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Abstract

Centella asiatica (CA) or Gotu cola is an
herbal plant from the Apiaceae family with
a long history of usage in different traditional
medicines. It has long been used for the treat-
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ment of various ailments such as central ner-
vous system (CNS), skin and gastrointestinal
disorders especially in the Southeast Asia.
This chapter focused on the phytochemical
constituent and pharmacological activities of
CA based on preclinical and clinical studies.
Additionally, botanical description and dis-
tribution, traditional uses, interactions, and
safety issues are reviewed. Electronic data-
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bases of Google Scholar, Scopus, PubMed,
and Web of Science were searched to obtain
relevant studies on the pharmacological
activities of CA. Approximately, 124 chemi-
cal compounds including triterpenoids,
polyphenolic compounds, and essential oils
have been isolated and identified from
CA. Ethnomedicinal applications of CA
mostly include treatment of gastrointestinal
diseases, wounds, nervous system disorders,
circulatory diseases, skin problems, respira-
tory ailments, diabetes and sleep disorders in
various ethnobotanical practices.
Pharmacological studies revealed a wide
range of beneficial effects of CA on CNS,
cardiovascular, lung, liver, kidney, gastroin-
testinal, skin, and endocrine system. Among
them, neuroprotective activity, wound heal-
ing and treatment of venous insufficiency, as
well as antidiabetic activity seem to be more
frequently reported. At the moment, consid-
ering various health benefits of CA, it is mar-
keted as an oral supplement as well as a
topical ingredient in some cosmetic products.
Additional preclinical studies and particu-
larly randomized controlled trials are
needed to clarify the therapeutic roles of CA.

Keywords
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25.1 Introduction
Medicinal plants perhaps are the main source for
new chemical entities or may be used in their
intact form as a medicine. They have proven their
therapeutic potentials along the time and nowa-
days investigates for active compounds, by in vivo,
in vitro, and clinical studies for confirming their
usages as a medicine or an adjuvant or a supple-
ment for standard treatments of diseases [1].
Centella asiatica (L.) Urb. is anayurvedic (an
Indian system of medicine) and Chinese tradi-

Fig. 25.1 An illustration of Centella asiatica. Note: This
figure was published in the internet

tional medicine plant belonging to Apiaceae fam-
ily (previously known as Umbelliferae)
(Fig. 25.1) [2]. It also named Hydroctyle asiatica
and Indian pennywort, GotuKola (Europe and
America), Pegaga (Malaysia), Mandukaparni
(India), Kaki Kuda or Pegagan (Indonesia), Gong
Gen or Tung chain (China) are its other common
names in different countries [3, 4]. Centella asi-
atica (CA) has been listed in the Indian Herbal
Pharmacopoeia, the Pharmacopoeia of the
People’s Republic of China, the European
Pharmacopoeia, and the German Homeopathic
Pharmacopoeia as a drug [5].

It traditionally is applied for different condi-
tions such as some infectious and inflammatory
diseases, seizure, tumor, and also psychosis [6,
7]. CA also improved some neurological and
psychological conditions such as general anxiety
disorder, dementia and cognitive disorders [8, 9].
It is established that extract of CA is an antioxi-
dant and an anti-inflammatory agent and also it
has showed anti-hyperglycemia and anti-
hyperlipidemia effects in various studies [10-13].
It promoted wound healing and improved filtra-
tion and some other functions of venous and gen-
eral circulation in diabetic and hypertensive
patients or patients who have venous insuffi-
ciency or other disorders such as anal fissure
[14—17]. It was helpful for treatment of some der-
mal disorders like erythema, edema, crust, exco-
riation and lichenification [8, 18]. CA seems to
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be safe for human use [15, 19, 20]. So, CA logi-
cally has enough potential for investigation as a
medicinal herb for different applications.

In present chapter, we attempt to incorporate a
comprehensive, detailed, and up to date findings
about its ethnobotanical uses, phytochemistry,
preclinical and clinical studies, interactions, and
safety issues, focusing on the pharmacological
and pharmacognostic aspects.

