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ORIGINAL ARTICLE

ABSTRACT

Aim: To evaluate the effects of Astaxanthin (ATX), known for its antioxidant properties, on the 
kidneys of rats given radiation by biochemical measuring total oxidant level (TOS), total antioxidant 
level (TAS), immunohistochemically by Cas3 (Cysteine Aspartate Specific ProteASEs), TNF-α (Tumor 
necrosis factor-alpha), and molecularly by P53, SIRT (Sirtuin -1) pathways.
Materials and Methods: The rats were divided into 4 groups (8 rats per group): control, radiotherapy 
(RT), RT+ATX, ATX. ATX was given to rats at 4 mg/kg for 7 days. We evaluated to effect of ATX in 
rats’ kidneys damaged by RT by comparing all groups with TAS, TOS, Cas 3, TNF-α, and SIRT-1, P53.
Results: TAS levels were similar among the control, RT, RT+ATX, and ATX groups. TOS levels were 
significantly lower in the ATX group compared to RT, Control, and RT+ATX groups. Histopathologically 
marked hyperemia and in some kidneys, small hemorrhages were observed in the RT group. In 
addition, marked glomerular sclerosis was also detected in this group. With ATX, we observed 
significant improvement in the RT+ATX group. Immunohistochemically revealed increased Cas3 
expressions, tubular cells in TNF-α expressions in the RT group. ATX treatment decreased Cas3 and 
TNF-α expression in the RT+ATX group. No Cas3 and TNF-α expression was observed in both control 
and ATX groups. There was no significant difference between the groups in SIRT-1, P53 values.
Conclusion: It was observed that Astaxanthin is a carotenoid that may benefit the recovery of 
tubular and glomerular cells in kidney damage after radiation, and it has positive effects on 
oxidative stress.

Key words: Radiotherapy effects, Rat kidney, Astaxanthin, Caspase 3, SIRT-1, P53, TNF-α

ÖZ

Amaç: Antioksidan özelliği ile bilinen Astaksantin’in (ATX) radyasyon verilen sıçanların böbrekleri 
üzerindeki etkilerini biyokimyasal olarak total oksidan düzeyi (TOS), total antioksidan düzeyi (TAS), Cas3 
(Sistein Aspartat Spesifik ProteASE’ler), TNF-a (Tümör nekroz faktörü-alfa) ile immünohistokimyasal 
olarak ve P53, SIRT (Sirtuin -1) yolakları ile moleküler olarak değerlendirmek.
Gereç ve Yöntem: Sıçanlar 4 gruba ayrıldı (grup başına 8 sıçan): kontrol, radyoterapi (RT), RT+ATX, 
ATX. Sıçanlara 7 gün boyunca 4 mg/kg ATX verildi. RT ile hasar görmüş sıçanların böbreklerinde 
ATX’in etkisini tüm gruplarda TAS, TOS, Cas 3, TNF-α ve SIRT-1, P53 ile karşılaştırarak değerlendirdik.
Bulgular: TAS düzeyleri kontrol, RT, RT+ATX ve ATX grupları arasında benzerdi. TOS seviyeleri, ATX 
grubunda RT, Kontrol ve RT+ATX gruplarına kıyasla anlamlı derecede düşüktü. RT grubunda 
histopatolojik olarak belirgin hiperemi ve bazı böbreklerde küçük kanamalar gözlendi. Ayrıca bu 
grupta belirgin glomerüler skleroz da saptandı. ATX ile, RT+ATX grubunda belirgin şekilde iyileşme 
gözlemledik. İmmünohistokimyasal olarak RT grubunda Cas3 ekspresyonlarında artış, TNF-α’nın 
tübüler hücreler ekspresyonu saptandı. ATX tedavisi, RT+ATX grubunda Cas3 ve TNF-α ekspresyonunu 
azalttı. Hem kontrol hem de ATX gruplarında Cas3 ve TNF-α ekspresyonu gözlenmedi. SIRT-1, P53 
değerlerinde gruplar arasında anlamlı fark yoktu.
Sonuç: Astaksantin’in radyasyon sonrası böbrek hasarında tübüler ve glomerüler hücrelerin 
iyileşmesine fayda sağlayabilecek bir karotenoid olduğu ve oksidatif stres üzerinde olumlu etkileri 
olduğu gözlendi.

