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ABSTRACT 
 Cerebral ischaemia reperfusion (I/R) triggers a complex series of biochemical events 

that lead to formation of reactive oxygen species (ROS) and the impairment of enzymatic 

mechanisms, which result in tissue oxidative stress. This study investigated the effect of some 

neuroprotective drugs such as vinpocetine, cinnarizine, pyritinol, and rosiglitazone on 

oxidative stress and cell death biomarkers occurred during experimental brain 

ischemia/reperfusion injury in rats. Adult male albino Wistar rats were subjected to 1 hr of 

brain ischaemia followed by reperfusion for 2 hr. Rats were orally treated with aqueous 

suspension of vinpocetine (3 mg/kg), cinnarizine (7 mg/kg), pyritinol (55 mg/kg), and 

rosiglitazone (0.5 mg/kg), after 1 hr of ischaemia. Brain superoxide dismutase (SOD), 

glutathione (GSH), and malondialdhyde (MDA) contents and serum nitric oxide (NO), lactate 

dehydrogenase (LDH), catalase (CAT), and glucose-6-phosphate dehydrogenase (G6PDH) 

levels were quantified at the end of the experiment. I/R injury caused a significant decrease in 

the activity of brain SOD, GSH contents and serum CAT level. It caused a significant 

increase in serum NO, LDH, G6PDH levels, and brain MDA content in comparison with the 

sham-operated group. Vinpocetine and rosiglitazone reversed all these biochemical indices. 

Pyritinol reversed all these biochemical indices except serum NO, and G6PDH. Cinnarizine 

could not affect brain MDA, serum NO and CAT levels. Both vinpocetine and rosiglitazone 

may be potent neuroprotective agents against experimental brain I/R injury in rats. Cinnarzine 

and pyritinol showed a marked neuroprotective activity but less than both drugs. 
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INTRODUCTION 
Acute ischaemic stroke is the 

third leading cause of death in 

industrialized countries (Lo et al., 2003) 

and the most frequent cause of 

permanent disability in adults worldwide. 

In the western world, over 70٪ of 

individuals experiencing a stroke are 

over 65 years of age (Donnan et al., 

2008). The most common cause of stroke 

is the sudden occlusion of a blood vessel 

by a thrombus or embolism, resulting in 

an almost immediate loss of oxygen and 

glucose to the cerebral tissue due to loss 

of blood circulation, resulting in a 

corresponding loss of neurological 

function. In most cases, the cause is 

atherothrombosis of large cervical or 

intracranial arteries, or embolism from 

the heart. Deficits can include partial 

paralysis, difficulties with memory, 

thinking, language, and movement. 

Within seconds to minutes after the loss 

of blood flow to a region of the brain, the 

ischaemic cascade is rapidly initiated, 

which comprises a series of subsequent 

biochemical events that eventually lead 

to disintegration of cell membranes and 

neuronal death at the center / core of the 

infarction. Ischaemic stroke begins with 

severe focal hypoperfusion that leads to 

excitotoxicity and oxidative damage 

which in turn cause microvascular injury, 

blood brain barrier dysfunction and 

initiate post-ischaemic inflammation. 

These events all exacerbate the initial 

injury and can lead to permanent cerebral 

damage (Lakhan et al., 2009).  

Two principal types of clinical 

cerebral ischaemia are recognized, focal 

and global cerebral ischaemia. Focal 

cerebral ischaemia occurs when a 
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reduction or cessation of blood flow to a 

localized area of the brain, and occurs 

due to large-vessel disease (such as 

embolic or thrombotic arterial occlusion, 

often in a setting of atherosclerosis) or to 

small-vessel disease (such as vasculitis). 

Focal ischaemia may also accompany 

other acute brain insults, such as 

intracerebral haemorrhage or trauma 

(Dugan & choi, 1999; Traystman, 2003; 

and Frosch et al., 2005). Whereas, global 

cerebral ischaemia occurs when there is a 

generalized reduction of cerebral 

perfusion. It occurs in cases such as 

cardiac arrest, shock, and severe 

hypotension. Various animal models 

have been developed to investigate the 

pathophysiology and treatment of 

cerebral ischaemia (Ginsberg & Busto, 

1989; and Ahmed et al., 2000). The use 

of animals rather than humans in the 

study of ischaemic injury has the 

advantage of the feasibility to be 

physiologically controlled so that the 

resulting injury is reproducible and 

variability is also limited as possible. 

These models also allow careful 

dissection of potential mechanisms of 

injury and neuroprotection and take in 

consideration timing of the events that 

occur after the ischaemic insult. 

However, it should be clearly understood 

that none of these models exactly mimics 

cerebral ischaemia in humans (Dietrich, 

1998; and Traystman, 2003). 

