for diabetes is rising in
Africa at a time when health experts reported the continent’s overburdened health systems
are ill equipped to diagnose the disease. Majority of the poor cannot afford the cost of treat-
ment. Cost of treating diabetes accounts for about 10% of the national income of most countries
in Sub-Saahara Africa. National surveys in most parts of Africa indicate that diabetes cases are
on the rise due to rapid urbanization as well as fast changing diets which are displacing the
traditional ones in favour of the western diets [55]. This makes a compelling case for attempts
to reduce the risk of developing diabetes.

Nigeria is among the top 5 countries that have the highest number of people affected by type
2-diabetes in sub-Saharan Africa. Nigeria has about 1.2 million people; South Africa, 841,000;
the Democratic Republic of Congo, 552,000; Ethiopia, 550,000 and Tanzania, 380,000 living with
diabetes. A national survey had an average prevalence rate of 2.7% with similar pattern in both
sexes. There are slightly varying prevalence rates in different geographical locations [12]. Some
sporadic figures on prevalence rates of diabetes in Nigeria were published. Cooper et al. [56]
studied rural areas in Nigeria and found the prevalence of diabetics to be 2.8%. Wokoma [57]
reported that the prevalence of diabetes in Nigeria ranges from 1% to 6%. International
Diabetes Federation (IDF) [13] and [51] reported 2.2% and 3.9%, respectively, for type 2
diabetes in Nigeria. The annual increase was 0.3% in prevalence rate. A good number of people
still live with it undiagnosed. The prevailing trend to replace the consumption of more complex
forms of traditional diets with high intake of refined carbohydrates (Western) diets, in Nigeria,
calls for great concern and urgent action. This is because carbohydrate (CHO) foods form over
70% of the local diets. The bleak account of national prevalence poses great challenges to
individuals and the nation. Diabetes mellitus is a significant contribution to medical morbidity
and mortality risk worldwide. Many factors are involved in its aetiology. The general risk
factors include age, obesity, physical inactivity and family history/ previous history of
gestational diabetes and poor eating habits. This is because intakes of good sources of dietary
fibre such as fruits, vegetables, whole and high fibre grain products and legumes are low due
to changes in dietary habit (nutrition transition) across the globe [58]. The main diabetes related
risk factors include hyperglycaemia, hyperinsulinaemia/insulin resistance and microalbumi-
nuria/proteinuria [59].

5. An overview of pathogenesis of type 2 diabetes mellitus

Several pathogenic processes are involved in the development of diabetes. Type 2 diabetes is
characterized by excessive hepatic glucose production, reduced insulin action and insulin
resistance. These alter the utilization of endogenously produced insulin at the target cells.
These precipitate hyperglycaemia [60]. The pathogenesis of type 2 diabetes rests on the
relationship between carbohydrate metabolism and insulin action. Consumed complex
carbohydrates are metabolized to their monosaccharide constituents (glucose, galactose and
fructose) in the gut. These monosaccharides have roles in nutrition. Glucose metabolism and
absorption receive more attention in relation to diabetes. Glucose, absorbed into the blood



Anti-Diabetic Effects of Nigerian Indigenous Plant Foods/Diets
http://dx.doi.org/10.5772/57240

stream, elevates blood glucose level. This rise in blood glucose stimulates the secretion of
insulin from the beta-cells of the pancreas to regulate blood sugar levels by increasing active
transport of glucose into fat and muscle cells. Post-prandially, blood glucose is absorbed and
transported via the portal vein to the liver. The liver maintains blood glucose levels by
converting glucose into glucose-6-phosphate and glycogen (glucogenesis). The increased
insulin secretion from the pancreas and subsequent cellular utilization of glucose lowers blood
glucose levels. Lower blood glucose level decreases insulin secretion. In diseased condition,
insulin production is decreased to inhibit glucose uptake into the cells, which precipitates
hyperglycaemia. The insulin secreted by the pancreas at this time is not used by the target cells.
Hyperglycaemia is a common effect of uncontrolled diabetes and overtime, it causes serious
damage to many body systems, particularly, the blood vessels and nerves. Common symptoms
include glucosuria, frequent urination (polyuria), excessive thirst (polydypsia), excessive
hunger (polyphagia), sudden weight loss, extreme tiredness and blurred vision.

Decreased amount of insulin in circulation decreases lipogenesis and increases lipolysis.
Increased lipolysis releases fatty acids from adipose tissues. Fatty acids are also absorbed from
the intestinal tract. The rapid release of fatty acids in the blood leads to hyperlipidaemia. The
blood level of cholesterol increases, causing the development of atherosclerosis to occur at an
earlier age than in non-diabetics and is more pronounced [61]. Elevated circulating levels of
free fatty acids derived from adipocytes are the most likely link between insulin resistance and
type 2 diabetes [60]. They contribute to insulin resistance by inhibiting glucose uptake,
glycogen synthesis and glycolysis, and increasing hepatic glucose production. This leads to a
decrease in intracellular concentration of glucose by a reduction in glucose-6-phosphate levels,
implicating the glucose transport system as the rate-controlling step for free fatty acid-induced
insulin resistance [62].

Free radicals and enhanced oxidative stress with reduced blood levels of anti-oxidants were
implicated in the pathogenesis of diabetes and more importantly, in the development of
diabetic complications [60, 63]. Free radicals are highly reactive molecules (charged superox-
ide, hydroxyl radical and nitric oxide). The uncharged hydrogen peroxide species is capable
of damaging cellular molecules, DNA, proteins and lipids. These produce altered cellular
functions. Oxidative stress is a serious imbalance between the production of free radicals and
antioxidant defences. This causes potential tissue damage [64]. Antioxidants play protective
role against the effects of hyperglycaemia and free fatty acids in vitro. They neutralize free
radicals effects in experimentally-induced diabetes in animal models [60] and reduce the
severity of diabetic complications [63].

6. Dietary approaches to the management of type 2 diabetes mellitus

A diet is a combination of foods individuals or community habitually eat to exist or live, or
use for therapeutic purposes. Diet is known for many years to play a key role as a risk factor
for chronic diseases [7]. Conventionally, type 2 diabetes is controlled with diet alone or diet
and hypoglycaemic drugs (in combination with insulin in few cases where pancreas produces
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no insulin because of age). Objectives of dietary management of diabetes are to: achieve
optimal blood glucose and blood lipid concentrations; provide appropriate energy for
reasonable weight, prevent, delay and treat diabetes-related complications and improve health
through optimal nutrition [65]. The general practice is to counsel people with diabetes on
moderation of their food intake through proper food selection with incorporation of low GI
foods that contain slowly digestible carbohydrates and increased consumption of dietary fibre-
rich foods in combination with increased physical activity. Most often, diabetics are misin-
formed and advised to consume only those foods with low GI values. The restriction has two
adverse effects: either the diabetics become too rigid with their food selection which might
cause starvation and frequent hypoglycaemic attacks [66] or consume more carbohydrate per
meal from the low GI diets. These precipitate poor diabetic control (hyperglycaemia). This has
resulted in reduced intake or total avoidance of starchy staples and overall poor diabetes
management in Nigeria with its attendant high cost of medical treatment. The types of foods/
diets eaten in Nigeria vary tremendously and depend on several factors. Climate, environment,
cost and availability of foods, and religious beliefs are among the factors. There are also
significant differences in eating habits between the rural and urban populations. The latter
increasingly adapt to western food habits [67]. The promotion of indigenous mixed diets still
remains a powerful weapon in the fight against diabetes.

7. Dietary recommendations for type 2 diabetes mellitus

Nutrients are needed in certain amounts for good health. The type of food/diet people eat, in
all their cultural variety, is a key universal factor that defines and affects people’s health,
growth and development. However, due to some environmental, genetic, physiological and
metabolic factors, humans become susceptible to conditions that influence the body’s homeo-
stasis, nutrient intake and metabolism. To meet the challenges of optimizing nutrient utiliza-
tion for specific conditions, dietary recommendations are made for various diet-related
diseases. These are based on the causal factors and aim of dietary intervention in a particular
disease condition. These involve consideration for the key nutrients in metabolic functions,
their daily required amounts with reference to age and sex, their food sources and individual
quantities of selected foods. These foods must offer desirable short or long-term health benefits
without adverse effects. Dietary recommendations for prevention of diet-related chronic
diseases and for people with diabetes were published by WHO [7] and American Diabetes
Association [15], respectively. One major emphasis in these recommendations is that these
diets should be close to normal (family) diet. In diabetes mellitus, the three energy-giving
nutrients are involved. Based on this, adequate supply and intake of carbohydrate, protein
and fat as well as micronutrients (vitamins and minerals) becomes an important factor to
consider in diet and glycaemic control. The diet should contain 50-60% carbohydrate, 30-35%
and 10-15% protein relative to the individual’s total daily caloric allowance. Fruits, vegetables
and spices are rich in bioactive constituents [68, 69]. Bioactive constituents (dietary fibre,
phytochemicals and anti-oxidants) of plant foods are receiving attention with regard to their
roles in diabetes management. Most studies used different fibre sources (legumes, cereals and
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leaves) at different levels of incorporation [5-15%) into single meals of subjects [70, 71, 72, 73].
These studies tend to support the American Diabetes Association (ADA) position [15] that the
public should consume adequate amounts of dietary fibre from a variety of plant foods.
Unfortunately, recommended dietary fibre intakes 20-35g per day for healthy adults and the
aged [7], and 5g per day for children [74], respectively, are not being met. Recent studies have
shown that high carbohydrate, high fibre diets have low glycaemic index and reduce blood
cholesterol and triglyceride levels. This more flexible glycaemic index concept replaces the
therapeutic distinction between simple versus complex carbohydrates. Quantification of
bioactive compounds in vivo is costly and time consuming. Liu [75] reported that synergistic
effects of phytochemicals in fruits and vegetables are best acquired through whole-food
consumption, not from expensive dietary supplements. It is recommended that consumers
should eat 400g or 5 servings of fruits and vegetables from a wide variety of fruits and
vegetables/day.

One limitation of dietary recommendations is the problem of translating them into practical
terms. This appears to be a major gap in knowledge, which should be explored to translate the
accumulated scientific evidence of plant foods benefits into practical terms. FAO/WHO/UNU
[76] recommended the food-based dietary guideline (FBDG) to address problem of dietary
inadequacies and poor nutrient intake. This ensures supply of nutrients per 1000kcal (nutrient
density) of the traditional diet as consumed relative to standard values. The concept is used
to express required, desirable nutrient intake and population goals relative to energy intake.
It strongly emphasizes that food-based approaches are the only sustainable strategy to
improve the nutritional status of all. Its major advantages are - it is easy to adopt and imple-
ment; emphasizes changes that promote adequate vitamins and minerals, and reduce risks of
food-borne illness, obesity, diabetes, cancers and CVD. It also portrays long term effects of
diets as consumed [76]. For instance, a total of 15-20g dietary fibre/1000kcal and sodium
1000mg/1000kcal are recommended. McCarty [33] proposed a dietary “phytochemical index’
as a means of improving phytochemical nutrition of clients/patients. This index is the per-
centage of dietary calories derived from foods rich in phytochemicals. Calories derived from
fruits, vegetables, legumes, whole grains, nuts, seeds, fruit/vegetable juices, soy products,
wine, beer and cider- and foods compounded therefrom, would be counted in this index.

Harden et al. [77] advocated direct evaluation of GI of many meal combinations based on
indigenous, more widely and frequently consumed foods. Two principal approaches were
used to study the effects of increasing carbohydrate and fibre in diabetes management:

i supplementation of the low fibre foods with fibre-rich sources (for instance, guar
gum, flours from tallow tree, counter wood tree seeds and locust bean); and

ii. selective use of dietary fibre-rich foods.

Selective and holistic use of dietary fibre content of a mixed meal than the soluble non-starch
polysaccharides (NSP) supplements has currently become of research interest. It is because the
supplementation approach compromises sensory properties of indigenous food products with
anti-diabetic potentials at clinically effective and acceptable levels [78]. Translation of the
nutrient recommendations for specific conditions into foods for easy culinary application and
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appropriate nutrient intake is an integral part towards achieving the goals of dietary recom-
mendations.

8. Problems associated with use of medicinal plants/traditional medicine
and diabetes control

WHO reported that in several countries and areas, about 80% of the third world countries and
40-60% of total world population use traditional medicine instead of orthodox medicine for
health-care. The process of extraction and purification of plant extracts affect the unit cost [3].
These expensive products are unaffordable for the low income countries. The low demand for
drugs led to the use of medicinal plants as herbal components of health foods and for preven-
tive medicine. This new expanding market gave rise to nutraceuticals (nutriceuticals). Culhane
[5] reported nutraceuticals as “foods derived from a naturally occurring substance (in pills or
powder or other medicinal forms), which can and should be consumed as part of the daily
diet, and serves to regulate or otherwise affect a particular body process when ingested”. These
foods are known as medicinal foods, phytofoods, phytonutrients and functional foods. All of
these terms meant substances that may or may not be considered as foods or parts of food but
provide health benefits when eaten. However, more people prefer traditional medicine. This
is because it provides holistic treatment (treatment that caters for the spirit, body and soul).
The need for traditional medicine arose from the indigenous knowledge. This showed that
aetiology of diseases does not only come from physiological imbalance and psychological
causes as in orthodox medicine, but can come from spiritual causes, astral influence, esoteric
causes and imbalance in cosmic natural forces. This could be associated with the belief by some
diabetic patients that their condition is diabolical (personal communication). Every region has
had, at one time or the other in its history, a form of traditional medicine. However, distinction
exists between the use of traditional medicine and traditional plant foods as regards thera-
peutic agents used in diabetes management and health promotion. The misconception in the
use of these indigenous medicinal plants precipitated self-medication when such plants are
used. This poses serious problem in diabetes control in Nigeria. Consumers take medicinal
plants, herbal products and nutraceuticals as food and think they are safe at any dose. Concerns
raised about the interaction between herbal preparation and drugs are that herbal remedies
might — i) increase the effect of an antidiabetic drug and plunge blood sugar to dangerously
low level; ii) decrease the effect of blood pressure medication and cause high blood pressure
and stroke; iii) decrease the effect of an anti-infection agent, letting the infection get out of
control; iv) increase or decrease the effect of a blood thinner such as warfarin and cause either
bleeding episode or formation of a dangerous clot. The combination of orthodox and tradi-
tional medicines has negative impact on people with diabetes in Nigeria. This may explain
high incidence of cases of uncontrolled diabetes and associated complications in patients
admitted in hospitals in Nigeria. The major link between the use of traditional medicine and
traditional plant foods is that their uses are community-based and indigenous. Each com-
munity has its own peculiar approach to health and diseases even at the level of ethno-
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pathological perception of diseases and therapeutic behaviours. This gives indigenous
knowledge in agriculture, medicine and health its diverse and pluralistic nature. The impli-
cation is that success for use of any indigenous plant foods that possess antidiabetic potential
when incorporated into the family diets, could offer sustainable health benefits to the com-
munity/consumers of such plant foods.

9. Bioactive constituents and their effects on diabetes

Several terms have been used to describe the therapeutic potentials of plants. Health-promot-
ing activities, bioactive constituents, medicinal properties (often used in orthodox and
traditional medicine), natural plant products and biological response modifiers are examples
of such terms. All plants, especially the wild ones, are potential sources of biological active
molecules. These compounds protect plants against predators and other damage but are not
directly essential for growth. They are known as secondary chemical compounds or metabo-
lites. The plant constituents useful extractable substances in their storage organs (leaves and
seeds/roots) in quantities sufficient to be economically useful as raw materials for various
scientific technological and commercial applications [3].

Some plant constituents appear to be disease specific. The plants for consideration when a
hypoglycaemic property of a plant is elucidated were reported. Ivorra et al. [28] studied
different compounds isolated from plants with attributable hypoglycaemic activity. They gave
a broad classification as follows: polysaccharides and proteins; steroids and terpenoids;
alkaloids; flavonoids and related compounds. Drewnowski and Gomez-Carneros [29] and
Noor et al [23] reported phenols and polyphenols, flavonoids, isoflavones, terpenes and
glucosinolates in vegetables and fruits; Thompson et al. [79] included phytate in bean flour,
which reduced GI. Iwu et al. [80] found alkaloids in yam. Several studies have published
similar effects with dietary fibre (non-starch polysaccharides, NSPs) [31, 73]. A new classifi-
cation of dietary fibre (water-soluble and insoluble dietary fibre) was based on their solubility
characteristics [81]. The soluble dietary fibre is highly viscous and has added viscosity as
functional property in the evaluation food/diets. These NSPs lower blood glucose level by
impeding glucose absorption from the gastrointestinal tract and reduce post-prandial hyper-
glycaemia. The water-insoluble NSP are mainly obtained from structural carbohydrates
(cellulose and lignin of cell walls) of starchy roots/tubers and cereals. The water-soluble NSP
are obtained from storage carbohydrates (gum and hemicellulose) of legumes and as pectin
from fruits and vegetables. The phytochemicals are basically sourced from fruits and vegeta-
bles.

Widely used parameters for clinical studies in diabetes are post-prandial blood glucose,
glycaemic index (GI) and glycaemic load (GL). Jenkins et al. [82] introduced the concept of GI
to classify both single foods and mixed meals on the basis of their potential for increasing the
blood glucose concentration. The starchy foods have high GI (>70%) compared to the low
values (<50%) for vegetables, fruits, legumes. The GL is defined as the product of the amount
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of available carbohydrate in a certain amount of food and its GI divided by 100 [83]. Low GI-
based diets tend to maintain glucose and insulin at a moderate level avoiding the hypergly-
caemic state [84]. This is based on advantages of the GI concept: i) GI and GL are determined
both on single and mixed meals; ii) they permit proper selection and combination of low and
high GI foods to achieve good glycaemic control and prevent hyperglycaemia; iii) they prevent
fear of excessive intake of low or high GI foods and resultant hypoglycaemia/hyperglycaemia;
and iv) hyperinsulinaemia is abated when both GI and GL are considered in dietary counsel-
ling. The link between Gl and GL simply means that although both Gl and GL elicit information
on carbohydrate content of foods in relation to their blood glucose response. Gl is associated
with the quality of carbohydrate in a food/meal while GL relates to the overall quantity of
carbohydrate in the same food/meal [85]. However, when these low GI (low GL) foods are
habitually consumed in large amounts, high glycaemic effect may manifest over time. Based
on this, attention is drawn to researchers on the limitation of the use of glycaemic index values
alone in diabetes management. The practical application of the Gl, used in combination with
other information on food composition, is promising in guiding good food choices, especially
for people with diabetes. Englyst et al. [87] proposed the inclusion of rapidly digested starch
(RDS) and slowly digested starch (SDS) to account for limitations of GI. More recently, resistant
starch (RS) has received attention as one of the components of carbohydrate foods that are
closely linked to glycaemic control [86]. Salijata ef al. [34] observed that the justification of
similarity of RS with NSP is that RS assays as insoluble fibre and has the physiological benefits
of soluble fibre. They reviewed the importance of high amylose content and high amy-
lose:amylopectin ratio in foods/diets in the post-pandrial glycaemic and insulinaemic respons-
es. A higher amylose lowers digestibility of starch due to positive correlation between amylose
level and formation of RS [88]. Plants with these hypoglycaemic activities collectively exert
their effects in two major ways. They either improve insulin sensitivity to glucose at the
peripheral cells to increase glucose uptake and reduce hyperglycaemia. Or, they act on insulin
production-related actions to improve insulin production and control of blood sugar homeo-
stasis.

Evans et al. [60] has reported that pathogenesis of diabetes is better appreciated and should
be discussed in line with hyperglycaemia and elevated free fatty acid in the blood in relation
to oxidative stress and production of free radicals. Some plants with hypolipidaemic activities
were included by several authors as those that may assist in diabetes control. This is because
diabetes and cardiovascular disease are closely related. The active ingredients identified in
vivo for this purpose are antioxidants (vitamin A, beta-carotene, vitamin E and tannins) [89,
90]. The degree of these constituents in foods and their relative importance varies with the
chemical compound, specie, part and age of the plant as well as environment. From the above
perspective, the following operational definition will be used for documenting the antidiabetic
potential/effects of identified plant foods. Anti-diabetic plant foods/diets are those plant foods/
diets that contain any of the chemical compounds, shown to reduce hyperglycaemia or induce
hypoglycaemia through their effect on the improvement of insulin resistance or insulin supply
to the peripheral cells.
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10. Documentation of anti-diabetic potentials of selected Nigerian
indigenous plant foods

The 1978 Alma Ata declared that traditional medicine is the surest means to achieve total health
care coverage of the world’s population. This has encouraged the use of medicinal plants.
Currently, the active ingredients in most plants with anti-diabetic potentials are elucidated
pharmacologically. Consequently, it was a bit difficult to identify edible Nigerian indigenous
plants from huge database on medicinal plants. Information on their constituents of nutritional
importance was lacking. Invariably, not all traditional medicinal plants qualify as plant foods.
Bosch et al. [91] as cited in Ogbu et al. [92] reported that the total number of species of edible
plants in primary use in Africa is 1004. However, a little above 50% of the number of medicinal
plants was reported as 1975. In Nigeria, Federal Environmental Protection Agency (FEPA)
shows that 20 species of the plants were in extinction since 1950. Another 431 species are
endangered, 45 species are classified as rare, 20 species are vulnerable and 305 species are
endemic [93]. Not all plants with antidiabetic potentials published online may be available or
edible in Nigeria. The local herbalists keep secret the information on health benefits of
indigenous crops to enhance their patronage. Preliminary identification of the anti-diabetic
potentials of these plant foods becomes necessary to improve their food diversification and
consumption.

11. Sequence for literature review

Surveys on traditional food systems are commonly used to document information on indige-
nous foods with health-benefits [94]. Google search was used to review literature on published
works on ethnobotanical surveys in northern and southern regions of Nigeria. These were
used to identify commonly consumed indigenous plants. Some related unpublished works
were also used to supplement published data. Information obtained include botanical names
of the plant foods where available, habitat (cultivated (C), wild (W) or semi-wild (5)), part
used, culinary uses, anti-diabetic potentials/effects of single foods and diets and corresponding
references. From the profile of edible indigenous plant foods, those that have antdiabetic
potentials were selected based on their bioactive constituents, proven to be active ingredients
in attenuating post-prandial blood glucose. Additional information on anti-diabetic effects of
some of the plant foods/diets evidenced by in vivo or in vitro studies were also elucidated.

12. Results

The concept of food groups of plant origin was used to present the results on documentation
of Nigerian indigenous plant foods and those with anti-diabetic potentials. This was to
encourage increased diversification and culinary uses. These food groups include fruits,
vegetables, spices and condiments, grain legumes, nuts and oil seeds as well as starchy roots/
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tubers/fruits and cereals. Forty-eight families of plant foods were identified. Out of 241 plant
species (spp) identified, 80 fruits, 77 vegetables, 68 spices and condiments, 22 grain legumes/
nuts/oil seeds and 19 starchy roots/tubers/fruits and cereals were documented. Twelve out of
22 grain legumes/nuts/oil seeds and 11 out of 19 roots/tubers/cereals were soup thickeners.
Only 3 spp of fruits, 16 spp of vegetables, 27 spp of spices/condiments/grain legumes and 10
spp of starchy staples have anti-diabetic potentials in vivo or in vitro (Table 1]. Twenty-five
indigenous diets as consumed had anti-diabetic effects (Tables 2]. Three of the Candida
tropicalis fermented low GI starchy staple (cassava/maize/sorghum) flours were used to
formulate high dietary fibre diets using food-based approach of 10% protein and 20g total
dietary fibre/1000kcal in a 1:2 ratio of soluble: insoluble dietary fibre. The diets were composed
of fermented cassava/maize/sorghum flours (commonly used to prepare thick paste tradition-
ally known as “foofoo”. They are eaten with traditional soup blended with Cola gigantea flour
(a soup thickener) and other standard ingredients for rat bioassay to mimick traditional diets
as consumed. These diets reduced post-prandial blood glucose concentrations of the diabetes-
induced adult rats. More of the most commonly consumed vegetables than fruits were
cultivated. The indigenous diets that had anti-diabetic effects did not contain any fruit group
in their various recipes. They contained vegetables as part of the ingredients. This observation
supports the report by Ene-Obong et al. [39]. It showed that fruit consumption was conspicu-
ously absent in a survey of commonly consumed foods in all the 6 geo-political zones in
Nigeria. The implication is that fruit intake as source of anti-oxidants and phytochemicals in
Nigeria is disturbingly low and needs urgent intervention strategies. The low percentage of
plants with proven anti-diabetic potentials underscores the need to explore anti-diabetic
potentials of Nigerian rich biodiversity towards diversification of their utilization to optimize
their health benefits. One significant observation (Table 2] is that apart from the Afzelia-cowpea
pudding, all the diets investigated by various authors were based on starchy staples. These
foods have high nutrient density and are consumed frequently and appreciably. They serve
as desirable vehicles to improve utilization and consumption of phytochemical — and anti-
oxidant-rich indigenous foods for improved diabetes control and prevention. However, the
limitation of the work is that the identified diets were mostly reports from diets consumed in
Southern Nigeria. There are wide variations in recipes used for the same traditional diets in
many ethnic groups in Nigeria. The diets in this study may serve more or less as preliminary
and/or available research work rather than representive of all Nigerian traditional diets.
Another limitation is the differences in their concept and determination of “50g of digestible
carbohydrate” of reference and experimental foods/diets. Some studies correctly determined
the digestible carbohydrate contents of the food samples used, and some simply obtained the
carbohydrate content by difference (proximate analysis). These discrepancies in the analytical
methods pose some problems in the use of such available data. It calls for further clinical
evidence-based studies to authenticate these claims for proper application in culinary practices

and optimization of their health benefits.
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Part studied
i e of
and form in
. . assay . . - .
. Botanical C/W/ which the Potential active Anti-diabetic
Family name = . . References
name S food was i ingredients property
d animal
repare
prep model)
for assay
FRUITS
Oleaceae Carica papaya W Fruit In vivo Dietary fibre Not determined [95]
Psidium Fruit and In vivo
Myrtaceae ) ) o [96,97]
guajava Linn. fruit juice  (humans)
Parinari Fresh fruit, ) ) ) )
Chrysobalanaceae High viscosity Not determined [98]
curatollifolia paste
VEGETABLES
Adansonia Leaves
Bombacaceae o In vivo Mucilage Anti-hyperglycaemic ~ [99]
digitata extract
) Citrulus ) ] ' )
Cucurbitaceae Seeds flour  Invitro Dietary fibre Not determined [100]
lanatus
High
phytochemical
constituents
) Telfairia Ground  Invitro; In ) ) Antioxidant; anti-
Cucurbitaceae ) ) ) (alkaloids, tannins, ) [101,102]
occidentalis leaves pulp vivo (AM) ) i hyperglycaemic
flavonoids, steroids,
anthacyanin,
carotenoides)
) Momordica ) ) i Anti-oxidant, anti-
Cucurbitaceae ) S Fruitextract Invivo Phytochemicals ) [45, 24]
charantia hyperglycaemic
High
phytochemical
constituents
Vernonia Ground leaf . ) )
) C In vitro (alkaloids, tannins,  Hypoglycaemic ~ [102, 103]
amygdalina pulp ) )
flavonoids, steroids,
anthacyanin,
carotenoides)
Occimum Ground leaf The same
Labiatae o S In vitro ] Not determined [102]
gratissimum pulp constituents
Gnetum Ground leaf ) The same )
] In vitro ] Not determined [102]
africana pulp constituents
- Corchorus Ground leaf ) The same )
Tiliaceae ) In vitro } Not determined [102]
olitorus pulp constituents
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Part studied
i pe of
and form in
. . assay . . - .
. Botanical C/W/ which the Potential active Anti-diabetic
Family name (AM = . . References
name S food was i ingredients property
d animal
repare
prep model)
for assay
Pterocarpus Ground leaf ) The same )
Fabaceae o In vitro ] Not determined [102]
santalinoides pulp constituents
Pterocarpus Ground leaf The same
In vitro Not determined [102]
mildbreadii pulp constituents
In vivo ) ) o )
Abelmoschus ) Mucilage, dietary ~ Antioxidant anti-  [99, 104,
wW Pod (animal i )
esculentus fibre hyperglycaemic 105, 106]
model)
Solanium ) ) Phytochemical o
C fruit In vitro ] Anti-oxidant [45]
melongena (anthocyanin)
Solanum
C Stem Invitro  Resistantstarch Anti-hyperglycaemic  [45]
tuberosum
) Leavesand Invivoin Anti-
Moringa : )
] S seeds human &  Phytochemicals hyperglycaemia; [107]
olifera
extracts AM anti-lipidaemia
SPICES AND CONDIMENTS/ GRAIN LEGUMES, NUTS, OIL SEEDS
Allium cepa ) In vivo )
) Dried bulb ) Anti-
Alliaceae var. (human & Anthocyanins ) [24, 47]
powder hyperglycaemia
aggregatum AM)
In vivo
) ) ) Bulb Anthocyanins Anti-
Alliaceae Allium sativa  C (human/A - ) [47]
extract M) (allicin) hyperglycaemia
Ricinus Seeds In vivo Anti-
Euphorbiaceae ) C Not determined ) [108]
communis extract (AM) hyperglycaemia
High
phytochemical
constituents
Gongronema Ground
C (alkaloids, tannins,  Not determined [102]
latifolium leaves pulp ) i
flavonoids, steroids,
anthacyanin,
carotenoides)
Murraya Leaves In vivo
w Not determined Hypoglycaemic [24, 47]
koenigii extract (AM)
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Part studied
. Type of
and form in
. . assay . . - .
. Botanical C/W/ which the Potential active Anti-diabetic
Family name (AM = . . References
name S food was i ingredients property
d animal
repare
prep model)
for assay
Fresh or
Zingiber dried ) ) ) )
- wW ) In vivo Not determined Antihyperglycaemia [24,47]
officinale rhizome
powder
) ) Fruit ) ) o
Piper nigrum ~ C In vitro Flavonoids Anti-oxidant [45]
extract
. Piper Fruit ) o
Piperaceae ) W In vitro Flavonoids Anti-oxidant [45]
guineense extract
Cissus ) ) ) )
) In vivo High viscosity, )
Vitaceae pulponeasyn. W  Stem flour ) ] Hypoglycaemic [70]
) (AM) dietary fibre
rotundofolia
. Pleurotus Sclerotium ) ) . )
Basidiomycetes ) C In vitro Dietary fibre Not determined [42]
tuberegium flour
Afzelia
Caesalpiniaceae Seeds flour  Invitro Dietary fibre Hypoglycaemic [42,73]
Africana
Brachystegia
N nigerica Hoyle ) ) A )
Caesalpiniaceae Seeds flour  In vitro Dietary fibre Not determined [42]
ex A.P.D.
Jones
o Detarium ) ) . )
Caesalpiniaceae ] Seeds flour  In vitro Dietary fibre Hypoglycaemic [42,73]
microcarpum
Mucuna
Fabaceae pruriens (L.)D.  C  Seedsflour Invitro Dietary fibre Not determined [42]
C.var. utilis
Mucuna
Fabaceae sloanei C  Seedsflour Invitro Dietary fibre Not determined [42]
Fawcett
Vigna
unguiculata ) ) _ Antihyperglycaemic,
Fabaceae C  Seedsflour Invivo Dietary fibre i o ~ [106, 109]
(L.) Walp var. anti-hyperlipidaemic
unguiculata
] Antihyperglycaemia,
Vigna ) ) .
Fabaceae C Seedsflour Invivo Not determined anti- [109]

unguiculata

hyperlipidaemia
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Part studied
. Type of
and form in
. . assay . . - .
. Botanical C/W/ which the Potential active Anti-diabetic
Family name (AM = . . References
name S food was i ingredients property
d animal
repare
prep model)
for assay
(L.) Walp var.
dekindtiana
Arachis
Fabaceae C Seedsflour Invitro Mucilage Not determined [38]
hypogea (L)
Glycine max. ) ) _ )
Fabaceae w C  Seedsflour Invitro Dietary fibre Not determined [110]
o Irvingia ) Soluble dietary i )
Irvingiaceae ) C  Seedsflour Invitro i Anti hypoglycaemic [106, 111]
gabonensis fibre
Irvingia Soluble dietary
Irvingiaceae S Seedsflour [Invitro Anti-hypoglycaemic [106, 111]
wombulu fibre
Bielschmedia
gabonensis ) o
) ) High viscosity, )
Lauraceae (Meisn) W  Seeds flour Invitro ] ) Not determined [112]
dietary fibre, low Gl
Benth. ex
Hook. f.
Sphenostylis
N sternocarpa ) ) _ Antihyperglycaemia,
Papilionaceae ) C  Seedsflour Invitro Dietary fibre ) o ] [109]
(a. Rich.) anti-hyperlipidaemic
Harms
Vigna ) )
» ) ) _ Antihyperglycaemia,
Papilionaceae  subterranean  C  Seeds flour Invitro Dietary fibre i o ~ [106, 109]
anti-hyperlipidaemic
(L.) Verdc.
Cajanus cajan
Papilionaceae (L) Mill C  Seedsflour Invivo Dietary fibore  Anti-hyperglycaemic ~ [42]
.) Millip.
) ) ) High viscosity, )
Sterculiaceae  Cola gigantea W  Seedsflour Invitro _ Not determined [112]
dietary fibre, low Gl
) ) ) Anti-oxidant, [113,114,
Sterculiaceae Garcinacola  C Nuts Not determined i
hypoglycaemic 24]
STARCHY/ROOTS/TUBERS/FINGERS & CEREALS
) Dioscorea Tubers In vivo ) )
Dioscoreaceae Alkaloids Hypoglycaemic [24]
documentum extract (AM)
Dioscorea
Dioscoreaceae C  Tuberflour Invitro Dietary fibre Not determined [115]

alata
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Part studied
. Typeof
and form in
. . assay . . - .
. Botanical C/W/ which the Potential active Anti-diabetic
Family name (AM = . . References
name S food was i ingredients property
d animal
repare
prep model)
for assay
) i ) Anti- [116,117,
Seeds flour  Invitro Dietary fibre )
hyperglycaemia 118]
Dietary fibre,
Poaceae Oryzasativa ~ C  Seedsflour Invivo polyphenols and Anti-hyperglycaemic ~ [119]
phytic acid
Seeds,
Candida
Poaceae Zea mays C tropicalis  Invitro Dietary fibre, low GI  Not determined [120]
fermented
flour
Seeds,
Candida
Sorghum
Poaceae bicol C tropicalis ~ Invitro Dietary fibre, low GI  Not determined [120]
icolor
fermented
flour
Roots,
Candida
Manihot
Euphorbiaceae C tropicalis  Invitro Dietary fibre, low GI  Not determined [120]
esculenta
fermented
flour
Leafand
Ipomea stem In vivo Flavones ; dietary Anti-oxidant, (24, 121]
batatas extracts; (AM) fibre hypoglycaemia; '
stem
In vivo Saponins, o
Musa Unripe fruit _ ) ] Anti-oxidant,
Musaceae o (animal  flavonoids, tannins ) [89]
paradisica flour ) hypoglycaemia
model) & alkaloids
Abrus i )
) Seeds flour Not determined Hypoglycaemic [24,114]
precatorius (AM)

C = Cultivated; W = Wild; Semi-wild =S

Table 1. List of identified Nigerian indigenous plant foods (single foods) with anti-diabetic potentials/effects by food

groups
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Name of local i
Type of assay  Potential

diet as e X . . Anti-diabetic
Description of diet AM= animal active Ref.
consumed/ property
model ingredients
snacks/drinks
Traditional soup prepared with
Detarium Detarium seed flour, meat, fish, red palm Invi
n vivo
macrocarpum oil, salt, spinach, fresh tomatoes, " ) Dietary fibre Hypoglycaemic [122]
umans
soup meal waterand consumed with boiled Oryza
sativa seeds
Breadrolls prepared with Detarium seed
Detarium bread flour and other basic bread ingredients In vivo ) ' ) )
) Dietary fibre  Anti-hyperglycaemic [123]
meal (hydrogenated fat, improver, fresh yeast, (humans)
water)
Sphenostylis  Gruelprepared with Sphenostylis seed In vivo
Dietary fibre ~ Anti-Hyperglycaemic [124]
sternocarpa gruel  flour and water to produce a gruel (humans)
Afzelia-cowpea Moi-moi (V. unguiculata seed pudding) In vivo ) _ ) )
o - ) Dietary fibre  Anti-Hyperglycaemic [72]
moi-moi prepared with Afzelia seed flour (humans)
Gari with Gnetum africanum leaf-based
Gari with afang o i - ) ) ) )
traditional soup prepared with modified /n vivo (AM) Not determined Anti-Hyperglycaemic [126]
soup .
recipe by Ana (125)
Talinum triangulare and Telfairia
occidentalis leaves-based traditional
Pounded yam ) - )
) ) soup prepared with modified recipe by ) ) ) )
with edikang } ) In vivo (AM) Not determined Anti-Hyperglycaemic [126]
) Ana (125) and consumed with boiled
ikong soup )
yam (Dioscorea rotundata) tuber
pounded into a thick dough
Cocoayam (Colocasia esculentum) corm/
wateryam (Dioscorea alata) tuber
Ekpang nkukwo ) ) i ) In vivo (AM) Not determined Anti-Hyperglycaemic [126]
pudding prepared with modified recipe
by Ana (125)
) ) Musa paradisiaca fruit cooked with V.
Plantain porridge
thb unguiculata to produce a savoury dish  /n vivo (AM) Not determined Anti-Hyperglycaemic [126]
with beans
with modified recipe Ana (125)
Afzelia seed and plantain (Musa
Afzelia-plantain paradisiaca) finger flours prepared with In vivo ) _ ] )
o ST ) ) Dietary fibre  Anti-Hyperglycaemic [71]
based biscuits  other basic biscuit ingredients (baking (humans)
fat, salt and water without sugar)
) Cooked, thick paste made from )
Yam flour with In vivo )
Dioscorea rotundata tuber flour (amala) Low Gl Hypoglycaemic [127]
‘ewedu’ (humans)

consumed with traditional soup
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Name of local

. Type of assay  Potential L .
diet as e X . . Anti-diabetic
Description of diet AM= animal active Ref.
consumed/ . . property
. model ingredients
snacks/drinks
(Corchorus  prepared with Corchorus olitorius leaves,
olitorius) soup tomato sauce, beef, salt, local spices
Fermented ) )
Cooked, thick paste made from Manihot
cassava flour
esculenta tuber flour (lafun)consumed In vivo
with ‘ewedu’ ) . ) Low Gl Hypoglycaemic ~ [127]
with traditional soup prepared with (humans)
(Corchorus o
o Corchorus olitorius leaves
olitorius) soup
Maize flour with  Cooked, thick paste made from Zea
‘ewedu’ mays flour consumed with raditional In vivo
) o Low Gl Hypoglycaemic ~ [127]
(Corchorus soup prepared with Corchorus olitorius ~ (humans)
olitorius) soup leaves
Fermented  Cooked, thick paste made from Manihot ) o
} ) High viscosity;
cassava flour  esculenta flour (lafun) consumed with In vivo )
o ) o reduced Hypoglycaemic  [128]
with “ogbono  traditional soup prepared with Irvingia ~ (humans) ) o
digestibility
soup spp seeds
) Cooked, thick paste made from Musa ) o
Plantain flour o ) ) High viscosity;
) parasidiaca flourconsumed with In vivo )
with o ] o reduced Hypoglycaemic ~ [128]
traditional soup prepared with /rvingia ~ (humans) ) o
‘ogbono’soup digestibility
spp seeds
Cooked, thick paste made from Manihot o
Fermented } ) High viscosity;
esculenta root flourconsumed with In vivo )
cassava flour . ) reduced Hypoglycaemic ~ [128]
) ] traditional soup prepared with (humans) ) o
with “egusi soup’ o digestibility
Colocynthis citrillus seeds
Cooked, thick paste made from Musa
) parasidiaca flourconsumed with ) High viscosity;
Plantain flour o ) In vivo _
) _ traditional soup prepared with reduced Hypoglycaemic ~ [128]
with ‘egusi soup’ o (humans) ) o
Colocynthis citrillus seeds other digestibility
ingredients
Fermented  Cooked, thick paste made from Manihot
i ) High viscosity;
cassava flour esculenta root flourconsumed with In vivo )
) - o reduced Hypoglycaemic ~ [128]
with pepper  traditional soup prepared with piper spp  (humans) ) e
i ) digestibility
soup and other ingredients
Cooked, thick paste made from Musa
Plantain flour High viscosity;
) parasidiaca flourconsumed with In vivo )
with pepper N o reduced Hypoglycaemic ~ [128]
traditional soup prepared with piper spp  (humans) ) o
soup digestibility

and other ingredients
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Name of local

. Type of assay  Potential L .
diet as e X . . Anti-diabetic
Description of diet AM= animal active

consumed/ . . property
. model ingredients
snacks/drinks
Boiled yam (D. rotundata) consumed
Boiled yam with  with stew prepared fish, vegetable oil, In vivo ) ) Anti-hyperglycaemic;
) Dietary fibre ) o )
fish stew fresh tomatoes, red pepper and (human) anti-hyperlipidaemic

vegetables

Cooked, thick paste made from Manihot

esculenta root flourconsumed with
Cassava flour

) traditional soup prepared with 'soup In vivo ) ' Anti-hyperglycaemic;
with vegetable ) ) Dietary fibre ) o )
thickener’ fresh vegetables, beef/fish, (human) anti-hyperlipidaemic
sou
P vegetable oil, fresh tomatoes and red
pepper
Cooked, thick paste made from D.
rotundata tuber flour consumed with
Yam flour with  traditional soup prepared with ‘soup In vivo Dietary fib Anti-hyperglycaemic;
ietary fibre
vegetables stew thickener’ fresh vegetables, beef/fish, (human) y anti-hyperlipidaemic
vegetable oil, fresh tomatoes and red
pepper
Boiled cowpea (V. unguiculata) and
Boiled beans and boiled Musa parasidiaca consumed with
boiled plantain  traditional soup prepared with ‘soup In vivo Dietary fib Anti-hyperglycaemic;
ietary fibre
with beef/fish  thickener’ fresh vegetables, beef/fish, (human) y anti-hyperlipidaemic
stew vegetable oil, fresh tomatoes and red
pepper
Candida tropicalis fermented Manihot
esculenta root flour blended with Cola
Fermented
gigantea seed flour and other basic ) Dietary fibre, ) )
cassava/C. i ) In vivo (AM) ) Anti-hyperglycaemia [130]
ingredients for rat study to provide 10% protein
gigantea blend
protein and 20g total dietary fibre/
1000kcal
Candida tropicalis fermented Zea mays
Fermented seed flour blended with Cola gigantea ) )
) o ) ] Dietary fibre, ) ]
maize/ C. seed flour and other basic ingredients  In vivo (AM) i Anti-hyperglycaemia [130]
rotein
gigantea for rat study to provide 10% protein and P
20g total dietary fibre/1000kcal
Candida tropicalis fermented Sorghum
Fermented
bicolor seed flour blended with Cola ) Dietary fibre, ) )
sorghum/C. ] ) In vivo (AM) ) Anti-hyperglycaemia [130]
; gigantea seed flour and other basic protein
gigantea

ingredients for rat study to provide 10%
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Name of local i
. Type of assay  Potential L .
diet as e X . . Anti-diabetic
Description of diet AM= animal active Ref.
consumed/ . . property
. model ingredients
snacks/drinks

protein and 20g total dietary fibre/
1000kcal

C = Cultivated; W = Wild; Semi-wild =S

Table 2. List of identified Nigerian indigenous plant-based diets with anti-diabetic effects

13. Conclusions and recommendations

Diet therapy, undisputedly, has long been recognized as key tool in the clinical management
of diabetes. The challenge centres on how to translate the existing scientific evidence into
practical terms for individual and household application in the management of diabetes
mellitus. Relatively, a few clinical studies were published in Nigeria. Widely used parameters
for diabetes-related clinical studies in Nigeria are post-prandial blood glucose response, anti-
oxidant activity, lipid profiles and GI of diets. Most of the studies conducted on single foods
were on dietary fibre. Much more indepth research is needed on phytochemical constituents
of the rich national flora as regards phytochemical index and diabetes control. This is because
health benefits of these indigenous plants are of public health importance. Based on recent
documentation, Nigeria is rich in varieties of plant foods. Only a few varieties or cultivars were
captured relative to diverse nature of Nigeria. It has generated a database for future investi-
gations. Relevant research outputs on the plant foods would encourage diversification and
increase consumption to maintain dietary adequacy and optimize their health benefits/
therapeutic potentials.

Much of the in vivo studies on antidiabetic effects of indigenous diets were conducted on
human subjects. Levels of incorporation of fruits and vegetables into the traditional recipes
are inadequate. The recipes used for traditional diets vary from one region/ethnic group to
another in Nigeria. The variations in recipes for these diets might influence their nutrient
concentrations and effects on blood glucose level. It is imperative to fill this gap using FBDG.
This guideline proposed by FAO/WHO/UNU [76] has not been embraced and applied widely
to enhance their health benefits in communities despite its advantages over the traditional and
orthodox medicine. Rat study model to simulate this approach using high dietary fibre plant-
based diet showed that traditional mixed diet as consumed can attenuate post-prandial blood
glucose concentration in diabetic adult rats. There is research need to focus on wider varieties
of traditional diets as consumed in Nigeria.

The goal for optimizing the use of indigenous plants with anti-diabetic potentials to control
and prevention type 2-diabetes rests on conducting controlled clinical trials using food-based
approach as the last step to establish their efficacy in humans. Evidently, these diets adequate
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in macronutrients, micronutrients and phytochemicals can retard and prevent diabetic
complications. Optimum utilization of these indigenous anti-diabetic plant foods in Nigeria
and their diversification would enhance management of diabetes and improve health of people
in the communities.
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1. Introduction

1.1. General overview of diabetic mellitus

Diabetes mellitus is a metabolic disorder that is characterized by hyperglycemia associat-
ed with impairment in insulin secretion and/or insulin action as well as aberrations in
intermediary metabolism of carbohydrates, proteins and lipids. Several reports indicate that
annual incidence rate of diabetes mellitus will increase in the future worldwide, especial-
ly in the developing countries [1]. The effects of diabetes mellitus include long-term damage,
dysfunction and failure of various organs. Diabetes mellitus may present with classical
characteristic features such as blurring of vision, excessive thirst (polydypsia), excessive
feeding (polyphagia) excessive urination (polyuria), and weight loss. In its most severe
forms, ketoacidosis may develop leading to stupor, coma and, in absence of effective
treatment death ensues [2].

Often symptoms are not severe, or may be absent, and consequently hyperglycaemia sufficient
to cause pathological and functional changes may be present for a long time before the
diagnosis is made. On the other hand, other chronic features of diabetes mellitus include
progressive development of the specific complications of retinopathy with potential blindness.
Nephropathy that may lead to renal failure with risk of foot ulcers, amputation, including
reproductive dysfunction [3-6]. People with diabetes are at increased risk of developing
cardiovascular, peripheral vascular and cerebrovascular disease [7-8]. These include processes
which destroy the beta cells of the pancreas with consequent insulin deficiency and ultimately
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resulting in insulin resistance. The abnormalities of carbohydrate, fat and protein metabolism
have also been shown to result in deficient action of insulin on target tissues resulting from
insensitivity or lack of insulin [9-10].
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Figure 1. The structure of the pancreas which houses islets of Langerhans

Insulin resistance was recently reported to be associated with obesity and type 2 diabetes[11].
Recent studies suggest that a complex interaction between inflammation, endoplasmic
reticulum stress, oxidative stress, mitochondrial dysfunction and autophagy dysregulation
play animportant role in insulin resistance. The stress-activated c-Jun N-terminal kinase (JNK)
has been increasingly recognized as a central mediator of insulin resistance [11] and suppres-
sion of the JNK pathway has been shown to improve insulin resistance and glucose tolerance.
Also, hyperhomocysteinemia (HHcy) was found to induce insulin resistance in adipose tissue
via activation of JNK pathway [12].

2. Classifications of diabetic mellitus

The terms type 1 and type 2 are used for classification based on aetiological factors. The terms
insulin-dependent and non-insulin-dependent are used for classifying pathophysiological
conditions of diabetes mellitus regardless of the aetiological factors. However, it has been
noticed that failure to administer insulin in an insulin-dependent condition can lead to ketosis
and with resultant life threatening condition. In the same vein patients whose conditions do
not require insulin treatment for prevention of ketosis or for survival are known to require
insulin for glycaemic control and such patients are considered to be in anon-insulin-dependent
state [13].
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2.1. Type 1 diabetes mellitus

Type 1 diabetes mellitus is caused by insulin deficiency due to destruction of pancreatic
[-cells principally via an autoimmune reaction that can be triggered by different factors
[14]. It can also develop in association with certain hereditary factors, such as Human
Leukocyte Antigen (HLA) alleles. Typically, destruction of pancreatic $-cells progresses to
absolute deficiency in insulin. This condition develops rapidly in young people and has
been found to occur in any age group [14]. Similarly, autoantibodies against islet anti-
gens (islet-associated antibodies) have been shown to increase in the early phase of the
disease. Hence, pancreatic (3-cell destruction involves autoimmune mechanisms. There-
fore, type 1 diabetes mellitus is also known as ‘autoimmune’ type 1 diabetes mellitus [14,
15-16].

2.2. Type 2 diabetes mellitus

Type 2 diabetes mellitus is one of the most common diseases of the western world and is
associated with cardiovascular disease [17]. Type 2 diabetes mellitus (formerly called
NIDDM, type II or adult-onset) is characterized by insulin resistance in peripheral tissue
and an insulin secretory defect of the beta cell. This is the most common form of diabetes
mellitus and is highly associated with a family history of diabetes, old age, obesity and lack
of exercise. It is more common in women, especially women with a history of gestational
diabetes. Type 2 diabetes mellitus is characterized by derangement of carbohydrate, protein
and fat metabolism [18]. Insulin resistance and hyperinsulinemia eventually lead to
impaired glucose tolerance [19].

Defective beta cells become exhausted, further fuelling the cycle of glucose intolerance and
hyperglycaemia. The aetiology of type 2 diabetes mellitus is multifactorial with evidence of
genetic involvement [20-21]. Types of diabetes mellitus of various known aetiologies are
grouped together to form the classification called "other specific types." This group includes
persons with genetic defects of beta-cell function (this type of diabetes was formerly called
MODY or maturity-onset diabetes in youth) or with defects of insulin action; persons with
diseases of the exocrine pancreas, such as pancreatitis or cystic fibrosis; persons with dysfunc-
tion associated with other endocrinopathies (e.g., acromegaly); and persons with pancreatic
dysfunction caused by drugs, chemicals or infections. Diabetic cardiomyopathy (DCM) has
also been extensively reported in type 2 diabetes mellitus [22-25]. DCM is recognized as
asymptomatic progressing structural and functional remodelling in the heart of diabetics, in
the absence of coronary atherosclerosis and hypertension. Diabetic cardiomyopathy is a fairly
common cause of heart failure in the native population with type-2 diabetes mellitus and
results in high morbidity and mortality [22]. Few of the classical symptoms of DCM include
marked left ventricular (LV) systolic dysfunction, dysfunction of coronary microcirculation,
in relation with glycaemic levels, insulin resistance, sympathetic overdrive, endothelial
dysfunction, abnormalities of the angiotensin-renin system, and remodelling/hypertrophy,
diastolic dysfunction and impairment of coronary flow reserve (CFR) may be associated in
DM [22-24].
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3. Global impact of diabetic mellitus

Diabetes mellitus is a disease common to all parts of the world [26]. It is a common and
very prevalent disease affecting the citizens of both developed and developing countries.
It has been estimated that 25% of the world population is affected by this disease [27].
Currently, India has got the largest number of diabetics and is being called as diabetic
capital of the world. Diabetes has significant health consequences for individuals and
communities. In fact, many countries face large increases in the number of people suffer-
ing from diabetes. The World Health Organization estimated that about 30 million people
suffered from diabetes in 1985 and the number increased to more than 171 million in 2000.
Additionally, it has been estimated that the number will increase to over 366 million by
2030 and that large increases will occur in developing countries, especially in people aged
between 45 and 64 years [28].

