
Ind ian  J  Phys io l  Pharmaco l  2010 ;  54 (2 ) :  99–122

REVIEW ARTICLE

THERAPEUTIC POTENTIAL OF HERBAL DRUGS IN
CEREBRAL ISCHEMIA

Y. K. GUPTA1*,  SEEMA BRIYAL2 AND ANIL GULATI 2

1 Neuropharmacology Laboratory,
Department  of  Pharmacology,
All India Institute of Medical Sciences, New Delhi – 110 029

a n d
2 Department of  Pharmaceutical  Sciences,
Chicago College of Pharmacy,
Midwestern Universi ty ,  Downers Grove,  IL 60515,  USA

( Rece ived  on  August  8 ,  2009 )

Abstract  :  Stroke is  one of  the most  important  causes of  mortal i ty  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,  neurotransmit ter  release,  and free radical  generat ion.
I t  has  been years  s ince t issue- type plasminogen act ivator  ( 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  mortal i ty in
pat ients  with  cerebral  infarct ion.  However ,  a  combinat ion of  es tabl ished
thrombolyt ic  therapy and effect ive neuronal  protect ion therapy may have
more beneficial effects for patients with cerebral infarction. Because clinical
t r ia ls  of  pharmacologica l  neuroprotec t ive  s t ra tegies  in  s t roke  have been
disappointing, attention has turned towards approaches which include herbal
drugs that can be used in limiting the neurological damage associated with
s t roke .  Herbal  drugs  may be  used  as  prophylac t ic  t rea tment  in  pa t ients
wi th  h igh r i sk  of  s t roke .  Herbals  drugs  have  been descr ibed in  ancient
systems of medicine for the treatment of various ailments associated with
stroke and have more recently been reported to be beneficial  in t reat ing
s t roke .  However ,  the  s t r eng th  o f  ev idence  to  suppor t  the  use  o f  these
herba l  d rugs  i s  unc lea r .  Th i s  r ev iew focuses  on  pu ta t ive  mechan i sms
underlying the benefic ia l  effects  of  herbal  drugs in  pat ients  with s t roke
and on  the  poss ib i l i ty  of  herba l  drugs  to  increase  the  therapeut ic  t ime
window in pat ients  with cerebral  ischemia.
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INTRODUCTION

Stroke  i s  a  major  cause  of  dea th  and

disabi l i ty  wor ldwide .  The  resul t ing  burden
on  the  soc ie ty  con t inues  to  g row wi th
increase  in  the  inc idence  of  s t roke .  Bra in



1 0 0 G u p t a e t a l Ind ian  J  Phys io l  Pharmaco l  2010 ;  54(2 )

in f lammatory  process ,  endothe l in  re lease ,
ac t iva t ion  of  p la te le t s  and  leukocytes ,
de layed  coagula t ion  and  endothe l ia l
dysfunction. All of these pathophysiological
reactions may contribute to the brain injury
following the onset of stroke (2, 3) (Fig. 1).

Based  on  th i s ,  d rugs  c lass i f i ed  as
neuroprotective, that can intervene in/during

attack is a new term introduced to describe
the  acu te  p resen ta t ion  of  s t roke ,  which
emphas izes  the  need  for  u rgen t  ac t ion  to
remedy the  s i tua t ion  (1) .  Among the
pa thophys io log ica l  changes  tha t  a re
postulated to occur as a response to stroke
are free radical  productions,  exci totoxici ty,
d i s rup t ion  of  sod ium and  ca lc ium inf lux ,
enzymat ic  changes ,  s t imula t ion  of  the

Fig .  1 : Diagrammat ic  r epresen ta t ion  o f  mechan i sms  o f  i schemic  b ra in  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  an imal  s tudies ,  they  have  shown mixed
efficacy in clinical trials (4).

Recombinant  p lasminogen  ac t iva tor
(r t -PA) is  the only drug approved by FDA
to  da te  fo r  the  t rea tment  o f  s t roke .
Thrombolys is  reduces  s t roke  morbidi ty  but
is  only applicable to a small  percentage of
stroke patients (5,  6).

Given the few options currently available
for  pa t ients  fo l lowing i schemic  s t roke  and
the recent  disappoint ing fai lures  of  several
l a rge-sca le  Phase  I I I  c l in ica l  t r i a l s  wi th
neuroprotect ive drugs,  the search for  novel
therapeu t ic  approaches  has  become even
more cr i t ical  (7 ,  8) .  One such approach is
the idea of combined therapy. Combinations
of thrombolysis and a neuroprotecting agent
or  a  combina t ion  of  two neuropro tec t ing
agents  have been effect ive  in  exper imental
s t roke  (9 ) .  Another  approach  towards
t rea tment  o f  s t roke  can  be  prophylac t ic
protect ion.  I t  has been seen that  in  animal
models  o f  s t roke ,  wi th  many drugs ,
pretreatment yields better outcome than post
onse t  t rea tment .  Fur ther  sugges t ions  f rom
the clinical tr ials have shown that the very
ear ly  t rea tment  a f te r  s t roke  may  be
necessary  fo r  the  d rugs  to  be  e f fec t ive .
Therefore  in  a  sub  group  of  pa t ien t s  tha t
are at a substantial risk for ischemic stroke,
e.g.  pat ients  with a  mild episode of  s troke
or  t rans ien t  i schemic  a t tacks ,  p rophylac t ic
neuropro tec t ion  might  o f fe r  a  usefu l
approach and a better  outcome than can be
expec ted  normal ly .  The  agen t  to  be  used
prophylactically should be efficacious,  safe,
orally available and affordable (10).  Herbal

drugs have been described in ancient systems
of  medic ine  for  the  t rea tment  o f  var ious
a i lments .  These  a re  nowadays  reva lued  by
extensive research on different plant species
and their  therapeutic  principles.  Since they
have a relatively higher therapeutic window,
lesse r  s ide  e f fec t s ,  and  a re  economica l ,
herbal drugs have gained a lot of acceptance
in  the  recen t  years  and  can  be  po ten t ia l
candida tes  fo r  p rophylac t ic  t rea tment  in
s t roke .  A number  o f  t rad i t iona l  Chinese
medic ines  have  been  t r i ed  bo th  in  an imal
models  o f  s t roke  and  human pa t ien t s  and
have  been  found  to  be  e f fec t ive .  Ind ian
traditional medicines, though tried and found
usefu l  in  var ious  neuro log ica l  d i sorders ,
have  no t  been  s tud ied  in  s t roke  models .
We have  eva lua ted  the  CNS ac t ive
Indian  drugs  Withania  somni fera ,  Cente l la
asiat ica ,  Shi laj i t ,  T inospora cordi fol ia  and
Convolvu lus  p lur icau l i s  a s  p rophylac t ic
t rea tment  in  the  middle  ce rebra l  a r te ry
occ lus ion  model  o f  s t roke  in  ra t s  (11) .
However,  there is  no comprehensive review
related to herbal products in the prophylaxis
and treatment of stroke. The present review
is an at tempt to discuss the role  of  herbal
products  in  the  management  of  s t roke.

Stroke :  a  major  hea l th  problem

St roke  i s  the  th i rd  l a rges t  cause  o f
mor ta l i ty  a f te r  cancer  and  coronary  hear t
d isease  and is  the  second larges t  cause  of
d i sab i l i ty  in  adu l t s  (8 ) .  The  inc idence  of
stroke is 1 per 1000 people (12).  However,
th is  incidence var ies  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  recur ren t )  were  es t imated  to  be
hospitalized in 1999, with an attack rate of
208 per 100,000 (13).

Status  o f  the  present ly  ava i lab le  drugs  in
s t r o k e

( a ) Vascular  approach

Thrombolyt ic  agents  :  Ev idence  f rom
var ious  exper imenta l  s t roke  models  tha t
th romboly t ics  agen ts  cou ld  min imize  the
ef fec t  o f  i schemia  prov ided  the  impetus
for  the  evalua t ion  of  thrombolyt ic  therapy
in  acu te  i schemic  s t roke  (8 ) .  Var ious

thromboly t ic  agen ts  l ike  u rok inase ,
s t rep tok inase  and  recombinan t  t i s sue
plasminogen activator (rt-PA) have been tried
in  exper imenta l  s tud ies .  These  drugs  a l so
reached  c l in ica l  t r ia l s ,  however  a l l  except
rt-PA were withdrawn from the clinical trials
because  they  ne i ther  showed accep tab le
ef f icacy  nor  sa fe ty  ( increased  r i sk  o f
in t rac ran ia l  hemorrhages  be ing  the  major
limitation) (14). Despite the risk of potential
side effects  associated with r t-PA (0.9 mg/
kg, iv), it is the only drug approved by FDA
so far for emergency treatment within three
hours  o f  onse t  o f  i schemic  s t roke .  This
emphas izes  the  l imi ted  resources  ava i lab le
for improving ischemic stroke mortality and
morbidity (Fig. 2).