Vinpocetine which is related to 

the Vinca minor alkaloid vincamine is a 

potent neuroprotective agent for the 

prevention and treatment of central 

nervous disorders of cerebrovascular 

origin. Its beneficial clinical effects are 

based on a wide range of mechanisms 

including antioxidant, vasodilating and 

neuroprotective effects (Bönöczk et al., 

2000; and Vas & Gulyás, 2005). It has a 

well documented effect on cerebral 

glucose metabolism and blood flow 

(Tretter & Adam-Vizi, 1998). 

Cinnarizine is a piperazine derivative 

first used as antihistaminic. Later on, it 

was found to have a sedative as well as a 

peripheral antivasoconstrictor. It is a 

selective Ca
2+

 channel blocker that 

widely used in the treatment of cerebral 

and vascular insufficiency (Singh, et al., 

1985). It has been shown to protect 

isolated perfused rat liver against warm 

ischaemia and reperfusion (Konrad et al., 

1995) and also to be neuroprotective (De 

Haan et al., 1993; and Gunn et al., 1994). 

Pyritinol is a nootropic drug 

(cognition-enhancing agent) used in 

cognitive disturbances to improve 

cerebral functions. It is a potent 

scavenger of hydroxyl free radicals and 

the antioxidant properties of the drug are 

responsible for many of the benefits of 

pyritinol (Genkova-Papazova et al., 

1994). It is useful in protecting brain 

cells from hypoxia, aiding recovery from 

head injury and stroke (Jaiswal et al., 

1990; Toledano & Bentura, 1994; and 

Stoppe et al., 1995). 

Thiazolidinediones are used 

clinically as insulin sensitizers to treat 

type 2 diabetes. However, it is known 

that various thiazolidinediones provide a 

potent protective effect against 

ischaemic/reperfusion injury of the heart 

and other peripheral organs by 

attenuating the inflammatory response 

(Nakajima et al., 2001; Yue et al., 2001; 

Okada et al., 2002; and Wayman et al., 

2002). Rosiglitazone, the most potent 

thiazolidinedione for PPAR-γ activation, 

markedly decreased brain injury after 

focal ischaemia and reperfusion, and this 

neuroprotective effect of rosiglitazone is 

attributed at least in part to its anti-

inflammatory actions (Fahmi et al., 2001; 

and Luna-Medina et al., 2005). It may 

exert beneficial vascular effects by 

decreasing oxidative stress (Calkin et al., 

2005). 

AIM OF THE WORK 
The present study is designed to 

investigate the effects of different drug 

classes with different mechanisms of 

action against experimental brain 

ischaemia/reperfusion injury in rats 
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MATERIALS and METHODS 

1. Animals:  Adult male albino rats of 

Wistar strain weighing 180-250 g were 

used in this study. They were obtained 

from the animal house of Faculty of 

Pharmacy, Zagazig University. They 

were allowed free access to water and 

pelleted standard rat chow diet ad 

libitium and left for an initial adaption 

period of one week before any 

experimental manipulation. Animals 

were fasted for 18 hours before surgery, 

but allowed free access to water. All 

experimental procedures were approved 

by the ethical committee for animal 

handling at Zagazig Univeristy 

(ECAHZU). 

2. Induction of brain ischaemia: Brain 

ischaemia was induced in rats according 

to the method of Vanella et al. (1990). 

Rats were anaesthetized with i.p. 

injection of urethane (1.3 g/ kg). A 

midline incision was made in the neck 

and both common carotid arteries were 

exposed and carefully freed from the 

surrounding tissues and autonomic 

innervation. Blood flow through both 

carotid arteries was interrupted by their 

clamping using removable miniclips for 

one hour. Reperfusion is done by 

declamping of both carotid arteries for 

2hr allowing the blood to recirculate. 

Temperature was maintained during the 

experiment using a heat lamp placed 

above the head of the animal to avoid 

cerebral hypothermia which protects 

brain against ischaemic injury (Seif-El-

Nasr et al., 1992). 

3. Classification of animals: The rats 

were divided into 6 groups (7 in each). 

The first is the ischaemic group in which 

rats were subjected to 1 hr of brain 

ischaemia then reperfusion for 2 hr. The 

second is the sham-operated control 

group in which the rats were 

anaesthetized and subjected to all 

surgical manipulations without occlusion 

of the carotid arteries. Then the 4 group 

were randomly distributed and received a 

freshly prepared aqueous suspension of 

vinpocetine (3 mg/kg), cinnarizine (7 

mg/kg), pyritinol (55 mg/kg), and 

rosiglitazone (0.5 mg/kg), administered 

orally after one hour of brain ischaemia.  

