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Giriş: İskemiye karşı en hassas olan beyinde iskemiden kaynaklanan hastalıklar 
yaygınlaşarak sosyal ve ekonomik sorunlara yol açmaktadır. Organizmanın 
oluşturduğu antioksidan savunma sisteminin yetersizliği sonucu artan serbest 
radikaller başta kanser olmak üzere çeşitli hastalıkların ve yaşlanma süreçlerinin 
gelişmesine katkıda bulunur. Çalışmamızda güçlü bir antioksidan olan 
astaksantinin (AST) antioksidan sistem ile beyin üzerindeki koruyucu etkisinin 
araştırılması amaçlandı. 

Materyal ve Metot: Deneyde toplam 32 adet erkek sıçan kullanıldı ve sıçanlar 
her grupta sekiz adet olmak üzere dört gruba ayrıldı. Sıçanlara ameliyattan 30 
dakika önce intraperitoneal olarak AST verildi. Sonrasında 15 dakika süreyle 
iskemi ardından da 24 saat reperfüzyon uygulandı.  Malondialdehit (MDA), 
süperoksit dismutaz (SOD), katalaz (CAT) düzeyleri analiz edildi ve beyin 
kesitleri incelendi. 

Bulgular: Sham grubunda SOD ve CAT düzeylerinde anlamlı derecede azalma, 
AST ile tedavi edilen grupta ise anlamlı bir artış gözlemlenmiştir. Bu da iskemi 
sonrası artan serbest radikaller karşısında antioksidan savunma sisteminin yetersiz 
olduğunu, ancak AST’nin antioksidan sistem üzerinde önemli bir koruyucu etkiye 
sahip olduğunu göstermektedir. Sham grubunda görülen MDA düzeylerindeki 
anlamlı artış beyinde oksidatif hasarın oluştuğunu göstermektedir. Astaksantin 
verilen gruplarda anlamlı bir düzeyde azalma gözlemledik. Bu da bize yüksek 
dozda verilen AST’nin beyin üzerinde tam bir koruyucu etkiye sahip olduğunu 
göstermektedir.

Sham grubunda, serebral kortekste önemli hasar ve yüksek sayıda nekrotik nöron 
gözlemlenmiştir. Astaksantin verilen gruplarda hasar seviyeleri azalmış nöronlar 
gözlemlenmiştir. Histolojik veriler, AST’nin sınırlı derecede nörolojik koruma 
sağlayabildiğini göstermektedir.

Sonuç: Çıkan sonuçlar AST’nin oksidatif hasarı azaltmada ve beyin hasarına 
karşı bir dereceye kadar önleyici etkinlik sergilediğini göstermektedir. Histolojik 
değerlendirmelerin objektifliğini ve netliğini artırmak için niceliksel analizler ve 
değerlendirmeler yapmak ve tespit edilen değişiklikleri kategorize etmek faydalı 
olacaktır.

Anahtar Sözcükler: iskemi-reperfüzyon, arteria carotis communis, serbest 
radikaller, antioksidanlar, astaksantin, serebral iskemi modelleri, doku hasarı

ÖZET

Introduction: The prevalence of cerebral ischemia-related diseases, which 
mostly affect the brain, has become pervasive and is associated with significant 
societal and economic challenges. The deficiency of the organism’s antioxidant 
defense system results in an elevation of free radicals, which in turn contributes 
to the development of a range of illnesses and aging processes, with a particular 
emphasis on cancer. The objective of our research was to examine the potential 
protective impact of astaxanthin (AST) on the antioxidant system inside the brain. 

Material and Method: Within the experimental framework, a total of 32 male 
rats were utilized, with each group consisting of 8 rats separated into 4 subgroups. 
Dimethyl sulfoxide and AST were delivered intraperitoneally to the rats 30 
minutes before to the surgery. A 15-minute period of ischemia was conducted. 
After a period of 24 hours of reperfusion, the rats underwent decapitation. 
Malondialdehyde (MDA), superoxide dismutase (SOD), catalase (CAT) levels 
were analyzed and brain sections were examined.

Results: A significant decrease in the levels of SOD and CAT was observed in the 
sham group, while a significant increase was observed in the group treated with 
AST. This indicates that the antioxidant defense system is insufficient against the 
free radicals that increase after ischemia, while AST has a significant protective 
effect on the antioxidant system. The significant increase in MDA levels in the 
sham group suggests that oxidative damage occurs in the brain. In the groups 
administered AST, we observed a significant decrease. This indicates to us that 
AST has an extensive protective effect on the brain at high doses.