F ig .  2 : Diagrammat ic  r epresen ta t ion  o f  s t r a teg ies  fo r  t r ea tment  o f  ce rebra l  i schemia .
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( b ) Neuroprotec t ive  approach

Neuropro tec t ion  i s  a  mechanism based
approach .  Severa l  mechanisms  of  neuronal
in jury  have  been  proposed  inc lud ing
increased  exci to toxic i ty ,  ca lc ium over load ,
formation of free radicals and inhibit ion of
protein synthesis (15). These factors may not
be sequent ia l  but  cer ta inly  are  in ter l inked.
The  neuropro tec t ive  d rugs  inh ib i t  the
ongoing  i schemic  cascade  by  ac t ing  a t
various sites that ultimately lead to neuronal
d e a t h .

Exper imenta l  mode l s  o f  cerebra l  i schemia

Innumerable in-vi tro  and in-vivo  models
of  ce rebra l  i schemia  have  been  descr ibed
over the years.  The in-vitro  models include
cu l tu red  neurons  wi th  o r  wi thout  synapt ic
format ion ,  g l i a  and  cu l tu red  bra in  s l i ce .
However, these models can only indicate the
level of cytotoxicity of the therapy. Because
l iv ing  exper imenta l  sys tems (an imals )  tha t
con ta in  whole  e lements ,  neurons ,  g l i a ,
vasculature and cerebrospinal fluid are closer
to  the  human sys tem,  s ign i f ican t  e f for t s
have been made by neuroscientists to develop
models that mimic closely the physiological
and  pa thophys io log ica l  changes  assoc ia ted
with stroke. A good in vivo animal model of
s t roke  mus t  reproduce  the  e t io logy ,
ana tomica l ,  func t iona l  and  metabol ic
consequences of human pathology and must
also permit the study of anti-ischemic drugs
in  condi t ions  per t inen t  to  the  c l in ica l
therapeutics (16). The major models of stroke
ava i lab le  fo r  sc reen ing  of  d rugs  can  be
broad ly  c lass i f i ed  in to  th ree  subgroups  as
global ischemia, focal ischemia and forebrain
ischemia (Table I) .

Fai lure  o f  neuroprotec t ive  agents  in  c l in ica l
t r i a l s

Despi te  numerous  agen ts  tha t  can
preven t  the  cascade  of  even ts  l ead ing  to
i schemic  neurona l  dea th  in  an imal  models
(8) ,  there  i s  no  neuroprotec t ive  agent  tha t
has  been  shown to  conc lus ive ly  improve
s t roke  ou tcome (17 ,  18) .  Numerous
experimental  t reatment strategies have been
deve loped  to  ga in  new opt ions  fo r  s t roke
t rea tment .  However ,  a l l  approaches  us ing
neuropro tec t ive  agen ts  tha t  have  been
success fu l ly  eva lua ted  in  roden ts  have
subsequently failed in clinical trials (19, 20).
The discrepancy between animal results and
clinical trials could be due to many reasons.

TABLE I : Major  an imal  mode l s  o f  s t roke .

Type of model Representative models

Globa l  I schemia 1 . To ta l  body  i schemia
D e c a p i t a t i o n
Cardiac arrest with resuscitation
Profound systemic hypotension

2 . Globa l  ce rebra l  i schemia
Increased intracranial  pressure
Combina t ion  o f  occ lus ion  o f
the  major  a r t e r i e s

Forebra in 1 . Bilateral common carotid occlusion
Ischemia in mongolian gerbil hypotension.

2 . Four vessel occlusion in the rats
3 . Bi la te ra l  common ca ro t id

occlusion in  spon taneous ly
hyper tens ive  ra t s

4 . Two vesse l  occ lus ion  wi th
hypo tens ion  in  r a t s

Foca l  I schemia 1 . Middle  cerebral  ar tery occuls ion
Intraluminal arterial occlusion
without craniotomy
Mechanical or electrical arterial
occlusion with craniotomy and
dura l  open ing

2 . Pho tochemica l ly  induced  foca l
ce rebra l  th rombos i s

3 . Cerebra l  embol i sm
Blood  c lo t  embol iza t ion
Microsphere  embol iza t ion
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The  heterogene i ty  o f  human s troke

(a) Morphological and functional differences
be tween  the  bra in  of  humans  and
a n i m a l s .

(b) Di f f icu l ty  in  t iming  when  the
neuroprotective agents may be of benefit.
In  an imals  the  t ime  of  s t roke  onse t
i s  known prec i se ly  whereas  in  human
th i s  i s  no t  the  case .  In  an imals ,  the
admin is t ra t ion  of  d rugs  i s  a t  p rec i se
t imes ;  e i ther  a t  the  t ime  of  i schemia ,
immediately after reperfusion or various
t imes  a f te r  reper fus ion  whereas  in
humans ,  pharmacolog ica l  agen ts  a re
administered many hours after the onset
of symptoms perhaps in the presence of
a persist ing occlusion.

(c) Better  experimental  control  of  variables
l ike  t empera ture ,  b lood  pressure  and
glucose  in  an imal  models .  S ince  the
var ia t ions  in  these  paramete rs  a re
sufficient enough to affect the outcome,
there  i s  be t te r  exper imenta l  con t ro l  o f
var iab les  l ike  t empera ture ,  b lood
pressure,  and glucose in animal models.
These variables should be monitored for
a long time and should be accounted for
and  con t ro l led  whenever  poss ib le  in
h u m a n s .

(d) F ina l ly ,  the  parameters  used  to  assess
bra in  damage  and  the  e f fec t s  o f
therapeu t ic  agen ts  a re  d i f fe ren t  in
clinical trials and in experimental models.
In animal models the extent of the lesion
is  assessed frequent ly and usual ly af ter
only a few hours of survival whereas the
endpoints of clinical trials make reference
to the clinical and functional conditions

of  the  pa t ien t  no t  on ly  in  the  acu te
s tage  bu t  a l so  in  the  long  te rm.  I t  i s
c r i t i ca l  tha t  when  tes t ing  a  po ten t ia l
neuropro tec t ive  agen t  in  an imals ,  the
exper iments  should  be  per formed in  a
randomized  and  b l inded  fash ion .
Outcomes  measured  in  an imal  models
should  a l so  inc lude  func t iona l  t es t s
(behaviora l  responses )  apar t  f rom
histology (21–23). The failure of presently
ava i lab le  neuropro tec t ive  agen ts  in
cl inical  t r ia ls  has  led to  the emergence
of  newer  approaches  fo r  the  t rea tment
of acute ischemic stroke (Table II) .

TABLE I I : Why do  most  therapeut ic  s t ra tegies  work
in  exper imenta l  an imals  and  none  in
h u m a n s ?

In  animals :
• Tr ia l  cond i t ions  op t imized  to  show pro tec t ion
• Mode l s  adap ted  to  pa thophys io logy  ra the r  to

c l in ica l  condi t ion
• Only  pos i t ive  r e su l t s  pub l i shed
• Grey  vs  whi t e  ma t t e r
• Low s ta t i s t i ca l  power

In  Humans :
• Compl ica t ing  pa tho logy :  High  b lood  p ressure ,

d iabe tes ,  med ica t ion  e tc .
• He te rogene i ty  o f  s t roke  types
• A g e
• To avoid  s ide  e f fec ts :  dosages  too  low
• Timing of therapy does not match pathophysiology

Is  mul t i fac tor ia l  pathophys io logy  a  cause  for
s ing le  approach  fa i lure?

Stroke is a multifactorial disease with a
complex et iopathogenesis .  The pathogenesis
and etiology of this prevalent, incapacitating
disease remain a clinical enigma (24). Given
the complexity of i ts  pathophysiology, i t  is
possible that drugs of different mechanisms
of  ac t ion  may be  more  e f fec t ive  than  an
individual  approach alone.