A large disparity in total health spending for diabetes among the top 80 most populous
countries exists, varying from USD 1.3 million to USD 198.0 billion. The country with the
highest total expenditure, the United States of America, will spend 52.7% of the global
expenditure. India, the country with the largest population of people living with diabe-
tes, will spend an estimated USD 2.8 billion or less than 1% of the world total. The total
diabetes spending in the 18 countries in IDF’s African Region will be only USD 1.2 billion,
0.3% of the global total [29]. The absolute level of health expenditure in developing countries
appears to be quite low. The lowest 20 spending countries in the top 80 most populated
countries will spend less than USD 50 per person per year for managing diabetes and
diabetes-related complications. Expenditure at this level cannot even cover the annual
wholesale cost of a generic oral agent capable of preventing acute, life-threatening hypergly-
caemia [29]. Considering the health services and therapeutic treatments needed to man-
age diabetes and diabetes-related complications, more health care resources are required to
provide adequate diabetes care in the poor countries.

4. Diabetic mellitus and oxidative stress

Diabetes mellitus is associated with an increased risk of cardiovascular diseases mediated
via oxidative stress. ROS can directly damage lipids, proteins or DNA and modulate
intracellular signaling pathways, such as mitogen activated protein kinases and redox
sensitive transcription factors causing changes in protein expression with irreversible
oxidative modifications [30-31]. Hyperglycaemia-induced mitochondrial dysfunction and
endoplasmic reticulum stress has been shown to promote reactive oxygen species (ROS)
accumulation, accelerates cellular damage and significantly contributes to the diabetic
complications development and progression [30, 32-33]. PA et al. [34] described the
mechanism of cardiovascular dysfunction in diabetes mellitus (Figure 2).
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Figure 2. Mechanisms of cardiovascular dysfunction in diabetes: role of superoxide and peroxynitrite. Hyperglycaemia
induces increased superoxide anion (O2e-) production via activation of multiple pathways including xanthine and
NAD(P)H oxidases, cyclooxygenase, uncoupled nitric oxide synthase (NOS), glucose autoxidation, mitochondrial respi-
ratory chain, polyol pathway, and formation of advanced glycation end products (AGE). Hyperglycaemia-induced in-
creased superoxide generation may also favour an increased expression of nitric oxide synthases (NOS) through the
activation of NFkB, which may increase the generation of nitric oxide (NO). Superoxide anion may quench NO, thereby
reducing the efficacy of a potent endothelium-derived vasodilator system. Superoxide can also be converted to hydro-
gen peroxide (H,0,) by superoxide dismutase (SOD) and interact with NO to form a reactive oxidant peroxynitrite
(ONOO-), which induces cell damage via lipid peroxidation, inactivation of enzymes and other proteins by oxidation
and nitration, and activation of matrix metalloproteinases (MMPs) among others. This figure was adapted from [34].

Hyperglycaemia-induced oxidative stress also mediates endothelial dysfunction which plays
a central role in the pathogenesis of micro- and macro-vascular diseases with resultant increase
in pro-inflammatory cytokines and induction of apoptosis and impairment of nitric oxide
release. Hyperglycaemia induces vascular damage probably through a single common
pathway - increased intracellular oxidative stress- linking four major mechanisms, namely the
polyol pathway, advanced glycation end-products (AGEs) formation, the protein kinase C
(PKC)-diacylglycerol (DAG) and the hexosamine pathways [35]. However, synthetic drugs
against diabetes mellitus have been reported with avalanche of side effects (Table 1) as reported
by Kavishankar et al. [36].
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Agent Mechanism Site of action Advantages Side effects

Stimulating insulin

production

o ) Effective and Hypoglycaemia and
Sulphonylureas by inhibiting the K- Pancreatic beta cells ) ] )
inexpensive weight gain.
ATP
channel
) Nausea and diarrhoea.
o Weight loss )
) Decreases insulin ) Hypoglycaemia occurs
Metformin Liver Does not cause ) _
resistance ) when combined with
hypoglycaemia o
sulfonylurea or insulin
o Increased liver enzymes,
Reduce insulin i
o ) ) weight
Thiazolidinediones resistance by Gl tract Low risk ) )
o gain, oedema, mild
activating PPAR-y )
anaemia
Diarrhoea, abdominal
) ) Decreases )
Reduces intestinal ) pain, flatulence;
) o postprandial
a-glucosidase inhibitors glucose Fat, muscle ] ) Serum levels of
] plasma triglyceride ] )
absorption level transaminases increases at
evels

doses

Adapted from Kavishankar et al. [36].

Table 1. Synthetic drugs and their side effects

5. Drug-induced diabetic mellitus and their mechanisms of action

The most common drugs that are currently being used for the experimental induction of
diabetes are alloxan and streptozotocin (STZ). Streptozotocin (STZ) is a synthetic antineoplas-
tic agent that is classified as an anti-tumour antibiotic and is chemically related to other
nitrosureas used in cancer chemotherapy [37]. Intra-venous injection of 60mg/kg dose of
streptozotocin in adult Wistar rats, makes pancreas swell and at last causes degeneration in
Langerhans islet beta cells and induces experimental diabetes mellitus in 2-4 days [37]. Both
alloxan and STZ have been extensively documented for the induction of diabetes via free
radical generation and depletion of antioxidant defense system [38-40]. STZ has been reported
to significantly decrease the activity of erythrocytes antioxidative enzymes catalase (CAT),
superoxide dismutase (SOD) and glutathione peroxidase (GPx) [38-39]. Several drugs, with
pharmacological properties including theophylline, aspirin, isoniazid and nalidixic acid can
cause transient hyperglycaemia in over dosage, but only streptozotocin, alloxan and the
rodenticide vacor are likely to cause permanent diabetes. Alloxan and the product of its
reduction, dialuric acid, establish a redox cycle with the formation of superoxide radicals that
undergo dismutation to produce hydrogen peroxide via Fenton reaction [41]. Similarly, the
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reactive oxygen species results in simultaneous massive increase in cytosolic calcium concen-
tration causes rapid destruction of B cells. In the same vein, streptozotocin enters the B cell via
a glucose transporter (GLUT2) and causes alkylation of DNA. DNA damage induces activation
of poly ADP-ribosylation, a process that is more important for the diabetogenicity of strepto-
zotocin than DNA damage itself. More so, Poly ADP-ribosylation leads to depletion of cellular
NAD+ and ATP [41]. Enhanced ATP dephosphorylation after streptozotocin treatment
supplies a substrate for xanthine oxidase resulting in the formation of superoxide radicals.
Also, streptozotocin liberates toxic amounts of nitric oxide that inhibits aconitase activity and
participates in DNA damage [41].

6. Some scientifically validated antidiabetic plants

Recently, Etuk et al. [42] reported that the following medicinal plants have been validated
scientifically as potent antidiabetic plants: Acacia arabica (Lam.) Muhl. ex Willd. (Family:

Mimosaceae), Aegle marmelos (L.) Correa ex Roxb. (Family: Rutaceae), Allium cepa L. (Family:
Liliaceae), Allium sativum L. (Family: Alliaceae), Aloe vera (L.) Burm.f. (Family: Aloaceae),
Anthemis mobilis Linn. (Family: Compositae), Areca catechu L. (Family: Arecaceae), Artemisia
pallens Wall. ex DC. (Family: Compositae), Annona squamosa L. (Family: Annonaceae),
Andrographis paniculata Nees (Family: Acanthaceae), Aerva lanata (L.) Juss. ex Schult. (Family:
Amaranthaceae), Asteracantha longifolia Nees (Family: Acanthaceae), Azadirachta indica A. Juss.
(Family: Meliaceae), Biophytum sensitivum (L.) DC. (Family: Oxalidaceae), Bombax ceiba L.
(Family: Bombacaceae), Beta vulgaris

L. (Family: Chenopodiaceae), Brassica juncea (L.) Czern. (Family: Brassicaceae), Barleria
lupulina Lindl. (Family: Acanthaceae), Boerhavia diffusa L. (Family: Nyctaginaceae), Brickellia
veronicaefolin A. Gray (Family: Asteraceae), Cassia auriculata L. (Family: Leguminosae),
Caesalpinia bonducella (L.) Roxb. (Family: Cesalpinaceae), Capparis decidua (Forsk.) Edgew.
(Family: Capparidaceae) Cajanus cajan (L.) Millsp. (Family: Fabaceae), Citrullus colocynthis (L.)
Schrad. (Family: Cucurbitaceae), Coccinia indica Wight & Arn. (Family: Cucurbitaceae), Casearia
esculenta Roxb. (Family: Flacourtiaceae), Catharanthus roseus (L) G. Don. (Family: Apocyna-
ceae), Camellia sinensis Kuntze (Family: Theaceae), Coriandrum sativum L. (Family: Apiaceae).

7. Antidiabetic plants in clinical trials

The following antidiabetic plants are currently under clinical trials viz:

Allium cepa L., Clerodendron phlomoides Linn., Cinnamomum tamala (Buch.-Ham.) T. Nees & Eberm.,
Coccinia indica Wight & Arn., Enicostemma littorale Blume, Ficus bengalensis L., Momordica
charantia L., Pterocarpus marsupium Roxb., Cyamopsis tetragonolobus (L.) Taub., Cephalandra indica
Naud., Casearia esculenta Roxb., Cannabis indica (Lam.) E. Small & Crong., and Syzygium cumini L.
when subjected to clinical trials, showed promising hypoglycaemic effects [43]. Other potent antidiabetic
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plants in this category include Cecropia obtusifolia, Marrubium vulgare, Asteracantha longifolia Nees
L., Panax quinquefolius L, Gymnema Sylvestre, Phyllanthus amarus, Opuntia streptacantha Lem.
They were found to produce beneficial effects on carbohydrate and lipid metabolisms when
administered as an adjunct on patients with type 2 diabetes [44]. These plants have been
reported to improve glucose tolerance in healthy human subjects and diabetic patients, caused
significant reduction in blood glucose, glycosylated haemoglobin and glycosylated plasma
proteins comparable to an oral hypoglycaemic drug [45].

8. General mechanism (s) of action of medicinal plants with antidiabetic
property

Different mechanisms of action of medicinal plants with anti-diabetic have been extensively
described. These include inhibition of renal glucose reabsorption [46], stimulation of insulin
secretion from beta cells of islets or/and inhibition of insulin degradative processes, reduction
in insulin resistance [47] regenerating and/or repairing pancreatic beta cells with increasing
the size and number of cells in the islets of Langerhans [45]. Stimulation of insulin secretion
[48] and stimulation of glycogenesis and hepaticglycolysis [49] with antidiabetic plants is well
established. Also, protective effect on the destruction of the beta cells and improvement in
digestion along with reduction in blood sugar urea has been documented [50]. Prevention of
pathological conversion of starch to glucose, and inhibition of B-galactocidase, a-glucocidase
and alpha-amylase with concomitant capacity to lower cortisol has also been reported [51-52].
Antioxidant activity of antidiabetic plant against oxidative stress which is involved in
pancreatic £3-cell dysfunction has been reported as one of the mechanisms of action of anti-
diabetic plants [53]. Similarly, some plant families reported for antidiabetic activity are shown
below (Table 2).

9. Antioxidant activity of medicinal plants with antidiabetic activity

One of the major pathogenic mechanisms of diabetes mellitus include generation of oxidative
stress, increase generation of free radicals and an impaired antioxidant defence system with
concomitant imbalance of the oxidant/antioxidant status [54]. Inhibition of this cascade of
oxidative processes has been reported to prevent the onset and development of diabetic
complications [55]. Antidiabetic plants have been documented to scavenge free radicals,
quench electronically excited compounds, reduce hydroperoxide formation, and attenuate
production of reactive oxygen species (ROS) through modulation of several enzymes including
xanthine oxidase, cyclooxygenase, lipoxygenase, microsomal monooxygenase, NADH
oxidase and mitochondrial succinoxidase [56]. More so, plant phytonutrients such as poly-
phenols are known to enhance the endogenous antioxidative system, improve oxidant
antioxidant balance, prevent oxidative damage, decrease lipid peroxidation, increase plasma
total antioxidant capacity and induce antioxidant enzymes including superoxide dismutase,
catalase and glutathione peroxidase [57].
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Botanical

Family

Mangifera indica

Anacardiaceae

Senna occidentalis

Fabaceae

Euphorbia convuludiodes

Euphobiaceae

Khaya senegalensis

Meliaceae

Acacia nilotica

Mimosaceae

Vernonia amygdalina Asreraceae
Fiscus thonnigii Moraceae
Angeissus leiocarpus Combretaceae
Gossypium hirsutum Malvaceae
Vitillarta paradoxa Sapotaceae

Anacardium occidentalis

Anacardiaceae

Anana senegalensis Anonaceae
Psidium guajava Myrtaceae
Moringa oleifera Mringaceae
Azadirachata indica Meliaceae
Alluvium cepa Liliaceae
Ctrus medica Rutaceae
Parkta filicoidea Mimosaceae
Allium sativum Liliaceae

Balanites aegyptiaca

Zygophyliaceae

Bauhinia reticulate Casalpiniaceae

Casalpiniaceae

Adapted from Etuk et al., 2010

Table 2. Some plant families reported for antidiabetic activity

10. Plant phytochemicals associated with antidiabetic activity

Photochemicals or phytonutrients are chemical compounds that occur naturally in plants that
have protective or disease preventive properties [58]. Each type of fruit or vegetable may
contain hundreds of phytochemicals. They have been reported to show multiple beneficial
effects in combating diabetes and diabetes related complications [58]. The widest known
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groups of phytochemicals are the alkaloids, terpenes, and phenolics. Plant constituents such
as polysaccharides, peptides, alkaloids, glycopeptides, triterpenoids, amino acids, steroids,
xanthone, flavonoids, lipids, phenolics, coumarins, iridoids, alkyl disulphides, inorganic ions
and guanidines are reported to have antidiabetic activities [49, 59]. More interestingly, the
following phytochemicals are reported to have antidiabetic activity, aminoacids like hypo-
glycin A and hypoglycin B, alkaloids like catharanthine, leurosine, lochnerine, arecoline and
vindoline, pinitol, epicatechin, S-methyl cysteine sulphoxide, S-allyl cysteine sulphoxide,
andrographolide, allicin (thio-2-propene-1- sulfinic acid S-allyl ester), shamimin, beta vul-
garosides I-1V, glycoside of leucopelargonidin and leucodelphinidin, mangiferin, marsupsin,
pterosupin, pterostilbene, salacinol, swerchirin, trigonelline, berberine, harmane, norharmane,
pinoline, quercetin, chlorogenic acid, hesperidin, naringin, epigallocatechin gallate, charantin,
galactonmannan, lactucain C, kaempferol glucosides, caffeoyl glucoside, bakuchiol, swerchir-
in, thysanolactone, bellidifolin and kolaviron have been documented for potential phytonu-
trients [60].

11. Plant phytochemicals associated with insulinomimetic activity

They stimulate Beta cell rejuvenation, regeneration and stimulation increase insulin level,
Irneccerepatoser insulin secretion and reduction of insulin binding on the insulin [34]. Some
of the plant phytochemicals associated with insulinomimetic activity include the following:
Abies pindrow Pinaceae, Acacia arabica (Leguminosae), Agrimony eupatoria (Rosaceae), Aloe
barbadensis (Liliaceae), Annona squamosa (Annonaceae), Averrhoa bilimbi (Oxalidaceae),
Bixa orellana (Bixaceae), Boerhaavia diffusa (Nyctaginaceae), Camellia sinensis (Theaceae),
Capsicum frutescens (Solanaceae), Cinnamomum zeylanicum (Lauraceae), Clausena anisata
(Rutaceae), Eucalyptus globulus (Myrtaceae), Ficus religiosa (Moraceae), Hibiscus rosa
(Malvaceae), Helicteres isora (Sterculiaceae), Ipomoea batata (Convolvulaceae) Juniperus
communis (Pinaceae), Olea europia (Oleaceae), Swertia chirayata (Gentianaeae), Scoparia
dulcis (Scrophulariaceae), Tinospora crispa (Menispermaceae) Urtifca dioica (Urticaceae),
Vinca rosea (Apocynaceae), Zingiber officinale (Zingiberaceae).

12. Some selected medicinal plants with antidiabetic potentials in Nigeria

In Nigeria, two plants, Mangifera indica and Vernonia amygdalina have been ranked highest for
their antidiabetic property. Diabetes mellitus is known to affect 3% on average of adult
Nigerians [61] and the prevalence in northern Nigerian is put at 1.6% [62]. Some of the selected
medicinal plants with antidiabetic potentials in Nigeria are listed below.

Mangifera indica, Angeissus leiocarpus, Fiscus thonnigii, Khaya senegalensis,. Euphorbia convuludi-
odes, Acacia nilotica, Vernonia amygdalina, Cassia goratensis,Cassia arereh, Calotropis procera, Senna
occidentalis, Alluvium cepa, Ipomoea batatas, Vitex gekowskii,Ctrus medica, Parkta filicoidea, Allium
sativum, Anacardium occidentalis, Azadirachata indica,Vitillarta paradoxa, Gossypium hirsutum,
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Lawsonia inermis, Moringa oleifera, Psidium guajava, Bauhinia reticulate, Balanites aegyptiaca,
Lannea kerstingii, Daucus carota, Zizyphus spina, Anana senegalensis, Eugenia caryophyllata, Blighia
sapida.

The leaves of Mangifera indica are used as an antidiabetic agent in Nigerian folk medicine. The
hypoglycemic activity of Mangifera indica has been reported in both rats and mice [63-64].
Aqueous extract of the leaves of Mangifera indica were found to possess hypoglycaemic activity
against glucose-induced hyperglycaemia but not with normoglycaemic or STZ-induced
diabetic rats and mice respectively [63-64]. The hypoglyceamic effect of this plant was thought
to be by reduction of intestinal absorption of glucose. Antihyperglycaemic activity of aqueous
stem bark extract of Mangifera indica was also reported by Ojewole [65]. The extract from the
stem bark of Mangifera indica administered intraperitoneally in streptozotocin induced
diabetics rats produced a significant reduction in blood glucose level in rats Ojewole [65].

In Nigeria, the leaves of Vernonia amygdalina Del. (VA) and Azadirachta indica A. Juss (Al) have
been used traditionally as a remedy against diabetes mellitus [66]. Atangwho et al. [66]
reported that significant antidiabetic effect of the combination therapy was achieved when VA
and Al were combined. The mechanism of action of the combination therapy was proposed
as attenuation of oxidative stress, insulin mimetic action and (3-cell regeneration. The presence
of flavonoids such as luteolin, luteolin 7-O--glucuronoside, and luteolin 7-O-g-glucoside has
been shown to be responsible for the antioxidant activity of Vernonia amygdalina [67]. The
presence of these flavonoids could therefore contribute significantly to the antidiabetic
property of Vernonia amygdalina.

Etuk and Mohammed [68] reported that 200 mg/kg of V. amygdalina, C. procera, C. goratensis
and M. indica aqueous extracts produced a significant (p <0.05) reduction in the blood glucose
levels of the rats in alloxan-induced diabetic mellitus. In the same vein, A. leicarpus, C. arereh
and G. hirsutum extracts produced a non-significant reduction (p >0.05) in blood glucose levels
in rats after treatment. Similarly, aqueous extracts of M. Oleifera, S. occidentalis and K. senegal-
ensis were found to produce a minimal effect (about 4% reduction) on the alloxan-induced
hyperglycemia in rats (Etuk and Mohammed, 2009). In summary, Etuk and Mohammed (2009)
reported that 200mg/kg body weight of Vernonia amygdalina (67%), Calotropis procera (59%),
Cassia gorotensis (53%) and Magnifera indica (35%) extracts produced a significant (p < 0.0.5%)
reduction in blood glucose levels in diabetic rats while Angeissus leiocarpus (30%), Cassia arereh
(19%), Gossypium hirsutum (17%), Khaya senegalensis (4%), Senna occidentalis (4%) and Moringa
oleifera (4%) produced a nonsignificant (p <0.05%) effect.

Previous study showed that aqueous leaves extract of Psidium guajava (PG) at 250 mg/kg
showed statistically significant hypoglycaemic activity on alloxan-induced diabetic rats [69].
A 4-week supplementation of PG (125 and 250 mg/kg) in streptozotocin (STZ)-induced diabetic
rats was shown to protect pancreatic tissues, including islet B-cells, against lipid peroxidation
and DNA strand breaks induced by STZ, thereby reducing the loss of insulin-positive (-cells
and insulin secretion [70]. More so, PG was found to markedly inhibited pancreatic nuclear
factor-kappa B protein expression induced by STZ and restored the activities of antioxidant
enzymes, including superoxide dismutase, catalase, and glutathione peroxidase [70].
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1 ml Allum cepa solution (0.4 g A. cepa/rat) has been shown to increase the fasting serum high-
density lipoprotein levels and caused reduction of hyperglycaemia in streptozotocin (STZ)
diabeticrats [71]. The hypoglycaemic and hypolipidaemic activities of A. cepa were associated
with antioxidant activity via decrease superoxide dismutase (SOD) activity while no increased
lipid hydroperoxide and lipoperoxide concentrations in diabetic rats treated with A. cepa [71].
In another experiment, onion juices exerted antioxidant and antihyperglycemic effects on
alloxan-induced diabetes and consequently ameliorated liver and renal damage associated
with alloxan toxicity [72].

Flavonoids from Ipomoea batatas leaf (FIBL) was reported to have anti-diabetic activity on
alloxan-induced diabetic mice [73]. FIBL treatment (50, 100, and 150 mg/ kg body weight) for
28 days resulted in a significant decrease in the concentration of fasting blood glucose (FBG),
total cholesterol (TC) and triglyceride (TG) in diabetes mellitus mice [73]. Also, FIBL signifi-
cantly increased body weight (bw) and serum high-density lipoprotein cholesterol (HDL-c)
level [73]. Stress and inflammation-related p38 mitogen-activated protein kinase activity and
tumour necrosis factor-a production of diabetic rats were significantly depressed by Ipomoea
batatas administration [74]. Similarly, histological examination also revealed improvement of
pancreatic B-cells mass after treatments with Ipomoea batatas [74]. Blighia sapida has also been
reported to have several ethnomedicinal uses of which various preparations and extracts have
been made for the treatment of diseases such as dysentery, epilepsy, yellow fever and diabetes
[75]. Saidu et al. [76] recently reported that Anacardium occidentale leaves at 300mg/kg body
weight showed significant hypoglycaemic activity in alloxan-induced diabetic rats comparable
to the standard drug-metformin.

13. Conclusion

Diabetes mellitus is a metabolic disorder in the endocrine system. It is known to be a dreadful
disease that is found in all parts of the world with a serious threat to the health of mankind.
Diabetes mellitus affect most of the people of both developed and developing countries. There
are lots of synthetic drugs that have been used to control and to treat diabetic patients with
partial recovery from this dreaded disease. Alternative to these synthetic agents, plants
provide a potential source of hypoglycemic drugs and are widely used in several traditional
systems of medicine to prevent diabetes. Several medicinal plants have been investigated for
their beneficial use in different types of diabetes. Several phytonutrients have been identified
from medicinal plants and this presents an exciting opportunity for the development of new
types of therapeutics for diabetes mellitus. Most abundant phytonutrients present in medicinal
plants are the alkaloids, terpenes, and phenolics. Phytomedicine has been used since ancient
time in many parts of the world where access to modern medicine is limited. Despite consid-
erable progress in the treatment of diabetes by oral hypoglycemic agents, search for newer
drugs continues because the existing synthetic drugs have several limitations as shown in table
1. The treatment of diabetes with synthetic drugs in the developing countries is expensive due
to poverty and lack of access to Medicare. Hence, phytotherapy has significant role to play in
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the developing countries compared to synthetic drugs because it is safe, less expensive and
available as a gift of nature.
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1. Introduction

Diabetes mellitus (DM), often simply referred to as diabetes, is a group of metabolic diseases
in which a patient has high blood sugar, either because the body does not produce enough
insulin, or because cells do not respond to the insulin that is produced. This high blood sug-
ar produces the classical symptoms of polyuria (frequent urination), polydipsia (increased
thirst) and polyphagia (increased hunger). It is characterized by hyperglycaemia due to de-
fective insulin action, insulin secretion or both. Several medicinal plants are used in the
management of diabetes mellitus (Akah et al., 2002). According to the World Health Organi-
zation (WHO), there are approximately 160,000 diabetics worldwide, the number of diabet-
ics has double in the last few years and is expected to double once again in the year 2025
(Beretta, 2001). Due to its high prevalence and potential deleterious effect on a patient physi-
cal and psychological state, diabetes is a major medical concern (Macedo et al., 2002). The
disease remains incurable and can only be controlled with drugs. The three main types of
diabetes mellitus (DM) are: Type 1 DM results from the body's failure to produce insulin,
and presently requires the administration of insulin for treatment (Lambert et al., 2002). It is
also referred to as insulin-dependent diabetes mellitus (IDDM) or "juvenile" diabetes). Type
2 DM results from insulin resistance, a condition in which cells fail to use insulin properly,
sometimes combined with an absolute insulin deficiency (Boussageon et al., 2011). It is for-
merly referred to as noninsulin-dependent diabetes mellitus (NIDDM) or "adult-onset" dia-
betes). Gestational diabetes occurs when pregnant patient, who have never had diabetes
before, have a high blood glucose level during pregnancy. It may precede development of
type 2 DM (Sattar et al., 2010).

I m EC H © 2014 Adedapo et al,; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



116  Antioxidant-Antidiabetic Agents and Human Health

Several plants have been used in folkloric medicine for the treatment and prevention of in-
fectious and non-infectious diseases in man and his animals and this has led to renewed sci-
entific interest in the use of plants for these purposes (Oridupa et al. 2011). There is global
resurgence in the use of herbal preparations and in some developing countries like Nigeria;
it is being gradually integrated into the primary and secondary health care systems. Nearly
all societies have used herbal materials as sources of medicines and the development of
these herbal medicines depended on local botanical flora (Adedapo et al., 2009).

Phyllanthus amarus belongs to the family Euphorbiaceae (the spurge family) of which the
largest genus is the genus Euphorbia. The plant is known to originate from Malaysia. The
species Phyllanthus amarus is a small tropical herb, which occurs widely as a rainy-season
weed throughout the hotter parts of India (Bagchi et al., 1992). The widespread usage of this
herb has prompted several investigations (Calixto et al., 1998; Odetola and Akojenu, 2000;
Adeneye et al., 2006). The plant has a history of use in Ayurverdic medicine for over 2000
years as well as a wide variety of traditional applications. The plant is commonly found in
Southern Nigeria, Sierra Leone and Equatorial Guinea. It also occurs in Ghana and other
parts of tropical Africa (Irvine, 1930; Adedapo et al., 2005). It is a weed of cultivated land
and in waste spaces, it is common to find it growing and spreading freely along the road
sides, under flower beds and in many other places (Burkill, 1994). For this reason, grazing
animals are prone to consuming this plant along with their feed particularly in drier tropical
climates where lush green grass is not often available (Adedapo, 2002).

Many studies have thus been carried out on the plant in various parts of the world but there
is a resurgence of interest in this plant as antidiabetic agent. The present study was therefore
undertaken to investigate the phytochemical constituents, anti-diabetic and safety potentials
of the aqueous leaf extract of Phyllanthus amarus Schum in experimental animals especially
that diabetes has assumed a global dimension as a non-communicable disease.

2. Material and methods

2.1. Plant material and preparation of extracts

Fresh leaves of Phyllanthus amarus Schum were collected from the campus of the University
of Ibadan, Nigeria in March 2012. The leaves were identified by botanists and a voucher
specimen (UIH ADE/003/2012) deposited at the herbarium of the Department of Botany,
University of Ibadan. The ground plant material (200 g) was shaken in 1 L distilled water for
48 h on an orbital shaker at room temperature of 24°C. The extract was filtered using a Buck-
ner funnel and Whatman No 1 filter paper. The filtrate was concentrated to dryness under
reduced pressure at 40°C using a rotary evaporator. The thick solution was lyophilized us-
ing freeze drying system for biological investigations. The extract yield was 13.85%.
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2.2. Animals

The animals used in this study were male Wistar rats weighing between 100 and 200g as
well as mice weighing between 15 and 30g. They were maintained at the Experimental Ani-
mal House of the Faculty of Veterinary Medicine, University of Ibadan in rat cages and fed
on commercial rabbit cubes (Ladokun and Son Livestock Feeds, Nigeria Ltd). The animals
were allowed free access to clean fresh water in bottles ad libitum. All experimental protocols
were in compliance with University of Ibadan Ethics Committee on Research in Animals as
well as internationally accepted principles for laboratory animal use and care.

2.3. Chemicals

Alloxan used in this study was obtained from Sigma-Aldrich (Chemie Gmbh, Steinheim,
Denmark). The standard drug used in the various experiments was glibenclamide. The
chemical and drug used were of analytical grade. Normal saline and distilled water were al-
so used in this study.

2.4. Phytochemical screening

The phytochemical analysis was performed on the ground (powered) leaf of P. amarus for
identification of the constituents. The constituents tested for were alkaloids, tannins, sapo-
nins, anthraquinones, cardiac glycosides and flavonoids as described by Trease and Evans
(1983); Abate (1989); Shale et al., (1999); Evans, (2002); Moody et al., (2006) and Sawadogo et
al., (2006).

2.5. Acute toxicity test

The acute toxicity of P. amarus aqueous was determined in mice according to the method of
Hilaly et al. (2004) with slight modifications. Mice fasted for 16 h were randomly divided in-
to groups of six mice per group. Graded doses of the plant’s extract (100, 200, 400, 800 and
1600 mg/kg p.o.) were separately administered to the mice in each of the groups by means of
bulbed steel needle. All the mice in the groups were then allowed free access to food and
water and observed over a period of 48 h for signs of acute toxicity. The number of deaths
within this period of time was recorded.

3. Antidiabetic studies

3.1. Hypoglycaemic activity test

The hypoglycaemic effect of the aqueous extract was studied in alloxan-induced diabetic
rats. The rats were fasted for 8 hours but allowed free access to water. At the end of the fast-
ing period, the basal fasting blood glucose (FBG) level of the rats was determined. Subse-
quently, diabetes was induced by single intraperitoneal injection of alloxan monohydrate
(70 mg/kg) (Aruna et al., 1999) and normal feeding maintained thereafter. Five days later,
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blood was drawn from each rat and the blood glucose level was measured to establish dia-
betes. Animals with blood glucose level >225mg/dl was considered to be diabetic and used
for this study. The diabetic animals were randomly divided into four groups (n=5) and re-
ceived oral administration of aqueous extract (200 and 400 mg/kg), Distilled water (5ml/kg)
and Glibenclamide (0.2 mg/kg) respectively. Aqueous extract was dissolved in distil water.
Blood glucose was then measured before (i.e. 0 h) and at 0.5, 1, 2 and 4 h after treatment.

3.2. Normoglycaemic activity

Animals fasted overnight were randomly divided into four groups (n=5) and received oral
administration of the extract (200 and 400mg/kg), glibenclamide (0.2mg/kg) and vehicle con-
trol (5ml/kg) respectively. The blood glucose level of each animal was measured prior to
(pretreatment) and at 0.5, 1, 2 and 4hour after extract administration (Okoli et al., 2010).

3.3. Oral glucose tolerance test

Animals were fasted for 16h but with free access to water were randomly divided into four
groups (n=5) and received oral administration of the aqueous extract (200 and 400mg/kg),
glibenclamide (0.2mg/kg) and vehicle control (5ml/kg) respectively. Ninety minutes later,
the rats were fed with glucose (4g/kg). The blood glucose level of animals in each group was
then measured before (0) and at 30, 60, 90, 120, 150, 180 min after glucose load (Okoli et al.,
2010).

3.4. Antidiabetic activity test

The antidiabetic effect of the plant extract was studied by evaluating the effect of its chronic
administration on the blood glucose level of alloxan-induced diabetic rats. The basal fasting
blood glucose (FBG) of the rats was determined and diabetes was induced as described be-
fore. 25 diabetic rats with glucose level 2225 were selected and used for the study. The rats
were fasted for 8h but allowed free access to water (Okoli et al., 2010). They were then divid-
ed randomly into five groups (n=5) and received oral administration of extract (200 and
400mg/kg), glibenclamide (0.2mg/kg, diabetic control), extract (200mg/kg) and the vehicle
(5ml/kg) both of which serve as non diabetic control. The treatment was administered orally
to the animals once daily for 28 days. Blood glucose level was then measured as described
before (pretreatment) and on days 14 and 28 after commencement of the treatment. The
body weight of each animal was also measured on these days.

3.5. Effects of the extract on lipid profile of diabetic rats

The effect of the extract on the lipid profile of treated diabetic rats was studied by monitor-
ing the cholesterol and triglyceride levels. Blood samples were collected by ocular puncture,
transferred into test tubes and centrifuged at 3000 rpm for 5 mins. The serum was collected
and the total cholesterol and triglyceride levels of each sample were separately determined
by enzymatic colorimetric method (Muller et al., 1977) using reagent kits. Lipid levels of dia-
betic animals were measured before (Basal) and after the induction of diabetes (pre-treat-
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ment) as well as on days 14 and 28 after commencement of treatment. The absorbance of
each sample containing the reaction mixture with or without serum was read at 540nm in a
UV spectrophotometer. Total cholesterol or triglyceride is calculated using the formula: To-
tal cholesterol (mg/dl) = SAod/STod x 200, where SAod = optical density of test sample and
STod = optical density of standard.

3.6. Effects of the extract on haemoglobin and cell counts of diabetic rats

The effect of chronic administration of the extract on haemoglobin (Hb) and cell counts
[white blood cells (WBC) and red blood cells (RBC)] of diabetic rats was also determined.
Blood samples were collected by ocular puncture using haematocrit tubes, transferred into
EDTA-containing test tubes and placed in a haematology analyzer (Abacus Junior®, Buda-
pest-Hungary) for determination of the parameters. Measurements were taken before (bas-
al) and after the induction of diabetes (Pre-treatment) as well as on days 14 and 28 after the
commencement of treatment (Post-treatment).

3.7. Estimation of haemoglobin

Cyanohaemoglobin method was used for this purpose (Coles, 1986). Four mls of Drabkin’s
solution (diluents) was placed in a tube, 0.02ml of the collected blood sample was put in the
tube using pipette and the pipette was rinsed for more than three times. The mixture was
stirred well and allowed to stand for 10minutes. This was read in a colorimeter at 540nm
wavelength. The equivalent haemoglobin was read from a calibration curve or table. The
haemoglobin value of the blood sample was calculated as:

Photometer reading of unknown x g% Hb value of standard x DF/Photometer reading of
standard

DF = dilution factor and it was calculated as:
Volume of the whole blood used + volume of diluent/volume of whole blood used.

It is expressed in gram percent.

3.8. Determination of erythrocyte (rbc) count

Erythrocyte diluting pipette marked 101 above the bulb was used to draw the blood sample
up to exactly 0.5mark. The tip of the pipette was then inserted into the erythrocyte diluting
fluid - Gower’s solution and through a steady suction; the pipette was filled with the fluid
to the 101 line above the bulb, rotating it gently while filling. The pipette was brought to a
horizontal position and finger tip was placed over the tip before removing the rubber tub-
ing. The pipette was shaken for more than 30minutes in a mechanical shaker; the haemocy-
tometer was then filled with the diluted blood and then allowed to stand for a few minutes
for the cells to settle. The erythrocytes were then counted under microscope lens (x 40 objec-
tive) counting all the erythrocytes in the 5 of the 25 small squares in the central area. Each of
the 5 small squares to be counted was bordered by double or triple lines and was divided
into 16 smaller squares. A total of 80 of these small squares were counted. The cells were
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counted beginning at the left of the top row of small squares, then from right to left for the
next row and so on.

Calculation

Cells counted x 10(0.1mm depth) x 5(1/5 of sqmm) x 200(1:200) dilution = erythrocytes per
cu mm.

OR

The sum of the cells in the five small squares multiplied by 10,000 = total erythrocytes per cu
mm (Coles, 1986)

3.9. Determination of leucocyte (wbc) count

Leucocyte diluting pipetting was used to draw the blood sample to a point marked 0.5 and
filled with leucocyte diluting fluid up to the 11mark above the bulb. The mixture was shak-
en for 3minutes until well mixed. Two to three drops from the pipette was discarded before
filling the counting chamber of haemocytometer. The leucocytes were allowed to settle for
Iminute. The leucocytes in the larger squares of haemocytometer chamber were counted
and multiplied by 50 to obtain the total number of white blood cells (Coles, 1986).

Calculation:

Cells counted x 20 (1:20 dilution) x 10(0.1mm depth)/4 (no of sq mm counted)
= WBC/cubic mm

OR

The sum of the cell counted in the 4 corner squares multiplied by 50 = total leucocytes per
cubic mm.

4. Histological studies on the liver, kidney and pancreas

The effect of the extracts on tissue architecture of the pancreas of treated diabetic rats was
evaluated by histological studies of tissue sections obtained from the animals. On day 28 of
the experiment, one animal was randomly selected from the different groups and sacrificed
by over-dose of chloroform anaesthesia. The whole pancreas from each animal was removed
and placed in 10% formalin in normal saline for histological studies. The isolated organ was
placed in an automatic tissue processor for 24 hrs. After 24 hrs, the tissues were solidified in
molten wax and sectioned using automatic tissue sectioner. The tissue sections were then
fixed on slides with haematoxylin and eosin. The stained slides were fixed with mountant,
allowed to dry and viewed under the microscope (x400). This procedure was repeated for
the liver and kidney collected from the sacrificed animals.
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4.1. Statistical analysis

Data was analyzed using graph pad prism 5 and the results expressed as mean + SD. The
results were further subjected to one way ANOVA for comparisons and differences between
means were considered significant at P< 0.05.

5. Results and discussion

Phytochemical screening of the leaves of P. amarus showed the presence of alkaloids, tannin,
flavonoids, saponin, anthraquinones and cardiac glycosides. Flavonoids and tannins are
phenolic compounds and plant phenolics are also a major group of compounds that act as
primary antioxidants or free radical scavengers (Adedapo et al., 2008a, 2008b, Ayoola et al.,
2008). Tannins and saponins are also found to be effective antioxidants, antimicrobial, and
anti-carcinogenic agents (Lai et al., 2010). Polyphenolic compounds are ubiquitous in foods
of plant origin, and thus they constitute an integral part of the human diet (Bravo 1998). In-
terest in polyphenols has greatly increased recently because these phytochemicals are
known to suppress rates of degenerative processes such as cardiovascular disorders and
cancer (Bravo 1998, Duthie 2000, Huang et al., 2007; Jimoh et al., 2010). Some of these poten-
tial health benefits of polyphenolic substances have been related to the action of these com-
pounds as antioxidants, free radical scavengers, quenchers of singlet and triplet oxygen and
inhibitors of peroxidation (Li-Chen et al., 2005). As a group, phenolic compounds have been
found to be strong antioxidants against free radicals and other reactive oxygen species, the
major cause of many chronic human diseases (Kyung-Hee et al., 2005, Chen and Yen 2007).

In the acute toxicity test, no death was recorded in all the groups. All the mice appeared to
be normal and none of them showed any visible signs of toxicity. Acute oral administration
of Phyllanthus amarus to mice indicated that the plant is non toxic even at the dose of
1600mg/kg body weight. It thus showed that this plant is safe for medicinal use at this dose.

The aqueous extract caused a significant (P<0.05) dose related reduction in the fasting blood
glucose (FBG) of normoglycaemic rats. Maximum reduction occurred within 2hr post- treat-
ment with 400mg/kg dose of the extract (Table 1). In this study, experimental evaluation of
the antidiabetic potentials of P. amarus has shown that single oral administration of the ex-
tract to normal rats reduced fasting blood glucose which suggests an inherent hypoglycae-
mic effect (Table 2). The extract also suppressed the postprandial rise in blood glucose in
normal rats following a heavy glucose meal with maximum suppressive effect coinciding
with the time of peak blood glucose level after the meal (Table 3). Chronic hyperglycaemia
in DM is a risk factor constantly fuelled by postprandial elevation of blood glucose. Control
of postprandial hyperglycaemia in diabetes is of great importance due to its close relation to
the risk of micro and macro-vascular complications and death (Balkau, 2000; Ceriello, 2005).
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Treatment Dose Fasting Blood Glucose level (mg/dl)
mg/kg Pretreatment 0.5hr 1hr 2hr 4hr
Control 2ml/kg 724455 71.2+6.0 70.6+£5.6 70+£5.1 70+4.7
Glibenclamide 0.2 72.2+4.1 66.6+3.4° 62.0+6.9° 54.0+3.42° 49.0+£3.92°
(7.7) (14.1) (25.2) (32.1)
Aqueous 200 73.0+4.0 69.6+4.0 64.0+4.2° 56.0+4.92 50.6+5.82°
Extract (4.7) (12.3) (23.3) (30.7)

3P< 0.05 compared to control and pre-treatment values respectively (t-test). Values in parenthesis represent reduction
(%) in fasting blood levels glucose levels of normoglycaemic rats calculated relative to pre-treatment values.

Table 1. Effects of Aqueous extract of P. amarus on blood glucose of normoglycaemic rats (n=5; mean + SD.).

Treatment Dose Blood Glucose level (mg/dl)
mg/kg 0 min 30min 60min 90min 120min 150min 180min
Control 2ml/kg 61.4+1.9 74.4+4.6 78.0+7.0 73.2+5.8 69.8+5.5 63.2+7.1 59.6+5.1
(21.2) (27.0) (19.2) (13.7) (2.9) (2.9)
Glibenclamide 0.2 65.0£2.8 67.8+2.7 70.2+4.02 66.8+4.1 64.2+7.8(1. 62.4+1.5(4. 61.8+1.8(4.9)
(4.3) (8.00) (2.8) 00)
Agueous 200 62.6£6.7 73.2+#7.5° 80.2+6.7° 72.8+4.5° 64.2+35 55.4+58 49.4+4.6°
Extract (16.9) (28.1) (16.3) (2.6) (11.5) (21.1)
Aqueous Extract 400 62.0£9.0 65.4+6.2 67.0£5.4 63.4+4.7  59.6+3.8 54.0+2.3 50.6+2.2°
(5.5) (8.1) (2.3) (3.9) (12.9) (12.4)

3P< 0.05 compared to 0 minute values (t-Test). Superscripted items (%) indicate significant values when compared to 0
min values. Values in parenthesis represent change (%) in blood glucose level calculated relative to 0 min.

Table 2. Effects of aqueous extract of Phyllanthus amarus on oral glucose tolerance in rats (n=5; mean + SD.)

Treatment Dose Blood Glucose level (mg/dl)
mg/kg Pretreatment 0.5hr 1hr 2hr 4hr
Control 2ml/kg 311.0+33.8 298.0+34.3 282.0+31.2 268.0+24.8 256.0+24.2
Glibenclamide 0.2 290.0+26.1 268.0+27.7 252.0+27.1 228.0+17.2% 208.0+16.3%
(7.6) (13.1) (21.4) (28.3)
Aqueous 200 296.0+39.3 276.0£32.2 256.0+35.1 230.0+36.9° 204.0+43.1%
Extract (6.8) (13.5) (22.3) (31.1)
Aqueous 400 276.0+24.2 256.0+20.6° 236.0+20.6* 217.0+24.4%° 200.0+18.7%
Extract (7.3) (14.5) (21.4) (27.5)

P< 0.05 compared to control and pre-treatment values respectively (t-Test). Superscripted items (?®) indicate signifi-
cant values when compared to control and pre-treatment values respectively. Values in parenthesis represent reduc-
tion (%) in blood glucose level calculated relative to pre treatment values.

Table 3. Hypoglycaemic effects of aqueous extract of P. amarus on diabetic rats (n=5; mean + SD.)
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Following oral administration of glucose, postprandial blood glucose levels of the control
rats increased to the peak at 60min. Pre-treatment with aqueous extract (200 and 400mg/kg)
suppressed the rise in blood glucose by 28.1 and 8.1% respectively. The aqueous extract
used in this study evoked a progressive dose-dependent decrease in blood glucose level up
to 180mins. Chronic oral administration of aqueous extract caused a significant (P<0.05)
dose-related reduction in blood glucose of diabetic rats. The extract at dose of 400mg/kg re-
duced the blood glucose of the treated rats better than glibenclamide; while the extract at
200mg/kg exerts almost the same effect as glibenclamide. The highest reduction in the blood
glucose was 60.9% and this was obtained with the 400mg/kg on 28" day (Table 4). In this
study, daily oral administration of the extract for 28 days produced a gradual but sustained
reduction in blood glucose levels in diabetic rats. Alloxan causes hyperglycaemia and glu-
cose intolerance or syndromes similar to either type 1 or type 2 DM (Lenzen et al., 1996:
Frode and Medeiros, 2008). Effective and sustained reduction in blood glucose levels of
treated diabetic rats by the extract indicates that the plant may be useful in overt cases of
DM. Effective control of blood glucose level is a key step in preventing and reversing diabet-
ic complications, and improving the quality of life of diabetic patients (Bavarva and Nara-
simhacharya, 2008).

Treatment Dose Blood glucose concentration (mg/dl)
mg/kg Pre-Diabetic Diabetic Diabetic Post-Rx
(Basal) (Pretreatment) Day 14 Day 28

Control 2ml/kg 57.4+6.2 58.8+5.8 69.2+4.6° 86.6+4.6°

(NDNT)

Control 200 54.8+8.4 56.8+8.7 70.8+7.42 90.2+5.52

(NDT)

Glibenclamide 0.2 56.2+5.2 290+26.1 148.0+13.3a 122.0+9.3a
(49.0) (57.9)

Aqueous Extract 200 55.0+5.0 296.0+32.3 140.0+£20.7a 126+19.9a
(52.7) (57.4)

Aqueous Extract 400 53.4+3.3 276.0+24.2 132.0£17.2a 107.8+5.0a
(52.2) (60.9)

3P< 0.05 compared to diabetic pre-treatment values (t-Test). Superscripted items (%) indicate significant values when
compared to diabetic pre-treatment values. NDNT= Non-diabetic non-treated was a non-diabetic control and received
the vehicle; NDT= Non-diabetic treated was a non-diabetic control and received AE (200mg/kg). Values in parenthesis
represent reduction (%) in blood glucose level calculated for treatment groups relative to diabetic pre-treatment val-
ues.

Table 4. Effect of Aqueous extract of P. amarus on blood glucose of diabetic rats (n=5; mean = SD.)
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Treatment Dose Parameters Total Cholesterol (mg/dl); Triglycerides (mg/dl); Haemoglobin (g%)
mg/kg PreDiabetic Diabetic Diabetic Post-Rx

(Basal) (Pre-Rx) Day 14 Day 28
Control 2ml/kg  Cholesterol 122.4+7 .3 124.6+5.20 124.0+9.7 (0.5) 126.2+4.6 (-1.3)
(NDNT) Triglycerides 114.0+£5.7 115.8+7.4 126.4+£14.7 117.6+£13(-1.6)

Hb 14.6+0.5 13.8+0.6 (-9.2) 13.3+1.2

14.0+1.3

Control 200  Cholesterol 117.2+7.8 111.0£9.9 109.6+8.5(1.3) 105.8+7.9%(4.7)
(NDT) Triglycerides 106.4+9.0 109.6£6.5 92.6+11.6°(15.5) 85.4+9.52(22.1)

Hb 14.4+1.1 14.0+0.9 15.5£1.1 14.1+2.3
Glibenclamide 0.2 Cholesterol 120.8+8.3 115.0£14.1 118.848.6 (-3.3) 110.6+5.22(3.8)
Triglycerides 104.2+11.2 119.4+7.5 111.245.0 (6.0) 104.0+4.3°(12.9)

Hb 14.8+1.0 13.9+0.8 15.4+1.0° 14.3+0.4
Agueous Extract 200 Cholesterol 118.6+4.7 128.0+2.8 95.0+7.120(25.8) 88.4+7.12(30.9)
Triglycerides 114.246.1 142.0+9.0 124.8+5.2ab 109.6+7.6(22.8)

Hb 15.4+2.0 14.8+1.8 (12.1) 15.2+1.1

15.4+£0.7

Agueous Extract 400 Cholesterol 115.0+7.1 123.249.1 100.0+7.120(18.8)  87.0+5.12(29.4)
Triglycerides 114.0£9.2 121.0+8.8 115.2+7.8 (4.8) 105.6+£9.4°(12.7)

Hb 15.8+1.5 14.6+1.8 15.2+0.8 14.7+0.8

®P<0.05 compared to Basal and Diabetic pre-treatment values respectively (t-Test); Superscripted items (*) indicate
significant values when compared to control and pre-treatment values respectively. NDNT=Non diabetic non treated
was a non diabetic control and received the vehicle, NDT = Non diabetic treated was a non diabetic control and re-
ceived aqueous extract (200mg/kg). Values in parenthesis represent reduction (%) of total cholesterol and triglycer-
ides calculated for treatment groups relative to diabetic pre-treatment values.

Table 5. Effect of Aqueous extract of P. amarus on Cholesterol, triglycerides and haemoglobin levels of diabetic rats
(n=5; mean = SD.)

Chronic administration of aqueous extract reduced total cholesterol level of diabetic rats.
The aqueous extract caused a significant (P<0.05) reduction in the total cholesterol of treated
diabetic rats. The magnitude of reduction was greater than that evoked by glibenclamide.
Chronic administration of aqueous extract reduced triglyceride concentration of the diabetic
rats. The aqueous extract caused a significant (P<0.05) reduction in the triglyceride level of
treated diabetic rats. The magnitude of reduction was greater than that evoked by glibencla-
mide. The haemoglobin level of all the animals was increased initially on day 14 with no sig-
nificant difference except for the glibenclamide-treated animals. Subsequently, there was
reduction in the haemoglobin level on day 28 (Table 5). Diabetic dyslipidaemia is marked by
elevated triglycerides, cholesterol and low density lipoprotein (LDL) particles of altered
composition and decreased high density lipoprotein (HDL), and constitutes an important
cardiovascular risk factor in diabetics (Agrawal et al., 2006). Reduction in total cholesterol
and triglycerides through dietary or drug therapy has been found beneficial in preventing
diabetic complications as well as improving lipid metabolism in diabetic patients (Brown et
al., 1993; Ahmed et al., 2001). Experimentally, alloxan-induced diabetic hyperglycaemia is
accompanied by increase in serum cholesterol and triglyceride levels (Choi et al., 1991;
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Ahmed et al., 2001; Okoli et al., 2010) and mimics overt diabetes disease. Thus, in addition to
glycaemic control, extract of this plant may further reduce mortality from complications of
the disease by ameliorating diabetes-induced dislipidaemia. The RBC count of all the ani-
mals was reduced on day 14 with all the groups showing significant difference except the
400mg/kg dose of the aqueous extract. Subsequently, there was increase in the RBC count on
day 28 with all the groups showing significant difference with the exception of the
400mg/kg dose of the aqueous extract. The white blood cell (WBC) count of all the control
and glibenclamide- treated animals was reduced initially on day 14 with no significant dif-
ference; while there was increase in the WBC count of the extract-treated group on day 14
and the increase continued on day 28 with the 400mg/kg dose of the extract showing signifi-
cant difference. Likewise, there was subsequent increase in the control (both NDT and
NDNT) groups and glibenclamide-treated group on day 28 with no significant difference
(Table 6). Again, assessment of the effect of chronic administration of the extracts on haemo-
globin level as well as white blood cell and red blood cell counts revealed an increase fol-
lowing an initial reduction in most cases of the experiment. It is not clear if it would
progress to a return to basal levels and how long it may take.

Treatment Dose Parameters RBC (X10%/uL); WBC (X103/pL)
mg/kg PreDiabetic Diabetic Diabetic Post-Rx
(Basal) (Pre-Rx) Day 14 Day 28
Control 2ml/kg RBC 5.2+0.1 4.9+0.1 4.6+0.1% 6.8+0.7%°
(NDNT) WBC 4.8+0.3 4.8+0.3 4.8+0.3 49+0.3
Control 200 RBC 5.2+0.1 5.1+£0.03 4.9+0.1% 5.0+0.2a
(NDT) WBC 5.0+0.3 4.9+0.3 4.8+0.3 5.1+£0.03
Glibenclamide 0.2 RBC 5.6+0.2 5.3+0.3 4.8+0.3ab 5.4+0.2
WBC 4.7+0.6 5.0+0.5 4.7+0.2 4.8+0.1
Aqueous Extract 200 RBC 5.2+0.1 5.1£0.1 4.8+0.2ab 5.4+0.1ab
WBC 4.8+0.3 4.8+0.3 5.0+0.3 5.1+0.3
Aqueous Extract 400 RBC 4.8+0.4 4.6+0.3 4.6+0.1 4.8+0.1
WBC 4.9+0.2 4.8+0.2 5.0+0.1 5.2+0.1%

®P<0.05 compared to Basal and Diabetic pre-treatment values respectively (t-Test); Superscripted items (*) indicate
significant values when compared to control and pre-treatment values respectively. NDT = Non diabetic treated was a
non diabetic control and received agueous extract (200mg/kg); NDNT = Non diabetic non treated was a non diabetic
control and received the vehicle.

