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ABSTRACT

This review is based on Ayurvedic texts and online scientific databases like PubMed, Google Scholar, Science Direct to study use of scientific
research methods in ayurvedic formulation Triphala. The following keywords were used: Triphala, terminalia chebula, terminalia bellerica,
Phyllanthus embilica, chemical constituents, gallic acid, chebulinic acid, and molecular docking to write this review. Studies about Triphala and their
individual drugs as well as their active compounds were concentrated upon. There are many research works being conducted on Triphala and its
therapeutic effect. Yet, the need to develop these works to a fully utilisable form for the medical community is not achieved. This review concludes
that Triphala is a treasure that needs to be further evaluated for the betterment of health globally.
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INTRODUCTION

These days, all living organisms are evolving rapidly to survive. Just
like the human beings and animals, microbes, including pathogens
are evolving to adapt to the continuously changing environment.
Pathogens turning into superbugs has become a potential threat
while dealing with many ailments. Also, public nowadays are very
much concerned about the side effects of various synthetic drugs
and are turning to look at natural remedies. Traditional medicines of
different countries make use of natural products for curative and
preventive purposes [1].

Ayurveda is a traditional Indian system of medicine which has been
practiced for over 3000 y. The term Ayurveda in Sanskrit translates
into the knowledge of longevity [2]. This system focuses on the
prevention of disease as well as curing diseases equally. It gives
single and combinations of herbal and mineral drugs for various
conditions. The use of such medicines is time-tested and effective,
but further research is required to understand their mechanism of
action. Various modern scientific tools are extremely helpful in
revealing undiscovered facts about ethnomedicine.

Triphala in Sanskrit translates to three fruits. It is a combination of
fruits of three plant species (table 2): Haritaki: Terminalia chebula
Retz. (fig. 1) Vibhitaki: Terminalia bellerica Roxb. (fig. 2) and Amalaki:
Emblica officinalis Gaertn. or Phyllanthus emblica Linn (fig. 3) [3]
They are normally taken in equal parts but may vary per condition.
It is a widely used ayurvedic medicine and is given in many forms
like powder, decoction, ghee etc [3-5]. This combination is used
internally as well as externally. It is a well-known rasayana, which
causes rejuvenation and longevity to individuals of all ages. Charaka
Samhitha promotes the use of Triphala rasayana (Triphala powder
with honey) daily to ensure long and healthy life of an individual [4].
Ashtanga Hridaya mentioned that the use of Triphala daily is
especially beneficial for the health of the eyes [5].

Recently, a lot of research works have been done on Triphala and it
is found to be of great therapeutic potential. It has antimicrobial

action, an immunomodulatory effect [6] as well as prebiotic
potential [7]. This formulation is effective against cardiovascular
diseases [8], tumours [9], various gastrointestinal disorders [10],
hypertension [11] and many other diseases.

Studies revealed that Triphala is rich in various class of
phytochemicals that make this formulation have its unique actions,
which place it in an extremely important position among Ayurvedic
medicine. Researches found Triphala to be effective in the pandemic
SARS-CoVid also [12]. Intraperitoneal administration of Triphala has
radioprotective action against y-radiation [13].

Many pharmacologically important phytochemicals have been
identified from Triphala [12]. Individually also, these three plants
have been studied to isolate various bioactive compounds to help
understand their therapeutic efficacy. The previous studies reported
a wide variety of chemical compounds, including phytosterols,
alkaloids, phenolics like flavonoids, plant phenols, tannins, and so on
[14-16].

MATERIALS AND METHODS

Various studies published in databases like Pubmed, Scopus and
Google Scholar were reviewed. Keywords used include: Triphala,
Terminalia chebula, Terminalia bellerica and Embilica officinalis,
chemical constituents of Triphala. The studies done on Triphala and
their bioactive compounds were concentrated upon and finally, the
selected papers were reviewed.

Ayurvedic view on triphala

Triphala consists of dried fruits of Haritaki, Vibhitaki and Amalaki.
Triphala is considered as Tridosha shamaka (pacifying all three
humors of human body-Vata, Pitta and Kapha). It is a very
commonly used Rasayana (rejuvenator). It is KaphaPittahara, cures
Meha, Kushta and Vishamajwara. It promotes good vision, digestion
and taste perception. Triphala specifically reduces accumulated
excess fat and promotes general health and longevity. The ayurvedic
properties of these plants are given in table 1.