Indian J Physiol  Pharmacol 2010; 54(2) Therapeu t i c  Po ten t i a l  o f  Herba l  Drugs 105

Current  approaches  in  management  o f  s troke

Combinat ion  therapy

The rat ional  for  combinat ion therapy is
based  on  the  increas ing  knowledge  of  the
pathophysiological  mechanisms of  ischemic
bra in  damage .  A number  of  independent
le tha l  mechanisms  (exc i to tox ic i ty ,  rad ica l
damage,  proteolytic activation,  induction of
apoptos i s )  a re  invo lved  in  the  i schemic
process  tha t  u l t imate ly  lead  to  ce l l  dea th .
Each agent  affects  only one of  the several
mechanisms in the ischemic cascade whereas
combina t ion  therapy  has  the  po ten t ia l
to affect various points in the cascade (25,
26) .  Combin ing  neuropro tec t ion  wi th
thrombolytics may decrease or eliminate the
untoward  e f fec t s  o f  th rombolys i s  i . e .
hemorrhagic  conversion,  f rank parenchymal
hemorrhage ,  and  reper fus ion  in jury ,  which
may partially or totally eliminate the benefits
of reperfusion itself.  Neuroprotective agents
if  administered early may prolong the t ime
interval that the brain can tolerate ischemia
before  reper fus ion .  In  our  l abora tory ,  we
have  shown the  be t te r  func t iona l  ou tcome
and  reduc t ion  in  ce rebra l  in fa rc t ion  us ing
various neuroprotect ive agents  (27–32).

Thrombolytic agents and neuroprotective
agents may act synergistically and may result
in  more  comple te  a t t enua t ion  of  i schemic
damage and bet ter  funct ional  outcome than
ei ther  of  the two treatments  (33) .  There is
substantial  evidence in experimental  studies
tha t  a  combina t ion  of  neuropro tec t ive
and  th romboly t ic  agen ts  o r  two or  more
neuropro tec t ive  agen ts  wi th  a  d i f fe ren t
mechanism of action is  more effective than
the any single agent (34–38).

In  humans ,  use  o f  p re -hosp i ta l

an t iexc i to tox ic  and  ca lc ium an tagonis t
therap ies ,  ea r ly  th rombolys i s  on  a r r iva l
followed by free radical scavenger and anti-
in f lammatory  therap ies ,  and  f ina l ly  an t i -
apoptotic and growth factor therapies can be
a beneficial  approach.

Prophylact i c  t reatment

The  a im of  neuropro tec t ive  maneuvers
is to influence the ischemic cascade so as to
maximize the proportions of ischemic volume
tha t  wi l l  su rv ive  and  recover .  Resu l t s  o f
clinical as well as experimental studies have
s t ressed  the  ea r l i es t  poss ib le  t rea tment  o f
i schemic  s t roke  and  led  to  the  concept  of
prophylac t ic  neuropro tec t ion .  The  dura t ion
of prophylactic neuroprotection depends upon
the  condi t ions  o f  the  pa t ien t s .  Pa t ien t s
undergo ing  procedures  such  as  ca rd iac
surgery ,  endar te rec tomy,  o r  endovascu la r
therapy ,  which  have  a  r i sk  o f  ce rebra l
i schemic  even ts  dur ing  a  def ined  per iod ,
might  be  cons idered  for  shor t - t e rm,
per iprocedure  prophylact ic  neuroprotect ion.
In  addi t ion high r isk  populat ions  suffer ing
f rom t rans ien t  i schemic  a t t acks  and  a t r i a l
fibrillation as well as those at risk for stroke
recur rence  a f te r  minor  s t rokes  a re  read i ly
identifiable and perhaps appropriate for long-
term prophylact ic  neuroprotect ion.  Pat ients
wi th  hyper tens ion  and  cerebrovascu la r
atherosclerosis  have a high stroke r isk and
therap ies  d i rec ted  a t  these  under ly ing
disorders  a re  ava i lab le  tha t  a l so  have
concomitant neuroprotective effects (10, 39,
40).

I f  a  neuropro tec t ive  d rug  i s  ava i lab le
ora l ly ,  sa fe  and  re la t ive ly  inexpens ive ,  i t
could be considered for prophylactic use in
people at risk for stroke and could be used
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to  counte r  the  b iochemica l  changes  as
a  resu l t  o f  vascu la r  occ lus ion  thereby
prevent ing the  extent  of  neuronal  in jury .

Herbal  drugs

The  t rad i t iona l  medic ine  a l l  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  a re  economica l .  They  have  been
extens ive ly  s tud ied  in  many d iseases  such
as  cancer ,  l ive r  d i seases ,  and  in fec t ious
diseases as well as in neurological disorders
l ike  s t roke wi th  promising resul ts .

Tradi t iona l  Chinese  Medic ine  and  cerebra l
i s c h e m i a

Traditional Chinese medicine (TCM) has
been extensively s tudied in  s t roke therapy.
There are more than 100 traditional chinese
medicines which have been studied for stroke
t rea tment  bo th  in  an imals  as  wel l  as  in
pa t ien t s .  A number  o f  commerc ia l  s t roke
t rea tments  based  on  TCM have  been
in t roduced  in to  the  marke t  recen t ly  a f te r
ex tens ive  pharmacolog ica l  research  and
clinical  tr ials .  Similar to western medicine,
ch inese  medic ine  therap ies  a re  based  on
the  pa thophys io logy  of  s t roke  and  a re
classified as antioxidants, anti-inflammatory,
an t i th rombot ic  e tc .  (41 ,  42) .  The  var ious
Chinese  herbs  tha t  have  been  used  in
cerebral ischemia reperfusion injury include:

Radix  sa lv iae  mi l t iorrh i zae  :  RSM is  a  powder
which is extracted and processed from dried
root  and  rh izome of  Salv ia  mi l t iorrh i za
Bunge ,  family Labiatae. It  as been used for

increas ing  the  ce rebra l  b lood  f low and
there fore  has  a  po ten t ia l  aga ins t  ce rebra l
i schemia  (43) .  I t  has  been  t r i ed  aga ins t
var ious  models  o f  ce rebra l  i schemia  l ike
l igat ion of  carot id ar tery in gerbi ls  and 4-
vessel occlusion model in rats and has been
found to be effective.  Various studies have
been  car r ied  ou t  to  f ind  ou t  the  poss ib le
mechanisms  of  the  under ly ing  pro tec t ive
effect.  Kuang et al demonstrated that Radix
Sa lv iae  Mul t io r rh izae  reduced  the  l ip id
peroxidation and afforded cerebral protection
against  reperfusion injury (44).  Recently,  i t
has  been  shown tha t  Radix  Sa lv iae
Mil t ior rh izae  has  the  ac t ions  of  improving
blood  c i rcu la t ion  and  reso lv ing  s tas i s
to  p romote  regenera t ion  in  t raumat ic
intracranial hematoma (45) and also has been
used for  the management  of  cardiovascular
disease (46).

Tetramethy lpyraz ine  (TMP) :  Te t ramethyl -
pyrazine is widely used in the treatment of
ischemic stroke by Chinese herbalists and is
one of the most important active ingredients
of  the t radi t ional  Chinese herbal  medicine,
Ligusticum wallichii Franchat (Chung Xiong).
However ,  the  mechanism by  which  TMP
protects the brain is still not clear, although
neuropro tec t ive  e f fec t s  o f  TMP aga ins t
ischemic brain injury might involve its anti-
inflammatory potential  (47).  Experimental ly
te t ramethy lpyraz ine  has  been  shown to
induce vasodi la ta t ion,  to  increase  coronary
b lood  f low and  inh ib i t  ADP induced
pla te le t  aggrega t ion .  These  p roper t i es  o f
te t ramethylpyraz ine  apparent ly  account  for
i t s  e f f icacy  in  the  t rea tment  o f  d i sorders
associated with blood vessel  occlusion l ike
cerebral ischemia (48). Recently, it has been
shown that administration of TMP, within a
4 h t ime per iod post- t ransient  focal  s t roke,
may  reduce  cerebra l  i schemic  reper fus ion
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damage (49) .  I t  has  been shown that  TMP
administrat ion results  in a  reduction in the
infarct volume in ischemia-reperfusion brain
in jury  (50) .  Thus ,  TMP t rea tment  may
represent  a  good approach to  lowering the
r isk of  or  improving funct ion in  ischemia-
reperfus ion bra in  in jury-re la ted disorders .