25.2 Botanical Description
and Distribution

The genus Centella L. is a member of the
Apiaceae family (formerly Umbelliferae) with
important medicinal species, containing a total of
59 accepted species worldwide [21]. Among
them, the most popular and commercially impor-
tant is Centella asiatica (L.) Urb., which natu-
rally found in the tropical and subtropical regions,
of the Old and New World [22, 23]. Centella asi-
atica is a stoloniferous perennial plant, with a
height which can reach up to 15 cm. The stem is
creeping and glabrous. The leaves are orbicular
or reniform, 1-3 from each node of stems, sheath-
ing leaf base, crenate margins, glabrous on both
sides. The flowers are fascicled umbels, each
umbel consisting of 3—4 white to purple flowers.
The fruit is schizocarp with oblong and globular
shape of 5 cm long. The seeds have pendulous
embryo [22]. It is commonly found in the damp
and marshy areas of South-Southeast Asia,
Australia, Madagascar, Southern and Central
Africa, some Pacific Islands and several regions
of South Eastern United States and South Central
America [24].

25.3 Phytochemistry Study

Phytochemical studies on CA indicate the pres-
ence of several categories of chemical com-
pounds such as triterpenoids, polyphenolic
compounds, and essential oils. These compounds
are shown in Table 25.1.

25.4 Ethnobotanical
and Ethnomedicinal Uses

Centella asiatica (L.) Urb. has a long history of
uses both as edibles and as ethnomedicinal plant
in different ethnobotanical practices around the
world. Literature review demonstrates that, CA,
as the most famous species of the Centella genus,
has noticeable traditional applications which
mainly originate from Asia, Africa and Europe
continents. In Asian countries, particularly India,
Nepal, Bangladesh and China, there are remark-
able reports on the traditional applications of
CA. In India, it is applied as a traditional drug to
treat asthma [25]. In the Indian Traditional
Medicine, its leaves commonly known as Vallarai,
which are widely employed as for children as a
memory enhancer [26]. Furthermore, the whole
plant is used for the treatment of stomach worm,
and its leaf is also taken as an effective treatment
for leucorrhoea, epilepsy and mental disorder
[27]. In Pakistan, its leaves commonly known as
Barhami, are considered very useful in the treat-
ment of skin diseases, syphilitic, rheumatism,
dysentery and fevers [28]. In China, CA is con-
sidered very useful in the treatment of hepatitis
[29]. In the Traditional Chinese Medicine, it is
also consumed as heat-clearing, detoxification,
sunstroke and gallstones cleaning [30]. In Nepal,
the paste of whole plant is applied to relieve mus-
cular swelling and joint pains. It is also used to
cure skin diseases such as eczema and pimples.
Moreover, a decoction of it is given to cure fever,
indigestion, uric acid and dysentery. It is also rec-
ommended for children to enhance memory
power [31]. In addition, the leaves and roots of
CA are extensively used in folk medicine to treat
wound, gastritis and anorexia by local communi-
ties of the Kali Gandaki Watershed Area, Nepal
[32]. In Bhutan, traditional medicine practitio-
ners recommended it as appetizer [33]. In
Bangladesh, the decoction of its leaves are used
for curing of hypertension. Leaf paste is applied
for healing of wounds, burns, and skin lesion
[34]. In Philippines, its leaves are recommended
to treat of urination difficulty, sore eyes and burns
[35].
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Table 25.1 Chemical composition of Centella asiatica

Plant Ref.
No. | Name of compounds Structures parts erences
Triterpenoids
1 Papyriogenin A Leaves |[106]
2 Madecassoside Leaves |[106,
(brahminoside) 107]
[108]
HO, R [109]
’ (53]
HO? ) [110]
"o~ OH Leaves |[[111]
R = COO-gle(1-6)gle(1-4)rha Whole | [112]
plants
3 Madecassic acid H Leaves |[106,
111]
4 2a,38,20,23-tetrahydroxy- [108]
urs-28-oic acid
HO™
5 2a,3B,23-trihydroxy-urs-20-en-28-oic acid: R = H [108]
6 2a,38,23-trihydroxy-urs-20-en-28-oic acid O-a-L-rhamnopyranosyl- (1-4)-O-8-D- [108]
glucopyranosyl-(1-6)-O-8-Dglucopyranosyl ester: R = rha(1-4)-glc(1-6)-glc-
7 Methyl asiatate H [108]

