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ABSTRACT

This paper reports on the results of a literature survey involving 166 different species of plants
used in the Ayurvedic pharmacopoeia, based on a sampling of the literature available to us. We
found a wide range of clinical and other in vivo studies for many of the plant-based therapies
utilized in the Ayurvedic system. Of the 166 plants investigated, 72 (43%) had at least one or
more human studies and 103 (62%) had one or more animal studies. These results appear to con-
tradict the generally held notion that herbal remedies used in non-Western systems of botani-
cal medicine have not been evaluated in human or in vivo trials. Some of these studies are not
always as large or methodologically rigorous as clinical studies reported in major medical jour-
nals. Indeed, a critical assessment of the research according to the standards of evidence-based
medicine would eliminate many of these studies for lack of rigor according to criteria of ran-
domization, sample size, adequacy of controls, etc. However, the studies do suggest which
species might be appropriate for larger and better-controlled trials in the future. Accordingly, a
synopsis of the plants, their therapeutic applications, and their clinical or experimental evalua-
tions is presented.
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INTRODUCTION

Non-Western healing systems that utilize
botanical medicines are often criticized be-

cause of a supposed paucity of in vivo studies to
support the safety and efficacy of individual
plants or plant mixtures. For example, Barrett et
al. (1999) state that therapies outside the med-
ical mainstream suffer from a dearth of research
and critical evaluation. From a biomedical par-
adigm, rigorous studies include those that pro-
vide randomized controlled data on efficacy as
well as information on toxicity, dosage, method

of use, and adverse reactions. Few herbals or
other references available to practitioners of
botanical medicine contain information about,
or citations of, clinical trials or related studies.
At the same time, billions of people around the
world have studied and utilized ancient med-
ical systems such as Ayurveda (translated as the
“science of life”) for centuries.

To evaluate the availability of studies on
plants used in Ayurveda, we conducted a
search in two databases as well as other sources
of information, using a list of 166 species that
are important to this system of medicine.

Institute of Economic Botany, The New York Botanical Garden, Bronx, NY.
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MATERIALS AND METHODS

The research was conducted between Janu-
ary 1996 and January 2000. The databases
searched were MEDLINE® and NAPRALERT.
In addition, we collected literature on tradi-
tional medicine and searched two Indian jour-
nals not included in MEDLINE: Aryavaidyan
and the Indian Journal of Medical Research. These
publications were selected, based on their
availability to us, as examples of Indian jour-
nals that report on studies of plants and their
treatment of disease. There are many other In-
dian journals that contain a great deal of valu-
able information; however, they were not ac-
cessible to us—we expect that, if access to this
type of traditional knowledge can be facilitated
in some way, much more information of inter-
est could be located. In this paper, we only con-
sider those studies that include individual
plants or mixtures of plants consistent with the
philosophy of Ayurveda. We did not include
six species that have been reported on in many
journals, in both human and animal studies: Al-
lium sativum L., Cannabis indica Lam., Digitalis
purpurea L., Papaver somniferum L., Rauwolfia
serpentina L., and Zingiber officinalis Roscoe.
However, we did include these species in the
calculation of percentage of animal and human
trials of the 166 Ayurvedic medicinal plants.

RESULTS AND DISCUSSION

Summary of human studies

A summary of the human studies and the
species included in the plant mixtures are pre-
sented in Table 1: Ayurvedic Plants and Hu-
man Studies. The disease categories listed in
Table 1 are graphically depicted in Figure 1 as
breakdown into eleven disease categories for
the 166 plants (minus the six species already
documented) with human studies. The disease
categories include: antimicrobial; antimuta-
gens; cardiovascular; dermatology; Diabetes
mellitus; gastrointestinal; liver dysfunction; 
nervous system; pain/inflammation; renal/
blood/immune system; and other. There are a
total of 145 effects based on the 66 human stud-
ies. In a few instances, when one plant demon-

strated more than one effect, i.e., reduction of
both blood glucose and triglyceride levels, the
effect was counted in both the cardiovascular
and Diabetes mellitus categories. For the sake of
comparison, Figure 2 represents a breakdown
of drugs used in the U.S. pharmacopoeia ac-
cording to treatment category based on the
work of Paul Cox (1994).