Table 6. Effect of Aqueous extract of P. amarus on the Red Blood Cell (RBC) and White Blood Cell (WBC) counts of
diabetic rats (n=5; mean + SD.)

There was increase in the body weight of all the groups on day 14 and the increase contin-
ued on day 28 with the 400mg/kg dose of aqueous extract showing significant difference
(P<0.05). The weight increase occurred most in the NDT control group followed by the
NDNT control group and then the 400mg/kg dose of aqueous extract (Table 7). Due to the
association of obesity with DM, weight control is an important aspect of diabetes manage-
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ment. Poor glycaemic control usually results in weight loss. The results showed that all the
animals used gained weight during the study. The weight gain was highest in the nondia-
betic treated control while glibenclamide-treated control has modest weight gain. In some
cases however, adequate glycaemic control by some agents may lead to increase in body
weight such as that observed with the thiazolidinediones (Monnier et al., 2003; Bhat et al.,
2007). The result showed that at 400mg/kg dose, aqueous extract showed a significant in-
crease in body weight. It is also important to note that chronic administration of the extracts
did not inhibit the natural growth process of these animals with or without diabetes.

Treatment Dose mg/kg Body weight (g)
Pre-Diabetic Diabetic Diabetic Post-Rx
(Basal) (Pre-Rx) Day 14 Day 28
Control 2ml/kg 214.0+11.2 209.0+14.1 226.6+£10.4 231.8+7.68 (10.91)
(NDNT) (8.4)
Control 200 135.0+36.9 137.0+35.9 150.0+37.5 157.0+38.43
(NDT) (8.7) (14.60)
Glibenclamide 0.2 191.0£34.6 188.0£37.9 196.0£33.9 200.0+32.6
(4.3) (6.4)
Aqueous Extract 200 196.0+18.1 192.0+18.2 206.6+20.9 211.0+22.2 (9.9)
(7.6)
Aqueous Extract 400 214.0+15.0 212.0+13.0 228.0+7.8° 234.0£5.82
(7.6) (10.4)

P<0.05 compared to Basal and Diabetic pre-treatment values respectively (t-Test); Superscripted items (*) indicate
significant values when compared to control and pre-treatment values respectively. NDT = Non diabetic treated was a
non diabetic control and received AE (200mg/kg); NDNT = Non diabetic non-treated was a non diabetic control and
received the vehicle. Value in parenthesis represents percentage increase (%) of body weight calculated for treatment
groups relative to diabetic pre-treatment values.

Table 7. Effect of chronic administration of aqueous extract of Phyllanthus amarus on body weight of diabetic rats
(n=5; mean +SD.).

Histological examination of the pancreas shows the necrosis of the islet tissues with the al-
veolar cells moderately destroyed; there was also moderate congestion of the blood vessels
(Figure 1) in the diabetic non-treated group. In the extract-treated group, the architecture of
the pancreas appeared intact. The interlobular, intralobular and the alveolar granules were
seen (Figure 2). There was slight necrosis of the pancreas around the islet tissues in the gli-
benclamide-treated group (Figure 3). Microscopical examination of liver section of diabetic
non-treated group (Figure 4) showed various degrees of pathological changes such as centri-
lobular fatty degeneration, cloudy swelling, and vacuolar change of the hepatocytes as well
as necrosis of hepatic cells. Microscopical examination of liver section of diabetic extract-
treated control group (Figure 5) showed normal arrangement of hepatocytes with clear
broad of central vein at portal layer. The histopathological study showed recovery of the
damaged liver cells in the extract- treated group. The liver of the glibenclamide-treated
group showed widespread vacuolar change of the hepatocytes (figure 6). Microscopical ex-
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amination of the kidney section of diabetic non-treated control showed moderate loss of re-
nal tubules and congestion of renal blood vessels in the medulla (figure 7). There was no
visible lesion seen in the extract-treated (figure 8). There was no visible lesion seen in the
glibenclamide-treated group (Figure 9). Several factors such as oxidative stress (Hayden et
al., 2005), chronic hyperglycaemia (Leung and Leung, 2008) and autoimmune (Yoshida et
al., 1995) or fibrocalculous (Mohan et al., 2008) types of chronic pancreatitis damage the pan-
creas and impair insulin secretion and hence glycaemic control. Results of histological stud-
ies on pancreas isolated from treated diabetic rat showed that the extract may have repaired
the pancreas damaged by alloxan. Alloxan causes diabetes by destruction of £-cells of the
islet (Szudelski, 2001; Frode and Medeiros, 2008) which consequently impairs insulin secre-
tion and gives rise to hyperglycemia. Treatment with the extract may have restored the in-
tegrity and perhaps, functions of the damaged pancreatic tissues. Also, the extract was able
to restore the damaged kidney and liver to their normal architecture. Glibenclamide used as
a reference hypoglycemic agent did not cause such effect to the same extent as the extract
(Figures 1-9). The precise mechanism of this tissue repair is not known. However, due to the
large implication of oxidative stress (Hayden et al., 2005; Leung and Leung, 2008) in damage
to the pancreas, it seems reasonable to suggest that the antioxidant (Tasadugq et al., 2003) and
radical scavenging (Jagetia and Baliga, 2004) effects of this plant may play a key role in pro-
tecting pancreatic tissues from oxidants including that generated by alloxan. Alloxan de-
stroys insulin-producing pancreatic fi-cells through the formation of reactive oxygen species
that cause tissue damage (Lee et al., 2008).

Figure 1. Pancreas of diabetic non-treated rat (X400)
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Figure 2. Effect of P. amarus extract on the pancreas of alloxan-induced diabetic rats (X400)

Figure 3. Effect of glibenclamide on the pancreas of alloxan-induced diabetic rat (X400)
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Figure 4. Liver section of diabetic non-treated group (X400)

Figure 5. Effect of P. amarus extract on the liver of alloxan-induced diabetic rats (X400)
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Figure 6. Effect of glibenclamide on the Liver of alloxan-induced diabetic rat (X400)

Figure 7. Kidney section of diabetic non-treated group (X400)
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Figure 8. Effect of P. amarus extract on the kidney of alloxan-induced diabetic rats (X400)

Figure 9. Effect of glibenclamide on the kidney of alloxan-induced diabetic rat (X400)
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6. Conclusion

While the antidiabetic effect of the extract may derive from its hypoglycaemic effect, the
mechanisms of the hypoglycaemic effect are yet to be elucidated. The hypoglycaemic effect
in normal and diabetic rats suggests an insulin-like effect probably mediated via peripheral
glucose consumption (De Sousa et al., 2004; Zanatta et al., 2007). Also, postprandial hyper-
glycemia is related to postprandial hyperinsulinemia (Wang et al., 2004) and its suppression
by the extract suggests an insulin-like effect. Phytochemical analysis of the extract revealed
the presence of flavonoids, alkaloids, glycosides and tannins which are typical plant constit-
uents. Thus there are chances that any of these constituents may possess anti-diabetic prop-
erties. The histological studies also indicated that 0.2mg/kg of glibenclamide produced some
histological changes whereas the 200 and 400 mg/kg doses of the plant extracts did not pro-
duce any histological change. This showed that this plant is not only effective as medicinal
agent but also has high safety margin.
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1. Introduction

1.1. Diabetes: Definition, aetiology and classification

The term “diabetes”, when used alone, generally refers to diabetes mellitus (DM) and not a
rare, unrelated disease called diabetes insipidus. DM is a metabolic disorder resulting from a
defect in insulin secretion, insulin action, or both. Insulin deficiency in turn leads to chronic
hyperglycaemia with disturbances of carbohydrate, fat and protein metabolism [1,2]. The
magnitude of the challenge that diabetes presents to health services is enormous [3].

DM was traditionally classified based on whether or not the patient is insulin dependent or
independent [4]. However, there has been a paradigm shift in the classification of DM from one
based on the need for insulin therapy to maintain glycaemic control and prevent ketosis to that
based on the underlying aetiopathogenetic mechanisms [5]. The current classes of DM and their
aetiopathogenetic mechanisms are (i) Type 1A (auto-immune), (ii) Type 1B (non-auto im-
mune or idiopathic) [6], (iii) Type 2 (insulin resistance), (iv) Gestational (diagnosed for the first
time in pregnancy but usually characterized by insulin resistance) and (v) other specific
aetiologies (secondary to other diseases and identified gene mutations) [5]. Once considered a
disease of acute onset, it is now generally accepted that the 1A subtype is a genetically deter-
mined chronic immune-mediated disorder that leads to selective loss of pancreatic insulin-
secreting [-cells [6]. The classic point of view regarding type I diabetes mellitus (T1DM)
pathogenesis was that, in genetically predisposed individuals, some environmental factors may
trigger anautoimmune processthatleads to 3-cell destruction; but despite considerable progress
over recent years, the autoimmune process underlying T1DM is still poorly understood [6].
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The high blood glucose level (hyperglycaemia) that accompanies TIDM and type 2 diabetes
mellitus (T2DM) can cause serious health complications including ketoacidosis, kidney failure,
heart disease, stroke, and blindness. Patients are often diagnosed with diabetes when they see
a physician for clinical signs such as excessive thirst, urination, and hunger [7]. The direct
symptoms of type-2 diabetes can be mild and may cause minimal interruption to activities of
daily living. However, it is the complications of the disease which lead to damage to vital
organs, and consequently, to substantial morbidity and mortality.

Diabetes in the young is often categorized as Type 1 and this comprises the auto-immune Type
1A and non-auto immune Type 1B. T2DM which is mainly diagnosed in adults is increasingly
being reported in young people. The increased prevalence of T2DM in young people is
associated with the increasing rates of obesity in young people. Type 2 diabetes accounts for
90% to 95% of all cases of diabetes [8-10].

2. Prevalence, global burden and increasing incidence of diabetes

Several statistics from various scientific studies on the incidence, prevalence and global burden
of diabetes mellitus are available. While there might be minor discrepancies in these statis-
tics, the consensus is that they are ominous and call for urgent and definitive action on this
disease [11,12].

DM is estimated to affect 2.8% of the world’s population at present and projected to cross 5.4%
mark by 2025 [13]. Over the last decades, the prevalence of diabetes mellitus has reached
epidemic proportions in Western societies, and is even higher in some developing countries
[14 -16]. According to Shaw et al. [17], the world’s prevalence of diabetes among adults (aged
20-79 years) will be 6.4%, affecting 285 million adults, in 2010, and will increase to 7.7%, and
439 million adults by 2030 and, between 2010 and 2030, there will be a 69% increase in numbers
of adults with diabetes in developing countries and a 20% increase in developed countries.
More recently, the International Diabetes Federation (IDF) estimated that in 2011 there were
366 million people with diabetes and this was expected to rise to 552 million by 2030 [18]. The
International Diabetes Federation (IDF) reported that 151 million people had diabetes in the
172 IDF member countries with a forecast that 334 million people will have the disease in 2025
[19]. The human cost of diabetes has been put at one death every 10 seconds [20].

Zhang et al.[21] estimated that global health expenditures to prevent and treat diabetes and its
complications would be at US dollar (USD) 376 billion in 2010 and that by 2030, this number
will exceed USD490 billion. In addition, diabetes leads to loss in productivity and economic
growth. The American Diabetes Association estimated that the US economy lost USD58 billion,
equivalent to about an half of the direct health care expenditure on diabetes in 2007, as a result
of lost earnings due to lost work days, restricted activity days, lower productivity at work,
mortality and permanent disability caused by diabetes [21]. Diabetes and its complications
place huge burdens upon individuals, their careers and families and have crippling effects
upon national health services [20].
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3. Pathological complications of diabetes mellitus

Persistent hyperglycaemia and the development of diabetes-specific microvascular (retinop-
athy, neuropathy and nephropathy) and macrovascular (heart attack, stroke and peripheral
arterial disease) complications are the main characteristics of all forms of diabetes mellitus.
The importance of protecting the body against persistent elevation of blood glucose cannot be
overemphasized because its direct and indirect effects on the human vascular system are the
major cause of morbidity and mortality in both TIDM and T2DM [22]. Hospitalisations for
complications account for more than half of the healthcare costs of T2DM and three-quarters
of people with diabetes die from cardiovascular disease. Research has shown that the risk of
development of both microvascular and macrovascular complications associated with
elevated blood glucose increases with the length of time blood glucose is uncontrolled [23,24].

Asaresult of the association of diabetes with accelerated atherosclerotic macrovascular disease
affecting arteries that supply the heart, brain and lower extremities, patients with diabetes
have a much higher risk of myocardial infarction, stroke and limb amputation [25]. Lower limb
amputations are at least 10 times more common in people with diabetes than in non-diabetic
individuals in developed countries; more than half of all non-traumatic lower limb amputa-
tions are due to diabetes [26].

Diabetes is one of the leading causes of visual impairment and blindness in developed
countries [27]. Retinopathy may begin to develop as early as 7 years before the diagnosis of
diabetes in patients with T2DM [28]. Osmotic stress from sorbitol accumulation has been
postulated as an underlying mechanism in the development of diabetic microvascular
complications, including diabetic retinopathy [22]. According to Massin et al [29] lens opaci-
fication leading to cataract is a frequent comorbidity of diabetes, as adults with T2DM are five
times more often affected than the general population. They also reported that while juvenile
diabetic cataract is rare, adult-onset, mostly cortical cataract in T2DM patients is similar to age-
related cataract in the general population, except for an earlier onset and greater prevalence
[29,30]. Major risk factors for cataract in T2DM include hyperglycaemia, diabetes duration and
the presence of diabetic retinopathy, although specific risk factors or markers may differ
according to cataract subtype. Smoking, for example, is associated with nuclear opacities,
whereas ultraviolet radiation increases the risk for cortical opacities, and high blood pressure
and corticosteroids raise the odds for subcapsular cataract [31]. Various pathophysiological
mechanisms are involved in cataract formation, including osmosis-driven lens overhydration
triggered by the polyol pathway (mostly ascribed to juvenile cataract), lens protein glycation
and an excess of free radicals, with the latter being particularly associated with the nuclear
subset of age-related cataract [32,33].

Studies have shown an increased incidence of erectile dysfunction (ED) in diabetes patients.
In addition, ED appears to arise about 10 years earlier in diabetic patients than in the general
population [34] and is more severe, decreasing health-related quality of life. ED is most often
aforewarning of cardiovascular disease; thus, the treatment of ED among diabetics is a priority.
Diabetic ED is multifactorial in aetiology and more resistant to treatment compared with non-
diabetic ED [35]
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Diabetic neuropathy is the presence of symptoms and/or signs of peripheral nerve dysfunction
in people with diabetes after the exclusion of other causes [36]. More than 80% of amputations
occur after foot ulceration or injury, which can result from diabetic neuropathy [37].

Diabetic nephropathy has been defined by proteinuria > 500 mg in 24 hours in the setting of
diabetes, which ishowever preceeded by lower degrees of proteinuria, or “microalbuminuria.”
Microalbuminuria is defined as albumin excretion of 30-299 mg/24 hours. Without interven-
tion, diabetic patients with microalbuminuria typically progress to proteinuria and overt
diabetic nephropathy [22]. This progression occurs in both typel and type 2 diabetes. As many
as 7% of patients with type 2 diabetes may already have microalbuminuria at the time they
are diagnosed with diabetes [38]. In the European Diabetes Prospective Complications Study,
the cumulative incidence of microalbuminuria in patients with type 1 diabetes was ~ 12%
during a period of 7 years. In the U.K. Prospective Diabetes Study (UKPDS), the incidence of
microalbuminuria was 2% per year in patients with type 2 diabetes, and the 10-year prevalence
after diagnosis was 25% [38-40]. Diabetic nephropathy can progress to end-stage renal disease.
Diabetes is the leading cause of renal failure in the United States accounting for nearly 44
percent of new cases [40].

Diabetes increases the risk that an individual will develop cardiovascular disease (CVD) [22].
Although the precise mechanisms through which diabetes increases the likelihood of athero-
sclerotic plaque formation are not completely defined, the association between the two is
profound. CVD is the primary cause of death in people with either type 1 or type 2 diabetes and
accounts for the greatest component of health care expenditures in people with diabetes [41,42].
Among macrovascular diabetes complications, coronary heart disease has been associated with
diabetes in numerous studies beginning with the Framingham study [43]. More recent studies
have shown that the risk of myocardial infarction (MI) in people with diabetes is equivalent to
the risk in non-diabetic patients with a history of previous MI [44]. These discoveries have led
to new recommendations by the American Diabetes Association (ADA) and American Heart
Association (AHA) that diabetes be considered a coronary artery disease risk equivalent rather
than arisk factor. Patients with type 1 diabetes bear a disproportionate burden of coronary heart
disease. Studies have shown that these patients have a higher mortality from ischemic heart
disease at all ages compared to the general population [45].

Diabetes is also a strong independent predictor of risk of stroke [46]. Patients with type 2
diabetes have a much higher risk of stroke, with an increased risk of 150-400%. Risk of stroke-
related dementia and recurrence, as well as stroke-related mortality, is elevated in patients
with diabetes [47]. In addition, the risk of tuberculosis is three times higher among people with
diabetes [48].

Insulin resistance and glucose intolerance are components of metabolic syndrome, a group of
metabolic risk factors that predisposes people to diseases related to fatty buildups in artery
walls such as coronary heart disease, which can lead to heart attack, stroke and peripheral
vascular disease [49]. People with this syndrome are also more likely to develop type 2
diabetes. Other components of metabolic syndrome are abdominal obesity, atherogenic
dyslipidemia, raised blood pressure, proinflammatory state and prothrombotic state [49]. The
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term pre-diabetes has been used to describe the condition of individuals with a high risk of
developing diabetes in the future and already showing a glycaemic abnormality [50,51].

People with diabetes require at least two to three times the health-care resources compared to
people who do not have diabetes, and diabetes care may account for up to 15% of national
health care budgets [52].

Many authors agreed that hyperglycaemia causes tissue damage through the following clearly
defined mechanisms [25, 53]: increased flux of glucose and other sugars through the polyol
pathway, increased intracellular formation of advanced glycation end products (AGEs),
increased expression of the receptor for AGEs and its activating ligands, activation of protein
kinase (PK) C isoforms, and overactivity of the hexosamine pathway.

3.1. Increased polyol pathway flux

Aldose reductase (aldito:NAD(P)* 1-oxidoreductase, EC 1.1.1.21) is the first enzyme in the
polyol pathway. It is a cytosolic, monomeric oxidoreductase that catalyses the reduced
nicotinamide adenine dinucleotide phosphate (NADPH)-dependent reduction of a wide
variety of carbonyl compounds, including glucose [54]. At the normal glucose concentrations
found in non-diabetics, metabolism of glucose by this pathway is a very small percentage of
total glucose use. But in a hyperglycaemic environment, increased intracellular glucose results
in its increased enzymatic conversion to the polyalcohol sorbitol, with concomitant decreases
in NADPH [25,55,56]. In the polyol pathway, sorbitol is oxidized to fructose by the enzyme
sorbitol dehydrogenase, with NAD* reduced to NADH. Flux through this pathway during
hyperglycaemia varies from 33% of total glucose use in the rabbit lens to 11% in human
erythrocytes [25]. Thus, the contribution of this pathway to diabetic complications may be very
much species, site and tissue dependent [25]. It has also been proposed that reduction of
glucose to sorbitol by NADPH consumes NADPH [25]. As NADPH is required for regener-
ating reduced glutathione (GSH), this could induce or exacerbate intracellular oxidative stress.
Decreased levels of GSH have in fact been found in the lenses of transgenic mice that overex-
press aldose reductase, and this is the most likely mechanism by which increased flux through
the polyol pathway has deleterious consequences [57]. This conclusion is further supported
by recent experiments with homozygous knockout mice deficient in aldose reductase, which
showed that, in contrast to wild-type mice, diabetes neither decreased the GSH content of
sciatic nerve nor reduced motor nerve conduction velocity [25].

3.2. Increased intracellular formation of advanced glycation end-products

AGEs are found in increased amounts in diabetic retinal vessels and renal glomeruli and
intracellular hyperglycaemia appears to be the primary initiating event in the formation of
both intracellular and extracellular AGEs [23]. AGEs contribute to diabetic complications via
three principal mechanisms: the modification of intracellular proteins including, most
importantly, proteins involved in the regulation of gene transcription [58,59]; diffusion of these
AGE precursors out of the cell and their modification of extracellular matrix molecules nearby,
which changes signaling between the matrix and the cell and causes cellular dysfunction [60,
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61]; and diffusion of AGE precursors out of the cell and their modification of circulating
proteins in the blood, such as albumin, which can then bind to AGE receptors and activate
them thereby causing the production of inflammatory cytokines and growth factors, which in
turn cause vascular pathology [62-65].

3.3. Activation of protein kinase C (PKC)

PKCs are a family of atleast 11 isoforms that are widely distributed in mammalian tissues. The
enzyme phosphorylates various target proteins. The activity of the classic isoforms is depend-
ent on both Ca*" ions and phosphatidylserine and is greatly enhanced by diacylglycerol (DAG)
[53]. Intracellular hyperglycaemia increases the de novo synthesis of DAG from the glycolytic
intermediate dihydroxyacetone phosphate by reducingit to glycerol-3-phosphate and stepwise
acylation [66]. Hyperglycaemiamay also activate PKCisoformsindirectly through bothligation
of AGE receptors[67] and increased activity of the polyol pathway [68], presumably by
increasing reactive oxygenspecies. Onesignificanteffect of PKCactivationisseeninthe decrease
in the vasodilator producing endothelial nitric oxide (NO) synthase (eNOS), while the vasocon-
strictor endothelin-1 is increased. Transforming growth factor- 3 and plasminogen activator
inhibitor-1 are also increased [69].Abnormal activation of PKC has been implicated in the
decreased glomerular production of nitric oxide induced by experimental diabetes [70], and in
the decreased production of nitric oxide in smooth muscle cells that is induced by hyperglycae-
mia [71]. Activation of PKC also contributes to increased microvascular matrix protein
accumulation by inducing expression of TGF-bl, fibronectin and type IV collagen both in
cultured mesangial cells [72] and in glomeruli of diabetic rats [66].

3.4. Increased flux through the hexosamine pathway

Glucose is one of the most largely used energy substrate in living cells. A fraction (2-3%) of
the glucose entering the cell is converted into UDP-N-Acetyl Glucosamine (UDP-GlcNAc),
through the hexosamine biosynthetic pathway (HBP). The level of UDPGIcNAcin the cell thus
reflects the flux of glucose through this pathway [73]. In this pathway, fructose-6-phosphate
is diverted from glycolysis to provide substrates for reactions that require UDP-N acetylglu-
cosamine, such as proteoglycan synthesis and the formation of O-linked glycoproteins [23].
O-GlcNAcylation may affect the phosphorylation status of a protein, by regulating the
phosphorylation of adjacent residues or by competing for the same serine or threonine residue
(the so-called Yin-Yang mechanism), in which modification of a serine or threonine residue by
either phosphorylation or O-GlcNAcylation differently affects the protein’s function [73]. O-
GlcNAcylations also regulate insulin signaling and seem to play an important part in the
development of diabetes and its complications [74,75]. Inhibition of the rate-limiting enzyme
in the conversion of glucose to glucosamine, glutamine:fructose-6-phosphate amidotransfer-
ase (GFAT), blocks hyperglycaemia-induced increases in the transcription of TGF-o, TGF-1.
This pathway has been shown to play a role both in hyperglycaemia-induced abnormalities
of glomerular cell gene expression and in hyperglycemia-induced cardiomyocyte dysfunction
in cell culture [25,76].
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4. Management of diabetes mellitus

Diabetes mellitus is a syndrome implying that efforts targeted at its management should be
multifaceted. Adequate consideration should be given to all the accompanying comorbidities
and all symptomatic and asymptomatic features. Efforts should be geared towards the
attainment of normal or near normal glucose levels. The general objective of diabetes man-
agement include to (i) relieve symptoms (ii) correct associated health problems and reduce
morbidity, mortality and economic costs of diabetes (iii) prevent as much as possible acute and
long-term complications (iv) monitor the development of such complications and provide
timely intervention and, (v) improve the quality of life and productivity of the individual with
diabetes [77]. The orthodox approach to the management of diabetes mellitus has always
included lifestyle modification and dietary therapy, administration of oral antidiabetic drugs,
and insulin therapy.

4.1. Diet and lifestyle modification

Weight reduction and an increase in daily energy expenditure decrease insulin resistance and
increase glucose tolerance [78]. Advice on diet and exercise are an important part of the
treatment of T2DM and overweight patients are normally advised to restrict calorie intake,
consume food with low total (especially saturated) fat content and high (predominately
unrefined) carbohydrate content.

Dietary and lifestyle modifications are regarded as the mainstay of treatment and management
for T2DM. The majority of people with T2DM are overweight and usually have other metabolic
disorders of the insulin resistance syndrome. Therefore, the major aims of dietary and lifestyle
changes are to reduce weight, improve glycaemic control and reduce the risk of coronary heart
disease (CHD), which accounts for 70- 80% of deaths among those with diabetes [79]. Even
modest weight reduction is associated with a reduction in insulin resistance, a reduction in
hepatic glucose production, and perhaps, an improved islet B-cell function [80,81]. Several
studies have demonstrated the effectiveness of diet and exercise in reducing the progression
of diabetes [82-85].

Fat is the most energy-rich of all nutrients and reduction of fat intake helps to reduce total
energy intake, which is important for many people with type 2 diabetes and some with type
1 diabetes. Results from several research studies suggest that populations consuming a low
saturated fat diet have lower incidence and mortality from CHD compared with those living
in countries with a high intake of saturated fat and that reduced saturated fat intake is
associated with reduced levels of low-density lipoprotein (LDL) — cholesterol [86,87].

4.2. Oral antidiabetic drugs

Oral antidiabetic drugs (OADs) are normally introduced when lifestyle modifications fail to
adequately control glycaemia. They are very useful for managing hyperglycaemia, especially
in the early stages of disease. However, there are several limitations that prevent OADs from
reaching their potentials [88]. Sulfonylureas cause hypoglycaemia by stimulating insulin
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release from pancreatic {3 -cells. They bind to sulfonylurea (SUR) receptors on the (3 -cell plasma
membrane, causing closure of adenosine triphosphate (ATP)-sensitive potassium channels,
leading to depolarization of the cell membrane. This in turn opens voltage-gated channels,
allowing influx of calcium ions and subsequent secretion of preformed insulin granules [89].
Acute administration of sulfonylureas T2DM patients increases insulin release from the
pancreas and also may further increase insulin levels by reducing hepatic clearance of the
hormone. Initial studies showed that a functional pancreas was necessary for the hypoglycae-
mic actions of sulfonylureas [90]. With chronic administration, circulating insulin levels
decline to those that existed before treatment. But, despite this reduction in insulin levels,
reduced plasma glucose levels are maintained [89].

Metformin, the popular antidiabetic drug has its origin in the plant Galega officinalis. It is one
of the major success stories of the reward of prospecting for drugs from botanical sources.
Metformin is antihyperglycaemic, not hypoglycaemic [91]. Clarke et al.reported that metfor-
min does not cause insulin release from the pancreas and does not cause hypoglycaemia, even
in large doses [92]. Metformin has been shown to increase peripheral uptake of glucose and
to reduce hepatic glucose output by approximately 20-30% when given orally but not intra-
venously [93,94]. Impaired absorption of glucose from the gut has also been suggested as a
mechanism of action, but has not been shown to have clinical relevance. Metformin has also
been shown to decrease serum triglycerides and fatty acid concentrations and slows the rate
of lipid oxidation. These actions indirectly inhibit gluconeogenesis [95].

The meglitinide analogues act on B-cell receptors to stimulate insulin secretion by binding to
the sulfonylurea receptor subunit and closing the K* ATP channel but probably at a site distinct
from that of the sulfonylurea receptor [96,97]. Closure of the potassium channel leads to
depolarization of B-cell plasma membrane, which promotes influx of calcium ions through
voltage-gated calcium channels, resulting in exocytosis of insulin granules [89]. a-Glucosidase
inhibitors competitively block small intestine brush border enzymes that are necessary to
hydrolyze oligo and polysaccharides to monosaccharides [98]. Inhibition of this enzyme slows
the absorption of carbohydrates and the postprandial rise in plasma glucose is blunted in both
normal and diabetic subjects [99].

4.3. Insulin

Insulin has proven to be the therapy with the highest potential to achieve glycaemic target in
diabetics. It is typically prescribed after OADs have failed, and often later than is ideal [88].
The physiological plasma insulin profile in healthy individuals displays low but constant
insulin levels in fasting conditions, with sharp prandial peaks shortly (within 30 minutes) after
meals followed by a slow return to basal levels when increased insulin secretion is no longer
necessary. In order to avoid glycaemic excursions, exogenously administered insulin would
ideally closely mimic the healthy physiological pharmacokinetic insulin profile [88].

Although all patients with T2DM become relatively insulinopenic late in the course of their
disease, some patients with T2DM may have insufficient insulin secretion early in the course
of the disease. This difference arises from the heterogeneity in the metabolic expression of the
diabetic state and the difference in the extent to which different abnormalities contribute to
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the hyperglycaemic state. In lean patients with T2DM, impaired insulin secretion is a common
defect, and insulin resistance tends to be less severe than in obese patients with T2DM [100].

5. Limitations of orthodox approaches in the treatment of diabetes mellitus

Despite the significant improvements recorded from the administration of the currently
available therapies in the treatment of diabetes, several undesirable side effects have been
observed in the course of treatment using these therapies. Reports have shown that the success
of OADs is limited by their mechanisms of action, which often address the symptoms of
diabetes rather than its underlying pathophysiology. For instance, up to 2.5% and 17.5% of
sulfonylurea (SU)-treated patients experience major and minor hypoglycaemia, respectively,
while gastrointestinal (GI) problems affect up to 63% of metformin, and 30% of acarbose-
treated patients. These side effects can have a negative impact on patient adherence to
treatment, resulting in higher HbAlclevels and increased risk for all-cause hospitalization and
all-cause mortality [101].

Another limitation that hinders the efficacy of OADs is the tendency of health professionals
to delay initiation and intensification of therapy. OADs are frequently initiated too late in the
progression of the disease and intensification is delayed and thus exposes the patient to
hyperglycemia [88]. According to the recent American Association of Clinical Endocrinologists
(AACE) road map guidelines, combination therapy is to be initiated when continous titration
of OAD monotherapy fails to achieve target HbAlc levels (ie, < 6.5%) [102].

Although insulin is the most effective antihyperglycemic agent, its initiation is also delayed to
anexcessive degree. Brown et al. estimated that the average patientaccumulated HbAlc- which
contribute to excess glyacemic burden (HbAlc > 8%) from diagnosis until insulin initiation,
thereby increasing the prevalence of complications [103]. The economic burden of managing
diabetes is also a limitation to the use of oral antidiabetic drugs especially in less developed
countries where the people can scarcely afford orthodox treatment. There is therefore the need
to investigate the antidiabetic effects of indigenous plants and their continuous role in the
management of diabetes mellitus with a view to developing new and more effective drugs to
stem the tide of the ravaging epidemic of diabetes.

6. Therapeutic and chemoprophylactic potentials of botanicals

Terrestrial plants have been used as medicines in Egypt, China, India and Greece from ancient
time and an impressive number of modern drugs have been developed from them [104].
According to the World Health Organization (WHO), a medicinal plant is any plant which, in
one or more of its organs contains substances that can be used for therapeutic purposes, or
which are precursors for chemo-pharmaceutical semi synthesis. Such a plant will have its parts
including leaves, roots, rhizomes, stems, barks, flowers, fruits, grains or seeds, employed in
the control or treatment of a disease condition and therefore contains chemical components
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that are medically active. These non-nutrient plant chemical compounds or bioactive compo-
nents are often referred to as phytochemicals (“phyto-" from Greek - phyto meaning ‘plant’) or
phytoconstituents.

Phytochemicals have been isolated and characterized from fruits such as grapes and apples,
vegetables such as broccoli and onion, spices such as turmeric, beverages such as green tea
and red wine, as well as many other sources [105]. The WHO estimates that approximately
80% of the world’s inhabitants rely on traditional medicine for their primary health care [106].

7. Botanicals and their antidiabetic property

Many medicinal plants have ethnomedical claims of usefulness in the treatment of diabetes
worldwide and have been employed empirically in antidiabetic and antihyperlipidemic
remedies. Hundreds of plants with antidiabetic and hypoglycaemic activities have also been
reported in literature. Despite this, studies on plants with these activities are still necessary.
This is because a large percentage of plants are yet to be explored for their medicinal properties.
Also, successful antidiabetic drug development from investigated plants is still largely absent
although numerous dietary supplements have been formulated. Plants contain glycosides,
alkaloids, terpenoids, anthocyanins, tocopherols, flavonoids, carotenoids, polyphenols,
peptidoglycans, steroids, coumarins and other constituents that are frequently implicated as
having antidiabetic activities [107]. The antidiabetic activities could be obtained from several
parts of the plants - aerial parts, bark, flower, root, seeds, leaves, bulb, tubers and/or whole
plant [108].

Many studies have confirmed the benefits of medicinal plants with hypoglycaemic effects in
the management of diabetes mellitus. The plant families most studied for their hypoglycaemic
effects include: Leguminoseae, Lamiaceae, Liliaceae, Cucurbitaceae, Asteraceae, Moraceae,
Rosaceae, Euphorbiaceae and Araliaceae [109]. The effects of these plants may delay the
development of diabetic complications and correct the metabolic abnormalities. During the
past few years, efforts at the study of antidiabetic medicinal plants have culminated in the
isolation and characterization of single bioactive compounds and the preparation of herbal
extracts and multiherbal products. Interestingly, some of these extracts and herbal prepara-
tions have shown significant insulinomimetic and antidiabetic activities with more efficacy
than conventional hypoglycemic agents [13]. For this paper, we shall briefly consider the
antidiabetic potential of few of these botanicals.

7.1. Fenugreek

Leaves, seeds or the entire plant of Trigonella foenum-graecum L. (fenugreek) are used for the
treatment of diabetes in many countries of the world and several human studies have con-
firmed the efficacy of the plant. The beneficial effect of the plant has been partly attributed to
the high fibre content. The proposed mechanism of action was related to the inhibition of
diffusion or transport of glucose independent of hormonal mechanisms [110].
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7.2. Gymnema sylvestre

Extracts of G. syvestre have been reported to demonstrate antidiabetic activity possibly via
reduction in insulin requirement by enhancing endogenous insulin availability, improv-
ing vitiated blood glucose homeostasis, better control of hyperlipidemia associated with
diabetes, reduction in amylase activity in serum and, increase in f-cell function as shown
by higher levels of serum C peptide. Extract of the leaves of the plant produced a signifi-
cant reduction in blood glucose, glycosylated haemoglobin and glycosylated plasma
proteins, with a decrease in conventional drug dosages. Some patients were able to
discontinue conventional drugs and even maintain their blood glucose homeostasis with
extracts alone in T2DM patients [111,112].

7.3. Morinda lucida

Alcoholic and aqueous extracts of roots and leaves of Morinda lucida Benth (Rubiaceae) have
been reported to possess remarkable antidiabetic property in alloxan- and streptozotocin
(STZ)-induced diabetic rats. Suggested mechanisms of action include the stimulation of beta
cells to release insulin [113, 114].

7.4. C. chinensis Franch, Astragalus membranaceus, and Lonicera japonica

Using scientifically validated animal models in a study, a multicomponent berberine-
containing remedy comprising C. chinensis Franch, Astragalus membranaceus, and Lonicera
japonica was used to treat male Zucker diabetic fatty rats. The three-herb medicine showed
sustained glucose-lowering effects for 1 week after a single-dose treatment. Two-week
treatment attenuated insulin resistance and fatty degeneration, with hepatocyte regenera-
tion lasting for 1 month posttreatment. The beneficial effects were found to have persist-
ed for 1 year after 1-month treatment and were associated with activation of AMPK, Akt,
and insulin-like growth factor-binding protein (IGFBP)1 pathways, with downregulation of
miR29-b and expression of a gene network implicated in cell cycle, intermediary, and
NADPH metabolism with normalization of CYP7al and IGFBP1 expression. Authors
concluded that the pluripotent effects of the medicine in altering gene expression, in part
through changes in miRNA, explained its sustained beneficial effects on glucose metabo-
lism, fatty liver, and cellular repair [115].

7.5. Pterocarpus marsupium

A crude extract (water decoction) of P. marsupium was reported to have protective and
restorative effect on p-cells in alloxan-induced diabetic rats. The results were substantiated by
histological observations. Various active principles responsible for the antidiabetic activity
have been isolated [116,117].
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7.6. Kolaviron

Kolaviron, a biflavonoid complex isolated from Garcinia kola possesses multiple biological
activities. Kolaviron demonstrated significant hypoglycaemic effect when administered to
alloxan diabetic rabbits. The blood sugar was lowered from 506 mg/100 mL to 285 mg/100 mL
at 12 h after the administration of 100 mg/kg kolaviron. Kolaviron also inhibited rat lens aldose
reductase (RLAR) activity, with an ICs, value of 5.4 x 10 [118]. Adaramoye and Adeyemi
reported that fractions obtained from kolaviron reduced blood sugar levels in STZ-diabetic
rats within 4 h of oral administration and showed favourable effect on the plasma lipid profile
of diabetic animals [119]. In addition to its antidiabetic property, kolaviron showed remarkable
protective effects on cardiac, renal and hepatic tissues of STZ-diabetic rats. Many antidiabetic
drugs do not offer significant tissue-protective effect in diabetic animals [120].

7.7. Aloe barbadensis

Aloe barbadensis (Aloe vera), the acclaimed “miracle plant” has been documented to ameliorate
the diabetic condition in human subjects and experimental animals and to probably prevent
the onset of hyperglycemia in alloxan intoxicated rabbits [121]. Reports of studies on the effect
of aloe vera in experimental and clinical diabetes are available. In general, these reports agreed
on the antidiabetic efficacy of Aloe vera. Oral administration of Aloe vera gel extract at a dose
of 300 mg/kg bodyweight per day to STZ-induced diabetic rats for a period of 21 days resulted
in a significant reduction in fasting blood glucose, hepatic transaminases (aspartate amino-
transferase and alanine aminotransferase), plasma and tissue (liver and kidney) cholesterol,
triglycerides, free fatty acids and phospholipids and a significant improvement in plasma
insulin [122]. Can et al. concluded from their study that Aloe gel extract has a protective effect
comparable to glibenclamide against hepatotoxicity produced by diabetes if used in the
treatment of T2DM [123]. Another research finding showed that orally ingested aloe sterols
altered the expressions of genes related to glucose and lipid metabolism, and ameliorated
obesity- and diabetes-associated disorders in rats [124].

7.8. Vernonia amygdalina

Alcohol extract of V. amygdalina was found to significantly improve glucose tolerance in STZ-
diabetic rats, decrease fasting blood glucose, show protective effect over pancreatic B-cells and
cause a slight increase in insulin level in STZ-induced diabetic rats [125]. The same authors
found that V. amygdalina increased the expression of GLUT 4 in rat skeletal muscle and its
translocation to plasma membrane as well. V. amygdalina was also found to significantly inhibit
the key hepatic gluconeogenic enzyme, glucose-6-phosphatase. Investigation of the synergistic
antidiabetic effect of V. amygdalina and other medicinal plants yielded positive results. A study
on the synergistic antidiabetic activity of V. amygdalina and Azadirachta indica [126] showed
that compared with single extracts, the combined extract of V. amygdalina and A. indica
promptly lowered blood glucose and maintained a relatively steady level over the study
period, in tandem with insulin. The features of diabetic pathology, indicated in the histology
of the liver and pancreas, were reversed. The extent of recovery was partial with V. amygdali-
na, better with A. indica, and distinct and total with V. amygdalina and A. indica combined. The
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beneficial synergistic effect was postulated to be exerted via oxidative stress attenuation,
insulin mimetic action and (3-cell regeneration. The synergistic postprandial blood glucose
modulatory properties of V. amygdalina, Gongronema latifolium and Occimum gratissimum
aqueous decoctions has also been reported [127]. It was concluded from the study that the
decoction containing the three vegetables was superior in activity to any one or blends of only
two, of the three decoctions.

7.9. Moringa oleifera

Moringa oleifera is a popular food plant with multiple medicinal uses including treatment of
diabetes [128]. Various parts of the plant have been shown to have antidiabetic potential in
several studies. In severely diabetic animals, 200 mg/kg aqueous leaf extract of M. oleifera
reduced fasting blood sugar by 69.2% after 21 days of treatment and also significantly reduced
urine sugar [129]. The progression of diabetes was significantly reduced in STZ-diabetic rats
treated with methanol extract M. oleifera pods for 21 days with treated animals showing a
significant reduction in serum glucose and nitric oxide, with concomitant increases in serum
insulin and protein levels [130]. It has also been shown that extracts of the bark of the plant
prevented dexamethasone-induced insulin resistance in peripheral tissues [131].

7.10. Pinitol (3-O-methyl-D-chiro-inositol)

In a study which assessed the effects of pinitol supplementation on glucose tolerance and
insulin sensitivity, investigators found that a single dose of pinitol, from a naturally-occurring
food ingredient, administered acutely influences indices of whole-body glucose tolerance and
insulin sensitivity in healthy subjects. The study showed that consumption of a pinitol-
enriched beverage, containing a dose of 6.0 g, reduced the increase in glycaemia and insuli-
naemia provoked by oral carbohydrate over-load when compared with a placebo. They
remarked that this dietary intervention would be an effective first-step strategy for treating
hyperglycaemia and related insulin resistance states, although future research is warranted to
evaluate whether chronic doses of pinitol are effective in subjects with altered glucose
metabolism [132]. Inositol phosphoglycans (IPG) have been reported to be important post-
receptor mediators of insulin action [133,134] and it was suggested that by acting as insulin’s
second messenger, pinitol could increase insulin sensitivity.

8. Mechanisms of action of antidiabetic botanicals

Antidiabetic botanicals have been reported to foster protection via several mechanisms. These
include amelioration of oxidative stress, anti-inflammatory and antiatherogenic effects; control
of metabolic fluxes among various organs and energy metabolism within individual tissues
and cells leading to the maintenance of glucose and lipid homeostasis and stable levels of
energy stores; cytoprotection of pancreatic 3-cells; inhibition of aldose reductase; improvement
of endothelial dysfunction; inhibition of angiogenesis and the regulation of the expression of
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genes relevant for the development of T2DM A number of candidate genes have been
identified in humans and many phytochemicals/extracts from traditional medicinal plants that
can target diabetogenic genes have also been identified [135,136].

Medicinal plants can delay or inhibit glucose absorption, facilitate the entry of glucose into
cells such as muscle cells, or stimulate insulin secretion by the pancreas. It was reported that
oral administration of the ethanolic extract of Allium sativum showed significant antidiabetic
effect in normal and alloxan-induced diabetic rats and that this effect was probably mediated
through the stimulation of insulin secretion from the pancreas [137]. Oral administration of
Gymnena sylvestre to diabetic rats was reported to increase the number of pancreatic islet cells
as well as insulin levels suggesting a possible repair or regeneration of the pancreas [138]. In
vitro and in vivo studies showed that water soluble extracts of Gymmnena sylvestre released insulin
probably due to the regeneration of pancreatic beta cells [139].

Aqueous extract of unripe fruit of Momordica charantia showed partial stimulation of insulin
release from isolated beta cells of obese hyperglycaemic mice which is an indication of its
insulin releasing action as a result of perturbations of membrane functions [140]. Parinari
excelsa showed hypoglycaemic effects due to its insulin secretory activity in diabetic animal
models [141]. Epicatechin which is the active principle isolated from the bark of Pterocarpus
maruspium showed protective and restorative effect on beta cells of diabetic subjects. This may
be due to its ability to regenerate beta cells [139].

Aqueous extract of Citrullus colocynths showed a dose dependent increase in insulin released
from isolated islets [142]. Immunohistochemistry studies [143] showed that the amount of
insulin in beta cells of the islet of Langerhans is greater in Citrullus colocynthis treated rats when
compared with the control group.

A report on in vitro assays on some medicinal plants showed that they possess inhibitory
activity on alpha glucosidase enzyme. In a study, thirty seven of forty-five samples examined
showed IC;, values of between 2.33 ug/mL and 112.02 ug/mL, which were lower than that of
acarbose (117.20 ug/mL) [144]. Also, 80% ethanol extract from Garcinia daedalanthera Pierre.
leaves (Clusiaceae), Antidesma celebicum leaves (Euphorbiaceae), Amaracarpus pubescens,
(Rubiaceae), and Willughbeia tenuiflora leaves (Apocynaceae) had the highest a-glucosidase
inhibiting activity with ICs, of 2.33 ug/mL, 2.34 ug/mL, 3.64 ug/mL, and 8,16 ug/mL respec-
tively. Meanwhile, types of enzyme inhibition mechanism from Garcinia kydia leaves (Clusia-
ceae), Antidesma celebicum leaves (Euphorbiaceae), and Amaracarpus pubescens leaves
(Rubiaceae) were non-competitive inhibitor, competitive inhibitor, and mixed inhibitor
respectively.

12. Conclusion

Diabetes mellitus and all its comorbidities constitute major causes of high economic loss
which can in turn pose significant challenges to the economic development of developing
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nations [145]. Despite efforts aimed at containing the disease, no definite cure has been
found. Although the current available therapies have yielded appreciable improvements in
the quality of life of diabetics, several reports have indicated that such improvements are
not without the associated side effects. Studies have confirmed the benefits of medicinal
plants with hypoglycaemic effects in the management of diabetes mellitus and many
phytomedical preparations and compounds have been touted as candidates for antidiabet-
ic drug development. However, the rate of developing these drugs is very slow, with only
one clinical drug being reported to have gone from plant to pharmacy [110]. Therefore,
there should be a focus on developing effective drugs from potent antidiabetic botanicals
already identified while further research continues with new plants for the discovery of
novel candidates for antidiabetic drugs. Also, potent herbal extracts should be standar-
dized and made commercially available as many of these extracts often lack the draw-
backs associated with single compounds.

Antidiabetic plants do not always have the same mechanism of actions because activities relate
to their effects on the pancreatic 3 cells, the protective/inhibitory effect against insulinase and
the increase of insulin sensitivity or the insulin-like activity of the plant extracts. Other
mechanisms may involve improved glucose homeostasis, inhibition of intestinal glucose
absorption, reduction of glycaemic index of carbohydrates. The mechanisms of action of
antidiabetic botanicals need to be properly delineated so that different cases of diabetes can
be specifically addressed.

Further research studies on the antidabetic potentials of botanicals, especially in developing
countries, are suggested. The aims of such studies should be to find the botanicals with the
most effective antidiabetic activities and to examine the possibilities of developing these active
ingredients into antidiabetic drugs for the effective management and treatment of diabetes.
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1. Introduction

Over the years, several definitions have been used to describe whole grains. Though these
definitions exist, a harmonized definition is yet to be agreed upon with many nations rather
adopting the definition of whole grains as used by the American Association of Cereal Chemist
(AACC) international due primarily to its comprehensiveness [1]. Accordingly in 1999, the
AACC defined whole grains as grains that consist of an intact, milled, cracked or flaked
caryopsis whose primary components; starchy endosperm, germ and bran are present in the
same relative proportions as they exist in the intact caryopsis. Plant produce that can be
classified as whole grains include amaranth, brown and coloured rice, sorghum, teff, wheat,
faro, wild rice, triticale, millet, quinoa, oats, buckwheat, whole rye, barley, corn (including
popcorn) and bulgur. According to the Food and Drug Administration (FDA) of the United
States, foods such as soybeans, oilseeds (sunflower seeds), roots and corn flour or corn meal
without the pericarp and other essential fractions cannot be classified as whole grains [1,2].
The term grains can also be used as a collective name given to seeds of cereals (wheat, barley,
oats, corn/maize and sorghum) and legumes like peanuts and cowpea (Cajanus cajan) [2].

Whole grains are rich in phytochemicals and provide unique bioactive compounds that are
complementary to those in fruits and vegetables when consumed together. The additive and
synergistic effects of phytochemicals in fruits, vegetables and whole grains are responsible for
their health benefits [3]. Important groups of phytochemicals with great beneficial nutritional
and health effects are phenolics, carotenoids, vitamin E compounds, lignans, -glucan and
insulin. Phenolic compounds are the most common antioxidants in whole grains and are

I m EC H © 2014 Jideani et al,; licensee InTech. This is a paper distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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generally categorized as phenolic acids, flavonoids, stilbenes, coumarines and tannins [4]. The
most abundant phenolic compounds found in whole grains are phenolic acids and flavonoids

(Figure 1).
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Figure 1. Structures of common phenolic compounds

Minerals mg/kg Whole grains

Wheat Rye Barley Corn Oats Rice Buckwheat Millet Sorghum

Phosphorus 1170 3010 2460 990 4110 1030 1550 2400 350
Potassium 1550 4380 3290 1200 4000 1500 2420 2200 240
Magnesium 250 930 670 470 1170 350 1010 1000 188
Calcium 170 330 270 60 530 60 110 100 27
Sodium 20 50 40 10 40 20 10 NA 5
Zinc 8 28 13 5 30 17 25 34 3
Iron 12 28 24 " 38 12 15 48 "
Manganese 5 22 13 NA 58 9 15 7 1
Copper 1 3 1 NA 2 2 6 5 0.2

NA not available. Source: [8,9].

Table 1. Mineral content of whole grains

According to the FDA, a whole grain food is said to meet the whole grain health claim when
it contains 51% whole grain flour by weight of its final product. It is also said to meet the whole
grain health claims when it contains all components of the intact grain, has about 1.7 g of dietary
fibre and also contains 16 g whole grain per serving [5]. In vitro minerals (Table 1) and
phytochemicals in grains can act as antioxidants and used as nutraceuticals when consumed,
by providing the body with protection against cardiovascular, anticancer, antidiabetics and
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antiobese agents, immune boosters, chronic inflammatory disorders and degenerative diseases
[6]. Epidemiological studies have also revealed that regular consumption of whole grains and
their products have been associated with reduced risk of developing chronic diseases [7].
Therefore, dietary modification by increasing the consumption of a wide variety of fruits,
vegetables and whole grains daily, is said to be a practical strategy for consumers to optimize
their health and reduce the risk of chronic diseases.

2. High antioxidant grains

Whole cereal grains contain a wide range of bioactive components with antioxidant effect [10]
such as dietary fibre (DF) and phytochemicals [11,12] that are beneficial against diabetes, colon
cancer and cardiovascular disease (CVD) [13,6,14]. Antioxidants present in whole grain cereals
act in defense to remove the reactive oxygen species (ROS) thereby preventing and curing
oxidative stress-related diseases. In [15], it was reported that vitamin E, folates, polyphenols,
minerals, trace elements, carotenoids, phytic acid, lignin and alkylresorcinols are the bioactive
compounds available in cereal grains. Polyphenols that are predominant in cereals are
hydroxycinnamic, ferulic, gallic, vanillic and g-coumaric acids, of which, ferulic acid is the
most potent. Phenolic compounds [16] are said to be present in cereal grains in free and bound
form, as conjugates with sugars, fatty acids or as proteins. These polyphenols have several
biological functions such as antioxidant, anti-inflammatory and anti-cancer activities that can
protect the human body, which is constantly exposed to endogenous and exogenous free
radicals [17]. Plant sterols, also called phytosterols, found in plants, have been clinically shown
to lower low-density lipoprotein (LDL) cholesterol by about 8 to 15% as part of a heart-healthy
diet. Also, wholegrains that serve as source of DF are useful in the prevention and treatment
of constipation, CVD and hypertension [8,12].

Grains can be classified as typical and pseudo-cereals. Typical cereals include sorghum, wheat,
rice, barley, millet, rye, oat, maize, buckwheat, triticale, fonio, canary grass. Pseudo-cereals
include amaranth, buckwheat, quinoa, kaniwa, and pitseed. Cereals reported with high
antioxidant capacity include sorghum, wheat, barley, millet and amaranth. It has also been
reported that bioactive substances occur in grains at different concentrations and identities
depending on genotypes and phenotypes [9]. Sorghum, millet and barley adapted to the UAE
environment, were found to contain reasonable levels of DF and antioxidant properties [9].
Experimental evidence has shown that certain cereals such as sorghum are rich in antioxidants
that are comparable to those in fruits and vegetables [19]. Varieties of sorghum such as black
sorghum, have been shown to contain significant amount of antioxidants; condensed tannins,
anthocyanins (Figure 2 and 3) and other phytochemicals with properties that complement the
phytochemicals present in fruits and vegetables [19]. Whole wheat and wheat bran-based
ready-to-eat breakfast cereals have also been reported to be an important source of dietary
antioxidants [20]. It has been shown [21] that buckwheat constitutes high amount of total
phenolics, with the highest DPPH radical scavenging activity and capacity for Fe® reduction.
Phenolic acids from breakfast cereals exhibit strong antioxidant activity in vitro at concentra-
tions that can be obtained from a normal serving of whole wheat cereal [20]. Available data
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from the literature also reveals that sorghum is a significant source of phytosterols (tocopherols,
tocotrienols) and policosanol, while rice has been shown to be rich in oryzanols [22].

