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Abstract : Stroke is one of the most important causes of mortality and
morbidity in the world. Prevention and effective treatment of stroke is of
the utmost importance. Cerebral ischemia causes disturbances in a variety
of cellular and molecular mechanisms, including oxidative phosphorylation,
membrane function, neurotransmitter release, and free radical generation.
It has been years since tissue-type plasminogen activator (t-PA) became
the first medication approved by the FDA for the management of stroke,
with limited success. Thrombolytic therapy is the most effective therapeutic
strategy for the prevention of brain injury and reduction of mortality in
patients with cerebral infarction. However, a combination of established
thrombolytic therapy and effective neuronal protection therapy may have
more beneficial effects for patients with cerebral infarction. Because clinical
trials of pharmacological neuroprotective strategies in stroke have been
disappointing, attention has turned towards approaches which include herbal
drugs that can be used in limiting the neurological damage associated with
stroke. Herbal drugs may be used as prophylactic treatment in patients
with high risk of stroke. Herbals drugs have been described in ancient
systems of medicine for the treatment of various ailments associated with
stroke and have more recently been reported to be beneficial in treating
stroke. However, the strength of evidence to support the use of these
herbal drugs is unclear. This review focuses on putative mechanisms
underlying the beneficial effects of herbal drugs in patients with stroke
and on the possibility of herbal drugs to increase the therapeutic time
window in patients with cerebral ischemia.
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INTRODUCTION disability worldwide. The resulting burden
on the society continues to grow with
Stroke is a major cause of death and increase in the incidence of stroke. Brain
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attack is a new term introduced to describe inflammatory process, endothelin release,
the acute presentation of stroke, which activation of platelets and leukocytes,
emphasizes the need for urgent action to delayed coagulation and endothelial
remedy the situation (1). Among the dysfunction. All of these pathophysiological
pathophysiological changes that are reactions may contribute to the brain injury
postulated to occur as a response to stroke following the onset of stroke (2, 3) (Fig. 1).
are free radical productions, excitotoxicity,

disruption of sodium and calcium influx, Based on this, drugs classified as
enzymatic changes, stimulation of the neuroprotective, that can intervene in/during
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Fig. 1: Diagrammatic representation of mechanisms of ischemic brain damage.
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these biochemical events were introduced so
as to prevent the ischemic injury. However,
although these drugs have been found useful
in animal studies, they have shown mixed
efficacy in clinical trials (4).

Recombinant  plasminogen activator
(rt-PA) is the only drug approved by FDA
to date for the treatment of stroke.
Thrombolysis reduces stroke morbidity but
is only applicable to a small percentage of
stroke patients (5, 6).

Given the few options currently available
for patients following ischemic stroke and
the recent disappointing failures of several
large-scale Phase [Ill clinical trials with
neuroprotective drugs, the search for novel
therapeutic approaches has become even
more critical (7, 8). One such approach is
the idea of combined therapy. Combinations
of thrombolysis and a neuroprotecting agent
or a combination of two neuroprotecting
agents have been effective in experimental
stroke (9). Another approach towards
treatment of stroke can be prophylactic
protection. It has been seen that in animal
models of stroke, with many drugs,
pretreatment yields better outcome than post
onset treatment. Further suggestions from
the clinical trials have shown that the very
early treatment after stroke may be
necessary for the drugs to be effective.
Therefore in a sub group of patients that
are at a substantial risk for ischemic stroke,
e.g. patients with a mild episode of stroke
or transient ischemic attacks, prophylactic
neuroprotection might offer a useful
approach and a better outcome than can be
expected normally. The agent to be used
prophylactically should be efficacious, safe,
orally available and affordable (10). Herbal

Therapeutic Potential of Herbal Drugs 101

drugs have been described in ancient systems
of medicine for the treatment of various
ailments. These are nowadays revalued by
extensive research on different plant species
and their therapeutic principles. Since they
have a relatively higher therapeutic window,
lesser side effects, and are economical,
herbal drugs have gained a lot of acceptance
in the recent years and can be potential
candidates for prophylactic treatment in
stroke. A number of traditional Chinese
medicines have been tried both in animal
models of stroke and human patients and
have been found to be effective. Indian
traditional medicines, though tried and found

useful in various neurological disorders,
have not been studied in stroke models.
We have evaluated the CNS active

Indian drugs Withania somnifera, Centella
asiatica, Shilajit, Tinospora cordifolia and
Convolvulus pluricaulis as prophylactic
treatment in the middle cerebral artery
occlusion model of stroke in rats (11).
However, there is no comprehensive review
related to herbal products in the prophylaxis
and treatment of stroke. The present review
is an attempt to discuss the role of herbal
products in the management of stroke.

Stroke: a major health problem

Stroke is the third largest cause of
mortality after cancer and coronary heart
disease and is the second largest cause of
disability in adults (8). The incidence of
stroke is 1 per 1000 people (12). However,
this incidence varies according to age and
sex. In the age group of 80+ yrs, the
incidence of stroke reaches values of 20 per
1000 people (13). The incidence rate is higher
among males of all age groups. A community
based survey from different regions of India
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showed a crude prevalence rate of 200 per
100,000 people. Overall 9400 strokes (first-
ever and recurrent) were estimated to be
hospitalized in 1999, with an attack rate of
208 per 100,000 (13).

Status of the presently available drugs in
stroke
(a) Vascular approach

Thrombolytic agents Evidence from

various experimental stroke models that
thrombolytics agents could minimize the
effect of ischemia provided the impetus
for the evaluation of thrombolytic therapy
in acute ischemic stroke (8). Various
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thrombolytic agents like urokinase,
streptokinase and recombinant  tissue
plasminogen activator (rt-PA) have been tried
in experimental studies. These drugs also
reached clinical trials, however all except
rt-PA were withdrawn from the clinical trials
because they neither showed acceptable
efficacy nor safety (increased risk of
intracranial hemorrhages being the major
limitation) (14). Despite the risk of potential
side effects associated with rt-PA (0.9 mg/
kg, iv), it is the only drug approved by FDA
so far for emergency treatment within three
hours of onset of ischemic stroke. This
emphasizes the limited resources available
for improving ischemic stroke mortality and
morbidity (Fig. 2).
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(b) Neuroprotective approach

Neuroprotection is a mechanism based
approach. Several mechanisms of neuronal
injury have been proposed including
increased excitotoxicity, calcium overload,
formation of free radicals and inhibition of
protein synthesis (15). These factors may not
be sequential but certainly are interlinked.
The neuroprotective drugs inhibit the
ongoing ischemic cascade by acting at
various sites that ultimately lead to neuronal
death.
Experimental models of cerebral ischemia

Innumerable in-vitro and in-vivo models
of cerebral ischemia have been described
over the years. The in-vitro models include
cultured neurons with or without synaptic
formation, glia and cultured brain slice.
However, these models can only indicate the
level of cytotoxicity of the therapy. Because
living experimental systems (animals) that
contain whole elements, neurons, glia,
vasculature and cerebrospinal fluid are closer
to the human system, significant efforts
have been made by neuroscientists to develop
models that mimic closely the physiological
and pathophysiological changes associated
with stroke. A good in vivo animal model of
stroke must reproduce the etiology,
anatomical, functional and metabolic
consequences of human pathology and must
also permit the study of anti-ischemic drugs
in conditions pertinent to the clinical
therapeutics (16). The major models of stroke
available for screening of drugs can be
broadly classified into three subgroups as
global ischemia, focal ischemia and forebrain
ischemia (Table 1).
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TABLE |: Major animal models of stroke.

Type of model Representative models

Global Ischemia 1. Total body ischemia
Decapitation
Cardiac arrest with resuscitation

Profound systemic hypotension

2. Global cerebral ischemia
Increased intracranial pressure
Combination of occlusion of
the major arteries

Bilateral common carotid occlusion
in mongolian gerbil hypotension.
2. Four vessel occlusion in the rats

3. Bilateral common carotid
occlusion in spontaneously
hypertensive rats

4. Two vessel occlusion with
hypotension in rats

Forebrain 1.
Ischemia

Focal Ischemia 1. Middle cerebral artery occulsion
Intraluminal arterial occlusion
without craniotomy
Mechanical or electrical arterial
occlusion with craniotomy and

dural opening

2. Photochemically induced focal
cerebral thrombosis

3. Cerebral embolism
Blood clot embolization
Microsphere embolization

Failure of neuroprotective agents in clinical
trials
Despite numerous agents that can

prevent the cascade of events leading to
ischemic neuronal death in animal models
(8), there is no neuroprotective agent that
has been shown to conclusively improve
stroke outcome (17, 18). Numerous
experimental treatment strategies have been
developed to gain new options for stroke

treatment. However, all approaches using
neuroprotective agents that have been
successfully evaluated in rodents have

subsequently failed in clinical trials (19, 20).
The discrepancy between animal results and
clinical trials could be due to many reasons.
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The heterogeneity of human stroke
(a) Morphological and functional differences
between the brain of humans and

animals.

(b) Difficulty in timing when the
neuroprotective agents may be of benefit.
In animals the time of stroke onset
is known precisely whereas in human
this is not the case. In animals, the
administration of drugs is at precise
times; either at the time of ischemia,
immediately after reperfusion or various
times after reperfusion whereas in
humans, pharmacological agents are
administered many hours after the onset
of symptoms perhaps in the presence of
a persisting occlusion.

(c) Better experimental control of variables
like temperature, blood pressure and
glucose in animal models. Since the
variations in these parameters are
sufficient enough to affect the outcome,
there is better experimental control of
variables like  temperature, blood
pressure, and glucose in animal models.
These variables should be monitored for
a long time and should be accounted for
and controlled whenever possible in
humans.

