
Cerebral ischemia leads to cognitive decline and neuronal damage in the hippocampus. Reactive oxygen

species (ROS) play an important role in the neuronal loss after cerebral ischemia and reperfusion injury.

Carnosine has both antioxidant and neuroprotective effects against ROS. In the present study, the effects

of carnosine on oxidative stress, apoptotic neuronal cell death and spatial memory following transient

cerebral ischemia in rats were investigated. Transient ischemia was induced by occlusion of right com-

mon carotid artery of rats for 30 min and reperfusion for 24 h or 1 week. Rats received intraperitoneal

injection of 250 mg/kg carnosine or saline 30 min prior to experiment. Determination of antioxidant

enzyme activities was performed spectrophotometrically. To detect apoptotic cells, TUNEL staining was

performed using an In Situ Cell Death Detection Kit. Carnosine treatment elicited a significant decrease

in lipid peroxidation and increase in antioxidant enzyme activities in ischemic rat brains. The number of

TUNEL-positive cells was decreased significantly in carnosine-treated group when compared with the

ischemia-induction group. Carnosine treatment did not provide significant protection from ischemia

induced deficits in spatial learning. The results show that carnosine is effective as a prophylactic treat-

ment for brain tissue when it is administered before ischemia without affecting spatial memory.
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INTRODUCTION

Reactive oxygen species (ROS) play an important role in the neuronal loss after cere-

bral ischemia and post-ischemic reperfusion injury. ROS (superoxide anion, hydrox-

yl radical, etc.) react with cellular proteins, lipids and DNA, and further, they destroy

the cell membrane by inducing lipid peroxidation. The endogenous antioxidant
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enzymes, such as superoxide dismutase (SOD) and glutathione peroxidase (GPx)

reduce ROS mediated reactions and the risk of ischemia/reperfusion injury caused by

ROS [9, 13].

Apoptosis is involved in acute neuronal cell death following cerebral ischemia and

the consequence of cerebral ischemia is selective loss of vulnerable neurons by apop-

tosis in specific brain regions, such as hippocampal CA1 area [15, 16, 20]. Oxidative

stress resulting from ROS production is also implicated in apoptosis; therefore,

administration of antioxidants could alleviate apoptosis and protect nerve cells

against the ischemic injury [1].

The hippocampus is involved in spatial learning and memory. CA1 pyramidal neu-

rons are highly vulnerable to cerebral ischemia; therefore the ischemic neuronal dam-

age may lead to spatial memory impairments. Cerebral ischemia leads to behavioral

consequences which can be tested by a variety of tasks such as Morris water maze

task. It has been suggested that there might be a correlation between hippocampal

neuronal damage and deficits in spatial memory [2, 6].

Carnosine is an endogenous dipeptide which is accumulated in brain, heart and

skeletal muscle. It has been demonstrated that carnosine has antioxidant and neuro-

protective effects against reactive free radicals. Carnosine protects nerve cells from

cerebral ischemic injury by its antioxidant and membrane protecting properties [3,

23, 24]. However, the involvement of carnosine in different brain regions which are

vulnerable to cerebral ischemia is unclear. There has been no report of involvement

of carnosine in apoptosis and oxidative stress in rat prefrontal cortex and hippocam-

pus regions in cerebral ischemia. In this study, we aimed to examine the effects of

carnosine treatment on apoptosis, oxidant stress and spatial memory in an animal

model of cerebral ischemia. We have determined parameters associated with oxida-

tive stress, SOD and GPx enzyme activities in the prefrontal cortex and hippocam-

pus regions of rats that form interconnected neural circuits for spatial memory, cel-

lular damage as indicated by lipid peroxidation, and apoptosis by terminal deoxynu-

cleotidyl transferase mediated dUTP nick end labeling (TUNEL) staining.

MATERIALS AND METHODS

Animals

The animals used in this experiment were female Wistar rats weighing between

200–250 g (n = 60). All experiments were performed in accordance with the guide-

lines provided by the Experimental Animal Laboratory and approved by the Animal

Care and Use Committee of the Dokuz Eylul University, School of Medicine. The

rats were randomly assigned into three groups; the sham-operation group (sham,

n = 14), the ischemia-induction group (ischemia + vehicle, n = 24), and ischemia-

induction + carnosine group (ischemia + carnosine, n = 22). Animals of ische-

mia + carnosine group were treated with carnosine, injected intraperitoneally by a

single dose of 250 mg/kg body weight 30 min before carotid occlusion. In



ischemia + vehicle group, rats were injected with a vehicle of 0.9% physiological

saline. The rats in ischemia + vehicle and ischemia+carnosine groups were subjected

to 30 min of cerebral ischemia and perfused at 24 h or 7 days. To induce transient

cerebral ischemia, rats were anesthetized with sodium pentobarbital (50 mg/kg i.p.).