In the sham group, significant damage and a high number of necrotic neurons 
were observed in the cerebral cortex. Neurons with less damage were observed in 
the groups treated with AST. The histological data suggest that AST may have a 
limited neuroprotective effect. 

Conclusion: The results show that AST has some preventive effect in reducing 
oxidative damage and against brain damage. In order to increase the objectivity 
and clarity of the histological evaluations, it will be useful to perform quantitative 
analyzes and evaluations and to categorize the detected changes.

Keywords: Ischemia-reperfusion, common carotid artery, free radicals, 
antioxidants, astaxanthin, tissue damage.
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Introduction
Cerebral ischemic injuries, which have a high morbidity, 
disability, and mortality worldwide, represent a major 
psychological burden and economic pressure for patients and 
society (1). 

Ischemia is defined as the inability of tissues to provide oxygen 
and other metabolic products and to remove the remaining 
products, especially oxygen, as a result of weakening or complete 
interruption of blood flow in a given tissue (2). Reperfusion is 
the restoration of blood circulation in this ischemic tissue (3). 
Damage to ischemic tissue in many organs such as lung, kidney, 
liver, heart, brain, and intestine after reperfusion has been 
investigated in studies (4). 

The severity of tissue damage resulting from ischemia is 
influenced by several parameters, including the occluded artery’s 
size, the duration of the blockage, and the tissue’s properties 
(5). Brains are very delicate and susceptible to interruptions in 
blood supply. Cerebral ischemia is a medical emergency that 
results from the temporary interruption of blood supply to the 
brain, leading to irreparable neuronal damage in various brain 
regions (6). Transient symptoms may occur if sufficient blood 
supply is promptly restored. Nevertheless, in the event of a 
significant delay in the restoration of circulation, it is possible 
for irreversible brain damage to occur. While the preservation 
of brain tissue during reperfusion is crucial, it is imperative to 
acknowledge that reperfusion can also result in injury (1,7).  
Ischemia-reperfusion injury is a complex sequence of events 
leading to cell and tissue damage (5). Oxidative stress and 
inflammation play a critical role in the process of ischemia and 
reperfusion injury in the brain. Oxidative stress is an important 
mediator of neuronal apoptosis in the central nervous system 
(8,9). Blood flow to the brain decreases, leading to ischemia 
and the breakdown of toxic metabolites such as oxidative stress 
mediators. The restoration of blood flow, known as reperfusion, 
has the potential to elevate oxygen levels and induce the creation 
of reactive oxygen species. This phenomenon has been linked 
to detrimental effects on the cellular membrane, proteins, and 
DNA within neurons. The excessive generation of reactive 
oxygen species (ROS) results in oxidative harm, included lipid 
peroxidation, protein oxidation, and DNA damage, potentially 
culminating in cellular demise (10,11,12).  

Animal models of brain ischemia have been widely used to 
study the effects of potentially neuroprotective agents. Strategies 
based on antioxidant supplementation have been reported to 
have a beneficial effect on neuronal damage in experimental 
models of cerebral ischemia-reperfusion. Antioxidant agents 
can combat oxidative stress by eliminating free radicals or 
consuming substances that can produce free radicals. Many 
antioxidants have been reported to protect the brain from 
ischemia-reperfusion injury (13). 

Astaxanthin (AST), a red and orange carotenoid pigment 
belonging to the class of xanthophylls, is a biological antioxidant 
that occurs naturally in a variety of aquatic organisms (14,15). 
It was first isolated from lobsters, and because of its remarkable 
antioxidant activity, astaxanthin was approved as a dietary 
supplement (16). Astaxanthin is one of the xanthophyll 
carotenoids found mainly in microalgae, fungi, complex plants, 
seafood, flamingos, and quail (17). Although  AST is able to 
exhibit higher antioxidant activity than beta-carotene and vitamin 
E (18). Astaxanthin has a broad spectrum of biological activities, 
such as antioxidant, anti-inflammatory, anti-cancer, anti-
apoptotic, and cardioprotective effects (19,20). It can also easily 
cross the blood–brain barrier and protect the brain from acute 
and chronic damage caused by neurodegenerative diseases (21). 
Studies in animal models have shown that AST administration 
in the early stages of ischemia-reperfusion significantly reduces 
cell death in the hippocampus (22). Astaxanthin has been shown 
to protect against Alzheimer’s disease (23). Astaxanthin has been 
shown to protect against another common neurodegenerative 
disease, Parkinson’s disease, through multiple mechanisms (24). 

