g TR : " Y
! i " "y 2.9 -/t
\ ] ) ; e
b A " g 2.
i g - A - -
“°
- . S
’ P . F -
Y e, . T
o T g
. ../ :
’ Lt ) | s

IntechOpen

Medicinal Plants

Use in Prevention and Treatment of Diseases

Edited by Bassam Abdul Rasool Hassan







Medicinal Plants - Use in
Prevention and Treatment

of Diseases
Edited by Bassam Abdul Rasool Hassan

Published in London, United Kingdom




C
o
Q.
@)
L
&)
o
)
£

e ._.{Jv e
gﬁ«u&

S







Medicinal Plants - Use in Prevention and Treatment of Diseases
http:/dx.doi.org/10.5772/intechopen. 83104
Edited by Bassam Abdul Rasool Hassan

Contributors

Hafiz Muhammad Khalid Abbas, Wubei Dong, Xi Kong, Jia Wu, Mohsin Ali, Gia-Buu Tran, Tan-Viet Pham,
Ngoc-Nam Trinh, Soo Hyun Sung, Ji Yeon Ryu, Jung Youn Park, Dongmin Angela Sung, Khafsa Maliq,
Dr. Mushtaq Ahmad, Muhammad Zafar, Shazia Sultana, Neelam Rashid, Sutiman Bambang Sumitro, Sri
Widyarti, Mudyawati Kamaruddin, Sherry Aristyani, Meity Elvina, Saraswati Subagyo, Tintrim Rahayu,
Lu Li, Evelyn Asante-Kwatia, Abraham Yeboah Mensah, Michael Frimpong Baidoo, Klaokwan Srisook,
Ekaruth Srisook, Yahyea Baktiar Laskar, Pranab Behari Mazumder, Koushlesh Mishra, Chanchal Deep
Kaur, Anil Kumar Sahu, Sarawati Prasad Mishra, Rajnikant Panik, Pankaj Kashyap, Shweta Dutta, Bassam
Abdul Rasool Hassan

© The Editor(s) and the Author(s) 2020

The rights of the editor(s) and the author(s) have been asserted in accordance with the Copyright,
Designs and Patents Act 1988 . All rights to the book as a whole are reserved by INTECHOPEN LIMITED.
The book as a whole (compilation) cannot be reproduced, distributed or used for commercial or
non-commercial purposes without INTECHOPEN LIMITED’s written permission. Enquiries concerning
the use of the book should be directed to INTECHOPEN LIMITED rights and permissions department
(permissions@intechopen. com).

Violations are liable to prosecution under the governing Copyright Law.

[@)er |

Individual chapters of this publication are distributed under the terms of the Creative Commons
Attribution 3.0 Unported License which permits commercial use, distribution and reproduction of
the individual chapters, provided the original author(s) and source publication are appropriately
acknowledged. If so indicated, certain images may not be included under the Creative Commons
license. In such cases users will need to obtain permission from the license holder to reproduce
the material. More details and guidelines concerning content reuse and adaptation can be found at
http: /www . intechopen.com/copyright-policy. html.

Notice

Statements and opinions expressed in the chapters are these of the individual contributors and not
necessarily those of the editors or publisher. No responsibility is accepted for the accuracy of
information contained in the published chapters. The publisher assumes no responsibility for any
damage or injury to persons or property arising out of the use of any materials, instructions, methods
or ideas contained in the book.

First published in London, United Kingdom, 2020 by IntechOpen

IntechOpen is the global imprint of INTECHOPEN LIMITED, registered in England and Wales,
registration number: 11086078, 7th floor, 10 Lower Thames Street, London,

EC3R 6AF, United Kingdom

Printed in Croatia

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library

Additional hard and PDF copies can be obtained from orders@intechopen.com

Medicinal Plants - Use in Prevention and Treatment of Diseases
Edited by Bassam Abdul Rasool Hassan

p.cm.

Print ISBN 978-1-78985-887-7

Online ISBN 978-1-78985-888-4

eBook (PDF) ISBN 978-1-78985-312-4



We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

47(D®+ 121, ®(D®+ 135M+

ailable International authors and editor: Downloads

Our authors are among the

151 Top 1% 12.2%

Countries deliv most cited s Contributors from top 500 universities

Selection of our books indexed in the Book Citation Index
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us?
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected.
For more information visit www.intechopen.com

Y






Meet the editor

Bassam Abdul Rasool Hassan, PhD, worked as a senior lecturer
at the Department of Pharmacy, Faculty of Medicine, University
of Malaysia (2014-2017), and at the Department of Pharma-

cy Practice, Faculty of Pharmacy, Universiti Teknologi MARA
(2017-2019). He is currently working as a senior lecturer at

the Department of Pharmacy, Al-Rafidain University College,
Baghdad, Iraq.







Contents

Preface

Section 1
Pharmacological Properties of Some Medicinal Plants

Chapter1

Analgesic and Anti-Inflammatory Effect of Ghanaian Medicinal Plants
by Evelyn Asante-Kwatia, Abraham Yeboah Mensah

and Michael Frimpong Baidoo

Chapter2

Antimicrobial Potential of Genes from Garlic (Allium sativum L.)
by Hafiz Muhammad Khalid Abbas, Xi Kong, Jia Wu, Mohsin Ali
and Wubei Dong

Chapter 3

Medicinal Plants Used for Treatment of Prevalent Diseases in Northern
Pakistan of Western Himalayas

by Khafsa Malik, Mushtaq Ahmad, Muhammad Zafar, Shazia Sultana,
Athar Tariq and Neelam Rashid

Chapter 4

Bioinorganic Chemistry and Computational Study of Herbal Medicine
to Treatment of Tuberculosis

by Sri Widyarti, Mudyawati Kamaruddin, Sherry Aristyani, Meity Elvina,
Saraswati Subagjo, Tintrim Rahayu and Sutiman Bambang Sumitro

Chapter 5
Black Garlic and Its Therapeutic Benefits
by Gia-Buu Tran, Tan-Viet Pham and Ngoc-Nam Trinh

Chapter 6
Medicinal Plants Having Antifungal Properties
by Koushlesh Kumayr Mishra, Chanchal Deep Kaur, Anil Kumar Sahu,

Rajnikant Panik, Pankaj Kashyap, Savaswati Prasad Mishva and Shweta Dutta

Chapter?7

The Utilization of Traditional Herbal Medicine for Treatment in Traditional

Korean Medicine Clinics
by Ji Yeon Ryu, Jung Youn Park, Angela Dongmin Sung and Soo Hyun Sung

XIII

25

37

63

83

97

111



Chapter 8

Pharmacological Activities and Phytochemicals of Etlingera pavieana

(Pierre ex Gagnep) R.M.Sm
by Klaokwan Srisook and Ekaruth Srisook

Section 2
Medicinal Plants and Cancer Treatment

Chapter 9
Plants and Cancer Treatment
by Bassam Hassan

Chapter 10

Herbal Remedies for Breast Cancer Prevention and Treatment
by Yahyea Baktiar Laskar, Romen Meitei Lourembam

and Pranab Behari Mazumder

Chapter11

Chinese Herbal Medicine and Its Application for Female Cancer
by Rongyun Wang, Qiuhua Sun, Yifan Lin, Ling Wang, Yuan Liu,
Chi Chiu Wang and Lu Li

XII

127

139

141

153

175



Preface

Cancer has become one of the major causes of death in both developed and develop-
ing countries. This disease is a result of gene mutation, which causes deformation
of normal cells. It is characterized by its ability to metastasize to other parts of the
body. Although a large collection of effective chemotherapeutic agents has been
discovered and developed over the last 50 years, advanced metastasized cancer is
still untreatable. Besides, the usage of these treatments is found to cause many criti-
cal side effects. Therefore, the demand for new, safe, and effective treatments that
can significantly prevent, delay, and/or cure cancer is growing. Many types of new
therapies have emerged and some of them use extracts from plants that have shown
very promising anticancer properties. Recently, some plants have been considered
as good sources for new anticancer treatments due to their multiple chemical
compounds. Many researchers have recommended that future studies should focus
more on plants as a source of safe and effective anticancer treatments and to detect
their active ingredients and mechanisms of action. Therefore, this book focuses on
clarifying the anticancer effects (i.e., apoptotic, antiproliferative, antimetastatic,
antiangiogenic) and mechanisms of most of the medicinal plants found in the
world against solid and/or hematological cancers.

Bassam Abdul Rasool Hassan, PhD
Senior Lecturer,

Department of Pharmacy,
Al-Rafidain University College,
Baghdad, Iraq
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Chapter1

Analgesic and Anti-Inflammatory

Effect of Ghanaian Medicinal
Plants

Evelyn Asante-Kwatia, Abvaham Yeboah Mensah
and Michael Frimpong Baidoo

Abstract

Medicinal plants continue to be used in various cultures of the world as
safe therapeutic agents against various issues including pain and inflammation
which underlie almost every disease process. In Ghanaian traditional medi-
cine, various parts of several plants have been used alone or in combination of
therapies for the treatment of various painful inflammatory conditions. In this
chapter, the anti-inflammatory and analgesic (antinociceptive) properties of
selected medicinal plants from Ghana are reviewed. Evidence of pharmacologi-
cal activities of crude extracts and fractions in in-vitro and in-vivo models,
bioactive anti-inflammatory and antinociceptive compounds isolated as well
as possible mechanisms of anti-inflammatory and antinociceptive action are
discussed.

Keywords: inflammation, nociception, analgesia, herbal medicine, Ghana

1. Introduction

Inflammation is a complex defensive and protective response of living tissues
to injury, irritation or infection which is accompanied by typical symptoms of
pain, swelling, redness and fever. It is a mechanism by which the body identifies
and neutralises noxious stimuli by increasing the blood flow to the site of tissue
injured. Inflammation is a defensive mechanism but the complexity of events
as well as the mediators released often result in the induction or aggravation of
several disease conditions [1, 2]. Painful conditions such as rheumatoid arthritis,
osteoarthritis, asthma, inflammatory bowel disease, colitis and hepatitis as well
as other chronic diseases including cardiovascular and neurodegenerative dis-
eases are all conditions whose pathophysiology involves inflammation [3]. These
diseases impose a huge social and economic burden on individual victims, their
families, and societies as a whole. Moreover, they can cause disability, impair-
ing the social function of people, reducing their quality of life and sometimes
resulting in death [2]. Millions of people suffering from different types of painful
inflammatory conditions wish to find effective interventions with fewer or no
side effects [4].

3 IntechOpen
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1.1 Current drugs for the treatment of inflammation and pain and their major
side effects

The range of anti-inflammatory and analgesic agents currently available all work
to relieve pain, reduce inflammation, and slow down or stop tissue damage. These
include non-steroidal anti-inflammatory drugs (NSAIDs), disease modifying anti-
rheumatic drugs (DMARDs), opioids and corticosteroids. Some antidepressants and
anti-convulsants have also been shown to increase patients’ threshold to pain [5].

NSAIDS such as diclofenac, ibuprofen and aspirin act by blocking certain stages
of the arachidonic acid pathway, specifically by inhibiting lipoxygenase (LOX) and
cyclooxygenase enzymes (COX-1 and COX-2) responsible for converting arachi-
donic acid to prostaglandins (PGs). Though effective, NSAIDS are associated with
major adverse effects such as gastrointestinal ulceration, intestinal perforation,
cardiovascular risks, hepatotoxicity and renal failure after long term use [6].

DMARD:s such as methotrexate, sulfasalazine, gold compounds and penicil-
lamine slow the progression of joint destruction in chronic inflammatory conditions
like arthritis but are reported to cause kidney failure, skin reactions, liver problems
and gastrointestinal side effects [7].

Corticosteroids such as prednisone, cortisone and methylprednisolone act by
inhibiting the action of phospholipase A, which subsequently blocks the biosyn-
thesis of inflammatory mediators such as prostaglandins and leukotrienes. Adverse
effects such as delayed wound healing, hypertension, fluid retention, weight gain
and osteoporosis are reported [8].

Opioids such as morphine, codeine and pethidine are very effective centrally
working analgesics which increase the threshold of pain at the spinal level. These
are associated with unwanted behavioural tendencies such as physical dependence,
development of tolerance and respiratory depression [9].

1.2 Anti-inflammatory and analgesic agents extracted from medicinal plants

The adverse effects of most currently used orthodox drugs for the manage-
ment of painful inflammatory conditions give a strong motivation for researchers
to search for other appropriate and effective treatment [10]. Through this search,
drugs of plant origin have attracted much attention due to their wide acceptance,
availability, reported effectiveness and safety. The discovery of the anti-inflamma-
tory agent salicin and subsequently, aspirin from Salix fragilis was a significant evi-
dence to affirm the ability of plants to produce anti-inflammatory compounds [11].
Other plant products such as capsaicin (Capsicum annum), curcumin (Curcuma
longa) and frankincense (Boswellia servata) have been effectively utilised as adjuncts
in the treatment of inflammatory conditions and pain [12-14]. Apart from being
potent, these products have an added advantage of causing no significant adverse
effect or toxicity to liver and kidney cells like other synthetic agents. Medicinal
plants are therefore considered as sources of anti-inflammatory and analgesic
agents and as practicable alternatives to conventional medicines [15].

1.3 Experimental methods used for screening anti-inflammatory and
antinociceptive activities of herbal extracts

Based on the symptoms of inflammation, several in-vivo and in-vitro screening
methods have been employed to evaluate the anti-inflammatory activity of plant
extracts and natural compounds.

To investigate the anti-inflammatory activity of plant extracts against acute
and chronic inflammation in-vivo, oedema, granuloma and arthritis models
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have been used. To induce inflammation, phlogistic substances or irritants such

as carrageenan, mustard, dextran, egg-white, yeast, zymosan-LOX, serotonin,
histamine, kaolin, etc. are employed. Some applicable methods described in
literature are the carrageenan-induced paw oedema in rats or chicks, croton-oil or
oxazolone-induced ear oedema in mice, UV erythema in guinea pigs, granuloma
pouch technique and pleurisy in mice [16]. Adjuvant-induced and collagen-induced
arthritis models are also efficient in chronic inflammation studies. In-vitro methods
have mainly focused on the inhibition of the activation of local inflammatory
mediators such as leukotrienes [tumour necrosis factor alpha (TNF-a), interleukins
(IL-6, IL-1B)], prostaglandins (PGE,), prostacyclin, thromboxane A2, interferon-A
(IFN-A), inducible nitric oxide synthase (iNOS) and reactive oxygen species. The
level of these mediators at the inflamed site is measured and compared to control
groups [17, 18]. Other in-vitro methods include human red blood cell stabilisation
and protein denaturation assays.

To determine the antinociceptive effects of herbal extracts, chemically-induced
(formalin and acetic acid-induced writhing test) and thermal-induced pain models
(hot plate, tail immersion, tail flick, Hargreaves paw withdrawal methods) in
experimental animals are commonly used [19].

1.4 Use of herbal medicine in Ghana

Like other developing countries, Ghana continues to search for more effective
and appropriate ways of providing the health needs of its developing populace.
Generally, the high cost of Western therapeutic medications and additionally their
unavailability to the rural communities has prompted a high interest for herbal
medicines [20]. In this regard, intensive efforts are being made to explore plants
that might be of therapeutic significance to the Ghanaian community. Several
reports cutting across the boundaries of botany, medicine and pharmacy have
highlighted the use of different plants alone or in combination therapies for the
treatment diseases [21-23].

Considering the evolving interest in studying traditional systems of healthcare
and exploiting the potential of natural products for future drug development,
this communication presents a compilation of data on plants with promising
anti-inflammatory and analgesic activity with special emphasis on plants found in
Ghana. Their pharmacological action, anti-inflammatory or analgesic constituents
and possible mechanisms of actions are hereby discussed. It is envisioned that this
information will be helpful to the indigenes for their primary healthcare and for
researchers, to further identify the active chemical constituents and mechanisms
responsible for the analgesic and anti-inflammatory potential of these plants [24].

1.5 Methods used for identifying herbal materials with anti-inflammatory and
analgesic activities

Electronic databases including PubMed, SciFinder and Google Scholar were
employed in the search for medicinal plants with reported anti-inflammatory and
analgesic activities collected from various parts of Ghana. The inclusion criteria
were that (i) plant should be used in Ghanaian traditional medicine for treatment
of inflammatory condition or pain; (ii) validated in-vitro and in-vivo models
for screening anti-inflammatory and antinociceptive activity were employed;

(iii) the right botanical names, plant parts used, types of extracts prepared,
active constituents and mechanisms of action if identified were mentioned.
Consideration was also given to plants with significant activity differences with
reference to control groups.
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2. Plants with anti-inflammatory and analgesic activities from Ghana
2.1 Albizia zygia (DC.) J.F. Macbr. (Leguminosae-Mimosoideae)

Albizia zygia is a medium-sized ornamental shade tree widely distributed in
secondary forest and semi-deciduous forest zones of West and East Africa. It grows
up to about 30 m tall, has a branchless cylindrical bole with a greenish-grey smooth
outer bark and an orange-brown fibrous inner bark. It has alternate bipinnately
compound leaves and bears oblong flat pods. It is commonly known as the West
African walnut and locally called ‘okuro’ in Ghana (Akan). The leaf infusion is used
for the treatment of lumbago, fever, waist pain and sexually transmitted infection.
The bark decoction is administered to treat respiratory tract disease, malaria fever,
constipation and worm infestation. The crushed bark is applied topically to treat
yaws, heal wounds and toothache [25].

In previous studies, the leaves and roots were evaluated for their analgesic
properties in animal models. Oral administration of the 70% ethanolic leaf extract
in rats caused a significant reduction in both neurogenic and inflammatory phases
of formalin-induced paw licking with maximal inhibition of 67.81 + 8.73% and
72.85 + 12.74% respectively [26]. The hydro-alcoholic root extract also caused a
significant diminishing of acetic acid-induced visceral pain, formalin-induced paw
pain, thermal and carrageenan-induced mechanical hyperalgesia in animals via
opioidergic, adenosinergic and muscarinic cholinergic mechanisms [27].

To validate its anti-inflammatory effects, the hydro-alcoholic root extract was
evaluated in carrageenan-induced paw oedema and caused a significant reduction
of paw oedema in cockerels. The extract was found to increase the expression of
endogenous antioxidants such as superoxide dismutase (SOD), catalase (CAT) and
glutathione (GSH) as well as reduced the action of myeloperoxidase (MPO) and
malondialdehyde (MDA) levels at the inflamed site [26].

2.2 Anopyxis klaineana (Pierre) Engl. (Rhizophoraceae)

A. klaineana is a medium sized to large tree found in the evergreen and semi-
deciduous forest of tropical Africa. It grows up to about 50 m tall, has a branchless,
cylindrical bole with longitudinally fissured greyish-brown outer bark and a thick
pale orange inner bark. It has simple leathery, glabrous leaves which occur in whorls
of 3-4 and bears greenish-white hairy flowers. A. klaineana is locally traded as
‘kokoti(e)’ in Ghana and ‘bodioa’ in Cote d’Ivoire. The stem bark decoction is used
to treat joint pain, gonorrhoea, skin and respiratory tract infection, pneumonia,
bronchitis and malaria. Its leaves are also applied as a poultice to heal wounds [28].

The anti-inflammatory activity of the stem bark of A. klaineana was evaluated
in previous studies. Various solvent extracts including the petroleum ether, ethyl
acetate and methanol extracts showed anti-inflammatory activity in a time and
dose-dependent manner, by suppressing carrageenan-induced foot pad swelling
in chicks. A tetranortriterpenoid called methyl angolensate was isolated as the
major constituent of the stem bark and showed anti-inflammatory activity by
significantly suppressing foot pad oedema in chicks with an EDs; of 4.05 + 0.0034
[29]. In another study, a tirucallane triterpenoid isolated from the stem bark namely
3,23-dioxotirucalla-7,24-dien-21-oic acid, exhibited remarkable anti-inflammatory
activity in a PGE, competitive inhibition immunoassay with an ICs, value of
3.63 pM which was comparable to the positive control, cortisone (ICs = 2.59 pM).
Methyl angolensate further demonstrated remarkable competitive inhibition of
PGE, with an ICsj of 10.23 pM confirming its in-vivo anti-inflammatory effect [30].
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2.3 Calotropis procera (Ait) f. (Apocynaceae)

C. procera is a medium-large sized bushy shrub which grows on coarse, sandy
or alkaline soils of West and East Africa also found in the Indian Ocean islands and
the north of South Africa. The plant can be identified by decussate, broadly ovate,
leathery leaves and bears purple flowers with erect lobes [31]. It is locally called
‘mpatu-asa’ (Akan) in Ghana. In traditional medicine, the bark decoction is used
for the treatment of rheumatism, arthritis, headache and general body pain. The
latex from leafy twigs and flowers is used for treating conjunctivitis, nasopharyn-
geal infection, tooth ache, wound healing, and vermifuge. The root bark decoction
is used for treating cutaneous and subcutaneous skin infection and yaws [32, 33].

A study was conducted to determine the anti-inflammatory effect of the
alcoholic extract of C. procera leaf in in-vitro models including the heat-induced
haemolysis, hypotonic-induced haemolysis, albumin denaturation and the bovine
serum albumin assay. The 70% alcoholic leaf extract at 1000 pg/mL significantly
demonstrated anti-inflammatory effect by stabilising human red blood cells
exposed to heat (69.24% inhibition) and hypotonic solution (85.09% inhibition).
The extract prevented denaturation of protein (albumin) as well as bovine serum
by 87.8% and 96.86% respectively. In in-vivo studies, the extract caused signifi-
cant reduction of carrageenan-induced paw oedema in both acute and chronic
inflammation [34].

2.4 Capparis erythrocarpos Isert (Capparaceae)

C. erythrocarpos is a climbing shrub distributed in the coastal scrubs and inlands
of many African countries and commonly referred to as ‘salt bush’ The plant is
densely thorny and branched with re-curved hooks, growing up to about 6m in
height. Its bears green elliptical leaves, which are alternately arranged [35]. The
roots are used in traditional medicine for the management of rheumatism and
arthritis. Other plant parts also find use in the treatment of eye and ear infec-
tion, fever, epilepsy and as aphrodisiac. The powdered root is used at the Center
for Scientific Research in to Plant Medicine (CSRPM), Mampong, Ghana for the
management of arthritis [21].

To validate the analgesic effect of C. erythrocarpos, the 70% ethanol extract of
the root, stem bark and leaf were investigated in the formalin-induced nocicep-
tion, hot plate and acetic acid-induced writhing assays in mice and rats. The root
extract (100 mg/kg p.o.) was found to significantly and dose-dependently reduce
pain in the early and late phases of formalin-induced pain by 47.54 + 5.65% and
80.01 + 3.77% respectively via interaction with adenosinergic receptors [36]. In
other studies, the leaf extract at 200 mg/kg p.o. showed significant analgesic effects
by reducing acetic acid writhing by 27.43% and increasing the pain threshold in the
hot plate assay by 184.5% [37].

To validate its anti-inflammatory effect in both acute and chronic inflamma-
tion, the 70% alcoholic root extract was investigated in the carrageenan-induced
paw oedema and Freund’s adjuvant-induced arthritis models respectively.

The extract at 30 mg/kg p.o. caused marked reduction in foot oedema by

48.86 + 20.41% and significantly reduced knee joint swelling in arthritis by

34.19 £ 15.73%. The extract prevented systemic spread of inflammation from ipsi-
lateral to contralateral limbs [38]. In another study, the leaves, stem bark and roots
also demonstrated marked anti-arthritic activity by reducing rat paw volumes in
the Complete Freund’s adjuvant model with ED50 values (mg/kg) of 182.5, 181.5
and 36.4 respectively [39].



Medicinal Plants - Use in Prevention and Treatment of Diseases

2.5 Cassia sieberiana D.C. (Caesalpinaceae)

C. sieberiana is a tropical woody shrub found growing in the bushy savannahs
and coastal shrubs of many African countries. The plant grows up to about 20 m tall,
has a short twisted bole, with a greyish-brown fissured bark. It has spirally arranged
paripinnately compound leaves which bear bright yellow flowers and dehiscent
pods as fruits. The entire plant is purgative and diuretic. The root decoction and leaf
infusions are used as pain reliever in rheumatism and arthritis, for treatment of ear
infection, skin disease, malaria fever, gastrointestinal infection, oedema, sexually
transmitted infection, as laxative and vermifuge. The boiled and squeezed fresh
leaves are applied topically to heal wounds, pleurisy and boils [25, 40].

A study conducted to investigate the analgesic effects of the aqueous and ethyl
acetate root extracts indicated that in the hot plate assay, the aqueous extract attenu-
ated hyperalgesia in a dose-dependent manner with an EDsq of 9.7 + 3.9 mg/kg. The
ethyl acetate fraction also showed antinociceptive activity in the formalin-induced
nociception, yeast induced hyperalgesia, hot plate and acetic acid writhing tests. The
analgesic effect was significantly blocked by Naloxone, atropine and theophylline
indicating interactions with the opioidergic, muscarinic cholinergic or adenosinergic
pathways [41, 42].

In-vivo study detected that the ethyl acetate extract of C. sieberiana root exhib-
its anti-inflammatory activity by reducing carrageenan-induced foot oedema
in chicks [42]. Furthermore, the 70% ethanolic root extracts dose-dependently
attenuated Mycobacterium tuberculosis-carrageenan-induced inflammation in the
rats. Serum levels of IL-1a, IL-6 and TNF-a were reduced with increasing levels
of IL-10 suggesting that the anti-inflammatory activity of the root bark extract
may be as a result of its immune-modulatory effects via interactions with these
pro-inflammatory mediators [43].

2.6 Commelina diffusa Burm. f. (Commelinaceae)

C. diffusa is a perennial herb distributed in tropical African countries including
Ghana, Nigeria, Ivory Coast, Gabon and Congo. The plant is a smooth and sparsely
hairy herb with mucilaginous leaves and creeping stems which ascends above and
roots at the nodes. It is commonly called ‘climbing day flower’. The Akans in Ghana
fancifully refer to it as ‘Nyame bewu ansa na mawu’ meaning ‘God will die before
I die’ alluding to its tenacity to life. In Ghana and Nigeria, the pounded leaves are
applied topically to boils and swollen glands and as a rubefacient to relief pain in
rheumatism and arthritis. Other reported uses include for the treatment of skin
abscess, wound, gonorrhoea, ear infection and for the relief of severe menstrual
pain [44].

To evaluate its anti-inflammatory effect, the 70% ethanolic leaf extract was
investigated in the carrageenan-induced foot pad oedema in chicks. The extract
(30, 100 and 300 mg/kg p.o.) showed a dose-dependent inhibition of foot pad
oedema with the maximum inhibition of 43.55% at 300 mg/kg confirming it anti-
inflammatory effects [44].

2.7 Erythvophleum ivovense (A Chev.) (Fabaceae)

E. ivorense is a large tree widely distributed in the evergreen primary and
secondary forests of tropical Africa. It grows to about 40 m tall, with a cylindrical
bole, sometimes fluted at the base. It is called by names like ‘forest ordeal tree’, ‘red
water tree’ and ‘sasswood tree’ in West African countries. Among the Akan tribe
in Ghana, E. fvorense is known as ‘potrodum’. The stem-bark and roots are usually
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employed in the treatment of epilepsy, emesis, pain, oedema, constipation and
worm infestation [45].

The carrageenan-induced foot pad oedema in chick was used to evaluate the anti-
inflammatory activity of the roots of E. ivorense. The 70% alcoholic root extract sup-
pressed foot pad oedema in a time and dose-dependent manner. Three constituents, a
casein type diterpene namely erythroivorensin A, betulininc acid and the flavonoid,
eriodictyol isolated from the roots exhibited significant reduction of carrageenan-
induced foot pad oedema better than the standard drug diclofenac [46].

2.8 Ficus exasperata Vahl (Moraceae)

E exasperata, commonly known as ‘sand paper tree), is a deciduous, shrub grow-
ing up to about 30 m tall. It has a buttressed bole with a pale grey-green outer bark
and creamy-white inner bark which exudes a clear, viscid sap when damaged. It has
alternate simple pubescent leaves which are elliptical in shape. In Ghana, it is locally
called ‘onyankyeren’ (Akan), ‘nyadele’ (Nzema) or nyadkese (Ga). The plant is used
in folk medicine for the treatment of sprain, arthritis, rheumatism, intestinal and
stomach infection, high blood pressure, abscesses and respiratory tract disease [47].

The analgesic activity of the 70% alcoholic leaf extract was investigated in
murine models. The extract elicited a dose-dependent significant antinocicep-
tive effect in the formalin-induced nociception assay through interactions
with adenosinergic and opioidergic pathways [48]. The leaf extract also caused
significant reduction in acute carrageenan-kaolin-induced muscle hyperalgesia
(EDs = 31.23 + 11.91). Significant attenuation of chronic muscle hyperalgesia in
both ipsilateral and contralateral paws and total reversal of the chronic muscle
hyperalgesia in rats was produced by the leaf extract [49].

The hydro-alcoholic stem bark and leaf extracts at 30-300 mg/kg, p.o.
dose-dependently inhibited carrageenan-induced foot oedema with EDsgs of
50.65 + 0.012 and 46.05 + 12.3 respectively [50]. Moreover, the leaf extract sig-
nificantly reduced the arthritic oedema in ipsilateral paws of rats with a maximal
inhibition of 34.46 + 11.42% and significantly prevented the systemic spread to
the contralateral paws [51]. Furanocoumarins namely bergapten, oxypeucedanin
hydrate and the sterolin, sitosterol-3-O-f-D-glucopyranoside isolated from the stem
bark also exhibited anti-inflammatory activities [52].

2.9 Glyphaea brevis (Spreng) Monachino (Tiliaceae)

G. brevis is a medium sized spreading climber usually found growing in forest
re-growths, rocky savannahs and swampy areas of tropical Africa. It possesses
straggling sparsely stellate branchlets, which bear ovate-oblong leaves and lemon-
yellow flowers. Its fruits are spindle-shaped and brown in colour with irregularly
ellipsoid seeds. The leaves are used to treat dyspepsia, gastric ulcer, oedema, pain
and worm infestation. The root decoction is used to treat male sexual impotence,
constipation, chest pain and gastrointestinal infection [53].

The anti-inflammatory effects of the 70% ethanol extracts of the leaves and
stem bark were investigated by the carrageenan induced foot pad oedema method.
The extracts exhibited potent anti-inflammatory activity in doses of 30, 100
and 300 mg/kg p.o., by reducing foot oedema with similar potencies at EDsos ~
21.00 mg/kg [54]. In another study, oral administration of the 70% ethanol extract
of the stem bark exerted inhibitory effects on carrageenan-induced paw oedema,
systemic anaphylaxis and chronic inflammation in the Freund’s adjuvant-induced
arthritis models. The effect was significant when the extract was given both prophy-
lactically and therapeutically [55].
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2.10 Haematostaphis barteri Hook. f. (Anarcadiaceae)

H. barteri is a woody plant typical of tropical Africa widely distributed in rocky
savanna areas of Ghana, Upper Volta, Nigeria, Cameroon and Sudan. It reaches
up to about 8 m high, about 65 cm in girth with a bark that contains a clear gum. It
bears characteristic reddish-purple drupes which are edible with an acrid taste [33].
It is commonly called ‘blood plum’ and in the Upper West region of Ghana where
it is locally referred to as ‘zimbringa’ (Dagaari). In traditional medicine, the boiled
leaves are used to treat malaria. The stem bark decoction is used for the treatment of
hepatitis and sleeping sickness, while the roots are used in the treatment of oedema,
pain and swelling [56].

The antinociceptive and anti-inflammatory effects of the plant were investigated
in previous studies. The aqueous leaf extract significantly blocked the progres-
sion of the neurogenic and inflammatory phases of formalin-induced nociception
in a dose-dependent manner. The study further revealed that H. barteri inhibits
nociception in mice by modulating the opioidergic, adrenergic, muscarinic, ATP-
sensitive K* channels and adenosinergic nociceptive pathways [57]. Moreover, the
aqueous leaf extract inhibited carrageenan, histamine and serotonin-induced rat
paw oedema significantly [58].

2.11 Hilleria latifolia (Lam.) H. Walt. (Phytolaccaceae)

H. latifolia is a woody perennial herb about 2 m tall, with weak spiky hairs on
young branches. It has alternate, simple elliptical leaves, bears several whitish-green
sepals and a lens-shaped fruit with a thin wrinkled pericarp. In Ghana it is locally
called ‘Avegboma’ (Ewe) and ‘Anafranaku’ (Akan-Twi) and used for the treatment
of arthritis, rheumatism, oedema, gout, worm infestation, parasitic and viral infec-
tion of the skin, respiratory and pulmonary disease including asthma [25, 59].

The ethanolic extract of the aerial plant parts of the plant was investigated for
analgesic and anti-inflammatory effect in-vivo. The extract in doses of
30-300 mg/kg p.o. demonstrated remarkable antinociceptive activity in the chemi-
cal and thermal-induced pain models. It produced a dose-related analgesic effect
and significantly suppressed the development of morphine tolerance after repeated
co-administration with morphine [60]. Its analgesic effect is via alteration of
adenosinergic, muscarinic cholinergic and opioid pathways [61].

The 70% ethanolic extract of the aerial parts also significantly inhibited acute
inflammation in the carrageenan-induced foot oedema [61] and significantly
reduced poly-arthritic oedema in the ipsilateral paw of rats but was unable to
prevent systemic spread to contralateral limbs in the Freund’s adjuvant-induced
arthritis model [62].

2.12 Jatropha curcas L. (Euphorbiaceae)

J. curcas is a shrub or small tree about, 2-5 m tall, with a smooth bark and
sparsely lenticellate branches. The leaves are broadly palmate and inflorescences
greenish-yellow. At maturity it produces ellipsoidal capsules containing black seeds.
The seed oil is used to treat eczema, skin disease and to soothe rheumatic pain. The
root powder is topically applied as a paste to treat swelling and inflammatory condi-
tion such as gout [63].

In studies of its analgesic activity, the 70% ethanolic root extract
(30-300 mg/kg, p.o.) significantly inhibited acute and chronic skeletal hyperalgesia
induced by 3% kaolin-carrageenan mixture in both ipsilateral and contralateral
limbs of rats [64].
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2.13 Lannea acida A. Rich (Anacadiaceae)

The name of the genus, Lannea, originates from the Latin word ‘lana’ which
translates to ‘wool’ alluding to the densely hairy young plant parts or possibly to
the wool on the roots of some Lannea species. The plant occurs in different habitats
in Sub-Saharan Africa including Benin, Burkina Faso, Cameroon, Central African
Republic, Céte d’Ivoire, Gambia, Ghana, Guinea, Mali, Niger, and Nigeria. It
usually grows in wooded savannah, forest edges, bushed grassland, rocky outcrops,
and near rivers on sandy soils. It bears berry-like fruits which occur in large clusters
and are consumed either fresh or dried. The fruits have a slightly acidic but pleasant
taste. In traditional medicine, L. acida is used for the treatment of inflammatory
condition, pain, schistosomiasis, haemorrhoid and toothache [65].

The aqueous stem bark extract was evaluated for anti-inflammatory effect and
caused a significant dose-dependent reduction of PGE,-induced rat paw oedema
with maximal oedema inhibition of 67.1%. The stem bark extract also inhibited
writhing movement in the acetic acid-induced writhing test in mice models [66].

2.14 Newbouldia laevis Seem. (Bignoniaceae)

N. laevis is a shrubby small to medium sized ornamental tree with several verti-
cally ascending stems usually found growing in the wooded savanna and deciduous
forests across tropical Africa. The plant has shiny dark green leaves and bears large
terminal purple flowers. N. laevis finds use in folk medicine for the treatment of
epilepsy, elephantiasis, haemorrhoid, pelvic pain, peptic and skin ulcer, rheuma-
tism and as antidote to snake bite [40].

The analgesic and anti-inflammatory activity of the leaves have been inves-
tigated in several models. At 300 mg/kg p.o., the 70% ethanol leaf extract
significantly increased the paw withdrawal latency of mice in a tail immersion
(withdrawal) test by 88.45 + 19.81% indicating decreased sensitivity to pain. The
leaf extract further inhibited the neurogenic (54.47 + 8.60%) and inflammatory
phases (83.62 + 6.03%) of formalin-induced nociception and blocked the effect of
carrageenan-induced thermal hyperalgesia by 37.60 + 7.26% [67]. In another study,
the hydro-alcoholic stem bark extract significantly and dose-dependently decreased
formalin-induced nociceptive behaviour in rats [68].