Body temperature was maintained at normothermia with heating lamp. The right

common carotid artery was exposed with a midline cervical incision under a dissec-

tion microscope and occluded for 30 min [14, 17]. Subsequently, the carotid arteries

were released and inspected for immediate reperfusion. Sham animals received anes-

thesia and initial surgical procedures but did not receive occlusion. Rats perfused at

7 days after surgery were given behavioral training in Morris water maze. All rats

were decapitated at 24 h or 1 week after surgery. The half of the rats in each group

was sacrificed by cervical dislocation and used for estimation of oxidant stress para-

meters, and the other half was perfused with saline followed by 10% formaldehyde

under ether anesthesia and used for histological evaluation.

Morris water maze testing

To assess spatial learning, the Morris water maze task was used. The Morris water

maze consisted of a circular fiberglass was 2 m in diameter and 75 cm in height. The

water level in the maze was 50 cm high, which was 1.5 cm above the height of the

escape platform. The pool was filled with opaque water to prevent visibility of the

platform in the pool. The escape platform was placed in the middle of one of the ran-

dom quadrants of the pool and was kept in the constant position throughout the

experiments (north-east for this study). On each test day, rats were placed in the

water (22 ± 1 °C) and trained until they found the hidden platform within 60 s, using

extra maze cues. On successive days the start position was randomly altered. The

swimming was monitored by a video camera, which was positioned directly above

the center of the pool. If the animal failed to locate the platform in 60 s, the experi-

menter placed the rat on the platform and left it there for 30 s. Each rat was tested for

five swimming trials daily for 4 consecutive days, with an inter-trial interval of 60 s

(a total of 20 trials). On the fifth day, a probe trial was run in the pool, which from

the platform was removed and rats were placed into the pool and swam for 60 s. Time

in seconds spent in the correct quadrant was recorded. The data were analyzed for

latency to find the platform and time spent in the correct quadrant.

Biochemical estimations

The half of the rats in each group was sacrificed by cervical dislocation under ether

anesthesia. The brains were removed and divided into two hemispheres. Hippo-

campus and prefrontal cortex tissues were dissected on an ice-cold surface. Tissue

homogenates were prepared as described by Carrillo et al. [8]. An aliquot of the

homogenate and supernatant was stored at –70 °C until thiobarbituric acid reactive
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substances (TBARS) levels, an indicator of lipid peroxidation, and SOD and GPx

enzyme activities were determined. Determination of TBARS levels and antioxidant

enzyme activities were performed spectrophotometrically.

Determination of TBARS was performed on homogenate according to the method

of Rehncrona et al. [21] and expressed as nmol/mg protein. SOD and GPx activities

were measured on supernatant by using RANSOD and RANSEL kits (Randox Labs.,

Crumlin, UK). Results were expressed as units/mg protein. The protein contents of

supernatant and homogenate were determinated using a total protein kit (Randox

Labs., Crumlin, UK).

Histological evaluation

The half of the rats in each group was anesthetized via inhalation of ether. Rats were

perfused intracardiacally by using isotonic sodium chloride followed by 10% forma-

lin in phosphate buffer. Following the perfusion process, brains were removed and

stored in the same solution for 24 h. Brain tissues were processed by routine histo-

logical methods and embedded in paraffin blocks. Paraffin blocks were placed in a

rotary microtome and cut into 6 μm thickness coronal sections at multiple levels.

Three coronal sections were taken through the hippocampus that corresponded

approximately to Plates 21, 23, 25 and two coronal sections through the prefrontal

cortex that corresponded approximately to Plates 9 and 11 in accordance with the rat

atlas of Paxinos and Watson. All sections were stained by cresyl violet.

To detect apoptotic cells, TUNEL staining was performed using an In Situ Cell

Death Detection Kit® (Roche, Mannheim, Germany) according to the manufacturer’s

protocol. Briefly, the sections were deparaffinized, hydrated by successive series of

alcohol, washed in distilled water followed by phosphate-buffered saline (PBS) and

deproteinized by proteinase K (20 μg/ml) for 30 min at 37 °C. Then the sections were

rinsed and incubated in the TUNEL reaction mixture. The sections were rinsed and

visualized using converter-POD with 0.02% 3,3´-diaminobenzidine (DAB). The sec-

tions were counter-stained with hematoxylin. For quantitative analysis of TUNEL-

positive cells in hippocampus and prefrontal cortex, cells exhibiting apoptotic fea-

tures (condensed cytoplasm and chromatin, intense TUNEL reactivity, and a round-

ed cell body) were counted in hippocampal CA1 region and dentate gyrus, and pre-

frontal cortex using a computer assisted image analyzer system consisting of a micro-

scope (Olympus BH-2 Tokyo, Japan) and a high-resolution video camera (JVC TK-

890E, Japan). For establishing apoptotic index, 1000 cells were counted randomly in

these different areas of ipsilateral hemisphere and calculated the percentage of the

apoptotic cells. All counting and measurement procedures were performed blindly.



