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Preface

This book provides an overview of the medicinal plants and active ingredients that were
used as a folk medicine. Contributors from different schools designed the contents for 16
chapters.

In the current chapters, the recent research and results made on traditional medicine by au‐
thors deliver a strong message regarding the safe use of natural flora as anti-diseases.

Additionally, other chapters aim to present some novelty outcomes which can be used for
folk medicine such as structures of isolated active compounds and history of some flora.

The book covers as well set of information from researchers and experts on medicinal plants
from nature with significant sign as no side effect.

This book can be used as a source of useful information for the researchers in same fields
and other academic staff to add significant values to the readers in medical fields.

Hany A. El-Shemy
Professor

Cairo University
Giza, Egypt





Chapter 1

Medicinal Plants to Calm and Treat Psoriasis Disease

Azadeh Izadyari Aghmiuni and
Azim Akbarzadeh Khiavi

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/67062

Provisional chapter

Medicinal Plants to Calm and Treat Psoriasis Disease

Azadeh Izadyari Aghmiuni and

Azim Akbarzadeh Khiavi

Additional information is available at the end of the chapter

Abstract

Psoriasis is a chronic and inflammatory multifactorial disease. For psoriasis treatment,
topical chemical agents are applied, in spite of inefficient effects or less effectiveness. But
medical plants can be one of the alternative treatment methods. In the field, herbal
creams are the most used. In fact, they are helping to inhibit leukotriene formation,
inflammation and blocks cyclooxygenase enzymes, then heal skin wounds due to the
plant's flavonoids and tannins. The aim of this study is the making of new herbal cream
for treating psoriasis. In the mentioned cream, synergistic effects of medicinal herbals
extracts were evaluate on damaged skin. Some of these extracts include Santalum album,
Arctium lappa, Matricaria chamomilla, Glycyrrhiza glabra, Lavandula angustifolia, Avena
sativa, Aloe barbadesis, Pinus eldarica and Cydonia seed-Mucus. Cream was prepared by
mixing water-in-oil (W/O) and was proposed to five patients who suffer from psoriasis.
Results were remarkable. All five patients were satisfied from itching inhibition and skin
inflammation in first week. After 2weeks applying cream, fading skin redness and
increasing skin flexibility and repair were noticeable. An important point in this cream
was the mixed herbal extract with high effectiveness than each of them alone. In fact, S.
album and L. angustifolia were caused softening of skin corneous layer. Flavonoids and
tannins in G. glabra, A. lappa, P. eldarica and A. sativa are effective for treating skin lesions
such as psoriasis. Polysaccharides in A. barbadensis and mucilage in C. seed-Mucus not
only are healing skin wounds but also their malic acid make peeling skin dead cells.
Moreover, pectin and provitamins (A) act as antioxidants and prevent damage of skin
healthy cells. Herbal β-sitosterols are factor of fading skin redness and anti-itching, a-
bisabolol (M. chamomilla) as anti-inflammation; blocks cyclooxygenase enzymes and
inhibits leukotriene formation to prevent redness. In fact, this treatment cream is effec-
tive for collagen synthesis, wound improvement, epidermal-moisture maintenance,
inflammation relief and boost immune system and will inhibit psoriasis common symp-
toms in shortest time and no side effect.

Keywords: psoriasis, herbal extract, therapeutic cream, skin inflammation
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1. Introduction

In most societies, especially the third world, the importance of skin diseases is often
overlooked. This is on the terms that they are usually not life threatening, but they are beauty
threatening and a significant problem all over the world.

Some skin diseases are as follows: eczema, fungal/yeast infections, bacterial infections, viral
infections, parasitic infections, autoimmune disease and miscellaneous skin disease [1].
Among the types of the mentioned skin diseases, psoriasis and eczema (such as seborrhoeic
eczema) can be one of the varieties of autoimmune diseases that environmental factors inten-
sify their symptoms [2–7]. Also, these diseases, especially psoriasis, are so important, through-
out the world due to the direct impact on quality of life. So, 1day of the year is allocated to it—
World Psoriasis Day Consortium [8, 9].

According to NORD (National Organization for Rare Disorders) definition, psoriasis can be
classified as a rare inflammatory chronic recurrent skin disease [7, 8]. It can say that 125million
people worldwide (about 2–3% of the total population) have psoriasis. Moreover, statistics of
the national psoriasis foundation in 2014 showed that psoriasis prevalence in African Ameri-
cans was 1.3% compared to 2.5% of Caucasians, while in Bulgaria, it was 0.2–3% [8, 10].

Psoriasis is the diseases that has great impact on patient's life (physically, psychologically and
socially) and studies have shown that the impact of this disease on quality of life is similar to
diseases such as diabetes, hypertension, heart diseases, the type of cancers, arthritis and
depression [11, 12]. So, talking about this disease, its symptoms and treatment of common
types and novel such as herbal extracts (alternative of chemical drugs), is important. But, it is
firstly necessary to explain the structure and function of skin. In fact, knowing the skin
structure helps better treatment disease.

2. Structure and functions of the skin

2.1. Skin definition

The definition of skin in English and Medical dictionary describes as the external layer of the
body. But this description is inadequate. In fact, the skin is external covering that holds organs
and protection of human tissues against environmental factors [13, 14]. In a normal state, the
immune system within the skin is quiet and relatively inactive. If the skin is challenged in any
way (bacteria, fungus, etc.), a range of immunological cascades are set in motion. In some
conditions such as psoriasis disease, these immunological changes are not within a normal
range and cause severe inflammation and hyper-proliferation of skin cells [15]. The skin plays
an important role in all fields, especially in the esthetics. Also, the skin color represents the
racial disparity and it is symbolic of different cultures and ethnic differences.

2.2. Biology of the skin

The skin is the largest organs in the body, with surface area of 1.8m2 and making up about 16%
of body weight (between 2 and 6kg) [13, 14]. It has many functions such as a barrier to protect
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the body from noxious external factors and to keep the internal systems intact, protection of
tissues against microorganisms, ultraviolet radiation and mechanical pressers [13, 16]. The skin
is also responsible of many body functions such as sense, regulation of body temperature and
elimination of waste products by sweating, producing vitamin D, etc. Moreover, skin can
prevent the entry of harmful substances in the body and control vital substances of body.
Therefore, skin is important to perform the mentioned essential functions.

2.3. Skin anatomy

Skin is the dynamic organ in a constant state of change, as cells of the outer layers are continuously
shed and replaced by inner cells moving up to the surface [17]. The skin contains the number of
accessory organswhich assist in its protective role and there are three structural layers to the skin:
• Epidermis

• Dermis

• Subcutis (hypodermis)

Also, hair, nails, sebaceous, sweat, apocrine glands, etc. are regarded as derivatives of skin
(Figure 1). The thickness of the skin varies depending on the site, with thicker skin being
present on areas of the body such as the soles of the feet and palms of the hand. In fact, this
thickness depends on epidermis layers such as stratum granulosum [14, 18].

2.3.1. Epidermis

The epidermis is the top layer of skin with about 0.1–1.4mm thick (on areas of the body). The
main cells of the epidermis are keratinocytes, which produce the protein keratin. This layer is
also containing other cells such as Langerhans, Melanocyte and Merkel cells. This layer is

Figure 1. Cross section of the skin.

Medicinal Plants to Calm and Treat Psoriasis Disease
http://dx.doi.org/10.5772/67062

3



constantly proliferating and shedding millions of dead cells [14, 17]. It is estimated that normal
skin sheds at the rate of a million cells (every 40min), which equates to around 18kg over a
lifetime. This process of skin cell shedding is known as desquamation. It could be noted that
desquamation (from stratum basale to stratum corneum) in epidermis is between 28 and
30days [13, 19]. Figure 2 shows different layers of the epidermis and Table 1 describes
them.

2.3.2. Dermis

The dermis is defined as a tough supportive connective tissue matrix, with physical support
and nutrients to the epidermis. Connective tissue consists of a ground substance with protein

Figure 2. Epidermal layers.

The name of epidermis
layers

Description

Stratum basale The basal cell layer of the epidermis is composed keratinocytes, which are either dividing or
nondividing. These cells contain keratin tonofibrils and melanocytes (to synthesize melanin).
Also, Merkel cells are also found in the basal cell layer (to create a sensation in the skin such as
sense of touch)

Stratum spinosum
(Malpighian)

Daughter basal cells migrate upwards to form this layer of polyhedral cells, which are
interconnected by desmosomes. Langerhans cells (immunologically active cells) are mostly
found in this layer

Stratum granulosum In these layers, cells become flattened and lose their nuclei. In fact, there is high lysosomal
activity (to digest the cell contents and to disintegrate cells) and the keratohyalin granules
become more prominent within the cell and the lipid-filled membrane coating vesicles. These
lipids include 40% ceramides, fatty acids, cholesterol and cholesterol sulfate

Stratum lucidum This layer, in which their cells are nucleated, lies between the stratum granulosum and stratum
corneum and can be found in the palms and soles, where the skin is very thick

Stratum corneum The end result of keratinocyte maturation found in the horny layer. In this layer, sheets are
overlapping, which are polyhedral cornified cells and no nuclei (corneocytes)

Table 1. Description of epidermis layers.
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fibers that contains water and a mixture of large organic molecules (combination of polysac-
charides as complex carbohydrates and proteins). The most common type of polysaccharides
in this tissue is glycosaminoglycans (GAGS) that include hyaluronic acid [13, 16]. In fact, this
tissue matrix is called the extracellular matrix that its structure has been shown in Figure 3 [20].

Dermis found immediately below the epidermis and it varies in thickness (about 0.6mm on the
eyelids and 3mm or more on the back, palms and soles). The two layers identified within the
dermis are the papillary layer and the reticular layer (Table 2). Also, dermis includes elastin,
fibrillin, collagen and laminin (Figure 3). This layer also contains nerve endings, sweat glands,
sebaceous glands, hair follicles and blood vessels [17, 19]. Figure 4 shows a cross section of
dermis layer.

Figure 3. Model of complex 3D structure of the natural extracellular matrix and the interactions between cells and the
extracellular matrix components.

The types of cells Definitions

Fibroblasts cells An important cell that is involved to repair damaged tissues

Mast cells These cells are playing an important role to fight infection

Lymphatic vessels The lymphatic system as body's defense system has an important role to fight infection

Epidermal appendages
(rete pegs)

epidermal appendages are way to link epidermis and dermis for preventing skin damages

Ground substance This substance as a gel-like component is supporting the dermis cells and helping to
provide its structure

Table 2. Cell types in the reticular layer of dermis.

Medicinal Plants to Calm and Treat Psoriasis Disease
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2.3.3. Subcutaneous tissue or the hypodermis layer

This layer lies below the dermis and provides support for it. Hypodermis is made up largely of
fat cells and connective tissue for protection of internal structures. Moreover, this layer acts as a
heat insulator and can be useful against trauma [13, 16, 19]. Hypodermis schematic has been
shown in Figure 5.

3. Psoriasis disease

Psoriasis was first distinguished and diagnosed as a chronic inflammatory disease in
nineteenth century; prior to, this disease was often mistaken for other disease such as
leprosy. Nowadays, psoriasis patients are estimated to be about 2–3% at all world [13, 21].
Severity ranges this disease from a fingernail pit to skin lesions (on a part of the skin to a

Figure 4. Dermal annexes.

Figure 5. Hypodermis layer.
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total body that can be associated with arthritis) [13]. Tables 3 and 4 show the types of
psoriasis disease. Psoriasis plays an important role on a patient's quality of life and its
negative effect can be seen on the beauty of patient and their mental and physical func-
tioning. The cause of this vexing disease is still not known and clinical studies show hyper-
proliferation and abnormal differentiation of the epidermis, although this disease can be
hereditary [22, 23].

3.1. Biology of psoriasis disease

Psoriasis is characterized as a disease with over proliferation of keratinocytes such as skin cells
(around 3–4days) and cell development with abnormal keratinocyte differentiation. Prolifera-
tion of cells is in the basal layer doubles and the normal cell cycle (which is around 28days)
and hyperkeratosis (the hyperkeratosis leads to induration or skin thickening) and
parakeratosis develop (the granular layer is either absent or reduced) [33]. The color of the

Types of
psoriasis

Description of the disease An example of disease picture References

Skin
psoriasis

This disease is one of the types of psoriasis.
Skin psoriasis known as a papulosquamous
disease that includes the types of vulgaris
(common type of skin psoriasis), guttate
(spots of drop like), inverse (in the
underarms, navel, buttocks, etc.), pustular
with symptoms of yellowish pus on the skin
and small blisters and erythrodermic
psoriasis. Table 4. shows completely them

[24–27]

Nail
psoriasis

The common signs of nail psoriasis are pitting
and distal onycholysis. Also, pitting,
yellowish discoloration and paronychia,
hyperkeratosis, onycholysis and severe
onychodystrophy are other signs of the
disease. Approximately 50% of all patients
with psoriasis develop characteristic nail
changes as a clinical correlate of psoriatic
inflammation of the nail matrix and/or nail
bed

[28, 29]

Psoriatic
arthritis

Psoriatic arthritis (PsA) is a chronic
inflammatory joint disease occurring in 6–
39% of patients with psoriasis (about 0.1–
0.25% of world population). This type of
arthritis can develop slowly or rapidly.
Psoriasis arthritis (PsA) can be also as severe
arthritis similar to rheumatoid arthritis (RA).
Moreover, this disease specifications are focal
bone erosions at the bones junction

[30–32]

Table 3. Types of psoriasis disease.

Medicinal Plants to Calm and Treat Psoriasis Disease
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Skin psoriasis Description of the disease Disease pictures

Vulgaris
psoriasis

1 Chronic
stationary
psoriasis

This type of psoriasis disease is known by characteristics
such as inflamed and red lesions that covered by silvery
white scales. These lesions typically found on the elbows,
knees, scalp and lower back. Also, it is the most common
type of psoriasis (about 80% of those who have psoriasis,
suffer from this type)

2 Plaque-like
psoriasis

3 Scalp
psoriasis

4 Seborrhoeic
psoriasis

Guttate psoriasis This type of psoriasis often starts in childhood or young
adulthood. Their lesions seen as small, pink, individual
spots on the skin of the torso, arms and legs. These spots
are not usually as thick as plaque lesions

Inverse psoriasis This type of disease found in the armpits, in the groin,
under the breasts and in other areas such as skin folds of
the genitals and the buttocks. In this type of psoriasis,
lesions appear as bright red that are smooth and shiny

Pustular psoriasis This type of psoriasis disease more seen in adult patients.
Pustular psoriasis has common symptoms such as
rubefaction, white blisters and pus without infection that
seen on the hands and feet, or most areas

Aromatic and Medicinal Plants - Back to Nature8
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psoriatic plaque may be masked by a covering of silvery, white skin scales. Also, high level of
vascular activity within the psoriatic plaques, there is the change in color of the skin and
inflammation, itching and redness of skin [13].

In fact, psoriasis is a hyper-proliferative disorder with significant inflammatory components
and belies a complex cascade of immune reactions, finally, stimulation of the skin. Indeed,
psoriasis is recognized as the most prevalent T-cell-mediated1 inflammatory condition in
humans [13, 15, 34]. Moreover, TNF plays an important role in inflammatory processes of
psoriasis (Figure 6) [35].

3.2. Psoriasis treatment

Psoriasis treatments are divided into two groups [13].

• Topical

Topical therapies are generally used to manage mild-to-moderate psoriasis (Table 5). This
type of therapy may be also used to treat more severe psoriasis in combination with systemic
regimes, for example, coal tar or short-contact dithranol in combination with UV light.

• Systemic

Systemic therapies used to the more severe spectrum of the disease (Table 6).

3.3. Psoriasis and skin's barrier function

Although the psoriasis is a multifactorial disease, the studies show that disruption the homeo-
stasis in skin's barrier can be one of the important factors.

In fact, several factors are effective on the hemostatic [35]:

Skin psoriasis Description of the disease Disease pictures

Erythrodermic psoriasis A particularly form of psoriasis is erythrodermic
psoriasis, which affects on the body as an inflammatory
disease. The emergence of erythrodermic is to
periodically and its symptoms include widespread red
lesions

Table 4. Different types of skin psoriasis.

1
A T cell or T lymphocyte is a type of lymphocyte (a subtype of white blood cell) that plays a central role in cell-mediated
immunity.
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1. Structure of heterogeneous from lipid/protein can be one of the main causes in hemosta-
sis. The lipid/protein structure is renewed continuously. So, if this barrier is damaged, the
lipid/protein structure causes its rapid regeneration.

2. Several key proteases for desquamation.

3. Epidermal junction (EJ) is important in the formation and maintain of barriers such as
epithelial and endothelial and desmosomes bands. The studies show that raising calcium
concentration stimulates keratinocytes to form strong cell-cell adhesions.

4. In epidermal keratinocytes, both extracellular and intracellular Ca2+ can be important to
cell differentiation and proliferation.

According to the above-mentioned descriptions, the choice of drug for treating disease plays
an important role. In the meantime, there are certain groups of drugs will in some cases trigger
an onset or aggravate psoriasis such as lithium, chloroquine-based antimalarials, beta-
blockers, etc.

For example, one of the effective therapeutics for people with severe bipolar disease is lithium,
which makes sometimes discontinuing it because of worsening psoriasis. The studies show

Figure 6. TNF stimulates keratinocyte proliferation and the expression of other inflammatory mediators such as IL-1 and
IL-6. Also, TNF stimulates growth factor (vascular endothelial growth factor), VEGF (for angiogenesis) by the induction of
adhesion molecules on the vascular endothelium and the immigration of other immune cells.
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that supplement inositol (found in plants) can be used as alternative therapy to decrease
severity of both diseases compared to lithium. So, therapeutic methods and new medicines
such as stem cell therapy, use of herbal extracts, etc. can be effective in reducing or eliminating
this disorder [36].

Systemic therapies Definition

Phototherapy UVB In psoriasis disease, exposure to ultraviolet radiation can be improved lesions. But, around 10% of
patients, who have light sensitive, exposure to UV radiation can cause their psoriasis to worsen or
develop. UVA and UVB are an example of this type of treatment. In fact, they suppress the
immune response within the skin and thus dampen down the cascade of immunological changes,
which occur to trigger psoriasisPossible side effects of PUVA and UVB include nausea, pruritus,
dizziness, headache, erythema (burning), skin cancer, malignant melanoma, squamous cell
carcinoma (SCC) and basal cell carcinoma

PUVA

Methotrexate Methotrexate is a relatively old treatment (since the late 1960s) and its efficacy is relatively few. In
fact, it is an anti-proliferative drug and it affects cell DNA, so stops proliferation skin cells. Side
effects of methotrexate include leukopenia and thrombocytopenia, oral and plaque ulceration,
lower levels of folic acid, teratogenicity, hepatotoxicity and pulmonary toxicity

Cyclosporin Cyclosporin is as a relatively modern treatment for psoriasis. Mechanism of Cyclosporin is
through effect on the T-cells and helping to inhibit the stimulation of cytokines and cell
proliferation. But, like methotrexate, it does have potent systemic side effects that most concern is
those related to nephrotoxicity and the resultant kidney function damage and hypertension

Retinoids Retinoid which is known as acitretin, by altering keratinization and epidermal differentiation, is
used as anti-proliferative, anti-inflammatory and anti-keratinizing effects on. Retinoids are
complex drugs with many possible side effects. They can affect hepatic function and lead to
hyperlipidemia. Also highly teratogenic and therefore not suitable for pregnant women or
women who are considering becoming pregnant. Other side effects include dry mucous
membranes including eyes, lips and throat

Table 6. The types of systemic therapies.

Topical therapies Definition

Vitamin D
analogs

Vitamin D3 is naturally synthesized in the epidermis. The mechanism involves natural UVB falling on
the skin and converting 7-dehydrocholesterol into vitamin D, which then binds with vitamin D
binding protein. The synthetic vitamin D analogs (calcipotriol, tacalcitol and calcitriol) inhibit cell
proliferation and encourage the skin cells to mature normally

Vitamin A Vitamin A also known as a topical retinoid and suitable for mild-to-moderate plaque psoriasis. It
seems that vitamin A can modulate cell proliferation and increase differentiation. Its main side effect
is skin irritation

Emollients As psoriasis is a dry skin condition, a key of treatment for all types of psoriasis (except perhaps
inverse psoriasis) is emollient therapy. Emollients will not stop hyper-proliferation; however, they
reduce the signs of scaling and may be applied topically and/or used for washing

Coal tar Coal tar is one of the oldest treatments for psoriasis. The studies have shown that mechanism of coal
tar may be by reducing epidermal thickness and by suppressing epidermal DNA synthesis. The main
potential side effects associated with coal tar include skin irritation and folliculitis. (In the some of the
studies, coal tar is as mutation factor)

Dithranol Dithranol affects the synthesis of cell DNA and has a pronounced anti-proliferative effect. It also
appears to have a rapid effect on the normalization of epidermal proliferation. Its side effects include
irritation and staining

Table 5. The types of topical therapies.
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4. Alternative therapeutical method

Plants have been used by men from prehistoric times to get rid of suffering and curing ailments
such as skin disease.

Nowadays, herbal resources play a very important role in the management of the skin and
inflammatory diseases and herbal medicine is promoted as one of the alternative therapeutical
methods for healing skin diseases such as psoriasis [37].

4.1. Therapeutical plants for skin

4.1.1. Aloe vera

Aloe vera (L.) Burm. f. syn. Aloe barbadensis Miller is most biologically active among 400 species
[38]. According to report of World Health Organization, this medicinal herb is the best source
to prepare natural drugs (Figure 7). The plant is native to southern and eastern Africa. Then, it
was introduced into area of northern Africa and other countries.

Aloe vera is from the lily family (Liliaceae). Different parts of the plant, especially its gel, are
effective on the body.

Figure 7. The main constituents of devil's claw root.
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Gel from the Aloe vera plant can help to reduce redness and scaling associated with psoriasis.
Aloe vera contains anthraquinones, steroids, saponins, mucopolysaccharides and salicylic acid.
Active ingredients Aloe vera include anthraquinone and acemannan that have antibacterial
activity and therapeutic of psoriasis disease. Moreover, salicylic acid as a component in this
plant has keratolytic effect to remove psoriatic plaques [39–41].

4.1.2. Silybum marianum

Silybum marianum (L.) Gaertn., common name milk thistle, of the family Asteraceae is a
herbaceous annual species of considerable medicinal importance. Having origin in
Mediterranian regions of North Africa, middle East and Europe, the species is now found
distributed as a weed worldwide. All parts of the plants are edible. Germinated seed raised as
sprouts and young fleshy stems and leaves have been in use as antioxidant-rich salad. Seeds of
the plant are known to be used in traditional medicine for more than 2000years for the
treatment of liver and gallbladder ailments and to protect live from poisoning by toxins, such
as from alcohol, toxic mushrooms, insect stings and snake bites [42].

This plant is very well known for its hepatoprotective activity. Since the numerous changes
have been detected in the liver of patients with psoriasis, including steatosis, periportal inflam-
mation, fibrosis, necrosis and cirrhosis, Silybum marianum can be affect for skin disorders such
as psoriasis [38]. Since the abnormally high levels of cyclic adenosine monophosphate (cAMP)
and leukotrienes seen in psoriatic patients, one of the therapies methods can be regulate these
levels. The role of silymarin in treating psoriasis is improvement of endotoxin removal by the
liver, inhibition of cAMP phosphodiesterase and leukotriene synthesis [43–46]. This plant oil
has been also suggested a vitamin E, α-linolenic acid and linoleic acid reach source [47, 48].

4.1.3. Burdock

Medicinal species of Burdock are Arctium lappa, Arctium minus, Lappa major or Bardanae
radix. This plant is derived from the Greek with common names of akujitsu, arctii, bardana,
beggar's buttons, burdock root, great burdock, burr, burr seed, chin, clot-burr, hardock, hare
burr, hurrburr, kletterwurzel, lampaza, lappa and lappola. Burdock is in the family of
compositae/Asteraceae (daisy). Burdock has been also used in numerous countries throughout
history to treat problems arthritis and skin disorders. This plant is one of the key herbal
ingredients in the twentieth-century cancer remedies [49].

The Chinese used burdock to treat upper respiratory infections. In fourteenth-century Europe,
a combination of burdock and wine was used to treat leprosy. Also, Burdock is used for fevers,
a variety of dermatologic conditions (eczema, psoriasis, scrapes and burns), syphilis, etc.

Active ingredients in Arctium lappa include:

• Sulfur about of 00.1–0.002%.

• Polysaccharides and mucilages such as xyloglucan.

• Lignans such as arctigenin.
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• Other components such as organic acids that includes acetic, butyric, caffeic, chlorogenic,
isovaleric, linoleic, linolenic, myristic, oleic, palmitic, proprionic, stearic, tiglic, aldehydes,
carbohydrates, sesquiterpene lactones and phytosterols.

This plant acts as anti-inflammatory, antimicrobial (antibacterial, antiviral), antineoplastic
(antimutagenic, antitumor) and antioxidant.

4.1.4. Devil's claw

Harpagophytum procumbens (Pedaliaceae) or Devil's claw found in southern Africa (South Africa,
Namibia, Botswana). Preparations of the secondary roots have gained a reputation as an anti-
inflammatory and antirheumatic agent to relieve pain and inflammation in people with arthri-
tis and similar or skin disorders.

The main constituents of devil's claw root are a group of decarboxylated iridoid glycosides
(about 3%), including harpagoside (at least 1.2%) as the main component and smaller amounts
of procumbide, harpagide and 8-(4-coumaroyl) harpagide (Figure 7).

4.1.5. Feverfew

Feverfew is one of the traditional plants to treat arthritis, contact dermatitis, skin difficulties, etc.
Feverfew is an aromatic herb of the Compositae/Asteraceae family. Studies have been shown its
effectiveness for treating migraine. This herb inhibits blood platelet aggregation and the
release of 5-hydroxytryptamine from platelets. The active ingredients in the herb dried leaves
are germacrene and guianane. Parthenolide is also known to be capable of causing some
allergic effects, for example, contact dermatitis.

4.1.6. Liquorice

Liquorice (licorice; glycyrrhiza) is the dried unpeeled rhizome and its root. Liquorice is
cultivated in Spain, Italy and France. The liquorice extract is usually prepared by extrac-
tion with alcohol or masculation in water. The roots of this plant contain about 20% of
water-soluble active ingredients and Glycyrrhizic acid, which is comprised 3–5% of the
root [46].

The bright yellow color of liquorice root is due to 1–1.5% of flavonoids such as liquiritigenin
and isoliquiritigenin. The roots of this plant also include 5–15% of sugars (glucose and sucrose)
(Figure 8). Its anti-pain properties have also been caused that was used as demulcent natural
drugs [46].

The recent researches indicate the corticosteroid-like and anti-inflammatory activities in
liquorice extracts. Glycyrrhetic acid of liquorice extracts is playing a key role for inhibiting
enzymes that is important to convert prostaglandins and glucocorticoids into inactive
metabolites and increase levels of prostaglandins such as PGE2 and PGF2α [46].

Table 7 shows various herbs that used in the treatment on skin disorders such as inflamma-
tion, eczema, psoriasis, scrapes and burns.
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Therefore, various herbs are used in pharmaceutical, food, cosmetic, etc. In this regard, there
are a lot of researches to produce natural therapeutical products such as creams, lotions, etc.
One of these researches was the making of new herbal cream for treating psoriasis by Izadyari
et al. [50]. The herbal extract and oil in the mentioned cream were combined with vitamins.
Then, the cream was given to five patients who suffer from psoriasis disease. An important
point in this study was combined herbal extracts and vitamins. Table 8 shows the used herbal
extracts and oils in this study. Also, Section5 has explained its method.

Figure 8. The main constituents of Liquorice.

Common name Family Parts used Useful forms Chemical constituents Application

Licorice Fabaceae Root, Rhizome Extract, oil Glycyrrhizin Antibacterial

Calendula Asteraceae Flower Infusion Triterpenoids,
Flavanoids

Softener

Rosewood Arecaceae Nut Oil Linalool Refreshing

Tea tree Myrtaceae Leaves Oil Terpinens, EGCG Antioxidant

Wintergreen Ericaceae Fruit, leaves Oil Methyl Salicylate,
a-pinene, Limonene

Anti-inflammation

Slippery elm Ulmaceae Leaves Extract, seed Flavanoids Regeneration

Chamomile Compositae Flower, Stalk Extract, oil, Compress Flavanoids Anti-inflammation

Table 7. Various herbs to treat skin disorder.
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The scientific
name of the
plant

Important properties
(in dermatology)

Active ingredients Plant Pictures

Santalum album To treat skin disorders (such as
psoriasis, etc.), relaxing and calming

Contains high amounts of alpha- and
beta-santalol

Avena sativa High Repairing properties and
collagen synthesis

Linoleic acid, oleic acid, Saponins
(steroid, terpenes), alkaloids, vitamins
D, E & A

Cydonia seed-
Mucus.

Moisturising and filling skin Mucilage, various vitamins

Pinus eldarica Improving the structure of damaged
skin, antioxidant & prevents normal
cell death

Containing vitamin A, Magnesium,
protein and essential amino acids to
repair skin

Ziziphus spina
christi

Improves the structure of the
epidermis and skin freshness,
antimicrobial

Alpha-pinene, essential oil, flavonoids,
tannin

Aloe barbadensis Restoration properties and
moisturizing effects, removing
psoriatic plaques

Contains anthroquinones, steroids,
saponins, mucopoly-saccharides and
salicylic acid

• Silybum
marianum

• Matricaria
chamomilla

• Foeniculum
vulgare

Anti-inflammatory and antioxidant
properties

• Silybin, flavonolignans

• Apigenin, quercetin, patuletin,
luteolin, coumarin, essential oil &
terpene bisabolol

• Mucilage, limonene, flavonoids,
alpha-pinene, trans-anethole
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4.1.7. Vitamin D

Colecalciferol or cholecalciferol, which is known as vitamin D3, is a vitamin the fat soluble.
This vitamin is found in animals and its derivatives such as vitamin D2 or ergocalciferol are
found in plants [46]. Vitamin D deficiency leads to rickets, an inability to calcify the collagen
matrix of growing bone and is characterized by a lack of rigidity in the bones, particularly in
children. In adults, osteoporosis may occur. Moreover, based on studies in 1982, increased
pigmentation of the skin may reduce and mediate factor (ultraviolet radiation) for synthesis
of vitamin D [51].

The scientific
name of the
plant

Important properties
(in dermatology)

Active ingredients Plant Pictures

Rosa damascena Healthy skin, antioxidant,
antiallergy

Flavonoids, anthocyanins, quercetin,
tannin, fatty oil, organic acid, vitamin C

• Achillea
millefolium

• Lavandula

• Angustifolia

Soothing, relaxing and healing of
damaged skin, anti-inflammatory

• Alkaloids, coumarins, flavonoids
(apigenin,luteolin,quercitin),
salicylic acid, volatile oil, tannins,
sterols and plant acids

• Geraniol, tannin, volatile oil, borneol,
linalyl acetate

• Arctium lappa

• Glycyrrhiza
glabra

Regenerative properties,
antibacterial and moisture supply to
the skin

• Mucilage, polyacetylenes,
guaianolide-type & contain
vitamins C, E, B3 & K

• Glycyrrhizinic acid, isoflavones,
coumarins, triterpene sterols

Table 8. The used various herbs.

Medicinal Plants to Calm and Treat Psoriasis Disease
http://dx.doi.org/10.5772/67062

17



In fact, when light energy or UV is absorbed by a precursor 7-dehydrocholesterol, vita-
min D3 is synthesized. But, this form of vitamin D3 is not active. So, it becomes firstly to
25-hydroxyvitamin D3 (calcidiol) by the enzyme 25-hydroxylase in the liver. Then, within
the kidney, 25-hydroxycholecalciferol acts as a substrate for 1-alpha-hydroxylase and
producing 1,25-dihydroxycholecalciferol, which is the biologically active form of vitamin
D3 (Figure 9). Calcitriol is then transported to the bones, intestine and other organs [46,
52, 53].

This form of vitamin D binds to intracellular receptors and function as one of the transcription
factors to modulate gene expression in autoimmune disease such as psoriasis, because vitamin
D acts as suppressor of immune system. Therefore, it can use in the topical treatment of
psoriasis, for inhibiting the cell proliferation [46, 52].

4.1.8. Vitamin A

VitaminA1 (retinol) andvitaminA2 (dehydroretinol) are fat-soluble vitamins foundonly in animal
products, particularly eggs, dairy products and animal livers and kidneys. Dehydroretinol has
almost 40% of retinol activity. In fact, there is carotenoid as one of the provitamin in the plants and
vegetables,whichare changed into retinol in the liver [46].

Vitamin Awas applied in the control of psoriasis disease. Derivatives of this vitamin influence
on the proliferation rate and the differentiation of epithelia keratin and regulate its distur-
bances in autoimmune disease such as psoriasis [54].

Vitamin A or retinoic acid is relatively unstable and sensitive to oxidation and light. Antioxi-
dant stabilizers such as vitamin E and vitamin C are sometimes added.

Figure 9. Structure and synthesis of vitamin D.
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bances in autoimmune disease such as psoriasis [54].

Vitamin A or retinoic acid is relatively unstable and sensitive to oxidation and light. Antioxi-
dant stabilizers such as vitamin E and vitamin C are sometimes added.

Figure 9. Structure and synthesis of vitamin D.
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4.1.9. Vitamin C

Ascorbic acid is known as vitamin C (Figure 10). However, this vitamin is an outstanding
antioxidant in human blood plasma [55], but it is synthesized in the body of most animals
except human. Also, it is in fresh fruit and vegetables. Vitamin C is a water soluble and can
very fast degrade during cooking or in the presence of air [46, 55].

Deficiency of this vitamin leads to scurvy disease, muscular pain, skin lesions, etc. Vitamin C is
known as essential vitamin for the formation of collagen in skin, bone, tendons and ligaments
[46]. Skin lesions characteristic in scurvy disease arises from low levels of hydroxylation in the
collagen structure due to the lack of vitamin A [56].

Various doses of vitamin C used for skin burns and help to promote healing wound. This
vitamin is very important for the prevention of cancer and its therapy. Finally, should be
added, vitamin C works as an antioxidant and helps to provide renewal vitamin E [46].

4.1.10. Vitamin E

Tocopherol is known as vitamin E. It is one of the fat-soluble vitamins, which are found in
more plants. Tocopherols exist in seed oils such as wheat, corn, safflower and soybean [46].
The vitamin has antioxidant properties and it can prevent the tissue destruction by radical. So,
it can be effective for treating psoriasis (Figure 11). Vitamin E and its derivatives reduce the
effects of aging and help to prevent heart disease [46].

Figure 10. Structure of vitamin C.
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4.1.11. Vitamin B5

Pantothenic acid is known as vitamin B5 (Figure 12). This vitamin is water-soluble vitamin.
Pantothenic acid, as part of the structure of coenzyme A, is important in metabolisms of carbo-
hydrate, fat and protein. Also, this vitamin can help to treat wound and psoriasis lesions [46].

5. Material and method

In the mentioned cream, oily and aqueous extracts of medicinal herbal were formulated with
vitamins (E, D3, B5, C, F) to apply on damaged skin. Herbal extracts include oily extracts of
Santalum album, Rosa damascena, Arctium lappa, Matricaria chamomilla, Achillea millefolium,
Glycyrrhiza glabra, Silybum marianum, Lavandula angustifolia, Foeniculum vulgare and aqueous
extracts of Ziziphus spina christi, Avena sativa, Matricaria chamomilla, Aloe barbadensis, Pinus

Figure 11. Antioxidant effect of vitamin E.

Figure 12. Structure of vitamin B5.
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eldarica and Cydonia seed-Mucus. The cream was prepared according to the water-in-oil (W/O)
method. Then, cream was proposed to patients and was suggested to use two times a day
(Figure 13).

6. Results

Results were remarkable. All five patients were satisfied from inhibition of itching and inflam-
mation of skin in first week. After 2weeks applying cream, fading skin redness and increasing
skin flexibility and repair were noticeable. An important point of this cream no side effects and
combining herbal extracts and vitamins that each alone has little effectiveness. These results
are shown in Charts 1, 2, 3 and 4.

Figure 13. Making therapeutical cream includes oily extracts, aqueous extracts and vitamins.

Chart 1. Inhibition of itching and inflammation for all patients, after 4weeks (about 95%).
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According to the results, it can say that the combination of herbal extracts (oily and aqueous)
and vitamins is effective in improving the symptoms psoriasis disease.

For example, flavonoids and tannins in Glycyrrhiza glabra, Arctium lappa, Pinus eldarica and
Avena sativa are effective to treat skin lesions such as psoriasis disease and polysaccharides in
Aloe barbadensis and mucilage in Cydonia seed-Mucus not only are healing the skin wounds but
also their malic acidmake peeling skin dead cells. Moreover, provitamins such as vitamin A act
as antioxidants and prevent damage of skin healthy cells [50]. Other herbal extracts were
significant as collagen synthesis andwound improvement, antibacterial and epidermal-moisture

Chart 2. Improvement of psoriasis lesions (in about 83%) for every five patients at the end of 4weeks.

Chart 3. Estimated skin flexibility to be 87% which shows a significant increase after 4weeks.
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maintenance. Furthermore, vitamins E, B5, F, C and D3 are used for skin recovery, inflammation
relief and boost immune system. It could be noted that this herbal cream will probably inhibit
common symptoms of psoriasis in the shortest time.

Nowadays, the using plants developed in many industries. In this regard, the cosmetic indus-
try is not without interest. Tables 9 and 10 show, respectively, the common plants for skin and
mostly used formulas for skin disorders.

Chart 4. Fading skin redness with cream estimated about 80% in the end of 4weeks.

No. Scientific Name English name Used part Application

1 Acarus calamus Sweet flag Rhizome Aromatic, dusting powders, treating skin lotions

2 Alhagi camelorum Jawasa Leaves Treating skin disorders

3 Allium sativum Garlic Bulb Promotes wound healing, antibacterial
properties

4 Aloe vera Aloe vera Leaf Moisturizer, Sun screen, Emollient

5 Alpinia galangal (Zingiberaceae) Galanga Rhizome Aromatic, dusting powders

6 Avena sativa (Gramineae) Oat Fruit Moisturizer, skin tonic

7 Azadiracta indica(Meliaceae) Neem Leaf Antiseptic, reduce dark spots, antibacterial

8 Bauhinia racemosa
(Leguminosae)

Kanchivala Bark and
leaves

Skin disorders
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No. Scientific Name English name Used part Application

9 Calendula ofjicinalis
(Compositae)

Marigold Flower Skin care, anti-inflammatory, antiseptic creams.

10 Centella asiatica (Apiaceae) Brahmi Plant Wound healing, reduce stretch marks

11 Mesua ferrea (Guttiferae) Cobras
saffron

Flower Astringent

12 Panax ginseng (Araliaceae) Ginseng Root Stimulate blood flow to skin

13 Zizyphus jujube (Rhamnaceae) Zizyphus Fruit Skin care

14 Zingiber zerumbet
(Zingiberaceae)

Zamabad Rhizomes Skin care

Table 9. List of plants to apply in cosmetic [57].

Skin disorder Herbal extract/oil Quantity (ml) % Ingredients in cream

Eczema Chickweed succus 20 10

Calendula tinct 10 5

Comfrey leaf tinct 10 5

Seborrheic dermatitis Calendula fresh tinct 20 10

Marshmallow root tinct 10 5

Comfrey leaf tinct 10 5

Dry skin Lemon oil 4 10

Aloe vera 2 5

Rose water 1 2.5

Orange oil 2 5

Almond oil 1 2.5

Table 10. Used formulas for skin disorders.
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Abstract

Plant  active  metabolites  are  under  intensive  examinations  around  the  world  to
supplement the drugs with minimal side effects. Thus, there is vast potential to explore
the possible medicine from the plant sources. Cardiac glycosides are a unique group of
secondary  metabolites  that  they  are  considered  one  of  the  most  useful  drugs  in
therapeutics. In this review, cardiac glycosides and their analogues are presented. The
structure and distribution in plants, as well as structure elucidations, synthetic routes,
and chemical analysis, are shown. In addition, the pharmacological activities, mode of
action studies, and structureactivity relationships are discussed.

Keywords: cardiac glycosides, distribution in nature, structure features, structure elu‐
cidation, chemical analysis, pharmacological activities, structure‐activity relationships

1. Introduction

Many research efforts have been done toward the proofs of the use of plant species in medicinal
treatments in recent years. The effect of plants used has been examined traditionally to support
treatment of various diseases. Cardiac glycosides are a group that comprises the most drug‐like
molecules subjected to several investigations and they were proved to be fruitful in developing
potential drugs [1–5]. They are chemical compounds responsible for the poisoning of livestock
and the treatment of congestive heart failure. Extracts or latexes of cardiac glycosides plants
have been applied to poison arrows in Africa, Asia, and South America for use in hunting and
fighting. It is expected to be evolved as a defense way in plants. Cardiac glycosides are steroids
having the ability to exert specific powerful action on the cardiac muscle. A very small amount
can exert a beneficial simulation on diseased heart. These compounds are primarily valuable in
the treatment of congestive heart failure. They increase the force of heart contraction without a
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concomitant increase on oxygen consumption. Consequently, the myocardium becomes more
efficient pump and is able to meet the demands of circulatory system [6–8].

2. Structure diversity of cardiac glycosides

Cardiac glycosides are a group comprising two main classes of compounds that differ in the
structure of their aglycone as shown in Figure 1. Cardiac glycosides are either C23 or C24
steroids with a basic nucleus of cyclopentanoperhydro phenanthrene substituted at C17.
Cardenolides have a five-membered lactone group in the C17 with α, β-unsaturated γ-lactone
ring (butenolide), whereas the other group, the bufadienolides, was first discovered as skin
poisons in toads. The C17 substituent with a doubly unsaturated six-membered lactone ring
(α-pyrone). Plants can produce both cardenolides and bufadienolides. Another group,
isocardenolides, has the double bond of butenolid ring at position 21 or 22 instead of position
20 as shown in Figure 1. Most clinical attention was directed to the cardenolides owing to their
therapeutic use. Digoxin and digitoxin are the two most widely used digitalis inotropes. There
are two million patients receiving these cardenolides in the US. In general, some isocardeno-
lides appeared to be devoid from any cardiac activity [9].

Cardiac glycosides, cardenolides, and bufadienolides, bear a structure resemblance to the
steroid saponins and have the same solubility and foaming characteristics. They are also
distinguished from other steroid glycosides by a 14-hydroxy group and some peculiar sugar
incorporated in their skeleton. Other substituent groups may be present, for example, addi-
tional hydroxyl groups at C-1, 11, 12, 16, and 19. The sugars are always linked at C-3. Some
members have an aldehyde group rather than methyl group at C-19 [10].

Figure 1. Structures of cardiac glycosides.

These compounds are also characterized by its unusual “U shape.” This “U shape” has an A/
B and C/D cis and B/C trans ring junctions. On the other hand, the adrenocortical steroids
typically possess an A/B, B/C, and C/D all having trans conformation, while the bile salts
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characteristically have an A/B cis and B/C, trans orientation [10]. Although cardiac glycosides
are more abundant than aglycones, some aglycones of cardiac glycosides are used for conges‐
tive heart failure and commercially available like digoxigenin, gitoxigenin, strophanthidin,
and ouabagenin as shown in Figure 2. The most commercially important plant sources of
cardiac glycosides are digitalis purpurea, D. lanata, Strophanthus gratus, and Strophanthus kombé
[6]. Figure 2 shows the structure of some common cardiac aglycones.

Figure 2. Structures of some common cardiac aglycones.

The sugar moieties are mostly attached to the aglycone at C‐3 by β‐linkage and are composed
of up to four sugar units. It may include glucose or rhamnose together with other deoxy sugars
whose natural occurrence is, so far, known only in association with cardiac glycosides [11–15].
Figure 3 shows the structures of some examples of sugar residues attached to cardenolides,

Figure 3. Examples of sugar residues attached to cardenolides.
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which occur in the pyranoid form [11]. To differentiate between sugars with a hydroxyl group
at C–2 and 2‐deoxy‐sugar chemically, hydrolysis is the first choice [16]. The latter are almost
completely hydrolyzed by boiling in 0.05 N mineral acid in 50% aqueous methanol for 30 min,
whereas the former sugars are not completely affected by this procedure.

3. Distribution in plant kingdom

Cardiac glycosides occur in small amounts in the seeds, leaves, stems, roots, and bark of plants
of wide geographical distribution. Many species grow in tropical regions and have been
employed, in the past, by natives of Africa, Asia, and South America for preparation of arrow
poisons [17]. In plants, cardenolides appear to be confined to the angiosperms. They are more
abundant in families Apocynaceae and Asclepiadaceae (now subsumed in Apocynaceae).
However, it could be also found in some plants belonging to Liliaceae, Ranunculaceae,
Moraceae, Leguminosae, Scrophulariaceae, Cruciferae, Sterculiaceae, Euphorbiaceae, Tilia‐
ceae, and Celastraceae [18]. Some of the plants’ genera containing natural cardenolides are
illustrated in Table 1.

Family Genera

Apocynaceae Adenium, Acokanthera, Strophanthus, Apocynum, Cerbera, Thevetia, Nerium,

Carissa, Urechites

Asclepiadaceae (subsumed in

Apocynaceae)

Gomphocarpus, Calotropis, Pachycarpus, Asclepias, Xysmalobium, Cryptostegia,

Menabea, Periploca

Moraceae Antiaris, Antiaropsis, Naucleopsis, Maquira, Castilla

Leguminosae Coronilla

Scrophulariaceae Digitalis, Isoplexis

Cruciferae Erysimum, Cheiranthus

Sterculiaceae Mansonia

Tiliaceae Corchorus

Celastraceae Euonymus, Lophopetalum

Table 1. Some common plants containing natural cardenolides.

The bufadienolides occur in plants of families: Hyacinthaceae (Syn. Liliaceae), Crassulaceae,
Iridaceae, Melianthaceae, Ranunculaceae, and Santalaceae. Two genera of Hyacinthaceae are
known to produce them (Urginea and Bowiea). Several compounds of bufadienolides had been
isolated from Urginea maritima, which is commonly known as Squill. It is worthy to mention
that the genus Urginea is an aggregate of six species and it has been used in medicine since
ancient times because of its powerful digitalis‐like effect. There are various animal sources for
bufadienolides, e.g., Buffo (toad), Photinus (fireflies), and Rhabdophis (snakes) [19].
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4. Extraction and purification of cardiac glycosides

The isolation and identification of pure cardiac glycosides from their crude mixture faced some
difficulties in the past due to its low quantity or its presence as a complex mixture. Reich‐
stein’s group [16] suggested the defatting of dried and powdered seeds, and/or leaves with
petroleum ether followed by digestion with water at 0°C to extract polysaccharides and
hydrolytic enzymes. One of the most common methods of extraction of cardiac glycosides is
the prior protection of plant material by its maceration in toluene and allowing it to stand for
many days at 25–37°C to avoid the enzymatic hydrolysis. Then, it is followed by exhaustive
extraction with water‐alcohol mixture. The aqueous extract could be evaporated to a small
volume under vacuum at 50°C. Fats could then be removed by extraction with petroleum ether
and the aqueous syrup of glycosides is diluted with an equal volume of water. Tannic acid and
other polyphenolic and acidic products are precipitated with freshly prepared lead hydroxide
and the mixture is filtered through Hyflo‐Super Gel. The clear filtrate is adjusted to pH 6,
concentrated under vacuum and subjected to fractional extraction: first with ether, then
chloroform, and finally with chloroform‐alcohol, 2:1 and 3:2. For isolation of glycosides of high
solubility in water, the residual aqueous phase is half saturated with sodium sulfate and then
extracted with chloroform‐alcohol [20, 21]. The less polar fractions are separated by chroma‐
tography on neutral alumina [22]. The more polar fractions are usually chromatographed after
acetylation or benzoylation and the free glycosides recovered by hydrolysis with bicarbonate.

Reversed phase column chromatography are widely accepted in many fields including
HPLC of cardiac glycosides with RP‐8 or RP‐18 column and acetonitrile/water or methanol/
water as an eluent, followed by UV detector at 220 nm [23]. The employment of HPLC tech‐
niques also led to the isolation of large number of cardiac glycosides [24–27]. The technique
of DCCC has seen rapid expansion over the past few years. It was used to isolate three new
glycosides from digitalis lanata using the solvent systems CHCl3‐MeOH‐H2O (5:6:4) and
CH2Cl2‐MeOH‐H2O (5:6:4) [28]. Four strophanthidin glycosides, out of a total of eight isolat‐
ed compounds, were separated from one another by DCCC. The solvent systems CHCl3‐
MeOH‐PrnOH‐H2O (5:6:1:4) and CHCl3‐MeOH‐PrnOH‐H2O (45:70:5:40) were used [29].
Further application of DCCC has been reported for the isolation of affinosides from Anoden‐
dron affine [30, 31]. Recently, Kopp et al. [32] used the technique of DCCC in successful appli‐
cation to isolate 41 bufadienolides after fractionation by column chromatography. Moreover,
radial centrifugal chromatography gives a good resolution and ease of operation to isolate
cardiac glycosides [33].

5. Chemical analysis

The analytical methods for cardiac glycosides can be divided into two groups, which are
classical and sensitive methods. The classical methods (μg range) including photometry and
chromatography have an importance in the pharmacopoeias and are widely employed in
control laboratories for quantitative determination of the content and purity of glycoside
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preparations. Sensitive methods (ng range) include pharmacokinetic investigations, which
require sophisticated apparatus. They comprise gas chromatography coupled to a mass
spectrometer (GC‐MS) and HPLC coupled to a sensitive detector (MS or fluorescence detector).
Such method affords reliable measurements in the ng range [34], whereas the classical methods
require preliminary purification, usually by chromatography [35].

In classical methods, direct measurement by UV led to the absorption maxima for cardenolides
at 217 nm (εmol = 16,595) and for bufadienolides at 300 nm (εmol = 5250, εmol is the molar
extinction coefficient). For qualitative and quantitative determination of the cardiac glycosides,
it must therefore be converted into colored derivatives as shown in Figure 4. It can be converted
into colored derivatives by reaction with polynitroaromatic derivatives in alkaline solution,
with Keller‐Kiliani or xanthydrolin acidic medium [34] or by treatment with strong acids and
these can be measured by conventional photometers or fluorimeter [36, 37].

Figure 4. The chemical methods used for photometric and fluorimetric determination of cardenolides.

The reaction between cardenolides and polynitroaromatic derivatives in alkaline solution [38–
41] are based on the C‐C coupling of the unsaturated lactone ring with them to produce dye
complexes which can be measured photometrically. The reagent may also be used as a spray
reagent to visualize cardiac glycosides on TLC. The reagents that gained an established place
are Baljet reagent (picric acid) [38], Kedde reagent (3,5‐dinitrobenzoic acid) [40], and Rabitzsch
reagent (tetranitrobiphenyl) [41]. However, the specificity of Baljet reagent is low because
many other substances, e.g., ketones give intense color reaction with picric acid and alkali [34].

Various reaction mechanisms are suggested for the reaction of polynitroaromatic with cardiac
glycosides [42]. According to the studies by Burns et al. [43] and Kovar et al. [42], splitting off
of one proton at C21 produces a carbamine that consequently undergoes nucleophilic linkage
to the polynitroaromatic molecule. The resulting complexes are cyclohexadienate type and
known as Meisenheimer compounds [34], as shown in Figure 5.
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Figure 5. Meisenheimer complex formed of cardenolides with polynitroaromatic reagents.

Both the Keller‐Kiliani and xanthydrol convert 2‐deoxy‐sugars into characteristic colored
derivatives. In this way all digitoxose‐containing glycosides can be qualitatively and quanti‐
tatively determined. All the acid reagents detect only those digitoxoses, which are easily
hydrolyzed under the conditions of the test [34]. Keller‐Kiliani reaction in acetic acid, ferric
chloride, and sulfuric acid produces a blue coloration with absorption maxima at 470 and 590
nm. It is important to note that the color formation is dependent on time and it is affected by
moisture content [37]. Xanthydrol reaction [44] in acetic acid/hydrochloric acid mixture
produces red coloration with absorption maximum at 520 nm. However, the reagent is not
very stable and decomposed products tend to interfere with the color reaction. Therefore,
Pötter suggested the use or the more stable dixanthyl urea instead of xanthydrol [45].

Fluorescence spectroscopy is 10–100 times more sensitive than absorption photometry [46], so
the reaction between cardiac glycosides and strong acids gives a restricted limit of detection
in the ng range. For digoxin determinations, an activating wavelength of 340 nm is used and
the emitted fluorescence is measured at 420 nm [47].

6. Structure elucidation

The earliest methods to determine the structure of cardiac glycosides depended on acid
and/or enzymatic hydrolysis of the glycoside to the aglycone and sugar moieties followed by
the identification of their nature. The method consumed a bigger quantity of the isolated
glycoside, and consequently, it was only suitable for structure determination of the major
constituents. The great development in the spectroscopic instruments and the analysis of the
produced data in the last three decades was accompanied by a great jump in the study of
structure and stereochemical behavior of the naturally occurring compounds. This develop‐
ment led to stabilize a clear relationship between the structure and the data obtained from the
spectroscopic experiments.

Before developing the recent tools for chemical analysis of organic compounds, it was very
difficult to elucidate the cardiac glycosides structures. In the past, it is important to perform
acid hydrolysis [48–51] or enzymatic hydrolysis [52, 53] to obtain the sugar residues and the
aglycone separately. Now, more sophisticated and accurate tools were used for identification
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the structure of cardiac glycosides with the stereochemistry determination, which give a
powerful way to understand the mechanism of action and facilitate the structure activity
relationship studies. Examples of these tools are mass spectroscopy, and FTIR and NMR.

6.1. Nuclear magnetic resonance (NMR)

No doubt that NMR is the most powerful tool for the structure determination of cardiotonic
compounds. The advantage of pulsed Fourier transformation and two‐dimensional NMR
spectroscopy is that they provide information related to the carbon skeleton of the molecule
and the structure environment of each hydrogen and carbon. Tori et al. [54] reported the first
13C‐NMR analysis of 10 cardenolides by employing single‐frequency off‐resonance, noise off‐
resonance decoupling, and the comparison with spectra of structurally related compounds.
Later on, he used 13C‐NMR spectroscopy to determine the structure of thevetin A and B [55].
Robien et al. [56] reviewed 13C NMR data of 36 bufadienolides. Later on, Kopp et al. [32] used
13C NMR for elucidation of the structure of bufadienolides compounds isolated from Urginea
maritima.

Cheung and Watson [57] briefly studied the 1H and 13C NMR of the compounds calactin,
uscharidin, calotoxin, uscharin, and voruscharin and established their stereochemistry. The
13C‐chemical shift of C‐19 also gives valuable information on the stereochemistry of both car‐
denolides and bufadienolides at C‐5. In 5β‐series, C‐19 have its signal at 21.7 ± 2.5 ppm,
whereas in 5α‐series at 12.2 ± 0.4 ppm. Moreover, 5α‐series show the deshielding of C‐7 and
C‐9 by ~5.5 and 13 ppm, respectively. The number of sugar moieties could be determined
from the number of anomeric carbons at the region of 95–103 ppm in its 13C‐NMR spectrum.
Moreover, α‐ and β‐sugars could be distinguished from each other by measuring the cou‐
pling constant of the anomeric hydrogen at the region of 4.4–5.3 ppm in its 1H‐NMR spec‐
trum. The anomeric hydrogen of α‐sugar is coupled with the adjacent hydrogen at 2–3 Hz,
while of β‐sugar is coupled at 7–8 Hz [58].

Elgamal et al. isolated and studied the structure of several cardiac glycosides [58–60]. Some
of these compounds are shown in Figure 6. The structure elucidation of some example com‐
pounds, A, B, and C, was presented based on NMR spectral assignments [60], which were
confirmed by DEPT, gs‐COSY, TOCSY, gs‐HMQC, 13C‐coupled gs‐HMQC, ROESY, gs‐
HMBC, and 2D INAPT experiments. The 1H and 13C assignments are shown in Table 2. The
stereochemistry of the steroid ring system and all substituents could be determined beyond
doubt from the 1H; 1H coupling constants, as far as identifiable, and the ROESY cross‐peaks.
The ROE measurements are very informative to perform signal assignment and to deter‐
mine the ring junction forms. In compound B, some ROESY cross‐peaks gave evidence of
the trans form of ring junctions A/B and B/C which revealed by H‐2b/H‐19, H‐19/H‐8b, and
H‐8b/H‐18 cross‐peaks, as shown in Figure 7. In addition, the ring junction C/D should be
cis, as follows from the cross‐peaks H‐9/H‐15a and H‐12a/H‐15a. The orientation of aglycone
and glucose moiety in compound C was obtained from spatial proximities obtained from
ROESY as shown in Figure 8.
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and glucose moiety in compound C was obtained from spatial proximities obtained from
ROESY as shown in Figure 8.
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Figure 6. Structure of some cardenolides isolated from Calotropis procera.

      A   B   C
1H    13C    1H    13C    1H    13C

1 α 1.29 38.3 1.10 38.3 1.10 38.3

β 1.96 1.84 1.85

2 α 2.23 37.8 1.85 32.1 1.97 30.4

β 2.32 1.47 1.62

3 α – 211.4 3.60 71.8 3.80 79.2

4 α 2.04 44.3 1.64 38.8 1.82 35.3

β 2.21 1.36 1.41

5 α 1.45 46.1 1.21 45.8 1.20 45.6

6 α 1.37 28.6 1.44 30.0 1.47 30.0

β 1.23 1.35 1.38

7 α 1.03 27.0 1.20 28.7 1.20 28.8

β 1.96 2.13 2.13

8 β 1.52 41.2 1.68 42.6 1.68 42.6

9 α 0.95 49.1 1.07 51.1 1.07 51.1

10 – 35.7 – 36.9 – 37.0

11 α 1.48 21.2 1.63 22.3 1.62 22.3

β 1.30 1.38 1.38

12 α 1.32 39.4 1.56 40.9 1.56 40.9

β 1.45 1.56 1.56

13 – 49.5 – 51.0 – 51.0
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      A   B   C
1H    13C    1H    13C    1H    13C

14 – 84.7 – 86.3 – 86.3

15 α 1.98 32.7 2.20 33.4 2.20 33.4

β 1.63 1.79 1.80

16 α 2.07 26.7 2.23 28.0 2.23 28.0

β 1.79 1.95 1.95

17 α 2.72 50.7 2.91 52.1 2.90 52.1

18 0.84 15.7 0.97 16.4 0.97 16.4

19 a 0.94 11.2 0.91 12.6 0.92 12.6

b – – –

20 – 174.8 – 178.4 – 178.4

21 a 4.76 73.3 5.01 75.3 5.00 75.4

b 4.95 5.11 5.12

22 5.81 117.4 5.98 117.8 5.98 117.8

23 – 174.4 – 177.2 – 177.3

1′ 4.47 (7.8) 102.3

2′ 3.22 (8.8) 75.2

3′ 3.43 (8.8) 78.1

4′ 3.35 (9.6) 71.7

5′ 3.35 (5.1;1.5) 77.9

6′ a 3.73 (11.9;5.1) 62.8

b 3.93 (11.9,1.5)

Table 2. 1H and 13C NMR chemical shifts and characteristic J (H,H) couplings of three cardenolides A–C.

