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Summary

Medicinal plants are the nature’s gift to human being to make disease free healthy
life. It plays a vital role to preserve our health. India is one of the most medico-
culturally diverse countries in the world where the medicinal plant sector is part of
a time-honored tradition that is respected even today. Medicinal plants are believed
to be much safer. In our country more than two thousand medicinal plants are
recognized. Phyllanthus emblica is a deciduous tree of the Euphorbiaceae family. It
has been used in many local traditional systems, such as Chinese herbal medicine,
Tibetan medicine and Ayurvedic medicine. It has been used to cure anaemia, liver
diseases, dyspepsia, haemorrhage and diarrhoea. The fermented liquor prepared
from fruits is used in jaundice. Phyllanthus emblica contains innumerable
constituents in varying amounts falling in broad classes of alkaloids, benzenoid
derivatives, diterpenes and triterpenes, furanolactones, flavonoids and sterols. This
review presents phytochemistry, pharmacologic activities of Phyllanthus emblica
and insights on its products Triphala and Anwala Churna.
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Introduction

Plants have been one of the important sources of medicines since the
beginning of human civilization. There is a growing demand for plant based
medicines, health products, pharmaceuticals, food supplements, cosmetics, etc.
According to WHO survey 80% of the populations living in the developing
countries rely almost exclusively on traditional medicine for their primary health
care needs (1). The term herb refers to a plant used for medicinal purpose.
Medicinal herbs and plant extracts play a major role in modern pharmacy (2). The
use of traditional medicines, mainly derived from plant sources, has been a major
part in the management of many chronic ailments, particularly in countries like
India (3-6). Since the use of herbal medicines has increased, the issues regarding
safety, quality and efficacy in industrialized and developing countries are cropped

up (7).

Phyllanthus emblica fruit is one of the top selling botanicals having diverse
applications in healthcare, food and cosmetic industry (8). An official drug of
Ayurvedic Pharmacopoeia (9) and Indian Herbal Pharmacopoeia (10), it forms a
main ingredient of various multi-component formulations (8). The whole plant,
especially its fruit, is widely used to treat diseases associated with atherosclerosis
(11). The active principles or extracts of Phyllanthus emblica have been shown to
possess several pharmacologic actions, €.9., antitumor, and cytotoxic activities (12-
14). Phyllanthus emblica commonly known as amla is extensively used in many
preparations of Ayurveda and also against many chronic ailments including
diabetes (15-18). It has been used to prepare polyherbal formulations e.g. triphala.
Triphala has been reported to possess antioxidant rich herbal formulation and it
improves the mental faculties and also assists in the weight loss (19-22).
Phyllanthus emblica is used both as a medicine and as a tonic to build up lost
vitality and vigor. According to the two main classic texts on Ayurveda, Charaka
Samhita and Sushruta Samhita, Amalaki is regarded as “the best among
rejuvenative herbs.” “Useful in relieving cough and skin diseases” and “the best
among the sour fruits.” All parts of the plant are used for medicinal purposes (23).
The fruit pulp is used in several indigenous medical preparations against variety of
conditions like headache, dizziness, liver injury, atherosclerosis and diabetes (24-
27). Amla is highly nutritious and could be an important dietary source of vitamin
C, minerals and amino acids (23).
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Vernacular Names (28):

Sanskrit: amalaka

Hindi: amla

Bengali: amlaki

Nepali: amala

Malayalam: nellikka

Assamese: amlakhi

Telugu: usirikai

Kannada and Tamil: nellikkaai

Other languages: aonla, aola, ammalaki, dharty, aamvala, aawallaa, emblic, emblic
myrobalan, Malacca tree, nillika, and nellikya.