Anahtar Kelimeler: Radyoterapi etkileri, Rat böbreği, Astaksantin, Kaspaz 3, , Kaspaz 3, SIRT-1, P53, 
TNF-α

Introduction

Damage due to radiotherapy; It is a complex series 
of processes that resembles the healing of traumatic 
wounds and affects the entire cell inside and outside 
of the irradiated area, the effect of which can 
continue for many years. Cellular damage, ongoing 
repair, inflammation and many pathophysiological 
events are triggered in each fraction. Exposure to 
ionizing radiation not only causes DNA damage, but 
also causes a burst of free radicals that alter proteins, 
carbohydrates, and lipids (1).

After physical trauma, cytokines such as TNF-α  
(Tumor necrosis factor-alpha), IL-1 (interleukin-1), IL-8 
(interleukin-8), which are pro-inflammatory cytokines, are 
released (1, 2). TNF-α is a proinflammatory cytokine that 
triggers apoptosis and inflammation (3). This cytokine, 
which is effective in the inflammatory response, can be 
used as a marker in experimental models. In the study 
investigating the effect of cisplatin on nephrotoxicity, it 
was observed that the TNF-α level increased in the early 
period of renal damage (4).
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As a result of the release of various cytokines; gene 
expression changes are observed in signaling 
pathways related to the production of hormones and 
growth factors (5). At the molecular level, P53 block 
occurs in normal cells after radiation in G1 phase (5). 
P53 becomes stable and accumulates in the nucleus. 
It prolongs the half-life, binds to specific parts of the 
DNA, inhibits the cell cycle in the G1 phase, allowing 
the cell to gain time for repair. In the absence of a 
growth factor in the damaged cell, these cells go 
to apoptosis. With the post-transcriptional increase 
of the P53 protein, increasing growth factors and 
special receptors encoded by protooncogenes to 
be effective provide signal transmission and control 
in the cell (6). Caspases (Cysteine Aspartate Specific 
ProteASEs) are inactive cysteine-protease group 
enzymes and play an important role during apoptosis 
via activated in various ways (7).

Sirtuin-1 (SIRT-1) is one of the positive regulators of 
autophagy (8). SIRT-1 is a nicotinamide adenosine 
dinucleotide-dependent deacetylase enzyme (8). 
There is an extensive list of SIRT-1 substrates that are 
constantly increasing and contain many transcription 
factors such as nuclear factor kappa B (9). Besides 
the anti-inflammatory effects of SIRT-1, cytoprotective 
effects have also been reported (10).

Astaxanthin (ATX), known for its antioxidant properties in 
recent years, is a fat-soluble xanthyl group carotenoid 
pigment found naturally in a wide variety of plants and 
algae and in living things such as salmon, crabs, and 
shrimp (11). The conjugated double bond in the middle 
of the compound gives ATX its red color (12). The 
antioxidant effect of ATX is in two ways; it scavenges 
free radicals, protects against chain reactions that 
free radicals  cause, and terminates chain reactions 
(13). Unlike carotenoids, ATX is a stronger antioxidant 
because it contains oxygen groups. (14). The effects 
of ATX on the liver, brain, cardiovascular organs were 
investigated (15). Since it contains hydroxyl-keto 
groups in its ATX structure, it adapts well to the cell 
membrane and provides a more permanent effect on 
both the inner and outer membranes of the cell than 
other carotenes (16). ATX has been approved by the 
FDA (Food and Drug Administration) (17).

Oxidative damage can be determined by measuring 
serum concentrations of different antioxidants. 
However, these measurements require time-
consuming, costly, and complex techniques, and 
it is not practical to measure different antioxidant 
molecules separately. Therefore, measuring total 
oxidant level (TOS) and total antioxidant level (TAS) is 
more effective in determining oxidative damage (18).