(continued)
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Table 25.1 (continued)
Plant Ref.
No. | Name of compounds Structures parts erences
8 Methyl brahmate [108]
9 Brahmol [108]
10 | Isothankunic acid [108]
(3a,50,663,24-tetrahydroxy-
urs-12-en-28-oic acid)
11 | Isothankuniside [108]
Ho~ M OH
R = COO-glc(1-6)glc(1-4)rha
12 | Madasiatic acid H [108]
13 | 2,3,23-trihydroxy-olean-12- [108]
en-28-oic acid

(continued)
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Table 25.1 (continued)

Plant Ref.
No. | Name of compounds Structures parts erences
14 | 23-O-acetylmadecassoside H Leaves |[111]
\
OAc
15 | 23-O-acetylasiaticoside B Leaves |[111]
16 | Sitosterol 3-O-p-glucoside Leaves |[111]
17 | Arjunolic acid [2]
18 | Asiatic acid (2a,38,23- [53]
trihydroxy-urs-12-en-28-oic [108]
acid) [24]
[110]
19 | Asiaticoside B [108]
[53]
; OH
HO
R = COO-glc(1-6)glc(1-4)rha

(continued)
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Table 25.1 (continued)
Plant Ref.
No. | Name of compounds Structures parts erences
20 | Asiaticoside C [108]
Whole |[112]
plants
Leaves |[111]
21 | Asiaticoside D 2]
[108]
Whole |[112]
plants
R = COO-glc(1-6)glc(1-4)rha
22 | Asiaticoside E [2]
[108]
Whole |[112]
HO, R plants
' Fresh [113]
O mature
N plants
H O/ H
R = COO-gle(1-6)glc
23 | Asiaticoside F [108]
[2]
Whole |[112]
H, R plants
’ Leaves |[111]
HO™ 3
HO™ H
R = COO-glc(1-6)glc(1-4)rha
24 | Asiaticoside G H —oH 2]
HO, R
HO' 3
HO™ H
R = COO-rha(1-4)glc(1-6)glc
25 | Campesterol [24]

(continued)
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Table 25.1 (continued)

Plant Ref.
No. | Name of compounds Structures parts erences
26 | 3-epimaslinic acid Aerial [114]
parts
[24]
27 | Centellasapogenol A [2]
[108]
28 | Corosolic acid Aerial | [114]
parts
29 | Asiaticoside /OH Leaves |[106,
z 107]
[115]
[109]
[53]
[110]
Whole | [112]
plants
Leaves |[[111]
30 | Centellasaponin A [108]
(2]
31 | Centellasaponin B OH [2]
WOH [108]
o OH

(continued)
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Table 25.1 (continued)
Plant Ref.
No. | Name of compounds Structures parts erences
32 | Centellasaponin C 2]
[108]
33 | Centellasaponin D [108]

(2]

34 | Centelloside E

(2]

35 | Centelloside D

(2]

36 | Chebuloside II

(2]

(continued)
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Table 25.1 (continued)

Plant Ref.
No. | Name of compounds Structures parts erences
37 | Madecassic acid (brahmic H [53]
acid) [108]
[110]
38 | Pomolic acid HO : Aerial | [114]
S parts
39 | Quadranoside IV H [2]
40 | Scheffuroside F OH 2]
41 | Scheffuroside B OH [108]
42 | Terminolic acid [53]
[108]

(continued)
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Table 25.1 (continued)
Plant Ref.
No. | Name of compounds Structures parts erences
43 | Ursolic acid H Aerial |[114]
parts
44 | Sitosterol Aerial [114]
parts
Aerial [116]
parts
45 | Stigmasterol [110]
Aerial [116]
parts
[115]
46 | Myricetin [110]
47 | Naringin Leaves |[117]
OH
HO,, e o O
NG
48 | Patuletin [110]
49 | Querectin-3-O--D- Leaves |[111]
glucuronide

(continued)
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Table 25.1 (continued)