(d) Finally, the parameters used to assess
brain damage and the effects of
therapeutic agents are different in
clinical trials and in experimental models.
In animal models the extent of the lesion
is assessed frequently and usually after
only a few hours of survival whereas the
endpoints of clinical trials make reference
to the clinical and functional conditions
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of the patient not only in the acute
stage but also in the long term. It is
critical that when testing a potential
neuroprotective agent in animals, the
experiments should be performed in a

randomized and blinded fashion.
Outcomes measured in animal models
should also include functional tests
(behavioral responses) apart from

histology (21-23). The failure of presently
available neuroprotective agents in
clinical trials has led to the emergence
of newer approaches for the treatment
of acute ischemic stroke (Table I1).

TABLE Il: Why do most therapeutic strategies work
in experimental animals and none in
humans ?

In animals:
. Trial conditions optimized to show protection

. Models adapted to pathophysiology rather to
clinical condition

. Only positive results published
. Grey vs white matter
. Low statistical power

In Humans:

Complicating pathology:
diabetes, medication etc.

. Heterogeneity of stroke types

. Age

. To avoid side effects: dosages too low

. Timing of therapy does not match pathophysiology

High blood pressure,

Is multifactorial cause for

single approach

pathophysiology a
failure?

Stroke is a multifactorial disease with a
complex etiopathogenesis. The pathogenesis
and etiology of this prevalent, incapacitating
disease remain a clinical enigma (24). Given
the complexity of its pathophysiology, it is
possible that drugs of different mechanisms
of action may be more effective than an
individual approach alone.
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Current approaches in management of stroke

Combination therapy

The rational for combination therapy is
based on the increasing knowledge of the
pathophysiological mechanisms of ischemic
brain damage. A number of independent
lethal mechanisms (excitotoxicity, radical
damage, proteolytic activation, induction of
apoptosis) are involved in the ischemic
process that ultimately lead to cell death.
Each agent affects only one of the several
mechanisms in the ischemic cascade whereas
combination therapy has the potential
to affect various points in the cascade (25,
26). Combining neuroprotection with
thrombolytics may decrease or eliminate the
untoward effects of thrombolysis i.e.
hemorrhagic conversion, frank parenchymal
hemorrhage, and reperfusion injury, which
may partially or totally eliminate the benefits
of reperfusion itself. Neuroprotective agents
if administered early may prolong the time
interval that the brain can tolerate ischemia
before reperfusion. In our laboratory, we
have shown the better functional outcome
and reduction in cerebral infarction using
various neuroprotective agents (27-32).

Thrombolytic agents and neuroprotective
agents may act synergistically and may result
in more complete attenuation of ischemic
damage and better functional outcome than
either of the two treatments (33). There is
substantial evidence in experimental studies
that a combination of neuroprotective
and thrombolytic agents or two or more
neuroprotective agents with a different
mechanism of action is more effective than
the any single agent (34-38).

In humans, use of pre-hospital
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antiexcitotoxic and calcium antagonist
therapies, early thrombolysis on arrival
followed by free radical scavenger and anti-
inflammatory therapies, and finally anti-
apoptotic and growth factor therapies can be
a beneficial approach.
Prophylactic treatment

The aim of neuroprotective maneuvers
is to influence the ischemic cascade so as to
maximize the proportions of ischemic volume
that will survive and recover. Results of
clinical as well as experimental studies have
stressed the earliest possible treatment of
ischemic stroke and led to the concept of
prophylactic neuroprotection. The duration
of prophylactic neuroprotection depends upon
the conditions of the patients. Patients
undergoing procedures such as cardiac
surgery, endarterectomy, or endovascular
therapy, which have a risk of cerebral
ischemic events during a defined period,
might be considered for short-term,
periprocedure prophylactic neuroprotection.
In addition high risk populations suffering
from transient ischemic attacks and atrial
fibrillation as well as those at risk for stroke
recurrence after minor strokes are readily
identifiable and perhaps appropriate for long-
term prophylactic neuroprotection. Patients
with hypertension and cerebrovascular
atherosclerosis have a high stroke risk and
therapies directed at these underlying
disorders are available that also have
concomitant neuroprotective effects (10, 39,
40).

If a neuroprotective drug is available
orally, safe and relatively inexpensive, it
could be considered for prophylactic use in
people at risk for stroke and could be used
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to counter the biochemical changes as
a result of wvascular occlusion thereby
preventing the extent of neuronal injury.

Herbal drugs

The traditional medicine all over the
world is nowadays revalued by an extensive
activity of research on different plant species
and their therapeutic principles. Herbal drugs
have gained lot of acceptance in the recent
years because they have a relatively higher
therapeutic window, less serious side effects,
and are economical. They have been
extensively studied in many diseases such
as cancer, liver diseases, and infectious
diseases as well as in neurological disorders
like stroke with promising results.
Medicine and cerebral

Traditional Chinese

ischemia

Traditional Chinese medicine (TCM) has
been extensively studied in stroke therapy.
There are more than 100 traditional chinese
medicines which have been studied for stroke
treatment both in animals as well as in
patients. A number of commercial stroke
treatments based on TCM have been
introduced into the market recently after
extensive pharmacological research and
clinical trials. Similar to western medicine,
chinese medicine therapies are based on
the pathophysiology of stroke and are
classified as antioxidants, anti-inflammatory,
antithrombotic etc. (41, 42). The various
Chinese herbs that have been wused in
cerebral ischemia reperfusion injury include:

RSM is a powder
which is extracted and processed from dried
root and rhizome of Salvia miltiorrhiza
Bunge, family Labiatae. It as been used for

Radix salviae miltiorrhizae :
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increasing the cerebral blood flow and
therefore has a potential against cerebral
ischemia (43). It has been tried against
various models of cerebral ischemia like
ligation of carotid artery in gerbils and 4-
vessel occlusion model in rats and has been
found to be effective. Various studies have
been carried out to find out the possible
mechanisms of the underlying protective
effect. Kuang et al demonstrated that Radix
Salviae Multiorrhizae reduced the lipid
peroxidation and afforded cerebral protection
against reperfusion injury (44). Recently, it
has been shown that Radix Salviae
Miltiorrhizae has the actions of improving
blood circulation and resolving stasis
to promote regeneration in traumatic
intracranial hematoma (45) and also has been
used for the management of cardiovascular
disease (46).

Tetramethylpyrazine (TMP): Tetramethyl-
pyrazine is widely used in the treatment of
ischemic stroke by Chinese herbalists and is
one of the most important active ingredients
of the traditional Chinese herbal medicine,
Ligusticum wallichii Franchat (Chung Xiong).
However, the mechanism by which TMP
protects the brain is still not clear, although
neuroprotective effects of TMP against
ischemic brain injury might involve its anti-
inflammatory potential (47). Experimentally
tetramethylpyrazine has been shown to
induce vasodilatation, to increase coronary
blood flow and inhibit ADP induced
platelet aggregation. These properties of
tetramethylpyrazine apparently account for
its efficacy in the treatment of disorders
associated with blood vessel occlusion like
cerebral ischemia (48). Recently, it has been
shown that administration of TMP, within a
4 h time period post-transient focal stroke,
may reduce cerebral ischemic reperfusion
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damage (49). It has been shown that TMP
administration results in a reduction in the
infarct volume in ischemia-reperfusion brain
injury (50). Thus, TMP treatment may
represent a good approach to lowering the
risk of or improving function in ischemia-
reperfusion brain injury-related disorders.

Ginseng: Ginseng, the root of Panax ginseng,
is a well-known traditional Chinese herbal
medicine. It is a slow-growing perennial
plant with fleshy roots, in the Panax genus,
in the family Araliaceae. It grows in the
Northern Hemisphere in eastern Asia
(mostly northern China, Korea, and eastern
Siberia), typically in cooler climates. Panax
ginseng, attenuates H,O,—induced oxidative
injury. Ginsenoside Rd (GSRd), one of the
main active ingredients in Panax ginseng,
exhibited remarkable neuroprotection when
presented during oxygen glucose deprivation
and reoxygenation, which may be ascribed
to its anti-oxidative properties by reducing
the intracellular reactive oxygen species and
malondialdehyde production; increasing
glutathione content; and enhancing the
antioxidant enzymatic activities of catalase,
superoxide dismutase and glutathione
peroxidase (GPx). These findings suggest
that it may be a potential neuroprotective
agent for cerebral ischemic injury and
further studies are required to explore the
potential neuroprotective efficacy of GSRd
(51). The roots of Panax notoginseng (PN)
are commonly used as a therapeutic agent
to stop hemorrhage in traditional Korean
medicine. Results suggest that anti-
inflammatory effects of the PN extract may
contribute to its neuroprotective effects in
brain ischemia (52). It has also been shown
that P. ginseng might be neuroprotective
against cerebral ischemia-induced injury in
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rat brain by decreasing lipid peroxides
and increasing the expression of GPx and
SOD (53). These days, combination of
Oriental herbal medicines and western
pharmaceuticals has been used but is still
controversial. Case reports and healthy
volunteer trials show conflicting results on
the effect Panax ginseng has on warfarin’s
pharmacologic action, some reporting
a reductive and others a potentiating
influence. Clinical study by Lee et al suggests
that co-administration of P. ginseng and
warfarin in ischemic stroke patients does not
influence the pharmacologic action of
warfarin (54). Ginsenoside Rb1l (GRb1), a
major component of the traditional herb
ginseng, has been reported to show a
neuroprotective effect in a rodent ischemic
model. Results also demonstrated that GRb1l
ameliorated both early and delayed injuries
in the thromboembolic stroke model in non-
human primates (55).

