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Abstract 

Stroke is a major cause of disability and the third leading cause of mortality in human. In recent decades, the incidence of 

stroke has significantly increased especially in developing countries. Approximately 20% of patients die within one 

month after the stroke. Moreover, patients who live more than six months are dependent others for their daily work. 

They have complications such as paralysis of a body part, impairment of memory, thinking, talking and moving. Due to 

the complex pathological process of ischemia, using a single agent in the treatment of ischemia does not seem ideal. Thus, 

studies for finding compounds and effective methods are growing. In recent years, attention to medicinal plants as a 

potential source in treatment of ischemia–reperfusion has increased. Here, association between medicinal plants with 

reduction of cerebral ischemia was reviewed. At the end, it was determined potential of medicinal plants in abrogation of 

cerebral ischemia through several different pathways. Thus, they can be a new source for production of medications 

against cerebral ischemia. 
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Introduction 

     Stroke is the third leading cause of mortality and 
disability in industrialized countries besides patients with 
stroke has commonly complications such as paralysis of a 
body part and problems in function of memory, thinking, 
talking and moving. It has been reported that 15 and 85% 
of strokes is due to hemorrhage and ischemic, respectively. 
Factors such as thrombosis and embolism and systemic 
blood reduction have pivotal role in induction of ischemia 
[1]. Cerebral ischemia leads to neurological disorders such 
as problems in movement and speech as well as 
neuropsychiatric defects such as cognitive dysfunction and 
apraxia, learning and spatial memory impairment [2]. High 

blood pressure, diabetes, smoking, alcohol drinking, 
dyslipidemia, hypercholesterolemia are main factors that 
increase risk of stroke [3]. Brain needs to 25% of cardiac 
output for its metabolic activities and therefore any 
reduction in cerebral blood flow may lead to ischemia and 
neurodegenerative disorders [4]. Production of free 
radicals and reactive species are main event during 
cerebral ischemia that results in damage to lipids, proteins 
and deoxyribonucleic acid and ultimately neuronal death 
through its high reactivity. They have also a pivotal role in 
breaking of blood-brain barrier and brain edema [5]. In 
fact, reducing temporary or continual blood flow in brain 
results in reduction or lack of glucose transport and 
oxygen required to provide cellular homeostasis. At this 
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stage, processes such as cell toxicity induced by acidosis, 
disturbance of ions balance, oxidative stress, lipid 
peroxidation, inflammation and lead to cell death. In 
addition, apoptosis induction through either intrinsic or 
extrinsic pathway exacerbates brain damage (Figure 1). In 
the next stage, reperfusion, lead to impairment in 
mitochondrial function, and releasing of glutamate and 
inflammatory mediators, production of reactive oxygen 
species and lipid peroxidation [6,7]. In spite of 
thrombolytic with recombinant tissue plasminogen 
activator, which is effective within 3hr after onset of 
ischemic symptoms, there is not prominent treatment in 
order to reduction of ischemia. In addition, given that 
occurrence of apoptosis in late phase of ischemia with low 
speed, the use of apoptosis inhibitor of is considered as 
next step treatment [1,8]. In fact, due to the complex 
pathological process, using a single agent in the treatment 
of ischemia does not seem ideal and therefore studies for 
finding effective compounds is expanding [6]. Moreover, in 
recent years it has been increased more attention to 
medicinal plants and their active ingredients as a potential 
source in the treatment of ischemia [9]. Medicinal herbs 
due to its low cost, simple availability, long-term history in 
treatment as well as fewer side effects have attracted more 
attention [10]. In previous studies, it have been reported 
the neuroprotective effects of medicinal plants in different 
parts of the world and given that a number of studies were 
done on the effects of medicinal plants and their active 
constituents on cerebral ischemia and understanding of its 
mechanism. Therefore, in this study, the relationship 
 

 between the protective effects of extracts prepared from 
herbs with ischemic treatment was reviewed. 
 
 

 

Figure 1: Induction of apoptosis during cerebral 
ischemia [7]. 