It has been shown in the studies on kidney-related ATX 
that  treatment with ATX improves kidney functions in 
diabetic rats, reduces renal damage (19).Also ATX has 
an anti-inflammatory activity in kidney diseases (20), 
and anti-inflammatory activity on eyes and skin against 
the harmful effects of radiation  (21). In addition, it has 
been reported that ATX has effects in protecting cells 

and organs in reperfusion-induced oxidative stress 
induced by SIRT-1, P53, SIRT1/FOXO3 (22).

Based on this information, we aimed to investigate 
the efficacy of ATX biochemically with TAS, TOS, 
immunohistochemically with Cas 3, TNF-α, and P53, 
SIRT-1 pathways molecularly in the kidneys of rats 
which received radiotherapy.

Materials and Methods

Study animals and design of experiment

The animal studies were approved by Suleyman 
Demirel University’s local animal ethics council 
(Ethic no: 2020-07/06), and this study was funded by 
Suleyman Demirel University’s Scientific Research 
Projects Coordination Unit under project number TSG-
2020-8134.  The study was carried out in conformity 
with the ARRIVE 2.0 criteria (Animal Research: 
Reporting in Vivo Experiments). The study involved 32 
Wistar albino rats collected from the SDU Experimental 
Animals Laboratory, all of which were adult females 
weighing 250-300 g. They were kept at 21–22 °C and 
60% humidity, with a 12 h light:12 h dark cycle, and 
were given normal commercial chow (Korkuteli Yem, 
Antalya, Türkiye), with food and water available ad 
libitum in the same cage settings.  The rats in the study 
were divided into four groups, each with eight rats: 
control, RT, RT+ATX, and ATX. The rats in all groups were 
brought to the place where the radiation apparatus 
was located under the same settings on the first day 
of the trial. Although only the RT and RT+ATX groups 
were irradiated, 90 mg/kg ketamine and 10 mg/
kg xylazine were administered intraperitoneally for 
anesthesia to ensure that all animals were treated 
equally.  One ml of saline solution was given to the 
control group apart from i.p. anesthesia for 7 days.  
The irradiation procedure of the rats was performed 
by a radiation oncologist and medical physicist in 
the radiation oncology department of our institute. 
Under anesthesia, a single dose of 8 Gy X-Ray renal 
radiotherapy was administered to the radiotherapy 
group.  All rats in the RT group were given 1 ml of saline 
solution for 7 days.  A single dose of 8 Gy X- Ray and 
1ml of 4 mg/kg ATX were administered orally under 
anesthesia to the RT+ATX group.  Oral 1ml of 4mg/kg 
ATX was administered for 7 days to the ATX group. 

Renal regions were designated with a marker on the 
thigh surfaces, and the marked point was exposed 
to radiation.  A 6 MV x-ray beam and the Anisotropic 
Analytical Algorithm dose calculation algorithm were 
performed and 8 Gy of irradiation was prescribed. 
The room temperature was 22 degrees during the 
irradiation.

Incision, tissue storage and evaluation

Sedation was achieved with 80-100 mg/kg Ketamine 
and 8-10 mg/kg Xylazine 24 hours after the end of the 
experiment.  Renal tissue samples were divided into two 
pieces. Tissues for biochemical and genetic analysis 
were collected and preserved at -20° C. Tissues for 
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histopathological and immunohistochemical analyses 
were placed in 10% formaldehyde.

Measurement of oxidative stress parameters 

For oxidant-antioxidant analysis, renal tissue samples 
were homogenized with an Ultra Turrax Janke&Kunkel 
T-25 homogenizer (IKA®-Werke, Germany). Total 
antioxidant status (TAS), total oxidant status (TOS), and 
OSI were assessed spectrophotometrically (Beckman 
Coulter AU 5800, Beckman Coulter, USA) with 
commercial kits (Rel Assay Diagnostics, Gaziantep, 
Türkiye) and computed using the formula. Antioxidants 
in the sample converted the dark blue-green 
2,2’-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) 
(ABTS) radical to the colorless reduced ABTS form for 
TAS measurement. The change in absorbance at 660 
nm is proportional to the sample’s total antioxidant 
content. The antioxidative impact of the sample 
against the powerful free radical reactions triggered 
by the generated hydroxyl radicals was determined 
using this approach. The data are given in milliliters of 
Trolox equivalent per liter (23).