Figure 2. Condensed tannin

R,
OH
OH o
S R,
Z 0OGlu
OH

Figure 3. Chemical structure of anthocyanin

Cereals naturally contain a wide variety of polyphenols such as the hydroxycinnamic, ferulic,
vanillic, and p-coumaric acids [20], which show a strong antioxidant power and may help to
protect oxidative stress thus decreasing the risk of contracting several diseases [23,24]. Whole
grains including wheat, contains several essential compounds that impact on the oxidative
stability of cells. These compounds include selenium, (3-carotene, vitamins C and E, phytate,
proteins, polysaccharides, phenolics, lignans and tocopherols [20]. Phytic acid can protect
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tissues against oxidative reactions through its ability to sequester and inactivate pro-oxidative
transition metals [25,20]. In addition, acid conditions and enzymic hydrolysis has been
reported to increase the solubility and activity of wheat phenolics, suggesting that the digestive
process could be important in altering the antioxidant potential of wheat-based foods [20].
Simulated gastrointestinal pH treatment and enzymatic hydrolysis also increase the antioxi-
dant activity of wheat and wheat-based breakfast cereal extracts, suggesting that the digestive
process could be important in further enhancing the antioxidant potential of wheat-based
foods [20]. However, it is still unclear if the consumption of cereal causes better health or
whether it is a case of health status influencing food choice [26,27,23].

Processed products from cereals contain different antioxidant contents at varying amounts
(Table 2). The cereals containing most antioxidants include barley, millet, maize and oats.
Notably, polished rice and refined wheat, which are the main cereals eaten by humans globally
are among the cereals with the lowest content of antioxidants [28]. In contrast, common millet
and sorghum, which are important in particular regions in sub-Saharan Africa, South America
and Asia, contains medium to high concentrations of antioxidants. The predominant types of
antioxidants in corn are ferulic acid, anthocyanins, catechin and p-caomaric acid. Wheat is high
in B-glucan, B-cryptoxanthin, catechins, lutein, zeaxanthin and phytosterols. Barley is rich in
tocopherols, tocotrienols and ferulic acids. Millet is high in tricin, luteolin and serotonin, whilst
buckwheat contains rutin and catechins. Oats and rice are rich in avertramidin, catechins,
proanthocyanidins and anthocyanins [3].

In the case of whole grains, corn, wheat, rice and oats are regarded as grains with high
antioxidant activities. Corn has the highest total antioxidant activity compared to the other
three grain types, followed by wheat and then oats. Rice has the lowest antioxidant activity
compared to corn, wheat and oats [29]. Corn shows the highest total phenolic content at 1560
+ 60 pmol gallic acid equivalents/100 g, followed by wheat at 800 + 40 umol gallic acid
equivalents/100 g, oats at 650 + 20 pmol gallic acid equivalents/100 g and rice at 560 + 20 pmol
gallic acid equivalents/100 g. A study designed to investigate the complete phytochemical
profiles in free, soluble conjugated, and insoluble bound forms, as well as their antioxidant
activities in uncooked whole grains [30] showed that corn had the highest total antioxidant
activity (181.42 + 0.86 pmol of vitamin C equivalent/g of grain), followed by wheat (76.70 +
1.38 umol of vitamin C equivalent/g of grain), oats (74.67 + 1.49 umol of vitamin C equivalent/
g of grain), and rice (55.77 + 1.62 umol of vitamin C equivalent/g of grain). Bound phytochem-
icals were the major contributors to the total antioxidant activity; 90% in wheat, 87% in corn,
71% in rice and 58% in oats. Bound phytochemicals can survive stomach and intestinal
digestion to reach the colon. This may partly explain the mechanism of grain consumption in
the prevention of colon cancer, other digestive cancers, breast cancer and prostate cancer as
supported by epidemiological studies. Antioxidant activity of methanolic extracts from some
grains consumed in Korea [31] revealed that the methanolic extracts prepared from red
sorghum and black rice showed significantly higher antioxidant activities and contained
higher polyphenolic contents than other grains such as white rice, brown rice, mungbean,
foxtail millet, prosomillet, barley and adlay. Polyphenolic compounds were found to be the
major naturally occurring antioxidants in grains. Antioxidant activity of small grain cereals
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Amount present in cereals

Cereals Botanical name Family
mmol/100 g

Barley, whole meal flour Hordeum vulgare Poaceae 1.09
Common millet, wholemeal flour  Pennisetum glaucum Poaceae 0.82
Maize, white flour Zea mays Poaceae 0.62
Oats, rough oatmeal Avena sativa Poaceae 0.59
Barley, white flour Hordeum vulgare Poaceae 0.58
Rye, wholemeal flour Secale cereal Poaceae 0.47
Wheat, wholemeal flour Triticum aestivum Poaceae 0.33
Oats, white flour Avena sativa Poaceae 0.32
Bulgur wheat, wholemeal flour Triticum aestivum Poaceae 0.31
Sorghum, wholemeal flour Sorgum bicolor Poaceae 0.30
Common millet, white flour Pennisetum glaucum Poaceae 0.25
Rye, white flour Secale cereal Poaceae 0.23
Rice, grains Oryza sativa Poaceae 0.17
Wheat, white flour Triticum aestivum Poaceae 0.13
Durum wheat, white flour Triticum durum Poaceae 0.05
Rice, white flour Oryza sativa Poaceae 0.04
Pseudo-cereals

Buckwheat, wholemeal flour Fagopyrum esculentum Polygonaceae 1.99
Buckwheat, white flour Fagopyrum esculentum Polygonaceae 1.23

Adapted from [28].

Table 2. Total antioxidant concentration of cereals.

caused by phenolics and lipid soluble antioxidants as investigated in [32] showed a general
considerable variation in antioxidant activities and phytochemical contents between cereals.
A higher DPPH radical scavenging ability and reducing power were detected in hull-less
barley, followed by rye and hull-less oat and durum and bread wheat, indicating that small
grain species have different major antioxidants with different properties. Hull-less barley was
found to have the highest content of total free phenols, flavonoids, PVPP bound phenolics and
contained flavan-3-ols, not found in other species. Hull-less oat had the highest content of
tocopherols, very high content of yellow pigments and PVPP bound phenolics. Ferulic acid
was the major free phenolic acid in small grain cereals tested. A study designed to determine
the composition in hydroxycinnamic acids and the antioxidant properties of soluble extracts
from wheat, rye and buckwheat [33] revealed that the highest levels of total hydroxycinnamic
acids and derivatives were found in the wheat bran and rye bran fractions whereas the
buckwheat flours had only trace quantities of these compounds. The most abundant com-
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Tocopherols Tocotrienols
Grains
a B Y 5 a B Y ]
Wheat 10 7 NA NA 4 28 NA NA
Rye 16 4 NA NA 15 8 NA NA
Barley 8.6 0.9 5.6 0.7 40.3 8.7 10.4 0.9
Oats 14.9 3.0 0.4 NA 56.4 5.4 NA NA
Maize 3.7 0.2 45.0 1.0 5.3 NA 1.3 0.4
Rice 14.6 1.0 1.3 0.1 8.7 NA 11.9 0.5

NA = not available. Source: [35-37].

Table 3. Vitamin E content of whole grains flour mg/kg dry matter

pound present in the wheat and rye fractions was ferulic acid but small quantities of diferulic
acids, sinapic acid, o-coumaric acid and benzoic acid derivatives were also present. The largest
proportions of these phenolic compounds were found as covalently bound (esters) in the
insoluble pellet but between 10% and 30% of the total compounds were solubilized, mostly in
water. Most of the antioxidant capacity was found in the water extracts from all the cereal
fractions. Overall, buckwheat and wheat germ products exhibited the highest antioxidant
capacity whereas the rye products had the lowest antioxidant values, an indication that the
consumption of buckwheat and wheat germ could be an important source of antioxidants
required for healthy living.

The phytochemical content and antioxidant activity of six diverse varieties of whole wheat as
reported in [34] showed free phenolic content ranging from 255 (KanQueen) to 499 (Roane)
1mol gallic acid equivalents/100 g DW. The bound phenolic content ranged from 582 (Roane)
to 662 (Cham1) 1mol gallic acid equivalents/100 g DW. The bound fraction contributed 53.8 -
69.7% of the total phenolic content of the wheat varieties analysed. Ferulic acid was the
predominant phenolic acid found in whole wheat. Total ferulic acid content ranged from 310.8
(Caledonia) to 496.1 (KanQueen) 1mol ferulic acid/100 g DW. The percentage of ferulic acid
found in the insoluble-bound fraction ranged from 87.4% (Caledonia) to 97.2% (KanQueen).
Other phenolic acids, o-coumaric acid, syringic acid, vanillic acid, and caffeic acid were also
detected. Lutein was the predominant carotenoid found in the whole wheat varieties ana-
lysed. Zeaxanthin, 3-carotene, and B-cryptoxanthin were also detected. Mainly a- and (-
tocopherols and a- and {3-tocotrienols were found in all varieties of whole wheat though -
tocopherol was detected in all but two varieties. B-tocotrienol was the predominant form of
vitamin E found in all varieties of whole wheat (Table 3). The antioxidant activity was as-
sessed using the oxygen radical absorbance capacity (ORAC) assay. The ORAC of the free
fraction ranged from 1958 to 3749 1mol Trolox equivalents/100 g DW. The ORAC of the bound
fraction ranged from 3190 to 5945 1mol Trolox equivalents/100 g DW. Total phenolic content
correlated with oxygen radical absorbance capacity (R?=0.810; p <0.001). They concluded that
phytochemicals found in whole grains may be responsible for the health benefit derived from
whole grain consumption.
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Rice is rich in phytochemicals that are present in lipophilic, hydrophilic and insoluble forms.
In reference [38], it was indicated that tocopherols, tocotrienols (Figure 4) and y-oryzanol, are
major lipophilic fractions of whole grain rice and are beneficial to human health. It also contains
tricin, ferulic acid, caffeic acid and methoxycinnamic acid which are hydrophilic phenolic
compounds reported to have cancer protective potential. Barley grains contain DFs, 3-glucans,
arabinoxylans and polyphenols [39,40]. 3-glucans and arabinoxylans present in barley are
critical nutrients that determine wort viscosity, foam stability and beer filtration rates, thus
playing a significant role in beer brewing process [41,42]. Barley B-glucans also plays health
beneficial roles in the reduction of blood cholesterol level, glucose level and helps in weight
loss by increasing satiety, thereby reducing susceptibility to heart disease and type-2 diabetes
[40]. Oats and psyllium husk which contains fibres have also been implicated in the reduction
of homocysteine, cholesterol and risk of CVD [43]. Millets are rich source of DF, phytochemi-
cals, micronutrients, nutraceuticals, and could be rightly termed as nutricereals.

Tocol skeleton

Isoprenoid side chains (SC)

\/\/l\/\)\A/‘\

Tocopherols

Tocotrienols

a-Tocopherol Ry = Rz = CHs
B-Tocopherol Ry = CHy; Rz = H
y-Tocopherol Ry = H; Rz = CHj
G-Tocopherol Ry =Rz=H

Figure 4. Tocopherols and tocotrienols in grains
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3. Grains and human health

Dietary antioxidants are food compounds that impede the deleterious effects of reactive
oxygen species, reactive nitrogen species, or both, on the normal physiological function in
humans [44,27]. Dietary antioxidants include ascorbate, tocopherols, carotenoids and bioactive
plant phenols. ROS; oxygen ions, free radicals, and peroxides and reactive nitrogen species
(RNS); nitrous anhydride, peroxynitrite, and nitrogen dioxide radicals, causes oxidation,
nitration, halogenation and deamination of biomolecules of all types, including lipids,
proteins, carbohydrates, and nucleic acids, with the resultant formation of toxic and mutagenic
products [45,46]. Biological systems control these oxidative factors by a variety of antioxidative
mechanisms that restrict the reactivity of ROS and RNS and oxidation catalysts [20]. In human
cells, de novo antioxidant production is much more limited and oxidative damage resulting
from excess production of free radicals has been reported to initiate the pathogenesis of most
chronic degenerative diseases such as brain stroke, diabetes mellitus, rheumatoid arthritis,
Parkinson’s disease, Alzheimer’s disease, and cancer [27,28]. The production of ROS and RNS
are speedily formed in cells as a consequence of disease processes (e.g. inflammation), tobacco
smoke, environmental pollutants, ingestion of oxidized foods, ischemia, drugs, ethanol and
radiations. If unchecked, such cellular event can promote a chain of chemical reactions that
form free radicals, peroxides and secondary oxidation breakdown products which in turn
reacts with and cause damage to cellular membranes, proteins and nucleic acids [20,23].

Phenolic compounds present in whole grains are known to be effective in protecting against
CVDs and some cancer (Table 4). This protective effect is thought to be mediated through their
action as antioxidants to prevent oxidative damage induced by ROS to some biomolecules
(DNA, lipids and proteins) under pathological conditions [47]. In reference [48], it was reported
that phenolic compounds could be responsible for chelating metals as well as inhibiting the
free radicals capitation by limiting the action of the lipoxygenase enzyme. Phytate compounds
on the other hand may exert antioxidant activity by complexing with iron, reducing the
formation of free radicals and peroxidation of membranes, which could provide anticarcino-
genic power. Lignans on their part are a group of dietary phytoestrogen found in a variety of
plant foods like corn, oats, rye, wheat, flaxseeds, legumes, fruits and vegetables. These plant
lignans when consumed are converted to the mammalian lignans, enterodiol and enterolac-
tone which have strong antioxidant activity. $-glucan is mostly found in cell walls of oats,
barley and wheat. Its major biological effects include lowering of blood cholesterol level,
controlling blood sugar, promotion of weight management, encouraging the growth of
beneficial gut microflora and enhancing the immune system. This is probably due to its high
viscosity property as a soluble fibre to bind cholesterol and bile acids and facilitate their
elimination from the body. It has been [93] indicated that $-glucan had an effect in controlling
blood sugar in diabetes subjects, and was helpful in reducing the elevation in blood sugar
levels after a meal. The authors further indicated that this is probably as a result of delaying
gastric emptying, allowing dietary sugar to be absorbed more gradually, as well as by possibly
increasing the tissue sensitivity to insulin. The United States Food and Drug Administration
(FDA) is allowing whole grain barley products that can supply B-glucan at levels of 0.75 g per
serving or 3 g per day to carry a claim that they reduce the risk of coronary heart disease [49].

175



176  Antioxidant-Antidiabetic Agents and Human Health

Cereals/Parts Method of
Compounds . Effects on Humans References
Found Determination
Induction of immune
responses; lowering of
Vitamins (Tocopherols Germ of all cereal cholesterol levels; defence
) ) HPLC ) o [50,51,52]
and tocotrienols) grains. against oxidative stress;
antimutagenic and
anticancer.
Phytosterols )
) Aleurone, pericap
(Sitosterol, )
and germ of rice, Gas chromatography
campesterol, A Prevent CVDs. [53,54,55]
} wheat, rye, oatand analysis
stigmasterol,
} barley.
brassicasterol)
) ) Believed to have anticancer
Phenolics (Lignans, Bran layer of most B o
o activity; prevent oxidative
phenolic acids, cereals e.g. barley, ]
] . stress, cholesterolemia,
alkylresorcinols, sorghum, rice, rye, HPLC, GC-MS ) ) [56,57,52,58]
) ) atherosclerosis and aging;
avenathramide, wheat, millet and . )
) anti-inflammatory and anti-
coumarins) oat. o
irritant.
UV/Vis Prevent cataracts, age-related
) Yellow endosperm  spectrometry, HPLC ~ muscular degeneration,
Carotenoids [59,52,60]

Flavonoids
(anthocyanidins,

flavonols, flavanones)

Phytate (Inositol
hexaphosphate)

of durum wheat.

Yellow lemon
sorghum, aleurone
of blue and red

coloured maize.

Aleurone layer and
scutellum cells of
germ of most

cereals.

and MS

spectrometry

UV/Vis
spectrometry, HPLC,

mass spectrometry

HPLC, HPIC

cancer and cardiovascular

disease.

Inhibitory effects on cancer,
anti-inflammatory properties,
reduce glycemia, combats

complications of diabetes.

Gene regulation, anti-
inflammatory, prevents
complications of diabetes,
antineoplastic in breast, colon
and liver.

[61,52,62,63]

[64,65,66]

Table 4. Antioxidant compounds in cereals, human effects and methods of determination

According to [67], these antioxidant compounds may offer protection against heart disease,
hormone-related breast and prostate cancers. Enterodiol and enterolactone inhibited colon
cancer cell growth, induced cell cycle and apoptosis in vitro [68]. In a study conducted among
post-menopausal women diagnosed with heart conditions, whole grains was associated with
a slower build-up of artery-narrowing plaque among the post-menopausal women and in
lowering the overall risk of mortality associated to CVDs [69,70]. Whole grains were also
implicated in a 66% reduction in cancer in a study conducted in over 2000 people fed with a
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high-fibre whole grain diet [71]. Available epidemiological evidence suggests that sorghum
consumption reduces the risk of certain types of cancer in humans compared to other cereals
[19]. Positive effects of sorghum and/or millet consumption on cancer have been document-
ed. Sorghum consumption consistently correlated with low incidence of oesophageal cancer
[72] in various parts of the world (including several parts of Africa, Russia, India, China and
Iran) whereas wheat and corn consumption correlated with elevated incidence [19]. Sorghum
containing tannins are widely reported to reduce caloric availability and hence weight gain in
animals. However, with obesity as a major and ever-increasing problem in the developed world
(withmore than 60% of Americans reported to be overweight), this attribute of sorghum tannins
has the potential of mitigating the problem [19]. Although information on how sorghum
phytochemicals affect human health is limited, overall epidemiological studies suggest that
sorghum possesses anti-carcinogenic properties when consumed regularly in the diet.

Whole grains, oilseeds, nuts and legumes are rich in sterols and stanols. In humans, high intake
of sterols or stanols is associated with lowering of serum and LDL cholesterol concentrations.
Phytosterols compete with cholesterol for micelle formation in the intestinal lumen and
inhibits cholesterol absorption [73],. Whole grains are good sources of health beneficial
phytochemicals. These phytochemicals are in free soluble-conjugated and bound forms [74].
Most of them are bound to the cell wall materials and insoluble. This makes it difficult for these
phytochemicals to be released during the upper gastrointestinal tract digestion. As a result of
this, colonic digestion of such materials by microflora results in the release of the bulk of bound
phytochemicals to exert their health benefits. Hence, the reduced risk of colon cancer associated
with increased consumption of whole grain products. Higher beans consumption apart from
being associated with reduced risk of diabetes and obesity, is inversely associated with
prostate, breast and colon cancers [10]. This is due to the presence of elements which are able
to retard the glycemic response, slowing the release of glucose into the blood [75]. This
antioxidant and anticarcinogenic effect of beans has been attributed to the presence of phenolic
and phytate acids, which were previously regarded as unwanted compounds with antinutri-
tional factors.

Consuming whole grains and their products regularly is associated with risk reduction of
developing chronic diseases such as CVDs, type 2 diabetes and some cancers. Therefore,
dietary modification by increasing the consumption of wide variety of fruits, vegetables and
whole grains daily is a practical strategy for consumers to optimize their health and reduce
the risk of chronic diseases [76].

4. Fortified antioxidant grain-based products

Cereal extruded products are mainly composed of starches, and or vegetable proteins. The
role of these constituents is mainly to impart structure, texture, bulk, mouth feel and other
desired characteristics for finished products [77]. Infant cereals are one of the most common
weaning foods. However, these foods in their natural form may lack some vital infant
nutritional requirements for proper growth. The nutritional quality of raw cereal based infant
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products is low, hence they have to be processed (fortified) to improve their overall nutritional
quality [78].

5. Novel antioxidant grain-based products

A novel way of consuming grain products is the consumption of functional foods. Functional
here refers to foods that provide other health benefits to the body apart from those derived
from its nutrients. Eating whole grain meals and functional food products will therefore
enhance the nutritional intake derived from whole grain related diets [79].

6. Global policies affecting antioxidant-rich grain production

Recent dramatic increases in food prices are having severe consequences for poor countries
and their populace. The Food and Agriculture Organization (FAO) of the United Nations,
reports that food prices rose by nearly 40% in 2007 and made further large jumps in early 2008.
Nearly all agricultural commodities including rice, maize, wheat, meat, dairy products,
soybeans, palm oil, and cassava are affected. In response to the price hikes, food riots have
occurred in many developing countries, including Burkina Faso, Cameroon, Cote d’Ivoire,
Egypt, Haiti, Indonesia, Senegal, and Somalia. According to the FAO, 37 countries are now
facing food crises [80].

7. Future research on natural antioxidant-rich grains

Many investigations continue to establish the protective cancer-preventive and healthful
compoundsin cereal grains [81-83,12].In [84], it wasreported thatmany epidemiological studies
suggested that consumption of whole grain cereal is highly correlated to reduced incidences of
chronic diseases. Experimental and epidemiological studies have shown that consumption of
grains, lower the incidence of aging diseases, as well as other non-communicable diseases such
as colorectal cancer, hypertension, stroke and heart diseases [85-87]. There is strong epidemio-
logical evidence that whole-grain cereals protect the body against age-related diseases such as
diabetes, CVDs and some cancers. This may be due to the fibre and micronutrients in the outer
layer and germ fractions of the grain acting together to combat oxidative stress, inflamma-
tion, hyperglycaemia and carcinogenesis. It has been shown that the whole wheat flours of
different wheat varieties contain significant amounts of phenolic antioxidants and dietary
fibres). Cereal bran fibres, good for colon health, show good potential for high incorporation
into extruded foods [88]. Sorghum phytochemicals have been shown to have potential impact
on human [19]. There is now evidence that the consumption of whole grains and whole-grain
products is implicated in the prevention of cancer and other chronic diseases [83]. Studies have
shown that plant food material with polyphenolic constituents have more potent antioxidant
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and anti-inflammatory activities. In many epidemiologic studies, an inverse association
between high cereal intake and low cancer incidence has been observed [83,11].

Future research in antioxidant rich grains may address regional health issues. In Africa, future
research on antioxidant- rich foods can also be directed to address nutritional issues. It was
suggested that while corn starch provides all the features for production of highly acceptable
extruded snack foods its nutritional value is far from satisfying the needs of health conscience
consumers [78]. In the US, future prospective studies may address the question of whether
whole grain intake is directly related to body weight and obesity and whether the associations
are primarily driven by fiber, other dietary component of whole-grain foods, or some other
related aspect of the diet [89].

Epidemiological studies have shown that the consumption of whole grain cereal foods reduces
the risk of chronic diseases linked with metabolic syndrome, such as CVD and diabetes.
Aggressive and consistent consumer education needs to be put in place by the government or
relevant agencies to educate consumers on the health benefits of cereal foods especially in the
developing countries where the level of ignorance is high and literacy is low. Furthermore,
food scientists and engineers, nutritionists and consumer scientists should look into develop-
ing more varieties of appealing cereal based products from the already identified cereal grains
rich in antioxidants and bioactive components. More clinical trials are required to strengthen
the proposed link between the phenolic compounds found in rice and chronic disease
prevention. Research is needed to evaluate the effects of both hydrophilic and lipophilic
antioxidants on their antioxidant capacity. Clinical trials that ascertain the phytochemicals
found in whole grains may be responsible for the health benefit derived from whole grain
consumption.

8. Conclusion

The beneficial effects associated with whole grain consumption are in part due to the existence
of the unique phytochemicals of whole grains [9]. Based on the epidemiological data, con-
sumption of whole wheat grain has been recommended to improve insulin sensitivity and to
lower serum insulin concentration [90,91].
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1. Introduction

1.1. Bambara groundnut

Bambara groundnut (Vigna subterranea (L.) Verdc.) [BGN] is an easy-to-cultivate legume seed
classified under the family Fabaceae, sub-family Faboidea and genus Vigna [1]. Two botanical
varieties exist, namely V. subterranea var. spontanea (wild varieties) and V. subterranea var.
subterranea (cultivated varieties). BGN originated in West Africa from the Bambara district near
Timbuktu and is now widely grown throughout tropical Africa, Indonesia, Malaysia, Sri
Lanka, Central and South America and some parts of Northern Australia [2-4]. BGN is known
by many common names such as Madagascar groundnut, baffin pea, voandzou, indhlubu,
underground bean, nzama [Malawi], Epa-Roro [Nigeria], jugo beans [South Africa] and Nyimo
beans [Zimbabwe] [1, 5]. Considered as one of the main attributes of BGN, is its tolerance of
poor soils and drought, as well as its ability to yield in conditions in which groundnut fails
completely. BGN also has an extremely tough seed coat, which makes it resistant to weevil
attack and allows for storage of the seeds for long periods without loss [6]. Favourable
characteristics making BGN an ideal crop includes its ability to be intercropped with other
crops (i.e. maize, babala and sorghum), therefore not taking up areas designated to crops seen
as more lucrative/important, its abundance in nitrogen which improves soil fertility and makes
itusefulin crop rotation, and the possibility to be grown without the use of expensive chemicals
and fertilisers which are usually difficult to obtain in isolated areas [4].

BGN is propagated by its seeds which can be bought at local markets or are retained from the
previous harvest. The larger seeds are used for cultivation and to retain maximum viability
the seeds are dehulled before sowing [5]. As a leguminous annual short-day plant, BGN is
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grown for its underground seeds. Similar to the peanut, the BGN plant grows close to the
ground and pods and seeds are formed on or below the soil surface [5]. Depending on the
cultivar and weather conditions, the BGN plant matures in three to six months. The flowers
and pods have been identified as essential parts of the plant [7]. The onset of flowering is 30 —
35 days after sowing, followed by pod development 30 days after the fertilisation process and
the seeds developing after the pods in ten days. Pods are approximately 1.5 cm long, they may
be wrinkled and slightly oval or round shaped containing one to two seeds. Pod colour varies
from yellowish-white for unripe pods to yellowish-brown or purple for mature pods [2, 6].
BGN seeds are usually round, hard and smooth and vary in size. The colour of the seeds vary
from black, dark-brown, red, white, cream or a combination of these colours and it may also
be speckled with or without hilum colouration [1,6]. Illustrations of the BGN plant and various
seed varieties are shown in Figure 1.

Figure 1. Bambara groundnut plant and seeds (A) Bambara groundnut flowering plant (1 - flower, 2 - fruits, 3 —
seed); (B) Several varieties of Bambara groundnut seeds [8-9]

1.2. Moringa oleifera

The family of plants Moringaceae consists of 13 species outlined in Table 1. Out of the 13 species
only M. oleifera has been accorded extensive research and development. They are important
multipurpose crops in Africa and India. The species reported to have originated in India and
Africa, are now grown around the world. Major production include Ghana, Senegal and
Malawi, smaller production are in New Zealand and Fiji and more recent production in
Nicaragua and Bolivia [10]. Moringa species are highly tolerant to arid conditions due to the
formation of very large tuberous roots, and hence are often important famine foods [11]. Some
common names for M. oleifera are detailed in Table 2. Moringa is a medium sized tree of 10 m
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height, with a straight trunk (10-30 cm thick), whitish or gray, corky bark with longitudinal
cracks. It has a tuberous taproot whose presence helps the species’ tolerance to drought
conditions. The tree is normally umbrella shaped with a lax crown of graceful, airy foliage,
whose feathery effect is due to the finely tripinnnate division of the leaves (Figure 2). The leaves
are densely crowded at the tops of the branchlets [12].

Species Origin
Moringa oleifera India

M. drouhardii Madagascar
M. cocanensis India

M. arborea North Eastern Kenya

M. hildebrandltii Madagascar

M. oleifera India

M. borziana Kenya and Somalia

M. ovalifolia Namibia and extreme southwestern Angola
M. peregrina Horn of Africa, Red sea, Arabia

M. longituba Kenya, Ethiopia, Somalia

M. stenopetala

Kenya, Ethiopia

M. pygmaea

Northern Somalia

M. rivae

Kenya, Ethiopia

M. ruspoliana

Kenya

'Adapted from [12]

Table 1. Moringa species’

2. Food uses of the crops

2.1. Bambara groundnut

Primarily grown for human consumption, BGN seeds are consumed in various ways in both
immature and fully matured form. Whilst immature, the BGN seeds may be consumed fresh
(raw), grilled or it may be boiled before consumption. These seeds are also more palatable
compared to the mature seeds which are hard. To soften the mature seeds and render them
more pleasant tasting and sweet, the seeds are boiled or roasted [7, 5]. Immature seeds are
frequently consumed as a snack by boiling the fresh seed with salt or roasting the seeds, and
may also be pounded with or without hulls and boiled into a stiff porridge [8, 4, 13]. Mature
seeds may be consumed as is by boiling in water, or it is often ground into flour and consumed
as porridge by mixing the flour with butter or oil. The seeds may also be dried, boiled and
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consumed with plantains or maize [7-8]. Traditional uses of BGN inherent to certain areas in
Africa are summarised in Table 3. Despite the many uses of BGN, the crop still remains
underutilised due to several negative connotations such as being traditionally grown by
women, an indigenous crop consumed by the poor in rural areas (from there the name “a poor
man’s food”), not being considered a lucrative cash crop and the difficulty in cooking and costs

(including time, water and fuel) associated with cooking the seeds [4].

Language Common name

English Moringa, horseradish tree, drumstick tree, sujuna, ben tree, ben oil tree
French Ben ailé, ben oléifere, benzolive, arbre radis du cheval

Spanish Ben, arbol del ben, paraiso, morango, Moringa

Portuguese acécia branca, marungo, muringa, moringuiero; cedro (Brazil)

Arabic ruwag, alim, halim, shagara al ruwag (Sudan)

Swahili mzunze, mlonge, mjungu moto, mboga chungu, shingo

German Behenbaum, Behenussbaum, fligelsaniger Bennussbaum, Pferderettichbaum
[talian Sandalo ceruleo Fon: kpatima, yovokpatin,kpano,yovotin

Gun ekwe kpatin, kpajima

Nigeria

Yoruba & Nago

ewe igbale, éwe ile, ewe oyibo, agun oyibo, ayun

manyieninu, ayere oyibo

Fulani gawara, konamarade, rini maka, habiwal hausa

Hausa zogall, zogalla-gandi, bagaruwar maka, bagaruwar masar, shipka hali, shuka halinka,
barambo, koraukin zaila, rimin turawa

Ibo Ikwe oyibo

Senegal nebeday

Philippines malunggay or malungai (Tagalog)

India sujuna, sajina, lopa, horseradish or drumstick tree

Haiti benzolive (Haitian Creole)

Source: [12]

Table 2. Moringa common names'

Several research investigations are therefore aimed at highlighting the potential value of BGN
as a sustainable food security crop. As in [14], milk was prepared from BGN by soaking the
seeds in water, followed by homogenisation of the liquid and removal of the insoluble material.
Acceptable BGN milk was obtained, and sensory analysis revealed panellists’ preference for
BGN milk in colour and taste compared to milk produced from soybean, cowpea and pigeon-
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pea. More recently, the functional properties of BGN flour and protein and starch fractions
have also been investigated, as a means of better utilisation of this underutilised crop in food
applications [15-19, 3].

2.2. Moringa oleifera

Moringa tree yields at least four different edibles namely pods, leaves, seeds and roots [12].
Figure 3 outlines some of the food uses of Moringa. The immature pods are the most valued
and widely used of all the tree parts as it contains all the essential amino acids along with many
vitamins and other nutrients. The tender pods have the general characteristics of a succulent
string bean. It can be eaten raw or prepared like green peas or green beans. In India, they are
usually added to curries and sometimes sliced, blanched and canned. The mature pods quickly
turns tough as thick as a pencil and are too fibrous to eat like the string beans. In that form
they are called drumsticks. However, they are cut into pieces to release the sweet frothy inside
material which are well known ingredients in pickles in India.

Figure 2. Part of Moringa tree (A) Moringa tree; (B) Moringa pods; (C) Moringa leaves and (D) Moringa pods with the
seeds (www.iloveMoringa.com)

The fresh leaves are eaten as greens, in salads, in vegetable curries, as pickles and for seasoning.
The dried leaves are crushed or pound and sifted into leaf powder which can then be added
to sauces and foods as condiment. The flowers must be cooked and are eaten either mixed with
other foods or fried in batter, and have been shown to be rich in potassium and calcium.

The seeds are often referred to as peas and can be used from the time they appear until they
turn yellow and their shells begin to harden. They can be cooked like green peas. Hardened
mature seeds are bitter and can be pressed yielding 38 — 40% of non-drying, edible oil which
is clear, sweet and odourless and never becomes rancid and burns without smoke; its nutri-
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tional value resembles olive oil [20]. The seed powder can be used for water treatment where
the powder coagulates solids and removes 90 — 99% bacteria.

The thickened root is used as substitute for horseradish although this is now discouraged as
it contains alkaloids, especially moriginine, and a bacteriocide, spirochin, both of which can
prove fatal following ingestion. Older roots and root bark are good sources of tanning agents.

Country BGN food uses Source

Cameroon Testa-free fresh seeds — consumed as a complete meal by cooking [21]
with seasoning, or ground to prepare a traditional pudding

sometimes with addition of taro leaves

Northern Ghana Dry BGN seeds - boiled and crushed seeds used to form cakes/ [22-23]
balls followed by frying and adding to stews; BGN is also made
into a paste and used in traditional dishes ‘tubani’ (steamed bean

paste) and 'koose’/'akla’ (fried bean paste)

Southern Ghana 'Aboboi’ — prepared by soaking BGN seeds overnight followed by
boiling (with/without capsicum pepper and salt) to produce a
type of porridge/blancmange; served with ‘gari’ or plantain (ripe,

fried or mashed)

Kenya — Kambe & Giriama Dry BGN seeds are prepared by removal of the seed coat through [24]
tribes pounding, winnowing and boiling the seeds until cooked; cooked
seeds are pounded and mixed with coconut juice - this
preparation is cooked and stirred until smooth, and served with
‘ugali’ or rice
Nigeria Paste prepared from BGN flour used in preparation of ‘'moi moi’ [25-26]
and ‘akara’ (bean balls); ‘okpa’ (steamed gel prepared by slurry of
BGN)

South Africa BGN (sometimes with peanuts) are added to millet or maize and [27]
the mixture boiled to form a stiff dough; this dough is salted and
made into a ball known as ‘tshidzimba’ (Venda), ‘sekome’

(Sesotho) or ‘tihove' (Shangaan)

Table 3. Some food uses of Bambara groundnut in parts of Africa

3. Nutritional characteristics

3.1. Bambara groundnut

BGN seeds contain on average 63% carbohydrate, 19% protein and 6.5% fat; amounts which
are regarded as sufficient to make the seed a complete food [1]. Reference [4] compared the
nutritional composition of BGN with more commonly utilised and commercialised grain
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legumes, and BGN compared favourably (see Table 4). The high carbohydrate content of BGN
is mainly composed of starch and non-starch polysaccharides [1], fractions which are impor-
tant in the human diet providing energy and imparting several physiological functions. BGN
is also rich in calcium, potassium, iron and nitrogen [4, 6]. In [28] the proximate composition
of seeds, flour and seed coats from different BGN varieties were compared. Results for BGN
seeds and flour showed no big differences, concluding that the inherent nutrients would be
provided in either raw or processed (milled) form. Nti [22] evaluated the chemical composition
of five BGN varieties as well as the effects of different processing conditions on the chemical,
mineral and anti-nutritional composition of BGN flour samples. The moisture content of all
varieties (ranging from 8.8 + 0.22 — 9.8 + 0.23%) indicated good storage stability of BGN seeds.
An increase in tannins content were observed in darker-coloured varieties, with black white-
eye BGN having the highest tannin content (14.92 + 0.85 mg CE/g).

Immature

pods Mature pods Leaves Seeds Roots

Boiled

Sliced and
used in
pickles and

Boiled like
spinach

Roasted Condiments

curries
Cooking oil

Dried,
cushed
and
sprinkled
on food

Biodiesel

Sliced and
diced
before
cooking

Fresh, eaten
like green
peas/beans

Pickled

Water

purification
agent

Figure 3. Some food uses of Moringa tree

These anti-nutritional components are mainly found in the seed coat and as in common beans,
their concentration are correlated with the colour of the seeds [1]. Dehulling and boiling with
dehulling having significant effects on the protein and tannins content of all varieties. Protein
content which was highest in the undehulled (27.35 + 0.27%) black white-eye variety as
compared to the other varieties, increased significantly [p <0.05] when dehulled (28.55 +0.26%)
and boiled with dehulling (28.61 +0.51%). Tannins content in undehulled black white-eye BGN
flour (15.40 + 0.39 mg CE/g) decreased significantly [p < 0.05] when the sample was dehulled
(1.16 £ 0.12 mg CE/g) and even more so when boiling and dehulling (0.09 + 0.02 mg CE/g).
These results demonstrate the positive effect of processing conditions on the nutritional
properties of BGN, which could lead to increased utilisation in especially weaning products
in which high-protein formulations are important.
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The highly nutritious content of BGN and its unusually high content of the sulphur-
containing essential amino acid methionine, makes BGN an important crop to consider for
food security [4].

Bambara groundnut Soybean Chickpea Cowpea
Calories (kCal) 390.0 416.0 364.0 343.0
Protein (g) 20.8 36.5 19.3 23.8
Carbohydrates (g) 61.9 30.2 60.6 59.6
Fat(g) 6.6 19.9 6.0 2.1

' Adapted from [4]

Table 4. Nutritional composition of BGN and some commonly utilised legumes’

3.2. Moringa oleifera

M. oleifera leaves are good source of protein, (3-carotene, vitamins, A, B, C and E, riboflavin,
nicotinic acid, folic acid, pyridoxine, amino acids, minerals and various phenolic compounds
[29-30]. Moringa oleifera leaf powder (25 g daily) is said to give a child the recommended daily
allowance for protein (42%), calcium (125%), magnesium (61%), potassium (41%), iron (71%),
vitamin A (272%), and vitamin C (22%). Gram for gram, M. oleifera leaves contain seven times
the vitamin C in oranges, four times the calcium in milk, four times the [-carotene in carrots,
twice the protein in milk and three times the potassium in bananas [31-33].

Leaves of M. oleifera are rich in palmitic (16:0) and linolenic (18:3) acids whereas the seeds are
predominated by oleic acid (18:1). The roots are rich in palmitic and oleic acid whereas the
stems and twigs are rich in palmitic acid [34]. It is becoming popular not only among the lower
socio-economic class, but in the entire society irrespective of one’s socio-economic background
and health status.

4. Phytochemical properties of the crops

4.1. Bambara groundnut

Some phytochemistry studies have been done on species from the genus Vigna, with most
focussing on V. unguiculata (cowpea) and limited information available on V. subterreanea. Pale
et al. [35] investigated the anthocyanins present in bambara groundnut through column and
preparative thin-layer chromatography. Three anthocyanins (delphinidin 3-O-f-glucoside,
petunidin 3-O-B-glucoside and malvidin 3-O-@-glucoside) were identified. Anthocyanins have
many beneficial effects on health, and further investigation into the health properties associ-
ated with BGN consumption is needed. In a study by [36], eleven species of Vigna were
surveyed for canavanine, proanthocyanidin and flavonoid profiles. Canavanine, delphinidin
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and cyanidin were absent in BGN seeds. The absence of canavanine is consistent in the species
of Vigna. The flavonoid profiles revealed that the four BGN varieties studied accumulated four
types of kaempferol glycosides. In all Vigna species, the prevalent flavonoid appears to be
kaempferol. Kaempferol-3-O-glucoside-7-thamnoside seemed to be restricted to BGN. As a
polyphenol antioxidant, kaempferol imparts many health benefits and reduces the risk of
many chronic illnesses such as cancer [37]. A recently published article by [38] also reveals the
possible components in BGN which could have beneficial effects on health in their study on
the effects of gas flaring on the African breadfruit and BGN. Valuable information on the
phytochemical properties of BGN was found with high concentrations in the unpolluted
samples for oxalate (0.38 + 0.04%), saponin (0.24 + 0.02%); vitamin E (3.18 + 0.15 mg/100 g),
vitamin C (1.17 + 0.20 mg/100 g), vitamin A (26.05 + 0.14 mg/100 g) and niacin (2.10 + 0.06 mg/
100 g). The concentrations of oxalate, saponin, alkaloid and flavonoid were increased by gas
flaring, whilst the concentrations of vitamins were significantly [p <0.05] reduced. Vitamin A
which is important for maintaining good eye-sight and preventing eye diseases [39], were
significantly higher [p < 0.05] in the BGN seeds as compared to the other vitamins detected.
The information available on phytochemical components of BGN seeds is promising, and
should be further investigated to determine and highlight their specific effects on human
health, which could greatly influence the current underutilised status of this crop.

4.2. Moringa oleifera

Strickly speaking, phytochemicals are non-nutritive chemicals produced by plants which may
have an impact on health, or on flavour, texture, smell or colour of the plants. Plants produce
these chemicals to protect themselves but recent research demonstrates that they can also
protect humans against diseases. The phytochemicals include the alkaloids, anthocyanins,
carotenoids, coumestans, flavan-3-ols, flavonoids, hydroxycinnamic acids, isoflavones,
lignans, monophenols, monoterpenes, organosulfides, phenolic acids, phytosterols and
saponins. Each phytochemicals work differently. M. oleifera contains various phytochemicals
namely, carotenoids, vitamins, minerals, amino acids, sterols, glycosides, alkaloids, flavonoids
and phenolics [40, 29]. Table 5 details the phytochemicals found in M. oleifera. Moringa species
are rich sources of various phytochemicals including uncommon sugar-modified glucosino-
lates, although there are only details on quantity and profiles for M. oleifera, M. peregrine and
M. stenopetala [34, 41-42]. The predominant glucosinolate is 4-O-(a-L-rhamnopyranosyloxy)-
benzylglucosinolate (glucomoringin) and depending on the tissues three mono-acetyl-
rhamnose isomers of this glucosinolate have also been detected [41, 43]. Chlorogenic acids and
flavonols have been reported in different tissues of M. oleifera and M. stenopetala but there is
no information for other Moringa species [34, 40-41, 44-45]. The flavonoid profile was found to
be quite complex and was predominated by flavonol glycosides (glucosides, rutinosides and
malonylglucosides of quercetin, kaempferol and isorhamnetin). The predominant core
aglycones are flavonols: quercetin > kaempferol > isorhamnetin. The leaves had the highest
and most complex flavonoid contents, and no flavanoids were detected in roots or seeds. The
antioxidant activity of leaves from M. oleifera was shown to be very high due to the high
concentrations of polyphenolics [46-47]. Therefore M. oleifera tissues could be an important
dietary source of antioxidant polyphenolics.
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Guevara et al. [48] isolated eight compounds from the seeds of M. oleifera namely, O-ethyl-4-
(a-L-rhamnosyloxy)-benzyl carbamate, 4-(a-L-rhamnosyloxy-benzyle isothiocyanate, niazi-
micin,  niazirin,  P-stiosterol,  glycerol-1-(9-octadecanoate),  3-O-(6"-O-oleoyl-p-d-
glucopyranosyl)-fsitosterol and p-sitosterol-3-O-f3-d-glucopyranoside. 4-(a-L-rhamnosyloxy-
benzyle isothiocyanate, niazimicin and [-sitosterol-3-O-f3-d-glucopyranoside showed
significant inhibitory activity against Epstein-Barr virus-early antigen (EBV-EA) and niazimi-
cin in particular was found to have potent antitumor promoting acitivity in vivo in the two-
stage carcinogenesis in mouse skin. They proposed that niazimicin could be a potent chemo-
preventive agent in chemical carcinogenesis. Beta-sitosterol acts against some form of cancer
and was found to reduce the growth of prostate and colon cancer cells. Other medical benefits
of beta-sitosterol are boosting of immune defense, anti-inflammatory, normalising blood
sugar, healing of ulcers and alleviating cramps.

Niaziridin and niazirin are present in leave and pods, respectively and are not detected in the
bark of M. oleifera. Relatively higher amount of niazirin is present in leaves in comparison to
the pods, while niaziridin content was about three times higher in the pods than the leaves [49].
Niaziridin rich fraction of M. oleifera pods enhances the bioactivity of commonly used antibi-
otics such as rifampicin, tetracycline and ampicillin against gram positive and negative bacteria
and also facilitates the absorption of drugs, vitamins and nutrients through the gastro-
intestinal membrane thus increasing their bio-availability [50]. Therefore, niaziridin can be
used in combination therapy with drugs and nutrients resulting in reduced drug associated
toxicity, reduced cost and duration of chemotherapy [49]. Hence, fruits of M. oleifera contain
antitumor and anti-inflammatory compounds of the glycoside type (i.e. niazirin, niazimicin,
niazicin A).

Phytochemical Structure Location Ref.
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Benzylglucosinolate (Glucotropaeolin)
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Phytochemical Structure Location Ref.
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'Source: [34]

Table 5. Phytochemicals found in M. oleifera’

Polyphenolic compounds exist widely in the plant kingdom and are used in humans to
modulate lipid peroxidation involved in atherogenesis, thrombosis and carinogenesis due
to their antioxidant activity and anti-inflammatory action [40, 51]. Both aqueous and acetone
extracts of M. oleifera leaves have potent antioxidant activities; however, Moyo et al. [52]
reported higher values of phenols, flavonoids, flavonol and proanthocyanidins in acetone
extract of M. oleifera leaves than the aqueous extract. Similar observation was reported by
other researchers [40, 46, 53-54]. The ability of the extracts to adsorb and neutralise free
radicals or decompose peroxides are attributed to the synergistic effect of phenolic
compounds in the M. oleifera. The redox properties, presence of conjugated ring struc-
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tures and carboxylic group which can inhibit lipid peroxidation are responsible for its ability
as free radical scavengers [55].

The aqueous extract of leaf (LE), fruit (FE) and seed (SE) of M. oleifera could significantly
inhibit the OH-dependent damage of pUC18 plasmid DNA with an activity sequence of
LE > FE > SE. Gallic acid, chlorogenic acid, ellagic acid, ferulic acid, kaempferol, querce-
tin and vanillin were present in the extracts. The leaf extract was comparatively higher in
total phenolics [105.04 mg gallic acid equivalents (GAE/g)], total flavonoids [31.28 mg
quercetin equivalents (QE/g)] and ascorbic acid (106.95 mg/100 g) with better antioxidant
activity (85.8%), anti-radical power (74.3), reducing power [1.1 ascorbic acid equivalents
(ASE/ml)], inhibition of lipid peroxidation, protein oxidation, OH-induced deoxyribose
degradation and scavenging power of superoxide anion and nitric oxide radicals than did
the FE, SE and standard a-tocopherol [56]. Many gram negative bacteria such as Erwinia
carotovora, Enterobacter agglomerans, Chromobacterium violaceurn and Pseudomonas aeruginosa
use N-acyl homoserine lactones (AHLs) signal molecules to monitor their own popula-
tion density. At a threshold population density, AHLs interact with cellular receptors and
trigger the expression of a set of target genes including virulence, antibiotic production,
biofilm formation, bioluminescence, mobility and warming, in a process called “quorum
sensing” (QS) [57]. The discovery of the QS system and its critical role in bacteria viru-
lence and survival has revealed a novel way to attack and attenuate bacterial pathogenici-
ty. The major advantage of this novel strategy for anti-infective therapy is that it circumvents
the problem of antibiotic resistance, which is intimately connected to the use of convention-
al antibacterial agents, as it specifically interferes with the expression of pathogenic traits
rather than to impede growth of the bacteria. The efficacy and toxicity of previous reported
QS blockers (halogenated furanones) have been important concerns. Hence, attention has
been focused on identification of such QS blockers from natural and non-toxic sources for
the development of novel non-antibiotic drugs for treating bacterial diseases in humans as
well as in other animals. Singh et al. [56] reported that the leaf and the fruit extracts of M.
oleifera inhibited violacein production, a QS-regulated behaviour in Chromobacterium
violaceum 12472. This provides evidence on M. oleifera as natural antioxidant for its capacity
to protect organism and cell from oxidative DNA associated with aging, cancer and
denegerative diseases as well as inhibit lipid peroxidation and bacterial QS. Thus, M. oleifera
may serve as an ideal ingredient for functional food, nutraceutical and bio-pharmaceuti-
cal industries.

The seeds of Moringa oleifera contain 4 (a-L-Rhamnosyloxy) benzyl isothiocyanate and benzyl
isothiocyanate. These are antimicrobial agents effective against several bacteria and fungi. The
minimal bactericidal concentration in vitro is 40 pmol/l for Mycobacterium phlei and 56 pmol/l
for Bacillus subtilis [58]. Singh et al. [10] identified ten phenolic compounds (gallic acid, p-
coumaric acid, ferulic acid, caffeic acid, protocatechuric acid, cinnamic acid, catechin, epica-
techin, vanillin and quercetin) from defatted M. oleifera seed flour. These natural plant
phenolics could be a good source of antioxidants and antimicrobials for food and pharma-
ceutical industries.
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5. Therapeutic and prophylactic properties of the crops

5.1. Bambara groundnut

The medicinal role of BGN is mainly based on information obtained from communities in
several parts of Africa, where this crop is reportedly responsible and useful for treatment
of various ailments. As a treatment for diarrhoea, a mixture of BGN and water from boiled
maize are consumed. Raw BGN seeds are chewed and swallowed by pregnant women to
alleviate the nausea associated with pregnancy [7]. The medicinal value of the crop have
also been highlighted and reviewed by [59]. The following uses of BGN as traditional
medicine have been noted by the authors (i) In several countries in sub-Saharan Africa,
BGN plays an important role in the diets of especially young rural children as it helps in
overcoming the protein deficiency Kwashiorkor; (ii) The Igbos tribe in Nigeria use the seeds
for treatment of venereal diseases; (iii) To treat polymenorrhea it is recommended that BGN
seeds be roasted before consumption; (iv) The water in which BGN seeds are boiled is used
as treatment for internal bruising, and a mixture of water and crushed seeds are prescri-
bed for treatment of cataracts; (v) BGN seeds have the highest concentration of soluble fibre
as compared to other beans; this could contribute to the reduction of heart disease incidence
and prevention of colon cancer; (vi) Surveys amongst local communities in northern Cote
d’Ivoire revealed that the BGN seeds are mainly used for medical treatments as opposed
to other parts of the plant. The seeds are used to treat anemia, ulcers (black BGN variety
mixed with an unidentified plant) and menorrhagia during pregnancy (hemostatic drink
prepared by a mixture of BGN flour and Pupalia lappacea (L.) Amaranthaceae dissolved in
water). The traditional uses of BGN to treat several ailments are noteworthy, and present
a gap for detailed study on the pharmaceutical value of the crop. This would provide yet
another means of highlighting the potential of BGN as an underutilised legume and tap
into ways of encouraging more sustained production and use of BGN.

5.2. Moringa oleifera

Besides the rich nutritional value of M. oleifera it has curative and prophylactic properties
[24]. Almost all the parts (root, bark, gum, leaf, pods, flowers, seed and seed oil) of M.
oleifera have been used for various ailments including the treatment of inflammation and
infectious diseases along with cardiovascular, gastrointestinal, haematological, hepato-
renal disorders, diabetes mellitus, CNS depressant, and for antifertility effect [40]. The plant
has been used for the treatment of ascites, rheumatism and for the enhancement of cardiac
function. The seed extract have been reported to be administered nasally in diseases like
rhinitis and the dried seeds used successfully as an ‘anti-allergic’ agent by the Ayurvedic
practitioners [60]. Mahajan [61] reported an antiarthritic activity of ethanolic extract of seeds
of M. oleifera against chemical induced rheumatoid arthritis as well as an antiasthmatic
activity against immune-mediated inflammatory responses in rat [62]. M. oleifera seed extract
can act against CCl4-induced liver injury and fibrosis in rats by a mechanism related to its
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antioxidant properties, anti-inflammatory effect and its ability to attenuate the hepatic
stellate cells activation [63].