Ginseng : Ginseng, the root of Panax ginseng,
i s  a  wel l -known t radi t ional  Chinese  herbal
medic ine .  I t  i s  a  s low-growing  perennia l
plant with fleshy roots, in the Panax  genus,
in  the  fami ly  Ara l iaceae .  I t  g rows  in  the
Nor thern  Hemisphere  in  eas te rn  As ia
(mostly northern China,  Korea,  and eastern
Siberia),  typically in cooler climates. Panax
ginseng ,  a t tenuates  H2O 2

– induced oxidat ive
injury.  Ginsenoside Rd (GSRd),  one of  the
main  ac t ive  ingred ien ts  in  Panax  g inseng ,
exhibi ted  remarkable  neuroprotec t ion  when
presented during oxygen glucose deprivation
and reoxygenat ion ,  which may be  ascr ibed
to i ts  ant i -oxidat ive propert ies  by reducing
the intracellular reactive oxygen species and
malondia ldehyde  produc t ion ;  inc reas ing
glu ta th ione  con ten t ;  and  enhanc ing  the
antioxidant enzymatic activit ies of catalase,
superox ide  d i smutase  and  g lu ta th ione
perox idase  (GPx) .  These  f ind ings  sugges t
tha t  i t  may be  a  po ten t ia l  neuropro tec t ive
agent  fo r  ce rebra l  i schemic  in jury  and
fur ther  s tudies  are  required  to  explore  the
potent ia l  neuroprotect ive  eff icacy of  GSRd
(51).  The roots  of  Panax notoginseng  (PN)
are  commonly  used  as  a  therapeut ic  agent
to  s top  hemorrhage  in  t rad i t iona l  Korean
medic ine .  Resu l t s  sugges t  tha t  an t i -
inflammatory effects of the PN extract may
contr ibute  to  i t s  neuroprotect ive  ef fects  in
brain ischemia (52). It has also been shown
tha t  P.  g inseng  migh t  be  neuropro tec t ive
against  cerebral  ischemia- induced injury in

ra t  b ra in  by  decreas ing  l ip id  perox ides
and  increas ing  the  express ion  of  GPx and
SOD (53) .  These  days ,  combina t ion  of
Or ien ta l  he rba l  medic ines  and  wes te rn
pharmaceut ica ls  has  been  used  but  i s  s t i l l
con t rovers ia l .  Case  repor t s  and  hea l thy
volunteer  t r ials  show confl ict ing resul ts  on
the effect  Panax ginseng  has on warfarin’s
pharmacolog ic  ac t ion ,  some repor t ing
a  reduc t ive  and  o thers  a  po ten t ia t ing
influence. Clinical study by Lee et al suggests
tha t  co-admin is t ra t ion  of  P.  g inseng  and
warfarin in ischemic stroke patients does not
in f luence  the  pharmacolog ic  ac t ion  of
warfar in  (54) .  Ginsenos ide  Rb1 (GRb1) ,  a
major  component  o f  the  t rad i t iona l  herb
g inseng ,  has  been  repor ted  to  show a
neuroprotect ive effect  in  a  rodent  ischemic
model. Results also demonstrated that GRb1
ameliorated both early and delayed injuries
in the thromboembolic stroke model in non-
human pr imates  (55) .

Siber ian  g inseng :  S iber ian  g inseng ,  a l so
known as  e leu thero ,  has  been  used  for
cen tur ies  in  Eas te rn  count r ies ,  inc lud ing
China and Russia. Although a distant relative
of American (Panax quinquefolius) and Asian
ginseng (Panax ginseng),  with some overlap
in  i t s  uses ,  S iber ian  g inseng  i s  a  d i s t inc t
p lan t  wi th  d i f fe ren t  ac t ive  chemica l
components .  S iber ian  g inseng ,  the  roo t
and s tem bark  of  Acanthopanax sent icosus
has  been  used  as  a  ton ic  and  adap togen
to  s t reng then  in  t rad i t iona l  Korean
medic ine .  The  s tud ies  have  shown the
neuropro tec t ive  e f fec t s  o f  wate r  ex t rac t s
of  Acanthopanax  sen t icosus  (ASW) in
t rans ien t  midd le  ce rebra l  a r te ry  occ lus ion
(MCA occ lus ion ,  90  min  occ lus ion ,  24  h
reper fus ion) .  Immunohis tochemica l  s tud ies
have  a l so  shown tha t  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
tha t  Acanthopanax  sen t icosus  has  a
neuropro tec t ive  e f fec t  by  inh ib i t ing
inf lammat ion  and  microg l ia l  ac t iva t ion  in
brain ischemia (56).

Jasminoid in :  The  e f fec t  o f  j asminoid in  was
studied in focal cerebral ischemia in rats. It
has  been found tha t  Jasminoidin  had good
effect on repressing the expression of tumor
necros i s  fac tor -a lpha  and  in te r luk in  1 be ta
as  wel l  as  vonWil lebrand factor  caused by
cerebra l  i schemia ,  thus  i t  mani fes ted  the
effects  of  rel ieving 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
ba ica l in  and  jasminoid in  on  cerebra l
i schemia- reper fus ion  in jury ,  and  tes t
whether  the  combined  admin is t ra t ion  of
ba ica l in  and  jasminoid in  can  improve  the
therapeu t ic  e f fec t .  I t  was  found  tha t  the
combina t ion  of  ba ica l in  and  jasminoid in
can significantly improve their effectiveness
(58).

Tianma gouteng  fang  :  S tud ies  have  been
car r ied  ou t  to  see  the  e f fec t  o f  Tianma
gouteng  fang  (TGF)  on  the  amino  ac id
transmitters in the hippocampus extracellular
l iqu ids  in  f ree ly  moving  ra t s  sub jec ted  to
incomplete brain ischemia. It was found that
TGF can  increase  the  concent ra t ion  of
inh ib i to ry  amino  ac ids  in  h ippocampus
extracel lular  l iquids of  rats  and inhibi t  the
excessive release of  excitatory amino acids
and raise the concentration of the inhibitory
amino acids during the ischemia-reperfusion
per iods .  Therefore ,  TGF can  p lay  the

neuroprotect ive role (59).

Uncar ia  s inens i s :  Uncar ia  i s  a  genus  o f
f lower ing  p lan ts  in  the  fami ly  Rubiaceae ,
nat ive to Asia,  Africa,  and South America.
They  a re  known co l loquia l ly  as  Gambier ,
Ca t ’ s  Claw or  Uña  de  Gato .  S tud ies  have
shown tha t  o ra l  admin is t ra t ions  o f  Choto-
san ,  a  Kampo formula ,  and  the  hooks  and
s tems  of  Uncar ia  s inens i s  Havi land
(Rubiaceae) ,  a  medic ina l  p lan t  compr i s ing
Choto-san ,  enhanced  superoxide  an ion  and
hydroxyl radical scavenging activities in the
h ippocampus ,  and  prevented  de layed
neurona l  dea th  o f  pyramida l  ce l l s  in  the
h ippocampal  CA1 reg ion  in  a  t rans ien t
forebra in  i schemia  gerb i l  model .  S tud ies
have also been carried out clarifying whether
the  endogenous  an t iox idan t  enzymes
contribute to the effect of these mechanisms
on  superox ide  d i smutase  (SOD) ,  ca ta lase
(CAT) and glutathione peroxidase (GSH-Px)
ac t iv i t i es  in  the  b ra in .  The  da ta  sugges t
that one of the mechanisms of the protective
ef fec t s  o f  CSE and  USE aga ins t  t rans ien t
bra in  i schemia- induced  neurona l  damage
may be  the i r  enhanc ing  e f fec t  on  CAT
activi ty in  the brain (60,  61) .  Studies  also
sugges t  tha t  the  o ra l  admin is t ra t ion  of
Uncaria sinensis provides a protective effect
aga ins t  t rans ien t  i schemia- induced  de layed
neuronal death by reducing oxidative damage
to  neurons .  The  e thanol  ex t rac t  f rom the
hooks and stems of  Uncaria sinensis  Havil
and  (Rubiaceae)  exh ib i ted  s ign i f ican t
inhibitory activity on oxidative stress (62).

Tetrandr ine :  Te t randr ine  i s  an  ac t ive
compound obta ined  f rom Radix  s tephaniae
Tet randrae .  Te t randr ine  has  a  ca lc ium
antagoniz ing  proper ty  and  has  been  t r i ed
against  ischemia reperfusion injury.  In one
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s tudy  the  e f fec t s  o f  t e t randr ine  and
nicardipine were carried out against ischemia
reper fus ion  in jury  in  gerb i l s .  Pre t rea tment
wi th  t e t randr ine  (15  mg/kg ,  iv )  and
nicardipine (0.25 mg/kg, iv)  decreased the
ca lc ium conten t ,  wa te r  con ten t  and  l ip id
peroxide and at tenuated the ul tra  s tructural
abnormalit ies of cortex and hippocampus in
the ischemia reperfusion group produced by
10 min occlusion of bilateral carotid arteries
fo l lowed  by  reper fus ion  in  gerb i l s .  The
ef fec t s  o f  t e t randr ine  were  s imi la r  to  bu t
less potent than nicardipine (63). The effect
of  t e t randr ine  on  neu t rophi l i c  rec ru i tment
response  to  b ra in  i schemia / reper fus ion
( I /R)  has  been  s tud ied .  Resu l t s  ind ica te
tha t  t e t randr ine  inh ib i ted  neu t rophi l i c
recrui tment ,  express ion of  ICAM-1 mRNA,
and activation of NF-kappaB after brain I/R
(64).