Table 1: Properties of triphala

S. No. Drug Rasa Guna Veerya Vipaka Karma

1 Haritaki Madhura, Amla, Katu, Tikta, Kashaya Laghu Ruksha Ushna Madhura Tridoshahara

2 Vibheetaki Kashaya Ruksha, Laghu Ushna Madhura Kaphapittahara
3 Amalaki Madhura, Amla, Katu, Tikta, Kashaya Guru, Ruksha, Sheeta Sheeta Madhura Tridoshahara
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Table 2: Triphala

S. No. Drug Scientific name Family
1 Haritaki Terminalia chebula Combretaceae
2 Vibhitaki Terminalia bellerica Combretaceae
3 Amalaki Embilica officinalis Euphorbiaceae
Table 3: Major chemical constituents in triphala
S. No. Chemicals T. Chebula T. Bellerica P. Embilica
1 Alkaloids Yes Yes Yes
2 Flavonoids Yes Yes Yes
3 Steroids No No No
4 Saponins No No No
5 Phenols Yes Yes Yes
6 Tannins Yes No No
7 Glycoside Yes No No
8 Carboxylic acid No No No
9 Sterols Yes Yes Yes
10 Resins Yes Yes Yes
11 Quinines Yes Yes Yes
12 Xanthoproteins Yes Yes No
13 Terpenoids Yes Yes No

Fig. 1: Hareetaki

Fig. 2: Vibheetaki

Fig. 3: Amalaki

Phytochemistry of triphala

Triphala and its individual compounds are extensively studied for
their phytochemicals. Identification of chemical constituents help
understand various mechanisms by which this combination acts in
different conditions (table 3).

Terminalia chebula

Many phytochemicals have been so far identified and studies are still
continuing as to their pharmacological actions. Chebulinic acid,
Chebulic acid and Gallic acid constitute the main chemical
compounds in terminalia chebula.

Other than these a lot of other compounds like Arjunolic acid,
Arjugenin, Chebuloside1l, Chebuloside2, Chebulic acid, 1,2,3,4,6-
Penta-Ogalloyl-B-D-glucose, a-D-Glucopyranose, Chebulagic acid,
Eugeniin, 1,2,3,4-tetrakis(3,4,5-trihydroxybenzoate),  Corilagin,
EuphormisinM3, m-Galloylgallic acid, Punicalagin, Hamamelitannin,
Caftaric acid, Gallic acid, Shikimic acid as well as termitomenins A-E
have been identified [17, 18].

Terminalia bellerica: The main bioactive compounds found in
terminalia bellerica are Glucoside, tannins, gallic acid, ellagic acid,
ethyl galate, gallyl glucose and chebulanic acid [19, 20].
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Phyllanthus emblica: Main bioactive compounds in this drug include
ellagic acid, chebulinic acid and gallic acid.

Many other chemicals like corilagin, chebulagic acid, geraniin,
tercatain, methyl chebulagate, dimethyl neochebulagate, Glucogallin,
1,6-bis-0-galloyl-beta-D-glucose, chebulicacid-trimethyl ester, digallic
acid etc were also identified by chromatographic methods [21].

Triphala

Some studies have also been done on the specific combination called
Triphala to identify the main compounds as well as for
standardization purposes. The compounds confirmed in Triphala
are: gallic acid, chebulagic acid and chebulinic acid, tannic acid,
syringic acid and epicatechin along with ascorbic acid [22, 23].

Structures of some important chemicals in Triphala
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Fig. 5: Epicatechin

Gallicacid

It is a well-known plant metabolite. It is the conjugate acid of gallate
and a phenolic compound. It is a trihydroxybenzoic acid. It can exist in
free-state or as the tannin-constituent: gallotannin. Triphala and its
individual drugs all contain gallic acid along with its various
derivatives. This molecule is an active agent against colitis as proven in
mouse-studies. This effect was proven to be via inhibition of NFkB and
activating STAT3 in animal models [24]. It was found effective in the
treatment of gouty arthritis in mice model. It acts by suppressing ROS
generation, thus limiting NLRP3 inflammasome activation and
pyroptosis [26]. The toxicity were studied systematically and
concluded this to be safe on administration even in high dosages [27].