The ethanolic leaf extract significantly and dose-dependently, inhibited carra-
geenan-induced foot oedema with maximal inhibition of 64.41 + 11.47% [67]. In
another study, the ethanol stem bark extract inhibited the poly-arthritic phase limb
swelling in rat adjuvant-induced arthritis by 28.11 + 2.02% justifying the use of the
stem bark in the management of arthritis [69].

2.15 Palisota hivsuta K. Schum (Commelinaceae)

P, hirsuta is one of the most commonly used species of Commelinaceae. Itisa
robust perennial herb with lax inflorescences, lateral branches, purplish flowers
and black glossy fruits. It is usually found in lowland rain-forest of West Africa. In
Ghana it is commonly called ‘somenini’ or ‘mpentemi’ in Akan, ‘sumbe’ in Ewe and
‘sombenyin’ in Fante languages. Various parts of the plant are used in traditional
medicine for the treatment of general body pain, earache, pelvic pain, piles, tooth
ache, swelling and wound [70].

The ethanolic leaf extract of P. hirsuta was investigated for its analgesic effect.
The extract (30-300 mg/kg p.o.) caused a significant increase in tail withdrawal
latency by 73.75 + 14.99%; reversed carrageenan-induced hyperalgesia with a
percentage maximum effect of 154.79 + 15.84%; reduced the number of acetic acid
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writhing with an EDs, of 80.20 + 0.58 mg/kg and decreased formalin-induced
nociception by 83.46 + 6.67% and 94.56 + 4.12% in the early and late phases
respectively [71].

In other studies, oral administration of the leaf extract (30-300 mg/kg p.o.)
resulted in a dose-dependent complete reversal of vincristine-induced neuropathic
pain in rats [72]. An ecdysteroid called 20-hydroxyecdysone was isolated from the
root and was found to inhibit formalin-induced nociception in rats by 71.39 + 9.19%
and 89.19 + 3.81% respectively in the early and late phases [73].

The ethanolic root extract (50-400 mg/kg p.o.) demonstrated remarkable reduc-
tion of carrageenan-induced foot oedema in chicks in both curative (62.52 + 4.73%)
and prophylactic (58.90 + 11.38%) treatment regimens [74]. Further, the ethanolic
leaf extract caused significant reduction in arthritic oedema induced by Freund’s
adjuvant and prevented the systemic spread of arthritis from the ipsilateral to the
contralateral limb [75].

2.16 Picralima nitida (Stapf) T. Durand & H. Durand (Apocynaceae)

P, nitida is a medium sized to large tree which reaches up to 35 m in height with
a dense crown, a pale yellow, fine grained inner wood and a cylindrical trunk. The
leaves are broadly oblong with hard tiny lateral nerves and bear white flowers with
ovoid fruits which turn yellow at maturity. P, nitida is widely distributed in the
deciduous forests of West and Central Africa. In Ghana, the seeds are locally known
as ‘akuama’ (Asante-Akan) or ‘onwema’ (Fante) and are used for the treatment of
pain of various aetiologies as well as fever. Other plant parts find use in folk medi-
cine for the treatment of malaria, fever, worm infestation, venereal disease, respira-
tory tract infection, constipation and jaundice [76].

Investigation of the analgesic effects of seeds collected from Ghana established
that the aqueous seed extract possessed significant antinociceptive effect in murine
models tested by the hot plate assay. Indole alkaloids isolated from the seeds, namely
akuammidine, akuammine, akuammicine, akuammigine and pseudoakuammigine
also exhibited potent analgesic effects in an isolated tissue and radio-ligand binding
assay, demonstrating varying degrees of agonist and antagonist activity at u-, é-,
and x-opioid receptors [77, 78].

In anti-inflammatory studies, the hydro-ethanolic extract of the seeds demon-
strated a dose-dependent suppression of paw oedema in the carrageenan-induced
paw oedema assay. The extract further showed inhibition of chronic inflammation
in rat adjuvant-induced arthritis. The total alkaloidal extract at 75-300 mg/kg
p.o. caused a significant dose-dependent inhibition of total oedema formation in
carrageenan-induced paw oedema assay and reduced adjuvant-induced knee joint
swelling in rats [79]. Pseudoakuammigine displayed significant dose-dependent
suppression of total paw oedema by 82.8 + 94.6% [78].

2.17 Phyllanthus muellerianus (Kuntze) Exell. (Euphorbiaceae)

P muellerianus is a straggling shrub about 12 m tall with spreading branches and
several short axillary shoots dispersed in the deciduous and secondary forests of
tropical Africa. It has simple alternate glabrous leaves and clustered whitish-green
flowers. The plant bears fleshy six-seeded smooth capsules which are green when
young and black at maturity. The fresh twigs are chewed to prevent toothache
and also used to treat dysmenorrhea, dropsy, wound, swelling, oedema, tumour,
paralysis and epilepsy [80].

The aerial part of the plant was investigated for analgesic and anti-inflammatory
effects in various models. Oral administration of the aqueous extract in doses
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of 30, 100, 300 mg/kg, produced significant antinociceptive effect in the acetic
acid-induced abdominal writhing and formalin-induced nociception models in rats
[81]. The antinociceptive effect of its major constituent geraniin was demonstrated
via interaction with opioidergic receptors. Geraniin was found to potentiate the
antinociceptive effects of diclofenac and morphine when co-administered [82].

In the carrageenan-induced acute inflammation model, the 70% ethanolic
extract of the whole plant and 10 mg/kg of its major constituent geraniin signifi-
cantly reduced paw oedema by 46.75 + 4.97% and 61.65 + 6.70% respectively. The
extract and geraniin further attenuated arthritis by reducing total limb swelling
in the Freund’s adjuvant-induced arthritis model. Histomorphological analysis
revealed reduced bone damage in both extract and geraniin treated groups [83].

2.18 Secamone afzelii (Schult.) K. Schum (Asclepiadaceae)

S. afzelii is a slender creeping woody climber about 12 m long, with dark brown
branches which contain whitish latex. Its leaves are pinnately compound with entire
margins and exude an odourless white gummy substance with slightly acrid taste
when cut. It bears numerous flowers and achene (cypsela) fruits. In West Africa,
the leaves are used to treat constipation, pain in rheumatism and arthritis, gastroin-
testinal discomfort, urinary tract and sexually transmitted infection [84].

To evaluate the anti-inflammatory effect of the plant, the ethanolic leaf extract
(30-300 mg/kg p.o.) was examined in the carrageenan-induced foot oedema in
chicks and caused a dose-dependent inhibition foot oedema. The highest dose of the
extract gave a 44.26% inhibition of oedema [85].

2.19 Synedrella nodiflora (Linn.) Gaertn. (Asteraceae)

S. nodiflora is a common weed usually found growing along the banks of rivers,
streams and roadsides of tropical African countries. It is an erect branched annual
herb with ascending woody stems branching dichotomously from the base. It leaves
occur in opposite pairs, elliptic in shape with finely toothed margins and bear small
crowded yellow flowers at nodes. The whole plant is boiled in water and drank for
the treatment of convulsion, threatened miscarriage, constipation, arthritis and as
haemostatic [86].

The analgesic effect of the whole plant was investigated in several animal mod-
els. The ethanolic extract of the whole plant (100-1000 mg/kg p.o.) significantly
reduced the number of writhes in mice during an acetic acid-induced writhing
assay (EDsp = 141.9 £ 37.16) and inhibited both neurogenic (EDs, = 25.98 + 14.59)
and inflammatory (EDsq = 30.24 + 18.08) phases of the nociceptive pain produced
by formalin via adenosinergic mechanisms [87]. In other studies, the hydro-
ethanolic extract of the whole plant (100-1000 mg/kg p.o.) caused a significant
decrease to pain perception in mechanical, tactile, cold water and thermal hyper-
algesia in paclitaxel and vincristine-induced neuropathic pain [88, 89].

2.20 Trichilia monadelpha (Thonn) J] De Wilde (Meliaceae)

T monadelpha is an evergreen, small to medium-sized tree with a straight cylindri-
cal bole, smooth greyish outer bark and a pale pink inner wood. Its leaves are alter-
nate, imparipinnately compound. It bears greenish yellow flowers and an obovoid
6-seeded dehiscent capsule. It is commonly known as ‘otanduru’ (Akan-Twi) in
Ghana and found growing at the river banks near evergreen semi deciduous forests.
Various parts of the plant find use in traditional medicine for the treatment of inflam-
matory condition and neurological disorder such as epilepsy and psychosis [90].
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Various solvent extracts (pet-ether, ethyl acetate and methanol) of the stem bark
were evaluated for analgesic and anti-inflammatory effect. A significant dose-
dependent antinociceptive activity in the chemical, thermal and mechanical models
of pain was elicited by interaction with opioidergic, muscarinic cholinergic and
adenosinergic pathways [91].

The aqueous and pet-ether stem bark extracts suppressed carrageenan-
induced foot oedema in chicks by 57.79 + 3.92% and 63.83 + 12.0% respectively.

In a Complete Freund’s Adjuvant-induced arthritis assay, the aqueous extract
(100 mg/kg p.o.) caused a significant attenuation of chronic inflammation by
reducing joint thickness by 64.41 + 5.56% [92]. Moreover, the stem bark extract
caused significant reduction in the high levels of TNF-a, IL-6, malonaldehyde
and myeloperoxidase and increased the levels of superoxide dismutase [93] and
improved arthritic score by reducing redness, swelling and joint stiffness in rats.
Hyperplasia, formation of pannus and exudation of inflammatory cells into
synovial spaces were also reduced [94].

2.21 Vernonia amygdalina Delile. (Compositae)

V. amygdalina is a widely grown shrub in many African countries including
Ghana, Nigeria, Cameroon, Togo, Benin, Guinea and Sierra Leone. It reaches up
to about 10 m tall and is severally branched with a greyish-brown smooth bark. Its
leaves are ovate-elliptical in shape, simple and alternately arranged with minutely
toothed margin. It bears a 10-ribbed achene pubescent dark brown to black
fruit. Due to the bitterness of its leaves, the plant is called ‘bitter leaf’ in many
countries. In Ghana, the Akans refer to it as ‘awonwene’ (Twi) literally meaning
‘bitterness’. The leaves, stem bark and roots are used to treat malaria, fever, worm
infestation, skin and nasopharyngeal infection, diarrhoea, dysentery, diabetes and
as pain reliever in arthritis and rheumatism [95].

In previous studies, the anti-inflammatory properties of the leaves were evalu-
ated in various models. The ethanol extracts of the young and old leaves (200
mg/kg p.o.) caused a significant dose-dependent inhibition of carrageenan-induced
cold allodynia, increased the tail withdrawal latency in the tail immersion test
and reduced the paw licking time in formalin-induced nociception test in rats via
opioidergic, nitric oxide cyclic GMP and the muscarinic cholinergic pathways [96].

The young leaf extract at 50, 100 and 200 mg/kg p.o. significantly and dose-
dependently reduced carrageenan-induced foot pad oedema by 59.61%, 67.52%
and 86.31% respectively. Similarly, the old leaf extract at same doses exhibited
remarkable suppression of oedema formation by 56.11%, 63.37% and 67.41%
respectively [96].

2.22 Wissadula amplissima var. rostrata (Schum. & Thonn.) (Malvaceae)

W. amplissima is an erect, shrubby herb which grows up to 2.5 m tall on rocky
and loamy soils of grassland, bushes and forests in tropical Africa. The leaves have
entire or slightly toothed margins, densely pubescent on the lower surface but with
sparsely stellate hairs on the dark green upper surface. The leaves are used as a
poultice to relief spider bite and sting by venomous insects [25, 97].

The anti-inflammatory activity of the pet ether, chloroform and methanol frac-
tions was investigated in 7-day old chicks and showed significant dose-dependent
reduction of carrageenan-induced foot oedema. Maximal oedema inhibition was
recorded as 68.25 + 2.03%, 77.83 + 0.81% and 62.21 + 2.61% for the three extracts
respectively [98].
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2.23 Xylopia aethiopica (Dunal) A. Rich. (Annonaceae)

X. aethiopica is a tall evergreen aromatic tree with a smooth greyish-brown bark,
severally branched crown and a buttressed bole. Its leaves are coriaceous, green on
the upper surface and greenish-brown to orange on the lower surface. It bears small
dark brown, cylindrical twisted bean-like aromatic pods, with about 5-8 black seeds
per pod. The tree is usually found in lowland rainforests, coastal brackish swamps
and deciduous forests of tropical Africa. The fruit is the most important part of
the plant and is commonly known as the ‘African pepper’. In Ghana it is locally
referred to as ‘hwentia’ (Twi), ‘tso’ (Ewe) and ‘soo’ (Ga). It is used as a flavouring in
the preparation of soups and for the treatment of inflammatory conditions such as
arthritis, bronchitis, rheumatism, lumbago, headache, neuralgia and colic pain [25].

The ethanolic fruits extract and its major diterpene constituent, xylopic
acid were investigated for analgesic effects in several pain models. The fruit
extract (XAE, 30-300 mg/kg p.0.) and xylopic acid (XA, 10-100 mg/kg p.o.)
inhibited acetic acid-induced visceral nociception, formalin-induced paw pain,
thermally-induced as well as carrageenan-induced mechanical and thermal
hyperalgesia [99]. XAE and XA also exhibited anti-hyperalgesic and anti-allodynic
properties in vincristine and paclitaxel-induced neuropathic pain [100, 101].
Co-administration of XA and pregabalin synergistically reduced paclitaxel
induced neuropathic pain without causing any toxicity [102]. XAE and XA
dose-dependently reduced both acute and chronic carrageenan-induced muscu-
loskeletal pain [103] via opioidergic, adenosinergic, adrenergic, bradykinin and
prostaglandin nociceptive pathways [104].

In anti-inflammatory studies, the aqueous fruit extract (300 mg/kg p.0.) caused
a significant reduction of carrageenan-induced paw oedema in mice through inhibi-
tion of histamine release from mast cells [105]. Histopathology revealed substantial
reduction in mononuclear infiltration, formation of pannus and bone erosion [106].
XA also caused inhibition of inhibition of histamine, serotonin, bradykinin and
prostaglandin E;-induced inflammation [107].

2.24 Ziziphus abyssinica Hochst Ex A. Rich (Rhamnaceae)

Z. abyssinica is a thorny, semi-deciduous plant, varying in habit from an erect
shrub, a climbing plant or a tree with sagging branches that form a heavy, rounded
crown. It usually reaches up to about 12 m tall and has a straight bole. It is com-
monly known as ‘Catch thorn’ in English and ‘larukluror’ among the Sissala people
of Ghana. The root and leaves are useful in folk medicine for treatment of pneumo-
nia, tonsillitis, burn wound, chest pain, migraine and as a general pain-killer [108].

The analgesic and anti-inflammatory effects of the roots were investigated.

The hydro-ethanolic root bark extract (30-300 mg/kg, p.o.) dose-dependently
inhibited acetic acid-, formalin- and glutamate-induced nociception with maximal
inhibition of 86.29 + 2.27%, 84.97 + 5.35%, and 82.81 + 5.97% respectively. The paw
withdrawal latencies in both tail-immersion and carrageenan-induced hyperalgesia
were also prolonged [109]. Moreover, the root extract reversed hyper-nociception
induced by intra-plantar injection of TNF-a, IL-1f, bradykinin and prostaglandin
E, via interactions with opioidergic, adenosinergic, ATP-sensitive potassium chan-
nels and nitric oxide cyclic GMP pathways [110].

In an in-vitro assay, the hydro-alcoholic root extract at 100 pg/mL inhibited heat
and hypotonic-induced haemolysis of human red blood cells by 61.8% and 42.98%
respectively. The extracts also inhibited protein (albumin) and bovine serum
albumin denaturation. Significant reduction of carrageenan-induced paw oedema
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and a decreased the level of neutrophils in the peritoneal cavity were observed after
oral administration of the root extract [111].

3. Conclusion

The Ghanaian flora provides a potent promising source for new therapeutic
interventions for local population. The anti-inflammatory and analgesic activi-
ties of the crude extracts and fractions of several medicinal plants employed in
Ghanaian traditional medicine have been validated in several models. However, the
specific bioactive constituents are not yet identified. Therefore further studies to
isolate and verify these anti-inflammatory and analgesic compounds are highly rec-
ommended. Further evaluation of safety profiles and standardisation of most active
plants will add substantial value to the reported bioactivities and make these plants
attractive for adaptation to pharmaceutical companies for further development.
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Abstract

With the advancements in agriculture, farming community less or more started
to rely on synthetic chemicals to increase the crop production and protection. But
the negative impact of these chemicals on environment and cropping system urges
the scientists to discover some new ways to combat with crop disease. By keep-
ing in view, garlic is a well-known economically important vegetable throughout
the world and recognized as reservoir for a number of bioactive compounds to
treat various diseases; scientists have developed a strategy to identify and isolate
antimicrobial genes from garlic. By using B. subtilis expression systems, a total of
48 antimicrobial genes, including AsR 416, were identified with the potential to
significantly retard the growth of economically important fungal and bacterial
pathogens. Furthermore, these antimicrobial genes exhibited the thermal stability
along with nontoxic effects on mammalian blood cells, which indicate its potential
use in the development of human medicines. These genes can revolutionize the way
to treat with pathogens and also give a new wave of knowledge to explore the other
organisms for the search of antimicrobial genes. This will also help to search the
other cost-effective ways for the treatment of plant and human diseases.

Keywords: Allium sativum L., antimicrobial peptide, Bacillus subtilis,
resistance gene

1. Introduction

Garlic (Allium sativum L.) is one of the most important species of the genus
Allium and recognized as economically important vegetable throughout the
world, especially around the Mediterranean basin where it is considered as main
agricultural product [1, 2]. It is also of great importance because of its therapeutic
properties and health-related benefits against various kinds of diseases such as
aches, deafness, diarrhea, constipation, tumors, and respiratory problems. Health
benefits from Allium species, especially garlic, have been used for centuries to treat
various kinds of disorders, and still, there is need of research to explore its health-
related potential [3-5]. It is a historic medicinal plant, originated from central
Asia about 6000 years ago, and had been started to use as medicine in India since
5000 years ago and 3000 years ago in China [6, 7]. Volatile sulfur compounds,
especially thiosulfates, responsible for pungent aroma, are the main compounds
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responsible for its physiological effects [8]. Because of its health benefits, garlic is
usually recommended as dietary supplement.

During the past few decades, antimicrobial resistance has become one of the
most serious and challenging threat for the prevention and treatment of the infec-
tious diseases [9, 10]. Nowadays, much of the attention has been paid to search
some new and natural therapeutic agents, which can be used to treat human
diseases with high efficacy and minimum adverse effects [11, 12]. Recent advances
in research have revealed that there are several natural products with the potential
to eliminate or alleviate several serious human diseases, especially cardiovascular,
neurodegeneration, cancer, and several other important diseases [13-15]. A large
number of researches have elaborated several herbs with the ability to produce
antimicrobial compounds as their defense response against the number of different
stresses including microbes [16, 17].

With the advancements in agriculture, farming community started to rely more
on synthetic chemicals, which have been considered as an important source for crop
production and protection. But, hazardous effects of these synthetic chemicals to
environment and cropping system make their use questionable [18, 19]. Besides,
pathogens also tended to increase their resistance against these synthetic chemicals
and threaten the agriculture sustainability [20, 21]. By keeping these challenges in
view, the need of identifying new strategies as an alternative source is increasing
interestingly. Recently, scientists are trying to understand the chemistry of second-
ary metabolites from plants, as studies have revealed these secondary metabolites
important in several ways, especially allelopathy, biological control, and biofertil-
izers, and also some compounds have been identified as biostimulants [22-24].
Consequently, understanding the mechanism of these secondary metabolites/
bioactive compounds from plants can be useful for agricultural community.

2. Antimicrobial potential of Allium species

A number of Allium species have antimicrobial potential against variety of
microbes including fungi, bacteria, viruses, and other parasites. Among all the
Allium species, garlic is considered most for antimicrobial research after onion [25].

2.1 Antibacterial potential

Allium extracts containing thiosulfinates have the potential to retard the growth
of Gram-positive and Gram-negative bacteria. It is, however, reported that garlic
can inhibit the Gram-negative bacteria more than Gram-positive bacteria [26]. The
permeability of inhibitory compounds from Allium might be affected by the cell
wall and cell membrane structure. However, the results were quite opposite with
diallyl trisulfide and dimethyl trisulfide and with garlic extracts to conclude that the
Gram-positive bacteria were more sensitive than Gram-negative bacteria [27, 28].

Extracts from the garlic are reported to exhibit the effective results against
saprobic and pathogenic bacteria, which are resistant to various drugs [29].

Garlic along with ciprofloxacin exhibits the pronounced inhibition of E. coli Z17,
02:K1:H- and Helicobacter pylori, but no significant evidence was found in the case
of H. pylori infection in human [30, 31]. It has previously been proved that allicin
is the main compound in garlic responsible for the antimicrobial activity, as garlic
oil and extracts deficient in allicin do not exhibit any kind of antimicrobial activ-
ity [32]. It was later found that garlic oil and its constituting sulfides exhibit the
more and significant inhibition of microbes and work as strong antifungal than the
antibacterial agent [28].
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Studies have reported that oils and sulfides from elephant (A. ampeloprasum)
and shallot (A. ascalonicum L.) garlic have the potential to inhibit the food-borne
pathogenic bacteria [33, 34]. Ajoene, an unsaturated disulfide, has been reported
for its broad-spectrum antibacterial activities, which can be reduced by cysteine, a
sulfhydryl compound [35]. Later, it was proved that disulfide in ajoene is a neces-
sary component for the inhibition of bacteria as reduction by sulthydryl compounds
reduces the antibacterial activity. Gram-positive bacteria and yeast are more sensi-
tive to ajoene than Gram-negative bacteria.

2.2 Antifungal potential

It is reported in different studies that oils and sulfides from the Allium have the
more potential to inhibit the fungi than bacteria [28, 36]. Antifungal activity of
sulfide molecules is directly proportional to increase in the number of sulfur atoms
up to sulfur number three or four in sulfide molecules [28, 37].

Another study has also reported that sterilized/autoclaved garlic and its active
compounds exhibit significant antifungal activities than that of antibacterial. Further
analysis of garlic antimicrobial products revealed that these products are the het-
erocyclic sulfides [38], allyl alcohol [39], and 3-(allyltrisulfanyl)-2-aminopropanoic
acid [40]. For bacteria and yeasts, minimum inhibitory concentrations (MICs) of
heterocyclic sulfides are more than 100 and 1-6 ppm [38], respectively, while for the
allyl alcohol, 4% and 55-140 ppm MICs are recorded for bacteria and yeasts [39],
respectively. In the case of 3-(allyltrisulfanyl)-2-aminopropanoic acid, 100 ppm and
less than 50 ppm MICs are observed for bacteria and yeasts [40], respectively. In pre-
vious studies, it was mistakenly stated that autoclaved garlic exhibit less antimicrobial
activities than fresh garlic. For this statement, the only reason was that they tested
autoclaved garlic against bacteria, which was already very less sensitive than yeasts
against garlic [41]. Recent studies have explored the germicidal potential of sterilized/
autoclaved garlic.

2.3 Antiviral activity

Diallyl polysulfides, as transformation product of allicin, and ajoene exhibit the
antiviral activities. From all the reported Allium products, it is observed that ajoene
exhibits more inhibition than other compounds like allicin and thiosulfinates, but
on the other hand, allicin is considered as strong antimicrobial agent [42, 43]. It is
thought that antimicrobial compounds from garlic react with viral envelope and
inhibit the penetration and exponentiation of influenza virus in animal kidney
cells [44]. Garlic aqueous extracts have also been studied to observe the inhibition
against potato virus Y under in vivo and in vitro conditions [45].

2.4 Antiparasitic potential

A number of parasites, including Leishmania donovani [46], Spironucleus vortens
[471, and Eimeria papillata [48], are sensitive to garlic extracts. The MIC values of
allicin, dithiins, and ajoene for the inhibition of S. vortens growth are higher than
the MICs reported for the inhibition of bacteria and fungi, indicating the high toler-
ance of S. vortens for Allium extracts [46].

From the above discussed literature, it is clear that garlic has a certain pool of
antimicrobial genes which can be isolated and studied further to explore their
mechanisms. It will provide some new directions for antimicrobial research. Now
we will discuss some techniques to isolate and study the antimicrobial genes from
garlic.
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3. Systems for the isolation of antimicrobial genes from garlic
3.1 Bacillus subtilis and Escherichia coli expression systems

An experiment was designed to study the antimicrobial genes from the garlic.
For this purpose, cDNA libraries from garlic were constructed by using two differ-
ent vectors, pBE-s and pET22 (b), and then transformed into expression systems,
B. subtilis and E. coli, respectively. For the library quality analysis, two parameters
were considered, recombination rate and library titer [49]. For the E. coli expres-
sion system, 96.7% and 4.6 x 10° pfu/ml, recombination rate and library titer were
observed, respectively. On the other hand, recombination rate and library titer for
B. subtilis expression system were 91.7% and 7.8 x 10° pfu/ml, respectively. Quality
analysis revealed gene library in E. coli expression system was marginally better
than that of the B. subtilis expression system.

For the screening of libraries, it was considered that because of the toxicity of
protein products of cDNA libraries, B. subtilis and E. coli cells would be showing
autolysis to indicate the antimicrobial potential of these libraries’ inserts. For more
confirmation, trypan blue dye was also used to indicate the viability of E. coli cells
[50]. By using this strategy, a number of antimicrobial genes were screened from
garlic to reveal its further potentials. For example, in case of B. subtilis expression
system, a total of 48 antimicrobial genes were screened, including AsR 416, while
AsRE 67 was identified by using E. coli expression system [51].

3.2 Antimicrobial potential of genes from A. sativum

Antimicrobial potential of A. sativum genes was studied against fungi and
Gram-positive and Gram-negative bacteria [50], and the results were observed as
follows (Tables 1-3).

3.3 Action mechanism of antimicrobial proteins

A study was designed to explore the action mechanism of antimicrobial pep-
tides. In this study, B. subtilis cells were treated with antimicrobial peptide, AsR 416,

Genes Fusarium spp. Botrytis cinevea Phytophthora capsici

WBS800 — — +
AsR 379 — —_ —_
AsR 117 — — +
AsR 412 — — —

AsR 416 — — —
AsR 453 — — +

AsR 36 — — —
AsR 174 — — —
AsR 864 — — —
AsR 498 — — —
AsR 845 — — ¥

AsR 853 — — —

—, indicate no inhibition, +, indicate inhibition.

Table 1.
Antimicrobial potential of A. sativum genes against fungi.
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Gram-negative bacteria

Genes Xanth as ipestris pv. Agrobacterium E. coli Ralstonia
oryzicola tumefaciens DE3 solanacearum
WB800 — — — +
AsR 379 — — — +
AsR 117 — — — +
AsR 412 — — — +
AsR 416 — — — +
AsR 453 — — — +
AsR 36 — — — +
AsR 174 — _ _ .
AsR 864 — — — +
AsR 498 — _ _ R
AsR 845 — — — +
AsR 853 — — — +

—, indicate no inhibition, +, indicate inhibition.

Table 2.
Antimicrobial potential of A. sativum genes against Gram-negative bacteria.

Gram-positive bacteria

Genes Clavibacter  C. fangii  B. anthvacis  B. subtilis330-2 B. cereus B. subtilis168  B. subtilis
michiganensis WB800
subsp.

WB800 — + — + + — —
AsR 379 + + + + + + +
AsR 117 + + + + + + +
AsR 412 + + + + + + +
AsR 416 + + + + + + +
AsR 453 + + + + + + +
AsR 36 + + + + + ¥ —
AsR 174 + + + + + + —
AsR 864 + + + + + + +
AsR 498 + + + + + + +
AsR 845 + + + + + + —_
AsR 853 + + + + + + +

—, indicate no inhibition, +, indicate inhibition.

Table 3.
Antimicrobial potential of A. sativum genes against Gram-positive bacteria.

and then PI (propidium iodide) staining was performed [51]. PI is fluorescent agent
that has the ability to bind with DNA through broken cell membrane. Red fluores-
cence in all bacterial cells treated with antimicrobial peptide was observed under
confocal laser microscope [52], while the flow cytometry analysis revealed that

cell membrane damages increase with increase in the protein concentration [53].
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All findings collectively support that the target of antimicrobial peptide is to
destroy the cell membrane of target bacteria.

3.4 Thermal stability and safety analysis of antimicrobial proteins

Proteins from AsR 117, AsR 416, and AsR 498 were heated at different tempera-
tures for 15 min, and it was found that AsR 117 and AsR 416 proteins were thermally
stable at all temperature ranges, while AsR 498 became thermally unstable after
50°C, as it exhibited the reduced antimicrobial activity. For the safety analysis,
these proteins were analyzed against sheep red blood cells [54, 55]. This analysis
revealed these antimicrobial proteins as nontoxic to mammalian cells with maxi-
mum 1000 pg/ml concentration [51]. From the thermal and safety analyses, it is also
obvious that antimicrobial genes from garlic can also be used in human medicines in
the future, which needs further investigations.

4, Conclusion

It is an adverse need of modern agriculture to search cost-effective ways to treat
the crop diseases, as the potential use of synthetic chemicals also increases the
resistance in pathogens. Garlic is a famous vegetable for its potential to treat various
kinds of diseases. So, it is obvious that antimicrobial genes from garlic are the best
source to incorporate resistance in plants without affecting the other environmental
factors. This way of introducing resistance can also help to understand the mecha-
nisms of plant biology to further explore the new strategies.
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Abstract

In this research study, we have scientifically assessed medicinal species and
herbal preparations used by inhabitants of Northern Pakistan to treat joint pain,
hypertension, skin diseases and glottis infections. The aim of the study is to
document and highlight the ethnopharmacological significance and compare the
uses of medicinal herbs for curing prevalent ailments in Northern Pakistan.
Ethnomedicinal data were collected from 180 informants using semi-structured
interviews and group meetings. A total of 80 plant species in 54 families were
reported for the treatment of various health conditions. Heliotropium lasiocarpum,
Geranium wallichianum, Parkinsonia aculeata, Rubia covdifolia and Salvadora persica
were the favored plants for curing these diseases. Highest RFC was recorded for
Neolitsea chinensis (0.956), Rubia cordifolia (0.928). The similarity of the informer’s
knowledge about used medicines was found in Aesculus indica and Abies pindrow
with high UV. Cuscuta reflexa and Lawsonia inermis had 98-99% fidelity level for
management of joint pain, skin diseases, glottis infection and hypertension respec-
tively. In Northern Pakistan, a rich diversity of medicinal plants was used in curing
various diseases. The results of this study help us in screening of herbal plants for
further phytochemical and pharmacological study which leads to discovery of
natural drug and development with global interest for cure of various ailments.

Keywords: herbaceous diversity, ethnomedicinal, diseases, Northern Pakistan,
herbal preparation, frequency of citation
1. Introduction
1.1 Ethnobotany: concept and significance

Ethnomedicinal literature put emphasis on the relation between the indigenous
communities and the usage of plants [1]. Plants are important for all biomes and the
working of all social societies [2]. Traditional herbal drugs have been effective as a

remedy for wide variety of diseases [3]. Traditional medicinal species and plant
derivative treatments are extensively utilized in old medicinal systems worldwide,
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and the therapeutic use of plant species is becoming gradually popular in modern
society as natural alternatives to synthetic medications [4]. Ethnomedicinal assess-
ment of medicinal species is essential for preserving security and valuable for
incipient plant medicines [5]. Many people of the rural areas retain indigenous
knowledge of therapeutic plant species [6] and such plant material still exists
because it is transferred from generation to generation [7]. Thus, the race of
human generally relies on plant species and their needs are increasing with passage
of time [8].

1.2 Medicinal plants used at global level

The usage of medicinal plant species is common, as they have little side effects,
less price, easily accessible, consistent by numerous beliefs and traditional performs
[9]. Native utilization of medicinal species becomes unavoidable in giving as a
source of food and drugs for health care for the rural communities and low income
class. The ethnic system of old herbal drugs rely on the utilization of medicinal flora
by the people of native populations and has been experienced for spans [10].

These medicinal plants were commonly used by local inhabitants and were of great
value so that lot of people was engaged in the trade of essential medicinal species
throughout the world [11]. Medicinal herbs gained attention due to elevation in
prices of allopathic drugs for the wellbeing, biomedical benefits and accessibility
and maintenance of personal health, [12]. So, conservation and sustainability of
traditional medicinal system is needed [13].

World Health Organization (WHO) stated that, in developing nations around
80% of the population of the world dependent on indigenous herbal drugs (THD)
for treating various diseases. Internationally, 422,000 flowering species are stated
[10]. Out of these, around 50,000 plant species are used as medicinal plants and
only 5000 species have separated phytochemically to examine their active chemical
compounds [14]. In developed nations, 25% of medications are based on plant
species and their derivatives [14]. Consequently pharmaceutical companies have
made a huge amount of clinical agents, still traditional knowledge of herbal medi-
cations and phytotherapies are running in different areas of the globe. The impor-
tance of the indigenous traditional medicinal system was highlighted by the WHO
that the most of population the rural communities of the emerging states is still
relies on the medications for healthcare [15].

Pakistan has about 6000 medicinal plant species out of which 600 are consid-
ered to be significant from medicinal point of view [16]. These medicinal herbs are
recommended by the local healers, akhuns and hakims who give health care tips
within the rural areas. Around 80% of the rural people of Pakistan depend on Unani
medicinal system, derived from medicinal species directly or their products [17].
The rich biodiversity of Pakistan has nine major ecological amplitudes in which the
areas of Northern Pakistan are blessed with a unique biodiversity [4]. Variety of
economically essential medicinal plant species for indigenous communities is fairly
rich in Northern Pakistan [18]. Therapeutic species have remained utilized as a base
of herbal medicinal treatment since human civilization in these areas [19]. Because
of diverse climatic conditions and unique phytogeography, the area has a high
variety of aromatic and medicinal plant species [20]. People living in hilly areas of
Pakistan utilized medicinal species for numerous diseases and they also reliant on
herbal products for their shelter, fuel, food, health, and further needs [21].Field of
ethnobotany has been presented currently in Pakistan in comparison to other
nations however in the recent era much effort was performed in this research study
by several scientists in various regions of country [17, 19, 22-33]. Although, a lot of
work has been done on medicinal species in several areas in Pakistan, yet, no study
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has been carried out on areas of Northern Pakistan in relation to special emphasis on
hypertension diseases, skin infections, glottis problems and musculoskeletal
disorders. Further, this is the first ever report on these prevalent disorders from
Northern Pakistan.

1.3 Objectives

This study has been planned with the objective to document the folkloric
knowledge of commonly used therapeutic species from different regions of
Northern Pakistan, to save the medicinal knowledge. The current work focused to
quantitatively calculate consensus of plants usage for treatment of diseases. This
study also aims to form a baseline data for future comprehensive research on
bioactive constituents.

2. Methodology
2.1 Study sites

The Northern part of Pakistan in Western Himalayas is situated among world’s
largest peaks and high heaps i.e., Himalaya ranges, Alai Ranges, Karakorum, Kun-
lun, Tien Shan and Hindu Kush [34]. The Himalaya ranges have of world largest
peak i.e. Mount Everest and K2 present in this range and the lesser Himalayas
Mountains are located on 2000-3000 m elevation. Its topography diverges from
desiccated rocky areas in north to forest and green plains in the south. Northern
part of Pakistan has rich floral variety particularly of therapeutic plant species [35].
The areas included in the research work were Bannu, Swat, Mahnshera, Dir,
Abbottabad, Naran, Khaghan, Hazara division, and other tribal areas of northern
parts (Figure 1). It is located at 72°35- to 73°31- east latitude and 33°50- to 34°23-
north latitudes. It shares border with FATA (Federal Administered Tribal Areas) in
the Western South part, in Northern side Azad Jammu and Kashmir, Gilgit Baltistan
in north east while the Punjab in south east. Northern areas of Pakistan are home of
the largest peaks these covers 72,496 km”. Mean lowest temperature in January was
documented to be 1.7°C, while average highest temperature to be 32.41°C in June.
These Northern areas have also very severe winter with heavy rainfall [33]. The
chief tribes of the area are Marwat, Shinwari, Afridi, Mohmand, Abbassies, Tareen,
Khattak, Mashwani, Jadoon, Tanolis, Awans, Yusufzai, Sardars, Qureshis and
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Dominant families of medicinal plants.
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Orakzai [30]. Majority of people speaks Pushto other local languages are Potohari,
Gujrati and Hindko.