Siberian ginseng: Siberian ginseng, also
known as eleuthero, has been used for
centuries in Eastern countries, including

China and Russia. Although a distant relative
of American (Panax quinquefolius) and Asian
ginseng (Panax ginseng), with some overlap
in its uses, Siberian ginseng is a distinct
plant with different active chemical
components. Siberian ginseng, the root
and stem bark of Acanthopanax senticosus
has been used as a tonic and adaptogen
to  strengthen in traditional Korean
medicine. The studies have shown the
neuroprotective effects of water extracts
of Acanthopanax senticosus (ASW) in
transient middle cerebral artery occlusion
(MCA occlusion, 90 min occlusion, 24 h
reperfusion). Immunohistochemical studies
have also shown that ASW markedly
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inhibited both cyclooxygenase-2 and OX-42
expressions in the penumbral region at 24 h
after MCA occlusion. These studies suggest
that Acanthopanax senticosus has a
neuroprotective effect by inhibiting
inflammation and microglial activation in
brain ischemia (56).

Jasminoidin : The effect of jasminoidin was
studied in focal cerebral ischemia in rats. It
has been found that Jasminoidin had good
effect on repressing the expression of tumor
necrosis factor-alpha and interlukin 1 beta
as well as vonWillebrand factor caused by
cerebral ischemia, thus it manifested the
effects of relieving the damage to vascular
endothelial cell and blocking the progress of
cascade damage of cerebral ischemia through
inhibiting the process of inflammation (57).
A study was conducted to see the effects of
baicalin and jasminoidin on cerebral
ischemia-reperfusion injury, and test
whether the combined administration of
baicalin and jasminoidin can improve the
therapeutic effect. It was found that the
combination of baicalin and jasminoidin
can significantly improve their effectiveness
(58).

Tianma gouteng fang Studies have been
carried out to see the effect of Tianma
gouteng fang (TGF) on the amino acid
transmitters in the hippocampus extracellular
liquids in freely moving rats subjected to
incomplete brain ischemia. It was found that
TGF can increase the concentration of
inhibitory amino acids in hippocampus
extracellular liquids of rats and inhibit the
excessive release of excitatory amino acids
and raise the concentration of the inhibitory
amino acids during the ischemia-reperfusion
periods. Therefore, TGF can play the
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neuroprotective role (59).

Uncaria sinensis: Uncaria is a genus of
flowering plants in the family Rubiaceae,
native to Asia, Africa, and South America.
They are known colloquially as Gambier,
Cat’s Claw or Ufia de Gato. Studies have
shown that oral administrations of Choto-
san, a Kampo formula, and the hooks and
stems of Uncaria sinensis Haviland
(Rubiaceae), a medicinal plant comprising
Choto-san, enhanced superoxide anion and
hydroxyl radical scavenging activities in the
hippocampus, and prevented delayed
neuronal death of pyramidal cells in the
hippocampal CA1 region in a transient
forebrain ischemia gerbil model. Studies
have also been carried out clarifying whether
the  endogenous antioxidant enzymes
contribute to the effect of these mechanisms
on superoxide dismutase (SOD), catalase
(CAT) and glutathione peroxidase (GSH-Px)
activities in the brain. The data suggest
that one of the mechanisms of the protective
effects of CSE and USE against transient
brain ischemia-induced neuronal damage
may be their enhancing effect on CAT
activity in the brain (60, 61). Studies also
suggest that the oral administration of
Uncaria sinensis provides a protective effect
against transient ischemia-induced delayed
neuronal death by reducing oxidative damage
to neurons. The ethanol extract from the
hooks and stems of Uncaria sinensis Havil
and (Rubiaceae) exhibited significant
inhibitory activity on oxidative stress (62).

Tetrandrine: Tetrandrine is an active
compound obtained from Radix stephaniae
Tetrandrae. Tetrandrine has a calcium
antagonizing property and has been tried
against ischemia reperfusion injury. In one
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study the effects of tetrandrine and
nicardipine were carried out against ischemia
reperfusion injury in gerbils. Pretreatment
with tetrandrine (15 mg/kg, iv) and
nicardipine (0.25 mg/kg, iv) decreased the
calcium content, water content and lipid
peroxide and attenuated the ultra structural
abnormalities of cortex and hippocampus in
the ischemia reperfusion group produced by
10 min occlusion of bilateral carotid arteries
followed by reperfusion in gerbils. The
effects of tetrandrine were similar to but
less potent than nicardipine (63). The effect
of tetrandrine on neutrophilic recruitment
response to brain ischemia/reperfusion
(I/R) has been studied. Results indicate
that tetrandrine inhibited neutrophilic
recruitment, expression of ICAM-1 mRNA,
and activation of NF-kappaB after brain I/R
(64).

Tanshinone IS an active compound isolated
from Radix Salviae Multiorrhizae and has
been reported to show good clinical effect in
improving the blood circulation. It also been
shown to have an inhibitory effect on the
adhesion molecules (ICAM-1 and P-selectin)
and can be a potential candidate in the
evaluation against stroke. Tanshinone (TSB)
is a major active constituent of the roots of
Salvia miltiorrhiza (Danshen) widely used in
the treatment of stroke and coronary heart
disease in Asian countries (65). Recently, it
has been evaluated whether tanshinone IIA
was neuroprotective in permanent focal
cerebral ischemia and what the possible
mechanisms of its neuroprotection could be.
Results from this study illustrated that TSA
protected the brain from ischemic injury
by suppressing the oxidative stress and
the radical-mediated inflammatory insult
(66). Further studies are warranted to
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investigate the role of other apoptosis-related
signaling proteins and reperfusion-related
mechanisms in the protective effect of TSB
on neurons.

Zuzhongping was studied against middle
cerebral artery occlusion model in rats. The
rats received 1 ml/kg/day of Zuzhongping.
Ischemic volume of Zuzhongping group was
significantly smaller than that of the saline
treated group (67).

Polyherbal preparations

Shengmai san is a traditional Chinese
herbal medicine consisting of three herbal
components Panax ginseng, Ophiopogon
Japonicus, and Schisandra chinenisis and is
being used for treating coronary heart
disease and termed as a polyherbal
preparation (68). Shengmai san, in a model

of bilateral carotid occlusion, when
administered directly into the duodenum
2 h before cerebral ischemia suppressed
thiobarbituric acid reactive substance

(TBARS) formation and also prevented the
loss of glutathione peroxidase (GSH-Px) as
compared to the control. It has also been
shown that Shengmai san prevents cerebral
oxidative damage in rat (69). Recently, it
has been shown that Shengmai san or
aminoguanidine protects against heat stroke-
induced arterial hypotension and cerebral
ischemia by inhibition of iINOS-dependent NO
overproduction in the brain and excessive
accumulation of several inflammatory
cytokines in the peripheral blood stream (70).
The multifunctional aspect of traditional
herbal prescription was useful in terms of
preventing oxidative injury in the brain
using Shengmai San as a typical prescription
(71). Studies have also indicated that the
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Shengmai San may reduce hepatic lipids and
lipid peroxidation in rats as it has antioxidant
property (72, 73).

Zhenxuanyin composed of gastrodia tuber,
poria cocos and ligusticum wallichii was
tried against 4-O vessel occlusion model in
rats. It was administered 3 times a day.
Twenty hours later N-isopropyl-p-[1231]-
iodoamphetamine (1231-IMP) uptake was
evaluated in the brain as an index of cerebral
blood flow. The results show that 0.3 g/kg of
Zhenxuanyin increased the cerebral blood
flow to the normal levels (74).

BHUx: It is a novel polyherbal formulation,
consisting of 5 medicinal plants namely
Terminalia arjuna, Strychnox nux-vomica,
Boswellia serrata, Commiphora mukul,
and Semecarpus anacardium, which have
history of clinical use alone or in other
combinations, but these plant fractions were
never tried collectively in this ratio as in
BHUx, which has been found to be effective
on all the etiological factors, together.
Sandhika is a polyherbal formulation, (water
soluble fraction of Commiphora mukul,
Boswellia serrata, Semecarpus anacardium
and Strychnos nux vomica), which has been
in clinical use in India for last 20 years. Its
modified formulation BHUx has shown
specific inhibition of cyclooxygenase (COX)-2
(75). The antioxidant, anti-inflammatory,
hypo-lipidemic, anti-proliferative properties
of BHUx have been studied on several
experimental models and prove its safety
margin in therapeutic doses (76). Studies
suggest that BHUXx, acting mainly at three
levels, i.e., as a potent natural antioxidant,
by reduction of key inflammatory mediators
of arachidonic acid cascade and by preventing
LDL oxidations, may be found effective in
stroke (77).
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Indian medicinal plants

Traditional medicine system ‘Ayurveda’
has been in existence for thousand of years
in India. With the associated side effects of
western medicine, herbal preparations are
gaining a lot of importance and are now
being studied to find the scientific basis of
their therapeutic actions. Although Indian
plants have been extensively studied against
various neurological disorders like stress,
learning and memory diseases, depression
and anxiety, there is scanty research on the
Indian herbals in terms of stroke. However,
Indian herbals that can increase the blood
flow/antioxidant property/antiexcitoxic
activity may have a potential against these
disorders.

Bacopa popularly  known as
Brahmi, is an annual creeping plant found
through out India in damp and marshy areas.
In the ancient Indian literature it has
been described as a medicine to improve
memory. Experimentally also it has been
demonstrated to improve the learning
process in both human and animals. In one
comparative study the effect of alcoholic
extract of Brahmi and chlorpromazine on the
learning process was carried out. Authors
have found that the alcoholic extract of
Brahmi and chlorpromazine improved the
performance of rats in motor learning.
Besides its CNS actions it has also been
shown to have antioxidant properties in
experimental studies as demonstrated by
Tripathi et al (78). Therefore it’s potential
in cerebral ischemia cannot be ruled out. It
has also been demonstrated that it has
potential to modulate the activities of
HSP70, cytochrome P450 and SOD, thereby
possibly allowing the brain to be prepared

monnieri,
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to act under adverse conditions such as
stress (79). Studies have shown that
neuroprotective effects of Brahmi appeared
to be the results of its antioxidant to
suppress neuronal oxidative stress and the
acetylcholinesterase inhibitory activities.
Therefore, treating patients with Brahmi
extract may be an alternative direction for
ameliorating neurodegenerative disorders
associated with the overwhelming oxidative
stress (80). It has been reported that it
exhibited high antioxidant activity (81), so it
may be worthwhile to study in stroke patients.