Figure 7. Stereostructure of B. The arrows indicate steric proximities (from ROESY experiment).
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Figure 8. Relative orientation of the aglycone and the sugar moiety in C. The arrows refer to spatial proximities
obtained from ROESY.

7. Pharmacological action of cardiac glycosides

The most important use of the cardiac glycosides is its effects in treatment of cardiac failure.
In cardiac failure, or congestive heart failure, heart cannot pump sufficient blood to maintain
body needs. During each heart contraction, there is an influx of Na+ and an outflow of K+.
Before the next contraction, Na+, K+‐ATPase must reestablish the concentration gradient
pumping Na+ into the cell against a concentration gradient. This process requires energy,
which is obtained from hydrolysis of ATP to ADP by Na+, K+‐ATPase. Cardiac glycosides
inhibit Na+, K+‐ATPase, and consequently increase the force of myocardial contraction [8]. On
the other hand, some cardiac glycosides were investigated for their antitumor activity [61].
In addition, it has been reported that some cardiac glycosides display an inhibitory activity
against rhinovirus [62].

8. Structure-activity relationship

In cardenolides, the steroidal part is considered the pharmacophoric moiety, responsible for
the activity of these compounds [63]. Specifically, the 5β,14β‐androstane‐3β,14‐diol skeleton
has shown the same binding properties to the enzyme as digitalis compounds.

Furthermore, the bending in the structure as shown in cis junctions between A/B and C/D rings
is very important to get the highest interaction energy. Any modification of A and/or B rings
related to B‐C plane, reduces the interaction energy [64]. In general, OH groups at any position
of steroidal skeleton reduce the interaction energy, which depends on the position on the
skeleton and the spatial location. This fact may be explained by the steric hindrance and the
decreasing of steroidal positive potential field. Moreover, the OH group at position C14β is
not an essential feature for inotropic activity, although when it is replaced by hydrogen atom,
potency decreases considerably [65]. The change of the A/B junction does not mean a decrease
of activity of aglycones but it decreases the activity of the corresponding glycosides. Thus, the
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main effect of A/B junction is revealed from its ability to put the sugar into its suitable position
[66]. The lactone ring at C17β has been considered to be responsible for inotropic activity,
bringing about conformational changes on the enzyme that would give rise to its inhibition
[67]. Indeed, that is the most differentiating feature from steroid hormones, and its contribution
to the interaction [68]. Sugar attachment to the steroid part modifies both pharmacokinetics as
well as pharmacodynamics of digitalis glycosides. Free aglycones are absorbed faster than
glycosides and they are easily metabolized to less active 3α‐OH epimer. Thus, the action of
free aglycone is fast and short lasting. The sugar moiety significance for digitalis activity is
well established but sugar parts themselves do not show any activity [10].
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Abstract

The genus Mentha L. (Lamiaceae) is distributed all over the world and can be found in 
many environments. Mentha species, one of the world’s oldest and most popular herbs, 
are widely used in cooking, in cosmetics, and as alternative or complementary therapy, 
mainly for the treatment of gastrointestinal disorders like flatulence, indigestion, nau-
sea, vomiting, anorexia, and ulcerative colitis. Furthermore, it is well documented that 
the essential oil and extracts of Mentha species possess antimicrobial, fungicidal, anti-
viral, insecticidal, and antioxidant properties. The economic importance of mints is 
also evident; mint oil and its constituents and derivatives are used as flavoring agents 
throughout the world in food, pharmaceutical, herbal, perfumery, and flavoring indus-
try. To provide a scientific basis for their traditional uses, several studies have been 
conducted to determine the chemical composition of mints and assess their biological 
activities. This chapter describes the therapeutic effects and uses of Mentha species and 
their constituents, particularly essential oils and phenolic compounds; some additional 
biological activities will also be considered.

Keywords: Mentha sp., therapeutic effects, uses, composition, biological activities

1. Introduction

Mentha is a member of the Lamiaceae which was originally described and named by Jussieu 
(1789) who gave the family name Lamiaceae, due to the distinctive flowers with a promi-
nent liplike lower petal. This family has almost cosmopolitan distribution, from temperate to 
tropical regions, but is primarily found in the Mediterranean Basin. Members of this family 
may be annual or perennial herbs, shrubs, and small trees. The Lamiaceae are closely allied 
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to the Verbenaceae, and, in a recent family revision, several genera have been transferred to 
Lamiaceae [1]. As a result, the circumscription of the Lamiaceae has been changed to include 
eight subfamilies: Ajugoideae, Chloranthaceae, Lamioideae, Nepetoideae, Pogostemonoideae, 
Scutellarioideae, Teucrioideae, and Viticoideae. Nevertheless, over 47% of the Lamiaceae fall 
within the subfamily Nepetoideae [2].

This family includes about 260 genera and more than 7000 species. Their characteristic fea-
tures include the stems which are quadrangular (square) in cross-section and the bisexual, 
zygomorphic bilaterally symmetrical flowers, composed of five united and deeply lobed pet-
als and five united sepals; typically, the lower petal is larger than the others. The fruit is dry 
and woody, a schizocarp or drup. The distinctive strongly aromatic leaves are opposite with 
successive pairs at right angles (i.e., decussate) with margins entire or lobed. Many species of 
this family, such as mints, have important commercial uses for the culinary, pharmaceutical, 
herbal, and ornamental industries [1].

Throughout history, a number of mint species have been used around the globe for various 
properties. Peppermint oil is one of the world’s oldest herbal medicines. The gathering of dried 
peppermint dates back to at least 1000 BC, and its use is documented in the ancient Egypt, 
Greece, and Rome; in traditional Chinese medicine, the use of a local mint species, Mentha hap-
localyx Briq. called “bo he,” has long been documented [3]. Peppermint (Mentha piperita L.) was 
not officially described until 1696, when the English botanist John Ray (1628–1705) first discov-
ered this pepper-flavored mint. Entering the London Pharmacopoeia in 1721, peppermint has 
since been cultivated for its essential oil throughout Asia, Europe, and North America [4]. Mint 
history is colored by stories from ancient mythology. Proserpine, Pluto’s wife, was said to have 
transformed a hated rival into a mint plant. Both the Latin “mentha” and the Greek “minthe” 
have come to be associated with metamorphosed beauty [5].

The taxonomy of the genus Mentha has been in a state of flux, with more than 3000 names 
published since 1753, most of them being synonyms or unresolved names [2], often refer-
ring to cultivars. The genus Mentha L. is widely distributed on all continents (except in South 
America and Antarctica). The centers of variety of this genus that groups spontaneous and 
cultivated forms are Europe, Australia, Central Asia, and North Africa [6].

Most Mentha grows best in wet environments and moist soils. Mints will grow 10–120 cm tall 
and can spread over an indeterminate-sized area. Due to the tendency to spread unchecked, 
mints are considered invasive. All mints prefer, and thrive in, cool, moist spots in partial 
shade. But, in general, mints tolerate a wide range of conditions and can also be grown in 
full sun. They are fast growing, extending their reach along surfaces through a network of 
runners [7]. According to the latest taxonomic treatment, the genus Mentha comprises 61 spe-
cies [8] and about 100 varieties and cultivars, divided into five sections: Audibertia, Eriodontes, 
Mentha, Preslia, and Pulegium. The systematic of the genus is not fully elucidated because of 
the strong morphologic variations, levels of ploidy (2n = 2x = 24 to 2n = 6x = 96) and hybridiza-
tions that can be intra- and interspecific and between spontaneous and cultivated forms [6].

Within the section Mentha, it has been suggested that the five basic species, Mentha arvensis L., 
Mentha aquatica L., Mentha spicata L., Mentha longifolia (L.) Huds, and Mentha suaveolens Ehrh. 
(Figure 1), have given rise to 11 naturally occurring and named hybrids. However, M. spicata 
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and possibly M. longifolia are also of hybrid origin and incongruence of nuclear and plastid 
DNA-based phylogenies indicates that all species of this section may have experienced some 
extension of reticulate gene flow during their evolution [9].

Šarić-Kundalić et al. [9] suggest a differentiation of the section Mentha into three basic lines, 
capitatae, spicatae, and verticillatae, based on inflorescence characters. The line “capitatae” 
includes all species with compact, headlike inflorescence; the type of species is M. aquatica. 
The “spicatae” species have a spike as shown by M. spicata, M. longifolia, and M. suaveolens. 
The third line is represented by M. arvensis having an inflorescence vertically partitioned 
into whorls.

2. Therapeutic effects and uses

Besides its culinary uses, mint is also used in traditional systems of medicine. Mints are mainly 
used to cure gastrointestinal disorders, but the spectrum of medical activities is broader [9]. 
Mint was originally used as a medicinal herb to treat stomachache and chest pains, and it is 
commonly used in the form of tea as a home remedy to stimulate digestion; alleviate stomach 
pain; and treat biliary disorders, dyspepsia, enteritis, flatulence, gastritis, gastric acidities, 
aerophagia, intestinal colic, and spasms of the bile duct, gallbladder, and gastrointestinal tract 
[7, 10, 11]. Mint also aids digestion, notably of fats; in recent years, it has been often recom-
mended for treating obesity. Mint tea is also a strong diuretic [7].

The essential oil from Mentha spp. is used topically to treat oral mucosal inflammation and 
also an antimicrobial and an ingredient in many analgesic creams. Approved for internal use, 
the oil from Mentha spp. is also used to treat bile duct discomfort, irritable bowel syndrome, 
myalgia and neuralgia, inflammation of the oral mucosa, discomfort from menstrual cramps, 
secondary amenorrhea and oligomenorrhea, and diverticulitis and is used as an anti-inflam-
matory and expectorant [4, 12].

Other therapeutic effects attributed to a series of Mentha species are summarized in Table 1.

Figure 1. The five basic species comprising the genus Mentha [10].
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Species Region Indications Reference

M. spicata Brazil For the expulsion of parasitic worms, 
mainly Ascaris lumbricoides

[13]

Morocco Leaf and stem infusion for headache 
and tiredness

[14]

India Stimulant, carminative, 
antispasmodic, fever, remedy in 
infantile troubles; the boiled leaves 
extract is used to relieve hiccup, 
flatulence, giddiness and as remedy 
for inflammation, bronchitis, to 
control vomiting during pregnancy

[15]

Turkey Three or four cups daily between 
meals can relieve gastrointestinal 
complaints. This herb is 
considered stimulant, carminative, 
antispasmodic, and antidote for 
poisons. It has been reported as a 
remedy for inflammation, fevers, 
bronchitis, infantile troubles, 
vomiting in pregnancy, and hysteria

[16]

India The boiled leave extract was 
counseled in the viral hepatitis, 
as analgesic known for its ability 
to enhance memory. Leaves are 
given for fever and bronchitis and 
are used as lotion in aphthae, as 
stomachic and diuretic, for gas pain, 
rheumatism, toothache, muscle pain, 
and mouthwash

[11]

France Acquires a very powerful action on 
the nervous system

[17]

India The plant is typically used in 
the treatment of loss of appetite, 
common cold, bronchitis, sinusitis, 
fever, nausea, and vomiting

[10]

M. pulegium Brazil For expulsion of parasitic worms; 
mainly Ascaris lumbricoides, 
Entamoeba histolytica, and Giardia 
lamblia; renal calculus; fever; bad 
cold; cough; bronchitis; bellyache; 
and bad cold

[13]

Algeria Stomachic, carminative, antiemetic, 
antispasmodic, tonic, antitussive, 
and insecticidal

[18]

Iran Antiseptic for treatment of cold, 
sinusitis, cholera, food poisoning, 
bronchitis, and tuberculosis

[19]
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Species Region Indications Reference

M. rotundifolia Iran In the treatment of flatulent 
dyspepsia and intestinal colic

[7]

Spain Hypotensive [20]

Morocco Leaf and stem decoction was used in 
cold and for system digestive

[14]

France Tonic, stimulative, stomachic, 
carminative, analgesic, choleretic, 
antispasmodic, anti-inflammatory, 
sedative, hypotensive, and 
insecticidal

[21]

M. longifolia Iran Different parts of the plant (leaves, 
flower, stem, bark, and seeds) 
have been used as antimicrobial, 
carminative, stimulant, 
antispasmodic, antirheumatic, 
anticatarrhal, wound healing, 
deworming, insect repellent, 
antiemetic, sedative, diuretic, 
aphrodisiac, blood purifier and for 
the treatment of headaches, digestive 
disorders, tonsillitis, diarrhea, 
dysentery, abdominal disorders, 
constipation, gall stone, jaundice, 
toothache, flatulence, asthma, cough, 
dyspnea, common cold, fever, 
headache, general weakness, and 
bladder and kidney stones

[22]

M. piperita India Peppermint oil (as well as peppermint 
leaf) has been used internally as an 
antispasmodic (upper gastrointestinal 
tract and bile ducts) and to treat 
irritable bowel syndrome, catarrh of 
the respiratory tract, and inflammation 
of the oral mucosa. Externally, 
peppermint oil has been used for 
myalgia and neuralgia
To relieve menstrual cramps and used 
externally for neuralgia, myalgia, 
headaches, migraines, and chicken pox

[23]

India Peppermint plants have been used 
for many conditions, including loss 
of appetite, common cold, bronchitis, 
sinusitis, fever, nausea, vomiting, 
and indigestion

[10]

Finland Peppermint uses include irritable 
bowel syndrome, flatulence, 
indigestion, nausea, vomiting, 
cough, and bronchitis

[24]

USA The odors of peppermint serve as 
central nervous system stimulant 
and are used to decrease fatigue

[25]
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Mint is also used for buccodental prevention. During the middle ages, powdered mint leaves 
were used to whiten teeth [7]. Fresh mint leaves are used in chewing, for mouth burns; in 
decoction, it is used as mouthwashes to reduce gingival pain [29]. Mint is used in making 
oral dentifrices as it can provide overall freshness in breath. More studies are being done 
as to whether or not it directly contributes to preventing caries and plaque; however, it is 
confirmed that it does create an unfavorable environment for bacteria [23]. Moreover, pep-
permint applied to the gums of teething babies can help relieve distress and clean teeth [4].

Mint oil and its constituents and derivatives are also used as flavoring agents throughout the 
world in food, pharmaceutical, perfumery, and flavoring industry [23]. Essential oils isolated 
from Mentha plants have a long history of use as improving the flavor of foods like confec-
tionaries (such as candies and chewing gums) and beverages. Mint flavor, which includes 
spearmint, peppermint, and corn mint, is probably the third most important flavor used after 
vanilla and citrus. As a result, Mentha plants are among the most important commercial herbs 
cultivated for dry leaf production in Germany, Spain, Poland, Bulgaria, Egypt, Morocco, 
Greece, Israel, United Kingdom, Turkey, Nigeria, and China [12, 30].

3. Adverse and toxic effects

Although some healthcare professionals believe that herbal medicines, such as the essential 
oil from Mentha spp., are relatively safe as they are “natural,” recent publications have high-
lighted potentially severe side effects [4]. Contact allergy to the leaves of Mentha spicata has 
been reported, and cases of contact cheilitis from its essential oil, as toothpaste flavoring, have 
been described. The main allergens appear to be carvone and limonene. Spearmint and pep-
permint tea can cause iron deficiency anemia [16]. Besides, the essential oil from peppermint is 
associated with adverse effects such as heartburn, nausea, vomiting, allergic reactions, flush-
ing, and headaches [4]. Potentially toxic compounds in peppermint are pulegone and menthol. 
Pulegone and its metabolite menthofuran, the probable hepatotoxic compounds in pennyroyal 
mint (Mentha pulegium L.), are also found in peppermint in much smaller proportions [23].

Species Region Indications Reference

M. arvensis India Possess abortifacient property [10]

M. australis Australia Decoctions were used to treat colds 
and coughs while inhaling the 
crushed mint to relieve headaches; the 
plant is also used as an abortifacient

[26]

M. haplocalyx China Various parts of the plant are used 
to treat sores and rashes on the skin, 
headache, red eyes, common cold, 
superficial visual obstructions, sore 
throat, mouth ulcers, and distension 
and oppression in the chest and the 
hypochondrium

[27, 28]

Table 1. Traditional indications of some Mentha species.
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On the basis of recent rodent chronic studies [31], target organs for pulegone and menthofu-
ran are the liver and kidney, and a plausible mechanism for toxicity is the formation of reac-
tive metabolites, which is also supported by in vitro experimental data. According to the 
Committee of Experts on Flavoring Substances (CEFS), provisional consumption limits were 
established for pulegone at 20 mg/kg in food and beverages [32].

Menthol causes hepatocellular changes in rats. Inhalation of menthol can cause apnea and 
laryngeal constriction, a risk for infants. Contact sensitivity to menthol and peppermint with 
oral symptoms including burning mouth syndrome, recurrent oral ulceration, or a lichenoid 
reaction has been reported. The excessive inhalation of mentholated preparation has caused 
reversible nausea, anorexia, cardiac problems, ataxia, and other central nervous system (CNS) 
problems. Peppermint oil is contraindicated in obstruction of the bile ducts, gallbladder 
inflammation, and severe liver failure [23].

Dose-dependent hepatotoxicity and nephrotoxicity were reported for M. piperita and M. spi-
cata in rats as well as decreased plasma testosterone and increased plasma LH and FSH levels 
affecting spermatogenetic activity; extensive degenerative changes in germinal epithelium 
and spermatogenesis arrest were observed in testicular biopsies. The exact Mentha com-
pounds that cause these effects are not known [33].

In Wistar rats, depending on dosage, the M. longifolia leaves’ essential oil increased the popu-
lation of neutrophils, monocytes, and large unstained cells; the liver-body weight ratio; and 
the serum cholesterol, HDL cholesterol, triglyceride, inorganic phosphate, total and conju-
gated bilirubin, alkaline phosphatase activity, total proteins, and albumin; it reduced the 
serum urea and atherogenic index. The oil, at 500 μL/kg of body weight, also increased the 
kidney-body weight ratio [22].

Due to the major decrease of the potentially harmful pulegone and menthone by oven-drying, 
it is recommended that this herb should be oven-dried or cooked before consumption in order 
to reduce toxicity. Eating of the raw plant should be discouraged, particularly in patients with 
a history of liver disease or those taking cytochrome P450-inducing drugs [22].

4. Composition of Mentha species

The majority of studies on mint constituents focus on essential oils. Indeed, these compounds 
are widely used in different industries. Moreover, major polyphenols have also been investi-
gated for interesting biological properties.

4.1. Essential oils

Essential oils are natural and volatile secondary metabolites characterized by a strong 
odor and a complex composition. They are usually obtained by steam or hydro-distilla-
tion from various aromatic plants, generally localized in temperate to warm countries like 
Mediterranean and tropical countries where they represent an important part of the tradi-
tional pharmacopoeia [34].
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Several species of Mentha are cultivated for the production of essential oil. Indeed, mint oils are 
among the most important essential oils produced in the world, and their values are exceeding 
400 million of US dollar/year. For instance, M. canadensis L. produces corn mint oil which repre-
sents the most important source of (–) menthol; M. piperita L. produces peppermint oil, consti-
tuted of menthol, menthone, and menthyl acetate as main components; M. spicata ssp., M. viridis 
(native spearmint), and M. gracilis (scotch spearmint) produce mostly carvone-rich oils, although 
different compositions have been reported; M. citrata is a source of linalool and linalyl acetate; 
M. pulegium produces the so-called pennyroyal oil, which is a pulegone-rich oil; the composition 
of M. aquatica oils is dominated by menthofuran [21]; M. haplocalyx could be classified into six che-
motypes, including linalool, pulegone, menthone, carvone, menthol, and piperitenone oxide [35].

Peppermint leaves typically contain 1.2–3.9% (v/w) of essential oil, with more than 300 identi-
fied compounds. The terpenic class is the most represented, comprising about 52% of mono-
terpenes and 9% of sesquiterpenes, whereas other groups, such as aldehydes (9%), aromatic 
hydrocarbons (9%), miscellaneous (8%), lactones (7%), and alcohols (6%), have been shown 
to be present in a smaller proportion. Among monoterpenes, menthol is the major constituent 
(35–60%), followed by menthone (2–44%), menthyl acetate (0.7–23%), 1,8-cineole (eucalyp-
tol) (1–13%), menthofuran (0.3–14%), isomenthone (2–5%), neomenthol (3–4%), and limonene 
(0.1–6%), whereas β-caryophyllene is the main sesquiterpene (1.6–1.8%) [36]. Most of pep-
permint oil medicinal properties are ascribed to menthol, their major active component, while 
esters, such as menthyl acetate, provide the familiar minty taste and associated aroma [4].

Table 2 presents published compositions of some widespread mint essential oils with a more 
limited commercial interest, including M. pulegium, the source of the essential oil “penny-
royal” rich in pulegone; M. spicata, dominated by carvone; and M. rotundifolia and longifolia of 
varied composition.

Species Component Origin (% in the oil) Reference

M. spicata Carvone Tunisia (50), China (47–65), 
Greece (59), Japan(62), Israel(58), 
India (73), Portugal (76),South 
Africa (55), India (50–77), Serbia 
(50), Pakistan (60–63), Turkey 
(50), Algeria (59), Morocco (29), 
India (49), Algeria (49)

[6, 35, 37–51]

Pulegone Brazil (55) [52]

Piperitenone oxide Greece (36) [53]

Piperitone Turkey (22–28) [54]

M. pulegium Pulegone Portugal (35), Algeria (39), Japan 
(51), Switzerland (20–35),Greece 
(45–50), Portugal (78–81), 
Uruguay (73), Morocco (80),Iran 
(38), Greece (33–76), India 
(66–83), Bulgaria (27–50), Egypt 
(44), Algeria (4–87), Spain (41–42), 
Tunisia (61),Iran (41), Morocco 
(70), Algeria, Bejaia (70); Algeria, 
Bouira (71)

[41, 47, 55–72]
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Several species of Mentha are cultivated for the production of essential oil. Indeed, mint oils are 
among the most important essential oils produced in the world, and their values are exceeding 
400 million of US dollar/year. For instance, M. canadensis L. produces corn mint oil which repre-
sents the most important source of (–) menthol; M. piperita L. produces peppermint oil, consti-
tuted of menthol, menthone, and menthyl acetate as main components; M. spicata ssp., M. viridis 
(native spearmint), and M. gracilis (scotch spearmint) produce mostly carvone-rich oils, although 
different compositions have been reported; M. citrata is a source of linalool and linalyl acetate; 
M. pulegium produces the so-called pennyroyal oil, which is a pulegone-rich oil; the composition 
of M. aquatica oils is dominated by menthofuran [21]; M. haplocalyx could be classified into six che-
motypes, including linalool, pulegone, menthone, carvone, menthol, and piperitenone oxide [35].

Peppermint leaves typically contain 1.2–3.9% (v/w) of essential oil, with more than 300 identi-
fied compounds. The terpenic class is the most represented, comprising about 52% of mono-
terpenes and 9% of sesquiterpenes, whereas other groups, such as aldehydes (9%), aromatic 
hydrocarbons (9%), miscellaneous (8%), lactones (7%), and alcohols (6%), have been shown 
to be present in a smaller proportion. Among monoterpenes, menthol is the major constituent 
(35–60%), followed by menthone (2–44%), menthyl acetate (0.7–23%), 1,8-cineole (eucalyp-
tol) (1–13%), menthofuran (0.3–14%), isomenthone (2–5%), neomenthol (3–4%), and limonene 
(0.1–6%), whereas β-caryophyllene is the main sesquiterpene (1.6–1.8%) [36]. Most of pep-
permint oil medicinal properties are ascribed to menthol, their major active component, while 
esters, such as menthyl acetate, provide the familiar minty taste and associated aroma [4].

Table 2 presents published compositions of some widespread mint essential oils with a more 
limited commercial interest, including M. pulegium, the source of the essential oil “penny-
royal” rich in pulegone; M. spicata, dominated by carvone; and M. rotundifolia and longifolia of 
varied composition.

Species Component Origin (% in the oil) Reference

M. spicata Carvone Tunisia (50), China (47–65), 
Greece (59), Japan(62), Israel(58), 
India (73), Portugal (76),South 
Africa (55), India (50–77), Serbia 
(50), Pakistan (60–63), Turkey 
(50), Algeria (59), Morocco (29), 
India (49), Algeria (49)

[6, 35, 37–51]

Pulegone Brazil (55) [52]

Piperitenone oxide Greece (36) [53]

Piperitone Turkey (22–28) [54]

M. pulegium Pulegone Portugal (35), Algeria (39), Japan 
(51), Switzerland (20–35),Greece 
(45–50), Portugal (78–81), 
Uruguay (73), Morocco (80),Iran 
(38), Greece (33–76), India 
(66–83), Bulgaria (27–50), Egypt 
(44), Algeria (4–87), Spain (41–42), 
Tunisia (61),Iran (41), Morocco 
(70), Algeria, Bejaia (70); Algeria, 
Bouira (71)

[41, 47, 55–72]
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4.2. Phenolic compounds

Phenolic compounds, secondary metabolites ubiquitously distributed in plants, include a 
large group of biologically active compounds, with over 8000 molecules, either small or large 
and complex molecules, presenting at least one aromatic ring with one or more hydroxyl 
groups attached. These compounds often appear in their natural sources as esters and glyco-
sides [94].

Species of the genus Mentha have been reported to contain a range of components, including 
cinnamic acids and aglycon, glycoside, and/or acylated flavonoids [95]. Triantaphyllou et al. 
[96] reported that water extracts from Mentha contain esters of phenolic acids and flavonoid 
derivatives and glycosidic flavonoids hydroxylated in position 3 or 5.

Regarding phenolic acids, the genus Mentha is particularly rich in caffeic acid and its deriv-
atives, chlorogenic and rosmarinic acid [24, 25, 36, 94, 95, 97–99], the latter accounting for 
60–80% of total phenolic compounds. In addition, seven salvianolic acids have been described 

Species Component Origin (% in the oil) Reference

Menthone Portugal (36) [73]

Piperitone Austria (70), Iran (38) [19, 74]

Piperitenone Greece (84–97) [75]

Menthol Tunisia (41–52), Greece (61–78) [76, 77]

M. rotundifolia Carvone Argentina (43), Finland (62), [78, 79]

Trans-piperitone oxide Italy (41), Japan (18–26) [80, 81]

Cis-piperitone oxide Algeria (28–31) [82]

Piperitol Spain (58) [83]

Piperitenone oxide Japan (46), Japan (8–84), Morocco 
(0.9–56), Algeria (24–39)

[38, 84–86]

Lippione Senegal (80) [87]

Pulegone Morocco (85), Tunisia (32) [88, 89]

2,4(8),6-p-Menthatrien-
2,3-diol

Cuba (15) [90]

Menthol Morocco (41) [91]

Piperitenone Algeria (55) [86]

Trans-piperitone epoxide Algeria, Bejaia (30) [71]

M. longifolia Piperitone Yugoslavia (39) [92]

Pulegone Tunisia (47), Senegal (52 and 42) [12, 68]

Cis-piperitone epoxide Turkey (18) [93]

Table 2. Major constituents of the essential oils of some Mentha species described in the literature.
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in Mentha plants, such as salvianolic acid H/I, salvianolic acid E, salvianolic acid B, and isosal-
vianolic acid A (caffeate trimers) [30].

Mentha plants are rich in flavonoids, particularly in flavones and flavanones. Luteolin and its 
derivatives are the main flavones described in Mentha species [30]. The components erioci-
trin, luteolin-7-O-glucoside, naringenin-7-O-glucoside, isorhoifolin, eriodictyol, luteolin, and 
apigenin were identified in aqueous extracts from Mentha species, hybrids, varieties, and cul-
tivars [95]. Besides, Areias et al. [97] have reported the main component in aqueous Mentha 
extracts to be the glycoside eriocitrin.

In an older study, external lipophilic methylated flavonoids have been extracted from dried 
leaves of Mentha aquatica, M. spicata, M. x piperita, and M. citrata. Twenty flavonoids have been 
identified. 5,6-Dihydroxy-7,8,3′,4′-tetramethoxyflavone was identified as major flavonoid 
of M. spicata and M. x piperita and 5-hydroxy-6,7,8,4′-tetramethoxyflavone (gardenin B) as a 
major compound of M. citrata and M. aquatica [100].

The phenolic composition of other species of different origins is summarized in Table 3.

Class of compounds Identified compounds Origin Reference

M. spicata

Phenolic acids Rosmarinic acid Japan [101]

Veratric acid China [102]

Vanillic, homovanillic, hydroxybenzoic, syringic, 
4-hydroxy cinnamic, trans-hydroxy cinnamic, 
2-hydroxy cinnamic, and ferulic acids

Greece [103]

Gallic acid Greece [104]

Protocatechuic acid China [105]

Gallic, chlorogenic, caffeic, vanillic, syringic, 
p-coumaric, ferulic, and rosmarinic acids

Finland [106]

Protocatechuic and vanillic acids China [107]

4-Hydroxy benzoic, caffeic, p-coumaric, chlorogenic, 
and rosmarinic acids

Algeria [99]

Flavonoids Diosmetin, diosmin, diosmin-7-glucoside India [108]

6,4′-trihydroxy-7,3′-dimethoxyflavone Spain [109]

5-Desmethoxynobiletin, 5,6-dihydroxy-7,8,3′,4′-
tetramethoxyflavone, thymonin, sideritiflavone

Japan [101]

5-Hydroxy-3′,4′,6,7-tetramethoxyflavone and thymonin China [102]

Naringenin, luteolin Greece [103]

Apigenin, rutin, catechin Greece [104]

Chrysoeriol, 5, 6-dihydroxy-7, 8, 3′, 
4′-tetramethoxyflavone and nodifloretin

China [105]

Rutin, quercetin, luteolin Greece [110]
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in Mentha plants, such as salvianolic acid H/I, salvianolic acid E, salvianolic acid B, and isosal-
vianolic acid A (caffeate trimers) [30].

Mentha plants are rich in flavonoids, particularly in flavones and flavanones. Luteolin and its 
derivatives are the main flavones described in Mentha species [30]. The components erioci-
trin, luteolin-7-O-glucoside, naringenin-7-O-glucoside, isorhoifolin, eriodictyol, luteolin, and 
apigenin were identified in aqueous extracts from Mentha species, hybrids, varieties, and cul-
tivars [95]. Besides, Areias et al. [97] have reported the main component in aqueous Mentha 
extracts to be the glycoside eriocitrin.

In an older study, external lipophilic methylated flavonoids have been extracted from dried 
leaves of Mentha aquatica, M. spicata, M. x piperita, and M. citrata. Twenty flavonoids have been 
identified. 5,6-Dihydroxy-7,8,3′,4′-tetramethoxyflavone was identified as major flavonoid 
of M. spicata and M. x piperita and 5-hydroxy-6,7,8,4′-tetramethoxyflavone (gardenin B) as a 
major compound of M. citrata and M. aquatica [100].

The phenolic composition of other species of different origins is summarized in Table 3.

Class of compounds Identified compounds Origin Reference

M. spicata

Phenolic acids Rosmarinic acid Japan [101]

Veratric acid China [102]

Vanillic, homovanillic, hydroxybenzoic, syringic, 
4-hydroxy cinnamic, trans-hydroxy cinnamic, 
2-hydroxy cinnamic, and ferulic acids

Greece [103]

Gallic acid Greece [104]

Protocatechuic acid China [105]

Gallic, chlorogenic, caffeic, vanillic, syringic, 
p-coumaric, ferulic, and rosmarinic acids

Finland [106]

Protocatechuic and vanillic acids China [107]

4-Hydroxy benzoic, caffeic, p-coumaric, chlorogenic, 
and rosmarinic acids

Algeria [99]

Flavonoids Diosmetin, diosmin, diosmin-7-glucoside India [108]

6,4′-trihydroxy-7,3′-dimethoxyflavone Spain [109]

5-Desmethoxynobiletin, 5,6-dihydroxy-7,8,3′,4′-
tetramethoxyflavone, thymonin, sideritiflavone

Japan [101]

5-Hydroxy-3′,4′,6,7-tetramethoxyflavone and thymonin China [102]

Naringenin, luteolin Greece [103]

Apigenin, rutin, catechin Greece [104]

Chrysoeriol, 5, 6-dihydroxy-7, 8, 3′, 
4′-tetramethoxyflavone and nodifloretin

China [105]

Rutin, quercetin, luteolin Greece [110]
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Class of compounds Identified compounds Origin Reference

Rutin, scopoletin Czech Republic [111]

Catechin, epicatechin, rutin, myricetin, luteolin, 
apigenin, naringenin

Malaysia [112]

Rutin, naringin, luteolin, diosmin, naringenin, 
kaempferol, and diosmetin

Algeria [99]

Lignans Spicatolignan A and spicatolignan B China [113]

M. piperita

Phenolic acids Rosmarinic acid France [114]

Rosmarinic, caffeic, and lithospermic acids Poland [115]

Rosmarinic and lithospermic acids Poland [116]

Rosmarinic, salvianolic, and dehydro-salvianolic 
acids

[117]

Caffeic, syringic, gallic, vanillic, p-coumaric, and 
ferulic acids

USA [25]

Caffeic acid, salvianolic acid B, protocatechuic acid 
glucoside, isosalvianolic acid A, prolithospermic acid, 
salvianolic acids (E and H/I), danshensu

Iran [118]

Protocatechuic acid glucoside, caffeic, chlorogenic, 
rosmarinic, prolithospermic acids, salvianolic acid H/I, 
isosalvianolic acid A, salvianolic acid B, salvianolic 
acid E, and danshensu

Different origins [24, 30]

Caffeic, vanillic, ferulic, and chlorogenic acids Iran [119]

Caffeic, p-coumaric, sinapic, shikimic, rosmarinic acids Mexico [98]

Rosmarinic, caffeic, gallic, syringic, p-hydroxybenzoic, 
o-coumaric, and cinnamic acids

Croatia [120]

Caffeic, chlorogenic, 3-O-caffeoylquinic acids, 
salvianolic acid B, and salvianolic acid L

Portugal [94]

Flavonoids Luteolin 7-O-rutinoside, isorhoifolin, eriodictyol 
7-O-glucoside, hesperidin, eriocitrin, narirutin, 
diosmin

France [114]

5,6-Dihydroxy-7,8,3′,4′-tetramethoxyflavone, 
sorbifolin, thymosin, thymonin, sideritoflavone, 
ladanein, xanthomicrol, acacetin, salvigenin, 
5-O-demethylnobiletin

France [121]

Luteolin 7-O-β-glucuronide, luteolin 7-O-rutinoside, 
isorhoifolin, eriodictyol, eriodictyol 7-O-β-
glucoside, hesperidin, eriocitrin, narirutin, 
naringenin-7-O-β-glucoside

Poland [115]

Luteolin 7-O-glucuronide Poland [116]

Luteolin 7-glucoside, luteolin 7-O-rutinoside, 
isorhoifolin, pebrellin, eriodictyol 
7-O-glucoside, eriodictyol-7-rutinoside, 
5,6-dihydroxy-7,8,3′,4′-tetramethoxyflavone

Portugal [97]
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Class of compounds Identified compounds Origin Reference

Luteolin O-diglucuronide, luteolin O-glucuronide, 
methylated luteolin-glucuronide, luteolin-
glucopyranosyl-rhamnopyranoside, 
eriodictyol-glucopyranosyl-rhamnopyranoside

Poland [117]

Luteolin, luteolin 7-O-neohesperidoside, tricetin 
3′-O-glucoside, 5′-O-rhamnoside, pebrellin, hesperidin, 
eriocitrin, narirutin, eriodictyol-7-rutinoside, 
gardenin D, isosafrole, kaempferol 7-O-rutinoside, 
4′-methoxykaempferol-7-O-rutinoside

USA [122]

Catechin, (−)-epigallocatechin gallate USA [25]

Luteolin O-diglucuronide, luteolin O-glucuronide, 
luteolin O-rutinoside, eriocitrin, narirutin, diosmin, 
myricetin O-glucoside

Iran [118]

Luteolin-di-O-glucuronide, eriocitrin, luteolin-
O-glucuronide, luteolin-O-rutinoside, narirutin, 
apigenin-O-rutinoside, diosmin, luteolin-O-
glucuronide, myricetin-O-glucoside

Different origins [24]

Rutin Iran [119]

Catechin, quercetin-4′-glucoside, (−)-epicatechin Croatia [120]

Gallocatechin-gallate, rutin, quercetin, naringin, 
hesperidin

Mexico [98]

Luteolin-7-O-rutinoside, luteolin-7-O-glucuronide, 
luteolin-O-diglucuronide, eriodictyol-O-rutinoside 
and eriodictyol-O-hexoside, naringenin-7-O-
rutinoside, eriodictyol-7-O-rutinoside

Portugal [94]

Lignans Medioresinol, medioresinol sulfate Iran [118]

Stilbenes Trans-resveratrol Croatia [120]

M. pulegium

Phenolic acids Caffeic acid Egypt [123]

Caffeic, vanillic, and ferulic acids Greece [104]

4-Hydroxy benzoic, caffeic, p-coumaric, chlorogenic, 
and rosmarinic acids

Algeria [99]

Flavonoids Diosmin France [124]

Thymonin, jaceosidin, pectolinaringenin, 
ladanein, sorbifolin, pedalitin, 
5,6,4′-trihydroxy-7,3′-dimethoxyflavone; 
5,6-dihydroxy-7,3′,4′-trimethoxyflavone; 5-hydroxy-
6,7,3′,4′-tetramethoxyflavone, apigenin, luteolin, 
chrysoeriol

Algeria [125]

Acacetin 5-O-α-L-rhamnopyranosyl(1-
2)-O-α-L-rhamnopyranoside, 7-O-α-
rutinosides of apigenin and luteolin, vicenin, 
5-hydroxy-6,7,3′,4′-tetramethoxyflavone

Egypt [123]

Luteolin, diosmin, and kaempferol Algeria [99]

Apigenin, luteolin, naringenin, catechin Greece [104]
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Class of compounds Identified compounds Origin Reference

Luteolin O-diglucuronide, luteolin O-glucuronide, 
methylated luteolin-glucuronide, luteolin-
glucopyranosyl-rhamnopyranoside, 
eriodictyol-glucopyranosyl-rhamnopyranoside

Poland [117]

Luteolin, luteolin 7-O-neohesperidoside, tricetin 
3′-O-glucoside, 5′-O-rhamnoside, pebrellin, hesperidin, 
eriocitrin, narirutin, eriodictyol-7-rutinoside, 
gardenin D, isosafrole, kaempferol 7-O-rutinoside, 
4′-methoxykaempferol-7-O-rutinoside

USA [122]

Catechin, (−)-epigallocatechin gallate USA [25]

Luteolin O-diglucuronide, luteolin O-glucuronide, 
luteolin O-rutinoside, eriocitrin, narirutin, diosmin, 
myricetin O-glucoside

Iran [118]

Luteolin-di-O-glucuronide, eriocitrin, luteolin-
O-glucuronide, luteolin-O-rutinoside, narirutin, 
apigenin-O-rutinoside, diosmin, luteolin-O-
glucuronide, myricetin-O-glucoside

Different origins [24]

Rutin Iran [119]

Catechin, quercetin-4′-glucoside, (−)-epicatechin Croatia [120]

Gallocatechin-gallate, rutin, quercetin, naringin, 
hesperidin

Mexico [98]

Luteolin-7-O-rutinoside, luteolin-7-O-glucuronide, 
luteolin-O-diglucuronide, eriodictyol-O-rutinoside 
and eriodictyol-O-hexoside, naringenin-7-O-
rutinoside, eriodictyol-7-O-rutinoside

Portugal [94]

Lignans Medioresinol, medioresinol sulfate Iran [118]

Stilbenes Trans-resveratrol Croatia [120]

M. pulegium

Phenolic acids Caffeic acid Egypt [123]

Caffeic, vanillic, and ferulic acids Greece [104]

4-Hydroxy benzoic, caffeic, p-coumaric, chlorogenic, 
and rosmarinic acids

Algeria [99]

Flavonoids Diosmin France [124]

Thymonin, jaceosidin, pectolinaringenin, 
ladanein, sorbifolin, pedalitin, 
5,6,4′-trihydroxy-7,3′-dimethoxyflavone; 
5,6-dihydroxy-7,3′,4′-trimethoxyflavone; 5-hydroxy-
6,7,3′,4′-tetramethoxyflavone, apigenin, luteolin, 
chrysoeriol

Algeria [125]

Acacetin 5-O-α-L-rhamnopyranosyl(1-
2)-O-α-L-rhamnopyranoside, 7-O-α-
rutinosides of apigenin and luteolin, vicenin, 
5-hydroxy-6,7,3′,4′-tetramethoxyflavone

Egypt [123]

Luteolin, diosmin, and kaempferol Algeria [99]

Apigenin, luteolin, naringenin, catechin Greece [104]
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4.3. Other compounds

Various other classes of compounds have been characterized and quantified in the mints. 
M. spicata and M. piperita contain different trace elements [46, 131]. Maffei and Scannerini 
[132] studied the variability of the triacylglycerol, diacylglycerol, and free fatty acids in some 
Mentha species. They found a high level of C18:3 only in the leaves of certain species (M. lon-
gifolia, M. crispa, and M. sachalinensis). Among the major components found in peppermint 

Class of compounds Identified compounds Origin Reference

M. rotundifolia

Phenolic acids Caffeic, p-hydroxybenzoic, ferulic, and p-coumaric acids Spain [126]

Caffeic, p-coumaric, chlorogenic, and rosmarinic acids Algeria [99]

Flavonoids Apigenin, luteolinidin, elargonidin, cyanidin, 
delphinidin, petunidin, luteolin

Spain [126]

Thymonin, thymosin, 5,6-dihydroxy-7,8,3′,4′-
tetramethoxyflavone, jaceosidin, hispidulin, ladanein, 
sorbifolin, nodifloretin, apigenin, luteolin, genkwanin

Algeria [125]

Esculetin Czech Republic [127]

Luteolin, diosmin, naringenin, kaempferol, and 
diosmetin

Algeria [99]

M. longifolia

Phenolic acids Rosmarinic, salvianolic acid L, dedihydro-salvianolic 
acid

Poland [117]

Flavonoids Luteolin-glucuronide, luteolin-diglucuronide, luteolin-
glucopyranosyl-rhamnopyranoside, eriodictyol- 
glucopyranosyl-rhamnopyranoside, methylated 
luteolin-glucuronide

Poland [117]

5-Hydroxy-6,7,3′,4′-tetramethoxyflavone Turkey [128]

M. australis

Phenolic acids Rosmarinic, chlorogenic, and caffeic acids Australia [26]

Flavonoids Neoponcirin, narirutin, biochanin A, apigenin, 
hesperetin, and naringenin

Australia [26]

M. haplocalyx

Phenolic acids Rosmarinic, caffeic acid China, Finland [27, 129]

Cis-salvianolic acid J, salvianolic acid J, lithospermic 
acid, rosmarinic acid, lithospermic acid B, magnesium 
lithospermate B, sodium lithospermate B, and 
danshensu

China [130]

Flavonoids Isoraifolin, luteolin-7-glucoside, menthoside China [27]

Eriocitrin, luteolin-7-O-glucoside Finland [129]

Table 3. Phenolic composition of Mentha species reported in the literature.
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leaves are fatty acids such as linoleic, linolenic, and palmitic acid [98]. In addition, recent stud-
ies identified two new ceramides from the methanolic extract of M. longifolia, longifoamides 
A and B [10].

Triterpenoids and steroids were also isolated from mints. So, two triterpenoids ursolic 
acid and uvaol and three steroids stigmast-5-en-3-β-yl formate, stigmast-5-en-3-one, and 
β-sitosterol were isolated from the aerial parts of M. longifolia subsp. noeana [128].

On the other hand, different pigments were identified and quantified in Mentha species. The 
analysis of M. spicata revealed the presence of xanthophylls (neoxanthin, violaxanthin, and 
lutein, zeaxanthin), carotenes (α-carotene) [133], and chlorophylls (chlorophylls a and b) [134, 
135]. Carotenoids (lutein and β-carotene isomers) were determined in dry peppermint tea, 
but only lutein was found in infusion [36]. Among vitamins, α-tocopherols and ascorbic acid 
were present in mints [36, 98, 135].

Mint was also reported to contain sugars, saponins, alkaloids, anthraquinones, and quinines 
[136], but these absolutely surprising HPTLC-based phytochemical data as well as the iden-
tity/purity of investigated samples should be thoroughly verified.

5. Biological activities

The research over the past several years has shown that mint and its constituents possess dif-
ferent biological activities including antioxidant, antimicrobial, insecticidal, anticancer, and 
anti-inflammatory properties [10].

5.1. Antioxidant activity

Various types of compounds from aromatic and medicinal plants are receiving particular 
attention due to their radical scavenging properties. Reactive oxygen species (ROS) are chemi-
cal species formed in the body during metabolism that are highly reactive and may have one 
or more unpaired electrons. Oxidative stress, i.e., an imbalance between ROS and antioxidant 
defenses, has deleterious effects, such as the peroxidation of membrane lipids and the attack 
on biomolecules (proteins, membrane enzymes, carbohydrates, and DNA) [137].

Various Mentha species and their extracts or essential oils have been shown to possess anti-
oxidant activity [30]. Phenolic acids (e.g., rosmarinic and caffeic acids), flavones (e.g., luteolin 
derivatives), and flavanones (e.g., eriocitrin derivatives) are possibly the major antioxidants. 
Vitamin antioxidants (e.g., ascorbic acid and carotenoids) are minor contributors to the over-
all antioxidant potential. In essential oils, unsaturated terpenes having a cyclohexadiene 
structure (e.g., terpinene) and minor cyclic oxygenated terpenes (e.g., thymol) may contribute 
to antioxidant potential, while acyclic unsaturated oxygenated monoterpenes (e.g., linalool) 
may act as pro-oxidants [36].

Mentha extracts are widely known to act as free radical scavengers in vitro. The acetonic 
extract and essential oil of peppermint act as scavengers of hydroxyl radical (•OH) [25, 138], 
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leaves are fatty acids such as linoleic, linolenic, and palmitic acid [98]. In addition, recent stud-
ies identified two new ceramides from the methanolic extract of M. longifolia, longifoamides 
A and B [10].
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β-sitosterol were isolated from the aerial parts of M. longifolia subsp. noeana [128].
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tity/purity of investigated samples should be thoroughly verified.
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cal species formed in the body during metabolism that are highly reactive and may have one 
or more unpaired electrons. Oxidative stress, i.e., an imbalance between ROS and antioxidant 
defenses, has deleterious effects, such as the peroxidation of membrane lipids and the attack 
on biomolecules (proteins, membrane enzymes, carbohydrates, and DNA) [137].
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derivatives), and flavanones (e.g., eriocitrin derivatives) are possibly the major antioxidants. 
Vitamin antioxidants (e.g., ascorbic acid and carotenoids) are minor contributors to the over-
all antioxidant potential. In essential oils, unsaturated terpenes having a cyclohexadiene 
structure (e.g., terpinene) and minor cyclic oxygenated terpenes (e.g., thymol) may contribute 
to antioxidant potential, while acyclic unsaturated oxygenated monoterpenes (e.g., linalool) 
may act as pro-oxidants [36].

Mentha extracts are widely known to act as free radical scavengers in vitro. The acetonic 
extract and essential oil of peppermint act as scavengers of hydroxyl radical (•OH) [25, 138], 
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the hydroalcoholic extract of M. piperita [139] and peppermint essential oil [140] as scavengers 
of nitric oxide (•NO), and the ethanolic and water extracts of M. pulegium [141] as scavengers 
of hydrogen peroxide (H2O2). Besides, different fractions of the ethanol extract of M. spicata 
[142]; the ethanolic extracts from M. spicata, M. pulegium, and M. rotundifolia [99]; the metha-
nolic extract of M. pulegium [68, 143] and M. longifolia [68] were shown to quench superoxide 
(O2•−) radicals.

Mentha plants have also been reported for antioxidant activities in several functional tests. 
The DPPH test, a test widely used to measure the ability to donate hydrogen atoms [41], was 
applied to measure the antioxidant capacities of Mentha species extracted by different solvent 
systems; these include the ethanol extracts of M. longifolia, M. piperita [144], M. pulegium [73, 
99, 141, 144], M. spicata, and M. rotundifolia [96, 144]; the methanol extracts from M. pulegium 
[68, 69, 143, 145], M. longifolia [68, 93], M. aquatica, M. arvensis, M. piperita, M. rotundifolia, and 
M. villosa [145]; the water extracts from M. pulegium [69, 73, 141]; and the acetonic extracts 
from peppermint [25] and M. spicata [146]. DPPH was also used to evaluate the antioxidant 
activity of the essential oils from M. aquatica [92], M. longifolia [6, 68, 92, 93], M. spicata [6, 46, 
51], M. pulegium [68, 69, 72, 73], M. rotundifolia [89, 147], and M. piperita [46, 92, 138, 140].

Other tests are less used in literature to evaluate the antioxidant potential/radical scavenger 
capacity of Mentha species polar extracts and essential oils (Table 4).

Species Type of extract Reference

Test measuring the quenching of ABTS+

M. spicata, M. piperita, M. longifolia, M. pulegium, 
M. rotundifolia

Ethanolic [99, 144, 148]

M. longifolia, M. viridis Essential oil [6]

M. spicata, M. pulegium, M. rotundifolia Essential oil [51, 71, 147]

Measurement of lipid peroxidation inhibition

M. pulegium Water
Essential oil

[69]

M. aquatica, M. pulegium, M. suaveolens, M. 
piperita

Methanolic [145, 149]

M. longifolia Methanolic [149]

M. arvensis, M. villosa Methanolic [145]

M. piperita Essential oil [140]

M. spicata, M. pulegium, M. rotundifolia Ethanolic [150]

Measurement of iron chelating activity

M. spicata Ethanolic [142]

M. piperita Ethanol/water [139]

M. aquatica, M. arvensis, M. piperita, M. pulegium, 
M. rotundifolia, and M. villosa

Methanolic [145]
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The most studied species are M. spicata, M. piperita, M. longifolia, M. pulegium, M. rotundifo-
lia, M. arvensis, and M. aquatica. M. piperita and M. spicata extracts showed good antioxidant 
activities in several in vitro assay systems compared to other species [95, 99, 144, 149]. The 
antioxidant compounds present in these extracts act as hydrogen- or electron-donating agents 
and/or metal chelators. Moreover, as expected from their composition, the polar extracts of 
Mentha species showed much better activity than the essential oils [6, 41, 69, 93].

5.2. Antimicrobial activity

The antibacterial and antifungal activities of Mentha species have been studied on various 
bacteria and fungi [30]. These studies indicate that essential oils are more efficient antifungals 
and antibacterials compared to the polar extracts [6, 68, 73]. Mentha essential oils showed 
remarkable antimicrobial activity against bacteria and other microorganisms, such as yeasts 
and periodontopathogens [4], mainly due to the presence of oxygenated monoterpenes in 
their chemical compositions [22]. Bactericidal and bacteriostatic activities are observed in the 
1/1 to 1/1000 (V/V) and 1–5 mg/mL concentration ranges, respectively.

Species Type of extract Reference

Measurement of iron(III) to iron(II) reducing activity

M. spicata Ethanolic [142]

M. longifolia Methanolic [151]

M. piperita Essential oil [138]

M. pulegium Ethanolic, water [141]

Measurement of total antioxidant activity (TAA) by the phosphomolybdenum method

M. spicata Acetone, acetone/water methanol, 
methanol/water, ethanol, ethanol/
water

[146]

M. piperita Essential oil [138]

M. pulegium Ethanol, water [141]

Measurement of oxygen radical absorbance capacity (ORAC)

M. piperita Acetonic [25]

Kit Radicaux Libres (KRL) assay

M. spicata, M. pulegium, M. rotundifolia Essential oils [51, 71]

Clinical tests measuring the ferric reducing ability of plasma (FRAP test)

M. longifolia [151]

M. pulegium Water, ethanolic [73, 141]

M. pulegium Essential oil [73]

M. rotundifolia Essential oil [89]

Table 4. Different methods applied to evaluate the antioxidant properties of Mentha species.
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Thus, M. rotundifolia oils showed effect against Bacillus subtilis, B. cereus, Escherichia coli, 
Proteus mirabilis, Salmonella typhimurium, and Staphylococcus aureus [21, 88, 89, 152]. The pule-
gone-rich essential oil of M. suaveolens efficiently inhibited all the microorganisms (20 stains) 
tested by Oumzil et al. [85]. Furthermore, according to Brahmi et al. [71], M. rotundifolia essen-
tial oils exhibited stronger antimicrobial effect than M. pulegium oils against all the micro-
organisms studied (three Gram+, three Gram−, two fungal, and one yeast). Nevertheless, M. 
pulegium oil showed good antimicrobial activity against 11 bacteria (3 Gram+ and 8 Gram−) 
and 2 yeasts [72].

M. pulegium presents an appreciable activity toward all microorganisms (five Gram+, 
five Gram−, and six fungal strains) tested by Hadjlaoui et al. [68] and Streptococcus pyogenes 
[47]. Similarly, they showed the best bacteriostatic and bactericidal effect compared to tested 
medicinal and aromatic plants from other genera [70]. Besides, the essential oil of the flower-
ing aerial parts of M. pulegium showed a significant activity against microorganisms espe-
cially Gram-positive bacteria [19].

The essential oil of M. spicata has an appreciable activity against Streptococcus pyogenes [47], 
E. coli, S. aureus, S. pyogenes [46], and C. albicans [46, 51]. Oils of Mentha longifolia showed strong 
antimicrobial activity against all 16 microorganisms tested by Hadjlaoui et al. [68] and against 
Escherichia coli, Shigella sonnei, and Micrococcus flavus. These bacteria were also inhibited by 
the essential oils from M. aquatica and M. piperita [92]. Of the Mentha essential oils tested by 
Hussain et al., the oil from M. arvensis showed relatively higher antimicrobial activity [45]; the 
essential oils of Mentha officinalis totally inhibited E. coli, Bacillus aureus, Streptococcus lactis, 
and S. aureus [153].

Besides, the essential oils from Mentha spp. have been considered a safe ingredient for the 
development of antibiofilm agents that could find a role in the pharmaceutical industry [4].

The antibacterial or antifungal activity of Mentha plant polar extracts have been studied to a 
much lesser extent; bactericidal and bacteriostatic activities are observed in the 2–4 mg/mL 
and 100–250 μg/mL concentration ranges, respectively, and at 6 μg/disk. The extracts were 
shown to possess antibacterial and antifungal activity [30]. Methanolic extracts of M. viri-
dis and M. pulegium showed slight antimicrobial capacity against S. enteritidis and E. coli, 
respectively [104]; infusions of M. piperita and M. spicata were active on Vibrio parahaemolyticus 
[154]. Fractions from M. spicata ethanol extract showed effective antibacterial activity against 
Escherichia coli, Salmonella paratyphi, Shigella boydii, Staphylococcus aureus, and Vibrio cholerae 
[142]. Peppermint tea extracts were active against Chlamydia pneumoniae [24].

5.3. Insecticidal activity

Mint is also known to exhibit insecticidal activity against a wide variety of insects. Mentha has 
been used as insecticides mainly in the form of essential oils [155]. M. spicata, M. pulegium, and 
M. rotundifolia oils demonstrated insecticidal properties against adults of Rhyzopertha domi-
nica, in contact and fumigation bioassays and repellency [51, 71]. M. pulegium and M. rotun-
difolia oils were also very toxic in the first 24 h in a contact toxicity bioassay against the same 
pest [156].
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M. arvensis oil was toxic against Sitophilus oryzae (LC50, 45.5 μL/L) [157, 158]. Similarly, the 
essential oil of M. microphylla gave remarkable activity against this insect (LC50, 0.2 μL/L) in 
fumigation bioassays and in contact bioassays (24 h; LC50, 0.01 mg/cm2) [159], and the ethano-
lic extract of M. longifolia was also efficient against it (24.2% repellency) [160]. Additionally, 
M. pulegium oil was toxic against Sitophilus granarius (contact LD50, 9.1 μL/mL) [72], and 
M. longifolia essential oil has 100% repellence against Sitophilus zeamais [22].

Varma and Dubey [158] reported complete inhibition of Tribolium castaneum, through the 
treatment of wheat samples with M. arvensis essential oil. The essential oil of M. micro-
phylla gave remarkable activity against adults of this insect (LC50, 4.5 μL/L) in fumiga-
tion bioassays [159]. Furthermore, the insecticidal properties of M. longifolia essential oil 
against this pest have been attributed to piperitenone oxide (LC50, 9.95 mg/L) [22]. In 
another study, Lee et al. [157] observed that M. piperita (LD50, 25.8 μL/L) was a slightly 
better fumigant than M. spicata (LD50, 33.1 μL/L) against T. castaneum. Besides, in both 
contact and fumigation assays, the M. rotundifolia oil samples rich in pulegone and men-
thone, compared to other chemotypes, exhibited superior insecticidal activity against the 
adults of the same insect [161].