Taxonomy (28):

Kingdom: Plantae
Division: Flowering plant
Class: Magnoliopsida
Order: Malpighiales
Family: Phyllanthaceae
Tribe: Phyllantheae
Subtribe: Flueggeinae
Genus: Phyllanthus
Species: P. emblica

Botanical Description (28):

The tree is small to medium sized, reaching 8-18m in height, with crooked
trunk and spreading branches. The branchlets are glabrous or finely pubescent, 10-
20 cm long, usually deciduous; the leaves simple, subsessile and closely set along
branchlets, light green, resembling pinnate leaves (29). The flowers are greenish-
yellow. The fruit is nearly spherical, light greenish yellow, quite smooth and hard
on appearance (figure 1), with 6 vertical stripes or furrows. Ripening in autumn, the
berries are harvested by hand after climbing to upper branches bearing the fruits
(30). The taste of Indian gooseberry is sour, bitter and astringent, and is quite
fibrous.
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Figure 1 (103):

Geographical Source:

Phyllanthus emblica is a shrub or tree growing in the tropical and subtropical
parts of Southeast Asia, particularly in southern China, India, Indonesia, and the
Malay Peninsula (12, 31). Its natural habitat, like other members of its family,
extends from Burma in the east to Afghanistan in the west and Sri Lanka in the
south. The tree is found growing in the plains and sub-mountain on tracts all over
the Indian subcontinent from 200 to 1300m. altitude. The tree is especially
widespread in Uttar Pradesh (32).

Phytochemistry:

The fruit pulp, which constitutes 90.97 per cent of the whole fruit, contains
70.5 per cent moisture. The total soluble solids constitute 23.8 per cent of the juice.
The acidity of Amla is 3.28 per cent on pulp basis. The pulp contains 5.09 percent
total sugars and 5.08 per cent reducing sugars. The ascorbic acid content is 1,094.53
mg per 100 ml of juice. The tannins and pectin content of the pulp is 2.73 per cent
and 0.59 per cent respectively. The fruit pulp contains 0.75 percent protein. The
mineral content of the edible portion, as represented by its ash, is 2.922 per cent.
The percentage content of the mineral elements, viz. phosphorus, potassium,
calcium, magnesium, and iron is 0.027, 0.368, 0.059, 0.248 and 0.004 respectively
(33). Phyllanthus emblica contains innumerable constituents in varying amounts
falling in broad classes of alkaloids, benzenoid derivatives, diterpenes and
triterpenes, furanolactones, flavonoids and sterols (34,35). The previous chemical
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investigations of Phyllanthus emblica led to the isolation of several novel
sesquiterpenoids from the roots (36, 37), new organic acid gallates and polyphenols
from the fruit juice (38, 39), and new ellagitannins and flavonoids from the
branches and leaves (39, 40). Among them, phyllaemblic acid (1) and its glycosides
phyllaemblicins A—C (2—4) were the major sesquiterpenoids from the roots, and
organic acid gallates, L-malic acid 2-O-gallate (5), and mucic acid 2-O-gallate (6)
together with hydrolysable tannins, 1-O-galloyl-B-D-glucose (7), corilagin (8), and
chebulagic acid (9) were found to be the major phenolic constituents of fruit juice.
Elaeocarpusin (10) and putranjivain A (11) were the other two main ellagitannins
obtained from the fruit juice. Moreover, seven other tannins and flavonoids,
geraniin (12), phyllanemblinins C and E (13 and 14), prodelphinidin B; (15),
prodelphinidin B, (16), (-)-epigallocatechin 3-O-gallate (17), and (S)-eriodictyol 7-
[6-O-(E)-p-coumaroyl]-B-D-glucoside (18) were the main phenolic compounds
isolated from the branches and leaves of the plant. Continuous studies on the 60%
aqueous acetone extract of the roots of Phyllanthus emblica led to the isolation of a
major component, proanthocyanidin polymer phyllemtannin (19) (12). The major
constituents also contain vitamin C (20), gallic acid (21) and ellagic acid (22) (41)
(Table 1). Although many studies have so far been carried out on the chemical
components of Phyllanthus emblica (42-47), its detailed active principles are
generally not well known.

Table 1: Structures of the chemical constituents present in Phyllanthus emblica
Linn. (12, 41)

Phyllaemblic acid (1) R=H
Phyllaemblicin A (2) R=glc
Phyllaemblicin B (3) R=glc?- glc
Phyllaemblicin C (4) R=glc?- glc?-ara
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Traditional Uses:

Phyllanthus emblica has been used in many local traditional medicinal
systems, such as Chinese herbal medicine, Egyptian medicine (31), Tibetan
medicine and Ayurvedic medicine. The fruit is edible and the fruit juice is produced
as a beverage in Yunnan Province, People’s Republic of China (12). The fruits are
widely consumed raw, cooked or pickled (3). The fruit of Phyllanthus emblica is
effective in treating diseases associated with atherosclerosis in traditional Chinese
medicine (11). Phyllanthus emblica has been well studied for immunomodulatory
(48) and antiulcer (49) activities. It possesses anti-inflammatory, antipyretic,
anticancer (12), antidiabetic (50), hypocholesterolemic (18), anticarcinogenic (51),
antioxidant (52-55) activity and it is free radical scavenger (56) and
hepatoprotective (57). It protects the skin from UV radiation (58) and also reduces
the ulcers of the stomach (59). It has been used to cure anaemia, liver diseases,
dyspepsia, haemorrhage and diarrhoea. The fermented liquor prepared from fruits is
used in jaundice (60). It was found to be antimutagenic and reduced the
clastogenicity induced by various metals (61). The fruit of Phyllanthus emblica
forms a major constituent in many potent Ayurveda preparations (62) which are
widely used for their preventive, curative, health restorative properties. A
Polyherbal preparation like Brahma Rasayana contains Phyllanthus emblica which
have excellent radioprotective activity in animal models as well as human
volunteers (63, 64).

Pharmacology:
Antiatherogenic Activity (11):

Phyllanthus emblica has been found to possess antiatherogenic activity. The
two compounds previously extracted from Phyllanthus emblica i.e. corilagin and its
analogue Dggl6 (1, 6-di-O-galloyl-beta-d-glucose) show strong antioxidation (38);
corilagin has strong effects against platelet aggregation (65) and inflammation (66).
Vitamin E, a well known bioreducer, was used as a positive control in the study.
Corilagin and Dggl6 inhibited lipid oxidation, prevented endothelial injury, and
prevented endothelia from being adhered to by monocytes in a dose dependant
manner. The potency of corilagin, Dggl6, and vitamin E in preventing proliferation
and adhesion are in proportion to their antioxidant activity to a certain extent.
Corilagin and Dggl6 easily binding to lipid or lipoid, are the main soluble
components in the fruit of Phyllanthus emblica and have many reductive phenol
hydroxide groups (38). As has been reported, corilagin can inhibit platelet
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aggregation (65) and local inflammation (66), which may also participate in its
antiatherogenic effects.

Antiproliferative Activity (12):

The antiproliferative activity of eighteen main compounds previously isolated
from Phyllanthus emblica together with a main constituent against MK-1 (human
gastric adenocarcinoma), HeLLa (human uterine carcinoma) and B16F10 (murine
melanoma) cells using an MTT method has been estimated. The antiproliferative
activity of the main constituents was determined by a 3-(4, 5-di-methylthiazol-2-
yl)-2, 5-diphenyl tetrazolium bromide (MTT) assay, using three tumor cell lines,
MK-1, HeLa and B16F10 cells. Their 50% growth inhibition (Glso pg/ml) values
were recorded. The antiproliferative activity of main constituents from different
parts of Phyllanthus emblica was determined against MK-1, HeLa and B16F10
cells. L-Malic acid 2-O-gallate, mucic acid 2-O- gallate, 1-O-galloyl-p-D-glucose,
corilagin and chebulagic acid in the fruit juice exhibited certain levels of
cytotoxicity against the tumor cells. The antiproliferative activity of these
compounds against B16F10 cells, some of which were comparable with those of the
positive controls, was stronger than against that HeLa and MK-1 cells. These major
components are possibly responsible for the folk anticancer uses of this plant.

Radioprotective Activity (56):

The fruit pulp of Phyllanthus emblica has been found to reduce the bioeffects
of radiation. Since radiation causes enormous damage to normal cells several
strategies are designed in order to minimize the lethal consequences of radiation
exposure to normal cells. Use of radioprotectors is one among such strategy in
which radioprotective agents like sulfhydryl compounds like cysteine, WR2721,
antioxidants like vitamin C and E, cytoprotective agents like MESNA and several
biological modifiers like y-interferon have been tried (67). The myelosuppression
produced as a result of whole body irradiation is significantly lowered by
continuous administration of Phyllanthus emblica extract. Whole body irradiation
increased the levels of tissue lipid peroxidation. Treatment of Emblica was found to
be effective in reducing the lipid peroxidation. Phyllanthus emblica extract has
been shown to have significant antioxidant activity, which reduces the oxidative
changes induced by radiation. Phyllanthus emblica extract was also found to inhibit
mutagenesis by direct binding to certain mutagens as well as by inhibiting
carcinogen activation. It produces a protective layer in stomach thus reduces the
mucosal damage of gastrointestinal linings during irradiation.
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Antifibrotic Activity (34):