2.2 Ethnobotanical data collection

This work was mainly focused on communities exploiting conventional plant
resources for treatment of hypertension, glottis disorders, skin infection, joint pain
and throat diseases. The people living in Northern Pakistan have information on the
usage of natural resources. The field work was performed for 6 months (from
March to September, 2016). Semi-structured interviews were taken from 180
informants having traditional curing methods against variety of ailments after
receiving their prior consent. The data about medicinal uses of these plants was
collected from local informers and healers and medicinal practionists. Question-
naire forms was comprised of two sections; first section involves the demographic
information of participants and the other section contains data about plants ver-
nacular name, part used and mode of administration used against these diseases.
Further evaluation of data obtained during field study was done by using quantita-
tive indices.

2.3 Plant collection and preservation

The medicinal plants exploited for different ailments in the Northern Pakistan
were first collected and vouchers were constituted for identification at Herbarium
of Quaid -i- Azam University Islamabad Pakistan (ISL). Correct scientific families
and names were confirmed by database of KEW medicinal plant name services
(mpns: http://www.kew.org/mpns) and flora of Pakistan [36]. Each plant sample
contains vital parts such as stems, seeds, roots, bark, fruits, flowers and leaves,
whole plants was generally collected for small herbaceous plant specimen.

2.4 Quantitative analysis of ethnobotanical data
2.4.1 Use value citations (UV)
UV was assessed by means of standard procedure of [24].
UV =u/n (1
“u” denoted the total respondent citing different usages of a medicinal species.
Use value is usually larger at close to (1) incase numeral of usage is higher and UV

of plant noticeably lowers if it is close to (0). Use values do not deliver data for only
one or numerous uses of plants.

2.4.2 Relative frequency of citation (RFC)
The computation of RFC was done by using formula:
RFC = Fc/N (2)
The number of respondents stated by “Fc” that specified about therapeutic use

related to herbal medicinal plants whereas “N” stands for numeral total value
related to the respondents [37-39].
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2.4.3 Family importance value (FIV)

FIV of the plant species being evaluated by using formula as under [40].
FIV = FC/N x 100 (3)

where “Fc” is the numeral value of respondents stating the use of the family and
N denotes to the total numeral value of respondents contributing in the research
work.

2.4.4 Fidelity level (FL)

FL is measured by following formula:
FL (%) = Np/N x 100 (4)

where “Np” is the numeral value of participants who defined medicinal plants as
a remedy for particular ailments while “N” is the total number of informants [41].

3. Results and discussion
3.1 Socio-demographic profile of informants

Demographic information of the participants was taken from semi structured
questionnaires. A total of 180 respondents were questioned in this field survey. Of
the 180 informants, 113 were Indigenous people and the rest (67) were local health
practitioners, rest of all information is stated in (Table 1).

3.2 Medicinal plant diversity

Present research stated 80 medicinal plants used to treat some prevalent diseases
in Northern Pakistan (Table 2). These medicinal plants were distributed in 54
families. They show diversity in growth and presented by all growth forms with
high proportion of herbs (54%), shrubs (30%) and trees (16%) (Table 3). The main
cause for herbs dominancy in the research area may be the easily accessibility
resultant from bulk growing in wild area. The native respondent described that
most of the hakims and healers commonly use herbs for treatment of ailments
because of their easy attainability and availability.

The recorded medicinal species and medicinal uses along with local name, part
used, preparations and mode of utilization had been documented in Table 2. The
plant family that have higher number of medicinal specie was Lamiaceae (7 species)
followed by (4 species) of Papaveraceae, (3 species) of Malvaceae, Apiaceae,
Asteraceae and Brassicaceae, (2 species) Acanthaceae, Pinaceae, Myrtaceae,
Rubiaceae, Lythraceae, Plantaginaceae, Cactaceae and Capparaceae, (1 species)
Ranunculaceae, Berberidaceae, Saxifragaceae, Umbelliferae, Moraceae,
Papilionaceae, Poaceae, Oleaceae, Fabaceae, Salvadoraceae, Solanaceae, Rutaceae,
Meliaceae and rest of the families presented one medicinal plant (Figure 1).
Lamiaceae documented higher diversity of medicinal species followed by Asteraceae
and Solanaceae; Lamiaceae also indicated greater diversity of medicinal flora plants
[42]. Lamiaceae a diverse family with mostly herbaceous plants producing volatile
aroma over all aerial parts, has been described as dominant plant family by [43]. In
ethnobotanical studies of lesser Himalayas the high percentage of medicinal

1



Medicinal Plants - Use in Prevention and Treatment of Diseases

Serial number Variables Categories No of person  Percentages
1. Gender Female 84 47
Male 96 53
2. Age group 37-47 12 7
47-57 36 20
57-67 49 27
67-77 53 29
77> 30 17
3. Occupation Retired 48 27
Unemployed 24 13
Employed 38 21
Housewife’s 50 28
Others 20 11
4. Education Primary level 52 29
Secondary level 31 17
Tertiary level 20 11
Others 19 10
Uneducated 58 33
5. Informant category Indigenous people 113 63
Local health practitioners 67 37
6. Residence Rural 41 23
Urban 139 77
7. Marital status Married 83 46
Un-married 97 54

Table 1.

Demographic data of informants of Western Himalayas.

plants in the families’ Papaveraceae, Moraceae and Fabaceae has previously been
stated by [44].

3.3 Plant parts used as a medicine

In this ethnobotanical study, the part of plant most frequently utilized is was
leaves (41%), and seeds and roots (10%) (Table 4). Leaves were used as main part
of plant, it has been stated within different ethnomedicinal research of Thailand,
India, Bangladesh, Colombia, Pakistan, and China [45-51]. Leaves are the domi-
nantly used plant part because it is easily attainable plant part and requires small
effort to collect as compared to other plant parts [43]. Moreover, other important
fact of leave utilization is important for conservation and maintenances of plant
because collection of other plant parts and roots may kill the plant or endangered
the specie [52]. Bulk use of whole plant, fruits, seeds, roots and bark in herbal
medicinal preparations may results in decreasing population of plants in
nature [53].

While fruits (9%), whole plant (7%), stem and aerial part (6%), bark (4%),
flower (3%), shoots and rhizomes (2%) were also frequently used (Table 4). Fruits,
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S/No Life form Percentage (%)

1. Herbs 54

2. Shrubs 30

3. Trees 16
Table 3.

Life form of medicinal plant.

S/No Part used Percentage (%)
1. Leaves 41
2. Seeds 10
3. Roots 10
4. Fruits 9
5. Whole plant 7
6. Stem 6
7. Aerial parts 6
8. Bark 4
9. Flowers 3
10. Rhizomes 2
11. Shoots 2
Table 4.

Plant part used as medicines.

leaves and stem were the key source of herbal medicines in the research study area.
In earlier described studies from various parts of the Pakistan whole plant, flower
and fruit therapy is very common and it is present among the top of the plant parts
usage [54]. Rhizomes, roots and fleshy parts of the plant species have a high amount
of bio-active compounds [55].

3.4 Types of herbal preparations

Medicinal species utilized and administrated in herbal medicines in numerous
forms in the area. The common preparation methods were categorized into decoc-
tion (33%), powder (14%), paste and extracts (11%), infusion (10%). Juice (5%),
tea (7%), poultice (3%), raw (2%) and Oil and cooked (2%) (Table 5). There are
several routes of administration, such as, topical use and oral ingestion for the
treatment of different diseases (Table 2). Local traditional healers use ingestion to
cure most diseases, but topical use is an important route of intake to cure diseases
such as skin disorders, glottis diseases, joint pain, hypertension, wounds, and
body pain, weakness and poisonous bites [54]. The particular parts of plants and
definite quantity of dosages taken for ailments control mainly depends on
patients physical health [35].Some individuals use, orange peel, sugar, lemon,
banana pulp, tobacco leaf, black pepper and camphor, as adjuvant with various
diluents.

Large number of the plant drugs (74%) was made from fresh part of plants
neither the dry parts of plants. In this study it was observed that there are ambigu-
ities in taking exact quantities of medicines between the respondents due to
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S/No Mode of preparation Percentage (%)
1. Poultice 3
2. Decoction 33
3. Infusion 10
4. Powder 14
5. Paste 11
6. Extract 11
7. Juice 5
8. Tea 7
9. 0il 2
10. Raw 2
11. Cooked 2
Table 5.

Mode of utilization of medicinal plant.

variation of person’s experiences and difference in ethnical information of the
respondents.

3.5 Use of phototherapies

This ethnobotanical survey showed indigenous people utilized therapeutic plant
species most often for the cure of hypertension (20 reports) followed by cough (14
reports), skin problem (11 reports), rheumatism (10 reports). This survey specified
fact that indigenous communities used medicinal plants frequently exploited in skin
diseases, respiratory disorders, cough, throat infections, joint pain and hypertension
specified that the plant of this zone have versatile medicinal usages against disease
[56].The other noticeable diseases were throat infections (10 reports), wound
healing (7 reports), Sore throat (5 reports), joint pain (4 reports), skin burn (3
reports). Though, skin problems were followed by pimples and swelling of body (2
reports) and boils and body pain (1 report) (Tables 2 and 6). Recent studies shown
that maximum of local populations were dependent on a diversity of native plant
species to treat several diseases as the modern health services were out of reached. It
was noticed in throughout the field study that old information of indigenous thera-
peutic species is about to vanishing upcoming age groups belonging to research
region. This is because of absence of attention by modern cultures, as they thought
herbal medicines are less useful in comparison to allopathic medicines. Despite the
fact when these elder persons die than these conventional medicinal practices might
be quickly disappeared [57].

3.6 Quantitative analysis
3.6.1 Relative frequency of citation

For examining the ethnobotanical knowledge quantitative analysis was recorded
in this study. Most stated plant species identified by a large number of respondents
for medicinal purposes. Maximum RFC was documented for Neolitsea chinensis
(0.956), Rubia cordifolia (0.928), Parkinsonia aculeate (0.906) and Tagetes erecta
(0.850) (Table 2). These findings are related to the fact that a large number of
respondents cited the plant species and RFC directly related to the number of
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S/No Mode of preparation Percentage (%)
L Hypertension 22
2. Cough 15
3. Throat infection 11
4, Sore throat 6
5. Wound healing 8
6. Rheumatism 11
7. Joint pain 4
8. Swelling of body 2
9. Muscular pain 2
10. Body pain 1
11. Skin problem 12
12. Skin burn 3
13. Boils 1
14. Pimples 2
Table 6.

Categories of disease.

respondents describing the usage of this medicinal species [19]. It was followed by
Lawsonia inermis (0.778), Zanthoxylum armatum (0.733), Utica dioica (0.717),
Opuntia ficus-indica (0.65), Rhododendron arboretum (0.689), Geranium
wallichianum (0.833), Hippophae rhammoides (0.73), Cuscuta reflexa (0.617) and
Ficus virgate (0.556). Another cause of why medicinal plant stated repeatedly
because of; (1) the trust of people on medicinal plant and old age relationship of the
easily accessible medicinal species with people and (2) the comparatively high price
of synthetic drugs and non-approach to the systems of medicine [41].

3.6.2 Use value of medicinal plants

Mostly local health practitioners in study area used these species to cure diseases
from other communities. The current research showed that the use value varies
from 0.094 to 0.006 (Table 2). Plant species recorded with high use values were
Aesculus indica, Abies pindrow, Opuntia dillenii, Nepeta praetervisa, Begonia
reniformis and Berberis lyceum. These plants were commonly found in people’s
homes, the decoction, tea, extract made from leaves was found very effective in
hypertension, joint pain and glottis infection. Thus it should be recommended that
medicinal plants have maximum UV values, would be further studied for phyto-
chemical and pharmacological evaluation for developing medicinal system of herbal
drugs [58]. Neolitsea chinensis (Use value 0.006) revealed least UVs because they
were not abundant in the research area. Used value was less in some conditions due
to the lower information of the informants about the medicinal plants, that may be
of exotic source [59].

3.6.3 Fidelity level (FL)
To find the plant that is most chosen by the respondents for the cure of specific

disease is fidelity level. FL in the present study varied from 50 to 99%.
Cuscutareflexa (99%), Lawsonia inermis (98%), Daphne mucronata (96%),
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Figure 2.
Family importance value of medicinal plants.

Hippophae rhamnoides (95%), Impatiens edgeworthii, Isodon rugosus and Gymmnosporia
senegalensis (93%), Geranium wallichianum and Acorus calamus (92%) Bryophyllum
pinnatum, Camellia sinensis and Evuca sativa (90%), Heliotropium lasiocarpum,
Equisetum arvense and Ficus virgata (89%), Commiphora stocksiana and Malvastrum
coromandelianum (88%), Withania somnifera (87%), Buxus papillosa(86%),
Heracleum candicans and Barleria cristata (85%), Adiantum venustum (84%),
Descurainia sophia (83%), Mentha longifolia and Aesculus indica (81%), Abelmoschus
esculentus and Ajuga bracteosa (80%) had high fidelity levels for the treatment of
muscular pain, skin infections, dermatological diseases and hypertension (Table 2).
High FL values of medicinal plant shows the selection of plant by respondents to
cure particular disease [60, 61]. These plants might be confirmed as significant
medicinal species by further evaluation and assessment by pharmaceutical, phyto-
chemical and biological actions [62]. The species with least FL cannot be ignored as
it causes the next generation to control the risk of gradually decreasing medicinal

knowledge [63].
3.6.4 Family importance value (FIV) of medicinal flova

The evaluation of family importance value of plant species revealed that
Lamiaceae was most prevailing group of plants having FIV of (142.50) then
Asteraceae (86.1), Apiaceae (72.50), Rubiaceae (52.22), Malvaceae (50.56),
Geraniaceae (42.22) and Elaeagnaceae (37.22) etc. Lower values of FIV were calcu-
lated for Saxifragaceae (5.00), Amaranthaceae, Rosaceae and Umbelliferae (5.56),
Cucurbitaceae (5.83), Euphorbiaceae (6.39), Hippocastanaceae and Buxaceae
(6.67), Fabaceae (6.94) and Poaceae (8.33) (Figure 2). The ethnobotanical study
revealed by [35] showed that maximum FIV was observed by family Asclepiadaceae
(FIV 18.5) then Punicaceae (FIV 17.9) whereas minimum value was observes by
Myrtaceae (FIV 2.3). All these findings are dissimilar from current research as the
numerical ethnomedicinal facts varies because of change in geo-climate and vege-
tation of the region [19].

4, Conclusion

The ethnobotanical data revealed that the conventional knowledge of therapeu-
tic plants in the Northern Pakistan is mostly sustained by elders, and this knowledge
was transferred from their forefathers. This study revealed that the most frequently
exploited plants were present in Lamiaceae and Papaveraceae, The common
method of utilization was decoction. Numerical indices of FC, UV, RFC, FL, and
FIV reveal that a greater variety of medicinal species is still utilized between the
native inhabitants as treatment of various ailments in the study site. Particularly,

54



Medicinal Plants Used for Treatment of Prevalent Diseases in Northern Pakistan of Western...
DOI: http://dx.doi.org/10.5772/intechopen.89932

this ethnobotanical study suggested that the studied species of far-off valley should
be further assessed for appropriate research and pharmacological activities to vali-
date their present traditional usage that may help as the primary means to produce
plant-derived prescriptions. Future study on the security and usefulness of medici-
nal herbs, along with ecological and traditional management works, which are
required intended for the maintainable development of herbal drugs in the
Northern Pakistan.
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Abstract

Tuberculosis (TB) is one of the leading infectious diseases in the world. The
disease is commonly caused by Mycobacterium tuberculosis (Mtb) bacteria which are
capable of rapidly spreading through droplet transmission. In developing countries,
poverty and malnutrition cause immunodeficiency which is considered as the main
risk factor for the incidence of TB. Treatment of TB has been proven to be difficult
because treatment options are very limited and found to be expensive specifically
in developing countries. Moreover, the existence of extensively drug-resistant TB
phenomena is frequently happening in these countries because of mishandling
treatments used for this disease. In Indonesia, the traditional herbal medicine,
namely, jamu, has been utilized since a long time ago to treat diseases including
TB. The present study by using computational methods found that there are many
active compounds that can bound and influence proteins responsible for TB patho-
genesis. Besides, these compounds have the potency to modulate the host immune
system. The current chapter discussed the possible interaction of the antioxidant
compounds with the chelating potential to form a complex with transitional metal
as the central atom. In the perspective of bioinorganic chemistry, this complex has
a scavenging activity which is expected to have a role in overcoming energy man-
agement of the host cell during infection pathogenesis. It is important to involve
bioinorganic chemistry in energy management during infection, correlated with
impairing of niacin metabolism of the host cell in which the host cell mitochondria
cannot competitively gain free radicals during infection. This phenomenon is the
main reason to propose herbal medicine as a source of niacin and provide a proper
environment for gastrointestinal commensal microbiota to treat and govern protec-
tion from TB infection.

Keywords: bioinorganic chemistry, gastrointestinal microbiota, herbal medicine,
LMWA, TB
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1. Introduction

Tuberculosis is a major cause of morbidity and mortality, especially in low-
income and middle-income countries [1]. The World Health Organization (WHO)
mentioned in the Global Tuberculosis Report 2016 that there were approximately
10.4 million people infected with TB. Among those, 1.4 million patients lost their
life leaving poor families in helpless situations. Although the mortality rate of TB
patients had been decreased by 22% between 2000 and 2015, resistant and persis-
tent types of disease remain as a major problem till present [2].

Over the past few years, TB treatment depended on the use of antibacterial
compounds such as isoniazid, rifampicin, pyrazinamide, and ethambutol as
first-line drugs. But recently it had proven that the anti-TB drug(s) had caused
mutations in Mycobacterium tuberculosis (Mtb) bacteria giving rise to a new kind
of multidrug-resistant TB (MDR-TB) [3]. Therefore, the treatment of the disease
becomes extremely hard and forces the physicians to start using the second-line
of drugs such as aminoglycosides, polypeptides, fluoroquinolones, thioamides,
cycloserine, and para-aminosalicylic. These drugs were also causing muta-
tions in Mtb which gives rise to new cases such as extensively drug-resistant TB
(XDR-TB), in which Mtb become resistant to both the first- and the second-line of
treatments [4, 5].

TB treatment based on eradicating bacteria. In this way, TB therapy needs
to be carried out comprehensively through improving nutritional balance and
immune system modulation [6]. The mechanism of pathogenesis of Mtb contains
competition between host and bacteria, for iron (Fe) involves the secretion of
superoxide dismutase (SOD) enzymes which is related with the bioinorganic
chemistry of complex compounds that synergistically work as energy delivering
system underlies [7]. The SOD enzyme indirectly becomes part of the energy and
electron transfer system because of its catalytic activity which converts super-
oxide radicals (O,") to hydrogen peroxide (H,0,) and oxygen (O,) to minimize
the toxic effects of O, [8]. This is what causes Mtb to avoid the reactive oxygen
species (ROS) produced by host macrophages as an immune system defense
effort. But because Mtb secrete SOD, Mtb can develop well in macrophages, and
to synthesize SOD by TB bacteria, it needs Fe, and the main source will be the
infected host [9]. On the other hand, the host also needs Fe for hemoglobin of red
blood cells [10]. This competition will significantly disturb energy transfer sys-
tem of the host and will cause lack of hemoglobin, i.e., anemia [11]. As a result of
that, in Mtb infection, there is an energy competition, meaning that even though
Mtb and hosts do not intersect in their energy management system, the electron
flow moves toward Mtb cells rather than hosts. This is due to lower electrical
potential state of Mtb. When the immune system is in proper condition, Mtb get
more energy to divide and migrate. The balance between cellular and metal ion
components is indirect but mediated by a special set of proteins, namely, SOD,
which are controlled and organized interactions of energy transfer within the
mitochondria [12].

The active compound in herbal medicine that functions as a radical scav-
enger in bioinorganic chemistry is known as low molecular weight antioxidant
(LMWA) complex. This LMWA contains metal ions such as Fe, Mn, Cu, and
Zn [13, 14]. The complex can overcome the impairing energy transfer system
of the host because they can transfer electron when electron transfer system
is impaired due to anemia in the case of TB infection. The potential of LMWA
complex as a free radical scavenger is also important as an anti-inflammation
agent.
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2. Computational studies of active compound of Indonesian herbal
medicine used in treating TB

Computational drug discovery has been widely described as a tool and data-
base for saving, managing, analyzing, and modeling compounds. This is proven
as an effective strategy to guide and improve the discovery and development of
new therapy. The real aim of drug discovery is to find new “lead” compounds
and new chemical entities that could potentially be developed into new medi-
cines, gaining the target specificity related to disease development or changing
the target function. In the steps of drug discovery, computational drug discovery
is involved in designing the main compounds with computer programs, identify-
ing target and validity, and observing the effectiveness, the bioavailability, and
the side effect possibility of lead compounds and lead candidates. Recently, a lot
of researches have shown that the application of computational drug discovery
can significantly help in identification and/or development of an effective
treatment [15, 16].

In fact, computational drug discovery can also be utilized to approve traditional
treatments that have been used for a long time to treat several diseases. In this case,
computational drug discovery tools have been used for observing and analyzing
the active compounds of Indonesian medicinal plants used for treating TB. Some
studies showed that natural compounds from indigenous Indonesian medicinal
plants could inhibit the incidence of TB infection by balancing immunity system
and eradicating mycobacteria [17-20].

Based on computational drug discovery tools, it has been detected that
Indonesian native plants such as Euphorbia hirta, Foeniculum vulgare, Ocimum
basilicum, Zingiber officinalle Rosc., Curcuma domestica, Plantago major, Curcuma
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Figure 1.

Infemm’on between active compounds of Indonesian medicinal plants with protein-related tuberculosis.
The red circle indicates protein involved in tuberculosis mechanism, while the blue one indicates protein
unrelated to tuberculosis mechanism. The yellow rectangle indicates active compound. The green line
indicates active compound-protein interaction. The ved line indicates active compound-active compound
intevaction [21].
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zedoaria, Centella asiatica, Coffea arabica, Agevatum conyzoides L., Tamarindus
indica, Citrus aurantifolia, Petiveria alliacea, and Lantana camara L. contain several
active compounds that interacted with protein-related tuberculosis like IL-4,
TNF-a, IL-1B, CCL-2, TLR4, and P4HB (Figure 1); by immunity balancing they
can improve the therapy outcomes and avoid Mtb reaction [21, 22]. Moreover,

some studies showed that cytokines like IL-4, IL-1B, and CCL-2 could eradicate
mycobacteria [23]. TNF-qa, a proinflammatory cytokine, had high expression during
the latent phase of infection, suggesting that it might be correlated with IFN-y for
controlling mycobacterial replication [24]. TLR4, a transmembrane protein and

a member of the toll-like receptor family, has been reported to be expressed in
macrophage and dendritic cell to recognize mycobacteria. PAHB, a disulfate enzyme
catalyzation, increased the Th-2 cell migration. In addition, the active compounds
not only interacted with protein-related immunity but also another protein like
CYP2B6, a cytochrome 450 enzyme, which could be an indicator for tuberculosis
therapy [25].

Figure 2.

Srcg complex. (a) Src-PI3K (wild type), (b) Src-tuberculosis drug-PI3K, (c) Src-phytol-PIBK, (d) Src-oleic
acid-PI3K. Phytol and oleic acid could change the binding position of Src-PI3K, whereas the tuberculosis drug
did not change the position of Src-PI3K. Gray structure, Src wild-type protein; yellow structure, PI3K; green
structure, Src-drug complex; pink structure, Src-phytol; blue structure, Src-oleic complex [21].
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A study conducted by Aristyani detected the incidence of interaction between
active compounds extracted from Indonesian medicinal plants, Tamarindus indica
and Curcuma xanthorrhiza Roxb., with Mtb’s proteins by using CADD tools. Results
showed that bisdemethoxycurcumin, alpha-pinene, isoamyl alcohol, furfural,
lauric acid, and salicylate correlated with proteins of Mtb. Bisdemethoxycurcumin
interacted with Pks 11 and Pks 18 which are involved in the a-pyrones synthesis,
an essential compound in the mycobacterium cell wall. a-Pinene correlated with
cypl44 which has roles for mycobacterial survival and pathogen in human cells.
Both isoamyl alcohol and furfural associated with alcohol dehydrogenase proteins,
while lauric acid interacted with fatty acid synthase. Salicylate bonds with vari-
ous proteins such as caeA for modifying envelope structure, Ipqp for encoding a
membrane-bound lipoprotein, lipT for hydrolyzing from liposome suspensions,

Figure 3.

PknB complex. (a) PknB-FhaA, (b) PknB-drug-FhaA, (c) PknB-phytol-FhaA. The position of FhaA was
altered when PknB complexed with phytol; meanwhile, when the complex form of tuberculosis drug and PknB
bound with FhaA, it had a similar position with the wild-type form. Gray structure, PknB; purple, FhaA in
PknB-FhaA complex; dark blue, FhaA in PknB-drug complex; light blue, FhaA in PknB-phytol complex [21].
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and estB for hydrolyzing and has peroxidase activity. Depending on that it can be
concluded that natural compounds might treat tuberculosis by directly interfering
the cellular system of mycobacteria [26].

A computational docking method has been also used to explore the activity
of active compounds of Indonesian medicinal plants against TB. In this term,
the active compounds of Curcuma xanthorrhiza Roxb., Zingiber officinale var.
Rubrum, Tamarindus indica L., and Citrus aurantifolia were docked with human
proteins related to tuberculosis. Results showed that tyrosine-protein kinase
Src (Src), which is a non-receptor protein kinase, could reduce the survival of
Mtb in macrophage; matrix metallopeptidase (MMP1), a metalloproteinase
protein, can degrade the granuloma, severity of TB directly correlated with
MMP1 expression [27, 28], and Mtb’s proteins, protein kinase B (PknB), a
transmembrane signal kinase which takes a part in mycobacteria growth and
division mechanism, and KatG, a multifunctional catalase peroxynitrite; and
NADH oxidase has a role in synthesizing mycolic acid of mycobacteria. The
results described that active compounds such as curcumin, demethoxycurcumin,
8-gingerol, phytol, oleic acid, and linoleic acid had a higher binding scores to all
the target proteins than the binding score of tuberculosis drug with the target
proteins. Moreover, when the oleic acid and phytol bound with Src, it changed
the binding position of PI3K, a ligand of Src. Phytol also gave a similar effect not
only in Src but also in PknB. It altered the binding position of FhaA, a ligand of
PknB. It might be concluded that these compounds could inhibit the activity of
downstream protein target which could suppress the survival and growth of Mtb
(Figures 2 and 3) [21].

3. Bioinorganic chemistry as a new perspective of herbal medicine to
treat diseases

Recently, bioinorganic chemistry has been used in the broad areas of biological,
medical, microbial, and food industry, etc. Bioinorganic chemistry is concerned
about complex organic compound containing one or more metals as a center atom.
These organic compounds in biological system which are bound with protein may
serve multiple activities such as radical scavenging, antibacterial, antioxidant,
electron transfer, or enzyme [29-33]. The section below will describe the natural
bioinorganic chemistry in a plant that inspires bioinorganic compound in herbal
medicine. Cause metals have a pivotal role on energy or electron transfer involves
variety of small molecules, nicotinamide adenine dinucleotide (NAD) and nicotin-
amide adenine dinucleotide phosphate (NADP) as electron carriers, and metallo-
protein such as superoxide dismutase (SOD) enzymatic antioxidant, host-pathogen
energy interaction can be explained based on bioinorganic chemistry approach.

3.1 Bioinorganic chemistry associated with radical scavenging activity

Bioinorganic chemistry study involves the role of metal complexes in biological
systems, including metals which form complexes naturally with proteins (called
metalloproteins) or artificially metal complexes [29, 30]. Transition metals such as
iron (Fe), copper (Cu), manganese (Mn), and zinc (Zn) are required for prolifera-
tion and survival of all living organisms. They have important roles as enzymes
and cofactors and environmental sensors. Iron is the most commonly used divalent
metal cofactor. Iron containing enzymes or proteins is involved, among other
processes, in electron transfer, maintaining redox balance, and detoxification.
Hemoglobin in red blood cells is a globin protein molecule that forms a complex
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with porphyrin with an iron ion center. Manganese has the strongest affinity for
ATP and is the preferred cofactor in cAMP production. Zinc is used as cofactor

by numerous enzymes and DNA binding proteins and additionally functions to
scaffold additional proteins [34]. Enzymes such as superoxide dismutase (SOD)
are enzymatic antioxidants against superoxide radicals that require Fe, Cu, or Mn
for their activation. In plants, chlorophyll is a porphyrin complex with the center
of magnesium ions. Secondary plant metabolites such as flavonoids possess three
possible metal-chelating sites that can bind metal ions Fe, Cu, Mn, Mg, Al, Zn, and
Ni [31-33].

According to bioinorganic chemistry in the case of TB pathogenesis, iron plays a
pivotal role in host-pathogen interactions. Iron is one of the most important aspects
needed for the initiation and establishment of infection. The mechanism of bacte-
rial infection requires iron against host defenses, while the main component of host
natural immunity limits the availability of iron for bacteria [35-38]. Mtb require
iron for normal growth but faces limited metal ions because of its low solubility at
biological pH and limitation of iron availability by mammalian hosts. Because of
high affinity for Fe**, plasma transferrin, ferritin, and lactoferrin in extracellular
fluids and polymorphonuclear leukocytes play an important role in reducing iron
availability for pathogens [39]. Mtb express Fe**-specific specifications of sidero-
phore mycobactin and carboxymycobactin to chelate insoluble metals and form
host plasma proteins. Iron absorption mediated by siderophore is very important
for the survival of Mtb in media with low iron levels and in macrophages. Mtb
bacteria have regulation of iron absorption to maintain optimal levels of intracel-
lular iron to prevent iron toxicity [40]. Administration of chelating agents to limit
the availability of iron actually stimulates the microbes that express siderophore
and carboxymycobactin to improve the acquisition of iron. Subjects who recovered
from active TB tended to relapse if they received iron-rich supplements (in tonic
form) compared with patients who did not receive supplements and were somewhat
anemic. Limiting the availability of iron for microbes using herb medicine that form
complexes with metals has a better effect to hold up bacterial proliferation [36].

For this purpose, many plant species have been used for treating tuberculosis.
These herbal products have been widely proven to have an antimicrobial activity. In
addition, these herbal products are used in combination with synthetic treatment
to increase the efficacy of conventional drugs and also to reduce side effects and
inhibit incidence of antibiotic resistance. Traditional healing systems like Ayurveda
have been applied to cure TB from Africa to Asia or China and so on [41]. Almost
all of these traditional herbs have been tested for their activities as antimicrobials
especially on Mtb, antioxidant, as well as anti-inflammatory [41-44].

Sukmaningsih et al. [14] proved that the fruit of java plum (Syzygium cumini)
contains naturally occurring bioinorganic compounds. The X-ray fluorescence
(XRF) characterization results indicate that the primary metal contents in java
plum were K, Ca, P, Cu, Ni, and Fe. The last three elements are classified as transi-
tion metals. The electron configuration of the atomic valence of Fe is 3p°® 4s” 3d°,
Ni is 3p® 4s” 3d®, and Cu is 3p® 4s” 3d’. The electron configuration shows that the
transition metal d orbitals contain unpaired electrons that can accept electrons
to occupy the orbital. The electrons interact with the molecule or specific anion
through coordination bonds formed ion complex or compound. The metals Fe, Cu,
and Ni that have unpaired electrons will act as the central atom and play an impor-
tant role in complex formation. Analysis of LC/MS shows that the main ingredient
in java plum is the flavonoid complex, namely, anthocyanins. In this compound,
Fe is the center of the atom, whereas anthocyanin is a ligand. The results of the
study using ESR concluded that the java plum had activity as a radical scavenger as
evidenced by its ability to reduce the radical intensity of DPPH. When receiving
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electrons, the anthocyanin complex does not produce new radicals as well as single
compound antioxidants. This is because the metal center in the flavonoid complex
has paramagnetic properties (as giving electrons) that will become diamagnetic
(as get electrons) when performing its functions as free radical scavengers [14].
The mechanism activity of radical scavenging is related with delocalized electron.
In the case of flavonoid and anthocyanin, the electrons came from phenolic
hydroxyl group as a source of electron by denoting hydrogen atom or through the
transfer of a single electron.

Asreported by Aristyani, selected Indonesian medical plants used by
Indonesian local people to treat TB were Curcuma xanthorvhiza Roxb.,
Tamarindus indica L., Citrus aurantifolia, and Zingiber officinale var. Rubrum.
From the 17 selected compounds, there are 5 compounds predicted to have
multitarget that are curcumin, demethoxycurcumin, phytol, oleic acid, and
linoleic acid that can bind to the host metallopeptidase 1 and Src matrix proteins
and PknB and catalase-peroxidase proteins from Mtb [26]. The antioxidant
mechanism of these compounds is the result of interactions between phenols and
transition metal ions such as copper or iron [45]. Antioxidant compound may be
naturally present in different forms in the plant microstructure. Low molecular
weight antioxidants (LMWA) are free from chemical or physical interaction with
other plant macromolecules. LMWA are nonenzymatic antioxidant compounds
capable of preventing oxidative damage by directly interacting with ROS or
indirectly by chelating metals [46]. Because of its small size, LMWA pass through
cellular membranes, so it can access near to molecule targets. Different nonen-
zymatic antioxidants can interact synergic to scavenge free radicals. Endogenous
LMWA synthesized by living cells is limited, so exogenous nonenzymatic anti-
oxidants from plant diet and phytochemicals are required. The action of LMWA
in cellular metabolism can be bound as a component of endogenic enzymes, or
other proteins containing transition metal could be the components of antioxi-
dative enzymes or acting as LMWA alone and non-nutrients such as phenolic
compound (phenolic acid, flavonoids, lignans), phytic acid, reduced glutathione,
and melatonin to manage the free radicals by preventing free radicals to involve
in Haber-Weiss reaction [46, 47].

The complex with transitional metal makes flavonoid an other organic chelating
compound becoming water-soluble. This means they can interact with protein and
DNA to increase bioavailability as antioxidation, antibacterial, and antitumor and
affect various types of enzymatic activity [48]. Metal ions have an impact on the
hydrogen atom transferring ability of the complex revealing that complexes deacti-
vate oxidants through hydrogen atom transfer. Fe3+-primuletin (5-hydroxyflavone)
is expressed as an antioxidant in in vivo system through direct scavenging of free
radicals by decreasing total ROS and at the same time through enhancement of SOD
and catalase activities endogenously [49].

Phenolic compounds have strong antioxidant properties in vitro, associated
with their ability to trap the chain-carrying peroxyl radicals with the formation of
hydroperoxides, to scavenge free radicals in Fenton reaction and chelating metal
ion [50, 51]. The deprotonated phenolic group has an oxygen center that possesses
a high charge density. The pKa value of most phenols is around 9.0-10.0, but in the
presence of cations such as Fe(III) or Cu(II), the proton is donated at physiological
pH 5.0-8.0 [52]. The ability of phenol in metal chelation can inhibit lipid peroxida-
tion by binding metal ions to stable complex forms or preventing the interaction of
metal ions with lipid hydroperoxides, which are consistently produced in living cells
[53, 54]. The scavenger potencies of flavonoid metal complexes were significantly
higher than those of the parent flavonoids. In addition, this metal complex also has
pharmacological activities such as SOD [55].
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Metal complexes have more lipophilic properties so that they easily penetrate
cell membranes. The lipophilic properties of metal complexes can be explained
according to coordination theory. According to the coordination molecular theory,
the overlap of orbitals between metals and ligands reduces the positive charge on
metal jons by accepting electrons from ligands. This causes an increase in m-electron
delocalization throughout the coordination ring. This results in increased metal
complex lipophilicity [56]. Therefore, research on flavonoid metal complexes is
very helpful in developing new TB drugs. Accordingly, in the condition of a host of
SOD depletion, flavonoid metal complex antioxidants can perform as enzymatic
antioxidant SOD.
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Figure 4.
Structures of the iron-demetoxy curcumin, iron -ginggerol, ivon -curcumin, iron-oleic acid, and iron-linoleic
acid complexes predicted by ChemSketch open babel software [57].
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Given the large variety of active compounds in nature, most of them have the
ability to chelate metals. In silico analysis using molecular modeling programs
such as ChemSketch can be used to predict this ability. Using ChemSketch open
babel software, we predicted that the chelator compounds such as curcumin,
demethoxycurcumin, 8-gingerol, phytol, oleic acid, and linoleic acid can interact
with transition metal Fe (Figure 4) [57]. It shown that the efficacy of this herbal
medicine can be studied using some instrumentation such as X-ray diffraction
(XRD), X-ray fluorescence (XRF), and scanning electron microscopy (SEM) and be
discussed using bioinorganic chemistry perspective.