 

Review Method 

     In this review, we collected paper related to role of plant 
extracts in treatment of cerebral ischemia from 2000 to 
2017 using keywords such as plant extract and cerebral 
ischemia, animal model of cerebral ischemia and herbs, 
herbs and extract and stroke in databases include web of 
science, PubMed and Scopus since. Then, the paper were 
read and summarized as shown in Table 1. 
 

Plant Extract Animal model Finding(s) Reference 

Vitis vinifera 

Ethanolic 
Rats with permanent 

hypoperfusion/ischemia (2CCAO 
model) 

Recovery of passive avoidance 
memory, increase of 

 hippocampal LTP 
[11] 

Ethanolic 
Rats with permanent 

hypoperfusion/ischemia (2CCAO 
model) 

Improvement of memory 
dysfunction 

[12] 

Ethanolic 
Rats with carotid arteries 

occlusion (2VO model) 
Reduction of MDA in striatum [13] 

Punica granatum 

standardized extract to 
40% ellagic acid 

Rats with cerebral 
ischemia/reperfusion 

To have anti-oxidant, anti-
inflammatory and anti-apoptotic 

effects 
[4] 

Ethanolic 
Rats with permanent 

hypoperfusion/ischemia (2CCAO 
model) 

Improvement of active and 
passive avoidance memories 

[14] 

Ethanolic 
Rats with permanent 

hypoperfusion/ischemia (2CCAO 
model) 

Abrogation of motor and cognitive 
deficits 

[15] 

Hydro-alcoholic 
Rats with permanent 

hypoperfusion/ischemia (2CCAO 
model) 

Improvement of memory  
function 

[16] 
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Apocynum venetum Hydro-alcoholic 
Cerebral ischemia induced by 
occlusion of middle cerebral 

artery 

Enhancement of neurological 
function, reduction of cerebral 

infarct area, morphological injury, 
down regulation of MMP-9/-2 

[17] 

Olea europaea 
EFLA 943 

Mongolian gerbils (rodent) with 
transient global cerebral ischemia 

Reduction of oxidative stress and 
neurological damage in 

hippocampus 
[18] 

Standardized extract 
with oleuropein 

Rats with experimental focal 
cerebral ischemia model 

To have neuroprotective effect, 
improvement of lipid profile 

[19] 

Nigella sativa Aqueous 
Rats with global 

ischemia/reperfusion 
Improvement of histopathological 

damages in hippocampus 
[20] 

Rosa laevigata 
Michx 

Flavonoid-rich extract 
Rats with cerebral ischemia–
reperfusion (MCAO model) 

To have anti-apoptotic and anti-
inflammatory properties 

[6] 

Zingiber officinale Aqueous 
Rats with right middle cerebral 
artery occlusion (MCAO model) 

Normalization of oxidative 
condition and cognitive 

dysfunction 
[21] 

Crocus sativus 
Aqueous 

Rats with middle cerebral artery 
occlusion 

To have potential antioxidant 
effects 

[22] 

Hydro-alcoholic 
Rats with cerebral ischemia by 

carotid artery ligation 
Recovery of spatial learning and 

memory 
[23] 

Boswellia serrata Aqueous and ethanolic 
Rats with middle cerebral artery 

occlusion-induced cerebral 
ischemia-reperfusion injury 

To have antioxidant and anti-
apoptotic properties, reduction  
of neurological deficit and brain 

infarction 

[24] 

Embelia ribes Ethanolic 
Rats with middle cerebral artery 
occlusion-induced focal cerebral 

ischemia 

To have potential anti-oxidant 
effect in in hippocampus and 

frontal cortex 
[25] 

Rosmarinus 
Officinalis 

Hydro-alcoholic 
Rats with middle cerebral artery 

occlusion 

Enhancement of neurologic 
deficit, cerebral edema, blood–

brain barrier permeability 
[26] 

Cyperus rotundus Hydro-alcoholic 
Rats with global ischemic-

reperfusion injury 
Up regulation of Bcl-x1 expression [27] 

Pistacia vera Hydro-alcoholic 
Rat with four-vessel occlusion 

model 
To have potential antioxidant 

property in brain 
[28] 