Nardoyscht jatamansi, commonly known as
jatamansi, is a popular medicine of the
ayurvedic system of medicine. It is an erect
perinneal herb and grows in the alpine
Himalayan region. It is described for
epilepsy, leprosy, hysteria and convulsions
in ayurveda showing that it is a CNS active
plant. In a pharmacological study it was
demonstrated that both alcoholic and hexane
extracts of jatamansi prevented the lipid
peroxidation induced by FeSO,, which could
be due to the presence of antioxidant
phytochemicals in jatamansi (82). Because
of its anti-lipid perxidative property, it may
have a potential against cerebral ischemia.
It has been reported that Nardoyscht
jatamansi has antioxidant activity (83, 84)
and may be a beneficial approach in the
treatment of stroke as it suppresses the
oxidative stress.

Withania referred to as
Aswagandha in Ayurveda has been described
to promote memory and intellect. Studies
with Withania somnifera have indicated
that it exerts significant antiageing effects
in aged subjects and has significant
anxiolytic and antidepressant activity. The

Somnifera
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other pharmacological actions exerted
by Withania somnifera include anti-
inflammatory, immunostimulatory and
antioxidant properties (85).

Free radicals are involved in the
pathogenesis of the cerebral ischemia and
inflammatory response during the late phase
leads to delayed cytotoxicity. Since Withania
somnifera which is a CNS active plant has
demonstrated both antioxidant and anti-
inflammatory properties its potential in
stroke can not be ruled out. Our laboratory
has shown the protective effect of Withania
somnifera against focal cerebral ischemia in
rats (11). It has been shown that Withania
somnifera significantly reduced myocardial
injury and emphasizes the beneficial action
of Withania somnifera as a cardioprotective
agent (86, 87). It has been reported that
Withania somnifera has antioxidant property
and is a potential drug in treating oxidative
damage (88).

Centella asiatica IS a tiny herbaceous plant
found throughout India at the altitudes
upto 610 m above the sea level. It grows
abundantly in damp and marshy places in
Bengal. The dried aerial parts, preferably
leaves are used for medicinal purpose (89).
In the Indian system of medicine, it has been
used for different ailments like insanity,
asthma, leprosy, ulcers, eczemas and wound
healing. Brahmic acid, an active triterpenoid
present in the plant, has therapeutic
value in ulcerations, extensive wounds and
eczemas (90, 91). Apart from these chemical
constituents, Centella asiatica also contains
asiatic and madecassic acid, which are
known to possess neuroprotective properties
(92).

The whole plant of Centella asiatica has
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been shown to be beneficial in improving
memory and reported to improve general
mental ability in mentally retarded children.
Recently it has been shown that Centella
asiatica is cardioprotective against adriamycin
induced cardiac damage in rats (93).
Recently, it has been shown that Centella
asiatica rendered radioprotection to DNA and
membranes against radiation exposure.
Extract can prevent a radiation-induced
decline in antioxidant enzyme levels. This
suggests that radioprotection by Centella

asiatica extract could be mediated by
mechanisms that act in a synergistic
manner, especially involving antioxidant

activity (94). Asiatic acid, a triterpenoid
derivative from Centella asiatica, has also
shown biological effects such as antioxidant,
antiinflammatory, and protection against
glutamate- or beta-amyloid-induced
neurotoxicity. Findings suggest that asiatic
acid may be useful in the treatment of
cerebral ischemia (95). It has been indicated
that Centella asiatica can impact the amyloid
cascade altering amyloid beta pathology in
the brains of PSAPP mice and modulating
components of the oxidative stress response
that has been implicated in the
neurodegenerative changes that occur with
Alzheimer’s disease (96). Two new flavonoids
named castilliferol 1 and castillicetin 2, as
well as a known compound, isochlorogenic
acid 3, were isolated from the whole plant
of Centella asiatica. These compounds
exhibited good antioxidant activity (97).

Shilajit : Shilajit is a pale-brown to blackish-
brown exudation, of variable consistency,
exuding from layers of rocks in many
mountain ranges of the world, especially the
Himalayas and Hindukush ranges of the
Indian subcontinent. It has been found to
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consist of a complex mixture of organic
humic substances and plant and microbial
metabolites occurring in the rock
rhizospheres of its natural habitat (98). It
contains number of organic acids like fulvic
acid, humic acid and hippuric acid. Traces of
benzoic acid are also present. Besides these,
a special group of compounds known as
benzopyrones are also present. Also present
are tirucallane triterpenes, phenolic lipids
and small tannoids (99). In Ayurveda,
Shilajit has been described to be beneficial
against immune disorders, urinary tract
disorders, sexual dysfunction, diabetes,
ulcers, asthma, rheumatism and also known
to arrest aging, induce rejuvenation, improve
memory.

Studies have shown that pretreatment
with Shilajit did not potentiate the hypnotic
effect of barbiturate. The analgesic effect of
Shilajit was evaluated using the tail flick
method in mice. Shilajit at the dose of 200
mg/kg showed analgesic effect during the
first 60 min (100). In a study the nootropic
and anxiolytic activity of Shilajit was
investigated using passive and active
avoidance learning and elevated plus maze
technique respectively. It was seen that
Shilajit had a dose dependant effect on the
retention latency in the passive avoidance
learning, the effect being significant at 50
mg/kg. Also in active avoidance the rats
pretreated with Shilajit required significantly
less trials to learn as compared to the control
animals. Shilajit exhibited anxiolytic effect
as evidenced by greater time spent by the
rats on the open arm as compared to the
close arm. The effect of Shilajit is being
maximal at 10 mg/kg.

Studies have also shown that it possesses
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anti-inflammatory (100, 101) and antiulcer
activity (100). In another study, the
antioxidant potential of processed Shilajit
was compared with unprocessed Shilajit
and vitamin C (ascorbic acid). Peak levels of
Shilajit occurred 12-15 hours after ingestion
and took more than 72 hours to metabolize.
Processed Shilajit showed significant
antioxidant activity, may be beneficial in
stroke.

Tinospora cordifolia is widely used in
botanical formulations in India and China.
It also exhibited strong free radical
scavenging properties against reactive
oxygen and nitrogen species as revealed
by electron paramagnetic resonance
spectroscopy, diminishing the expression of
iNOS gene. Tinospora cordifolia therefore
attenuate oxidative stress mediated cell
injury during oxygen-glucose deprivation
(OGD) and exerts the free radical scavenging
effect in both the cytosolic as well as at gene
expression levels and may be an effective
therapeutic tool against ischemic brain
damage (102). It has also been shown that
the antiangiogenic activity of the plant T.
cordifolia is related, at least in part, to the
regulation of the levels of these cytokines
and growth factors in the blood of the
angiogenesis-induced animal (103). It has
also been demonstrated that T. cordifolia
has anti-tumor activity (104). T. cordifolia,
when administered for a period of 60 days,
indicated the preventive role of T. cordifolia
against fructose-induced insulin resistance
and oxidative stress; hence this plant could
be used as an adjuvant therapy for the
prevention and/or management of chronic
diseases characterized by hyperinsulinemia,
hypertriglyceridemia, insulin resistance and
aggravated antioxidant status (105).
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Tinospora cordifolia is also used in anti-
diabetic herbal drug preparations (106). It
has been shown that the enhanced GSH
level and enzyme activities involved in
xenobiotic metabolism and maintaining
antioxidant status of cells are suggestive
of a chemopreventive efficacy of T.
cordifolia against chemotoxicity, including
carcinogenicity (104).

Convolvulus pluricaulis: IS an indigenous
plant commonly mentioned in Ayurveda as a
rasayana, which is mainly advocated for use
in rejuvenation therapy (107). It is used as
a tonic, alternative and febrifuge. It is a
sovereign remedy in bowel complaints
especially dysentery. The plant is reported
to be a prominent memory-improving drug.
It is wused as a psychostimulant and
tranquilizer and is reported to reduce mental
tension. The ethanolic extract of the
plant reduces total serum cholesterol,
triglycerides, phospholipids and nonesterfied
fatty-acid. There is a pertinent reference
in Ayurvedic literature about the use of
the drug as brain tonic in hypotensive
syndromes. The pharmacological studies of
the herb have shown varying degrees of its
hypotensive and tranquilizing effects.

The antiulcerogenic effect of Convolvulus
pluricaulis was due to augmentation of
mucosal defensive factors like mucin
secretion, lifespan of mucosal cells and
glycoproteins rather than on the offensive
factors like acid-pepsin (107). It has also been
reported that the action of the plant extract
on thyroid function is primarily mediated
through the inhibition of 5'-DI enzyme
activity, which has been investigated in the
regulation of hyperthyroidism in female mice
using Convolvulus pluricaulis root extract
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(108). Clinical studies have exhibited
demonstrable beneficial effects in patients
with anxiety neurosis. The herb induces a
feeling of calm and peace, good sleep and a
relief in anxiety, stresses, mental fatigue,
producing a significant reduction in the level
of anxiety, neuroticism arising due to various
levels of stresses. Convolvulus pluricaulis
possesses neuroprotective potential, thus
validating its use in stroke (109).

Curcumin: Curcumin, a member of the
curcuminoid family of compounds, is a yellow
colored phenolic pigment obtained from the
powdered rhizome of Curcumin longa Linn
(turmeric). It is a phenolic antioxidant,
several times more potent than vitamin
E (110), and has shown to protect the
brain against lipid peroxidation (111).
Recent studies have demonstrated the
neuroprotective effect of curcumin in animal
models of cerebral ischemia. The protective
effect has been attributed to its antioxidant
activity (112, 113). It was previously reported
that 14-3-3gamma could be up-regulated by
ischemia in astrocyte to protect cells from
ischemia-induced apoptosis. It was also found
that ischemia activates the JNK/c-Jun/AP-1
pathway to up-regulate 14-3-3gamma in
astrocytes. Curcumin treatment inhibition of
AP-1 also inhibited 14-3-3gamma up-
regulation indicating that ischemia-induced
up-regulation of 14-3-3gamma in astrocytes
involves activation of the JNK/c-Jun/AP-1
pathway (66). Overall, curcumin appears
to carry promise as a stroke preventive
agent. It may be worthwhile to conduct
future clinical trials of oral curcumin
supplementation in persons with, or at risk
for stroke, to investigate its appropriate
dosing, safety, and therapeutic efficacy.