Oxidants in the sample oxidized the ferrous ion-
dianisidine complex to the ferric ion for TOS analysis. 
Glycerol molecules, which were plentiful in the 
reaction media, promoted oxidation processes. In an 
acidic media, the ferric ion formed a colorful complex 
with xylenol orange. The color intensity, which could be 
measured spectrophotometrically, was related to the 
total amount of oxidant molecules that were already 
present in the sample. The assay was calibrated with 
hydrogen peroxide, and the results were expressed in 
terms of micromolar hydrogen peroxide equivalent 
per liter (µmol H2O2 Eqv/L)(24).

Histopathological evaluation

During the necropsy, kidney samples were gently 
removed and fixed in 10% neutral formalin solution. 
After two-day fixation, tissue samples were routinely 
processed by an automatic tissue processor (Leica 
ASP300S, Wetzlar, Germany) and embedded in 
paraffin wax.  After cooling the paraffin blocks, 5 µm 
thickness sections were taken by a rotary microtome 
(Leica RM2155, Leica Microsystems, Wetzlar, Germany). 
Then, the sections were stained with hematoxylin-
eosin (H&E), coverslip, and examined under a light 
microscope.  

Immunohistochemical evaluation

For immunohistochemical examination 2 series 
of sections taken from all blocks of the kidneys 
drawn on poly-L-lysine coated slides were stained 
immunohistochemically for caspase-3 (Anti-caspase-3 
Antibody (E-8): sc-7272) and TNF-α (Anti-TNFα 
Antibody (52B83):sc-52746, 1/100 dilution) Santa 
Cruz (Texas, USA) expression by streptavidin-biotin 
technique according to manufacturer instruction. The 
sections were incubated with the primary antibodies 
for a period of 60 min, and immunohistochemistry was 

carried out using biotinylated secondary antibody and 
streptavidin-alkaline phosphatase conjugate. EXPOSE 
Mouse and Rabbit Specific HRP/DAB Detection IHC 
kit (ab80436) (Abcam, Cambridge, UK) were used as 
secondary antibody. Diaminobenzidine (DAB) was 
used as the chromogen. For negative controls, antigen 
dilution solution was used instead of primary antibody. 
All examinations were performed on blinded samples 
by a pathologist. 

For immunohistochemical analysis, sections were 
separately investigated for each antibody. To evaluate 
the severity of the immunohistochemical reaction 
of cells with markers, semiquantitative analysis was 
performed using a grading score ranging from (0) to 
(3) as follows: (0) = negative, (1) = focal weak staining, 
(2) = diffuse weak staining, (3) = diffuse strong staining. 
For evaluation, 10 different areas under 40X objective 
magnification in each section were examined. 
Morphometric analyses and microphotography were 
performed using the Database Manual Cell Sens Life 
Science Imaging Software System (Olympus Co., 
Tokyo, Japan). The results were saved and statistically 
analyzed. 

Quantitative reverse transcription-polymerase chain 
reaction (RT-qPCR)

RNA isolation, cDNA synthesis and RT-qPCRs

Reverse transcription-polymerase chain reaction (RT-
qPCR)