Statistical analysis

Results are presented as mean ± SEM. All data were analyzed by one-way analysis

of variance followed by the Bonferroni test. P values less than 0.05 were considered

to be significant.

RESULTS

To examine the protective effect of carnosine, TBARS levels of ipsilateral and con-

tralateral hemisphere were determined. Figure 1A and B presents TBARS levels in

prefrontal cortex and hippocampus regions, respectively. After 24 h of reperfusion,

TBARS levels in ipsilateral hemisphere of ischemia + vehicle were significantly

increased compared to that in sham-operated rats (P < 0.05). Carnosine treatment

caused a significant decrease in the prefrontal cortex and hippocampus TBARS lev-

els when compared to the ischemia + vehicle group (P < 0.05). No significant

increase and effect of carnosine in lipid peroxidation were found in any brain region

at 7 days of reperfusion when compared with ischemia + vehicle group (data not

shown).

Figure 2 and Fig. 3 represent the prefrontal cortex and hippocampus GPx and SOD

activities, respectively. A 30-min cerebral ischemia and 24 h of reperfusion caused a
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Fig. 1. TBARS levels in prefrontal cortex (A) and hippocampus (B) regions from ipsilateral and con-

tralateral hemispheres 24 h after ischemia in rats. Data are mean ± SEM. * P < 0.05 compared to

ischemia + vehicle group. # P < 0.05 compared to contralateral side ischemia + vehicle group
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Fig. 2. Effects of carnosine on GPx activity in prefrontal cortex (A) and hippocampus (B) regions from

ipsilateral and contralateral hemispheres 24 h after ischemia in rats. Data are mean ± SEM. * P < 0.05

compared to ischemia + vehicle group

Fig. 3. Effects of carnosine on SOD activity in prefrontal cortex (A) and hippocampus (B) regions from

ipsilateral and contralateral hemispheres 24 h after ischemia in rats. Data are mean ± SEM. * P < 0.05

compared to ischemia + vehicle group



decrease in GPx and SOD activities of ipsilateral hemisphere as compared with con-

tralateral ischemia + vehicle group. Carnosine-treated rats showed a significant

increase in GPx and SOD activities as compared to ischemia + vehicle group

(P < 0.05). No significant change and effect of carnosine in GPx and SOD activities

were found in brain regions at 7 days of reperfusion when compared with ische-

mia + vehicle group (data not shown).

The effects of carnosine on latency times in the Morris water maze are presented

in Fig. 4A. The latency to reach the platform declined progressively throughout four

days in all groups, but carnosine had no significant effect on escape latency during

the escape trials. In the probe trial, ischemia + vehicle rats spent significantly less

time in the correct quadrant than did sham-operated rats. The reduction in time spent

in the correct quadrant by ischemic rats was altered by treatment with carnosine but

did not reach statistical significance (Fig. 4B).

Representative photographs of cresyl violet and TUNEL staining in the ipsilater-

al hippocampus and prefrontal cortex areas after 24 h reperfusion of ischemia are

shown in Fig. 5. Sham-operated rats showed fewer TUNEL-positive cells in all brain

areas studied. In the ischemia + vehicle group, the number of TUNEL-positive cells

was increased significantly in CA1, dentate gyrus and prefrontal cortex regions

(14.6 ± 1.81, 16.6 ± 3.28 and 17.6 ± 3.36%, respectively). In the ischemia + carnosine

group the number of TUNEL-positive cells was reduced to 9.3 ± 2.16, 11.8 ± 1.32 and

9.5 ± 2.58%, respectively (Fig. 6). The difference of the number of TUNEL-positive

cells between the ischemia + vehicle and ischemia + carnosine group was statistically

significant (P < 0.05).
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Fig. 4. Escape latency for escape trials (A) and time spent in the correct quadrant during the probe trial

(B). Data are mean ± SEM. No significant changes in latency times (A) were observed. * P < 0.05

compared to ischemia + vehicle group (B)
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DISCUSSION

The present study demonstrates that carnosine treatment has a protective effect

against ischemia-induced oxidative stress and neuronal apoptosis. The brain tissue is

highly vulnerable to damages caused by oxidative stress [11, 19]. ROS are known to

be considerably induced during ischemia and reperfusion. Cerebral ischemia reper-

fusion results in neuronal death, which is associated with increased production of

ROS and also occurs preferentially in some brain regions. Lipid peroxidation is one

of the determinants of ROS induced oxidative damage. Findings support those of

other investigators who were demonstrated distinct increase of cerebral ischemia

results in lipid peroxidation at 24 hours of reperfusion and no significant increase at

7 days of reperfusion in brain regions [19]. In our research, carnosine treatment sig-

nificantly decreased lipid peroxidation in hippocampus and prefrontal cortex regions.

