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Abstract: The stem bark of Terminalia arjuna (Roxb.) is used by the Ayurvedic physicians in India for the treatment of
various cardiovascular diseases, collectively referred to as hritroga. It has been extensively studied in animal models to
demonstrate cardioprotective properties, ranging from positive inotropic- , hypolipdemic-, coronary vasodilatory- and an-
tioxidant effects to induction of stress protein in heart. Various bioactive compounds, like triterpinoids, tannins, flavon-
oids and minerals have been isolated from the stem bark. A number of clinical studies have also reported its beneficial ef-
fects in patients of chronic stable angina, endothelial dysfunction, heart failure and even ischemic mitral regurgitation.
However, there are some identified lacunae, like standardisation of the ‘drug’, toxicity studies along with pharmacological
interactions with other drugs and large multicentre randomized clinical trials, before its use by modern medicine is accept-

able.
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INTRODUCTION

Plants have been a major source of drugs in modern
medicine for the last two centuries [1]. Digoxin (Digitalis
lanata), reserpine (Rauvolfia serpentine), morphine (Papaver
somniferum), quinine/quinidine (Cinchona ledgeriana),
physostigmine (Physostigma venenosum) are some of the
hundreds of such examples. The practitioners of ancient sys-
tems of medicine across the world, like Ayurvedic, Unani,
Chinese were also aware of this fact and used the plants ac-
cordingly in various ailments afflicting mankind.

AYURVEDIC INFORMATION

In Ayurvedic system of medicine, one such medicinal
plant is Terminalia arjuna (Roxb. Combretaceae family),
which is known as arjuna in many Indian languages. Arjuna
has been used as a medicinal plant since the period of Vedas.
In Ayurvedic texts [2], it is addressed with synonyms of 4r-
jun, the Hero of the great epic, Mahabharata. Other synony-
ms used for Arjuna are Kukubha, Nadi Sarja, Indradru,
Veera Vrksha, Veera, Dhavala etc. It is mainly attributed
with Kashaya Rasa (Astringent taste), and Sheeta Veerya
(cooling property) as its inherent property. The stem bark of
the plant is mainly used for medicinal purposes. It is men-
tioned to be a cardiac tonic (Hrdya). The bark of Arjuna is
indicated for Kshata (injury or wound), Kshaya (ematiated
condition), Visha (poison), Rakta Vikara (as a styptic), Meda
Roga (obesity), Prameha (urinary disorders), Vrana (ulcer/
wound) etc. It pacifies the Kapha and Pitta Dosha as per
Ayurveda. 1t has been used in powder form, decoction and
Ksheerpak (boiled in water and milk) as cardioprotective.
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The tree grows throughout the greater part of the Indian
subcontinent, Burma and Sri Lanka. It is particularly found
in the sub-Himalayan tracts. In India, its use is considerable
in view of the fact that Ayurvedic system of medicine has an
official recognition in India. Moreover, the bark powder is
easily available as an over the counter (OTC) product, with-
out a prescription.

Many important biologically active chemical compounds
have been isolated from 7. arjuna. These include triterpeno-
ids (like, arjunolic acid, arjunic acid, arjungenin, arjunoglu-
coside), tannins (ellagic acid, gallic acid), flavonoids (leuco-
cyanidin, luteolin) and minerals (magnesium, calcium, zinc
and copper) (Table 1).

Over the last few decades, there has been a resurgence of
scientific interest in exploring the pharmacological activities
of the plant using modern methodologies.

EXPERIMENTAL STUDIES

Experimental studies have been largely based on the ob-
servations made in the Ayurvedic literature. Various extracts
and their doses were selected with careful consideration of
their traditional use (Table 2).

Cardiostimulatory Effects

About one hundred years ago, its direct inotropic effect
was first reported in isolated hearts of rabbit and frog [3].
Thereafter, various other studies have documented positive
cardiac inotropic and chronotropic effects of the bark pow-
der, its water and alcoholic extracts in different in vitro and
vivo animal models [3-6]. More recent studies have also
shown that alcoholic extract of 7. arjuna had a negative
inotropic and chronotropic effects in isolated frog heart, rat
atria and isolated perfused frog and rabbit hearts [7], while
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the aqueous extract of the bark in isolated rat atria demon-
strated positive inotropic activity [8].

Table1. Major Chemical Compounds, Isolated from The

Stem Bark of Terminalia arjuna (Roxb.)