Ocimum sanctum commonly known as holy
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basil (Tulsi) is an herbaceous sacred plant
found through out India. Indian material
medica describes the use the plant in a
variety of ailments. Different parts of plant
like stem, flower, seed, leaves, root etc are
known to possess therapeutic potential and

have been used, by traditional medicinal
practitioners, as expectorant, analgesic,
anticancer, antiasthamatic, antiemetic,
diaphoretic, antidiabetic, antifertility,
hepatoprotective, hypotensive and antistress
agents. Tulsi has also been wused in
treatment of fever, bronchitis, arthritis,

convulsion etc. Various studies have shown
the antioxidant property of Ocimum sanctum.
It has been shown that lindane produced
oxidative stress as indicated by increase in
the levels of MDA and decrease in GSH
levels. Treatment with Ocimum sanctum
seed oil per se showed antioxidant activity
and also reversed the oxidative stress
produced by lindane. The results suggest that
Ocimum sanctum seed oil can attenuate the
immunotoxicity and oxidative stress produced
by lindane (114, 115). Studies have shown
that treatment with O. sanctum per se
showed antioxidant activity and also reversed
the oxidative stress produced in various
neurodegenerative diseases (116, 117). A
study indicated that extracts of O. sanctum
have an important protective role against
H,O, injury in human lens epithelial cells
by  maintaining the normal cellular
architecture. The protection could be due to
its ability to reduce H,O, through its
antioxidant property (118).

Allium sativum, commonly known as garlic,
is a species in the onion family Alliaceae.

Its close relatives include the onion,
shallot, leek, and chive. Garlic has been
used throughout recorded history for
both culinary and medicinal purposes.
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Experimental evidence has shown that some
garlic-derived products have a protective
effect against ischemic brain injury. The
neuroprotective effect of garlic might be
associated with control of the free-radical
burst induced by reperfusion, preservation
of antioxidant enzyme activity, and the delay
of other pathophysiological processes (119).
Diallyldisulfide (DADS), an active principle
of garlic (Allium sativum), is known for its
antihyperlipidemic properties, also having
good anti-inflammatory and antioxidant
properties. This drug may be beneficial
in preventing the vascular complications
in various diseases and provide a new
therapeutic approach for the treatment of
cerebrovascular and cardiovascular related

diseases (120). Recently, it has been
demonstrated that  the administration
of garlic can prevent nickel 11- or

chromium VI-induced alterations in blood
glucose homeostasis while exerting a
hepatoprotective effect on glycogen levels
and antioxidant status in male albino rats
(121).

Momordica charantia is a tropical and
subtropical vine of the family Cucurbitaceae,
widely grown for edible fruit, which is among
the most bitter of all vegetables. English
names for the plant and its fruit include
bitter melon or bitter gourd and karela from

the Panjabi, Hindi-Urdu name of the
vegetable. Momordica charantia is a
traditional herb commonly wused for its

antidiabetic, antioxidant, contraceptive and
antibacterial properties. It is also used for
the rapid healing of wounds (122). Momordica
charantia is used to treat various diseases
including inflammation. As it has antioxidant
and anti-inflammatory properties (123), it
could be a better approach for the treatment
of stroke.
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Compounds derived from herbal drugs

Oleogum resin (Guggul) is a resin from a tree
native to India belonging to the family
Burseraceae and its scientific name is
Commiphora mukul. This resin has long been
used in Ayurvedic medicine, combined with
other plant products to cleanse and
rejuvenate the body, especially the blood
vessels and the joints. In Chinese medicine,
guggul is known as mo yao and is used to
activate blood flow, relieve pain, and speed
recovery. Guggul found in India, Bangladesh,
and Pakistan, has been used to treat various

diseases including hyper-cholesterolemia,
atherosclerosis, rheumatism, and obesity
over several thousands of years.

Guggulsterone isolated from guggul has been
identified as the bioactive constituent
responsible for guggul’s therapeutic effects.
Guggulsterone has been found to potently
inhibit the activation of nuclear factor-
kappaB (NF-kappaB), a critical regulator of
inflammatory responses. Such repression of
NF-kappaB activation by guggulsterone has
been proposed as a mechanism of the
antiinflammatory effect of guggulsterone
(124). Guggulsterone and other natural
products, which are inexpensive can
modulate inflammatory responses, but lack
side effects, will be beneficial for the
treatment of arthritis (125). It has also been
shown that the lipid peroxides, indicating
oxidative stress, declined 33.3% in the
guggulipid group without any decrease in the
placebo group (126).

Korean ginseng tea (KGT), prepared from the
roots of Panax ginseng, is widely used by
Korean people for antistress, antifatigue, and
endurance promoting effects. It has been
reported that the protective action, exhibited
by KGT against hypoperfusion/reperfusion
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induced brain injury, suggests its therapeutic
potential in cerebrovascular diseases (CVD)
including stroke. KGT with wide usage is
known to be a safe natural product (127).

Crataegus flavonoid 1is a large genus of
shrubs and trees in the rose family,
Rosaceae, native to temperate regions of the
Northern Hemisphere in Europe, Asia and
North America. It has been reported that
Crataegus extract was safe to use in patients
receiving optimal medication for heart
failure. In addition, the data indicates that
Crataegus extract can potentially reduce the
incidence of sudden cardiac death, at least
in patients with less compromised left
ventricular function (128). The effect of
Crataegus flavonoids (CF) on brain ischemic
insults were investigated in Mongolian gerbil
stroke model, and results suggest that oral
administration of this antioxidant increases
the antioxidant level in the brain and protects
the brain against delayed cell death caused
by ischemia/reperfusion injury (129, 130).

Spiramine T, an atisine-type diterpene
alkaloid isolated from the Chinese
herbal medicine Spiraea japonica var.
acuta (Rosaceae), was shown to have

neuroprotective effects on cerebral ischemia-
reperfusion injury. The effects of spiramine
T on antioxidant enzymes and nitric oxide
production were also evaluated in gerbils
subjected to global forebrain ischemia.
Results suggested that the neuroprotective
effects of spiramine T were related to
modulation of endogenous antioxidant
enzymatic activities and reduction of the
formation of nitric oxide (131). It has also
been demonstrated that spiramine T
exhibited protective effects on cerebral
ischemia and its mechanism might be related
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to reducing calcium accumulation and lipid
peroxidation (132).

Conclusion:

Stroke is one of the foremost causes of
morbidity and mortality, and poses a major
socioeconomic problem in young patients,
especially in developing countries. Despite
the multifactorial pathophysiology underlying
manifestations of stroke, there are strong
reasons to believe that oxidative stress is a
common factor playing a central role in the
pathogenesis of these diseases. Production
of reactive oxygen species in the brain has
been implicated as a common underlying
factor for the etiology of stroke. However,
the treatment is yet far from satisfactory
and lot of research is undergoing to find
newer drugs and newer avenues for the
treatment of stroke, which can satisfactorily
treat stroke and can have a better safety
profile. One such approach is the use of
herbal drugs in stroke. Herbal extracts or
mixtures represent combinatorial chemistry
of nature with vast repertoire of chemical
entities that have a complex effect on
numerous cellular components and functions.
They have great potential in the multi-target
approach to diseases. In recent years, there
is considerable interest to investigate anti-
oxidative and anti-inflammatory effects of
herbal drugs from different sources. A lot
of work is being carried out to find
the effectiveness of Indian and Chinese
herbals in stroke. Both thrombolytic and
neuroprotective properties of herbal drugs
may be a novel strategy for effective stroke
therapeutics. The Indian system of medicine,
especially Ayurveda, has several medicinal

plants with proven beneficial claims
towards these pathological conditions.
However, the potential of herbal drugs
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as defined therapeutic agents is undermined
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lack of enough experimental data. Therefore,

by the difficulty in standardization, the potential of Indian herbals in the
pharmacodynamics and pharmacokinetics of  treatment of stroke needs to be further
these multi-component mixtures and also the explored.

REFERENCES

10.

11.

Gutierrez M, Diez Tejedor E, Alonso de Lecinana
M, Fuentes B, Carceller F, Roda JM. Thrombolysis
and neuroprotection in cerebral ischemia.
Cerebrovasc Dis 2006; 21 Suppl 2: 118-126.

Scott JF, Gray CS. Cerebral and systemic
pathophysiological responses to acute stroke. Age
Ageing 2000; 29: 197-202.

Durukan A, Strbian D, Tatlisumak T. Rodent
models of ischemic stroke: a useful tool for
stroke drug development. Curr Pharm Des 2008;
14: 359-370.

Martinez-Vila E, Sieira PIl. Current status and
perspectives of neuroprotection in ischemic
stroke treatment. Cerebrovasc Dis 2001; 11 Suppl
1: 60-70.

Jahan R, Vinuela F. Treatment of acute ischemic
stroke: intravenous and endovascular therapies.
Expert Rev Cardiovasc Ther 2009; 7: 375-387.

Shaw GJ, Meunier JM, Huang SL, Lindsell CJ,

McPherson DD, Holland CK. Ultrasound-
enhanced thrombolysis with tPA-loaded
echogenic liposomes. Thromb Res 2009; 124:
306-310.

Legos JJ, Tuma RF, Barone FC. Pharmacological
interventions for stroke: failures and future.
Expert Opin Investig Drugs 2002; 11: 603-614.