Total RNA was isolated from rat tissues using the TRIzolTM 
Reagent (Invitrogen), as directed by the manufacturer. 
A MySPEC microvolume spectrophotometer was 
used to determine RNA concentration and purity 
(VWR). Using oligo dT primers, 1 ug RNA was reverse 
transcribed using the iScript cDNA Synthesis kit (Bio-
Rad Laboratories, Hercules, CA). The reaction mixture 
was incubated for 5 minutes at 25°C, 20 minutes at 
46°C, and 1 minute at 95°C. The iTaq Universal SYBR 
Green Supermix (Bio-Rad Laboratories, Hercules, CA) 
was used for real-time PCR amplification, and the 
fluorescence signal was measured using a CFX96 
instrument (Bio-Rad Laboratories, Hercules, CA). 
To amplify, specific primers were created. SIRT-1 
(Forward 5’-CCTCTAGTTCCTGTGGCAGTA-3’, Reverse 
5’ CGGTCTGTCAGCATCATCTTC-3’), For each PCR, 
P53 (Forward 5’-CGGCTCCGACTATACCACTAT-3’, 
Reverse 5’-TGTCCCGTCCCAGAAGATT-3’). cDNA 
samples were examined in triplicate. GAPDH (Forward 
5’-CAAGGTCATCCCAGAGCTGAA-3’, Reverse 
5’-CATGTAGGCCATGAGGTCCAC-3’) expression 
was used for normalization. The following PCR 
conditions were used: 10 minutes of denaturation at 
95 °C, followed by 40 cycles of 10 seconds at 95 °C 
and 30 seconds at 60 °C. The entire reaction volume 
was 25l, and the template was 100ng cDNA. The 
comparative Ct method was used to provide the 
relative measurement of gene expression. All results 
were presented in the graph as a fold change.

Effect of Astaxanthin in radiotherapy in rats kidney - Erkilinç et al.
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Statistical Analysis

For statistical analysis, of scores of the groups were 
compared between the groups for this purpose, the 
Oneway ANOVA Duncan test was used by the SPSS-
22.00 package program. The level of significance was 
considered as P < 0.05.

Results

Biochemical findings

TAS levels were similar among the control, RT, RT+ATX, 
and ATX groups. TOS levels were significantly lower in 
the ATX group compared to RT, Control and RT+ATX 
groups. Figure 1A shows TAS levels and figure 1B shows 
TOS levels among the groups.  Mean levels of TAS and 
TOS are shown in Table 1.

Figure 1. A: TAS levels among the groups,.B: TOS levels among the 
groups.

TAS: Total antioxidant status, TOS: total oxidant status, RT: radiotherapy,  
ATX: Astaxanthin

Figure 2. Kidney appearance between the groups. (A) Normal tissue histology in the control group. (B) Marked hyperemia (thin arrows) and 
glomerulosclerosis (thick arrows) in the RT group. (C) Almost normal appearance in the RT+ATX group (D) Normal tissue histology in the ATX group, 
(H&E x200), Bar=50µm. RT: radiotherapy,  ATX: Astaxanthin

Figure 3. Caspase-3 immunohistochemistry findings among the group (x200). (A) Negative expression in the control group, (B) Marked increase 
in glomerular cells (arrows) in RT group, (C) decreased increase (arrow) in glomerular cells in RT+ATX group, (D) No expression in ATX group, 
Streptavidin biotin peroxidase method, Bars=20µm. RT: radiotherapy,  ATX: Astaxanthin

Figure 4. TNF-α expressions among the groups (x200). (A) No expression in the control group. (B) Increased expressions in tubular cells (arrows) 
in the RT group. (C) Decreased expressions in the RT+ATX group. (D) Negative immunoexpressions in ATX group, Streptavidin biotin peroxidase 
method, Bars=20µm.

TNF-α: Tumor necrosis factor-alpha, RT: radiotherapy,  ATX: Astaxanthin

Effect of Astaxanthin in radiotherapy in rats kidney - Erkilinç et al.
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Table 1. Statistical analysis result of mean levels of TAS and TOS 

between the groups

  Control RT ATX RT+ATX P value

TOS 17.5±4.9 20.4±3.9 13.6±3.8 16.4±2.9 0.029

TAS 2.3±0.3 2.2±0.1 2.4±0.1 2.3±0.1 0.111

TAS: Total antioxidant status, TOS: total oxidant status, RT: radiotherapy,  
ATX: Astaxanthin

Histopathological findings

Histopathological examination of the kidneys revealed 
normal tissue architecture in the control group. Marked 
hyperemia and in some kidneys, small hemorrhages 
were observed in the RT group. In addition, marked 
glomerular sclerosis was also detected in this group. 
ATX treatment markedly ameliorated in the RT+ATX 
group. NThere were no pathological findings in the ATX 
group (Fig.2). 