Chemical Compounds

A: Triterpenoids

. Arjunolic acid
. Arjungenin
. Arjunic acid

. Arjunolitin

1

2

3

4. Arjunglycoside
5

6. Arjunoside

7

. Arjunetoside

=

: Tannnins

. Pentagalloyl glucose
. Hexadroxdiphenyl galloyl glucose
. Tetragalloyl glucose

AW N =

. Ellagic acid

C: Flavonoids

1. Leucocyanidin
2. Luteolin

D: Minerals

1. Magnesium
2. Calcium
3. Zinc and Copper

Blood Pressuring Lowering Effects

A number of experimental studies have reported its effe-
cts on blood pressure. Both water [9] -and alcoholic extracts

Table2. Experimental Studies with the Stem Bark of 7. arjuna
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[10] of the bark caused dose -dependent fall in blood pres-
sure in anesthetized dogs. Interestingly dose-dependent hy-
potensive effect of the alcoholic extract was blocked by pro-
pranolol but not by atropine and mepyramine. It indicates the
presence of some active compound(s) possessing 32- adren-
ergic receptor agonist effect. In another study, the aqueous
extract as well as a fraction of the extract containing tannin-
related compounds produced hypotensive effects [11]. This
hypotensive effect was not affected by pre-treatment with
propranolol, but was blocked by pre-treatment with atropine.
This implies an involvement of cholinergic system in its hy-
potensive effect. Intracerebroventricular administration of
both these extracts caused hypotension and bradycardia in
anesthetized dogs, suggesting a central effect. The effects
were blocked by prior vagotomy [12]. Despite all these ex-
perimental supports, it is interesting to note (see below) that
there is no reported clinical study on its blood pressure low-
ering effects.

Direct Cardioprotective Effects

Enhanced oxidative stress has been identified as a novel
risk factor for coronary artery disease in addition to tradi-
tional risk factors [13]. A number of recent studies have re-
ported antioxidant activities of 7. arjuna. The antioxidant
effect of pulverised bark powder of T. arjuna on ischemic
perfused rat heart has been reported by us [14]. In this study,
oral administration of the bark powder for a long period (12
weeks) in rats caused augmentation of endogenous cardiac
antioxidants, like superoxide dismutase (SOD), reduced glu-
tathione (GSH) and catalase (CAT). Significant protection
against oxidative stress was observed when hearts from these
rats were subjected to in vitro ischemic-reperfusion injury. In
a subsequent study [15], we have reported that chronic ad-
ministration of the pulverised bark powder in rabbits not
only augmented the cardiac antioxidants but also caused in-
duction of heat shock protein 72 in cardiac muscle. This of-
fered further protection against oxidative stress associated

Pharmacological Effect Preparation Model Ref.
1. Cardioprotective Effects 1. a) Pulverised bark powder fed orally for 12 a) In vitro ischemic reperfusion injury (IR) in rat [14]
weeks b) In vivo IR-injury & myocardial hsp 72 expres- [15]

b) Pulverised bark powder fed orally for 12

sion in rabbits

weeks ¢) Isoproterenol induced myocardial injury in rat (18]
¢) Polyherbal preparation containing d) Isoproterenol induced myocardial injury in rat [19]
T.arjuna e) Oxidative stress in isoproterenol induced myo- [21]
d) Arjunolic acid isolated from the stem bark | cardial injury in rat [22]
e) Alcoholic extract administered orally f) Doxorubicin induced myocardial injury in rat [24]
f) Butanolic fraction administered g) Na-fluoride induced myocardial injury in rat [25]
g) Ethanol extract h) Water extract h) Isoproterenol induced myocardial hypertrophy,
fibrosis and oxidative stress in rat
2.Antioxidant effects 2. Arjungenin isolated from the stem bark In vitro free radical scavenging activity [20]
3. Lipid lowering effect 3.a) Crude extract a) High cholesterol diet -induced hyperlipidemia in [26]
b) Alcoholic extract c¢) Crude extract rabbits [27 29]