Mentha essential oils and polar extracts showed also insecticidal properties toward other insect 
species. The ethanolic extract of M. longifolia was efficient against third- and fourth-instar lar-
vae of Culex pipiens (LC50-26.8 ppm). M. arvensis oil efficiently repelled (85%) Callosobruchus 
chinensis [160]. Feeding on M. longifolia caused death in Chrysolina herbacea [22]. M. pulegium 
L. oil also caused 100% mortality of Mayetiola destructor [162]. Studies have shown that essen-
tial oils of spearmint were effective against Lycoriella ingenua at 20 × 10−3 mg/mL [10]; fumi-
gation allowed controlling all stages of Callosobruchus maculatus; and the egg stage was the 
most susceptible stage [163]. Also, compared to M. pulegium, a M. suaveolens hydrosol showed 
higher insecticidal activity toward an insect pest of citrus, Toxoptera aurantii [164].

5.4. Cytotoxicity

Several studies have indicated that Mentha plants contain constituents with cytotoxic proper-
ties that may find use in developing anticancer agents. For example, M. arvensis, M. longifo-
lia, M. spicata, and M. viridis methanolic and aqueous extracts showed antiproliferative effect 
against various cancer cell lines in vitro at a concentration of 100 μg/mL [165]. Similarly, in 
Yi and Wetzstein [166] study, spearmint and peppermint methanolic extracts significantly 
inhibited SW-480 colon cancer cell growth (IC50s: 143.6 ± 25.6 μg/mL for spearmint and 92.3 ± 
17.8 μg/mL for peppermint). The cytotoxic effect of the essential oil of M. pulegium on ovar-
ian adenocarcinoma (SK-OV-3), human malignant cervix carcinoma (HeLa), and human 
lung carcinoma (A549) cell lines has been shown by other investigators (IC50s ranging from 
14.10 to 59.10 μg/mL) [167]. In an in vitro screening for the tumoricidal properties of interna-
tional medicinal herbs, M. spicata and M. piperita exhibited extremely weak tumoricidal effects 
(LC50 > 5.0 mg/mL), while M. pulegium showed a weak activity (LC50, 1.2–2.5 mg/mL) [168].

The cytotoxicity of essential oils from four Mentha species (M. arvensis, M. piperita, M. longifo-
lia, and M. spicata) was tested on breast cancer (MCF-7) and prostate cancer (LNCaP) cell lines 
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14.10 to 59.10 μg/mL) [167]. In an in vitro screening for the tumoricidal properties of interna-
tional medicinal herbs, M. spicata and M. piperita exhibited extremely weak tumoricidal effects 
(LC50 > 5.0 mg/mL), while M. pulegium showed a weak activity (LC50, 1.2–2.5 mg/mL) [168].
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using the MTT assay. The tested Mentha essential oils showed prominent cytotoxic activity 
against both cancer cell lines (IC50s ranging from 43.5 ± 2.1–95.7 ± 4.5 μg/mL) [45].

In another study, aqueous extract of M. spicata significantly reduced the proliferation 
of Wehi-164 and U937 cells dose and time dependently (LD50s ranging from 4.63 to 5.97 
mg/mL) [169]. Jain et al. [170] examined the possible molecular mechanisms underlying 
the cytotoxicity and anticarcinogenic potential of Mentha piperita leaf extracts on six human 
cancer (HeLa, MCF-7, Jurkat, T24, HT-29, MIA PaCa-2). The chloroform and ethyl acetate 
extracts showed significant dose- and time-dependent anticarcinogenic activity, leading 
to G1 cell cycle arrest and mitochondrial-mediated apoptosis, perturbation of oxidative 
balance, upregulation of Bax gene, elevated expression of p53 and p21 in the treated cells, 
and acquisition of senescence phenotype (effective doses ranging from 10 × (10 μg/μL) to 
100 × (100 μg/μL)).

Lv et al. [25] also evaluated the antiproliferative activity of a peppermint extract against the 
human tumor cell line HT-29 (effective doses 250 and 500 μg/mL). Similarly, the cytotoxic 
effect of Mentha piperita essential oil was assessed against four human cancer cells. It was found 
to be significantly active against human lung carcinoma SPC-A1, human leukemia K562, and 
human gastric cancer SGC-7901 cells, with IC50 values of 10.9, 16.2, and 38.8 μg/mL, respec-
tively [138].

M. longifolia methanolic extract and M. piperita ethanolic extract presented a cytotoxic activity, 
respectively, against human breast cancer (IC50 = 191.2 μg/mL) [171] and human laryngeal 
epidermoid carcinoma (IC50 = 94 μg/mL) [172]. Besides, peppermint extract showed cytotoxic-
ity against four human tumor cell lines (MCF-7, NCI-H460, HeLa, and HepG2; IC50s ranging 
from 98 ± 9 to 226 ± 11 μg/mL) [94].

5.5. Anti-inflammatory properties

Mentha extracts contain numerous constituents which could have anti-inflammatory effects. 
In vitro, the anti-inflammatory activity of the M. piperita essential oil has been determined by 
5-lipoxygenase (5-LOX) inhibition assay (IC50s ranging from 0.03 ± 0.01–0.08 ± 0.01 μg/mL) 
[140]. It could also effectively inhibit nitric oxide (•NO) and prostaglandin E2 (PGE2) produc-
tion in lipopolysaccharide (LPS)-activated RAW 264.7 macrophages [138]. Lv et al. [25] using 
J774A.1 mouse macrophage cells showed that peppermint extracts were efficient in inhibiting 
IL-1 and COX-2 expression and have inhibitory effect on IL-6 and MCP-1 (IC50s ranging from 
50 to 100 μg/mL).

In vivo, pretreatment of albino mice and female Wistar rats with M. suaveolens methanol 
extract induced an anti-inflammatory effect [173]. The anti-inflammatory effects of aqueous, 
chloroform, ethyl acetate, and hexane extracts of M. spicata ethyl acetate and aqueous frac-
tions were both effective in reducing the chronic and acute inflammation of Wistar albino rats 
[11]. In addition, edema reduction was also observed by topic use of M. aquatica L. alcohol 
extract on Male CD-1 mice [174]. The M. piperita essential oil exhibited potent anti-inflamma-
tory activities in a croton oil-induced mouse ear edema model. The oil reduced the edema-
tous response by 5.77, 7.37, and 30.24% at the dose of 200, 400, and 800 μg, respectively [138].
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Abstract

Piperaceae, a Latin name derived from Greek, which in turn originates from the Arabic 
word babary—black pepper, is considered one of the largest families of basal dicots, found 
in tropical and subtropical regions of both hemispheres. The species that belong to this 
family have a primarily pantropical distribution, predominantly herbaceous members, 
occurring in tropical Africa, tropical Asia, Central America and the Amazon region. The 
Piperaceae family includes five genera: Piper, Peperomia, Manekia, Zippelia and Verhuellia. 
Brazil has about 500 species distributed in the Piper, Peperomia and Manekia genera. The 
Piper genus, the largest of the Piperaceae family, has about 4000 species. Within the Piper 
genus, about 260–450 species can be found in Brazil. Piper species have diverse biologi-
cal activities and are used in pharmacopeia throughout the world. They are also used 
in folk medicine for treatment of many diseases in several countries including Brazil, 
China, India, Jamaica and Mexico. Pharmacological studies of Piper species point toward 
the vast potential of these plants to treat various diseases. Many of these species are bio-
logically active and have shown antitumor, antimicrobial, antioxidant, insecticidal, anti-
inflammatory, antinociceptive, enzyme inhibitor, antiparasitic, antiplatelet, piscicide, 
allelopathic, antiophidic, anxiolytic, antidepressant, antidiabetic, hepatoprotective, ame-
bicide and diuretic possibilities.

Keywords: Piperaceae, Piper, essential oils, biological activities, chemical constituents

1. Introduction

Nature, in general, has produced most of the known organic substances. Among the various 
kingdoms of nature, the plant kingdom has contributed most significantly to the supply of 
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secondary metabolites. For example, essential oils derived from plants have great value due 
to their applications as medicines, cosmetics, food and agrochemicals [1, 2].

Essential oils constitute a complex mixture of low molecular weight substances (usually less 
than 500 Da) obtained by hydrodistillation or by extraction with organic solvents [2, 3]. A 
single plant may contain between 20 and 100 secondary metabolites belonging to different 
chemical classes. Terpenoids, phenylpropanoids and aromatic compounds are metabolites 
present in essential oils [2]. Among the terpenoids, monoterpenes and sesquiterpenes make 
up the largest group of substances in essential oils [2, 4].

About 3000 essential oils are produced using less than 2000 plant species, among which 300 
are important from a commercial point of view. Essential oil production is 40,000–60,000 tons/
year with a market value estimated at $700 million, indicating an increase in production and 
essential oil consumption worldwide [2].

In Brazil, the production of essential oils began at the end of the second decade of the twen-
tieth century based on the extraction of native species to meet the demands of the foreign 
market. Interest in essential oils is based not only on the possibility of obtaining aromatic 
compounds (pleasant odor) and the application of products such as perfumes, fragrances 
and cosmetics, but also on possessing therapeutic properties such as insecticides, fungicides, 
bactericides or a precursor compound of molecules with high added value [5].

2. Piperaceae family

Piperaceae is a Latin name derived from Greek, which in turn originates from the Arabic 
babary, which means black pepper. It is considered one of the largest families of basal dicots, 
present in tropical and subtropical regions of both hemispheres [5]. In this family, there are 
species with a primarily pantropical distribution, having mostly herbaceous representatives 
(vines, shrubs and even some trees) [5, 6].

This family includes five genera: Piper, Peperomia, Manekia, Zippelia and Verhuellia [7]. They are 
present in tropical Africa, tropical Asia, Central America and the Amazon region [6]. Brazil 
is represented by about 500 species distributed in the Piper, Peperomia and Manekia genera 
[8]. The family is very important as a source of substances with pharmacological activities 
[9]. Many chemical compounds such as amides, phenylpropanoids, chromone, lignans and 
neolignans have been found [10].

3. Piper genus

Piper is the largest genus of the Piperaceae family [7, 11]. The species of this genus have diverse 
biological activities and are used in pharmacopeia throughout the world. They are also used 
in folk medicine for treatment of many diseases in several countries including Brazil, China, 
India, Jamaica and Mexico [9–11].
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In Brazil, Piper species are distributed throughout the national territory. Among the aromatic 
flora of the Amazon region, there are more than a dozen species that provide essential oils 
that are used by the population for therapeutic purposes [12]. The decoction of Piper callosum 
leaves is used to treat diseases of the gastrointestinal tract [5, 13, 14]. Moreover, the tea of the 
decoction of Piper hispidum leaves is useful for the treatment of malaria. Piper marginatum is 
used as a tonic, carminative, stimulant, diuretic and sudorific agent against stomach, liver and 
gallbladder pain, toothaches, and snake and insect bites [5, 15, 16]. Piper cavalcantei Yuncker 
is called “electric sky” or “electric oil”. The decoction of its leaves is considered an excel-
lent antipyretic and analgesic, especially for headaches. The infusion of the leaves is used as 
an antidiarrheal, to prevent dehydration and to combat menstrual cramps. Oil, extracted by 
soaking and heating, is used topically for earaches and other external pain [17].

The Piper species found in the Northeast of Brazil also have many uses in folk medicine, such 
as Piper corcovadensis used for toothaches [11]. The species found in the Atlantic rainforest are 
also used. For example, Piper regnellii (L.) Miq. is used as an anesthetic and anti-inflammatory 
agent. Piper cernuum Vell. is used as an analgesic (mainly for stomach aches) against liver and 
kidney diseases. Chewing the leaves of Piper gaudichaudianum Kunth. fights toothaches, while 
Piper cf. lhostzkyanum Kunth. is used to combat pain in the stomach, liver and kidney [17].

The decoction of Piper umbellatum leaves is used by those in the working class especially in 
the treatment of diseases in the digestive, urinary and respiratory tracts, and treatment of 
stomatitis, vaginitis and liver disorder [18, 19]. Piper aduncum, popularly known as pimenta-
de-macaco and aperta-ruão, has been used in the treatment of gynecological diseases and 
intestinal disorders [14]. Piper sp, known as Jaborandi, is used to treat toothaches [19]. 
Peperomia pellucida H.B.K., popularly known as folha-de-vidro, is used against gastrointesti-
nal ailments and high blood pressure and acts as a mild diuretic. The juice of the plant can be 
used to treat ocular diseases in general [20].

Many Piper species are biologically active and have shown antitumor [21], antimicrobial [22], 
antioxidant, insecticide, larvicide [5], anti-inflammatory, antinociceptive, enzyme inhibitor, 
trypanocidal, antiplatelet, piscicide, allelopathic, antiophidic, anti-malaria, antileishmania, 
ansiliotico/antidepressant, antituberculosis, antidiabetic, nematocide, herbicide, hepatopro-
tective, anti-Helicobacter pylori [23], amebicide [24] and diuretic [25] potential.

Piperaceae’s contribution to scientific and technological knowledge is considered very sig-
nificant. Chemistry studies of Piper species have led to the identification of a variety of new 
chemical compounds belonging to different classes, including alkaloids [26], amides [27], 
chromenes [28], derivatives of benzoic acids [29], lignans, neolignans, propenyl phenols, ter-
penes, steroids, chalcones, diidrochalcones, flavones, flavanones, kavalactones, piperolides, 
ceramides, fatty acids [5, 10] and flavonoids [23, 26].

4. Chemical composition of essential oils of the Piper species from Brazil

From a chemical point of view, essential oils are complex mixtures of volatile substances that 
are lipophilic and usually odoriferous and liquid. They are endowed with aromas that are 
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almost always pleasant and colorless when recently extracted [29]. They can contain from 20 
to 60 or more different compounds at various concentrations [30].

The composition of essential oils is constantly being transformed, according to seasonal varia-
tion and circadian rhythms. It may also be determined by genotype, environmental factors, 
and plant cultivation and collection procedures. It can vary according to geographical origin, 
drying, harvest time, type of fertilizer, but the main components responsible for the aroma 
seem to remain constant [31].

The Piper essential oils are characterized by the presence of monoterpenes, sesquiterpenes 
and phenylpropanoids with significant biological effects [10]. Essential oils of many Piper 
species in Brazil have been studied for their chemical composition (Table 1). We highlight the 
following species:

An analysis of the essential oil from the leaves and stem of a P. marginatum specimen collected 
in the city of Itacoatiara in the state of Amazonas showed the presence of the following: saf-
role (0.51 and 0.10%); 3,4-(methylenedioxy) propiophenone (8.01 and 8.92%); 2-methoxy-4,5-
(methylenedioxy) propiophenone (1.10 and 1.35%); β-caryophyllene (4.01 and 5.57%); elemicin 
(1.32 and 1.53%); α-terpinene (0.73 and 0.45%); (E)-ocimene (2.31 and 0.68%); α-terpinolene 
(1.11 and 0.85%); myristicin (0.23 and 9.23%); α-pinene (0.84 and 0.68%); α-copaene (2.47 and 
1.71%); γ-elemene (3.75% and trace) and α-humulene (1.34 and 0.59%) [47].

In Ref. [34], 35 constituents were identified in the essential oil from the leaves and stem of 
Piper aleyreanum collected in Porto Velho in the state of Rondônia and reported as the major 
components: caryophyllene oxide (11.5%), β-pinene (9%), spathulenol (6.7%), camphene 
(5.2%), β-elemene (4.7%), myrtenal (4.2%), verbenone (3.3%) and pinocarvone (3.1%).

In Ref. [48] mainly non-oxygenated sesquiterpenes were identified in the chemical composition 
of the essential oil of seven Piper species of the Brazilian Atlantic Forest, with E-caryophyllene 
and germacrene D being the most frequent. However, the non-oxygenated monoterpenes (Z)-
β-ocimene, α-pinene and β-pinene were also present.

From the literature about the phytochemical study of the essential oil of Piper tuberculatum 
extracted from the fruit and fine stems from a specimen collected in Rondônia, the predomi-
nance of sesquiterpenes was demonstrated, with caryophyllene oxide (32.1 and 26.6%) and 
(E)-caryophyllene (17.7 and 12.3%) as the major compounds [48].

According to Ref. [49], the essential oil from the leaves of P. aduncum collected in the city of 
Bocaiuva, in the state of Minas Gerais, has as major constituents the compounds 1,8-cineole 
(55.8%), α-terpineol (5.9%), (E)-ocimene (4.8%), (E)-pinene (4.7%) and α-pinene (4.5%). The 
composition analysis of the essential oil from the leaves of Piper hispidinervum and P. callosum 
collected in the Amazon showed that both species have safrole (98.12 and 64%) as the major 
constituent [12].

The study of the essential oil of three Piper species collected in different areas of the Federal 
District revealed the predominance of sesquiterpenes in all species. In the essential oil 
of Piper arboreum, the only monoterpenes identified were δ-3-carene (0.9%) and linalool 
(1.1%). The constituents present in the highest concentrations were bicyclogermacrene 
(12.1%), 10-epi-γ-eudesmol (11.6%), spathulenol (8.4%), caryophyllene oxide (10.1%) 
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Piper aleyreanum collected in Porto Velho in the state of Rondônia and reported as the major 
components: caryophyllene oxide (11.5%), β-pinene (9%), spathulenol (6.7%), camphene 
(5.2%), β-elemene (4.7%), myrtenal (4.2%), verbenone (3.3%) and pinocarvone (3.1%).

In Ref. [48] mainly non-oxygenated sesquiterpenes were identified in the chemical composition 
of the essential oil of seven Piper species of the Brazilian Atlantic Forest, with E-caryophyllene 
and germacrene D being the most frequent. However, the non-oxygenated monoterpenes (Z)-
β-ocimene, α-pinene and β-pinene were also present.

From the literature about the phytochemical study of the essential oil of Piper tuberculatum 
extracted from the fruit and fine stems from a specimen collected in Rondônia, the predomi-
nance of sesquiterpenes was demonstrated, with caryophyllene oxide (32.1 and 26.6%) and 
(E)-caryophyllene (17.7 and 12.3%) as the major compounds [48].

According to Ref. [49], the essential oil from the leaves of P. aduncum collected in the city of 
Bocaiuva, in the state of Minas Gerais, has as major constituents the compounds 1,8-cineole 
(55.8%), α-terpineol (5.9%), (E)-ocimene (4.8%), (E)-pinene (4.7%) and α-pinene (4.5%). The 
composition analysis of the essential oil from the leaves of Piper hispidinervum and P. callosum 
collected in the Amazon showed that both species have safrole (98.12 and 64%) as the major 
constituent [12].

The study of the essential oil of three Piper species collected in different areas of the Federal 
District revealed the predominance of sesquiterpenes in all species. In the essential oil 
of Piper arboreum, the only monoterpenes identified were δ-3-carene (0.9%) and linalool 
(1.1%). The constituents present in the highest concentrations were bicyclogermacrene 
(12.1%), 10-epi-γ-eudesmol (11.6%), spathulenol (8.4%), caryophyllene oxide (10.1%) 
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Species Part of plant  
used

Main chemical compounds Biological properties References

Piper angustifolium Leaves Spathulenol; caryophyllene oxide Anti-leishmania (Leishmania infantum) [32]

P. anonifolium Aerial parts α-pinene; β-selinene; α-selinene; 
selin-11-en-4-α-ol

Cytotoxic; antifungal; antioxidant; 
anticholinesterase

[33]

P. aleyreanum Leaves,  
stems,  
aerial parts

Caryophyllene oxide; spathulenol; 
β-pinene; camphene; δ-elemene; 
β-elemene; β-caryophyllene; 
germacrene D; bicyclogermacrene

Antinociceptive; anti-inflammatory; 
gastric antiulcer; cytotoxic;  
antifungal; antioxidant; 
anticholinesterase

[33, 34]

P. aduncum Fruits,  
leaves

β-pinene; E- caryophyllene; 
β-cubebene; β-elemene;  
α-copaene; α-farnesene;  
1,8-cineole; α-terpineol; dillapiole

Larvicidal (A. aegypti L.); osmotic and 
morphologic fragility of erythrocytes; 
antihelmintic (Haemonchus contortus); 
Antiacarid (Rhipicephalus (Boophilus) 
microplus)

[35–38]

P. callosum Leaves Antifungal (C. perniciosa,  
P. palmivora and P. capsici)

[39]

P. cernuum Branches Camphene Antitumoral [21]

P. corcovadensis Leaves 1-butyl-3, 
4-methylenedioxybenzene; 
terpinolene; trans-caryophyllene; 
α-pinene

Larvicidal (A. aegypti L.) [11]

P. diospyrifolium Leaves (E)-eudesma-6,11-diene; (E)-
caryophyllene; γ-muurolene; 
limonene; germacrene; 
(E)-β-ocimene

Antifungal [40]

P. enckea Leaves Antifungal (C. perniciosa, P. palmivora 
and P. capsici)

[39]

P. gaudichaudianum Leaves E-caryophyllene; α-humulene; 
bicyclogermacrene; E-nerolidol; 
viridiflorol; aromadendrene; 
β-selinene

Cytotoxic (Saccharomyces cerevisiae); 
larvicidal (A. aegypti L.)

[41]

P. hispidum Aerial parts δ-3-carene; limonene; α-copaene; 
β-caryophyllene; α-humulene; 
β-selinene; caryophyllene oxide

Cytotoxic; antifungal; antioxidant; 
anticholinesterase

[33]

P. hispidinervum Leaves Safrol; α-terpinolene Antifungal (B. sorokiniana, F. oxysporum 
and C. gloeosporioides); insecticidal (S. 
frugiperda); amoebicidal (A. polyphaga)

[24, 42, 43]

P. hostmanianum Leaves Asaricin; myristicin Larvicidal (A. aegypti L.) [44]

P. humaytanum Leaves β-selinene; caryophyllene oxide Larvicidal (A. aegypti L.) [44]

P. malacophyllum Leaves α-pinene; camphene; camphor; 
E-nerolidol

Antimicrobial; antifungal [45]

P. marginatum Leaves Isoelemicin; Apiol; δ-guaiene Antifungal (C. perniciosa, P. palmivora 
and P. capsici); larvicidal (A. aegypti L.)

[35, 39]

P. nigrum Seeds Limonene; E caryophyllene; 
caryophyllene oxide

Larvicidal (A. aegypti L.) [35]

P. permucronatum Leaves Dillapiol; myristicin Larvicidal (A. aegypti L.) [45]

P. vicosanum Leaves α-Alaskene; Y-elemene; limonene Anti-inflammatory [46]

Table 1. Piper species of Brazil with biological properties.
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and γ-eudesmol (6.7%). The constituents with the greatest quantities in the oil obtained 
from the leaves of Piper dilatatum were (Z)-β-ocimene (19.6%), β-caryophyllene (11.3%), 
sesquiterpene (8.8%), bicyclogermacrene (8.8%), spathulenol (6.5%) and caryophyllene 
oxide (5.3%). The analysis of the essential oil of P. hispidum leaves revealed the presence 
of β-pinene (19.7%), α-pinene (9.0%), δ-3-carene (7.4%), α-cadinol (6.9%) and spathulenol 
(6.2%) as major compounds [50].

The analysis of the essential oil of Piper species of the Amazon revealed the presence of the 
sesquiterpenes α-copaene, (E)-caryophyllene and spathulenol in all species analyzed. The 
major compounds identified in Piper amapense oil were (E)-caryophyllene (25.0%), β-selinene 
(15.0%) and caryophyllene oxide (17.0%). The oil of Piper duckei had a predominance of (E)-
caryophyllene (23.5%), caryophyllene oxide (18.4%), β-eudesmol (9.4%) and α-eudesmol 
(9.1%). The major volatile compounds found in Piper bartlingianum were α-cadinol (11.2%), 
β-elemene (10.5%), α-muurolol (9.4%) and (E)-nerolidol [51].

Analyses of the essential oils from the leaves, stems and flowers of P. regnellii collected in 
Dourados in the state of Mato Grosso do Sul revealed the presence of myrcene and anethole, 
with the major constituent in the stem being dillapiole. In the leaves, the main compounds 
were myrcene (21.9%), anethole (E) (16.0%) and bicyclogermacrene (9.4%). In the stem, they 
were anethole (E) (13.4%), dillapiole (30.4%) and myrcene (14.9%). For the flowers, they were 
anethole (E) (28.2%), myrcene (23.0%) and bicyclogermacrene (9.6%) [52].

5. Biological activities of essential oils of the Piper species from Brazil

Due to their complex chemical composition, essential oils show a range of pharmacological 
actions, making them potential sources for the development of new drugs [53].

The antimicrobial activity of essential oils, both in vitro and in vivo, has justified research on tradi-
tional medicine focused on the characterization of their antimicrobial activity [54]. The search for 
more effective antimicrobial agents has become a challenge for the medical field and has gained 
increasing importance. According to studies by Ref. [45], the essential oil of Piper malacophyllum 
collected in Florianopolis in the state of Santa Catarina showed significant antimicrobial activity, 
especially antifungal activity shown to be moderate against the Cryptococcus neoformans yeast 
and the Trichophyton mentagrophytes filamentous fungus, both of clinical interest. This activity is 
attributed to the synergism of the chemical constituents present in the essential oil.

Work done with essential oils obtained from medicinal plants has shown activity on plant 
pathogen control that could replace the use of pesticides, which, in the long term, cause 
negative impacts on society and the environment due to pollution from their chemical 
waste [55]. The essential oils of P. callosum, P. marginatum and Piper enckea collected in the 
state of Pará showed inhibitory activity against several pathogens, including Crinipellis 
perniciosa, Phytophthora palmivora and Phytophthora capsici. P. callosum caused 100% myce-
lial inhibition of P. capsici at a concentration of 0.75 μL/mL, the best fungitoxic action on 
the three pathogens tested [39]. The essential oil of P. hispidinervum inhibited growth of 
the Bipolaris sorokiniana, Fusarium oxysporum and Colletotrichum gloeosporioides pathogens, 
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waste [55]. The essential oils of P. callosum, P. marginatum and Piper enckea collected in the 
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attributing the fungicidal effect observed in the essential oil to the presence of safrole 
(89%), its major component [42].

Ref. [43] evaluated the insecticidal activity of the essential oil of P. hispidinervum, collected in 
Lavras in the state of Minas Gerais, on Spodoptera frugiperda (Fall armyworm), attributing the 
effect to safrole (82%), the major component of the essential oil being analyzed. The essential 
oil of Piper betle showed insecticidal activity by inhibiting the development of Spodoptera litura 
pupae without causing damage to the Eudrilus eugeniae organism [56].

Ref. [33] reported anticholinesterase activity for the essential oils of Piper anonifolium and 
P. hispidum collected in Bahia, while the oil of P. aleyreanum showed high cytotoxic activity 
against melanoma. The oils of the three species of Piper analyzed showed strong antifungal 
activity against Cladosporium sphaerospermum and Cladosporium cladosporioides.

Essential oils from the fruits of P. aduncum, leaves of P. marginatum and seeds of Piper nigrum, 
collected in Paraíba, were tested against dengue mosquito larvae and were shown to be active. 
The P. marginatum species had the greatest larvicidal effect [35]. The essential oil of P. corco-
vadensis revealed a potent larvicidal activity against the oviposition of Aedes aegypti [11].

In a study conducted by Girola et al. [21], the monoterpene camphene isolated from essen-
tial oil of P. cernuum, collected in Cubatão in the state of São Paulo, induced apoptosis in 
melanoma cells, and showed antitumor activity in vivo, thus showing itself to be a promising 
compound in cancer therapy.

The essential oil of Piper vicosanum collected in the city of Dourados, in the state of Mato Grosso 
do Sul, demonstrated anti-inflammatory activity in rodents and did not cause acute toxicity 
or mutagenicity [46]. The essential oil of P. aleyreanum extracted from a specimen from Porto 
Velho in the state of Rondônia, showed antinociceptive action, as well as anti-inflammatory and 
gastroprotective properties with great potential for the development of phytomedicines [34].

The literature reports a wide range of essential oils from the Piper genus with different bio-
logical properties. The essential oil of P. hispidinervum collected in Porto Alegre, in the state 
of Rio Grande do Sul, showed amebicide action against the trophozoites of Acanthamoeba 
polyphaga, preventing its encysting. This suggests that this essential oil has the potential 
to develop new drugs to treat keratitis. It also demonstrated little toxic effect against Vero 
cells (renal cells of the African green monkey) and is not toxic at concentrations less than 
0.25 mg/mL [24]. The essential oil of Piper diospyrifolium collected in Maringa, in the state of 
Parana, showed antifungal activity against Candida albicans, Candida parapsilosis and Candida 
tropicalis isolated from catheter urine, blood culture and orotracheal tube samples donated 
by the University Hospital of Maringá, demonstrating effective activity as a possible new 
phytotherapy or natural fungicide [40].

6. Conclusions and future perspectives

According to the literature, we can say that the essential oils from the Piper species of Brazil 
have many uses. In addition, they are endowed with interesting biological activities and have 
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a therapeutic potential. For example, they exhibit antimicrobial, anticholinesterase, antitu-
mor, anti-inflammatory activities and may be useful as natural remedies and it seems that 
they can be used as a suitable therapy for many pathologies. Therefore, economic importance 
of essential oils from the Piper species of Brazil is indisputable. It appears therefore impera-
tive to preserve our natural, diverse flora and support its protection in order to keep this 
inexhaustible source of molecules destined for multiple targets.
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Abstract

Historically, the Japanese began to use aromatic and medicinal plants for ritual activities, 
food flavor, and treatment of their bodies. The exotic plants, new ideas, and culture asso-
ciated with medicinal and aromatic plants were introduced to Japan from other countries, 
primarily via Korea. In this way, experience and knowledge of uses were accumulated, 
and applications of aromatic and medicinal plants were expanded. The oldest Japanese 
medicine “Wa ho” leads the way to folk medicine today, and traditional Japanese medi-
cine (Kampo) has spread into modern use. The elegance tradition of “Kodo,” an incense 
ceremony of Japan, was developed because of the use of aromatic incensed wood in 
sixteenth century as recreation. Paired along with this ceremony is the Japanese sa-do 
tea ceremony that the spirituality and esthetic sense are inherited to Japanese today. 
Japanese green tea is becoming popular in many countries due to the constituent, cate-
chins, that medically treats vascular disease, several cancers, and type II diabetes. Today, 
the Japanese medical system has new direction, integrating medicine with the adoption 
of modern western and alternative medicine. Scientific data must continue to be collected 
for interactions between the two medicinal systems for integrative medicine to be ideal 
for body, mind, and spirit of humans and nature.

Keywords: Kampo (traditional Japanese medicine), green tea, integrative medicine, 
body and spirit, phytotherapy

1. Introduction

Aromatic and medicinal plants fill a significant role in human societies that have helped 
improve the lives of people since ancient times. Ancient people became aware of the value 
and attractiveness of aromatic and medicinal plants, and the significance of historical books 
is a guide for the use of the plant material (Table 1) [1]. Initial books on use on medicinal and 

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
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aromatic plants were sourced in various parts of the world, such as the Middle East, Greece, 
China, and India, indicating that these ancient civilizations used indigenous aromatic and 
medicinal plants to improve lives in their own separate ways before ideas were shared. Japan 
is no exception; names of some local aromatic and medicinal plants were recorded in the old-
est Japanese history book “Kojiki” written in 712 A.D. Aromatic and medicinal plants, how-
ever, continue to influence human life, culture, and history. Currently, an estimated 70,000 
plant species are used in traditional medicine [2].

In Japan, most aromatic and medicinal plants have been used in the crude drug system, 
Kampo, the traditional Japanese medicine system, and in herbal tea as alternative or comple-
mental medicines. The production value of Kampo was $1.38 billion, accounting for only two 
percent of all Japanese pharmaceuticals in 2011 [3], and although a total of 83.5% of 684 medi-
cal doctors were using Kampo for their prescriptions, according to web survey by the Japan 
Kampo Medicines Manufacturers Association (JKMA) in 2008 [4], the market for Kampo 
medicines increased by 23% over 5 years (2007–2011). In 2008, the usage of crude medicine for 
Kampo was 20,000 metric tons, of which a total of 83 percent was imported from China [5]. 
Almost 250 kinds of crude (not processed) medicines are used as Kampo materials in 2008, 
and the top 20 are listed as example (Table 2) [5].

Timeline Book and author Book about Country

~500–300 BC Hippocratic corpus written by 
Hippocrates; De Causis Plantarum 
and Historia Plantarum written by 
Theophrastis

Formalized medicine practices in 
diagnosis and treatments; list of 
medicinal plants and application

Greek

~150–100 BC Huangdi Neijing (author unknown) Theoretical foundation of Chinese 
medicine, diagnostic methods, and 
acupuncture

China

~100 BC-100 AC Celsus wrote De Medicina;  
Dioscorides wrote De Materia Medica

Alexandrian medicine; pharmacopoeia 
of herbs and the medicines

Greek

~200–300 AC Shennong Bencaojing (author 
unknown); Shanghan Lun written by 
Shang Zhongjing

Agriculture and medicinal plants; 113 
herbal prescriptions and six stages of 
disease

China

~750–800 AC Lu Yu wrote The Classic of Tea Tea tree, making tea, and tea ceremony China

~800–1000 AC Avicenna writes Book of Healing and 
Canon of Medicine; Albucasis wrote 
Kitab al-Tasrif; Hildegard of Bingen 
wrote Ohysica; Averroes wrote 
 Kulliyat

Clinical trials on medicines; 
Encyclopedia of medical practices; 
Scientific and medicinal properties of 
various plants; Medical encyclopedia

Arabic countries  
and Germany

~1000–1500 AC Ibn al-Baitar wrote Compendium on 
Simple Medicaments and Foods

Pharmacopoeia listing 1400 plants Arabic countries

~1500–1600 AC John Gerard wrote Herball, or Generall 
Historie of Plantes

Heavily illustrated of 1000 plants England

~1900–2000 AC René-Maurice Gattefossé wrote 
Aromathérapie

Aroma and essential oil for Medicine France

Table 1. Significant materials and books in history of medicinal plants and medicine [1].
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2. Introduction and opening: medical systems and recreations

Several of the plants were discovered to have medicinal effects and were spread throughout 
the world along with traditional medicines, and some of were being as indigenous. At first, 
traditional medicines were introduced to Japan from China via Korea from the seventh to 
ninth centuries which is called traditional Chinese medicine (TCM). Before TCM was intro-
duced to Japan, an older medicine called “Wa ho” existed. As TCM started flourishing, Wa 
ho declined and will likely remain as a folk medicine. TCM influenced traditional Japanese 
medicine (TJM) known as Kampo, in terms of fundamental principle and diagnosis, such as 
Yin-Yang (two opposites form the whole), Qi (life energy), and the Five Elements (interac-
tions and relationships). Many ancient thin wooden strips which were excavated from a 7th 
century ruin recorded Chinese medicinal plant names that indicated their use as medicines 
In 756, a total of 60 crude medicines, for example, pepper, cinnamon, licorice, rhubarb, betel 
nut palm, and croton, were contributed to Shosoin, where the treasure house that belongs to 

Ranking Common name Spices Family Parts used usage (kg)

1 Licorice Glycyrrhiza uralinsis Leguminosae Root 1,267,395

2 Chinese Peony Paeonia lactiflora Paeoniaceae Root 1,164,126

3 Cinnamon Cinnamomum cassia Lauraceae Bark 1,033,793

4 Indian bread, tuckahoe Poria cocos Polyporaceae Fungus 996,311

5 Jujube Ziziphus jujuba Rhamnaceae Fruit 675,997

6 Pinellia Pinellia ternata Araceae Tuber 629,063

7 Oriental Ginseng Panax ginseng Araliaceae Root 610,092

8 Angelica acutiloba Angelica acutiloba Apiaceae Root 580,607

9 Ephedra Ephedra sinica Ephedraceae Stem 568,686

10 glutinous starch syrup Oryza sativa Gramineae Seed 555,718

11 Kudzu vine, Japanese 
arrowroot

Pueraria lobata Papilionaceae Root 553,999

12 Atractylodes lancea Atractylodes lancea Asteraceae Rhizome 501,647

13 Job’s Tears Coix lacryma-jobi Gramineae Seed 449,253

14 Sickle Hare’s Ear Bupleurum falcatum Umbelliferae Root 443,811

15 Rhubarb Rheum palmatum Polygonaceae Rhizome 439,590

16 Atractylodes Atractylodes japonica Asteraceae Rhizome 427,357

17 Alexandrian Senna Senna alexandrina Caesalpiniaceae Leaves, pods 426,230

18 Chinese foxglove Rehmannia glutinosa Scrophulariaceae Root 397,512

19 Baikal skullcap Scutellaria baicalensis Labiatae Root 383,969

20 Gypsum 380,348

Table 2. Usage of top 20 crude medicines for Kampo in 2008 [5].
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Todai-ji, Nara, and 38 of them remained (Figure 1). At Shosoin, seven scent bags, included 
Borneo camphor, musk, and other fragrances from China also remained.

In 894, Japanese missions to Tang China were abolished by the imperial court of Japan, and 
the exchange of crude medicines, TCM, and culture was stopped. Thereby, medicine in Japan 
was developed uniquely until Sanki Tashiro (1465–1537) introduced Chinese medicine in 
1498. Dosan Manase (1507–1594), Tashiro’s apprentice, encouraged the more formal Chinese 
medicine, known as “gosei-ho,” while Geni Nagoya (1625–1694), Gonzan Goto (1659–1733), 
Toyo Yamawaki (1705–1762), and Todo Yoshimasu (1702–1773) regarded “ko-ho” in which 
medicine should be clinical and adopted “Shanghan Lun” (Treatise on Cold Damage Disorders) 
for acute fever symptoms and “Jin Gui Yao Lue” (Essential Prescriptions from the Golden Cabinet) 
for pathology and treatments of various diseases which are the oldest complete clinical text-
books written by Zhang Zhongjing (150–219) [4, 6, 7]. Ko-ho put emphasis on abdominal 
palpation and is main stream of Kampo [8]. The word “Kampo” is used for comparison with 
“Rampo,” a conventional western medicine introduced from the Netherlands in the 17th to 
19th centuries. Kampo, however, was the main medicine in Japan until the end of the Edo 
era. In 1869, the Meiji administration decided that the national medicine system would be 
the German system, and then, in 1876, the government declared a regulation that passing a 
western medicine examination was necessary to become a medical doctor. This issue made 
Kampo usage decline rapidly, only a part of doctors, pharmacists, and medicine traders car-
ried Kampo. After World War II, however, the side effects from using synthetic medicines 
happened frequently, thereby people returned to the idea of Kampo. At the same time, the 
Japan Society for Oriental Medicine (JSOM) was established to promote oriental medicine and 
contribute to the progress and dissemination of oriental medicine in 1950. The national health 
insurance started to cover Kampo in 1967, and therefore, the demands for Kampo increased. 
Finally, the medical specialist system of Kampo and pharmacist system were started in 1990 
and 2000, respectively. Kampo was added to the core curriculum in medical education system 
in 2001. Thus, history indicates a U-turn movement for Kampo (Figure 2) [6, 8, 9].

Figure 1. Shosoin treasure house that belongs to Todai-ji, Nara (Wikipedia).
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According to “Nihon Shoki,” the second oldest historical book in Japan, aloeswood 
(incense wood) drifted ashore on Awaji island of Japan in 595 A.D. Thus, incense in 
Japan started in the sixth century, with more brought from China, along with Buddhism. 
At first, the Japanese used incense wood in religious practices. Ganjin, the Chinese 
monk that arrived in Japan to propagate Buddhism, taught the people to make and use 
incense. Later, the Japanese started for transferring the elegant aroma to the robes and 
sutra books on Nara period. In the Heian period, aristocrats enjoyed mixing incense 
into their daily life with poems written about the incense, such as The Tale of Genji in the 
eleventh century [10].

In the late Muromachi period during the sixteenth century, samurai started to pursue a holis-
tic approach, including the senses, human spirit, and nature. This new approach was the start 
of “Ko-do” (a way of incense or an elegant incense ceremony). In addition, Ka-do (Ikebana, 
Japanese flower arrangement) and Sa-do (Japanese tea ceremony). The incense, aloeswood, 
was made over time by the formation and ripeness of an aromatic resin. Usually, the incense 

Figure 2. U-turn movement of Kampo in Japan.

Culture, History and Applications of Medicinal and Aromatic Plants in Japan
http://dx.doi.org/10.5772/66505

99



wood consists of three kinds, Kyara, Jinko, and Byakudan (Figure 3a). Raw materials such as 
aloes wood are costly because of the limited amount available and expensive equipment 
(Figure 3b). Ko-do has not spread widely due to the difficulty in obtaining raw materials as 
compared with the materials for Ka-do and Sa-do.

3. Conventional and modern uses: spirit and daily life

In the Edo era, Kampo was a medicine for wealthy people only as Kampo doctors visited a 
home by basket palanquin (a litter for one passenger) and treated patients using expensive 
Kampo materials. Therefore, the common people had to use Japanese folk medicines devel-
oped in earlier times. Such folk medicines exist today, but are not as popular as compared 
with modern western medicines and Kampo. Folk medicine, however, is an important cul-
tural heritage that the Japanese ancestors left to future generations, including recipes of folk 
medicines, remedies for home use (Table 3). Some manufactured folk medicines are sold 
at pharmacy as quasi-drugs such as medicinal teas, cosmetics, medicinal bath, and supple-
ments (Figure 4a).

The latest Japanese Pharmacopoeia (No. 17 issued 2016) included 324 crude medicines for 
Kampo [11]. Usually, Kampo medicines are a mix of several kinds of crude medicine, and 
each prescription has a name. Recently, many medical doctors prescribe Kampo medicines 
because of an increase in patients who prefer crude medicine rather than synthetic medicine. 
Patients can get Kampo medicines easily even without prescription (Figure 4b).

Aromatic and medicinal plants have spread broadly into Japanese spirit and daily life. The 
tea and aroma activities were simply an amusement for people until the Muromachi period 
that was started before the Japanese “sa-do” (tea ceremony) and “ko-do.” At the end of the 
Muromachi period, Buddhist monks reformed the philosophy of tea to express conjointly 
with ethics and religion, changing the societal view about man and nature [12]. This innova-
tive philosophy reflects the esthetics and world view of Japanese, for example, “wabi” and 
“sabi.” Wabi expresses an esthetic of beauty of deficiency, in other words, senses which try 
to find sufficiency of mind from humble and deficiency. Sabi is beauty which could feel pro-
foundness and richness inside of tranquility naturally. Subsequently, Sen no rikyu who is a 

Figure 3. (a) Incense wood of Jinko; (b) Incense burner (Koro).
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famous tea master completed the foundation of present sa-do. The sense of wabi and sabi con-
nects with Japanese spirit today, and sa-do is traditional practice for wholehearted hospitality 
for our daily life (Figure 5). A book “ALL ABOUT TEA” known as the encyclopedia of tea 

Japanese and common 
name

Scientific name Medicinal effects Uses Part used

Hechima, Luffa Luffa cylindrica Heat rash, chapped skin, sunburn Cosmetic Water from fruit

Yomogi, Japanese 
mugwort

Artemisia indica Dry skin, acne Cosmetic Leaf

Biwa, Loquat leaf Eriobotrya japonica Heat rash, eczema, insect bite, rash Cosmetic Leaf

Shiso, Perilla herb Perilla frutescens Eczema, acne, oily skin Cosmetic Leaf

Obako, Plantago seed Plantago asiatica Water metabolism, poor visibility, 
phlegm

Tea Seed

Gobo, Burdock fruit Arctium lappa Heat diffusion, inflammation, 
promote eruption

Tea Fruit

Dokudami, Houttuynia 
herb

Houttuynia cordata Laxative, diuretic Tea Upper ground 
(flowering time)

Senna, Senna leaf Senna alexandrina Laxative Tea Leaf

Kuko, Lycium fruit Lycium chinense Weak constitution, fatigue, cold  
hands and feet, insomnia

Liquor Fruit

Ninjin, Ginseng Panax ginseng Tonic Liquor Root

Toki, Japanese angelica 
root 

Angelica acutiloba Tonic, circulatory disorder, analgesic, 
sedative, compensate blood

Bath Root

Senkyu, Cnidium  
Rhizome

Cnidium officinale Anemia, cold hands and feet, 
menstrual irregularity

Bath Rhizome

Kamitsure, German 
Chamomile

Matricaria recutita Inflammation, sedative, calm spasm, 
excrete gas

Bath Flower

Syobu, Calamus Acorus calamus Backache, neuralgia Bath Root, leaf

Yuzu, Yuzu Citrus junos Circulation improvement, cold 
prevention, backache, neuralgia

Bath Fruit

Table 3. Plant materials, medicinal effects, and uses for folk medicines.

Figure 4. (a) Medicinal teas of folk medicine are sold at pharmacy; (b) Kampo medicines are sold at pharmacy.
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describes the commercial side of tea including the production, cultivation technique, chemi-
cal constituent, distribution, trade, consumption, and cultural side related to the as history of 
drinking tea and the relationships among drinking tea, the literature, and art [13]. The book 
helps readers to comprehend sa-do as well.

In Japan, Buddhists worship ancestors with incense sticks as one of the traditional manners 
in appreciating all generations of family in daily life. The incense sticks are made from mixed 
lots of materials, including charcoals, incensed woods, crude medicines, and fragrances. Such 
incense sticks are used mostly in homes and temples (Figure 6).

Figure 5. One of the sa-do practice called “otemae.”.

Figure 6. Incense sticks are offered to any Buddhist ceremony at temple.
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4. Representative plant: Japanese green tea

Tea is the second consumed drink in the world after water. Tea is called by different names in 
different countries or areas. The origins, however, were split into two generally, “cha or chai” 
and “te or tea” depending the proximity to either China or Europe, respectively [14]. Almost 
all teas such as green, white, oolong, black, and pu’erh except maté and rooibos are made 
from Camellia sinensis, and the significant differences come from the processing of the leaves. 
Oxidation in leaves starts immediately after leaves are picked. Black tea is fully oxidized; 
oolong tea is half of oxidized; and green and white teas are barely oxidized at all.

As well-known, drinking tea was introduced from China by a Japanese Buddhist monk in sev-
enth to eighth century. The manner became common among aristocrats and monks in ninth 
century at the time, and tea was hardened tea leaves like ball named “dan cha.” In Song dynasty 
of China, the way of drinking tea was changed to use matcha and introduced to Japan. Buddhist 
monks drank matcha to avoid sleepiness and to concentrate their mentality for Zen practices. 
Chinese monk Eisai wrote “Kissa yojoki” was written about the medical effects of tea in 1211 
[15]. In early fourteenth century, a game called “To-cha” was in fashion, people would first 
drink tea and then guess the area in which the tea was grown. In the late fifteenth century, Jyuko 
Murata (1423–1502) created “wabi-cha,” based on the simplicity of Zen spirit and spirituality of 
“wabi.” Subsequently, Sen no rikyu established sa-do. In 1830s, the finest quality green tea was 
“gyokuro,” which tasted mellow, sweet, and full bodied, came into being in Uji area.

The most famous tea production area is Sizuoka prefecture, where tea is exposed to a 
strong wind and rain and cultivated on the hillside or riverside where other crops could 
not survive (Figure 7). The different quality of soil produces a different color and quality 
of tea leaf (Figure 7). In 2015, the total area of picked green tea was 35,600 ha, a one percent 
decline The yield of fresh leaf, 357,800 metric tons in 2015, declined by four percent from 
the previous year in Japan [16]. According to survey, more than 82% Japanese drink green 
tea every day [17]. In Japan, green tea is drunk in the morning after waking, after or during 
every meal, for break in the afternoon, to show hospitality whenever guests visit. Usually, 
Japanese enjoy many kinds of flavors and tastes, for example, “sencha,” “gyokuro,” “mat-
cha,” “hojicha,” “genmaicha,” and “bancha” have differences that come from the processing 

Figure 7. Green tea farms at Kawane honcho, Shizuoka.
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methods of green tea (Table 4). The taste is a little bitterness and astringency, and it is per-
fectly refreshing your mouth after meals. Most distributed Japanese green tea is Sen-cha 
which accounts for 60% of all kinds of green tea [16].

Name of task Action Time (min) Water contents (%)

Sassei (steam) Fresh leaves are steamed at 100°C, and  
oxidation is stopped

0.5–1 100

Reikyaku (cool down) Wait until room temperature and some water is 
removed from leaf surface

5 –

Sojyu (first hand-rolling) Wield leaves and some mass of leaves come up 
by light hand-rolling at 35°C

60 40

Jyunen (second hand-rolling) Push and make a mass bigger by knead hand-
rolling and remove some water from inside of 
leaf at 100°C

20 –

Chujyu (third hand-rolling) Loosen a mass up and twist leaf by hand-rolling 
at 95°C

30 30

Seijyu (forth hand-rolling) Shape like needle and polish by hand-rolling at 
85°C

60 10

Kansou (dry) Dry at 65°C 120 5

Shiage (finishing) Removed leaf powder and piece of stem with 
some heat for dry

– 4

Table 5. Processing sequences, action, and water contents for green tea manufacture.

Table 4. Different kinds of green tea.
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Processing green tea is delicate and has several significant steps that require specialized skills. 
After the leaves are picked from the tree, a total of eight work sequences are necessary for ready 
to drink tea (Table 5).

Manufacturing Japanese green tea takes more than 5 h with much labor if all sequences are 
done by hand. Recently, most of the processing steps have become automated. Hand making 
tea, however, is still practiced by some processors as the hand-rolling technique is a cultural 
heritage (Figure 8a–e).

Recently, a number of scientific studies have suggested that green tea has medicinal effects, 
reducing high cholesterol and treating cancer, diabetes, and liver disease [18]. In the natural 
elements and nutrients in Japanese green teas, the most consumed sencha has the highest 
tannin (catechin), carbohydrate, and vitamin C, E, and B1 levels among gyokuro, sencha, 
hojicha, and matcha (Table 6) [19]. Catechins are one of the major polyphenolic compounds 
in green tea, which works on preventing various vascular diseases (Figure 9). Usually, cat-
echin is very widespread, especially in woody plants and some medicinal plants, such as 
Agrimonia eupatoria (agrimony), Crataegus laevigata (hawthorn), Salix alba (white willow), 
and Vaccinium myrtillus (bilberry) contain catechin [20]. Significant effects of the catechins 
are antioxidative, antihypertensive, anti-inflammatory, antiproliferative, antithrombogenic, 
and lipid lowering actions that are important for maintaining vascular health [21]. The major 
catechin, epigallocatechin-3-gallate (EGCG), has been suggested to have great potential as a 
cancer preventative agent for liver, stomach, skin, lung, mammary gland, and colon cancer 
[22]. EGCG functions not only as a powerful antioxidant and preventing oxidative damage 
in healthy cells, but also an antiangiogenic and antitumor agent. EGCG stimulates telomere 
fragmentation by inhibiting telomerase activity. Some scientific articles suggest that green 

Figure 8. Processing machines, at Kawanehoncho, Shizuoka, (a) sojyu-ki, (b) jyunen-ki. Processing by hands, at 
Kawanehoncho, Shizuoka, (c) sojyu, (d) seijyu, and (e) shiage.
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tea catechin may help in controlling type II diabetes by daily consumption [23–25]. EGCG 
blocks sodium-dependent glucose transporter 1 (SGLY1) and lipid micelle formation in the 
intestine.

Most convenience stores and supermarkets in Japan sell many kinds of bottled green tea. 
Some brands put a mark “food for specified health uses” indicating healthy effects, such as 
cholesterol reduction or gentle rising of blood sugar after meals, and have received approval 
for special marking from the Consumer Affairs Agency (Figure 10) [26]. These types of foods 
are used for sustaining health and preventing pre-symptomatic disease.

Figure 9. Catechin.

Gyokuro Sencha Houjicha Matcha

Tannin (Catechin) 10.0 13.0 9.5 10.0

Caffeine 3.5 2.3 1.5 3.2

Theanine/Amino Acid 29.1 24.5 18.2 30.6

Fat 4.1 4.7 4.8 5.3

Carbohydrate 43.9 47.7 39.2 38.5

Fiber 11.1 10.6 18.7 10.0

Ash content 6.3 5.0 5.5 7.4

Vitamin A (μg) 21,000 13,000 6,700 29,000

C (mg) 110 260 44 60

E (mg) 16.6 68.1 - 28.1

B1 (mg) 0.30 0.36 0.10 0.60

B2 (mg) 1.16 1.43 0.82 1.35

Niacin (mg) 6.0 4.1 5.6 4.0

Table 6. Natural elements and nutrients in Japanese green tea [19].
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5. Application

5.1. Integrative medicine

Integrative medicine is a person-centered care system that uses both modern western medicine, 
to take advantage of pharmaceuticals, operations, radiology, and other complementary and 
alternative medicines have become popular among advanced countries to change the structure 
of disease control. Many complementary and alternative medicine systems exist. Phytotherapy 
has been actively adapted into integrative medicine in United States because herbs and the 
origin of several pharmaceuticals and the accumulated scientific evidence are comprehended 
easily. For example, Dr. Andrew Weil of University of Arizona, a leading figure of integrative 
medicine, is an herbalist and prescribes medicinal plants for treatment [27].

Aromatherapy was introduced to Japan from the UK in 1985, and became popular as a relax-
ation technique. Subsequently, aromatherapy has become better known by medical profes-
sionals and researchers. This activity advanced clinical application in psychosomatic medicine, 
obstetrics and gynecology, and palliative care coupled with the spread of integrative medicine. 
In 2008, the Japanese Society of Integrative Medicine was established, a project team of inte-
grative medicine in Ministry of Health, Labor, and Welfare was launched in 2010, and the 
Japanese Society of Phytotherapy was established in 2012 for study of medicinal herbs.

Although still controversial, functional mechanisms of complementary and alternative medi-
cines are thought to have the improved the spontaneous healing power of humans. Currently, 
this understanding is compatible with oriental thought in a regimen and a balanced diet lead 
to a healthy body. Accumulation of scientific evidence, culture, and history exists behind the 
rapid spread of aromatherapy and medicinal herbs in Japan. The next generation of inte-
grative medicine that creates inclusive correlation between body, mind, spirituality, natural 
environment, and local community can be expected to help those suffering from aging and 
improve the health of a maturing society.

5.2. Dietary supplements

In recent years, diffusion of dietary supplements is remarkably increasing worldwide, and the 
trend to use natural substances in healthcare and wellness will continue to rapidly expand dietary 
supplement markets. In one of the highest dietary supplement consuming countries, 53% of the 

Figure 10. Food mark specifies green tea health uses.
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adults in the United States used at least one dietary supplement each day in 2003–2006 [28]. This 
number was more than two times that of Japan [29], and comes from different systems of health 
insurance. To enter health insurance is not necessary for USA citizens have a relatively expensive 
medical care system, making individuals concerned about their health and wellness. In contrast, 
Japan citizens are basically mandated to enter a health insurance. According to various reports, 
some consumers in Japan have the wrong knowledge about dietary supplements. For example, 
an inappropriate meal is no problem if you take dietary supplements [30]. Nevertheless, the 
Japanese market of dietary supplement keeps growing rapidly, and the prospect of dietary sup-
plement in Japan will continue to shift more to prevent disease and maintain health and wellness.

6. Conclusions

Medicinal and aromatic plants help people remain healthy and have influenced culture, 
nature, and history of humans from ancient times. Further study of medicinal and aromatic 
plants may discover new constituents that become future medicines. In future research, more 
clinical trial and interaction between medicinal plants and pharmaceuticals need to be exam-
ined and useful information shared throughout the world. The important thing is to appreci-
ate the blessings of nature and sustain all of genetic resources. Today, the society of severe 
aging and maturity needs to shift from animalistic world view, such as the stronger prey 
upon the weaker in a high-growth period, to a cooperative vegetative world view with the 
key factor being medicinal and aromatic plants.
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Abstract

The Republic of Suriname (South America) is located on the Guiana Shield, one of the 
regions with the highest biodiversity and the largest expanse of undisturbed tropical rain 
forest in the world. The population of almost 570,000 consists of a unique blend of eth-
nic groups and cultures from all continents. These include Indigenous Amerindians, the 
original inhabitants; Maroons, the descendants of runaway slaves who had been shipped 
from Africa between the seventeenth and the nineteenth century; Creoles, a generic term 
referring to mixed blacks and whites; the descendants from indentured workers from 
China, India, and Java (Indonesia) who arrived between the second half of the nine-
teenth and the first half of the twentieth century; as well as immigrants from various 
Middle Eastern, European, Caribbean, and South American countries. All these groups 
have made their own specific contribution to Suriname’s traditional medicine, which has 
resulted in a myriad of remedies against many disorders, mainly employing a variety of 
plants. This chapter presents a brief history of Suriname, addresses the ethnopharmaco-
logical practices of Maroons and Creoles as well as Hindustanis and Javanese, and con-
cludes with a few remarks on the previsions provided by the country’s rich plant-based 
traditional medicine.

Keywords: Suriname, multiethnicity, Maroons and Creoles, Hindustanis, Javanese, 
traditional herbal medicine

1. Introduction

1.1. Suriname: general aspects

The Republic of Suriname is located on the northeast coast of South America, just north of the 
Amazon delta, and borders the Atlantic Ocean to the north, French Guiana to the east, Brazil 
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to the south, and Guyana to the west (Figure 1) [1]. Despite its location in South America, 
Suriname is culturally considered a Caribbean rather than a Latin American country and is a 
member of the Caribbean Community (CARICOM) [1]. The climate is tropical with abundant 
rainfall, a uniform temperature of on average 27°C, and a relative high humidity of 81% in the 
capital city of Paramaribo [2]. There are four seasons, namely the long rainy season (April–July), 
the long dry season (August–November), the short rainy season (December–January), and the 
short dry season (February–March) [2].

Suriname’s land area of roughly 165,000 km2 can be distinguished into a northern urban-coastal 
and a rural-coastal area as well as a southern rural interior (Figure 1) [2]. The urban-coastal 
area comprises Paramaribo and the Wanica district (Figure 1) and harbors approximately 
80% of the population of almost 570,000 [2, 3]. The rural-coastal area comprises the districts 
of Marowijne, Commewijne, Saramacca, Coronie, and Nickerie (Figure 1) and is, together 
with the southern-rural districts of Para, Brokopondo, and Sipaliwini (Figure 1), home to the 
remaining 20% of Suriname’s inhabitants [2, 3]. The latter part of the country is referred to as 
the hinterland, encompasses more than three-quarters of its land surface, and consists largely 

Figure 1. Map of Suriname depicting the 10 administrative districts. The insert indicates the location of Suriname in 
South America.