A hydroalcoholic (50%) extract of Emblica officinalis (fruit) (EO-50)
reduced the severity of hepatic fibrosis induced by carbon tetrachloride and
thioacetamide. Liver protective action of Phyllanthus emblica (Emblica officinalis)
has been documented previously. Excess oxygen derived free radicals (ODFR) play
a major mediatory role in inducing synthesis of fibrillar extracellular matrix (68).
EO-50 acts as scavenger of ODFR at the initiation phase (whether the superoxides
are generated by enzymic or non-enzymic reaction) and also at the terminal stage
suppressing lipid peroxidation. The antifibrotic activity of EO-50 could be
attributed to its mechanistic intervention with several cellular events to provide
beneficial effects against this multifactorial process of fibrogenesis, most
importantly by (a) attenuating the oxidative stress (b) stabilizing the membrane
against fibrotic challenge (c) preventing from the CYP2E1 mediated bioactivation.

Gastroprotective Activity (69):

Phyllanthus emblica has been found to possess antisecretory, antiulcer, and
cytoprotective activities. An ethanol extract of Amla was examined for these
activities. Oral administration of Amla extract at doses 250 mg/kg and 500 mg/kg
significantly inhibited the development of gastric lesions in all test models used. It
also caused significant decrease of the pyloric-ligation induced basal gastric
secretion, titratable acidity and gastric mucosal injury. Besides, Amla extract
offered protection against ethanol-induced depletion of stomach wall mucus and
reduction in nonprotein sulthydryl concentration.

Antitussive Activity (70):

The antitussive activity of Phyllanthus emblica has been previously reported.
Conscious cats were tested for antitussive activity by mechanical stimulation of the
laryngopharyngeal and tracheobronchial mucous areas of airways. At a dose of 50
mg/kg body wt. perorally, the cough suppressive effect of Phyllanthus emblica is
not unambiguous. A higher dose (200 mg/kg body wt.) of this substance perorally
was more effective, especially in decreasing the number of cough efforts and
frequency of cough. The cough suppressive activity of Phyllanthus emblica was
found to be dose-dependent. The antitussive activity of the dry extract of
Phyllanthus emblica was supposed to be not only due to antiphlogistic,
antispasmolytic and antioxidant efficacy effects, but also due to its effect on mucus
secretion in the airways.
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Antiulcerogenic Activity (71):

The ulcer protective potential of methanolic extract of Phyllanthus emblica
was assessed in different acute gastric ulcer models in rats induced by aspirin,
ethanol, cold restraint stress and pyloric ligation and healing effect in chronic
gastric ulcers induced by acetic acid in rats. The methanolic extract of Phyllanthus
emblica 10-50mg/kg administered orally, twice daily for 5 days showed dose-
dependent ulcer protective effects in all the acute ulcer models and significant ulcer
healing effect in dose of 20mg/kg after 5 and 10 days treatment. Thus, the
methanolic extract of Phyllanthus emblica was found to possess significant ulcer
protective and healing effects.

Antipyretic Activity (72):

The ethanol and aqueous extracts of Phyllanthus emblica has been studied for
its antipyretic activity in several experimental models. A single oral dose of ethanol
and aqueous extracts of Phyllanthus emblica (500 mg/kg, i.p.) showed significant
reduction in brewer’s yeast induced hyperthermia in rats. Preliminary
phytochemical screening of the extracts showed the presence of alkaloids, tannins,
phenolic compounds, carbohydrates and amino acids, which may be responsible for
antipyretic activity of Phyllanthus emblica.

Analgesic Activity (72):

Phyllanthus emblica was studied for its analgesic activity using its ethanol
and aqueous extracts in several experimental models. The extracts elicited
pronounced inhibitory effect on acetic acid-induced writhing response in mice in
the analgesic test. Both the extracts did not show any significant analgesic activity
in the tail-immersion test. Tannins, phenolic compounds, amino acids, alkaloids and
carbohydrates were supposed to be responsible for the analgesic activity.