Table 2 is a detailed list of all the plants, or-
ganized by genus and species, with the family
names. Information on common Sanskrit and
English names is also presented, as well as
mention of the plant part used, preparation and
dosage used in the study, design, model and
sample size when known, results (negative and
positive), and the original reference that was
examined. Forty-three percent (43%) (a total of
72) of the species in Table 2 contain reference
to one or more studies with humans and 62%
(a total of 103) of the species listed in this table
contain reference to at least one animal trial.
Careful examination of the studies revealed a
variation in sample size, quality of research,
and presentation of results. However, there is
a great deal of interesting information con-
tained in these studies, representing a signifi-
cant accumulation of evidence supporting the
efficacy of plant therapies used in Ayurveda.
Although the table is quite long and detailed,
there are a number of plants exhibiting im-
pressive therapeutic effects in humans. At the
same time, this corpus of information serves to
point the way to species that deserve further
study, both in animal models and at the clinic.
Toward this end, we suggest the adoption of
“Good Botanical Practices” (Balick, 1999) with
properly collected, vouchered materials used
to produce the phytotherapies under study.
This is the only way that reproducibility of re-
sults can be assured, should further testing be
warranted.

CONCLUSIONS

Plants have long been the principal tools of
traditional medical systems. Although ancient
in origins, many traditional medical paradigms
and their pharmacopoeias have evolved into
quite sophisticated healing systems, using
thousands of plants and other natural materi-
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als such as minerals and animal products. In
many parts of the world, traditional medicine
is still used to provide the major part of pri-
mary health care. The World Health Organiza-
tion has estimated that the majority of the
world’s population depends on botanical med-
icines for basic health care needs (Akerele,
1985). Reasons for this include the fact that
these local systems are culturally acceptable,
cheaper for many conditions as compared to
biomedicine, and efficacious in many of the cir-
cumstances in which they are used.

In a recent editorial in the New England Jour-
nal of Medicine, the editors cautioned against the

use of herbal medicines as “a reversion to irra-
tional approaches to medical practice” (Angell
and Kassirer, 1998). In this paper, we have at-
tempted to dispel the all-too-commonly held
notion that no clinical or other evidence exists
to support the use of plants used in traditional
medical systems. We acknowledge that some
of the studies are not as rigorous as desired be-
cause of resource or other limitations. How-
ever, the work described in this review can
serve to help guide future studies by pointing
out promising therapies, and thus research av-
enues, for specific conditions. In the case of
Ayurvedic medicine, Indian journals, often re-

FIG. 1. Ayurvedic medicinal plant uses, classified according to the treatment categories. (Based on human studies,
n 5 66).

FIG. 2. U.S. Pharmacopoeia drug uses, classified according to the treatment categories. From Cox, 1994.



gional or those published by individual re-
search centers, are rich in experimental studies
as well. This exercise has also pointed out the
need for access to such publications, via greater
international cooperation involving informa-
tion exchange.*

This study has been limited by our own ac-
cess to information and there are numerous ad-
ditional journals that contain information on
plants and complex mixtures of plants pre-
pared according to traditional formulations
used in the Ayurvedic medical system. We
have undertaken this task in the hope that some
of the initial studies presented may help to di-
rect research on plants deserving of more in-
tensive evaluation as clinical therapies.
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TABLE 1. AYURVEDIC PLANTS WITH HUMAN STUDIES

Aegle marmelos Irritable bowel syndrome
Shigellosis

Allium cepa Colic
Hyperlipidemia
Scar treatment
Stomach carcinoma

Aloe barbendensis Antidiabetic
Burn wounds
Psoriasis

Andrographis paniculata Common cold (23)
Fever, sore throat
Hepatocellular jaundice
Pyuria, hematuria
Stenosis, restenosis
Viral hepatitis

Areca catechu Diphyllobothrium latum infection
Inflammatory bowel disease

Artemisia vulgaris Postoperative blood loss, bacteriuria
Asparagus racemosus Calculi on kidney, urinary bladder

Gastric emptying
Azadirachta indica Congestive heart failure

Mosquito repellant (23)
Scabies
Vaginal contraceptive
Vitiligo

Bacopa monnieri Irritable bowel syndrome
Boerhavia diffusa Congestive heart failure
Boswellia serrata Ulcerative colitis