Dobrota et al. demonstrated that carnosine could prevent higher lipid peroxidation of

whole brain homogenates after global brain ischemia [10]. Compared with this study,

our study evaluated the preventive effect of carnosine on lipid peroxidation in dif-

ferent brain regions which are vulnerable to ischemia.

The organism has some protective defense enzymes and repair systems against

oxidative damage. The enzymatic defense involves enzymes of SOD and GPx. The

activities of antioxidant enzymes decrease in brain regions of rats under ischemia

[13]. According to results a significant decrease was shown in prefrontal cortex and

hippocampus GPx and SOD activities 24 hours after ischemia. Carnosine treatment

provided a significant increase in GPx and SOD activities in these brain regions.

Carnosine is known to act as ROS scavenger [5, 18, 22]. In our research, we showed

carnosine treatment was effective in free radical damage under ischemia-reperfusion.

Carnosine treatment did not change GPx and SOD activities in these brain regions at

7 days of reperfusion. The reason behind this could be a long-term compensatory

mechanism of antioxidant enzyme activity modulation [7].

Cerebral ischemic injury is known to induce memory impairment. Selective cell

death of the CA1 hippocampal neurons due to ischemia leads to an impairment of

spatial learning [2, 6]. In the present study, the effect of carnosine on ischemia-

induced spatial memory impairment was evaluated by using a Morris water maze
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Fig. 6. Effect of carnosine on the number of TUNEL-positive cells in the hippocampus and prefrontal

cortex after ischemia-reperfusion. Data are mean ± SD. * P < 0.05 compared to ischemia + vehicle group.

(CA1) Hippocampal CA1 region; (DG) Hippocampal dentate gyrus; (PFC) Prefrontal cortex
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task. The latency was shortened by ischemia-reperfusion, but was not significantly

improved by carnosine treatment. This means that the deficit in spatial memory

induced by ischemia-reperfusion was not significantly reduced by carnosine. Gallant

et al. reported that addition of carnosine into the drinking water decreases mortality

and improves learning in T-maze test of rats under brain ischemia [12]. In the pre-

sent study, carnosine did not prevent ischemia-induced memory impairment when

the administration of the drug was started shortly before the ischemia. The adminis-

tration of single dose carnosine or the drug dose selected for this study might not be

sufficient to improve spatial memory impairment. The modification of the drug’s

dosage or long-term usage of the drug before or after the ischemic period may pro-

vide a positive effect of carnosine on memory. The effect of carnosine on spatial

memory under cerebral ischemia in rats is poorly characterized; therefore a further

investigation is necessary for treatment modality for ischemic injury.

Cerebral ischemia is caused by deprivation of oxygen and glucose, resulting in

neuronal cell death. Apoptosis is a process of self-destructive cell death and is

involved in ischemia and reperfusion injury and neurodegenerative disorders. The

morphological characteristics of neuronal apoptosis are nuclear DNA fragmentation,

membrane blebbing, cell shrinkage and condensation of nucleus [25, 26]. Hotta et al.

reported unilateral carotid artery occlusion results neuronal damage in the rat cere-

bral cortex [14]. The other study of us showed that unilateral ischemia induces apop-

totic neuronal cell death in the rat hippocampus [17]. In the present study, carnosine

treatment significantly suppressed ischemia-induced apoptosis in the hippocampus

and prefrontal cortex regions. In vitro and in vivo experiments indicate that carnosine

may prevent apoptotic process [4, 25]; however, there are no direct data relevant to

the anti-apoptotic effect of carnosine in these regions in ischemic rat brains.

The mechanisms underlying the anti-ischemic activity of carnosine may involve

several pharmacologic effects. Neuroprotective action of carnosine includes antioxi-

dant, membrane-protecting and pH-buffering activities, and regulation of macro-

phage activity [23]. In conclusion, the present study revealed that carnosine treat-

ment before cerebral ischemia-reperfusion significantly improves oxidative stress

and ischemia-induced apoptotic neuronal cell death in rats. It seems that the antiox-

idant effects of carnosine contributed to its neuroprotective effect. In our research,

the alleviating effect of carnosine on apoptosis and oxidative stress in the prefrontal

cortex and hippocampus regions of rats was shown for the fist time in cerebral

ischemia. These findings suggest that carnosine may be effective as a prophylactic

agent for brain tissue without affecting spatial memory when administered before

ischemia.
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