Plant Ref.
No. | Name of compounds Structures parts erences
50 | Castillicetin [110]
51 | Castilliferol [110]
52 | Catechin [24]
53 | Epicatechin [24]
54 | 3-glucosylquercetin [110]
55 | 3-glucosylkaemferol [110]
56 | 7-glucosylkaemferol OH OH O [110]

HOUOH ‘ OH
|
HO~w o 0 O
OH

(continued)
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Table 25.1 (continued)
Plant Ref.
No. | Name of compounds Structures parts erences
57 | Kaempferol [110]
[24]
58 | Quercetin Leaves |[117]
[110]
59 | Apigenin [110]
60 | Rutin Leaves |[117]
[110]
61 | Neochlorogenic acid Leaves |[23]
(5-O-dicaffeoylquinic HO »—OH
Acid) o
HO OH
62 | Chlorogenic acid o] Leaves |[23]
(3-O-caffeoylquinic acid) o = OH
o} i WOH OH
HO
HO OH
63 | Cryptochlorogenic acid, o] Leaves |[23]
(4-O-caffeoylquinic acid) OHO "'QHOH
HO OH
64 | 1,3-dicaffeoylquinic acid OH Leaves |[23]

HO

(continued)
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Table 25.1 (continued)

Plant Ref.
No. | Name of compounds Structures parts erences
65 | 1,5-dicaffeoylquinic acid OH Leaves |[23]
OH
O OH
1L 2
HO -0
Y o o
HO o
66 | 3.4-dicaffeoylquinic acid HO Leaves |[23]
(isochlorogenic acid B) o
HO = [0}
09 oroH
HO OH
67 | 3,5-dicaffeoylquinic acid HO Leaves |[23]
(isochlorogenic acid A) P o
HO OH
o, 0
,[ ] OH
HO HO
HO A ©
[¢]
68 | 4,5-dicaffeoylquinic acid OH Leaves |[23]
(isochlorogenic acid C)
OHO N OH
HO %0
HO . ‘v, OJI\/\Q:OH
© OH
Essential oils
69 | a-Thjuene Fresh [113]
mature
plants
70 | a-Pinene H Fresh [113]
mature
plants
H
71 | Camphene Fresh [113]
mature
plants
72 | B-Pinene Fresh [113]
mature
plants
73 | Myrcene M Aerial [114]
X Z parts
[53]
Fresh [113]
mature
plants

(continued)
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Table 25.1 (continued)

No.

Name of compounds

Plant
parts

Ref.
erences

74

o-Phellandrene

Fresh
mature
plants

[113]

75

a-Terpinene

Fresh
mature
plants

[113]

76

p-cymene

Fresh
mature
plants

[113]

77

Limonene

Fresh
mature
plants

[113]

78

y-Terpinene

Fresh
mature
plants

[113]

79

Terpinolene

Fresh
mature
plants

[113]

80

Linalool

Fresh
mature
plants

[113]

81

3-nonen-2-one

Fresh
mature
plants

[113]

82

Menthone

Fresh
mature
plants

[113]

83

Terpinen-4-ol

Fresh
mature
plants

[113]

84

Methyl thymol

PRl (eeeasd

Fresh
mature
plants

[113]

85

Pulegone

5

Fresh
mature
plants

[113]

86

Chavicol

I

%

o}

(53]

87

Methyl carvacrol

Qg

Fresh
mature
plants

[113]

(continued)
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Table 25.1 (continued)

No.

Name of compounds

Structures

Plant
parts

Ref.
erences

88

Methyleugenol

/ 0\
g o
/2\

(53]

89

Chrysanthenyl acetate

S\ ﬁ Oj\

Fresh
mature
plants

[113]

90

Bornyl acetate

<
o

Fresh
mature
plants

[113]

91

Bicycloelemene

&

Fresh
mature
plants

[113]

92

B-Elemene

Fresh
mature
plants

[113]

93

p-Caryophyllene

Aerial
parts

[114]

Fresh
mature
plants

[113]

94

v-Elemene

_ =
) T T
N

Fresh
mature
plants

[113]

95

Aromadendrene

Fresh
mature
plants

[113]

96

o-Humulene

Aerial
parts

[114]

Fresh
mature
plants

[113]

97

Allo-aromadendrene

Fresh
mature
plants

[113]

98

Germacrene D

33

Fresh
mature
plants

[113]

(continued)
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Table 25.1 (continued)

No.