Siddhuraju and others [40] reported that leaf extracts (water, aqueous methanol, aqueous
ethanol) were capable of scavenging peroxyl and superoxyl radicals. The major bioactive
compounds of phenolics were found to be flavonoid groups such as quercetin and kaempferol.
Moringa leaves are therefore potential source of natural antioxidants. The ethanol leaf extract
of Moringa oleifera is used for hypertension [64-66]. The leaves are used as hypocholesterolemic
and hypoglycemic agents [64, 67-68]. Additionally, the leaves have been reported for its
antitumour [69], antioxidant [46, 54, 70], radio-protective [71-72], anti-inflammatory/diuretic
properties [73], antihepatotoxic [74], antifertility [75], antiurolithiatic [76] and analgesic
activities [77]. Choudhary and others [78] reported that ethanolic root-bark extract of M.
oleifera possesses valuable antiulcer, antisecretory and cytoprotective activity in rats and thus
can be used as source for an antiulcer drug.

An old report from Southeast Asia says a decoction of bark stimulates menses and is used for
“morning after” birth control. In parts of West Africa, Moringa leaves or juice are taken for
diabetes and high blood pressure [12]. Traditionally, leaves, fruits, roots and seeds of this plant
are used for treating abdominal tumors, hysteria, scurvy, paralytic attacks, helminitic, bladder,
prostate troubles, sores and skin infections [32].

Moringa oleifera possess genotoxicity at a high dose 3000 mg/kg b.wt of the powdered aqueous
extract. However, intake is safe at levels < 1000 mg/kg b.wt. [79].

6. Harnessing the rich nutritional and health properties of Bambara
groundnut and M. oleifera for human nutrition

Bambara groundnut is a leguminous crop with great potential of sustaining the dietary needs
of many people in both rural and urban communities. This indigenous African legume have
been frowned upon as a ‘poor man’s food’, but as more information emerges on the rich
nutritional profile of BGN the importance of this crop to human nutrition is becoming more
evident. In our laboratory we have demonstrated that Bambara groundnut could be used to
produce a probiotic beverage as well as a rich source of soluble and insoluble fibre that can be
used to enhance the nutrition and textural properties of white bread [80-81].

Moringa could be incorporated into programs on malnutrition. With four times the beta-
carotene of carrot, Moringa has especial potential for programs dealing with avitaminosis, the
vitamin A deficiency that causes 70 percent of childhood blindness. Consumption of diet
supplemented with M. oleifera leaves could protect against diseases induced by oxidative
stress. Many Moringa nutritional supplements exist in the market including Moringa dry leaf
powder, capsules, nutrition shake and health booster. Perhaps using the multi mix approach
of food product development more food products could be developed especially for programs
on malnutrition.
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1. Introduction

Cardiovascular disease (CVD) is a substantial and growing problem in most of the developing
regions of the world. Evidence from experimental, clinical and epidemiological studies has
unequivocally pointed to oxidative stress as the key culprit in the pathogenesis of CVD [1, 2].
CVD continues to remain a concern in developed countries and is a growing health concern
worldwide. Although death rates from CVD have decreased in many countries due to
advances in the field of medicine, the prevalence of CVD risk factors continues to increase.
Diet is a centrally important, modifiable risk factor in the prevention of CVD [221-224].

The protection offered by foods is probably mediated through multiple beneficial nutrients
contained in these foods, including mono- and polyunsaturated fatty acids, antioxidant
vitamins, minerals, phytochemicals, fibre and plant protein. In dietary practice, healthy plant-
based diets do not necessarily have to be low in fat. Instead, these diets may include unsatu-
rated fats as the predominant form of dietary fat (e.g., fats from natural vegetable oils and
nuts).

Consistent evidence suggests that diets rich in fruit and vegetables and other plant foods are
associated with moderately lower overall mortality rates and lower death rates from chronic
diseases including CVD [3- 6]. The “antioxidant hypothesis’ proposes that vitamin C, vitamin
E, carotenoids and other antioxidant nutrients offer protection against CVD by decreasing
oxidative damage [7-9]. As evidence began to mount from animal studies and human epide-
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miological studies on the potential protective effects of antioxidants, excitement in both the
lay and medical communities also began to increase.

There has been a global increase in the use of medicinal plants that contain significant amounts
of antioxidant-rich oils, offering multiple health benefits with fewer side effects compared to
their synthetic counterparts. The idea is that natural compounds, if taken in supplement form,
may offer a broad and inexpensive means of decreasing the risk for CVD. Natural products,
such as vegetable oils and nuts, may be viewed as a cocktail of active ingredients that often
have a synergistic effect on health. The (n-3) PUFAs have been shown in epidemiological and
clinical trials to reduce the incidence of CVD. Large-scale epidemiological studies suggest that
individuals at risk of coronary heart disease (CHD) benefit from the consumption of plant and
marine derived (n-3) PUFAs, although the ideal intake is presently unclear. Overall, in view
of the prevalence of CHD, consumption of (n-3) PUFA oils should be considered as a useful
complementary option for the amelioration of CVD. Several researchers have shown encour-
aging findings on the protective effects of some vegetable oils and nuts. However, more
research needs to be done with regards to the nutrients in these vegetable oils and nuts to
elucidate the protective effects against CVD progression. This chapter focuses on the beneficial
roles of antioxidant-rich vegetable oils and nuts in the management of CVD, their mechanisms
of action and future prospects.

The term “cardiovascular disease (CVD)” encompasses the major clinical end-points related
to the heart and vascular system, including ischaemic myocardium (heart failure and angina),
myocardial infarction (heart attack), cerebrovascular disease (stroke), high blood pressure
(hypertension), peripheral arterial disease (ischaemia of the limbs), arrhythmias, congenital
heart disease and rheumatic heart disease. The facts are unequivocal and disturbing; CVD is
the leading cause of death worldwide [10-12].

Chronic diseases are disorders with a long duration and generally slow progression. They
comprise four major non-communicable diseases (NCDs) as listed by the World Health
Organization (WHO), namely CVD, cancer, chronicrespiratory disease and diabetes [13], which
are now reaching epidemic proportions in low- and middle-income countries (LIMIC) of the
world [14-18]. NCDs constitute the major global health burden of the 21% century [19-20] without
discriminating among age groups [21]. Chronic diseases are implicated in 35 million deaths
annually worldwide and a large portion of these deaths occurs due to CVD in LIMIC [22].

There is a rising epidemic of NCDs in sub-Saharan Africa (SSA). However, as in other LIMICs,
individuals in SSA suffer from the dual burdens of infectious disease and NCDs [22, 23].
Walker and colleagues [24] reported that SSA continues to suffer under the weight of infectious
diseases such as HIV and malaria, as well as high rates of undernutrition. Facing these issues
in conjunction with the chronic diseases that accompany high rates of overnutrition is a
daunting task [25] for the health burden in Africa. SSA has a disproportionate burden of both
infectious and chronic diseases compared with other parts of the world [26]. South Africa (SA)
is a country of great diversity extending from highly industrialized cities with an urban
advanced-economy lifestyle to remote rural areas with more traditional lifestyles. SA, like
many SSA countries, is not immune to the NCD epidemic accompanied by the continued
burden of undernutrition. In SA, approximately 28% of deaths annually are attributed to
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infectious diseases, while NCDs account for 25% of the lives lost [27]. The burden of diseases
related to NCDs is predicted to rise substantially in SA over the next decade if necessary
measures are not in place to combat the trend [28]. WHO estimates the burden from NCDs in
SA to be two to three times higher than that in developed countries [13].

Approximately 35-65% of all deaths worldwide occur due to CVDs and death rates exceed
these estimated figures owing to malnutrition and infections [29, 30]. CVDs and their risk
factors are increasing in SSA [17, 31] with a high prevalence of ischaemic heart disease among
men in their sixties followed by women of the same age group [17]. The common potential risk
factors for NCDs are tobacco use, physical inactivity and an unhealthy diet, which all lead to
CVD, diabetes and cancer [32, 33]. This burgeoning epidemic of NCDs has many root causes.
Additional perpetuators of these epidemics are globalization and urbanization [34-37] with
abdominal obesity contributing significantly to CVD in the SSA region [38]. Compelling
evidence demonstrates a rise in mortality and morbidity from the NCDs in all strata of South
African society. Leeder and colleagues [39] estimated that even without changes in the risk
factor profile or the mortality rates from CVD, the demographic changes will result in a
doubling of the number of cardiovascular deaths in SA by 2040. Chronic diseases such as CVD,
obesity and diabetes have therefore become at least as important as infectious disease.

In summary, CVD is a substantial and growing problem in most of the developing regions of
the world. The burden of NCD on the African continent and in SA in particular continues to
demonstrate the potential for a sustained rise. A significant investment in the health care
system and in particular the primary health care system is therefore justified. Further innova-
tive strategies and plans are needed to address the determinants of this disease burden.
However, indications still point to the paucity of community-based studies aimed at investi-
gating NCD prevalence, incidence and risk factors. Consistent evidence suggests that diets
rich in fruit and vegetables and other plant foods are associated with moderately lower overall
mortality rates and lower death rates from chronic diseases including CVD [3-6]. The “antiox-
idant hypothesis’ proposes that carotenoids, polyphenols, vitamin C, vitamin E and other
antioxidant nutrients afford protection against CVD by decreasing oxidative damage [7-9]. As
the evidence began to mount from animal studies and human epidemiologic studies on
potential protective effects of antioxidants, excitement in both the lay and medical communi-
ties also began to increase. The idea that natural compounds, if taken in supplement form, may
offer a broad and inexpensive means of decreasing the risk for CVD and other age-related
diseases is a very attractive hypothesis. Enthusiasm has grown to the point where people
around the globe have become aware of the need to consume a diet with a high content of fruit
and vegetables.

Indeed, evidence from experimental, clinical and epidemiologic studies has unequivocally
pointed to oxidative stress as the key culprit in the pathogenesis of CVD [1, 2, 40, 41]. CVD
continues to remain a significant problem in developed countries and is a growing health
concern worldwide. Although death rates from CVD have decreased in many countries, due
to advances in the field of medicine, the prevalence of CVD risk factors continues to increase.
Diet is a centrally important, modifiable risk factor in the prevention of CVD [221-224].
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2. Can vegetable oils and nuts be the natural solution for CVD?

Oxidative stress is common in many clinically important cardiac disorders, including ischae-
mia/reperfusion (I/R) injury, diabetes and hypertensive heart disease [42-46]. Several animal
models suggest that when endogenous anti-oxidant systems are compromised, as is the case
under oxidative stress conditions, exogenous antioxidant supplementation can be used for
preventive and/or therapeutic intervention of CVD [42, 43, 47-49].

2.1. Composition and health benefits of vegetable oils

2.1.1. Dietary fats

Fats are the most concentrated form of energy for the body. They also aid in the absorption of
fat-soluble vitamins (A, D, E and K) and other fat-soluble biologically active components [50].
Chemically, most of the fats in foods are triglycerides, made up of a unit of glycerol combined
with free fatty acids, each of which may be the same or different. Other dietary fats include
phospholipids, phytosterols and lipoproteins associated with cholesterol [50-52]. A balanced
diet, including oils and fats that supply energy and essential fatty acids is needed for good
health.

The different types of fatty acids are the most important characteristics of dietary fats.
According to the degree of unsaturation (double bonds and hydrogen content), fatty acids are
largely classified into three major types: saturated fatty acids, monounsaturated fatty acids
(MUFA) and polyunsaturated fatty acids (PUFA). A fourth form, the trans fatty acids, are
mainly produced by partial hydrogenation of polyunsaturated oils in food processing but also
occur naturally in animal foods in small amounts [53].

Fatty acids consist of a hydrocarbon chain with a hydrophobic methyl group at one end and
a hydrophilic carboxyl group at the other end. Greek letters (a, 3, v, w) have been used to
identify the location of the double bonds in fatty acids. The “alpha” carbon is the carbon closest
to the carboxyl group. The methyl group of the molecule is also referred to as the omega end
and the terminal carboxyl group is located at the delta end. Current chemical numerical terms

“u_ 1

number the carbon chain form one to “n”, with n being the last carbon at the methyl end. The

“u_

terms “n” and “omega” are synonymous [54].

2.1.2. Saturated fat

Saturated fatty acids contain no double bond; they are fully saturated with hydrogen. The main
saturated fatty acids are lauric acid (C12:0), myristic acid (C14:0), palmitic acid (C16:0) and
stearic acid (C18:0). Saturated fats are found in animal-based products, such as milk, cream,
butter and cheese, meat from most land animals, palm oil and coconut oil, as well as manu-
factured products made from these, such as pies, biscuits, cakes and pastries [55].

2.1.3. Monounsaturated fat (MUFA)

MUFAs are predominant in vegetable oils, such as olive oil, canola oil and peanut oil and are
also found in high proportions in animal fats [56]. Much of the interest in the role of MUFA in
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the prevention of coronary heart disease (CHD) stems from the observed beneficial effects of
the Mediterranean diet [57], which includes high consumption of olive oil. MUFAs are less
susceptible to oxidation when compared to PUFAs. This in turn leads to increased availability
of antioxidants in the active form and better stability of olive oil [58-61]. Olive oil also contains
some antioxidant micronutrients, namely polyphenols and squalene [58, 62-64]. The main
MUFA in the human diet is oleic acid (C18:1n-9), which has one double bond. MUFA intake
has been associated with a slight cardioprotective effect [65]. MUFAs are known to have a
beneficial effect on the serum lipid profile and thus decrease the risk of CVD [66-68]. Further-
more, these fatty acids are stable in oxidative stress conditions and are less likely to react with
reactive oxygen species (ROS) when compared with PUFA [58-59]. However, studies reporting
associations between dietary intake of MUFAs and CHD risk have been inconclusive [69-71].

2.1.4. Polyunsaturated fat (PUFA)

PUFAs are naturally occurring endogenous substances, present in almost all tissues and are
essential components of all mammalian cells. They are essential for survival and cannot be
synthesized in the body. Hence, they have to be obtained in our diet and are therefore essential
[54, 72]. There are two types of naturally occurring PUFAs in the body, the (n-6) PUF As derived
from linoleic acid (LA, C18:2) and the (n-3) PUFAs derived from a-linolenic acid (ALA, C18:3).
They are categorized depending on the location of their first double bond: (n-3) PUFAs have
their first double bond located at the third carbon molecule and (n-6) PUFAs at the sixth. Both
of these two forms of PUFAs are metabolized by the same set of enzymes as their respective
long-chain metabolites [73]. The differences between (n-3) and (n-6) PUFAs are shown in Table
1 below.

Vegetable oils are the predominant sources of alpha linolenic acid (ALA). ALA is found in
legumes, flax seeds, walnuts, pinto beans, soybeans and spinach [74]. Dietary intake of ALA
among Western adults is typically in the range of 0.5-2g/d [75]. The (n-6) PUFA is the main
PUFA in most Western diets and is typically consumed in greater amounts than ALA [75, 76].
The evidence for a beneficial role of dietary (n-6) PUFAs is less convincing and for the purpose
of this chapter we will focus on the (n-3) PUFA. The three main forms of (n-3) PUFAs are ALA,
eicosapentaenoic acid (EPA, C20:5 n-3) and docosahexaenoic acid (DHA, C22:6 n-3) [77], with
ALA being the simplest form. The (n-3) PUFAs are a family of biologically active fatty acids.
The simplest member of this family, ALA, can be converted to the more biologically active and
very long-chain (n-3) PUFAs; EPA and DHA. This process, as shown in Figure 1, occurs by a
series of desaturation and elongation reactions, with stearidonic acid being an intermediate in
the pathway [54, 75, 78].

Research has shown that long-chain (n-3) PUFAs protect against CVD [77, 79-82]. The cardi-
oprotective effects of (n-3) PUFAs have long been recognized. Epidemiologic data suggest that
(n-3) PUFAs derived from fish oil reduce CVD. Fish oil is a rich source of EPA (C20:5 n-3) and
DHA (C22:6 n-3) (Table 1) [67, 83, 84]. The cardioprotective roles of these two forms of (n-3)
PUFA are extensively reviewed by Bester and co-workers [48]. Fish oil may also reduce
mortality after a cardiovascular incident, as it plays a role in reducing potentially fatal
arrhythmias ([85-87]. There are several prospective studies relating the use of fish or the intake
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of long-chain (n-3) PUFAs to lower risk of CVD [88, 89]. Long chain (n-3) PUFAs have several
beneficial cardiovascular properties, including antiatherothrombotic, antiarrhythmic, anti-
inflammatory, antihypertensive and triglyceride lowering [81, 90, 91]. In summary, studies
investigating the dietary roles of fatty acids demonstrate that dietary supplementation with
(n-3) PUFAs decreases cardiac deaths, nonfatal cardiovascular events and all-cause mortality.
These benefits are most apparent in high-risk patients. (n-3) PUFA supplementation appears
to confer additional benefits in patients eating a Mediterranean diet.

The original observation is from almost 57 years ago, when Hugh M. Sinclair [92] published
his observations on the negative effects of essential fatty acid deficiency on CVD. He strength-
ened his hypothesis by noting the low mortality rate from CHD (coronary heart disease) in
Greenland Eskimos, a population consuming a high fat diet, but rich in (n-3) PUFAs [92].
Clinical studies suggest that (n-3) PUFAs reduce mortality from coronary heart disease and
the rate of sudden cardiac death [92-95]. Significant antiarrhythmic effects of (n-3) PUFAs were
observed in some but not all human studies on atrial fibrillation [96, 97]. In addition, animal
studies show strong antiarrhythmic effects of (n-3) PUFAs [98-102].

(n-3) PUFA (n-6) PUFA
Molecular First double-bond on the third carbon  First double-bond on the sixth carbon counting from the
structure counting from the methyl end (the methyl end (the “nth” carbon)

"nth” carbon)
Types a-Linolenic acid (ALA) [C18:3] Linoleic acids (LA) [C18:2]

Eicosapentaenoic acid (EPA) [C20:5] Arachidonic acid (AA) [C20:4]
Docosahexaenoic acid (DHA) [C22:6]

Food sources Flaxseed oil (ALA) Corn oil(LA)
Canola oil (ALA) Soybean oil (LA)
Soybean oil (ALA) Sunflower oil (LA)
Qily fish (EPA/DHA) Poultry (AA)
Fish oil capsules (EPA/DHA) Meats (AA)

Table 1. Molecular structure, types and food sources of (n-3) and (n-6) PUFAs.

Long-chain (n-3) PUFAs are important constituents of all cell membranes and confer on
membranes properties of fluidity and thus, determine and influence the behaviour of mem-
brane-bound enzymes and receptors [103-107]. These PUFAs are found in abundance in the
myocardium, retina, brain and spermatozoa, and are essential for the proper functioning of
these tissues and growth, being important modulators of many physiological processes. The
fact that these tissues have developed the cellular machinery to preferentially incorporate these
minor dietary components into their membranes suggests that these PUFAs play a role in the
proper function of the cell [108-110].

The fatty acid composition of myocardial membrane phospholipids, in particular, is sensitive
to the type of fatty acid consumed in the diet. Studies show that indeed the myocardium and
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Figure 1. The biosynthesis of (n-3) PUFA.

myocardial membrane phospholipids are rich in (n-3) PUFAs after fish oil consumption [111,
112]. Diet-induced changes in the PUFA composition of a cell membrane have an impact on
the cell’s function, partly because these fatty acids represent a reservoir of molecules that
perform important signalling roles within and between cells. In particular, dietary (n-3) PUFAs
compete with dietary (n-6) PUFAs for incorporation into all cell membranes [113,114]. (n-3)
PUFAs modulate the expression of adhesion proteins such as selectins [115] and exert an effect
by modulating the intracellular signalling pathways associated with the control of transcrip-
tion factors (e.g., nuclear factor-kB) and gene transcription [116,117]. Research has shown that
enrichment of monocyte membranes with (n-3) PUFAs results in the synthesis and secretion
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of reduced quantities of cytokines (e.g., tumour necrosis factor-a, interleukin-1@) that are
involved in the amplification of the inflammatory response [117,118]. Therefore, at a cellular
level, (n-3) PUFAs from fish oils can directly or indirectly modulate a number of cellular
activities associated with inflammation.

2.1.5. Polyphenols

Polyphenols constitute one of the most numerous and ubiquitously distributed groups of plant
secondary metabolites, with more than 8000 phenolic structures currently known. Natural
polyphenols can range from simple molecules (phenolic acids, phenylpropanoids, and
flavonoids) to highly polymerised compounds (lignins, melanins, tannins), with flavonoids
representing the most common and widely distributed sub-group [119]. These secondary plant
metabolites are known to have potential antioxidant activity and radical scavenging capacity
[120-124]. Polyphenols are gaining increased importance due to their beneficial effects on
health. Flavonoids are the most abundant polyphenols in our diets. They can be divided into
several classes according to the degree of oxidation of the oxygen heterocycle: flavones,
flavonols, isoflavones, anthocyanins, flavanols, proanthocyanidins and flavanones [125]. A
complication of the epidemiological observations regarding members of the flavonoid family
is that subtle differences in their chemical structures can translate into marked differences in
their absorption, metabolism and bioactivities [126]. South African herbal teas, rooibos
(Aspalathus linearis) and honeybush (Cyclopia ssp.) are currently gaining popularity worldwide
[127, 128], owing to their anti-oxidant, anti-cancer and anti-mutagenic properties [129-131].
Rooibos is a herbal tea made from the leaves and stems of the indigenous South African plant,
Aspalathus linearis (Brum.f) Dahlg. (family Fabaceae; tribe Crotalarieae) [132,133]. Research has
demonstrated that this herbal tea is rich in flavonoids [127, 134]. Animal studies that have
investigated the cardioprotective effects of natural or synthetic flavonoids have focused mainly
on the acute pharmacological activity of these compounds. For example, in vivo studies using
animal models have reported acute cardioprotection obtained from intravenous injections of
natural or synthetic flavonoids [135,136].

2.1.6. Vitamin E

Natural vitamin E is composed of eight chemical compounds: a-, 8-, - and d-tocopherols and
their corresponding tocotrienols. a-Tocopherol is the most active form of vitamin E in vitro.
The tocopherols are saturated forms of vitamin E, whereas the tocotrienols are unsaturated
and have an isoprenoid side chain. Tocopherols possess a chromanol ring and a 15-carbon tail.
The presence of three trans double bonds in the tail distinguishes tocopherols from tocotrienols
[137-139]. This may account for the differences in their efficacy and potency in vitro and in
vivo [140,141].

Red palm oil (RPO) is a rich source of vitamin E. It contains 560-1000 parts per million of
vitamin E, of which approximately 18-22% are tocopherols and 78-82% tocotrienols [142-144].
RPO has been shown to offer protection against I/R injury [42, 43, 47, 48] leading to a reduction
in oxidative stress [145]. It has also been suggested that palm oil may have some anti-arrhyth-
mogenic effects, which may reduce sudden death after ischaemic incidents [146].
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Of all the vegetable oils, RPO has the highest content of tocotrienols with y-tocotrienol the
most abundant. This form of vitamin E has been demonstrated to reduce cholesterol produc-
tion and platelet aggregation [147-151]. RPO may also exert a neutral or positive effect on the
serum lipid profile through the effects of its fatty acid composition and tocotrienols [152-155].
Investigations into vitamin E showed that tocotrienols are more potent than tocopherols as
antioxidants. The tocotrienols present in palm oil have been shown to offer protection from
myocardial I/R injury in an isolated perfused rat heart model [156, 157]. Animal studies with
tocopherols and tocotrienols that investigate these compounds’ potential against chronic
diseases are extensively reviewed by Aggarwal and co-workers [158]. These authors argue that
the evidence overwhelmingly suggests that tocotrienols may be superior in their biological
properties than tocopherols and that their anti-inflammatory and antioxidant activities could
prevent CVD among other chronic diseases.

2.1.7. Carotenoids

Carotenoids are nature’s most widespread pigments, well known for their orange-red to
yellow colours, which they impart to many fruits and vegetables. These fat-soluble phyto-
chemicals have also received substantial attention because of their provitamin A and antioxi-
dant roles [159]. Carotenoids are polyenoic terpenoids with conjugated trans double bonds.
They include carotenes (f-carotene and lycopene), which are polyene hydrocarbons and
xanthophylls (lutein, zeaxanthin, capsanthin, canthaxanthin, astaxanthin and violaxanthin)
that have oxygen in the form of hydroxy, oxo, or epoxy groups [160]. The majority of the 600
carotenoids found in nature are 40 carbons in length and may be pure hydrocarbons, called
carotenes, or possess oxygenated functional groups, in which case they are called xanthophylls
[161]. The long-chain conjugated polyene structure accounts for the ability of these compounds
to absorb visible light, but also makes them quite susceptible to oxidation. This latter property
is closely related to their ability to act as antioxidants [162].

The properties and therefore functions of a carotenoid molecule are primarily dependent upon
its structure and hence its chemistry [163]. In particular, the conjugated C = C double bond
system is associated with energy transfer reactions, such as those found in photosynthesis
[164]. In human plasma and tissues, several carotenoids have been well characterized includ-
ing cyclic (such as {3-carotene and a-carotene) and acyclic carotenes (such as lycopene and
phytoene), together with a number of xanthophylls (such as zeaxanthin, lutein and beta-
cryptoxanthin), all of which can be directly derived from dietary sources [165]. Carotenoids
have generated considerable interest as several studies have suggested an inverse association
between the dietary intake of carotenoids and the risk for CVD [166, 167]. Conversely proox-
idant roles of these phytochemicals have also been reported [168-170].

2.1.8. Possible mechanism(s) of action

As mentioned earlier, RPO supplementation does offer protection against myocardial I/R
injury via several suggested mechanisms. Amongst the proposed mechanisms are the NO-
cyclic GMP pathway, phosphorylation of mitogen-activated protein kinases and scavenging
of deleterious reactive oxygen species by RPO [42, 43, 47, 48].
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Investigations concerning (n-3) PUFAs show that these forms of essential fatty acids reduce
the risk of sudden cardiac death as well as fatal and nonfatal myocardial infarction [171-173].
A number of mechanisms have been implicated in the protective effects of (n-3) PUFAs [174,
175]. The (n-3) PUFAs have been demonstrated as altering the transcription of specific genes.
These effects are mediated by a variety of mechanisms that involve indirect (i.e., by eicosa-
noids, hormones) and direct nuclear effects on genes. The PUFAs (i.e., both (n-3) and (n-6)
PUFAs) modulate the expression of genes involved in lipogenesis, glycolysis, production of
glucose transporters, inflammatory mediators, early response genes and genes for cell
adhesion molecules [176, 177].

The primary source of MUFA that lowers cholesterol levels is olive oil [178, 179]. It is evident
that olive oil, due to its micronutrient content and fatty acid composition, can play a vital role
in maintaining beneficial serum lipid profiles. Together with its ability to reduce systemic
oxidative stress, blood pressure and inflammation, it has become an appropriate dietary
supplement for lowering the risk of CHD.

2.2. Composition and health benefits of nuts

Nuts are highly nutritious and of prime importance for people in several regions in Asia and
Africa. Most nuts contain a great deal of fat (e.g., pecan 70%, macadamia nut 66%, Brazil nut
65%, walnut 60%, almonds 55% and peanut butter 55%). Most have a good protein content (in
the 10-30% range) and only a few have a very high starch content [180]. Many nuts have also
been identified as especially rich in antioxidants [181, 182]. Nuts therefore constitute one of
the most nutritionally concentrated kinds of food available. Most nuts, left in their shell, have
aremarkably long shelf life and can conveniently be stored for winter use [183]. Nuts are foods
rich in fat, ranging from 46% in cashews and pistachios to 76% in macadamia nuts and provide
20-30 k]/g per nut. Despite their high fat content, they are not harmful because they contain a
low proportion (4-16%) of saturated fatty acids. Nearly one half of the fat content of nuts
consists of unsaturated fatty acids, including both mono- (oleic acid) and poly- (linoleic and
a-linolenic acid) unsaturated fatty acids (MUFA and PUFA respectively). The fatty fraction of
nuts also contains plant sterols with anti-oxidants [184] and cholesterol-lowering effects [185].
Nuts are also rich sources of other bioactive macronutrients, such as protein (25% of energy)
and dietary fibre, which ranges from 4 to 11g/100 g and in standard servings provide 5-10%
of daily fibre requirements. They also contain significant micronutrients (Table 2), among them
folate [185] antioxidant vitamins (e.g., tocopherols) and phenolic compounds [183].

By virtue of their unique composition, nuts are likely to benefit modern cardiovascular risk
biomarkers, such as LDL oxidizability, soluble inflammatory molecules and endothelial
dysfunction. The complex pathophysiology of atherosclerotic disease has evolved beyond the
accumulation of cholesterol in the arterial wall. A series of circulating, functional, structural
and genomic biological markers that reflect arterial vulnerability have been proposed as
potential novel risk factors for the development of CVD (Vasan, 2006). Among them, bio-
markers for oxidation [186], inflammation [187] and endothelial dysfunction [188] have
received increasing attention.
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Table 2. Composition of Nuts (data from the US department of agriculture nutrient database)

Studies had shown that whole, unprocessed and unpeeled nuts have a unique composition
that consists of important macro- and micronutrients, which give nuts their multiple beneficial
effects on cardiovascular outcomes [189-192]. Most nut constituents have shown beneficial
effects when clinically tested, in isolation or as part of enriched foods, for effects on diverse
cardiovascular outcomes, including novel risk markers [189-192].

2.2.1. Antioxidant effects

Nuts are important sources of tocopherols and phenolic antioxidants, which protect against
LDL oxidation [183]. Walnuts have been shown to contain substantial amounts of melatonin,
which contributed to a significant antioxidant effect in an experimental rat model [193]. In
addition, a substantial fraction of nut fat comes from MUFAs, which are not susceptible to
oxidation. The PUFAs are contained mainly in walnuts and are more susceptible to oxidation.
However, nuts are a rich source of many antioxidants, which protect the PUFA in vivo against
oxidative modification [194].

2.2.2. Anti-inflammatory effects

Plasma high-sensitivity CRP, an accepted measure for systemic low-grade inflammation, was
a secondary outcome in several controlled nut feeding trials conducted in hypercholesterole-
mic subjects with almonds [195-198] or walnuts [197, 199]. Some of them have demonstrated
a CRP-lowering effect [196, 197, 198]. Zhao et al., who used walnuts and walnut oil to enrich
the diet in PUFA and especially ALA, showed a decrease in inflammatory markers [197] and
proinflammatory cytokine production by mononuclear cells [197].

2.2.3. Effects on endothelial function

Endothelial dysfunction is a critical event in atherogenesis and is implicated both in early
disease and in advanced atherosclerosis [201]. Short-term feeding studies have shown
consistently that diets rich in saturated fatty acids impair endothelial function [181, 202,
203] and that even a single fatty meal rich in saturated fatty acids is followed by transi-
ent endothelial dysfunction [204, 205]. These detrimental effects can be counteracted by the
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administration of PUFA and other nutrients contained in nuts, such as antioxidant vitamins
and arginine [179]. Another feeding trial showed that, compared with an isoenergetic
Mediterranean diet with similar saturated fatty acid content, a walnut diet attenuated the
endothelial dysfunction associated with hypercholesterolemia [199]. Moreover, changes in
circulating levels of cellular adhesion molecules critical to leukocyte recruitment on the
arterial wall also reflect endothelial dysfunction [201]. Several studies have shown that diets
enriched with ALA from walnuts [197, 199, 206] reduce endothelial activation as assessed
by decreased plasma cellular adhesion molecules. Walnut feeding also reduced the
expression of endothelin-1, a potent endothelial activator in an animal model of accelerat-
ed atherosclerosis [207].

2.2.4. Effects on body weight changes

As the interest in incorporating nuts into the diet grows, it is important that consumers
understand how to include them in a healthy diet without promoting weight gain. They
are high-fat, energy dense foods and are therefore a potential threat for contributing to
positive energy balance. Numerous epidemiological and clinical studies have shown that
nuts are not associated with higher body weight [208, 209] or weight gain [210-215]. This
could be attributed along with other potential mechanisms for the high satiety properties
of nuts [216]. The enhanced satiety, which is also achieved via other mechanisms such as
the decreased eating rate [217], leads to reduced energy consumption and therefore a
decreased risk of weight gain and obesity.

Blomhoff et al. [190] argued that the inverse association between nut intake and cardiovascular
and coronary heart diseases in epidemiological studies may, or may not, be associated with
antioxidants. According to these authors, epidemiologic studies are not ideally suited for
studying the role of specific nuts or biological mechanisms. Nevertheless, they are in agree-
ment with findings supporting the theory that a complex and rich mix of nut constituents is
able to offer protection against CVD and perhaps other chronic diseases [183].

2.2.5. Possible mechanism(s) of action

Epidemiologic and clinical trial evidence has demonstrated the beneficial effect of nut
consumption on coronary heart disease and its associated risk factors. The cardioprotective
properties of nuts, due partially to their favourable lipid fatty acid profile (rich in unsaturated
fatty acids), exceed the LDL-C lowering. Nuts, especially walnuts, contain (n-3) PUFAs, which
have been shown to have a favourable impact on multiple factors related to CVD, such as
inflammation, platelet function, arrhythmias, hypertriglyceridemia and nitric oxide-induced
endothelial relaxation [218]. Nuts are also excellent sources of other bioactive compounds such
as vegetable protein, dietary fibre, potassium, calcium, magnesium, tocopherols, phytosterols,
phenolic compounds, resveratrol and arginine [179]. This unique nutrient composition
explains the benefits of nut consumption for the prevention of CVD through mechanisms of
oxidation, inflammation and vascular reactivity.
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3. Conclusions and future directions

Investigation of the mechanisms underlying CVD showed that the disease has a complex cause
beyond the accumulation of cholesterol on the arterial wall, with enhanced oxidative stress
and a prominent inflammatory response. Diet has been shown to be associated with cardio-
vascular events. PUFAs are essential in our diet because we cannot synthesize them. They are
also essential nutrients for optimal health of the cardiovascular, nervous and undoubtedly
other organ systems. Dietary (n-3) PUFAs are incorporated into the cellular membranes of all
tissues. The extent of incorporation into tissue membranes is dependent on dietary intake. The
enrichment of membranes with (n-3) PUFAs can modulate cellular signalling events, mem-
brane protein function and gene expression.

Interest in the possible health benefits of flavonoids has increased owing to their potent
antioxidant and free-radical scavenging activities observed in vitro. There is growing evidence
from human feeding studies that the absorption and bioavailability of specific flavonoids is
much higher than originally believed. However, epidemiologic studies exploring the role of
flavonoids in human health have been inconclusive. Some studies support a protective effect
of flavonoid consumption in CVD and cancer; other studies demonstrate no effect and a few
studies suggest potential harm. More recently, results from human studies provide evidence
that rooibos can offer protection against oxidative stress conditions such as CVD [131,219]. In
a study by Pantsi et al., the beneficial effects of dietary rooibos flavonoids were observed ex
vivo in isolated perfused rat hearts. Epidemiological studies suggest that the beneficial
cardiovascular health effects of diets rich in fruit and vegetables are in part mediated by their
flavonoid content, with particular benefits provided by one member of this family, the
flavonols [49].

Polyphenols are abundant micronutrients in our diet and evidence for their role in the
prevention of degenerative diseases is emerging. Bioavailability differs greatly from one
polyphenol to another, so the most abundant polyphenols in our diet are not necessarily those
leading to the highest concentrations of active metabolites in target tissues. Because there are
many biological activities attributed to the flavonoids, some of which could be beneficial or
detrimental depending on specific circumstances, further studies in both the laboratory and
with populations are warranted.

However, the fatty acid components of nuts may differently influence oxidation processes and
this needs to be considered for the synergy or opposition to the effects of constituent antioxi-
dants. There is growing evidence that dietary polyphenols in nuts, tea and wine may have
anti-inflammatory effects, mediated by both their antioxidant action and modulation of signal
transduction pathways, such as the nuclear transcription factor kB, with ensuing down-
regulation of inflammatory genes in endothelial cells and macrophages [220]. The increased
diversity and availability of sources of dietary fatty acids will likely allow the continued
expansion of food products fortified with these fatty acids, a trend that may result in the
attainment of the recommended dietary intake of these nutrients.

Future studies in oils should be carried out in order to elucidate the effects of oils in various
models in which effects remain unknown. Little is known about the effects of nuts on a diseased
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heart. Studies should be performed to test whether nuts may offer protection against the
severity or progression of various models of CVD.
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1. Introduction

Definition: Hyperlipidemia is a heterogeneous group of disorders characterized by high level
of lipids (fats) in the bloodstream. These lipids include cholesterol, cholesterol esters, phos-
pholipids, and triglycerides. Lipids are transported in the blood as large 'lipoproteins'.
Alternatively, the disease refers to elevated levels of lipids and cholesterol in the blood, or the
manifestations of different disorders of lipoprotein metabolism (dyslipidemia).

Causes: Hyperlipidemia could be caused by: (i) Familial combined hypercholesterolemia (ii)
Familial hypertriglyceridemia (iii) other disease states such as insulin and non-insulin dependent
diabetes mellitus, hypothyroidism, Cushing’s syndrome, dysproteinemias, nephrotic syndrome and
renal failure, cholestatic disorders and low thyroid (iv) drugs such as anabolic steroids, beta-
blockers, birth control pills and estrogens, corticosteroids, protease inhibitors, retinoids,
thiazide diuretics (v) diets like cholesterol intake greater than 300 mg per day, fat intake per
total calories greater than 40 %, saturated fat intake per total calories greater than 10 % (vi) life
style involving habitual excessive alcohol use, lack of exercise, smoking (vii) risk factors such
as advancing age, sex (male), stress and postmenopause.

Classification: Lipoproteins are divided into five major classes, based on density and they
include: (i) chylomicrons (ii) very low-density lipoproteins (VLDL) (iii) intermediate-density
lipoproteins (IDL) (iv) low-density lipoproteins (LDL) and (v) high-density lipoproteins
(HDL). Most triglyceride is transported in chylomicrons or VLDL, while most cholesterol is
carried in LDL and HDL. Hyperlipidemia, a major, modifiable risk factor for atherosclerosis
and cardiovascular disease, including coronary heart disease (CHD) is classified under (1)
Primary hyperlipidemias - are probably genetically based, but the genetic defects are known
for only a minority of patients. Examples are (i) primary chylomicronemia- recessive traits of
deficiency of lipoprotein lipase or its cofactor (ii) familial hypercholesterolemia- an autosomal

I m EC H © 2014 Nwodo et al,; licensee InTech. This is a paper distributed under the terms of the Creative Commons
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dominant trait, although levels of LDL tend to increase with normal VLDL; familial combined
(mixed) hyperlipoproteinemia- elevated levels of VLDL, LDL (iii) familial dysbetalipoprotei-
nemia-increased LDL with increased TG and cholesterol levels (iv) familial hypertriglyceri-
demia-increased VLDL production with normal or decreased LDL (v) familial mixed
hypertriglyceridemia-serum VLDL and chylomicrons are increased. (2) Secondary hyperlipi-
demia- results from disease states such as Cushing's syndrome, diabetes, liver disorders, renal
disorders, thyroid disease, obesity, as well as alcohol consumption, estrogen administration,
and other drug-associated changes in lipid metabolism.

Symptoms: Hyperlipidemia usually does not cause symptoms. Very high levels of lipids or
triglycerides can cause yellowish nodules of fat in the skin beneath eyes, elbows and knees,
and in tendons (xanthomas). Sometimes pain, swelling of organs such as the liver, spleen or
pancreas (pancreatitis) or whitish rings around the eye's iris occur. Diagnosis: Diagnosis is
typically based on medical history, physical examination and mostimportantly blood test done
after overnight fasting. The blood test, measure the levels of lipids in the blood and consist of,
a fasting blood test for total cholesterol (TC), LDL (bad cholesterol), HDL (good cholesterol),
triglycerides (TG). American Cholesterol Education Program advises that lipids be checked at
least once every five years, starting at age 20. However, more frequent or earlier testing is
recommended if family history of hyperlipidemia; risk factor or disease that may cause
hyperlipidemia; complication that may result from hyperlipidemia exist. Also, the American
Academy of Pediatrics recommends lipid screening for children at risk (example, a family
history of hyperlipidemia and/or diabetes). Table 1 provides specifications for making a

determination.

Cholesterol level Acceptable Borderline High
Total Cholesterol (mg/dl) <170 170-199 >200
LDL Cholesterol (mg/dl) <110 110-129 > 130
HDL Cholesterol (mg/dl) <40 40-59 >60
Total glycerides (mg/dl) <150 150-200 =200

Table 1. Classification of cholesterol level

Prevalence: (i) A significant percentage of world population has an increased plasma lipid
level, resulting in increased risk of coronary heart disease (ii) Ethnic groups adopting a
‘western' lifestyle tend to have higher levels of plasma lipids (iii) Men >30 years and women
>55 years (in the U.S.) havelO % rise in fasting triglyceride level >200 mg/dl (iv) Severe
hypertriglyceridemia (>2000 mg/dl) higher in diabetic patients or patients suffering alcoholism
(iv) Lipoprotein lipase deficiency prevalence is much higher in Quebec, Canada. (v) total C
and LDL-C rise steadily about 20% in men aged 20 to 50 years, 30% in women aged 20 to 60
years and younger women have lower levels than men while homozygous familial hypercho-
lesterolemia manifests itself from birth (vii) hyperlipidermia is higher among men than women
(gender factor) (viii) total cholesterol and LDL-C levels are similar in whites and blacks,
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triglycerides are lower and HDL-C levels tend to be higher in the African-American popula-
tion. Asian-Indians have the highest risk, Europeans have an intermediate risk while Chinese
have the lowest risk (race factor) (ix) familial combined hyperlipidemia inheritance is autoso-
mal dominant and likely to involve one of multiple enetic defects, familial hypertriglyceride-
mia is most likely inherited as an autosomal dominant defect, lipoprotein lipase deficiency
and hepatic lipase deficiency are very rare autosomal recessive conditions hypercholesterole-
mia in the majority of the general public is attributed to high-fat diets and poorly understood
susceptibility and modifier genes (genetics factor). Published data on the prevalence of lipid
abnormalities in Nigeria are scanty. This could be attributed to low prevalence of hyperlipi-
demia in Nigeria prior to occidental lifestyle. Osuji et al, 2012, reported that the current state
of dyslipidemia in Nigeria clearly contradicts the previous perceptions. In their report,
dsylipidemia was found to be highly prevalent in Nigeria with consistent low HDL-cholesterol
and high LDL-c especially amongst the upper social class and people with other risk factors.
Other studies reported low HDL-c, with TC/HDL-c to be prevalent in the Northern part of the
country while high prevalence of TC, TG and low HDL were observed in the Southern part of
the country amongst people of upper social class.

2. Treatment

Dietary intervention: is the primary treatment strategy, but drug therapy may often be added
later to augment treatment. The main component of a “heart-healthy” diet is a food pattern
that is low in saturated fat and dietary cholesterol and provides adequate energy to support
growth and maintain an appropriate weight. Specific dietary recommendations include: (i)
decreased intakes of saturated fat- most effective in lowering LDL. Sources include stick
margarine, partially hydrogenated oils and fats, hydrogenated peanut butters, commercial
bakery products, commercial fried food (e.g., French fries) and high fat animal products (ii)
decreased intakes of trans-fatty acids- trans-fatty acids are thought to increase LDL levels
nearly as much as saturated fat and appear to lower HDL. (iii) decreased intakes of dietary
cholesterol- lead to LDL reduction. Diabetic patients tend to be more sensitive to dietary
cholesterol intake, which is only found in animal products (iv) balance the fatty acid compo-
sition of diet- polyunsaturated and monounsaturated fatty acids can lower LDL and could be
good substitutes for saturated fats (v) increased fiber intakes- soluble fiber can contribute to
LDL reduction and is now a formal part of hyperlipidemia dietary recommendations. Com-
mon sources of fiber include oats, psyllium, guar gum, pectin, barley, dried beans, fruits,
vegetables, cereals, whole grains, and legumes are good sources of soluble fiber (vi) encourage
antioxidant food sources such as carotenoids, vitamins C and E and antioxidant-rich foods
such as whole grains, citrus fruits, melons, berries and leafy green vegetables rather than
supplements (vii) reduce serum homocysteine levels- adequate intakes of folate and vitamins
B, and B, as well as total fat restriction may keep homocysteine levels low. Food sources of
these nutrients include fruits, dark green and leafy vegetables, fortified cereals, whole grains,
lean meats and poultry.
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Drug Therapy: Currently, there are many classes of medications that may be utilized in the
pharmacologic management of hyperlipidemia. They are (1) HMG-CoA (3-hydroxy-3-
methylglutaryl-coenzyme A) reductase inhibitors (statins). The cornerstone of the lipid-
lowering therapy in adults has rested with the HMG CoA reductase inhibitors or statins. The
use of these drugs has resulted in important reductions in overall cardiovascular morbidity
and mortality. Mechanism of action- reduction of cholesterol synthesis in liver; inhibiting the
rate-limiting step in endogenous cholesterol synthesis; compensatory increase in synthesis of
LDL receptors on hepatic and extra hepatic tissues; increase in hepatic uptake of circulating
LDL which decreases plasma LDL cholesterol; increase in HDL, decrease in TGs and vasodi-
latation and decrease in atherosclerosis. Pharmacological indication: Clinically used in the
treatment of all types of hyperlipidemia except those who are homozygous for familial
hypercholesterolemia (lack of LDL receptors). Table 2 summarizes the statins and their
clinically applications.

D Starting Dose FDA-Approved Half-life Average Decrease in
ru
9 (mg) Maximum (mg) (hours) LDL-C Per Dose (mg:%)
Atorvastatin (lipitor) 10-20 80 14 or 20-30 10:39
20:43
80:60
Fluvastatin (Lescol) 20 80 3 20:22
80:35
Lovastatin (Mevacor) 20 80 2 20:28
Pitavastatin (Livalo) 2 4 12 2:36
4:43
Pravastatin (Pravachol) 40 80 2 40:34
80:37
Rosuvastatin (Crestor) 5-10 40 19 5:45
10:52
40:63
Simvastatin (Zocor) 20 80 4 20:38
80:36-47
Simvastatin/Ezetimibe (Vytorin)  10/10 10/40 22 10/10:45
10/40:55

Table 2. HMG-CoA INHIBITORS

(2) Fibrates (activators of lipoprotein lipase): Mechanism of action- agonists at peroxisome
proliferator-activated receptor (PPAR); hydrolysis of VLDL and chylomicrons; decrease in
serum TGs; increase clearance of LDL by liver and increase in HDL and expression of genes
responsible for increased activity of plasma lipoprotein lipase enzyme. Pharmacological
indication: most effective in reduction TGs (hypertriglyceridemia); combined hyperlipidemia
(type III) if statins are contraindicated. Typical examples are fenofibrate(prodrug) and
gemfibrozil (lopid) (3) Ezetimibe: Mechanism of action- inhibits intestinal cholesterol and
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related phytosterol absorption; decrease in concentration of intrahepatic cholesterol; increase
in uptake of circulating LDL; decrease in serum LDL cholesterol levels and compensatory
increase in LDL receptors. Pharmacological indication: Effective in hypercholesterolemia
together with statins and diet regulation; utilization of ezetimibe along with a statin allows for
lower doses of the statin to be used, therefore reducing the likelihood of dose-related side
effects of the statin. (4) Nicotinic acid; Niacin (Inhibitor of lipolysis): Mechanism of action- a
potentinhibitor of lipolysis in adipose tissues; decreases mobilization of FFAs (major precursor
of TGs) to the liver; increases HDL levels; decreases LDL, decreases endothelial dysfunction
and thrombosis. Pharmacological indication- Used in the treatment of familial hyperlipide-
mias (type IIB) (increase in VLDL and LDL); combined with fibrates or cholestyramine in the
treatment of hypercholesterolemia (5) Bile acids- Sequestrants(resins): The bile acid binding
resins have been felt to be preferred in the pediatric age group as they are not systemically
absorbed. Mechanism of action- are anion exchange resins; bind bile acids in the intestine
forming complex that leads to loss of bile acids in the stools; increase the conversion of
cholesterol into bile acids in the liver; compensatory increase in LDL receptors leading to
decreased concentration of intrahepatic cholesterol; increase hepatic uptake of circulating LDL
and decrease serum LDL cholesterol levels. Pharmacological indication: Effective in the
treatment of type IIA and IIB hyperlipidemias (along with statins when response to statins is
inadequate or they are contraindicated); treatment of pruritus in biliary obstruction (as rising
from increase in bile acids). Typical examples are cholestyramine, colestipol and colesevelam.
(6) Lovaza (Omega-3-acid ethyl ester): Mechanism of action: is unclear; however, proposed
mechanisms include decreasing lipogenesis in the liver, increasing plasma lipoprotein lipase
activity, and increasing mitochondrial and perixosomal lipase activity. The drug may increase
aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels and has also been
known to prolong bleeding time. Pharmacological indication: is indicated as adjunct therapy
to diet in patients with triglyceride levels greater than or equal to 500 mg/dl (hypertriglyceri-
demia). It provides significant reduction in triglycerides, of approximately 44.9%, making it
an ideal drug choice in patients with high triglycerides (7) Fish oil is another common over-
the-counter (OTC) product that provides an alternative to the prescription product Lovaza (8)
OTC herbal product: (i) Red yeast rice (RYR)- herbal supplements used for lipid-lowering
effects. RYR is obtained by fermenting Monascus purpureus, a form of yeast, on rice, which is
then dried, pulverized, and encapsulated. This process leads to the formation of 14 monacolins,
which are compounds that inhibit HMG-CoA reductase. One of the mona-colins, monacolin
K (lovastatin or mev-inolin) was the first synthesized HMG-CoA reductase inhibitor. RYR is
commercially available in 600-mg capsules (ii) Plant sterols and stanols also assist in the
reduction of LDL-C. Plant sterols reduce cholesterol absorption by competing with cholesterol
for space within bile salt micelles in the intestinal lumen. The plant stanols, which are the result
of the hydrogenation of sterols, are not absorbed as well as sterols. Ingestion of about 2 g per
day of plant sterols or stanols, produces LDL-C reduction of 6% to 15%. Prevention: Cardio-
vascular disease (CVD) is the leading cause of mortality in advance countries, with hyperli-
pidemia a common risk factor for CVD, in adults having abnormal cholesterol values and
elevated low-density lipoprotein (LDL) cholesterol levels. Prevention could be subdivided
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into: Primary prevention- (i) initial treatment is diet/exercise and should be given three to six
months on dietary therapy prior to beginning medication and longer if lipids are improving
and nearing LDL thresholds (ii) obtain cholesterol tests starting at the age of 20 (iii) eat a diet
low in total fat, saturated fat, and cholesterol namely eat poultry without the skin, fish,
vegetables, most fruits, whole grains, and skim milk (iv) reduce sugar intake (v) eat foods high
in soluble fiber (vi) eat more cold water fish and soy products (vii) avoid cigarette smoking
(viii) drink alcohol in moderation (two drinks per day for men, one drink per day for women)
(ix) avoid overweight (x) exercise regularly and control blood sugar if diabetes is implicated
(xi) increase physical activity (xii) consume a diet that contains adequate potassium, calcium,
and magnesium to facilitate blood pressure control. Secondary prevention: Measuring lipids
in adolescents that have strong family history of two or more coronary heart disease risk
factors. In summary, US National Cholesterol Education Program (NCEP) Adult Treatment
Panel Il (ATP Il in its guidelines has communicated the importance of early identification of
risk, lifestyle modification, and pharmacologic treatment as the mainstay of therapy for
hyperlipidemia and in the prevention of cardiovascular-related death.

The Promise of Nigeria Natural Products: Since the recognition of hyperlipiermia, a large
number of plant species have been identified as having antihyperlipidermic properties and
natural products are part of the current therapy for hyperlipidermia. Numerous natural
products with antihyperlipidemic effect have been described in the literature. The objective of
this chapter is to summarize the role of Nigeria natural products in the treatment and preven-
tion of hyperlipidermia to date and to highlight specific classes of compounds that possess a
requisite level of activity that would be considered worthy of further investigation as potential
drug candidate.