Chebulagic acid

Low dose administration of this drug in experimental mice was
found to inhibit Vascular endothelial growth factor A and thereby
angiogenesis [28]. Research found it to pocess antidiabetic activity.
It helped to normalize carbohydrate metabolizing enzymes like
PPARy and GLUT4 [29]. Chebulagic, Chebulinic, and Gallic acids, are
found to have anti-inflammatory action [30]. Chebulagic acid
showed potent activity in both cellular and animal models of human
enterovirus 71 [31]. This compound was found to be anticancerous.
It showed antiproliferative action as well as it inhibited enzymes
involved in the pathology that is COX and 5-LOX [32].

Chebulinic acid

Among 1033 natural products screened, chebulinic acid was found
to strongly inhibit the hydrolysis of 6,8-difluoro-4-
methylumbelliferyl phosphate by protein phosphatase-1 catalytic
subunit beta and demonstrated potent antiadipogenic effects in 3T3-
L1 preadipocytes. Thus its action in obesity is studied [33].
Chebulinic acid from Triphala was found to be a potent antitumour
agent, probably acting via PI3K/AKT and MAPK/ERK pathways [34].

Syringic acid

Syringic acid is a compound that is a proven anti-asthmatic agent by
its anti-inflammatory action in mice models. Treatment with this
drug found reduction in eosinophils and neutrophils as well as in
interleukins 4,5 and 13, along with a marked reduction of TNF [25].
This phenolic compound is synthesized in plants through the
shikmic acid pathway [35]. This compound also showed promising
hepatoprotective activity in experimental mice models [36, 37].

Tannic acid

It was widely used for therapeutic purposes like gastrointestinal
diseases, topically for burns and even used in barium enemas for
clear x ray imaging. However, due to adverse health reactions, these
are discontinued [38]. It is moderately toxic on inhalation. In smaller
doses, it is safe [39].

Epicatechin

It was found effective against CVD in thernoneutrally housed wistar
rats models. Improved vasodilation, lessened mitochondrial
respiration [40]. Epicatechin exerted inhibitions on the activity of
phospholipases A2 present in the venom of Bothrops alternatus.
This study suggested to the effect of epicatechin as an adjuvant
therapy for snake venom [41]. While studying the ROS scavenging
activity, the chemical reactivity of (-)-epicatechin quinone was found
to be mainly residing in its B-ring [42].

Studies on triphala

There are many studies done on Triphala which proved its
therapeutic actions and multiple target effect. It is mostly used in
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gastrointestinal diseases and for rejuvenative purposes. These days
various uses of Triphala both in Traditional medicines lika Ayurveda
and in folklore are being explored with modern scientific research
methods and many give positive results. This specific combination
has been scientifically studied for its various actions like anti-ulcer,
antioxidant  activity, anti-inflammatory, immunomodulatory,
antimicrobial, antihypertensive, antitumor, chemopreventing, and
radiopreventive effects, prebiotic effects, promoting dental health
and so on.

Chebulagic and Chebulinic acids, along with Gallic acid, are found to
have anti-inflammatory action. These two compounds, which are
pharmacologically important components of Triphala, are evident
inhibitors of p38, ERK and NFkB activities, thereby protecting retinal
capillaries from angigenic and inflammatory damages [30]. Recent
advances in computational tools have helped in identifying the exact
molecular action of Triphala in particular disease pathologies [43].

In silico approaches showed that Phyllanthus embilica had chemicals
that are antidiabetic in action [44]. Among about 16 compounds from
Terminalia chebula, 3 showed a good binding affinity with enzymes
involved in diabetes management. Ellagic acid was found to have the
greatest affinity to bind with enzymes a-amylase, 3-glucosidase and a-
glucosidase. This study supports its antidiabetic activity [45].
Terminalia chebula extract was found to be an effective inhibitor of
AChE and BChE. The chemical constituent in it, namely methyl N(N-
benzyloxycarbonyl-B-l-aspartyl)-f-d-glucosaminide was found to be
the most potent compound through docking studies [46].

The main constituents of the drug T. bellerica were analysed with
drug targets involved in pathology of schizophrenic disorder. Among
all constituents, B-sitosterol, ellagic acid, and quercetin showed high
binding affinity towards all potential targets included. The study
concluded that T. bellerica has great potential as a natural
antipsychotic drug source [47].