Tanshinone  i s  an  ac t ive  compound  i so la ted
f rom Radix  Sa lv iae  Mul t io r rh izae  and  has
been reported to show good clinical effect in
improving the blood circulation. It also been
shown to  have  an  inhib i tory  ef fec t  on  the
adhesion molecules (ICAM-1 and P-selectin)
and  can  be  a  po ten t ia l  cand ida te  in  the
evaluation against stroke. Tanshinone (TSB)
is a major active constituent of the roots of
Salvia miltiorrhiza (Danshen) widely used in
the  t reatment  of  s t roke and coronary hear t
disease in Asian countries (65). Recently, it
has  been evaluated whether  tanshinone IIA
was  neuropro tec t ive  in  permanent  foca l
cerebra l  i schemia  and  what  the  poss ib le
mechanisms of its neuroprotection could be.
Results from this study illustrated that TSA
pro tec ted  the  b ra in  f rom i schemic  in jury
by  suppress ing  the  ox ida t ive  s t ress  and
the  rad ica l -media ted  in f lammatory  insu l t
(66) .  Fur ther  s tud ies  a re  war ran ted  to

investigate the role of other apoptosis-related
s igna l ing  pro te ins  and  reper fus ion- re la ted
mechanisms in the protective effect of TSB
on neurons .

Zuzhongping was  s tud ied  aga ins t  middle
cerebral artery occlusion model in rats.  The
ra ts  received 1  ml /kg/day of  Zuzhongping.
Ischemic volume of Zuzhongping group was
significantly smaller than that of the saline
treated group (67).

Polyherbal  preparat ions

Shengmai  san  i s  a  t rad i t iona l  Chinese
herbal  medic ine  cons is t ing  of  three  herba l
components  Panax  g inseng ,  Ophiopogon
Japonicus ,  and Schisandra chinenisis and is
be ing  used  for  t rea t ing  coronary  hear t
d i sease  and  te rmed  as  a  po lyherba l
preparation (68).  Shengmai san,  in a model
of  b i l a te ra l  ca ro t id  occ lus ion ,  when
adminis te red  d i rec t ly  in to  the  duodenum
2 h before  ce rebra l  i schemia  suppressed
th iobarb i tu r ic  ac id  reac t ive  subs tance
(TBARS) format ion and also prevented the
loss of  glutathione peroxidase (GSH-Px) as
compared  to  the  con t ro l .  I t  has  a l so  been
shown that  Shengmai san prevents  cerebral
oxida t ive  damage  in  ra t  (69) .  Recent ly ,  i t
has  been  shown tha t  Shengmai  san  or
aminoguanidine protects against heat stroke-
induced  a r te r ia l  hypotens ion  and  cerebra l
ischemia by inhibition of iNOS-dependent NO
overproduc t ion  in  the  b ra in  and  excess ive
accumula t ion  of  severa l  in f lammatory
cytokines in the peripheral blood stream (70).
The  mul t i func t iona l  aspec t  o f  t rad i t iona l
herbal  prescr ip t ion  was  useful  in  te rms of
preven t ing  ox ida t ive  in ju ry  in  the  b ra in
using Shengmai San as a typical prescription
(71) .  S tud ies  have  a l so  ind ica ted  tha t  the



1 1 0 G u p t a e t a l Ind ian  J  Phys io l  Pharmaco l  2010 ;  54(2 )

Shengmai San may reduce hepatic lipids and
lipid peroxidation in rats as it has antioxidant
property (72, 73).

Zhenxuanyin  composed  of  gas t rod ia  tuber ,
por ia  cocos  and  l igus t i cum wal l i ch i i  was
tried against 4-O vessel occlusion model in
ra t s .  I t  was  admin is te red  3  t imes  a  day .
Twenty  hours  l a te r  N- i sopropyl -p - [123I ] -
iodoamphetamine  (123I- IMP)  up take  was
evaluated in the brain as an index of cerebral
blood flow. The results show that 0.3 g/kg of
Zhenxuanyin  increased  the  ce rebra l  b lood
flow to the normal levels (74).

BHUx :  I t  is  a  novel polyherbal  formulation,
cons i s t ing  of  5  medic ina l  p lan t s  namely
Terminal ia  ar juna ,  S t rychnox  nux-vomica ,
Boswel l ia  serra ta ,  Commiphora  mukul ,
and  Semecarpus  anacard ium,  which  have
his to ry  o f  c l in ica l  use  a lone  or  in  o ther
combinations, but these plant fractions were
never  t r ied  col lec t ive ly  in  th is  ra t io  as  in
BHUx, which has been found to be effective
on  a l l  the  e t io log ica l  fac to rs ,  toge ther .
Sandhika is a polyherbal formulation, (water
so lub le  f rac t ion  of  Commiphora  mukul ,
Boswel l ia  serra ta ,  Semecarpus  anacardium
and Strychnos nux vomica) ,  which has been
in clinical use in India for last 20 years. Its
modi f ied  formula t ion  BHUx has  shown
specific inhibition of cyclooxygenase (COX)-2
(75) .  The  an t iox idan t ,  an t i - in f lammatory ,
hypo-l ipidemic,  ant i -prol i ferat ive propert ies
of  BHUx have  been  s tud ied  on  severa l
exper imenta l  models  and  prove  i t s  sa fe ty
marg in  in  therapeu t ic  doses  (76) .  S tud ies
suggest  tha t  BHUx,  ac t ing mainly  a t  three
levels,  i .e . ,  as a potent natural  antioxidant,
by reduction of key inflammatory mediators
of arachidonic acid cascade and by preventing
LDL oxidat ions,  may be found effect ive in
stroke (77).

Indian  medic ina l  p lants

Tradi t ional  medicine system ‘Ayurveda’
has been in existence for thousand of years
in India. With the associated side effects of
wes te rn  medic ine ,  he rba l  p repara t ions  a re
ga in ing  a  lo t  o f  impor tance  and  a re  now
being studied to find the scientific basis of
the i r  the rapeu t ic  ac t ions .  Al though  Ind ian
plants have been extensively studied against
var ious  neuro log ica l  d i sorders  l ike  s t ress ,
l ea rn ing  and  memory  d i seases ,  depress ion
and anxiety, there is scanty research on the
Indian herbals in terms of stroke. However,
Indian  herbals  tha t  can  increase  the  b lood
f low/an t iox idan t  p roper ty /an t iexc i tox ic
act ivi ty may have a potential  against  these
d i sorders .

Bacopa  monnier i ,  popula r ly  known as
Brahmi ,  i s  an  annual  creeping plant  found
through out India in damp and marshy areas.
In  the  anc ien t  Ind ian  l i t e ra tu re  i t  has
been  descr ibed  as  a  medic ine  to  improve
memory .  Exper imenta l ly  a l so  i t  has  been
demons t ra ted  to  improve  the  l ea rn ing
process in both human and animals.  In one
compara t ive  s tudy  the  e f fec t  o f  a lcohol ic
extract of Brahmi and chlorpromazine on the
lea rn ing  process  was  ca r r ied  ou t .  Authors
have  found  tha t  the  a lcohol ic  ex t rac t  o f
Brahmi  and  ch lorpromazine  improved  the
per formance  of  ra t s  in  motor  l ea rn ing .
Bes ides  i t s  CNS ac t ions  i t  has  a l so  been
shown to  have  an t iox idan t  p roper t i es  in
exper imenta l  s tud ies  as  demons t ra ted  by
Tripathi  et  al  (78).  Therefore i t ’s  potential
in cerebral ischemia cannot be ruled out.  It
has  a l so  been  demons t ra ted  tha t  i t  has
po ten t ia l  to  modula te  the  ac t iv i t i es  o f
HSP70, cytochrome P450 and SOD, thereby
possibly  a l lowing the brain  to  be prepared
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to  ac t  under  adverse  condi t ions  such  as
s t ress  (79) .  S tud ies  have  shown tha t
neuroprotect ive effects  of  Brahmi appeared
to  be  the  resu l t s  o f  i t s  an t iox idan t  to
suppress  neuronal  oxida t ive  s t ress  and  the
ace ty lcho l ines te rase  inh ib i to ry  ac t iv i t i es .
There fore ,  t r ea t ing  pa t ien t s  wi th  Brahmi
extract  may be an al ternat ive direct ion for
amel io ra t ing  neurodegenera t ive  d i sorders
associated with the overwhelming oxidative
s t ress  (80) .  I t  has  been  repor ted  tha t  i t
exhibited high antioxidant activity (81), so it
may be worthwhile to study in stroke patients.