3. Discussion

3.1. Antilipidemic agents from Nigeria flora

In Nigeria, traditional medicine has been the most popular means of healthcare from the olden
days, before the emergence of alternative medicine in the form of synthetic agents. Traditional
medicine can be said to be indigenous and a culture handed over to us by our anscestors as a
means of surviving from various ailment obvious in every society. Due to high cost of synthetic
drugs and side effects, natural products have become the best alternative strategy for the
development of safe antilipidemic drugs. Various natural products both crude and isolated
components found from plants are effective remedies for hyperlipidemia cases. Several proves
are available in nature, indicating the positive effects of many natural product components
that can be employed for the treatment of hyperlipidemia. Ibrahim et al, 2013 stated that
polyphenols as apigenin, genistein and catechins as well as saponins, sterols, stanols polyun-
saturated fatty acids, mucilage and carbohydrates are good examples of agents found to exhibit
potent hypocholesterolemic activities. Table3 summarizes the continuous investigations of
Nigerian plants used as antihyperlipidemia from ethnopharmacological approach based on
the folkloric claims.
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Sources

Morphological parts

Comments

References

PerseaAmerican (Avocado
pea)

Leaves, methanolic extract

Hypolipidemic activity at 40
mg/kg

Kolawole et al., 2012

Garciniakola

Root and seed, normal saline
extracts

Hypolipidemic activity at
300-900 mg/kg

Udenze etal., 2012

Viscumalbum Plant parts, methanolic Hypolipidemic activity at Oluwatosin et al, 2012
extract 50-100 mg/kg
Caricapapaya Seed, aqueous extract Hypolipidemic activity at Nwangwa and Ekhoye 2013

100-400 mg/kg

Emilapraetermissa

Leaves, agueous extract

Hypolipidemic activity

Anaka et al, 2013

Cleistopholis patens

Leaves, aqueous extract

Hypolipidemic activity at
400-600 mg/kg

Udem et al., 2011

Solanumanguivi,
S. macrocarpum

Fruit, aqueous extract

Hypolipidemic activity at
20-100 mg/kg

Elekofehiniti et al. 2012;
Sodipo etal., 2011

Annonamuricata

Plant parts, methanolic
extract

Hypolipidemic activity

Adeyemi et al., 2009

Nauclealatifolia

Root and stem bark, ethanolic Hypolipidemic activity at

Odeyetal., 2013

extract 100-150 mg/kg

Acalypha torta Leaves, aqueous extract Hypolipidemic activity at Nnodim et al, 2011

A. capitata 100-200 mg/kg

Scopariadulcis Plant (herb) parts, methanolic Hypolipidemic activity Orhue and Nwanze, 2006
extract

Alchorneacordifolia Leaves, butanolic extract Hypolipidemic activity at 800 Mohammed et al., 2012

mg/kg

Vernonia amygdalina
Vernonia amygdalina

Plant parts, methanolic
extract; Leaves, ethanolic
extract; root, normal saline
extract

Hypolipidemic activity
Hypolipidemic activity at
100-200 mg/kg

Oluwatosin et al., 2008
Igbakin 2009, Owen et al.,
2011

Moringa oleifera

Leaves, aqueous extract

Hypolipidemic activity at 1
mg/g

Ghasi et al., 2000

Clerodendrumcapitalum

Leaves, aqueous extract

Hypolipidemic activity at
100-800 mg/kg

Adenaya et al., 2008

Parkiabiglobosa Plant parts, methanolic Hypolipidemic activity at Odetola et al., 2006
extract 30-60 mg/kg
Citrusparadisi Seed, methanolic extract Hypolipidemic activity at Adeneye, 2008

100-600 mg/kg

Cymbopogoncitrates

Leaves, aqueous extract

Hypolipidemic activity at
125-500 mg/kg

Adeneye & Agbaje, 2007

Catharanthusroseus

Leaves, aqueous extract

Hypolipidemic activity at1
ml/kg

Antia & Okokon, 2005

Albizziachevalieri

Root, aqueous extract

Hypolipidemic activity at
100-300 mg/kg

Saidu et al., 2010

Stachytarphelaaugustifolia

Aerial part, methanolic extractHypolipidemic activity

Garbaetal., 2013

Vitexdoniana

Leaves, ethanolic extract

Hypolipidemic activity

Ocheetal., 2012
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Sources

Morphological parts

Comments References

Morindamorindoides

Root bark, methanolic extract Hypolipidemic activity

Olukunle et al., 2012

Arachishypogaea

Plant parts, aqueous extract

Hypolipidemic activity at 175 Bilbis et al., 2002

mg/kg

"Ata-Ofa’ (polyherbal tea)

Leaves, methanolic extract

Hypolipidemic activity at 50
mg/kg

Atawodi, 2001

Xylopiaaethiopica

Seed, methanolic extract

Hypolipidemic activity at 250

mg/kg

Nwozo et al., 2011

Parinaripolyandra

Fruit, ethanolic extract

Hypolipidemic activity at
50-250 mg/kg

Abolaji et al., 2007

Telfairia occidentalis

Plant parts,
methanolic extract

Hypolipidemic activity

Adaramoye et al, 2007

Curcuma longa

methanol extract of the
rhizomes

hypoglycemic and
hypolipidemic acitivity 100
mg/kg

Nwozo et al, 2009.

Spondiamombia

Aqueous leave extract

Lipid lowering effect at the
doses of 250, 500and 750
mg/kg

Igwe et al, 2008

Crotonzambesicus

Ethanolic leaf extract

Lipid lowering effect

Ofusori et al, 2012.

Momordicacharantia Linn

Methanolic extract of the
fruits

Anti-Diabetic and
Hypolipidemic Effects at the
doses of 200, 400 and 600
mg/kg

Kolawole and Ayankunle,
2012.

Bauhiniathoningii

Aqueous crude extract

Hypoglycemic and lipidemic
effecte

Ojezele and Abatan, 2011.

Cajanuscajan

Methanolic leaf extract

Antioxidant and
hypolipidemic activity at the
dose of 200 mg/kg

Akinloye and Solanke 2011.

Jatrophatanjorensis

Methanolic leaf extract

Serum lipid profile and

phytochemical composition at
100, 200 and 500mg/kg dose

ranges

Oluwole et al, 2011.

Melantherascandens

Ethanolic leaf extract

Antidiabetic and

hypolipidemic activities at the

doses of 37, 74 &111 mg/kg

Akpan et al, 2012.

Ricinuscommunis

Aqueous root extract

Hypoglycaemic potential, lipidMatthew et al/, 2012.

profile effects At a dose of
500mg/kg

Table 3. Medicinal plants investigated in Nigeria for use as Antihypolipidemic agent

These plants have been identified, authenticated and investigated from Nigeria flora against
hyperlipidemia, using pharmacological validated animal models. They all have levels and
with some levels of increase in LDL, TC, TG and decrease in HDL. Furthermore, there has been

recent interest on the research towards hyperlipidemia due to its obvious relationship with
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diabetes and other ailments like cushing’s syndrome, renal disorder, pregnancy, polycystic
ovary syndrome, underactive thyroid gland etc. Hyperlipidemia arising from high serum
triglyceride or total cholesterol concentration or both has been reported in diabetic and
hypertensive patients. Diabetics have been reported to be more prone to cardiovascular
diseases including hypertension than non-diabetics (Bilbis et al, 2002). An overview of 40
medicinal plant species from Nigerian indigenous plants reported to have hypolipidemic
effects are presented. Most of the reported hypolipidemic effects were on crude extracts and
active constituents. Above 30 % of the investigated plant parts had effects on both lipid profile
and glyceamic index. However, much still needs to be done on several phytoconstituents of
these plants, as well as conduct clinical research on active constituents derived from them,
especially in the determination of their levels of toxicity. Other Nigerian plants claimed to have
positive effects on lipid profile but found to act as soup thickeners are yet to be investigated.
The reported Nigerian plants in Table 3 are rich in soluble and dietary fibres ( examples,
legumes, fruits and vegetables) and if found to have minimal toxicities, can be incorporated
into dietary supplements. According to Ibrahim et al, (2013), the major advantage of natural
hypolipidemic drugs over synthetic drugs is that many natural drugs exhibit their hypolipi-
demic activity by different mechanisms. Plants are known to have a striking potential in the
management of lipid metabolism and providing better therapeutic effects as an alternative
medicine.

4. Conclusion

The use of herbal or natural medicines for the treatment of various disorders has a long and
extensive history. The reported plants have the potential to act as lipid-lowering agents with
minimal side effects (advantage over currently synthetic drugs) and thus could find their way
onto the world market as alternatives to prescribed drugs currently available to treat hyper-
lipidermia. Most of the studies were carried out with crude extract and administered orally.
The principal families in which such activity has been reported are Acanthaceae, Apiaceae,
Asteraceae, Azoaceae, Combretaceae, Cucurbitaceae, Euphorbiaceae, Fabaceae, Lamiaceae,
Liliaceae, Malvaceae, Myrtaceae, Rubiaceae, Rutaceae and Zingiberaceae, Finally, all the plant
species appear to be promising as hypolipidemic agents with activity mediated through
various mechanisms.
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1. Introduction

Garlic is widely used around the world for its pungent flavour as a seasoning or condiment.
From the history, it is known that garlic has been used for more than 7,000 years by humans.
Originally the plant was native to central Asia [1], but it has long been used for consumption
(raw or cooked) as seasoning in many other parts of the world such as the Mediterranean
region, Africa, and Europe. It has specifically been used for its medicinal purposes in ancient

Egypt. [2].

The garlic plant's bulb is the most commonly used part of the plant. As mentioned, garlic or
more specifically the cloves is believed to have many medicinal properties ranging from
positively affecting anything such as high blood pressure (BP) and lowering cholesterol to
using it as a treatment for the common cold [3]. Even Hippocrates, Galen, and Dioscorides all
mention the use of garlic for many conditions, including parasites, respiratory problems, poor
digestion, and low energy [4].

Plants have always been the sources of important medicines since time immemorial. Currently
there is a huge movement and emphasis towards scientifically and clinically unlocking the
value of traditional phytomedicines in the service of humanity. With this in mind the scope of
this chapter is to investigate garlic’s effects on human health with special reference to the effect
on the reproductive system. The chapter will furthermore aim to explain the mechanisms via
which garlic can exert its effect.

I m EC H © 2014 Valente et al,; licensee InTech. This is a paper distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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2. Garlic: Overview and properties

Allium sativum, or commonly known as garlic, is a vegetable species that can be classified as
either a food or a medicinal herb. It is a widely used plant product that is cultivated all over
the world. Garlic falls into a family of Amaryllidaceae or the genus Allium. Its closest relatives
in the onion genus include the onion, shallot, leek, rakkyo and chive [4].

The bulbs are mainly composed of water (approximately 84.09%), organic matter (13.38%)
and inorganic matter (1.53%). The leaves consist of more or less the same components with
slightly different ratios (water 87.14%, organic matter 11.27% and inorganic matter 1.59%)
[5, 6].

The organic matter is mostly carbohydrates while the inorganic matter is compounds such
as sulphur and iron. The large number of sulfur compounds contributes to the smell and
taste of garlic. Allicin has been found to be the compound most responsible for the "hot"
sensation of raw garlic (RG) [7]. Allicin, along with its decomposition products diallyl
disulphide and diallyl trisulphide, are major contributors to the characteristic odour of
garlic, while other allicin-derived compounds, such as vinyldithiins and ajoene show
beneficial in vitro biological activity [4].

Despite having a minimal amount of ions and other compounds, those that are present play a
very important role in the composition and overall beneficial effects that garlic potentially
possesses [8].

When crushed, Allium sativum yields allicin, an antibiotic [9] and antifungal compound
(phytoncide) discovered by Cavallito and colleagues in 1944. Fresh or crushed garlic also has
enzymes, B vitamins, proteins, minerals, saponins, flavonoids, and Maillard reaction products.
Furthermore, a phytoalexin (allixin) was found, a nonsulfur compound with a y-pyrone
skeleton structure with antioxidant effects, antimicrobial effect [10]antitumor promoting
effects [11], inhibition of aflatoxin B2 DNA binding and neurotrophic effects [11].

There are different variants of the garlic root and each has its own properties that aid with
good health. The white (natural) and black (fermented) garlic are just derivatives of how it is
prepared, although each has its own unique effects. The white garlic is said to have medicinal
properties while the black fermented garlic is more commonly used for cooking. Garlic can
further be divided into two main subspecies being Ophioscorodon or hard necked garlic and
Sativum or soft necked garlic [12]. Garlic can often be found in 4 forms namely; RG homoge-
nate, garlic powder, aged garlic extract (AGE) and garlic oil.

* The RG homogenate is prepared by collecting garlic cloves and removing several outer
layers. The cloves are then blended with distilled water and left for half an hour at 25°C.
The solution is then filtered and a homogenate sample is obtained [13].

* Garlic powder is prepared by pulverising crushed and dehydrated garlic cloves. This is
mainly used for cooking purposes.
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* AGE is obtained by placing garlic cloves in ethanol for a minimum of 20 months at room
temperature. This reduces the concentration of allicin [13]. Which could reduce the medic-
inal properties of garlic as allicin is said to play a significant role.

* Garlic oil is obtained through a complex steaming and distillation process and is used in
cooking or as medicinal oil.

The preparation of the garlic bulb is probably the most important factor in its effectiveness.
Fresh garlicis often described as the best preparation to use to get superlative medicinal value
out of the herb. Dried or cooked garlic often loses its potency because the amount of allicin
present is significantly decreased in the cooking process [3]. Although the active ingredient in
garlic is said to be unknown there is a lot of speculation around allicin as being the main
constitutive/candidate [3]. More studies on sulphur are currently being done as this could also
play a significant role, especially in organically grown garlic. Other studies state that the active
ingredients are more directly associated with sulphur-containing amino acids, such as allicin,
S-allylcysteine (SAC), S-allylmercaptocysteine (SAMC) S-methylcysteine, diallyl disulphide
and sulfoxides [14].

Allicin is a very unstable molecule and breaks down very easily. This is why it is recommended
to eat fresh garlic as it contains the highest amount of allicin. It is also the reason for the strong
odour that garlic possesses. The more prominent this odour is the higher levels of allicin and
beneficial values the bulb is said to have [15]. Due to this instability medical companies have
now started to develop garlic supplements that contain Alliin - a stable precursor to allicin. It
is only released upon digestion meaning the body will have the added benefit of having a
sufficient amount of the favourable metabolite along with the safer more stable option [15].

The preparation of the garlic is of vital importance and studies have shown that each prepa-
ration has its own beneficial effects and more importantly its own threshold to when it starts
becoming detrimental to the body. 2-5g of RG and 10-15g of boiled garlic provide beneficial
effects with regard to prevent cancer development [16]. Likewise a certain amount of garlic
supplementation would be beneficial in the male reproductive system. Unfortunately this
amount is still unknown.

3. Garlic and human health

Garlic has been considered as a disease preventative food and its effects on the human health
have been studied. Garlic infused medicine is on the increase due to the proposed beneficial
effects on human health. The effects of garlic on both plant and animal models is best known
for its ability to decrease the amount of lipids or free fatty acids, as well as its anti-atherogenic
effects in both models [8].

Garlic supplements are now also being widely developed and recent studies have shown just
that by mimicking the effect garlic has on the body. Allium products have the potential to
reduce the risk of developing cancer or the potential to decrease the risk factors associated
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with cancers [17]. Research has been done on this and some evidence has been found that it
has beneficial effects but there are also studies that show no effect at all [18].

Garlic has shown to have therapeutic effects, but the side effects are poorly investigated. The
medicinal effects of garlic on certain diseases and specific systems will subsequently be
discussed.

3.1. Effects on cardiovascular system

Cardiovascular disease (CVD) also known as heart disease is becoming an increasingly
alarming problem in developing countries as it is the most common form of mortality [14].
Countries such as Spain and the USA have always been associated with heart disease, but
developing countries are now showing an increasing trend in developing heart conditions [19].
With risk factors such as hypertension and hypercholesterolemia present, the onset of heart
disease becomes more likely [20].

The effects of garlic on the cardiovascular system have been attracting a lot of interest in recent
times with the development of modern medicine in particular [3]. An increase in the amount
of cholesterol in the body can lead to the formation of atherosclerotic plaques and this is a risk
factor for both heart attacks and strokes. Low-density lipoprotein (LDL) cholesterol levels can
greatly be reduced without affecting the good High-density lipoprotein (HDL) cholesterol
levels. The mode of action is said to be that garlic blocks the liver from making too much LDL
because of its bio-active ingredients [15]. The high levels of cholesterol result in an increase in
free-radical producing peptides. Reactive oxygen species (ROS) and oxidative stress (OS)
levels are also key markers in CVD and by decreasing these levels the onset of heart disease
can be delayed. Unfortunately the likeliness of developing heart disease increases with age
and decreasing the amount of harmful oxidation in the body would be beneficial.

Garlic can delay the onset of heart disease due to its antioxidant properties. The type of extract
used is of vital importance as it will influence the beneficial effects. Garlic reduces the amount
of cholesterol in the body and by doing this the heart becomes more protected. Garlic also
plays an important role in maintaining the structure and efficacy of endothelial cells and
endothelial function [21]. The administration of AGE inhibits the progression of coronary-
artery calcification and reduces the risk of a myocardial infarction or a heart attack [20].
Similarly, Allicor (a garlic powder tablet) was given to people suffering from coronary heart
disease (CHD). This resulted in decreasing the risk of myocardial infarction, more significantly
noted in males as opposed to females [14]. Studies have shown that the most effective way to
reduce CVD is to try and reduce all the risk factors. Garlic-based preparations is thought to be
promising agents for multifunctional risk reduction, but the mode of action remains slightly
obscure [14].

With an increase in age the metabolic parameters of an individual is likely to change and this
is evident in the onset of menopause in females. The end of the fertile phase in a woman's life
is known as menopause and generally occurs during midlife or typically between the ages of
40 and 50. Together with diabetes, excessive weight, hypertension and endothelial dysfunc-
tion, menopause is a well-known risk factor for CVD which could lead to an increase in
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metabolic parameters. Evidence shows that the vascular function in postmenopausal women
could be affected by the changes in the reproductive hormones. One of the main precautionary
measures for postmenopausal women with an increased CVD risk is exercise, however since
ancient times garlic has been used as a treatment for CVD. It is said that AGE combined with
exercise resulted in greater body weight loss than either AGE or exercise on its own. With the
onset of menopause, fat and cholesterol levels are increased as well as the degree of oxidative
stress. AGE has shown to reduce all these factors and is more easily absorbed in the body than
other garlic preparations [21].

3.2. Effects on blood pressure

Blood pressure or arterial BP is the pressure exerted by circulating blood upon the walls of
blood vessels [22]. BP can fluctuate from person to person depending on the individual and
their health. A healthy patient should have an ideal BP of 120/80. If the BP exceeds 140/100 the
patient is said to be hypertensive and if it is below 90/60 the person is hypotensive [23].

Hypertension and diabetes is said to be lifestyle-related diseases that has become a serious
issue for countries previously not associated with it. Asian countries have now started to show
a large increase in the amount of people suffering from high BP, with Japan having an
estimated total of seven million people living with the disease [24]. Moreover one billion adults
worldwide are affected by hypertension with about sixty-five million of them residing in the
USA. This has led to approximately 40% of cardiovascular related deaths [25]. Hypertension
has been considered to be the most important bio-marker in the onset of CVD.

Anti-hypertensive treatment has not always resulted in the desired effect of reducing the BP
and alternative means of medication have now been developed. Garlic supplements and garlic
derived products are becoming more and more popular in western medicine. AGE and RG
showed to have the highest effect on lowering BP [24]. Interestingly, it is well known that AGE
contains less allicin than RG. This has led to more studies being performed in order to establish
the compound specifically responsible for lowering of the BP and reducing hypertension. The
lowering effect that garlic has on BP is said to be due to the fact that the nitric oxide (NO)
system is more active than the renin-angiotensin system. NO and Hydrogen sulphide (H,S)
play major roles in the progression of diseases, both NO and H,S are considered to be important
vasodilators. In a recent study both serum NO and H,S were measured in diabetic rats and it
was shown that chronic administration of garlic normalised both gaseous molecules and
reduce BP [26].

It was found that both aged garlic and raw RG produce the same amount of NO implying that
nitric oxide synthase (NOS) is the key to lowering BP. Both forms of garlic resulted in an
increase in the activation of NOS. An increase in NO will lead to an increase in the relaxation
of the blood vessels, and will therefor lead to a decrease in the BP. However, studies have
shown that both AGE and RG require at least 3-4 weeks of daily administration before their
action is expressed and this suggests that there could be a different mechanism for the lowering
of BP [27].
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The administration of AGE improved the condition of arteries as well as prevented the
stiffening of the blood vessels which is a key marker in aging. By doing this it also improves
erythrocytes which are the main component of blood. And therefor improves peripheral
circulation and leads to a decrease in erythrocyte deformation. The improvement of blood
circulation caused by AGE could be one of the causes of lowering BP, but RG showed to cause
an increase in erythrocyte deformation and could lead to anaemia [25]. Garlic’s medicinal
properties in relation to its ability to lower BP have been studied extensively. It has been shown
to significantly reduce BP in hypertensive patients when compared to those receiving a placebo
[28]. Chronic feeding of AGE and RG decreased BP. Unfortunately the exact mechanism is not
entirely elucidated as of yet. However, RG showed more harmful than beneficial effects. These
results suggest that with regard to decrease in hypertension aged garlic would be the better
and safer option [24]. It is also a safer treatment to use in conjunction with conventional anti-
hypertensive therapy [25].

3.3. Effects on diabetes

Diabetes mellitus, or simply diabetes, is an endocrine disorder that forms part of a group of
metabolic diseases characterised by elevated blood sugar levels or an insulin deficiency.
Between one and two percent of the global population is affected by diabetes and there are
roughly 100 million patients worldwide [29]. The most common form of diabetes is type two
diabetes mellitus and comprises 80 percent of all diabetic populations [30]. A predicted
increase from 51 to 72 million individuals affected by diabetes is expected in developed
countries in the next decade; this translates to an increase of more than 42 percent. Developing
countries will however face the brunt of the pandemic as it is expected to show an increase of
170 percent [31].

Diabetes is divided into two categories based on its mechanisms. Type 1 diabetes results from
an individual’s body failing to produce insulin, and currently requires the person to inject
insulin or wear an insulin pump. It is also referred to as insulin-dependent diabetes mellitus
(IDDM) or juvenile onset diabetes due to the fact that it is prominent in children [32]. This is
a rare case of diabetes in comparison to its counterpart. Type 2 diabetes results from insulin
resistance, a condition in which cells fail to use insulin properly, in some cases it is combined
with an absolute insulin deficiency. It is also referred to as non-insulin-dependent diabetes
mellitus (NIDDM) or adult-onset diabetes [32].

An individual’s dietary factors play a key role in both the onset as well as the prevention of
diabetes and other metabolic disorders [33]. Garlic is recognised for its therapeutic potential
for controlling diabetes and its subsequent metabolic complications. The hypoglycaemic effect
that garlicis said to haveis attributed to the presence of allicin and sulphur compounds. Studies
have shown that the oral administration of RG significantly reduced blood glucose levels and
improved insulin sensitivity in garlic treated rats. Administration of aqueous garlic in patients
with Type 1 diabetes has been reported to increase insulin sensitivity. Furthermore, metabolic
complications such as increased serum-triglyceride, insulin and uric acid levels usually
observed in diabetic rats were normalised after garlic administration [30].
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Interestingly it has been observed that chronicadministration of RG significantly reduced body
weight, however the mechanism as to how garlic contributes to a reduction in body wait is
still unclear. A study by Elkayam [26] has shown that allicin administered for 2-3 weeks
reduced weight gain in fructose fed rats. Together with reducing glucose levels allicin also has
the added advantage of decreased weight gain.

Glycation is the spontaneous phenomenon that occurs whenever proteins are exposed to
reducing sugars and is depended on the degree and duration of hyperglycaemia in the body.
It has been suggested that a direct reaction referred to as the Maillard reaction takes place
during hyperglycaemia. This is a reaction that occurs between the sugars and proteins in the
body. Advanced glycation end products (AGEPs) are formed when glycated proteins react
with dicarbonyl intermediates to form complex heterogeneous, cross-linked and fluorescent
molecules. Little is known about the chemistry of AGEPs but AGEPs are said to generate free
radicals and lead to oxidative damage and this inevitably leads to diabetic complications [29].
The exact mechanism as to how garlic decreases glycation is uncertain but it is said to be due
to decreasing the free radicals in the body, and it also increases anti-oxidant enzymes. Garlic
also plays a role in the regulation of the Maillard reaction by inhibiting AGEP production/
formation, but more research is required on the exact mechanism [29].

3.4. Effects on dementia and the brain

Increased homocystein levels damages the endothelial cells that line blood vessels and
prompts apoptosis by producing strand breaks in the DNA. This causes thrombotic activity
that could result in heart attacks and strokes. Individuals living with dementia have a much
higher level of homocystein than healthy people and there is a significant link between high
levels of homocystein and loss of cognition. It has also been indicated that the intake of AGE
decreases homocystein levels [20, 34].

Studies have also shown that there could be a link between heart diseases and dementia risks
[34]. Risk factors such as hypertension, high cholesterol, increasing levels of homocystein,
inflammation and oxidative stress are all related to both heart disease and dementia. These
risks factors occur in the brain due to an increase in a- peptide levels or a restriction in the
blood supply to tissues. This could then result in cardiovascular or cerebrovascular diseases
of which dementia and Alzheimer’s disease (AD) is included [20, 34]. In addition to oxidative
stress, free radicals such as ROS are closely associated with CVDs, cerebrovascular diseases
such as dementia and cancer. It is believed that the damage done to DNA, proteins and lipids
are considered of the foremost causes in the commencement and development of the diseases.

Free radicals increase in number when there is an infection, inflammation, hyperhomocystei-
nemia or exposure to smoking, drugs and radiation [35]. When the LDL cholesterol levels are
changed due to oxidative stress and free radicals, the risk of atherosclerosis, cardio and
cerebrovascular diseases increase. In addition neuronal apoptosis is triggered which leads to
an increase in the risk of brain atrophy and dementia. AGE is known to lower homocystein
levels, increase microcirculation and provide protection for endothelial cells from the effects
of oxidation. Following a stroke the risk factors of neurodegenerative conditions and CVD
include myocardial ischemic or reperfusion injury, AGE can protect the body against this by
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increasing the production of constitutive NO [20, 34]. AGE has also been shown to possess
anti-aging properties, in studies AGE prevented the deterioration of the brain’s frontal lobe,
and enhanced learning and memory retention.

3.5. Effects on cancer

Cancer or malignant neoplasm is a broad group of diseases involving unregulated cell
growth. Cell division and uncontrollable growth of these cells form malignant tumours in
individuals living with cancer. These tumours are very likely to invade nearby parts of the
body. The lymphatic system or bloodstream may also spread the cancer to more distant
parts of the body. However, not all tumours are cancerous. Benign tumours do not invade
neighbouring tissues and do not spread throughout the body [36].

There are over 200 different known cancers that affect humans ranging from breast and
prostate cancer to colorectal and lung cancer. In the year 2008 approximately 12 million
people worldwide were said to be living with cancer and this figure is expected to rise to
about 21 million by the year 2030. Lung cancer is responsible for the most deaths closely
followed by breast and colorectal cancer [37].

Garlic is said to have chemo-preventive properties and its effects have been closely studied
on various cancers. The antitumor effects that garlic potentially possesses are directly
attributed to its anti-mutagenic properties [38]. The formations of tumours in vitro and in
vivo were shown to be greatly decreased after the administration of fresh garlic, al-
though the mechanism of action is still unknown. The timing and dose of the garlic could
be the main factor in inhibition of the pro-carcinogens [38]. A possible mode of action as
to how garlic can prevent cancer is by the effects of Diallyl trisulphide (DATS). DATS is a
by-product of garlic that exhibits several pharmacological effects (e.g. anti-microbial and
CVD), making this compound a promiscuous agent with possible beneficial chemo-
prevention properties due to the complex pathways in cancers [39]. Oral ingestion of aged
garlic (that is lacking enzymatically produced allicin due to the fact that it was not chopped)
reduced 1, 2-dimethylhydrazine induced colon tumours significantly [40]. With specific
reference to skin cancer, the treatment results are inconclusive and more research will have
to be conducted [41]. Stomach tumours were greatly decreased by administration of AGE.
The toxicity of garlic was not directly responsible for the death of cancer cells alone although
it does play an important role. Another key role in the prevention of cancers is garlics effect
on the immune system. Macrophage activity, NK and killer cells as well as the cytokine
TNF were all shown to have increased activity after administration of garlic and this resulted
in an increase in antitumor response [42]. Colorectal cancer is the third leading cause of
cancer death in the world. In this respect normal garlic cannot be administrated and would
need to be introduced as part of a strict diet. The Garlic and low meat diet did however
show a decrease in colorectal tumour growth [43].
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3.6. Effects on reproductive system

Infertility and especially idiopathic infertility has been on the increase during the last century.
Infertility is the inability to conceive after having unprotected sexual intercourse for more than
a year of trying [44]. In 19-57% of cases the male is at fault when a couple have infertility
concerns [45]. This has led to a lot of research on male fertility and the male reproductive
system. Garlic and its effects on the male reproductive system has caused a tremendous
amount of interest in the Andrology and reproductive field as some researchers believe it to
have a beneficial influence and others believe it to have a detrimental effect on the male
reproductive system. The possible reason as to why these discrepancies exist could be due to
the preparation and the dosage.

3.6.1. Spermatogenesis and sperm function

In a study performed by Qian and co-workers it was shown that the administration of garlic
to rats showed a decrease in sperm quality and functionality. The amount and preparation of
garlic will result in a decrease in specific seminal parameters. The crude extract of garlic results
in an increase in the percentage of empty seminiferous tubules. It has been reported to reduce
membrane disintegration and irreversible immobilization of sperm [46] while at the same time
reducing sperm viability [47]. This is the reason as to why some researcher’s believe that garlic
acts as a natural contraceptive although more research would have to be performed [47]. The
majority of data report garlic to have deleterious effects on specifically the male reproductive
system. In another study testicular morphological alterations were noted after male adult rats
were given 50 mg kg * of garlic powder for 45-75 days [48]. Hammami and El May (2009) found
that garlic improved male sexual dysfunction in direct contrast to the studies previously
mentioned which claimed garlic to have a negative impact on male reproductive function. The
main difference and possibly the reason between different results could be the lack of stand-
ardization between research models and the different amounts of garlic given to test subjects

13].

Spermatogenesis is the process whereby spermatozoa are produced. Needless to say it is a
very important process in the male reproductive organs. The production of spermatozoa can
be effected by various stimuli. ROS and heat are important in the formation of mature sperm
but a large amount of ROS and higher than normal physiological temperatures levels may
become hazardous to the spermatozoa.

The daily administration of garlic powder and aqueous garlic to adult rats caused spermicidal
effects and spermatogenetic arrest. However, feeding a higher garlic supplementation over a
longer period of time to the adult rats caused an increase in Epididymal spermatozoa [3].
Although an animal model was used, comparisons can be linked to a human model to the
similarities in the reproductive systems of the respective models. The effect of garlic on
spermatogenesis and on testis also yielded contrasting findings. Administration of garlic over
a period of time showed to have histological alterations on the cells within the testes. Both the
Leydig and Sertoli cells showed lipid droplets along with a decrease in volume. Spermatocytes
showed interrupted nuclear development and an increase in apoptosis was also evident [49].



268 Antioxidant-Antidiabetic Agents and Human Health

Apoptosis is a physiological term used to explain programmed cell death [50]. Caspase 3
formation is a vital step in the activation of the apoptotic pathway and an increase in crude
garlic intake leads to an increase in caspase 3 formation. Apoptosis effects the formation of
spermatocytes and spermatids and the testes have shown an increase in apoptotic germ calls
after the rat is exposed to crude garlic feeding [51].It was shown that supplementing the diet
with crude garlic induced apoptosis in both spermatocytes and spermatids [51]. Dixit & Joshi
[48] again noted that treating rats with garlic powder impaired spermatogenesis and led to an
early arrest in the development of spermatozoa. This in turn reduced the amount of round
spermatids converted into elongated spermatids furthermore impairing spermatogenesis.
With regards to the testicular function, garlic and its metabolites have a protective function.
The effects of garlic on the testes include prevention of hypogonadism caused by heat and
protection against cadmium-induced testicular damage by reversing the alterations in the
biochemical parameters [52]. Other beneficial properties are its ability to restore testicular
histology and decrease free radicals in the testes which are detrimental when in large amounts.

3.6.2. Hormonal levels and libido

Garlic feeding has both positive and negative effects on testosterone production. Itis important
tonote that between the different studies that were performed, different preparations, amounts
and concentrations of garlic were administered. The preparation of the garlic could possibly
be the key factor involved in the impact it will have. By administering crude garlic to Rat
models it was recorded that there was a decrease in testosterone formation due to the decrease
in responsiveness of the leydig cells to the luteinizing hormone. This decrease in responsive-
ness is due to the histological alteration in the testes (Figure 1). In contrast Oi et al. [53] showed
an increase in testosterone levels due to the increase in the luteinizing hormones after admin-
istration of 8g of garlic powder. Again, the different preparations of the garlic plant are vital.

Garlic’s effects on the reproductive system have led to contradictory results. According to
Hammami et al. [51] garlic has been used to improve male sexual dysfunction and this includes
impotence. Heated garlic juice is effective in recovering testicular function after experimental
hypogonadism, but powder or crude garlic (in large amounts) impairs male reproductive tract
functions [51].

Benign prostatic hyperplasia (BHP) is an extremely common condition in older men and can
affect the male reproductive system. Milk and other dairy products have been related to an
increase in BHP but the results found are very inconsistent. The same trend applies for garlic
as studies have shown that cooked garlic can decrease the onset of BPH but RG can increase
the onset [54]. Aqueous garlic extract has however shown to improve disease parameters in
patients with BPH [55]. Garlic extract also decreases the onset of prostatic cancers and other
malignancies [56]. The results are however inconclusive and very contrasting amongst
published articles and no real conclusion can be drawn until more research is done on the
effects of vegetable- more specific garlic — has on the male reproductive system.



Garlic and Its Effects on Health with Special Reference to the Reproductive System 269
http://dx.doi.org/10.5772/57191

4. Mechanisms

The scientific and pharmacologic explanations for most of the medicinal effects attributed to
garlic treatment are still eluding researchers. There is however a few mechanisms via which
garlic more than likely exert its effects which are worth mentioning and highly plausible.

4.1. Antioxidant properties

An antioxidant is a molecule that inhibits the oxidation of other molecules in the human body
[57]. A chemical reaction known as oxidation occurs when electrons or hydrogen atoms are
transferred from a substance to an oxidizing agent. Once this oxidation reaction occurs, free
radicals are produced and realised into the body. In turn, these radicals can start chain
reactions. Antioxidants terminate these chain reactions by removing free radical intermediates,
and inhibit other oxidation reactions [58]. Antioxidants are present in most of the foods we eat
and drink like spinach, oranges, whole wheat bread and tea. Garlic is also very rich in
antioxidants [59] (Table 1). The powerful odour that fresh garlic possesses is due to the amount
of allicin that is present. This odour as well as the unique acquired flavour of garlic has resulted
that not every one favours it [20]. This led to the emergence of the AGE. As mentioned
previously AGE is obtained via a long and tedious process. The extract obtained through this
process does not have the pungent flavour of garlic and is also odourless [60]. This is due to
the fact that a large amount of allicin is lost and therefor it loses a lot of its beneficial properties.
However, due to the amount of allicin lost, this means that the most prominent component in
AGE is the organosulfurs like SAC and SAMC. These compounds are said to have potent
antioxidant effects in the body. S-allylcysteine and S-allylmercaptocysteine increase with aging
of the garlic. Therefore, the longer the garlic is aged the less allicin it will contain, but the more
antioxidant effect it will have. This makes AGE the most potent form of garlic with regards to
antioxidant ability.

Oxidative stress is the term used to describe the process that transpires when there are too
many free radicals or not enough antioxidant agents in the body [20]. This oxidative damage
is often associated with aging and age-degenerative conditions such as dementia and AD. AGE
has shown to inhibit this oxidative damaged caused and helps with reducing the risk factor
or onset of neurodegenerative disease as well as slowing down the aging process or to be more
specific the onset of deteriorating skin. However, the administration of garlic did not decrease
the levels of iron mediated oxidative stress [61]. The antioxidant actions of AGE are based on
decreasing the amounts of ROS and reactive nitrogen species (RNS) as well as inhibiting LDL
oxidation and lipid peroxide formation. An increase in ROS in the body can lead to a host of
issues including endothelial dysfunction which is a key marker in the development of cardiac
injury. Likewise LDL oxidation could lead to vascular dysfunction and promotes the onset of
atherosclerosis and possibly myocardial infarction [20].

A study was done to compare the antioxidant potential of the different garlic preparations.
AGE which is predominantly SAC and SAMC was compared to a water extract of fresh garlic
containing mostly alliin and RG that contains allicin [62]. AGE had the highest antioxidant
effect and surprisingly the other two preparations served more as an oxidant [62]. Although
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the majority of the antioxidant affects are from the AGE there are incidents where other
preparations were used as an antibiotic/antioxidant. A lot of the mechanisms by which garlic
acquired its medicinal properties have been specifically ascribed to this potent antioxidant
action. It has the ability to stimulate immunological responsiveness and its modulation of
prostanoids synthesis. The antioxidant properties of garlic have been studied extensively and
it does have a beneficial role in the body. AGE is however more effective in removing free
radicals and LDL cholesterol than other preparations of the garlic root, but that does not mean
the other preparations aren’t important as well.

4.2. Antibiotic properties

Allicin, found in the garlic bulb, serves as a powerful antibiotic which aids the body in
inhibiting the growth and reproduction of bacteria [63]. One milligram of allicin is equal
to 15 standard units of penicillin [63]. Allicin attacks over 23 types of bacteria, such as staph
and salmonella, 60 types of fungi and yeast and is also effective against 17 of the most
dangerous fungi [64]. Another example of where allicin serves as a potent antibiotic is in
the treatment of Streptolysin O (SLO). SLO is a powerful cytolytic toxin found in almost
all group A streptococci. Treatment of SLO with Allicin completely neutralized the
haemolytic activity of the bacteria, while the aqueous garlic extract inhibited it altogether
[65]. From these results it can be deducted that garlic and its metabolites have antibiotic
properties. Extracts of fresh garlic contain antioxidant phytochemicals that prevent oxidative
damage.

4.3. NO and H,S

NO and H,S play major roles in the progression of diseases, both NO and H,S are considered
to be important vasodilators. In a recent study both serum NO and H,S were measured in
diabetic rats and it was shown that chronic administration of garlic normalised both gaseous
molecules [26] and this decreased hypertension by inhibiting certain enzymes such as N
omega-nitro-L-arginine-methyl-ester (L-NAME) [66].

5. Conclusion and recommendations

From this review it is evident that garlic certainly has some medicinal properties. Various
studies highlighted its cardio protective, antibiotic, anti-hypertensive and cholesterol
lowering effects. Some evidence also points to its ability to lower the risk of developing
cancer. Not all the research data are as clear and conclusive and certain remain ambigu-
ous. Garlic appears to exert both positive and negative effects on the male reproductive
system. Interestingly enough crude garlic (if taken in large amounts) shows the most
detrimental and AGE garlic the most beneficial results. The most crucial factor in determin-
ing the effects observed is possibly the manner in which the garlic was prepared as well
as the amount that is being administered. Interestingly, large amounts are deemed to be
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more detrimental. Some of the results found showed that the administration of garlic
affected testicular function, histological properties and sperm quality [46, 48 & 51]. Hormone
levels were subsequently also altered and an increase in testicular tissue apoptosis was
recorded [51]. Furthermore crude garlic extracts and garlic juice showed to cause sperm
immobilization (administered as 15g/100g and 30g/100g respectively) [51, 67, 68]. More
research definitely needs to be performed on the effect of garlic on acrosome and DNA
integrity of spermatozoa.

In general it can be said that garlic’s therapeutic properties warrants further investigation in
order to develop its full treatment potential as a phytotherapeutical agent impacting on human
health and used for the treatment of various disease conditions. The specific mechanism of
action also need to be identified as it can possible shed more light on and help with the
development of more effective pharmacological agents. Additional human studies on AGE
and its constituents are needed to elucidate their role in protecting human health, and
molecular studies should be intensified to reveal the underlying mechanisms.

Product Source of commercial sample Lot# % Inhibition? (SD)
AGE Kyolic liquid (Mission Viejo) 5LO1 +121.8(2.73)
A Garlinase 4000 (Enzymatic Therapy, Green Bay, WI) 213Y46QD -213.0(4.67)
B Garlic powder (McCormick, Baltimore, MD) 0208A -217.2 (5.20)
C Quintessence caplet (Pur- Gar, Takoma, WA) 36698 -239.5 (4.85)
D Quintessence capsule (Pur- Gar, Takoma, WA) 63121 -242.1 (5.15)
E Garlicin (Nature's Way Product, Springville, UT) 503369 -246.8 (9.24)
F Kwai (Lichtwerpharma, Berlin, Germany) 94080700 -250.7 (3.01)
G Garligue (Sunsource HealthProducts, Kihei, HI) 5J0010 -251.0(10.6)
H Garlic Time (ArizonaNatural Products,Scottsdale, AZ) 896210 -254.4(7.14)

'Laboratory Report, Wakunaga Pharmaceutical, Hiroshima, Japan, October 1995. Courtesy of Wakunaga of America
Company. Garlic products were purchased from stores, as in Freeman and Kodera 1995. Each analysis was performed
three times.

2Antioxidant properties were measured by the ability of the various products to inhibit the emission of low level chem-
iluminescence, in a liver microsomal fraction, initiated by t-butyl hydroperoxide (Imai et al. 1994). Inhibition (+) de-
notes antioxidant activity, resulting from scavenging of reactive oxygen species (ROS) and reflected in the inhibition of
light emission. Inhibition (-) denotes prooxidant activity of a product as reflected in an increased light emission, in-
duced by increased ROS activity.

*Table reproduced from “Recent Advances on the Nutritional Benefits Accompanying the Use of Garlic as a Supple-
ment” held November 15-17, 1998 in Newport Beach, CA. The conference was supported by educational grants from
Pennsylvania State University, Wakunaga of America, Ltd. and the National Cancer Institute. The proceedings of this
conference are published as a supplement to The Journal of Nutrition 131:10105-1015S, 2001.

Table 1. Antioxidant effects of aged garlic extract (AGE) compared with other garlic supplements'
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Figure 1. Photomicrographs of sections of testes of albino rats having received 20% of their daily food as crude garlic
for two months (subgroup B1) showing: (A) intraepithelial vacuoles of variable sizes (V). Sertoli cell nuclei () on the
basal portion of the tubules. Primary spermatocyte nuclei either dividing normally (1) or with condensed chromatin
(1 1). Some seminiferous tubules possess irregular basal lamina and are separated from each other. Interstitial tissue
with Leydig cells (L), plasma cells (c) and lymphocytes (Y) (x200). (B) Giant cell (1) formation and exfoliation in the
lumen of the seminiferous tubules (x200). (Reproduced from Abdelmalik, 2011)
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1. Introduction

Erectile dysfunction (ED) or (male) impotence is a sexual dysfunction characterized by the
inability to develop or maintain an erection of the penis [1]. There are various underlying
causes, such as a compromised cardiovascular system and diseases such as diabetes and
chronic kidney disease (CKD), many of which are medically treatable. The causes of erectile
dysfunction may be physiological or psychological [2]. Sexual function includes libido, penile
erection, ejaculation, and orgasm. While each of these parameters may be of concern to an
individual patient, the vast majority of men complain of ED. Testosterone deficiency frequently
is associated with decreased libido and ED. ED is a clinical problem that is underdiagnosed,
under-evaluated, and under-treated. The prevalence of ED increases with age, and it is
associated with multiple medical conditions including diabetes, hypertension, and heart
disease that also increase with age. ED is a highly prevalent and often underreported condition.
The prevalence of ED varies in different countries and approximately 100 million men
worldwide are estimated to be affected with ED. More than half of US men between the ages
of 40 and 70 years are estimated to have ED. The worldwide ED prevalence in men with
diabetes ranges from 27% to 75% and it is estimated that the prevalence of ED will double in
the next 25 years [3]. There is a strong link between ED and atherosclerotic disease due to the
fact that they share similar risk factors. In a study where patients referred for myocardial
perfusion single-photon emission computed tomography were screened for ED with a
questionnaire, it was found out that 54.8% of the patients had ED. Patients with ED showed
more severe coronary heart disease. In diabetic patients, ED has been shown to predict silent
coronary artery disease, and in asymptomatic men without cardiovascular risk factors or

I m EC H © 2014 Aboua et al,; licensee InTech. This is a paper distributed under the terms of the Creative Commons
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known vascular disease [4]. Nevertheless, the hypothesis that ED, as a manifestation of
autonomic neuropathy, may be linked with the lack of symptoms in a proportion of diabetic
patients with silent CAD cannot be excluded [4].

2. Causes of erectile dysfunction

ED arises as a result of a collision of many factors: physical, psychological, physiological and
biochemical abnormalities. The exact cause of ED is usually difficult to establish because it
normally results from an underlying condition such as diabetes and/or heart disease. ED can
also be caused by psychological conditions such as stress, depression and anxiety [5]. The
physiological mechanism of erection is a complex neurovascular phenomenon that depends
on neural, vascular, hormonal, and psychological factors. Integrated function of these factors
is essential for production of a normal erectile response [3]. Recent advances in the under-
standing of functional anatomy and of neurovascular interactions have improved our under-
standing of the pathophysiological mechanism of ED [3].
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Figure 1. Possible causes, managements and treatment strategies of Erectile Dysfunction
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2.1. Aging

Aging hasbeen considered to be one of the major reasons for decreased sexual functions, which
are also affected by a change in lifestyle, increased day-to-day stress, depression, diabetes and/
or other metabolic and endocrine disorders. Various medications such as antidepressants,
tranquilizers, hypnotics, antiandrogens and antihypertensive agents can also lead to the
downfall of the sexual functions [6, 7]. There is a close relationship between aging and ED [8].
Research shows that chances of developing ED increase with age and are due to several age-
related factors such as a reduction in nonadrenergic noncholinergic nerve endings in the penis
and decreased endothelial nitric oxide (eNOS) activity. The decreased activity of eNOS and
bioavailability of NO impairs corpus cavernosum relaxation which can be exacerbated by an
increased release of vasoconstrictors. These confounding events are responsible for the
increase in the contractile tone in the penile vasculature [9]. Testosterone is secreted in a
circadian manner in younger men, but diurnal fluctuation is reduced and may disappear in
aging men [10]. Whatever the initiating factor of ED, the ultimate common pathological process
is damage to smooth-muscle cells and an increase in the accumulation of fibrosis, which
decrease the vasodilator response. This increased accumulation of collagen with aging has
been observed in both human and rat corporal smooth muscle [11]. The increase in collagen
accumulation leads to a decrease in blood flow as measured by peak systolic velocity, and this
decrease of blood flow contributes to ED.

As men age, dysfunction of this complex process occurs with an increased incidence and
prevalence. The cause of this age-related erectile dysfunction is not well understood and likely
involves multifactorial alterations in the cavernosal endothelial cell lining, smooth muscle
cells, and synthesis or activity of NO [12].

2.2. Oxidative stress

Oxidative stress (OS) is one of the major contributory factors towards ED. There is a growing
interest among researchers regarding the role of oxidative stress in the pathophysiological
mechanism of ED. Oxidative stress occurs when there is an imbalance between pro-oxidants
and the ability of the antioxidants to scavenge excess reactive oxygen species (ROS) [3]. Penile
erectile tissue is formed by 2 dorsal corporal bodies known as the corpora cavernosa. The
cavernosal bodies are composed of sinusoidal spaces with a trabecular meshwork. These
spaces are lined by endothelium. Neural transmitters, such as acetylcholine, are released from
cavernosal nerve endings and stimulate the neuronal NOS (nNOS) enzyme, which leads to the
release of NO from the endothelium. Erectile function is mediated by both nNOS and endo-
thelial NOS (eNOS) [13]. NO is the principal mediator of penile erection [13]. Erectile function
is dependent on relaxation of the cavernous smooth muscle, and its mechanism of action is
dependent on penile smooth muscle relaxation, mediated by NO. Decreased production or
absence of NO may play a major role in ED. Production decreases when the availability of
substrate for NOS is reduced. NO is a highly reactive free radical that undergoes nonenzymatic
reaction with the heme moiety of oxyhemoglobin or that reacts with free radicals, such as
superoxide anion, to form peroxynitrite [14]. The relationship between OS in the penis and age
related ED has only been recently investigated and it was shown that as one ages, free radicals
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are produced at a higher rate and their numbers increase in various vascular beds. These
mechanisms ultimately produce an ineffective relaxation in cavernosal tissue, which leads to
ED. NO interacts with superoxide to form peroxynitrite, which has been reported to play a
central role in atherogenesis [14]. Peroxynitrite reacts with the tyrosyl residue of proteins,
which inactivates superoxide dismutase (SOD) and Leads to decrease the removal of super-
oxide [15]. Previous studies have shown that penises from old rats display an increase in
nitrotyrosine immunostaining which is a marker for peroxynitrite formation. Due to aging,
there is not enough SOD produced to balance superoxide anions produced in aged rat penises,
which is why their endothelium and corpus cavernosal smooth muscle display high amounts
of superoxide anions as opposed to those of younger animals. Therefore, as extracellular SOD
is transferred to aged rats, erectile dysfunction is restored because the superoxide anion
formation is reduced [5]. Oxidative and nitrosative stress is associated with infertility, and
directly involved in reproductive disorders as diverse as oocyte implantation, endometriosis,
and pre-eclampsia in women, and ED, sperm damage and motility in men [16]. NO is reported
to decrease the adhesion of platelets and leukocytes to the vascular endothelial cells. A reduced
NO concentration aggravates the adhesion of these cells to the endothelium and releases
substances (thromboxane A2 and leukotriens) that cause vasoconstriction. These substances
further aggravate ED [5].

Hypercholesterolemia is associated with increased ultrastructural predisposition to athero-
sclerosis and decreased cavernosal smooth-muscle relaxation [17]. Increased cavernosal
superoxide levels in hypercholesterolemia may decrease the availability of NO, which may
lead to the development of ED. Decreased NO bioavailability in obesity-prone animals has
been shown to be due, in part, to increased OS [18]. Oxidative modification of LDL (oxLDL),
the major carrier of plasma cholesterol, plays a crucial role in hypercholesterolemia and
atherosclerosis development. LDL can undergo oxidative modification by superoxide and
peroxynitrite, and it accumulates in atherosclerotic plaques. OXLDL also increases the
production of caveolin-1 and its association with eNOS affecting the balance of NO and
superoxide generation by eNOS and uncoupling eNOS activity [18]. In human vascular
endothelial cells, oxLDL stimulates OS via induction of NAD(P)H oxidase [19].

2.3. The effects of cardiovascular disease, obesity, metabolic syndrome on erectile
dysfunction

Obesity is normally associated with generally accepted ED risk factors such as hypertension,
hyperlipidaemia, and diabetes but has recently been categorised as an independent cause of
ED. An age adjusted BMI has been found to be significantly high in men who have reported
severe ED as well as those that are sexually inactive, and this indicates that obesity is a strong
predictor of ED. In several analyses from previous studies, obesity remained a major inde-
pendent predictor of increasingly severe ED [20]. Furthermore, Gazzaruso et al. (2004)
suggested that ED could be considered to be the most efficient predictor of silent coronary
heart disease (CHD) in a diabetic population, independently of glycometabolic control and ED
severity [4]. The interest that is currently being addressed to inflammatory markers is not
fortuitous, considered the link between obesity, type II diabetes mellitus and atherosclerotic
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cardiovascular disease, three pathological conditions increasingly recognized as having an
inflammatory genesis, and increasing the risk of ED [ 21].

Erectile dysfunction represents an early surrogate marker of forthcoming cardiovascular
disease (CVD) [22]. It has been hypothesized that ED becomes evident earlier than CVD
because the smaller penile arteries reach critical narrowing, with insufficient blood flow, earlier
than larger vessels [23].

The recognition of ED, focusing attention on risk profile, could be of help in the prevention of
CVD. ED can be used to screen for the presence of hypogonadism, metabolic syndrome,
hypertension and silent CVD [24].

Abnormalities of the vasodilator system play an important role in the pathophysiology of ED
as it is now recognized as a common cause of ED [25, 26]. Therefore, the earliest events in the
development of atherosclerosis (endothelial dysfunction) are similar to the earliest events in
the development of ED [27] have suggested that a diagnosis of ED is a sentinel event that
should prompt investigation for CHD in asymptomatic men [27] Interestingly enough, Kaiser
etal [28] recently reported that subjects with ED but without evidence of clinical cardiovascular
disease and free of traditional cardiovascular risk factors present widespread abnormality of
endothelial function as has been seen in patients with cardiovascular risk factors. Thus, many
patients with ED seem to have a vascular mechanism similar to that seen in atherosclerosis [29].