Aromatic and Medicinal Plants - Back to Nature112



to the south, and Guyana to the west (Figure 1) [1]. Despite its location in South America, 
Suriname is culturally considered a Caribbean rather than a Latin American country and is a 
member of the Caribbean Community (CARICOM) [1]. The climate is tropical with abundant 
rainfall, a uniform temperature of on average 27°C, and a relative high humidity of 81% in the 
capital city of Paramaribo [2]. There are four seasons, namely the long rainy season (April–July), 
the long dry season (August–November), the short rainy season (December–January), and the 
short dry season (February–March) [2].

Suriname’s land area of roughly 165,000 km2 can be distinguished into a northern urban-coastal 
and a rural-coastal area as well as a southern rural interior (Figure 1) [2]. The urban-coastal 
area comprises Paramaribo and the Wanica district (Figure 1) and harbors approximately 
80% of the population of almost 570,000 [2, 3]. The rural-coastal area comprises the districts 
of Marowijne, Commewijne, Saramacca, Coronie, and Nickerie (Figure 1) and is, together 
with the southern-rural districts of Para, Brokopondo, and Sipaliwini (Figure 1), home to the 
remaining 20% of Suriname’s inhabitants [2, 3]. The latter part of the country is referred to as 
the hinterland, encompasses more than three-quarters of its land surface, and consists largely 

Figure 1. Map of Suriname depicting the 10 administrative districts. The insert indicates the location of Suriname in 
South America.

Aromatic and Medicinal Plants - Back to Nature112

of sparsely inhabited savanna and dense, pristine, and highly biodiverse tropical rain forest 
[2]. This makes Suriname comparatively one of the most forested countries in the world [2, 4].

The urban areas are characterized by a “western” lifestyle, modern health-care facilities, and 
an economy that is mainly based on commerce, services, and industry [5]. The rural societ-
ies have a more traditional way of living, lack comprehensive public health services, and 
have agriculture, forestry, crude oil drilling, bauxite and gold mining, as well as ecotourism 
as major economic activities [5]. These activities have been growing in scale and economic 
importance in recent years and are, together with agriculture and fisheries, the country’s most 
important means of support, contributing substantially to the gross domestic income in 2014 
of U$ 5.297 billion and an average per-capita income of U$ 9583 [5, 6]. This positions Suriname 
on the World Bank’s list of upper-middle income economies [5, 6].

1.2. Suriname: people

Suriname’s population is among the most varied in the world, comprising the Indigenous 
Amerindians, the original inhabitants; descendants from enslaved Africans imported 
between the seventeenth and the nineteenth century (called Maroons and Creoles); descen-
dants from contract workers from China, India (called Hindustanis), and the island of Java, 
Indonesia (called Javanese) attracted between the second half of the nineteenth century and 
the first half of the twentieth century; descendants from settlers from a number of European 
and Middle Eastern countries; and more recently, immigrants from various Latin American 
and Caribbean countries including Brazil, Guyana, French Guiana, Haiti, and Cuba [1, 3]. 
The largest ethnic groups are the Maroons and Creoles, as well as the Hindustanis and 
Javanese, comprising approximately 22 and 16%, and 27 and 14%, respectively, of the total 
population [3].

Although members of all ethnic groups are encountered throughout the country—particu-
larly in Paramaribo—certain ethnic groups are clustered in relatively large numbers in cer-
tain areas of the country [2, 3]. For example, the district of Nickerie harbors predominantly 
Hindustanis, that of Para mostly Creoles, that of Commewijne mainly Javanese, while the 
Maroons and Indigenous peoples primarily populate the interior, living in villages along the 
major rivers [2, 3]. More importantly, the various ethnic groups have largely preserved their 
culture and identity, still practicing their original religion and speaking their original lan-
guage in addition to Dutch, the official language of government, business, media, and educa-
tion, as well as Surinamese or Sranan Tongo, the widely used English- and Portuguese-based 
lingua franca [1, 3].

The same holds true for their specific perceptions of health and disease and their ethnophar-
macological traditions [7]. However, throughout time, considerable intercultural exchange 
has taken place about the knowledge and use of medicinal plants [7]. This paper first presents 
a brief historical overview of Suriname, then addresses the ethnopharmacological practices 
of the largest ethnic groups (the Maroons and the Creoles, as well as the Hindustanis and the 
Javanese), and concludes with a few remarks on the previsions provided by the various plant-
based traditional medicinal practices.
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2. Brief history of Suriname

2.1. The early days

Petroglyphs found at archeological sites in the western Corantijn basin and the eastern 
Marowijne basin of Suriname demonstrate that this region was inhabited by Indigenous 
peoples since at least 3000 BC, long before contact with Europeans [8]. The collection of 313 
pre-Columbian pottery and charcoal fragments found in several caves at the Werephai site 
in the deep southwest of Suriname even dates human presence in Suriname as far back as 
5000 before present [8]. It is possible that these peoples were nomadic tribes who roamed 
the Amazon area, and represent the ancestors of the present-day Akurio, Trio, Warrau, and 
Wayana, Indigenous tribes who still mainly populate the rainforest inland, but there is no 
documentation to support this assumption.

The Arawaks, a nomadic Indigenous tribe that lived at the coast from hunting and fishing, 
are generally believed to be Suriname’s original inhabitants [9], but there are also no written 
documents to sustain this supposition. Around 1200 AD, the Caribs sailed to Suriname from 
their territory extending from the mouth of the Orinoco River in contemporary Venezuela 
to that of the Amazon River in present-day Brazil, and drove the Arawaks away from their 
lands [9]. The Arawaks moved to the savannas further land inward and the Caribs settled at 
the mouth of the Marowijne River in northeastern Suriname where they established, among 
others, the village of Galibi (from “Kupali Yumï,” meaning “tree of the forefathers” in the 
Carib language) [9].

2.2. The first settlers

The first Europeans arrived in Suriname in the early 1600s. They were Spanish, English, 
French, and Dutch fortune hunters who were attracted by tales of a fantastical city of gold 
called El Dorado somewhere at South America's “Wild Coast” [10]. However, it were English 
settlers led by Captain John Marshall who first colonized the area in 1630 [10, 11]. They called 
the colony “Surinam” after the Surinen indigenous people who then inhabited the “land of 
many waters” in the fertile Guiana plains [11]. Encouraged by the successes in their colonies in 
Virginia and Barbados, the English established tobacco plantations at Marshall’s Creek along 
the Suriname River, but this venture failed because of plummeting prices on the European 
market [11]. By 1645, Marshall’s colony was abandoned [11], but “Marchallkreek” is marked 
on maps until today.

About 20 years later, in 1651, English troops commanded by Major Anthony Rowse suc-
ceeded in establishing the first permanent plantations in Suriname as well as a fort to defend 
the newly acquired asset [11]. The colony was named Willoughbyland in honor of their patron 
Lord Francis Willoughby, the then governor of Barbados [11]. Willoughby’s intention was to 
establish a settlement for cultivating sugarcane, a cash crop that was fetching much higher 
prices in Europe than tobacco [11]. The much needed experience with sugarcane cultivation 
came from Dutch Jews who lived in Brazil and French Guiana but had to flee persecution by 
the Portuguese—the then owners of both regions—who were hostile to Protestantism and 
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Judaism [12]. The Jews mainly established sugarcane plantations in the savanna region which 
is still known today as the Jodensavanna (the “Jew’s savanna”) [12].

2.3. The plantation economy

Cheap labor was initially—in the 1650s—provided for by indentured servants from England, 
some Indigenous tribes people from the interior who had been captured by the coastal tribes 
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However, because of the growing need of laborers on the sugarcane plantations, the British 
Royal Company of Adventurers occupied Dutch assets in Western Africa including centers 
for slave trading, initiating structured and government-sanctioned trans-Atlantic slave trade 
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Treaty of Breda that assigned Suriname to The Netherlands in exchange for New Amsterdam, 
the main city of the former Dutch colony of New Netherlands in North America [11, 13, 14]. 
This arrangement was made official in the Treaty of Westminster of 1674, after the British 
had recaptured and again lost Suriname in 1667 and the Dutch regained the colony in 1668 
[11, 13]. The Dutch renamed Willoughbyland Dutch Guiana and the English renamed New 
Amsterdam New York after the Duke of York [11, 13, 14].

2.4. Enslaved and indentured laborers

In 1683, the newly acquired colony was managed by the city of Amsterdam, the family Van 
Aerssen van Sommelsdijck, and the Dutch West Indies Company united in the Society of 
Suriname [13, 14]. In order to obtain maximum profits, the Society relied ever more on slave 
labor, dominating the trans-Atlantic slave trade for a long time [13–15]. All and all, around 
300,000 Africans have been shipped to Suriname. In addition to sugar, the plantations pro-
duced cocoa, cotton, and indigo, which were exported to Amsterdam and returned enormous 
revenues [15]. However, treatment of the enslaved Africans was notoriously brutal, and many 
escaped to the interior from the start where they formed large communities—collectively 
called Maroons—with independent settlements and preservation of their culture that would 
last until today [15, 16].

The British again ruled Suriname from 1799 through 1816 during the occupation of The 
Netherlands by France and put an end to slave trade in 1807 [11], but it took the Dutch until 
1863 to abolish slavery [13, 14]. However, the slaves who had remained on the plantations 
were obliged to conduct ill-paid work and were only fully released in 1873 [13, 14]. As soon 
as they became truly free, the majority abandoned the plantations and settled in Paramaribo 
[17]. Many of them mixed with other races, particularly Dutch, becoming a separate ethnic 
group from the Maroons called Creoles [17]. This is an important reason for the somewhat 
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looser ties of Creoles with African traditions when compared to Maroons despite their com-
mon heritage [17]. Still, African-based traditional medicinal practices are deeply rooted in 
most Creoles [17].

In the meantime, as a plantation colony, Suriname still heavily depended on manual labor. 
To make up for the shortage after 1873, the Dutch arranged with the British to bring in inden-
tured laborers from India [18, 19]. Around the turn of the twentieth century, in 1916, many 
workers were again imported, this time from the Dutch East Indies (modern Indonesia), espe-
cially from the island of Java [19, 20]. As mentioned above, these contract workers were the 
predecessors of the Hindustanis and Javanese, respectively, in Suriname. In addition, between 
1850 and 1860, small numbers of (mostly male) laborers had been brought in from China and 
the Middle East [1, 21, 22].

2.5. The modern days

This history makes Suriname, notwithstanding its relatively small population, one of the 
ethnically most diverse countries in the world. It also provides an explanation for the large 
variety of traditional forms of medicine practiced in the country. Suriname received in 1954 
the status of an autonomous constituent country of the Kingdom of The Netherlands, along 
with The Netherlands and the Netherlands Antilles [22]. In this construction, Suriname could 
elect its own government and manage its own administration, but The Netherlands retained 
control of its defense and foreign affairs [22]. Approximately 20 years later, in November 1975, 
the country became completely independent from The Netherlands [22].

However, fear of ethnic violence and disappointment about economic development led to 
massive migration of Surinamese to The Netherlands just before and after 1975, resulting in a 
Surinamese diaspora in that country of roughly 350,000 in 2008 [22]. To make matters worse, 
a group of soldiers led by Suriname’s current president Desi Bouterse perpetrated a coup and 
took control of the country from February 25, 1980, on [22]. Absolute lows in that period were 
the execution on December 8, 1982, of 15 adversaries who were allegedly plotting a counter-
coup, and the Interior War between a group of mostly Maroon anti-government insurgents 
led by Ronnie Brunswijk and Bouterse’s army between 1986 and 1992 [22].

Fortunately, since then, peace and democracy have been restored [22]. Currently, Suriname is 
a constitutional democracy with a president elected by the unicameral National Assembly or 
by the larger United People's Assembly [22]. Despite many economic and political problems, 
this young democracy continues to serve as a unique example of genuine unity in diversity.

3. Ethnopharmacological practices of Maroons and Creoles

3.1. The Maroon and Creole community in Suriname

The Maroons (from the Spanish expression “cimarrón” for “runaway”) are the descendants 
from enslaved Africans who escaped from the plantations in coastal Suriname to the hin-
terland between the mid-seventeenth and the late eighteenth centuries [14, 15, 23, 24]. The 
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slaves had mostly been imported from present-day Ghana, Benin, and Loango, but also from 
many other parts of West Africa such as Gambia, Guinea, Senegal, and Ivory Coast [14, 15]. 
The runaway slaves regrouped into small bands, settled in the forest, and established various 
small communities [23, 24]. Finding themselves in new and unfamiliar environments and in 
constant danger of recapture, they relied on the Indigenous peoples living in the adjoining 
rain forests to gradually develop means of subsistence and defense [25, 26].

They soon formed resistance groups in the interior and often raided the plantations to recruit 
new members and capture women as well as to acquire weapons, food, and supplies [16, 
23, 24, 27]. The authorities retaliated, often with the help of militia consisting of the colonial 
army, mercenaries, and groups of urban slaves called Redi Musus (“those wearing red hats”) 
and had occasional victories [16, 23, 24, 27]. However, accustomed to open-field army-to-
army battle in Europe, they were no match for the Maroon guerilla warfare in the treacherous 
tropical jungle [16, 27]. After more than half a century of vicious combat, the Maroons’ inde-
pendence was recognized by the signing of a peace treaty with the Dutch colonial adminis-
tration in the 1760s [16]. This allowed them to occupy a large part of the interior where they 
preserved much of their cultural concepts of health and illness and much of their traditional 
medicinal practices [28].

The new and unique Maroon culture was highly successful and several independent tribes 
developed [23, 24]. These currently include the Saramaka, the Paramaka, the Aukan, the 
Kwinti, the Aluku or Boni, and the Matawai, each with its own language and cultural char-
acteristics [23, 24]. However, all groups maintain a strict hierarchical authority system orga-
nized along matriarchal lines, and all are headed by a paramount chief (the granman) who 
is chosen by a combination of descent and divination [23, 24]. The granman is assisted by 
several village captains (the kapitens) who are locally appointed. Important decisions about 
issues affecting the entire village are taken during lengthy gatherings called krutus [23, 24]. 
This system is acknowledged and respected by the central government in Paramaribo [23, 24].

The enslaved Africans who did not join the Maroons and continued to work on the planta-
tions were granted their formal freedom on July 1, 1863, and their actual freedom on July 1, 
1973 [13, 14, 17]. Many remained in Suriname’s coastal area and mixed with Europeans, par-
ticularly Dutch but also members from other ethnic groups [17]. These Creoles were economi-
cally and politically highly successful and were the first non-Whites to hold public offices in 
Suriname from 1954 on, when the country received partial autonomy from The Netherlands 
[1, 17]. They widely adopted Christianity and Catholicism, but retained their affiliation with 
their African heritage and still adhere to various African traditions [17]. For instance, the gen-
erally appreciated call-and-response Creole kaseko and kawina songs supported by percus-
sion can directly be traced to age-old African forms of music [1, 17]. This also holds true for 
many Creole perceptions of health and disease as well as the use of various plant-based medi-
cations which they refer to as oso dresis (“home-made medicines”) [1, 17, 29].

3.2. Traditional African medicine

Many of the Maroon and Creole traditions have their roots in the early period of African dom-
inance and Egyptian leadership before 3200 BC, when North Africa was home to many skilled 
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practitioners who had developed a comprehensive medicinal system [30]. This holistic disci-
pline was—and still is—mostly based on a large variety of medicinal plants and spirituality, 
spread throughout the continent, and was carried to Suriname by the enslaved Africans [28]. 
Traditional African medicine assumes that disease results from imbalances in social circum-
stances and spiritual perceptions. This would hold true for “physiological” diseases ranging 
from venereal diseases to cancer and even Ebola, but also for psychiatric disorders such as 
depression and anxiety [28]. The diagnosis is often reached through spiritual means, and 
the treatment is usually derived from the comprehensive herbal pharmacopeia and would 
accomplish both physical and spiritual healing [28]. Due to the relatively small number of 
university-trained physicians and the relatively high costs of allopathic medicines, as much 
as 86% of the inhabitants of Sub-Saharan Africa rely on traditional African medications [31]. 
For this reason, many African countries have expressed the commitment to develop safe, 
efficacious, quality, and affordable traditional medicines accessible to the majority of their 
inhabitants [32].

Based on these ancient African medicinal concepts, Afro-Surinamese have developed Winti 
(“wind” or “spirit”), a nature-oriented religion in which the spiritual world is consulted by 
music, singing, trances, and rituals in order to create and maintain a harmonious balance 
between humans and the visible and invisible powers of nature [29, 33, 34]. Winti is one of the 
most distinctive characteristics of Maroon and Creole culture and is mainly based on the above-
mentioned beliefs and magical rituals, the enslaved Africans had brought along [29, 33, 34] 
but has also been influenced by Indigenous traditions [25, 35]. The invisible powers are sev-
eral gods called wintis, as well as the spirits of ancestors [29, 33, 34].

Specialized practitioners called Winti priests—either males or females—serve as intermedi-
aries between man, specific wintis, and the spirits of ancestors, and can evoke the spirits by 
special rituals to solve physical, psychological, or social problems [29, 33, 34]. The condition 
may be diagnosed during a special Winti ritual and is treated by medicinal and spiritual 
therapies consisting of specific herbs, special rituals, or both [29, 33, 34]. The Winti priests are 
referred to as lukuman (“the one who looks”, i.e., performs the diagnosis), dresiman (“the one 
who cures”, i.e., prepares and administers the medication), or duman (“the one who accom-
plishes”, i.e., treats and cures), to distinguish them from obiaman, bonuman, and wisiman 
who are in general associated with black magic practices [29, 33, 34].

Winti priests have a profound knowledge of the medicinal plants and the diseases and con-
ditions they treat [29, 33, 34]. Some plants—such as the African rice Oryza glaberrima Steud. 
(Poaceae) and the Bambara groundnut Vigna subterranea (L.) Verdc. (Fabaceae), but also crops 
that originated from Asia such as the taro Colocasia esculenta (L.) Schott (Araceae) and the 
banana Musa sp. L. (Musaceae)—were grown in Suriname from leftovers of the food pro-
vided to the slaves or from seeds they had smuggled during their trans-Atlantic journey 
[35]. Others such as the cassava Manihot esculenta Crantz (Euphorbiaceae) and several yam 
species (Dioscorea spp.) have been adopted from the Indigenous [25, 26, 36]. And still others—
particularly members of the plant families Fabaceae, Euphorbiaceae, and Asteraceae—were 
deemed useful because of their resemblance with species known from Africa or by trial and 
error [35].
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3.3. Medicinal and ritual plants used by Maroons and Creoles

One of the first traditional medicinal healers of Suriname was the freedman Quassie van 
Timotibo, also known as Kwasi, who popularized one of the earliest and most popular 
Surinamese traditional medicines, kwasibita (“Kwasi’s bitter”) [37]. Suspected to be a mem-
ber of the Redi Musus and held responsible for the fall of Fort Buku headed by Boni—one of 
the most revered Maroon rebel generals [16, 24, 27]—Kwasi was considered a traitor among 
a large part of the slave population [37]. However, he was respected by many Whites as the 
most proficient dresi- and lukuman of eighteenth-century Suriname [37]. Kwasi had obtained 
much of his medicinal knowledge from the Indigenous peoples and discovered around 1730 
the remarkable qualities of the bitterwood or kwasibita Quassia amara L. (Simaroubaceae) 
for treating malaria fevers and stomach troubles [37, 38]. This owed him the reputation of 
“the most honorable and most learned gentleman, master Phillipus of Quassy, professor of 
Herbology in Surinam” [37]. Today, kwasibita preparations are among the most consumed 
oso dresis for promoting general health [38].

Maroons and Creoles use many other plants for treating a variety of disease conditions includ-
ing, among others, parasitic infections, hypertension, diabetes mellitus, bone fractures, and 
psychological conditions [33, 34, 38–44]. Spiritual herbal baths and ritual washing are often 
part of the treatment, as they would have a medicinal and magical effect on the body, calming 
the nervous system [33, 34, 38, 39]. The washings would also provide spiritual purification, 
protect against injury, repair broken relationships, and exorcise evil forces [33, 34, 38–44]. A 
few popular plant-based medicinal applications are the so-called kowru dresis, genital steam 
baths for females, and remedies for children’s ailments [35, 38].

Kowru dresis (“medicines against a cold”) are prepared from several plants including the 
leaves from Senna spp. (Fabaceae), the seeds from the aniseed Pimpinella anisum L. (Apiaceae), 
the aerial parts from the stonebreaker Phyllanthus niruri L. (Phyllanthaceae), the leaves from the 
birthwort Aristolochia spp. L. (Aristolochiaceae), the roots from the liquorice Glycyrrhiza glabra 
L. (Fabaceae), and/or the roots from the Chinese rhubarb Rheum palmatum L. (Polygonaceae) 
[28, 33, 34, 38]. These preparations are used to remove obstructions in bowels, airways, blood 
circulation, and genitourinary system, but also for mental well-being [28, 33, 34, 38]. The lat-
ter use is presumably based on the ancient African belief that even psychological conditions 
result from an imbalance between “hot” and “cold” and can be reversed by removing the 
“cold” [30]. Notably, in various communities Senna spp. and R. palmatum are traditionally 
used as a laxative and a purgative, respectively [45, 46]; P. anisum as a carminative and for col-
ics [47]; P. niruri for stomach, genitourinary, liver, and spleen problems [48]; Aristolochia spp. 
for their antihelminthic activity [49]; and G. glabra for rejuvenation [50].

Genital steam baths are abundantly used by females for their personal hygiene [28, 33–35, 38] 
but also—as indicated by their suggestive vernacular names—to improve the appearance of 
the vagina in order to enhance sensation during intercourse, securing the relationship with 
and economic support by the male partner [28, 33–35, 38]. A few of the dozens of plants 
used in genital steam baths are the broko pipi (“broken penis”) Bellucia grossularioides (L.) 
Triana 1871 (Melastomataceae); the Paranamklem (“Paranam grip”) Ludwigia nervosa (Poir.) 
H. Hare (Onagraceae); the musude baasa (“early-morning hug”) Miconia tomentosa (Rich.) 

Meeting of the Minds: Traditional Herbal Medicine in Multiethnic Suriname
http://dx.doi.org/10.5772/66509

119



D. Don ex DC. (Melastomataceae); and the kunami (“come to me”) Clibadium surinamense 
L. (Asteraceae). Leaves from the shy plant Mimosa pudica L. (Fabaceae) that fold inward and 
droop when touched, and aromatic plants such as the pêpë uwíi Guatteria schomburgkiana 
Mart. (Annonaceae) may be added to the bath [28, 33–35, 38].

Important childhood conditions requiring traditional treatment include atita and evil eye. 
Atita, commonly known in Suriname as zuurte or suri (“sourness”), is an ill-described condi-
tion in newborns that is characterized by stomach ache, cramps, diaper rash, yellow, sour-
smelling feces, and diarrhea with small grains resembling okra seeds [28, 33–35, 38]. Atita may 
be caused by the baby’s intestinal flora which must adapt to the uptake of proteins from breast 
milk [35]. This condition is treated by bathing the baby with a decoction of the leaves and/or 
flowers from the ingiwiri (“Indian herb”) Nepsera aquatica (Aubl.) Naudin. (Melastomataceae), 
the yorkapesi (“demon pea”) S. occidentalis (L.) Link. (Fabaceae), or the busipesi (“bush pea”) 
S. chrysocarpa (Desv.) H.S. Irwin & Barneby and having the baby drink some of the decoction 
[28, 33–35, 38].

A baby is at risk to get evil eye or ogri ai (“bad eye”) by an envious or a malevolent glare that 
can inflict harm, suffering, or even death [28, 33–35, 38]. This condition is commonly treated 
by bathing the infant with Reckitt’s Blue, which presumably has its origin in its whitening 
(i.e., cleansing) effect on laundry [28, 33–35, 38]. Ogri ai can presumably be prevented by 
rubbing asafetida or didibri kaka (“devil’s feces”)—the foul smelling dried latex from the 
rhizomes of the stinking gum Ferula assafoetida L. (Apiaceae)—in the baby’s hair, and placing 
a gold bracelet with three black beads on its clothes [28, 33–35, 38].

4. Ethnopharmacological practices of Hindustani

4.1. The Hindustani community in Suriname

The first indentured laborers from (then British) India arrived on June 5, 1873, in Paramaribo 
with the sailing ship Lalla Rookh that had departed more than 3 months earlier from central 
depots in Calcutta [18, 19]. The 452 passengers—called “Hindustanis” by the Dutch—were 
mostly recruited from the modern-day states of Uttar Pradesh and Bihar in northern and 
eastern India, respectively [18, 19]. Important reasons to leave their homeland were the high 
unemployment and the substantial loss of traditional jobs due to the rapid industrialization of 
India [18, 19]. However, at least some of them might have been misled into believing that they 
were taken to a place of pilgrimage called Sri Ram which turned out to be Suriname [18, 19]. 
Sixty-three more shiploads with laborers arrived in Suriname, taking as many as 34,304 
Hindustani to the Dutch colony until 1916, when this practice was discouraged by Mahatma 
Gandhi’s movement for an independent India [18, 19].

Although formally considered laborers on a 5-year contract rather than slaves [18, 19], work-
ing conditions on the sugar and coffee plantations were more or less equal to slavery [18, 19]. 
Working hours were long, payment was low, housing was in former slave accommodations, 
and not completing assigned tasks was severely punished [18, 19]. This regularly led to 
bloody uprisings, the largest one of which occurred in 1902 at the Marienburg sugar factory 
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and not completing assigned tasks was severely punished [18, 19]. This regularly led to 
bloody uprisings, the largest one of which occurred in 1902 at the Marienburg sugar factory 
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in Commewijne, then the center of sugarcane processing in Suriname [18, 19]. Angry workers 
killed the Scottish supervisor James Mavor, and in retaliation the Dutch colonial forces killed 
24 workers and wounded over 39 [18, 19]. The Hindustani fatalities were buried in a mass 
grave that has remained unidentified until today [18, 19].

Nevertheless, only one-third of the workers returned to India after the completion of their 
contract [18, 19]. The remaining two-thirds accepted the offer of free settlement rights on 
plantations plus a bonus of a 100 Dutch guilders for abandoning their right to a return 
passage [18, 19]. Several of them used their bonus money and their savings to grow rice 
on their small plots of land, particularly in the western district of Nickerie yielding them 
appreciable incomes [18, 19]. Even today, a number of Hindustanis own sizable rice farms 
in Suriname [51].

4.2. Ayurveda

All and all, the Hindustani community has economically and politically been very success-
ful in the Surinamese society but has managed to keep their culture and traditions alive, 
strengthening the group identity [51]. This holds true for their religion, marriage rituals, cus-
toms in raising children, family and communal life, burial rites, as well as celebrations as Holi 
Phagwah, the festival of colors that celebrates the victory of good over evil and the arrival of 
spring, and Diwali, the festival of lights that rejoices the triumph of light over darkness [51]. 
Notably, Surinamese Hindi or Sarnami—a dialect based on Bhojpuri, the main language spo-
ken in the parts of India, the Hindustani originated from—is the third-most spoken language 
in Suriname after Surinamese and Dutch [51].

The Hindustanis have also largely preserved their cultural and traditional medicinal prac-
tices which are strongly linked to Ayurvedic medicine or Ayurveda (Sanskrit for “knowledge 
of life”) [52–54]. Ayurveda is probably one of the oldest forms of medicine [52–54]. It origi-
nates from India and dates back more than 3000 years ago, and is still one of the country’s 
most important traditional health-care systems [52–54]. Up to 80% of Indians use Ayurvedic 
medications for a variety of conditions including complex ailments such as angina pectoris 
and diabetes mellitus [52–54]. Ayurvedic practitioners are educated in 180 training centers 
[52–54], and the huge intellectual property and economic interest are managed by the prom-
inent Department of Ayurveda, Yoga and Naturopathy, Unani, Siddha, and Homeopathy 
[52–54]. India’s government also supports laboratory and clinical research on Ayurvedic 
preparations [52–54].

Ayurvedic medicinal concepts are based on the belief that health and wellness depend on a 
delicate balance between mind, body, and spirit, and that imbalance results in disease [52–54]. 
This holistic approach is a fundamental aspect of Ayurveda [52–54]. Today, Ayurveda 
is widely practiced throughout the world and in many countries recognized as a form of 
complementary and alternative medicine [52–54]. The principal ingredients of Ayurvedic 
medications are preparations derived from leaves, fruits, seeds, bark, or roots from certain 
plants [52–54]. Hundreds of plant species are used for such preparations [52–54]. In addition, 
Ayurvedic medications may be prepared from animal products such as milk, bones, or fats, 
and/or minerals such as sulfur, lead, arsenic, copper sulfate, and gold [52–54].
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4.3. Medicinal and ritual plants used by Hindustanis

The Hindustanis in Suriname also use a large variety of plants for their Ayurveda-based 
cultural and medicinal customs [55–57]. Several of these plants have been brought over 
from India but others have been discovered in Suriname or adopted from other cultures 
[55–57]. Examples of long known and very popular Ayurvedic medicinal plants are the 
neem Azadirachta indica A. Juss., 1830 (Meliaceae), the ashoka tree Saraca asoca (Roxb.) 
Willd. (Fabaceae), the Indian bael tree Aegle marmelos (L.) Corrêa (Rutaceae), the bitter 
melon Momordica charantia Linn (Cucurbitaceae), the jambolan Syzygium cumini (L.) Skeels 
(Myrtaceae), the turmeric Curcuma longa L. (1753) (Zingiberaceae), and the holy basil or tulsi 
Ocimum tenuiflorum L. (Lamiaceae) [55–57].

The bitter-tasting constituents of parts of A. indica are believed to boost the immune system 
and to treat many diseases, among others, colds, fevers, respiratory conditions, stomach ail-
ments, high blood pressure, and/or diabetes mellitus [58]. Volatile substances emanating from 
A. indica leaves placed under the bed sheets would also treat chicken pox [59], and a tea from 
these parts of the plant is typically used as an internal cleanse [58]. These beneficial effects 
may be related to the anthelmintic, antifungal, antibacterial, and antiviral activities of nim-
binin, one of the main bioactive compounds of A. indica [60].

The stem bark, flowers, and seeds from S. asoca are used against postmenopausal syndrome 
and gynecological disorders [61]. And preparations from various parts of A. marmelos, M. 
charantia, and S. cumini are extensively used for treating diabetes mellitus but so far without 
convincing scientific evidence [62–64]. However, a few studies suggest that the presumed 
blood glucose-lowering activity of M. charantia may depend on the way the medication is 
prepared: preparations from fresh leaves seem to elicit a better effect when compared to the 
widely available tablets or capsules [65].

C. longa and O. tenuiflorum are among the most popular Ayurvedic herbs. The powdered rhi-
zomes from C. longa are an essential part of curry which is used as a spice in many Hindustani 
dishes [51]. C. longa preparations are furthermore used, among others, as a diuretic; to stimu-
late blood flow in the pelvic area; to treat fevers with jaundice, hepatitis, and malaria; to pre-
vent excessive menstrual pain; to enhance mental functioning and well-being; and externally 
for herpes, bruises, wounds, and rheumatism [66]. The leaves from the aromatic plant O. 
tenuiflorum—either fresh, dried, powdered, or as a tea—would treat a similar variety of dis-
eases including stress and a disturbed homeostasis [67].

Many of these plants are also considered sacred and are used in various Hindu rituals [51]. 
For instance, preparations from A. indica leaves, bark, and fruits are consumed during certain 
ceremonies, festivals, and commemorations; the fruits from A. marmelos are offered to Shiva, 
the god of yoga, meditation, and arts during religious rituals; a paste of turmeric in coconut 
oil is applied on the skin of the bride and the groom during pre-marriage rituals to make their 
skin bright and glowing; the flowers from O. tenuiflorum are used as a holy cleanser for food 
offerings during prayers; and S. asoca is worshipped during Chaitra, the first month of the 
Hindu calendar, marking the arrival of Spring.
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5. Ethnopharmacological practices of Javanese

5.1. The Javanese community in Suriname

The first group of Javanese indentured laborers arrived in Paramaribo on August 9, 1890 
[19, 20]. It consisted of 94 small farmers from villages in Central and East Java in the former 
Dutch East Indies [19, 20]. They had been recruited by the very influential Netherlands 
Trading Society established by the Dutch King Willem I, either by force, bribery, or manipu-
lation [19, 20]. The approximately 40-day journey was hard, and many Javanese died on 
the ship, in-transit in The Netherlands, or upon arrival in Paramaribo [19, 20]. Those who 
survived were mainly set to work on sugarcane plantations in the district of Commewijne 
[19, 20].

This was deemed so successful that many more followed from 1894 on. In 1904, Javanese 
laborers were even specifically recruited to construct the Colonial Railways for the transport 
of sugarcane from surrounding plantations to the sugarcane factory in Marienburg [19, 20]. 
Contracts were signed for 5 years, but life in Suriname’s countryside was brutal and wages 
were minimal [19, 20]. For this reason, thousands of Javanese returned to Indonesia or to The 
Netherlands, particularly after Indonesia’s independence in 1954 [19, 20].

The influx of indentured workers from Java ceased in 1939 with the advent of the Second 
World War, and had brought a total of 32,956 Javanese in Suriname [19, 20]. Those who 
settled in Suriname received a plot of land and a reimbursement of 100 guilders repatria-
tion money [19, 20]. They were initially kept isolated in the countryside, particularly after 
Governor Johannes C. Kielstra’s (1933–1943) consent of Javanese farm villages with their own 
village head (the lurah) and chief committee [19, 20]. On the other hand, this secluded lifestyle 
strengthened the group identity, as they maintained the rich culture they had brought with 
them from Java [19, 20].

Nowadays, the Javanese community has been well integrated in the Surinamese society, but 
many of their traditions and rituals have been preserved [68–70]. This holds true not only 
for their language but also for their types of entertainment such as the wayang shadow pup-
pet show accompanied by distinctive orchestral gamelan music, and Javanese ludruk theater 
that includes the centuries old tradition of storytelling through slow, graceful, and expressive 
dances [70]. An important ritual that has been preserved is the preparation of the sacrificial 
slamatan meal at seven specific time periods to commemorate the departed, including the day 
of passing and 1000 after his/her death [70].

5.2. Jamu

The Javanese have also maintained their traditional medicinal practices which are mainly 
based on medicinal plants and are referred to as Jamu [70]. Jamu is the widely practiced form 
of traditional medicine in Indonesia that probably has its origin in the Mataram Kingdom era 
in ancient Java, some 1300 years ago [71, 72]. Jamu is mostly based on plants, but materials from 
animals such as honey, royal jelly, bee larvae, milk, and chicken eggs are also used [71, 72]. 
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Jamu products called jamus are in Indonesia traditionally available from (particularly female) 
peddlers and street-side vendors, but are nowadays also produced and retailed by large com-
panies in dried form in sachet packaging or as tablets, capsules, and liquid drinks [71, 72]. The 
manufacturers of jamus are united in Gabungan Pengusaha Jamu, an Indonesian Herbal and 
Traditional Medicine Association [71, 72]. Together, they employ roughly 15 million workers, 
produce over 1200 different jamu products, and bring in annual revenues of more than US$ 
73 million [71, 72].

Jamu is practiced in both Indonesia and Suriname by highly respected medicinal practitioners 
known as dukuns or tabibs [70, 71, 73]. The dukun is very influential and holds extensive 
knowledge about the preparation of the large variety of sometimes rather complicated jamus 
[70, 71]. An example is the very popular jamu galian consisting of different parts of eight 
plants that is widely used in Suriname as a general health-promoting tonic [70, 71, 73]. The 
dukun also plays an important role during, for instance, nyuwuk, a ritual to bring a person at 
ease by praying over and blowing three times over a glass of water that then must be drunk 
by the client [70, 71, 73]. Nyuwuk is often performed prior to examinations, circumcisions, or 
giving birth [70, 71].

5.3. Medicinal and ritual plants used by Javanese

Many plants incorporated in jamus belong to the family Zingiberaceae which have been 
brought from Java and are now cultivated in Suriname [74]. A few examples are the laos 
Alpinia galanga (L.) Willd., the pink and blue ginger C. aeruginosa Roxb., (1810), the temu gir-
ing C. heyneana Valeton & Zijp, the earlier mentioned C. longa that has its origin in Indian 
Ayurveda, the yellow ginger C. xanthorrhiza Roxb., the aromatic ginger Kaempferia galanga 
L., the bengle Zingiber cassumunar Roxb., and the bitter ginger Z. zerumbet (L.) Roscoe ex. Sm. 
[74]. For medicinal purposes, the macerated and/or decocted rhizomes are used, either from a 
certain species or from combinations of several species [74].

As the majority of Javanese is Muslim [2], jamus are usually prepared on Mondays and 
Thursdays which are assigned for fasting in Islam. They are used for treating a wide variety 
of conditions. For instance, the rhizomes from A. galanga would treat the fungal skin infection 
“lota” (pityriasis alba), stomach cramps, and dysentery [74]. And those from C. xanthorriza 
would help against liver ailments, eczema, constipation, and gallstones, and for cleansing the 
uterus after giving birth [74]. The mother is also advised to drink on a daily basis a decoction 
of C. xanthorriza, C. aeruginosa, and Z. zerumbet rhizomes together with leaves from P. anisum 
[73]. These apparent health benefits may be attributed, at least in part, to the anti-parasitic 
activity of A. galanga preparations and one of its bioactive constituents galangin [75, 76], and 
the anti-inflammatory and hepatoprotective effects of curcumin in C. xanthorriza products [77].

Jamus prepared from C. longa are used for treating, among others, inflamed gums, abscesses, 
menstrual pains, and skin rash, partially because of their antiseptic activity and refreshing effect 
[74]. The latter action may also help explain the application of a C. longa-based ointment called 
bobok for alleviating the discomfort of sprains, insect bites, and toothache [74]. Furthermore, 
the juice collected from C. longa rhizomes is, together with that from Z. zerumbet rhizomes, 
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used for treating stomach ache, and together with the macerated rhizomes of C. aeruginosa, and 
Z. zerumbet, a grated onion, sugar, and a packet of cooked Glycine max soybeans, for treating 
pinworm infections in children [74]. The potential health benefits of C. longa may be ascribed to 
the antimicrobial and anti-inflammatory properties of curcuminoids in the plant [66].

Medicinal plants belonging to families other than the Zingiberaceae that are incorporated 
in popular jamus are the cat’s whiskers Orthosiphon grandiflorus Bold. (Lamiaceae), the betel 
Piper betle L. (Piperaceae), the ketyi beling Strobilanthes crispa Blume (Acanthaceae), and the 
gambir Uncaria gambir (W. Hunter) Roxb., 1824 (Rubiaceae) [74]. An infusion of the leaves 
from O. grandiflorus and S. crispa, either separately or in combination, can be used against 
kidney stones and renal colics [74]. And rolled-up or macerated leaves from P. betle are placed 
in the nostrils to stop nose bleeding. P. betle leaves are also chewed together with those from 
U. gambir to heal inflamed gums [74]. There is at least some preclinical evidence to support 
these applications [78–81].

6. Closing remarks

As a result of its fascinating and tumultuous history, Suriname has become a treasure chest 
of traditional medicinal approaches and rituals based on plants. Traditions and rituals from 
every continent on Earth have found their way in the country and have largely been pre-
served. This is illustrated by the various examples given in this overview about Maroons 
and Creoles as well as Hindustanis and Javanese. However, the same applies to the rich 
Indigenous South American cultures, traditional Chinese medicine, and the cultures brought 
over by many other ethnicities in the country. Gradually, many of these traditions are finding 
their way to other ethnicities. This is likely to result in a unique and even richer traditional 
medical culture in the country.

For instance, the use of kowru dresis as well as many remedies and rituals against evil eye 
has its origin in Africa but is not anymore restricted to Maroons and Creoles and has become 
common practice in all ethnic groups in Suriname. The neem plant A. indica, the turmeric C. 
longa, and the bitter melon M. charantia have presumably been introduced in Suriname by 
Hindustanis but are now widely used throughout the country against a variety of conditions. 
And the broad use of the cat’s whiskers O. aristatus for treating kidney stones and renal colics 
is attributable to the Javanese. This ethnic group is also responsible for the presence of many 
medicinal Zingiberaceae species in Suriname and the general use of the laos A. galanga against 
the skin disease lota.

Contributing to this pool are the traditional medicinal customs of the Indigenous which 
already had a profound influence on Maroon culture, and traditional Chinese medicine that 
has become, similarly to Indian Ayurveda, a form of complementary and alternative medi-
cine that is worldwide respected. It is foreseeable that these cultural fusions—meetings of 
the mind—will lead to the development of a distinct form of herbalism in Suriname that will 
generate a unique array of medicines.
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Abstract

Medicinal and aromatic plants in Mexico have been studied and explored through his-
tory. Day by day there is an increase in ethnobotanical, taxonomic, or phytochemical 
studies, providing an encouraging picture of research in Mexico and to support its use in 
traditional medicine. Chemical and biological exploration permit to provide solutions to 
the treatment of diseases. With this background, the objective of this chapter is to show 
the potential of endemic medicinal and aromatic plants in Mexico.

Keywords: endemic, medicinal herbs, Mexico

1. Introduction

Mexico is a country with a wide variety of medicinal and aromatic plants; their use is rooted 
in its culture, and they are employed to solve health problems in areas with little access to 
medicines. Although there are several introduced species, Mexico has a high number of 
endemic plants that are considered medicinal.

Demand for medicinal plants increases with the market, which is broad [1]. They are plants 
that produce secondary metabolites, each with different active ingredients and different ther-
apeutic properties [2]. However, phytochemical information is generally focused on intro-
duced species. Mexico has medicinal and aromatic species that require scientific research and 
wider dissemination. The cultivated area in the country is smaller than the demand there, and 
most of the plants are grown commercially. With this background, it is vital to gather infor-
mation about endemic species of Mexico that are important for agriculture, pharmaceutics, 
cosmetics, etc. due to their phytochemical and pharmacological properties.

© 2017 The Author(s). Licensee InTech. 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.



Mexico has an estimated 30,000 species of plants, where approximately 3,000–to 5,000 are of 
medicinal use [3]. Most of the medicinal plants are gathered from the wild, and only 15% are 
cultivated. About 50,000 tons were exported, but there are no precise data about endemic spe-
cies. The highest percentage of medicinal and aromatic plants is sold in local markets. Their 
commercialization is economically promising due to their widespread use in herbal medicine, 
and due to the biological activity, they have shown in some research.

The traditional use of medicinal plants has generated interest to start research to maintain 
a sustainable use of several species. At least 119 species of plants are used in the empirical 
treatment of diseases with symptoms similar to those of cancer [4]. Antibacterial activity of 75 
species of plants has been reported, and 225 compounds and 140 species (40.57%) had been 
reported as toxic at least once.

2. History of Mexican medicinal plants

For several centuries, in what is now known as Mexico, medicinal plants have had an 
important part in the cultural baggage of indigenous pre-Columbian peoples, continuing 
through the independent period and reaching the ethnic groups that populate modern-
day Mexico. The knowledge of this flora and its use to treat several maladies that affect 
the population are part of the knowledge that is empirically transmitted from generation 
to generation [5].

Before the arrival of Spanish conquered in the ancient Tenochtitlan, there was already knowl-
edge of the flora, which was used to cure several illnesses, or during mystical ceremonies. 
Proof of that were the ancient botanical gardens located near Tenochtitlan, Chapultepec, 
Huastepec, Ixtapalapa, Peñón, Tetzcoco, and a bit farther, in Atlixco, in the state of Puebla [6]. 
The deep knowledge of medicinal plants, joined to that of the human body, helped healers to 
use them to treat illnesses.

It is known that healers used these plants, and depending on the ailment or the patient, the 
treatment was carried out by a “specialist”; thus, there were physicians, surgeons, midwives, 
“hueseros” (bone healers), “sobadores” (masseurs), among others [7]. The way they employed 
the plants was through poultices, concoctions, dry powders, oils, infusions, etc. [7].

When the Spaniards arrived in the sixteenth century, they were marveled by the knowledge, 
and the use of medicinal plants that the indigenous peoples had to treat illnesses [8]. But it 
was at that moment when the European medicine had a negative influence in the continuity 
of the use of medicinal plants native of colonial Mexico.

As the Spanish control increased in New Spain, the influence of the Catholic Church became 
evident, as it forbidden the treatment of illnesses using the knowledge and traditions of the 
ancient Mexicans because it considered them magical and superstitious; this led to the pun-
ishment of many people, and it resulted in the practice of these traditions in secret [9].

Also, the European culture, represented by the Spaniards, brought new ways of healing and it 
introduced plants such as chamomile, rosemary, basil, thyme, marjoram, wormwood, English 
marigold, fennel, mint, peppermint, among others [4]. As a result of this interbreeding, the 

Aromatic and Medicinal Plants - Back to Nature134



Mexico has an estimated 30,000 species of plants, where approximately 3,000–to 5,000 are of 
medicinal use [3]. Most of the medicinal plants are gathered from the wild, and only 15% are 
cultivated. About 50,000 tons were exported, but there are no precise data about endemic spe-
cies. The highest percentage of medicinal and aromatic plants is sold in local markets. Their 
commercialization is economically promising due to their widespread use in herbal medicine, 
and due to the biological activity, they have shown in some research.

The traditional use of medicinal plants has generated interest to start research to maintain 
a sustainable use of several species. At least 119 species of plants are used in the empirical 
treatment of diseases with symptoms similar to those of cancer [4]. Antibacterial activity of 75 
species of plants has been reported, and 225 compounds and 140 species (40.57%) had been 
reported as toxic at least once.

2. History of Mexican medicinal plants

For several centuries, in what is now known as Mexico, medicinal plants have had an 
important part in the cultural baggage of indigenous pre-Columbian peoples, continuing 
through the independent period and reaching the ethnic groups that populate modern-
day Mexico. The knowledge of this flora and its use to treat several maladies that affect 
the population are part of the knowledge that is empirically transmitted from generation 
to generation [5].

Before the arrival of Spanish conquered in the ancient Tenochtitlan, there was already knowl-
edge of the flora, which was used to cure several illnesses, or during mystical ceremonies. 
Proof of that were the ancient botanical gardens located near Tenochtitlan, Chapultepec, 
Huastepec, Ixtapalapa, Peñón, Tetzcoco, and a bit farther, in Atlixco, in the state of Puebla [6]. 
The deep knowledge of medicinal plants, joined to that of the human body, helped healers to 
use them to treat illnesses.

It is known that healers used these plants, and depending on the ailment or the patient, the 
treatment was carried out by a “specialist”; thus, there were physicians, surgeons, midwives, 
“hueseros” (bone healers), “sobadores” (masseurs), among others [7]. The way they employed 
the plants was through poultices, concoctions, dry powders, oils, infusions, etc. [7].

When the Spaniards arrived in the sixteenth century, they were marveled by the knowledge, 
and the use of medicinal plants that the indigenous peoples had to treat illnesses [8]. But it 
was at that moment when the European medicine had a negative influence in the continuity 
of the use of medicinal plants native of colonial Mexico.

As the Spanish control increased in New Spain, the influence of the Catholic Church became 
evident, as it forbidden the treatment of illnesses using the knowledge and traditions of the 
ancient Mexicans because it considered them magical and superstitious; this led to the pun-
ishment of many people, and it resulted in the practice of these traditions in secret [9].

Also, the European culture, represented by the Spaniards, brought new ways of healing and it 
introduced plants such as chamomile, rosemary, basil, thyme, marjoram, wormwood, English 
marigold, fennel, mint, peppermint, among others [4]. As a result of this interbreeding, the 

Aromatic and Medicinal Plants - Back to Nature134

“botica” was introduced; this was the place where remedies containing plant extracts, oils, 
essences, powders, etc., were prepared. The botica was overseen by a physician who had to 
take a quite rigorous test to be able to treat patients. He diagnosed, wrote prescriptions, and 
prepared the “medicines” for the patient [10].

Despite the prohibitions that the Spaniards had established at the beginning, the interest to 
commercialize the native plants of New Spain in Europe continued, and thus, in the sixteenth 
century, the codex de la Cruz Badiano appeared; this codex had been created for the most part 
for the purpose of this trade [11]. This compendium documented the vast medicinal flora of 
the century, with at least 41 illustrations of plants, and which practically constituted the first 
document and list of medicinal plants of Mexico.

The Spanish government promoted the Royal Botanic Expedition, which was carried out 
towards the end of the eighteenth century in New Spain. This expedition was an extremely 
important contribution to the knowledge of the botany in Mexico. José Mariano Mociño, who 
is considered the first Mexican botanist, took part in this expedition and in the creation of the 
manuscripts of the great Flora Mexicana [12].

Through the years, the pharmaceutical industry appeared, and the traditional medicine 
and the use of medicinal plants diminished, and they were relegated, and even considered 
illegal.

Nowadays, the use of medicinal plants still persists in the Mexican traditional medicine, espe-
cially in rural zones, where it may be the only available resource to treat illnesses and dis-
eases. Unfortunately, there is too an inappropriate use of the technique, lack of asepsis, or the 
prescription of ingredients by people without proper training; this contributes to the discredit 
of this resource.

In spite of all the negative publicity that this technique attracted for many years, nowadays 
researchers of several institutions, including universities, health institutes, and the pharma-
ceutical industry have started paying attention to studies with scientific evidence that show 
that it is a useful alternative to solve health problems.

3. Endemic medicinal and aromatic plants of Mexico

Mexico is a country with the fourth largest floristic richness in the world; there are reported 
23,314 native vascular plants, of which 11,600 are endemic; although it is reported that the 
percentage of endemism is actually 50% [3]. The family Lamiaceae is one of the most diverse 
in the country.

There is no exact number of endemic species with medicinal and aromatic uses, but 3,000 spe-
cies are reported with medicinal uses in Mexican traditional medicine. It is mentioned that 
1,549 are used in the Mayan culture, 816 in the Nahuas, and 3,059 in the Zapotecs. [13].

In Mexican culture, plants are used with different medicinal objectives. Every day, new phy-
tochemical, ethnobotanical, or biodiversity reports arise. This has allowed exploring their 
potential and supporting their traditional use.
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Scientific name* Family Composition Activity Reference

Agastache mexicana subsp. 
xolocotziana Bye, E.L. Linares 
and Ramamoorthy

Lamiaceae Essential oils
– methyl eugenol
– Estragole
– Limonene
– Estragole
– Menthone
– Pulegone

Antifungal [14, 15]

Agastache mexicana subsp. 
mexicana

Lamiaceae Essential oils
– Limonene
– Linalool
– Methyl Clavicol

Antifungal [15]

Montanoa tomentosa Cerv. Asteraceae Volatile compounds
– Sabinene
– α-pinene
– α-tujene
Diterpenes
Sequiterpene lactones

Uterotonic, 
antibacterial, and 
antifungal

[16, 17]

Lippia graveolens Kunth Verbenaceae Essential oils
– α-Pinene
– α-Thujene
– Camphene– -3-Carene
– α-Terpinene– Limonene
– p-Cymene– Thymol
– Carvacrol

Acaricidal, 
antibacterial

[18, 19]

Erythrina americana Mill. 
Erythrina coralloides DC. 
Erythrina lepthoriza A. DC. 
Erythrina mexicana Krukoff 
Erythrina oaxacana Krukoff 
Erythrina sousae Krukoff

Fabaceae Alkaloids Sedative, antifungal [20, 21]

Hintonia latiflora (Sessé and 
Moc. ex DC.) Bullock

Rubiaceae Alkaloids, flavonoids, 
phenylcoumarin and 
glucocucurbitacins

Malaria, 
gastroprotector

[22]

Salvia hispanica L. Lamiaceae Fatty acids, phenolic 
compounds

Antioxidant activity [23, 24]

Bursera fagaroides var. fagaroides Burceraceae Flavonoids, lignanans Citotoxy activity, 
antitumoral

[25]

Jatropha neopauciflora Pax Euphorbiaceae Uncommon Sesquiterpenoids 
and New Triterpenoids

Antimicrobial and 
insecticide, antibacterial 
activities, Cytotoxic

[26, 27]

Eysenhardtia platycarpa Pennell 
and Saff.

Fabaceae Flavones, oleanolic acid, 
lupeol, betulinic acid, 
β-sitosterol, β-sitosteryl 
β-D-glucopyranoside, 
β-sitosteryl palmitate, and 
3-O-methyl-myo-inositol

Antihyperglycemic [28]

*The botanical names were corroborated at Missouri Botanical Garden (2016)-TROPICOS.

Table 1. Plants aromatic and medicinal endemic reported in Mexico, with economic potentiall.
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Several authors have reported studies about endemic plants that are considered medicinal 
or aromatic (Table 1). They show a promising future due to their compounds or biological 
activities. These species are sold all over the country, and some compounds are already being 
semi-synthesized, as is the case of taxol, to be commercialized and to be used in cancer treat-
ments all over the world.

4. Secondary metabolites in Mexican plants

Research about natural products from endemic, native, and introduced medicinal plants is 
based on phytochemical studies. It is important to discover new molecules and evaluate their 
biological activity. Worldwide, 70% of anti-cancer compounds [29] and 75% of drugs destined 
to treat infectious diseases come from natural products [30]. Secondary metabolites are used 
as pigments, fibers, glue, oils, waxes, scent agents, perfumes, and drugs.

The acknowledgment of the biological properties of natural products has raised interest not 
only in their therapeutic activities, but also in their possible uses as antibiotics, to control pests 
and diseases, and as cosmetics [30].

A clear example is Taxus: there have been several phytochemical studies about this genus and 
one of its species is endemic to Mexico. In Mexican yew (Taxus globosa Schltdl.), the presence 
of taxol as the main component was documented [31]. Taxol was approved in 1992 to be com-
mercialized as a therapeutic agent used in chemotherapy against a type of cancer.

Secondary metabolites are classified by their chemical structure, biosynthetic approach, or che-
mosystematic composition. The basic classification includes flavonoids, phenylpropanoids, phe-
nolic compounds, tannins, saponins, essential oils, alkaloids, terpenoids, and glucosinolates [32].

The main secondary metabolites in endemic medicinal and aromatic plants of Mexico that 
have been investigated are phenolic compounds, flavonoids, terpenoids, and essential oils. 
Every day the list of groups of compounds or specific molecules and their biological evalu-
ation grows. Studies about medicinal plants report several properties and the presence of 
secondary metabolites in several plant parts such as barks, leaves, fruits, flowers, roots, stems, 
wood, and whole plants.

5. Extraction methods and analyses

Phytochemical studies of Mexican medicinal and aromatic plants have been carried out using 
traditional extraction methods (Figure 1). They are used because they are simple, low cost, 
and easy to obtain. However, these processes can be slow, and there is a constant search to 
find techniques that can optimize extractions, that are cheap, fast, and that extract contains the 
highest number of compounds.

The techniques that have been reported to analyze and characterize chemical compounds 
from Mexican plants have been (LC), (GC-MS), (NMR), (IR), (UV), and (MS).
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Figure 1. Main extraction methods of secondary metabolites in Mexican plants.

Scientific name* Family Plant parts 
use

Method extraction Compounds Analysis Ref.

Agastache mexicana 
subsp. xolocotziana 
Bye, E.L. Linares and 
Ramamoorthy

Lamiaceae Inflorescence, 
leaves and 
stems

Hydrodistillation
Maceration

Essential oils
Flavonoids

GC-MS
HPLC-MS 

[14, 33]

Montanoa tomentosa 
Cerv.

Asteraceae Leaves Maceration with 
sonicated

Terpenoids HPLC,
GC–MS

[16]

Salvia hispanica L. Lamiaceae Seeds Soxhlet Fatty acids 
composition,
Total phenolic 
compounds

GC-MS
Spectrophotome-  
try
maceration

[23, 24]

Heterotheca inuloides 
Cass.

Asteraceae Inflorescence SC-CO2 Volatile
Fatty acids

GC-MS [34]

Tagetes lucida Cav. Asteraceae Inflorescence Maceration Coumarinic 
constituents

UHPLC [35, 36]

Bursera fagaroides var. 
Fagaroides

Burseraceae Leaves Chromatographic  
fractionation

Flavonoids, 
lignans, volatile 
compounds

HPLC,
1H-NMR

[25, 37]

Bursera fagaroides var. 
elongata McVaugh and 
Rzed

Bursera fagaroides var. 
purpusii (Brandegee) 
McVaugh and Rzed.

Jatropha neopauciflora 
Pax

Euphorbiaceae Bark Maceration Sesquiterpenoids CC,
HPLC,
1H-NMR

[27]
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Several phytochemical methods describe details to extract and analyze compounds 
from Mexican plants, but the most used in endemic plants (Table 2) are maceration and 
 hydrodistillation, and the most used solvents are hexane, methanol, dichloromethane, ace-
tone, petroleum ether, ethanol, and water.

6. Commercialization of Mexican medicinal plants

6.1. National market

The sale of the plants in Mexico occurs mainly in regional markets. These plants are concen-
trated in specific locations, from where they are distributed to several parts of the country. 
Important zones of trade of medicinal plants and aromatic herbs are the market of Ozumba, 
in the state of Mexico, and Atlixco and San Martín Texmelucan, in the state of Puebla.

The plants that are mostly gathered from the wild are sold in large quantities in the “Mercado 
de Sonora” (market of Sonora). This market, located in Mexico City, is the most famous mar-
ket due to the trade of dry and fresh plants [42]; approximately 15 tons of each medicinal plant 
is sold every year in this market.

The “Mercado de Ozumba” (market of Ozumba) is another place where one can get plants 
(Figure 2) that is closest to the market of Sonora. Here, local useful and medicinal plants, which 
have an important role for the economic and ceremonial life of the inhabitants of this region, are 
sold [42].

There are no precise reports about the species that are sold in regional markets, or about the total 
amount of income that is generated. Prices can vary depending on the species, part of the plant, or 
the location. The lack of information is related to illegal collection of plants. Plants collected from 
the wild are an important source of income for the inhabitants of the zones where they grow.

The species that are known in the country as having medicinal properties, and that have been 
collected for years (endangering their presence or distribution) are peyote (Lophophora william-
sii (Lem. Ex Salm-Dyck) J.M Coult.), Mexican valerian (Valeriana edulis subsp. procera (Kunth) 

Scientific name* Family Plant parts 
use

Method extraction Compounds Analysis Ref.