The aim of this study is to investigate whether AST has a dose-
dependent protective effect on the antioxidant system and brain 
in the cerebral ischemia-reperfusion model.

Materials and Methods
Before starting the study, “ethically appropriate” approval 
was obtained from the local animal experimentation ethics 
committee of Eskisehir Osmangazi University dated 16/08/2016 
with registration number 544/2016. The male rats to be used in 
the study were obtained from Eskisehir Osmangazi University 
Medical and Surgical Experimental Research Centre.

Animals

Thirty-two adult male Wistar albino rats weighing between 
180-200 g were used. Rats were obtained from the department’s 
animal shelter and maintained under standard laboratory 
conditions such as a temperature of 21 ± 3°C, 60–70% relative 
humidity, and a 12/12-hour light and dark cycle. The rats were 
acclimatized seven days before the experimental study. During 
the experimental period, the rats had free access to tap water and 
commercial pellet food. 

Experimental Design

Rats were randomly divided into four groups (eight rats in each 
group): Control, Sham, ischemia-reperfusion injury treated with 
AST at 25 mg/kg (AST25), and ischemia-reperfusion injury 
treated with AST at 75 mg/kg (AST75). Astaxanthin (≥97%, 
Haematococcus pluvailis, SML0982 SIGMA) was dissolved in 
dimethyl sulfoxide (DMSO) and administered intraperitoneally 
at the appropriate dosage 30 minutes before surgery. With careful 
surgery and administration, no rat in any group died.
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The Control group was administered 1 ml/kg DMSO 
intraperitoneally 30 minutes before the start of the surgical 
procedure. To study the effect of the surgical procedure in rats 
and compare it with the other groups, only the dissection of the 
left carotid artery was performed in the control group. After 
15 minutes, the neck structures were returned to their original 
position, and the skin was closed. 

The Sham group were administered 1 ml/kg DMSO 
intraperitoneally as an infusion 30 minutes before the start of 
the surgical procedure. The neck of the rats was dissected, the 
left carotid artery was exposed, and ischemia was applied for 15 
minutes. After this time, the clamp was removed, the structures 
in the neck were returned to their original position, and the skin 
was closed. 

Twenty-five mg/kg and 75 mg/kg AST were administered 
intraperitoneally to the rats in the low-dose group (AST25) and 
the high-dose group (AST75), respectively, 30 minutes before 
the start of the surgical procedure. The neck of the rats was 
dissected to expose the left carotid artery, and ischemia was 
applied for 15 minutes. At the end of this time, the clamp was 
removed, the structures in the neck were returned to their original 
position, and the skin was closed. Rats in the whole group were 
kept in reperfusion for 24 hours after the surgical procedures.

Biochemical Analysis

After 24 hours had elapsed, the rats were anesthetized 
intraperitoneally. Rats were placed on the operating table and 
restrained in the supine position, and their retraction and blink 
reflexes were checked. After anesthesia, the rats were perfused 
via intracardiac access. Blood was collected from the apex of the 
heart into tubes.

The collected blood was stored at +4°C for 10 minutes and 
centrifuged at 10,000 rpm. The supernatant obtained by 
centrifugation was separated for biochemical measurements and 
stored at -85°C until measurement. 

The enzyme Superoxide dismutase (SOD) was studied according to 
the method of Sun et al (25), the determination of malondialdehyde 
(MDA) according to the Esterbauer method (lipid peroxidation 
measurement method) (26), and the determination of catalase 
(CAT) according to the Aebi method (27). Afterwards, the rats 
were killed by dislocation of the cervical spine and the brain tissue 
was removed for further examination. 

Histological Processes of Tissues

Brain tissue was postfixed in 4% paraformaldehyde solution 
for 12 hours and rinsed in water. After dehydration in gradient 
alcohol and kerosene embedding, specimens were cut into 
5-mm-thick slices and stained with hematoxylin–eosin. Brain 
sections were examined by light microscopy, after staining with 
hematoxylin–eosin (HE).