Nardoysch t  ja tamans i ,  commonly  known as
ja tamans i ,  i s  a  popula r  medic ine  of  the
ayurvedic system of medicine. It is an erect
per innea l  herb  and  grows  in  the  a lp ine
Himalayan  reg ion .  I t  i s  descr ibed  for
epi lepsy,  leprosy,  hyster ia  and convuls ions
in ayurveda showing that it is a CNS active
p lan t .  In  a  pharmacolog ica l  s tudy  i t  was
demonstrated that both alcoholic and hexane
ex t rac t s  o f  j a tamans i  p reven ted  the  l ip id
peroxidation induced by FeSO4, which could
be  due  to  the  p resence  of  an t iox idan t
phytochemica ls  in  ja tamans i  (82) .  Because
of its anti-lipid perxidative property, it  may
have a  potent ia l  against  cerebral  i schemia.
I t  has  been  repor ted  tha t  Nardoysch t
jatamansi  has  ant ioxidant  act ivi ty  (83,  84)
and  may be  a  benef ic ia l  approach  in  the
t rea tment  o f  s t roke  as  i t  suppresses  the
oxidat ive  s t ress .

Withania  Somni fera  r e fe r red  to  as
Aswagandha in Ayurveda has been described
to  promote  memory  and  in te l l ec t .  S tud ies
wi th  Withania  somni fera  have  ind ica ted
that  i t  exer ts  s ignif icant  ant iageing effects
in  aged  sub jec t s  and  has  s ign i f ican t
anxio ly t ic  and ant idepressant  ac t iv i ty .  The

other  pharmacolog ica l  ac t ions  exer ted
by  Withania  somni fera  inc lude  an t i -
in f lammatory ,  immunos t imula tory  and
antioxidant  propert ies  (85) .

Free  rad ica l s  a re  invo lved  in  the
pa thogenes i s  o f  the  ce rebra l  i schemia  and
inflammatory response during the late phase
leads to delayed cytotoxicity. Since Withania
somnifera  which is  a  CNS active plant  has
demons t ra ted  bo th  an t iox idan t  and  an t i -
in f lammatory  proper t i es  i t s  po ten t ia l  in
stroke can not be ruled out.  Our laboratory
has shown the protective effect of Withania
somnifera  against focal cerebral ischemia in
rats  (11) .  I t  has been shown that  Withania
somni fera  s igni f icant ly  reduced myocardia l
injury and emphasizes the beneficial  act ion
of Withania somnifera  as a cardioprotective
agent  (86 ,  87) .  I t  has  been  repor ted  tha t
Withania somnifera  has antioxidant property
and is a potential drug in treating oxidative
damage (88).

Cente l la  as ia t i ca  i s  a  t iny  herbaceous  p lan t
found  th roughout  Ind ia  a t  the  a l t i tudes
upto  610  m above  the  sea  leve l .  I t  g rows
abundant ly  in  damp and  marshy  p laces  in
Benga l .  The  dr ied  ae r ia l  pa r t s ,  p re fe rab ly
leaves are used for medicinal purpose (89).
In the Indian system of medicine, it has been
used  for  d i f fe ren t  a i lments  l ike  insan i ty ,
asthma, leprosy, ulcers,  eczemas and wound
healing. Brahmic acid, an active triterpenoid
presen t  in  the  p lan t ,  has  the rapeu t ic
value in  ulcerat ions,  extensive wounds and
eczemas (90, 91). Apart from these chemical
consti tuents,  Centella asiatica  also contains
as ia t i c  and  madecass ic  ac id ,  which  a re
known to possess neuroprotective properties
(92).

The whole plant of Centella asiatica has
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been  shown to  be  benef ic ia l  in  improving
memory  and  repor ted  to  improve  genera l
mental ability in mentally retarded children.
Recent ly  i t  has  been  shown tha t  Cente l la
asiatica is cardioprotective against adriamycin
induced  card iac  damage  in  ra t s  (93) .
Recent ly ,  i t  has  been  shown tha t  Cente l la
asiatica rendered radioprotection to DNA and
membranes  aga ins t  rad ia t ion  exposure .
Ext rac t  can  preven t  a  rad ia t ion- induced
decl ine  in  ant ioxidant  enzyme levels .  This
sugges t s  tha t  rad iopro tec t ion  by  Cente l la
as ia t ica  ex t rac t  cou ld  be  media ted  by
mechanisms  tha t  ac t  in  a  synerg i s t i c
manner ,  espec ia l ly  invo lv ing  an t iox idan t
ac t iv i ty  (94) .  As ia t i c  ac id ,  a  t r i t e rpenoid
der ivat ive f rom Centel la  as iat ica ,  has  a lso
shown biological effects such as antioxidant,
an t i in f lammatory ,  and  pro tec t ion  aga ins t
g lu tamate-  o r  be ta -amylo id- induced
neurotoxici ty .  Findings suggest  that  as ia t ic
ac id  may  be  usefu l  in  the  t rea tment  o f
cerebral ischemia (95). It has been indicated
that Centella asiatica can impact the amyloid
cascade al ter ing amyloid beta  pathology in
the  bra ins  of  PSAPP mice  and modula t ing
components of the oxidative stress response
tha t  has  been  impl ica ted  in  the
neurodegenera t ive  changes  tha t  occur  wi th
Alzheimer’s disease (96). Two new flavonoids
named cast i l l i ferol  1 and cast i l l icet in 2,  as
wel l  as  a  known compound,  isochlorogenic
acid 3,  were isolated from the whole plant
of  Cente l la  as ia t i ca .  These  compounds
exhibited good antioxidant activity (97).

Shilajit : Shilajit is a pale-brown to blackish-
brown exuda t ion ,  o f  var iab le  cons i s tency ,
exuding  f rom layers  o f  rocks  in  many
mountain ranges of the world, especially the
Himalayas  and  Hindukush  ranges  of  the
Ind ian  subcont inen t .  I t  has  been  found  to

cons i s t  o f  a  complex  mix ture  o f  o rgan ic
humic  subs tances  and  p lan t  and  microb ia l
metabol i t es  occur r ing  in  the  rock
rhizospheres  of  i t s  na tura l  habi ta t  (98) .  I t
contains number of organic acids like fulvic
acid, humic acid and hippuric acid. Traces of
benzoic acid are also present. Besides these,
a  spec ia l  g roup  of  compounds  known as
benzopyrones are also present.  Also present
a re  t i ruca l lane  t r i t e rpenes ,  phenol ic  l ip ids
and  smal l  t annoids  (99) .  In  Ayurveda ,
Shilaji t  has been described to be beneficial
aga ins t  immune  d i sorders ,  u r inary  t rac t
d i sorders ,  sexua l  dys func t ion ,  d iabe tes ,
ulcers,  asthma, rheumatism and also known
to arrest aging, induce rejuvenation, improve
m e m o r y .

S tud ies  have  shown tha t  p re t rea tment
with Shilajit  did not potentiate the hypnotic
effect of barbiturate. The analgesic effect of
Shi la j i t  was  eva lua ted  us ing  the  ta i l  f l i ck
method in mice. Shilajit  at the dose of 200
mg/kg  showed ana lges ic  e f fec t  dur ing  the
first 60 min (100). In a study the nootropic
and  anx io ly t ic  ac t iv i ty  o f  Sh i la j i t  was
inves t iga ted  us ing  pass ive  and  ac t ive
avoidance learning and e levated plus  maze
technique  respec t ive ly .  I t  was  seen  tha t
Shilaji t  had a dose dependant effect on the
re ten t ion  la tency  in  the  pass ive  avoidance
learning,  the effect  being s ignif icant  a t  50
mg/kg .  Also  in  ac t ive  avo idance  the  ra t s
pretreated with Shilajit required significantly
less trials to learn as compared to the control
animals .  Shilaj i t  exhibi ted anxiolyt ic  effect
as  evidenced by greater  t ime spent  by the
ra t s  on  the  open  a rm as  compared  to  the
c lose  a rm.  The  e f fec t  o f  Sh i la j i t  i s  be ing
maximal at  10 mg/kg.

Studies have also shown that it possesses
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ant i - inf lammatory  (100,  101)  and ant iu lcer
ac t iv i ty  (100) .  In  ano ther  s tudy ,  the
an t iox idan t  po ten t ia l  o f  p rocessed  Shi la j i t
was  compared  wi th  unprocessed  Shi la j i t
and vitamin C (ascorbic acid). Peak levels of
Shilajit occurred 12–15 hours after ingestion
and took more than 72 hours to metabolize.
Processed  Shi la j i t  showed s ign i f ican t
an t iox idan t  ac t iv i ty ,  may  be  benef ic ia l  in
s t r o k e .