4. Preparation of tissue and serum 

samples: At the end of the reperfusion 

period, rats were sacrificed by 

decapitation. Skulls were split on ice and 

the whole brain of each animal was 

rapidly isolated, washed with ice cold 

saline, blotted dry and weighed. Then the 

brain was homogenized in ice cold 

bidistilled water using Teflon 

homogenizer (Glas-Col homogenizer, 

Terre Haute, USA). Homogenization was 

carried out in an ice chilled glass 

homogenizing cup for three periods each 

of 5 seconds to avoid overheating of the 

tissue. The brain homogenate was 

divided into three aliquot. The first 

aliquot of 0.5 ml of the homogenate was 

mixed with 1 ml ice cold 5% 

sulfosalicylic acid solution (Abd-El-

Gawad and El-Sawalhi, 2004) and left in 

an ice bath for complete precipitation for 

about 2 hours. The tubes were then 

centrifuged at 2500 xg for 30 minutes at 

4◦ C and the supernatant was used for 

(GSH) analysis. The second aliquot of 

one ml of the homogenate was mixed 

with 1 ml ice cold 2.3% KCl solution and 

centrifuged at 600 xg for 20 minutes at 4
◦ 

C to remove the cell debris and the 

supernatant was used for MDA analysis 

(Uchiyama and Mihara, 1978). The third 

aliquot of 0.5 ml of the homogenate was 

diluted in ice-cold 0.25 M sucrose to 

approximately 10% w/v and centrifuged 

at 4000 rpm for 10 minutes at 4
◦
 C and 

the supernatant was used for (SOD) 

analysis (Nishikimi et al., 1972). Blood 

samples were collected, in clean dry 

centrifuge tubes, from the retro-orbital 

plexus using microcapillary tubes as 

described by Sorg and Buker, (1964). 

The tubes were refrigerated for 15 

minutes to coagulate, and then 

centrifuged at 4500 for 30 minutes. 

Serum was collected and frozen at -20
◦
C 

until analysis. Serum CAT level was 
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assayed colorimetrically by the method 

of Johansson and Borg, (1988). Serum 

Nitrite (NO) was determined using a 

colorimetric method as described by 

Montgomery and Dymock, (1961). 

Serum (LDH) was determined using a 

fixed rate kinetic method as described by 

Pesce, (1984). Serum (G6PDH) was 

assayed spectrophotomerticaly by the 

method of Kornberg and Horecker, 

(1955).  

5. Statistical analysis: 

Results were represented as mean ± 

standard deviation of the mean (S.D.M). 

Results were statistically analyzed by 

one-way analysis of variance (ANOVA) 

with multiple comparisons using post-

hoc analysis and differences were 

considered significant at p < 0.05. 

 

RESULTS 
1. Effect on the activity of brain 

superoxide dismutase (SOD), and 

glutathione (GSH) contents: 

The results of the present study 

showed that, ischaemia/reperfusion 

induced a significant decrease in the 

activity of brain SOD and GSH contents 

compared to the sham-operated group. 

Brain SOD activity was 28.9 ± 4.3 u/g in 

the ischaemic group vs 44.6 ± 5.1 u/g in 

the sham-operated group and Brain GSH 

activity was 22.1 ± 6.5
 
μmol/g in the 

ischaemic group vs 38.1 ± 14.4 μmol/g in 

the sham-operated group. Administration 

of vinpocetine (3 mg/kg), cinnarizine (7 

mg/kg), pyritinol (55 mg/kg), or 

rosiglitazone (0.5 mg/kg), showed a 

significant increase in brain SOD and 

GSH in ischaemic rats and restored the 

reduced brain SOD and GSH to the 

sham-operated value. Brain SOD activity 

was 62.5 ± 7.78, 55.8 ± 7.7, 60.7 ± 7, 

60.7 ± 10.2 u/g respectively and Brain 

GSH activity was 55 ± 11.3, 40.1 ± 16.5, 

38.8 ± 7.2, 48.8 ± 12.6 μmol/g 

respectively (table1). 

2. Effect on brain malondialdhyde 

(MDA) content: 

 The results of the present study 

revealed that, ischaemia/reperfusion 

showed a significant increase in brain 

MDA content compared to the sham-

operated group. Brain MDA content was 

70.3 ± 18.6
 
nmol/g in the ischaemic 

group vs 45.8 ± 18.6 nmol/g in the sham-

operated group. Administration of 

vinpocetine (3 mg/kg), pyritinol (55 

mg/kg), or rosiglitazone (0.5 mg/kg), 

reduced the elevated brain MDA content 

to the sham-operated value. Brain MDA 

content was 47.1 ± 19.9, 51.98 ± 10.7, 

48.9 ± 9.7 nmol/g respectively. (table1). 