Immunohistochemical findings

Immunohistochemical findings revealed increased 
Cas-3 expressions in the RT group. ATX treatment 
decreased expression in the RT+ATX group. No 
expression was observed in both control and ATX 
groups (Fig.3).  

The examination of TNF-α expressions between the 
groups revealed increased expressions in tubular 
cells RT group. ATX treatment markedly decreased 
expressions in the RT+ATX group. No TNF-α expressions  
occured in control and ATX groups (Fig.4). Statistical 
analysis results of immunohistochemical scores are 
shown in Table 2.

Table 2. Statistical analysis result of immunohistochemical scores 
between the groups.

Groups Cas-3 Scores TNF-α Scores

Control 0.14±0.14a 0.14±0.14a

RT 2.14±0.69b 1.42±0.53b

RT+ATX 0.42±0.20a 0.57±0.53a

ATX 0.14±0.14a 0.14±0.14a

P value < 0.001 < 0.001

*: The differences between the means of groups carrying different 
letters between the groups are statistically significant, P<0.001. 

**: Data expressed mean ± standard deviation (SD). One-way ANOVA 
Duncan test.

This study results indicated that RT causes damage in kidneys, ATX 
treatment ameliorated pathological findings.  Cas 3: Cysteine ​​
Aspartate Specific ProteASEs, TNF-α: Tumor necrosis factor-alpha, RT: 
radiotherapy,  ATX: Astaxanthin

Genetic Findings

SIRT-1 and P53 levels were similar among the groups.  

Figure 5A shows SIRT-1 and figure 5B shows P53 levels 
among the groups. Table 3 shows the comparison of 
the SIRT 1 and P53 levels among the groups. 

Figure 5. A: SIRT-1 levels among the groups,  B: P 53 levels among the 
groups. SIRT-1: Sirtuin-1,  RT: radiotherapy,  ATX: Astaxanthin

Table 3. Statistical analysis result of genetic findings between the 
groups.

  Control RT ATX RT+ATX P value

SIRT-1 33.5±0.2 33.1±0.1 33.6±0.2 33.2±0.5 0.248

P-53 30.5±0.6 30.3±0.2 30.4±0.4 30.4±0.1 0.548

SIRT-1: Sirtuin-1,  RT: radiotherapy,  ATX: Astaxanthin

Discussion

In this study, the effects of ATX, which has antioxidant 
and anti-inflammatory properties, were investigated in 
rats with a radiotherapy-induced damage model in 
the kidney. It was determined that the administration 
of “1 ml of 4mg/kg ATX by oral gavage method for 7 
days” together with 8 Gy X-ray dose radiotherapy had 
a positive effect on the kidney tissue.

Radiation-induced kidney glomerulosclerosis and/or 
tubulointerstitial fibrosis may cause serious damage. If 
23 Gy dose is given for more than 5 weeks, the risk of 
kidney damage is high (25). More recently, a tolerance 
dose of 20 Gy has been proposed, therefore, it is seen 
that the incidence of radiation dose-related kidney 
damage has decreased (25). Radiation was proven 
to damage the kidney causing nuclear oxidation 
in glomeruli and tubule cells. This increase was more 
pronounced 4 weeks after the first irradiation and was 
found to continue up to 24 weeks (26). In our study, 
the control, RT, ATX+RT and ATX groups were given 
equal doses of radiation for the same duration, and 
glomerulosclerosis, significant hyperemia and small 
hemorrhage foci were observed in H&E stained 

Effect of Astaxanthin in radiotherapy in rats kidney - Erkilinç et al.
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sections in the RT group. In this case, regardless of dose 
and duration, it supports the effect of radiation on the 
kidney. 