Lippia graveolens  
Kunth

Verbenaceae Leaves and 
stems

Hydrodistillation
Maceration

Essential oils
Phenolic 
compounds

GC-MS
UHLPC-MS

[38, 39]

Amphipterygium 
adstringens (Schltdl.) 
Standl.

Anacardiaceae Bark Maceration Terpenoids and 
maticadienoic 
acid

Spectroscopic  
and RNM 
methods

[40, 41]

*The botanical names were corroborated at Missouri Botanical Garden (2016)-TROPICOS.

Table 2. Methods of extraction and analysis of secondary metabolites in Mexican endemic plants.
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F.G. Mey.), cuachalalate (Amphipterygium adstringens (Schltdl.) Standl.), tepezcohuite (Mimosa 
tenuiflora Benth), and probably other species for which reports are lacking.

Plants sold in markets can be endemic or introduced. Trade conditions vary depending on 
the state of the plant: when dry, they are sold by weight, and when fresh, they are sold in 
bundles. They can be sold wholesale or retail, depending on the location, season of the year, 
and plant availability.

Some plants have the same common name and the same use all over the country. For example, 
Mexican arnica (Heterotheca inuloides Cass.) is sold dry or fresh (Figure 3), and also as part of 
different types of products including ointments, gels, shampoo, soap, etc.

6.2. International market

The international markets demand Mexican medicinal plants [43]. For example, damiana 
(Chrysactinia mexicana A. Gray), sarsaparilla (Smilax aristolochiifolia Mill.), Mexican arnica (H. 
inuloides), Mexican oregano (Lippia graveolens Kunth), cuachalalate (A. adstringens (Schltdl.) 
Standl.), mexican valerian (Valeriana edulis subsp. procera (Kunth) F.G. Mey.) are exported to 
the United States, Japan, and Germany.

Mexico exports essential oils and resinoids to several countries, especially the United States 
(Figure 4). There are no specific records on exports of essential oils of endemic plants in the 

Figure 2. Trade of medicinal plants in Ozumba, state of Mexico.
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country. But it is known that the most popular essential oils are Mexican oregano, sweet lime, 
and Mexican lime. [44].

Figure 4. Prospect for market diversification for product exported by Mexico in 2015. Product 3301. Essential oils 
(terpenes or not), resinoids, and extracted oleoresins [44].

Figure 3. Trade of Mexican arnica in the market of Ozumba, state of Mexico. (Photography: Mariana Palma Tenango).
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Some of the plants with medicinal and gastronomic importance are cacao (Theobroma cacao 
L.) and vanilla (Vanilla planifolia Jacks.), and the countries with the highest percentage of their 
consumption are the United States, France, and Germany. However, vanilla from Madagascar 
competes against Mexican vanilla, which has diminished the market for the latter.

6.3. Future prospects

Currently, there are several challenges; the most important is the sustainable use of plants with 
medicinal, cosmetologic, culinary or ritual applications, and their preservation through germo-
plasm banks. The domestic and international demand for medicinal plants is growing. About 
90% of the plants are collected from the wild, and the remaining 10% is cultivated. Due to this, 
overexploitation is a real danger, because the species are collected without thinking about their 
recovery or the environmental damage. In Mexico, 83 species are considered endangered, 206 
threatened, and 175 vulnerable [3]. One example of this is cuachalalate (A. adstringens), which 
is exploited in the state of Guerrero; when too much of its bark is removed, the tree is unable 
to recover and dies. Something similar occurs with mexican valerian (V. edulis subsp. procera), 
whose roots were collected relatively easily in the past in the wooded area of the boroughs of 
Milpa Alta and Xochimilco in Mexico City; nowadays it is almost impossible to find the plant. 
To avoid these situations, it is desirable that secretariats and institutes in charge of the care and 
promotion of the diversity of Mexican plant species enforce the laws and regulations that are 
already in place, to preserve these natural resources.

Another important aspect to take into account is the necessity to encourage the culture of 
plants that are collected from the wild, and to create technology packages to improve cultur-
ing, harvesting, and drying of the plants to monitor the quality of the secondary metabolites 
that are being produced, because in these plants what is sought is precisely this mixture of 
secondary metabolites that give, in the end, the beneficial effect to health and/or cosmetology 
that is desired by people.

The pharmaceutical industry, which in the beginning turned its back on the traditional medi-
cine, is starting to see medicinal plants and their uses and the traditions of the indigenous 
peoples that know and use them on a daily basis, as a source of active ingredients to be 
incorporated into its drugs. Today it is not surprising anymore to see vitamin supplements 
with Ginseng extracts, cough syrups with propolis or great mullein, or pills with cuachalalate 
extracts to cure gastritis, etc.

Medicinal plants used in traditional medicine may represent alternative sources for new com-
pounds to treat various diseases. For example, plants used for gastrointestinal disorders [35], 
used by antibacterial activities [45], anxiolytic or antidepressant activity [46], or for the treat-
ment of colorectal cancer [4]. In Mexican arnica flowers (H. inuloides) were actives as antidiar-
rhoeals or antiparasitics [47].

The list increases, providing important data of compounds and biological activities. But it is nec-
essary to increase developing phytochemical studies associated to the agricultural sector to pro-
duce medicinal plants, natural products, extracts, and other subproducts in a sustainable way.
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used by antibacterial activities [45], anxiolytic or antidepressant activity [46], or for the treat-
ment of colorectal cancer [4]. In Mexican arnica flowers (H. inuloides) were actives as antidiar-
rhoeals or antiparasitics [47].

The list increases, providing important data of compounds and biological activities. But it is nec-
essary to increase developing phytochemical studies associated to the agricultural sector to pro-
duce medicinal plants, natural products, extracts, and other subproducts in a sustainable way.
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Aromatherapy is another source of demand for aromatic plants. In Mexico, the demand of 
essential oils is higher than their production, which has led to the import of these substances.

The diversity in Mexico is large, and despite the scientific technological developments, there 
remains a lot to be researched about all the species with medicinal potential. We can say that 
the table is set and waiting for people to research, rationally exploit, and care for all this exqui-
site variety of medicinal and aromatic plants.

7. Conclusions

Endemic plants are known and commercialized in Mexico, but there are no precise numbers 
about their cultured surface. Phytochemical and biological activity research requires a previ-
ous botanical and taxonomical classification, and thus, their research is slow, but necessary to 
get scientific bases about their use.
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Abstract

From ancient times, plants have been used by humans for food, fodder, fibre and medici-
nal purposes. Several plants were empirically considered as treatments for a large array 
of illness and medical conditions. Each community had specific natural remedies, based 
on the geographical area, environmental conditions and other factors. Thus, the use of 
plants can be considered as part of the intangible cultural heritage of each community. 
In the geographical area of today’s Romania, the ancient inhabitants, Dacians, had very 
good knowledge regarding the use of plants for medicinal purposes, as presented by 
several historical sources. The present work describes protocols for the extraction and 
purification of natural extracts, analytical characterisation, in vitro and in vivo evaluation 
of their potential applications as well as some practical examples of their application on 
selected Romanian native medicinal and aromatic plants. The presented results offer sci-
entific support to their traditional use, suggesting in the same time some modern applica-
tions, for example in the nanotechnology field.

Keywords: aromatic and medicinal plants, Romanian, traditional remedy, scientific 
evidence

1. Introduction

1.1. Traditional use of medicinal and aromatic plants

The first human’s tries to treat diseases were aiming for the environmental plants, so natural 
products could be considered the main mean of diseases treatment across the globe until the 
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advent of scientific medicine. During their evolution on Earth, plants have developed the 
ability to synthesize certain chemical compounds for protection in the fight against world’s 
predators, such as insects, fungi, herbivorous mammals, etc.

Although some of these compounds are toxic to predators, they proved to have beneficial 
effects in the treatment of human diseases. In the past centuries, the practice of empirical 
use of plants for therapeutic purposes was passed either in writing or orally, from genera-
tion to generation. Thus, the oldest way of treatment, phytotherapy, whose beginnings lie in 
Palaeolithic and whose traces are preserved in folk medicine up to our days, was developed 
on an empirical base, but also in the context of a magic vision of the world, where the symbol, 
the analogy and the correspondences principle have played and are playing an important role 
in the choice of useful plants [1–3].

People always appealed to nature, mainly to plants, for treating and curing various diseases; 
harvesting plants with everything they prove useful and their complete exploitation gave 
humans the opportunity to familiarize with their curative properties [4]. The first more pre-
cise data about the use of plants for healing in what is today Romania were given by the Greek 
doctor Discorides (doctor in Nero’s army) in the five-volume treatise on plants “De Materia 
Medica”, the precursor of all modern Pharmacopoeia and one of the most important botanical 
atlases in history. He pointed out that in Dacia numerous plant species were used on a large 
scale, making a vague and incomplete description of them. Published in 77, the book was 
describing 600 species of medicinal plants, of which 40 species were specific to Dacia’s terri-
tory. Among these species, 27 plants have Daco-Thracian names, 8-Latin and 5-Greek, which 
is a confirmation of the age of phytotherapy in Romania [2, 3, 5, 6].

Over the time, the inhabitants of Romania’s lands kept the continuity of rich traditions in the 
use of plants from spontaneous flora, which proved to be effective in curing physical or psy-
chological suffering (injuries, fractures, bleeding, poisoning, animal bites, sunstroke, frostbite, 
infectious diseases, etc.).

Due to its geographic position, with a varied landscape and a climate favourable for rich veg-
etation, Romania is the meeting place of the Eurasian and Mediterranean flora. Here, grow 
more than 3600 species of higher plants, of which over 700 have become medicines, thanks 
to the long experience of the Romanian people in their use to cure diseases. In the Romanian 
plant heritage, there are numerous wild and cultivated plants that have different uses [1–9].

1.2. Short presentation of plants selected for the study

Among the Romanian traditional plants, Heracleum sphondylium L. (hogweed) occupies a 
special role due to its extremely intense vitalizing effects, therefore being called “Romanian 
Ginseng”. The plant is known since antiquity, from the time of Plinius the Elder, under the 
name of Heracleum, derived from Heros, Heracles, Hercules, who had discovered its medical 
effect. It is an herbaceous plant, perennial or biannual that belongs to the family of Apiaceae, 
frequently found in meadows, scrublands, rarely in forests, from the plain region up to the 
mountains. The flowers are grouped in rich clusters, white or pink pal. The Romanian name 
of the plant comes from the leaves’ shape which resembles a bear’s paw. The herbal medicine 
uses the whole plant (especially leaves, buds, roots and seeds). The leaves and the buds are 

Aromatic and Medicinal Plants - Back to Nature150



advent of scientific medicine. During their evolution on Earth, plants have developed the 
ability to synthesize certain chemical compounds for protection in the fight against world’s 
predators, such as insects, fungi, herbivorous mammals, etc.

Although some of these compounds are toxic to predators, they proved to have beneficial 
effects in the treatment of human diseases. In the past centuries, the practice of empirical 
use of plants for therapeutic purposes was passed either in writing or orally, from genera-
tion to generation. Thus, the oldest way of treatment, phytotherapy, whose beginnings lie in 
Palaeolithic and whose traces are preserved in folk medicine up to our days, was developed 
on an empirical base, but also in the context of a magic vision of the world, where the symbol, 
the analogy and the correspondences principle have played and are playing an important role 
in the choice of useful plants [1–3].

People always appealed to nature, mainly to plants, for treating and curing various diseases; 
harvesting plants with everything they prove useful and their complete exploitation gave 
humans the opportunity to familiarize with their curative properties [4]. The first more pre-
cise data about the use of plants for healing in what is today Romania were given by the Greek 
doctor Discorides (doctor in Nero’s army) in the five-volume treatise on plants “De Materia 
Medica”, the precursor of all modern Pharmacopoeia and one of the most important botanical 
atlases in history. He pointed out that in Dacia numerous plant species were used on a large 
scale, making a vague and incomplete description of them. Published in 77, the book was 
describing 600 species of medicinal plants, of which 40 species were specific to Dacia’s terri-
tory. Among these species, 27 plants have Daco-Thracian names, 8-Latin and 5-Greek, which 
is a confirmation of the age of phytotherapy in Romania [2, 3, 5, 6].

Over the time, the inhabitants of Romania’s lands kept the continuity of rich traditions in the 
use of plants from spontaneous flora, which proved to be effective in curing physical or psy-
chological suffering (injuries, fractures, bleeding, poisoning, animal bites, sunstroke, frostbite, 
infectious diseases, etc.).

Due to its geographic position, with a varied landscape and a climate favourable for rich veg-
etation, Romania is the meeting place of the Eurasian and Mediterranean flora. Here, grow 
more than 3600 species of higher plants, of which over 700 have become medicines, thanks 
to the long experience of the Romanian people in their use to cure diseases. In the Romanian 
plant heritage, there are numerous wild and cultivated plants that have different uses [1–9].

1.2. Short presentation of plants selected for the study

Among the Romanian traditional plants, Heracleum sphondylium L. (hogweed) occupies a 
special role due to its extremely intense vitalizing effects, therefore being called “Romanian 
Ginseng”. The plant is known since antiquity, from the time of Plinius the Elder, under the 
name of Heracleum, derived from Heros, Heracles, Hercules, who had discovered its medical 
effect. It is an herbaceous plant, perennial or biannual that belongs to the family of Apiaceae, 
frequently found in meadows, scrublands, rarely in forests, from the plain region up to the 
mountains. The flowers are grouped in rich clusters, white or pink pal. The Romanian name 
of the plant comes from the leaves’ shape which resembles a bear’s paw. The herbal medicine 
uses the whole plant (especially leaves, buds, roots and seeds). The leaves and the buds are 

Aromatic and Medicinal Plants - Back to Nature150

h arvested from April to October; the whole plant is harvested during flowering, while the roots 
are harvested in spring and autumn. It is dryed in the shadow, in a thin layer. Heracleum’s 
root and seeds quickly refresh and rejuvenate the body, increase exercise capacity and psycho-
logical tone, eliminate sterility, impotence and frigidity. It is a remedy indicated to the third 
age, relieving the discomforts of the premature physical decline, restoring tone and appetite 
for life [2, 3, 5, 6].

Anethum graveolens L. (dill) is an herbaceous, annual, terofite, vegetable, spicy, aromatic, cul-
tivated and sub-spontaneous plant, which belongs to the Apiaceae family. It is known and 
cultivated since antiquity by Egyptians, Greeks, Romans and Gauls. In Romania, it is grown 
throughout the country, especially in assorted cultures. The stem, leaves and fruits have ther-
apeutic uses in the traditional human medicine and in cult or traditional veterinary medicine. 
The harvesting of the stems and leaves is made when inflorescence is formed, while the har-
vesting of fruits is made when they are mature. From ancient times, culinary and medicinal 
uses were attributed to the dill. Decoction of the dill’s seeds is used to treat stomach aches; the 
tea obtained by boiling the floriferous stems and dried inflorescences of dill is used to treat 
kidney diseases, hearts diseases and atherosclerosis and to increase lactation at women. Also, 
crushed dill’s seed are used to treat intestinal worms at children. The dill is recommended 
in anorexia, indigestions, difficult digestion, heart diseases, urinary diseases, haemorrhoids, 
flatulence, various internal and external inflammations and menstrual pains [2, 5].

Taraxacum officinalis (L.) Weber ex F.H. Wigg (dandelion) is an herbaceous and perennial 
plant, which belongs to the Asteraceae family, common throughout Romania, in sunny places 
or in semidarkness, forests, meadows, pastures, on the roadside, from plains until subalpine 
area. The whole plant is harvested in spring, before and after the flowering, aerial parts or 
just the leaves are harvested in spring and the root is harvested in autumn or in early spring. 
Drying is made in the shadow, in a thin layer, in very airy places. The root and aerial parts of 
the plant have therapeutic uses in human and veterinary medicine, cult and traditional. Since 
Dacian times, the flowers and the juice resulting from squeezing dandelion’s leaves were used 
in various skin disorders, the root was used in rheumatic diseases, the decoction of the leaves 
was used to treat liver diseases, while the decoction from the root was used to treat kidney 
diseases and against bleeding. The dandelion is recommended in liver diseases, urinary dis-
orders, circulatory disorders, obesity, constipation, haemorrhoids, anaemia, cataracts, acne 
and endocrine diseases. In addition, the traditional medicine uses the plant to stimulate the 
pancreatic secretion, in the treatment of cancer and as an easy purgative in preventing con-
stipations [2, 6].

Arctium lappa L. (burdock) is an herbaceous and biannual plant, which belongs to the Asteraceae 
family, common throughout Romania, from plain to mountain areas, wild lands, roadsides, 
along fences and flood groves. Known since antiquity by Geto-Dacians, the burdock was one 
of the most important and the oldest medicine practiced by our human folk medicine. The uses 
of the plant passed under the name of empirically remedies. Raw leaves were put on wounds 
and swellings; they were used to relieve the fever, to treat corns and to remove back pains. 
Tackling the lost hair and the stimulation of their growth was made by washing the head with 
broth resulting from boiling the burdock’s leaves and stems. The harvesting of burdock’s roots 
is made in spring for the 2 years plants and in autumn for the 1 year plants. After washing, the 
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aerial plants are cleaned and dried at the sun, in thin layer. The leaves are harvested without 
petiole, in May–June, before flowering and dry in the shadow in one place. The roots show the 
therapeutically importance for the human and veterinary medicine. They have stronger and 
laster detoxifying effects, with an impressive range of uses, from food poisoning, skin diseases 
or rheumatism to glandular or metabolism disorders. In the long term, they have beneficial 
effects on the activity of the liver and gallbladder and they prevent diabetes and tumour dis-
eases. In case of respiratory diseases and flu, the burdock is a valuable remedy, helping to stop 
the growth of the microorganisms, reducing fever and preventing complications. It is used the 
decoction, infusion, hot steeping, tincture and powder of burdock’s root [6].

Anthriscus sylvestris (L.) Hoffm. (wild chervil) and Anthriscus cerefolium (L.) Hoffm. (the gar-
den species) are herbaceous, biannual (respectively annual), terofite plant, belonging to the 
Apiaceae family, with pleasant smelling, white flowers arranged in small umbrellas, related 
with parsley and carrot. It is common in temperate regions, on the roadsides and forests, in 
pastures and hay fields. In the Romanian folk medicine, the aerial flowered parts of the plant 
are used, harvested in May-June, dried in a thin layer in well ventilated spaces. It has been 
used traditionally as a stimulant, diuretic, anti-haemorrhoidal, antipyretic, anti-inflamma-
tory and analgesic. In the human folk medicine, it is also used in digestive disorders, having 
slightly laxative action, in bronchitis and chronic lung diseases, as an antitussive. Externally, 
it is used in inflammations of the eyelid, dermatitis and eczemas [4].

2. Obtaining and characterisation of natural extracts with biomedical 
applications

2.1. Extraction and separation of active compounds

The concentration of biologically active compounds of natural extracts directly depends on a 
series of factors, such as genomic composition, biological value of the cultivar, maturity stage 
of the plant, climatic zone, environmental conditions, post-harvest and storage conditions, as 
well as the extraction methods applied [10]. Processing of medicinal plants can be divided into 
two stages: primary processing, which consists of plants drying, conditioning and packaging, 
and advanced processing that consists of transforming raw materials obtained from primary 
processing into the desired final product. Extracts may be categorized according to several 
parameters, as follows [10]: considering the nature of the solvent extracts may be: aqueous 
extracts (infusion or maceration-type), hydroalcoholic extracts (tincture-type), oily extracts, 
medicinal vinegars (macerated in vinegar) or medicinal wines (macerated in wine); consider-
ing the obtaining method: selective extract (targeting the compounds of interest), non-selective 
extracts (tincture, macerated type, etc.), extracts obtained by pressing (fruit and vegetables 
juice); considering the parts of the plant subject to extraction: partial extract (only certain ana-
tomical parts of the plant) or total extract (whole plant); considering the water content of the 
plant (humidity): extract obtained from dried plant or fresh plant extract; considering the 
method of preparation: simple, successive or multiple extracts.

Specific biologically active compounds are obtained from the vegetal products (different parts 
of plants or various mixtures of aromatic and medicinal plants) using appropriate solvents. To 
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obtain water-soluble active substance at a pH close to neutral one (such as acids, bases, salts, 
sugars, phenols and polyphenols, amino acids, glycosides, gums, tannins, enzymes) water 
is used as solvent. Given that water is not a good solvent for resins, alkaloid, and oils - type 
compounds, etc., for obtaining them, alkaline or acidified water can be used. By-products as 
volatile oils, pigments, lecithin, resins, etc., are obtained using alcohol as a solvent (alcoholic 
or hydroalcoholic extracts). To prepare extractive solutions, different concentrations are used, 
ensuring the best yield, but also different solvents, depending on the nature of the substance 
to be extracted or the nature of raw material. When preparing extracts, it must be taken into 
account the influence of the following factors: nature of the solvent (water for salts of alkaloids, 
glycosides, sugars, proteins, enzymes, tannins, etc.; alcohol 50 or 70% for volatile oils, hydro-
carbons, tannins, alkaloids bases and their salts, glycosides, resins, chlorophyll, etc.; ethyl ether 
for alkaloid bases, resins, volatile oils, etc.; ethanol for polyphenols, reducing compounds, 
alkaloids, salts, amino acids, polyphenolic glycosides, sterol glycosides), the shredding degree of 
plant, the ratio between the amount of plant and solvent, time and temperature. The extraction tech-
niques can be batch processes (maceration, percolation, infusion, decoction, accelerated solvent 
extraction, microwave-assisted extraction, supercritical fluid extraction) or continuous processes 
(organic solvents continuous extraction, continuous percolation, Soxhlet extraction) [10].

Maceration is the extraction process for slightly soluble and thermosensitive principles, which 
consists of treating the vegetal product with a solvent, for well-established time periods, fol-
lowed by separation by filtration or decantation; maceration time depends on the type of used 
solvent. Percolation is the cold extraction process using solvents in counterflow. Infusion is used 
for the extraction of compounds that are not affected by high temperature and consists of wet-
ting the shredded vegetal material with water, followed by the addition of boiling water and 
leaving them in contact for a specific period of time (usually 30 min). This process is not used for 
plants containing volatile oils; in this case, the shredded vegetal product is wetted with a diluted 
alcohol solution, followed by the method described above. Decoction is a technique commonly 
used for roots, rhizomes and bark, and it is similar with infusion process: the plant is soaked in 
cold water, macerated, heated water is added and then brought near boiling temperature (this 
method is also not suitable for plants containing high content of volatile oils). Microwave extrac-
tion is the technique that uses microwave energy to heat the solvent and sample, in order to 
increase the rate of mass transfer between the substances dissolved in sample matrix and solvent, 
contributing to their easier passage into the solvent [11]. Ultrasonic extraction involves the use of 
ultrasounds with varying frequencies, increasing the permeability of cell walls, thus favouring 
the extraction of biologically active compounds with considerably yields [12, 13]. Supercritical 
fluid extraction (alternative to classical solvent extraction) is performed with supercritical fluids 
(CO2), at critical pressure (74 bar) and low temperature [14, 15]. Continuous extraction in special 
equipments (Soxhlet type) is based on a large difference between the boiling points of the sol-
vent and the targeted compounds, representing a highly efficient method [16]. Extraction via 
alcoholic fermentation is the extraction technology based on fermentation processes and in situ 
generation of alcohol. Continuous extraction with organic solvents is based on the continuous sol-
vent recycling in the mass of ve getal material. Accelerated solvent extraction is a method based on 
the use of high temperature and pressure in order to accelerate the kinetics of dissolution and to 
break the bonds of analyte/matrix interaction. It has the advantage of using smaller amounts of 
raw materials, resulting in high extraction yields [17]. Cold extraction methods is used for plants 
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with thermosensitive biologically active compounds (maceration, percolation and counterflow 
extraction); for thermostable active principles, other methods (Soxhlet extraction, decoction, 
microwave or accelerated solvent extraction, etc.) are selected.

At the basis of extraction of volatile oils from vegetal products are their physico-chemical 
properties, especially high vapour pressure and solubility in non-aqueous volatile solvents 
and fatty substances. Vegetal materials subjected to extraction can be both fresh and dried, 
as a whole or fragmented (leaves, grass), crushed (groundwater bodies) or as sawdust 
(wood). Choosing appropriate extraction method is based on the amount of oil in vegetal 
product, disposing and physico-chemical properties. For example, by pressing may be pro-
cessed vegetal materials with high content of volatile oil, for the ones with medium content 
is preferably to use steam distillation and for the ones with low content—volatile solvents or 
lipophilic substances extraction [18, 19]. The main methods for obtaining volatile oils are as 
follows: hydrodistillation has several disadvantages: esters hydrolysis caused by the high tem-
perature, obtaining other compounds (such as coumarins), oxidation of alcohols, aldehydes 
and ketones; the main advantage is the direct obtaining of volatile oil; steam distillation—oils 
having superior quality are obtained, compared with the hydrodistillation; organic solvents 
extraction—especially used for obtaining thermosensitive natural compounds that cannot 
be obtained by steam distillation; the active principles are isolated and then the solvent is 
removed by distillation; animal fat extraction is a technique exclusively used in cosmetics, 
and it is applied for fresh flowers. This process enables the extraction of natural fragrances 
without altering the composition, and it is suitable even for small amounts of plant material 
[20]; extraction with liquefied gases—applies especially for flowers, in the cosmetics industry, 
using high pressure and supercritical fluids. Using this method are obtained better quality 
and less colourful extracts than those obtained with organic solvents, rich in waxes and fatty 
components [21–23]. Pressing extraction is applied to aromatic and medicinal plants with 
high content of volatile oils. It is a suitable method to obtain essential oils from citrus fruits 
and consists of mechanical pressing, obtaining volatile oils but also mucilage, pectin, pro-
teins, liposoluble colorants, etc. Adsorption on an adsorbent material is applied for the extrac-
tion of odorants from flowers by their adsorption on a substrate such as activated charcoal, 
alumina, etc. Purification and separation of biologically active compounds can be achieved 
by chromatographic techniques, membrane techniques, as well as liquid-liquid extraction. 
Chromatographic techniques are effective methods of separation and purification of organic 
compounds, based on the components distribution of a mixture between two phases: one 
fixed and one mobile; liquid-liquid extraction is applied for the separation of compounds of 
interest from impurities and is based on solubility difference of the extracted component in 
one or more solvents immiscible or partially miscible between them. Membrane techniques 
are categorized according to the size of particles to be filtered as follows: microfiltration—
the process used for the separation of particles ranging in size from 0.1 to 10 μm; ultrafil-
tration—used for the separation at low pressure of colloidal substances and compounds 
with molecular weight between 500 and 500,000 Da, such as viruses, bacteria, colloidal sub-
stances biomolecules; nanofiltration—process at low pressure through which the molecules 
with the size of approximately 0.001 μm are removed; reverse osmosis (hyperfiltration)—
process where an important factor is the osmotic pressure [24].
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2.2. Analytical characterisation of extracts/active compounds

The plants are considered in our days as established sources of pharmaceutical, aromatic and 
industrial compounds. Various biocompounds gives the colour, odour or therapeutic actions. 
Used as pure compounds [25], impregnated in different supports [26–28] or used as inter-
mediaries (for example for nanoparticle phytosynthesis) [29], bioactive compounds offers a 
natural health source. The potential applications of medicinal plants are determined by their 
compositional profile and possible synergies between those compounds. Nevertheless, as pre-
vious stated, the composition of the natural extracts varies with a series of factors. So, a varia-
tion in the phytochemical profiles of extract of the same plant, harvested from different areas, 
in different seasons or using different techniques is inherent [30]. In the following paragraphs, 
we will present the main methods used for the analytical characterisation of natural extracts.

2.2.1. Phytochemical assays

The phytochemical assays are currently used for the preliminary assessment of the extracts 
composition, following some major type of compounds, such as sesqui- and monoterpenoids, 
phenolics, anthocyanins, flavonoids, saponins, oligomeric proanthocyanidins, flavan-3-ols, 
tannins, o-quinone or other parameters, such as the polyphenol index or the potential brown-
ing. The terpenoids (especially simpler mono- and sesquiterpenoids) represents the main con-
stituents of the essential oils. The non-volatile di- and tri-terpenoids are usually obtained from 
plants, tree gums and resins [31]. Sesquiterpene alcohols represent substances consisting of 15 
carbon atoms and contain an alcohol group. They usually accompany other compounds that 
are in excess in some oils, having specific antidepressant and sedative action [32]. Sesquiterpene 
hydrocarbons are compounds containing 15 carbon atoms, usually accompanying monoter-
penes compounds in the volatile fraction. They possess anti-inflammatory, anti-allergic and 
emmenagogue action [32]. Polyphenolic carboxylic acids belong to the heteroside group, having 
an acetal structure. To this group belong a series of well-known phenolic heterosides such as 
rosmarinic, caffeic, gentisic, vanillic, siringic acid [32]. Triterpenic compounds are actually trit-
erpenic saponozides with a pentacyclic chemical structure, with immunostimulatory, phar-
macodynamic, antimicrobial, anti-inflammatory and hypoglycaemic action [32]. Saponins are 
natural occurring substances with sterol or triterpenic structure that, in colloidal solution 
with water, foams under stirring [32]. Flavonoids are natural occurring phenolic substances 
containing plant pigments. Their anti-inflammatory, anti-allergic and antioxidant properties 
are well-established [32]. Phenolics represent the naturally occurring compounds with one or 
more aromatic rings and one or more hydroxyl groups. They are the most abundant second-
ary metabolites of plants. Their widespread in the plant kingdom makes them also one of 
the most studied classes of natural occurring compounds. They are of special interest not 
only due to their antioxidant activity, but also due to their presence in plant foods and bev-
erages [33]. The anthocyanins are pigments found in flowers, fruits, leaves, roots that change 
colour depending on the cell pH. The most known anthocyanins are: peonin, malvin, cyanin, 
rutin, etc. [32]. Tannins are naturally occurring plant compounds with a very complex chemi-
cal structure (comprising of several phenolic hydroxyl and carboxyl groups). They possess 
antidiarrheal, antifungal, antiviral and antiseptic properties [32].

Romanian Aromatic and Medicinal Plants: From Tradition to Science
http://dx.doi.org/10.5772/66513

155



The phytochemical assays usually involve a specific reaction, standard substances and spec-
trophotometric measurements at specific wavelengths [34]. In the following paragraphs will 
be presented the most common photochemical assays; it must be mentioned that other par-
ticular recipes and standards are also used in the literature. The presented recipes could also 
be applied for the study of essential oils, with proper dilution in alcohols.

The total sesquiterpenoids are determined through the reaction between 98% acetyl chloride, 
70% perchloric acid and the extract. The determinations are performed by scanning the 350–
800 nm region and measuring at 608 nm. The standard used for calibration is α-santalol, and 
the results are presented as µg/mg of extract [34, 35]. The total monoterpenoids determination 
involves the reaction of the extract with 2% vanillin-H2SO4 reagent, the heating and cooling 
of the mixture and reading the absorbance at 608 nm. The most common standard is linalool 
[34, 36]. The results are presented as μg linalool equivalents. One of the earliest phytochemical 
assays, the total phenolics content, is also the most encountered in the literature. The determi-
nation involves the reaction between extract, Folin-Ciocalteu reagent and sodium carbonate. 
The absorbance is measured at 765 nm with a gallic acid calibration curve [34, 37–39]. The 
results are presented as gallic acid equivalents (GAE) or as percent [38]. The total anthocyanins 
are determined through the reaction of the extract, n-butanol:HCl (95:5) and 2% NH4Fe(SO4)2 
solution in 2 M HCl, with the absorbance reading at 550 nm. The standard used is cyanidin 
chloride [34, 40]. The total flavonoids content is determined by the reaction of the extract with 
ethanol, aluminium chloride (10%), 1 M potassium acetate in bidistilled water [39, 41]. The 
absorbance is recorded at 415 nm and rutin is used as standard. The results are presented as 
rutin equivalent. The total saponins are determined by the reaction between the extract, 8% 
vanillin in ethanol and 72% H2SO4; the absorbance is recorded at 544 nm, using as standard 
sapogenin [34]. The results are presented as mg saponins/g dry weight. The determination of 
oligomeric proanthocyanidins involves the reaction of the extract 0.5% vanillin reagent and 4% 
HCl in methanol. The absorbance is recorded at 500 nm, and catechin is used as standard [34]. 
The results are presented as catechin equivalents. Determination of total polyphenols and casein/
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bance is measured at 640 nm; catechin is used as standard and the results are presented as 
mg catechin/g dry plant extract [34, 42]. The polyphenol index, potential browning and soluble 
o-quinone content is determined following the same recipe as presented for the total polyphe-
nols and casein/BSA/PVPP-bound tannins, reading the absorbance at 280 nm (for polyphenol 
index), 320 nm (for potential browning) and 437 nm (soluble o-quinone) [34].

2.2.2. Chromatographic methods

The main objective of the analytical methods is to determine both quantitatively and qualita-
tively the target compounds from plant extract. It is a difficult task since generally an extract con-
tain numerous compounds (some of them being highly labile) with a broad range of polarities,  
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volatility, molecular weight and quantities. Therefore, it is unrealistic to believe that a com-
plete evaluation of an extract can be performed using a single method. Several aspects must be 
taken into consideration for appropriate selection of analytical methods: what type of infor-
mation we need from the sample, amount of sample available for analysis, relative quantities 
of different components present in the sample. Due to the extract complexity, the analytical 
tools fitted for this task fall mainly in the chromatographic methods area: thin-layer chroma-
tography (TLC) [43], gas chromatography (GC) [44], high-performance liquid chromatogra-
phy and capillary electrophoresis (CE) [45]. These techniques show a good performance in 
plant extract analysis due to simple treatment required for samples and diversity of detectors 
corresponding to different molecules properties (Table 1).

Chromatographic methods represent a suitable choice for nearly all biomolecules that come 
across in plant extracts. These methods have the advantages of high specificity and also allow 
us to determine a large number of compounds in a single analysis and to benefit from a 
high dynamic range. Impact of gas chromatography in biomolecules analysis is somewhat 
hindered by low thermostability of some of these species which involve the necessity of time 
consuming and expensive pretreatment of samples, like derivatisation [46, 47].

TLC has been improved in the last years and has a large potential to determine some group 
of compounds using different detection methods and colouring reagents. Although high-per-
formance thin-layer chromatography (HPTLC) has a good efficiency, the limiting factors in 
its use remain the low resolution and reproducibility [48, 49]. In contrast, HPLC use increase 
tremendously in the last years due to high efficiency and flexibility. Some certain advantages 
over other methods are as follows: different separation techniques, large range of HPLC col-
umns suitable for all type of extracts, optimization of measurement using various mobile 
phases, gradient and isocratic approach extend the options during analysis, reverse phase 
techniques allow simultaneous analysis of compounds with large differences in properties. 
In addition, HPLC can be used as preparative or purification method, most analysis require 
ambient temperature, in most cases analysis are performed in short time interval, large num-
ber of detectors and the possibility to be connected in series are available.

Counter-current chromatography (CCC) is a special form of chromatography using only liquid-
liquid partition without solid support [50]. This approach give the possibility to overcome 
some of the classic techniques drawbacks such us: column deactivation, samples contamina-
tion, etc. CCC was constantly improved during the years in terms of efficient separation in 
a short period of time hence the recent development in this field are focused on high-speed 

Methods Target biomolecules Sample preparation Detector

GC Non-polar, thermostable Difficult, derivatisation FID, TCD, NPD, MS, HePD

TLC Large range Simple Colour reagents

HPLC Polar Simple UV-VIS, RI, MS, ELSD, NMR, 
fluorescence

CE Ionic Simple UV, MS

Table  1. Characteristics of the main chromatographic techniques used for the study of natural extracts.
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CCC (HSCCC) with two main technology high performance centrifugal partition chromatog-
raphy (HPCPC), and fast centrifugal partition chromatography (FCPC). The performance of 
these methods allows the separation of plant extracts with complex matrix such us: separa-
tion of non-polar compounds, isolation of vitamin B12, chiral resolution of carboxylic acids, 
complete resolution of isoleucine, DCCC of anthocyanins, etc.

A further improvement of analytical methods in the biological samples is represented by 
hyphenation techniques, which are a combination or coupling of two or more analytical tech-
niques using an appropriate interface. Most common link between techniques is represented 
by separation methods (chromatography) with an online spectroscopic detection technology 
(mass spectrometry or NMR). Also hyphenation techniques can be extended in both ways: in 
the separation parts (two separation methods) or in the spectrometry zone (two or more spec-
trometry methods) such us: SPE-LC-MS, LC-PDA-MS, LC-MS-MS, LC-NMR-MS. Albeit these 
techniques are more expensive than former methods the advantages overcome the capital 
costs: fast analysis, better automation, large number of sample processed in a period of time, 
higher reproducibility, less contamination, etc.

Most common and established hyphenation technique is GC-MS with a large number of 
improvements comparing with the components techniques used separately: direct transfer of 
components from GC to MS, accurate chemical identification of target compounds, possibil-
ity to expand analytical capability using the same equipment (GC-MS-MS) or even GC-MSn). 
However, the same restrictions apply for biomolecules as in the case of using GC combined 
with classic detectors: cannot detect non-volatile, polar and thermally labile compounds, 
requires time consuming sample preparation (hydrolysis/derivatisation).

LC-MS is another relatively frequently used method that became more and more used in 
biological samples analysis. LC-MS advantages compared to GC-MS are evident: higher sen-
sitivity and specificity, easy sample preparation (aqueous matrix is frequent but forbidden in 
GC or GC-MS), co-eluting compounds can be more easily separated, can be applied to detect 
non-volatile, polar and thermally labile compounds, several mass analysers can be used: 
quadrupole ion traps, time of flight (TOF), time of flight reflection (TOFR) and ion cyclotron 
resonance (ICR). Among major disadvantages there are lack of mass spectral libraries, hinder-
ing of the analyses by matrix effect, high capital costs and the need for qualified operators [51].

A novel hyphenation technique is represented by LC-HMRS (liquid chromatography-high 
resolution mass spectrometry) with sensitivity sub pictogram level that distinguishes com-
pounds with the same nominal mass but different exact mass, avoids development of time-
consuming protocols like in LC-MS/MS and requires operators with less experience. The main 
advantage of continuous-flow HPLC-NMR [52] is its simplicity, although the technique is less 
sensitive than other hyphenated methods previously described. This is mostly due to the lim-
ited residence time of the analytes in the flow cell, but also because the volume of most HPLC 
peaks exceeds the volume of the NMR flow-cell, thereby placing much of the analyte outside 
the cell during data acquisition. But still these methods remain an important direction in the 
development of methods for biological samples characterization.

2.2.3. Other methods

Besides the above presented analytical methods, other techniques are currently applied for 
the characterisation of natural extracts.
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The UV-Vis absorption spectroscopy is one of the oldest methods of molecular spectroscopy 
very adequate in characterizing chemical extracts. This technique can be used both to obtain 
a general spectra of the extracts, but also for other types of measurements such phytochemi-
cals assays. In the UV-Vis spectrophotometric measurements, the biologically active com-
pounds present specific wavelengths (for phenolic acids adsorption shows between 220 and 
280 nm, flavonoids, quinones and furanocoumarins between 290 and 420 nm, chlorophylls 
600–660 nm, carotenoids between 400 and 500 nm, sesquiterpenoids at 608 nm and so on) 
[39, 41, 53]. Fourier transform infrared spectroscopy (FTIR) is based on the detection of molecu-
lar vibrations and is a technique particularly suitable for samples that may contain many 
pigments, being able to detect both organic functional groups and inorganics [54]. With a 
spectra library, FTIR can provide considerable information useful to the analysis, due to 
the presence of peaks in specific regions [29, 39, 55–57]. Very often used complementary 
with FTIR, Raman spectroscopy offers information on the molecular vibrations of a system 
and can be used for qualitative and quantitative determinations [58, 59]. Nuclear magnetic 
resonance spectroscopy (NMR) is used to determine the properties of atoms or molecules by 
exploiting the magnetic properties of the atomic nuclei. It is currently used for qualitative 
and quantitative determination on natural extracts, either by itself or combined with other 
techniques [60, 61]. Matrix-assisted laser desorption/ionisation (MALDI) represents a technique 
used in mass spectrometry that allows the analysis of thermally labile and high molecular 
weight compounds (synthetic polymers, biopolymers, macromolecules, etc.). Most often, for 
biochemistry applications, MALDI is associated with TOF (time-of-flight mass spectrom-
eter) [62]. Less encountered, the X-ray diffraction (XRD) can be used for the identification 
and quantification of natural crystalline compounds, either from dried extracts or in liquid 
matrixes [63, 64].

By determining the concentrations of carbon, hydrogen, nitrogen, sulphur or oxygen, the ele-
mental analysis technique can be an important step in characterizing chemical extracts, given 
that it can provide information that can be corroborated with other analyse results to get 
a complex image of the sample [65]. Very often, the elemental composition of an extract is 
needed, as the mineral components can enhance the therapeutic applications of plants, while 
other elements can be hazardous for human health [66]; also, the trace element profile can very 
well be used to characterize a specific soil-plant system [67]. The mineral composition of the 
extracts is most often quantified using inductively coupled plasma (ICP) techniques [68] (with 
variants atomic/optic emission spectrometry—ICP-AES/OES and mass spectrometry—ICP-MS) or 
atomic absorption spectroscopy (AAS) (also with several variants). Lately, with the development 
of the technique, X-ray fluorescence is also used for the elemental characterisation of extracts, 
having the advantages of rapid and multi-element analysis, lower analysis costs and the pos-
sibility of portable instruments [29].

2.3. In vitro protocols for the evaluation of natural extracts

The in vitro characterisation methods cover a very large area of applications. The most com-
mon application is the evaluation of the antioxidant activity. Among the methods for evaluat-
ing the antioxidant potential, the most encountered in the literature data are as follows: DPPH 
assay—a method based on the reduction of DPPH-free radical, quantified by absorbance read-
ing at 517 nm [39]. The Trolox equivalent antioxidant capacity (TEAC) measures the antioxidant 
capacity of a given substance compared with the standard Trolox. Commonly, the antioxidant 
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capacity is determined using the ABTS decolourisation assay [69]. The ferric-reducing ability 
of plasma (FRAP) assay measures reduction of the ferric iron induced by antioxidants. The 
method measures the absorption changes at 593 nm generated by the reduction of it is based 
on the reduction of the complex of ferric iron and TPTZ to the ferrous form at low pH [70]. 
The ferrous oxide-xylenol orange (FOX) assay directly measures the peroxide-dependent oxida-
tion of Fe(II) to Fe(III) in acidic environment. The absorbance is measured at 560 nm [71]. 
The ORAC assay (oxygen radical absorbance capacity) measures the oxidative degradation 
of a fluorescent molecule (β-phycoerythrin or fluorescein) by a radical source (AAPH). The 
antioxidants protect the fluorescent molecule by quenching, thus inhibiting the fluorescence 
decay [72]. The HORAC assay (hydroxyl radical antioxidant capacity) is based on the oxida-
tion of fluorescein by hydroxyl radicals, free radicals being generated by hydrogen peroxide. 
The hydroxyl radical mediated oxidation of fluorescein is blocked by the antioxidants present 
in the samples [70]. TRAP method (total radical antioxidant potential) is based on the influ-
ence of antioxidants on the fluorescence decay of R-phycoerythrin (R-PE) during a controlled 
peroxidation reaction, using as radical generator ABAP [70]. The total oxyradical scavenging 
capacity (TOSC) assay measures the decrease in ethylene production caused by antioxidants. 
In the presence of antioxidants, KMBA inhibits the thermal hydrolysis of ABAP. The determi-
nations are carried out through gas-chromatography. In the last decades, new electrochemical 
methods emerged having several advantages when compared with the classical methods: 
sensitivity, fastness, simple and inexpensive instrumentation, small volumes of samples. The 
electrochemical methods cover a large area of electrochemical techniques [73].

Another very important group of in vitro methods is represented by the antimicrobial assays. 
All the antimicrobial techniques involve the determination of the effect of the sample against 
relevant strains, compared with a negative control (the solvent used for extraction) and a 
positive control (an appropriate antibiotic). The agar diffusion test (or the Kirby-Bauer antibi-
otic testing) represents a highly standardized assay [74]. The media used is Mueller-Hinton, 
at a pH between 7.2 and 7.4. The inoculation is made with a 0.5 McFarland broth culture. The 
plate-hole diffusion assay is commonly used to evaluate the antibacterial potential of natural 
products. The test material diffuses from pre-cut wells through agar seeded with bacteria. 
The antibacterial effect is evaluated by the clear zone surrounding the well [75]. The well dif-
fusion assay is performed in order to establish the antimicrobial potential of extracts both on 
bacteria and fungi. Few drops of extract are placed in the appropriate wells and, after incuba-
tion, the zones of inhibition in millimetres are measured [75]. The agar dilution method involves 
the incorporation of extracts with varying concentrations into an agar medium (using serial 
two-fold dilutions), followed by inoculation with the test microbial onto the surface of the 
plate. The minimum inhibitory concentration is determined as the lowest at which the sample 
completely inhibits the microbial growth [75]. The broth micro- or macro-dilution represents 
one of the basic techniques for establishing the antimicrobial potential of natural extracts. 
The procedure uses two-fold dilutions of the sample in a liquid growth medium dispensed 
in tubes of minimum 2 mL (macrodilution) or in 96-well microtitration plate (microdilution). 
After inoculation, the tubes or plates are incubated under suitable conditions. The MIC deter-
minations for this method are more difficult, so often viewing devices are used for reading 
microdilution tests. The liquid-dilution method can determine whether a sample has a cidal or 
static action at a certain concentration. The minimal bactericidal or fungicidal concentration 
(MBC or MFC) can be determined using completely inhibited dilution cultures and assessing 
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growth (static) or no-growth (cidal) after incubation [76]. The disc diffusion technique represents 
a modified version of the Kirby-Bauer assay. It involves the use of discs impregnated with the 
test substance for the determination of inhibition area, by comparison with a standard sub-
stance [75]. The agar slant scheme is particularly useful for the storage of bacteria over extended 
periods. Agar slants also aids at the identification of bacteria by characteristic patterns of 
movement [77]. In the cup plate method, the test samples diffuse from a cup through an agar 
layer in a Petri dish; after incubation, around the cup appears zones of inhibition. Similarly, 
the agar well procedure involves the formation of wells in the agar media and the addition of 
samples and standard in the respective wells [77].

The antiviral potential of extracts can be evaluated using some cell-based assays. The most 
encountered techniques are plaque inhibition assay, plaque reduction assay, inhibition of 
virus-induced cytopathic effect (CPE), virus yield reduction assay and endpoint titration tech-
nique (EPTT). The plaque inhibition assay is based on the infection of a monolayer of host cells 
(pre-incubated with a solution containing the sample) with the targeted virus at various con-
centrations (expressed as plaque forming units—pfu); the surface of the layer is also covered 
with a sample-containing solution. After incubation, the plaques are stained (for example, 
with neutral red) and counted; the percent of inhibition is calculated by reference to negative 
control (without sample) [76]. The plaque reduction assay implies the mixing of the sample (or 
controls) with the viral suspension, incubation and subsequently addition of the mixture to 
host cells. The overlay used in this case is composed of agar or carboxymethyl cellulose. After 
specific periods of time, the pfu are measured by microscopy, fluorescent antibodies or specific 
dyes [78]. The virus-induced cytopathic effect (CPE) assay is particularly useful for the evaluation 
of the effect on viruses that induce CPE, but not form plaques. It is based on the detection of 
structural changes in host cells that are caused by viral invasion, with and without treatment 
with a non-toxic dose of tested substance [76]. The virus yield reduction assay is a two-step pro-
cedure. The cells (incubated with the tested materials) are infected with specific viruses. After 
incubation, the supernatants are collected and the virus titers are determined. The endpoint 
titration technique involves the determination of virus titer reduction, using 2-fold dilutions of 
the tested substance [76]. For the quantification of viruses, modern methods developed can 
complete the presented assays: tuneable resistive pulse sensing, flow cytometry, quantitative 
polymerase chain reaction (qPCR), enzyme-linked immunosorbent assay (ELISA), etc. [76].

Unlike the previous presented assays, the antiparasitic assays are highly species-specific. 
Several studies were published, especially covering the tropical infectious diseases, such 
as leishmaniasis, malaria, African sleeping sickness or Chagas disease [76]. In order to per-
form the in vitro assays, the models used for each illness (Leishmania donovani, Plasmodium 
falciparum, Trypanosoma brucei, respectively, Trypanosoma cruzi) are incubated in specific 
growth medium (with or without host cells) with the tested materials. By evaluating the 
parasite multiplication and total parasite burdens (using methods specific for each spe-
cies), the results can be expressed as % reduction (compared to control), IC50 and IC90 (50% 
and 90% inhibitory concentration).

The cytotoxicity assays are commonly used in in vitro studies. The assays study the effect 
of tested substances on specific cellular lines. The cytotoxic effect can be manifested in a 
series of cell fates: the cells may undergo necrosis (premature death of cells by lysis) can stop 
growing and dividing (decrease in cell viability) or they can undergo apoptosis (controlled 
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cell death). As the cytotoxic compounds often compromise the cell membrane integrity, the 
cellular membrane integrity assays are the most common ways to determine the cytotoxicity 
of specific compounds. The cellular integrity can be determined either by determining the 
effect produced inside the cells of specific vital dyes (for example, trypan blue or propidium 
iodide, dyes that are excluded from the healthy cells) [79] or by monitoring the passing to 
the outside of substances normally sequestered inside the cells (such as lactate dehydroge-
nase—LDH). Other methods of monitoring the cytotoxicity are the colorimetric methods 
(MTT assay, XTT assay, MTS assay, sulforhodamine B (SRB) assay, other water-soluble tet-
razolium salts—WSTs assay, etc.) [80]. The neutral red assay can be also used to measure cell 
viability, as living cells take it up and concentrate it in the lysosomes. The protein assay rep-
resented an indirect measurement of cell viability, measuring the protein content of viable 
cells after washing of the treated plates [80].

The genotoxicity assays represents a very important parameter when proposing new drugs 
(either of natural origin or synthetic ones), determining aberrations in the affected cells 
(chromatid and chromosome gaps, chromosome breaks, chromatid deletions, fragmenta-
tion, translocation, complex rearrangements, etc.). The most used assays are the Ames test, in 
vitro chromosome aberration assay, in vitro micronucleus test and comet assay. The Ames test rep-
resents an in vitro assay for bacterial gene mutations using strains of Salmonella typhimurium 
developed by Ames et al. [81]. The general procedure involves the spreading of bacteria on 
agar plate containing small histidine amounts, allowing it to develop for a short time and 
have the opportunity to mutate. The surviving bacteria after histidine depletion are those 
that gain the histidine-producing ability trough mutation. The mutagenicity potential of the 
tested substance will be proportional to the number of colonies observed. In the in vitro chro-
mosome aberration assay, cell cultures are exposed to the test substance, with and without an 
exogenous source of metabolic activation. At specific intervals, the cells are treated with a 
metaphase-arresting substance, harvested, stained and analysed in order to determine the 
presence of chromosome aberrations [82]. For the in vitro micronucleus test, cell cultures are 
exposed to the test substance, with and without an exogenous source of metabolic activation. 
The cells are grown to allow the formation of micronuclei in interphase cells, harvested and 
analysed for the presence of micronuclei. For the comet assay or single cell gel electrophoresis, 
cells are embedded in agarose on a microscope slide and are lysed, followed by electropho-
resis staining and observation by fluorescence microscopy. A particularly interesting appli-
cation of the cytotoxicity assays is the evaluation of anticancer potential of natural products. 
In order to establish the anticancer effect, the previously presented assays for cell viability 
are applied on a series of specific cancerous cells, like bladder cancer (i.e. UM-UC-3), breast 
cancer (MCF-7), colon cancer (HCT116), cervical cancer (HeLa), gastric cancer (BGC823), kid-
ney cancer (M-1), leukaemia (Jurkat), lung cancer (SHP-77), melanoma (A375), pancreatic 
adenocarcinoma (SW-1990), ovarian cancer (A2780) and others. Many studies present the 
anti-cancer effects of various natural extracts [83].

2.4. In vivo protocols for the evaluation of natural extracts

When exploring crude natural extracts, the use of in vivo assays can prove to be problematic, as 
many of those bioassays can be expensive, time-consuming (turnaround time approximately 
2 months) and require high-level expertise. Also, the screening of crude extracts, consisting of 
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multiple components, can be questionable. Thus, many scientists uses the in vitro assays for 
screening the natural extracts and reserve the in vivo assays for purified compounds [84]. The 
in vivo methods currently used can be divided by the biological entities subjected to test into 
assays using plant systems and assays using animals. Several types of plant-using assays are 
available, i.e. specific-locus tests (using maize, corn, etc.) [85] or Arabidopsis multilocus assay [86], 
appropriate for genetic risk assessment. Cytogenetic and chromosomal aberration tests were 
developed using Tradescantia [87] and, respectively, onions or beans [29]. Also, DNA adducts 
analysis is applicable to somatic and germinal plant cell systems [88] and cucumber seeds can be 
used for the study of the germination inhibitory effect [39]. What all those tests have in common 
is the recognized quality of plants to be very goof indicators of genotoxic and cytotoxic effects.

The animal-using assays, in contrast, are much more regulated by the national and interna-
tional legislation. In Europe, studies involving animals for experimental and other scientific 
purposes have to be carried out in compliance with EU legislation (Directive 2010/63/EU) 
[89]. For all in vivo methods, the tested samples are administered to the test animals (fishes, 
mice, rats, etc.) at a definite dosage, described by the specific method. After a period of time, 
the animals are usually sacrificed and blood or tissues are used for the assay [70]. Practically, 
for most of the already presented in vitro assays, there is an in vivo correspondent. However, 
due to the legislation and moral issues raised by the use of animal in vivo models, the current 
focus is on the development of viable in vitro alternatives. Before any in vivo study can be 
performed, the acute toxicity of any tested material should be established. This is expressed 
as the concentration that is lethal to 50% of the test organisms in a specific time interval. The 
test organism could be vertebrate organisms, but for obvious reasons, very often testing on 
invertebrate is preferred (for example, the Daphnia magna assay) [41]. The animal models can 
be used for the evaluation of the antioxidant potential, in assays such as ferric reducing abil-
ity of plasma, reduced glutathione (GSH) estimation, glutathione peroxidase (GSHPx) esti-
mation, glutathione S-transferase (GSt), superoxide dismutase (SOD) method, γ-glutamyl 
transpeptidase activity (GGT) assay, glutathione reductase (GR) assay, lipid peroxidation 
(LPO) assay, LDL assay or catalase assay [70]. For the evaluation of anti-diabetic potential of 
natural extracts, the test animals (usually rodents) are induced diabetes (i.e. with streptozoto-
cin) and the variation of peak blood glucose is recorded [90]. The anti-inflammatory potential 
can be evaluated using paw-oedema assay (induced by carrageenin, dextran, kaolin, etc.) 
and observation of the effect of the tested material on the evolution of the oedema [91]. The 
gastroprotective effect can be determined using animals to which gastric ulcer is induced (usu-
ally using absolute ethanol). After treatment, the animals are sacrificed, and gastric tissues 
are collected to evaluate the ulcers and to measure enzymatic activity [92]. For the evalua-
tion of anti-microbial and anti-viral potential, the microbial strain or virus is induced to the 
test animals and the effectiveness of the natural extract is subsequently evaluated [93, 94]. 
The antitumor activity can be determined on tumour be aring animals (i.e. Ehrlich ascites car-
cinoma-induced or Dalton's ascites lymphoma induced animals). The effect is determined 
using survival time, haematological studies, lipid peroxidation, solid tumour mass, etc. [95]. 
The antipyretic activity can be evaluated using animals with induced pyrexia (i.e. by Brewer’s 
yeast). The animals’ temperatures are measured at specific time intervals after treatment [96]. 
The analgesic effect can be determined using either the hot plate test (pain reflex in response 
to an external thermal stimulus is observed after treatment) or the acetic acid induced writh-
ing test (after treatment, 0.7% acetic acid is administered and the constriction of abdomen, 
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turning of trunk and extension of hind legs are observed) [96]. Other several assays can 
be performed using in vivo models, such as subacute/subchronic oral/dermal toxicity, eye/der-
mal irritation, reproduction toxicity, chromosome aberration, micronucleus assay, carcinogenicity, 
aquatic toxicology, bioaccumulation, very often provided by specific companies [97].

3. Evaluation of some traditionally used plants

The following paragraphs will shortly present selected results published by the authors, 
regarding the obtaining, characterisation and application of natural extracts from selected 
medicinal and aromatic plants, presented in Section 1.2.

Recently, our group presented the preliminary evaluation of the crude hydroalcoholic 
extract (50% ethanol) obtained from the upper aerial part of Heracleum sphondylium L. subsp. 
Sphondylium [39]. The evaluation consisted of chemical evaluation, as well as antifungal, anti-
oxidant and germination inhibitory properties. The chemical evaluation consisted of UV-Vis, 
FTIR and GC-MS analyses, as well as phytochemical assays—total phenolics, total terpenoids 
and total flavonoids. The tested extract revealed good antioxidant potential (determined by 
the DPPH assay) and good antifungal properties (evaluated by in vitro disc diffusion testing, 
against Aspergillus niger and Penicillium hirsutum, using miconazole nitrate as positive control). 
These findings support the traditional use of hogweed as a natural antifungal and antioxidant. 
The germination inhibitory effect, determined on seeds of Cucumis sativus Cornichon Wisconsin, 
recommends its use for the development of environmentally friendly and safe bio-herbicide. 
The described antifungal and germination inhibitory effects are most probably due to the con-
tent in furanocoumarins and total phenolics, as found by analytic determinations.

The essential oils extracted from various parts of Anethum graveolens L. (fruits, flowers and 
leaves), characterised by gas chromatography [98], TLC or phytochemical assays [99], were the 
subject of several pharamacognostic and applications studies previously published, reveal-
ing not only their composition [98, 99], consisting of flavonoids (aglycones and glycosides), 
hydroxycinnamic acid derivatives, coumarins, sterols, terpenoids (e.g. carvone) and muci-
lages, but also the antifungal activity (against Candida albicans [98]) determined by disk diffu-
sion method, using as positive standard miconazole impregnated disc) and the possibilities of 
incorporating the essential oils in liposomal delivery vehicles [100–102]. The e ntrapment of A. 
graveolens essential oils in such delivery vehicles represents a very important step in develop-
ing topical pharmaceuticals capitalizing their good antimicrobial properties.