Green AR. Pharmacological approaches to acute
ischaemic stroke: reperfusion certainly,
neuroprotection possibly. Br J Pharmacol 2008;
153 Suppl 1: S325-S338.

Fisher M, Schaebitz W. An overview of acute
stroke therapy: past, present, and future. Arch
Intern Med 2000; 160: 3196-3206.

Jonas S. Prophylactic pharmacologic
neuroprotection against focal cerebral ischemia.
Ann N Y Acad Sci 1995; 765: 21-5; Discussion
6-7.

Chaudhary G, Sharma U, Jagannathan NR,
Gupta YK. Evaluation of Withania somnifera in
a middle cerebral artery occlusion model of

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

stroke in rats. Clin Exp Pharmacol Physiol 2003;
30: 399-404.

Donnan GA, Fisher M, Macleod M, Davis
SM. Stroke. Lancet 2008; 371(9624): 1612-1623.

Stroke units seem to have a long term impact
on patients’ outcomes. BMJ 2000; 320(7234): E.

rt-PA: a tenth
2007; 68

Grotta J, Marler J. Intravenous
anniversary reflection. Surg Neurol
Suppl 1: S12-S16.

Siesjo BK. Pathophysiology and treatment of
focal cerebral ischemia. Part Il: Mechanisms of
damage and treatment. J Neurosurg 1992; 77:
337-354.

Gupta YK, Briyal S. Animal models of cerebral
ischemia for evaluation of drugs. Indian J
Physiol Pharmacol 2004; 48: 379-394.

Del Zoppo GJ. Why do all drugs work in animals
but none in stroke patients? 1. Drugs promoting
cerebral blood flow. J Intern Med 1995; 237:
79-88.

Dorman PJ, Sandercock PA. Considerations in
the design of clinical trials of neuroprotective

therapy in acute stroke. Stroke 1996; 27:
1507-1515.
Boltze J, Forschler A, Nitzsche B, Waldmin D,

Hoffmann A, Boltze CM, et al. Permanent middle
cerebral artery occlusion in sheep: a novel large
animal model of focal cerebral ischemia. J Cereb
Blood Flow Metab 2008; 28: 1951-1264.

Savitz SI, Fisher M. Future of neuroprotection
for acute stroke: in the aftermath of the SAINT
trials. Ann Neurol 2007; 61: 396-402.

Liebeskind DS, Kasner SE. Neuroprotection for
ischaemic stroke: an unattainable goal? CNS
Drugs 2001; 15: 165-174.

Jonas S, Aiyagari V, Vieira D, Figueroa M. The
failure of neuronal protective agents versus the

success of thrombolysis in the treatment of
ischemic stroke. The predictive value of
animal models. Ann N Y Acad Sci 2001; 939:
257-267.



118 Gupta et al

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Kimbro JR.
Lancet 2000;

Drummond JC, Piyash PM,
Neuroprotection failure in stroke.
356(9234): 1032-1033.

Tamam Y, Tasdemir N, Toprak R, Tamam B,
Iltumur K. Apolipoprotein E genotype in patients
with cerebrovascular diseases and its effect on
the disease outcome. Int J Neurosci 2009; 119:

919-935.

Kaste M. Thrombolysis in ischaemic stroke -
present and future: role of combined therapy.
Cerebrovasc Dis 2001; 11 Suppl 1: 55-59.
Fisher M, Brott TG. Emerging therapies for
acute ischemic stroke: new therapies on trial.

Stroke 2003; 34: 359-361.

Sinha K, Degaonkar MN, Jagannathan NR,
Gupta YK. Effect of melatonin on ischemia
reperfusion injury induced by middle cerebral
artery occlusion in rats. Eur J Pharmacol 2001;

428: 185-192.

Sinha K, Chaudhary G, Gupta YK. Protective
effect of resveratrol against oxidative stress in
middle cerebral artery occlusion model of stroke
in rats. Life Sci 2002; 71: 655-665.

Gupta YK, Sinha K, Chaudhary G, Jagannathan
NR. Protective effect of adenosine against
neuronal injury induced by middle cerebral
artery occlusion in rats as evidenced by diffusion-

weighted imaging. Pharmacol Biochem Behav
2002; 72: 569-574.

Chaudhary G, Sinha K, Gupta YK. Protective
effect of exogenous administration of alpha-
tocopherol in middle cerebral artery occlusion
model of cerebral ischemia in rats. Fundam Clin
Pharmacol 2003; 17: 703-707.

Gupta YK, Briyal S, Sharma U, Jagannathan
NR, Gulati A. Effect of endothelin antagonist
(TAK-044) on cerebral ischemic  volume,
oxidative stress markers and neurobehavioral
parameters in the middle cerebral artery
occlusion model of stroke in rats. Life Sci 2005;
77: 15-27.

Briyal S, Pant AB, Gupta YK. Protective effect
of endothelin antagonist (TAK-044) on neuronal
cell viability in in vitro oxygen-glucose
deprivation model of stroke. Indian J Physiol
Pharmacol 2006; 50: 157-162.

Lindsberg PJ, Roine RO, Tatlisumak T, Sairanen
T, Kaste M. The future of stroke treatment.
Neurol Clin 2000; 18: 495-510.

Spinnewyn B, Cornet S, Auguet M, Chabrier

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Indian J Physiol Pharmacol 2010; 54(2)

PE. Synergistic protective effects of antioxidant
and nitric oxide synthase inhibitor in transient
focal ischemia. J Cereb Blood Flow Metab 1999;
19: 139-143.

Yang Y, Li Q, Shuaib  A. Enhanced
neuroprotection and reduced hemorrhagic
incidence in focal cerebral ischemia of rat by
low dose combination therapy of wurokinase
and topiramate. Neuropharmacology 2000; 39:

881-888.

Lyden PD, Jackson-Friedman C, Shin C, Hassid
S. Synergistic combinatorial stroke therapy: A

quantal bioassay of a GABA agonist and a
glutamate antagonist. Exp Neurol 2000; 163:
477-489.

Gupta YK, Chaudhary G, Sinha K. Enhanced
protection by melatonin and meloxicam
combination in a middle cerebral artery

occlusion model of acute ischemic stroke in rat.
Can J Physiol Pharmacol 2002; 80: 210-217.

Briyal S, Gulati A, Gupta YK. Effect of
combination of endothelin receptor antagonist
(TAK-044) and aspirin in middle cerebral artery
occlusion model of acute ischemic stroke in rats.

Methods Find Exp Clin Pharmacol 2007; 29:
257-263.

Fisher M, Jonas S, Sacco RL, Jones S.
Prophylactic neuroprotection for cerebral

ischemia. Stroke 1994; 25: 1075-1080.

Prabhakar S, Das CP. Ischaemic stroke: new
frontiers. Neurol India 1999; 47: 168-177.

Qian XP, Xu F, Song JL, Zhao JH. [Influence of
different  frequencies of acupuncture on

therapeutic effect in patients with cerebral
infarction at convalescence]. Zhongguo Zhen Jiu
2009; 29: 7-9.

Chen C,

Lambert C,
Piantang Jiaonang (DJ),
medicine, in poststroke
40: 859-863.

Venketasubramanian N, Gan
Picard D, Chan BP, et al. Dangqi
a traditional Chinese
recovery. Stroke 2009;

RN,

Tang MK, Ren DC, Zhang JT, Du GH. Effect of
salvianolic acids from Radix Salviae miltiorrhizae

on regional cerebral blood flow and platelet
aggregation in rats. Phytomedicine 2002; 9:
405-409.

Kuang P, Tao Y, Tian Y. Radix Salviae

miltiorrhizae treatment results in decreased lipid
peroxidation in reperfusion injury. J Tradit Chin
Med 1996; 16: 138-142.



Indian J Physiol Pharmacol 2010; 54(2)

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Sun M, Zhang JJ, Shan JZ, Zhang H, Jin CY,
Xu S, et al. Clinical observation of Danhong
Injection (herbal TCM product from Radix
Salviae miltiorrhizae and Flos Carthami tinctorii)
in the treatment of traumatic intracranial
hematoma. Phytomedicine 2009; 16: 683-689.

O’Brien KA, Ling S, Abbas E, Dai A, Zhang J,
Wang WC, et al. A Chinese Herbal Preparation

Containing Radix Salviae Miltiorrhizae, Radix
Notoginseng and Borneolum Syntheticum
Reduces Circulating Adhesion Molecules. Evid

Based Complement Alternat Med 2008.

Liao SL, Kao TK, Chen WY, Lin YS, Chen SY,
Raung SL, et al. Tetramethylpyrazine reduces
ischemic brain injury in rats. Neurosci Lett 2004;
372: 40-45.

Luo XX, Ogata H, Xu X, Ishitobi F. [Protective
effect of tetramethylpyrazine on ischemic
neuronal damage in the gerbil hippocampus].
No To Shinkei 1994; 46: 841-846.

Zhu XL, Xiong LZ, Wang Q, Liu ZG, Ma X, Zhu
ZH, et al. Therapeutic time window and
mechanism of tetramethylpyrazine on transient
focal cerebral ischemia/reperfusion injury in rats.
Neurosci Lett 2009; 449: 24-27.

Hsiao G, Chen YC, Lin JH, Lin KH, Chou DS,
Lin CH, et al. |Inhibitory mechanisms of
tetramethylpyrazine in middle cerebral artery
occlusion (MCAOQO)-induced focal cerebral
ischemia in rats. Planta Med 2006; 72: 411-417.

Ye R, Li N, Han J, Kong X, Cao R, Rao Z, et al.
Neuroprotective effects of ginsenoside Rd
against oxygen-glucose deprivation in cultured
hippocampal neurons. Neurosci Res 2009; 64:
306-310.

Son HY, Han HS, Jung HW, Park YK. Panax
notoginseng Attenuates the Infarct Volume in
Rat Ischemic Brain and the Inflammatory
Response of Microglia. J Pharmacol Sci 2009;
109: 368-379.