2.4. Smoking

Several studies were carried out in order to confirm that smoking is an independent risk factor
for ED [30]. An example being a study that excluded diabetic patients that was controlled for
other factors such as age, trauma history and hypertension concluded that smoking is
independently associated with atherosclerosis in the pudendal artery. Tengs and Osgood
carried out study in 2001 and reported that 40% of impotent men were current smokers as
opposed 28% men in the general population [30]. Cross-sectional studies have reported that
smoking is an independent risk factor for ED.

2.5. Diabetes mellitus

Over the years, diabetes mellitus has been known as one of the major direct causes of ED.
Research has proved that the probability of ED occurrence is higher in diabetic men than non-
diabetic men of the same age and that this difference increases with age. In previous studies,
it has been estimated that 50%-75% of men with diabetes have ED [32]. Most of the vascular
complications that are linked to both Typeland Type Il diabetes are a result of hyperglycaemia,
but the majority of studies apply to Type | diabetes. The impairment of NOS activity and the
numerical reduction of nerves containing NOS are the reasons behind diabetes-associated ED.
Neurogenic and endothelium controlled relaxation of the smooth muscle as well as the
downregulation of mediators downstream from NO such as cGMP and cGMP-dependent
protein kinase in the corpus cavernosum are also involved in ED caused by diabetes [33].
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ED is an important component of the metabolic or insulin resistance syndrome, as demon-
strated by inadequate vasodilation and/or paradoxical vasoconstriction in coronary and
peripheral arteries in response to stimuli that release NO [34]. Metabolic actions of insulin to
promote glucose disposal are augmented by vascular actions of insulin in endothelium to
stimulate production of the vasodilator NO [8]. Metabolic insulin resistance is characterized
by pathway specific impairment in PI3K-dependent signalling, which may cause imbalance
between production of NO and secretion of ET-1 in the endothelium, leading to decreased
blood flow, which exacerbates insulin resistance [17]. Deficiency of endothelial-derived NO is
believed to be the primary defect that links insulin resistance and ED. NO deficiency results
from decreased synthesis and/or release, in combination with exaggerated consumption in
tissues by high levels of reactive oxygen (ROS) and reactive nitrogen (RNS) species, which are
produced by cellular disturbances in glucose and lipid metabolism. ED contributes to impaired
insulin action, by altering the transcapillary passage of insulin to target tissues. Reduced
expansion of the capillary network, with attenuation of microcirculatory blood flow to
metabolically active tissues, contributes to the impairment of insulin stimulated glucose and
lipid metabolism. This establishes a reverberating negative feedback cycle in which progres-
sive ED and disturbances in glucose and lipid metabolism develop secondarily to the insulin
resistance [35]. Studies were done on rats to show that transfer of the adenovirus mediated
gene of eNOS to the diabetic rat penis can improve the decreased erectile response by causing
an increase in cGMP formation [36]. An additional reason for the decreased eNOS activity in
the diabetic rat penis is that there is a reduced L-arginene content. A study was carried out in
which diabetic rats were orally administered L-arginine, and results indicated increased
endothelium dependent relaxation of cavernosal tissue by improvment of the biosynthesis of
NO which ultimately led to an increased erectile response [37].

2.6. Hormonal control on erectile dysfunction

There may be a link between insulin resistance, endothelial dysfunction, metabolism syn-
drome, ED, and diabetes [35]. Hypogonadism has been shown to be an independent determi-
nant of endothelial dysfunction, thus contributing to vascular pathology, including ED [35].
Testosterone (T) and its metabolites, dihydrotestosterone (DHT) and estradiol (E2), have a
critical role in the development and maintenance of normal male genitalia, testes, accessory
sex organs, skeletal muscle mass, bone growth mass, male hair patterns, libido and erectile
function [38]. Testosterone is also thought to influence central nervous system gender identi-
fication [39]. DHT as well as testosterone can maintain libido and erectile function, indicating
that estrogen is not required for their maintenance in men [40]. Androgen receptors (ARs) are
present in the amygdala, lateral septum, and premamillary bodies in male primates [41]. AR
linked brain sites in the hypothalamus, pituitary gland and preoptic areas appear to influence
male sexual behaviour. For instance, stimulation of forebrain, hippocampus, and hypothala-
micnuclei causes penile erection and/or mating behaviour in laboratory animals [42, 43]. Other
studies indicate that the hypothalamic paraventricular nuclei could be the main source of a
descending spinal erection pathway to the spinal erection generator [44].
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Several studies have shown that acute administration of T induces rapid relaxation in vascular
tissues of different species including humans [45, 46] suggesting a non-genomic effect of this
hormone on vasomotion [47]. Different mechanisms have been proposed to explain T-induced
vasodilatation, [48] but as to which are the effective mechanisms and which are the mediators
involved with the T-induced vasorelaxation remain a matter of debate. Testosterone might
induce relaxation in human isolated corpora cavernosa strips by activation of smooth muscle
adenosine triphosphatesensitive K(+) channels. This finding suggests that T, in addition to its
known endothelial action, might regulate erectile function locally by its action on the smooth
muscle of the human corpus cavernosum [49 It has been established that different thresholds
exist for sexual desire and erectile function in humans, the former being quite higher than the
latter [50]. In humans, T deficiency determines a sequence of molecular penile events leading
to reduced capacity of smooth muscle and endothelial cells to relax in addition to causing
increased sensitivity to contractile factors, that is, alpha-adrenergic agonists and deficiency of
NO-induced relaxation during sexual stimulus. Recent evidence in humans suggest that T may
directly control the expression and activity of phosphodiesterase type 5 (PDE5) in human
corpus cavernosum so that in some selected patients, that is, total-T < 10 nmol/L and/or free-
T below 200 nmol/L, androgen supplementation may improve therapeutic efficacy to PDE5-i
[8]. Reduced production of testosterone may increase the risk of osteoporosis, sexual dysfunc-
tion, fatigue, cardiovascular disease and mood disturbances, and may decrease muscle mass
[51]. Hypogonadism may be classified as hypergonadotrophic in cases of testicular failure or
hypogonadotrophic in cases of hypothalamic/pituitary failure [51]. Finally, penile NO, the
major smooth muscle relaxer responsible for penile erections, is in part regulated by testos-
terone. To date, it is not known if the peripheral androgenic effects observed in animals also
are present in man 52].

3. Mechanisms

Various mechanisms may disturb the regulatory function of eNOS and endothelial NO
bioavailability, resulting in vasculogenic ED. As molecular mechanisms of normal erectile
function and the pathways leading to vasculogenic ED associated with eNOS are becoming
clearer, it seems that eNOS roles in the vascular pathophysiology of the penis are complicated
and not always uniform. For example, eNOS phosphorylation in the penis is ineffectively
regulated with aging and diabetes, although by different mechanisms. However, increased
oxidative stress in the penis seems to be a common component of vasculogenic ED, and
activation of the RhoA/ Rho-kinase contractile pathway is seen in several vasculogenic ED
states [53].

4. Management and treatments of erectile dysfunction

Erectile dysfunction is a defect of penis reaching and or sustaining erection because of
physiological or psychological factors [2]. Different treatments have been proposed including;:
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* Psychological/behavioural therapy with a trained counsellor aimed at helping people to
address feelings of anxiety, fear and guilt that may have an impact on sexual function;

* Pharmacological and drug treatments (e.g testosterone replacement therapy for cases of
androgen insufficiency

* Phytomedical treatment

* Surgical treatment

4.1. Behaviour therapy of erectile dysfunction

When there is no obvious medical etiology for ED, psychosocial factors should be explored.
The potential clue that psychosocial factors may be a cause is that a man is able to achieve
normal erections and orgasm through masturbation or sexual stimulation with a partner other
than the “index case” partner with whom he has ED (e.g., a spouse with whom there is
substantial conflict). Group or individual cognitive behaviour therapy, psychosexual therapy,
including sensate focus technique and therapy aimed at improving relationship difficulties
(couple’s theraphy) may help to improve sexual dysfunction in men. In some cases, education
about medical and psychosocial etiologies of ED in conjunction with a physician reassurance
may prove adequate to restore normal male sexual function [54]. Lifestyle interventions
focused on modifiable health behaviours may be a safe strategy to improve ED.

4.2. Pharmacotherapeutic treatment of erectile dysfunction

Pharmacology of current and future therapies of erectile dysfunction depend on risk factors
and conditions associated with it. Different kinds of administration have been proposed such
as intracavernosal administration and non intracavernosal administration [55].

Clinical studies and experimental studies have showed positive and negative effects of the
different methods of administration [55]. Pharmacotherapy involves locally acting vasoactive
drugs such as papaverin and alprostadil [56] and firstline oral therapy for ED includes
phosphodiesterase type 5 (PDE-5) inhibitors such as sildenafil, vardenafil, and tadalafil, which
inhibit hydrolysis of the second messenger cyclic guanosine monophosphate (cGMP), the
production of which is promoted by NO release within the penile smooth cells [57, 58]. Various
centrally acting drugs influence sexual behaviour. In particular, the dopaminergic substance
apomorphine is a central enhancer that acts in the paraventricular nucleus of the hypothalamus
as a dopamine (D2) receptor agonist, inducing and increasing penile erection responses
following sexual stimulation via disinhibition [59].

PDES5 inhibitors have had a tremendous impact on the treatment of ED, but are not always
effective (e.g., in patients with diabetes) [55]. Common adverse events with PDE inhibitors
include headache (10-16%), flushing (5-12%), dyspepsia (4-12%), nasal congestion (1-10%),
and dizziness (2-3%) occurring during treatment [60]. The most successful approach to treat
ED has been drugs aimed at mechanisms in the target organ. Despite significant progress, the
different mechanisms involved in neurotransmission, impulse propagation, and intracellular
transduction of neural signals in penile smooth muscles need further investigation. It should
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be remembered that most of the pharmacological options for ED treatment do not influence
the progress of the underlying pathophysiology and do not cure the disease [55].

Testosterone therapy has been shown to normalize serum testosterone levels in patients with
hypogonadism. Testosterone therapy was aimed at maintaining or restoring libido and erectile
function; improving or maintaining virilization, muscle mass, strength, and bone density; and
to alleviate other symptoms related to hypogonadism. There is some evidence that the addition
of type 5 phosphodiesterase inhibitor can potentiate the effects of testosterone replacement in
some hypogonadal men [8]. If this is unsuccessful, one should consider other treatments for
ED. Because there are a wide range of pharmacotherapy options available, it would be
desirable, in many instances, to offer patients an alternative to current pharmacotherapy.

4.3. Effects of phytomedicinal plants on erectile dysfunction

A wide variety of human disorders is currently being treated with the use of plant materials
due to their decreased toxicity levels, cost-effectiveness as well as minimized side effects in
order to avoid drug resistance caused by pharmacological agents 61- 63].

Plants and herbs are persistently being studied for the identification of novel therapeutic
agents. Among the 250,000 higher plant species on earth, more than 80,000 plants have
medicinal values [62]. Herbal medicine is still the mainstay of about 75-80% of the global
population, mainly in developing countries, for primary health care because of better cultural
acceptability, better compatibility with the human body and lesser side effects. The chemical
constituents presenting the herbal medicine or plant are a part of the physiological functions
of living flora and hence they are believed to have better compatibility with human body [64].

A traditional system of Indian medicine called Ayurveda deals with the sexual dysfunctions
in a special category of treatment under the name , Vajikarna" or virilification. The system
includes the use of aphrodisiacs for erectile dysfunction, spermatogenesis, semenogenesis, and
methods of improving defective semen, causes of infertility, reproduction and sexual satis-
faction [65].

About 317 phytochemicals are listed for antioxidant potential; 340 plants as aphrodisiac and
antioxidants and 40 plants are listed for adaptogenic nature. Ethnobotanical plants contain
antioxidant, aphrodisiac and adaptogenic properties [66].

Natural antioxidants are located in different parts of a plant such as wood, bark, stems, pods,
leaves, fruit, roots, flowers, pollen, and seeds [67]. Natural products, mainly phytomedicine,
or diet ingested by human, are antioxidants capable of terminating the free radical chain
reactions [68].

Antioxidant properties in plants are due to the presence of cinnamic acids, coumarins,
diterpenes, flavonoids, lignans, monoterpenes, phenylpropanoids, tannins and triterpenes
[69]. Phytochemicals like carotenoids, tocopherols, ascorbates and phenols presentin plants
are considered strong natural antioxidants and have an important role in health care system.
Phenols, a major group with antioxidant properties, comprise subclasses suchphenolic acid,
flavonoid, biflavonoid, anthocyanin andisoflavonoid [70]. Adaptogens found in plants
modulate response to stress (physical, environmental, or emotional) and help regulate the
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interconnected endocrine, immune, and nervous systems. This re-regulation of a disordered
or highly stressed system is achieved by metabolic regulators such as, catecholamines,
glucocorticoids, cortisol, serotonin, nitric oxide (NO), cholecystokinin, corticotrophin-
releasing factor (CRF), and sex hormones [71]. Chlorophytum borivilianum (Safed Musli) is often
referred to as Viagra without the side effects [71]. Safed musli contains saponin and alkaloids
which give musli its medicinal properties. Stigmasterol, a form of saponin is very similar in
structure to testosterone and consequently can occupy the testosterone receptor sites-door-
ways to the cells acting like an aphrodisiac. Hecogenin has steroidal-like effects that help to
synthesize anabolic hormones. Anabolic hormones allow men to retain nitrogen more readily,
which helps form larger more bulging muscle during an erection.

Tribulus terrestris is a herb that has been used in the traditional medicine of China and India
for centuries. The active compounds in Tribulus are called steroidal saponins. The protective
effect of T. terrestris for Streptozotocin —induced diabetic rats may be mediated by inhibiting
oxidative stress [72]. Oral administration of 100 mg/kg of test drug has proven anabolic effect
as evidenced by body weight gain in the body and reproductive organs. Improvement in sexual
behaviour of male rats was characterized by increased amount and intromission frequency.
Penile erection index (PEI) was also considerably enhanced without any noticeable toxicity.
The testosterone level and sperm count also significantly increased. The results are comparable
to that of standard drug, sidenafil citrate. Findings of the present study validate the traditional
use of T. terrestris for its role in enhancing sexual behaviour and potential to be used in the
treatment of ED [73].

Ginseng is an essential constituent in traditional Chinese medicine for the treatment of sexual
impotence. It is likely that this effect reflects the tonic, restorative and adaptogenic properties.
It has been shown that ginsenosides relax rabbit corpus cavernosum and this effect is mediated
by nitric oxide, released from endothelial or neural cells. These endothelial and neurogenic
effects of ginsenosides in inducing relaxation of the corpus cavernosum may account for the
aphrodisiac effect of Panax ginseng [74].

Eriosema kraussianum Zulu indigenous plants are effective remedies for the treatment of ED
and/or impotence. Five pyranoisoflavones have been isolated from the rootstock of Eriosema
kraussianum and were screened for smooth muscle relaxation of rabbit penile muscle. The most
active of the compounds had an activity of 75% of that found in Viagra. In a test on ED rabbit
penile smooth muscle, it showed an activity close to that of Viagra, thus living up to the plant
its traditional use [75, 76].

Yohimbine is an alkaloid derived from the African yohimbe tree (Pausinystalia yohimbe). It
blocks the presynaptic a-2 adrenergic receptors in the brain, leading to reduction of brain and
spinal cord norepinephrine levels. Inhibition of sympathetic tone enhances sexual arousal and
NO release from penile nerves [77].

4.4. Surgical treatment

Patients who fail to respond to pharmacotherapy or those who want a permanent solution
usually have surgical implantations of penile prosthesis. These prosthetics can either be
inflatable or malleable, however most patients prefer the inflatable devices because they
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provide them with a sense of a natural erection. Inflatable devices are more expensive than
malleable devices with satisfaction rates of 70-87% reported from patients after appropriate
consultation [78].

Vacuum constriction devices apply negative pressure to the penis in order to draw venous
blood into the penis which is then retained by application of a visible constricting band at the
base of the penis (a method that seems preferable to older patients) [79]. This method yields a
successful erection for intercourse that can be rated as 90%. The satisfaction rates range
between 27-94% but about <30% of the patients discontinue use after 2years because of the
negative side effects that include penile pain, delayed ejaculation and numbness that occur.

Penile prosthesis can go wrong because there are two major complications involved, namely
mechanical failure and infection. Infection rate is therefore reduced by the use of antibiotic
prophylaxis or by using implants that are impregnated with antibiotics [80].

5. Conclusion and recommendations

Erectile dysfunction is an increasing global the incidence. ED is also indicative of more serious
cardiovascular, psychoactive disorders. Therapeutic interventions that are successful in
treating ED may be effective in treating the early stages of conditions that include atheroscle-
rosis, angina, plaque rupture and diabetic angiopathy. One common pathological denomina-
tor in both CVD and ED is oxidative stress, that is, the overproduction of ROS, in particular,
0% and H,O,.Thus there is direct relationship between oxidative stress, sexual impotency and
psychoactive mechanisms that alters nitrogen oxide inhibition mechanisms significantly as
stated above. Therefore it is necessary to evaluate potential of natural herbs/ extracts to correct
disorders and disabilities evolved in the manifestation of ED. An ideal medicinal plant extract
and or natural product will achieve biochemical, physiological, pharmacological responses on
erectile dysfunction. However, because of the synergic or antagonistic effects of the contents
of the natural plants, herbs or their extract, it would be a worthy to investigate on their
bioavailability and properties in order to maximise their use. Moreover, further investigations
in the clinical setting and qualify for clinical trials in humans are warranted.
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1. Introduction

Indigenous to the Cape region of South Africa [1], Buchu is an aromatic plant known for its
essential-oil producing ability and its multiple healing properties. Known taxonomically as
Agathosma betulina and Agathosma crenulata [1], its traditional benefits have made their way
from Africa to the Western world.

The word “Buchu” originated from the Khoi-San people of southern Africa, and was a word
used in reference to any plant that could be dried or powdered [2]. Nowadays, the name Buchu
refers to the abovementioned Agathosma species. Previously known as Barosma betulia, the
name originates from the word Barosma (Greek) meaning “heavy smell” and the word betulina
(Latin) which means “birch-like”, a word used in reference to the serrated birch-like appear-
ance of the leaves [3].

There are 150 Agathosma species that are indigenous to South Africa, and of these, A. betulina
and A. crenulata are the more renowned herbs [4]. These are used internationally and locally
for a variety of medicinal purposes.

Agathosma betulina is a shrub that is well adapted to grow in dry regions [1]. The leaves have
round oil glands found scattered across the leaf, which release an aromatic golden oil with a
sweet peppermint-like odour [2]. Agathosma crenulata is an aromatic, single-stemmed shrub,
which can be found growing in the mountainous regions of the Western Cape [5]. Its dark
green leaves release a pale oil with sharp pulegone tones [2].

Fractionation of Buchu by distillation, crystallisation and chromatography releases an oil with
many constituents [6]. Agathosma betulina contains the major volatile compounds limonene,
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menthone, diosphenol and one of its isomers ({)-diosphenol, and [-pulegone [7]. Aganthosma
crenulata contains the same main constistuents, but has trace amounts of diosphenol and larger
amounts of I-pulegone [7]. These are responsible for the odour, flavour and medicinal
properties of Buchu oil [8]. Two monoterpene thiols are accountable for the distinguishing
odour of Buchu oil, one being 9-mercapto-p-menthan-3-one [6]. This sulphur-containing
terpene is essential to the aroma and flavour of the plant [6].

True to its description of being a multi-purpose specie, Buchu has long been used as an
antiseptic, an anti-inflammatory agent, for urinary problems including maladies such as
haematuria, calculi, kidney disease and infections of the bladder, prostate and urethra [9].
Today it is also used to stimulate perspiration in rheumatic disease and gout, as a digestive
tonic [9] which treats cholera and stomach complaints, an antispasmodic, an antipyretic, as a
treatment for colds and flu, and most importantly, as a diuretic. In current Pharmacopoeias,
it is listed as a diuretic and a urinary tract antiseptic [2]. It is also listed as a treatment for
arthritis, cellulite, nausea and diarrhoea, flatulence, prostatitis and UTI’s [1, 2, 9].

A number of Buchu preparations are used to deliver it to the body. It may be prepared as a
brandy, a tincture (an alcohol or aqueous solution), a tea, or soaked in vinegar [9]. The vinegar
can be used for external applications to treat bruises, contusions, sprains and fractures, to clean
wounds and to treat rheumatism [10]. The Khoi-San used the plant as an “antibiotic repellent’
torepelinsects and mixed it with oil to use as a moisturiser, which was essential in their natural
environment and desert climate surroundings [9]. Topical application allowed entry of the
active ingredients of Buchu oil through the skin and provided antibacterial and antifungal
properties, and also acted as an insect repellent and deodarant [9].

Buchu has a long-standing traditional use, but it has made its way into the fragrance and
flavour industries due to its sulphur-containing compounds and sensory properties [2]. It is
used to enhance fruit flavours and fragrances, and boost blackcurrant-like flavours. It has a
naturally minty, sweet berry, apricot, peach and green herbal taste, and its oils are used in
perfumes and colognes [2].

The list of ailments Buchu is capable of counteracting and the multitude of its historical and
current uses are what help to define it as an ethnomedicinally important product, making it
an outstanding phytomedicine and natural product to stave off illnesses (see Table 1).

2. Pharmacological activity

2.1. Diuretic activity

Diospenol is responsible for the diuretic action of Buchu [3]. There is no explanation of the
mechanism of action, but the available literature states that diosphenol acts by irritating the
gallbladder, causing the production of urine [18]. Buchu also contains flavonoids that induce
urine production [11].
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2.2. Antimicrobial activity

Buchu essential oils and extracts were analysed to assess the antimicrobial activity of the plant.
The essential oils and extracts were found to be active against the selected pathogens, namely
Staphylococcus aureus, Bacillus cereus, Klebsiella pneumonia and Candida albicans [12, 13].
Buchu extracts have a good antibacterial activity, and has been found to be more active against
gram positive than gram negative bacteria [12, 13]. Buchu was found to affect the development
of biofilms by preventing attachment of bacteria to the polyvinyl chloride surface. This was,
however, not the case with the fungus (C. albicans), as exposure to the extracts improved the
attachment to the surface, allowing the formation of a biofilm [2]. The more well known Buchu
species are thus effective against bacteria, but not against fungi. There is, however, a less
extensively researched member of the Agathosma family called A. arida that is effective against
Candida albicans [1]. Agathosma species have been found to contain coumarins, phenolic
substances with benzene and a-pyrone rings [14]. A number of these compounds have been
found to be active against microbials by stimulating macrophages, allowing the plant to have
an indirect ability to eliminate infection [14].

2.3. Anti-oxidant activity

Free radicals are molecules with one or more unpaired electron(s) [15] that are highly reactive,
attacking nearby stable molecules to gain an electron. The two forms of free radicals are reactive
oxygen species (ROS) and reactive nitrogen species (RNS) [15]. Free radical scavengers are
known as antioxidants, and these assist in keeping free radicals at physiologically homeostatic
levels [15]. Polyphenolics in plants are scavengers of free radicals, allowing them to act as anti-
oxidants [16]. These compounds act via several mechanisms to reduce free radicals, and make
wonderful antioxidants due to the hydrogen donating ability of the phenolic groups [16].
Members of the Agathosma specie have been found to contain flavonoids such as diosmin,
hesperidin,rutin, quercitin, mucilage and resins which have extensive anti-oxidant proper-
ties'. These are some of the compounds that give the Buchu plant its anti-oxidant ability,
allowing it to be effective against many ailments that result from an increase in oxidative stress.

2.4. Anti-inflammatory activity

Buchu oil contains limonene, a monoterpene hydrocarbon with anti-inflammatory properties
[12, 13]. Essential oils found in Agathosma have been found to inhibit the synthesis of
leukotrienes by blocking synthesis of the key enzyme 5-lypoxygenase. By doing so, it reduces
inflammation by preventing the initiation and maintenance of the inflammatory process,
thereby limiting an infection and preventing its progression [2]. Limonene has also shown to
be effective in reducing cyclooxygenase 1 and 2 biosynthesis [2], reducing the proinflammatory
agents prostaglandins and leukotrienes from being synthesised, reducing inflammation.

2.5. Toxicity

The Buchu plant should be used at low dosages for most purposes as it contains diosphenol,
a compound known to be toxic at higher doses [1]. Pulegone, another compound found in
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Buchu, is hepatotoxic [2]. It has been found to reduce the levels of glutathione, a substance
used by the liver in several detoxification steps [2], which would allow the accumulation of
toxins within the liver. The depletion of glutathione and the excess amounts of pulegone found
at high dosages lead to hepatocellular necrosis. Care should thus be taken when Buchu is
consumed to ensure that the maximal therapeutic benefits are acquired, without any of the
unwanted toxic effects.

3. Buchu and the reproductive system

The benefits of Buchu may be applied to treat ailments of the reproductive system. As
previously sited, Buchu is used as a urinary tract antiseptic and as an anti-inflammatory agent
[2], thereby reducing the inflammation seen in UTI’s and treating infections of the urethra and
prostate. Buchu has many direct and indirect effects on the reproductive system via its ability
to act as a diuretic, an anti-oxidant, anti-microbial and an anti-inflammatory agent. The ability
of Buchu to do this will be looked at in more detail below, focussing on its actions in Benign
Prostatic Hypertrophy/Hyperplasia (BPH), prostatitis, in UTI’s and on male fertility.

3.1. Benign prostatic hypertrophy/hyperplasia

BPH is the non-malignant enlargement of the prostate, and is the most common benign tumour
in men over the age of 60 [17]. BPH has many predisposing factors, which include age,
ethnicity, medical and family history and lifestyle factors such as cigarette smoking [17]. Men
who have suffered from chronic diseases such as hypertension, coronary artery disease and
diabetes mellitus are at risk of developing BPH [17].

The prostate is an exocrine gland [18] composed of fibromuscular tissue in a network of glands
embedded in stroma [19]. Androgens are essential to growth of the prostate during early
development, purberty and aging [20]. Androgens do not essentially cause BPH, but have been
found to play a role in hypertrophy of the prostate along with other factors such as aging, diet,
an increase in inflammatory mediators, hormones and oxidative stress [19].

BPH is characterised by nodular overgrowth of the epithelium and fibromuscular tissue [18]
of the prostate, with the differentiation of fibroblasts into myofibroblasts being the hallmark
of tissue remodelling [18] in the disease. Increased deposition of collagen in the ultrastruscture
of the penis and the loss of smooth muscle causes urethral obstruction [21], causing a list of
clinical symptoms related to urinary tract obstruction.

The pathophysiology of BPH is multifaceted, with local and endocrine factors being involved
[17]. One of the main instigators is age-related changes to sex steroid hormone levels which
leads to alterations in the metabolism of androgens locally. This disrupts the growth factor
signalling pathways which interact with the stroma/epithelium, promoting tissue remodelling,
leading to an increase in the size of the prostate [17]. The remodelled epithelium has an altered
production of cytokines and chemoattractants, which encourages inflammation of the prostate
and the production of ROS and RNS. With the increased proliferation of stromal and fibro-
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muscular cells comes an increased demand of nutrition and oxygen to be delivered to the
prostate [17]. This leads to local tissue hypoxia, promoting neovascularisation to cope with the
increased demand for blood flow, and the production of ROS [17]. The increase in ROS leads
to further fibroblast to myofibroblast differentiation, perpetuating the cell proliferation cycle
and resulting in a further increase in prostate volume.

The roles of other steroidal hormones [20] have been proposed in the pathophysiology of BPH.
The reason for this stemmed from the finding that prostatic cells continue to grow, even in the
face of declining androgen levels [23]. This led to the rationale that other factors being secreted
by the testes may stimulate growth or even sensitize cells of the prostate to the actions of
androgens [23]. As men age, the increase in their body weight increases the amount of adipose
tissue within the body, leading to an increase in circulating oestrogen levels [24]. This is evident
in the levels of free estradiol found circulating in the bloodstream, which remains constant due
to the age-related increases in body weight [25, 26]. Adipose tissue causes increased secretion
of the enzyme aromatase, which stimulates the conversion of androgen to oestrogen. Increased
circulating oestrogen levels stimulate the increased proliferation of cells seen in BPH as
oestrogens have been found to increase the number of prostatic epithelial and stromal cells [27,
29]. Oestrogen also has an indirect effect on the increase in prostate volume through its role in
mediating the alterations in other circulating serum hormones [20].

The changes seen in androgen levels with age disrupt the interaction of growth factors with
prostate cells [22]. The growth of prostate cells is enhanced by the production of growth factors,
which are supplied to the prostate via circulation [17] or locally through autocrine production
by stromal cells [18]. The locally produced growth factors control cell differentiation and
proliferation, and matrix protein production through a network that is interactive, providing
for a negative feedback control mechanism that controls normal cell growth [18]. Any disrup-
tion in this network leads to abnormal proliferation and stromal hyperplasia [18], which
manifects as BPH. Stromal cell proliferation is enhanced by fibroblast growth factors (FGF 1
and 9), insulin-like growth factors (IGF I and II) and transforming growth factor 3 (TGEp1)
[18]. Expression of these growth factors is upregulated in BPH and are a mechanism which
may be altered to reduce accumulation of prostatic cells.

The prostate is located at the neck of the bladder, enveloping the urethra [17]. This location
plays a role in the obstructive symptoms seen in patients with BPH, which also correlate with
the size of the prostate [17]. There are two components of prostatic enlargement that play a
role in obstruction of the bladder outlet which lead to lower urinary tract symptoms, namely
static and dynamic [17].

The static component is related to enlargement of the prostate which is attributed to the
nodular proliferation classically seen in benign prostatic hypertrophy and hyperplasia [17].
This component accounts for the symptoms related to obstruction of the lower urinary tract
seen in cases of BPH. The dynamic component related to the tone of prostatic smooth muscle
[17]. Smooth muscle accounts for a rather large percentage of prostatic volume in BPH [17].
These provide binding sites for a;-adrenoreceptors, making the prostate susceptible to changes
in adrenoreceptor signalling. a-adrenergic signalling has a significant influence on survival of
stromal cells of the prostate and on the activity of smooth muscle cells in the prostate and the
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rest of the body [17]. a-adrenergic signalling alters expression of TGF{31 and extracellular matix
turnover [18].

BPH presents clinically with lower urinary tract symptoms such as frequent urination, nocturia
(frequent urination at night), the feeling of a full bladder even after voiding, post urination
dribbling, weak urine stream and difficulty initiating urination [30]. It is associated with
serious morbidity and may lead to complications which include acute urinary retention, and
a reduction in the quality of life [17].

3.2. Inflammation in BPH

A substantial number of inflammatory cells and pro-inflammatory cytokines have been found
tobe involved in prostatic cell proliferation [19]. The prostate is generally populated by a small
amount of T and B lymphocytes, mast cells and macrophages [19]. These are chronically
activated in BPH and release pro-inflammatory cytokines such as Interleuken 2( IL-2),
Interferon gamma (IFN-y) and TGFp, which stimulate growth of the fibromuscular stroma
[19]. Cytokines released by neighbouring cells stimulate the release of cyclo-oxygenase 2
(COX-2) in prostatic epithelial cells, increasing the cell turnover within the prostate [31, 32].

The local hypoxia stimulated by high cell turnover in BPH brings about the release of ROS
which act as inflammatory mediators, causing enlargement of the prostate via stimulating
differentiation of fibroblasts to myofibroblasts [33]. Local hypoxia also stimulates the release
of growth factors and cytokines by stromal cells, including IL-8, vascular endothelial growth
factors, fibroblast growth factors (FGF-2 and 7) and TGFf{3 [19]. TGFf regulates stromal cell
proliferation and differentiation in BPH, and is a key factor in the control of prostatic growth
by androgens [34].

The prostate gland’s immune response is mainly a cell mediated one, with regulatory T cells
found in the stromal tissue and cytotoxic T cells in the gland’s epithelia [35]. The accumulation
of activated lymphocytes seen in inflammation of the prostate contributes to the development
of BPH by causing tissue destruction and subsequent tissue rebuilding [20]. The cytokines
produced may drive growth factor production leading to angiogenesis and cell proliferation
as a “wound healing” mechanism [20]. The damage induced by inflammation of the prostate
is thus a chronic process of wound healing where the excessive proliferation of prostatic cells
leads to a cyclic reactivation of inflammation within the prostate [20]. This hyperproliferation
and wound healing leads to the formation of prostatic nodules seen in benign prostatic
hypertrophy/hyperplasia [19]. Inflammation leads to prostatic enlargement by stimulating
growth of the prostate directly or indirectly by reducing apoptosis [19].

Whilst the mechanism of how inflammation leads to the pathogenesis of BPH is well under-
stood, the origin of the inflammation is not as clearly understood [19]. Numerous aetiologies
have been brought forward, including bacterial infections, an autoimmune response, urine
reflux combined with chemical inflammation, hormones, diet and any combination of these
[19]. The origin thus seems to be multifactorial [19]. It has been proposed that constant injury
to epithelial cells leads to the loss of its function as an effective barrier, facilitating the passage
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and growth of infectious agents, which ultimately leads to further stimulation of the inflam-
matory response [19].

Inflammation of the prostate increases the risk of urinary retention, which suggests that the
inflammatory processes occurring in BPH lead to lower urinary tract symptoms [19].

Prostatic inflammation is a possible target for the prevention and treatment of BPH. Phyto-
therapy has become a popular treatment modality for BPH, and the anti-inflammatory
properties of Buchu may be applied to help alleviate inflammation found in BPH. The presence
of essential oils and limonene in buchu oil can inhibit the synthesis of leukotrienes by blocking
synthesis of the enzyme 5-LOX?2. This will reduce inflammation by preventing the initiation
and maintenance of inflammatory processes, thereby limiting an infection and preventing its
progression?®. Buchu can also prevent the attachment of bacteria to internal surfaces, inhibiting
biofilm formation®. The flavonoids found in buchu may also modulate of inflammation and
strengthen connective tissue, reducing inflammation and any downstream effects that it may
have. The reduction in inflammation can assist in reducing inflammation-induced damage
seen in prostatic tissue, putting an end to chronic would healing that is activated to repair the
cells damaged by inflammatory processes. It will also diminish inflammation-based tissue
remodelling and prevent further enlargement of the prostate.

3.3. Oxidative stress in BPH

Oxidative stress is a condition caused by the imbalance between free radicals and free radical
scavengers [15]. Free radicals are molecules with one or more unpaired electron(s) [36] that
are highly reactive, attacking nearby stable molecules to gain an electron [15]. The molecule
from which the electron was acquired becomes damaged, and it itself may initiate events that
lead to damage of surrounding cells [37]. Free radicals are present at physiological concentra-
tions which help maintain homeostasis via their actions as signal transducers [38]. Free radicals
come in two common forms, i.e. ROS and RNS [15]. ROS include the superoxide ion, hydrogen
peroxide, the peroxyl and the hydroxyl radical [39]. Reactive nitrogen species include nitric
oxide, nitrous oxide, peroxynitrite, peroxynitrous acid and the nitroxyl anion, and are
considered to be a subsection of ROS [39]. Free radical scavengers are known as antioxidants,
and these assist in keeping free radicals at physiologically homeostatic levels [15]. By doing
this, they help to prevent any pathological effects that may be activated by the development
of oxidative stress, where ROS exceed the number of antioxidants due to increased ROS,
decreased levels of antioxidants, or both [15].

The body produces ROS on a daily basis via metabolic processes that occur in a normal cell
[40]. ROS are generated endogenously by mitochondria and through metabolic and inflam-
matory processes, but are also introduced into the body via external sources [40]. Physiological
levels of ROS are essential to the regulation of many biological processes [40]. Increased
generation of ROS is related to tissue injury and DNA damage, which are processes found in
cellular proliferation, aging, infections and mutations in mitochondrial DNA [40]. Increased
levels of ROS have also been associated with neoplastic transformation, abnormal cell
proliferation and growth [40].
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Androgens have been found to increase oxidative stress in the prostate gland [41]. Pathological
levels of ROS bring about lipid peroxidation, apoptosis and DNA damage [15]. Lipid peroxi-
dation is one of the main signs of oxidative damage, and has been found to stimulate alterations
in membrane structure and has been linked to enzyme inactivation [41]. ROS cause this by
abstracting a hydrogen atom from side chains of fatty acids in the cell membrane, initiating
lipid peroxidation which has been found to enhance carcinigenesis [41].

Intracellular changes in the levels of ROS occur during proliferative, apoptotic and senescent
processes, which can lead to the activation of signalling pathways [40]. As mentioned previ-
ously, changes in tissue oxygenation during these processes causes and upregulation of
cytokines and growth factors, which trigger prostatic cell proliferation, prostatic growth and
inflammation. These processes themselves are a source of oxidative stress, which then leads
to further proliferation and the initiation a chronic inflammation. The presence of ROS is thus
an essential component in the pathogenesis of BPH when present at high levels within the
prostate. This will help reduce ROS levels to physiologically homeostatic levels, allowing them
to carry out their functions as signal transducers without activating any pathological mecha-
nisms.

Endogenous antioxidant levels decrease with age [42], and this is compounded by other age-
related changes which ultimately lead to the manifestation of BPH. Oxidative stress can lead
to cell mutations, which may lead to carcinogenesis and remodelling of the gland’s internal
structure [43]. BPH is an alternative, benign pathway of unregulated prostatic growth which
is encouraged by inflammatory mediators and increased oxidative stress [41]. Management of
oxidative stress is thus an imperative step in the management of BPH [41].

Management of oxidative stress is also an important factor in the prevention and treatment of
BPH [41]. Buchu is an antioxidant-rich natural remedy that may be used to reduce oxidative
stress. The polyphenolics contained within the plant scavenge free radicals, allowing them to
act as anti-oxidants'. The hydrogen donating ability of the phenolic groups' will help reduce
the bulid up of ROS. By donating hydrogen groups, these polyphenolics will stabilise free
radicals, preventing them from attacking nearby cells to acquire it.

An increase in free radicals stimulates cyclooxygenase(COX) [44], a key enzyme in initiantion
of the inflammatory process. Increase COX activity stimulates the production of an array of
pro-inflammatory substances called prostaglandins. In patients with BPH and prostatitis there
is an increased production of cyclooxygenase 2 (COX-2) and a reduction in the levels of
prostaglandin E,; [44]. Free radical scavengers, particularly hydroxyl radical scavengers,
suppress the over expression of COX and prostaglandin synthesis [44]. Ethanolis extracts of
Buchu (Agathosma betulina) possess an inhibitory effect on COX-2 synthesis [44]. This
inhibition will, as a consequence, suppress the inflammatory response and reduce hypertro-
phy/hyperplasia and inflammation of the prostate, which is the goal of antioxidant treatment.

Reducing levels of ROS allows Buchu to interrupt the pathogenesis of BPH by reducing tissue
injury, DNA damage, neoplastic transformation, and activation of growth factors that lead to
abnormal cell proliferation and growth [40]. A diet rich in antioxidants such as vitamins A, C
and E may also be prescribed to work in unison with Buchu to reduce oxidative stress.



Buchu - The Multi-Purpose Ethnomedicinally Important Specie and Its Benefits in the Reproductive System
http://dx.doi.org/10.5772/57233

4. Urinary tract infections

UTI’s have a varied incidence that is dependent on age, sex and predisposing factors [45]. UTI's
are an uncommon occurrence in healthy young men, but incidence does increase with an
increase in age due to predisposing factors and urological abnormalities [45].

The most common cause of UTI'sare bacteria, the most common being Escherichia coli,
Klebsiella pneumonia, enterococci and Staphylococcus epidermidis, to name a few [45].
Bacteria causing UTI'sin men have been found to reach the urinary tract via an ascending route
[45]. The bacterial flora found around the region of the anus is a reservoir for potential
pathogens of the urinary tract [45]. Invasion of the urinary tract is lead by colonisation of the
opening of the urethra, followed by adhesion and attachment to the epithelial lining of the
urethra, with growth of bacteria on the urethral surface leading to ascension of bacteria into
the urinary tract [45]. Invasion of the urethra by bacteria is difficult in men due to the distance
between the opening of the urethra and the perianal region where the bacteria causing UTIsare
known to reside, the length of the urethra and the presence of prostatic fluid in the urethra,
which is known to have bactericidal activity [45].

Co-infection of the prostate in patients with UTI'sis unknown [45], but a mechanism has been
suggested. Reflux of urine into ducts of the prostate lead to the retrograde transfer of bacteria
from the urethra into the prostate, bringing about infection of the prostate gland (bacterial
prostatitis) [46].

Men with UTT’sare usually predisposed to them by functional or structural abnormalities [47,
49]. Lesions of the urinary tract which predispose men to UTI’sinclude bladder outlet obstruc-
tion, bladder stones, stricture of the urethra, cancer of the bladder and kidney stones [50].

Signs and symptoms of UTT’sinclude frequency, pain on urination, flank pain and/or costo-
vertebral angle tenderness, which is tenderness in the area overlying the kidney [45].

Lower UTI'sare related to erectile dysfunction and BPH [51]. This interaction may be affected
by extraneous variables such as diabetes, aging and coronary artery diseases such as athero-
sclerosis, but it was found to be independent of these variables when the co-morbidities were
controlled for [51]; the association between lower UTI's(UTI) and erectile dysfunction remains.
Men who are found to have more severe lower UTI's have more severe erectile dysfunction
[51]. The mechanism that gives rise to this interaction is obstruction of the urethra which is
propagated by collagen deposition in the penile ultrastructure and the subsequent loss of
smooth muscle [%. The loss of smooth muscle leads to the reduction in erectile tissue, resulting
in erectile dysfunction.

Buchu has been found to have antimicrobial activity against bacteria that cause urinary tract
infections, i.e. Staphylococcus aureus and Klebsiella pneumonia.

Flavonoids found in buchu may modulate inflammation and strengthen connective tissue.
They may be used in the acute and long-term use for chronic or recurrent UTI, reducing the
symptoms caused by UTI’s [52]. The diuretic actions of Buchu will also assist in the reduction
of inflammation by helping to flush bacteria out of the urinary tract through its ability to
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increase urinary output [52], serving to reduce colonisation of the urethra by bacteria, reducing
the duration of the UTL.

Buchu may be used in the form of a herbal tincture or a herbal tea. The tincture will deliver
adequate quantities of the herb allowing its actions to be distributed throughout the body. The
tea will support the herbal action of the tincture and simultaneously increase fluid intake [52].

Buchu may be used alone or in combination with other plants. In combination, the synergistic
interactions of the extracts found in buchu and those of other plants will produce a better
therapeutic effect in the treatment of a variety of ailments, or, in this instance, in the treatment
of UTI’'s[44]. Antibiotic resistance is rife, and is the cause of a prolonged disease course. A
combination of antimicrobial agents helps prevent resistance to antibiotics, increases the
spectrum of activity and may even reduce the side effects of therapy [44]. A combination of
the plants Agathosma crenulata, Dodonaea viscose and Eucalyptus globules produces a broad
spectrum and enhanced antimicrobial activity [44]. Combination of these plants in a 1:1:1 ratio
provides additive and synergistic effects [53] where the extracts of each plant act via multiple
mechanisms to reduce the number of disease causing microbials. The mixture of bioactive
constituents target numerous target sites and work in a synergistic manner [53]. The combi-
nation of these plants give an additive anti-inflammatory, anti-fungal, analgesic, antibacterial
and antiviral effect [54, 55].

By preventing and reducing colonisation of the urinary tract that leads to urinary tract
infections, other co-morbidities associated with UTI’s such as erectile dysfunction, prostatitis
and erectile dysfunction may be simultaneously prevented.

5. Fertility and ROS

Physiological levels of free radicals are essential in the regulation of sperm maturation,
capacitation and hyperactivation, acrosome reaction and sperm-oocyte fusion [15]. ROS can
make their way into the seminal plasma where they have a regulatory and a damaging an
effect on spermatozoa. Leukocytes and immature spermatozoa are sources of ROS within the
seminal plasma [15]. Leukocytes produce ROS as part of their mechanism to clear the body of
infections [56], but during an infection, increased production and chemotaxis of leukocytes
leads to an increase in ROS and a reduction in the antioxidant called superoxide dismutase
[57]. This results in oxidative stress which has negative effects on the function of spermatozoa
[15]. The changes in sperm parameters brought about are a reduction in motility and in the
fertilisation capacity [58, 59]. The presence of excess cytoplasm in immature spermatozoa leads
to activation of the NADPH system, which donates electrons to free radicals [13], allowing
them to build up within the seminal plasma. This excess of free radicals leads to an increase
in ROS and the disadvantages thereof.

Exogenous sources of ROS allow pathological amounts of ROS to build up within the seminal
plasma [15]. Environmental pollutants increase ROS in testes, causing oxidative stress, DNA
damage and impaired sperm production [15]. Cigarette smoking allows nicotine to make its
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way into the seminal plasma, which has been associated with the production of free radicals
and a decrease in antioxidant function [15]. Cigarette smoking also increases concentrations
of leukocytes in seminal plasma [15]. Excessive intake of alcohol increases ROS while decreas-
ing antioxidants due to increased ethanol metabolism [60]. Spinal cord injury is associated with
higher levels of ROS and higher numbers of leukocytes, both of which are known to contribute
to oxidative stress, leading to reduces sperm motility and poor sperm morphology [61, 62].
Dilatation of veins in the plexus surrounding the spermatic cord (varicocele) is associated with
increased levels of ROS, with a concomitant decrease in sperm function [63]. Higher quantities
of nitric oxide have also been found in men with varicocele, and these men have also been
found to have higher markers of oxidative stress [64].

As previously stated, ROS have both physiological and pathological roles. Physiological
levels of ROS have been found to play a vital role in normal sperm function [15]. ROS are
signalling molecules in many processes which allow fertilisation [15]. ROS are essential in
sperm maturation as they have been shown to stabilise sperm chromatin, which is required
to maintain genetic integrity [15]. Capacitation, a process which occurs in the female genital
tract, is a maturation process which gives sperm the ability to gain hyperactive motility
and the potential to carry out an acrosome reaction [15]; both of which are vital for
fertilisation to take place. Capacitation is a series of molecular changes that brings about
membrane hyperpolarisation, protein phosphorylation and an increase in pH and cAMP
[65]. Hyperactivation, a subsection of capacitaion, provide spermatozoa with the ability to
move through cervical mucous and to penetrate cumulus cells of the oocyte [15]. The
acrosome reaction, which is the release of proteolytic enzymes contained within the
acrosomal cap, helps to degrade the extracellular matrix of the zona pellucida [65]. This
allows spermatozoa to burrow through the zona pellucida, allowing penetration of this
layer to permit fusion with the oocyte. Physiological levels of ROS are also essential for
sperm-oocyte fusion [15]. Fluidity of the sperm membrane is required to fusion to take
place [66]. This is acquired by spermatozoa through capacitation and acrosome reaction
[15], processes which are both assisted by the presence of ROS. Membrane fluidity allows
sperm to fuse with the oocyte, allowing successful fertilisation.

Pathological levels of ROS are detrimental to sperm function [15]. An imbalance between
ROS and antioxidant defence mechanisms results in pathological processes to be initiated.
ROS cause damage to proteins, lipid molecules and DNA [67]. Lipid peroxiation causes
loss of fatty acids from sperm plasma membranes, which affects the structure and func-
tion (i.e. fluidity, transport processed, receptor transduction) of spermatozoa, impairing the
functional parameters of sperm and their ability to fertilize [67, 68]. Sperm is usually
resistant to DNA damage due to the tight packaging of DNA material and the innate
antioxidant defense mechanisms in place [69]. ROS causes DNA damage and leads to
infertility. Nitric oxide and hydrogen peroxide have been found to induce DNA damage,
which brings about DNA fragmentation and reduced sperm parameters (i.e. motility, and
morphology) [70, 73]. The impaired the ability of the Y chromosome to repair DNA strand
breaks makes spermatozoa more vulnerable to DNA damage [74]. Damage to cellular
components initiates apoptosis. Abnormal spermatozoa are regularly removed via program-
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med cell death, which is assisted by the presence of ROS [75]. ROS activate mitochondri-
al release of cytochrome ¢, which ultimately activates caspases which leads to apoptosis
[76, 78]. Hypochlorous acid is also known to oxidise cellular components, directly activat-
ing apoptosis [78]. Also, high temperatures within the male reproductive system have been
correlated to higher levels of ROS [13].

Antioxidants have been explored as possible therapeutics that may lead to a reduction in levels
of ROS [15]. Antioxidant therapy has been shown to reduce oxidative stress, resulting in
reduced DNA damage and apoptosis. Antioxidants may be used to keep free radicals at levels
that are appropriate for physiological function, while reducing the levels that bring about
unwanted pathologies and infertility [15].

Buchu is well known for its antioxidant properties. As discussed above, it has been shown to
contain factors which assist in the antioxidant activity of the plant. By using this plant in small
therapeutic doses, Buchu may be effective in staving off excess build up of free radicals,
decreasing the negative effects on the function of spermatozoa that lead to infertility.

6. Conclusions

Buchu has been utilised in southern Africa for millennia by the Khoi-San people indige-
nous to the region for a multitude of daily uses and a plethora of ailments. It is a re-
nowned herb whose traditional benefits have made their way from Africa to the Western
world. There are 150 Agathosma species that are indigenous to South Africa, and of these,
Agathosma betulina and Agathosma crenulata are the most well known. True to its
description of being a multi-purpose specie, Buchu has long been used as an antiseptic,
and anti-inflammatory, for urinary problems including maladies such as haematuria, calculi,
kidney disease and infections of the bladder, prostate and urethra. Buchu’s pharmacologi-
cal profile allows it to be used for its diuretic, antimicrobial, anti-inflammatory and
antiseptic purposes. Its uses today have spread beyond its medicinal applications, as this
compound has made its way into the fragrance and flavour industries where it is used to
enhance fruit flavours and boost fragrances. Buchu’s biological profile allows it to be used
to alleviate ailments of the reproductive system. Its uses in inflammation, oxidative stress
and in the removal of pathogenic species from the body have allowed it to be effective in
treating disorders such as BPH and UTI's. Its antioxidant properties may be used to prevent
infertility through its potential to help keep ROS/RNS at physiological levels, allowing them
to regulate sperm function without allowing pathological levels to be obtained, which can
have detrimental effects on the ability to reproduce. Whilst the advantages of using this
natural product have been known for a substantial amount of time, the use of Buchu has
not made its way into mainsteam markets as definitive research still needs to be done to
substantiate its benefits. Because of all its benefits, it would be a worthy task to look into
all its properties so that maximal benefit may be obtained from its use.
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Author/Study Findings/Uses of Buchu

Application/Mechanism of action

Moolla et al, 2007

Anti-oxidant properties
Moolla and Viljoen, 2009

Members of the Agathosma specie contain flavonoids,
i.e. diosmin, hesperidin,rutin, quercitin, mucilage and
resins with extensive anti-oxidant properties
These compounds act via several mechanisms to reduce

free radicals

Cowan MM, 1999

Moolla et al, 2007

Lis-Balchin et al/, 2001 Antibacterial

Shwegler, 2003 Antimicrobial

Antifungal
Antibiotic repellent

Viljoen et al, 2007

Buchu essential oils and extracts active against selected
pathogens, namely Staphylococcus aureus, Bacillus
cereus, Klebsiella pneumonia and Candida albicans.

More active against gram positive than gram negative

bacteria
Affects the development of biofilms by preventing
attachment of bacteria
Agathosma species found to contain coumarins,
phenolic substances with benzene and a-pyrone rings. A
number of these compounds have been found to be

active against microbials by stimulating macrophages

Lis-Balchin et al, 2001 Urinary problems

haematuria
Moolla and Viljoen, 2009

calculi

kidney disease
infections of the bladder,
prostate, urethra

Oil distilled from Buchu leaves has therapeutic
properties and major uses, including the treatment of
kidney and urinary tract infections, as well as
haematuria and prostatitis

Watt and Breyer-
Brandwijk, 1962

Gentry HS, 1961 Diuretic properties

Eaton CL

Simpson, 1988

Diospenol is responsible for the diuretic action of Buchu.
Diosphenol acts by irritating the gallbladder, causing the
production of urine.