b) Hypercholesterolemia in rabbits
¢) Atherosclerosis in rabbits
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with in vivo myocardial ischemic-reperfusion injury both in
terms of oxidative stress and hemodynamic recovery. In this
regard, it is worth mentioning that heat shock protein is
known to provide protection against a variety of tissue in-
jury, including ischemia-reperfusion injury by its chaperon-
ing function [16, 17]. In an earlier study, a polyherbal prepa-
ration containing 7. arjuna offered significant protection
against isoproterenol-induced myocardial injury in rabbits,
while the preparation without 7. arjuna did not offer protec-
tion to a similar extent [18]. Arjunolic acid isolated from the
bark of T. arjuna also prevented oxidative stress and histopa-
thological changes associated with isoproterenol-induced
myocardial injury [19]. Arjungenin an oleanane terpenoid
and a glucoside, arjunglucoside II isolated from 7. arjuna
bark have been reported to exert in vitro free radical scav-
enging activities in human polymorphonuclear cells [20].
Alcoholic extract of the bark administered for 4 weeks in rats
also prevented isoproterenol-induced myocardial necrosis
and oxidative stress (increased TBARS and depleted gluta-
thione levels as well as reduced SOD and catalase activities)
[21]. Butanolic fraction of the ethanolic extract of the bark
demonstrated protective effects against doxorubicin-induced
myocardial oxidative stress, serum CKMB levels and ultra-
structural changes (mitochondrial swelling, Z-band disarray,
focal dilatation of smooth endoplasmic reticulum and lipid
inclusions) in rat [22]. The bark extract prevented adriamy-
cin-induced micronuclei formation in cultured human peri-
pheral blood lymphocytes [23]. An ethanol extract of the
bark of T. arjuna has been reported to be effective against
sodium fluoride -induced oxidative stress in murine heart.
The study is important in view of the fact that fluoride is a
ubiquitous environmental pollutant [24]. Recently we have
reported that a standardised water extract of 7. arjuna bark
was effective in preventing major deleterious events, like
increased oxidative stress, collagen content and fibrosis -
associated with isoproterenol-induced left ventricular hyper-
trophy in rat. However, it did not affect the changes in heart
weight: body weight and increase in myocytes diameter. As
oxidative stress and fibrosis cause progression of hypertro-
phy to heart failure, attenuation of these factors might be
clinically meaningful [25]. We have observed the protective
effect of the standardised water extract of 7. arjuna in an
animal model of left ventricular dysfunction (unpublished
data). Left ventricular dysfunction was produced in rat with
daily low-dose (sub-necrotic; Smg/kg s.c.) administration of
isoproterenol (a B adrenoceptor agonist) for 12 weeks. The
rats developed left ventricular hypertrophy, which slowly
underwent adverse remodeling to cause ventricular dilatation
with reduction in left ventricular ejection fraction in serial
echocardiography. The standardised extract along with diu-
retic and enalapril caused statistically significant improve-
ment in ejection fraction, maintained for a period of 8 weeks.
The study supports a possible role of adjunct therapy of T.
arjuna along with other standard drugs in patients of heart
failure.

Lipid Lowering Effects

There are a number of animal studies which have re-
ported beneficial effects of 7. arjuna on plasma total choles-
terol, LDL and HDL levels. Crude extract demonstrated mar-
ked reduction in total cholesterol and triglycerides along
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with rise in high density lipoprotein cholesterol in high cho-
lesterol diet- induced hyperlipidemia in rabbits [26]. How-
ever, in a later study [27], alcoholic extract of the bark in
hypercholesterolemia rabbits caused significant reduction in
total cholesterol and LDL cholesterol levels, with a trend in
the decrease in HDL- cholesterol (which was not significant)
and no effect on triglycerides. It highlights the presence of
different bioactive compounds in the extracts used in these
studies. Serum lipids were found to be lowered by T. arjuna
in triton-induced as well as cholesterol-fed hyperlipidemia in
rats [28]. The lipid lowering action of this natural product
has been attributed to inhibition of hepatic cholesterol biosy-
nthesis, increased fecal bile acid excretion, enhanced plasma
lecithin:cholesterol acyltransferase activity and stimulation
of receptor mediated catabolism of low density lipoprotein.
T. arjuna also inhibited development of atherosclerotic lesi-
ons in cholesterol-rich diet induced hyperlipidemic rabbits
[29].

Antioxidative Effects

Various studies have reported antioxidative properties of
this plant mostly in relation to different pathological condi-
tions. However, there are no in vitro antioxidative studies
available which can provide mechanistic insights Ethanolic
extract of the stem bark reduced oxidative stress and caused
a significant increase in superoxide dismutase, catalase, glu-
tathione peroxidase activities in the liver and kidney tissues
of alloxan-induced diabetic rats [30]. Many of the above
mentioned animal studies have also reported significant anti-
oxidant effects of the plant.

CLINICAL STUDIES

Based on the observations made from experimental stud-
ies and more importantly due to its use in Indian traditional
system of medicine, a number of clinical studies have been
carried out in various types of cardiovascular diseases.