 

Table (1):  Effect of vinpocetine, cinnarizine, pyritinol, and rosiglitazone on the activity of brain SOD, GSH, 

and MDA contents: 

                Parameters                              

Groups 

 Brain SOD 

 (u/g) 

Brain GSH (μmol/g) Brain MDA 

(nmol/g) 

Sham  44.6  ± 5.1 38.1 ± 14.4 45.8  ± 18.6 

Ischaemic 28.9  ± 4.3
 @

 22.1 ± 6.5
 @

 70.3  ± 18.6
 @

 

Vinpocetine (3 mg/kg) 62.5  ± 7.78
* 
 55 ± 11.3

* 
 47.1  ± 19.9

*
 

Cinnarizine (7 mg/kg) 55.8  ± 7.7
* 
 40.1 ± 16.5

*
 68.6  ± 9.38

 
 

Pyritinol (55 mg/kg) 60.7  ± 7
* 
 38.8 ± 7.2

*
 51.98  ± 10.7

*
 

Rosiglitazone (0.5 mg/kg) 60.7  ± 10.2
* 
 48.8 ± 12.6

*
 48.9  ± 9.7

*
 

Data are presented as mean ± S.D, n=7  

@ Significantly different from the sham-operated group at p < 0.05. 

* Significantly different from the ischaemic group at p < 0.05. 

3. Effect on the activity of serum 

catalase (CAT) level: 

Ischaemia/reperfusion injury in rats 

caused a significant decrease in the activity 

of serum CAT compared to the sham-

operated group. Serum CAT level was 

34.3 ± 4.7
 
u/l in the ischaemic group vs 

74.9 ± 16.9 u/l in the sham-operated group. 

Administration of vinpocetine (3 mg/kg), 

pyritinol (55 mg/kg), or rosiglitazone (0.5 
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mg/kg), showed a significant increase in 

serum CAT activity compared to 

ischaemic group and was able to restore 

the reduced CAT level to the sham-

operated value. Serum CAT level was 60.9 

± 24.7, 56.7 ± 19.1, 72.2 ± 36.4 u/l 

respectively (Fig. 1). 
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Fig, (1): Effect of vinpocetine, cinnarizine, pyritinol, and rosiglitazone, on 

serum CAT level: Data are presented as mean ± S.D,  n=7 
@ Significantly different from the sham-operated group at p < 0.05. 

* Significantly different from the ischaemic group at p < 0.05. 

4. Effect on serum nitric oxide (NO) 

level: 

 Rats subjected to ischaemia/ 

reperfusion had a significant increase in 

serum NO level compared to the sham-

operated group. Serum NO level was 

59.1± 13.6
 
nmol/l in the ischaemic group 

vs 13.5 ± 2.7 nmol/l in the sham-operated 

group. The administration of vinpocetine 

(3 mg/kg), or rosiglitazone (0.5 mg/kg), 

showed a significant decrease in serum 

NO level compared to ischaemic group. 

Serum NO level was 43.7 ± 13.98, 21.3 ± 

6.7 nmol/l respectively (Fig. 2). 
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Fig, (2): Effect of vinpocetine, cinnarizine, pyritinol, and rosiglitazone on 

serum NO level: Data are presented as mean ± S.D,  n=7 
@ Significantly different from the sham-operated group at p < 0.05. 

* Significantly different from the ischaemic group at p < 0.05. 
 

5. Effect on the activity of serum 

lactate dehydrogenase (LDH) and 

glucose-6-phosphate dehydrogenase 

(G6PDH) levels:  

Rats subjected to 

ischaemia/reperfusion had a significant 

increase in the activity of serum LDH 

and G6PDH compared to the sham-

operated group. Serum LDH level was 

590 ± 74.1 u/l in the ischaemic group vs 

339.3 ± 63.8 u/l in the sham-operated 

group and Serum G6PDH level was 
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0.139 ± 0.05 mu/ml in the ischaemic 

group vs 0.075 ± 0.017 mu/ml in the 

sham-operated group. Administration of 

vinpocetine (3 mg/kg), cinnarizine (7 

mg/kg), pyritinol (55 mg/kg), or 

rosiglitazone (0.5 mg/kg), showed a 

significant decrease in serum LDH 

activity compared to ischaemic group. 

Rosiglitazone administration reduced the 

elevated serum LDH to sham-operated 

value. Serum LDH level was 426 ± 64.3, 

404 ± 76, 465 ±108.7, 379.3 ± 82.7 u/l 

respectively (Fig. 3). The previous drugs 

also significantly reduced the elevated 

serum G6PDH level in ischaemic rats 

except pyritinol where there was no 

significant change. Serum G6PDH level 

was 0.081 ± 0.013, 0.067 ± 0.017, 0.079 

± 0.008 mu/ml respectively (Fig. 4). 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig, (3): Effect of vinpocetine, cinnarizine, pyritinol, and rosiglitazone on serum LDH 

level: Data are presented as mean ± S.D,  n=7 
@ Significantly different from the sham-operated group at p < 0.05. 