Buchu contains flavonoids that induce urine production

Moolla et al, 2007

Moolla and Viljoen, 2009
Arthritis, Rheumatism

Lis-Balchin M et al, 2001 Nausea and diarrhoea

Flatulence
Bajpayee Petal, 2012

Grieve M, 1937

The Agathosma species has been many applications,
among these are its uses in the treatment of arthritis
and rheuamtism through its ability to reduce uric acid.
Buchu has been listed as a treatment for stomach
ailments and for relief from nausea, diarrhoea and

flatulence

Grieve M, 1937

Bruises, contusions, sprains,

fractures

Van Wyk et al, 1997 Cleans wounds

A number of Buchu preparations are used to deliver it to
the body. It may be soaked in vinegar and used as an
external application to treat bruises, contusions, sprains
and fractures

Used as an antiseptic to clean wounds

309



310 Antioxidant-Antidiabetic Agents and Human Health

Moolla et al, 2007 Two monoterpene thiols are accountable for the
- distinguishing odour of Buchu oil, one being 9-
Moolla and Viljoen, 2009 Fragrant ) R
) mercapto-p-menthan-3-one. This sulphur-containing
Aromatic . )
terpene is essential to the aroma and flavour of the
Deodorant

) plant
Enhances fruit flavours, ) )
Buchu has a naturally minty, sweet berry, apricot, peach
enhances blackcurrant flavours o )
and green herbal taste, and its oils are used in perfumes

and colognes

Viljoen et al, 2006 Buchu oil contains limonene, a monoterpene

hydrocarbon with anti-inflammatory properties.
Essential oils found in Agathosma found to inhibit the
Anti-inflammatory synthesis of leukotrienes by blocking synthesis of the
Moolla et al, 2007 key enzyme 5-lypoxygenase
Limonene also shown to be effective in reducing

cyclooxygenase 1 and 2 biosynthesis

Table 1. Table showing the diverse uses and properties of Buchu, which are the properties which help to define Buchu
it as an ethnomedicinally important product

Author details

Bongekile Skosana!, Guillaume Aboua? and Stefan S du Plessis'

1 Division of Medical Physiology, Faculty of Medicine and Health Sciences, Stellenbosch
University Tygerberg, South Africa

2 Faculty of Health and Wellness, Department of Biomedical Sciences, Cape Peninsula Uni-

versity of Technology, South Africa
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1. Introduction

Diabetes mellitus (DM) is one of the most common metabolic disorders worldwide with an
estimated 143 million people suffering from the disease [1]. This number may double by 2030
[2]. Although understanding of the pathophysiological processes involved in DM has in-
creased, with great feats achieved in the management of DM, yet serious diabetic complications
still confront patients and physicians [3]. Diabetes mellitus is characterized by chronic
hyperglycemia (very high blood glucose levels) and disturbances of carbohydrate, fat and
protein metabolism associated with absolute or relative deficiency in insulin secretion or
insulin action [4-5]. On the basis of aetiology and clinical presentation, DM is classified into
two; type 1 diabetes mellitus also called insulin-dependent diabetes mellitus (IDDM) and type
2 which is the non-insulin dependent diabetes mellitus (NIDDM). The effects of DM include
long term damage, dysfunction and failure of various organs, especially the eyes, kidneys,
livers, hearts, and blood vessels [6].

In the treatment of diabetes, many oral hypoglycemic agents like sulfonylureas, meglitinides,
thiazolidines, D-phenylalanine and a-glucosidase inhibitors are used in addition to insulin
treatment action along with appropriate diet and exercise [5]. However, none can be termed
as an ideal one, due to their toxic side effects and sometimes diminution in response after
prolonged use [7]. The limitations and side effects associated with existing synthetic oral
hypoglycemic agents had necessitated the search for newer drugs. As a result, natural agents
from plants and plant products have been the alternative target to source for new antioxidant
and antidiabetic agents based on their traditional use.

I m EC H © 2014 Oyenihi et al,; licensee InTech. This is a paper distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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2. Hyperglycemia and oxidative stress

A relationship has been established between hyperglycemia, oxidative stress and numerous
pathways which can lead to the development of diabetic complications. Four of these pathways
are very important: activation of protein kinase C isoforms, increased hexosamine pathway
flux, increased advanced glycation end-product (AGE) formation [8-9], and increased aldose-
reductase pathway flux [10]. Oxidative stress has been implicated to play a central role in these
pathways. Oxidative stress occurs as a result of excessive formation of reactive oxygen species
(ROS) and reactive nitrogen species (RNS) collectively described as free radicals. Free radicals
are highly unstable and have the ability to attract electrons from macromolecules such as
carbohydrates, protein, lipid and DNA [11]. Excessive ROS can cause structural deterioration
and instability of the macromolecules, consequently affecting proper cellular signaling
pathways, gene regulation and function [12]. Although, the human system has check-in
mechanisms to deal with oxidative damage and free radical formation through endogenous
and exogenous antioxidants, however, when the rate of formation of ROS overwhelms the
detoxifying ability of the antioxidants, oxidative stress can occur [11, 13-14].

The increase in oxidative stress in diabetes mellitus could be attributed to elevated blood
glucose levels, which upon auto-oxidation generates free radicals and damages the cell
membrane through peroxidation of membrane lipids [15] and protein glycation [16]. Chronic
hyperglycemia results in oxidative stress via auto-oxidation of glucose in the presence of
transition metals [17]; decreased activities of antioxidant enzymes such as superoxide dismu-
tase (SOD) and glutathione peroxidase [18]; increased oxidative phosphorylation [19],
glycosylation of proteins [17]; and activation of the hexosamine pathway [20]. Hyperglycemia-
induced oxidative stress has been demonstrated to result in beta cell dysfunction and death
[21-22], as well as in fibrosis of pancreatic islets [23-24]. It has also been established that
hyperglycemia increases mitochondrial ROS production, which could represent a key event
in the development of diabetic complications [19, 25].

Hyperglycemia has been reported to induce oxidative insult and apoptosis in diabetic liver
and renal tubular cells [26-27]. Hyperglycemia leads to increased levels of ROS and D-glucose
which has been shown to be capable of inducing apoptosis through the activation of Bax-
caspase pathway [28]. Caspases are a family of cysteine proteases known to be the effectors of
apoptosis. Upon activation of Bax by free radicals, caspases are activated, which alter mito-
chondrial function by reducing the electrochemical gradient across the mitochondrial mem-
brane leading to the release of mitochondrial cytochrome C into cytoplasm [28-29]. Studies
had shown that movement of Bax into the mitochondrial membrane is accompanied by a
significant increase in the activities of caspase-3 and caspase-9 [30-32].

3. Levels of antioxidant action

The antioxidants acting in the defense systems act at different levels such as preventive, radical
scavenging, repair and de novo, and the fourth line of defense, i.e., the adaptation.
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According to Lobo et al. [33], the first line of defense is the preventive antioxidants, which
suppress the formation of free radicals. Although the precise mechanism and site of radical
formation in vivo are not well elucidated yet, the metal-induced decompositions of hydro-
peroxides and hydrogen peroxide must be one of the important sources. To suppress such
reactions, some antioxidants reduce hydroperoxides and hydrogen peroxide beforehand to
alcohols and water, respectively, without generation of free radicals and some proteins
sequester metal ions. Glutathione peroxidase, glutathione-s-transferase, phospholipid
hydroperoxide glutathione peroxidase (PHGPX), and peroxidase are known to decompose
lipid hydroperoxides to corresponding alcohols. PHGPX is unique in that it can reduce
hydroperoxides of phospholipids integrated into biomembranes. Glutathione peroxidase and
catalase reduce hydrogen peroxide to water.

The second line of defense is the antioxidants that scavenge the active radicals to suppress
chain initiation and/or break the chain propagation reactions. Various endogenous radical-
scavenging antioxidants are known: some are hydrophilic and others are lipophilic. Vitamin
C, uric acid, bilirubin, albumin, and thiols are hydrophilic, radical-scavenging antioxidants,
while vitamin E and ubiquinol are lipophilic radical-scavenging antioxidants. Vitamin E is
accepted as the most potent radical-scavenging lipophilic antioxidant.

The third line of defense is the repair and de novo antioxidants. The proteolytic enzymes,
proteinases, proteases, and peptidases, present in the cytosol and in the mitochondria of
mammalian cells, recognize, degrade, and remove oxidatively modified proteins and prevent
the accumulation of oxidized proteins.

The DNA repair systems also play an important role in the total defense system against
oxidative damage. Various kinds of enzymes such as glycosylases and nucleases, which repair
the damaged DNA, are known [33].

There is another important function called adaptation where the signal for the production and
reactions of free radicals induces formation and transport of the appropriate antioxidant to the
right site [34].

4. Antioxidants and diabetes mellitus treatment

The human system employs the use of endogenous enzymatic and non-enzymatic antioxi-
dant defense systems against the onslaught of free radicals and oxidative stress [35-36].
Enzymatic antioxidants include superoxide dismutase, catalase, glutathione peroxidase,
glutathione reductase. Non-enzymatic antioxidants include vitamins A, C, and E, gluta-
thione, alpha-lipoic acid, carotenoids, and coenzyme Q. Other antioxidants include biflavo-
noids, minerals (copper, zinc, manganese, and selenium), and cofactors (folic acid, vitamins B1,
B2, B6 and B12). These antioxidants work synergistically with each other using different
mechanisms against different free radicals and stages of oxidative stress [37]. Hyperglycemia
has been reported to impair the endogenous antioxidant defense systems in many ways during
diabetes in addition to generating free radicals [18, 38]. The involvement of hyperglycemia-
mediated oxidative damage in diabetes mellitus has led to the hypothesis that drugs that
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improve glycemic index and/or oxidative stress will be beneficial in the treatment of diabetes
mellitus and its complications.

Majority of the drugs currently used in the treatment of diabetes mellitus have antioxidant
activities in addition to their primary pharmacological activity. For example, aminoguanidine
has been shown to exhibit free radical scavenging properties and inhibit lipid peroxidation
[39-43] although clinical trials were discontinued in Europe and in the United States due to its
long term toxicity. Troglitazone lowered hydroperoxides and decreased SOD activity in type
2 diabetic rats [44]. Glibenclamide, a sulphonylureas in addition to its glucose lowering effect
possesses antioxidant properties due to its ability to restore liver catalase and superoxide
dismutase in diabetic rats [45]. Also, repaglinide used in the treatment of type 2 diabetes
mellitus exhibited antioxidant properties and inhibited protein peroxidation by upregulating
glutathione reductase and glutathione levels in diabetic rabbits in addition to its insulin
releasing effects [46].

Several in vivo studies have been carried out to ascertain the effects of antioxidants on exper-
imental diabetic models [47-53]. Most of these studies reported the beneficial role of antioxi-
dants against specific biomarkers of oxidative stress and provided the foundation for clinical
trials embarked on later [54-60]. Majority of the studies were not designed specifically to assess
the effects of antioxidant use in diabetic patients and none has been carried out yet on
antioxidant-rich plant products despite the large evidence supporting its use. Medicinal plants
and antioxidant-rich plant products definitely hold promise in this area in the near future.

5. Role of flavonoids in diabetes mellitus

The presence of polyphenolic compounds such as flavonoids, phenols, flavonols, and proan-
thocyanidins in plants is associated with the antioxidant and antidiabetic potentials [61]. A
number of studies have reported on the beneficial effect of flavonoids in diabetes mellitus
[62-63]. Examples of flavonoids include quercetin, rutin, diosmin, luteolin, lycopene, catechins
and cinnamic acids.

5.1. Quercetin

Quercetin (3,3',4',5-7-penta- hydroxyflavone), belongs to the class flavonol, a member of the
flavonoid family and is widely distributed in plants. Quercetin and rutin are the flavonoids
most abundantly consumed in foods [64]. Sources of quercetin include brassica green vegeta-
bles, carrots, berries, onions, apple, legumes, green tea, citrus fruits, red wines etc [65].
Quercetin has been shown to prevent oxidative stress [66] by different mechanisms, including
scavenging free radicals [67], inhibiting xanthine oxidase [68], lipid peroxidation, and chelating
metal ions [69]. Quercetin is a powerful antioxidant, proven by in vitro [70] and in vivo studies
[71]. Quercetin ameliorated the damage caused by oxidative stress in pancreatic tissues in rats,
by directly quenching lipid peroxides and indirectly enhancing the production of endogenous
antioxidants [72].
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Figure 1. The chemical structure of quercetin.

Quercetin reduces intestinal glucose absorption by inhibiting GLUT 2 in CaCo-2 intestinal cells
[73-74]. Quercetin has been extensively investigated in diabetic rat models in recent times. It
decreases the fasting blood glucose and improves glucose tolerance [75]; protects against
oxidative damage and preserves pancreatic beta cell integrity [76]. Kobori et al. [77] reported
that quercetin alleviated diabetic symptoms and liver injury in diabetic patients. Quercetin
blocks tyrosine kinase thereby interfering with insulin signaling and the propagation of the
biological actions of the hormone [78-79]. Quercetin elevated insulin secretion in insulin-
secreting cell line induced by glucose and glibenclamide [80] by mediating ERK1/2 pathway
[81]. Insulin resistance was improved in genetically obese Zucker rats upon administration of
quercetin [82]. Quercetin also reduced maltose-induced postprandial hyperglycemia in type
2 diabetic patients by inhibiting intestinal alpha glucosidase activity [83]. Several mechanisms
of action of quercetin in diabetes have been postulated and those included: decreases lipid
peroxidation, increases antioxidant enzymes activity like superoxide dismutase (SOD),
glutathione peroxidase (GPX), and catalase [76]. Other mechanisms are inhibition of insulin-
dependent activation of phosphoinositol-3 kinase (PI-3K) [84], increase adiponectin levels [85],
and decrease the intestinal maltose activity [27].
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Figure 2. Proposed mechanisms for anti-diabetic effects of Quercetin. Reproduced from Portillo et al,, (2011).
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5.2. Rutin

Rutin  {2-(3,4-dihydroxyphenyl)-5,7-dihydroxy-3-[a-Lrhamnopyranosyl-(1— 6)-3-D-gluco
pyranosyloxy]-4Hchromen-4-one} is abundantly present in onions, apples, tea and red wine
[86]. The name rutin originated from the plant Ruta graveolens. Rutin exhibits multiple
pharmacological activities including antibacterial, antitumour, antidiabetic, antiinflammato-
ry, antidiarrhoeal, antiulcer, antimutagenic, myocardial protecting, vasodilator, immunomo-
dulator and hepatoprotective activities [87]. It is a potent antioxidant and anti-inflammatory
agent that has the potential to provide a lot of health benefits [88].

Figure 3. The chemical structure of rutin.

Rutin by its ability to scavenge free radicals and to inhibit lipid peroxidation, prevents
streptozotocin-induced oxidative stress and protects pancreatic beta cells resulting in in-
creased insulin secretion and decreased blood glucose levels. Rutin effectively reduced the
increased levels of thiobarbituric acid reactive substances and hydroperoxides in the diabetic
state in vivo [89] and in vitro [90]. Rutin reduces hyperglycemia and dyslipidemia while
inhibiting the progression of liver and heart dysfunction in diabetic rats [91]. It also signifi-
cantly decreases elevated reactive oxygen species while increasing endogenous antioxidant
enzymes in kidney of diabetic rats and may consequently control or prevent the development
of diabetic nephropathy [92]. When Rutin supplementation tablets (500mg) was administered
simultaneously with their regular medication for 60 days to patients with type 2 diabetes
mellitus, the hypertension, total cholesterol and low-density lipoproteins (LDL) were mark-
edly attenuated. Rutin also decreased the levels of fasting blood glucose, systolic and diastolic
blood pressure and improved lipid profiles in the diabetic subjects [93]. Rutin found in Morus
alba leaves, possesses significant, dose-dependent antidiabetic activity in a type 2 diabetic rat
model [94].

5.3. Diosmin

Diosmin (3',5,7-trihydroxy-4’-methoxyflavone 7-rutinoside) is a naturally occurring flavonoid
glycoside that can be isolated from various plant sources or derived by dehydrogenation of
the corresponding flavanone glycoside Hesperidin, that is abundant in the pericarp of various
citrus fruits [95]. Diosmin was first isolated in 1925 from Scrophularia nodosa. Diosmin is
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considered to be a vascular-protecting agent used to treat chronic venous insufficiency,
hemorrhoids, lymphedema, and varicose veins. Diosmin exhibits anti-inflammatory, antioxi-
dant, and anti-mutagenic properties [95-97]. Clinical studies have demonstrated that diosmin
can be used to treat venous leg ulcers and hemorrhoids [98]. Also, its anti-inflammatory and
anti-apoptotic activity has been demonstrated in neuronal cells [99].
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Figure 4. The chemical structure of diosmin.

Diosmin was found to be capable of normalizing capillary filtration rate and prevent ische-
mia in diabetics [100-101]. Diosmin has been shown to improve factors associated with diabetic
complications. A decrease in hemoglobin Alc as well as an increase in glutathione peroxidase
was observed in type 1 diabetic patients after an intervention with a diosmin-containing
flavonoid mixture [102]. Diosmin and hesperidin are known to lower hepatotoxicity induced
by carbon tetrachloride (CCl4) and lipopolysaccharides (LPS), minimize oxidation stress caused
by nicotine, reduce blood sugar and cholesterol, and inhibit carcinogenesis of the bladder and
colon [31,103-106]. Administration of diosmin for 45 days significantly lowered plasma glucose
level, increased the activities of hepatic key enzymes such as hexokinase and glucose-6-
phosphate dehydrogenase in addition to decreasing glucose-6-phosphatase and fructose-1,6-
bisphosphatase concentrations in streptozotocin-nicotinamide treated rats exhibiting its
antihypeglycemic properties [107]. Diosmin lowered plasma glucose and increased plasma
insulin levelsin diabeticrats by ameliorating the oxidative stress induced by streptozotocin and
nicotinamide. Activities of antioxidant enzymes (superoxide dismutase, catalase, glutathione
peroxidase, and glutathione s-transferase), vitamin C, vitamin E and reduced glutathione were
increased while lipid peroxidation was reduced in liver and kidney of diabetic rats upon
treatment with diosmin. Diosmin was also recently reported to possess antihypertensive
property by increasing the activities of antioxidant enzymes,, reducing reactive oxygen species
and normalizing marker enzymes in serum and tissues (liver, kidney, heart, aorta) when rats
were made hypertensive by deoxycorticosterone acetate (DOCA) salt [108].

5.4. Luteolin

Luteolin (3°,4',5,7-tetrahydroxyflavone) is a flavonoid widely distributed in the plant kingdom
including several such as Reseda luteola L., Achillea millefolium L, Chamomillae requtita, Cynara
scolymus, Thymus vulgaris, Limonium sinuatum [109]. Luteolin has a variety of pharmacological
activities, including anti-mutagenic, anti-tumorigenic [110], anti-inflammatory [111], anti-
hypertensive [112], and anti-oxidative [113] properties. It is thought to play an important role
in the human body as an antioxidant, a free radical scavenger, an agent in the prevention of
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inflammation, a promoter of carbohydrate metabolism, and an immune system modulator
[114]. The antioxidant activity of luteolin and its glycosides has been associated with their
capacity to scavenge reactive oxygen and nitrogen species [115-116], to chelate transition
metals that may induce oxidative damage through the Fenton reaction [117] to inhibit
prooxidant enzymes [118] and to induce antioxidant enzymes [119-120]. The antioxidant
activity of luteolin has been investigated in vitro and in vivo [121-122].
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Figure 5. The chemical structure of luteolin.

The antidiabetic property of luteolin was reported by Zarzuelo et al [123] where a significant
decrease in glycemia levels (> 50%), a 2.5-fold increase in insulin blood levels, elevated
pancreatic insulin and DNA content were observed. Luteolin is reported to inhibit alpha-
glucosidase and alpha-amylase suggesting that it can suppress postprandial hyperglycemia
in patients with non-insulin dependent diabetes mellitus [124]. Recently, luteolin was found
to influence insulin action and production of adipokines/cytokines in adipocytes by activating
the PPARY pathway suggesting its role in preventing insulin resistance and type 2 diabetes
mellitus [125].

5.5. Lycopene

Lycopeneis a carotenoid present in tomatoes (Lycoperisicon esculentum). It can be found in many
fruits and vegetables like water melon, pawpaw and pink grape fruit. Lycopene is a potent
antioxidant according to in vitro and human studies, inactivating hydrogen peroxide and
nitrogen dioxide [126] and reducing the susceptibility of lymphocyte DNA to oxidative
damage [127]. The presence of many conjugated double bonds in lycopene may account for
its antioxidant properties [128]. Lycopene quenches singlet oxygen and traps peroxyl radicals
[129]. The singlet quenching ability has been reported to be twice as high as that of beta carotene
and 10 times higher than that of alpha tocopherol and butylated hydroxyl toluene (BHT)
[130-132]. Lycopene is also a potent neuroprotective [133], anti-proliferative, anti-cancer [134],
anti-inflammatory [135] and hypocholesterolemic agent [136]. The mechanisms of action
against reactive species for lycopene has been proposed to be by adduct formation, electron
transfer to radicals and allylic hydrogen attraction [137-141].
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Figure 6. The chemical structure of lycopene.

Lycopene values in serum were found to be significantly lower in patients suffering from
type-2 diabetes and impaired glucose metabolism [142-143]. Also, according to data from
phase I of the Third National Health and Nutrition Examination Survey (1988-1991), lycopene
was found to be inversely related to fasting serum insulin suggesting a possible role for
lycopene in the pathogenesis of insulin resistance and diabetes [144]. Lycopene was also found
to be useful in the management of neuropathy, a complication of diabetes mellitus, by
attenuating cold allodynia and thermal hyperalgesia in streptozotocin induced diabetic rats
[145].

5.6. Catechins

Tea (Camellia sinensis L) is the most widely consumed beverage in the world, next to water
[146-147]. Tea contains catechins, polyphenolic compounds belonging to the flavonoid family.
The most important catechins in green tea are: epigallocatechin gallate (EGCG), epigallocate-
chin (EGC), epicatechin gallate (ECG) and epicatechin (EC) [148]. The antioxidant properties
of catechins have been well documented [149-155]. The mechanisms of action of catechins may
include free radical scavenging [149-150, 152-153], chelating metal ions to form inactive
complexes [150, 152, 156-157], transferring electrons rapidly to ROS induced radical sites on
DNA [158] and forming stable semi-quinone free radicals [150]. Catechins also increase the
body’s endogenous antioxidants to reduce oxidative damage and decrease lipid peroxidation
biomarkers in several tissues in rats [158]. Apart from their antioxidant properties, catechins
are also anti-carcinogenic, anti-tumorigenic, anti-mutagenic, anti-proliferative, anti-inflam-
matory, anti-allergic, anti-hypertensive and chemopreventative [159].

In diabetes mellitus, the effects of catechins in vitro and in vivo studies were investigated
[160-163]. In rat models of diabetes, catechins have been demonstrated to have ameliorative
effects on biomarkers of oxidative stress on diabetic erythrocytes [164] and on erythrocyte Na/
H antiport [165].
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Figure 7. The chemical structure of catechins

5.7. Cinnamic acids

Cinnamon, used extensively since ancient times in food as a herb or spice, has been shown to
ameliorate the symptoms of metabolic syndromes, such asinsulinresistance and elevated levels
of glucose and lipids [166]. Cinnamon bark contains cinnamic acid, cinnamaldehyde and
cinnamic alcohol [167]. Cinnamic acid has been reported to exhibit several pharmacological
propertiesincluding hepatoprotective[168], antioxidant[169] and anti-diabetic properties[170].

Figure 8. The chemical structure of cinnamic acid.

Cinnamic acid was recently reported to be capable of preventing advanced glucated end-
products (AGEs)-mediated diabetic complications. It inhibited the formation of AGEs in a
bovine serum albumin (BSA)/fructose system, as well as reduced the levels of fructosamine,
the formation of N-(carboxymethyl) lysine (CML) and the level of amyloid cross beta-structure
[167]. Sinapic acid is a 4-hydroxy-3, 5-dimethoxy cinnamic acid derivative. It is widely
distributed in edible plants such as cereals, nuts, oil seeds and berries [171]. Sinapic acid is a
potent antioxidant [172]. Sinapic acid possesses potential anti-hyperglycemic effects, through
an increase in insulin production associated with a subsequent increase in the activity of
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glcolytic enzyme, hexokinase and decrease in the activity of gluconegoenic enzymes, glu-
cose-6-phosphatase and fructose-1, 6-bisphosphatase [173].

6. Selected antioxidant-rich natural plants with antidiabetic potentials

6.1. Sclerocarya birrea

Sclerocarya birrea (Family : Anacardiaceae) is a medium-size-to-large deciduous tree widely
used for the treatment of proctitis, dysentery, and diarrhea in South Africa and Africa at large
and its antimicrobial and antiparasitic properties has been documented [174-175]. Sclerocarya
birreais widely used as traditional remedy against diabetes in Africa [176] and has a significant
hypoglycemic effect [177]. The methanolic extracts of different parts of the tree such as the
leaves, fruit juice, roots and stem-bark has antioxidant properties [61] due to high contents of
flavonoids and polyphenolic compounds.

Figure 9. Sclerocarya birrea plant

6.2. Prosopis glandulosa

Prosopis glandulosa (Family: Fabaceae) commonly known as Honey mesquite is a small to
medium height tree or shrub that is thorny and branching near the ground found mostly in
southern parts of India. The bark and leaves are used by the tribes and native medical
practitioners to treat various ailments such as leprosy, dysentery, bronchitis, asthma, leuco-
derma, piles, and tremors of the muscles, tumors, eye diseases and rheumatism [178]. It is
commonly found in the dry, arid regions of the northern and north-western Cape of South
Africa. Literature studies have indicated that the plant contains flavan-3-ol dimer, mesquitol
[179-180] and catechin [181]. Phytochemical screening of leaves from Prosopis glandulosa
indicates the presence of alkaloids, glycosides, flavonoids, phenolic compounds, steroids and
terpenoids [182].
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Figure 10. Prosopis glandulosa plant

6.3. Tamarindus indica

Tamarindus indica Linn (Family: caesalpiniaceae) is a plant that grows naturally in tropical and
subtropical regions and has become an important plant for food, herbs in many parts of the
world [183]. Literature studies reported Tamarindus indica as a traditional medicine for the
management of diabetes mellitus in human and experimental animals [184-185]. Siddhuraju
[183] reported the potential antioxidant activity of Tamarindus indica seeds isolating the
antioxidant components 2-hydroxy-30,40-dihydroxyacetophenone, methyl 3,4- ihydroxyben-
zoate, 3,4-dihydroxyphenylacetate and oligomeric proanthocyanidins. Phenolic compounds
such as procyanidin B2, epicatechin, procyanidin trimer, procyanidin tetramer, procyanidin
pentamer, procyanidin hexamer, polymeric tannins, polymeric tannins are also present in the
seeds of Tamarindus indica [186]. It has been postulated that the antidiabetic property of
Tamarindus indica observed in experimental animals may be due to the presence of the
antioxidant-rich compounds [187].

Figure 11. Tamarindus indica plant
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7. Conclusion

The pathophysiology of most of the diseases affecting mankind today (diabetes mellitus
inclusive) seems to have a common denominator, namely oxidative stress. Although, it is a
wide topic with several theories, mechanisms, sites and targets of action, reactive oxygen
species (ROS) have been implicated in the management of many diseases. As a result, antiox-
idants have received overwhelming attention in recent years with many outstanding achieve-
ments. Most therapeutic agents and drugs are either antioxidants or act primarily to prevent
the formation of excess ROS. Therefore it is not surprising to note that natural products with
antioxidant properties from plant origin are again gaining prominence in research circles all
over the world.

Currently, a lot of therapeutic agents with different modes of action have been designed to
combat hyperglycemia; the efficacy and effectiveness of these agents are limited due to several
reasons. Individual agent with particular mechanism of action can only act on part of the
pathogenic process and only to a partial extent [188-189]. Also, several defects in the patho-
physiology of diabetes remain unresolved, and therefore, result in the inability to single out a
drug target to focus on as human systems are too interwoven and complex to be fully under-
stood through conventional experimental protocols [190]. However, combination of natural
products and phytomedicines from different plants present in most traditional medicines
appears to take a different, more holistic approach. These medicinal preparations contain a
variety of natural products that act synergistically on a variety of targets through different
mechanisms fighting the disease in a more efficient manner. Consequently, the conventional,
unidirectional therapeutic method in the management of diabetes seems to be gradually
replaced by a more holistic, multidimensional approach
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1. Introduction

Non-communicable diseases (NCD), also known as chronic diseases represent one of the most
serious health challenges of the 21st century. According to the World Health Organisation
(WHO), global mortality due to NCD is projected to reach 55 million of deaths in the next 20
years, with 25 million of death caused by cardiovascular diseases (CVD) [1-3]. This is drawing
a particular attention to the importance of intensifying research in the area aiming at fighting
CVD through prevention and treatment. In a recent report of the WHO, CVD already ac-
counted for 48% of NCD deaths [1]. Additionally, hypertension has been estimated to be the
major risk factor for CVD morbidity and mortality, causing 51% of stroke deaths and 45% of
coronary heart diseases deaths [1, 3]. Furthermore, CVD is increasing in the low- and middle-
income with Sub-Saharan African countries recording the highest rate of hypertension [1-3].
It has been observed that these countries record an increase in the overall rate of hypertension
mainly because of severe financial constraints for its management and control [1, 4].

With the prevalence of hypertension in the world’s death rate, new approaches to investigate
the treatment and management of this disease are highly in demand in order to reduce the
overall rate of adult mortality from CVD. Quest for solutions has open doors to research in the
field of alternative and complementary medicine as an effective, safe, simple and inexpensive
strategy. Medicinal plants and fruits and vegetables are reputed for their excellent health-
enhancing bioactive micronutrients, their cost-effectiveness and their widespread bioavailabil-
ity [5-9]. While some medicinal plants have been investigated in hypertension research, many
remain a mystery [5-9]. Therefore, the interest of this review is to summarize the findings of
recent studies on the potential cardioprotective effect of Parkia biglobosa, a locally available
medicinal West African plant that has been reported to display anti-inflammatory, antimicro-
bial, antioxidant, anti-cancer and hypotensive activities in its diverse parts [10-14]. In this
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chapter, a brief explanatory overview of hypertension and its implication in CVD will be given
followed by a summary of potential ability of Parkia biglobosa to modulate health, especially
CVD.

2. Hypertension

Hypertension, also known as raised blood pressure (BP), is a chronic medical condition and a
slow progressive disease defined by a mean systolic BP (SBP) of at least 140 mm Hg and/or a
diastolic BP (DBP) of at least 90 mm Hg [4, 15- 16]. In the USA, the seventh report of the Joint
National Committee (JNC 7) on Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure has classified measured BP into different schemes and introduced a new
classification referred to as “Prehypertension” [15]. Prehypertension was not defined as a
disease-state but represented BP measurements of individuals at high risk of developing
hypertension (Table 1). Hypertension has been classified into primary hypertension or
essential hypertension (EH) and secondary hypertension (SH). They have respectively
unknown and known aetiology.

Blood pressure (mm Hg)

JNC 7 category

SBP DBP
Normal lower than 120 lower than 80
Prehypertension 120to 139 80to 89
Hypertension 140 or higher 90 or higher
Stage 1 140 to 159 90to 99
Stage 2 160 or higher 100 or higher

Table 1. JNC 7 Classification of blood pressure [4, 15]

Hypertension is a major public health problem responsible for 51% of stroke deaths and 45%
of coronary heart diseases deaths [1, 3]. It represents the leading global risk factor of mortali-
ty, about 12.8% of global death [3] and is also reported to affects both man and woman [17].
Additionally, the prevalence of hypertension is reported to increase with body weight and
advancing age [2, 15-16, 18]. Conversely, hypertension in children has been reported, especial-
ly, in overweight and obese children [19]. It has been observed that Black men and women have
the highest prevalence of total hypertension [15-16]. Furthermore, while the large proportion
of the population suffers from EH (90-95%), only 5-10% among the cases suffers from SH [20-24].
It has been reported that most individuals have an uncontrolled hypertension because the
diseaseis predominantly a “silent” disease whichisasymptomatic[17]. Epidemiological studies
estimated that in the United States, one in five adult remains unaware of his diseased-state [16].
Nonetheless, with the rise of campaign aimed at increasing hypertension awareness and
treatment, the prevalence of uncontrolled hypertension is declining in developed countries,
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when compared to developing countries [16, 18]. Actually, the low- and middle-income
countries, especially Sub-Saharan African countries record an increase in the overall rate of
hypertension mostly because of the severe financial constraints, limited set of health services,
low access to facilities and low level of awareness, control, treatment campaigns [4].

2.1. Aetiology of essential hypertension

The aetiology of EH remains a mystery. Even though, EH is the commonest form of hyper-
tension (90% - 95% of all cases), the underlying defects triggering its onset are not known. This
explains the difficulty in finding a definite cure. It has been theoretically proposed (Mosaic
Theory of Dr Irvine Page) that the aetiology of EH is multifactorial with genetic, environmental,
anatomical, adaptive, neural, endocrine, humoral, haemodynamic risk factors and that those
different risk factors interlink together to cause hypertension [25-27]. Some of these risk factors
are described below:

2.1.1. Environmental risk factors

Various dietary habits and unhealthy lifestyle have also been identified to play a major role in
the pathogenesis of hypertension such as:

* Pollutants

¢ Use of tobacco,

¢ Chronic consumption of alcohol,

* Lack of weight maintenance (sport inactivity),

* Adoption of diets characterised by high intake of glucose, high intake of saturated fat and
cholesterol, high intake of salt (exceeding 5.8 grams daily) [6, 28].

The consequences of this adopted lifestyle give the rise to metabolic and physiological
alterations which mediate the pathogenesis of hypertension and promotes other deleterious
conditions such as hyperglycaemia (principal characteristic of diabetes) and hyperlipidaemia
(principal characteristic of obesity) [29].

2.1.2. Hereditary risk factors

Genetic factors are thought to play a prominent role in the development of essential hyper-
tension, especially genetic abnormalities of the baroreceptor system. However, the genes for
hypertension have not yet been identified.

The baroreceptor system consists of nerves ending receptors sensitive to stretch, pulse rate and
pressure changes of the blood vessels [30]. They are present on the wall of large arteries such
as the aortic arch and the carotid sinus (Figure 1). They stand as the first line of neural control
system over blood pressure fluctuation and constitute a short term regulation of BP [31-33].
With a significant change in BP, baroreceptors transmit impulses to central nervous system
(CNS) toactivate a “feedback” mechanism from autonomous nervous system called barorecep-
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tor reflex or baroreflex. The baroreceptor autonomous reflex restores the BP to normal values
[30-33]. Ithasbeenreported that thatlack of baroreflex sensitivity is associated with the presence
of a family history of hypertension [32, 34]. This shows that hypertension could be initiated
from specific hereditary genetic abnormalities involving baroreceptors sensitivity [32, 34].

In addition, hereditary genetic abnormalities of the neuroendocrine regulation of barorecep-
tors have similarly been recognised as predictors of EH. For instance, studies have related
overexpression of Chromogranin A (Cg A) in plasma, adrenal medulla and sympathetic
neurons to essential hypertension in both clinical and experimental models [25, 35]. Similarly,
Cg A loci genetic polymorphism was related to hypertension [36]. Chromogranin A is a pro-
hormone stored and released with catecholamine (epinephrine, norepinephrine and dopa-
mine) by exocytosis [37-38]. It is believed that Cg A influence sympathetic tone since it is a pro-
hormone for active peptides with regulatory properties, namely vasostatin, pancreastastin and
catestatin [37, 39]. Catestatin exhibits catecholamine release-inhibitory function and may
function as a vasodilator [40-41]. Decreased circulating level of catestatin has been related to
EH because it increases adrenergic pressor response by no longer exerting antagonism to
neuronal nicotinic acetylcholine receptor [40-41].

Several genetic factors can affect the renin-angiotensin-aldosterone system and indirectly
result in hereditary hypertension. For instance, deficient formation of kinin components
(proteins that act locally to induce vasodilatation) in the body may also lead to hypertension
and development of CVD. Renal kinin-kallikrein system helps to excrete excess sodium from
the biological system [42]. Therefore, a reduction in renal expression of kinin-kalllikrein system
can also be identified as a genetic factor for hypertension as a result of accumulation of sodium
in the body. Consequently, diminished urinary kallikrein (sub-group of serine protease)
excretion could represent a genetic marker of hereditary hypertension [42-43].

2.1.3. Haemodynamic, endocrine, neural, anatomical risk factors

The cardiovascular system ensures the supply of blood to all organs and tissues via distensible
blood vessels such as arteries, veins and capillaries of the circulatory system (peripheral and
pulmonary). Blood pressure represents the force with which the blood pushes against the wall
of the arteries. At physiological level, factors such as blood volume, cardiac output, diameter
of artery lumen, and elasticity of artery determine BP [44-45]. In addition, different systems
contribute to the short-term and long-term regulation of BP such as:

* The nervous system baroreceptor reflex [46].

* The humoral secretion of vasoconstrictors and vasodilators substances such as acetylcho-
line, atropine [47].

* The kidneys regulation of BP via renal body fluid feedback, namely the renin-angiotensin-
aldosterone system and the pressure natriuresis [31, 43].

Therefore, any molecular and physiological dysfunction affecting the regulation of BP can be
associated with the pathogenesis of hypertension such as dysfunctions of the renin angiotensin
system (RAS), dysfunctions in electrolytes homeostasis, dysfunctions of the endocrine system
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and increased arterial resistance [25, 48]. For example, the renin angiotensin system (RAS) is
a central system involved in the regulation of BP and electrolytes homeostasis. Briefly, with a
decrease in BP, kidneys prorenin are converted into active renin. Active renin cleaves the
hepatic precursor protein angiotensinogen into the inactive angiotensin I (AngI) [43, 49]. Then,
the angiotensin converting enzyme (ACE) hydrolyses two principal molecules. Firstly, ACE
cleaves the inactive Ang I to give active vasoconstrictor hormone Angiotensin II (Ang II).
Angiotensin II, not only increases BP by constricting blood vessels but also causes the adrenal
gland to release aldosterone, a hormone which increase BP through renal retention of sodium
and water (increase of blood volume) and decrease excretion of potassium [42-43, 49].
Secondly, ACE which is a kininase II interact with the kinin-kalllikrein system and inactivate
the vasodilator bradikinin by releasing pentapeptide Arg-Pro-Pro-gly-Pheo and tripeptide
Ser-Pro-Phe fragments [42]. Therefore, failure to regulate the activated RAS at different level
could lead to hypertension. Another example of system dysfunction involved the failure to
regulate the increased activity of norepinephrine [48].

2.2. Aetiology of secondary hypertension

The aetiology of SH has been often identified with an underlying illness which indirectly
increases BP. It has also been demonstrated that SH can emerge from drugs intake and health
conditions such as pregnancy [15, 20, 50-52] (Table 2). Therefore, the treatment of SH is
associated along with the treatment of the identified underlying factors.

Causes Examples

Renal diseases RENAL PARENCHYMAL DISEASES: RENOVASCULAR DISEASES/RENAL ARTERY
eGlomerulonephritis STENOSIS
*Polycystic kidney diseases eAtherosclerotic renal artery diseases
eDiabetic nephropathy eFibromuscular dysplasia
eHydronephrosis eRenal artery embolism
eChronic kidney disease (CKD) eArteriovenous malformation of the renal

artery

Vascular diseases eCoarctation of aorta
eAortoarteritis

Endocrinal and metabolic ePrimary aldosteronism (Conn Syndrome),

diseases ePrimary sodium retention (Liddle’s Syndrome)

eCushing syndrome

ePheochromocytoma

Neurological diseases *Brain tumours

*Encephalitis

Drugs *Oral contraceptive pills
eNon-steroidal anti-inflammatory medications
*Drug Abuse (Cocaine, Alcohol)

Table 2. Causes of secondary hypertension [52]
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2.3. Molecular mechanisms involved in the pathogenesis of hypertension

Previous studies have shown the involvement of excessive reactive oxygen species (ROS) in
the pathophysiology of CVD [53-56]. At a molecular level, oxidative stress (Oxs) has been
identified to have major implication in the development of clinical and experimental hyper-
tension [57-59]. It was demonstrated that chronic glutathione depletion induced severe
elevation of arterial BP [60]. The lack of endogenous antioxidant enzymes worsens oxidative
stress and can indirectly promote the risk of hypertension. For example, a recent research
supports the influence of genetic polymorphism of antioxidant enzymes in increasing the risk
of hypertension [61]. Likewise, [62] in Taiwan demonstrated that manganese superoxide
dismutase (MnSOD) polymorphism significantly increased the risk of hypertension.

Inflammation and lipid peroxidation are central to the development of multiple CVD and are
mediated by a variety of cell types including macrophages, lymphocytes, endothelial cells and
vascular smooth muscles cells [63-65]. The multiple cell types which participate in vascular
inflammation produce various pro- and anti-inflammatory cytokines and specific membrane
receptors allowing them to transmit their effects to the cells. Studies place a strong emphasis
on the role of oxidative stress in the pathophysiology of hypertension through promotion of
chronic inflammation [66]. In fact, the rise of Oxs in the vasculature decreased bioavailability
of nitric oxide (NO). This leads to endothelial dysfunction due to the loss of vasodilation of
blood vessels [58, 67-69]. In addition, oxidative stress coupled with hyperlipidaemia and
hypercholesterolemia in the vasculature gives rise to atherosclerosis by oxidation of lipids in
the vessels. Atherosclerosis is an inflammatory disease leading to increased arteriolar resist-
ance and increased large artery stiffness and obstruction of blood vessels and subsequent
ischemia [70].

2.4. Consequences of hypertension

The continuous high pressure exerted on the arteries wall causes long term damages to both
blood vessels and organs. In fact, when hypertension is not timely acknowledged and
controlled, damages to organs can become severe and fatal [15, 51-52]. Numerous complica-
tions resulting from hypertension are illustrated in Table 3.

2.5. Orthodox therapeutic approaches to managing/treating hypertension

Although, no definite cure has been found to treat essential hypertension, many ap-
proaches have been used to manage and control its incidence; in particular lifestyle changes
and the use of medications. Lowering salt and alcohol intake, lowering consumption of
saturated fats and cholesterol rich food and practising regular exercise are important steps
taken towards control of BP [17]. However, these steps are often associated with prescrip-
tion of anti-hypertensive medication. Many types of anti-hypertensive drugs have been
developed over the years such as diuretics, ACE inhibitors, angiotensin II receptor-
blocker, calcium channel blockers, alpha and beta blockers [71-73]. Even though a wide
variety of anti-hypertensive drugs are effective to control and manage hypertension, they
are not without considerable side effects [74-75]. Additionally, the cost of medication is not
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End Organ CVD Damages Complications/

Consequences

eAcute coronary syndrome,
elschaemic heart diseases
*Myocardial infarction,
Heart eAtrial fibrillation, Sudden death
eArrhythmias,
eCoronary artery disease,

eLeft ventricular hypertrophy leading to chronic heart failure

eConstant headaches
eStroke

Brain ) ) Sudden death
eNeurological damages (memory loss, dementia)

eDisability (paralysis)

eRenovascular dysfunction,
Kidney eChronic kidney failure, Death
*End stage renal diseases (ESDR)

Eyes Hypertensive retinopathy Blindness

eAtherosclerosis

eArterial resistance
Brain, heart, kidney,
Vascular system *Aneurysm
eyes damages Death
eEmbolus and thrombo-embolus

eAll the above

Table 3. End organs damages related to hypertension

always affordable for the majority of the population, especially in developing countries,
since managing hypertension represents a lifelong financial investment. Henceforth,
research is now turning to alternative and complementary medicine. Many reports support
the concept that natural or dietary supplementation can be used to develop effective, safe,
simple and inexpensive antihypertensive treatment [6, 28]. As a result, many researches are
currently directed towards a search for useful bioactive compounds in medicinal plants as
a new strategy for the treatment and management of hypertension [5, 8, 49, 76].

2.6. Alternative therapeutic approach to hypertension

Deeper exploration of phytochemicals found in medicinal plants is used as an approach to
discover potential prophylactic and therapeutic agents in cardio protection [7-9]. Medicinal
plants can be used to develop effective, safe, simple and inexpensive antihypertensive
treatment since they are reputed for their excellent health-enhancing bioactive micronutrients,
their cost-effectiveness and their widespread bioavailability [7, 77-78]. As a result, research is
currently directed towards discovering useful bioactive compounds in medicinal plants that
could be used as new strategies for treatment and management of hypertension [5, 8, 49, 76].
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3. Parkia biglobosa

3.1. Brief description

Parkia biglobosa, also called the African Locust Bean tree is a multipurpose tree indigenous to
the tropical regions of West Africa. Parkia biglobosa belongs to the family Mimosaceae (Legu-
minosae - Mimosoideae) [79-evidences. Therefore, studies of the]. Parkia biglobosa is a wide-
spread savannah tree used for nutritional and medicinal purposes [7, 81, 71]. The matured tree
can grow up to 30 m in height with a crown large of low branches. The bark is thick and fissured
with a grey to brown colour. The leaves are alternate, dark green and bipinnate. The leaves
are about 8-30 mm x 1.5-8 mm in size with 13-60 pairs of leaflets held on a long rachis [82].

Figure 1. Parkia biglobosa [83]

The analysis of the phytochemicals present in Parkia biglobosa revealed the presence of alkaloid,
flavonoids, tannins, saponins, cardiac glycosides, sterols, resins and terpenes (Table 4) [80,
84-85].

3.2. Potential health benefits of Parkia biglobosa

For a long time, native populations of West Africa have been using different parts of Parkia
biglobosa to meet their nutritional and basic health care needs. In different countries, Parkia
biglobosa has been used as a multipurpose plant in the therapy of a variety of diseases including
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Plant Parkia biglobosa
REFERENCES
Extracts (W,P,C,M) Leaf extracts Bark extracts Root extracts
Saponins + + + [85, 86, 87]
Cardiac Glycosides + + + [85, 87]
g Tannins + + + (85, 86, 87]
§_ Flavonoids (Anthocyanins, flavonones,
IS . . + + + [85, 86, 87]
5 coumarins, catechins)
%)
(]
2 Alkaloids - + + [85, 871
o
@
9 Resins + + + [85]
[aa}
Carbohydrates + + + [85]
Sterols and Terpenoids + + + [86, 87, 88]

Abbreviations: W: water, P: petroleum ester, C: Chloroform, M: Methanol, +: Present, - : Absent.

Table 4. Brief summary of the bioactive components in Parkia biglobosa

hypertension. A summary of traditional medicine practices from different West African
countries is illustrated in Table 5.

The fact that repetitive information was obtained from traditional healers and population from
diverse regions and countries indicated the need to scientifically authenticate these folkloric
evidence. Therefore, studies of the extracts of Parkia biglobosa have been conducted and
experimental and clinical data are now recognizing the health benefits attributed to Parkia
biglobosa in its diverse parts. Parkia biglobosa bark extracts have been identified to have
significant anti-inflammatory, analgesic, antibacterial and anti-helminthic activities. For
example, the analgesic and anti-inflammatory property of Parkia biglobosa bark extract in the
management of toothache has been demonstrated [102]. The anti-venom activity of the bark
extract against snake bites has also been reported [103]. In 2007, some clinical investigations
described the antibacterial properties of Parkia biglobosa bark and root extracts against
Staphylococcus aureus, Pseudomonas aeruginosa, Klebsiella pneumoniae, Escherichia coli, Shigella
dysenteriae responsible for urinary tract and digestive system infections [84, 86, 104]. Addi-
tionally, Parkia biglobosa stem bark has been attributed anti-microbial effects against Bacillus
subtilitis and was recommended as a natural preservative against pharmacological contami-
nations [85]. Parkia biglobosa leaf extract were described to exhibit anti-plasmodial activity
against malaria [105]. Recently, antioxidant, anti-carcinogenic and anti-trypanosomic activities
of the plant have been acknowledged [78, 97, 106-107].

3.3. Potential benefits of Parkia biglobosa in the treatment of hypertension and CVD

Previous investigations have indicated the hypotensive potential of Parkia biglobosa extracts.
For example, it was reported that a methanolic seed extract decreased blood pressure in the
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Countries Used Parts Traditional medicine practice References
Treatment of digestive system diseases (diarrhoea,
dysentery, abdominal pain)
Treatment of diseases of the cardiovascular system
Treatment of injuries and burns
Treatment of infectious diseases (shingles, malaria,
Benin All parts abscesses, yellow fever, scabies, measles, chicken-pox, [89]
oedema, jaundice)
Treatment of paediatric pathologies
Treatment of symptoms and syndromes: malaise,
tiredness, headaches, hip pain, ache, rheumatism,
elephantiasis, onset of paralysis
. Fermented seeds, Treatment of oral infections: Gingivitis, toothache,
Burkina Faso ) [90]
leaves, stem bark sores (tongues and lips)
Leaves, stem bark, raw
Ghana ) Treatment of malaria, stomach ache [77]
fruit, fermented seed
Ivory coast Stem bark Treatment of malaria [91]
Leaves Wound healing [92]
. Leaves, Treatment of malaria, urinary tract infection and
Mali ) [93]
stem bark internal wounds of pregnant women
Stem bark Personal health, insect management [94]
L Leaves Treatment of inflammations [95]
Nigeria (North) )
Stem bark Treatment of diarrhoea [96]
Treatment of trypanosomiasis, fever, ulcer, wound
Stem bark ) [78,97]
healing
Nigeria Treatment of hypertension, infertility, stomach ache,
Roots o [98,99]
(South West) sore eye, anti-poison
Treatment of stroke, leprosy, skin lesion, eye
Leaves i . [99]
infections
Nigeria )
Stem bark Treatment of hypertension [7]
(South East)
T Roots Treatment of haemorrhoids, Diarrhoea [100]
ogo ) )
Stem bark Cardioprotection [101]

Table 5. West African folkloric use of Parkia biglobosa for the treatment of diseases

rat [10], an aqueous bark extract decreased blood pressure in rabbits [12] a hydroalcoholic bark
extract of Parkia biglobosa caused vasorelaxation [13] and a methanolic leaf extract demonstrat-

ed hypotensive activities [14]. Hypercholesterolemia and hypertriglyceridemia are known risk
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factors associated with hypertension and CVD. The anti-hyperlipidaemia effect of the aqueous
and methanolic extracts of Parkia biglobosa has been described to reduce hypercholesterolemia
and hypertriglyceridemia in diabetic rats [11]. Therefore, Parkia biglobosa could offer protection
against the development of coronary heart diseases in diabetics [11]. Recently, another study
on the methanolic leaf extract of Parkia biglobosa also confirmed protection against doxoru-
bicin-induced cardiotoxicity in rats [87]. In this study, scientists proposed that protection was
offered through the antioxidant content and anti-inflammatory properties of the plant extract.
Alternatively, it was proposed that protection against cardiotoxicity might have originated
from the potential synergistic interactions among the plant phytochemicals. In fact, Parkia
biglobosa has a rich composition of secondary metabolites which have been individually
reported to possess excellent cardiovascular properties, namely:

* saponins (a vast group of glycosides) recently known for providing cardioprotective effects
in experimental model [108],

* cardiac glycosides (group of steroidal glycosides) reported to act as cardiotonic agent [109],

* tannic acid (typical product containing hydrolysable tannins) known for its ability to reduce
serum cholesterol and triglycerides [110-111],

* triterpenoids such as lupeol known to display antioxidant, anti-hypercholesterolemic and
cardioprotective activities [112-113],

* catechins (flavan-3-ol compounds) reported to reduce atherosclerotic plaques formation in
animal models [114],

* epicatechins known to reduce the risk of stroke and heart failure [115-116].

Furthermore, it was also reported that a leaf extract of Parkia biglobosa is a strong inducer of
endothelium-dependent relaxations involving both NO and EDHF via a redox-sensitive
mechanism [117]. Moreover, it was suggested that procyanidins fraction of the leaf extract
exerted beneficial effects on the endothelial function by decreasing vascular tone and are the
major inducers of the vasorelaxation [117].

In conclusion, many experimental and ethnoparmacological studies gave credence to the
health enhancing-potential of Parkia biglobosa extracts in the treatment of disease conditions
such as high blood pressure and CVD. However, there is still an important shortage of scientific
evidence elucidating the exact mechanisms through which Parkia biglobosa extracts offer
protection against hypertension. Therefore, further studies are warranted in CVD diseased-
model in order to identify the main phytoconstituents involved in the hypotensive response.
The mechanisms of action through which the plant extract offer protection against cardiotox-
icity and hypertension should also be investigated. Furthermore, the indigenous population
have not adopted standardised methods (the population continue to use uncontrolled dosages
and in most instances, preparations of Parkia biglobosa extracts are stored in inappropriate
conditions) on the medicinal use of the plant. Therefore, caution and care are still needed to
be applied on the folkloric use of Parkia biglobosa.
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