Ischemic Heart Disease

The effect of bark powder of 7. arjuna on anginal freque-
ncy, blood pressure, body mass index, blood sugar, cholest-
erol and HDL-cholesterol was studied in 15 stable and 5 uns-
table angina patients for 3 months [31]. There was 50% redu-
ction in anginal episodes in stable angina patients. The time
to the onset of angina and appearance of ST changes on stre-
ss test after T. arjuna was delayed significantly. However, in
patients with unstable angina there was no significant reduct-
ion in anginal frequency. These patients also needed other
drugs. like diltiazem, beta-blockers and nitroglycerine. There
was fall in systolic blood pressure and body mass index to a
significant level and marginal increase in HDL-cholesterol
along with some improvement in left ventricular ejection
fraction in stable angina patients. There were no deleterious
effects on liver or kidney functions. The authors of this study
concluded that monotherapy with 7. arjuna may be fairly
effective in patients with stable angina pectoris. In another
randomized, double-blind, crossover study [32], 48 male
patients with chronic stable angina with evidence of ische-
mia on treadmill test received 7. arjuna (500 mg 8 hourly),
isosorbide mononitrate (40 mg/daily) or a matching placebo
for one week. There was a significant decrease in the fre-
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quency of angina and need for isosorbide dinitrate in the
patients receiving T. arjuna. The treadmill exercise test pa-
rameters also improved significantly in this group. In an
open label non-randomised trial, a proprietary herbal product
primarily containing 7. arjuna in 10 patients of stable an-
gina, reduced anginal episodes significantly over a period of
12 weeks. It did not cause any change in hepatic or renal
functions [33]. In a double blind randomised placebo con-
trolled study, stem bark powder of T. arjuna (500 mg 8
hourly for one month) reduced ischemic mitral regurgitation
in patients of fresh myocardial infarction and improved dia-
stolic dysfunction significantly. The authors have suggested
the use of T. arjuna in acute MI along with other anti-
ischemic measures [34]. All these studies strongly indicate
antiischemic effects of the plant, which can be used concur-
rently with the modern drugs.

Heart Failure

Treatment of heart failure in modern medicine is far from
satisfactory. Until recently, when some beta-blockers (carve-
dilol) and ACE-inhibitors were found useful, there was har-
dly any drug which targeted the basic pathphysiology of the
disease. Even these drugs are poorly tolerated in many heart
failure patients. Therefore, most drugs used in heart failure
cause sympotomatic relief without much effect on the overall
morbidity and mortality. In fact, the two-century old digoxin
is no longer indicated in these patients. In this context, the
use of T. arjuna might be very promising.

An hydroalcoholic extract of 7. arjuna (500 mg q8h) de-
monstrated some beneficial effects in 12 patients of severe
refractory heart failure (NYHA class IV) [35]. The study was
divided into two ‘phases’, in ‘phase I’ the extract was admin-
istered to patients in a double blind cross-over design as an
adjuvant to maximally tolerable conventional therapy for 2
weeks with a 2 week drug/ placebo free period during cross-
over. T. arjuna, compared to placebo, caused improvement
in symptoms and signs of heart failure, improvement in NY-
HA Class (Class III vs. Class IV) and increase in left ventri-
cular ejection fractions (35.33 £ 7.85 vs. 30.24 + 7.13%; p <
0.005). Subsequently in an open design (‘phase II’), respo-
nders of ‘phase I’ participants continued to receive the same
preparation of 7. Arjuna in the same dose in addition to diu-
retic, vasodilator and digitalis for 20-28 months (mean 24
months). Patients showed continued improvement in sympt-
oms, signs, effort tolerance, NYHA Class and in quality of
life. Although, the study has certain lacunae, it is the only
study which reported beneficial effects of 7. arjuna in heart
failure patients. This interesting finding has generated a need
for larger randomized placebo controlled trials in this condi-
tion.