Superoxide-Scavenging Activity (73):

Phyllanthus emblica have been found to possess superoxide-scavenging
activity. This activity has been evaluated using the enzymatic method with
cytochrome ¢ (cyt ¢) (74) and non-enzymatic method with nitro blue tetrazolium
(NBT) (75). Phyllanthus emblica showed the superoxide-scavenging activity by
both assay methods. The 50% O;-scavenging concentration from Phyllanthus
emblica methanol extract was found to be 13.17ug/ml.
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Prolyl Endopeptidase Inhibitory Activity (73):

Phyllanthus emblica has been identified as one of the strongest Prolyl
Endopeptidase (PEP) inhibitory plant sample. PEP plays an important role in
regulating the biological activity of peptides. A Z-Gly-Pro-pNA substrate was used
to evaluate the PEP inhibitory activity. It showed 78.80% PEP inhibitory activity.
The PEP inhibitory concentration from Phyllanthus emblica methanol extract was
found to be 26.10ug/ml.

Diabetic Cataract (3, 15):

Phyllanthus emblica and an enriched fraction of its tannoids have been found
to be effective in delaying development of diabetic cataract in rats. Prolonged
exposure to uncontrolled chronic hyperglycemia in diabetes can lead to various
complications in the eye including cataract and retinopathy (76, 77). The onset of
cataract due to hyperglycemia was observed in diabetic animals after four weeks of
STZ injection. The whole Phyllanthus emblica was found to be effective than its
tannoid fractions in delaying the onset of cataract. At the end of eight weeks, the
severity of cataracts was significantly lower in rats receiving AIN-93 diet
containing 0.2% tannoids mixture and rats receiving 2.0% emblica powder than in
rats receiving AIN-93 diet. This indicates that Phyllanthus emblica and its
constituent tannoids delayed the maturation of diabetic cataract due to slow
progression. Tannoids of Phyllanthus emblica have been found to inhibit Aldose
reductase (AR) which has been a drug target because of its involvement in the
development of secondary complications of diabetes including cataract. Aqueous
extracts of Phyllanthus emblica inhibited rat lens AR, with an ICs, (50% inhibition
concentration) value of 0.72 mg/ml. The extract also inhibited human recombinant
AR to the same extent as that of rat lens AR with an ICs value of 0.88 mg/ml.

Polyherbal Formulations:
Triphala:

Triphala is a traditional Ayurvedic herbal formulation, consisting equal parts of
three medicinal plants namely Terminalia chebula, Terminalia belerica and
Phyllanthus emblica (19). Fruits of Triphala are claimed to have various biological
activities such as antiviral (78), antibacterial, antiallergic (79), antimutagenic (80),
exerts a marked heart-protective and cardio-tonic effect, improves digestion (81),
and improves liver function and hepatoprotective (82). It is prescribed for various
symptoms of infections, obesity, anaemia, fatigue, poor digestion, assimilation and
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infectious diseases like tuberculosis, pneumonia and AIDS (83). Triphala
formulation has been found to be associated with hypolipidemic effect on the
experimentally induced hypercholesterolemic rats. Triphala supplementation may
exert antioxidant effect and can be regarded as a protective drug against stress.

Effect of Anwala Churna on memory deficit rats (23):

Ayurvedic preparation Anwala churna consisting of Phyllanthus emblica has
been found to possess beneficial effects such as memory improvement and reversal
of memory deficits. Amnesia was induced in rats by intraperitoneal injection of
scopolamine or diazepam, in addition to aging-induced amnesia. Phyllanthus
emblica reversed memory deficits in aged rats when administered for 15 days.
Ascorbic acid and tannoids present in Amla have been reported to have antioxidant
activity in rats (55, 85). An increase in antioxidant activity prevents (86) or
ameliorates (87) the impairment of memory capacity in rats. The antiinflammatory
effect of Phyllanthus emblica would act against the inflammatory component of the
memory deficits. Furthermore, flavonoids from Phyllanthus emblica were
conformed to decrease cholesterol and triglycerides in the liver, heart, kidney, and
aorta of rats, which may be responsible for the pronounced memory enhancing
effect seen in aged rats (88). The combination of antiinflammatory, antioxidant,
hypolipidemic, and neuroprotective role could contribute to the memory enhancing
effect of Anwala churna. Thus, Anwala churna can be a useful remedy for the
management of Alzheimer’s disease.