In practice, it means that herbal application for therapy can be in the form of
food or drink as well as scrubbing throughout the skin. In Indonesia the herbal
application for scrubbing includes fermented herbs. This scrubbing treatment
aimed to leach overwhelming free radicals to sweat out the body through the skin.
After several times of scrubbing, patients will gain better quality of life such as
sleeping well and good appetite [58].

3.2 Bioinorganic compound associated with energy balance during TB
pathogenesis

In the twenty-first century, the concept of oxidative stress has been well
acknowledged in relation to understand the underlying mechanism involved in
various human diseases including infectious disease such as TB [59]. Tuberculosis
has been linked to free radical production either by bacteria or phagocytes. This
process is closely related to the gradual loss of mitochondrial efficiency that will
contribute to worsening of the disease [60].

The excessive production of reactive oxygen species (ROS) is widely associ-
ated with cellular damage. The cellular damage has been associated with depletion
of coenzyme that is intricately tied to the pyridine dinucleotide. The important
coenzyme in all living cells involved in oxidation-reduction reactions is known as
nicotinamide adenine dinucleotide (NAD+); it is a key metabolite derived from
niacin or vitamin B3 [61, 62]. NAD+ is an essential electron transporter in mito-
chondrial respiration and oxidative phosphorylation. NAD + serves as an electron
acceptor for glycolysis, a process that metabolizes glucose or glycogen, and is
reduced to NADH. NAD+ instead of eventually transferring electrons from NADH
to the mitochondrial respiratory chain. The NAD +/NADH ratio is also vital for
cell physiology as it contributes to the synthesis of ATP as the energy currency of
the cell. NAD+ must be regenerated from NADH for continued glycolytic flux, a
process that happens within the mitochondria. If NAD + is not regenerated, glycoly-
sis and other metabolic pathways will stop, creating a disruption in mitochondrial
metabolism and an imbalance in cellular redox homeostasis that will lead to cell
death. Also NAD+ is an important precursor for the phosphorylated dinucleotide
pair NADP+/NADPH in several cellular biosynthetic pathways in order to protect
cells from free radicals [63]. Moreover, it plays a major role in perturbed immune
responses. Thus, NAD+ dictates the host’s innate and adaptive immune responses.
Furthermore, it can be the strategy treatment of human diseases including TB, sug-
gesting the potential of targeting the cellular NAD +. Four years ago, the Niederweis
group described the first toxin ever found in Mtb. They found that tuberculosis
necrotizing toxin (TNT) enzymatically hydrolyzes NAD+. The depletion of NAD+
inside the macrophages somehow leads to necrotic cell death of the macrophage that
will cause the release of Mtb to infect more cells [64].

Mitochondrial dynamics are supposed to have an important physiological role in
maintaining intracellular energy balance and energy transduction; thus, it is gener-
ally accepted that the mitochondrial electron transport chain (mETC) is the major
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site for the generation of ROS. The mETC is continuously involved in reducing
molecular oxygen to water in a four electron reduction processes [65]. Even a small
percentage of the oxygen consumed escapes from the mETC as superoxide radical
(027), which can generate other endogenous ROS that will induce a great threat to
aerobic organisms [66].

Herbal medicine was found to be a good source of niacin, i.e., a precursor for
NAD + synthesis. Many studies suggest that the conversion of niacin and its deriva-
tive, such as nicotinamide, was synthesized from tryptophan. The human studies
have shown that 1 mg of nicotinamide is produced from 67 mg of tryptophan intake
[67]. The recommended dietary tryptophan daily dose for human adults ranges
from 250 to 425 mg/day, corresponding to 3.5-6 mg kg™" (meanly 4 mg kg™!) body
weight per day [68, 69]. Thus, the herbal remedy focuses on supplementing tryp-
tophan as precursor for niacin to enhance cofactor NAD+ to prevent the depletion
of NAD+ [70]. Mammals, including humans, can synthesize vitamin B3 (nicotin-
amide) from tryptophan through ingestion process in the gastrointestinal system
(gut and liver). Several studies report that the gastrointestinal system plays a
critical role in nicotinamide supply. This was involved to the changes in tryptophan-
nicotinamide metabolism, particularly on niacin nutritional status [71].

The important role of the healthy gut due to the gastrointestinal tract is prone to
the attack of ROS in various diseases including infectious disease such as TB [72].

In the gastrointestinal tract, there are many major endogenous oxidative enzymatic
reactions [73]. Managing oxidative stress through the healthy gut will restore the
commensal microbiota for helping in tryptophan metabolism. A balanced microbial
community is a key regulator of the immune response. In terms of antioxidant or
free radical scavenging, tryptophan plays an important regulatory role in restoring
the body antioxidant system. Tryptophan as essential amino acid must be ingested
from exogenous natural sources (such as polyherbal). Increasing tryptophan
concentration will increase NAD+ level in human cellular, particularly encouraging
the performance of macrophage in ingestion and killing of pathogen [71, 74].

4. Role of herbal medicine in supporting gastrointestinal
microenvironment during TB infection

The presence of commensal microbiota and its metabolites in the body has
beneficial roles in human physiology, such as metabolism, formation of the
immune system, anti-inﬂammatory activity, homeostasis maintenance, and
vitamin production [75]. Intestinal microbiota was found to play a major role in
regulating immune cell homeostasis. The explanation of “gut-lung axis” statement
showed that the intestinal microbiota can regulate lung immunity and influence
the lung microbiota through microbial products and immunomodulators released
upon recognition of commensals and pathogens by intestinal immune cells. This
explains why the reduction in commensal flora in the intestine is directly related
to the severity of the inflammatory response in the lungs. This was as examined by
Tsay et al. that there was a significant effect of commensal microbiota depletion on
Escherichia coli pneumonia-induced myeloperoxidase (MPO) activity in the lungs
and bacterial killing activities of alveolar macrophages by using the commensal
depletion model in mutant WT and toll-like receptor 4 (TLR4) mutant mice. The
study demonstrated that gut microbiota involved in stimulating lung inflammatory
reaction against bacterial challenge through TLR4 which binds to lipopolysaccha-
ride (LPS) [76, 77]. The innate immune system detects invasion of microorganisms
via TLR, which can recognize microbial components and trigger an inflammatory
response. TLR is a germ-coding pattern recognition receptor, and several have been
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identified, such as TLR4 which recognizes LPS and TLR2 as receptor of lipoteichoic
acid (LTA) [78]. In addition, the gut microbiota is important in increasing nuclear
factor kappa beta (NF-kB) activation, an important early step in innate immune cell
activation, in the lung through TLR4 and LPS supplements which serve to increase
lung defense through the TLR4 and NF-kB signaling pathways. This confirms that
gut commensal microbiota is crucial in maintaining lung defense against bacterial
challenge through enhancement of alveolar macrophage activity and neutrophil
infiltration [76].

Therefore, antibiotic therapy effect on intestinal microbiota may cause unbal-
anced inflammatory response in the lung [79]. Components of herbal medicines
can improve the composition of the gut microbiota to turn in homeostasis, thus
restoring dysfunction and associated pathological conditions. This is because
the gut microbiota can metabolize herbal medicine chemicals and the generated
metabolites have bioavailability, bioactivity, and toxicity that are different from
their precursors [80]. Commonly, polar compounds are found in herbal medicine
extracts, and the bioavailability of these chemicals is usually very low due to poor
lipophilicity. However, the gut microbiota converts the molecules to be smaller parts
that are less polar and more lipophilic [81].

Notable interactions between the active components of herbal medicines and
gut microbiota are also being vigorously inspected such as glycosides affluent in
many herbal medicines that always hold limited intestinal absorption because of
poor intestinal permeability. The gut microbiota which are encoded with glycoside
hydrolase genes can cleavage glycosyl or glucuronosyl parts from the backbone.
Normally, the secondary glycosides produced by this process hold better bioavail-
ability and thus can be absorbed properly by the intestine [82]. Biotransformation
of herbal medicine components carried out by the intestinal microbiota can be done
in various ways, for example, hydrolation such as deglycosylation; oxidation such as
fission, hydration, hydrogenation, hydroxylation, methylation, and oxygenation;
reduction such as dehydration, dehydroxylation, demethylation, decarboxylation,
and dehydrogenation; rearrangement; isomerization; condensation; ester hydroly-
sis; esterification; and intramolecular cyclization.

Furthermore, depending on those various reaction mechanisms, the gut micro-
biota can trigger a series of metabolic reactions simultaneously and successively
against the structural property of the herbal medicine compound. For example,
glycosides in herbal medicines are normally metabolized first by gradual hydro-
lysis, through deglycosylation and esterlysis and then by hydrolysates generating
secondary glycoside or aglycone. The secondary glycosides are further converted by
skeleton-retained modification (triterpene glycosides), by skeleton fission (fla-
vonoid glycosides), or by skeleton rearrangement (iridoid glycosides). Generally,
different bacteria in the gut microbiota can cooperate to promote metabolism of
a single compound, while one single bacterial strain is able to transform different
compounds [83]. In the human intestinal microbial metabolism of quercitrin, an
active compound of Indonesian herbal medicine for tuberculosis treatment [21]
showed Fusobacterium K-60 deglycosylates the quercitrin, whereas four other
strains of bacteria, specifically Bifidobacterium B-9, Pediococcus Q-5, Streptococcus
S-3, and Bacteroides JY-6, were bounded in further fission of the quercetin (agly-
cone) [84]. Meanwhile, several compounds such as geniposide, aconitine, and
shikonin belonging to different structural types were transformed by Clostridium
butyricum via various reaction mechanisms: deglycosylation, dehydration, conden-
sation, dehydrogenation, and intramolecular cyclization [82].

Interestingly, herbal medicines can modify the composition of gut microbial
community while being metabolized. Some experiments have been tried using fecal
transplantation to show that herbal medicine therapy targets the gut microbiota.
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For example, the heat shock protein (HSP) expression levels of the murine liver and
intestine were altered by a herbal medicine formula that contains Panax ginseng root
and rhizome, Ligusticum chuanxiong rhizome, Poria cocos sclerotium, Atractylodes
macvrocephala rhizome, Glycyrrhiza uralensis root and rhizome, A. sinensis root,
Paeonia lactiflora root, Rehmannia glutinosa tuberous root, Cinnamomum cassia
cortex, and Astragalus membranaceus root. Thus, the alteration only occurred in
intestinal microbiota rather than in germ-free mice [85].

5. Conclusion

Herbal medicine used for treating TB produces its pharmacological effect
through the following. First, the immune system perspective. The target of most
herbal medicine active compounds are proteins involved in the immune system. It
can be indicated that these compounds have potential as an immune system modu-
lator to treat tuberculosis diseases. Second, bioinorganic chemistry perspective.
Herbal medicine has been endowed with the extraordinary ability as an antioxidant.
This antioxidant is grouped as low molecular weight antioxidants (LMWA) that
easily permeate to cell membranes. Bioinorganic chemistry perspective discusses
LMWA-centered transition metal (such as Fe, Cu, Mn, Zn). Transition metals are
directly interacting chelated by LMWA, thereby preventing them from participat-
ing in metal-based ROS production. Third, managing free radical. The collabora-
tion between LMWA and metal ion has the ability to manage excessive electron to
become moderate-level free radical that is beneficial on a host. Fourth, supporting
the gastrointestinal system. The proper herbal medicine formulation will provide
nutrition for NAD+ precursor on a host as well as determine gut commensal micro-
biota diversity that influences the microbiome in the lung. Finally, herbal medicine
has a great prospect to treat TB instead of an antibiotic.
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Chapter 5

Black Garlic and Its Therapeutic
Benetits

Gia-Buu Tran, Tan-Viet Pham and Ngoc-Nam Trinh

Abstract

Black garlic is a functional food produced from fresh garlic (Allium sativum L.)
via fermentation with the whole bulbs or peeled cloves in a chamber in which
temperature (60-90°C) and humidity (70-90%) are regulated for a period of
time. Black garlic possesses an abundant amount of antioxidant compounds such
as polyphenols, flavonoids, tetrahydro-p-carboline derivatives, and organosulfur
compounds, including S-allyl-cysteine and S-allyl-mercaptocysteine, as compared
with fresh garlic. Note that fermentation not only alters the nutrition components
and sensory attributes but also enhances the bioactivity of black garlic. A growing
body of evidences demonstrating therapeutic effects of black garlic, including
anticancer, anti-obesity, immunomodulatory, hypolipidemic, antioxidant, hepato-
protective, and neuroprotective effects, have been reported in the last few decades.
This book chapter provides a literature review of therapeutic effects of black garlic
from fundamental to clinical studies that can be used by food and nutrition experts,
researchers, and scientists to improve people’s health and wellness.

Keywords: functional food, therapeutic benefits, black garlic, nutrition, bioactivity

1. Introduction

Garlic (Allium sativum L.), a member of Alliaceae family, is a popular ingredi-
ent used for culinary art and traditional and modern medicine. It possesses not
only a strong flavor and distinctive taste but also a variety of bioactive organosulfur
compounds, comprising of allicin, allixin, diallyl disulfide, diallyl trisulfide, S-allyl-
cysteine, S-allyl-mercaptocysteine, allixin, 1-propenyl allyl thiosulfonate, (E,Z)-
4,5,9-trithiadodeca-1,6,11-triene 9-oxide, allyl methyl thiosulfonate, etc. Therefore,
garlic has been documented in several literatures as a prominent remedy by reason
of its several health benefits such as anticancer, antioxidant, antibiotic, antihyperlip-
idemic, antidiabetic, anticoagulant, antimicrobial, anti-constipation, antiparasitic,
diuretic, and hepatoprotective effects [1-3]. In Vietnamese traditional medicinal
system, garlic is prescribed to treat amebic and bacillary dysenteries, wound infec-
tion, chronic bronchitis, hypertension, whooping cough, and threadworm infection
[4]. Furthermore, bioactivity and garlic components are also quite disparate among
different cultivars [5, 6]. Garlic could be used directly or as food processing or
brewery products including black garlic, smoked garlic, garlic oil, garlic oil macerate,
extract, powder, supplement pill, garlic juice, alcoholic tincture, etc. [7].

Among the garlic processing products, black garlic is emerging as one of the
most well-known functional foods in the market. As compared with the raw garlic,
black garlic has a typical black color, sweet taste, and chewy texture without the
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offensive odor. Moreover, several bioactivities of black garlic including anticancer,
anti-obesity, immunomodulatory, hypolipidemic, antioxidant, hepatoprotective,
and neuroprotective effects have been documented in literature [8]. However, a
systematic review of black garlic and its therapeutic effects from fundamental to
clinical studies is still lacking. This chapter of the book provides food and nutrition
experts, researchers, and scientists an overview of application of black garlic in
functional food for a variety of specific diseases with clinical evidences to improve
people’s health and wellness.

2. Black garlic and its production

The people from Asian countries such as Thailand, South Korea, and Japan have
produced and used black garlic as a traditional food for centuries, but it has been
introduced into global market in recent decades. In brief, black garlic is produced
by fermentation of whole bulb of fresh garlic at high humidity and temperature
which in turn results in garlic to turn black via a set of nonenzymatic browning
reactions, including Maillard reaction, oxidation of phenols, and caramelizing.
When garlic undergoes fermentation, not only physiochemical characteristics
of garlic are altered, but also the concentration of bioactive compounds is also
improved [8]. Choi and collaborators [9] showed that the moisture of garlic and
pH decreased along with the fermentation process, whereas the reducing sugar and
total acidity were accumulated. On the other hand, color spectra and composition
of amino acids of black garlic also were altered as compared with fresh garlic [9]. As
the consequence, black garlic has elastic and chewy texture, as well as sweet taste
without offensive flavor of garlic (Figure 1). Furthermore, black garlic possesses
an abundant amount of antioxidant compounds such as polyphenols, flavonoids,
tetrahydro-p-carboline derivatives, and organosulfur compounds, including
S-allyl-cysteine and S-allyl-mercaptocysteine, as compared with fresh garlic. Kim
and collaborators suggested that the total polyphenol and flavonoid of black garlic
increase 9.3- and 1.5-folds, respectively, after a program heat schedule as compared
with fresh garlic [10]. The concentration of S-allyl-cysteine, one of the most impor-
tant organosulfur bioactive compounds of garlic, also increases in black garlic from
4.3- to 6.3-folds depending of heating treatment [11].

Due to its palatability and abundant amount of bioactive compounds, black garlic
has become one of the most well-known and prominent products in nutraceuticals
and functional food market with a remarkable growth of consumption demand and
profitability during recent years. Furthermore, black garlic has attracted not only

o 1

Fresh peeled garlic (A) and black garlic produced from peeled multi-clove garlic by fermentation in high
humidity (90%) and temperature (75°C) after 15 days (B).
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Figure 2.
Single-clove garlic, atypical product of garlic bulb-forming process (A) and black garlic produced from single-
clove garlic (B).

consumer attention but also the researcher and manufacturers in the improvement
of its production procedure as well as the innovation of new processing products

of black garlic. Manufacturing processes of black garlic are diversely programmed
depending on temperature, relative humidity, time, and materials. In previous study,
Zhang and collaborators produced black garlic from a variety of thermal treatment
from 60 to 90°C, and they concluded that higher temperature could shorten the
maturity time and the sensory score of black garlic fermented at 70°C was the high-
est score as compared to other temperatures [12]. Moreover, Kang also investigated
the production and physiochemical characteristics of black garlic fermented in
programmed stepwise heating process at 60-90°C with 50-100% relative humidity
[13]. The effect of time period on the production and antioxidant capacity of black
garlic also has been proved in Choi’s report [8]. On the other hand, the researchers
have investigated the production of black garlic from a variety of materials from
multi-clove garlic to single clove of garlic as well as from the unpeeled cloves of
garlic to peeled cloves of garlic (Figures 1 and 2) [14, 15]. Recently, some black garlic
processing products such as black garlic molasses, purée, paste, extract, and supple-
ment pills have been introduced in Vietnamese and global market.

3. Therapeutic effects of black garlic
3.1 Anticancer effect of black garlic

Cancer, which has been regarded as one of leading cause of death in worldwide,
is a type of disease related with uncontrolled or abnormal growth of cells or tissues
in our bodies. With the growing number of the evidences reported for anticancer
effect of black garlic in recent decades, some researchers suggested that black garlic
could be used as a dietary product for preventing and treating cancers from gastric
cancer to leukemia. The mechanism of anticancer effects of black garlic in different
types of cancer diseases is various comprising of the induction of apoptosis, stop-
ping the cell cycle, and inhibition of tumor growth and invasion. In 2011, Wang and
collaborators suggested that aqueous extract of black garlic could inhibit prolifera-
tion and triggered the apoptosis of SGC-7901 cells, a human gastric cancer cell line,
with dose-dependent manner. The authors also observed the inhibitory effect of
black garlic on the growth of tumor in tumor-bearing mice [16]. Moreover, black
garlic has the anti-invasive effect and prevents tumor metastasis in human gastric
carcinoma AGS cells through the increase of tightness of tight junction as well as the
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downregulation of matrix metalloproteinases (MMP)-2 and metalloproteinases-9,
which play a role as mediators of metastasis and invasiveness [17]. The anticancer
effect of black garlic on colon cancer cell line also has been demonstrated. Moreover,
treatment with alcoholic extract of black garlic could upregulate PTEN and
downregulate Akt/pAkt expression, the members of phosphatidylinositol 3-kinase
protein kinase B (PI3K/Akt) signal transduction pathway, leading to the modulation
of p70S6K1 protein, induction of apoptosis, and arresting of the cell cycle of HT29
human colon cancer cell line [18]. Park and collaborators have reported that hexane
extract of black garlic could reduce the cell viability of U937 cells, human histiocytic
lymphoma. It has been found that hexane extract of black garlic exhibited induction
of both intrinsic and extrinsic pathways through the alteration of the expression of
apoptosis-relating proteins. They found that black garlic upregulates death receptor
(DR)-4 and Fas ligand, increases Bax/Bcl-2 ratio, as well as induces the truncation
of Bid protein, which involves not only endogenous mitochondrial pathway but also
death receptor-mediated apoptotic pathway [19]. Some authors also proved that
black garlic could inhibit cell growth and enhance sensitization of Lewis cells, lung
cancer cell line, against ionizing radiation [20].

3.2 Benefit effect on dyslipidemia and anti-obesity

Obesity is a threatening problem to public health in Western and developed
countries which causes several metabolic syndromes and chronic diseases. Obesity
can be prevented by a combination of physical activity and healthy diet balance
between energy intake and expenditure. Note that several functional foods such as
y-oryzanol, butyric acid, legumes, bromelain, peas, lentil, fabas beans, conjugated
linoleic acid, diacylglycerols, purified black raspberries, apples, bilberries, sea
buckthorn, etc. have been indicated as preventing and/or treating obesity agents
via several mechanisms including the induction of satiation, decreasing of appetite,
regulation of lipid metabolism, and thermogenesis [21]. Among them, black garlic
is known as a prominent lipid and weight-lowering ingredient. In 2015, Ha and col-
laborators showed that the diet supplemented with 1.5% black garlic extract could
only reduce weight but also decrease kidney and epididymal fat in high-fat model
[22]. Moreover, black garlic extract attenuates dyslipidemia induced by high-fat
diet. In Ha’s work, the authors observed the lowering effect of black garlic on the
plasma level of total lipid, total cholesterol, and triglyceride. On the contrast, high-
density lipoprotein cholesterol (HDL) of black garlic group was higher than high-
fat diet group. Of note, treatment with black garlic reduces both glucose and insulin
in plasma levels in high-fat diet. One of the explanations for the anti-obesity effect
of black garlic is that black garlic could ameliorate diet-induced obesity through
downregulation of transcription factors and enzymes related with fat and choles-
terol syntheses such as sterol regulatory element-binding protein-1c (SREBP-1c),
acetyl-coA carboxylase (ACC), fatty acid synthase (FAS), glucose-6-phosphate
dehydrogenase (G6PDH), hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA)
reductase, and acyl-CoA cholesterol acyltransferase (ACAT) or fatty acid oxidation
rate via increase of the expression of carnitine palmitoyltransferase-1 (CPT-1), a
key enzyme related with lipolysis and fatty acid breakdown [22]. Furthermore,
Chen and collaborators also recommended that the anti-obesity effect of methanol
extract of black garlic could be related with regulation of lipogenesis, adipokine
biosynthesis, fatty acid oxidation, fatty acid and glucose transport, and lipolysis in
both the adipose tissue and liver [23]. Furthermore, Seo and collaborators found
that black garlic extract could augment the anti-obesity and cholesterol-lowering
effect of exercise in animal models [24]. Combination of black garlic and exercise
showed a greater effect on decreasing visceral fat, epididymal fat, and liver weight
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as compared to exercise-alone group and exhibited lowering triglyceride effects in
high-fat diet-induced rats. On the other hand, consumption of black garlic

(6 g/day) for along term (12 weeks) also has the cardioprotective effect in patients
from a double-blind, randomized placebo-controlled trial by diminishment of
atherosclerosis markers and improvement of dyslipidemia. In Jung study, black
garlic supplement group exhibited a significant increase of high-density lipoprotein
cholesterol levels and low-density lipoprotein cholesterol/apolipoprotein B along
with a decline of apolipoprotein B as compared to placebo group [25]. Recently,
some researchers have developed fermented products from garlic extract that also
manifested an anti-obesity effect similar with black garlic extract. Jung and col-
laborators demonstrated that fermented black garlic extract, a product created by
fermented Saccharomyces cerevisiae (KTCT7910) in medium supplemented with
5%, also exhibited the hypolipidemic and anti-obesity effects but not hypoglycemic
effect [26]. In 2016, Lee and collaborators fermented black garlic extract with
Lactobacillus plantarum BL2 to produce functional food that could reduce body
weight and epididymal, retroperitoneal, and mesenteric adipose tissue mass as well
as plasma level of triglyceride and total cholesterol in diet-induced obese mice. The
fermented product inhibited adipose tissue hypertrophy via the downregulation

of a set of proteins related with adipogenesis and lipogenesis including peroxisome
proliferator-activated receptor y (PPARy), CCAAT-enhancer-binding protein «
(C/EBPa), stearoyl-CoA desaturase (SCD-1), SREBP-1c, and FAS [27].

3.3 Black garlic and its antioxidant properties

Black garlic contains abundant antioxidant compounds including polyphenols,
alkaloids, flavonoids, S-allyl-cysteine, and antioxidant intermediate products
derived from Maillard reaction [8, 9]. Several studies suggest that black garlic not
only scavenges the free radicals in vitro but also activates the antioxidant enzymes
in vivo. Wang and Sun reported that black garlic ethanol extract has an identical
DPPH radical inhibitory effect with vitamin C in concentrations 200 and 250 pg/
ml and comparable OH radical scavenging effect with vitamin C in concentrations
400 and 500 pg/ml. Black garlic extract could reduce malondialdehyde (MDA)
concentration in serum, an end product of lipid peroxidation, and enhance serum
superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px) activities in
oxidative damage murine model induced by benzene bromide [28]. These results
were similar with Lee and collaborators work. A diet supplemented with 5% black
garlic aqueous extract could decrease oxidative stress and diabetes complications.
Black garlic exerts a strong antioxidant capacity through the strong scavenging
2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) or ABTS radical activity,
which is four times higher than those of raw garlic, and suppression of oxidative
stress marker, such as thiobarbituric acid reactive substances (TBARS) content in
the liver, and activation of antioxidant defense system, including SOD, GSH-Px,
and catalase (CAT) in db/db mice, a genetically modified model for diabetes
mellitus [29]. Additionally, Ha and collaborators suggested that black garlic could
specifically upregulate the mRNA expression of nuclear factor erythroid 2-like
factor (Nrf2)-related antioxidant proteins, such as heme oxygenase-1 (HO-1),
glutathione S-transferase alpha 2 (GSTA2), and NAD(P)H quinone oxidore-
ductase-1 (NQO1) to prevent accumulation of reactive oxidative species in the
liver [30]. According to a Hungarian research, black garlic also improves superior
postischemic cardiac function, infarct size reduction, and HO1 and inducible NOS
(iNOS) levels after ischemia/reperfusion, which in turn exerts a cardioprotective
effect [31]. Moreover, antioxidant effect of black garlic has also been proved in
clinical study. In previous study, Wang and collaborators performed a double-blind,
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parallel design study with a population of untrained males with similar age and
body mass index during 14 days to compare the effect of black garlic and placebo
on exercise-induced oxidative stress and recovery of muscle function [32]. They
found that black garlic improved the recovery rate of circumference of biceps
brachii after eccentric exercise and diminished reactive oxygen metabolites
(dROMs), lipid peroxide, and 8-iso prostaglandin F2a concentrations, a new
indicator of oxidative stress and related with atherosclerosis [32, 33]. Recently,
Liu and collaborators have demonstrated the beneficial effect of black garlic on
coronary heart disease patient. Black garlic exhibits an augmentation on chronic
heart failure by increasing the left ventricular ejection fraction value and the
scores of the quality of life and circulating antioxidant levels along with a decline
of brain natriuretic peptide (BNP) precursor N-terminal, a biomarker for severity
of heart failure [34]. Note that some research implies that the processing method
has a remarkable effect on antioxidant of black garlic [8, 15, 35]. The temperature
and moisture are the most important parameters that determine the quality and
antioxidant capacity of black garlic. In Sun and Wang’s work, scavenging DPPH
free radical activity of black garlic produced at 85°C in 85% humidity was higher
than ones generated at 75 and 60°C in the same humidity after fermentation.

The authors observed that at the same temperature, the indicated humidity
(75%) would produce black garlic with highest Trolox equivalent antioxidant
capacity followed by 85, 80, and 70% humidity [35]. The separation of garlic
cloves also has positive correlation with antioxidant capacity. Angeles and col-
laborators proposed that peeled black garlic cloves exhibited a higher antioxidant
capacity than whole black garlic bulbs fermented at same condition in the end of
production [15].

3.4 Black garlic and its anti-inflammatory effect

Inflammation is a process by which our immune system responds to injury,
infection, and toxin. Inflammation plays a vital role not only in wound healing and
repairing process but also in protecting our body from foreign invaders, including
viruses and bacteria. However, chronic inflammation may have a negative impact
on our health which has been manifested in a variety of chronic diseases from heart
disease to rheumatoid arthritis and lupus. Consumption of anti-inflammatory
ingredients or foods, such as ®-3 polyunsaturated fatty acid, monounsaturated
fatty acids, p-cryptoxanthin, quercetin, kaempferol, malvidin, peonidin, daidzein,
genistein, extra virgin olive oil, tomato juice, walnut, red wine, flaxseed flour,
and cherry, may help combat certain diseases related to chronic inflammation
[36]. Recently, some reports have suggested black garlic as a prominent agent for
treatment of inflammation and septicemia-related diseases. Aqueous extract of
black garlic hinders the production of nitric oxide (NO) and proinflammatory
cytokines, including tumor necrosis factor « (TNFa) and prostaglandin (PG)-E2,
and suppresses NO synthase and TNFa and cyclooxygenase-2 expression through
a mechanism-related mitogen-activated protein kinase and nuclear factor-KB in
liposaccharide (LPS)-stimulated murine macrophages. Furthermore, black garlic
extract supplement impedes serum TNFa, interleukin-6 (IL6), and interleukin-1
B (IL1B) production and prevents mice from LPS-induced death [37, 38]. These
findings are identical with the results from Zhang and Jilg experiments, in which six
different black garlic extracts, including hot aqueous extract, ethanol supernatant
extract, ethanol precipitate extract, deproteinized ethanol supernatant extract, and
deproteinized ethanol precipitate extract, not only ameliorate regulatory effect of
LPS on macrophages growth inhibition but also abate TNF a, IL-6, and IL1f genera-
tion in LPS-treated macrophages [39]. Moreover, the chloroform extract of black
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garlic inhibits TNFa-induced reactive oxygen species (ROS) formation, mRNA and
protein expression of vascular cell adhesion molecule-1 (VCAM1), and activation of
NFKB pathway and reduces adhesiveness of THP-1 monocytes to human umbilical
vein endothelial cells (HUVECs) [40]. In previous research, hexane extract of black
garlic also regulates human endometrial stromal cell proliferation and cell progres-
sion via suppression of c-Jun N-terminal kinase (JNK) and extracellular signal-
regulated kinase (ERK). Moreover, Kim and collaborators demonstrate that hexane
extract of black garlic has potential to render the NFKB and activator protein 1
(AP1) activation, which in turn decreases VCAM1 and ICAM1 expression [41].
Fermented black garlic, a product of fermentation of Lactobacillus rhamnosus, also
hinders production of inflammatory mediators, such as TNF a, IL-6, IL1f, iNOS,
and COX2, and retards an inflammatory signal transduction pathway, the NFKB
pathway [42].

3.5 Neuroprotective effect of black garlic

A growing body of literature indicates that black garlic has beneficial effects to
memory and nerve system through antiamnesic effect, improvement of cognitive
impairment, and prevention from neuroinflammation and neurotoxicity. In previ-
ous study, Nurmasitoh and collaborators demonstrated that ethanol extract of black
garlic has manifested a strong protection of murine medial prefrontal cortex from
monosodium glutamate-induced oxidative stress via improvement of the working
memory performance and prevention of the pyramidal neurons from modifica-
tion of neuronal architecture [43]. Furthermore, a variety of doses of black garlic
extracts (from 2.5 to 10 mg/200 g body weight) also inhibit deleterious effect of
monosodium glutamate on spatial memory and total number of pyramidal neurons
in CA1 region of the hippocampus [44]. These findings are identical with the results
from Indonesian report, in which black garlic improves motor coordination func-
tion and the number of Purkinje cells in the cerebellar cortex of the rat brain [45].
The protection effect of black garlic on nerve system from neuroinflammation, a
pathological evidence of Alzheimer’s disease, and cognitive impairment has been
well documented [46]. B amyloid (AB) deposition leads to inflammation of the
neuron, which triggers a host defense response to neuronal damage and eventu-
ally neuronal degeneration. Nillert and collaborators had established a neuronal
degenerative model by treatment with 1 pl of aggregated AB(1-42) in the lateral
ventricles; eventually they observed that ethanol extract-aged black garlic, a variant
form of black garlic produced by aging the fresh garlic in room temperature, could
ameliorate short-term recognition memory and inhibit activation of microglia as
well as production of IL1p, a proinflammatory cytokine [46]. Additionally, ethyl
acetate fraction of aged garlic extract protects PC12 neuron-like cells and ICR mice
from neurotoxicity and amnesia induced by Ap(25-35) [47]. Note that both aged
and black garlics are rich of S-allyl-cysteine content, a stable bioactive organosulfur
compound which also exerts anti-inflammatory, neuroprotective, and antioxidant
effects [48].

3.6 Hepatoprotective effect of black garlic

The liver is a vital organ which exerts detoxicity, protein biosynthesis, and
digestive biochemical production. However, the liver is vulnerable with medica-
tions, chemicals, alcohol, solvents, infection, and nutritional supplement. Black
garlic has proved to protect the liver from side effects including hepatoxicity and
apoptosis of cyclophosphamide, an anticancer medicine [49]. Ahmed indicated that
black garlic supplement at the dose 200 mg/kg body weight recovers the histological
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change, DNA damage, and blood biochemical parameter alteration (bilirubin,
alanine transaminase (ALT), aspartate transaminase (AST)) as well as increases
the hepatic antioxidant enzyme levels (CAD, SOD, GSH-Px) as compared with
cyclophosphamide-treated group. According to Lee’s research, black garlic could
prevent rat clone-9 hepatocytes from hepatic damage induced by tert-butyl hydro-
peroxide in vitro [50]. One of explanations for hepatoprotective effect of black
garlic is that black garlic could improve cell death and reduce lipid peroxidation,
oxidative stress, and inflammation through regulation of JNK signaling cascade.
Note that black garlic exerts the hepatoprotective effect not only in acute toxic-

ity but also in chronic conditions. One study from Korea reports that black garlic
decreases the fat accumulation, epididymal, total fat pad, and liver weight altera-
tion and reduces elevation of hepatic enzymes (ALT, AST, alkaline phosphatase
(ALP), and lactate dehydrogenase (LDH)) and blood lymphocyte DNA damage in
chronic alcohol-induced hepatic damage model [51]. They also observed a decrease
of TBARS content in the liver, heart, and plasma and reduction of cytochrome P450
2E1 activity companion with a rise of hepatic GSH level and antioxidant enzyme
activities such as GSH-Px, CAT, and glutathione reductase in black garlic-treated
group. From these evidences, the authors imply that the strong antioxidant effect of
black garlic is related to the mechanism of protection against liver damage induced
by chronic alcohol exposure. Moreover, Shin and collaborators suggested that black
garlic supplement not only protects the liver from acute toxicity induced by carbon
tetrachloride or D-galactosamine but also improves lipid profile and liver injury in
hepatic steatosis model [52]. A Vietnamese report also proved the hepatoprotec-
tive effect of single-clove black garlic on liver injury in sub-chronic toxicity model
(Figure 3) [14].

Figure 3.

Lifer sections from carbon tetrachloride (CCl,)-intoxicated mice and CCl, treated with single-clove black
garlic extract mice. Carbon tetrachloride treatment (1 ml of mixture of CCly in 50% olive 0il/kg body weight,
twice per week, for 28 days) not only alters the gross appearance of the liver (swelling liver, hard texture, pale
brown with coarse surface) but also vesults in a severe hepatic inflammation and necrosis in microscopic level
(panels A and B, vespectively). Supplement with single-clove black garlic extract (200 mg/kg body weight)
could improve liver morphology (semihard texture, redness, slight coarse surface) and histological structure of
the liver along with reduction of inflammation (panels C and D, respectively).
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4, Conclusions

Black garlic is a well-known garlic preparation which is fermented in regulated
high humidity and temperature not only to remove strong unpleasant flavor of fresh
garlic but also to improve its nutrient composition, bioactivites, and taste values.
After being introduced in the market in last few decades, black garlic has become an
emerging functional food on account of its wide-range biological functions, includ-
ing antioxidant, anti-inflammatory, anticancer, lowering hyperlipidemia, anti-
obesity, hepatoprotective, and neuroprotective effects. Its bioactivities and thera-
peutic benefits have been the subjects to a numerous extensive researches in both
in vitro and in vivo levels. In recently, there are only a few clinical studies which
prove the health benefits of black garlic on cardiovascular diseases. Therefore,
further researches focused on other medical application and safety aspect of black
garlic are required to provide a comprehensive overview about therapeutic effects
of black garlic.
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Abstract

In the past few decades, a worldwide increase in the incidence of fungal infec-
tions has been observed as well as rise in the resistance of some species of fungi to
different fungicidal used in medicinal practice. Besides, fungi are the one of the
most neglected pathogens as demonstrated by the fact that the amphotericin B
and other sold treatments are still used as gold standard as antifungal therapy. The
majority of used antifungal treatments have various drawbacks in terms of toxicity,
efficacy as well as cost and their frequent use has also led to the emergence of resis-
tant strains. Hence, there is a great demand for developing an antifungal belonging
to a wide range of structural classes, selectively acting on new targets with least side
effects. Natural products, either as pure phytocompounds or as standardized plant
extracts, provide unlimited opportunities for new drug lads because of their having
normally matchless chemical diversity. Present chapter focused on the work done in
the field of antifungal activities of various plant components and novel approaches
which will be the future prospective for the new drug discoveries and providing
better antifungal therapy.