Allium cepa Methanolic Rats with global cerebral ischemia 

Reduction of cerebral infarct size 
and mitochondrial TBARS, 

improvement of short-term 
memory and motor coordination 

[29] 

Wedelia 
calendulacea 

Methanolic 
Rats with global cerebral 

 ischemia 

Normalization of enzymatic 
antioxidant defense and 

histopathological changes  
in brain 

[30] 

Table 1: Role of extract of herb in treatment of cerebral ischemia. 
LTP: long-term potentiation; MDA: malondialdehyde; EFLA 943: a standardized olive leaf extract to 18–26% of 
oleuropein; MMP: matrix metalloproteinase 
 

Plant Extract and their Role in Cerebral 
Ischemia Treatment 

     Our study about role of ethanolic extract prepared from 
Vitis vinifera (grape) in treatment of cerebral ischemia 
showed that administration of this extract to male adult 

rats with permanent bilateral common carotid arteries 
occlusion results in enhancement of memory impairment 
and increment of hippocampal long-term potentiation. 
Given that grape is known as an antioxidant plant, 
probably this effects can be related to its antioxidant 
property [11]. In another our study on rats with 
permanent bilateral common carotid arteries occlusion, it 

https://en.wikipedia.org/wiki/Vitis_vinifera
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has been revealed that use of exercise along with ethanolic 
extract of Vitis vinifera(grape) lead to improvement of 
memory dysfunction after determination of passive 
avoidance memory at the end of study [12]. We also 
showed that administration of ethanolic extract obtained 
from grape to rats with carotid arteries occlusion lead to 
improvement of oxidative condition in brain of rats by 
obvious reduction of lipid peroxidation using 
determination of malondialdehyde in striatum [13]. In a 
study, it was investigated effects of standardized 
pomegranate extract against cerebral 
ischemia/reperfusion-induced brain injury in rats and 
evaluated parameters related to oxidative stress and 
inflammation as well as apoptosis. At the end of study, it 
has been showed that it reduced levels of MDA and NO and 
normalized enzymes activity related to antioxidant 
defense include SOD (superoxide dismutase), GPX 
(glutathione peroxidase), and GRD (glutathione reductase). 
In addition, extract reduced levels of NF-κB p65, TNF-α 
and increased level of IL-10 in brain. It had also anti-
apoptotic effect by reduction of enzyme activity of caspase-
3. In final, standardized pomegranate extract leads to 
obvious increase of cerebral ATP [4]. According to our 
studies, ethanolic extract prepared from Punica granatum 
(pomegranate) enhances functions of active and passive 
avoidance memories and reduced motor and cognitive 
deficits after its treatment in rats with to permanent 
cerebral hypoperfusion/ischemia injury [14,15]. In 
another study, we confirmed that pomegranate is a useful 
plant in order to treatment of cerebral ischemia so that its 
hydro-alcoholic extract leads to obvious improvement of 
memory function in rats with permanent bilateral common 
carotid arteries occlusion [16]. In a study, cerebral 
ischemia was induced by occlusion of the middle cerebral 
artery for 90 min in rats and then animal were treated by 
hydro-alcoholic extract prepared by Apocynum venetum. At 
the end of study, tetrazolium and Evan’s blue staining and 
transmission electron microscopy respectively evaluated 
cerebral infarct area, blood-brain barrier permeability and 
pathological changes on the ultra-structure of the blood–
brain barrier. In addition, it was determined the 
expression and activities of matrix metalloproteinase 
(MMP)-9/-2. The results showed that hydro-alcoholic 
extract prepared by Apocynum venetum had prominent 
effect in improvement of neurological function and 
reduction of cerebral infarct area along with normalization 
of morphological injury. In association with MMP-9/-2, it 
was revealed that extract leads to reduction of expression 
and activities MMP-9/-2 in brain. Thus this study suggests 
that Apocynum venetum is a promising herb to treat 
cerebral ischemia [17]. A research group was induced 
transient global cerebral ischemia in Mongolian gerbils 
and then they treated animals with standardized dry olive 
(Olea europaea) leaf extract. In order to determination of 