Statistical Analysis

IBM Statistical Package for Social Sciences (SPSS) program 
v.21 was used for the statistical analysis of the obtained results. 
Descriptive data were expressed as mean ± standard deviation. 
When the data were normally distributed, the one-way method 
ANOVA (post hoc: Tukey) was used as the result of comparisons 
between groups. The Kruskal-Wallis H test was used to evaluate 
multiple groups that did not have a normal distribution. The 
compatibility of the data with the assumption of normal distribution 
was evaluated using the Kolmogorov-Smirnov test. A value of p 
<0.05 was accepted as a criterion for statistical significance.

Results

Biochemical Results

Superoxide dismutase values

The numerical data for the blood values SOD (% inhibition) 
(mean±standard deviation) are given in Table 1, and the graph 
for the same values is shown in Figure 1.

In the statistical comparison of the groups, it was found that the 
value of the Sham group, in which we applied ischemia but did 
not administer any substance, was the lowest. This indicates 
that the antioxidant defense system is inadequate against free 
radicals, which increase with ischemia. The significant increase 
in the values in the AST25 group shows that the substance we 
administered has a significant protective effect on the antioxidant 
system. In the AST75 group, the protective effect increased and 
approached the values of the control group. However, the increase 
in the dose of the administered substance did not increase to the 
same extent as the protective effect of the AST25 group. This 
indicates that the protective effect of astaxanthin continues to 
increase with increasing dose, but its rate gradually decreases.

Table 1. Distribution of SOD levels of the groups
SOD (% 

inhibition)
Multiple 

Comparison
Group 
Number Groups n

mean±standard 
deviation F p 1 2 3 4

1 Sham 8 76,725±2,439 *** *** ns
2 Control 8 65,883±3,062 *** ** ***
3 AST25 8 70,190±2,470 34,603 0,000 *** ** **
4 AST75 8 75,735±1,506 ns *** **

Figure 1. Distribution of SOD levels of the groups
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Catalase values

The numerical data for the blood values CAT (mmol/min/mg 
protein) are given in Table 2, and the graph for the same values 
is shown in Figure 2.

It was found that the values were generally consistent with those 
of SOD. The lowest value of the sham group indicates that the 
antioxidant defense system against free radicals, which increase 
in ischemia, is inadequate. It was observed that the values of 
the AST25 group increased significantly and the administered 
substance had a significant protective effect on the antioxidant 
system, while in the AST75 group, the protective effect increased 
further and approached the values of the control group. 

Table 2. Catalase values in blood
CAT

(mmoles/min/mg 
protein)

Multiple 
Comparison

Group 
Number Groups n

mean±standard 
deviation F p 1 2 3 4

1 Sham 8 18,3813±1,62 *** ** ns
2 Control 8 14,3263±0,497 *** *** ***
3 AST25 8 16,6713±0,216 29,191 0,000 ** *** *
4 AST75 8 17,8163±0,535 ns *** *

Figure 2. Distribution of CAT levels of the groups

Malondialdehyde values

The numerical data for the blood values MDA (nmol/ml) 
(mean±standard deviation) are given in Table 3, and the graph 
of MDA levels in the blood is shown in Figure 3. 

In the statistical comparison between the Sham group and the 
other groups, it was found that the MDA values of the Sham 
group were significantly higher. This indicates that brain 
tissue damage occurs after ischemia. The rapid decrease of the 
values in the AST25 group and the approach to the values of 
the control group indicate that the administered substance has 
a significant protective effect on the brain. The fact that the 
values of the AST75 group fell below the values of the control 
group shows that astaxanthin has a full (100%) protective 
effect on the brain.

Table 3. Malondialdehyde values in blood
MDA

(nmol/ml)
Multiple 

Comparison
Group 
Number Groups n

mean±standard 
deviation F p 1 2 3 4

1 Sham 8 1,7288±0,01246 *** ns ns
2    Control 8 1,8588±0,02167 *** *** ***
3 AST25 8 1,7475±0,02915 78,237 0,000 ns *** ns
4 AST75 8 1,7275±0,01165 ns *** ns

Figure 3. Malondialdehyde values in blood

Histological Results

Brain sections stained with hematoxylin-eosin were examined 
under a light microscope.

Brain samples from the control group showed that the brain 
had a normal histological structure. Normal-looking neurons 
and glial cells were also observed in the cortical area (Figure 
4). Brain samples from the Sham group revealed severe damage 
and many necrotic neurons in the cerebral cortex (Figure 5). 

Figure 4. Brain tissue samples from the control group. Normal-looking 
neurons (►) and glial cells (→) are observed in the cortical area. (a-d) 
(scale bar: 200µm, scale bar: 100µm, scale bar: 50.0µm, HE).