Hyperlipidemia

In a randomised placebo-controlled trial, 105 patients
with coronary heart disease received pulverized T. arjuna
bark-powder (500 mg daily) for 30 days [36]. All patients
followed American Heart Association Step II dietary advice
and were not prescribed any other lipid lowering drugs.
There was a significant decrease in total cholesterol and LDL
cholesterol in the T. arjuna treated patients.
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Endothelial Dysfunction

Endothelial dysfunction is characterized by reduced vas-
odilatation, a proinflammatory and prothrombic state. It has
been documented in hypertension, coronary artery disease,
chronic heart failure, peripheral artery disease, and diabetes
mellitus. Therapeutic strategies directed to prevent endothe-
lial dysfunction is associated with reduced cardiovascular
risk [37, 38]. In a double blind cross-over study, 7. arjuna
extract (500 mg q8h orally) or placebo were administered for
two weeks in eighteen healthy, normotensive, non-diabetic,
normo-lipidemic, chronic cigarettes smokers with no family
history of cardiovascular disease [39]. T. arjuna reversed
smoking-related endothelial dysfunction (as measured by
both endothelium-dependent and endothelium-independent,
flow-mediated dilation of brachial artery). The study partici-
pants continued smoking during the intervention to remove
any beneficial effect of smoking cessation confounding the
study results. The authors claimed that this benefit was simi-
lar to the reported reversal of endothelial dysfunction in
smokers with the use of vitamins C and E.

Left Ventricular Hypertrophy

Left ventricular hypertrophy (LVH) occurs in response to
chronic systemic hypertension and many other cardiovascu-
lar disorders. It is an independent risk factor for heart failure,
stroke, arrhythmias and sudden cardiac death [40]. In the
short term, increase in LV mass (LVM) may be beneficial;
however, in the long term, it can deteriorate to maladaptive
hypertrophy and to increased cardiovascular risk [41]. Both
animal and human studies have revealed that appropriate
therapy can cause regression of LVH and is associated with
lower CV risk [42]. As a result, prevention or reversal of
LVH is widely accepted as a desirable treatment strategy. In
this regard, 7. arjuna has been reported to reduce LVM
(159.18+51.11 g/m® to 140.62+55.65 g/m®) along with im-
provement in LV ejection fraction in patients of angina [43].

LACUNAE AND FUTURE

The major lacunae of the studies reported on 7. arjuna
are mainly: i) absence of information on quality standards of
the preparations used, ii) safety data of the preparation, iii)
clinically meaningful drug interaction/s reports with the pre-
paration and iv) large randomised placebo controlled clinical
trials.

Very few or no reported study with 7. arjuna has men-
tioned about the standardisation process of the plant part
used. Botanical identification (herbarium reference number)
and source are missing in many study reports. In many cases,
authors might not have been aware of such necessities.

In future all experimental and clinical trials should use
standardised preparations of 7. arjuna. The standardisation
process should include a) mention of the plant part used, b)
botanical identification (both macroscopic and microscopic),
¢) identified phytoconstituents present; their chemistry and
thin layer chromatography and d) adulterants. This is very
useful in comparing data from various studies.

There is a widely held belief that medicinal plants are
safe. However, this has been refuted many a time. Many cou-
ntries have adopted certain guidelines in handling this issue



Terminalia arjuna in Cardiovascular Diseases

[44]. Indian Council of Medical Research has drafted a
guideline on safety issues of herbal products which have
three categories; category 1; a lot is known about the use of a
plant or its extract in ancient literature or the plant may actu-
ally be regularly used by physicians of the traditional sys-
tems of medicine for a number of years and the substance is
to be clinically evaluated for same indication for which it is
being used or as has been described in the texts, category 2;
when an extract of a plant has to be clinically evaluated for a
therapeutic effect not originally described in the texts of tra-
ditional systems or, the method of preparation is different, it
has to be treated as a new substance or new chemical entity
(NCE) and the same type of acute, subacute and chronic tox-
icity data will have to be generated as required by the regula-
tory authority for synthetic products before it is cleared for
clinical evaluation and category 3; an extract or a compound
isolated from a plant which has never been in use before and
has not ever been mentioned in ancient literature, should be
treated as a new drug, and therefore, should undergo all
regulatory requirements before being evaluated clinically
[45].

Treatment of cardiovascular diseases requires more than
one drug and is usually life-long. If 7. arjuna has to be estab-
lished in the treatment of any of these conditions, it has to be
as an adjunct therapy. In recent years, there have been many
reports of many herbs altering the pharmacokinetic and
pharmacodynamic profiles of co-administered drugs. There
has been a great concern about drug-herb interactions during
the last few years and many studies have reported how con-
current administration of herbs can alter the effectiveness of
other drugs [46, 47]. In this context, it is important to under-
stand what kind of interactions are possible with 7. arjuna
with other most commonly prescribed drugs for heart ail-
ments. It will help in mitigating negative interactions and
may also help enable synergistic interactions.

Finally, a standardized extract which has passed the pre-
clinical safety and efficacy studies as per regulatory guide-
lines, should be subjected to randomised placebo-controlled
add-on studies in selected groups of patients.
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