oxidative stress condition and neuronal damage in 
hippocampus, parameters such as levels of superoxide and 
nitric oxide and lipid peroxidation, superoxide dismutase 
activity were measured. At the end of study, they found 
that this extract leads to normalization of oxidative 
condition by reduction of superoxide and nitric oxide and 
lipid peroxidation and increase of superoxide dismutase 
activity. It also had obvious effect in abrogation of 
neuronal damage in CA1 region of hippocampus [18]. 
Moreover, it has been reported that standardized extract 
with oleuropein obtained from Olea europaea results in 
effects of promising protective against damage induced by 
cerebral ischemia due to reduction of infarct volume and 
edema in brain and increase of blood-brain barrier 
permeability. In addition, it reduced LDL/HDL ratio [19]. 
Evaluation of the neuroprotective effects of aqueous 
extract related to Nigella sativa on model of global 
ischemia/reperfusion in rats was confirmed that it has 
potential able to prevent ischemia/reperfusion in 
hippocampus tissue of brain. In fact, this study showed 
that its administration leads to prevention of intracellular 
edema of interneurons, reduction edematous astrocytes 
[20]. Study on effect of flavonoid-rich extract obtained 
from Rosa laevigata Michx againstcerebral ischemia–
reperfusion injury in Sprague-Dawley rats was showed 
that oral administration of extract antiapoptotic effects 
through up-regulation of expression of Bcl-2, down-
regulation of expressions of p53, Apaf1, Fas, FasL, Bax, Bid, 
cytochrome C and active Caspase-3, -9 and -8 and 
reduction of DNA fragmentation. In addition, extract has 
anti-inflammatory effect through reduction of expressions 
of NF-κB, iNOS, MMP-9, COX-2, TNF-α, IL-1β, IL-4, IL-6, and 
down-regulation of levels of p-JNK, p-ERK and p-p38 in 
MAPK pathways. These events resulted in improvement of 
survival rate and prevention of I/R-induced disability and 
histological injury [6]. Treatment of rats with cerebral 
ischemia induced by right middle cerebral artery occlusion 
with aqueous extract prepared from ginger (Zingiber 
officinale) resulted in enhancement of cognitive 
dysfunction as well as normalization of oxidative condition 
through increase of enzymes activity of catalase and 
glutathione peroxidase, superoxide dismutase in cerebral 
cortex and hippocampus [21]. Study on role of saffron 
against damages induced by cerebral ischemia was 
confirmed that aqueous extract prepared from saffron 
(Crocus sativus) has antioxidant effect by increase of 
enzymes activity of glutathione peroxidase, glutathione 
reductase, glutathione S-transferase, superoxide 
dismutase, catalase and Na+,K+-ATPase and level of 
glutathione as well as reduction of malondialdehyde in rats 
with middle cerebral artery occlusion [22]. In another 
study, it has been showed that treatment with hydro-
alcoholic extract of saffron improves spatial learning and 
memory in rats with cerebral ischemia through carotid 

https://en.wikipedia.org/wiki/Vitis_vinifera


 International Journal of Pharmacognosy and Chinese Medicine 

 

Seyyed Hossein H and Seyyedeh Zeinab K. Role of Plant Extracts in Treatment 
of Cerebral Ischemia. Int J Pharmacogn Chinese Med 2018, 2(1): 000125. 

        Copyright© Seyyed Hossein H and Seyyedeh Zeinab K. 

 