* Significantly different from the ischaemic group at p < 0.05. 
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Fig, (4): Effect of vinpocetine, cinnarizine, pyritinol, and rosiglitazone, on 

serum G6PDH level: 
Data are presented as mean ± S.D,  n=7 

@ Significantly different from the sham-operated group at p < 0.05. 

* Significantly different from the ischaemic group at p < 0.05. 

DISCUSSION 

In the present study, rats subjected I/R 

showed a significant decrease in brain 

SOD and GSH contents as well as serum 

CAT activity. During reperfusion, these 

endogenous antioxidative defenses are 

likely to be ineffective. The perturbation of 

the antioxidant defense mechanisms during 

reperfusion may be summarized as the 

result of overproduction of oxygen radicals 
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by cytosolic pro-oxidant enzymes and 

mitochondria, inactivation of 

detoxification systems, consumption and 

degradation of antioxidants, and failure to 

adequately replenish antioxidants in 

ischaemic brain tissue (Sugawara et al., 

2002; and Chen et al., 2014). The 

reduction in SOD level as a result of I/R 

injury is in agreement with the study of 

Homi et al. (2002) who demonstrated that 

SOD activity was reduced in all brain 

regions following I/R injury, also they 

demonstrated that in the earlier of 

ischaemia reperfusion there is a condition 

that predisposes hippocampus and striatum 

to oxidative damage, that cause a decrease 

in the activities of both catalase and SOD, 

thus may lead to extensive and latter 

damage. Tokuda et al. (1993) suggested 

that hydrogen peroxide, which is the 

dismutation product of superoxide anions, 

may inactivate SOD with a modification in 

histidine residue located in the active site 

of the enzyme. In the current work, GSH 

content was significantly reduced due to 

ischaemic insult. This could be explained 

by the consumption of GSH due to 

scavenging of the rapidly generated 

reactive oxygen species following 

ischaemia (Al-Majed et al., 2006).The 

decrease in GSH level in the present work 

is supported by the study of Khan et al. 

(2009) who reported that bilateral common 

carotid artery occlusion causes neural 

damage by overproduction of free radicals, 

which might cause oxidative damage to the 

lipid and protein cell membrane. 

Therefore, it ultimately leads to a decrease 

in GSH content and activation of 

antioxidant enzymes. The observed 

reduction in CAT level as a result of I/R 

injury is in agreement with other previous 

studies which demonstrated a decrease in 

the enzyme activity after transient 

forebrain ischaemia gerbil model 

(Yokoyama et al., 2004).  

The decrease in CAT activity in the 

present study may be explained by the 

attack of ROS to the active site of the 

enzyme as reported by Homi et al., (2002).  

The results also showed that, brain MDA 

was significantly elevated in ischaemic 

rats, which might reflect increased ROS 

generation and/or decreased destruction. 

Brain tissue is highly susceptible to 

oxidative damage because of its high 

oxygen consumption, its high 

concentrations of polyunsaturated fatty 

acids (PUFAs), which are the prime targets 

for free radical attack, its high content of 

iron and its low levels of antioxidants 

(Floyd & Carney, 1992; and Skrzydlewska 

et al., 1998).  

The present study revealed that, NO 

level was significantly increased due to 

ischaemic insult. Rao et al. (1998) reported 

that NO level increased rapidly in 

traumatic brain injury and in global 

transient cerebral ischaemia in gerbils. The 

rapid increase in NO production during 

ischaemia is expected to be due to 

activation of the constitutive forms of NOS 

(nNOS and eNOS). However, constitutive 

forms of NOS produce small amounts NO 

in short time (Malinski et al., 1993; and 

Wei et al., 1999). Further NO production is 

caused by iNOS hyperactivity as the 

enzyme is potently activated by the release 

of inflammatory mediators such as 

interleukin 1β and tumor necrosis factor 

alpha (TNFα) (Gonález-Correa et al., 

2006). 

Results of the present work showed 

that I/R injury significantly increased 

serum LDH and G6PDH. These findings 

confirm the previously reported increase in 

LDH concentration after focal cerebral I/R 

(Rastogi et al., 2006; and Helps & Sims, 

2007) and global I/R (Levy et al., 2004). 

Zhao et al. (2012) demonstrated that 

G6PDH increases as a result of I/R injury 

at the early reperfusion period (1-24 hr) 

following global cerebral ischaemia in rats. 