Keywords: antifungal, phytocompounds, fungicidal, antifungal therapy;,
fungal infections

1. Introduction to fungal disease

Fungal infections are one of the most deadly infections accounting in excess of
1.5 million deaths annually worldwide. The major reason that makes fungal infec-
tions more life threatening because they are been neglected by the society. Though
in last 20 years there are many developments in the diagnosis and treatment of
fungal disease but still majority of population are devoid of the benefits of these
developments [1]. Among all the fungal diseases, infection of skin hold the 4th
position and it accounts for the majority of death also [2].

Plant kingdom has always been a hub for many natural compounds with novel
structure and this keep the investigators interested in doing research about many
plants species till today. Results of new researchers showed that plants are enrich of
many bioactive secondary metabolites such as saponins, alkaloids and terpenoids
which characterized by antifungal property. Depending on that, these plants can be
considered as a potent future source for anti-fungal drugs [3]. When recent scenario
regarding fungal diseases and antifungal drugs are taken into consideration it
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has been seen that the development of resistance of fungus towards the presently
used antifungal drugs has increased [4-11]. With the challenges like morbidity

and mortality there always lies difficulty in antifungal treatment for patients
receiving therapy for AIDS, diabetes, chemotherapy or organ transplant as some

of the molecular processes of fungus are similar to humans, so toxicity to fungal
cells could affect human cells too [12]. In the last 30 years few drugs have made an
impact in the treatment of fungal infection as shown in (Table 1), one of them is
amphotericin B which is among the few fungicidal drugs present antifungal therapy
has but it also showed several critical side effects (Table 2) [13]. In addition to this,
during the period between late of 1980s and the beginning of 1990s emergence of
Imidazoles and Triazoles was seen. These classes of drugs were efficient in inhibit-
ing processes associated with fungal cells. The major drawback associated with
them was relapse of infection and resistance developed by the fungus towards them
[14]. Therefore, it become an oblige for the research to discover and produce a new,
efficient, and safe anti-fungal treatments from new sources like plants. Therefore
current chapter attempts to elaborate the current scenario about the important
plants and their antifungal derivatives that can be future prospective to work on for
development of more potent antifungal drugs.

There are around 2 million of fungal species found in the whole world but only
600 of them cause infection. The major species that are mostly involved in causing
infection are Cryptococcus, Candida, Trichophyton and Aspergillus. All the fungal
infections which affects human, that ave prevailing in the world can be grouped into five
types. The types are as follows:

1. Invasive fungal infections: examples are cryptococcal meningitis, Candida
bloodstream infection, invasive aspergillosis, Pneumocystis pneumonia

2. Chronic lung or deep tissue infection: under this type example is chronic pulmo-
nary aspergillosis

3. Allergic fungal disease: examples are allergic bronchopulmonary aspergillosis
also known as ABPA and severe asthma with fungal sensitization (SAFS)

S.No Class Drugs Uses

1. Azole Clotrimazole, Econazole, Topical fungal infections, Candidiasis,
antifungals Isoconazole, Miconazole, aspergillus and candida infections,

Ketoconazole, Itraconazole vaginal yeast infections

2. Echinocandins Caspofungin, Micafungin Esophageal Candidiasis, Salvage therapy

4. Polyenes Ampbhotericin B, Nystatin Systemic mycosis, superficial mycosis

5. Phenolic Griseofulvin Dermatophytic infections
cyclohexane

6. Synthetic Flucytosine Cryptococcosis, severe invasive
pyrimidines aspergillosis, cryptococcal meningitis

treated along with other antifungals

7. Morpholines Amorolfine Topical fungal infections
8. Pyridines Buthiobate, Pyrifenox Dermatophytic infections, Tinea
conditions
9. Phthalimides Captan Invasive dermatophytic conditions and
candida infections
Table 1.

The synthetic drugs available in market for treatment of fungal diseases are — [15].
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S.No Side effects Drugs
1. Non-melanoma skin cancer Voriconazole
prolonged therapy
2. Fever, Chills Isavuconazole, Ketoconazole, Voriconazole, Flucytosine,
Anidulafungin, Caspofungin
3. Rash Flucytosine, Fluconazole, Ketoconazole, Clotrimazole,
Voriconazole
4. Nausea, vomiting Isavuconazole, Itraconazole, Flucytosine, Fluconazole,
Ketoconazole, Clotrimazole, Voriconazole
5. Abdominal pain Flucytosine, Ketoconazole, Isavuconazole, Voriconazole
6. Anemia Ampbhotericin B, Caspofungin, Flucytosine
7. Leukopenia, Thrombocytopenia Flucytosine, Fluconazole
8. Decreased renal function Ampbhotericin B, Caspofungin, Voriconazole
9. Headache Flucytosine, Fluconazole, Ketoconazole, Isavuconazole,
Voriconazole, Caspofungin
10. Dark urine, clay-colored stools, Anidulafungin C, Micafungin
jaundice
Table 2.

Adverse side effects of different antifungals.

4. Mucosal infection: oral and esophageal candidiasis, Candida vaginitis are ex-

amples of this group.

5.Skin, hair and nail infection: examples of this kind of infections are athlete’s
foot tinea capitis and onychomycosis [16].

2. Plants having antifungal activity

The epidemiological data suggest that the incidence and prevalence of serious
mycoses continues to be a public health problem. The increased use of antifungal
agents has resulted in the development of resistance to these drugs. The spread of
multidrug-resistant strains of fungus and the reduced number of drugs available
make it necessary to discover new classes of antifungals from natural products

S. No. Botanical name Family Parts Chemical Microorganism
used classes tested
1. Eugenia uniflora Myrtaceae Leaves Sesquiterpenes, C. albicans, C.
Monoterpene, dubliniensis, C.
hydrocarbons glabrata, C. krusei [17]
2. Psidium guajava Myrtaceae Leaves Methanolic C. albicans, C.
extract dubliniensis, C.
glabrata, C. krusei [17]
3. Curcuma longa Zingiberaceae Rhizome Turmeric oil C. albicans, C.
dubliniensis, C.
glabrata, C. krusei [17]
4. Piptadenia Mimosaceae Stem bark — C. albicans, C.
colubrina dubliniensis, C.
glabrata [17]
5. Schinus Anacardiaceae Stem bark Extract C. albicans, C.
terebinthifolius dubliniensis [17]
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S. No. Botanical name Family Parts Chemical Microorganism
used classes tested
6. Persea americana Lauraceae Leaves Chromene C. albicans C.
dubliniensis C.
glabrata, C. krusei [17]
7. Parapiptadenia Fabaceae Stembark  Pyrrolidine C. albicans [17]
rigida amide
8. Ajania fruticulosa Asteraceae Fruits Guaianolides Candida albicans, C.
glabrata A.
fumigatus [17]
9. Alibertia Rubiaceae Leaves Extract Cladosporium
macrophylla sphaerospermums; C.
cladosporioides; A.
niger; Colletotrichum
gloeosporioides [17]
10. Aniba panurensis Lauraceae Whole — C. albicans [17]
plant
11. Aquilegia vulgaris Ranunculaceae Leaves Bis (benzyl) A. niger [17]
and stems
12. Mimosa tenuiflora ~ Mimosaceae Stembark  Sesquiterpene C. albicans, C.
lactone dubliniensis, C.
glabrata, C. krusei [17]
13. P, regnellii Piperaceae Leaves Extract Trichophyton rubrum,
Trichophyton
mentagrophytes,
Microsporum canis [18]
14. Rubia tinctorum Rubiaceae Root Triterpene A. niger, Alternaria
alternaria, P
verrucosum, Mucor
mucedo [19]
15. Tithonia Asteraceae Whole Contained Microbotryum
diversifolia plant saponins, violaceum, Chlorella
Polyphenols fusca [20]
16. Vernonanthura Asteraceae Root Extracts T mentagrophytes [21]
tweedieana
17. Zingiber officinale Zingiberaceae Rhizomes Steroidal P, oryzae [22]
saponin
18. Datura metel Solanaceae Whole Diterpenoid, C. albicans, C.
plant Alkaloids tropicalis [23]
19. Lupinus albus Leguminosae Leaf — T. mentagrophytes [24]
surface
20. Ecballium Cucurbitaceae Fruit Extract Boitylis cinerea [25]
elaterium
21. Cassia tora Leguminosae Seeds Anthraquinone Botrytis cinerea,
Erysiphe graminis,
Phytophthora infestans,
Puccinia recondita,
Pyricularia grisea [26]
22. Chamaecyparis Cupressaceae Leaves Isoflavone P, oryzae [27]
pisifera and Twigs
23. Prunus yedoensis Rosaceae Leaves Diterpenes C. herbarum [28]
Table 3.

List of plants having antifungal activity against pathogenic fungi.
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including medicinal plants. Medicinal plants have also been reported in traditional
systems of medicine for the treatment of both human and animal mycoses, and are
considered to be a valuable source for the discovery of new antifungal drugs. Many
books have also reported and recorded the use of medicinal plants in the traditional
system of medicine. Therefore, we have focused here mainly on the antifungal
plants and their use against pathogenic fungi. The antifungal activity associated
plants are illustrated in (Table 3).

3. Phytochemicals and their antifungal activity

Plants and their biologically active chemical constituents, sometimes called
secondary metabolites or bioactives, present numerous opportunities for the
improvement of livestock production by inclusion in the diet. Several papers and
reviews have been published on the occurrence of antifungal compounds in plant.
However, literature and systematic reviews on the natural products as an alterna-
tive to antifungal drugs are still scanty. The distribution of antifungal compounds
can be defined either on the basis of their taxonomic distribution or on the basis of
their chemical classes. Table 4 shows the antifungal natural products belonging to

S.No Plants Plant part Phytochemicals
1 Aegle marmelos Leaves Essential oils
2 Alpinia galangal Seeds Diterpenes
3 Ananas comosus Leaves Protein
4 Blumea balsamifera Leaves Flavonoid luteolin
5 Camptotheca acuminate Leaves Flavonoid
6 Capsicum frutescens Whole plant Triterpene saponin
7 Cassia tora Whole plant Emodin, physcion and rhein
8 Datura metel Whole plant Alkaloid
9 Euonymus europaeus Leaves Protein
10 Haloxylon salicornium Aerial part Alkaloid
1 Juniperus communis Leaves Essential oil
12 Khaya ivorensis Stem bark Triterpenes
13 Lycium chinense Root bark Phenolic compounds
14 Musa acuminate Banana Protein
15 Ocimum gratissimum Bark Essential oil
16 Pinus pinaster Leaves Pinosylvin
17 Polygonum punctatum Whole plant Sesquiterpene
18 Smilax medica Root Saponins
19 Solanum tuberosum Tubers Protein
20 Thymus vulgaris Whole plant Essential oil
21 Trachyspermum ammi Leaves, flowers Essential oil
22 Trigonella graecum Whole plants Peptides
23 Zingiber officinalis Rhizome Protein
Table 4.

List of plant components having antifungal property [29].
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all major classes of secondary metabolites such as phenolics, alkaloids, terpenoids,
saponins, flavonoids, proteins, and peptides, etc.

4. Novel approaches for antifungal plant components and their extracts

Novel drug delivery system has shown tremendous potential to deliver herbal
drugs in the form of microcapsules, implants, nanoparticles micro particles sus-
tained release tablets or extended release forms. Many herbal drugs using novel
drug delivery system has made a mark in the market and few of them are in the
developmental stage in the laboratory [30].

Active herbal components such as curcumin, digoxin, atropine, bromelain can be
promising prospects for treatment of conditions like cancer or inflammation [31].

The popularity experienced by novel drug delivery system is due to its ability
to deliver the herbal drugs in a better way providing enhanced therapeutic efficacy
with lower toxicity [32]. In addition to this it also counteract the limitations of
lower absorption and lack of specificity experienced by the available formulation of
drugs. Advantages of novel drug delivery system over the presently available drug
therapy is that it is specific, has rapid onset of action with faster absorption due to
enhanced surface area and lastly nanoparticles provides better penetration in Blood
Brain Barrier (BBB) [33].

For any herbal drugs to show expected therapeutic efficacy optimum amount
of active constituent must reach the target tissues. Herbal drugs are prone to be
degraded by first pass metabolism of by the pH difference of GIT. Various novel
drug delivery systems such as nanoparticles, nanoemulsions, phytosomes, trans-
ferosomes and liposomes by passes all the hurdles of acidic pH as well as first pass
metabolism to carry optimum amount of drugs to target tissues. Being smaller in
size nano carriers also provides rapid onset of actions [34].

For delivery of drug by using novel drug delivery system, herbal drugs present
themselves as potential candidate because of following reasons:

* The side effects that are seen with other drugs are absent with natural
compounds.

* Natural compounds shows synergistic effect when they contain multifunc-
tional molecules.

* Natural compounds have traditional backing for their action and safety poten-
tial whereas modern medicines are more toxic even if they are experimentally
proven for their action [35].

4.1 Novel carrier systems used to treat different fungal infections

The major benefit provided by novel drug delivery system is to elicit better
therapeutic response with minimum doses. Types of carriers used for herbal drug
delivery and synthetic drugs are as follows:
4.1.1 Phytosomes

The name came from two words “Phyto” and “some” which means plant and
cell-like respectively. Phytosomes contains lipid soluble complex of phospholipids

and phyto-constituents. Some literatures also referred Phytosomes as ribosome
[36]. Green tea phytosomes, Ginkgo biloba phytosomes, Centella phytosomes,
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Meriva phytosome, Zanthalene phytosomes, Sericoside phytosomes are some
examples of phytosomes which are recently developed and characterized for differ-
ent ailments. Among all of them Zanthalene phytosomes are prepared especially for
the treatment of fungal disease.

Advantages of Phytosomes

* Phytosomes are not degraded by bacteria or digestive secretion of guts.

* It has better stability because of the formation of bonds chemically connecting
phytoconstituents and phosphatidylcholine molecules.

* Phytosomes delivers herbal drug to the respective target tissues [37].

* It shows greater therapeutic benefit due to better absorption of lipid insoluble
polar phytoconstituents in turn shows better bioavailability [38].

4.1.2 Liposomes

Liposomes contain microscopic vesicles made up of lipid bilayer arranged in
concentric fashion and the separation is filled with aqueous medium. Lipophilic
substances are inserted into the lipid bilayer whereas aqueous compartment
traps hydrophilic substance. Liposomes show better bioavailability, stability and
enhanced pharmacokinetic property [39]. There are various herbal and synthetic
liposomes are prepared for the effective treatment of different skin diseases. In
2017, a herbal liposomal gel containing ketoconazole and neem extract was devel-
oped for the effective treatment of seborrheic dermatitis against Aspergillus niger
and Candida albicans. The results indicated that developed liposomal gel have great
potential and showed synergetic effect for the treatment.

Advantages of liposomes

* Liposome formulation is better options for producing sustained release formu-
lations as it enhances drug solubility.

* Itis easy to load phytoconstituents of any chemical nature whether it is hydro-
philic, amphiphilic or lipophilic [40].

4.1.3 Nanoparticles

This carrier system has particle size within the range between 1 and 100 nm. The
particles which are of nano size are made up of polymer of synthetic or semisyn-
thetic origin. Nanoparticles are microencapsulated to protect them from any kind of
losses. Nanoparticles were made to encounter the problem of solubility and toxicity
associated with triptolide [41].

Advantages of herbal nanoparticle delivery system:

* Nanoparticles having smaller size shows better dissolution in turn enhances
solubility of dosage form and it also delivers drug with specificity thereby
enhancing the efficacy [42].

4.1.4 Microemulsions and nanoemulsion

These are emulsions of O/W type and the particle size of the particulate is of
micron. In this drug delivery system inner phase stores the drugs and because of its
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contact with tissue directly drug release is slow. As per few reports oil of Pterodon
emarginatus are considered to have property to enhance anti-inflammatory activity
[43]. Formulation, development and evaluation of microemulsion gel of hydroal-
coholic extract of Quercus infectoria in the treatment of different skin ailments was
successfully prepared. Tannins which are prime constituent of galls can be effec-
tively treat different skin conditions.

4.1.5 Microsphere

This drug delivery system have matrix and the drug is dispersed in a polymer
which are present inside this matrix. Particle size that can be used is in between 1
and 300 pm. The release of drug is dependent on the dissolution and degradation
rate of the said matrix. Release of drug occurs according to first order kinetic.
For example, development and evaluation of floating microspheres of curcumin
prepared by emulsion solvent diffusion method for treatment of onychomycosis.
The result shows improved absorption kinetics of curcumin.

Advantages of microsphere formulations

* The major advantage of this kind of formulation is that it taken orally or
parentally and their site of release can also be targeted [44].

4.1.6 Niosomes

Niosomes are similar as liposomes bjt are far more stable than liposomes.
Niosomes are made up of surfactant like dialkyl polyglycerol which is noninonic in
nature and are able encapsulate variety of drugs. Niosomes are more economical
than liposomes [32]. Chitosan niosomal gel, miconazole niosomes are prepared as
an effective nanocarrier against both dermatophytes and yeasts.

4.2 Transdermal drug delivery system

In this system of drug delivery, patches encapsulating drugs are prepared and
are placed on the skin. Through the skin drug enters into the blood vessels. This
system is beneficial when the required effect of oral therapy was not found to be
up to the mark. Patches of antismoking and anti-motion sickness are available in
market [45].

Advantages of transdermal drug delivery

* The transdermal delivery system has advantages such as it provides enhanced
bioavailability and provides a better alternative of dosage form for unconscious
or vomiting patients [46].

4.2.1 Ethosomes

Ethosomes are composed of phospholipids and ethanol and are in the form
of sac. Ethanol present in ethosomes acts as permeability enhancer. Ethosomes
are found in the form of cream and gel for better patient compliance [47]. Now
a days, Transethosomes and Nanoethosomes used most widely which are the
advanced type of ethosomes having edge activator in it. These advanced novel
carrier system is much better than conventional novel carriers like transfero-
somes and liposomes [48]. Clotrimazole, Itraconazole, Miconazole are synthetic
drugs which are prepared and evaluated successfully for the treatment of

104



Medicinal Plants Having Antifungal Properties
DOI: http://dx.doi.org/10.5772/intechopen.90674

dermatophytosis or ringworm. Tridax procumbens and Galinsoga parvifolia are
two herbs used into ethosomal gel against Trichophyton species.
Advantages of Ethosome

* Ethosomes can entrap all type of drugs and have better skin permeability [46].
4.2.2 Transferosomes

Transferosomes contains phospholipids sac which behaves as carrier for deliv-
ery of drug through the skin. As Transferosomes are flexible in nature they cross
the skin through the intracellular space found within the skin. Transferosomes of
Colchicines shows lesser side effect than its oral form [49].

Advantages of Transferosomes:

* Transferosomes being flexible can pass through narrow openings of skin.

* It shows high efficiency of entrapment which may increase up to 90% in case
of lipophilic drug [50].

4.2.2.1 Complexation

The problem associated with herbal drug formulation is their solubility. To
counter this solubility problem, complex formation is done which gives particulates
with well-defined stoichiometry. Few commonly used complexing agents are EDTA
and cyclodextrin [51].

Drugs/Plant Novel carriers Indication Microorganism
components tested
Essential oil (Bidens Microemulsion gel Candidiasis Candida albicans
tripartite)
Curcumin Phytosome Onychomycosis Yeast sp.
Clotrimazole, Econazole Micelles Superficial fungal infection Trichophyton sp.
nitrate, Fluconazole
Miconazole Solid lipid Candidiasis Candida albicans
nanoparticles and
nanostructured
lipid carriers
Fluconazole, Microemulsion Tinea corporis, Tinea circinata, Candida albicans
Ketoconazole, Tinea pedis
Itraconazole,
Voriconazole, Econazole
Ampbhotericin B Microemulsion Invasive fungal infection Trichophyton
rubrum
Griseofulvin Microemulsion gel Dermatophytosis Trichophyton sp.
Terbinafine Hcl Niosomes Fungal infection Aspergillus niger
Griseofulvin, Transferosomes Dermatophytosis Trichophyton
Ampbhotericin B rubrum
Clotrimazole, Econazole Ethosomes Localized skin fungal infection Candida sp.

Table 5.

List of some novel carriers for antifungal plant components and synthetic drugs [55].
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4.2.2.2 Hydrogels

The hydrogel are three dimensional structures with cross linking of polymers.
As name suggest hydrogels are hydrophilic in nature. Hydrogels can be designed
into different forms according to the needs. The form can be of slabs, films and
nanoparticle coating [52]. Hydrogels have the potential to bind both herbal as well
as synthetic drug, this ability can be treated as avenue for further research [53].
There are many marketed formulation of novel drug delivery available in the mar-
ket [46, 54] Here are list of some novel carriers used with their plant components or
synthetic drugs combinations for different fungal infections (Table 5).

5. Conclusion

The last 20 years has shown an increase in number of fungal infection. Currently
used drugs in treatment of fungal infection are having many side effects, and
development of resistance is very common against these drugs. Plants have been
considered as traditional source of antifungal medicines for past many years. Plant
bioactive with antifungal activity can be considered as an option for development
of new and improved alternative formulations in antifungal therapy. Development
of improved formulations with plant phytcompounds is the need of the hour for
efficient treatment of fungal diseases. Further research on this field can provide us
with increased number of options in treatment of fungal diseases that will give the
patients with a better quality of life.

Author details

Koushlesh Kumar Mishra™, Chanchal Deep Kaur!, Anil Kumar Sahu?,
Rajnikant Panik?, Pankaj Kashyapz, Saraswati Prasad Mishra® and Shweta Dutta®

1 Shri Rawatpura Sarkar Institute of Pharmacy, Kumhari, Chhattisgarh, India
2 Royal College of Pharmacy, Raipur, Chhattisgarh, India

*Address all correspondence to: koushleshmishra@gmail.com

IntechOpen

© 2020 The Author(s). Licensee IntechOpen. This chapter is 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.

106



Medicinal Plants Having Antifungal Properties
DOI: http://dx.doi.org/10.5772/intechopen.90674

References

[1] Sanglard D. Clinical relevance

of mechanisms of antifungal drug
resistance in yeasts Importancia clinica
de los mecanismos de resistencia a los
antifingicos en levaduras. Enfermedades
Infecciosasy Microbiologia Clinica.
2002;20(9):462-470

[2] Hay R], Johns NE, Williams HC,
Bolliger IW, Dellavalle RP, Margolis DJ,
et al. The global burden of skin disease
in 2010: An analysis of the prevalence
and impact of skin conditions. The
Journal of Investigative Dermatology.
2013;134(6):1527-1534. DOI: 10.1038/
jid.2013.446

[3] Arif T, Bhosale JD, Kumar N,
Mandal TK, Bendre RS, Lavekar GS,
et al. Natural products-antifungal
agents derived from plants. Journal

of Asian Natural Products Research.
2009;11(7):621

[4] Fischer MC, Henk DA, Briggs CJ,
Brownstein JS, Madoff LC, McCrwa SL,
et al. Emerging fungal threats to animal,
plant and ecosystem health. Nature.
2012;484:186

[5] Sanglard D. Resistance and tolerance
mechanisms to antifungal drugs

in fungal pathogens. Mycologist.
2003;17:74

[6] Rodriguez-Tudela JL, Alcazar-Fuoli L,
Cuesta I, Alastruey-Izquierdo A,
Monzon A, Mellado E, et al. Clinical
relevance of resistance to antifungals.
International Journal of Antimicrobial
Agents. 2008;32:5111

[7] Manavathu EK, Vazquez JA,
Chandrasekhar PH.

Reduced susceptibility in laboratory-
selected mutants of Aspergillus
fumigatus to itraconazole due to
decreased intracellular accumulation
of the antifungal agent. International
Journal of Antimicrobial Agents.
1999;12:213

107

[8] Sanglard D. Resistance of human
fungal pathogens to antifungal drugs.
Current Opinion in Microbiology.
2002;5:379

[9] Pfaller MA, Casatanheira M,

Messer SA, Moet GJ, Jones RN.
Diagnostic Microbiology and Infectious
Disease. 2010;68:278

[10] Odds FC. Resistance of clinically
important yeasts to antifungal agents.
International Journal of Antimicrobial
Agents. 1996;6:145

[11] Sanglard D. Clinical relevance
of mechanisms of antifungal drug
resistance in yeasts. Odda FC. 2002;2:73

[12] Beck-Sague C, Banerjee S, Jarvis WR.
Analyzing socioeconomic and racial/
ethnic patterns in health and health

care. American Journal of Public Health.
1993;83:1739

[13] Tripathi KD. Essentials of Medical
Pharmacology. New Delhi, India: Jaypee
Brothers Medical Publishers (P) Ltd.;
2009. p. 757

[14] Rex JH, Rinaldi MG, Pfaller MA.
Resistance of Candida species to
fluconazole. Antimicrobial Agents and
Chemotherapy. 1995;39:1

[15] Revankar SJ. Wayne State University
School of Medicine, Merck Manual
professional version, Antifungal drugs;
2018

[16] Kobayashi GS. Chapter 74, disease
mechanism of fungi. In: Baron S, editor.
Medical Microbiology. 4th ed. The
University of Texas Medical Branch at
Galveston. 1996

[17] Ferreira MRA, Santiago RR,
Langassner SMZ, de Mello JCP,
Svidzinski TIE, Soares LAL. Antifungal
activity of medicinal plants from
northeastern Brazil. Journal



Medicinal Plants - Use in Prevention and Treatment of Diseases

of Medicinal Plant Research.
2013;7(40):3008-3013

[18] Koroishi AM, Foss SR, Cortez DAG,
Nakamura TU, Nakamura CV,

Filho BPD. In vitro antifungal activity
of extracts and neolignans from Piper
regnellii against dermatophytes.
Journal of Ethnopharmacology.
2008;117:270-277

[19] Manojlovic NT, Solujic S,
Sukdolak S, Milosev M. Antifungal
activity of Rubia tinctorum, Rhamnus

frangula and Caloplaca cerina.
Fitoterapia. 2005;76:244-246

[20] Yemele-Bouberte M, Krohn K,
Hussain H, Dongo E, Schulz B,

Hu Q. Tithoniamarin and tithoniamide:
A structurally unique isocoumarin
dimer and a new ceramide from
Tithonia diversifolia. Natural Product
Research. 2006;20:842-849

[21] Portillo A, Vila R, Freixa B, Adzet T,
Canigueral S. Antifungal activity of
Paraguayan plants used in

traditional medicine. Journal of
Ethnopharmacology. 2001;76:93-98

[22] Endo K, Kanno E, Oshima Y.
Structures of antifungal
diarylheptenones, gingerenones a, B,
C and isogingerenone B, isolated from
the rhizomes of Zingiber officinale.
Phytochemistry. 1990;29:797

[23] Dabur R, Chhillar AK,

Yadav V, Kamal PK, GuptaJ,

Sharma GL. In vitro antifungal activity
of 2-(3,4-dimethyl-2,5-dihydro-1H-
pyrrol-2-yl)-1-methylethyl pentanoate,
a dihydro - Pyrrole derivative.

Journal of Medical Microbiology.
2005;54:549-552

[24] Ingham JL, Tahara S, Harborne JB.
Fungitoxic isoflavones from Lupinus
albus and other Lupinus species.
Zeitschrift fir Naturforschung.
1983;38¢:194-200

108

[25] Har-Nun N, Meyer AM.
Cucurbitacins protect cucumber tissue
against infection by Botrytis cinerea.
Phytochemistry. 1990;29:787-791

[26] Kim KY, Davidson PM, Chung HJ.
Antibacterial activity in extracts

of Camellia japonica L. petals and

its application to a model food

system. Journal of Food Protection.
2001;64:1255-1260

[27] Kobayashi K, Nishino C, Tomita H,
Fukushima M. Antifungal activity of
pisiferic acid derivatives against the
rice blast fungus. Phytochemistry.

1987;26:3175-3179

[28] Ito T, Kumazawa K. Antifungal
substances from mechanically damaged
cherry leaves (Prumus yedoensis
matsumura). Bioscience, Biotechnology,
and Biochemistry. 1992;56:1655

[29] Meena MR, Sethi V. Antimicrobial
activity of essential oils from species.
Journal of Food Science and Technology.
1994;31:68-70

[30] Devi VK, Jain N, Valli SK. Importance
of novel drug delivery systems in herbal
medicines. Pharmacognosy Reviews.
2010;4(7):27-31

[31] Yadav D, Suri S, Chaudhary AA,
Asif M. A novel approach: Herbal
remedies and natural products in
pharmaceutical science as nano

drug delivery systems. International
Journal of Pharmacy and Technology.
2011;3(3):3092-3116

[32] Beyatricks KA, Kumar KS,

Suchitra D, Jainab HN, Anita A. Recent
microsphere formulation and

its applications in herbal drugs.
International Journal of Pharmaceutical
Development and Technology.
2014;4(1):58-62

(33] Chakraborty K, Shivakumar A,
Ramachandran S. Nanotechnology in



Medicinal Plants Having Antifungal Properties
DOI: http://dx.doi.org/10.5772/intechopen.90674

herbal medicine. International Journal
of Herbal Medicine. 2016;4(3):21-27

[34] Indalkar YR, Pimpodkar VP,
Godase AS, Gaikwad PS. A compressive
review on the study of nanotechnology
for herbal drugs. Asian Pharma Press.
2015;5(4):203-207

[35] Sharma AT, Mitkare SS,

Moon RS. Multicomponent herbal
therapy: A review. International Journal
of Pharmaceutical Sciences Review and

Research. 2011;6(2):185-187

[36] Ravi GS, Chandur V, Shabaraya AR,
Sanjay K. Phytosomes: An advanced
herbal drug delivery system. International

Journal of Pharmaceutical Research and
Bioscience. 2015;4(3):415-432

[37] Kareparamban JA, Nikam PH,
Jadhav PA, Kadam VJ. Phytosome:
A novel revolution in herbal drugs.
International Journal of Research
in Pharmacy and Chemistry.
2012;2(2):299-310

[38] Deshpande PK, Pathak AP,
Gothalwal R. Phytosomes: A novel drug
delivery system for phytoconstituents.

Journal on New Biological Reports.
2014;3(3):212-220

[39] Sharma M. Applications of
nanotechnology based dosage forms for
delivery of herbal drugs. Research &
Reviews: Journal of Pharmaceutics and
Nanotechnology. 2014;2(1):23-30

[40] Abhinav M, Neha J, Anne G,
Bharti V. Role of novel drug delivery
systems in bioavailability enhancement:

At a glance. International Journal of Drug
Delivery Technology. 201656, 26(1):7

[41] Abirami A, Halith SM, Pillai KK,
Anbalagan C. Herbal nanoparticle
for anticancer potential - a review.
World Journal of Pharmacy

and Pharmaceutical Sciences.
2014;3(8):2123-2132

109

[42] Sachan AK, Gupta A. A review on
nanotized herbal drugs. International

Journal of Pharmaceutical Sciences and
Research. 2015;6(3):961-970

[43] Jadhav V, Bhogale V. Novel

drug delivery system in herbal.
International Journal of Pharma Wave.
2015;1(2):85-103

[44] Pascoa H, Diniz DA, Florentino IF,
Costa EA, Bara MF. Microemulsion
based on Pterodon emarginatus oil
and its anti inflammatory potential.
Brazilian Journal of Pharmaceutical
Sciences. 2015;51(1):117-126

[45] Amol K, Pratibha P. Novel
drug delivery system in Herbals.
International Journal of Pharmaceutical,

Chemical and Biological Sciences.
2014;4(4):910-930

[46] Yadav M, Bhatia V], Doshi G,
Shastri K. Novel techniques in herbal
drug delivery systems. International

Journal of Pharmaceutical Sciences
Review and Research. 2014;28(2):83-89

[47] Ghulaxe C, Verma R. A review
on transdermal drug delivery system.
The Pharma Innovation Journal.
2015;4(1):37-43

[48] Mishra KK, Kaur CD, Verma S,
Sahu AK, Dash DK, Kashyap P, et al.
Transethosomes and nanoethosomes:
Recent approach on transdermal

drug delivery system. Nanomedicine.
2019;2:33-54

[49] Fatima GX, Rahul RS, Reshmal I,
Sandeep T, Shanmuganathan S,
Chamundeeswari D. Herbal ethosomes -
anovel approach in herbal drug

technology. American Journal of
Ethnomedicine. 2014;1(4):226-230

[50] Ajazuddin S. Applications of
novel drug delivery system for

herbal formulations. Fitoterapia.
2010;81:680-689



Medicinal Plants - Use in Prevention and Treatment of Diseases

[51] Sachan R, Parashar T, Soniya SV,
Singh G, Tyagi S, Patel C, et al. Drug
carrier transferosomes: A novel tool
for transdermal drug delivery system.
International Journal of Research and
Development in Pharmacy & Life
Sciences. 2013;2(2):309-316

[52] Butler MS. The role of natural
product chemistry in drug discovery.
Journal of Natural Products.
2004;67(12):2141-2153

[53] Kushwaha SKS, Rastogi A, Rai AK,
Singh S. Novel drug delivery system for
anticancer drug: A review. International
Journal of PharmTech Research.
2012;4(2):542-553

[54] Lai WF, Al R. Hydrogel based
materials for delivering herbal drugs.
ACS Applied Materials & Interfaces.
2017;9(13):11309-11320

[55] Bseiso EA, Nasr M, Sammour O,
Gawad NA. Recent advances in topical
formulation carriers of antifungal
agents. Indian Journal of Dermatology,
Venereology and Leprology.
2015;8(5):457-463

110



Chapter7

The Utilization of Traditional
Herbal Medicine for Treatment
in Traditional Korean Medicine
Clinics
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Abstract

A cross-sectional study has been conducted to detect the facts about the use of
traditional herbal medicines (THMs) in South Korea. The questionnaire has been
adopted from the 2017 National Survey for the usage of traditional Korean medi-
cine (TKM) and consumption of THMs. A total number of 1346 participants have
been involved in this study. Results showed that the non-decoction types of herbal
medicines, which are mostly used for therapeutic purposes (89.0%), and the decoc-
tion types of herbal medicines were not only used for the purpose of treatment of
diseases (62.5%) but also health improvement purposes (21.9%). Results presented
that decoction types of THMs are used for musculoskeletal diseases (56.0%), diges-
tive diseases (21.3%), and respiratory diseases (6.3%), whereas the non-decoction
types of THMs are commonly used in musculoskeletal diseases (55.6%), respiratory
diseases (20.5%), and digestive diseases (18.1%). Future studies are highly recom-
mended to detect more details about the medical use of THMs in South Korea.

Keywords: medicinal herb, herbal medicine, traditional Korean medicine, traditional
herbal medicine, medical use of herbal medicine

1. Introduction
1.1 Herbal medicine

Traditional herbal medicines (THMs) are the most popular and preferred forms
of traditional medicines (TMs) [1-3]. The World Health Organization (WHO)
estimated that 80% of the population in developing countries rely on traditional
herbs for their primary health care [4]. Compared with the developed countries,
in the United States of America (USA), 19% of the population uses THMs for their
treatment [5].

THMs have gained an increasing popularity in the last two decades in the indus-
trialized countries [6-8]. The Europe market for THMs is estimated to be valued at
$5.18 billion in 2016 [9]. The American botanical council reported that the sales of
THMs in the USA reached a total of $7.45 billion in 2016 [10]. Thus, the global THM
market is expected to grow and reach $129.68 billion by 2023 [11].
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TMs, such as traditional Chinese medicines (TCMs), Ayurveda, Kampo, tra-
ditional Korean medicines (TKMs), and Unani, have used herbal medicines for
hundreds or even thousands of years worldwide [6, 12-15]. Before Western medi-
cine was introduced, TMs, especially herbal medicines, were used for preventing
and treating diseases in many nations [16]. The use of THMs is well established, and
it is widely known to be safe and effective [17].

TM practitioners in Asian countries, such as China, South Korea, and Taiwan,
practice TM treatment in medical clinics as doctors defined by law [18, 19]. South
Korea has the highest percentage (15.26%) of TM doctors in medical clinics in East
Asia, followed by China (12.63%) and the Taiwan region (9.69%) [18].