Tinospora  cord i fo l ia  i s  wide ly  used  in
botanical  formulat ions  in  India  and China .
I t  a l so  exh ib i ted  s t rong  f ree  rad ica l
scavenging  proper t i es  aga ins t  reac t ive
oxygen  and  n i t rogen  spec ies  as  revea led
by  e lec t ron  paramagne t ic  resonance
spectroscopy, diminishing the expression of
iNOS gene .  Tinospora  cordi fo l ia  therefore
a t tenua te  ox ida t ive  s t ress  media ted  ce l l
in ju ry  dur ing  oxygen-g lucose  depr iva t ion
(OGD) and exerts the free radical scavenging
effect in both the cytosolic as well as at gene
express ion  leve ls  and  may be  an  ef fec t ive
therapeu t ic  too l  aga ins t  i schemic  bra in
damage (102).  I t  has also been shown that
the  ant iangiogenic  ac t iv i ty  of  the  p lant  T.
cordifolia  is related, at least in part,  to the
regulat ion of  the  levels  of  these  cytokines
and  growth  fac tors  in  the  b lood  of  the
angiogenes i s - induced  an imal  (103) .  I t  has
a l so  been  demons t ra ted  tha t  T.  cord i fo l ia
has anti- tumor activity (104).  T. cordifolia ,
when administered for a period of 60 days,
indicated the preventive role of T. cordifolia
aga ins t  f ruc tose- induced  insu l in  res i s tance
and oxidative stress;  hence this plant could
be  used  as  an  ad juvant  the rapy  for  the
prevent ion  and/or  management  o f  chron ic
diseases  character ized by hyperinsul inemia,
hypertr iglyceridemia,  insul in resis tance and
aggrava ted  an t iox idan t  s ta tus  (105) .

Tinospora  cord i fo l ia  i s  a l so  used  in  an t i -
d iabet ic  herbal  drug  prepara t ions  (106) .  I t
has  been  shown tha t  the  enhanced  GSH
leve l  and  enzyme ac t iv i t i es  invo lved  in
xenobio t ic  metabol i sm and  main ta in ing
an t iox idan t  s ta tus  o f  ce l l s  a re  sugges t ive
of  a  chemoprevent ive  e f f icacy  of  T.
cordi fo l ia  agains t  chemotoxic i ty ,  inc luding
carcinogenicity (104).

Convolvu lus  p lur icaul i s :  I s  an  ind igenous
plant commonly mentioned in Ayurveda as a
rasayana, which is mainly advocated for use
in rejuvenation therapy (107).  I t  is  used as
a  ton ic ,  a l t e rna t ive  and  febr i fuge .  I t  i s  a
sovere ign  remedy in  bowel  compla in t s
especia l ly  dysentery.  The plant  i s  repor ted
to be a  prominent  memory-improving drug.
I t  i s  used  as  a  psychos t imulan t  and
tranquilizer and is reported to reduce mental
tens ion .  The  e thanol ic  ex t rac t  o f  the
p lan t  reduces  to ta l  se rum choles te ro l ,
triglycerides, phospholipids and nonesterfied
fa t ty -ac id .  There  i s  a  per t inen t  re fe rence
in  Ayurved ic  l i t e ra tu re  about  the  use  o f
the  d rug  as  b ra in  ton ic  in  hypotens ive
syndromes.  The pharmacological  s tudies  of
the herb have shown varying degrees of i ts
hypotensive and tranquil izing effects .

The antiulcerogenic effect of Convolvulus
p lur icau l i s  was  due  to  augmenta t ion  of
mucosa l  defens ive  fac tors  l ike  mucin
secre t ion ,  l i f espan  of  mucosa l  ce l l s  and
glycopro te ins  ra ther  than  on  the  of fens ive
factors like acid-pepsin (107). It has also been
reported that the action of the plant extract
on  thyro id  func t ion  i s  p r imar i ly  media ted
through  the  inh ib i t ion  of  5 ' -DI  enzyme
activity,  which has been investigated in the
regulation of hyperthyroidism in female mice
us ing  Convolvu lus  p lur icau l i s  roo t  ex t rac t
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(108) .  C l in ica l  s tud ies  have  exh ib i ted
demonst rab le  benef ic ia l  e f fec ts  in  pa t ien ts
wi th  anxie ty  neuros is .  The  herb  induces  a
feeling of calm and peace, good sleep and a
re l ie f  in  anx ie ty ,  s t resses ,  menta l  fa t igue ,
producing a significant reduction in the level
of anxiety, neuroticism arising due to various
leve ls  o f  s t resses .  Convolvu lus  p lur icaul i s
possesses  neuropro tec t ive  po ten t ia l ,  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
( tu rmer ic ) .  I t  i s  a  phenol ic  an t iox idan t ,
severa l  t imes  more  po ten t  than  v i tamin
E (110) ,  and  has  shown to  p ro tec t  the
bra in  aga ins t  l ip id  perox ida t ion  (111) .
Recen t  s tud ies  have  demons t ra ted  the
neuroprotective effect of curcumin in animal
models of cerebral ischemia. The protective
effect has been attributed to i ts  antioxidant
activity (112, 113). It was previously reported
that  14-3-3gamma could be up-regulated by
ischemia in  as t rocyte  to  protect  cel ls  f rom
ischemia-induced apoptosis. It was also found
that  ischemia act ivates  the JNK/c-Jun/AP-1
pa thway to  up- regula te  14-3-3gamma in
astrocytes.  Curcumin treatment inhibition of
AP-1  a l so  inh ib i ted  14-3-3gamma up-
regula t ion indicat ing that  i schemia- induced
up-regulat ion of  14-3-3gamma in astrocytes
involves  ac t iva t ion  of  the  JNK/c-Jun/AP-1
pa thway (66) .  Overa l l ,  curcumin  appears
to  ca r ry  p romise  as  a  s t roke  preven t ive
agent .  I t  may  be  wor thwhi le  to  conduc t
fu ture  c l in ica l  t r i a l s  o f  o ra l  curcumin
supplementat ion in persons with,  or  at  r isk
for  s t roke ,  to  inves t iga te  i t s  appropr ia te
dosing, safety,  and therapeutic efficacy.

Ocimum sanc tum  commonly  known as  ho ly

basi l  (Tuls i )  is  an herbaceous sacred plant
found  th rough  ou t  Ind ia .  Ind ian  mate r ia l
medica  descr ibes  the  use  the  p lan t  in  a
variety of ailments.  Different parts of plant
like stem, flower, seed, leaves, root etc are
known to possess  therapeut ic  potent ia l  and
have  been  used ,  by  t rad i t iona l  medic ina l
prac t i t ioners ,  a s  expec toran t ,  ana lges ic ,
an t icancer ,  an t ias thamat ic ,  an t iemet ic ,
d iaphore t ic ,  an t id iabe t ic ,  an t i fe r t i l i ty ,
hepatoprotect ive,  hypotensive and antistress
agen ts .  Tu ls i  has  a l so  been  used  in
t rea tment  o f  fever ,  b ronchi t i s ,  a r th r i t i s ,
convulsion etc.  Various studies have shown
the antioxidant property of Ocimum sanctum.
I t  has  been  shown tha t  l indane  produced
oxidative stress as indicated by increase in
the  leve l s  o f  MDA and  decrease  in  GSH
leve ls .  Trea tment  wi th  Ocimum sanc tum
seed oi l  per  se showed antioxidant  act ivi ty
and  a l so  reversed  the  ox ida t ive  s t ress
produced by lindane. The results suggest that
Ocimum sanctum  seed oil  can at tenuate the
immunotoxicity and oxidative stress produced
by l indane (114,  115) .  Studies  have shown
tha t  t rea tment  wi th  O.  sanc tum per  se
showed antioxidant activity and also reversed
the  ox ida t ive  s t ress  p roduced  in  var ious
neurodegenera t ive  d i seases  (116 ,  117) .  A
study indicated that  extracts  of  O. sanctum
have  an  impor tan t  p ro tec t ive  ro le  aga ins t
H 2O 2 in jury  in  human lens  ep i the l ia l  ce l l s
by  main ta in ing  the  normal  ce l lu la r
architecture. The protection could be due to
i t s  ab i l i ty  to  reduce  H 2O 2 th rough  i t s
antioxidant property (118).