Kim YO, Kim HJ, Kim GS, Park HG, Lim SJ,
Seong NS, et al. Panax ginseng protects against
global ischemia injury in rat hippocampus.
J Med Food 2009; 12: 71-76.

Lee SH, Ahn YM, Ahn SY, Doo HK, Lee BC.
Interaction between warfarin and Panax ginseng
in ischemic stroke patients. J Altern Complement
Med 2008; 14: 715-721.

Yoshikawa T, Akiyoshi Y, Susumu T, Tokado H,
Fukuzaki K, Nagata R, et al. Ginsenoside Rbl
reduces neurodegeneration in the peri-infarct
area of a thromboembolic stroke model in non-
human primates. J Pharmacol Sci 2008; 107:
32-40.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Therapeutic Potential of Herbal Drugs 119

Bu Y, Jin ZH, Park SY, Baek S, Rho S, Ha N,
et al. Siberian ginseng reduces infarct volume
in transient focal cerebral ischaemia in Sprague-
Dawley rats. Phytother Res 2005; 19: 167-169.

Zhu XL, Zhang N, Li PT, Jiang YF, Xu Y.
[Protective effect of jasminoidin on cascade of
damage of cerebral ischemia in rats]. Zhongguo
Zhong Yao Za Zhi 2004; 29: 1065-1068.

Zhang ZJ, Li P, Wang Z, Li PT, Zhang WS, Sun
ZH, et al. A comparative study on the individual
and combined effects of baicalin and jasminoidin
on focal cerebral ischemia-reperfusion injury.
Brain Res 2006; 1123: 188-195.

Zhang CY, Du GY, Wang W, Ye ZG, Wang DQ,
Sun XF, et al. [Effects of tianma gouteng fang
on transmitter amino acids in the hippocampus
extracellular liquids in freely moving rats
subjected to brain ischemia]. Zhongguo Zhong
Yao Za Zhi 2004; 29: 1061-1065.

Yokoyama K, Shimada Y, Hori E, Nakagawa T,
Takagi S, Sekiya N, et al. Effects of Choto-san

and hooks and stems of Uncaria sinensis on
antioxidant enzyme activities in the gerbil
brain after transient  forebrain ischemia.

J Ethnopharmacol 2004; 95: 335-343.

Pero RW, Amiri A, Sheng Y, Welther M, Rich M.
Formulation and in vitro/in vivo evaluation of
combining DNA repair and immune enhancing
nutritional supplements. Phytomedicine 2005; 12:
255-263.

Na M, Kim YH, Min BS, Bae K, Kamiryo Y,
Senoo Y, et al. Cytoprotective effect on oxidative
stress and inhibitory effect on cellular aging of
Uncaria sinensis Havil. J Ethnopharmacol 2004;
95: 127-132.

Sun F, Liu TP. Tetrandrine vs nicardipine
in cerebral ischemia-reperfusion damages
in gerbils. Zhongguo Yao Li Xue Bao 1995; 16:
145-148.

Liu SJ, Zhou SW, Xue CS. Effect of tetrandrine
on neutrophilic recruitment response to brain
ischemia/reperfusion. Acta Pharmacol Sin 2001;
22: 971-975.

Yu XQ, Xue CC, Zhou ZW, Li CG, Zhou SF.
Tanshinone [1IB, a primary active constituent
from Salvia miltiorrhiza, exerts neuroprotective
effect via inhibition of neuronal apoptosis in
vitro. Phytother Res 2008; 22: 846-850.

Dong Y, Liu HD, Zhao R, Yang CZ, Chen XQ,
Wang XH, et al. Ischemia activates JNK/c-Jun/
AP-1 pathway to up-regulate 14-3-3gamma
in astrocyte. J Neurochem 2009; 109 Suppl 1:
182-188.



120 Gupta et al

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Luo Z, Liu S, Yuan G. [Effects of zuzhongping
on ischemic volume in the rat model of middle
cerebral artery occlusion]. Hua Xi Yi Ke Da Xue
Xue Bao 1994; 25: 103-104.

Xuejiang W, Magara T, Konishi T. Prevention
and repair of cerebral ischemia-reperfusion
injury by Chinese herbal medicine, shengmai
san, in rats. Free Radic Res 1999; 31: 449-455.

Ichikawa H, Wang X, Konishi T. Role of
component herbs in antioxidant activity of
shengmai san—a traditional Chinese medicine
formula preventing cerebral oxidative damage

in rat. Am J Chin Med 2003; 31: 509-521.

Wang NL, Chang CK, Liou YL, Lin CL, Lin MT.
Shengmai San, a Chinese herbal medicine
protects against rat heat stroke by reducing
inflammatory  cytokines and nitric oxide
formation. J Pharmacol Sci 2005; 98: 1-7.

Konishi T. Brain oxidative stress as basic target
of antioxidant traditional oriental medicines.
Neurochem Res 2009 Apr; 34: 711-716.

Yao HT, Chang YW, Chen CT, Chiang MT, Chang
L, Yeh TK. Shengmai San reduces hepatic lipids
and lipid peroxidation in rats fed on a high-
cholesterol diet. J Ethnopharmacol 2008; 116:
49-57.

Nishida H, Ichikawa H, Konishi T. Shengmai-
san enhances antioxidant potential in C2C12
myoblasts through the induction of intracellular

glutathione peroxidase. J Pharmacol Sci 2007;
105: 342-352.

Jingyi W, Yasuhiro M, Naoya H, Seok RC,
Yoshiharu Y, Nagara T, et al. Observation on

the effects of Chinese medicine zhenxuanyin
for improving cerebral blood flow in rats with

cerebral ischemia. J Tradit Chin Med 1997; 17:
299-303.

Tripathi YB, Tripathi P, Korlagunta K, Chai SC,
Smith BJ, Arjmandi BH. Role of Sandhika: a

polyherbal formulation on MC3T3-E1 osteoblast-
like cells. Inflammation 2008; 31: 1-8.

Tripathi YB. BHUx: a patented polyherbal
formulation to prevent hyperlipidemia and
atherosclerosis. Recent Pat Inflamm Allergy

Drug Discov 2009; 3: 49-57.

Tripathi YB, Reddy MM, Pandey RS, Subhashini
J, Tiwari OP, Singh BK, et al. Anti-inflammatory
properties of BHUx, a polyherbal formulation to
prevent atherosclerosis. Inflammopharmacology
2004; 12: 131-152.

Tripathi YB, Chaurasia S, Tripathi E, Upadhyay
A, Dubey GP. Bacopa monniera Linn. as an

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Indian J Physiol Pharmacol 2010; 54(2)

antioxidant: mechanism of action.
Biol 1996; 34: 523-526.

Indian J Exp

Chowdhuri DK, Parmar D, Kakkar P, Shukla R,
Seth PK, Srimal RC. Antistress effects of
bacosides of Bacopa monnieri: modulation of
Hsp70 expression, superoxide dismutase and
cytochrome P450 activity in rat brain. Phytother
Res 2002; 16: 639-645.

Limpeanchob N, Jaipan S, Rattanakaruna
S, Phrompittayarat W, Ingkaninan K.
Neuroprotective effect of Bacopa monnieri on

beta-amyloid-induced cell death in primary
cortical culture. J Ethnopharmacol 2008; 120:
112-127.

Deb DD, Kapoor P, Dighe RP, Padmaja R, Anand
MS, D’Souza P, et al. In vitro safety evaluation

and anticlastogenic effect of BacoMind on
human lymphocytes. Biomed Environ Sci 2008;
21: 7-23.

Tripathi YB, Tripathi E, Upadhyay A. Antilipid

peroxidative property of Nardostachys
jatamanasi. Indian J Exp Biol 1996; 34:
1150-1151.

Joshi H, Parle M. Nardostachys jatamansi

improves learning and memory in mice. J Med
Food 2006 Spring; 9: 113-138.

Lyle N, Gomes A, Sur T, Munshi S, Paul S,
Chatterjee S, et al. The role of antioxidant
properties of Nardostachys  jatamansi in

alleviation of the symptoms of the chronic fatigue
syndrome. Behav Brain Res 2009; 202: 285-290.

Dhuley JN. Effect of ashwagandha on lipid
peroxidation in stress-induced animals.
J Ethnopharmacol 1998; 60: 173-178.

Gupta SK, Mohanty I, Talwar KK, Dinda A,

Joshi S, Bansal P, et al. Cardioprotection from
ischemia and reperfusion injury by Withania
somnifera: a hemodynamic, biochemical and
histopathological assessment. Mol Cell Biochem
2004; 260: 39-47.

Mohanty |, Arya DS, Dinda A, Talwar KK, Joshi
S, Gupta SK. Mechanisms of cardioprotective
effect of Withania somnifera in experimentally
induced myocardial infarction. Basic Clin
Pharmacol Toxicol 2004; 94: 184-190.

Rajasankar S, Manivasagam T, Surendran S.
Ashwagandha leaf extract: a potential agent in
treating oxidative damage and physiological
abnormalities seen in a mouse model of
Parkinson’s disease. Neurosci Lett 2009; 454:
11-15.

Brinkhaus B, Lindner M, Schuppan D, Hahn



Indian J Physiol Pharmacol 2010; 54(2)

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

EG. Chemical, pharmacological and clinical
profile of the East Asian medical plant Centella
asiatica. Phytomedicine 2000; 7: 427-448.

medicines of
activity: a
2003; 2:

Biswas TK, Mukherjee B. Plant
Indian origin for wound healing
review. Int J Low Extrem Wounds
25-39.