46

Yegin B et al. Effect of Dose-Related Astaxanthin on Rats with Cerebral Ischemia-Reperfusion YIU Saglik Bil Derg 2023;4:42−49

Brain samples from the AST25 group revealed less damage in 
the cerebral cortex compared with the Sham group. A decrease 
in the number of necrotic cells was observed. A small number of 
necrotic neurons were observed together with normal-looking 
neurons (Figure 6). Brain samples from the AST75 group 
revealed partial damage in the cortical area with less damage 
in the cerebral cortex than in the Sham group. Histological 
evaluation revealed a small number of necrotic neurons in 
addition to normal-looking neuronal structures. In addition, 
vascular congestion was observed (Figure 7).

Figure 5. Brain tissue samples from the Sham group. Intense damage (→) 
and many necrotic neurons (►) are observed in the cortical area. (a-d) 
(Scale bar: 200µm, scale bar: 100µm, scale bar: 50.0µm, HE). 

Figure 6. Brain tissue samples from the AST25 group. Reduced damage in 
the cortical area draws attention. A small number of necrotic neurons (►) 
are seen with normal-looking neurons. (a-d) (Scale bar: 200µm, scale bar: 
100µm, scale bar: 50.0µm, HE).

Figure 7. Brain tissue samples from the AST75 group. Along with partial 
damage (→) in the cortical area, besides the normal-looking neuron 
structures, a small number of necrotic neurons (►) draw attention. In 
addition, vascular congestion (*) is observed. (scale bar: 200µm, scale bar: 
100µm, scale bar: 50.0µm, HE).

Discussion
Cerebrovascular disease, especially cerebral ischemia is an 
important cause of morbidity and mortality in both childhood 
and adulthood in the context of a wide spectrum of neurologic 
diseases. Diseases occurring after ischemia are still an important 
health problem today. Cerebral ischemia is a complex process 
characterized by the initial deprivation of oxygen and energy 
supplies, including Adenosine triphosphate (ATP) and glucose, 
resulting from a decrease or full cessation of blood flow to the 
brain. This condition can arise from several underlying causes 
and ultimately leads to the destruction of neurons (28).

Recent studies performed under clinical observation and with 
modern imaging techniques show that reversible or irreversible 
damage varies according to the duration of cerebral ischemia. 
The brain is widely recognized for its elevated rate of oxygen 
metabolism and absence of a tissue oxygen system. Consequently, 
any disruption in the delivery of oxygen to the brain promptly 
results in cellular malfunction and swiftly progresses to the 
demise of neuronal cells (29). 

Ischemic brain injury leads to severe and permanent disability 
in many cases, and the degree of damage reflects not only the 
severity of ischemia in individual brain regions. Much research 
remains to be done on the particular susceptibility and tolerance 
to ischemia in each brain region (30). 

In order to experimentally create the most realistic model of 
cerebral ischemia, various techniques have been developed on 
different groups of animals (31,32). In our study, we chose rats 
for obvious reasons, since their cerebral circulatory system is 
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very similar to that of humans and they are readily available and 
inexpensive. 

Ischemia in the studies of the cerebral ischemia-reperfusion 
model in rats time varies between 5-30 minutes, and reperfusion 
times are determined according to the parameters to be examined 
(33). The damage in the cerebral ischemia-reperfusion model 
studies in rodents; has been shown several times to vary 
according to ischemia and reperfusion times and the severity of 
ischemia (34). Reperfusion damage has been shown to be low 
with a short ischemia time, whereas damage and thus infarct 
volume increase with a longer ischemia time (35).  

Various drugs, calcium channel blockers, radical scavengers, 
and glutamate receptor antagonists are used to prevent or reverse 
the damage that occurs after ischemia (36).

Astaxanthin is a powerful antioxidant that has a protective 
effect against reactive oxygen species. Astaxanthin acts against 
inflammation. Similarly, AST formulations based on structured 
systems in liquid or solid phase can lead to the stabilization 
of astaxanthin during absorption. Previous research involving 
animal studies and clinical trials has consistently shown that 
AST has a high level of safety and tolerability. The safety, 
bioavailability, and effects of AST on oxidative stress and 
inflammation indicate its potential therapeutic use for a range of 
health issues, including as cardiovascular disease and protection 
against ultraviolet radiation. These properties have been assessed 
in a limited number of clinical investigations (37). 