Molecular docking studies also proved that bioactive molecules from
Phyllanthus embilica were also proven as potent inhibitors of AChE
and BChE [48]. The biologically active constituents of T. bellerica,
including Anolignan B, Gallic acid, Termilignan and Thannilignan,
were evaluated by molecular docking. Among all the compounds,
Anolignan B was considered as the most effective compound
inhibiting estrogen receptor a. The study showed active bio
components from Terminalia bellerica having promising anticancer
activity [49].

In silico studies also suggest therapeutic action of Triphala against
COVID19. Chebulinic acid has good binding affinity with the
formation of 10 hydrogen bonds. Most of the active chemical
constituents of Triphala were found to form two or more hydrogen
bonds with the receptor-binding protein of SARS-CoV-2 Spike
Glycoprotein [50].

The action of Triphala on CYP2E1 were analysed by molecular
docking methods. Here important phytochemical constituents of
Triphala such as chebulic acid, ellagic acid, epicatechin and ascorbic
acid were docked with the said target protein ie. CYP2E1. The
research gave very promising inhibiting efficacy of Triphala in terms
of binding affinity towards the chosen target. The study suggested
that in future, these molecules can be used to overcome cancer in
association with oxidative stress emerging from the abnormally
increased activity of CYP2E1 [51].

The mechanism of action by Triphala on cardiovascular diseases and
cerebrovascular diseases with focus on their multiple targets were
analysed. Over 130 compounds were evaluated, out of which 10,
linked to more than three genes. The anti-angiogenic effect was
mediated by the combined effect of punicalagin and chebulagic acid
[52]. Triphala bioactives target 39 proteins which are expressed in
45 different tissues that come under 11 tissue types. The results
revealed interaction potential towards multiple targets that cover
almost all tissues of the body. This gives a reason as to why Triphala
is considered as rasayana in Ayurvedic medicine [53]. While
considering the anticancer effect of Triphala, the Bioactive-target-
target class network of Triphala showed the involvement of 19
cancer related targets. Network pharmacology approaches point out

Int ] App Pharm, Thematic Special Issue 2022, 38-43

that Triphala could broadly mediate the proliferation and apoptosis
through different signaling pathways, mainly including PI3K, NF-kB
and others [54].

Bioactive compounds from Triphala showed potent action against
PLA2 both in vitro and in silico. An important compound called
“Morin (3,5,7,2’,5’-Pentahydroxyflavone) 9,10 anthraquinone” was
proven as an efficient binder inhibiting the target. This work showed
that Triphala contains various probable leads in oncological therapy
and other inflammatory diseases [55].

Further scopes

Even though there are many evidences pointing out to the multiple
target action of Triphala that strongly supports its use in
ethnomedicine, very few have reached a state of solid structured and
recorded research studies that can be quickly made use of for the
benefit of health advancements. There are very few clinical studies
available about the action of Triphala. Those are themselves mostly
limited to topical applications, mainly in dentistry. The pre-clinical
studies have given evidence to a very wider action and they still
remain unexplored fully.

The exact pathways and molecular mechanisms that have been
identified should be further probed to identify and/or synthesize
structurally and pharmacologically similar active molecules that can
further be studied for drug-likeness and eventually developed into
new drugs. There have been many research studies suggestive of the
positive effect of Triphala on diseases that are difficult to treat,
including various cancers, neurological diseases, cardiovascular
diseases, diabetic retinopathy etc [56-61]. Such studies need to be
carefully analysed and further developed to successfully incorporate
Triphala or its active compounds for practical therapeutic purposes.

CONCLUSION

Drug discovery has been a very time-consuming process until
computational tools were employed to aid the same. Traditional
medicines have potent multi-targeted actions that are not yet
discovered and/or explained scientifically. Computational tools can
help to identify the potential drug candidates from Ayurvedic
medicines and help develop drugs for various diseases. The
mechanism of action of different Ayurvedic medicines could be
explained by such approaches and thus help in the scientific
validation of traditional medicine. New potential drug candidates
can be identified from safe, time-tested formulations and may be
easily developed further. Triphala and its studies provides a good
example on how such approaches impart scientific evidence and
help improve medical science as a whole.
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