They also demonstrated that, cerebral 

ischaemia might be able to shunt glucose 

metabolism into the pentose phosphate 

pathway by inhibition of aerobic glycolysis 

thus leading to an increase in G6PDH 

activity. 
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This study revealed that vinpocetine 

significantly restored the reduced brain 

SOD and GSH and serum CAT to the 

sham-operated value. It also decreased the 

elevated brain MDA, and serum NO, LDH, 

G6PDH levels in ischaemic rats.  These 

findings are in agreement with the study of 

Deshmukh et al. (2009) who reported that 

vinpocetine significantly reduced oxidative 

stress, and restored the reduced GSH level 

after experimental oxidative stress in rats. 

They also revealed that vinpocetine 

significantly reduced the oxidative-nitritive 

stress, as evidenced by the decrease in 

MDA and nitrite levels. Vinpocetine has 

been demonstrated to have antioxidant 

potential and to scavenge hydroxyl radicals 

(Santos et al., 2000; and Pereira et al., 

2003). It has been reported that vinpocetine 

improves cerebral blood flow perhaps by 

elevating cGMP levels (Kruuse et al., 

2001), improves mitochondrial function 

(Tárnok et al., 2008), improves oxygen and 

glucose utilization of whole brain (Shibota 

et al., 1982), thereby restoring cerebral 

energy balance, thus the effect of 

vinpocetine on the elevated G6PDH level 

may be attributed to restoring the cerebral 

energy level and glucose utilization. 

Vinpocetine may exert its neuroprotective 

effect by modulating oxidative stress 

(Jayakumar et al., 2002). It can also exert 

its neuroprotective effect by an anti-

inflammatory action ((Imbimbo, 2004; and 

Hirsch & Hunot, 2009). 

Cinnarizine is a selective Ca
2+ 

channel 

blocker widely used in the treatment of 

cerebral and vascular insufficiency (Singh 

et al., 1985). The present study 

demonstrated that cinnarizine treatment 

significantly restored the reduced brain 

GSH in ischaemic rats to the sham-

operated value. This observation is in 

agreement with the study of Serrano et al. 

(2005) who observed increased 

GSH/GSSG ratio in the striatum of female 

parkin knock-out mice. Cinnarizine a 

diphenyl piperazine derivative may exert 

its antioxidant effect due to its capacity to 

concentrate in the lipid bilayer thus 

protects membrane phospholipids against 

oxidative injury (Gonçalves et al., 1991). 

Thus the neuroprotective effect of 

cinnarizine in our study may be attributed 

to its antioxidant effect and this is 

confirmed by the increase in brain GSH 

and SOD contents. However, it couldn’t 

affect either serum CAT level or brain 

MDA content and this observation is in 

agreement with previous studies mentioned 

that cinnarizine couldn’t affect MDA 

production at any concentration after 

mitochondrial swelling induced by high 

Ca
2+ 

intake (Elimadi, et al., 1998). LDH 

and G6PDH levels were significantly 

reduced by cinnarizine treatment. This may 

be attributed to inhibition in hexose 

monophsphate level and improvement of 

glycolysis that reduces the influence of 

ischaemia on energy metabolism 

(Ciancarelli et al., 2004) 

The present study showed that Pyritinol 

significantly increased GSH, SOD, and 

CAT levels. This effect may be attributed 

to its antioxidant effect. Many previous 

studies have demonstrated the scavenger 

properties of pyritinol. It could 

significantly reduce free radicals after 

oxidative stress induced by streptozotocin 

in diabetic rats. Pyritinol could reduce 4 

damage markers; namely free carbonyls, 

dityrosine, malondialdhyde, and advanced 

oxidative protein products (Jiménez-

Andrade et al., 2008), and it protected cell 

proteins by scavenging free radicals in 

vitro (Pavlík and Pilař., 1989). Also it 

significantly reduced brain MDA content 

in ischaemic rats (Jiménez-Andrade et al., 

2008). Serum LDH was also reduced by 

pyritinol treatment. It was demonstrated 

that pyritinol possessed significant 

hydroxyl free radical scavenger activity in 

vitro (Pavlík and Pilař., 1989). Therefore, 

it could protect cartilage and synovial 

protein against free radical induced 

degradation (Wolff et al., 1986). The same 

line of reasoning may be applied to some 

cases of stroke or brain trauma, where the 

generation of hydroxyl free radicals by 

reactive iron/oxygen radical complexes is 
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abundant (Halliwell and Gutteridge, 1986). 

Based on these results, we can suggest that 

the antioxidant effect of pyritinol by its 

scavenging properties may provide a 

neuroprotection activity against I/R injury.  