Name of compounds

Structures

Plant
parts

Ref.
erences

929

y-Curcumene

Fresh
mature
plants

[113]

100

Bicyclogermacrene

Aerial
parts

[114]

Fresh
mature
plants

[113]

101

Germacrene A

Fresh
mature
plants

[113]

102

Germacrene B

Aerial
parts

[114]

Fresh
mature
plants

[113]

103

d-Cadinene

Fresh
mature
plants

[113]

104

Spauthulenol

Fresh
mature
plants

[113]

105

Caryophyllene oxide

Fresh
mature
plants

[113]

106

Viridiflorol

Fresh
mature
plants

[113]

107

Humulene epoxide

Fresh
mature
plants

[113]

108

Mintsulfide

Fresh
mature
plants

[113]

109

Neophytadiene

Fresh
mature
plants

[113]

(continued)
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Table 25.1 (continued)

Plant Ref.
No. | Name of compounds Structures parts erences
110 | n-octadecanoic acid 0] Whole |[118]
/\/\/\/\/\/\/\/\)J\ OH aerial
parts of
Other compounds
111 | Nobiletin Leaves |[106]
112 | Pectic acid [115]
OH o
HO
(0]
OH
H
OH
n
113 | Eugenol acetate | [53]
(0] =
(0] :@/\/
)'LO
114 | Aspartic acid (0] Aerial [116]
HO\”/\‘)J\OH parts
O NH,
115 | Arginine )NJI' 0] Aerial [116]
HN NN OH parts
H NH,
116 | Histidine o Aerial | [116]
</N N OH parts
HN NH;
117 | Glutamic acid 0] o] Aerial [116]
H OJ\/\‘/U\ OH parts
NH,
118 | Arabinoside HO OH [108]
\ OH
L
HoN™ SN ’&o
119 | Tyrosine (e} Aerial [116]
OH parts
HO NH,
120 | Methyl pyromeconic acid o Leaves |[106]
(maltol) fH//\OH
||
(0]
121 3’,5’-dimethoxyacetophenone o 9 Leaves | [106]
~
_O

(continued)
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Table 25.1 (continued)
Plant Ref.
No. | Name of compounds Structures parts erences
122 | Beta-D-ribofuranoside HO OH Leaves |[106]
HO
0] OH
123 | Cyclohexanecarboxylic acid o] Leaves |[106]
dOH
124 | Ascorbic acid HO OH Aerial [116]
= parts
[¢]
07> "oH [115]
OH

It is also well-documented for its remarkable
uses in the African Traditional Medicine. In
Tanzania, the decoction of whole plant is believed
to be efficacious in the treatment of malaria [36].
In Cameroon, its leaves are applied to treat phar-
yngitis and dysmenorrhoea convulsion [37].
Furthermore, the decoction of whole plant, is
also taken as an effective treatment for vomiting
and appendicitis [38]. In Uganda, the decoction
of its leaves are used traditionally in the treat-
ment of Ulcers [39]. In Guinean traditional medi-
cine, the decoction of whole plant is prescribed
for diabetes [40]. In Nigeria, its root decoction is
taken as an effective treatment for haemorrhoids
[41]. In South Africa, the root of CA is used by
Bapedi traditional healers to treat diabetes melli-
tus [42]. Its root and leaves commonly known as
Inyongwane, are also reported as a traditional
drug to treat stomach disorders, dysentery and
diarrhoea [43].

CA is also a well-known ethnomedicinal plant
in the European Traditional Medicine. In Greece,
its leaves commonly known as Sentella, which
are widely applied as blood circulation stimulant
and as a remedy for hypertension, phlebitis, uric
acid, cellulites, and menstruation disorders [44].
In Russia, the leaves and barks of CA are
employed as a traditional drug to treat depression
[45]. In Turkey, its aerial parts are considered
very useful in the treatment of neurological disor-
ders [46].