In this study, the effect of AST, which has antioxidant and anti-
inflammatory properties, was investigated in rats with cerebral 
ischemia-reperfusion. Recent studies on animal models have 
shown that AST has a protective impact by reducing oxidative 
damage in ischemia reperfusion-related liver, brain (38) or 
cardiovascular (37) injuries. Another research showed that AST 
decreased oxidative injury in cerebral ischemia-reperfusion 
injury (39). 

The role of ROS is significant in the development of ischemia-
reperfusion damage. The occurrence of excessive free radicals 
and MDA formation, together with detrimental impacts on 
antioxidative defense enzymes like SOD and glutathione 
peroxidase, is observed in cases of global and cerebral ischemia-
reperfusion when blood flow is reduced and then restored (40). 
SOD, GPX, and CAT are key enzymatic antioxidants, which 
convert ROS into less noxious compounds (41). Malondialdehyde 
serves as a final product and biomarker for the process of lipid 
peroxidation. The activities of SOD and the contents of MDA are 
indicative of the equilibrium between oxidative and antioxidative 
processes inside the brain (42). The excessive formation of ROS 
and the reduced capacity of antioxidant enzymes are factors that 
contribute to neuronal death and the development of problems 
related to brain damage. A recent study revealed that cerebral 
ischemia-reperfusion resulted in aberrant levels of MDA, GSH, 

and SOD in brain tissue. According to reports, the administration 
of ATS in rats has demonstrated a considerable reduction in 
MDA levels and an increase in Glutathione levels. This effect is 
believed to provide protection against oxidative stress generated 
by cyclophosphamide (43). According to a study (44), ATS has 
demonstrated the ability to decrease oxidative stress and enhance 
behavioral problems in a mouse model of autism. Various studies 
have documented that the antioxidative properties of ATS confer 
protection against oxidative damage in the amygdala kindling 
model of epilepsy in rats (45). The findings presented in this 
study provide confirmation that ATS has the potential to serve 
as a protective agent in mitigating the oxidative stress that arises 
from cerebral ischemia.

Concurrently with these investigations, we demonstrated that 
cerebral ischemia/reperfusion, a condition characterized by 
interrupted blood flow followed by its restoration, resulted in 
a decrease in SOD activity within the brain tissue. Superoxide 
dismutase is regarded as the primary endogenous antioxidant 
in the body. Also, we showed that AST treatment could reduce 
MDA levels and increase the activity of SOD and CAT after 
ischemia-reperfusion injury. These results indicate that the 
protective effect of AST against ischemia-reperfusion injury 
might be mediated through reducing ischemia-reperfusion 
injury-induced oxidative stress. 

The fact that AST can cross the blood-brain barrier has led to 
its preferential use, especially in cerebral ischemia studies, and 
positive results have been obtained. Hematoxylin-eosin staining 
is commonly performed in cerebral ischemia studies to observe 
the effects of cerebral ischemia-reperfusion on neurons (46). 

Previous research conducted on animal models has demonstrated 
that the early treatment of AST during the ischemia-reperfusion 
process leads to a considerable decrease in cell death inside 
the hippocampus (47). The hippocampus plays a significant 
role in cognitive function, and its neurons exhibit heightened 
vulnerability to cerebral ischemia. Recent research has 
demonstrated that the impairment of learning and memory 
function is associated with the depletion of hippocampus 
pyramidal neurons during cerebral ischemia-reperfusion (48). 

The study conducted by Xue et al. provides evidence that AST 
supplementation improves cognitive impairments associated 
with cerebral ischemia-reperfusion injury. This intervention 
effectively reduces degeneration and death of hippocampus 
neurons (49). Studies in young rats have shown that ischemic 
brain damage can be reduced by AST (47).

In our study, cerebral tissue sections were evaluated by staining 
with hematoxylin-eosin. Intense damage and many necrotic 
neurons were observed in the cerebral cortex of the sham group. 

Less damage and necrotic neurons were observed in the cerebral 
cortex of animals treated with AST compared to the Sham group. 
This shows us that AST can significantly reduce the damage, that 
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is, it has a protective effect. In summary, the current investigation 
has established that AST exhibits substantial neuroprotective 
properties in the context of cerebral ischemia-reperfusion. 
The processes can be ascribed to the suppression of oxidative 
stress. The findings of this study indicate that astaxanthin has 
the potential to serve as a novel therapeutic intervention for 
mitigating the effects of cerebral ischemia-reperfusion damage.
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