1.2 Traditional herbal medicines in Korea

Koreans have traditionally used herbs for treatment and prevention of diseases.
In 1894, Je Ma Lee, a TKM doctor, established the theory of Sasang constitutional
medicine (SCM), which is a unique TKM form [14, 20]. Based on the SCM theory,
humans are categorized into four constitution types: Taeyangyin (Greater Yang
type), Tae-eumin (Greater Yin type), Soyangyin (Lesser Yang type), and Soeumin
(Lesser Yin type) [14, 20]. SCM has classified therapeutic THMs according to the
four constitutions because THMs that respond to the characteristics of four consti-
tutions are different [14, 20].

In South Korea, TKM is legally institutionalized and covered by national insur-
ance [18]. Since 1987 herbal extracts based on good manufacturing practice (GMP)
are covered by health insurance, but the decoction type of traditional herbal
medicines (THMs) which is combined with two or more medicinal herbs is still not
insured yet [18]. In addition, as a member of the WHO Pharmacovigilance, Korea is
monitoring adverse drug reactions, including THMs [21].

1.2.1 Medicinal use of herbs in traditional Korean medicine clinics

The Korean Ministry of Food and Drug Safety (MFDS) introduced the Good
Manufacturing Practice for herbs (h\GMP) in 2012 and made it mandatory in 2015
[22]. Thus, medicinal herbs must be manufactured by the hGMP facilities that are
licensed by the Korean MFDS [22].

Standards for commonly used herbal materials and preparations are included
in the “Korean Pharmacopoeia (KP)” and “Korean Herbal Pharmacopoeia (KHP)”
[23]. As of 2019, there are 601 kinds of herbal materials called medicinal herbs
listed in the “Korean Pharmacopeia” and “Korean Herbal Pharmacopoeia” [24,
25]. The amount of hazardous substances (e.g., heavy metals, pesticides, afla-
toxins, sulfur dioxide, and benzopyrene) in herbal materials is restricted by the
“Regulations on Limits and Test Methods for Residues and Contaminants in Herbal
Medicines” [26].

According to the Korea medical law, TKM clinics should utilize medicinal herbs
certified by the Korean MFDS [22]. Since 2015, TKM clinics have been using THMs
composed of medicinal herbs for treating diseases and promoting health.

THMs are the second most commonly used treatment in South Korea, mainly
utilized as a combination of two or more medicinal herbs [27, 28]. In addition, they
are used in various forms, such as a decoction, powder, tablet, soft extract, paste,
and pill [27].

In previous studies related to Korean THMs, Fan [23] reviewed the role of
MFDS in THM management: pre-market approval, post-market inspection, and
management of the product quality system. Choi [29] reported that THMs are
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standardized, regulated, and quality controlled by MFDS guidelines such as KP
and KHP. Park [18] investigated the TKM system and summarized development of
TM system, policy, education system, medical insurance coverage, and herbal drug
monitoring system. Yarnell [30] introduced herbal medicine market and modern-
ized decoction device of TKM hospitals.

To the best of our knowledge, this is the first study aims to shed some light on
the overall status of THM usage in South Korea (TKM clinics). The objective of this
research was to examine the medical use of THMs, particularly mixtures of THMs,
in South Korea, a country with an extensive knowledge and experience in THM use
for preventing and treating diseases.

2. Methods
2.1 Study design

The cross-sectional study design has been used to address the research goals.
2.2 Study population

The population of the study included TKM doctors who worked at the TKM
clinics. Inclusion and exclusion criteria are as follows:

2.2.1 Inclusion criteria

All TKM doctors who used to prescribe THMs and provide their consent form
have been included.

1. How many prescription cases are being used in the practice?
(1) Decoction types of THMs: cases
(2) Non-decoction types of THMs: cases

2. What is the prescription purpose rate when prescribing herbal medicines? (total 100%)
(1) Diseases treatment %

(2) Health improvement %

(3) Beauty %

(4) Traffic accident %

(5) Others %

3. Which disease prescribed herbal medicine the most when treating the disease?

(1) Which disease prescribed decoction types of THMs the most when treating the disease?

@ Musculoskeletal disease @ Neurological disease ® Cerebrovascular disease @ Cardiovascular disease ®
Cancer ® Endocrine disease @ Digestive disease ® Respiratory disease ® Mental disease @ Obstetrics and
gynecology disease @ Urogenital disease @ Skin disease ® Disease in eyes and ears @ Others

(2) Which disease prescribed non-decoction types of THMs the most when treating the disease?

® Musculoskeletal disease @ Neurological disease @ Cerebrovascular disease @ Cardiovascular disease ®
Cancer ® Endocrine disease @ Digestive disease ® Respiratory disease @ Mental disease @ Obstetrics and
gynecology disease @ Urogenital disease @ Skin disease @ Disease in eyes and ears @ Others

4. Which disease prescribed herbal medicine the most when treating the disease?
1. Which disease prescribed decoction types of THMs the most when treating the disease?
2. Which disease prescribed non-decoction types of THMs the most when treating the disease?

TKM: Traditional Korean medicine
THM: Traditional herbal medicine

Table 1.
Questionnaire on THM prescriptions of TKM doctors.
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2.3 Sample selection

The survey group of THM consumption included individuals who worked at
TKM clinics, hospitals (TKM, long-term care, and general hospitals), traditional
herbal medicine pharmacies, and community pharmacies. In the study, 1354 TKM
doctors working in TKM clinics were included. Among them, 1346 respondents
were selected for the final analysis, excluding 8 who said they do not prescribe
THM.

2.4 Questionnaire

The questionnaire adopted and used in this study has been developed by the
Korea Ministry of Health and Welfare (MHW), and the National Statistics of
Korea reviewed and approved the questionnaire [27]. The 10-page structured
questionnaire contained questions on the use, experience, treatment, management
status, preference form, number of prescriptions, prescription purpose, frequently
prescribed THMs for treatment, ways to purchase herbs, reasons for difficulty in
purchase herbs, and plans to expand the use of THMs [27].

There are four sections used in the analysis: the number of THM prescriptions
per year, prescription purpose when prescribing THMs, diseases treated with
THMs, and THMs used for the disease [27]. The used questionnaire is shown in
Table1.

2.5 Data analysis

Descriptive statistics (mean and proportions) were used to describe the char-
acteristics of the representatives of TKM clinics in the sample. Cross-analysis was
used to determine the relationships between the high frequency of disease and
prescription. All data analyses were performed using SPSS software (version 21.0
for Windows; IBM cop., Armonk, United States).

3. Results
3.1 Basic characteristics of participant TKM doctors

A total number of 1346 TKM doctors participated in this study, 1204 were men
(89.5%) and 142 were women (10.5%). Most of them (73.5%) aged between 41 and
60. Out of the 1346 clinics, 779 (57.9%) were located in the capital area, while the
rest 567 (42.1%) were located in the noncapital area. Majority of the participants
882 (65.5%) were with less than 20 years of clinical experience, 417 (31.0%)
were with 21-38 years of treatment experience, and 47 (3.5%) of them were with
39-56 years of experience, as shown in Table 2.

3.2 Types of THMs prescribed in TKM clinics
3.2.1 Dispensing of decoction types of THMs

Results showed that 1346 of the TKM doctors prescribed an average of
590.4 + 1105.5 decoction types of THMs/year, and the prescription distribution

was as follows: 378 (28.1%) had <200 cases, 428 (31.8%) had 201-400 cases, 256
(19.0%) had 401-600 cases, and 284 (21.1%) had >601 cases (Table 3).
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Factors N (%)
Gender

Male 1204 (89.5)
Female 142 (10.5)
Age (years)

30-40 191 (14.2)
41-50 550 (40.8)
51-60 440 (32.7)
>61 165 (12.3)
Place of work

Capital area 779 (57.9)
Chungcheong Province 122 (91)
Gyeongsang Province 287 (21.3)
Jeolla Province 158 (11.7)

Clinical experience

<20 882 (65.5)
21-38 417 (31.0)
39-56 47 (3.5)

TKM: Traditional Korean medicine

Table 2.
Demographics of participating TKM doctors.

Prescription frequency N (%) Mean + SD
<200 378 (28.1) 590.4 + 1105.5
201-400 428 (31.8)

401-600 256 (19.0)

>601 284 (21.1)

THM: Traditional herbal medicine
TKM: Traditional Kovean medicine

Table 3.
Decoction types of THMs prescribed in TKM clinics.

3.2.2 Dispensing of non-decoction types of THMs

Out of the total 1346 respondents, 1070 TKM doctors prescribed non-decoction
types of THMs. The average of prescription cases was 1775.9 + 2349.1 non-decoction
types of THMs/year, and prescription distribution was as follows: 222 (20.7%) had
<200 cases, 120 (11.2%) had 201-400 cases, 92 (8.6%) had 401-600 cases, and 636
(59.4%) had >601 cases (Table 4).
3.3 Purpose of prescribed THMs
3.3.1 Purpose of prescribed decoction types of THMs

Decoction types of THMs have been prescribed in the TKM clinics for various
reasons: disease treatment (62.5%), health promotion (21.9%), traffic accidents
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Prescription frequency N (%) Mean + SD
<200 222(20.7) 1775.9 + 2349.1
201-400 120 (11.2)

401-600 92 (8.6)

>601 636 (594)

THM: Traditional herbal medicine
TKM: Traditional Korean medicine

Table 4.
Non-decoction types of THMs prescribed in TKM clinics.

(8.6%), beauty (5.9%), and others (1.1%). It was found that most TKM clinics
prescribe decoction of Korean medicine herbs for treatment of diseases, as shown in

Table 5.
3.3.2 Purpose of prescribed non-decoction types of THMs

Same as above, non-decoction types of THMs have been prescribed for several
reasons: disease treatment (89.0%), health promotion (6.0%), car accidents
(2.8%), beauty (1.4%), and others (0.9%), as shown in Table 6.

3.4 Disease proportions and THMs prescribing pattern
3.4.1 Decoction types of THMs

The decoction types of THMs were prescribed for patients suffering from
musculoskeletal diseases (56.0%), digestive diseases (21.3%), respiratory diseases
(6.3%), and obstetrics and gynecology disease (4.2%).

Results showed that decoction types of THMs frequently used for mus-
culoskeletal diseases were Ojeoksan (22.5%), Bojungikgitang (10.3%), and
Sipjeondaebotang (7.5%); for digestive diseases were Bojungikgitang (12.5%),
Sipjeondaebotang (8.8%), and Ojeoksan (8.8%); for respiratory diseases
were Bojungikgitang (9.9%), Socheongryongtang (9.9%), Sipjeondaebotang
(8.6%), and Ojeoksan (8.6%); for obstetrics and gynecology diseases were
Jogyeongjongogtang (11.1%), Ojeoksan (9.3%), and Bojungikgitang (7.4%);
for skin diseases (7 = 38) were Ojeoksan (10.5%) and Bojungikgitang (7.9%);
for neurological diseases were Ojeoksan (16.7%), Galgeuntang (8.3%), and
Yukmijihwangtang (8.3%); for cerebrovascular diseases were Ojeoksan
(18.8%), Ganghwangyupungtang (12.5%), and Sipjeondaebotang (9.4%);
for mental diseases were Gamiondamtang (11.5%), Kwibitang (7.7%),
Bunsimgieum (7.7%), and Ojeoksan (7.7%); for cardiovascular diseases was
Gamiondamtang (30.0%); for endocrine diseases was Sipjeondaebotang
(25.0%); for urogenital diseases were Ssanghwatang (33.3%), Ojeoksan
(33.3%), and Yukmijihwangtang (33.3%); for diseases in eyes and ears was
Ojeoksan (100.0%); and for cancer was Banhasasimtang (100.0%), as shown
in Table 7.

3.4.2 Non-decoction types of THMs
The non-decoction types of THMs were prescribed for patients suffering from

musculoskeletal diseases (55.6%), respiratory diseases (20.5%), and digestive
diseases (18.1%).

116



The Utilization of Traditional Herbal Medicine for Treatment in Traditional Kovean Medicine...
DOI: http://dx.doi.org/10.5772/intechopen.88714

Prescription purpose Mean + SD
Disease treatment 62.5+24.7
Health improvement 219 £196
Traffic accidents 86+125
Beauty 59+125
Others 11+46

THM: Traditional herbal medicine

Table 5.
Purpose of prescribed decoction types of THM.

Purpose of prescription Mean + SD
Disease treatment 89.0+19.3
Health improvement 6.0+133
Beauty 28+65
Traffic accidents 14+91
Others 09+51

THM: Traditional herbal medicine

Table 6.
Purpose of prescribed non-decoction types of THMs.

Types of diseases Top 3used THMs N (%)
Musculoskeletal disease (n = 716) Ojeoksan (ET&&) 161 (22.5)
Bojungikgitang (P ZERH) 74 (10.3)
Sipjeondaebotang (12 X#i%) 54 (7.5)
Digestive disease (n = 272) Bojungikgitang (P &R %) 34 (12.5)
Sipjeondaebotang (12 X##%) 24 (8.8)
Ojeoksan (ET&#)
Respiratory disease ( = 81) Bojungikgitang (P& R5) 8(9.9)
Socheongryongtang (/N &5 #E5)
Sipjeondaebotang (£ X#i%) 7 (8.6)
Ojeoksan (FLHEH)
Obstetrics and gynecology disease (n = 54) Jogyeongjongogtang (FEEE5) 6 (11.1)
Ojeoksan (ET&&) 5(9.3)
Bojungikgitang (P &= R5) 4 (74)
Skin disease (n = 38) Ojeoksan (ER&#) 4(10.5)
Bojungikgitang (#H &R %) 3(79)
Dangguisusan (& B8 #) 2(5.3)
Wolbitang (i85
Hwangryunhaedoktang (FEf#E15)
Neurological disease (n = 36) Ojeoksan (ET&#) 6 (16.7)
Galgeuntang (B1R%) 3(8.3)
Yukmijihwangtang (7<Bkith E5)
Cerebrovascular disease (7 = 32) Ojeoksan (ET&#) 6 (18.8)
Ganghwangyupungtang (Fe5ERUE %) 4(12.5)
Sipjeondaebotang (+2 X% 3(94)
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Types of diseases Top 3used THMs N (%)
Mental disease (n = 26) Gamiondamtang (INEKENES) 3 (11.5)
Kwibitang ($30#%) 2(77)
Bunsimgieum (% /0 RER)
Ojeoksan (EF&#)
Cardiovascular disease (# = 10) Gamiondamtang (HNEKEAES) 3(30.0)
Ganghwangyupungtang (F/ERE %) 1(10.0)
Bojungikgitang (P = R5)
Sipjeondaebotang (+£ X#i%)
Ojeoksan (EF&#)
Yukmijihwangtang (7<Bkith E %)
Insamnyangyeongtang (AEE&5)
Galgeuntang (B181%)
Endocrine disease (n = 8) Sipjeondaebotang (T2 X#i%) 2 (25.0)
Gwakhyangjunggisan (B& ER#) 1(12.5)
Banhasasimtang (K E R N5)
Bangpungtongseongsan (B5 BB E#)
Yukgunjatang (A& Fi%)
Yukmijihwangtang (7<Bkitb E %)
Palmultang (/\#3%)
Urogenital disease (n = 3) Ssanghwatang (#H5) 1(333)
Ojeoksan (ET&#)
Yukmijihwangtang (7<Bkith 5 5)
Disease in eyes and ears (n = 1) Ojeoksan (ET&#) 1(100.0)
Cancer (n = 1) Banhasasimtang (K ERNE) 1 (100.0)
THM: Traditional herbal medicine
Table 7.
Disease proportions and pattern of prescribed decoction types of THM.
Types of diseases Top 3used THMs N (%)
Musculoskeletal disease (7 = 591) Ojeoksan (ET&#) 216 (36.5)
Gunghatang (25 %) 92 (15.6)
Jjintang (ZFR%) 45 (76)
Respiratory disease (# = 218) Ojeoksan (ET&#) 35 (16.1)
Samsoeum (ZEEX) 30 (13.8)
Socheongryongtang (‘NS FES)
Digestive disease (1 = 192) Pyeongwisan (¥ B &) 38 (19.8)
Ojeoksan (A T&E#) 37 (19.3)
Hyangsapyungwisan (B%¥ B #) 21 (10.9)
Neurological disease (7 = 16) Socheongryongtang (‘N &EEER) 3(18.8)
Galgeuntang (B1R%) 2 (12.5)
Ojeoksan (ET&#)
Gumiganghwaltang (JUBKIESES)
Samsoeum (E#EX)
Pyeongwisan (¥ B &)
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Types of diseases Top 3 used THMs

N (%)

Cerebrovascular disease (z = 11) Ojeoksan (ET&#)

3(273)

Yeongyopaedoksan (GEZMH#)

2(18.2)

Gunghatang (EE5)

Bojungikgi-tang (i &R %)

Socheongryongtang (N &EEER)

Tjintang (=FR%)

Jaeumganghwatang (ZFEFE N 5)

Pyeongwisan (¥ B #)

1(91)

Cardiovascular disease (1 = 9) Banhabackchulchunmatang (¥ 8 Bt XKF5)

2(22.2)

Gumiganghwaltang (JUKFEE %)

Gunghatang (EE%)

Bojungikgitang (P &R %)

Sosihotang (/MEHAS)

Tjungtang (2H8)

ljintang (=FR3%)

Pyeongwisan (F B &)

1(111)

Obstetrics and gynecology disease Ojeoksan (A T&E#)

2(25.0)

(n=8) Gamisoyosan (HIWRiEER)

Gunghatang (2K %)

Bulhwangeumjeonggisan (& IE R &)

Samsoeum (ZEEX)

ljintang (=FR3%)

Pyeongwisan (B &)

1(12.5)

Skin disease (n = 5) Gamisoyosan (HIWRiEER)

Gunghatang (EE %)

Ojeoksan (ET&#)

Insampaedoksan (A EHEH)

Pyeongwisan (¥ B &)

1(20.0)

Mental disease (# = 5) Ojeoksan (ET&EH)

2 (40.0)

Gamisoyosan (HIWREER)

Gumiganghwaltang (JUIKESES)

Daecheongnyongtang (X & #E15)

1(20.0)

Urogenital disease (z = 3) Ojeoksan (ET&#)

2(66.7)

Pyeongwisan (¥ B &)

1(333)

Endocrine disease (1 = 2) Gumiganghwaltang (JUIRIETE )

Pyeongwisan (F B &)

1(50.0)

Disease in eyes and ears (n = 1) Ojeoksan (ET&#)

1 (100.0)

Cancer (n = 1) Gunghatang (EE%)

1(100.0)

THM: Traditional herbal medicine

Table 8.
Disease proportions and pattern of prescribed non-decoction types of THMs.

119



Medicinal Plants - Use in Prevention and Treatment of Diseases

Results showed that decoction types of THMs frequently used for muscu-
loskeletal diseases were Ojeoksan (36.5%), Gunghatang (15.6%), and Ijintang
(7.6%); for respiratory diseases were Ojeoksan (16.1%), Samsoeum (13.8%),
and Socheongryongtang (13.8%); for digestive diseases were Pyeongwisan
(19.8%), Ojeoksan (19.3%), and Hyangsapyungwisan (10.9%); for neurologi-
cal diseases was Socheongryongtang (18.8%); for cerebrovascular diseases were
Ojeoksan (27.3%) and Yeongyopaedoksan (18.2%); for cardiovascular diseases
was Banhabackchulchunmatang (22.2%); for obstetrics and gynecology diseases
was Ojeoksan (25.0%); for skin diseases were Gamisoyosan (20.0%), Gunghatang
(20.0%), Ojeoksan (20.0%), Insampaedoksan (20.0%), and Pyeongwisan
(20.0%); for mental diseases was Ojeoksan (40.0%); for urogenital diseases
were Ojeoksan (66.7%) and Pyeongwisan (33.3%); for endocrine diseases were
Gumiganghwaltang (50.0%) and Pyeongwisan (50.0%); for diseases in eyes and
ears was Ojeoksan (100.0%); and for cancer (# = 1) was Gunghatang (100.0%), as
shown in Table 8.

4. Discussion

This study investigated the use of THMs in TKM clinics in South Korea.

Results showed that average prescription cases of 590.4 + 1105.5 decoction types
of THMs and 1775.9 + 2349.1 non-decoction types of THMs had been prescribed by
doctors per year in the TKM clinics. According to the Korean national survey [27],
the use of decoction types of THMs was 54.8%, and non-decoction types of THMs
with the exception of insurance herbal extracts was 45.2% [27].

The reason for the preference for decoction types of THMs in South Korea is
that the traditional way to boil herbs is familiar to the people, and it is possible to
prescribe customized prescription according to the symptoms of the patients [31].
Non-decoction types of THMs such as granule, pill, tablet, soft extract, paste, and
powder are convenient to store and carry because it is smaller in size than the decoc-
tion types of THMs [27]. In the case of the same prescription, the non-decoction
types of THMs found to be cheaper than decoction types of THM, so that patients
may prefer non-decoction types of THMs for economic reason [27].

According to the 2017 national survey, Koreans responded that decoction types
of THMs were too expensive (44.3%) and required health insurance coverage with a
top priority (55.2%) [27]. This point will be solved soon since the Korean MHW has
a plan to conduct a pilot program for insurance coverage expansion to the THMs in
the latter half of 2019 [32].

The Korean MHW has a plan to conduct a pilot program for insurance coverage
expansion to the THMs in the latter half of 2019 [32]. This point will make decoc-
tion types of THMs more affordable; this is mainly because the decoction type is
found to be more potent and used in a wide range than the non-decoction type. As
mentioned by Yoo and Son [33], unlike the non-decoction types of THMs, which
were mostly used for therapeutic purposes (89.0%), the decoction types of THMs
were not only used for the purpose of treatment of diseases (62.5%) but also for
health improvement purposes (21.9%). THMs, especially decoction types of THM,
have played an important role in the prevention of diseases and health promotion in
people in South Korea [33]. It is related to the viewpoint of TKM, which improves
the vitality by correcting the imbalance of the human body, and the traditional way
of boiling herbs reflects this [33].

In respiratory diseases, non-decoction types of THMs (20.5%) were more fre-
quently prescribed than decoction types of THMs (6.3%). It is important to take the
medication early during a cold, because of the need to combat the virus. It relieves
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symptoms such as cough, nasal congestion, and rhinorrhea [34]. The decoction
types of THMs require about 1 day of preparation time because it takes time to boil
the mixed herbs. In the case of non-decoction types of THMs, it is presumed that it
is used in respiratory diseases such as cold, because it can be prepared in advance, or
ready-made products (pharmaceutical products) can be prescribed immediately.

Koreans suffer from digestive diseases due to the preference of spicy and salty
Foods, and frequent use of antibiotics [35, 36]. In general, decoction types of THMs
are used for treating digestive diseases [27]. The reason for using decoction types of
THMs for treating digestive diseases is related to drug manufacturing method and
patient’s digestive condition [37]. As a result of that, decoction types of THMs seem
to be more preferable and suitable for digestive diseases [27, 37].

There are several limitations in this study. First, some data were limited or
deficient due to their limited sources, and the information may be biased despite
our efforts to obtain objective data. Since this study was particularly purposed
to identify the prescription of THMs for each disease, there is a limitation to the
analysis by excluding “other” diseases.

Second, we could not analyze the results of the use of all Korean THMs because
the questionnaire was designed specifically for decoction types of THMs. In addi-
tion, we could not assess the utilization status of different THM forms (e.g., gran-
ule, pill, tablet, soft extract, paste, and powder) and their target diseases, except for
the decoction types of THMs. The dosage has an important influence on the treat-
ment [38]. In order to examine the whole use and status of dosage forms of THMs,
the questionnaire needs to be revised in a future survey.

Third, we investigated the disease categories, not the specific diseases that THMs
were prescribed for. In the 2020 national survey, the questionnaire needs to be cor-
rected so that the respondents can reply in regard to specific diseases.

5. Conclusions

Our study, based on a national survey of TKM doctors, presented the overall sta-
tus of medical use of THMs in South Korea. However, the 2017 national survey was
conducted separately for decoction and non-decoction types of THMs. Therefore,
we could not assess the whole status of THM usage and therapeutic effects of each
THM formulation. In future survey, we hope to be able to assess the details of medi-
cal use of THMs in South Korea.
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Chapter 8

Pharmacological Activities and
Phytochemicals of Etlingera
pavieana (Pierre ex Gagnep)
R.M.Sm

Klaokwan Srisook and Ekaruth Srisook

Abstract

Etlingera pavieana (Pierre ex Gagnep) R.M.Sm. (Zingiberaceae family)
is commonly found in Southeast Asia. The rhizome of the plant is used as a
spice and folk medicine in southeastern Thailand and Cambodia. The extracts,
essential oil, and compounds from E. pavieana were found to possess a variety of
pharmacological activities like anti-inflammatory, antioxidant, antiatherogenic,
and antimicrobial effects. Furthermore, phytochemical studies have reported
the presence of various chemical constituents, the main being phenylpropanoids
such as trans-4-methoxycinnamaldehyde (MCD) and 4-methoxycinnamyl
p-coumarate (MCC). Therefore, E. pavieana seems to be a potential source
of natural products for treatment of various diseases and promotion of good

health.

Keywords: Etlingera pavieana, pharmacological activity, phytochemical constituents,
Zingiberaceae

1. Introduction

Plant-based nutraceuticals or functional foods have gained attention due to their
health promotion and safety in comparison to synthetic food ingredients [1, 2].
Presently, worldwide researchers have focus on scientific evaluation of medicinal
plants to detect their pharmacological activities. Zingiberaceae family is distributed
worldwide and comprises approximately 52 genera and 1587 species [3]. It is about
300 species belonging to 26 genera found in Thailand [4]. The plants in this family
are the natural sources for traditional medicine, foods, spice, and other ethnobo-
tanical uses [4]. Etlingera pavieana (Pierre ex Gagnep) R.M.Sm. is a member of the
Zingiberaceae family and a medicinal plant of southeastern Thailand [5]. Several
in vitro and in vivo pharmacological experiments and phytochemistry studies of
E. pavieana have been reported. This chapter has presented comprehensive
information about morphological characteristics, traditional uses, pharmacology
activities, and phytochemical constituents of E. pavieana, which provide the data to
plan future studies.
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2. Botanical description and uses of Etlingera pavieana (Pierre ex
Gagnep) R.M.Sm.

E. pavieana is endemic to Southeast Asia including Thailand, Cambodia, Laos,
and Vietnam. This plant is locally known in Thai as rew-hom/raew hawm [5]. It
is a perennial rhizomatous herb. The leafy shoots can grow to a height of 1-2.5m
(Figure 1A). The leaves are narrowly obovate, green, and glabrous (Figure 1B).
The rhizomes are long-creeping, slender (0.7-1.5 cm in diameter), and fragrant
(Figure 1C). Inflorescence arises from the rhizomes and is partially embedded in
the ground (Figure 1D). To date E. pavieana is found in the natural habitats and cul-
tivated in fruit gardens in southeastern Thailand for commercial purposes as food
and herbs [5]. The young shoots are eaten as a culinary vegetable, and the rhizomes
are used as a spice, an ingredient in noodle soup “Moo Lieng,” and as medicines. The
reported medicinal uses of the rhizomes are relieving fever and flatulence and help-
ing the digestive system and diuresis [5, 6]. In Cambodia, the E. pavieana rhizome
is boiled in water with Amomum verum Blackw. and sugar to make a drink as a tonic
and as a medicine for relieving stomach disorder and pharyngitis [5].

@ _®

(€ (D)

Figure 1.
Etlingera pavieana (Pierre ex Gagnep) R.M.Sm. whole plant (A), leaves (B), rhizomes (C), inflorescence (D)
(Photographed by Srisook, K).

3. Phytochemical constituents of E. pavieana

It has been recently reported that the investigation of rhizomes of Etlingera
pavieana from Thailand resulted in isolation of an uncommon compound which is
(E)-((E)-3-(4-methoxyphenyl)ally) 3-(4-hydroxyphenyl) acrylate or 4-methoxy-
cinnamyl p-coumarate (MCC) (1) and a series of phenylpropanoids such as
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Chemical structuves of some phytochemicals from rhizomes and leaves of E. pavieana.

(E)-3-(4-methoxyphenyl) prop-en-1-amine (2), 3-(4-methoxyphenyl) prop-2-
enal, or trans-4-methoxycinnamaldehyde (MCD) (3), (E)-4-methoxycinnamic
acid (4), and (E)-1-methoxy-4-(3-methoxyprop-1-enyl) benzene (5) as shown in
Figure 2 [7]. Moreover, Srisook et al. have reported the isolation of the bioactive
compound 1 and its two precursors, (2E)-3-(4-methoxyphenyl)prop-2-en-1-ol
or 4-methoxycinnamyl alcohol (MCA) (6) and (E)-3-(4-hydroxyphenyl) prop-
2-enoic acid or p-coumaric acid (CM) (7), from the rhizome of E. pavieana by
activity-guided isolation [8]. The other three common phenylpropanoids, (E)-4-
methoxycinnamaldehyde (3), trans-anethole (8), and trans-methyl isoeugenol (9),
were also extracted from the plant by Srisook and colleagues (unpublished data).
The essential oil investigation of rhizome of E. pavieana resulted in trans-ane-
thole (8) (48.5%) and elemicin (10, 13.8%) as major compounds [9], while Srisook
et al. have investigated that the hydrodistillation of leaves of E. pavieana yielded
methyl chavicol (11) as the most predominant product (93%) (unpublished data).

4. Pharmacological activities of E. pavieana

It is reported that E. pavieana possess various pharmacological activities such as
antioxidant [10, 11]; antimicrobial [7, 12]; anticancer against breast, cervix, liver,
colon, and small cell lung cancer [7, 13]; and anti-inflammatory effects[8, 14-16].
The detailed information is shown below.

4.1 Anti-inflammatory effect

Inflammation is a complex biological response to pathogenic agents and chemi-
cal as well as physical stimuli to get rid of the stimulants [17]. Macrophages are
inflammatory cells that are considered as the first line of defense against various
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stimuli [18]. Upon contact with injurious stimuli, macrophages are activated and
produce a large amount of inflammatory mediators and cytokines such as reactive
oxygen species (ROS), nitric oxide (NO), prostaglandins (PGs), tumor necrosis
factor-a (TNF-a), interleukin-1 (IL-1), IL-6, and IL-12 [19-24]. It is well-known
that excess and prolonged secretion of these mediators and cytokines has partici-
pated in the pathogenesis of a variety of inflammatory diseases such as inflamma-
tory bowel diseases [25], osteoarthritis [26], cancer [23], multiple sclerosis [27],
neurodegenerative diseases like Alzheimer’s disease and Parkinson’s disease [28-
30], atherosclerosis, and cardiovascular diseases [24, 31-33]. Therefore, substances
inhibiting the secretions of these mediators and cytokines may be used to treat or
prevent a variety of inflammation-related diseases. Since some Zingiberaceae spe-
cies including Curcuma comosa [34], Amomum tsao-ko [35], Kaempferia parviflora
[36], Zingiber officinale [371], Alpinia officinarum [38], Alpinia pricei Hayata [39],
and Alpinia katsumadai Hayata [40] exhibit anti-inflammatory effects in vitro and
in vivo, Srisook and colleagues, therefore, designed the experiment to determine
anti-inflammatory activity of E. pavieana using lipopolysaccharide (LPS)- induced
inflammation in RAW 264.7 murine macrophage cell model. A 95% ethanol extract
of E. pavieana rhizomes was successively fractionated with hexane and ethyl acetate
which was evaluated for anti-inflammatory effect on macrophage cells by inhibiting
the production of inducible nitric oxide synthase (iNOS)-catalyzed NO. The hex-
ane, ethyl acetate, and water fractions of rhizomal ethanol extracts of E. pavieana
displayed anti-inflammatory effect on macrophage cells. Among them, ethyl acetate
fraction was the most potent fraction. Furthermore, activity-guided isolation of this
fraction showed that the bioactive compounds were phenolic compounds including
4-methoxycinnamyl alcohol (MCA), trans-4-methoxycinnamaldehyde (MCD),
4-methoxycinnamyl p-coumarate (MCC), and p-coumaric acid (CM) [8].
Mankhong et al. reported that 4-methoxycinnamyl p-coumarate, as the most
potent compound extracted from E. pavieana rhizomes, exhibited an inhibitory
effect on the production of cyclooxygenase-2 (COX-2)-catalyzed PGE,, NO, IL-1p,
and TNF-« on LPS-stimulated RAW 264.7 murine macrophages with ICs; values
of 141 +2.3,32.7 + 47,3.0 £ 0.5, and 26.8 + 5.7 pM, respectively. MCC compound
inhibited gene expression of iNOS, COX-2, IL-1p, and TNF-a in a concentration-
dependent manner through downregulating NF-«xB, PI3K/Akt, and AP-1 signaling
pathways [14, 16]. Furthermore, MCC attenuated LPS-reduced COX-1 expression
in LPS-stimulated RAW 264.7 macrophages. It suggests that MCC possesses anti-
inflammatory activity with selective inhibitory effect on COX expression [14].
Recently, trans-4-methoxycinnamaldehyde, another compound isolated from
E. pavieana rhizomes, suppressed the formation of NO and PGE, as well as the
expression of their synthesizing enzymes, iNOS and COX-2, on LPS- and Pam3CSK4-
induced RAW 264.7 cells. The ICso values of NO and PGE, inhibition were 49.9 + 4.7
and 87,6 + 5.6 pM, respectively. The mechanism underlying anti-inflammatory
activity of MCD could be inactivation of NF-kB and JNK/c-Jun signaling pathways
[15]. Moreover, MCD showed a significant anti-inflammatory activity in rat models
of acute inflammation. It was evident from this study that MCD (3 mg/ear) reduced
ethyl phenylpropiolate (EPP)-induced ear edema by 51.5% inhibition. The second
animal model used in this study was carrageenan-induced paw edema. Rats were
orally administrated with MCD at doses of 75, 150, and 300 mg/kg for 1 h before
injection with carrageenan. MCD can significantly decrease paw edema in a dose-
dependent manner at 1, 3, and 5 h after carrageenan stimulation. Since edema
formation induced by EPP and carrageenan is attributed to a release of several inflam-
matory mediators [41, 42], it is implied that the mode of MCD anti-inflammatory
action iz vivo model is mediated in part by suppression of inflammatory mediators.
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We also investigated anti-inflammatory effect of essential oil of E. pavieana
leaves on LPS-induced RAW 264.7 macrophages. The essential oil of E. pavieana
leaves at 25-100 pg/mL exhibited a concentration-dependent inhibition effect
on NO production without significant cytotoxicity (Figure 3A). Incubation of
cells with essential oil caused reduction of iNOS protein and mRNA expression
(Figure 3B, C). The compound responsible for anti-inflammatory effect of essen-
tial oil of E. pavieana leaves might be methyl chavicol, a main phytoconstituent of
this essential oil (unpublished data).
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Figure 3.

Tl':ge inhibitory effect of essential oil of E. pavieana leaves (EO) on LPS-induced NO production (A) and
iNOS expression. RAW 264.7 cells were incubated with essential oil of E. pavieana leaves and LPS for 24 h
for determination of NO production and iNOS protein as well as 9 h for mRNA expression. Supernatant was
collected for the analysis of NO production by Griess veaction. Cells weve lysed and determined for protein
(B) and mRNA (C) expression by Western blot analysis and real-time RT-PCR, respectively. ***p < 0.001
compared to unstimulated control cells, p < 0.05, p < 0.01, and ""p < 0.001, was significantly different from
LPS-stimulated cells. AG = cells treated with 50 uM aminoguanidine, an iNOS inhibitor.
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4.2 Antiatherogenic effect

Atherosclerosis is a chronic inflammatory disorder which leads to cardiovas-
cular diseases (CVDs) [43, 44]; it is a major cause of death in the world [24, 45].
Endothelial dysfunction is an early step in the development of atherosclerosis. It
involves with reduced NO bioavailability, low-grade inflammation, and oxida-
tive stress [44, 46-48]. The initiation of atherosclerotic lesion is influenced by the
expression of cell adhesion molecules including vascular cell adhesion molecule-1
(VCAM-1) and intercellular adhesion molecule-1 (ICAM-1) on the vascular surface
of the endothelial cells resulting in recruitment of leukocytes into the vascular tissue
[49]. Inhibiting the expression of ICAM-1 and VCAM-1 leads to reduction of leu-
kocyte emigration and retardation of the development of atherosclerosis. Thus, the
substance that inhibits the expression of these cell adhesion molecules may be con-
sidered as anti-atherosclerosis agent that prevents vascular inflammatory disorders.