Furthermore, in different geographical areas
of American continent, remarkable reports of its

traditional uses, are found. In Brazil, the leaves
and barks of CA are extensively used in folk
medicine to treat hypertension and as dermal
lesions [47]. It is also taken as an effective treat-
ment for weight loss among Mexican-American
women [48]. In other geographical regions like
Madagascar, its leaves popularly known as
Viliantsahona, are applied externally to treat pim-
ples [49]. In the folk phytotherapy of the Yaegl
Aboriginal community in northern New South
Wales, Australia, the leaves of it, also are pre-
scribed for the treatment of arthritis [50].

The most frequent ethnomedicinal applica-
tions of CA appears to be treatment of gastroin-
testinal diseases, wounds, nervous system
disorders, circulatory diseases, skin problems,
respiratory ailments, diabetes and also as seda-
tive in various ethnobotanical practices through-
out the world. In addition to its medicinal usages,
it is commonly eaten as fresh vegetable in
Malaysia, China, Sri Lanka, India and Indonesia
[51]. In Thailand, its aerial parts are eaten as wild
food plant [52].

25.5 Pharmacological Aspects

So far, many in vivo and in vitro pharmacological
studies have been investigated different biologi-
cal activities of CA, mostly about its traditional
uses. These studies, mainly focused on titrated
extract of CA(TECA), total triterpenoid fraction
of CA (TTFCA), total triterpenic fraction (TTF)
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or each triterpene derivative, alone such as Asiatic
acid, Asiaticoside, Madecassic acid, and
Madecassoside [53].

It is revealed that CA acts on central nervous
system (CNS) as neuroprotective agent, memory
enhancer, tranquilizer, anxiolytic, sedative, anti-
depressant, anticonvulsant, and nerve regenerator
in Alzheimer and Parkinson disease [54].The
neuroprotective effects of CA has been revealed
to be due to different mechanisms, such as reduc-
tion of oxidative stress parameters and inhibition
of acetylcholine esterase activity [55], decrease
of amyloid-p plaques and protection of cornu
ammonis pyramidal neurons in the hippocampus
[56, 57], modulation of neurotransmitter activity
in the synaptic gap [58], and etc.

It also has lots of beneficial effects to prevent
and reduce the complications of metabolic syn-
drome, considering its positive effects on the
lipid profile [13], as the aqueous leaf extract of
CA reduced the level of total cholesterol, triglyc-
eride (TG), low-density lipoprotein (LDL) and
elevated the level of high-density lipoprotein
(HDL) in a high cholesterol-fed rat model. In an
in vitro model of tumor necrosis factor alpha
(TNF-a)-induced atherosclerosis in human aortic
endothelial cells, Asiatic acid significantly
reduced endothelial hyper-permeability and
secretions of cell adhesion molecules [59].
Asiatic acid in a rat model of renovascular hyper-
tension, ameliorated hemodynamic alterations,
renin-angiotensin  system (RAS) activation,
inflammation and oxidative stress comparable
with captopril (an angiotensin-converting enzyme
(ACE) inhibitor) [60]. In a rat model of spontane-
ous type 2 diabetes, administration of Asiatic
acid decreased insulin resistance and blood glu-
cose and also protected islet cells from fibrosis
[61].

Protective effects of CA against fibrosis,
inflammation and hypertrophy in heart, kidney,
liver and lung have been proven in some studies.
Progression of myocardial remodeling and left
ventricular hypertrophy attenuated with oral
administration of Asiatic acid in a mouse model
of cardiac hypertrophy [62]. Alcoholic extract of
CA in a rat model of isoniazid induced-hepato-

renal damage, significantly improved the histol-
ogy of the liver and kidney, reduced the
hematological and oxidative parameters and also
lowered liver and kidney function markers to
near-normal levels [63]. Also oral administration
of Madecassoside in a mouse model of pulmo-
nary fibrosis mediated by bleomycin, ameliorated
the pathological changes and reduced the colla-
gen deposition in the lungs [64].

It dramatically heals and prevents gastric
ulcers in models of gastric lesions. Aqueous leaf
extract of CA in a rat model of indomethacin-
induced gastric ulceration, significantly protected
and also accelerated the ulcer healing process
[65]. Leaf extract of CA demonstrated anti-
Helicobacter pylori activity both in vivo and in
vitro [66] and also the work of Guo et al. (2015)
showed that Asiatic acid had beneficial influences
in amelioration of ulcerative colitis through anti-
inflammatory effects [67].