The hydroalcoholic extracts (40% alcohol) obtained from the leaves of Taraxacum officinalis 
(L.) Weber ex F.H. Wigg and roots of Arctium lappa L. were characterised using HPLC, phyto-
chemical assays and absorption emission atomic spectrometry (to determine the mineral con-
tent) [7]. The content in total polyphenols and total flavone derivatives was found to be higher 
in the burdock extract compared with the dandelion extract. Several polyphenol carboxylic 
acids (caffeic, chlorogenic, ferulic, cichoric, cinaric) and flavone derivatives (rutin, querce-
trin, quercetin, luteolin, apigenin) were identified in the two extracts by means of HPLC. 
Also, several minerals (Ca, Mg, Na, K, Mn, Fe, Zn, Cu) were quantified, minerals that could 
offer the extracts antioxidant properties [7]. The extracts exhibited bactericidal effects against 
Escherichia coli and Salmonella abony enterica [8].
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Anthriscus with two variations (wild chervil—A. sylvestris (L.) Hoffm. and garden chervil—A. 
cerefolium (L.) Hoffm.) represented the subject of an ethnomedicinal and a phytochemical and 
pharmacological study [4] and of a paper dealing with the obtaining, characterisation and 
applications of hydroalcoholic extracts (50% ethanol) [41]. The previously mentioned review 
paper [4] contained the botanical and ethnomedicinal presentation of A. sylvestris, the phy-
tochemical profile of its roots, aerial parts and fruits, and its possible applications, such as 
antitumor, anti-microbial, anti-inflammatory, antioxidant and biotechnology applications. A. 
cerefolium extracts were obtained from the aerial parts, via classical hydroalcoholic method 
and microwave extraction [41]. The extracts were characterised using UV-Vis, GC-MS and 
phytochemical assays. The sample obtained by microwave extraction was not only richer in 
terpenoids, flavonoids and phenolic compounds, but also had a better antifungal (against A. 
niger and P. hirsutum fungal lines) and antioxidant activity (as determined by the DPPH assay 
and a chemiluminescence method). Finally, the paper described the applications of the extracts 
in nanotechnology, for the phytosynthesis of silver nanoparticles. The nanoparticles obtained 
using the microwaves-extract had smaller dimensions (evaluated by UV-Vis, SEM and TEM) 
and enhanced antifungal and antioxidant properties. The phytosynthesised nanoparticles pre-
sented a relatively good stability in time; also, no evidence of toxicity exhibited by the silver 
nanoparticles was shown by an in vivo toxicity assay (Daphnia magna bioassay) [41].

The present work aims not to exhaustively present the obtaining and characterisation meth-
ods of natural extracts, but to bring its contribution to the field of phytochemistry, by address-
ing the most common methods for obtaining/characterisation of natural products, supported 
by some examples from our previously published works.
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Abstract

Rosemary is a well-known aromatic and medicinal plant whose consumption serves to 
remedy the number of disorders. Its essential oil (EO) constitutes an important ingredient 
for well-being feeling improvement through beauty products such as soaps, perfumes, 
and deodorants. The identification of phytochemical compounds is based on the peak 
area, retention time molecular weight, molecular formula, chemical structure, and phar-
macological actions. It contains chemical constitutions, which may be useful for various 
herbal formulations as anti-inflammatory, analgesic, antipyretic, cardiac tonic, and anti-
asthmatic. Therefore, this chapter reviews the phytochemical compounds of Rosmarinus 
officinalis, using methanolic extraction. The phytochemical compound is screened by gas 
chromatography-mass spectrometry (GC-MS) method and the evaluation of antimicro-
bial and antioxidant activities of the essential oils.

Keywords: aromatic and medicinal plant, Rosmarinus officinalis, gas chromatography-
mass spectrum analysis, essential oil, antibacterial activity, antioxidant activity

1. Introduction

Rosmarinus officinalis thrives well in dry and arid regions, hills and low mountains, calcareous, 
shale, clay, and rocky substrates. Its use since ancient times in traditional medicine is justified by 
its antiseptic [1, 2], antirheumatic [3], anti-inflammatory, antispasmodic [4, 5], antimicrobial, and 
anti-hepatotoxic properties [6]. Its appreciation as a spice for seasoning and food preservation [7] 
is supported by a very high antioxidant activity [8]. The potent antioxidant properties of rosemary 
extracts have been attributed to its phenolic compounds, mainly rosmarinic acid and diterpenes 
carnosic acid and carnosol [9, 10]. Rosemary extract relaxes smooth muscles and has choleretic, 

© 2017 The Author(s). Licensee InTech. 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.



hepatoprotective, and antitumorigenic activity [11]. Recent research shows that rosemary extracts 
possess strong anticancer properties. In the last few years, gas chromatography-mass spectrom-
etry (GC-MS) has become firmly established as a key technological platform for metabolite profil-
ing in plant [12–16]. GC-MS-based metabolome analysis has profound applications in discovering 
the mode of action of drugs or herbicides and helps unravel the effect of altered gene expression 
on metabolism and organism performance in biotechnological applications.

2. History

Rosemary has been named the Herb of the Year in 2001 by the International Herb Association. 
Hippocrates, Galen, and dioscorides prescribed rosemary for liver problems. Rosemary is 
not a popular plant in India. It was introduced by the Europeans as a garden plant due to its 
pleasant fragrant-scented leaves.

3. Varieties

There are more than 20 varieties of rosemary plant. The different types of rosemary are as follows:

1. Upright rosemary: It measures between six and eight feet in diameter and two feet or more 
in height.

2. Creeping rosemary: It covers eight or 10 feet in diameter in a very short period of time. It 
can also trail down eight or 10 feet. It falls all the way to the ground and is covered with 
pale blue flowers.

3. Pine-scented rosemary: Pine-scented rosemary is a soft sea green that grows to about three 
to four feet high by about four or more feet wide.

4. Arp rosemary: This plant grows where winter temperatures are frequently in the teens or less.

5. Madalene hill rosemary: It is a cold hardy rosemary. It is rated to survive −15° and is erect, 
growing to about three feet. Its flowers are light blue.

6. Pink rosemary: It has the thinnest leaves of all R. officinalis plants. The flower is pale in color 
and grows quickly to two feet.

7. Dancing waters rosemary: It is shorter, more mounding and has dark blue flowers.

8. Golden rain rosemary: It has weeping foliage. The golden hue of the plant turns darker 
green over summer and returns with cooler weather.

9. Blue boy rosemary: It is the smallest of all the rosemary varieties. It has small leaves and 
little light blue pearls for flowers. This plant grows out to cover about 12 inches but rarely 
gets over six inches tall.

4. Microscopic characteristics

The leaf is dorsiventral with upper epidermal cells polygonal in shape [17].
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5. Major chemical constituents of R. officinalis using gas 
chromatography-mass spectrum analysis

The GC-MS analysis of the plant extract was made in a (QP 2010 Plus SHIMADZU) instru-
ment under computer control at 70 eV [18–36].

Gas chromatography and mass spectroscopy analysis of compounds was carried out in meth-
anolic seed extract of R. officinalis, shown in Table 1. Among the identified phytocompounds 
have the property of antioxidant and antimicrobial activities. Plant-based antimicrobials have 
enormous therapeutic potential as they can serve the purpose with lesser side effects [37–41]. 
In addition, rosemary harvested in Portugal is rich in myrcene (25%), 1,8-cineole, and cam-
phor [42] while rosemary from North East of Spain presents an essential oil (EO) containing 
camphor and α-pinene as main constituents [43]. Furthermore, the essential oil of Lebanese 
rosemary is characterized by 1,8-cineole (20%) and α-pinene (18.8–38.5%) [44]. The major 
compounds of R. officinalis’ essential oil from Eastern Cape Province in South Africa are ver-
benone (17.43%), camphor (16.57%), 1,8-cineole (11.91%), α-pinene (11.47%), borneol (5.74%), 
and camphene (5.70%) [45]. Many factors affect yield and chemical composition of essential 
oils such as drying, harvest period, harvest region, extraction technique, and the age of the 
plant [46, 47].

6. Antioxidant activity

Antioxidant activity of R. officinalis is due to its phenolic compounds including carnosic 
acid, carnosol, rosmarinic acid, and hydroxycinnamic acid ester. Rosemary uptake improves 
memory, and it is sometimes used as an antidepressant. It is also useful against cough and 
digestive disorders such as diarrhea, spasms, and flatulence. Thanks to diuretic and anti-
spasmodics properties, the aerial parts of rosemary are orally used to relieve renal colic and 
dysmenorrhea [48–52].

7. Antibacterial activity

R. officinalis and R. eriocalyx EOs are extremely active on Pseudomonas aeruginosa and Klebsiella 
pneumoniae strains. This result is very important especially for P. aeruginosa, which is known 
for its high resistance to all antibiotics. These results have some similarities with those of 
Taoufik Ouassil since he found that R. officinalis is active against the four species of bacteria 
(Escherichia coli: <14 mm, Staphylococcus aureus: <14 mm, P. aeruginosa: 14 mm, K. pneumoniae: 
14 mm). Diameters of inhibition concerning E. coli and S. aureus are similar to ours but a 
great difference can be observed concerning P. aeruginosa and K. pneumoniae. Many research-
ers have highlighted sensitivity of Gram (+) bacteria compared to Gram (−) while testing natu-
ral extract but in our case it seems that Rosmarinus’ essential oils are more active against 
Gram (−) bacteria. R. officinalis essential oil expressed a strong inhibitory activity against K. 
pneumoniae with an MIC of 2.08 mg/ml, and S. aureus with an MIC of 8.35 mg/ml. E. coli and 

Phytochemistry, Antioxidant, Antibacterial Activity, and Medicinal Uses of Aromatic (Medicinal...
http://dx.doi.org/10.5772/66605

181



P. aeruginosa were inhibited with 16.7 mg/ml. R. officinalis EO has also a bactericidal power. 
Minimal bactericidal concentrations were 4.17 mg/ml for K. pneumoniae and 33.4 mg/ml for E. 
coli, S. aureus, and P. aeruginosa. According to our results, the MBC/MIC ratios are lower than 
four for all strains, so both essential oils have a bactericidal power against the tested strains. 
In Turkey (Izmir), Yesil Celiktas et al. (2007) worked on R. officinalis and found the following 
MIC: E. coli (20 mg/ml), S. aureus (10 mg/ml), P. aeruginosa (10 mg/ml), and K. pneumoniae 
(20 mg/ml). Okoh et al. [45] found that South African sample of R. officinalis (oriental region 
of the Cape) exhibited the following MIC: E. coli (7.5 mg/ml), S. aureus (3.75 mg/ml), and K. 
pneumoniae (0.94 mg/ml).

8. Brain, cardiovascular, gastrointestinal and other medicinal uses

It is used as carminative, rubifacient, and stimulant and as flavoring agent for liniments, hair 
lotions, inhaler, soaps, and cosmetics. Rosemary leaves have many traditional uses based on 
their antibacterial and spasmolytic actions. They are used orally for the treatment of dyspep-
tic complaints, and in external applications for supportive management of rheumatic com-
plaints and circulatory disorders. Aetheroleum Rosmarini crude drug may enhance cognition. 
It is used as a cholagogue, diaphoretic, digestant, diuretic, emmenagogue, laxative, and tonic 
and also used in the management of headache, menstrual disorders, nervous menstrual com-
plaints, tiredness, defective memory, sprains, and bruises:

1. Brain and nervous system conditions.

2. Cardiovascular conditions: It improves circulation, raises blood pressure, and stimulates 
the weak heart subject to palpitation when consumed in small doses.

3. Gastrointestinal circulatory systems: In conditions of bad breath, and stomach upset. 
Promotes proper digestion, toning, and calming effect on the digestion.

4. Reproductive system conditions: Stimulates the sexual organs.

5. Respiratory system: Colds and colic.

6. Other uses: The oil is used as perfume in ointments, shampoos, and soaps. The flowers are 
laid in clothes and cupboards to destroy moths. The leaves are crushed into meats, fish, 
potato salads, and so on.

9. Pharmacological properties

Singletary and Nelshoppen [53] studied the “Inhibition of 7, 12-dimethylbenz[c]anthra-
cene (DMBA)-induced mammary tumorigenesis and of in vivo formation of mammary 
DMBA-DNA adducts by rosemary extract.” Rosemary extract induces mammary tumori-
genesis and in vivo formation of mammary dimethyl benz anthracene DNA adducts [54]. 
Hyperglycemic and insulin release inhibitory effects of R. officinalis. Krause et al. [55] studied 
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the “Bioavailability of the antioxidative R. officinalis compound carnosic acid in eggs.” Using 
this method, carnosic acid could be detected in 20 ng/g of egg yolk. Results showed that 
carnosic acid is bioavailable in egg yolk but not in albumen. Yen et al. [56] worked on the 
“Measurement of antioxidative activity in metal ion-induced lipid peroxidation systems.” 
The antioxidant activity of α-tocopherol is less than that of rosemary extracts in the iron 
ion-induced peroxidation systems. Samman et al. [57] reported that “Green tea or rosemary 
extract added to foods reduces non-heme-iron absorption.” The presence of the phenolic-rich 
extracts resulted in decreased non-heme-iron absorption [58]. Haloui et al. [59] studied the 
effects of aqueous extracts of the crude drug on the treatment of kidney function and diuresis 
in rats was determined. Jaswir et al. [60] studied “The synergistic effects of rosemary, sage, 
and citric acid on fatty acid retention of palm olein during deep-fat frying.” A combination of 
0.076% oleoresin rosemary extract, 0.066% sage extract, and 0.037% citric acid produced the 
optimal retention of the essential fatty acid [61]. Sotelo-Félix et al. [62] worked on the evalu-
ation of the effectiveness of R. officinalis (Lamiaceae) in the alleviation of carbon tetrachlo-
ride-induced acute hepatotoxicity in the rat. Histological evaluation showed that R. officinalis 
partially prevented CCl4-induced inflammation, necrosis and vacuolation. Park et al. [63] 
reported the “Neuroprotective effect of R. officinalis extract on human dopaminergic cell line, 
SH-SY5Y. R. officinalis might potentially serve as an agent for the prevention of several human 
neurodegenerative diseases caused by oxidative stress and apoptosis. Sacchetti et al. [64] 
worked on the “Comparative evaluation of 11 essential oils of different origin as functional 
antioxidants, antiradicals and antimicrobials in foods.” Antioxidant and radical-scavenging 
properties were tested by means of 1,1-diphenyl-2-picrylhydrazyl (DPPH) assay, b-carotene 
bleaching test, and luminol-photochemiluminescence (PCL) assay. Cavero et al. [65] reported 
the “In vitro antioxidant analysis of supercritical fluid extracts from rosemary (R. officinalis 
L.).” Using forward stepwise multiple linear regression, carnosic acid, methyl carnosate, and 
carnosol were the compounds selected to predict the mentioned activity, with a value of 0.95 
for the coefficient of determination. Antioxidant, antibacterial, and antifungal activities of the 
extracts were confirmed [66]. Moghtader et al. [67] reported “The  evaluation of  antioxidant 
potential of Veronica officinalis and R. officinalis extracts by monitoring  malondialdehyde 
and glutathione levels in rats.” The reduced and total glutathione were quantified from rat 
plasma, after derivatization with o-phthalaldehyde, using a high-performance liquid chroma-
tography (HPLC) method with florescence detection. Salido et al. [68] studied the “Oxidative 
stress modulation by R. officinalis in CCl4-induced liver cirrhosis.” The effect produced by 
a methanolic extract of R. officinalis on CCl4-induced liver cirrhosis in rats was investigated 
using both prevention and reversion models.

10. Conclusion

R. officinalis is the native plant of Iraq. It contains chemical constitutions which may be useful 
for various herbal formulations as anti-inflammatory, analgesic, antipyretic, cardiac tonic, and 
antiasthmatic. The phytochemical screening of the species has highlighted that both plants 
contain flavonoids, tannins, sterols and triterpenes, saponins, free anthraquinones, mucilages, 
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cardiac glycosides, and catechols. Preliminary results of antibacterial study showed in vitro 
efficiency of R. officinalis and R. eriocalyx on all tested bacteria with minimum inhibitory con-
centrations ranging from 1.04 to 16.7 mg/ml. The results presented here may contribute to the 
knowledge of antimicrobial potential of these species. Other studies on extracts activities of 
these species are needed to compare them with essential oils activity. Rosemary is an exotic 
evergreen shrub with multiple medicinal and cosmetic properties. It is a popular herb which 
serves as flavoring agent and spice. Although it is well renowned for all these potencies, the 
oil of the plant is adhered with many side effects and hence lacks safety data. Therefore, the 
use of rosemary in pediatrics, as well as in pregnant women, should be always dealt with 
utmost care. It could be concluded that R. officinalis displays a wide variation in essential oil 
chemical composition in correlation with the climatic conditions under which it is grown, as 
well as the genetic variation, thus generating different chemotypes.
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Abstract

In Mexico, there is an area known as semiarid region that is located in northern Mexico,
and this region is rich in biodiversity (endemic flora and fauna). In the semiarid region of
Mexico are more than 3500 species of plants that have been identified and used as natural
alternatives  to  treat  different  ailments  (digestive  ailments,  kidney  problems,  skin
conditions, etc.). The use of plants for medicinal purposes was a common practice in
Mexico before the arrival of the Spanish in the sixteenth century; although this knowledge
was underestimated for a long time, now interest has reemerged in the use of plants as
alternative remedies or traditional medicine. It is now known that the medicinal plant
capacity is due to its biological properties, which are due to chemical compounds that are
synthesized  by  the  plant  metabolisms,  called  phytochemicals.  Phytochemicals  are
bioactive  compounds that  have  important  biological  properties  such as  anticancer
property, antimicrobial, antiparasitic, antioxidant, and interest in the recovery of these
compounds has grown in recent years, in order to find natural alternatives to synthetic
drugs, which they are used for different chronic conditions such as cancer.

Keywords: phytochemical, bioactive compounds, medicinal plant, antioxidant

1. Introduction

Mexico has diverse natural ecosystems that allow the development of a wide variety of flora
and fauna; one of them is the semiarid ecosystem. Also, in Mexico, herbal medicine goes back
beyond pre-Columbian times, representing a natural and inexpensive alternative for health care,
having an important role in the system of traditional medicine. In this context, the plants that
grow in Mexican semidesert have been used through the years as traditional medicinal agents
and that practice and knowledge have been passed down from generation to generation. In
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according to data from the World Health Organization (WHO), about 75% of people use herbal
medicinal plant extracts for primary health care worldwide.

Therefore, the interest in natural products has increased as a source of new medicines at the
industrial and research level, where about 40% of modern drugs in use have been developed
from natural products. Since these natural products have a wide structural diversity, mainly
small molecules (<2000 Da), which are able to be absorbed and metabolized quickly in the
body, called secondary metabolites, its interaction gives biological effects resulting in benefit
to health [1]. About 39% of drugs approved between 1983 and 1994 were natural products or
their derivatives, including a 60–80% antibacterial and anticancer agents from a natural source.
For that reason scientific studies about chemical composition of plants from the Mexican
semidesert have been developed, in order to understand and explain the medicinal effects of
these plants. Now it is well known that the medicinal effects are due to the presence of
phytochemicals with bioactive potential. This chapter provides an overview of the Mexican
semidesert endemic plants that have been used in traditional medicine in order to project the
opportunities for study and use of natural resources in Mexico.

2. Jatropha dioica Sessé (dragon’s blood)

One of the plants used in Mexican traditional medicine is a plant called Jatropha dioica Sessé [1].
It is a plant native to the Mexican semidesert [2], is a small shrub (50–150 cm), and is commonly
known by different names, such as batácora, coatli, dexthi, drago, felondilla, sangregado, and
sangregada. In the Mexican semidesert, its most common name is dragon’s blood [3] due to
the fact that the plant contains a colorless liquid that turns red on contact with air (red-like
blood) [2].

This plant grows in dry climates and rocky soils over the mountains; therefore, it is a unique
specie of the Mexican semidesert [4, 5].

Dragon’s blood has been used in Mexican traditional medicine to treat different diseases or to
prevent hair loss. Actually, the stems of the plant are cooked in hot water, and the liquid is
applied to the hair after washing [1, 6]. The liquid recovered from the cooking of dragon’s blood
stems is also used for the treatment of strokes, small wounds, acne, and also for other skin
conditions [6, 7].

Also, it has been reported that this plant is useful for strengthening the gums, to keep the teeth
in their sockets, acting on the fibers that sustains them [8]. Extracts from this plant have been
used as antimicrobial agents. The plant is mainly used as medicinal infusions for the treatment
of vaginitis, urethritis, gonorrhea, nephritis, gastroenteritis, conjunctivitis, renal congestion,
and local antiseptic. The plant has also been used to treat ulcers and asthma [1].

In addition, there are few reports about the phytochemistry of J. dioica. It has been reported
that from the root of the plant are extracted and identified terpenes, such as citlalitrione,
jatrophone, riolosatrione, and sterols like R-sitosterol [2]. In addition, essential oils, resins,
saponins, and alkaloids have been recovered [9].
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The phytochemicals of J. dioica have been associated with important biological properties for
traditional medicine. It has been reported that J. dioica contains secondary metabolites such as
polyphenols or tannins, flavonoids, and terpenes, which help the defense mechanisms of the
plant [10, 11]. Aguilera-Carbo et al. [12] reported the presence of important compounds such
as ellagitannins and ellagic acid in the plant. These compounds are relevant because they
posses biological activities such as antimicrobial and antioxidant.

Besides, this plant has antitumoral, antimicrobial, and antioxidant properties [13]. However,
it has also been reported that the plant seeds produce toxic effects if they are consumed as
infusions. The main toxic effects are related to the damage at DNA level in cells; however, it
has been demonstrated that such effects can be eliminated if the concentrations used are
appropriate to take care of the toxicological aspects in order to preserve the biological effects
[1]. Furthermore, Lioglier [14] reported that the use of the seeds of the plant in traditional
medicine is not recommended due to toxicity. One of the main medicinal effects is the effect
against skin conditions, it has been demonstrated that J. dioica control wounds, skin infections,
and inflammation.

Another important medicinal effect is the antiviral effect, mainly against influenza type A virus
and simplex herpes virus [15]; this is important due to the fact that these two viral diseases are
the most common throughout the world. There is no doubt that the anticancer effect is also the
most important because it is a common and difficult condition to treat. J. dioica extracts have
shown anticancer activity against melanoma cells, human hepatocellular carcinoma, and
human pharynx carcinoma [16].

All these medicinal effects abovementioned are relevant, and this plant represents an option
for treatment for different conditions on human health.

3. Turnera diffusa Willd (damiana)

The semiarid region of México has a great diversity of plant species that have been used in
traditional medicine; this is the case of Turnera diffusa [17]. T. diffusa is commonly known as
damiana, although it is also known by other names, such as “hierba de la postora,” “hierba
del venado,” and “oreganillo.” This plant is widely distributed in the semiarid region of
México, mainly in the states of Baja California, Chihuahua, and Coahuila [18]. It is a small wild
shrub that measures 60 cm–1 m and grows in rocky soil with dry climate and characteristics
of the semiarid México [19]. This plant has been used in traditional Mexican medicine, such as
infusions, teas, antiseptic solutions, for the treatment of various disorders. Damiana extracts
have medicinal effects against digestive disorders (diarrhea), urinary (infections), and respi-
ratory (expectorant). Damiana also has therapeutic effects against me nstrual and circulatory
disorders because the plant has vasodilatory properties [9].

The compounds present in damiana extracts have other beneficial properties for human health;
it has been shown that this plant has anxiolytic effects that reduce and prevent depression and
its physiological effects [19]. The consumption of damiana infusions prevent diabetes because
its hypoglycemic activity [20] and cutaneous application of damiana infusions control the
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process of inflammation in wounds [21] and prevent infections caused by microorganisms and
parasites [22].

It has been demonstrated that damiana extracts have important medicinal properties. There
are studies about the antiulcerogenic effects of this plant, it was demonstrated that due to the
presence of damiana bioactive compounds, arbutina, it has an anti-inflammatory activity in
tissue samples of cells from the stomach [23]. Other authors have reported that consumption
of damiana infusions control and prevent diabetes mellitus and avoid dependence on insulin
[24], and damiana infusions control polyuria, polydipsia, and glucosuria.

However, there is scarce information about the content of phytochemicals in this specie;
however, it was reported that the specie has some important compounds in it. One of the
groups that have been reported to damiana is terpenes; Alcaráz-Meléndez et al. [24] determined
the proportion of compounds as cineole, alpha-pinene, beta-pinene, thymol, and p-Cymene
(0.5–1%). Damiana also contains hydrolysable tannins (4%) [25], flavonoids (0.7%) [26],
alkaloids, etc. Some reference compounds in damiana are ar arbutin (flavone) and apigenin
(hydroquinone), and they have been reported to be the main bioactive compounds of this plant.

Zhao et al. [25] described the presence of uncharacterized compounds in damiana. These
compounds were luteolin glycoside, apigenin glucopyranoside, apigenin coumaroylgluco-
side, syringetin glucopyranoside, and laricitin glucopyranoside. These compounds belong to
the group of flavones and flavonoids that have biological activities such as anti-inflammatory,
antibacterial, and antioxidant [27, 28].

The compounds identified in damiana possess biological activities that can improve the
medicinal effects. Damiana has compounds such as flavonoids, polyphenols, and terpenes [25],
and these compounds have antioxidant activity, which inhibits the activity of free radicals that
cause damage to health by increasing the risk of cancer [29].

On the other hand, compounds of damiana have other activities that promote human health.
These compounds have antimutagenic, antitumor, and anticancer activity [30, 31] against
carcinogenic compounds such as pyrene-7,8-dio-9,10-epoxide (BPDE); therefore, damiana
represents an option for prevention and treatment of cellular disorders.

The antiviral property of damiana compounds has been studied in vitro. Polyphenols and
flavonoids inhibit the replication of human influenza type A virus [32], and these compounds
inhibit the replication of human immunodeficiency virus (HIV) also, blocking the action of
some specific enzymes.

The compounds that are present in damiana can also prevent infections caused by pathogenic
microorganisms because these compounds have antimicrobial activity. Polyphenols and
flavonoids have been evaluated against pathogens such as Salmonella tiphy, Salmonella pyogenes,
and Pseudomonas aeruginosa [33, 34].

There is scarce information about the compounds present in damiana and its medicinal and
pharmacological effects, this represents an opportunity to generate knowledge and expand
the application field of the plant for the treatment of relevant conditions for human health.
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4. Larrea tridentata (Creosote bush)

Larrea tridentata (Creosote bush) is known as “gobernadora,” “hediondilla,” or “guamis” in
Mexico. It is abundant in the desert areas of the North Mexican states such as San Luis Potosi,
Coahuila, Chihuahua, Durango, Sonora, and Zacatecas [35]. Creosote bush is a widespread
perennial flowering bush thriving in the deserts of Mexico and is an important plant with a
long history of medicinal use for different pathologies [36].

Creosote bush is widely distributed in nature, and it is a notable source of natural products
with biological activities. The plant resin has been reported to contain a total of 19 flavonoid
aglycones, some flavonoid glycosides, halogenic alkaloids, several lignans, and a large
quantity of essential oils [35]. The leaves are shiny with a thick resinous coating and discharge
a strong odor and have a sour flavor. Along with these compounds, Creosote bush extracts
contain saponins, monoterpenes, sterols, tannins such as gallic acid (GA) and the antioxidant
nordihydroguaiaretic acid (NDGA). All these compounds, especially NDGA and other
phenols of the leaf surface, function as antimicrobial agents and as protection against herbi-
vores, UV radiation, and water loss [37].

The medicinal use of Creosote bush is through extracts and preparations from this plant to
treat a wide variety of disorders including skin sores, fungal and microbial infections, diabetes,
kidney and gallbladder stones, arthritis, venereal diseases, cold virus infections, sinusitis,
rheumatism, and cancer [38].

Particularly, NDGA and tannins has been identified to have a significant role in cancer therapy
including different models of carcinogenesis such as lung, breast, skin, prostate, and esopha-
geal cancers, demonstrated the capacity of these compounds to inhibit the growth and
proliferation of several human cancer types [39]. In addition, NDGA has been found to be a
potent antiviral and inhibitor of viruses such as herpes simplex virus (HSV), human papilloma
virus (HPV), human immunodeficiency virus (HIV-1), and influenza virus [40]. NDGA
suppresses regulated transcription DNA-binding site that plays an active role in the virus gene
expression, leading to inhibition of gene expression from the early promoters and thus
interferes with proteins function and transcription [41].

5. Cancer and bioactive compounds

Currently, some authors mention that the incidence of cancer is significantly lower in the
people whose diet consists mainly of fruits, vegetables, and herbal teas, than people whose
food consumption is mainly animal products. This has led researchers to search for natural
anticancer compounds obtained from semidesert plants or foods with high phytochemicals
and polyphenols [42].

Hopeful polyphenols are ellagic acid and gallic acid, among other polyphenols, that could be
considered as alternative treatments against cancer. Some studies with GA obtained from
various foods and plants have shown that this compound has anticancer activity against
several types of cancer interfering in some stages of tumor growth, suppressing angiogenesis
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and metastasis in some tumor lines of lung, prostate, bladder, brain, kidney, and leukemia [43,
44]. Moreover, GA inhibits metastasis of P815 liver cells, induced apoptosis in DU145 and
22Rv1 cell prostate cancer in athymic mice, and reduced viability of U251n and U87 human
cells glioma after 24 h of treatment [45, 46]. In contrast, for PWR-1E prostate epithelial cells
that are not cancerous have no significant change, indicating that GA has a selective toxicity
to cancer cells of prostate cancer. Besides, gallic acid treatment was found to diminish the
cellular oxidative stress by decreasing ROS (Reactive Oxygen Species) production and
hepatocarcinoma cell proliferation and also decrease hepatitis C virus (HCV) replication in
Huh7 replicon cells decreasing the expression of nonstructural HCV proteins of the virus [47].

Moreover, the molecular mechanisms underlying the anticancer activities of Creosote bush
lignans and antioxidants have been shown to involve wide cancer pathways. The specific
inhibition of the Sp1 oncogenic factor (Sp1-dependent gene coding for cyclin-dependent
kinase) promotes apoptosis by inhibiting expression of the surviving gene with these plant
lignans and methylated NDGA derivatives and have been shown to induce a decrease in the
proliferation of breast cancer cells [48, 49].

The mechanisms that Creosote bush compounds are antitumorigenic and antiproliferative are
still being elucidated. Other authors carrying out in vivo studies revealed that NDGA sup-
presses tumor growth by inhibiting metabolic enzymes as well as RTK phosphorylation, which
is overexpressed in certain cancer cells [50]. Also, several studies demonstrated that NDGA
and some tannins have the property of inhibiting cancer cell growth in vitro in human tumor
cell xenografts in mice [51].

Furthermore, the demonstration of the hypothesis that antioxidants from foods and plants can
execute beneficial health effects, including acting as inducers of mechanisms relating to
antioxidant defense [52], longevity [53], cell maintenance, and DNA repair [54].
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Abstract

This chapter focuses on Education for Sustainable Development (ESD) for communities 
selling medicinal plants in northern KwaZulu-Natal, South Africa. The purpose is to 
equip the participating medicinal plant sellers with knowledge and skills related to the 
trade of medicinal plants. In particular, the study focuses on cultivating the participants’ 
awareness of the importance of conducting their business based on principles of conser-
vation, sustainable livelihoods and environmental sustainability. The study followed a 
case study design within a mixed methods research paradigm. Data collection involved 
the use of face-to-face questionnaire administration and follow-up focused group inter-
views. Phase 1 results revealed a number of challenges faced by the medicinal plant sell-
ers. These included processing, storage and packaging, lack of business skills and the 
conservation of medicinal plants and their products. Following a capacity building inter-
vention based on ESD and non-formal education principles, phase II results showed that 
the medicinal plant sellers had revised some of their business practices–such as pricing 
techniques and record keeping. However, processing of medicinal plant materials, stor-
age, packaging and conservation remained a challenge that needed further attention. In 
particular, sustainable harvesting practices and cultivation of medicinal plants in home 
gardens still presented some difficulties.

Keywords: sustainability, indigenous knowledge, medicinal plants, storage, 
conservation, marketing and packaging

© 2017 The Author(s). Licensee InTech. 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.



1. Introduction and background to the study

1.1. Introduction

This study is a multidisciplinary research involving various stakeholders various stakehold-
ers. The stakeholders were, among others, medicinal plant sellers, author(s) (as the researcher) 
and nature reserve owners (where medicinal plant species are conserved).

In discussing IK [1], state that traditional indigenous knowledge developed through a 
close connectedness with the physical and social environment that people used to enjoy. 
Wolfensohn, (President of the World Bank) noted that, “Part of any society’s past and cultural 
values are its Indigenous Knowledge where, as human beings, we are expected to learn from 
in order to enhance developmental issues.” This way, knowledge transfer within and among 
communities creates an enabling environment for people to deal with social, political and 
economic issues that affect their lives.

Echoing the above, the ESD explains indigenous knowledge as, “An endless process of learn-
ing that produces creative thinking individuals who are able to scientifically tackle problems 
to the benefit of society, hence ensuring a fruitful and sustainable environmental future.” [2] 
concurs with [1] in acknowledging that ESD prepares individual for ecologically sustainable 
future. It also empowers them on restoring the earth’s natural resources, hence fosters sup-
port for the well-being of future generations by promoting sustainable lifestyles.

In this context, the concept of ESD is used to explore the sustainable development of medici-
nal plant sellers in light of the plants they sell. The idea is to conserve the indigenous medici-
nal plant species before they become extinct. Medicinal plant sellers were targeted because 
they are part of the medicinal plant market chain. By virtue of their trade, medicinal plant 
entrepreneurs harvest many plant species for their business. The following section is the back-
ground to the study.

Contained in this chapter is the section that deals with this study’s background, followed 
by the rationale for the study, study objectives and method of investigation. The last section 
discusses the study’s results, interpretation and discussion. Finally, the chapter concludes by 
highlighting significant issues that emerged from the results.

1.2. Background to the study

The findings reported here are based on an earlier case study on medicinal plant sellers con-
cerning the types, uses, quantities, prices charged and conservation nature of medicinal plants 
[3]. The case study revealed, inter alia, that medicinal plants are harvested by medicinal plant 
sellers without any thought of conservation on their part, thereby threatening the long-term 
survival of the selected plant species. The following species (Table 1) were found to require 
urgent conservation if they were to survive uncontrolled harvesting. Worse still, literature 
identified these species as being at high risk due to over-harvesting [4-7].

The conservation status of the medicinal plants listed in Table 1 was compared for authentic-
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danger that not all the 13 species may survive the current harvesting onslaught. For instance, 
medicinal plant species such as Bauhinia bowker, Ocotea bullata and Warbugia salutaris whose 
barks are harvested, take too long to mature, hence threat to their prolonged survival. For this 
study, the species mentioned were not propagated due to time constraint.

1.3. Rationale for the study

The rationale for this study was to identify ways by which medicinal plant sellers would 
conserve medicinal plant species since they are major stake holders in the medicinal plant 
selling business. Having realised that medicinal plant sellers harvested plant species in an 
unsustainable manner, it became necessary to bring to their attention the need to harvest 
plants in a sustainable manner. This involved various methods on plant conservation that 
ensured continued availability and future use of the said species. Thus, the study introduced 
the concept of sustainability, a concept described as a wise use of resources (medicinal plant 
species) for future generations [8]. Principles of sustainability include the recognition that the 
needs of future generations are not compromised as we seek to meet current demands. It was 

Family names Scientific names Zulu names Conservation Status Part used

Apiaceae Alepidia amatymbica Ackl.& 
Zeyh.

i-Khathazo Vulnerable Root

Orchidaceae Ansellia africana Lindl. i-Mfeyenkawu Vulnerable Whole tree

Fabaceae Bauhinia bowkeri Harv. u-Mdlandlovu Rare Bark

Hycinthaceae Boweia volubilis Harv.ex 
Hook.f.

u-Gibisila Endangered Bulb/tuber

Merwilla plumbea (Lindl.) 
Speta

i-Nguduza Vulnerable Bulb

Eucomis autumnalis(Mill.)
Chitt.

u-Mathunga Vulnerable Tuber

Asphodelaceae Bulbine frutescens(L.) Wild. i-Bhucu Endangered Leaves

Zamiaceae Encephalartos natalensis  
R. A. Dyer & I. Verd

i-Sigqiki somkhovu Rare Tuber

Encephalartos villosus Lem i-Mfingo Rare Root

Apolynaceae Haworthia limifolia N. E. Br. u-Mathithibala Vulnerable Whole plant

Apocynaceae Mondia whitei (Hoof.f.)  
Skeels.

u-Mondi Vulnerable Root

Hypoxidaceae Ocotea bullata (Burch.)  
Bill.

u-Nukani Vulnerabled Barks

Canellaceae Warbugia salutari (G.Bertol.) 
Chiov.

i-Sibhaha Critical endangered Bark, stem, roots 
and leaves

Adopted with permission from Ref. [6].

Table 1. Priority species for conservation.
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necessary for the author(s) to engage medicinal plant sellers to share ideas on how to sustain 
medicinal plant species that are dwindling. This was sought to be achieved by the following 
objectives:

1.4. Objectives of the study

The study’s objectives were

• To establish challenges faced by medicinal plant sellers in their medicinal plant selling 
businesses.

• To identify the quantities of medicinal plants sold in northern KwaZulu-Natal.

• To establish the key role players in the medicinal plant selling businesses.

• To share information on scientific and indigenous methods of propagating medicinal plants 
during the intervention programme.

• To assess the effectiveness of the intervention.

1.5. Research methods

This study involved a survey and case study concerning medicinal plant sellers in north-
ern KwaZulu-Natal, South Africa. The study was conducted in the Province’s three big-
gest district municipalities namely, uThungulu, Zululand and uMkhanyakude. For the 
Zululand district municipality, the study locale was the Mona market in the Nongoma 
area. Mona market is the largest market in northern KwaZulu-Natal, and it operates once 
a month. At uThungulu, the survey took place in Richards Bay and Empangeni town mar-
kets. Mtubatuba town and uMhlabuyalingana were the research areas in uMkhanyakude 
District Municipality.

1.5.1. Population and sampling

The research targeted informal medicinal plant sellers. Medicinal plant sellers were targeted 
because they harvest and stock large quantities of traditional medicine for trade purposes. 
This is over and above what is harvested by traditional healers for healing purposes, although 
the later sometimes buy such products from the former. A sample of 56 medicinal plant sellers 
participated in the study, selected through purposive/judgmental sampling. Kumar [9] stated 
the major aspect for purposive sampling as enabling one to come up with suitable data so 
as to meet the research’s purpose. Accordingly, one has to deal with prospective interview-
ees with regard to data for his/her study. Thus, the study’s participants were purposively 
selected through informal household interviews with individuals who identified those with 
knowledge of medicinal plants, their willingness to share information and their experiences 
in selling medicinal plants. Participants also included those who volunteered to participate 
in the study within the confines of their medicinal plant shops. Other participants were the 
local authority employees from whom permission to conduct household interviews and field 
surveys were requested and subsequently granted.
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1.5.2. The data collection process

ESD emphasises that people should enjoy their natural resources while not compromising 
future generational needs. In this study, the ESD programme served as a capacity-building 
intervention strategy, and it involved establishing trust between the researcher and commu-
nity members who were medicinal plant sellers. The purpose was to address the issue of envi-
ronmental awareness, conservation, marketing and storage of medicinal plant stocks. These 
aspects emerged as medicinal plant selling business’s challenges that required attention. In 
addition the researcher roped in an expert resource person from the university to facilitate on 
economic and business management issues. Apart from the university-based resource per-
sons and the community members, other stakeholders were the owners of the nature reserve 
(husband and wife) where the workshop was held. These two became resource persons dur-
ing the workshop.

The first stage in data collection was preliminary research in public markets to identify 
resource persons for the study. Here, the researcher explained the purpose of the research. 
Subsequently, appointments were made with prospective participants for data collection. 
Market areas were chosen as initial sites for contacts. These provided important initial 
information about the medicinal plant sellers. Interviewing people at their business sites 
presented minor challenges such as possible interference from other respondents want-
ing to have an input where it was not required, in addition to direct interference with the 
flow of their business. In light of this, it became imperative to arrange for interviews at the 
participants’ homes.

Interviews were followed by focus group discussions involving selected medicinal plant sell-
ers from each market. This was to elicit, among other issues, challenges faced by the par-
ticipants for which they needed capacitation. It is asserted by Borgatti [10] that focus group 
interviewing is particularly suited for obtaining several perspectives about the topic includ-
ing gaining insights into people’s shared experiences of daily life on the topic under discus-
sion. The main purpose of focus group discussions in this study was to evaluate respondents’ 
attitudes, feelings, beliefs, experiences and reactions concerning challenges they faced on 
daily basis in their business.

Furthermore, grey interview areas that needed further elucidation were followed up during 
the focus group discussions. There was one focus group per sampling site consisting of five 
individuals, except for the uMhlathuze Municipality which was represented by two mem-
bers. These were the only medicinal plant sellers at that site. Altogether 12 people participated 
in the focus group discussions. The focus group discussions were audiotaped, transcribed, 
coded and analysed.

1.5.3. Nursery experiments

The experiments were conducted on vegetative propagation of the species highlighted in 
Table 1. The aim of doing these experiments was to replicate seedlings to supply to medici-
nal plant sellers. Vegetative propagation was chosen over sexual propagation in this regard 
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since it yielded more seedlings at a faster rate than propagation of medicinal plants through 
seeds. The method of vegetative propagation and the plants appearances after propagation 
was demonstrated to medicinal plant sellers. As stated earlier, not all medicinal plant species 
were propagated due to time limit. These included species such as Ansellia africana, Haworthia 
limofolia and Boweia volubilis.

Another purpose for conducting experiments was to determine whether medicinal plants 
germinate in different environmental conditions, for example, temperature, growth substrate, 
water requirements and light intensity. The experiments were done without adding plant 
species seedlings with growth stimulants. That was so the medicinal plant sellers could con-
duct similar experiments without having to add fertilizers and hormones to plant seedlings at 
home. The plants were watered in the morning, once a day till their growth stabilised. All the 
experiments were conducted in a nursery. The detailed experimental procedure for the three 
plant species are given below.

1.5.4. Propagation of Ansellia africana Lindl.: Orchidaceae

The stems of the plant were marked at the base and strapped to the fork of a tree. Similarly, 
a semi-shaded deadwood trellis could be made to hold a number of plants in accessible posi-
tions. Vegetative propagation of A. africana was done by Zobolo et al. [11] using the stem 
cuttings. The aim of the experiments was to determine the effect of growth medium, that 
is, cow dung manure and river sand at the average temperature of 28°C. Sexual production 
of the plant species was conducted by Diederichs et al. [12]. The results of the experiments 
shown in this chapter were conducted by Ndawonde and Imenda [13] using river sand. It was 
found that river sand is a suitable medium for the plant species since it drains easily and this 
removes water logging, thereby allowing the plant to absorb water easily.

1.5.5. Propagation of Harworthia limifolia Harv.ex Hook.f.: Hycinthaceae

To plant H. limifolia, one has to cut offshoots from the stem and plant them separately. Roots 
would then develop from the part of the piece dug into the ground. A week later, roots also 
form from the upper part of the pieces, a sign that the cuts are stabilising. The adjustment 
would then lead to the expected growth of shoots after a month or so, but strictly under con-
ditions from 23 to 30°C [12]. During experimentation, the top and bottom cuts were placed in 
river sand at the temperature range stated above.

1.5.6. Propagation of Boweia volubilis N. E. Br.: Apolynaceae

Bulb scales were broken off from large bulbs at the end of the growing season (that is, autumn 
or winter) and inserted upright into sand. Bulbs formed along the base were transplanted 
when large enough to handle.

Propagation through tubers was done by making two equal halves of the tubers, and then 
digging them into river sand. After a period of 2–3 weeks, the halves developed roots and 
become established.
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2. The intervention

The Eurostat Adult Education Survey distinguishes four categories of non-formal education, 
namely classroom learning, distance learning, seminars and workshops and guided on-the-job 
training [14]. Practically, one finds a continuous interplay among formal, non-formal and infor-
mal education. As such, it is common to see non-formal and informal education dovetail in edu-
cational settings that are established to provide formal education. Certainly, within the notion 
of life-long learning, one has to be prepared to see continued interplays among these forms of 
learning. In this study, the dominant mode of non-formal education followed was a combina-
tion of seminar and workshop. Thus, the intervention was designed to address the challenges 
that emerged from the interviews and focus group discussions. Specifically, the workshop 
addressed conservation and marketing of medicinal plants, among other related issues.

Although the medicinal plant selling business is dominated by older women with minimal 
formal schooling [13], medicinal plant sellers were introduced to the concepts of balance 
sheet, record keeping and issues pertaining to banking. An accounting and business studies 
expert was invited to share with medicinal plant sellers viable business skills in terms of book 
keeping, marketing and pricing of their wares. As a scientist, the researcher handled issues 
of storage and conservation. Together with the nature reserve management team, they dem-
onstrated how selected medicinal plant species could be properly cultivated and nurtured in 
order to capacitate the participants so that they could grow their own stock in their home gar-
dens. The main purpose of conducting the demonstrations was to share with the participants’ 
information on different environmental conditions under which different medicinal plants 
germinated and, therefore, how they could be cultivated. The demonstrations were carried 
out without any use of any growth stimulants. This way, it was envisaged that there would be 
an added desired outcome of creating space for social transformation among the plant selling 
communities, with the aim of taking them to a higher level of social responsibility.

This was done at a natural plant nursery chosen for its production of several plants regarded 
as now extinct due to over-harvesting in KwaZulu-Natal. The nature reserve was centrally 
located amongst the research sites. Its owners were part of resource persons who served as 
workshop facilitators. They understood and spoke iSiZulu, hence were able to communicate 
easily in participants’ home language. The nature reserve owners facilitated on how to cul-
tivate medicinal plant species. Discussions were carried out during the workshop, following 
various presentations in order to clarify issues raised during presentations and allow for the 
sharing of experiences and ideas.

3. Data analysis

Qualitative data involving the workshop results were analysed following qualitative meth-
ods of data analysis. Braun and Clarke [15] said qualitative analytic methods can be roughly 
divided into two camps: (a) those that are based on a particular theoretical or epistemologi-
cal position and (b) those that “are essentially independent of theory and epistemology, and 
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can be applied across a range of theoretical and epistemological approaches.” Under the first 
category, for example, see Ref. [15] where conversation analysis and interpretative phenom-
enological analysis (which allow relatively limited variability in how the approach is applied 
within that framework) are placed.

4. Assessment of the intervention

The usefulness and effectiveness of the intervention was assessed through home visits by 
means of open-ended interviews, two months after the workshop (phase 1). The assessment 
focused on the areas directly addressed in the workshop, namely medicinal plant storage, 
marketing, sales and conservation. Assessment was done in phases so as to obtain near perfect 
results through constant monitoring.

5. Results

The results presented here are in line with the objectives of the chapter.

5.1. Challenges of the medicinal plant selling businesses

The study revealed that medicinal plant sellers were involved in the informal trade in tradi-
tional medicines. These results confirm findings by Botha et al. [16]. His/her findings were to 
the effect that traditional medicine vendors in South Africa traded under a shoe-string bud-
get. Theirs was a case of surviving from hand to mouth, hence their failure to save enough to 
expand their vending ventures. In short, their income was spent on household needs.

This ESD study showed that the system of determining price units charged for the medicinal 
plants was determined by market leaders where medicinal plant sellers had shops. Neither 
banking nor record keeping of income versus expenditure was found to be commonly prac-
tised among medicinal plant sellers in this study. To further compound traditional medicine 
vendors’ woes, they do not keep records of their business dealings, hence cannot keep track 
of the business trend as should be the norm.

In addition, their business is affected by their lack of knowledge in terms of proper tree har-
vesting. That is, traditional medicine plant sellers’ methods of harvesting do not serve plants. 
Instead, their harvesting methods destroy the same plants they would need tomorrow to 
sustain their business. Positively, the medicinal plant sellers applauded the move to provide 
them with licences that would enable them to harvest their products in an environmentally 
acceptable manner.

The following subsection shows the quantities of medicinal plants sold at Mona Market, a 
wholesale of medicinal plants in northern KwaZulu-Natal.

The medicinal plant species in Table 2 were also used in the Mona area. The wholesale has a vari-
ety of medicinal plant species, of which Hypoxis hemerocallidae was in highest demand (86–100%) 
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in all stalls. Although the plant cannot cure HIV/AIDS-related illnesses, it is believed to alleviate 
their symptoms [17]. Medicinal plant sellers were requested to reflect on this.

If transportation fee, time, work effort (in chopping up the plant material) and the risk of col-
lecting plants in the fields is considered, a maximum price of R140.00 (14 dollars) per 50 kg 
reused maize bag would not be profitable enough to sustain the business.

5.2. Role players in marketing and trade of medicinal plants in northern KwaZulu-Natal

There are no proper marketing strategies in place for medicinal plant sellers, be it national 
or worldwide. As a result any assessment of their customer base is hampered, inter alia, 
by demographic variances, different demands for different plants and the issue of those 

Scientific name Part used Sub-sample (g) Price (R) 25-kg and 50-kg 
size maize bags

Price (R) Dollars

Acorus calamus Rhizomes 207.09 5.00 25 60.00 6

Acridocarpus 
natalitus

Leaves 694.62 5.00 50 120.00 12

Aptenia cordifolia Bark 65.72 5.00 25 30.00 3

Callilepis laureola Bark 295.27 5.00 50 100.00 10

Calodendrum 
capense

Bark 235.52 5.00 25 60.00 6

Capparis tementosa Bark 127.79 5.00 25 40.00 4

Chlorophytum 
modestum

Roots 562.40 5.00 25 50.00 5

Cliva minnata Whole plant 194.49 5.00 50 70.00 7

Conia capensis Whole plant 146.21 5.00 50 100.00 10

Drimia robusta Bulb 207.09 5.00 25 60.00 6

Erythrophyleum 
lasianthum

Roots 350.94 5.00 50 100.00 10

Hypoxis 
hermellocallidae

Bulb 694.62 5.00 50 120.00 12

Mondia whitei Bark/roots 14.10 5.00 50 140.00 14

Ocotea bullata Bark 296.27 5.00 50 70.00 07

Olinia radifolia Roots 146.11 5.00 50 80.00 8

Sarcophyte 
sanguinea

Roots 282.07 5.00 50 140.00 14

Urginea sanguinea Roots 138.08 5.00 50 70.00 7

Table 2. Quantities of certain herbal medicines sold in Nongoma (Mona bulk sale), Northern KwaZulu-Natal region and, 
income generated by traders in standard 25-kg and 50-kg reused maize meal bags.
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who do wholesale trade of medicinal plants (those responsible for the harvest when given 
orders). Figure 1 provides an overview of the marketing chain of the plants harvested in 
KwaZulu-Natal.

Figure 1 indicates a situation where prominent people in the medicinal plant business are 
wholesalers and retailers. But the majority are retailers as they also do plant harvesting as well.

The complicated market structure and inconsistences in prices charged for medicinal plants 
was seen as not viable for medicinal plant selling business. For this reason, an ESD in com-
munities that harvest plant species was proposed. The idea was to empower medicinal plant 
sellers with skills for conservational cultivation of medicinal plants on their own. The follow-
ing section shows plant propagation by authors and the results thereof. There was informa-
tion sharing among authors, medicinal plant sellers and nature reserve owners about growth 
experiments of certain medicinal plants.

5.3. Information sharing during the intervention programme

The workshop started by demonstrating on how medicinal plants are propagated following 
scientific and indigenous methods.

The results from nursery experiments were demonstrated to the medicinal plant sellers dur-
ing the workshop. The demonstrations began with the propagation of A. africana.

5.4. Ansellia africana Lindl.: Orchidaceae

The results showed that A. africana was able to strive in temperatures of 27–28°C in river sand. 
The following diagrams show the shoot formation of A. africana during experimentation.

5.5. Propagation of Ansellia africana using indigenous methods

Medicinal plant sellers reported that they propagated the plant species by attaching it to trees 
using cow dung. The same applied to the nature reserve.

Figure  1. Marketing chain for medicinal plants harvested in Northern KwaZulu-Natal.
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munities that harvest plant species was proposed. The idea was to empower medicinal plant 
sellers with skills for conservational cultivation of medicinal plants on their own. The follow-
ing section shows plant propagation by authors and the results thereof. There was informa-
tion sharing among authors, medicinal plant sellers and nature reserve owners about growth 
experiments of certain medicinal plants.

5.3. Information sharing during the intervention programme

The workshop started by demonstrating on how medicinal plants are propagated following 
scientific and indigenous methods.

The results from nursery experiments were demonstrated to the medicinal plant sellers dur-
ing the workshop. The demonstrations began with the propagation of A. africana.

5.4. Ansellia africana Lindl.: Orchidaceae

The results showed that A. africana was able to strive in temperatures of 27–28°C in river sand. 
The following diagrams show the shoot formation of A. africana during experimentation.

5.5. Propagation of Ansellia africana using indigenous methods

Medicinal plant sellers reported that they propagated the plant species by attaching it to trees 
using cow dung. The same applied to the nature reserve.

Figure  1. Marketing chain for medicinal plants harvested in Northern KwaZulu-Natal.
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For these indigenous ways of propagation, the time the plant takes to regenerate was not 
recorded by the propagators. The duration the plants take to grow, therefore, is not going to 
be reported on here.

When sharing information on vegetative production of A. africana, both the nature reserve 
manager and medicinal plant sellers wanted to try out propagation of the plant species in 
sand. The workshop participants confirmed that they did not know that A. africana could be 
propagated through cuttings and using sand as a growth medium. It was agreed that the issue 
of time the species take to form the shoots is important to consider. When using a traditional 
method, the success growth rate is 80%. It was reported, however, that the regeneration period 
is about 6–8 months. The second demonstration was on vegetative propagation of H. limifolia.

5.6. Haworthia limifolia Harv.ex Hook.f.: Hycinthaceae

It was interesting to note that the top cuttings developed roots seven days after the start of 
the propagation period. The cuttings at the bottom stimulated the growth of shoots. After a 
month, the plants appeared as shown below.

The medicinal plant sellers reported that they grew the medicinal plant species in old three-
legged pots where the plants continued replicating themselves. They reported that they had 
not thought of propagating H. limifolia through cuttings. They said they grew the whole 
branch of the species and put it on top of their huts or on kraal poles. It was explained to them 
that it is possible to grow the plant species through cuttings. Participants were advised that 
the decision to propagate the species without the growth stimulants while exposing the other 
set of the experiments to the sun was done to get a cost-free propagation method. This could 
be easily done by medicinal plant sellers in their homes.

5.7. Boweia volubilis N. E. Br.: Apolynaceae

Results of vegetative propagation of B. volubilis were demonstrated to the medicinal plant sell-
ers as well. Further, medicinal plant sellers were assisted on how to grow medicinal plants. 
This included the types of soil suitable for specific plant species and how to care for shoots. 
In addition, bookkeeping and banking strategies for small businesses such as medicinal plant 
selling were shared with them. At the end, participants were encouraged to adopt and adapt 
these to suit their specific business needs and requirements.

The sellers were made aware of how to calculate the unit prices of their medicinal plants. The 
facilitators presented the issue of considering labour, transportation, time spent and market-
ing of the products, as contributing towards pricing their commodities.

5.8. Assessment of the intervention programme

Phase I assessment results revealed a number of challenges faced by medicinal plant sell-
ers. These included conservation and business skills (such as marketing, pricing, banking of 
profits–as well as record keeping of trading stock, income and expenditure) and conservation 
of medicinal plants and products. Following a capacity building intervention based on ESD 
and non-formal education principles, phase II results showed that the medicinal plant sellers 
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had started revisiting some of their business practices–such as pricing techniques and record 
keeping. However, processing of medicinal plant materials, storage, packaging and conser-
vation still persisted as challenges that needed further attention. In particular, sustainable 
harvesting practices and cultivation of medicinal plants in home gardens still presented some 
difficulties–including the non-availability of land and the lack of irrigation capacities to culti-
vate the various medicinal plant species. This was disturbing, especially given that most of the 
threatened and rare medicinal plant species exhibited very slow growth rates. The land issue 
appeared to be related to the matter of land ownership, particularly given that the majority of 
the medicinal plant sellers were women.

The second assessment revealed that medicinal plant sellers had diversified their businesses. 
That is, on top of their traditional merchandise they were observed selling a variety of small 
items such as edibles and none edibles. It goes without saying that this boosted their income. 
Given the new business trend, chances of medicinal plant sellers’ businesses failing were thus 
reduced. Small business failures are attributed to small capital usually injected to that particu-
lar business [18]. At the same time, one should not lose sight of the need for proper manage-
ment skills if one’s business is to grow as well. Riddix [19] reiterated that diversification helps 
to protect business capital from wild swings of the market, while achieving long-term growth 
at the same time.

6. Conclusion

The study’s educational intervention, which was aimed at equipping the participating 
medicinal plant sellers with knowledge and skills related to their trade, was recognised as 
an innovative way of sharing university knowledge and skills with indigenous communities. 
In particular, the focus of the study on cultivating the participants’ awareness of the impor-
tance of conducting the medicinal plant selling business was based on principles of conserva-
tion, sustainable livelihoods and environmental friendliness. In addition, participants were 
equipped with life-long business skill to help them manage and development their informal 
ventures into sustainable business entities.
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Abstract

The Northwestern China is a typical arid and semi-arid region of inner Asia, where some 
important medicinal species such as Angelica sinensis, Radix astragali, Radix codonopsis, 
Radix et rhizoma rhei, Radix glycyrrhizae, Lycium barbarum L are found and grew in the 
mountains areas, or desert areas. Among them, A. sinensis, R. astragali and R. glycyrrhi-
zae are frequently used in traditional Chinese medicines and herbal prescriptions, thus 
encouraged many researchers to investigate and develop them. Our purpose is to provide 
a review of recent advances about three typical medicinal plants of A. sinensis, Astragalus 
membranaceus and R. glycyrrhizae in Northwestern China, mainly referring to botanical 
identity, chemical constituents, pharmacological studies, application in formulation, 
safety and cultivation practices. That will provide some valuable information for the fur-
ther study and development of medicinal plants in Northwestern China.