The rhizomal ethanol extract of E. pavieana was assessed for its anti-vascular
inflammatory effect in human umbilical vein endothelial cells (EA.hy926 cells).
Endothelial activation is upregulated by various pro-inflammatory cytokines,
including TNF-a secreted under inflammatory conditions. The E. pavieana extract
inhibited TNF-a-induced expression of ICAM-1 and VCAM-1 protein and mRNA
in a concentration-dependent manner. The inhibitory effect of the rhizome extract
in endothelial cells is caused from interfering with the activation of NF-xB and
JNK/c-Jun signaling pathways. Moreover, Akt activation by E. pavieana rhizome
is associated with negative regulation of inflammation. This anti-vascular inflam-
matory activity was attributed in part due to the presence of the two most active
phenolic compounds of which were 4-methoxycinnamyl p-coumarate and trans-
4-methoxycinnamaldehyde [50].

It is believed that decrease in endothelium-derived NO, produced by endothelial
NO synthase (eNOS), results in reduced NO bioavailability [44, 49]. Another study
was carried out to demonstrate antiatherogenic effect of E. pavieana rhizome.
EA.hy926 endothelial cells incubated with the ethanol extract of E. pavieana
rhizome (12.5-200 pg/mL) caused increased NO level in a concentration-dependent
manner. This induction might be partly mediated by the activation of eNOS enzyme
via phosphorylation at Ser1177 [11].

4.3 Antioxidant effect

Accumulating evidences suggest that not only inactivation of eNOS enzyme
but also increased superoxide level leads to the reduction in NO bioavailability [24,
49]. Superoxide anion is produced by the mitochondrial electron transport chain
and several enzymes in the endothelial cells. Superoxide anion is then oxidized to
hydrogen peroxide and other physiological reactive species such as hydroxyl radical
and hypochlorous acid [44]. Moreover, it reacts with NO to form highly reactive
peroxynitrite leading to eNOS dysfunction [24, 47]. Chronic inflammation is also
closely associated with oxidative stress which generated excess ROS [24].

The hexane, ethyl acetate, and water fractions of ethanol extract of E. pavieana
rhizomes have shown i vitro antioxidant effects, which are evaluated by various
antioxidant activity assays including 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical
scavenging, reducing power and ferrous ion chelating activity [10]. E. pavieana
rhizomal extract has also been assayed, its ROS scavenging activity in EA.hy926
endothelial cells, using 2,7-dichlorodihydrofluorescein diacetate (H,DCF-DA)
probe. TNF-a markedly induced ROS formation, while the extract (25-100 pg/mL)
concentration dependently inhibited ROS level [11]. Thus, the data indicate antioxi-
dant effect of E. pavieana mediated in part by counteract with ROS.
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4.4 Anticancer activity

A number of plant-derived compounds can prevent progression of cancer
[51, 52] and possess anticancer activity [53]. The ethanol extract from E. pavieana
rhizomes exhibits cytotoxic effect against several cancer cell lines such as breast
adenocarcinoma MDA-MB-231, hepatoma HepG,, cervical carcinoma HeLa, and
C33A. The ICs values were ranging from 160 to 192 pg/mL, respectively. Trans-
4-methoxycinnamaldehyde, an active compound isolated by cytotoxicity-guided
isolation from E. pavieana rhizomes, has shown cytotoxic effects against C33A,
colorectal carcinoma HCT116, MDA-MB-231, and HepG, with the ICsy values of
34.3, 38.7, 39.3, and 40.7 uM, respectively [13]. Tachai and Nuntawong [7] reported
that 4-methoxycinnamyl p-coumarate exhibited inhibitory activity on cell growth
of human breast cancer (MCF7), human oral cavity cancer (KB), and human small
cell lung cancer (NCI-H187) with ICsq values of 25.1, 20.2, and 34.8 pM, respectively
[7]. Essential oil from the rhizomes was found to have cytotoxic effect against NCI-
H187 (ICso: 31.7 pg/mL) [7].

4.5 Antimicrobial activity

Various solvent extracts of E. pavieana (ethanol, acetone, dichloromethane, ethyl
acetate, petroleum ether, and hexane) were found to be active against Gram-positive
bacteria (Bacillus cereus, B. subtilis, Staphylococcus aureus, Listeria monocytogenes) and
Gram-negative bacteria (Escherichia coli, Pseudomonas aeruginosa, Vibrio parahae-
molyticus, and Salmonella typhimurium). Antimicrobial activity of leaves was higher
than that of stem and rhizome [12]. Tachai and Nuntawong demonstrated that hex-
ane, dichloromethane, and methanol extracts of E. pavieana rhizomes were inactive
against Mycobacterium tuberculosis, while MCC exhibited its antimicrobial activity
against M. tuberculosis with minimum inhibitory concentration at 50 pg/mL [7].

5. Conclusion

In this chapter, we have provided the information on botanical aspects, dietary
and traditional uses, phytochemicals, and pharmacological activities of Etlingera
pavieana which is distributed in Southeast Asia. The major active compounds are
phenylpropanoids such as trans-4-methoxycinnamaldehyde, and 4-methoxycin-
namyl p-coumarate. Its rhizomes exhibit anti-inflammatory, antioxidant, antiath-
erogenic, antimicrobial, and anticancer activities. The pharmacological activities
reported here confirm therapeutic efficacy of E. pavieana rhizomes which might
be developed into medicines or nutraceuticals for the treatment and prevention
of various diseases, especially inflammation-related diseases. However, in vivo
toxicology studies of E. pavieana rhizomes should be performed along with the
clinical trials.
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Chapter 9
Plants and Cancer Treatment

Bassam Hassan

Abstract

In this century, cancer has become one of the major problems and diseases
that have caused predominant death, and it will even surpass heart diseases. Since
World War I, chemotherapy has become as one of the most important and signifi-
cant treatments of cancer. Even if it can cure cancer, it is found to cause several
critical side effects. Over the past 20 years, many types of new therapies have
emerged; some of them were extracted from plants that are found to be effective
and safe. Moreover, it has been approved that several plants, herbs, and vegetables
can prevent or reduce incidence of cancer in several sites of the human body.
Besides, researchers found that they are a great source for developing and produc-
ing new, effective, tolerable, and safe anticancer drugs compared with the synthetic
ones. As a result of that, researchers recommended future studies to focus more on
plant as a source for safe and effective anticancer treatment.

Keywords: cancer, plants, anti-growth, apoptosis, treatment

1. Cancer background

During this century, cancer has become one of the major problems and diseases
which has caused predominant death, and it will even surpass heart diseases. Many
of the researchers begin to use the term lifetime risk for cancer patients which refer
to the time that cancer will progress and developed or the time that the patient will
die because of cancer. Cancer does not represent only one disease but it is a group
involving about 100 diseases. It is characterized by two things: Firstly there is no
control for the growth of cancer cells, and secondly it is the ability of the cancer
cells to metastasize and migrate from the original site to different parts of the body.
There are two types of tumors which are malignant and benign. Cancer can attack
any person, and its occurrence increases as the age of the individual increases too
[1, 2]. There are many problems (i.e., side effects) associated with cancer diseases
either solid or hematological cancer such as nausea, vomiting, diarrhea, constipa-
tion, hypercalcemia, pain, loss of appetite, anemia, fatigue, cachexia, leucopenia,
neutropenia, and thrombocytopenia. However the major problems are nausea and
vomiting, neutropenia, anemia, thrombocytopenia, and hypercalcemia. Hence due
to these reasons, cancer is considered as one of the major diseases that will affect the
quality of life [3-6].

2. Chemotherapy background

Chemotherapy was developed and used since the Word War I from the chemical
weapon program of the United States of America (USA). Since then chemotherapy
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has become as one of the most important and significant treatments of cancer. Its
main mechanism of action is by killing the cancer cells which are characterized by
their high multiplication and growth rate. It will also kill all the cancer cells that
had broken off from the main tumor and spread to the blood or lymphatic system
or any part of the body. This killing process of cells is either by a direct effect on
deoxyribonucleic acid (DNA) or an effect on the factors involved in mitosis by
inhibition of its synthesis or production or uses [7-9]. Chemotherapy drug may
lead to complete cure for some types of cancers or may suppress the growth of oth-
ers or may prevent their spread to other parts of the body. So many types of new
therapies have emerged over the past 20 years. Some of them were straight for-
ward, effective, and safe and some have many side effects. However when compar-
ing chemotherapy with other types of treatments, it still remains potentially high
risk with many side effects which are difficult to manage. The chemotherapy used
required the involvement of various clinical professionals during its various stages
of administration, and enormous patient health care is needed to overcome its side
effects [7, 10].

3. Chemotherapy side effects

The goal of chemotherapy is to be as effective as possible with tolerable side
effects, since the dose of chemotherapy will be toxic to the cancer cells as well as
to the normal cells. A proportion of the cancer patients suffer from only mild side
effects, whereas others may suffer from serious side effects [10-12].

These side effects are classified as:

1. Acute, which develop within 24 hours after chemotherapy administration

2.Delayed, which developed after 24 hours and up to 6-8 weeks after chemo-
therapy treatments

3.Short term, combination of both acute and delayed effect

4. Late/long term, which developed after months or years of chemotherapy
treatment

5.Expected, which developed among 75% of the patients

6. Common, occurred in 25-75% of the patients

7.Uncommon, happened less than 15% of the patients

8.Rare, occur in only 5% of the patients

9. Very rare, occur on less than 1% of the patients [10-12]

Occurrence of specific side effects will vary according to the chemotherapy
used. The most common side effects experienced are nausea and vomiting, anemia,
hair lost, bleeding, thrombocytopenia, hyperuricemia, bone marrow depression,

alopecia, and mucositis. So different parameters must be taken into consideration to
prevent, reduce, and overcome these side effects [10-12].
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4, Plants and cancer

Herbal medicine has been used as a major treatment for cancer in various
countries in the Middle East and Europe long time ago. Recent reports released
by the World Health Organization (WHO) showed that although many advanced
countries have considered traditional herbal treatment as an official treatment for
cancer, only 5-15% of these herbs have been investigated to detect their bioactive
compounds, i.e., anticancer compounds [13-15].

5. Plants and cancer treatment and prevention

According to the two famous Islamic physicians (Rhazes and Avicenna), diseases
need to be treated by using a scheme which consists of three options; the first option
will be by using physiotherapy and diet, the second one will be by using drugs,
and the last option will be surgery. Drugs used on that time have been classified as
simple and compound drugs. Treatment of any disease will start with the simple one
to avoid drug-drug interaction; unless it did not work, then physician will use the
compound drugs, and when second option failed too, then surgery will be used [15].

Regarding cancer treatment, the Islamic scholar “Avicenna” mentioned that “if it
is the start of a cancer, it is possible to make it static and prevent it from growth and
hence ulceration” [14].

Researchers mentioned that herbal-based medicines are found to be one of
the best choices for treating and/or preventing incidence of cancer. This is mainly
because of the varieties of active substances that plants contained which work
against many types of cancers in several mechanisms. These compounds can be
extracted and can be used alone or in combination with other anticancer treat-
ments. In comparison with synthetic drugs, these natural compounds are found
to be naturally available, cheaper, and easy to administered orally and have low or
minimal side effects, and they are found to be rich of various biologically active
chemotypes [14-16, 19].

Avni and colleagues mentioned there are several plants work as
“Chemopreventive agents against many types of cancers like; Abrus precatorius on
Yoshida sarcoma, Albigia lebbeck on sarcoma, and Alstonia scholaries on forestomach
carcinoma”. Other plants characterized by anticancer activity like “Anacardium
occidentale in hepatoma, Asparagus racemosus in human epidermoid carcinoma,
Boswellia serrata in human epidermal carcinoma of the nasopharynx, Erythrina
suberosa in sarcoma, Euphorbia hirta in Freund virus leukemia, Gynandropsis
pentaphylla in hepatoma, Nigella sativa in Lewis lung carcinoma, paederia foetida
in human epidermoid carcinoma of the nasopharynx, picrorhiza kurroa in hepatic
cancers, and Withania somnifera in various tumors” [20].

One of the most critical problems associated with cancer treatment is chemo-
therapy resistance, that’s why researchers trying their best to prevent or reduce
incidence of resistance by detecting new anticancer agents as an alternate [14].

Thazin and colleagues mentioned that natural compounds extracted from plants
have not only the ability to work as anticancer agents but also to restore chemo-
therapy sensitivity, for example, tetrandrine which is an active alkaloid compound
extracted from plant enhances doxorubicin anticancer activity against resistant
MCF-1/DOX cells in vivo via modulating P-gp-mediated drug efflux. Another
natural compound is quercetin (flavonoid) which restores daunorubicin chemosen-
sitivity in resistant HL-60/DOX and K562/DOX cell lines via suppression of P-gp
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expression. Curcumin also increases vincristine chemotherapy activity in SGC7901/
VCR cell lines by suppressing ABC transporters such as P-gp, MRP1, and ABCG2
proteins [21].

Jana and colleagues conducted in vitro study to determine the anticancer,
antiproliferative, and cytotoxic effect of brassinosteroids (BRs) which are ste-
roids extracted from plants against (MCF-7/MDA-MB-468) breast and (LNCaP/
DU-145) prostate cancer cell lines and normal cell line. Results showed that RBs
significantly arrested MCF-7, MDA-MB-468, and LNCaP cells in G1 phase of
the cell cycle and induced apoptosis in MDA-MB-468, LNCaP, and slightly in
the DU-145 cells, without any toxic effect against normal cell lines. These results
support the point that RB compounds are a promising source for anticancer
drugs [22]. Another in vitro study is conducted to detect the antiproliferative and
cytotoxic effect of the aqueous extract of A. ascalonicum against Wehil64 (mouse
fibrosarcoma cells), Jurkat (human acute T-cell leukemia) and K562 (human
erythroleukemia), and human umbilical vein endothelial cells (HUVEC) as a nor-
mal cell line. Results showed that the extract showed a significant antiproliferative
effect against all cancer cell lines and a dose and time cytotoxic effect against them
with a very low cytotoxic effect against a normal cell line. These results showed
that the Allium ascalonicum plant is a promising source for a potent anticancer
treatment for several types of cancers [23].

About cancer prevention, it has been approved that several plants, herbs, and
vegetables can prevent or reduce the incidence of cancer in several sites of the
human body [14].

An in vitro study is conducted by a group of researchers trying to detect the
ability of ethyl acetate extract of onion (EEO) to cause inhibition for cancer growth
and cause apoptosis in human breast cancer MDA-MB-231. Results showed that
EEO cause apoptosis for MDA-MB-231 breast cancer cell line and prevent incidence
(i.e., growth) of breast cancer by inhibiting fatty acid synthase (FAS) production
and accumulation in adipose tissues [24].

Another in vitro study is conducted by Arif and colleagues to detect the antitu-
mor effect of Aloe vera crude extract (ACE) alone and in combination with cispla-
tin on human breast carcinoma cell line (MCF-7) and human cervical carcinoma
cell line (HeLa) [25]. The cytotoxic potential of Aloe vera crude extract alone or in
combination with cisplatin in human breast (MCF-7) and cervical (HeLa) cancer
cells was studied by cell viability assay, nuclear morphological examination, and
cell cycle analysis. Effects were correlated with the modulation of expression
of genes involved in cell cycle regulation, apoptosis, and drug metabolism by
RT-PCR. “Results showed that exposure of cells to ACE resulted in considerable
loss of cell viability in a dose- and time-dependent fashion, which was found to be
mediated by through the apoptotic pathway as evidenced by changes in the nuclear
morphology and the distribution of cells in the different phases of the cell cycle.
Interestingly, ACE did not have any significant cytotoxicity towards normal cells,
thus placing it in the category of safe chemopreventive agent. Further, the effects
were correlated with the downregulation of cyclin D1, CYP 1A1, and CYP 1A2
and increased expression of bax and p21 in MCF-7 and HeLa cells. In addition,

a low-dose combination of ACE and cisplatin showed a combination index less
than 1, indicating synergistic growth inhibition compared to the agents applied
individually. In conclusion, these results signify that Aloe vera may be an effective
antineoplastic agent to inhibit cancer cell growth and increase the therapeutic
efficacy of conventional drugs like cisplatin. Thus promoting the development of
plant-derived therapeutic agents appears warranted for novel cancer treatment
strategies” [25].
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6. Anticancer plant-derived drugs

About two-thirds of the anticancer treatments are extracted from plants, and
these drugs are divided into several classes depending on their pharmacological
effect: antimitotics [vinca alkaloids (e.g., vincristine and vinblastine), podophyl-
lotoxins (e.g., etoposide and teniposide), and taxanes (e.g., paclitaxel, docetaxel)],
topoisomerase inhibiters [Topo I (e.g., topotecan and irinotecan), Topo II (e.g.,
ellipticine and podophyllotoxins)], ROS inducers (e.g., EGCG2 and thymoqui-
none), angiogenesis inhibitors (e.g., flavopiridol), histone deacetylases (HDAC)
inhibitors (e.g., sulforaphane and pomiferin), and mitotic disruptors (e.g., roscovi-
tine) [3, 4, 15].

An in vitro study is conducted by Maram and colleagues to detect the antitumor
effect of Aloe vera (A. vera) and Calligonum extracts on hepatocellular carcinoma
(HepG2) cells. Viability, apoptosis, and DNA damage of these cells have been
tested after exposure to different concentrations of the two extracts. Results
showed that the extracts of these two plants could have an antitumor effect against
HepG2 cells. Thus, these two plants can be promising sources for future anticancer
treatment [26].

Nadia and colleagues conducted an iz vitro study in which the main aim was to
detect the anticancer effect of ethyl acetate extract of Crataegus azarolus against
HCT-116 and HT-29 human colorectal cancer cell lines. Results showed that the
extract demonstrated strong cytotoxic and anti-growth activities via several mecha-
nisms. Moreover, its apoptotic effect is associated with the elevation of p21 expres-
sion but not through p53 activation. As a result of that, authors concluded that this
compound can be used as anticancer for treating colorectal cancer [27].

7. Secondary metabolites extracted from plants used as anticancer agents

Overtime researchers detected that plants found to be enriched with natural
compounds called secondary metabolites these metabolites characterized by several
points that make them effective antitumor agents. These compounds can be clas-
sified into “three main groups which are: terpenoids (polymeric isoprene deriva-
tives and biosynthesized from acetate via the mevalonic acid pathway), phenolics
(biosynthesized from shikimate pathways, containing one or more hydroxylated
aromatic rings), and the extremely diverse alkaloids (nonprotein nitrogen-
containing compounds, biosynthesized from amino acids such as tyrosine, with
along history in medication)” [16]. Yearly several new metabolites are extracted
from plants, but limited numbers of them have been used to synthesize new potent
anticancer agents.

8. Medicinal plant enhanced chemotherapy and radiotherapy function

As mentioned above one of the crucial problems associated with chemotherapy
drug is multidrug resistance (MDR), which happened when cancer cells become
insensitive to chemotherapy treatment used for treating it [17]. The main factor that
plays a role in the incidence of this phenomenon is the overexpression of ATP-binding
cassette (ABC) transporters which their main function is to prevent transportation
of chemotherapy drug through the biological membrane of the cell to reach its target
[17]. As aresult of that, many researchers are working so hard to produce and/or
extract efficient and low-toxic inhibitors for ABC drug transporters from natural
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sources, i.e., natural products. Their main target is to restore drug sensitivity in MDR
cancer cells by improving chemotherapy drug penetration, distribution, and accu-
mulation of the drug inside the tumor cells [17]. Besides that, natural compounds
extracted from plants can be used to enhance chemotherapy function in several ways,
as clarified in Table 1.

Compound Dietary Chemotherapy drug Effect
source
Influence on treatment
efficacy
Ginsenosides Ginseng Cisplatin Enhancement of drug-induced
5-Fluorouracil antiproliferative effect
Increase in antiproliferative
effect
Curcumin Turmeric Vinorelbine Enhancement of
chemotherapeutic efficacy
Catechins/theanine Green tea Doxorubicin Enhancement of antitumor
Cisplatin activity
Increase in reduction of tumor
growth
Quercetin Many foods Doxorubicin Potentiation of growth-
such as Busulfan inhibitory activity
onions, Cisplatin Synergistic antiproliferative
apples, activity
berries, and Increased cytotoxic effect
tea
Genistein Soy foods Tamoxifen Attenuation of inhibitory effect
of tamoxifen on tumor cell
growth
Attenuation of tamoxifen effect
on reducing of tumor burden
Synergistic growth inhibition
Daidzein Soy foods Tamoxifen Improvement of drug activity
to reduce tumor burden
Tangeretin Tangerine Tamoxifen Complete blocking of growth-
and other inhibitory effect of tamoxifen
citrus peels
Influence on side effects of
chemotherapy
Ginsenosides Ginseng Cyclophosphamide Protection against drug-
induced genotoxicity and
apoptosis in bone marrow cells
and peripheral lymphocytes
Quercetin Many foods Cisplatin Protection of normal renal
suchas tubular cells from drug toxicity
onions,
apples,
berries, and
tea
Influence on drug resistance
Ginsenosides Ginseng Paclitaxel Chemosensitization
Doxorubicin Inhibition of drug efflux from
tumor cells
Table 1.

Various natural compounds and their effects on chemotherapy [17, 18].
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Plants (family)

Radioprotective/radiosensitizing efficacy

Aegle marmelos (L.) Corr. (Rutaceae)

Reduced decline in hemoglobin level, and leukocytes and
lymphocytes counts because of radiotherapy.

Aloe arborescens Mill. (Liliaceae)

Radioprotective efficacy

Alstonia scholaris L. (Apocynaceae)

Radioprotective efficacy

Biophytum sensitivum (L.) DC.
(Oxalidaceae)

Prevented y-radiation-induced DNA damage

Citrus sinensis (L.) Osbeck (Rutaceae)

Significantly counteracted UV-B-induced damage in human
keratinocytes

Emblica officinalis L. (Phyllanthaceae)

Significantly caused depletion in lipid peroxidation and
elevation in glutathione and catalase levels

Grewia asiatica L. (Malvaceae)

Inhibited y-radiation-induced glutathione depletion and
ameliorating lipid peroxidation

Isatis indigotica Fort. (Brassicaceae)

Reduce the mucosal damage caused by radiation

Mentha piperita and Mentha arvensis
(Lamiaceae)

Prevented y-radiation-induced DNA damage

Olea europaea L. (Oleaceae)

Inhibited incidence of skin damage

Panax ginseng L. (Araliaceae)

Prevented y-radiation-induced DNA damage

Rosmarinus officinalis L. (Lamiaceae)

Prevented y-radiation

Rubus spp. (Rosaceae)

Prevented UV radiation

Syzygium cumini L. Skeels (Myrtaceae)

Prevented y-radiation

Tinospora cordifolia (Thunb.)

Prevented y-radiation

Viscum album L. (Santalaceae)

Palliate radiotherapy side effects

Xylopia aethiopica (Dunal) A. Rich

Prevented y-radiation

(Annonaceae)

Table 2.
Radioprotective/vadiosensitizing efficacy of plants against radiotherapy [28].

Regarding radiation therapy, studies found that a substantial fraction of cancers
fails to response properly to radiation therapy, and for this case the use of a high
dose is recommended, and this will cause incidence of major side effects (like tissue
fibrosis, hair loss, myelosuppression, etc.) [28]. This will happen as a result of gen-
eration of intercellular reactive species which will cause breakdown for DNA strand
and alteration in biomolecules. Moreover, the combination of radiotherapy and
chemotherapy can aggravate the situation, for example, renal problems and alopecia
will be detected on cancer patients treated with radiotherapy and platinum chemo-
therapy, while the combination with alkylating agents is found to cause infertility
[28]. Therefore, researchers worked so hard to detect compounds from natural and/
or synthetic source (s) to overcome radiotherapy damage and side effects. Studies
showed that some plants are radioprotectors which are capable of preventing and/or
palliating radiotherapy damage and side effects. Other plants are found to be radio-
sensitizers which are capable of enhancing radiotherapy pharmacological effectsi.e.,
get the desired pharmacological effect with the minimum dose, as shown in Table 2.

9. Nutritional approach in chemotherapy and radiotherapy
During this century chemotherapy and radiotherapy remain as the dominant

and the most effective treatments against many types of cancers. Extraordinary
effort is made by the researchers to improve the efficacy of both of them. The new
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vision for doing that is by using natural products (supplements) in concurrent with
them [18, 29].

Besides, these supplements will significantly reduce the incidence of many side
effects like “oral mucositis, gastrointestinal toxicity, hepatotoxicity, nephrotoxicity,
hematopoietic system injury, cardiotoxicity, and neurotoxicity” that can be caused
by the use of the pharmacological treatments, and example for these natural supple-
ments are ginseng extract, grape seed extract, and curcumin [18, 30].

Moreover, nutritional supplement can also help in increasing cancer cell apopto-
sis, reducing multidrug resistance, increasing drug penetration and its concentra-
tion inside cancer cells, and reducing incidence of weight loss, malnutrition, and
severity of comorbidities. At the same time, they can significantly improve cancer
patients’ quality of life [18]. As a result of that, clinicians encouraged to administer
nutritional supplement in combination with chemotherapy, rather than giving them
separately [18].

One of the most important benefits that can be obtained by combining nutri-
tional supplement with chemotherapy is reducing the incidence of drug resistance
by inhibiting ABC transporters [example P-glycoprotein (P-gp) and multidrug
resistance proteins (MRP-s)] [18]. Currently no synthetic material is found to be
efficient and safe for multidrug resistance, but some novel compounds extracted
from natural products can help in some ways to solve this crucial problem [18].

An in vitro study is conducted to determine the antiproliferative and apoptotic
effect of B. servata plant methanolic extract as a monotherapy and in combina-
tion with doxorubicin (DOX) chemotherapy against hepatocellular carcinoma
cell lines (HepG2) and (Hep3B). The results showed that the extract of the plant
inhibited the proliferation of both cancer cell lines (HepG2 and Hep3B) with ICs
values 21.21 + 0.92 and 18.65 + 0.71 ug/mL, respectively. About DOX it caused an
inhibition for proliferation of both cancer cell lines at ICsy values 1.06 + 0.04 and
1.92 + 0.09 ug/ML, respectively, while when the extract is used in combination with
DOX, results showed that there was a synergistic effect against both cancer cell
lines with combination index (CI) of DOX and B. serrata extract of 0.53 + 0.03 to
0.79 + 0.02. Besides, results showed that the use of the extract alone and in combi-
nation with Dox significantly stimulated the activity of caspase-3 and the activation
in combination with Dox was higher. A similar result also gotten about the use of
the extract with Dox significantly increased the expression of TNF-a and IL-6 and
reduced the anti-apoptotic protein level which is NF-«xB. Moreover, the use of the
extract showed a significant reduction in liver enzymes SGOT, SGPT, and ALP
which have been elevated as a result of the use of Dox alone, i.e., the extract signifi-
cantly helped in reducing liver toxicity. Also the extract leaded to restored albumin
protein level which has been decreased as a result of Dox use. Moreover, the use of
the extract with Dox chemotherapy significantly helps in preserving the histologi-
cal architecture of the liver, which showed a significant change among group of rats
receiving Dox chemotherapy alone. All these points confirmed that the use of the
extract in combination with Dox will significantly help in improving treatment of
hepatocellular cancer and reducing side effects of Dox [31].
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Herbal Remedies for Breast Cancer
Prevention and Treatment
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Abstract

Breast cancer is among the most common type of cancer in women around
the globe. Prevention of breast cancer is better than its treatment. Because of
the molecular variation and complexity underlying breast cancer occurrence, its
treatment by using chemotherapy and/or radiotherapy is very complicated and
often leads to undesirable side effects. Plants and their extracts have been used
for centuries for the treatment of almost every disease and breast cancer is not an
exception. Herbal products can be trusted for cancer treatment because of their
low toxicity. Besides, herbal remedies are easily accepted by the majority of woman
suffering from breast cancer because of their easy availability and affordability.
In the last decade, a large number of plants and their compounds were reported to
show promising anticancerous effects against breast cancer cells in both iz vivo and
in vitro models. However, their beneficial effects on breast cancer treatment are still
doubtful due to the lack of randomized clinical trials. This chapter is dedicated to
reporting the potential of some herbal products for the prevention and/or treatment
of breast cancer. Besides, it focused on the anticarcinogenic mechanism of those
phytocompounds to report their potential chemotherapeutic role.

Keywords: herbal remedies, phytochemicals, phytoestrogens, breast cancer

1. Introduction

According to World Health Organization (WHO), cancer is the second leading
cause of death after cardiovascular diseases and a growing health issue globally.
Breast cancer is the most commonly diagnosed type of cancer among females
accounting for approximately one-quarter of cancers in females globally. Great
research efforts are in place to understand the cause of breast cancer onset, to iden-
tify the critical molecular mechanism of its progression, and to define new ways of
treating it with lower and limited toxicity. These efforts are certainly encouraging
since overall survival has greatly improved in several breast cancer types during the
last decade. Since 1990, mortality rates of breast cancer have reduced significantly
by 25%, this is at least in part due to the significant improvement in its treatment
[1]. Treatment of cancer mainly relies on chemotherapy that uses cytotoxic agents
for killing cancer cells. However, these agents or drugs affect both cancer cells as
well as healthy cells, causing an array of side effects during the therapy or after the
therapy. To overcome these problems, current research is emphasized to explore
herbal remedies that selectively targets cancer cells. Besides this, unlike other
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cancer types, breast cancer has diverse genetic mutations that affect several path-
ways [2]. These complexities aid to distinct pathological types with different clinical
outcomes [3]. Therefore, response to a certain chemotherapeutic drug may differ
in different patients and lack of proper treatment plan may increase the toxicity
furthermore. One of the encouraging approaches to overcome drug toxicity is to
look for alternative medicines that have less or selective toxicity toward cancer cells
[4]. In recent years, many studies have demonstrated selective cytotoxicity of a
variety of herbal compounds that can be used as potential chemotherapeutics [4].
Meanwhile, diverse herbal products were reported to prevent and/or palliate the
side effects of treatment, improve quality of life, and reduce stress. However, the
usefulness of herbal remedies for breast cancer prevention and/or treatment is still
ambiguous due to the lack of randomized clinical trials. These objectives will be
achievable only if the herbal compounds that showed promising anticancer activity
can be successfully transferred to clinical trials.

2. Current scenario and future burden of breast cancer

Cancer of the breast is among the most frequently diagnosed cancer and
the leading cause of cancer-related deaths in females globally. According to
International Agency for Research on Cancer (IARC’s) Globocan data on 2018,
breast cancer caused 0.62 million deaths in 2018 and another 2.08 million new cases
were identified, which is 11.6% of all cancer types recorded [5]. At the current rate,
the number of incident cases is expected to rise to 3.05 million, and the mortality
troll is expected to rise to a nerve-racking 6.99 million by 2040 [6]. Approximately
1in 10 women is diagnosed with breast cancer at some time in their lives [3].

Epidemiological observation shows that the incidence of breast cancer is contin-
uously raising in both industrialized and developing countries [7]. Breast cancerisa
disease largely triggered by environmental and lifestyle factors than genetic, which
is believed to be responsible for only 10-15% of all breast cancer cases [8]. Various
risk factors like age (>50), family history of breast cancer, woman’s reproductive
history such as early menarche, nulliparity or late pregnancy, and late menopause
mainly aid to breast cancer onset [9]. In addition, prolonged use of oral contracep-
tive and hormone replacement therapy are also known risk factors of this disease
among postmenopausal women [10].

3. Molecular feature of breast cancer occurrence, progression,
and treatment

The onset of cancer is a result of several sequential molecular events. Most com-
mon of them is a mutation in a DNA molecule that codes for a protein that either
triggers cell division, proliferation, and growth or that signals termination of all
these molecular events [11]. Therefore, damage to DNA or a protein that regulates
cell cycle may lead to uncontrolled division and growth of cells, the condition is
cancer. It is a hyperproliferative disease that involves molecular alteration resulting
in apoptosis dysregulation, proliferation, angiogenesis, and metastasis [12].

Breast cancer is one of the commonest types of cancer and characterized by
distinct pathological types with different clinical outcomes. It has different stages
that arise from ductal hyperproliferation, which changes into ductal carcinoma in
situ (DCIS), invasive carcinoma, and metastatic stage. In addition, based on the
molecular mechanism of occurrence, breast cancer can be divided into estrogen
receptor (ERa) and progesterone receptor (PR) expression and amplification
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of human epidermal growth factor receptor (HER2), also known as epidermal
growth factor receptor 2 (ErbB2) [3]. Breast cancer 1 (BRCA1) and breast cancer

2 (BRCA2) are the two most important genes that code the proteins BRCA-1 and
BRCA-2, which play a key role in DNA damage repair and in maintaining genomic
stability [3]. Mutation in these genes leads to 15-20 fold increases the risk of breast
cancer occurrence [13]. Additionally, tumor suppressor TP53 is another important
gene that codes for the protein p53 that plays a major role in the regulation of cell
cycle and in apoptosis induction. Mutation in the TP53 gene increases the risk of
breast cancer as well as other cancer types. Breast cancer cell survival, prolifera-
tion, motility, and cell metabolism are controlled by various signaling cascades.

In around 70% of breast cancers, the phosphatidylinositol 3-kinase (PI3K)/

AKT pathway has shown to be mutated [14]. Other frequently mutated signaling
cascades in breast cancer are Janus kinase (JAK)/signal transducer, activators of
transcription (STAT), and nuclear factor kp (NF-kf) pathways [3]. Classification
of breast cancer based on the molecular expression has therapeutic implication as it
helps in deciding the treatment plan. Based on the relative expression of the above
markers, patients either receives hormonal therapy or chemo/targeted therapies.
The most promising way of dealing with cancer is to interfere with modulation
stages of carcinogenesis—initiation, promotion, and progression as well as altering
the carcinogenesis signaling pathways [15, 16].

Breast cancer therapeutics include drugs that protect genomic stability by
preventing DNA damage, inhibit the cell cycle by disrupting cellular integrity or
by inducing apoptotic cell death, and block certain pathways that are responsible
for abnormal cell growth (Table 1). Majority of breast cancer cases express the
estrogen hormone receptor, which helps the cancer cells to proliferate rapidly by
the growth-promoting effects of circulatory estrogens [17]. Therefore, current
therapies are targeted at abrogating estrogen dependence for estrogen receptor
(ER)-positive breast cancers [17]. One of the successful and efficient approaches is
the employment of a selective estrogen receptor modulator (SERM) like tamoxifen,
which binds to the ER that induces a conformational change in the receptor result-
ing in obstruction of estrogenic expression [18, 19]. However, tamoxifen like SERMs
exhibits many notable side effects including—secondary cancer, cardiovascular
diseases by their estrogenic activity in other tissues and organs. The efficiency of
tamoxifen is challenged by the development of highly potent third-generation aro-
matase inhibitors (Als) that represents a promising approach in endocrine therapy
of breast cancer [20]. The aromatase inhibitor drugs like anastrozole and letrozole
reduce estrogen production by competitive inhibition of the enzyme aromatase,
although the long-term health effects of Als are doubtful [21]. Another effective
strategy in breast cancer treatment is the implementation of a growth factor inhibi-
tor. One of the first identified targets of these growth inhibitors was the epidermal
growth factor receptor (EGFR) that plays a vital role in the survival of cancer cells
and developing multidrug resistance [22]. The effectiveness of the small molecule
EGFR tyrosine kinase inhibitor like gefitinib is highly appreciated for the treatment
of breast cancer; however, it failed to produce notable improvement in advance
stages of breast cancer [23].

Approximately 20% of breast cancer cases show overexpression of the HER2
that results in aggressive disease and reduced survival [17]. In present, trastuzumab
and lapatinib are the only marketed drugs used to inhibit the HER2-mediated
growth and proliferation signaling [17]. Other than this, enzyme-mediated DNA
damage is an effective approach used in cancer chemotherapy. Doxorubicin, an
anthracycline drug, binds with DNA by intercalation with base pairs, which results
in an elevated level of DNA-topoisomerase II covalent complexes inhibiting topoi-
somerase II activity [24]. Other anticancer drugs inhibit mitosis by interrupting the
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Drugs ‘Target Muode of Action
Dosorubin/ Binds with DNA by intercalation between base pairs and inhibits
T DA, Topoisomerase I1 topoisomernse I activity by stabilizing DNA-topoiscmerase 11
Dannorubicin eomplex
?“"".'RN""' iice It has antimitotic and eytotoxie activity. Inhibits nucleic acid &
Epirubicin meodm:ﬂm ];éli protein synthesis in many ways, Inhibils DNA helicnse aclivity
DNA-bindi pmﬁum] thus interferes DNA replication & transeription.
DNA, DNA-g-mcthyladenine  Its an alkylating agent that adds alky group to DNA bases,
. glveosylase, a-2- preventing DMNA and protein synthesis. Forms eross-links in DNA
Cisplatin
macroglobuling that prevents synthesis or ranseription of DNA snd indoee
seralransferrin ATOX1 mintation by mispaining of muclestides.
Tubulin -1 chain, Bel-2, It's a mitotie inhibiter that interferes with miesotubule growth by
Paclitaxel microtubale-associated hyper-stabilization of their strocture. Induee apoptosis by

proteins

inhibiting Bel-2 activity.