CA is effective in acceleration of small, hyper-
trophic, diabetic or burn wound healing and also
in treatment of scleroderma, psoriasis, cellulite,
photoaging skin and striae gravidarum [68].
Dermatologic effects of the CA has been sug-
gested to result from elevation of intracellular
fibronectin content and collagen synthesis,
increasing the fibroblast proliferation and epithe-
lization, promotion of the tensile strength and
also inhibition of inflammatory response in
keloids and hypertrophic scars [69].

Furthermore, there are two studies carried out
about the beneficial effects of Madecassoside and
Asiaticoside in prevention of osteoporosis.
Results showed that they suppressed receptor
activator of nuclear factor-kB ligand (RANKL)-
induced bone resorption and osteoclast differen-
tiation in a dose-dependent manner [70, 71].

Taken together, it seems that CA performs
beneficial effects in the most parts of body
(Fig. 25.2), and plays a positive role in the human
health. We attempt to provide a summary of CA
pharmacological activities and mechanisms of
action, categorized according to the body organs
or systems which are presented in Tables 25.2
and 25.3.
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Fig. 25.2 Activity sites of Centella asiatica in human body. Note: This figure provided with the authors

25.6 Clinical Studies

Despite many in vivo and in vitro studies have
been carried out about different pharmacological
and traditional uses of CA, but there are only a
limited number of clinical studies about some
effects of CA. Most of these clinical studies
include CNS, cardiovascular, and dermatological
effects, which are categorized in details in
Table 25.4.

The results of a systematic review and meta-
analysis about the effects of CA on cognitive

function and mood related outcomes extracted
from eleven randomized controlled trials, dem-
onstrated that CA improves mood and decreases
anger. However, it’s revealed that CA doesn’t
have significant effect on cognitive function in
comparison with placebo, at all [72].

Daily oral administration of selected triter-
penes of CA (120 to 240 mg) for 52 weeks in 43
type 2 diabetic patients significantly reduced
total symptom scores of neuropathy and pares-
thesia  [73]. Topical administration of
Madecassoside 0.1% with vitamin C 5% cream
for 6 months twice daily in 20 healthy postmeno-
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pausal female volunteers with actinically aged
facial, neck and forearm skin, significantly
improved the clinical score of deep and superfi-
cial wrinkles, suppleness, firmness, roughness
and skin hydration [74]. Also topical and oral for-
mulations of Madecassol in 54 patients with sys-
temic and focal scleroderma significantly reduced
indurative lesions, hyperpigmentation and vascu-
lar trophic disorders after 6 months of adminis-
tration [75]. The efficacy of CA for the treatment
of chronic venous insufficiency was investigated
in a systematic review according to eight ran-
domized controlled trials. Qualitative data of
three study showed that CA significantly reduced
pain, leg heaviness and oedema. Also quantitative
data of five other studies, indicated significant
improvement of microcirculatory parameters
including venoarteriolar response, severity of
ankle swelling and transcutaneous partial pres-
sure of O, and CO, [76]. Furthermore, daily oral
administration of 1000 mg TTFCA with
Pycnogenol (the extract of French maritime pine
bark) for 30 months in 824 patients with femoral
or carotid stenosing plaques, significantly low-
ered plaques progression and events regarding to
atherosclerosis [77].

25.7 Herb-Drug Interactions

According to in vitro studies, ethanolic extract of
CA competitively inhibited cytochrome P450
(CYP) 1A2 and CYP2C9 and noncompetitively
inhibited CYP3A4. Inhibition of CYP1A2 and
CYP3A4 may be due to flavonoids of the plant.
Methanolic extract of CA has noncompetitive
inhibitory effect on CYP2D6 [78, 79]. An in vitro
study showed that standardized extract of CA,
ECa233, only inhibited CYP3A4, CYP2D6 and
CYP2B6. Similar standardized extract was found
inhibitor of CYP2B1 and CYP2B2 and decreased
sulfotransferase activity of liver in rats [80-82].
These effects may explain reduction of clearance
and increase of the area under the curve (AUC) of
amitriptyline by CA in rats. So, it seems that CA
may increase concentration of medicines metab-
olized by these enzymes [83]. Some data sug-
gested ethyl acetate extract of the plant had