5 

artery ligation Boswellia serrata can be consider as a useful 
plant to treat cerebral ischemia due to oral administration 
of aqueous and ethanolic extracts obtained from Boswellia 
serrata lead to reduction of neurological deficit and brain 
infarction [23]. In addition, this extract has antioxidant and 
anti-apoptotic effect through reduction of lipid 
peroxidation and increase of glutathione level and 
superoxide dismutase activity as well as reduction of 
caspase-3 activity, down regulation of bax and up 
regulation of bcl-2 in rats with middle cerebral artery 
occlusion-induced cerebral ischemia-reperfusion injury 
[24]. In a study effect of ethanolic extract prepared from 
Embelia. Ribes Burm on middle cerebral artery occlusion 
(MCAO)-induced focal cerebral ischemia in rats was 
investigated. The results showed that administration of 
extract has antioxidant effect because leads to 
normalization of reduced glutathione and thiobarbituric 
acid reactive substance levels and activity of glutathione 
peroxidase, glutathione reductase and glutathione-S-
transferase enzymes in hippocampus and frontal cortex 
and reduction of lactate dehydrogenase in serum. In 
addition extract increased grip strength activity in 
hippocampus and frontal cortex at the end of study. Given 
that, ethanolic extract prepared from Embelia. ribes Burm 
had antioxidant effect, thus it can be a promising candidate 
to treat cerebral ischemia [25]. Experiment on anti-
ischemic effect of Rosmarinus officinalis hydro-alcoholic 
extract was confirmed improvement of neurologic deficit, 
cerebral edema, blood–brain barrier permeability in rats 
with cerebral ischemia after treatment [26]. Given that, 
increase of Bcl-x1 expression resulted from treatment with 
hydro-alcoholic extract of Cyprus rotundus in rats with 
global ischemic-reperfusion injury, therefore this extract 
has anti-apoptotic effect and is a promising herbs for 
reduction damages related to cerebral ischemia [27]. It has 
been reported that hydro-alcoholic extract of Pistacia Vera 
abrogated injuries related to cerebral ischemia in rats with 
four-vessel occlusion model. In fact, in this study showed 
that administration of hydro-alcoholic extract of Pistacia 
vera reduced level of malondialdehyde and increased 
antioxidant power using evaluation of thiobarbituric acid 
and ferric reducing-antioxidant power tests I brain of rats 
[28]. Given that methanolic extract prepared from Allium 
cepa results in reduction of cerebral infarct size and 
mitochondrial TBARS as well as improvement of short-
term memory and motor coordination in rats with global 
cerebral ischemia induced by bilateral carotid artery 
occlusion, therefore it has potential effects against cerebral 
ischemia [29]. Study on rats with global cerebral ischemia 
was revealed that methanolic extract of Wedelia 
calendulacea has potential anti-ischemic effect due to 
reduction of oxidative stress through reduction of 
malondialdehyde and hydrogen peroxide levels and 
increase of activity of glutathione peroxidase, glutathione 

reductase and glutathione-s-transferase as well as 
normalization of histopathological changes in brain [30]. 
 

Conclusion 

     In this review, we found that extract prepared from 
herbs could reduce volume of brain lesions, neuronal 
damage and movement disorders by abrogation of 
oxidative stress, expression of inflammatory mediators 
and inhibition of apoptosis and DNA fragmentation. In fact, 
this study showed positive effects of a number of medicinal 
plants in order to mitigate the deleterious effects of 
ischemia. This is a very important point that most studies 
have been done on animal models and have not been done 
studies on the protective effect of herbs against cerebral 
ischemia in humans. According to plants compounds 
metabolized under enzymatic processes in liver and may 
be altered their structure and therefore their effects. Thus, 
it is recommended that should do clinical studies besides 
pre-clinical studies. During ischemia and reperfusion, 
occurrence of cellular and molecular processes causes 
damages in neural and non-neural cells and also brain’s 
capillaries. These events induce cytotoxicity, oxidative 
stress, lipid peroxidation, ions imbalance, the releasing of 
inflammatory mediators and impairment of mitochondrial 
function. Due to the complex pathological events during 
ischemia-reperfusion process, use of a single agent in the 
treatment of ischemia does not seem ideal. In general, 
review on conducted studies in association with effects of 
plants in treatment of ischemia confirms that plants have 
pivotal role in reduction of damages induced by cerebral 
ischemia through different pathways. Therefore, the 
development of protective factors from herbs can be a 
promising way in the treatment of cerebral ischemic. 
Finally, we suggest that perform future studies in order to 
detection of protective effects of plants against cerebral 
ischemia in the human models. In addition, it should be 
consider their side effect, toxicity, and ability for crossing 
from blood-brain barrier. 
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