Al l ium sa t i vum,  commonly  known as  gar l i c ,
is  a  species  in the onion family All iaceae.
I t s  c lose  re la t ives  inc lude  the  on ion ,
sha l lo t ,  l eek ,  and  ch ive .  Gar l i c  has  been
used  th roughout  recorded  h i s to ry  fo r
bo th  cu l inary  and  medic ina l  purposes .
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Experimental evidence has shown that some
gar l i c -der ived  produc ts  have  a  p ro tec t ive
ef fec t  aga ins t  i schemic  bra in  in jury .  The
neuropro tec t ive  e f fec t  o f  gar l i c  might  be
assoc ia ted  wi th  cont ro l  of  the  f ree- rad ica l
burs t  induced  by  reper fus ion ,  p reserva t ion
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
an t ihyper l ip idemic  proper t i es ,  a l so  hav ing
good  an t i - in f lammatory  and  an t iox idan t
proper t i es .  Th is  d rug  may be  benef ic ia l
in  p reven t ing  the  vascu la r  compl ica t ions
in  var ious  d i seases  and  prov ide  a  new
therapeut ic  approach  for  the  t rea tment  o f
cerebrovascu la r  and  ca rd iovascu la r  re la ted
d iseases  (120) .  Recen t ly ,  i t  has  been
demons t ra ted  tha t  the  admin is t ra t ion
of  gar l i c  can  preven t  n icke l  I I -  o r
chromium VI- induced  a l te ra t ions  in  b lood
glucose  homeos tas i s  whi le  exer t ing  a
hepa topro tec t ive  e f fec t  on  g lycogen  leve ls
and  an t iox idan t  s ta tus  in  male  a lb ino  ra t s
(121).

Momordica  charant ia  i s  a  t rop ica l  and
subtropical vine of the family Cucurbitaceae,
widely grown for edible fruit, which is among
the  mos t  b i t t e r  o f  a l l  vege tab les .  Engl i sh
names  for  the  p lan t  and  i t s  f ru i t  inc lude
bitter melon or bitter gourd and karela from
the  Panjab i ,  Hind i -Urdu  name of  the
vege tab le .  Momordica  charant ia  i s  a
t rad i t iona l  herb  commonly  used  for  i t s
ant id iabet ic ,  ant ioxidant ,  contracept ive  and
ant ibacter ia l  propert ies .  I t  i s  a lso used for
the rapid healing of wounds (122). Momordica
charant ia  i s  used  to  t rea t  var ious  d iseases
including inflammation. As it has antioxidant
and  an t i - in f lammatory  proper t i es  (123) ,  i t
could be a better approach for the treatment
of  s t roke.

Compounds  der ived  from herbal  drugs

Oleogum resin (Guggul) is a resin from a tree
na t ive  to  Ind ia  be longing  to  the  fami ly
Burseraceae  and  i t s  sc ien t i f i c  name i s
Commiphora mukul. This resin has long been
used in Ayurvedic medicine, combined with
o ther  p lan t  p roduc ts  to  c leanse  and
re juvena te  the  body ,  espec ia l ly  the  b lood
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
d iseases  inc lud ing  hyper -cho les te ro lemia ,
a therosc le ros i s ,  rheumat i sm,  and  obes i ty
over  severa l  thousands  of  years .
Guggulsterone isolated from guggul has been
iden t i f i ed  as  the  b ioac t ive  cons t i tuen t
responsible for guggul’s therapeutic effects.
Gugguls te rone  has  been  found  to  po ten t ly
inh ib i t  the  ac t iva t ion  of  nuc lear  fac tor -
kappaB (NF-kappaB), a crit ical regulator of
inflammatory responses.  Such repression of
NF-kappaB act ivat ion by guggulsterone has
been  proposed  as  a  mechanism of  the
an t i in f lammatory  e f fec t  o f  gugguls te rone
(124) .  Gugguls te rone  and  o ther  na tura l
produc ts ,  which  a re  inexpens ive  can
modula te  inf lammatory  responses ,  but  lack
s ide  e f fec t s ,  wi l l  be  benef ic ia l  fo r  the
treatment of arthritis (125). It has also been
shown tha t  the  l ip id  perox ides ,  ind ica t ing
oxida t ive  s t ress ,  dec l ined  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 ,  i s  widely used by
Korean people for antistress, antifatigue, and
endurance  promot ing  e f fec t s .  I t  has  been
reported that the protective action, exhibited
by  KGT aga ins t  hypoper fus ion / reper fus ion
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to reducing calcium accumulation and l ipid
peroxidation (132).

C o n c l u s i o n :

Stroke is one of the foremost causes of
morbidity and mortali ty,  and poses a major
soc ioeconomic  prob lem in  young  pa t ien t s ,
especia l ly  in  developing countr ies .  Despi te
the multifactorial pathophysiology underlying
mani fes ta t ions  o f  s t roke ,  the re  a re  s t rong
reasons to believe that oxidative stress is a
common factor playing a central role in the
pa thogenes is  of  these  d iseases .  Product ion
of reactive oxygen species in the brain has
been  impl ica ted  as  a  common under ly ing
factor  for  the et iology of  s troke.  However,
the  t rea tment  i s  ye t  fa r  f rom sa t i s fac tory
and  lo t  o f  research  i s  undergo ing  to  f ind
newer  d rugs  and  newer  avenues  fo r  the
treatment of stroke, which can satisfactorily
t rea t  s t roke  and  can  have  a  be t te r  sa fe ty
prof i l e .  One  such  approach  i s  the  use  o f
herba l  d rugs  in  s t roke .  Herba l  ex t rac t s  o r
mix tures  represen t  combina tor ia l  chemis t ry
of  na ture  wi th  vas t  reper to i re  of  chemica l
en t i t i es  tha t  have  a  complex  e f fec t  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  invest igate  ant i -
ox ida t ive  and  an t i - in f lammatory  e f fec t s  o f
herbal  drugs  f rom di f ferent  sources .  A lo t
of  work  i s  be ing  car r ied  ou t  to  f ind
the  e f fec t iveness  o f  Ind ian  and  Chinese
herba l s  in  s t roke .  Both  th romboly t ic  and
neuropro tec t ive  p roper t i es  o f  herba l  d rugs
may be a novel strategy for effective stroke
therapeutics. The Indian system of medicine,
especia l ly  Ayurveda,  has  several  medicinal
p lan t s  wi th  p roven  benef ic ia l  c la ims
towards  these  pa tho log ica l  condi t ions .
However ,  the  po ten t ia l  o f  herba l  d rugs

induced brain injury, suggests its therapeutic
potential  in cerebrovascular diseases (CVD)
inc luding  s t roke .  KGT wi th  wide  usage  i s
known to be a safe natural product (127).

Crataegus  f lavonoid  i s  a  l a rge  genus  of
shrubs  and  t rees  in  the  rose  fami ly ,
Rosaceae, native to temperate regions of the
Nor thern  Hemisphere  in  Europe ,  As ia  and
Nor th  Amer ica .  I t  has  been  repor ted  tha t
Crataegus extract was safe to use in patients
rece iv ing  op t imal  medica t ion  for  hear t
fai lure .  In  addi t ion,  the data  indicates  that
Crataegus extract can potentially reduce the
incidence of  sudden cardiac death,  a t  least
in  pa t ien t s  wi th  l ess  compromised  le f t
ven t r icu la r  func t ion  (128) .  The  e f fec t  o f
Crataegus flavonoids (CF) on brain ischemic
insults were investigated in Mongolian gerbil
s t roke model ,  and resul ts  suggest  that  oral
adminis trat ion of  this  ant ioxidant  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  a t i s ine- type  d i te rpene
a lka lo id  i so la ted  f rom the  Chinese
herba l  medic ine  Spiraea  japonica  va r .
acu ta  (Rosaceae) ,  was  shown to  have
neuroprotective effects on cerebral ischemia-
reperfusion injury. The effects of spiramine
T on ant ioxidant  enzymes and ni t r ic  oxide
produc t ion  were  a l so  eva lua ted  in  gerb i l s
sub jec ted  to  g loba l  fo rebra in  i schemia .
Resu l t s  sugges ted  tha t  the  neuropro tec t ive
ef fec t s  o f  sp i ramine  T  were  re la ted  to
modula t ion  of  endogenous  an t iox idan t
enzymat ic  ac t iv i t i es  and  reduc t ion  of  the
formation of nitr ic oxide (131).  I t  has also
been  demons t ra ted  tha t  sp i ramine  T
exhib i ted  pro tec t ive  e f fec t s  on  ce rebra l
ischemia and its mechanism might be related



Indian J Physiol  Pharmacol 2010; 54(2) Therapeu t i c  Po ten t i a l  o f  Herba l  Drugs 117

as  defined therapeutic agents is  undermined
by  the  d i f f i cu l ty  in  s t andard iza t ion ,
pharmacodynamics and pharmacokinet ics  of
these multi-component mixtures and also the

lack of enough experimental data. Therefore,
the  po ten t ia l  o f  Ind ian  herba l s  in  the
t rea tment  o f  s t roke  needs  to  be  fu r ther
explored.
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