Keywords: medicinal plants, Northwestern China, Angelica sinensis, Radix astragali, 
Radix glycyrrhizae

1. Introduction

Approximately 8300 wild plant species of known medicinal species in the Northwestern 
China, some 400 species are used in traditional Chinese medicines (TCM) or by drug manu-
facturing units in China. Most of these medicinal plants grow in the arid and semi-arid mar-
ginal mountains areas, or desert areas of Northwestern China.

This chapter aims to provide a review of recent advances in the fields of botanical iden-
tity, chemical constituents, pharmacological studies, application in formulation, safety and 
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cultivation practices about three typical medicinal plants of Angelica sinensis, Astragalus 
membranaceus and Radix glycyrrhizae in Northwestern China.

2. Angelica sinensis

当归 (Danggui, A. sinensis)

2.1. Botanical identity

A. sinensis is the root of A. sinensis (Oliv.) Diels (Umbelliferae family). The genus Angelica 
is comprised of over 90 species, a total of 45 angelica species are currently distributed in 
China, of which 32 are endemic [1]. It is mainly cultivated in the southeastern parts of Gansu 
Province, occurring in Yunnan, Sichuan, Shaanxi and Hubei and showing strong ecological 
adaptability at altitudes of 1500–2000 m above sea level in China. Photographs of A. sinensis 
are shown in Figure 1. As a perennial herb, A. sinensis grows to heights of approximately 
0.4–1 m (Flora of China). The whole root is yellowish-brown to brown, about 25 cm long, 
and irregularly cylindrical with some branch roots stemming from the lower end. The leaves 
have alternating ovate blades that can range in size between 8 and 18 cm long and 15–20 cm 
wide. The fruit is elliptical to ovate, and the flowers have 4–7 cm long stems and compound 
umbels [2].

2.2. Chemical constituents

Studies have shown that A. sinensis contains polysaccharides, flavonoids, volatile oils, trace 
elements, amino acids and vitamins, which account for approximately 0.4–0.7% of the total 
content. Phthalides, polysaccharides and organic acids are the main chemical components 
concerned to the bioactivities and pharmacological properties of A. sinensis [3]. Phthalides, 
as one of the characteristic components, have used for the quality control of A. sinensis. 
Ligustilide is also used as an important component for assessing the quality of A. sinensis, 
which can account for 0.5–5.0%, and the concentration of Z-ligustilide in A. sinensis varies 

Figure 1. Photographs of A. sinensis.
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within the range of 1.26–37.7 mg/g [4]. A. sinensis is rich in all types of amino acids, containing 
as many as 17 types and accounting for approximately 6.5% of the total chemical composi-
tion of A. sinensis. The seven types of non-synthesized amino acids are essential, and con-
tent variations can cause great differences among the amino acids extracted [5]. Flavonoids 
have also been isolated from A. sinensis, and total flavonoids have been shown to provide 
with antibacterial and antioxidant activities [6]. Moreover, phospholipids, adenine, uracil and 
choline were recently found in A. sinensis, a total reported nucleosides content with the range 
of 1.507–3.119 mg/g [7]. The plant also contains vitamin B12, vitamin A and xanthotoxin, as 
well as several microelements, including sodium, potassium, calcium, iron, copper, zinc and 
manganese, among others [8]. In addition, 8,11-dyhydroxyl-ligustilide, 2,7-hydrox-ligustilide 
and magnolol have been found in A. sinensis [9]. The major organic acids in A. sinensis are 
shown in Figure 2.

Figure 2. Chemical structures of the major organic acids in A. sinensis [10].
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2.3. Pharmacological studies

A. sinensis has been used for thousands of years as a health food and drug in Asian coun-
tries and also as a dietary supplement in women’s care in Europe. In China, the roots of A. 
sinensis have been extensively used in traditional medicine and have been primarily used for 
treatment of gynecological disease such as dysmenorrhea and amenorrhea and blood disease 
such as blood deficiency [10]. Modern pharmacological research indicated that A. sinensis also 
exerted pharmacological activities of anticancer, neuroprotective effect [11], antioxidant [12], 
hepatoprotective effect [13], radioprotection [14], immunoregulation [15], anti-inflammatory 
[16], antifungal effects and mosquito deterrence [17].

2.4. Application in formulation

These are ready-made combinations of herbs available to the general public to treat certain 
conditions without reference to a complete system of medicine. One company alone man-
ufactures 280 of these formulations, designed for specific indications. Of these, 71 contain 
danggui [10]. Some of the herbs are traditionally put together (“Classic Pairs”), such Danggui 
and Chuanxiong Rhizoma (Ligusticum chuanxiong) or Danggui and Radix astragali or in 
“Standard Combinations”. Danggui Buxue Tang is available in various formulations rang-
ing from the TCM “Drug Pair” A. sinensis and R. astragali in a ratio of 5:1. Its suggested use 
for gynecological disorders such as anemia, infertility, has proved to be of potential for the 
perimenopause and menopause [18]. Moreover, there are also some popular formulations for 
Women’s Health: Si Wu Tang (four substance decoction) formulated with varying ratios of 
A. sinensis (dang gui), Radix rehmanniae (shu di huang), Radix paeoniae alba (bai shao yao) and 
Rhizoma ligustici (chuan xiong). It is traditionally used as a decoction. Its function is to tonify 
and activate blood, smooth the liver and regulate menstruation [19].

2.5. Safety

It was reported that no obvious acute toxicity appeared through oral A. sinensis polysac-
charide iron complexes (APIC) in mice and the maximum tolerated dose (MTD) of APIC in 
mice was 4800 mg/kg, 1920 times the adult daily dose. Thus, APIC was considered safe for 
oral use [20]. The toxicity of A. sinensis injection in the chick embryo chorioallantoic mem-
brane model was explored. Results indicated that survival of chick embryos was not inhib-
ited by A. sinensis injection. Furthermore, there were no differences between the treatment 
groups and the negative control, indicating that the resulting toxicity was very limited. 
Acute toxicity studies indicate that administration of A. sinensis produces no effects at doses 
up to 5000 mg/kg; similar results were observed in sub-chronic studies [21]. Therefore, A. 
sinensis is “generally recognized as safe (GRAS)” by the FDA but a number of side effects 
have been reported.

2.6. Cultivation practices

At present, the market supply of angelica is cultivated varieties. The proper field produc-
tion altitude is from 2000 to 2500 m above sea level, while the proper seedling field is from 
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2500 to 2700 m above sea level. The annual average temperature of 4.5–5.7°C and average 
rainfall of 570–650 mm are suited for cultivating A. sinensis. It is also advisable to choose soil 
with a rich organic matter content, gray cinnamon soil and a neutral to weak alkaline of pH. 
The seedling fields should be chosen in uncultivated land, shifting land and especially in 
fertile uncultivated land with thick soil layer from 2500 to 2700 m above sea level. The most 
appropriate seedling field is a cool and humid place, short sunshine duration, and north-
facing slope at an incline from 5 to 25°. The sowing time begins during the early to mid-June. 
After sowing, the seedling fields need to be kept humid and covered by grass cover in order 
to make it grow early, even and strong. The seedlings should be stored with a cellaring 
or piled storage before the ground freezing. There are two methods for seedlings storage. 
Crop rotation is a key measure of controlling soil-borne disease in cultivation practices of A. 
sinensis. The crop rotation in previous crop had better grains with a rotation cycle of 3 years. 
The optimal transplanting period is the middle of April. The reserve density is 9–12 plats/
m2. Combined with tillage, weeding should be carried out timely during growing period. 
Early bolting stage usually occurs in the middle of June, so it should be timely to remove 
of the plants of early bolting in case of water and fertilizers waste and affecting normal 
plants growing. Organic manure (4500–7500 kg/ha) as base fertilizer with timely topdressing 
the nitrogen, phosphorus and potassium (NPK) fertilizer should be combined. Ditylenchus 
destructor and root rot disease are the main diseases during the growth period of A. sinensis. 
The strategy of integrated pest management (IPM) is relied mainly on agricultural control 
while making insecticide chemical control subsidiary for controlling the diseases. The opti-
mal harvest period of A. sinensis is during the mid-to-end of October. Fumigating by burning 
broad bean stalks and branches of poplars and/or willows is a traditional drying method. 
Introducing a modern drying technology for improving quality and increasing processing 
efficiency is the direction of future efforts. Dried angelica should be stored in clean, cool, dry, 
ventilates, moisture-resistant and smelling free storehouse, and a regularly checking store 
process is very necessary.

3. Radix astragali

黄芪 (Huangqi, R. astragali)

3.1. Botanical identity

R. astragali has a long history of medicinal use in Chinese herbal medicine and is one of 
the most popular herbal medicines worldwide. It is the dried root of A. membranaceus 
(Fisch.) Bge. (A. membranaceus) or A. membranaceus (Fisch.) Bge. var. mongholicus (Bge.) 
Hsiao. A. membranaceus and A. membranaceus var. mongholicus are mainly grown in 
Northwest China as well as in Mongolia and Korea, and they have some different botani-
cal characteristics.

A. membranaceus var. mongholicus is a perennial herb, 50–150 cm high, with a straight, long and 
cylindrical root, measuring 20–50 cm, diameter 1–3.5 cm. Its stems are erect, with branches in 
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the upper part, and are quilted with pubescence. It has an odd-pinnate, alternate, petiole base 
with lanceolate stipules, 25–37 leaflets, elliptical small leaves 4–9 mm long, and apex with 
long white pubescence. It has 10–25 flowers, racemes axillary, bracts linear-lanceolate, calyx 
tubular, calyx teeth—5, corolla yellow, butterfly, upper petal obovate triangular, glabrous, 
stamens—10, ovary stalked, ovate pods oblong, apex beaked, and significantly textured. The 
flowering period is from June to July, whereas fruiting is from August to September. It gen-
erally grows on hillsides, beside ditches, or in woodland and is found in Heilongjiang, Jilin, 
Liaoning, Inner Mongolia, Tibet and other places.

A. membranaceus has lobular 13–31 pieces, elliptic or ovate-lanceolate small leaves, length 
7–30 mm, width 4–10 mm, corolla light yellow, ovary puberulous, ovate pod oblong 
2–2.5 cm and apex beaked with a black undercoat (Figure 3). It grows on sunny hill-
slopes, sandy riverbanks or shrub edges. This species is found in Heilongjiang, Jilin, 
Liaoning, Inner Mongolia, Tianjin, Beijing, Shanxi, Gansu and other places [22]. 
Moreover, both species are cultivated in the Northeast China, and they are gathered in 
the spring and autumn.

3.2. Chemical constituents

To date, A. membranaceus have been isolated and identified more than 100 compounds. 
Some of the compounds are shown in Figure 4 [23]. Its major active constituents include 
triterpene saponins, flavonoids and polysaccharides. Other components found in the 
herb include γ-aminobutyric acid, l-canavanine, phytosterols (and other volatile oils) 
[24], fatty acids, choline, betaine, sterols, 3-hydroxy-2-methylpyridine, (−)-syringaresinol, 
(+)-lariciresinol, lupenone [25], bifendatatum, coumarin and amino acids [26]. Trace ele-
ments including zinc, iron, copper, magnesium, manganese, calcium, sodium, potassium, 
rubidium, silver, chromium, tin, vanadium and cobalt may also be present in varying 
quantities [27].

Figure 3. Photographs of A. membranaceus.
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3.3. Pharmacological studies

The Chinese name Huangqi is the symbol of the “yellow leader” in china, linking to the 
yellow root and its status as one of the most important tonic herbs in traditional Chinese 
medicine (TCM). It was recorded in “Shen Nong Ben Cao Jing”, the first book of Chinese 
herbal medicine, and was classified under the group of “qi”-tonifying drugs [28]. Huangqi 

 Figure 4. Chemical structures of the major compounds from Astragalus [23].
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is one of the 50 fundamental herbs used in TCM and was included in many TCM prepara-
tions with a wide range of biological functions [23]. In traditional Chinese medicine, A. 
membranaceus has been used for the treatment of general weakness and chronic illness and 
to increase overall vitality. Modern pharmacological studies indicated that A. membrana-
ceus showed different peripheral effects such as immune modulation [29], anti-diabetic 
activity [30], anti-oxidative and anti-inflammatory actions [31], antitumor activity [32], 
antiviral actions [33] and enhancement of cardiovascular functions, the protection of car-
diovascular function might be explained in terms of protection against membrane lipid 
peroxidation [34].

3.4. Application in formulation

A. membranaceus has been formulated as the main ingredients TCM formulations to treat pati- 
ents with “qi”-deficiency symptoms, which present as a lack of strength, anorexia, edema, 
abscesses and spontaneous sweating. Other indications include shortness of breath, spon-
taneous sweating and frequent cold, night sweating and edema [35]. Some TCM herbal 
formulations included A. membranaceus have been evaluated and screened. A TCM formu-
lation called “Shi-quan-da-bu-tang”, comprising Astragalus and Ligusticum, has shown to 
improve the therapeutic efficacy of chemotherapy and radiation in various animal and clini-
cal studies [36]. The prescription is capable of prolonging survival, preventing the recurrence 
of malignancies and increasing resistance to immunosuppression that resulted from anti-
neoplastic and radiotherapy drugs through stimulation of the macrophages to produce IL-6 
and tumor necrosis factor (TNF), and is most effective in stimulating hematopoietic factors 
and interleukin (IL) production [29]. Bu-Zhong-Yi-Qi-Tang was determined to be the most 
commonly prescribed formula for treating elderly patients with weakness and fatigue, espe-
cially for female AD patients. Bu-Zhong-Yi-Qi-Tang led to elevated levels of dopamine and 
noradrenaline in the cortical tissues of mice, as well as improved attention, learning function 
and memory [37]. Bu-Zhong-Yi-Qi-Tang was also used to treat elderly patients with weak-
ness and fatigue [38].

3.5. Safety

Generally, R. astragali was regarded as a safe drug, no incidence of poisoning related with the 
use of R. astragali or its main active ingredients, has been reported in vivo or in vitro so far. It 
is determined that the LD50 of a crude extract of R. astragali is 40 g/kg using intraperitoneal 
injection (i.p.) in rats [39], and that did not show any adverse effects when raw herb was 
given to rats by lavage at the high dose 100 g/kg [40]. Moreover, the herbal extract (0.5 g/
kg, i.p.) was injected to rats for 1 month, which caused no abnormal changes in food intake, 
urine/fecal production or behavior [41] Recently, the sub-chronic toxicity of the Astragalus 
extract, consisting of its active polysaccharides and saponins, has been evaluated the safety 
dosage range in clinical application. The application ranges 5.70–39.90 g/kg in rats, which 
are equivalent to 70 and 35 times in humans (0.57 g/kg, say, average body weight 70 kg), 
respectively [23, 42].
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3.6. Cultivation practices

R. astragali is fond of coolness and drought tolerance but could not endure high temperature. 
An appropriate altitude of cultivating sites is from 1000 to 1500 m above sea level. The annual 
average temperature of 2–5°C and average rainfall of 250–350 mm are suited for cultivating. 
Sandy loam with rich organic matter content, good drainage and deeper is preferred. Seed 
coat of R. astragali is hard and difficult to germinate after sowing, so seed treatment should 
be done before sowing seeds. Seed was soaked with 70–80% sulfuric acid for 3–5 min, then 
quickly rinse, wash with running water. The sowing time of nurturing seedlings begins the 
early April. In cultivation practices, combined with soil preparation before planting, apply-
ing  45,000 to 60,000 kg/ha of manure and 25 to 30 kg/ha of phosphate fertilizer were recom-
mended. Adopting

Seedling transplanting is usually used in the spring, by 20 cm apart in the row, 40 cm spacing 
between rows and 225,000 plants/ha. Combined with tillage, weeding should be carried out 
timely during growing period. The main disease in growing periods of R. astragali is powdery 
mildew; it can be used by 1000 time liquid mildothane 1000 time liquid spraying 2–3 time. The 
harvest period of R. astragali is during October to November and is dried using technology of 
freeze drying or solar drying.

4. Radix glycyrrhizae

甘草 (Gan cao, R. glycyrrhizae)

4.1. Botanical identity

R. glycyrrhizae is an ancient Greek word for the “sweet root,” which was later called liquiritia 
and finally liquorice in Latin. As perennial shrub, it belongs to the leguminous Fabaceae 
(Leguminosae) family and exists about 20 species and grows mainly in Central Asia, South-
western Asia and the Mediterranean region. The Chinese liquorice, Glycyrrhiza uralensis Fish. 
(G. uralensis), and the European liquorice, Glycyrrhiza glabra L. (G. glabra), are the most com-
mon ones among cultivated species. G. glabra is a more western species, found in Spain, Italy, 
Turkey, the Caucasus, Central Asia and the western China, whereas G. uralensis is distributed 
in Central Asia, Mongolia and China [43]. Photographs of G. uralensis are shown in Figure 5.

In the Northwest of China, G. uralensis mainly contains botanical characteristic as follows: 
calyx 5-lobed, two teeth than under three short; anther size (five big, five small), anther cell 
united at the top, different length of filaments. The ground part of different level is glands, 
glandular hairs and bristles, cilia, viscose or shen raised. A variety of underground part 
of the root and rhizome sweet taste needs to supplement the characteristics of some legumes 
as moniliform, ovule 1–11. The root and rhizome sweet including glycyrrhizin, glycyrrhizic 
acid, not sweet taste is some kind of glycyrrhetinic acid or glycyrrhetinic acid compounds 
(glycyrrhizic acid two yuan), some kinds of the above substances are not contained [44].
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4.2. Chemical constituents

G. uralensis, commonly known as Chinese licorice, is an ancient herb of the legume family 
that is native to Asia. Its root is known to produce a variety of phytochemicals, plant second-
ary metabolites, including many terpenoids saponins (glycyrrhizic acid and glycyrrhetinic 
acid) and flavonoids flavonoids (liquiritin, isoliquiritin, liquiritigenin, isoliquiritigenin and 
glabridin). Among them, glycyrrhizin (I), liquiritin (II), isoliquiritin (III), liquiritigenin (IV) 
and isoliquiritigenin (V) (Figure 6) are believed to be bioactive contents [45].

Figure 5. Photographs of G. uralensis are shown.

Figure 6. Structure of glycyrrhizin (I), liquiritin (II), isoliquiritin (III), liquiritigenin (IV) and isoliquiritigenin (V) [45].
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4.3. Pharmacological studies

R. glycyrrhizae is one of the most famous herbal drugs used in TCM and has been used 
for several centuries. It has been frequently used in different formulations for the pur-
poses of nourishing Qi (vital energy and functional activity of life), reducing spasms and 
pain, moistening the lungs and relieving coughs, detoxification, anti-inflammation and 
treating gastric ulcers [46]. According to modern pharmacological studies, its major con-
stituents revealed various activities, providing concrete evidence for its extensive thera-
peutic use. The main saponin, glycyrrhizin, and its aglycone, glycyrrhetinic acid, has 
shown anti-inflammatory, anti-ulcer, hepatoprotective, immunomodulatory [47] and anti-
virus activities; flavonoids, including flavanones such as liquiritin apioside, liquiritin and 
liquiritigenin, and chalcones, such as isoliquiritin apioside, isoliquiritin, isoliquiritigenin, 
etc., have shown antitussive, anti-inflammatory, anti-allergic and anti-tumor effects [48]. 
In addition, glycycoumarin, a species-specific compound to G. uralensis, has antispasmodic 
and antibacterial activities.

4.4. Application in formulation

A systematic database was constructed to investigate the frequency of reporting formula-
tions and crude drugs described in Shang-Han-Lun (known as the Treatise on Cold Damage 
Disorders), a famous prescription in TCM. It consists of 112 kinds of genuine formula-
tions from a total of 430 formulations but due to overlapping or repetition. The best three 
frequently mentioned prescription were Da-cheng-qi-tang (DCQT), Guizhi-tang (GZT) 
and Shaoyao-gancao-tang (SYGCT) [46]. Da-cheng-qi-tang, also known as Dai-joki-to in 
Japanese, is a formulation composed mainly of Rhizoma Rhei and Cortex Magnoliae used 
for the treatment of interior heat- and excess-syndrome. Clinically, DCQT was widely pre-
scribed to promote the recovery of gastrointestinal motility after abdominal surgery and 
to treat acute abdominal diseases, such as acute pancreatitis, adhesive bowel obstructions 
and acute appendicitis [49]. Guizhi-tang contains R. glycyrrhizae, Ramulus Cinnamoni and 
Radix Paeoniae as major crude drugs and is used for the treatment of exterior cold- and defi-
ciency-syndrome [46]. Shaoyao-gancao-tang (SYGCT) in Chinese or Shakuyaku-kanzo-to 
in Japanese is a traditional herbal formula used for analgesic purposes and consists of two 
herbs, the Radix of Paeonia lactiflora Pall.; PL and the Radix et Rhizome of G. uralensis; 
GU, in a ratio of 1:1. SYGCT has been clinically and pharmacologically applied to prevent 
muscle cramps and inhibit the contraction of skeletal muscle [50], reduce uric acid, regulate 
autonomic functions [51], relax intestinal smooth muscle [52] and relieve painful peripheral 
neuropathy [53].

4.5. Safety

The acute toxicities of licorice extract containing approximately 53% glycyrrhizin have simi-
lar acute toxicity doses and are low in mice and rats. Glycyrrhizin administered 70 mg/kg 
intravenously has shown acute toxic effects of convulsions and slight hemolysis in mice, 
whereas toxic effects did not see at lower doses of glycyrrhizin. The majority of short-term 
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toxicity effects on the pituitary-adrenal axis have indicated that glycyrrhizin induced the 
pseudoaldosteronism at dose and time dependent manner, but the establishment of a clear 
no observed effect levels (NOEL) is difficult due to the differences in agents tested, ani-
mals used and end-points studied. The 90-day NOEL for licorice extract (53% glycyrrhi-
zin) in rats is at the range of 0.31–0.63 g/kg, which delivers approximately glycyrrhizin 
165–334 mg/kg [54]. However, for glycyrrhizin, the 30-day NOEL in rats is below 15 mg/
kg [55]. In contrast, a two-year disodium glycyrrhizinate administered as high as 229 mg/
kg/day or females administered as high as 407 mg/kg/day in mice showed no significant 
effects on average body weights or mortality, nor any signs of tumorgenicity among male 
animals. Other studies in vivo showed no teratogenic effects when glycyrrhizin salts were 
given maternally to mice, rats, hamsters or rabbits during gestation at doses up to 1000 mg/
kg/day. However, dominant lethal testing in male rats suggests that an intake of glycyr-
rhizin 4000–5000 mg/kg/day could result in mutagenic effects in offspring [56]. Microbial 
experiments indicated that licorice extract and glycyrrhizinates were non-genotoxic and 
had some anti-genotoxic effects.

4.6. Cultivation practices

A climate condition with an average height of 1000–1500 m above sea level, annual average 
temperature of 6–8°C and average rainfall of 150–300 mm is suited for cultivating glycyr-
rhiza. Soil types of chestnut soil, brown soil, sierozem, dark loessial soils, salinized desert 
meadow soil and a weak alkaline (pH of 8–9) are the most suited for the cultivation of glyc-
yrrhiza. The seedling fields should be chosen in the land of flat terrain, layers deep and 
fertile soil. Sow the seeds in drills 3–4 cm deep and 20 cm apart. The proper seed sowing 
time is in the end of April to early of May. Lifting seedling is in the day before transplanting. 
Transplanting is same as sowing time. Each plot at planting time, spacing of 10–15 cm and 
25–30 cm row spacing planting are generally adopt. An under-mulch-drip irrigation or drip 
irrigation is usually a much better irrigation mode. Combined with tillage, weeding should 
be carried out timely during growing period. About 45,000 kg/ha of organic manure as base 
fertilizer with irrigation topdressing PK should be combined depending on soils and plant 
nutrition. Adopting measure of agricultural and biological prevention and cure control the 
diseases of rust disease, powdery mildew and brown spot, as well as insects of leaf beetle 
and Porphyrophora sophorae (Arch.). Seed breeding for 3–4 years, rhizomes multiply for 2–3 
years can be harvested. When the stems and leaves withered in late September and early 
October, licorice roots could be excavated. Owing to deep roots, licorice should dig deep 
and not be broken or hurt the root bark. After sorting taproot and lateral root and removing 
reed head and bristles dried in the sun to a half dry state, tied into small, and then the sun 
to totally dry.
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Abstract

The current study is on extraction of capsaicin from capsicum using chromatography. 
Nuclear magnetic resonance was used to ascertain carbon structures of the extract, with 
the yield confirmed by nuclear magnetic resonance to be 98% pure capsaicin. The chem-
istry, pharmacological action, and side effects of capsaicin are thereafter discussed.

Keywords: aromatics, capsaicin, capsaicinoids, chromatography, nutraceuticals, 
solanaceae

1. Introduction

Capsicum frutescens Linn. (Family: Solanaceae) fruits were purchased from Warwick market in 
Durban, South Africa. The fruits were identified and authenticated by a botanist. A voucher 
specimen of the plant (with its ripe fruits) has been deposited in the University’s Herbarium 
(JAT/01). The total weight of the dried red chili pepper fruits purchased from the local market 
was 3 kg. Following cleaning and subsequent pulverization, 2.5 kg of the chili powder was 
poured into a large conical flask. Thereafter, it was exhaustively extracted sequentially in 
hexane, dichloromethane, and ethyl acetate. Ethyl acetate extract was shown to contain active 
compounds (capsaicinoids) in preliminary pilot experiments. Using a rotary evaporator under 
reduced pressure, the ethyl acetate extract was concentrated to yield 298 g (10% yields) of the 
crude extract. Following further purification, nuclear magnetic resonance (NMR) analysis of 
the yield shows it to be 98% pure capsaicin.

© 2017 The Author(s). Licensee InTech. 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.



2. Research methodology

Experimental procedures and protocols used in this study were approved by the Animal 
Ethics Committee of the University of Durban-Westville, Durban 4000, South Africa (now 
the University of KwaZulu-Natal, Westville Campus), and conform to the “Guide to the care 
and use of animals in research and teaching” (published by the University of Durban-Westville, 
Durban 4000, South Africa) [1–7]. Experimental protocols were written so as to lay down the 
organization of the study. The sequence of this study includes the purchase of C. frutescens 
from a local market, identification of C. frutescens by a Botanist, extraction and purification of 
C. frutescens fruit using liquid and paper chromatography.

A portion of the crude ethyl acetate extract was subjected to column chromatography over 
silica gel with gradient elution using 10% ethyl acetate in hexane to 40% ethyl acetate. 
On the basis of their thin-layer chromatography (TLC) similarities, a total of 51 eluates 
(25 ml each) were collected and combined into 15 fractions. These consisted of the non-
polar fractions (one to three eluates), which were chlorophylls and its like, which were 
discarded. Next were the semi-polar/polar fractions (4–15 eluates). The latter were sub-
jected to further column chromatography over silica gel with gradient elution (consisting 
of 30% ethyl acetate in hexane to 50% ethyl acetate). TLC was carried out on pre-coated 
aluminum plates by the use of Merck Si gel F254. Following further enhancement, the 
developed TLC plates were visualized under ultraviolet (UV) light (using wavelength of 
254 and 366 nm), by spraying with anisaldehyde/sulfuric acid/alcohol solution, and heat-
ing at 110°C for 5 min. The presence of triterpenoids, as previously reported [8–10], was 
indicated by the appearance of blue to violet-blue coloration. NMR spectra (1D and 2D) 
were obtained on a Varian 300 (300-MHz) spectrometer, using the residual solvent peaks 
as internal standards.

In order to ensure that the chromatographic systems were up to standard, phase A of this 
study was conducted in the Chemistry Department under the supervision of a Professor of 
Analytical Chemistry. Finally, the identification of capsaicin from C. frutescens fruit extract 
was done by nuclear magnetic resonance in collaboration with the Chemistry Department of 
the University of KwaZulu-Natal to identify the final extract, that is, capsaicin.

3. Discussion

Phytochemical revolution took a positive turn in the 1970s onward, with the development of 
many laboratories that were involved in the production of bioactive nutraceuticals such as 
beta-carotene, omega-6, and other vitamins, with positive health-deriving values. Capsaicin 
is a chili pepper-derived spice. Apart from its spicy and flavorant properties, it has been 
found to be a digestive aid, a topical painkiller, and a potential cancer-fighting compound 
[11]. Capsicum is native to America, and the early Spanish explorers brought it to the “New 
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Capsicum is 5–12 cm long, 2–4 cm wide, and could be globular, cylindrical, oval, or oblong 
in shape. It has a shriveled shape and could be orange, green, yellow, or red in color, with a 
prominent and bent pedicle. Internally, the fruits are divided into two halves by a membra-
nous dissepiment to which the seeds are attached. Capsicum has a characteristic odor and an 
intense pungent taste. Although Capsicum can withstand tropical heat, it requires 3 months 
rainfall and thrives best in wet climate. The fruit yield is directly proportional to the manure 
of the cultivated farm.

The fruits are picked as they become fully ripe. The unripe fruits fade upon drying. The fruits 
are dried in sun and graded by color. The quality of the fruit is in part determined by its color, 
and they are occasionally oiled to give glossiness to their pericarps.

The pungent compounds of C. frutescens are capsaicin (69%), dihydrocapsaicin (22%), nordi-
hydrocapsaicin (7%), homocapsaicin (1%), and homodihydrocapsaicin (1%). Capsaicin con-
sists of an aromatic portion, which is derived from phenylalanine through frulic acid and 
vanillin—an aldehyde is a substrate for transamination to give vanillylamine. The acid por-
tion of the amide structure in capsaicin is of polyketide origin, with a branched-chain fatty 
acyl-CoA, which is produced by a chain extension of 2-methylacetyl-CoA, with a starter unit, 
which is valine-derived.

In this study, vanilloid alkaloids otherwise known as capsaicinoids were extracted by sequen-
tially in hexane, dichloromethane, and ethyl acetate. The extracts were later subjected to liq-
uid, paper, gas chromatography, and high-performance liquid chromatography (HPLC).

The yield of 298 g (10% yields) of the 2.5-kg fruit is consistent with standard industrial yield. 
Following further purification, NMR analysis of the yield shows 98% capsaicin.

In 1912, Wilbur Scottville developed a dilution taste method, called “Scottville Organoleptic 
Test (SOT),” to measure the heat level of a chili pepper. This test consists of blended pure 
ground chilies with sugar water solution. In addition, there is a panel of testers who will sip 
the concoctions. Scottville increasingly diluted the concentrations until they reached the point 
at which the liquid no longer burned the mouth. Based on how much the chili needed to be 
diluted before one could taste no heat or burn the mouth, a number was then assigned to each 
chili to show its strength.

Measurement of the pungency of chili is done in multiples of 100 units. While the bell pepper 
measures zero Scottville units, the incendiary Habanero measures 300,000 Scottville units. For 
comparison, one part of chili “heat” per 1,000,000 drops of water rates as only 1.5 Scottville 
units. In another respect, while the substance that makes chili so hot and therefore so enjoyable 
is capsaicin, a pure capsaicin rates over 150,000,000 Scottville units. Red Savina Habanero is 
much hotter than the normal Habanero with “Guinness Book of Records” of 577,000 Scottville 
units while the Trinidad scorpion Moruga tests over two million Scottville units. The validity 
and accuracy of the Scoville Organoleptic Test (SOT) have been widely criticized. The Gillet 
method adopted by the American Spice Trade Association and the International Organization 
for Standardization is a modified version of the SOT. Although very costly, the high perfor-
mance liquid chromatography is the most objective analysis method for obtaining the purest 
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form of capsaicin. Capsaicin (N-vanillyl-8-methyl-6- (E)-nonenamide) is the most pungent of 
all the groups of compounds called “capsaicinoids” that can be isolated from chili peppers. It 
is sparingly soluble in water but very soluble in fats, oils, and alcohol.

Chromatographic separation can be achieved using three contrasting modes. They are col-
umn chromatography, thin-layer chromatography, and paper chromatography. In column 
chromatography, the stationary phase is attached to a suitable matrix (an inert, insoluble sup-
port) packed into a glass or a metal column. The mobile phase is passed through the column 
either by gravity feed (as in this study) or by the use of a pumping system, or applied gas 
pressure [9, 10]. This is the most common form of chromatographic modes. In thin-layer chro-
matography, the stationary matrix is coated thinly on to a glass, plastic, or metal foil plate. 
The mobile liquid phase across the thin-layer plate held either horizontally or vertically is by 
capillary action. Its advantage is that a large number of samples can be studied simultane-
ously. In paper chromatography, the stationary liquid phase is supported by the use of cel-
lulose fibers of a paper sheet. Thin-layer and paper chromatography have several similarities. 
In both modes, the mobile phase passes along the paper sheet either by gravity feed or by 
capillary action and are the older forms of chromatography, with few current serious bio-
chemical applications.

4. Conclusion

The result shows an extraction yield of 12%, which compares favorably with standard extrac-
tion process. An alternative source of the nutraceutical is shown in this study. NMR remains a 
gold standard in ascertaining the carbon-atom structure and high purity yield despite the use 
of high performance liquid chromatography (HPLC).
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Abstract

This work will, in addition to describing the aromatic basis of capsaicin, elucidate its
mechanism of action through a positive inhibition of the nerve conduction,  which
ultimately accounts for the various pharmacological effects of capsaicin on pain control,
cardiovascular mechanisms, as well as its effects on genitourinary and gastrointestinal
tracts.

Keywords: capsaicin, aromatics, desensitization, mechanism of action, positive inhibi‐
tion

1. Introduction

The current study is a systemic review of the pharmacology and chemistry of capsaicin and
capsaicinoids. The genus Capsicum is a member of the Solanaceae family that includes tomato,
potato, tobacco, and petunia. The genus Capsicum consists of approximately 22 wild species
and 5 domesticated species [1] including C. annuum, C. baccatum, C. chinense, C. frutescens, and
C. pubescens.

Capsicum species have been used as medicinal plants to treat intestinal upsets and indigestion
and also as stimulants, rubefacient, and tonic. They have also been used as folk remedies for
dropsy, colic, diarrhea, asthma, arthritis, muscle cramps, and toothache. In addition, Capsicum
frutescens L. has been reported to have hypoglycemic properties [2]. However, prolonged
contact with the skin may cause dermatitis and blisters, while excessive consumption can cause
gastroenteritis and/or kidney damage. Besides, paprika and cayenne pepper may be cytotoxic
to mammalian cells, in vitro. Moreover, consumption of red pepper may aggravate symptoms
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of duodenal ulcers. It has also been shown that high levels of ground hot pepper have induced
stomach ulcers and cirrhosis of the liver in laboratory animals. As a stimulant Capsicum species
could stimulate body temperature, salivation, and increase gastric juices.

This study was undertaken to investigate the anti‐inflammatory property of Capsicum
frutescens ethyl acetate extract (CFE) and capsaicin (CPF) in rat model to provide a pharma‐
cological rationale for the folklore medicine uses of capsaicin and capsaicinoids to treat
arthritis, muscle sprain, and other inflammatory conditions in some communities. One of the
main objectives of this study was to determine if Capsicum frutescens fruit extract in this study
has similar efficacy on peripheral and central components of pain as so described for Capsicum
spp. (Linn) [Solanaceae] from other parts of the world, such as from India, Mexico, Thailand,
and South America [3].

2. Research methods

Following Ethics approval by the Animal Ethics Committee of the University of KwaZulu—
Natal; Westville Campus, various parallel and comparative studies were carried out on crude
extract ethyl acetate of Capsicum frutescens and synthetic capsaicin. The studies were to
elucidate the analgesic, antiinflammatory, gastro‐intestinal effects and the effects on coagula‐
tion of both compounds. The discussion that follows is a systemic review of the pharmaco‐
logical effects of capsaicin. The “hot plate” and “acetic acid” analgesic tests methods were used
for central and peripheral nervous system investigations on pain mechanisms, using the mean
reaction time and inhibition of writhing, respectively. The effects of Capsicum‐derived capsaicin
on chick isolated parasympathetically innervated esophagus, rabbit duodenum, and guinea
pig ileum were investigated in Ugo Basile organ baths, respectively. In all cases, concentration‐
response curves to standard agonists were investigated in the absence and in the presence of
capsaicin (CPE), or standard antagonists. Following 2 weeks of treatment with capsaicin and
capsicum extracts, the effects of capsaicin on coagulation was tested. The results of these
studies show comparable analgesic to morphine and diclofenac on the peripheral analgesic
mechanisms and more intense central analgesia compared to morphine (p < 0.1). Besides,
capsaicin increased the INR by 1.25 times compared to control (p < 0.01) and has a dose‐
dependent relaxation of the gastro‐intestinal smooth muscles (p < 0.1).

3. Data analysis

Experimental data obtained were analyzed and presented as means (+SEM). The data from
“control” rats were used as baseline values while the mean reaction times to the pain stimulus
or the writhing were recorded and subsequently analyzed, using a two‐way ANOVA.
Interobserver differences were assessed by Wilcoxon and Kruskal‐Wallis tests. Student's t‐test
was used to test for the difference between the means when two groups were analyzed. Where
the groups are more than two, ANOVA was used to test for differences between the groups.
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Statistical significance was by using a double‐tailed CI of 95% and a p‐value of less than 0.05.
Pearson correlation coefficient was used to assess the activity of Capsicum frutescens–derived
capsaicin extract, compared to that of the synthetic capsaicin and to compare results from
selected groups.

4. Discussion

Capsicum species occur worldwide, and has been used for more than 9000 years by the Chinese,
Indians, and Africans for medicinal and nonmedicinal purposes [4], for example, for pain,
among other things. Pain is perceived through both peripheral and central mechanisms.
Peripheral mechanisms typically involve the nociceptors, while central mechanisms involve
the process of central sensitization. Pain is sensed by nociceptors located in the sensory nerve
endings. Messages are relayed through complex multisynaptic afferents to the dorsal column
by means of transmission and transduction of chemical messages, which are relayed via the
spinal mechanisms and processed for appropriate supranuclear interpretation. Finally, the
motor effector organs are facilitated to respond according to the type of pain [5, 6].

The neural impulses, which originate from the nociceptors, relay through the primary afferent
nerves (PAN), to the spinal cord, or via the cranial nerves to the brain stem, for those impulses
that originate from the head and neck. The cell bodies of these ganglia are located in the dorsal
root ganglia, or the respective cell bodies in the cases of cranial nerves V, VIII, IX, and X. By
means of complex synapses, messages are relayed to ascending pathways.

There are several biochemical mediators (and neurotransmitters), which are involved in pain
transmission and perception. Peripherally, the most important of these amines are the cyclo‐
oxygenase agonists and the leukotrienes. Others are catecholamines, acetylcholine, vasoactive
intestinal polypeptides (VIP), neuropeptides Y (NPY), cholecystokinin, 5‐hydroxytryptamine,
neurotensin, tachykinin, and bradykinins [7, 8]. The opioid receptors act both centrally and
peripherally. In addition, the central cyclo‐oxygenase action has been found with acetamino‐
phen [9]. Centrally acting neuromediators can be classified into “excitatory” and “inhibitory”
neuromediators. Glutamate and aspartate are the examples of excitatory amino acids acting
as neurotransmitters centrally, while substance P (SP), calcitonin gene‐related peptide (CGRP)
[10], and growth factors (e.g., brain‐derived neurotrophic factors) are other examples. Inhibi‐
tory neuromediators include endogenous opioids, such as enkephalin and β‐endorphins.
Others are gamma‐aminobutyric acid (GABA), glycine, and β‐adrenergic agonists [11].
Conversely, any agent acting on these receptors and neuromediators have the ability to
modulate pain. The aberration of inflammatory and neuropathic enhancement of pain
perception as seen in allodynia (painful touch) and hyperalgesia are due to increased release
of SP from substantia gelatinosa. This phenomenon is called “peripheral sensitization.”

The memory of pain, neural plasticity, wide dynamic range activity, and the winding
phenomenon are enhanced by N‐methyl‐d‐aspartate receptor through an early expression
of genetic coding through c‐fos and v‐fos oncogens [12–15]. This neural plasticity leads to
the phenomenon of central sensitization as typified by stump and phantom pain. Both
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hyperalgesia and allodynia, which are known side effects of capsaicin [16], are results of
peripheral and central sensitization. In addition, the repetitive C fiber stimulation produces
the winding‐up phenomenon.

Injury leads to nociception, transduction, receptor modification, uncoordinated sprouting, and
growth of injured axons and ectopic epileptic firing of nerves [17]. Although the hypothalamus
receives an enormous amount of stimuli, it is devoid of the ability to discriminate, since it is
not somato‐topically organized. It is also not able to localize pain. However, discrimination
and localization are possible by the third‐order neurons connecting to the prefrontal gyrus in
the cerebral cortex. This is the basis for the use of secondary analgesia such as antidepressants
and anticonvulsants.

The ascending order is not alone in pain modulation. There is enough evidence to suggest that
the descending tracts have a role in the modulation of pain [18]. In the late 1960s, it was
observed that neurons in the dorsal horn of decerebrated animals are more responsive to
painful stimuli when the spinal cord is blocked [19]. Also in the late 1980s, electrical stimulation
of the periaqueductal gyrus was found to produce profound relief of pain in animals [17].
These studies provided scientific basis for stimulation‐produced analgesia. In addition, further
studies showed that instillation of small doses of morphine in the regions such as periaque‐
ductal system (PAG) produced significant analgesia.

Substance P is the active neurotransmitter that is released at the primary nerve endings of
primary afferent neurons (PAN). It is usually synthesized at the substantia gelatinosa of the
dorsal horn. On release from PAN, substance P from the dorsal horn of the spinal cord exhibits
systemic actions. For example, the expression of substance P and vanilloid receptor (VR1) were
found in the trigeminal sensory neurons projecting from PAN to the nasal mucosa in the
mouse [20, 21]. The release of both substance P and neurokinin A (NKA) from PAN to various
stimuli induced by capsaicin (vanilloid) receptor (VR1) results in potent proinflammatory
effects on the airways [22, 23].

Expression of substance P was found to correlate with the severity of diarrhea in cryptospor‐
idosis from the result in electrogenic chloride anion secretion [24,25] and found three kinds of
current in response to substance P in bullfrog dorsal root ganglion neurons. They are either
G‐protein coupled channel, slow activating I (SP); or directly opened channel, fast activating
I (SP); or both, moderately activating I (SP). All the three were inwardly directed currents with
the ionic mechanism underlying slow activating I (SP) deduced as closure of K+ channels. The
fast‐activating channel is due to the opening of sodium channels. These correlate with the three
subtypes of SP receptor, immunoreactive interneurons described in the rat basolateral
amygdala [26]. Furthermore, the secretion of HCO‐

3 through secretin was abolished by
substance P [15, 24, 27].

Other systems affected by substance P include the cardiovascular system. Low dose systemic
administration of substance P caused hypertension and tachycardia, while unilateral or
bilateral injections into the rat's nucleus tractus solitari caused slow increase in blood pressure
and heart rate, which peaked in 1.5–5 min after injection and lasted for 20–30 min. These effects
are vagal mediated [28, 29].
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Furthermore, the swellings that typically accompany complex regional pain syndrome have
been found to be due to extravasation of substance P–induced protein [24, 30].

Capsaicin is the main pungent ingredient in “hot” chili peppers, and elicits a burning pain by
selectively activating sensory neurons that convey information about noxious stimuli to the
central nervous system [31, 32]. However, capsaicin‐induced ion refluxes increase cyclic GMP
and not cyclic AMP [33], capsaicin has selective action on unmyelinated C‐fibers and thinly
myelinated A primary sensory neurons [33].

Several sensory stimuli including noxious pressure, heat, and chemical irritation could affect
capsaicin‐sensitive fibers, which are polymodal in nature. These nociceptors are the most
abundant class of nociceptive fibers. On stimulation by capsaicin, nociceptive neurons release
glutamate, which are a rapidly acting central neurotransmitter and an excitatory amino acid.
Likewise, the transient receptor potential (TRP) family of ion channels are activated by a
diverse range of stimuli, including heat, protons, lipids, phorbols, phosphorylation, changes
in extracellular osmolarity and/or pressure, and depletion of intracellular Ca2+ stores. In all,
VR 1 remains the only channel activated by vanilloids such as capsaicin [34].

In addition, they also express neuropeptides, such as calcitonin‐gene‐related‐peptide (CGRP),
substance P, nerokinin A, and somatostantin, which, on release to the spinal cord, leads to
intense stimulation. Noxious stimulation acting on peripheral nervous system results in a long‐
term increase in spinal excitability, which results in the central mechanisms of allodynia and
hyperalgesia. There is neuronal cooperation and enhancement of activities by tachykinins (e.g.,
substance P and neurokinin A) and excitatory amino acids (EAAs) (e.g., glutamate), which
ultimately increase synaptic activation of dorsal horn neurons via EAA receptors. Following
synthesis at the dorsal root ganglia, most of the neuropeptides are exported peripherally and
not centrally, to facilitate neurogenic inflammation. Capsaicin pretreatment in neonatal rats
has been found to abolish the development of thermal hyperalgesia produced in a model of
neuropathic pain in rats [35, 36].

An initial local application of capsaicin is algesic. However, its repeated application leads to
desensitization, and its high concentration eventually blocks conduction of the C‐fibers. This
results in long‐lasting sensory deficits. These properties give a logical basis for the use of
capsaicin in treating pains that arise from cluster headache, complex regional pain syndrome,
postmastectomy pain, postherpetic neuralgia, and diabetic neuropathy [16, 37, 38].

In his review, Caterina et al. [39] had shown that capsaicin has an expression‐cloning strategy
based on calcium influx to isolate a functional cDNA encoding of a capsaicin receptor from
sensory neurons. Capsaicin receptor is a nonselective cation channel that is structurally related
to members of the transient‐receptor‐potential V1 (TRPV1) family of ion channels [36, 40, 41].
The cloned‐capsaicin receptor is also activated by increases in temperature in the noxious
range, which suggests that it acts as a transducer of painful thermal stimuli in vivo.

In all, 28 mammalian transient receptor potential (TRP) cation channels have been identified
and regrouped into six subfamilies [42]. These include TRPC (“canonical”), TRPV (“vanil‐
loid”), TRPM (“melastatin”), TRPP (“polycystin”), TRPML (“mucolipin”), and TRPA (“ankyr‐
in”). The TRPV subfamily (vanilloid receptors) comprises channels critically involved in
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nociception and thermo sensing. Moreover, the TRPV 1 receptors have been found in the brain,
spinal cord, peripheral neurons, smooth and cardiac muscles, vascular tissues, bronchial
muscles, GIT mucosa, and the urinary bladder.

The mechanism of action of capsaicin is based on neuronal desensitization to noxious stimuli.
Two forms of desensitization are apparent. One is a capsaicin‐induced loss of responsiveness.
This is functional and it is reversible. On the other hand is a calcium‐dependent desensitization
involving the activation of phosphatase and leading to the inactivation of capsaicin channel.

High doses of capsaicin may lead to neurotoxicity. Axonal and terminal degeneration and
impaired nociception appear to be irreversible. Both osmotic lysis and action of calcium‐
dependent proteases may be responsible for capsaicin‐induced neurotoxicity [43–47].

In acute pain, studies in animals have shown that systemic capsaicin relieves pain in increasing
doses from 0.5 to 10 mg/kg, but nerve degeneration was noted in doses of 50 mg/kg and greater.
The relief was for mechano‐thermal pain [48–51]. In human studies, it requires days to weeks
before beneficial effects of capsaicin can be seen [52].

With an increase in the levels of substance P in inflammatory and neurogenic joint diseases
(arthritis), topical or intra‐articular injections of capsaicin have shown significant improve‐
ments, as well as reductions in the level of inflammatory mediators [53–57]. In the same vein,
Perkins and Campbell [58] used 6 mg/kg of intra‐articular capsaicin to reverse mechanical
hyperalgesia for several hours [59, 60].

In rheumatoid arthritis, the effect of capsaicin is mixed. Whereas Deal et al. [48] showed
significant reduction in the level of pain intensity in 31 patients with rheumatoid arthritis of
the knee following treatment with zostrix (as 0.025%) for 4 weeks, McCarthy and McCarty [62]
did not observe any improvement in 7 patients with rheumatoid hands, using 0.75% capsaicin.
However, Weisman et al. [49, 61, 62] reported that application of capsaicin (0.75%) for 6 weeks
produced a reduction in inflammatory mediators, including substance P, in the synovial fluid
of patients with rheumatoid arthritis. In osteoarthritis, there is evidence to show increase in
the level of substance P in patients, [4, 53]. Randomized, controlled trials have also shown
significant improvement in pain relief following treatment with capsaicin cream [23, 34, 43, 53].

With neuropathic pain in mind, animal studies using intrathecal as well as subcutaneous or
topical capsaicin have produced significant improvements in the relief of hyperalgesia and
pain [37, 63–66, 72]. These studies show that capsaicin‐sensitive nerves have a role in thermal
hyperalgesia in the animals under study [66, 67].

Studies in humans with neuropathic pain include patients with postherpetic neuralgia [51,
68], diabetic neuropathy [69], and postmastectomy pain [44]. Others include the use of
capsaicin in stump or phantom pain [70], complex regional pain syndrome type I [71],
trigeminal neuralgia [72], and oral neuropathic pain [64]. Capsaicin was also studied in cluster
headache, and fibromyalgia [17], as well as in acute or chronic conditions, such as osteoarthri‐
tis [48, 64]; and rheumatoid arthritis [37].

Notable among these studies are those by the Capsaicin Study Group [73] with a total of 277
patients (138 capsaicin 0.075%, 139 placebo) having diabetic neuropathy. The Group reported
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significant improvements in all measures (pain, walking, working, and sleeping) after
administering capsaicin four times daily for up to 8 weeks. In their study, Jensen and Larson
[74] found that capsaicin cream provides an alternative treatment option with a favorable
outcome in painful diabetic neuropathy. Most of these studies were performed over similar
periods of time, except the study by Watson et al. [75], which followed up 83 patients with
postherpetic neuralgia for 2 years. The investigators found that in 86% of their patients,
improvements in the pain scores were either maintained or further enhanced with no serious
side effects. Furthermore, the efficacy of nasal application of capsaicin in the treatment of
cluster headache had been confirmed following 7 days application of capsaicin with significant
improvement when compared with placebo. The relief might have been produced through the
effects of capsaicin on substance P–containing trigeminal nerve [76, 77].

Capsaicin has also been shown to relief pruritus in patients with psoriasis [28, 70, 78], bra‐
chioradial pruritus [79], aquagenic pruritus [80], notalgia parasthetica [24], nodular prurigo
[79], and pruritus produced in patients on hemodialysis [81]. In human volunteers, capsaicin
treatment was found to have inhibited itch after histamine and allergen challenge. Itch is
mediated by a subset of capsaicin‐sensitive nociceptive neurons through the inhibition of C
fiber conduction [82, 83].

The wide systemic side effects have made topical capsaicin to be more acceptable in clinical
state. The main side effects are neuronal, cardiovascular, mucocutaneous tissue, or open
wounds. Electron microscopic observations have revealed degeneration and glial engulfment
of buttons and unmyelinated axons in the dorsal horn, 2–6 hours after neonatal subcutaneous
capsaicin injections in rats. There is increased latency of the nerves; convulsion and even death
may follow with very high doses of capsaicin [84, 85]. Cannabinoids have been used to
attenuate capsaicin‐evoked hyperalgesia [78] and low‐dose lidocaine was found to reduce
capsaicin‐evoked secondary analgesia by a central mechanism [34].

When capsaicin is in contact with mucocutaneous tissues, such as the conjunctiva, it produces
intense inflammatory reaction [86]. This is consequent upon the initial release of substance
P. Cardiovascular studies on blood vessels have shown that both capsaicinoids and capsaicin
could inhibit vasoconstriction induced by norepinephrine [17], and the vasodilatation effect
of capsaicinoids might be due to the action of capsaicin. The compounds also cause signifi‐
cant decreases in platelet aggregation induced by ADP and collagen and increase blood flow
in volunteers. During their study in Thailand, Jaiarj et al. [67] first noticed that people who
consume large amounts of red chili peppers experienced a lower incidence of thromboemb‐
olism, or potentially dangerous blood clots.

The alternative to the mixed actions of capsaicin is being looked into through the development
of purer and more potent capsaicin analogs. Refs. [72, 79, 80, 62] reported significant thermal
and mechanical analgesia and antiinflammatory activity following administration of olvanil
oleamide, an analog, which lacked the acute toxicity of capsaicin. Nuvanil was found to be
more soluble, thus allowing for oral administration, and also showed improved oral activity
and significant analgesia [6,87]. The compounds were also found to show less pungency and
reduced vagal‐mediated blood pressure reflexes [6,79, 80, 83, 87]. In this regard, Lee et al. [88]
and Lee and Gauci [27] discussed how acute toxicity of capsaicin can be prevented through
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structural modification. Moreover, Chen et al. [89] and Hua et al. [90] also reported that orally
active capsaicin analog, civamide, showed a significant increase in response latency on the
thermal withdrawal test that persisted for 3 days in adult rats.

5. Conclusion

From the synopsis above, it is obvious that capsaicin is a peripheral analgesic, which is cell
specific. The opening of capsaicin‐operated channels is required for efficacy and agonism.
Improvement in the therapeutic window is required before the use of an orally active thera‐
peutic drug. However, topical applications of capsaicin have been shown to be effective
without side effect [34, 37]. There is also a growing body of evidence for the role of capsaicin
in inflammation, coagulation, and gastro‐intestinal function.
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Abstract

Herbs and spices are used in all cultures as natural foodstuffs and for medicinal purposes. 
Siphonochilus aethiopicus, Monodora myristica and Crateva adansonii are some of the spices 
which are not commonly used. They improve the taste of food, and through their anti-
oxidant, anti-microbial and anti-fungal properties, they could act as food preservatives. 
There is an accumulation of evidence for the usage of these spices medicinally as anti-
inflammatory, anti-plasmodial, anti-sickling, anti-oxidant and chemopreventive agents. 
There have also been investigations to identify the active constituents of these spices and 
to verify their pharmacological actions. This article aims at reviewing the available data 
on these investigations and the basis for usage in several diseases and conditions.

Keywords: Siphonochilus aethiopicus, Monodora myristica, Crateva adansonii, herbs, spices

1. Introduction

Aromatic herbs and spices are widely used in Nigeria for culinary and medicinal purposes. 
While some are quite common and used worldwide, others like: wild ginger (Siphonochilus 
aethiopicus (Schweinf) B.L Burtt), African nutmeg (Monodora myristica (Gaertn) Dunal) and 
sacred garlic pear (Crateva adansonii DC) are not. Herbs and spices make important contribu-
tions towards the odour and flavour of foods due to the presence of volatile (essential) oils 
and fixed oils. They confer new aromas to the foods, and their use for improving the taste of 
foods is a cultural achievement of all races which also led to cultural exchanges very early in 
history [1]. Moreover, there is an increasing interest in using the extracts of herbs and spices, 
for food preservation [2] since as natural foodstuffs, they appeal to many consumers who 
question the safety of synthetic food additives due to their carcinogenicity or other concerns 
[3, 4]. Indeed, since prehistoric times, herbs were the basis for nearly all medicinal therapy 
until synthetic drugs were developed, and even today, herbs are still found in 40% of pre-
scription drugs [5].

© 2017 The Author(s). Licensee InTech. 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.



Thus, in addition to imparting characteristic pleasant flavours, certain herbs and spices pro-
long the storage life of foods by preventing rancidity through their anti-oxidant activity or 
through bacteriostatic or bactericidal activity [6]. Consequently, herbs and spices have medic-
inal values, anti-oxidant and anti-microbial properties [7], and some do contain potent phyto-
chemicals, which provide significant protection against cancer [8].

Wild ginger is an herb with perennial tuberous roots giving rise to annual leafy stems which 
grows in sub-Saharan Africa especially in savannah regions or regions with dry season [9]. It 
belongs to the family Zingiberaceae and has leafy shoots (pseudo-stem) which grow to about 
35 cm high after flowering and is common throughout the West African region and elsewhere 
in tropical Africa [9]. The rhizomes which have a terrific scent of violets and ginger are spindle 
shaped and are about 5 cm by 1 cm, arranged radially on lateral roots that spread fairly read-
ily underground [9]. The Nigerian variety flowers between April and May after the early rains 
and the flowers, which appear before the leaves, come up in considerable quantity followed 
by the leaves and the pseudo-stem [10]. The flowers, just borne above ground level in inflo-
rescences separate from the leafy shoot, are purple with white corolla tube and a yellow flare 
on the central petal and are 7–10 cm long [9]. The leafy shoot dries up between September and 
December after which it falls off. The herb is found in the wild and could also be cultivated.

The South African variety is a deciduous aromatic plant, bisexual or female, up to 1 m high and 
sprout annually from the underground stem in spring [11]. The leaves are glabrous and 30–400 
× 50–90 mm in size, light green, lance shaped and borne on the end of stem-like leaf bases [11, 
12]. Between October and February, it gives faintly scented flowers that are white to bright pink 
with yellow markings on lip, white corolla tubes 30–40 mm long and tepal lobes 60–80 mm wide 
[12]. The tremendously attractive flowers often appear before the leaves in spring, perhaps to 
allow them to be more visible to pollinators [13]. They may also vary in colour from bright pink, 
purple-pink, yellow to white with a yellow centre and are delicately scented. About 15 flowers 
are produced per plant over the flowering season, each lasting a single day [14].