Recently, many studies have been conducted on 
antioxidants, and it has been shown that lycopene, 
one of the antioxidants, has a protective effect on 
cisplatin-induced nephrotoxicity (27). In another study, 
it was found that foods such as soybean and sesame 
had a positive effect on cisplatin nephrotoxicity (28). 

ATX has been shown to increase immune response and 
decrease inflammation (29). Furthermore antioxidant, 
neuroprotective, immunomodulatory and antidiabetic 
effects of ATX was shown in the literature 

(30, 31). Mercury chloride, inorganic arsenic, colistin 
ATX has also been determined to have a protective 
effect on nephrotoxicity due to gentamicin (32). In 
our study we showed the beneficial effect of ATX to 
compansate radiotherapy induced renal toxicity 
when applied simultaneously with radiotherapy. Only 
in H&E stained sections, while significant hyperemia 
and glomerulosclerosis were observed in the RT group, 
we noticed that there was no significant RT effect in 
the ATX+RT group.

Superoxide dismutase and lipid peroxidase (MDA) 
levels were significantly decreased in the ATX group 
in rats which underwent ischemic reperfusion (I/R) 
in the kidney (15). In another study, TAS levels were 
higher and TOS, SOD (Superoxide dismutase) MDA 
values decreased significantly in the ATX+I/R group 
compared to the I/R group in rats administered I/R,(15). 
In our study, it was determined that TAS, was similar 
among the groups and TOS levels were significantly 
lower in the ATX group compared to RT, Control and 
RT+ATX groups.

To evaluate the inflammatory response in paracetamol-
induced nephrotoxicity, its toxicity was investigated 
by analyzing  the mRNA expressions of inflammatory 
cytokines TNF-α, IL-6 and IL-10. It was determined 
that inflammatory cytokines were decreased in the 
treated group (15). In the nephrotoxicity induced 
by cisplatin, TNF-α was higher in the toxicity group 
in the early period of renal damage compared to 
the treatment group (33). In our study, we observed 
that immunohistochemical expression of TNF-α was 
significantly higher in the renal tubule epithelium in 
the RT group compared to RT+ATX, ATX and control 
groups.

In another study investigating the effect of ATX on the 
PI3Akt signaling pathway, which plays an important 
role in antagonizing renal tubular apoptosis, the 
entire Bad/ Caspase signaling process. LY294002 
pretreatment largely reversed the protective effect of 
ATX on renal tubular apoptosis after burns in rats, as 
well as the expression of signals in the mitochondrial-
dependent pathway, which supported our deduction 
about the implication of the Akt/Bad/Caspase 
signaling cascade in the nephroprotection of ATX 

in early AKI secondary to severe burns (34). In our 
study, we observed that the immunohistochemical 
expression of Cas 3 was significantly higher in the 
kidney glomeruli cells in the RT group compared to the 
RT+ATX, ATX and control groups.

At the molecular level, many genes have been shown 
to be sensitive to radiation exposure (35). In the study 
investigating the role of the P53 gene following single 
and multiple radiation therapies, the group was 
injected with the vector containing the temperature-
sensitive normal P53 gene in prostate cells and the 
other group was given multiple 2 Gy fractions against 
a single. When the P53 gene was functional, survival 
was observed to increase compared to the non-
functional group (35). In contrast, another study 
reported that the mutated P53 gene in glioblastoma 
cells showed increased survival after multiple 2 Gy 
fractions compared to cells transfected with a normal 
P53 gene (36). In another study, it was found that each 
cell line in 8 types of radiosensitive tumors responded 
to fractionated radiation therapy independently of 
P53 (37). In our study, SIRT-1 and P53 levels were similar 
among the groups. 

Conclusion: we concluded that Astaxanthin  which is  
one of the  important carotenoid, may have benefits  
on the recovery of tubular and glomerular cells in 
kidney damage after application of  radiation, and 
has positive effects on suppressing oxidative stress.

Molecular markers including P53 and SIRT-1 were 
not affected by ATX in kidney of rats that received 
radiotherapy 
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