Rosiglitazone, the most potent PPAR-γ 

agonist significantly restored the reduced 

brain GSH, SOD and serum CAT activity 

to the sham-operated value. These findings 

are consistent with other previous studies 

(Villegas et al., 2004; Collino et al., 2006; 

and Yu et al., 2008). It significantly 

reduced brain MDA. This observation is in 

accordance with the study of Collino et al., 

(2006) who indicated that rosiglitazone 

inhibite lipid peroxidation after global 

cerebral I/R. Also our results indicated that 

rosiglitazone significantly reduced LDH 

level and this observation is in accordance 

with the study of Şener et al. (2007) who 

observed that LDH level was reduced after 

treatment of remote organs subjected to 

burn-induced oxidative injury with 

rosiglitazone. The present study also 

demonstrated that rosiglitazone reduced 

the elevated nitrite level in ischaemic rats 

and this observation is supported by the 

study of Collino et al. (2006) who 

demonstrated that iNOS protein expression 

that responsible for excessive NO 

production during brain I/R injury was 

down-regulated by treatment with 

pioglitazone and rosiglitazone. 

The precise neuroprotective mechanisms 

of PPAR-γ agonists have not yet been fully 

clarified. Many studies have demonstrated 

that rosiglitazone can decrease reactive 

oxygen species production and lipid 

peroxidation confirming its ability to 

attenuate excessive ROS formation 

secondary to I/R injury. Thus rosiglitazone 

may exert its neuroprotective effect against 

I/R by reduction of oxidative stress (Collino 

et al., 2006). Aoun et al. (2003) 

demonstrated that the pre-treatment with 

PPAR-γ agonists protected an immortalized 

mouse hippocampal cell line against 

oxidative stress induced by glutamate or 

hydrogen peroxide. Furthermore, Yu et al. 

(2008) reported that rosiglitazone has 

antioxidative stress in epilepsy model by 

decreasing ROS production and lipid 

peroxidation in rats subjected to oxidative 

stress following pilocarpine-induced status 

epilepticus. Moreover, there was elevated 

superoxide content and exacerbated 

mitochondrial damage in PPAR-γ knockout 

mice (Ding et al., 2007). Furthermore, Şener 

et al. (2007) suggested that rosiglitazone 

may be protective against burn-induced 

oxidative injury by inhibiting neutrophil 

infiltration, and subsequent activation of 

inflammatory mediators that induce lipid 

peroxidation. Several studies have reported 

the anti-inflammatory effect of PPAR-γ 

agonists in animal models of ischaemia, such 

as myocardial infarction (Yue et al., 2001; 

and Wayman et al., 2002), renal I/R injury 

(Sivarajah et al., 2003) and ischaemic lung 

injury (Ito et al., 2004). Thus, the anti-

inflammatory properties of rosiglitazone can 

play an important role in neuroprotection 

against I/R injury. 

CONCLUSION 
Cerebral I/R injury resulted in brain 

damage as a result of the formation of ROS 

such as NO and superoxide and the 

impairment of enzymatic defense 

mechanism such as GSH, SOD, and CAT, 

which resulted in tissue oxidative stress 

and impairment of brain energy 

metabolism as evidence by elevation of 

LDH and G6PDH levels. Vinpocetine and 

PPAR-γ agonist rosiglitazone are potent 

neuroprotective agents against 

experimental brain I/R injury in rats. They 

were able to ameliorate the damaged effect 

of cerebral I/R injury thereby attenuating 

oxidative stress in ischaemic rats. 

Cinnarzine and pyritinol showed a marked 

neuroprotective activity but less than the 

previous drugs. 
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 بعض التأثيرات الحيوية لعقاقير معينة فى حالة نقص دموية المخ المستحدثة تجريبا

 ممدوح عرابى ،حسن الفيومى ،محمد نجيب  ،محمد عبدالعال

 جامعة الزقازيق -كلية الصيدلة-قسم الفارماكولوجى
داث البيوكيميائيلة التلى تلؤدى الى الة ايلة ٳللى نقص التروية الدماغية تؤدى ٳلى سلسللة مقققلدم مللأ ا  ل

الى تخييلح  لدم  الواقيلة للمل بقل  ا دويلة احلص تليرير لذا اقلد اسلت داه ةلذم الدةاسلة . تةكس الخلايا القصبية

وقلد ململه ةلذم ا دويلة ائلا  . الإصابة اى أدمغة اليئران التى تقرضه لةقص التروية التجريبية وٳعادم السريان

 ،ومحصللرا  قةللوا  الكالسلليوس م للف سلليةاةي يلأ ،ةبوسللتيلأ ومستح للر بيريتيةللوو ةيدةوكلوةيللدمختليللة م للف الي