Osteoarthritis
Rheumatoid arthritis

Butea monosperma Giardiasis
Worm infestations, Ascaris lumbricoides

Capsicum annuum Cluster headaches (23)
Diabetic neuropathy (23)
Herpes zoster
Herpetic neuralgia (33)
Local stump pain due to amputation
Post herpetic neuralgia (23) 
Postmastectomy pain syndrome
Small fiber function

Carum carvi Obstipation
Cedrus deodara Congestive heart failure
Cocos nucifera Coronary heart disease

Immunotherapy
Oral rehydration therapy

Cuminum cyminum Diabetes mellitus
Curcuma longa Cancerous lesions (external)

Gastric ulcers
Osteoarthritis
Scabies
Serum lipid peroxides (decrease)
Urinary mutagens (decrease)

Cyperus rotundus Intestinal metaplasia, atypical hyperplasia of gastric
mucosa

Daucus carota Inhibition of endogenous nitrosation
Malignant mesothelioma
Metabolic parameters (no adverse changes)
Oxidation in copper-oxidized LDL (decrease)
Risk of vulvar cancer (decrease)

Dolichos biflorus Binding to healthy oral mucosa
Embelia ribes Acne vulgaris

Worm infestation, Ascaris lumbricoides
Emblica officinalis Gastrointestinal disease

Serum cholesterol levels
Viral hepatitis

Eugenia jambolana Decreases in mean blood sugar values
Foeniculum vulgare Chronic nonspecific colitis
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Glycyrrhiza glabra Acne vulgaris
Chronic duodenal ulcers (23)
Chronic hepatitis
Hyperkalemia in Diabetes mellitus

Gossypium herbaceum Male antifertility (33)
Gymnema sylvestre Mean blood sugar values (decrease) (23)

Serum lipids (decrease)
Sweetness perception (decrease)

Holarrhena antidysenterica Facial acne
Hydrocotyle asiatica Shigellosis
Linum usitatissimum N-3 fatty acids (increase)

Postprandrial glucose (decrease)
Mallotus philippensis Worm infestations, Ascaris lumbricoides
Moringa oleifera Perceived pain relief, accelerated expulsion of worms
Mucuna pruriens Parkinson’s disease
Myristica fagrans Calculi in kidneys and urinary bladder
Nardostachys jatamansi Facial acne
Nelumbo nucifera Hyperlipidemia
Ocimum sanctum Non-insulin dependent Diabetes mellitus
Oryza sativa Oral rehydration therapy
Paederia foetida Shigellosis
Peucedanum graveolens Vitamin A/b-carotene content
Picrorhiza kurrooa Bronchial asthma

Congestive heart failure
Viral hepatitis
Vitiligo

Piper longum Bioavailability of certain drugs (increase)
Disappearance of Giardia lamblia

Piper nigrum No damage to human gastric mucosa
Pueraria tuberosa Migraine headaches
Raphanus sativus No adverse effects to metabolic parameters
Rheum emodi Prevent chronic renal failure
Ricinus communis Binding of healthy oral mucosa
Rubia cordifolia Cardiac function
Salvadora persica Peridontal disease
Santalum album Facial acne

Urinary tract infection
Saussurea lappa Reduced frequency of angina
Sesamum indicum Warts
Strychnos nux-vomica Nonketotic hyperglycemia
Swertia chirata Decrease in mean blood sugar values
Tamarindus indica Bioavailability of drugs (increase) (23)

Decrease pain, accelerated expulsion of worms
Taraxacum officinale Chronic colitis
Tephrosia purpurea Decrease in mean blood sugar values
Terminalia arjuna Severe refractory heart failure

Stable angina pectoris
Terminalia bellirica Acne vulgaris
Terminalia chebula Acne vulgaris

Congestive cardiac failure
Tinospora cordifolia Calculi on kidney or urinary bladder

Congestive heart failure
Management of obstructive jaundice

Tribulus terrestris Calculi on kidney and urinary bladder
Remission of angina pectoris

Trigonella foenum-graecum Hypolipidemic effect (23)
Postprandial glucose levels (decrease)
Total cholesterol, LDL, VLDL, triglycerides (decrease)

Valeriana jatamansi Infantile rotavirus enteritis
Mild hypnotic action
Mild insomnia, decrease sleep latency
Sleep quality

Withania somnifera Calculi on kidney and urinary bladder
Osteoarthritis
Psychomotor performance
Rheumatoid arthritis

LDL, low-density lipoprotein cholesterol; VLDL, very low-density lipoprotein cho-
lesterol.
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