Toxicity Studies:

Phyllanthus emblica was found to be non-toxic to human and experimental
animals (56). The Phyllanthus emblica fruit or its extract has not been reported to
have any side effects even after prolonged use (89, 90). In toxicity studies in rats,
no toxicity was observed in single- or chronic-dose administration. Additionally, no
detrimental effect was noted on liver or renal function (91, 92). No chromosomal
aberrations were found following 7- and 14-day treatment regimens in rats with
crude fruit extract (93). In another experiment, no toxicity or mutagenicity were
observed in rats even at the highest doses administered (94). The results with large
doses in animals reveal that atropinization completely blocked the hypotension in
dogs and spasmogenic effect on rabbit ileum (95). No major toxicities related to
Phyllanthus emblica have been reported (91).
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Dosage:

Powder — 3-6g (41, 96, 97)

Dry extract 4:1 — 350-500mg

Juice fresh fruit — 10-20ml

Juice powder 20:1 — 250mg

Skin care formulations — 0.5% to 0.75%

Hair care products — 0.1% to 0.5% (89)

Decoction — [5g boiled in 80ml water till 20ml left] twice daily after meals (41, 96,
97)

Amla capsules — Pediatric (5-10 Years) dose is one capsule morning and evening
with honey or milk. Adult dose is 1-2 capsules morning and evening after meals
(98).

A LD 5 in rats has been suggested at 1 g/kg body weight, but 2.5 g/kg has been
used in cancer studies in animals (92, 99).

Contraindications (91):

Contraindications have not been identified.
Pregnancy and Lactation: Information regarding safety and efficacy in pregnancy
and lactation is lacking.

Analytical Methods / Phytochemical Analysis:

Warude Dnyaneshwar et al. developed DNA based marker for identification
of Phyllanthus emblica. Sequence Characterized Amplified Region (SCAR)
primers D1 and D2 amplified the expected 343 bp DNA fragment in all tested
samples confirming the presence of Phyllanthus emblica. The results substantiate
the applicability of the designed primers as a qualitative diagnostic tool for
identification of Phyllanthus emblica (8).

The determination of tannins can be done by method published by World
Health Organization (WHO) wherein plant extract is used for determination and the
determined quantity is procured as % tannins (89). Tannins can also be determined
by a method wherein drug extract is diluted with water. A quantity of this mixture
is further diluted with distilled water and indigosulphonic acid is added to this and
titrated with 0.1N potassium permanganate solution to a golden yellow colour as
the end point. The amount of tannins eventually obtained is expressed as percent
total tannins. This method may respond to some polyphenols other than tannins.
Hence, the result may display errors (89). Analysis of tannins can also be done by
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High Performance Capillary Electrophoresis [HPCE] (100). The assay of ascorbic
acid is done by HPLC. The chromatographic equipment consists of a solvent
delivery system (Perkin-Elmer isocratic LC pump 250) and a 20ul sample injector.
Mobile phase used is 2% KH,PO4 [pH 2.3]. IP-1996 method have been used for
estimation of ascorbic acid wherein extract dissolved in mixture of distilled water
and 1M sulphuric acid is titrated with 0.05M iodine using starch solution as
indicator (89). TLC method for ascorbic acid is available wherein solvent system
used is ethanol and 10% acetic acid and stationary phase used is Silica gel G or
Silica gel F — 254. TLC method for gallic acid is also available in which the solvent
system used is toluene, ethyl acetate, glacial acetic acid and formic acid in the
proportion of 20:45:20:5 respectively (89).

Discussion

Alternative systems of medicine viz. Ayurveda, Siddha, and Chinese Medicine have
become more popular in recent years (101,102).As the global scenario is now
changing towards the use of nontoxic plant products having traditional medicinal
use, development of modern drugs from Phyllanthus emblica should be emphasized
for the control of various diseases. In the present review we have made an attempt
to  congregate the  botanical, phytochemical, ethnopharmacological,
pharmacological and toxicological information on Phyllanthus emblica, a medicinal
herb used in the Indian system of medicine.
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