additive antiepileptic effect in combination with
gabapentin, valproate, phenytoin, and reduced
effective dose of these medicines but, that was
determined some constituents of CA may decline
protective effect of phenytoin, phenobarbital and
carbamazepine against seizure [84, 85].
Nevertheless, there is no herb-drug interaction
documented in human study. Due to CNS depres-
sion activity of CA, it is advised to avoid con-
comitant use of this plant with CNS depressant
medications. Data suggested that CA theoreti-
cally may increase effect of hypoglycemic agent
and hepatotoxicity of medicines determined hep-
atotoxic [86—88]. Taken together, more data is
needed to confirm herb-drug interactions of CA.

25.8 Pregnancy and Lactation

CA perhaps was found to be safe in pregnant
female rats and was not teratogenic for male rats
[89, 90]. Human studies suggested topical appli-
cation of CA is possibly safe but, due to limita-
tion of teratology data and some abortions
reported from chronic oral use of the plant in rats,
pregnant and nursing mothers are advised to
avoid to ingestion of formulations congaing CA
[91-93].

259 Toxicology

In human clinical studies, no serious adverse
effect was reported from CA in oral or topical
use. In clinical studies, the usual dose for oral
administration was two capsule containing
500 mg hydro-ethanolic extract of CA once a day
for up to 60 days or three capsule containing
50 mg of extracted Asiaticoside for up to 21 days.
In another study volunteers took one capsule con-
taining standardized extract of CA in dose up to
500 mg for 7 days and show no adverse effect [9,
17, 83, 91, 94-96]. Asiaticoside isolated from
CA and oral administration of 1 g/kg showed no
toxicity in previous human studies [97-99].
However, it may cause allergy in some patients,
especially in topically application. So, it is impor-
tant to care about probable contact dermatitis.
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There was a report from hepatotoxicity effect fol-
lowing ingestion of CA resulting in jaundice in
human. This adverse reaction was resolved after
discontinuation of the plant [87].

In animal studies, CA made no toxicity up to
1000 mg orally in a single dose or daily for up to
90 days. In these studies, CA increased aspartate
aminotransferase (AST), alanine aminotransfer-
ase (ALT), blood urea nitrogen (BUN) and cre-
atinine significantly after a month, but all
parameters still were within normal range and no
death occurred. According to this, perhaps the
medium lethal dose (LD50) and no-observed-
adverse-effect-level (NOAEL) for its standard-
ized extract is greater than 2000 mg/kg or even
4000 mg/kg and 1000 mg/kg respectively in rats.
The standardized extract causes no acute toxicity
sign in dose up to 10 g/kg in mice. These results
were reported from single dose, acute and sub-
chronic evaluations of CA toxicity [20, 100-103].
Some data from animal studies suggested CA
may have antifertility effect in male rat and also
may cause abortion in female rat [92, 104, 105].

25.10 Conclusions

In summary, CA is a herbal medicine which is
found almost all over the world and has been
used since prehistoric and immemorial times in
many traditional systems of medicine as a cura-
tive agent for a wide range of ailments. In recent
years, CA significantly drawn the attention of
researchers because of its health-promoting
potentials. According to the results of our study,
CA demonstrated to have CNS, cardiac, pulmo-
nary, liver and kidney protective, antiulcer,
wound healing, and antidiabetic effects. On the
basis of the experimental evidence, some chemi-
cal isolates and herbal preparations of CA have
been launched in the market as oral supplements
or topical ingredients in cosmetic products.
Although a large number of studies have
investigated the biological activities and underly-
ing mechanisms of CA over the past decades,
documented data and findings of these studies are
still limited. Similarly, there is limited informa-
tion about interactions, adverse effects and toxic-

ity of CA. Hence, it seems that further scientific
studies and organized clinical trials are required
to validate and justify the safety and efficacy of
CA.
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