Cyelophosphamide

DNA

Cross-linking and elkylation of DNA thatl prevents DNA synthesis
and transeription.

It's m selective estrogen receptor modulator (SERM) that binds to
estrogen receptor (ER), inducing a confarmational change in the

Tomaxifen Estrogen Receptor (ER) receptor, that resulls in blockage or change of expression of
estrogen dependent genes in the mammary tissue.

Ralovifens Estrogen Receptor (ER) Serond generation SERM. mode of action is similar to tamaxifen.
It's a recombinant bumanized 1gG1 monoclanal antibody nsed in

Herceptin, Humsn epidermal growth protein based therapies that blocks the extracellular ligand-

Trastuznmals factar receptor 2 (HER 2) binding domain of HER-2 receptor, subsequently inhibiting HER-
2 mediated signaling cascade,

Gefitinib Epédermal growih factor Inhibits the activity of EGFR Iyrosine kinase, subsequently

A reeeptor inhibiting the proliferation of malignant cells.

It's a recombinant humanized monoclomal 1gGL antibody that

Bevacimamab VEGF/ VEGFR inhibits the activity of human vascular endothelial growth factor
by preventing its interaction with VEGFR.

: i It's & prodmug that converts to fMeoronmeil in cancer cells and
Capecitabine Thyaeidylate synthase fnhilit DNA smthesis,
Table 1.

Commonly used breast cancer chemothevapeutic drugs, their targets, and mechanism of action [26].

microtubule stability, hence blocking the transition from metaphase to anaphase
[25]. Subsequently, the cell undergoes mitotic arrest or programmed cell death
(apoptosis). For instance, vincristine and vinorelbine inhibit the polymerization of
microtubules by binding to either the vinca domain or taxoid-binding domain that

interferes between p- and a-subunit of tubulin [25]. On the other hand, microtubule-
stabilizing drugs like paclitaxel hyperstabilizes the microtubule assembly by binding
to the inner surface of the microtubule at a taxoid-binding site on p-tubulin resulting
in mitotic arrest in the cell [25]. All these strategies helped in reducing mortality due
to breast cancer and increased the survival rate; however, they appear with certain
side effects that may be either low and short term or high and life threatening.

4. Chemotherapeutic-associated toxicity in breast cancer treatment

The role of chemotherapy in curing cancer is still doubtful [27]. Even it
decreases the risk of recurrence and helps the patient to live longer with improved
quality of life in case of metastatic breast cancer. But its use associated with
certain risk factors or side effects—some of the side effects are short term and
minor, whereas others may become more serious and life threatening [27]. Table 2
describes a few commonly used chemotherapeutic drugs and their side effects.

Among the most common side effects of chemotherapeutic drugs is its nonselec-
tive toxicity, where it destroys the normal body cells such as those in the hair follicle,
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Drugs Common Side-Effects

Doxorubicin Cardiotoxicity, infertility, alopecia, nausen & vomiting, low bloeod counts.

Alopecia, nausea & vomiting, mouth sores and low blood count. May cause

L infertility and cognitive heart failure in exceptional oceasions.
Epirubicin Inereased risk of infectious disenses, hair loss, respiratory problems, decreased
blood count.
Cisplatin Nausea & vomiting, kidney toxicity, ototoxicity and decreased blood eount.
Paclitaxel Alopecia, pain in joints and nmscles (arthralgin and myalgia), peripheral

nenropathy, nansea & vomiting, diarrhea and hypersensitivity.

Temporary hair loss, nausea & vomiting, poor appetite, discoloration of skin and

L elopunepiasmmce nails, low blood count, loss of fertility.

Cardiotoxicity, respiratory difficulties, abnormal vaginal bleeding, tenderness and

T numbness in fnee, hand and legs.
Raloih Hot flashes, flu, joint and muscle pain, rhinitis and blood clots, including deep
vein thrombesis in rare cases.
e Flu-like syndrome, respiratory  problems, insemnia, hypersensitivity,
thtuzﬂmab eardiotoxicity, peripheral neuropathy, alopecia, low blood count, nausen &
vomiting,
Gefitinib Eve irritation, hypersensitivity, poor appetite, nansen & vomiting, pulmonary and

respiratory problems, liver toxicity.

Upper respiratory infection, alopecia, nausea, vomiting, abdominal pain,
Bevacizumab constipation, nose bleeding, proteinuria and in rare cases cognitive heart failure
and nephrotic syndrome was observed.

Low blood count, risk of infection, hand-foot syndrome, hepatotoxicity, eye

Capecitabine irritation, nausea & vomiting, poor appetite and constipation.

Table 2.
Frequently used chemotherapeutic drugs in breast cancer treatment and their common side effects associated
with them [26, 28-30].

bone marrow, and cells of other important organs along with the cancer cells. Quite
a few chemotherapeutic drugs affect the nerve endings or synaptic gaps in hands
and feet that may result into numbness, pain, burning or tingling, sensitivity to cold
or heat, or weakness in your extremities [31]. Besides, chemotherapeutic drugs may
severely damage the immune cells as wells as the brain cells, making the patient
vulnerable to infectious diseases and impaired cognitive functions [32]. These side
effects may be temporary and may disappear after a few months of completion of
chemotherapy. Other critical side effects that arise due to certain chemotherapeutic
drugs may last longer—infertility is one of them [33]. Chemotherapeutics that dam-
age ovaries may lead to menopause symptoms, like hot flashes and vaginal dryness,
where menstrual cycle becomes irregular or permanently ceases making pregnancy
impossible [34]. Further, early menopause in premenopausal women due to the use
of aromatase inhibitor agents in adjuvant therapy causes a hypoestrogenic condition
that negatively impacts bone density resulting in osteopenia or osteoporosis [35].
Besides, long-term chemotherapeutic toxicity results in cardiac diseases and
may trigger secondary cancer such as marrow neoplasm or leukemia [36, 37].
Chemotherapy-linked cardiotoxicity is another major setback of cancer therapy
that increases the mortality rate because of the high prevalence of cardiovascular
diseases in cancer patients [38]. The cardiotoxicity leads to congestive heart failure
(CHF), which is more prevalence in young and elderly patients. It has been reported
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that the breast cancer patients aged between 65 and 70 years, who received adjuvant
anthracycline chemotherapy, had significantly higher rates of CHF [39]. In another
investigation, a widely used chemotherapeutic drug, doxorubicin, was reported

to cause CHF in worryingly 26% of the patients suffering from breast carcinoma
[40, 41]. Additionally, it was observed that 0.5% of breast cancer patients devel-
oped different types of marrow neoplasm (MN) or leukemia after a few years of
chemotherapy [42]. The risk of developing MN is higher in the first few years after
chemotherapy. Furthermore, chemotherapeutic drugs may also disrupt the normal
psychological state of patients in certain cases [43, 44].

The side effects that arise due the conventional chemotherapy is mainly due
to lack of specificity of the drugs for cancer cells. Majority of the widely used
chemotherapeutic drugs causes adverse damage to normal cells and key organs,
which limits the dose of a drug that can be used [45]. This explains the reason
why cancer drugs have a low therapeutic index. Several approaches are being
considered to address this issue in order to improve the effectiveness of antican-
cer drugs. One of the popular approaches among them is searching for natural
compounds that inhibit cancer cell growth without disrupting the functioning of
healthy cells.

5. Ethnomedicine and herbal compounds used for cancer treatment

Plants have played a key role in the survival and evolution of human beings
as they have provided the basic need of mankind like food, clothing, shelter, and
medicine since the beginning of the human race. Plants have formed the basis
of traditional medicine systems like Ayurveda, Unani, and Chinese traditional
medicines that have served mankind with their health needs. A larger part of the
population in developing and underdeveloped countries relies on herbal medicine
for solving treating their primary health issues. Traditional herbal medicines
become popular because of their cost-effectiveness, abundancy, and less or no side
effects. In recent years, global emphasis on plant research has increased to find out
drug-like substances from traditionally used medicinal plants. Moreover, several
naturally occurring plant-based compounds like curcumin, resveratrol, quercetin,
and many more showed promising anticancerous effects and are gaining interest
as an adjuvant chemotherapeutic agent. Besides, naturally occurring compounds
cause less toxicity to healthy cells and in certain cases show selective toxicity against
abnormal or diseased cells [46]. This might be the reason that today a large number
of drugs being marketed are structurally similar to the structure of naturally occur-
ring compounds.

Herbal compounds show a variety of anticancer activity mainly antioxidant,
anti-inflammatory, antimutagenic, and apoptosis-inducing activity that may
help prevent cancer development in the early stage (Figure 1). Dietary consump-
tion of adequate quantity of these herbal products may help in prevention and
treatment of breast cancer by cell cycle arrest, induction of apoptosis, regulat-
ing carcinogen metabolism and oncogenic expression, inhibiting cell adhesion,
proliferation and migration, and blocking signaling pathways that are essential
for cancer progression [47].

Between the year 1981 and 2014, 136 anticancer drugs were brought to use
around the globe, almost 83% of which were either herbal compounds or their
derivatives [48]. A number of anticancer drugs have already in use for the treatment
of breast cancer—including vincristine, vinblastine, paclitaxel, and docetaxel [49].
Despite the success of herbal products in curing breast cancer and its associated
complexities, not many herbal products are making through preclinical or clinical
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Figure 1.
Features of herbal compounds that attribute to their anticancer activity.

trials. Hence, greater effort is necessary to successfully transfer these agents to an
ideal clinical setting to assess their potential for herbal therapies.
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Figure 2.
Some important members of different classes of phytoestrogens [61].
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6. Herbal products used for prevention of breast cancer

Breast cancer is a preventable disease [50]. Estrogens play a major role in promot-
ing the proliferation of normal breast cells as well as neoplastic breast epithelium [51].
Almost 40-70% of breast cancers are estrogen receptor positive [52]. Hence, blocking
the estrogen receptor for the treatment and chemoprevention of breast cancer is one
of the significant approaches. Plant-based estrogen-like compounds or phytoestro-
gens were originally proposed as cancer-protective agents. This claim was strongly
supported by an epidemiological study that revealed a low breast cancer incidence
in the soy-consuming population [53, 54]. Phytoestrogens are structural analogues
of the mammalian hormone, estrogen, and thus can bind weakly to the hormone
receptor [55]. Structurally, phytoestrogen can be grouped into flavones, flavanones,
lignans, coumestans, and stilbenes [56]. The structure of important members of
different classes of phytoestrogens is given in Figure 2. Soybean and soy productisa
rich source of isoflavones [57]. Other phytoestrogen classes are legumes and lignans
found in seeds, nuts, whole grains, fruit, and vegetables [57]. Historically, the rate of
breast cancer occurrence in the United States is 4-7 times higher than that of Asian
population where the consumption of dietary isoflavones is comparatively as higher
as 20 to 80 mg/d [58]. In addition, epidemiological observations also revealed a mod-
est 30% reduction in breast cancer risk for women with a higher percentage of dietary
lignan intake [57]. Therefore, consumption of phytoestrogen-rich diet is one of the
many potential protective lifestyles against breast cancer. Recently, there are increas-
ing pieces of evidence that phytoestrogen activity inhibits key steroidogenic enzymes
activity involved in the synthesis of estradiol from circulating androgens and estrogen
sulfate [7]. Consequently, this activity could play a major role in protection against
breast cancer. Besides inhibiting the estrogenic activity, phytoestrogens were also
reported to activate the G-protein coupled receptor, GPR30 or GPER-1, described asa
novel estrogen receptor and play a significant role in estrogen-dependent diseases like
breast cancer [59]. However, the activity of phytoestrogens is unclear and depends on
more than one factors that include—its structure, metabolism, its relative availability
compared to that of endogenous estrogen [60, 57].

Naturally occurring phenolic compounds namely phenolic acids, flavonoids,
tannins, quinones, anthocyanins, and others play an important role in cancer
prevention and/or treatment [47]. These phenolic compounds are ubiquitous and
rich in medicinal herbs and dietary plants. Several phenolic compounds contribute
toward inhibiting carcinogenesis mechanism and show chemopreventive activities
by their diverse range of biological activities [62] (Table 4).

7. Herbal products used for treatment of breast cancer

A recent population-based survey showed that almost 80% of the women suffer-
ing from breast cancer use some form of complementary or alternative medicine for
the treatment of cancer [63]. Herbal remedies are the most common and popular
form of alternative medicine among them, which is frequently used by women suf-
fering from breast cancer. Here is some evidence that can help to treat breast cancer
and its associated toxicity:

7.1 Choosing a selectively cytotoxic herbal cure
One of the interesting features for herbal remedies is their selective toxicity

toward cancer cells. There are a number of phytocompounds reported that have
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Table 3.

Plant-based cancer therapeutics in different stages of clinical trials and vesearch [68].

selective toxicity toward breast cancer cells. Artemisinin is one among them,
isolated from Artemisia annua L. proved to be selectively cytotoxic toward breast
cancer cells when an adequate amount of iron (i.e., ferrous iron) is present in the
cells. Because cancer cells have a higher iron influx, therefore, artemisinin and its
analogues can selectively destroy cancer cells under high iron concentration [64].
Besides, polyphenols from Artemisia annua L. were reported to inhibit the adhesion
and epithelial-mesenchymal transition (EMT) of highly metastatic breast cancer
cells, MDA-MB-231 [65]. Other than this, polyphenol-rich extracts of Hibiscus
sabdariffa and aqueous extract of Brucea javanica were also reported to show selec-
tive cytotoxicity toward MCF7 and HTB-126 breast cancer cell lines, respectively
[66, 67]. However, further exploration is necessary to isolate the selective cytotoxic
ingredients of these plants (Table 3).

7.2 Combination therapy by herbal remedies and synthetic drugs

Combination therapy of herbal therapy and synthetic drugs possibly be the last
resource for patients in the final stage of breast cancer, where surgery is not possible
[69]. The combinatory effect of a herbal drug with conventional cancer drugs might
improve the bioavailability of one of them making the treatment more effective
[69, 70]. Additionally, the combinatory use of herbal remedies with chemotherapy
will reduce the dose of standard medicine resulting in lower toxicity and side
effects [71]. Several researchers have suggested that herbal compounds can be used
in a therapeutic modality as it enhances the anticancer activity of current drugs.
Curcumin, a renowned anticancer herbal compound down-regulated the expres-
sion of breast cancer markers in vivo and in vitro when administered along with
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chemotherapeutic drugs cyclophosphamide and paclitaxel that made the cancer
cells more viable to the drugs [72, 73]. Similarly, 20S-protopanaxadiol, a metabolite
of ginsenosides, inhibited cell proliferation in MCF-7 cells by interfering with
estrogenic gene expression when used in combination with tamoxifen [74]. Besides,
this combination asynergistically improved the cytotoxicity of tamoxifen in an
ER-independent manner [74]. Hence, the benefits of these herbal compounds in
synergistic therapy are considerable, and this might help to overcome chemothera-
peutic drug resistance and toxicity in breast cancer treatment.

7.3 Herbal supplements and nutraceuticals for breast cancer therapy

Cancer has been shown to be a preventable disease with changes in nutrition
and dietary changes. A previous investigation showed that almost 35% of cancers
are related to diet [75]. There are several confirmations from epidemiological and
laboratory studies that sufficient intake of fruit, vegetables, and herbal supplements is
inversely linked with breast cancer occurrence. A diet composed of adequate quantity
of phytoestrogens, polyphenols, and rich sources of other chemopreventive agents
helps in reducing breast cancer risk. Dietary supplements of the herbal source are less
toxic and easily metabolized. Besides, dietary consumption of these herbal remedies
helps in fighting side effects in postchemotherapy patients. One of the primary symp-
toms of adjuvant chemotherapeutic damage in posttherapy breast cancer patients is
hot flushes. Black cohosh or Actaea racemosa plant is popularly used by patients of
breast cancer to treat hot flushes, which gives conflicting but promising results [76].

8. Molecular mechanism of anticancerous activity of herbal compounds
on breast cancer

As discussed in the earlier section, herbal compounds show a verity of anti-
cancer actions—including antioxidant, cytotoxic, antiproliferative, apoptotic
activity, etc. Plant-based cancer agents broadly classified into five groups that
include—methyltranferase inhibitors, DNA protecting agents, antioxidants, histone
deacetylases inhibitors, and mitosis disruptors. Generally, plant-derived com-
pounds contribute toward the anticarcinogenesis mechanism by their antioxidant,
cytotoxic, antimitotic, and apoptotic activity (Table 4). Others help in chemo-
prevention by preventing DNA damage, modulating carcinogenesis signaling, and
inducing apoptotic cell death (Table 4). Several in vitro and in vivo investigations
support the activity of herbal compounds that linked with their anticancer activity.
Here’s is a few examples of the anticancer mechanism of herbal compounds.

8.1 Antioxidant activity of herbal compounds

Antioxidant activity of herbal compounds of oxidative stress is developed when
the balance between the production of reactive oxygen species (free radicals) and
antioxidant defense is disturbed [77]. Oxidative stress development and consequent
reactive oxygen species (ROS) generation are linked with several disease pathogen-
esis including cancer. Oxidative stress is dealt with by the body’s antioxidant mecha-
nism and several herbal compounds help boosting this machinery. For instance,
curcumin enhances the activity of antioxidant enzymes resulting in enhanced
cellular resistance to oxidative damage [78]. In addition, curcumin was also found
to rise hepatic GSH, SOD, GPx, GR, GST, and CAT activities in paracetamol-treated
rats [79]. Other plant-based compounds like epigallocatechin gallate, a component
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Structure

Herbal source

Activity References

Allyl
isothiocyanate

HoC

Brassica nigra,
Brassica juncea

Chemoprevention, [86, 87]
detoxification,

and reduces

cancer risks.

Inhibits mitosis

and angiogenesis.

Shows selective

cytotoxicity.

Artemisinin

Artemisia annua

Selective [88, 89]
cytotoxicity, mitotic

arrest, apoptosis,

inhibition of

angiogenesis, and

ferroptosis.

Biochanin A

Trifolium
pratense

Breast cancer [90, 91]
preventive agent
inhibits tumor

growth.

Bacosine

Bacopa monnieri

Anti-metastatic
activity.

[92, 93]

Curcumin

Curcuma longa

Chemopreventive [94-96]
and antitumoral

activities,

anti-metastatic,

apoptotic, modulate
carcinogenesis

signaling, help

reducing drug

toxicity.

Delphinidin
3-sambubioside

Hibiscus
sabdariffa

Antioxidant, [97, 98]
cytotoxic,

apoptotic, induces

autophagy and

necrosis.

Epicatechin
gallate

Parapiptadenia
rigida, Hibiscus
sabdariffa,
component of
green tea

Induces apoptosis [99-101]
and inhibits

tumorigenesis,

potential cancer
chemopreventive

agent.

Genistein

Component of
soy products

Chemoprevention, [102-104]
estrogenic activity,

inhibition of

tumorigenesis,

inhibit

topoisomerase

II activity and

angiogenesis
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Compound Structure Herbal source Activity References
Glycyrrhetinic ho o~ Tae, Glycyrrhiza Inhibition of cell [105, 106]
acid - : glabra proliferation,
e g wd - synergistic effect
=g 8 in combination
" with an anticancer
drug, etoposide.
Antineoplastic
effect including
apoptosis.
Lycopene - Component Inhibition of cell [107,108]
of tomatoes, cycle progression
pink grapefruit,
apricots, red
oranges.
Protocatechuic P Dietary Apoptosis- [109-111]
acid ﬂ::-1 polyphenol inducing agent,
N found in many anti-metastatic.
Ny foods including
i ow Hibiscus
sabdariffa, Ginkgo
biloba, Hypericum
perforatum
Ursolic acid e Many plants Antitumor, [112-114]
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Table 4.

Some novel compounds from herbal sources that showed promising anticancerous activity in both in vivo and
in vitro studies.

of in green tea, found to reduce the levels of lipid peroxidation and protein carbonyl
content in rats, possibly by enhancing the GSH redox status significantly when
administered orally [80]. Likewise, several herbal compounds help to reduce oxida-
tive stress, hence play a preventive role against cancer onset.

8.2 Anti-angiogenesis activity of herbal compounds

Quite a few herbal compounds help to inhibit angiogenesis in breast cancer.
Genistein, a flavonoid phytoestrogen, is the most potent angiogenesis inhibitor
linked with reduced expression of VEGF, PDGF, uPA, and MMP-2 and MMP-9 [81].
Curcumin was even found to be an effective inhibitor of angiogenesis that reduces
the expression of various proangiogenic proteins such as vascular endothelial growth
factor (VEGF) and basic fibroblast growth factor [82]. Resveratrol and quercetin
inhibited the migration and tube formation in bovine aorta endothelial cells conse-
quently inhibiting angiogenesis in those cells [83, 84]. In addition, catechin deriva-
tives, such as epicatechin (EC), epigallocatechin (EGC), epicatechin-3-gallate (ECG),
and epigallocatechin-3-gallate (EGCG), present in green tea are potent angiogenesis
inhibitors [85]. The anti-angiogenic activity of EGCG was demonstrated by inhibition
of vascular endothelial growth factor (VEGF) production and reduction of matrix
metalloproteinase-2 (MMP-2) activity in MDA-MB231 breast cancer cells [85].
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8.3 Apoptosis-inducing activity of herbal compounds

The apoptosis-inducing activity of herbal compounds is another favorable
feature that contributes toward their anticancer effect. Curcumin was found to
inhibit the proliferation and inducing apoptosis in several cancer cell lines including
breast cancer cells such as T47D, MCF7, MDA-MB-231, and MDA-MB-468 [115].
Curcumin inhibited the phosphorylation of protein kinase B (Akt)/mammalian tar-
get of rapamycin (mTOR), decreased BCL2 expression, and elevated BAX expres-
sion and cleavage of caspase 3, subsequently inducing apoptosis of breast cancer
cells [115]. Protocatechuic acid was also found to be a potent apoptosis inducer
in five types of human cancer cell lines including breast, lung, liver, cervix, and
prostate cancer cells [111], which was confirmed by DNA fragmentation, changes in
mitochondrial membrane potential, and measurement of caspase activity. The fla-
vonoid 8-prenylnaringenin (8PN), a constituent of Humulus lupulus, is an effective
phytocompound known for its growth-inhibiting and apoptotic activity in various
human cancer types including breast cancer [116]. This activity of 8PN in MCF7
breast cancer cells was possibly mediated by interference with an ER-associated
PI3K pathway [116]. Other herbal compounds like lycopene inhibit cell cycle
progression by reducing cyclin D expression and retention of p27 in cyclin E-cdk2,
thus leading to inhibition of G1 CDK activities in human breast cell line MCF-7 and
T-47D along with endometrial (ECC-1) cancer cells [108].

Interestingly, artemisinin, which is an ancient Chinese herbal compound for
malarial fevers, has been recently found to have potent and selective toxicity against
cancer cells. It reacts with iron to form free radicals with alkylating capacity that can
kill cells. As cancer cells require a large quantity of iron uptake to proliferate, mak-
ing them more susceptible to the cytotoxic effect of artemisinin [117]. Besides, oral
administration of artemisinin delayed the onset of breast cancer in 7, 12-dimethylbenz
[a] anthracene (DMBA)-induced rats [118]. This encouraging results might lead to
design novel chemotherapeutics with effective anticancer property and low toxicity.

9. Conclusion

Though, advances in healthcare research lead to the identification and charac-
terization of most breast cancer types and corresponding cure. However, incidence
and prevalence of breast cancer is rising in terrifying rate in both developed and
developing countries because of various risk factors. Improved synthetic drugs
and hormonal therapy emerged in a decline in breast cancer incidences, increased
survival, and better life quality. However, prolonged use of synthetic anticancer
drugs is linked with several health risks or side effects that consequence from the
toxic effect of these drugs in normal cells. Chemoprevention by herbal compounds
is of great interest and is considered to be an inexpensive, readily applicable,
acceptable, and accessible approach to cancer control and management. Herbal
remedies play a significant role in the management of breast cancer and the associ-
ated therapeutic toxicity. The adjunct use of herbal products and chemotherapy can
be an efficient and cost-effective way to treat breast cancer. Such adjuvant therapy
proved to produce a synergistic anticancer effect that reduced the drug toxicity,
suppresses drug resistance, and provides quick drug action enhancing the quality of
treatment. Besides, combinatory therapy might also increase the therapeutic index
of the synthetic partner by improving the efficiency of the drug. Plant-derived
anticancer drugs such as vinblastine, vincristine, taxols, etc. showed encouraging
chemotherapeutic potential that is currently used in breast cancer treatment and a
large number of them are in preclinical or in clinical trials. In the last decade, a vast
number of phytochemicals were identified that showed encouraging anticancer
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activity in vivo and in vitro breast cancer models. Interestingly, several compounds
like artemisinin and isothiocyanates showed selective toxicity toward cancer cells,
which recommend clinical trials of these compounds. Furthermore, phytoestrogens
with affinity and capacity to produce functional responses through estrogen recep-
tors revealed unique possibilities of using them in hormone replacement therapy.
Overall, this chapter can conclude that understanding the molecular mechanism of
interaction between herbal compounds and cancer cells in the tumoral environment
can help us to design novel anticancer drugs that are less toxic and affordable. This
reflects the fact that these goals will only be attainable if the herbal compounds that
showed promising anticancer activity can be successfully transferred to an ideal
clinical setting for the use of herbal therapies.
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Chapter11

Chinese Herbal Medicine and Its
Application for Female Cancer

Rongyun Wang, Qiuhua Sun, Yifan Lin, Ling Wang, Yuan Liu,
Chi Chiu Wang and Lu Li

Abstract

Chinese herbal medicines (CHMs) have been widely used to promote health
and treat illnesses in daily medical care throughout Asia while mostly accepted as
an alternative medical method in many nations of the western world. CHM has a
unique therapeutic effect to reduce adverse effects on cancer patients caused by
chemotherapy and surgery; however, we did not find any high-quality review for
the claimed effects. In this review, we will summarize the history, basic theories
and principles, and clinical applications of CHM for disorders, especially female
cancers. Meta-analyses to evaluate the efficacy and safety of CHM in the treatment
of ovarian cancer and breast cancer have been conducted. The results showed that
combined CHMs and western medicines treatment (CHM-WM) had significantly
relieved the symptoms and reduced the side effects after surgery and chemo-
therapy on both ovarian cancer and breast cancer. However, more high-quality
and large-scale RCTs are necessary to confirm the efficacy and safety of CHM-WM
intervention.

Keywords: Chinese herbal medicines, female cancer, efficacy and safety,
ovarian cancer, breast cancer, clinical application

1. Traditional Chinese medicine and Chinese herbal medicines
1.1 Traditional Chinese medicine

Traditional Chinese medicine (TCM) has a history that spans 5000 years and
has been widely used to promote health and treat illnesses [1]. Although TCM
has such wide applications as an important part in daily medical care throughout
Asia, it is mostly accepted as an alternative medical method in many nations of the
western world.

There are nine approaches of TCM, including Chinese medicines ("14£),
acupuncture (£ %), food therapy (££#x), Qi Gong (%)), tai chi exercise (Afi),
tui na (Y %), cupping (##), die da (k47), and gua sha (#ill%%). Most of these
therapeutic techniques in TCM have spread aboard since the sixth century BC, and
in most western countries, Chinese medicines and acupuncture are the two most
popular therapies of TCM nowadays.

With the advantages of Chinese medicines, including less side effects and greater
effectiveness in some chronic diseases and cancers than Western medicines, it was
gradually accepted by foreigners and now has been spread to over 160 countries [2].
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More and more foreign researchers and clinical doctors seriously have interests in it
and come to China for further study.

1.2 Chinese herbal medicine books

Most Chinese medicines are derived from nature, including plants, animals, and
minerals. Herbal medicines from plants are much more commonly applied than the
others. In China, it is not only considered as a primary therapy for treatment but
also as a supplementary therapy to promote health in general [2].

Shen Nong’s Herbal Classic (it &= A 5#5) [3], which is considered the oldest
book on oriental medicines, roughly classified 365 species of roots, grass, and
woods from plants and furs, animals, and stones into three categories (finest grade,
moderate grade, and lowest grade) according to toxicity, effectiveness, and phar-
macological effect of them. “Ben Cao” has been developed widely and quickly in
China and has been comprehensively studied for about 2000 years. Another world
famous book is Compendium of Materia Medica (4<%l 1), which is also called the
Encyclopedia of China [4], which considered as the most important and comprehen-
sive review to study herbs by classification, names, property, identification, func-
tion, application, formula, and so on. It opened the door to the world for the herbal
medicines in Chinese medicine since it was translated into different languages in the
seventeenth century [4].

In the late nineteenth century, with the influence of foreign scientific and
technical influences, Western medicine spread to China, and it has been in coexis-
tence with Chinese medicines since then [5]. Correspondingly, the community and
medical societies defined a new concept of “Chinese herbal medicines (CHMs)”
from “Ben Cao” and “Chinese medicines” as different from “Western medicines”
[6] to identify the corresponding medicines. After the establishment of the People’s
Republic China, there comes the faster development of CHM [2].

Chinese Pharmacopeia (WH %2 8) and Chinese Herbal Medicine (V114 5) were
published and considered as the most useful and important reference books as
Bibles of the Chinese medicine. In Chinese Pharmacopeia over 3700 Chinese medi-
cines were listed, while in Chinese Herbal Medicine over 8900 different medicinal
substances were recorded. Approximately 600 Chinese herbs are widely used, while
about 250 or so are commonly used in clinical practice [7].

These two Bibles gave all the details and information on individual herbs,
animals, and mineral products, including formal names, different names, common
names, species, source, original plant, cultivation (aquaculture) point, harvest pro-
cessing, medicine and marketing, medicine identification, chemical composition,
pharmacology, processing, properties, effects, application indications, compat-
ibility, usage, dosage, precautious, preparation, clinical research, medicine theory,
annals, notes, and references. They also conclude on special topics about history,
resources, storage, chemistry, and pharmacology in Chinese medicines [7].

2. Theories and principles of Chinese herbal medicines
2.1 Basic properties of CHM

Four gases (V4%), namely, hot (#4), warm (ifi), cold (%), and cool (7%), refer
to four temperature characteristics of the herbs [2, 8]. There is another character
called neutral (“F*), which means the existence of both hot and cold [2].

Five flavors (71%K), namely, sour (%), bitter (), sweet (1), spicy (%), and
salty (Ji), refer to five taste properties of the herbs [2].
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Lifting-dropping and floating-sinking (71¥%/%{l) applies the elevation-
elimination and outward-inward tendencies of the herbs in the body. For example,
good controlling of the Qi and blood is the basic way in stroke treatment in Chinese
medicine, and then a doctor may give a Chinese Thorowax root (Chai Hu) and
immature bitter orange (Zhi Shi) as basic formula [2, 6, 9]. With the lifting func-
tion of Thorowax root, it can clear up the gas accumulated in the liver. Depends on
the dropping effect of bitter orange, it can sort out the gas in the intestine and then
make the gas flow smoothly within the body.

Take lotus as an example; its flower is used to prevent heat stroke, its nut is
applied to treat hypertension, its root can improve gastrointestinal function, and its
stem has anti-miscarriage effects [10].

2.2 Application principles of CHM

As in Western medicine, medicines are often applied separately or in combi-
nation as cocktail with the same or complementary function. It is important to
understand that each medicine has its own effect and function, but in most cases,
instead of being prescribed individually, formulae are commonly used by TCM
practitioners as therapy to different kinds of health-related problems [11].

Chinese medicines are prescribed in formulae. Based on medical knowledge
and personal experience, the TCM practitioners decide the formula according to
the clinical presentation [12]. In practice of CHM, the first formula is based on
identified health problems according to the basic diagnosis theories, that is, the
TCM practitioners will choose one basic formula (consisting of 4-20 herbs) from
all traditional formulae related to this disease. Then the doctors will add some other
herbal medicines into or subtract other herbal medicines from the basic formula,
mostly according to their own experiences. For example, if a patient is suffering
from headache, the TCM practitioner will prescribe a formula called “Yin Qiao San
(#L8H0)” as basic formula [11], for the patient who is catching a cold. The practi-
tioner will further identify if the patient needs some more medicines; such as if the
patient has a heavy headache, mulberry leaf (Sang Ye, Folium Mori) will be added
into the basic formula [11]. Sometimes, the practitioners will also make changes
to the dosages of some herbal medicines or the whole formula to meet the specific
needs of individual patients. For example, if the patient is a child, the doctor may
consider reducing the total dosage and duration of the formula.

3. Clinical application of Chinese herbal medicines
3.1 Efficacy and safety of CHM for ovarian cancer

Ovarian cancer (OvC) is a malignant tumor which invades the ovarian epithe-
lium and interstitium. Reduction surgery combined with adjuvant chemotherapy
is the standard treatment for OvC patients, but the adverse effects due to chemo-
therapy still remain a major problem. While CHM therapy has a unique therapeutic
effect to reduce side effects of chemotherapy by boosting the immune system, the
evidence of CHM in the treatment of OvC patients is limited [13].

A systematic review to evaluate the efficacy and safety of CHM in the treatment
of OvC after reduction surgery and adjuvant chemotherapy has been conducted.

Chinese National Knowledge Infrastructure (CNKI) and PubMed up to
December 31, 2018, were searched to identify relevant studies. Only randomized
controlled trials (RCTs) were included, and there was no limitation on language of
the publication. Data were extracted from all included studies, and meta-analysis
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was performed with ReviewManager 5.3. The study quality was assessed, and
pooled risk ratios (RR) or mean difference (MD) with 95% ClIs were used to evalu-
ate the efficacy and safety of CHM.

A total of 18 RCTs involving 975 participants were included. There was no
placebo, no treatment, and CHM alone. Compared with Western medicine (WM)
alone, Chinese herbal medicine combined with WM (CHM-WM) significantly
improved TCM syndromes and symptoms, KPS scores, CD4 counts, CA125 lev-
els, and 3-year survival rate (P < 0.05). Incidences of gastrointestinal reactions,
marrow depression, and urinary system symptoms were significantly lower in
CHM-WM group than in WM group (P < 0.01). There was no significant difference
in CD3 counts, CD8 counts, quality of life, liver function, and peripheral neuropa-
thy between the two groups (P > 0.05).

The systematic review indicated that CHM combined with WM is effective and
safe as a treatment for OvC patients after reduction surgery and adjuvant chemo-
therapy. However, more high-quality and large-scale RCTs are needed to confirm
the efficacy and safety of CHM intervention.

3.2 Efficacy and safety of CHM for breast cancer

Breast cancer is a disease in which malignant (cancer) cells form in the tissues
of the breast. Surgery combined with adjuvant chemotherapy is considered as the
standard treatment for breast cancer patients, but the adverse effects after surgery
and chemotherapy still cause big problems. While CHM therapy has a unique
therapeutic effect to reduce side effects of chemotherapy and surgery by boosting
immune system, we did not find any high-quality review for the claimed effects of
CHM-WM treatment on breast cancer patients. A systematic review to evaluate the
efficacy and safety of CHM-WM treatment in patients with breast cancer has been
conducted.

Chinese National Knowledge Infrastructure (CNKI) and PubMed databases
(up to August 31, 2019) were searched to identify relevant clinical studies. Only
randomized controlled trials (RCTs) were included, and there was no limitation
on language of the publication. Data were extracted from all included studies, and
meta-analyses were performed with Review Manager 5.3. The study quality was
assessed, and pooled risk ratios (RR) or mean difference (MD) with 95% Cls were
used to evaluate the efficacy and safety of treatments.

A total of 22 RCTs involving 1256 participants was included. Compared with
WM alone, CHM-WM significantly improved skin flap necrosis and upper limb
lymphedema after breast cancer surgery (P < 0.05). Incidences of nausea and vom-
iting, constipation, marrow depression, and hot flashes were significantly lower in
CHM-WM group than in WM group (P < 0.05). There was no significant difference
in tumor metastasis and recurrence, survival rate, platelet counts, and CD3 and
CD4 levels between the two groups (P > 0.05).

Meta-analysis results showed that the combination of CHMs and WMs was an
effective and safe therapy for patients with breast cancer after surgery and chemo-
therapy. However, more high-quality and large-scale RCTs are necessary to confirm
the efficacy and safety of CHM-WM intervention.
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