Guo JS, Cheng CL, Koo MW. Inhibitory effects
of Centella asiatica water extract and asiaticoside
on inducible nitric oxide synthase during gastric

ulcer healing in rats. Planta Med 2004; 70:
1150-1154.
Lees KR, Asplund K, Carolei A, Davis SM,

Diener HC, Kaste M, et al. Glycine antagonist
(gavestinel) in neuroprotection (GAIN
International) in patients with acute stroke: a
randomised controlled trial. GAIN International
Investigators. Lancet 2000; 355(9219): 1949-
1954.

Sathish V,
effect

Gnanapragasam A, Ebenezar
Govindaraju P, Devaki T.
of Centella asiatica on
defense system against
cardiomyopathy in rats.
585-597.

KK,
Protective
antioxidant tissue
adriamycin induced
Life Sci 2004; 76:

DNA and
induced
Pharm

CK. Protection of
membranes from gamma-radiation
damages by Centella asiatica. J
Pharmacol 2009; 61: 941-947.

Joy J, Nair

Krishnamurthy RG, Senut MC, Zemke D, Min
J, Frenkel MB, Greenberg EJ, et al. Asiatic acid,
a pentacyclic triterpene from Centella asiatica,
is neuroprotective in a mouse model of focal
cerebral ischemia. J Neurosci Res 2009; 87:
2541-2450.

Holcomb LA, Hitt AR,
JW, Young KA, et al.
Centella asiatica extract selectively decreases
amyloid beta levels in hippocampus of
Alzheimer’s disease animal model. Phytother Res
2009; 23: 14-19.

Dhanasekaran M,
Tharakan B, Porter

Subban R, Veerakumar A, Manimaran R,
Hashim KM, Balachandran I. Two new flavonoids
from Centella asiatica (Linn.). J Nat Med 2008;
62: 369-373.

Agarwal SP, Khanna R, Karmarkar R, Anwer
MK, Khar RK. Shilajit: a review. Phytother Res
2007; 21: 401-405.

Ghosal S, Reddy JP, Lal VK. Shilajit I: chemical

constituents. J Pharm Sci 1976; 65: 772-773.
Goel RK, Banerjee RS, Acharya SB.
Antiulcerogenic and antiinflammatory studies

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

Therapeutic Potential of Herbal Drugs 121
with shilajit. J Ethnopharmacol 1990; 29:
95-103.

Acharya SB, Frotan MH, Goel RK, Tripathi SK,

Das PK. Pharmacological actions of Shilajit.
Indian J Exp Biol 1988; 26: 775-777.

Rawal A, Muddeshwar M, Biswas S. Effect of
Rubia cordifolia, Fagonia cretica linn, and
Tinospora cordifolia on free radical generation
and lipid peroxidation during oxygen-glucose
deprivation in rat hippocampal slices. Biochem
Biophys Res Commun 2004; 324: 588-596.

Leyon PV, Kuttan G. Effect of Tinospora

cordifolia on the cytokine profile of angiogenesis-
induced animals. Int Immunopharmacol 2004; 4:
1569-1575.

Singh RP, Banerjee S, Kumar PV, Raveesha
KA, Rao AR. Tinospora cordifolia induces
enzymes of carcinogen/drug metabolism and
antioxidant system, and inhibits lipid
peroxidation in mice. Phytomedicine 2006; 13:
74-84.

Reddy SS, Ramatholisamma P, Karuna R,
Saralakumari D. Preventive effect of Tinospora
cordifolia against high-fructose diet-induced
insulin  resistance and oxidative stress in
male Wistar rats. Food Chem Toxicol 2009; 47:
2224-2229.

Sengupta S, Mukherjee A, Goswami R, Basu S.
Hypoglycemic activity of the antioxidant
saponarin, characterized as alpha-glucosidase
inhibitor present in Tinospora cordifolia.
J Enzyme Inhib Med Chem 2008; 1.

Sairam K, Rao CV, Goel RK. Effect of
Convolvulus  pluricaulis Chois on  gastric
ulceration and secretion in rats. Indian J Exp

Biol 2001; 39: 350-354.

Panda S, Kar A. Inhibition of T3 production in
levothyroxine-treated female mice by the root
extract of Convolvulus pluricaulis. Horm Metab
Res 2001; 33: 16-18.

Bihaqi SW, Sharma M, Singh AP, Tiwari M.
Neuroprotective role of Convolvulus pluricaulis
on aluminium induced neurotoxicity in rat brain.
J Ethnopharmacol 2009; 124: 409-415.

Sreejayan, Rao MN. Curcuminoids as
inhibitors of lipid peroxidation. J
Pharmacol 1994; 46: 1013-1016.

potent
Pharm

Rajakumar DV, Rao MN. Antioxidant properties
of dehydrozingerone and curcumin in rat brain
homogenates. Mol Cell Biochem 1994; 140:
73-79.



122 Gupta et al

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

Zhao J, Zhao Y, Zheng W, Lu Y, Feng G, Yu S.
Neuroprotective effect of curcumin on transient
focal cerebral ischemia in rats. Brain Res 2008;
1229: 224-232.

Shukla PK, Khanna VK, Ali MM, Khan MY,
Srimal RC. Anti-ischemic effect of curcumin in
rat brain. Neurochem Res 2008; 33: 1036-
1043.

Mediratta PK, Tanwar K, Reeta KH, Mathur R,
Benerjee BD, Singh S, et al. Attenuation of the
effect of lindane on immune responses and
oxidative stress by Ocimum sanctum seed oil
(OSS0O) in rats. Indian J Physiol Pharmacol
2008; 52: 171-177.

Shetty S, Udupa S, Udupa L. Evaluation of
Antioxidant and Wound Healing Effects of
Alcoholic and Aqueous Extract of Ocimum

sanctum Linn in Rats. Evid Based Complement
Alternat Med 2008; 5: 95-101.

Manikandan P, Vidjaya Letchoumy P, Prathiba
D, Nagini S. Combinatorial chemopreventive
effect of Azadirachta indica and Ocimum
sanctum on oxidant-antioxidant status, cell
proliferation, apoptosis and angiogenesis in a
rat forestomach carcinogenesis model. Singapore
Med J 2008; 49: 814-822.

Jyoti S, Satendra S, Sushma S, Anjana T, Shashi
S. Antistressor activity of Ocimum sanctum
(Tulsi) against experimentally induced oxidative

stress in rabbits. Methods Find Exp Clin
Pharmacol 2007; 29: 411-416.

Halder N, Joshi S, Nag TC, Tandon R, Gupta
SK. Ocimum sanctum extracts attenuate
hydrogen peroxide induced cytotoxic
ultrastructural changes in human lens epithelial
cells. Phytother Res 2009.

Aguilera P, Chanez-Cardenas ME, Ortiz-Plata

A, Leon-Aparicio D, Barrera D, Espinoza-Rojo
M, et al. Aged garlic extract delays the
appearance of infarct area in a cerebral ischemia
model, an effect likely conditioned by the cellular
antioxidant systems. Phytomedicine 2009.

Rai SK, Sharma M, Tiwari M. Inhibitory effect
of novel diallyldisulfide analogs on HMG-CoA
reductase expression in hypercholesterolemic
rats: CREB as a potential upstream target. Life
Sci 2009; 85: 211-219.

Das Gupta A, Dhara PC, Dhundasi SA, Das KK.
Effect of garlic (Allium sativum) on nickel Il or
chromium VI induced alterations of glucose
homeostasis and hepatic antioxidant status

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

Indian J Physiol Pharmacol 2010; 54(2)

under sub-chronic exposure conditions. J Basic
Clin Physiol Pharmacol 2009; 20: 1-14.

Lii CK, Chen HW, Yun WT, Liu KL. Suppressive
effects of wild bitter gourd (Momordica charantia
Linn. var. abbreviata ser.) fruit extracts
on inflammatory responses in RAW264.7
macrophages. J Ethnopharmacol 2009; 122:
227-233.

Teoh SL, Latiff AA, Das S. The effect of topical

extract of Momordica charantia (bitter gourd)
on wound healing in nondiabetic rats and in

rats with diabetes induced by streptozotocin.
Clin Exp Dermatol 2009; 34: 815-822.
Deng R. Therapeutic effects of guggul and

its constituent guggulsterone: cardiovascular
benefits. Cardiovasc Drug Rev 2007 Winter; 25:
375-390.

Khanna D, Sethi G, Ahn KS, Pandey MK,
Kunnumakkara AB, Sung B, et al. Natural
products as a gold mine for arthritis treatment.
Curr Opin Pharmacol 2007; 7: 344-351.

Singh RB, Niaz MA, Ghosh S. Hypolipidemic and
antioxidant effects of Commiphora mukul as an
adjunct to dietary therapy in patients with
hypercholesterolemia. Cardiovasc Drugs Ther
1994; 8: 659-664.

Shah ZA, Gilani RA, Sharma P, Vohora SB.

Cerebroprotective effect of Korean ginseng tea
against global and focal models of ischemia
in rats. J Ethnopharmacol 2005; 101: 299-307.

Holubarsch CJ, Colucci WS, Meinertz T, Gaus
W, Tendera M. The efficacy and safety of
Crataegus extract WS 1442 in patients with heart
failure: the SPICE trial. Eur J Heart Fail 2008;
10: 1255-1263.

Zhang DL, Zhang YT, Yin JJ, Zhao BL. Oral
administration of Crataegus flavonoids protects
against ischemia/reperfusion brain damage in
gerbils. J Neurochem 2004; 90: 211-219.

Zhao B. Natural antioxidants for neurodegenerative
diseases. Mol Neurobiol 2005; 31: 283-293.

Li L, Shen YM, Yang XS, Wu WL, Wang BG,
Chen ZH, et al. Effects of spiramine T on
antioxidant enzymatic activities and nitric oxide
production in cerebral ischemia-reperfusion
gerbils. Brain Res 2002; 944: 205-209

Li L, Nie J, Shen Z, Wu W, Chen Z, Hao X.
Neuroprotective effects in gerbils of spiramine
T from Spiraea japonica var. acuta. Planta Med
2001; 67: 142-145.