مللأ  القملف الحلال  أةلدا  أمكللأ تحقيل . ةوزيجليتازونم ف ( ريازوليديلأ ديونس)والمركبا  الحساسة للأنسوليلأ 

شلوائ  الحلرم، ونلوات  ونلوات  ال، الخلويلة م ادا  ا كسلدم م ف ةالتغيرا  الكيميائية الحيوي بق  خلاو دةاسة

الشللريان  ولتحقيلل  أةللدا  ةللذم الدةاسللة تلل  ةبلل  .ا نسللجة  للرا الللدةون، وغيرةللا ملللأ الةللوات  الدالللة علللى تلللح

السباتى المشترك لمدم ساعة لإعاقة وصوو الدس و إ داث نقص الترويلة الدماغيلة رل  ٳعلادم السلريان اللدموى اللى 

 ا وللىالمجموعلة  .كف مة ا يحتلوى عللى سلبقة الرذان ا مجموع 6وقد قسمه الجرذان الى  .الم  لمدم ساعتيلأ

المجموعللة ال انيللة وةللى تم للف المجموعللة  .وةللى المجموعللة ال للابصة لللةقص الترويللة الدماغيللة لكللف المجموعللا 

ارعلة وا لدم عللأ قريل  اليل   ٳعصائ امجموعة  يث ت   4مجموعا  القلاج ممله  .ال ابصة السالبة أو ال ائية

 55)بيريتيةلللوو  ،(كجللل /مجللل  7)سللليةاةي يلأ  ،(كجللل /مجللل  3)اليةبوسلللتيلأ   الملللائى مللللأ عقلللاةمللللأ المقلللل  مللللأ 

ترت  على ٳ داث نقص أو  بس الدموية ر  ٳعادم السلريان  .(كج /مج  5.0 )و عقاة ةوزيجليتازون ،(كج /مج 

ديسلميوتي  الى ونشلاق ٳنل ي  سلوبر أكسليد  ،اى أدمغة اليئران ٳنخياضا اوةريلا الى محتلوى الوتلاريون المختل و

زيلادم اوةريلة الى  وكلذلك وكذلك ٳنخياضا اوةريا الى نشلاق نشلاق ٳنل ي  الكتلا ز الى مصلف اللدس ،أنسجة الم 

ونشلاق  ،زيلادم اوةريلة الى محتلوى محتلوى أكسليد الةيتلرك وأي لا محتوى مالون داى ألدي ايلد الى أنسلجة المل 

أدى ٳسلتقماو  .وسليا  دي يلدةوايةي  الى مصلف اللدسا-6-و نشاق ٳنل ي  الجلوكلوز ،ٳن ي  اللاكتا  دي يدةوايةي 

ونشاق ٳنل ي  سلوبر أكسليد  ،ةوزيجليتازون ٳلى زيادم اوةرية اى محتوى الوتاريون المخت واليةبوسيلأ أو عقاة 

كما أدى ٳلى نقص الوةرى الى محتلوى ملالون . و نشاق ٳن ي  الكتا ز اى مصف الدس ،ديسميوتي  اى أنسجة الم 

و نشللاق ٳنلل ي   ،ونشللاق ٳنلل ي  اللاكتللا  دي يللدةوايةي  ،و محتللوى أكسلليد الةيتللرك ،أنسللجة الملل داى ألدي ايللد اللى 

اسلتقماو عقلاة بيرتيةلوو اللى نيلس الةتلائ   أي ا ترت  عللى  .اوسيا  دي يدةوايةي  اى مصف الدس-6-الجلوكوز

 يلؤدى لل  قماو عقاة سيةاةي يلأٳستبيةما   .اى الدس  يث ل  يحدث أى تغيير أكسيد الةيترك السابقة ما عدا محتوى 

الون أو محتلوى مل ،أو محتلوى أكسليد الةيتلرك الى مصلف اللدس ،تغيير اوةرى اى نشاق ٳن ي  الكتا ز  دوث ٳلى

نقص التروية الدماغية ر  ٳعادم السريان تلؤدى  بةاء على ةذم الةتائ  يمكلأ القوو بين .داى ألدي ايد اى أنسجة الم 

والد أن مركبلا  اليةبوسلتيلأ وةزيجليتلازون كلان ل ملا تليرير  .ٳنصلاا الشواةد الحلرمٳلى تلح أنسجة الم  نتيجة 

أظ لر  مركبلا   .وٳعلادم السلرياناقاو كم ادا  للأكسدم اى تخييح  دم ا صابة الةااملة عللأ  لبس الدمويلة 

 .ةالسيةاةي يلأ والبيرتيةوو اقالية ملحوظة كم ادا  للأكسدم ولكلأ أقف ااعلية ملأ ا دوية السابق

 

 
 