The roots, tubers and rhizomes of wild ginger are used for their aroma and medicinal prop-
erties in the West and South of Africa. While they are used as spice by the Igede people of 
Benue State of Nigeria [15], others mainly use them in traditional medicine for colds, coughs, 
influenza, hysteria, pain and malaria amongst other ailments [16, 17]. It is also used by Zulu 
people as a protection against lightning and snakes [18]. Infusions of the rhizome and roots 
are anti-inflammatory (prostaglandin synthetase inhibition), bronchodilatory, smooth muscle 
relaxant, mild sedative, anti-candidal and used to treat headache, influenza, mild asthma, 
sinusitis, sore throat, thrush, epilepsy, hysteria and relieve dysmenorrhoea [11] or adminis-
tered to horses as prophylactics against horse sickness [19]. It is in such popular demand and 
coupled with the method of harvesting which involves removal of the entire rhizome that it 
has become extinct in certain areas [20]. The plant does not set much seed and splitting rhi-
zomes is the best available option for plant propagation [14].

The seeds of Monodora myristica (Gaertn.) Dunal either fresh or roasted are used both as a spice 
in cuisine and medicinally in different parts of Africa and in the Caribbean [21, 22]. It is largely 
underutilized and has recently been used as popcorn flavouring in an attempt to increase its 
utilization [23]. It is also responsible for the distinct flavour of the Nigerian delicacy “isi ewu”, 
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and it is used in soups and peanut paste [23, 24]. Its aroma which is enhanced by mild roasting 
is similar to nutmeg; thus, the plant is commonly known as African nutmeg, calabash nutmeg 
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haemorrhoids, stomach ache, relieve constipation and control passive uterine haemorrhage in 
women immediately after child birth [24, 25, 28] and hypertension [25].

The leaves of sacred garlic pear (Crateva adansonii) which are eaten with soups or mixed with 
cereal are also used medicinally in different parts of Africa and Asia [29, 30]. It belongs to 
the family Capparaceae and is widely distributed as a small handsome tree of the galleried 
forest and savannah woodland often found on river banks across Africa [29]. The species 
is confined to Africa but bears very close affinity to the Asian Crateva religiosa G. Forst with 
which it has been equated by some authorities [29]. It attains a height of 7 m or more with 
an irregular trunk which is seldom straight and could be cultivated for ornamental purposes 
due to its dense masses of white flowers borne at the ends of all the shoots [29]. Where it sur-
vives bush burning and repeated stripping of its leaves, the tree is often stunted. The wood is 
strong-smelling when cut and is soft and yellow [29]. In Eastern Nigeria, C. adansonii is used 
medicinally, its leaves being in high demand for the treatment of ear and parasitic infections 
[31]. The leaves are applied externally to relieve joint pains; the fresh juice from the leaves 
is used for the relief of ear ache, eye infection and anodyne in toothache [32]. The leaves are 
also used in fumigations for treating jaundice and yellow fever, applied to the head as a mild 
counter-irritant for easing headaches, and a steam bath of over the face is used as a remedy 
for all troubles due to poor vision [29]. The bark is said to be rubefacient and tonic, widely 
used as a remedy for stomach-troubles and used both internally and externally for treating 
sterility. It is used in combination with Flacourtia flavescens as a treatment for leprosy [29]. 
Powdered and boiled in oil, it is used as an application for rheumatic condition, and a bark 
paste is used as a poultice on swellings [29]. The powdered bark is used in rheumatism, itch, 
epilepsy, stomach troubles and asthma [33]. The powdered leaves and bark are considered to 
be rubefacient and are used especially on cysts. The root is used as a febrifuge and in several 
treatments for syphilis. The dried, ground roots are used as an application to swollen parts of 
the body, while the seeds have unspecified medicinal uses [29].

This review identifies lesser known aromatic plants in Nigeria and current reports on their 
utilization, constituents and properties. The aim is to provide an insight into the health-pro-
moting potentials of biologically active constituents of: wild ginger (Siphonochilus aethiopicus 
(Schweinf) B.L Burtt), African nutmeg (Monodora myristica (Gaertn) Dunal) and sacred garlic 
pear (Crateva adansonii DC). This is because diets rich in plant foods can provide biologically 
active phytochemicals that promote health [34].
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2. Constituent phytochemicals

The sensory perception of wild ginger depends on a variety of odorants including esters, 
monoterpenes, sesquiterpenes, aldehydes, pyrazines and thiophenes which are important 
for the mild and pleasant aroma both in the fresh and in roasted spice as against the hot/
pungent flavours of ginger and other Zingiberaceae [35]. Aroma extracts dilution analysis 
(AEDA) employing the gas chromatography/olfactometry (GC/O) technique was reported for 
the organoleptic evaluation of these odorants and their odour quality together with quan-
tification from GC-FID/GC-MS profiles [35]. Thus, the sweet/fruity ester flavours, methyl-
2-/-3-methyl butanoates and derivatives of the apple flavour were reported to be the most 
important odorants perceived at the highest dilution of the aroma extract of the fresh spice 
[35]. These were followed by the monoterpene β-phellandrene which has a terpenish/woody 
odour and is also important for the aroma of ginger and dill [35–37]. Another sweet/fruity fla-
vour propyl-2-methylbutanoate also an apple flavour follows before the roasty/earthy smell-
ing 2-isopropyl-3-methoxypyrazine and 2-isobutyl-3-methoxypyrazine which are known to 
have a hot/paprika taste and are also present in paprika pepper and chillies [35–38]. The 
sesquiterpene curzerenone (sweet/coconut-like) is perceived at the next significant dilution 
together with the roasty/potato-like methional [35]. In the roasted sample, terpenish/woody 
β-phellandrene is the most important odorant followed by the roasty/earthy smelling pyr-
azines before the sweet/fruity flavoured butanoates. The pungent smelling principle 2-acetyl 
thiophene, which is absent in the fresh sample, is next followed by the sesquiterpene curzere-
none (sweet/coconut-like) together with the roasty/potato-like methional [35].

Principal component analysis using GC shows that the constituents of wild ginger are mostly 
sesquiterpenes as against monoterpenoids or diterpenoids [16, 35, 39]. Five eudesmane ses-
quiterpenoids as shown in Figure 1: 4aαH-3,5α,8aβ-trimethyl-4,4a,8a,9-tetrahydronaphtho[2, 
3b]-furan-8-one; 2-hydroxy-4aαH-3,5α,8aβ-trimethyl-4,4a,8a,9-tetrahydro-naphtho[2, 3b]-
furan-8(5H)-one; 4aαH-3,5α,8aβ-trimethyl-4,4a,8a,9-tetrahydronaphtho-([2, 3b]-dihydrofu-
ran-2-one)-8-one; 9aβ-hydroxy-4aαH-3,5α,8aβ-trimethyl-4,4a,8a,9-tetrahydronaphtho-([2, 
3b]-dihydrofuran-2-one)-8-one and 4aαH-3,5α,8aβ-trimethyl-4,4a,8a-trihydronaphtho-([2, 
3b]-dihydrofuran-2-one)-8-one were isolated as the constituents of the South African vari-
ety [16, 17]. However, the elemane sesquiterpenoids: curzerenone and epi-curzerenone, the 
germacrane sesquiterpenoids: furanodiene (8,12-epoxy-1(10)E,4Z,7,11-germacratetraene); 
isofuranodiene (8,12-epoxy-1(10)E,4Z,7,11-germacratetraene) and furanodienone (8,12-
epoxy-1(10)E,4Z,7,11-germacratetraen-6-one) together with the labdane diterpenoids: 
8(17),12E-labdadiene-15,16-dial, 15-hydroxy-8(17),12E-labdadiene-16-al, and 16-oxo-8(17), 
12E-labdadiene-15-oic acid (zerumin A) as also shown in Figure 1 were isolated from the 
Nigerian variety [35, 39].

A yield of 45-6g kg−1  essential oils containing 75% monoterpene hydrocarbons; the major 
compounds being: α-phellandrene (50–4%), α-pinene (5–5%) and myrcene (4–35%) has been 
reported for the African nutmeg [40]. Few sesquiterpene hydrocarbons (3%) and oxygenated 
compounds such as germacrene-D-4-ol (9–5%) were also reported as against another report 
of 25.48% germacrene-D-4-ol [41]. Meanwhile, an essential oil yield of 6.2% (dry weight basis) 
has also been reported [42]. Prenylated indole alkaloids are considered a chemotaxonomic 
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marker of the genus, and 5-formyl indole and 5-(3-oxo-but-1-enyl) indole as shown in Figure 2 
have been reported from Monodora myristica and other species of Monodora [21, 43, 44].

The volatile oils of the sacred garlic pear whole plant reportedly show 43.5 and 41.1% 
 oxygenated monoterpenes and aliphatic compounds, respectively. The major constituents are 
linalool (30.2%) and nonanal (17.2%), and it contains no sesquiterpene hydrocarbons [45]. The 

Figure  1. Isolated constituents of Siphonochilus aethiopicus.
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leaves are also known to have a disagreeable smell when crushed [29]. The triterpenes: oleanolic 
acid and 4-epi-hederagenin were isolated from the 1:1 C2H2:MeOH extract of its seed as shown 
in Figure 3 [46]. Then, the hexane extract of the leaf yielded the antibiotic aurantiamide acetate 
while the ethyl acetate extract afforded ethyl pyropheophorbide A, purpurin-18 ethyl ester and 
pyropheophorbide A as also shown in Figure 3 [31]. Additionally, the triterpene lupeol was also 
isolated from a 1:1 dichloromethane/methanol fraction of the leaf as illustrated in Figure 3 [47].

It has been reported that the leaf and rhizome extracts of S. aethiopicus possess anti-microbial 
and anti-fungal properties [48]. However, the activities of the leaf extracts are much lower than 
those of the rhizome extracts which inhibited Bacillus subtilis, Micrococcus kristinae, Bacillus 
cereus, Staphylococcus aureus, Staphylococcus epidermidis and Klebsiella pneumoniae and showed 
anti-fungal properties against Aspergillus flavus, Aspergillus glaucus, Candida albicans, Candida 
tropicalis, Trichophyton mentagrophytes and Trichophyton rubrum [48, 49]. This is despite the simi-
lar chemical composition of the essential oils of the leaf and rhizome [20]. Again, the anti-fungal 
activities of some of the isolated constituents of the rhizomes and tubers: epi-curzerenone and 
furanodienone against Candida albicans, and 8(17),12E-labdadiene-15,16-dial against Candida 
tropicalis and Candida guilliermondii have been reported [50, 51]. Moderate activity of the crude 
rhizome extract and isolated diterpenes: 8(17),12E-labdadiene-15,16-dial and 15-hydroxy-
8(17),12E-labdadiene-16-al against Mycobacterium tuberculosis has also been reported [39].

The in vitro anti-proliferative properties of the essential oils of wild ginger against MCF-7 
cancer cells were reported [52]; indeed, it has been suggested that the presence of antiseptic 
monoterpenoids contributes to its bioactivity [11]. In vitro cytotoxicity determinations of the 
crude rhizome extract and isolated constituents using five cell lines: SH-SY5Y, Jurkat, L929, 
Hep G2 and Hs 27 were also carried out [39]. Epi-curzerenone and furanodienone were inac-
tive against the five different cell lines tested, while two of the diterpenes reportedly showed 
specific cytotoxic effects. 8(17),12E-Labdadiene-15,16-dial had moderate effect on the normal 
cell line Hs 27 and was cytotoxic to SH-SY5Y, the cancerous Jurkat and L929. However, only 
Jurkat and SH-SY5Y were affected by 15-hydroxy-8(17),12E-labdadiene-16-al [39].

The in vitro and in vivo anti-inflammatory properties of S. aethiopicus have also been reported 
[53]. The rhizome extract and the isolated furanoterpenoid, 4aαH-3,5α,8aβ-trimethyl-4,4a,8a,9-
tetrahydronaphtho[2, 3b]-furan-8-one, showed in vitro inhibition of glucocorticoid and his-
tamine H1 receptor binding and phosphodiesterase IV activity [53]. OVA-sensitized and 
challenged mice showed significantly reduced lung inflammation and the percentage of eosino-
phils in bronchoalveolar lavage fluid after administration of S. aethiopicus extracts but airway 
hyper reactivity was not influenced supporting anecdotal accounts of effectiveness against 
asthma, sinusitis, colds and flu [53]. Another report on the anti-inflammatory p roperties of the 
extracts of various parts of S. aethiopicus showed that the in vitro c yclooxegenase-1 (COX-1) 
inhibition of the stem and leaf extracts was reportedly higher than that of the rhizome [54]. High 

Figure  2. Isolated constituents of Monodora myristica.
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inhibition of cyclooxygenase and hence the prostaglandin pathway which should prevent uter-
ine contraction and relieve dysmenorrhoea was again reported for the leaves and tubers of wild 
ginger [55]. However, in vitro reduction of pre-contracted uterine muscle was not observed [55].

Figure  3. Isolated constituents from Crateva adansonii bioactivity.
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Additionally, the in vitro anti-plasmodial activity for the ethanolic extracts and isolated eudes-
mane sesquiterpenoids of S. aethiopicus rhizomes against the chloroquine-sensitive and chlo-
roquine resistant strains of Plasmodium falciparum has also been reported [17]. The substitution 
of the OH group in the sesquiterpene structure with hydrogen resulted in a threefold increase 
in activity against the chloroquine-resistant strain and an introduction of a double bond fur-
ther improved the activity [17]. It is suggested that the anti-plasmodial activity is due to the 
furan moiety [17, 56]. Further in vitro anti-protozoal property of S. aethiopicus was reported 
against Trypanosoma brucei brucei (S427) blood stream forms by the crude rhizome extract, and 
it increased with the pure components: 8(17),12E-labdadiene-15,16-dial, epi-curzerenone and 
furanodienone [39].

The crude seed extract of Monodora myristica and isolated 5-formyl indole and 5-(3-oxo-but-1-
enyl)indole reportedly showed no in vitro cytotoxicity against normal PNT2A cells and no anti-
trypanosomal activity against Trypanosoma brucei brucei (S427) blood stream forms [43]. There 
was also no in vitro cytotoxicity when the crude seed extract was tested against five different 
cancerous cell lines [57]. Similarly, no lethality against brine shrimp (Artemia salina) and low 
anti-microbial activity against the Mycobacterium species: M. madagascariense and M. indicus pranii 
were reported for the stem bark extract of Monodora carolinae and constituent 5-formyl indole [58]. 
However, some of these prenylated indole alkaloids reportedly show interesting in vitro anti-
plasmodial properties against the multi-drug-resistant strain K1 of Plasmodium falciparum [59].

Again, there are reports on the in vitro anti-oxidant properties and protective potential 
against free radicals of M. myristica seeds which suggest usage in the management of dis-
eases associated with oxidative stress [28, 59, 60]. In vivo studies on the aqueous extracts of 
the seed and fruit also suggest that anti-oxidant bio-constituents play an important role in the 
prevention of liver toxicity possibly by inhibiting bioaccumulation of free radicals in animal 
models and could also reverse liver toxicity induced by high cholesterol diets and exert hypo-
cholesterolemic effects [25, 61].

Also, the crude seed extracts of M. myristica reportedly exhibit profound in vitro anti-sickling 
properties suggesting that the spice/extracts could be used in combination with other foods in 
the management and prophylactic control of sickle cell crisis [62].

In vitro anti-microbial properties have been reported for C. adansonii leaf extracts against 
Pseudomonas aeruginosa, Escherichia coli, Salmonella typhii, Staphylococcus aureus, Klebsiella pneu-
moniae, Bacillus subtilis, Shigella sonei, Pasteurella pestis, Yersinia enterocolitica and anti-fungal 
properties against two fungi: Aspergillus niger and Candida albicans [63–65]. It has also been 
suggested that the traditional use of the leaves against several inflammatory diseases such as 
rheumatism, arthritis and gout is due to xanthine oxidase inhibition [32].

In vitro anti-oxidant properties and in vivo analgesic properties have also been reported for 
the methanolic extracts of the stem bark [66]. The methanolic extracts of the leaves and con-
stituent lupeol were also reported to show in vitro anti-oxidant properties [47].

Additionally, there is a report on the in vitro anti-trypanosomal activity of the leaf extracts 
and isolated aurantiamide acetate, ethyl pyropheophorbide A, purpurin-18 ethyl ester and 
pyropheophorbide A against the African trypanosome Trypanosoma brucei brucei (S427) blood 
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pyropheophorbide A against the African trypanosome Trypanosoma brucei brucei (S427) blood 
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stream forms [31]. In silico testing of these ligands with the potential biomolecular targets of 
T. brucei: riboflavin kinase, trypanothione reductase, sterol-14α-demethylase, rohedsain and 
glutathione synthetase revealed multi-functional scaffolds validating the possibility of anti-
trypanosomal activity [31].

3. Conclusion

Overall, organoleptic studies encourage the increased utilization of wild ginger, African nutmeg 
and sacred garlic pear to flavour foods. Moreover, a significant number of in vitro and labora-
tory animal studies support and explain the folk medicinal usage of these herbs and spices. 
These spices have anti-microbial, anti-oxidant, anti-inflammatory and in some instances anti-
plasmodial and anti-cancer actions. As several metabolic diseases and age-related degenerative 
disorders are closely associated with oxidative processes in the body, further clinical studies on 
the use of these spices or their constituents as sources of anti-oxidants and anti-inflammatory 
agents are needed.
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Abstract

The use of medicinal plants is old as the existence of mankind. According to World Health 
Organization (WHO) data, about 80% of world population are using products based on 
medicinal herbs. Phytotherapy is based on the use of herbal drugs and medicinal prod-
ucts for the purpose of prevention and treatment. Rational phytotherapy is a modern 
concept of herbal medicines using, which are made of standardized herbal extracts. The 
quality of each final product is guaranteed by the use of raw materials of a standard qual-
ity, defined process of production, and validated equipment. Quality control of herbal 
drugs and herbal isolates (tinctures, extracts, and essential oils) is done according to 
the requirements of Pharmacopoeia and other relevant regulations. The scope of phy-
topreparation quality control depends on its pharmaceutical form. The formulation of a 
new phytopreparation is a process that has strictly defined phases: from analysis of liter-
ature and market, through defining recipes, validation of the production process, quality 
control of a final product to the preparation of technological and registration documents. 
The aim of this chapter is to present the process of herbal preparations production from 
selecting plant raw materials to herbal remedies (on the examples of making tea, tea mix-
ture, drops, gels, and capsules).

Keywords: medicinal plants, medicinal plant raw material, quality control, formulation 
of phytopreparation, regulations

1. Introduction

Since ancient times, medical plants and simpler herbal remedies have been used in all parts of 
the world for the treatment and alleviation of various ailments. Although the use of medicinal 
plants is as old as mankind itself, their controlled application, the isolation and characteriza-
tion of active substances, started only in the early nineteenth century. It is a known fact that 
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the extractive plant isolates and isolated active substances played a major role in the develop-
ment of modern pharmacotherapy. Many of the isolated compounds are still used today, or 
they have served as a model for the synthesis of a large number of drugs [1].

The use of plants as medicines has a long history in the treatment of various diseases. Plants 
especially those with ethnopharmacological uses have been the primary sources of medicine 
for early drug discovery.

Herbal remedies, from simple to complex forms, should be made of the raw materials required 
for quality, because only then they could be safe and effective for use. The Pharmacopoeia 
monographs, Monographs European Medicinal Evaluation Agency (EMEA), which encom-
passes monographs World Health Organization (WHO), European Scientific Cooperative on 
Phythotherapy (ESCOP), and Commission E (The German Commission E is a scientific advi-
sory board of the "Bundesinstitut für Arzneimittel und Medizinprodukte" formed in 1978. 
The commission gives scientific expertise for the approval of substances and products previ-
ously used in traditional, folk, and herbal medicine) national regulations, precisely defined 
parameters of control quality.

The process of drafting a new herbal remedies is very complex and strictly defined phase. 
Each step in the process is important, from the initial idea, market analysis, selecting high-
quality plant material and ancillary pharmaceutical raw materials, recipe formulation, pro-
duction preparation, quality control of product, preparation of documentation, protection 
of intellectual property rights, to the introduction of herbal drug in regular production. The 
drafting process must be validated and secure documentation.

In modern pharmacotherapy, despite the widespread use of drugs obtained by chemical 
synthesis, the importance of herbal medicines in the treatment and prophylaxis is still large. 
According to the latest WHO researches, 11% of the 252 basic medicines are in fact herbal 
preparations [1].

2. Development and manufacturing of herbal preparations

2.1. Use of medicinal plants through history

The use of medicinal plants in the prevention and treatment of various diseases is known 
since ancient times. Documents of exquisite value show that herbs were extensively used by 
human population throughout the history. Since ancient times, people have sought safety and 
relief for their health problems in medicines from nature. Prehistoric men have dared to use 
particular medicinal plants, based on careful observation of the behavior of animals who have 
been using them [2, 3]. Over time, the use of herbal medicines and other natural products has 
developed on the basis of both positive and negative experiences. The collected rich experi-
ences have gradually developed into folk medicine, such as traditional European medicine, 
traditional Chinese medicine, Indian Ayurveda, Japanese Kampo, or traditional Arabic and 
Islamic medicine. They consist, not only of herbal remedies but also of other types of drugs, 
for example, from minerals or animals, or physical procedures [3].
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Material evidence on the use of medicinal plants in the distant past is kept by many ethno-
graphic and archaeological sources. The oldest of these sources are clay tables, discovered in 
Mesopotamia (2600 BC), which in addition to the description showed also therapeutic appli-
cation and galenical form in which the plants were to be used. In those ancient times, medical 
plants mentioned were castor oil, grapes, coffee, oils of cedar and cypress, licorice, myrrh, and 
poppy juice [4, 5]. The ancient Egyptian papyrus, Ebers Papyrus (1550 BC), represented some 
kind of first Pharmacopoeia. Egyptians were known for their skill of embalming, distilling 
scented water, and making perfume of aromatic plants, and for those they were using many 
medicinal plants that are still in use today (aloe, peppermint, plantain, poppy seeds, and 
coriander) [6]. The first written records about the use of medical herbs in Chinese traditional 
medicine date from the third millennium BC. Emperor Shen Nung made a collection of wild 
medicinal plants. He is credited with the discovery of tea and many of which are used nowa-
days: cinnamon, ephedra, rhubarb, camphor, and great yellow gentian [6, 7]. The Indian holy 
books provide many examples of the treatments using medical plants, widespread in that 
country. A large number of aromatic herbs and spices that are still in use nowadays through-
out the world, such as pepper, cloves, nutmeg, originate from India. According to data from 
the Bible and the holy Jewish book, the Talmud, during various rituals accompanying a treat-
ment, aromatic plants were utilized such as myrtle and incense [7].

With comprehensive development of science in ancient Greece, the pharmacy also receives a 
special place. The most famous doctor of ancient Greece, which is considered to be the "father 
of medicine," is Hippocrates (460–377 BC). He was the first to systematize overall medical and 
pharmaceutical experience and publish them in the capital work Corpus Hyppocraticum. The 
most ancient botanist Theophrastus (371–286  BC) together with his students founded the first 
botanical garden in Athens. He described more than 500 most important medicinal plants. 
Among others, he referred to cinnamon, iris rhizome, false hellebore, mint, pomegranate, 
cardamom, fragrant hellebore, monkshood, and so on. In the description of the plant, its toxic 
action was also stated [4, 7]. The founder of the European pharmacognosy, a Roman doctor 
of Greek origin, Dioscorides, who lived in the first century BC., described medicinal plants 
which were used in the ancient world, in his capital work De Materia Medica. Dioscorides' 
most appreciated domestic plants were as follows: willow, camomile, garlic, onion, marsh 
mallow, ivy, nettle, sage, common centaury, coriander, parsley, sea onion, and false hellebore. 
The strong influence of Hippocrates and Dioscorides was notable in the school of Alexandria, 
where some of the major breakthroughs in medicine were made. Unfortunately, a great fire 
has destroyed the vast library with approximately two million books, and at the same time 
all the knowledge of medicinal plants of that era [4, 7]. By the Roman conquest of Greece, 
Romans took over all the medical and pharmaceutical knowledge and certainly the most 
important mind in this area was the Roman statesman and military leader Pliny, the Elder 
(23–79). He is the writer of the capital work Historia naturalis. The most famous Roman doc-
tor and a pharmacist is well-known Galenius-Galen, who lived from 131 to 201 and is con-
sidered to be the father of galenic pharmacy. In his writings on the development of complex 
preparations or galenic preparations, he described 304 drugs of plant origin [4].

The Arabs preserved a large amount of the Greco-Roman knowledge during the Dark and 
Middle ages (i.e., fifth to twelfth centuries), and complemented it with their own medicinal 
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expertise, and with herbs from Chinese and Indian traditional medicines [8]. The treatments 
during the Middle Ages were conducted in the restricted environment of monasteries. Skills 
of cultivation and collection of herbal medicines, as well as making simple herbal remedies, 
were reserved for doctors-monks. They used the different herbs: mint, sage, tansy, anise, fen-
ugreek, savory, and so on [7].

At the time of Charles V, the famous medical school of Salerno was founded and started its rise 
by introducing and applying experiences of Arab medicine and pharmacy. Benedictine monks 
played an important role in the preservation of the Greco-Roman tradition. Their legacy was 
large botanical gardens where mainly medicinal plants were grown [4]. The Arab world has 
promoted many sciences including medicine and pharmacy. Certainly, the most famous Arabic 
doctor was Abu Ali Ibn Sina (Avicenna) and his famous book, The Canon of Medical Science, has 
been translated into Latin and other languages, and has been used in Europe for many years.

In medieval Europe, the level of medical knowledge was quite low. Arab medicine, starting 
from the twelfth century, began to penetrate into Europe, through Spain and Sicily. The Arabic 
books were translated into Latin medicine, and in this sense also the Arabic translations of 
ancient Greek and Roman books. Paracelsus (during the late Middle Ages) argued that the 
salubrity of plant originates from chemical compounds that are represented in it [4]. In the 
eighteenth century, Swedish botanist Carl von Linné (1707–1778) created the Latin nomencla-
ture for each plant (the name of the genus and species), and a botanical system for determining 
the species, which due to its transparency and convenience is used even nowadays. Scientific 
pharmacy began only after the French Revolution, and with it the development of the science of 
medicinal plants. In this area, the most distinguished pharmacists became Lavoisier in France, 
Scheele in Sweden, Priestley in England, and so on. [4]. The turning point in the approach and 
the use of herbal medicines is considered to be the beginning of the nineteenth century, when 
a German pharmacist Sertürner managed to isolate the alkaloid of morphine in its pure form, 
from poppy (1806). In the period from 1817 to 1820, French scientists isolated a whole series of 
alkaloids: caffeine, emetine, quinine, cinchonine, and strychnine. Improvements of instrumen-
tal analytical methods have allowed further detection of other groups and complexes of active 
substances, such as heterosides, saponosides, tannins, vitamins, and so on [7].

In the twentieth century, a large number of synthetic drugs were created and it represented 
the beginning of commercial production of a large number of allopathic medicines, which 
significantly led to neglect the use of herbs in pharmacotherapy.

2.2. Plants are valuable sources of drug discovery

As already mentioned, herbal medicines have been an extremely important source for the 
discovery of many drugs. Morphine, which was the first purely natural product to be iso-
lated, was introduced in pharmacotherapy in 1826 (Merck). The first semisynthetic pure sub-
stance of aspirin, salicylic acid-based, was isolated from the bark of Salix alba willow and 
was produced in 1899 (Bayer). This was followed by the isolation of active compounds from 
old herbal drugs, such as digitoxin, codeine, pilocarpine, quinine, and many others, some of 
which are still in use today. Many herbal remedies, emerged after extensive scientific tests of 
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"old and well-known" medicinal plants, were introduced in the therapy. Silymarin, extracted 
from the seeds of Silibum marianum, is used as a hepatoprotective, Paclitaxel from the bark 
of Taxus brevifolia in the treatment of lung, ovarian, and breast cancer, and Artemisinin from 
Artemisia annua herb to combat multiple-resistant malaria [1].

In recent years, many herbal medicines have found their way into the official medicine. 
Some of them are Dronabinol and Cannabidiol isolated from Cannabis sativa, Tiotropium 
derivative of atropine from Atropa belladonna for combating obstructive and chronic bron-
chitis, Galantamine, alkaloid from Galanthus nivalis which is used to relieve symptoms of 
Alzheimer's disease, and Apomorphine, which is a semisynthetic compound based on mor-
phine from Papaver somniferum and is intended for people suffering from Parkinson's disease 
[1]. We can certainly say that a large number of medicinal plants, which in the past, were 
used and represent an important raw material for the production of herbal medicines, or have 
served as a model for similar synthesis of new molecules.

Given that man is an integral part of nature, the human body is compatible with medicines 
coming from nature. Nature, much like a flawless, perfect complex of laboratories, has created 
a variety of sophisticated active compounds contained in herbal medicines, which have a huge 
range of remedial action. Perhaps, this fact will speed up serious research of old manuscripts 
related to herbal medicines and brings out the "old drugs" of pure historical curiosity [8].

2.3. Basic terms related to herbal medicines

Phytotherapy, as a complementary part of pharmacotherapy, has an important place in many 
areas of modern medicine. It represents a system of treatments based on the use of natural 
medicinal resources (drugs) and herbal remedies (herbal remedies) in the purposes of preven-
tion and treatment.

Herbal drug is the whole or grained, dried part of a plant, algae, fungi, or lichen, which is 
used for its medicinal properties. In addition to the plant organs (above-ground part of the 
blooming plant as flower, leaf, root, bark, fruit, and seed), plant exudates can also be consid-
ered as a drug (resins, balsams, and rubber). Herbal medicines, herbal remedies, or herbal 
medicinal products (HMPs) contain as active ingredients exclusively herbal drugs or herbal 
drug preparations. Herbal drug preparations are obtained from drugs, with the procedures 
of distillation, extraction, filtration, and so on. This concept does not include powdered forms 
of drugs, essential oils, fatty oils, tinctures, and extracts [9, 10].

Rational phytotherapy is a modern concept of use of herbal medicines, which was designed in 
Germany at the end of the last century and soon widely accepted in other European countries. 
It was created from the need to improve phytotherapy, in order for herbal preparations to be 
more efficient, safer, and their use based on the results of clinical trials. Herbal medicines, 
which are used in rational phytotherapy, are prepared from standardized herbal extracts, the 
chemical nature of their active principles is known, they exhibit dose-dependent therapeutic 
effect, their adverse effects and contraindications are known, and their pharmaceutical qual-
ity is well defined and standardized [11, 12].
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Herbal medicines are used preventively, in the treatment of milder forms of a disease, or as 
adjunctive therapy for the treatment of chronic diseases. Most commonly, they are applied with 
the dysfunction of the respiratory, digestive, urogenital tract, mild, and medium forms of anxi-
ety and depression, as well as of different lesions of the skin and mucous membranes. Their 
healing effects accrue gradually, so that the maximum effect manifested 2–3 weeks after the 
application.

2.4. Regulations

According to the WHO, preparations based on medicinal herbs are used by 80% of the world 
population. Medical use of medicinal plants has a long tradition in Europe, while in some 
parts of the world (e.g., China and India), herbal remedies still represent a central link in the 
chain of health services [13].

Extractive isolates of herbal medicines and herbal preparations are extremely complex mul-
ticomponent mixtures, as opposed to synthetic drugs that are most commonly a single pure 
compound. In the production of herbal remedies, certain actions and procedures are needed 
to be undertaken (collecting medicinal plants from spontaneous flora and plantation culti-
vation, obtaining extractive isolates, and their characterization), which do not precede the 
production of synthetic drugs. Fortunately, the procedures of making herbal medicines are 
largely modernized and defined in all segments. There are a number of guidelines that pre-
scribe standards in all aspects of making herbal medicines: The European Medicines Agency 
guidelines for the quality of herbal medicines, the WHO  guidelines provide standards and 
guidelines for good agricultural practices, good laboratory practices, and so on. The devel-
opment of new, sophisticated analytical, and technological methods and procedures within 
the development and characterization of extractive isolate has greatly improved the quality 
of the final plant products. On the other hand, the process of harmonization of the quality 
system for the production and herbal drugs control is present in many countries. But glob-
ally speaking, more effort is yet to be made in order to revive the prescribed guidelines and 
regulations in practice [3]. The main goal of the Committee for herbal products (Herbal 
Medicinal Product Committee—HPMC) is to prepare a detailed list of monographs and 
processed herbal substances and preparations, which are in medical use for long enough 
time that their use is safe under normal conditions. The monograph contains the profes-
sional opinion of the Committee on a particular plant products based on scientific data or 
traditional use within the European Union (EU). For each plant, the substances are stated 
indications, speed, usage, and other relevant data concerning its safe use or composition 
that contains it. List and versions of monographs are available for public consultation [14]. 
In Europe, companies can apply for three different types of market authorization of an 
herbal medicinal products (HMPs):

- Full implementation. Manufacturer of a herbal drug must provide documentation proving 
its efficiency and safety, and studies are identical to those submitted for the registration of 
a synthetic drug.

- Well-established use. Manufacturer of a herbal drug may be permitted to register, on the basis 
of the submitted detailed scientific literature, stating that the herbal medicinal preparation  
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is in use for medical purposes not less than 10 years in Europe and has recognized effi-
ciency and an acceptable level of safety.

- Traditional use. Efficiency and safety of a herbal drug can be accepted on the basis of long 
experience. Herbal remedies can be registered, if the documents prove their use in mitigat-
ing certain ailments, not less than 30 years, with at least 15 years in Europe.

The registration procedure for herbal medicines, at all levels of the European Union (EU), is 
done according to European Directive 2004/24/EC, which introduces simplified, but strictly 
defined procedures and affects the harmonization of existing national legislative regulations. 
Regarding the registration in the non-EU countries, despite the efforts made within the frame-
work of national legislation and harmonization in larger systems, a limited number of herbal 
medicines have been registered. Therefore, the identification of problems and discrepancies 
and the systematic plan for overcoming them represent a major challenge for the presence of 
these herbal drugs on the market of EU countries [15].

In Republic of Serbia, legislation on plant products is harmonized with recommendations 
of The European Directive 2004/24/EC. Law on medicines and medical devices (Official 
Gazette of the Republic of Serbia No. 30/2010), Regulation on health safety of dietary prod-
ucts (Official Gazette of RS No. 45/2010), Guidelines of Good Manufacturing Practice, Annex 
7- Manufacture of herbal medicines, are all in effect. According to the Law on medicines and 
medical devices, Herbal medicine, is each drug whose active ingredients are exclusively 
one or more substances of vegetable origin or one or more herbal preparations, or one or 
more substances of vegetable origin in combination with one or more herbal preparations. 
Traditional herbal medicine may be based on scientific principles and is the result of tradi-
tion or other traditional therapeutic approaches. The active components of a herbal medicine/
traditional herbal medicine are herbal drugs and herbal preparations and their combinations, 
and this is widely accepted in all European and national documents. In the context of food 
supplements (dietary supplements), a new the Regulation defines the notion of herbal dietary 
supplements. These are supplements that contain medicinal plants, their parts or prepara-
tions and their quantity in a daily dose of the product should not be less than 15% and greater 
than 65% compared to a known therapeutic dose of these plant materials or preparations.

2.5. Parameters of quality and quality control

The quality of each final product is ensured by the standard quality of raw materials, the 
application of validated production processes and procedures on validated equipment. It is 
similar with herbal remedies, which are made of high-quality herbal raw materials, extrac-
tive preparations (extracts and tinctures) and isolates (essential oil and fatty oil). The latest 
European Pharmacopoeia Ph Eur 8 comprises 270 Monographs on herbal drugs and herbal 
drug preparations [16]. Monographs define parameters of quality control.

2.5.1. Quality control of herbal drugs

The basis of high-quality herbal remedies is the plant material of a standard quality. Many 
factors affect the quality of plant material. Regardless of whether the medicinal plants are 
grown or collected from the wild, biogenetic factors are certainly important (species, variety, 
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chemotype, and sorta). The following are the conditions in which a plant grows as air, cli-
mate, land, then agro-technical measures that are applied during the large-scale production 
(proper sowing, irrigation, fertilization, control against weed and pests), and then collection 
from the wild or harvest of the plantation, transport, proper storage, drying, and grinding. It 
is very important to educate people how to deal with the collection of herbal raw materials 
from spontaneous flora, as well as those who grow the plants, whether they are doing so in 
the conventional conditions or organic conditions of medicinal plants production. Quality 
control of herbal raw materials is strictly defined and traceable. First, the identification of 
plant raw materials is approached. Responsible and expert persons in laboratories for the 
pharmaceutical control or in other relevant institutions, conduct identification, and categori-
zation under a certain number.

Table 1 gives a list of parameters of quality control of herbal drugs by Ph Eur 8.0, based on whose 
defined border values the quality of herbal drugs can be determined. For all the aforementioned 

Parameters of quality control

Herbal drugs 1. Definition: the name of the herbal drugs and content of active substances
2. Characters: appearance, taste, odor, solubility
3. Identification: macroscopic and microscopic examination, TLC
4. Tests: water, loss on drying, total ash, foreign matter, insoluble matter, extractable 
matter, swelling index, microbiological purity, bitterness value, broken drug
5. Assay: essential oils, tannins, declared active substances (GC, LC, UV-VIS)

Herbal drug preparations Dry extract (Extractum siccum)
1. Definition: standardized dry extract prepared from..., content of active substances
2. Production: method of extraction and solvents
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parameters, Pharmacopoeia prescribes the procedure. Any organization deals with herbs, form-
ing his specs-attests that rely on the requirements of the applicable European Pharmacopoeia, 
standards, national regulations, and internal regulations. Definition includes biological source 
of drug, the Latin name of the genus and species, and the minimum amount of essential oil in 
the case of aromatic drugs or the minimum quantities of active substances to which the drug is 
declared. Characteristics define appearance, odor, taste, and solubility. Identification in addi-
tion to macroscopic analysis (organoleptic inspection), which includes appearance, color, odor, 
and microscopic analysis, is carried out for certain herbal drugs, followed by chemical analy-
sis (specific chemical reactions and thin-layer chromatography (TLC)). Predicted tests include 
water, loss on drying, total ash, foreign matter, swelling index, microbiological purity, bitterness 
value, starch, and broken drug. Assay includes essential oils, tannins, declared active substance 
(gas chromatography (GC), GC/mass spectrometry (GC/MS), liquid chromatography (LC), 
and UV-VIS spectroscopy). For the evaluation of herbal raw materials quality, in addition to 
the determination of microbiological safety, complete analysis of the health safety is often per-
formed, according to the current regulations (which includes not only the results of physical, 
physicochemical, and chemical tests but also organoleptic findings, preservatives, sweeteners, 
mycotoxins, metals and metalloids, pesticide residue, microbiological tests, and radioactivity).

2.5.2. Quality and quality control of extracts

The extracts are one of the most widely used herbal preparations. The extracts can be liquid, 
semi-solid, or solid consistency. They are most commonly made of dried and grained plant 
material. For the extract production various processes may be applied: maceration, percola-
tion, extraction of the continuous, and so on. Nowadays, the procedure for extracting plant 
material by super critical fluids is increasingly in use [17−20]. Tinctures are extractive prod-
ucts which are usually obtained by the method of maceration.

The most often used extragents are ethanol, water, mixtures of water, and ethanol. The choice 
of solvent depends on the nature of ingredients that need to pass into the extract. In the prod-
uct declaration, the ratio of components of the solvent mixture used for extraction must always 
be given. The quality of obtained extract depends on the plant material, the solvent, the drug/
solvent ratio, and the extraction process technology. The process of extracts standardization is 
common. After the quantitative analysis, the extract is adjusted in order to contain a particular 
amount of an active compound or the group of compounds (or a marker compound) using an 
inert material or another extract [21]. Parameters of quality control of extracts are shown in 
Table 1. Qualitative and quantitative analyses of the essential oils are carried out by methods 
GC and GC-MS according to regulation Ph Eur or modified method [22].

2.5.3. Quality and quality control of phytopreparations

When it comes to mono-components teas, their quality matches the one defined for the indi-
vidual drugs (Table 2). Quality control refers to the verification of the identity, the declared 
weight of packaging, and microbiological safety. In the case of multi-component (mixtures) teas, 
their control refers to the verification of the identity of each herbal drug on the recipe, check-
ing the declared weight relationship of the components and microbiological purity.
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When a herbal remedy represents a mixture of plant extracts or tinctures, it is usually difficult to 
perform the quantitative analysis of active ingredients for each individual extract. For these 
preparations, the content analysis of active substances for which the preparation is declared 
is conducted (LC, UV-VIS spectroscopy, GC and GC-MS spectrometry, infrared (IR), nuclear 
magnetic resonance (NMR), etc.). Also, in principal, a manufacturer appends the typical fin-
gerprint of chromatogram, spectrum, or some other physical parameter, of the preparation 
ingredient, which may be used by a control laboratory for identification. This approach can 
also be used for the quantitative analysis of the preparation.

Semi-solid forms (herbal gel, cream, and ointment) are checked for authentication, filling, pH, 
and microbiological purity. For solid-dosage galenic forms (capsules, tablets, etc.), a control 
is performed for each individual dose. Control for these forms of herbal remedies includes 
authentication, appearance, the declared weight of the package, or of the each individual 
dose of the preparation. Qualitative and quantitative analyses of the declared active compo-
nents, or a marker compound, of the preparation, are obligatory. For this analysis, similar 
(or appropriately modified) methods to the analysis of herbal drugs or extractive prepara-
tions are applied (if not according to Pharmacopoeia, these methods must be validated by the 
CPMP/ICH/281/95)s.

Phytopreparations Parameters of quality control

Mono-component tea and tea mixture 1. Identification
2. Appearance
3. Verification of components, declared mass ratio of components
4. Verification of package weight
5. microbiological purity

Liquid herbal preparations
(liquid extracts, tinctures, and mixtures of
extracts or tinctures),
herbal drops, solutions, syrups

1. Identification
2. Appearance
3. Loss on drying
4. Content of ethanol
5. Relative density
6. Refractive index
7. Verification of package weight
8. Qualitative and quantitative analysis
9. microbiological safety and/or complete health safety control

Semi-solid forms (herbal gels, cream, and 
unguent)

1. Identification
2. Appearance
3. Verification of package weight
4. pH value
5. microbiological safety and/or complete health safety control

Solid-dosage forms (capsules, tablets, etc.) 1. Identification
2. Appearance
3. Declared mass of single-dose preparations
4. Disintegration
5. Qualitative and quantitative analysis of the declared active
components
6. microbiological safety and/or complete health safety control

Table 2. Parameters of quality control of phytopreparation.
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2.5.4. Monitoring of phytopreparation stability

Medicinal herbs and products based on medicinal herbs are very sensitive to external influ-
ences—the presence of elevated temperatures, moisture, and direct light. They are prone to 
reactions of oxidation, degradation, hydrolysis, and evaporation, so during the preparation 
of herbal remedies special attention must be placed to a number of factors that can affect the 
quality of the final product. In order to determine the stability of a product, to define storage 
conditions, and durability, stability tests are carried out, which include the investigation of 
the environmental factors effect on the change in the final product quality. Stability tests are 
performed at different stages of development and production. During the period of inves-
tigation, the first stress test is carried out, in order to select the most optimal, compatible 
excipients, and the best formulation. All raw materials used, excipients, active ingredients, 
and extraction products, are subject to stability testing and durability defining, for appropri-
ate packaging and under certain environmental conditions. Stability is defined as the period 
during which the product remains within the set quality limits of the prescribed specification. 
In accordance with the requirements of the EMEA, various specific stability tests are placed 
for different herbal [23].

2.6. Planning and development of new herbal preparation

The formulation of a new herbal products is a process that has strictly defined phases and 
includes the work of several sectors of the company that is developing products based on 
medicinal herbs. The dynamics of the process is divided into stages, and they are completed 
by performing a multitude of necessary activities. Of course, the scope of new product devel-
opment depends on the complexity of the galenic form of the new herbal preparation. All 
steps are defined in the documents of quality standards and other regulations of the company 
(Figure 1).

Furthermore, the procedures of developing a new herbal preparation will be explained on the 
example of the development of herbal remedies in the Institute for Medicinal Plant Research 
"Dr Josif Pancic," Belgrade, Republic of Serbia (the Institute).

Stages in the development of new herbal products have their logical sequence. Administration, 
management, the sales department, and the demand of patients expressed through visits to 
our herbal pharmacies may suggest the need for a new preparation, to the department of 
pharmaceutical research and development. Management gives the order to the department 
of pharmaceutical research and development, to create a team that will be allocated to the 
project and appoint a project manager.

Project manager, who is usually a doctor of pharmaceutical sciences in the field of phar-
macognosy, forms a team, writes, and presents a plan for a new product development. The 
plan, according to the system of quality management, must contain general information: 
project name, the subject of research, description of development activities, the aim of the 
research, the necessary equipment, an indication of the place of realization of activities, proj-
ect duration, and start time of the applicability of the project results. The second segment is 
represented through dynamic activities (through phases) and the engagement of researchers 
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(throughout activities phases). The third segment is the planning of all material costs for the 
development of a new herbal remedy. When management of the Institute approves the pre-
sented plan for developing a new product, project manager starts with its execution.

The beginning phase represents preformulation studies. Market analysis and the review of 
relevant literature are very complex. It covers the activities of the Institution’s herbal pharma-
cies that collect patients' requirements, commercial department, which collects data on herbal 
remedies from the observed therapeutic groups in the domestic and foreign markets. Analysis 
of relevant literature includes search for relevant directives and monographs, scientific, tech-
nical papers, patents, and so on.

When all relevant data are collected, an expert research team approaches the formulation of 
a recipe. The recipe for herbal remedies and the content of active substances, which will be 
declared in the preparation, depends on the plan for a herbal product registration. In addition 
to the selection of galenical form, auxiliary materials are also selected at this stage. Of course, 
the recipe is subject to small corrections during the production process.

Figure 1. Schematic representation of the planning and development of new herbal preparation.
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Further on, laboratories are included in the process of preparations formulation. Analysis 
of active substances in the selected plant raw materials and quality control prescribed by 
Pharmacopoeia or other relevant document are performed. Then, the quality control of semi-
final product is conducted. In the case of capsules, the analysis of the active substance in dry 
extract is performed, and also the analysis of other parameters that define its quality, and 
that is defined by Pharmacopoeia monographs or summarized in an internal specification or 
a certificate.

Afterwards, the preparation formulation is conducted (formulation of teas or herbal drops, 
herbal creams, capsules, etc.). In addition to the main plant raw materials, secondary raw 
materials are selected, which will synergistically facilitate the functioning of the dominant 
plant drugs, and auxiliary pharmaceutical raw materials are selected. Auxiliary raw materials 
are used as the basis for semi-solid galenic forms (creams, ointments, and gels), and capsule 
fillers (for the preparation of granules—mass for the capsule filling).

When the herbal remedy is designed, all laboratory examinations are carried out, as pre-
scribed in specifications. The determination of the average capsule weight is performed, also 
the determination of active ingredients per capsule, stability testing for active substances per 
capsule, the capsule dissolution testing, and testing of complete health safety.

From the Intellectual Property Office, the search “recharge” is required and then the protec-
tion of the preparation name. The proposal for the primary and secondary packaging graphic 
layout is carried out. Technological documentation gets completed (processes specifications, 
recipes, and norms). After the test production of capsules, the production of capsules is intro-
duced into regular production. The validation of technological processes, the validation of 
equipment, and the validation of laboratory methods are performed. Registration documen-
tation, report writing, and the presentation of results are being prepared.

When the preparation is produced and packed in its primary and secondary packaging, qual-
ity testing of the final product is conducted (tea blends and herbal drops, ointments, and 
capsules). Quality testing is conducted according to the attest or the specification of the final 
product. It is necessary to examine the complete health safety of the preparation. The stability 
of the active substance is also monitored, to determine and define the expiration date.

Along with a new preparation production, the writing of technical documentation that repre-
sents the preparation file is carried out. The specifications of raw materials, semi-final prod-
ucts, and auxiliary materials are written. In order to define the dose for preparations, it is 
necessary to determine the range of content of the active substance. This is achieved by valida-
tion of the process, on the validated equipment.

Finally, the registration documents are prepared. The scope of the documentation is corre-
lated with the desired herbal remedies group for registration (herbal medicine, traditional 
herbal medicine, or dietary supplement). If it is planned to register a new product as a herbal 
medicine or a traditional herbal medicine, then the instructions of the EMEA monographs 
need to be followed. If it is planned to register a new product as a dietary supplement, then 
the dose needs to be below 65% of the therapeutic dose.
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Development of different galenic form of herbal remedies is presented in the following 
examples.

2.6.1. Mono-component tea

Herb yarrow Achillea millefolium L. is highly regarded medicinal and aromatic plant and has 
a long traditional use. According to WHO monograph, yarrow exhibits antibacterial, anti-
convulsant, anti-inflammatory, antioxidant, antipyretic, antispasmodic, and antiviral activity. 
According to the Commission E monograph and the EMEA, yarrow is traditionally used only 
for temporary loss of appetite, mild spasmodic complaints of the digestive organs, bloating, 
flatulence, and externally as a bath with problems in the lower abdomen in women, and with 
superficial wounds [24].

The process of making mono-component tea from yarrow takes place in the following stages:

– Purchase of high-quality herbal material (overground top part of the blooming herb), 
which meets the quality parameters as prescribed by Pharmacopoeia.

– Grinding the herb up to a prescribed degree of fragmentation. Grinded herbal drug as a 
semi-final product is controlled on the microbiological safety, which is performed in accor-
dance with the relevant regulations for tea and Pharmacopoeia requirements.

– Following the positive results obtained from the pharmaceutical and microbiological labo-
ratories, chopped herbal drug is placed in packaging.

– Final product, mono-component yarrow tea, is sent for the control to pharmaceutical and 
microbiological laboratories. Pharmaceutical laboratory confirms the authentication and 
filling volume.

– When a controlled product receives the confirmation that corresponds to the standard 
quality, it is dispatched to the warehouse of final products and further distributed to phar-
macies and other places.

The user manual is adapted to the prescribed use as a traditional herbal medicinal: as a means 
of relieving complaints of the digestive system, improve appetite, eliminate gases, regulating 
the secretion of bile, pains and cramps in the stomach, with the amenorrhea.

2.6.2. Tea for weight loss in filter bags (1.5 g)

For this indication, herbal drugs that have diuretic and laxative effect have been selected on 
one hand, and on the other hand, we have drugs that aid digestion and herbal drugs rich in 
polyphenols as potent antioxidants and vitamin C. The following herbal drugs are included in 
equal parts (ana partes) in the mixture composition: Betulae folium, Frangulae cortex, Foeniculi 
fructus, Thea folium, and Cynosbati fructus. The mixture of herbs whose active ingredients regu-
late digestion and excretion of urine, stimulate metabolism, and facilitate the breakdown of 
fat, and thus contribute to the cleansing and detoxification of body. Its is recommended as 
a supplement in weight loss diets and for helping to reduce and maintain a desired weight.
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The process of making tea for weight loss  in filter bags is as follows:

– Purchase of high-quality individual herbal material and quality control of parameters as 
prescribed by Pharmacopoeia.

– Grinding the herb up to a prescribed degree of fragmentation. Grinded herbal drugs are 
controlled on the microbiological safety and Pharmacopoeia requirements (appearance, 
moisture content, content of essential oils, impurities, and degree of fragmentation).

– Following the positive results obtained from the pharmaceutical and microbiological lab-
oratories, homogeneous mixing of grinded herbal drugs is carried out, and then in the 
machine for tea bags, bags are filled with the contents. Afterwards, they are placed in spe-
cial filter bags and packaging.

– Final product, herbal mixture in filter bags, is sent for the control to pharmaceutical and 
microbiological laboratories. Pharmaceutical laboratory confirms the authentication and 
filling volume of tea bags and the number of tea bags in a packaging.

– When a controlled product receives the confirmation that corresponds to the standard 
quality, it is dispatched to the warehouse of final products and further distributed to phar-
macies and other places.

2.6.3. Herbal drops for weight loss

Herbal drops, meant to regulate body weight, represent a combination of tinctures and herbal 
extracts, whose active ingredients stimulate the metabolism, have a beneficial impact on 
digestion, and eliminate the excess fluids from the body. The composition of herbal drops 
includes Betulae tinctura, Frangulae tinctura, Foeniculi tinctura and Cynosbati extractum fluidum.

The process of making herbal drops at the Institute, takes place as follows:

– Purchase of high-quality individual herbal material and quality control of parameters as 
prescribed by Pharmacopoeia.

– Grinding the herb up to a prescribed degree of fragmentation. Grinded herbal drugs are 
controlled on the microbiological safety and pharmacopoeia requirements.

– Following the positive results obtained from the laboratories, homogeneous mixing tinc-
tures and extract, filtered, and then filled into glass bottles.

– Final product is sent for the control to pharmaceutical and microbiological laboratories.

– When a controlled product receives the confirmation that corresponds to the standard 
quality, it is dispatched to the warehouse of final products and further distributed to phar-
macies and other places.

2.6.4. Herbal cream with extract of comfrey: Comfrey gel

The root of comfrey Symphyti radix represents a very important medicinal herb raw material. 
According to the Commission E monograph, it is used for blunt injuries. According to EMEA, 
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the traditional use of herbal preparations, it is used in semi-solid-dosage forms for cutane-
ous use. Traditional herbal medicinal remedy is also used for the symptomatic treatment of 
minor sprains and bruises. Gel with 10% propylene glycol extract of comfrey root (Symphyti 
Extaractum fluidum (1: 7)) containing mucus, tannins, saponosides, and allantoin improves 
epithelialization, drainage, and tissue regeneration. It has a beneficial effect with swellings, 
hematoma, fractures, sport injuries, and posttraumatic conditions. It should not be applied to 
open and infected wounds.

The production process of Comfrey gel is performed in the following stages:

– Purchase of high-quality herbal material Symphyti radix and quality control of parameters, 
as prescribed by Pharmacopeia selection of high-quality pharmaceutical raw materials 
according to the manufacturer attest.

– Grinding of comfrey root and producing the liquid extract with propylene glycol with a 
method of percolation. The resulting extract is controlled to authentication, relative den-
sity, and microbiological safety.

– Liquid extract of comfrey, after the processing procedure is incorporated into the semi-
solid base, and then filled into tubes. The final product, herbal gel from the roots of com-
frey, is sent to the control to laboratories.

– When a controlled product receives confirmation that corresponds to the standard quality, 
it is dispatched to the warehouse of final products and further distributed.

2.6.5. Herbal capsules ODOVAL S®, herbal sedative

Herbal product is used for the defense of organism against the effects of daily stress.

Valerian root (Valerianae radix) has a long traditional use. It is approved by Commission E to 
help combat restless states and difficulties falling asleep caused by nervousness. According to 
EMEA monograph, it has a well-established use as a herbal medicinal remedy for the relief of 
mild nervous tension and sleep disorders.

Melissa leaf (Melissae folium) is a favorite vegetable drug that is used as a mild sedative, carmi-
native, antispasmodic, and aromatic. The EMEA monograph only credits Melissae folium with 
a traditional use: it is considered to be a traditional herbal medicinal remedy for relief of mild 
symptoms of mental stress and to aid sleep and for symptomatic treatment of mild gastroin-
testinal. Capsules of this herbal sedative are designed to have the Valerianae extractum siccum 
as a dominant component, with the synergistic effects of Melissae extractum siccum.

Odoval S® is a herbal remedy meant for maintaining mental balance. It contains extracts of 
valerian root and lemon balm leaf, medicinal plants traditionally used for their calming prop-
erties. The active ingredients of these extracts have a favorable effect on alleviating anxiety 
and irritability, facilitate sleep, and establishment of natural sleep patterns. Odoval S® can be 
used as a valuable help in alleviating various symptoms caused by chronic stress (mental ten-
sion and anxiety during the day, irritability, and feelings of worry).

In the Institute , the production process of capsules is carried out in the following stages:
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– Purchase of high-quality herbal raw material of Valerianae radix and Melissae folium and 
quality control on parameters, as prescribed by Pharmacopeia.

– Production of dry extracts: Valerianae extractum siccum and Melissae extractum siccum in the 
circular extractor, according to the specifications of the process.

– The resulting dry extract is controlled as a semi-final product to authentication, moisture 
content, and microbiological safety.

– Controlled dry extracts, along with additional pharmaceutical materials, are used to pro-
duce granulate (mass for encapsulation). Granulate, as a semi-final product, also goes to 
the control to pharmaceutical and microbiological laboratories. Pharmacopoeial method is 
used to determine the content of valeric acid [2].

– Upon obtaining the results of quality control, encapsulation, that is, automatic filling of 
gelatin capsules with prepared granulate, is conducted. Capsules are forwarded in the 
glass jars, and then into the boxes.

– The final phytopreparation is sent to the control to laboratories. The following parameters 
are determined: properties, number of capsules in a package, the average weight of the 
capsule content, uniformity of mass capsule, identification of valeric acid LC and TLC for 
lemon balm, disintegration of capsules, and microbiological safety. The product is sent to 
the analysis of the complete health safety.

– When results confirm the quality according to certificates and specifications, the final prod-
uct is dispatched to the warehouse of final products and afterwards distributed to pharma-
cies and other places.

3. Conclusions and perspectives

Natural products discovered so far have played a vital role in improving the human health 
and have been the drugs of choice despite facing a tough competition from compounds 
obtained by chemical procedures, due to their safety and efficacy. The most striking feature 
of natural products in connection to their long-lasting importance in drug discovery is their 
structural diversity that is still largely untapped [1].

Comprehensive development of science and technology, able to produce high-quality herbal 
medicines, is greatly improved in recent decades. The acceptance of herbal medicine as a 
natural and gentle alternative to synthetic drugs is very high in public in developed coun-
tries and, from a global perspective, unit sales of herbal medicines is constantly growing. 
However, we still face many problems in these areas [2].

A comprehensive approach to these problems, the state of the field of medicinal plants and 
herbal remedies, can be repaired. A better education of people is involved in the collection 
and cultivation of medicinal plants on the necessity of obtaining plant raw material of high 
quality. In particular, it should encourage the concept of organic production herbal products. 
Producers should be required to produce only quality-assured medicines.
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Improved harmonization of regulatory classification of herbal preparations in the world 
would inevitably lead to greater transparency and consistency of the market.

Special attention should be paid to improving knowledge about the benefits of rational phyto-
therapy, particularly evidence-based phytotherapy, health workers, especially doctors.

The aim of all efforts would be to improve the overall awareness of the possibilities of choice 
in prevention and treatment and can judge the effectiveness of the use of medicinal herbs and 
herbal preparations.
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