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Abstract: The relationship of the extent of DNA damage and certain components of the oxidant/antioxidant balance 

in rat femoral muscle tissue with the post-mortem intervals was investigated and examined by making direct 

comparison with the histopathological findings. The results have shown that the oxidant/antioxidant balance in the 

striated muscle tissue to remain constant at the 0 hours post-mortem; to shift mildly in favour of the oxidants at 2 

hours post-mortem; to shift moderately in favour of the oxidants at 3 hours post-mortem; and, to shift severely in 

favour of the oxidants at 4 and 5 hours post-mortem. The amount of DNA damaged products was detected to 

increase at 4 and 5 post-mortem hours when the oxidant/antioxidant balance became severely shifted. The 

biochemical findings were found to be in full accordance with the histopathological findings. The above-mentioned 

findings indicate that DNA becomes subjected to degradation at the hours after post-mortem when the oxidants are 

strongly predominate.  
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1. Introduction  

As it is known, there appears under 

physiological circumstances to be a trade-off in 

favour of the antioxidants within the 

oxidant/antioxidant balance in living tissues 

(Clarkson and Thompson, 2000). Shift in this balance 

towards the oxidants give rise to a condition called 

oxidative stress and cellular death (Halliwell et al., 

1992; Serafini and Del Rio, 2004). This literature 

information documents the free radicals to be 

associated with cellular death. However, tangible 

information with regard to the course of the 

oxidant/antioxidant balance during the post-mortem 

period has yet to be acquired. Despite continuous 

generation of free radicals in the cells, endogenous 

antioxidant defence mechanisms protect the tissues 

from the detrimental effects exerted by the free 

oxygen radicals (Ames et al., 1993). Not only do the 

free radicals cause damage the lipids and the proteins, 

but they also damage DNA, upon insufficiency of the 

antioxidant defence mechanisms. 8-hydroxyguanine 

(8-OHGua), a DNA oxidation product, reflects the 

DNA damage (Grollman and Moriya, 1993; Malkoc 

et al., 2012). Essentially, a balance has been reported 

to be maintained under normal circumstances 

between the oxidative damage and repair in DNA 

(Collins et al., 1996). 8-OHGua has been 

experimentally demonstrated to increase in 

concordance with an increase in the oxidants within 

damaged tissue (Keles et al., 2009; Polat et al., 2010). 

The aforementioned data indicate presence of a 

significant correlation of the oxidant/antioxidant 

parameters with the tissue damage and repair. As it is 

already known, only the organs which were extracted 

just after the decapitation process without being 

subjected to no other process are used as healthy 

tissues in experimental studies. These healthy tissues 

correspond to the zero hour of death. Upon a 

meticulous literature search, we could not encounter 

any literature data regarding the levels of 

oxidant/antioxidant parameters and the extent of 

DNA damage at different post-mortem intervals. An 

answer to such a question as time of death has been 

sought in forensic autopsies. To specify reliably the 

time of death is the topmost duty of the forensic 

medicine (Henssge and Madea, 2004). A sizable 

number of factors are capable of obtaining the time of 

death more complicated (Poloz and O'Day, 2009; 

http://www.lifesciencesite.com/


Life Science Journal 2013;10(3)                                            http://www.lifesciencesite.com 

http://www.lifesciencesite.com     1632    lifesciencej@gmail.com 

Prieto-Castello et al., 2007). It is for this reason that 

specifying the time of death has long persisted as one 

of the most significant challenges of forensic 

medicine. No study with respect to whether or not a 

significant correlation existed among the levels 

oxidant/antioxidant parameters, the extent of DNA 

damage and the time duration elapsing since death 

(post-mortem interval) has yet to be encountered 

during our literature search.  

The purpose of our study was to investigate 

and examine by comparing to the histopathological 

findings whether or not a significant correlation was 

present among the levels of oxidant/antioxidant 

parameters, the extent of DNA damage and post-

mortem intervals in the femoral muscle tissue of rats.  

 

2. Material and Methods 

2.1. Animals 
A total of 60 albino male Wistar rats, with 

weights ranging from 200 to 210 gr, were obtained 

from Ataturk University’s Medical Experimental 

Practice and Research Centre. All of the animals were 

assigned into six groups, with each group containing 

a total of ten rats, and were fed at normal room 

temperature (22°C). Afterwards, they were all 

decapitated, followed by extraction of specimens 

from the femoral muscles at 1 hour intervals (0, 1, 2, 

3, 4 and 5 hours). The required biochemical and 

histopathological examinations were performed on 

the specimens, evaluating the results obtained from 

each animal group by directly comparing them to 

each other. 

2.2. Procedure of the experiment 

The rats were divided into six subgroups 

(n=10), fed at room temperature (22°C) and then 

decapitated. The femoral muscle of the dead animals 

were extracted at intervals of one hour (at zero, first, 

second, third, fourth and fifth hours) and biochemical 

examinations were fulfilled. Biochemical results 

obtained from the animal groups were evaluated after 

being compared to each other.  

2.3. Biochemical analyses of femoral muscle tissue 

2.3.1. Superoxide Dismutase (SOD) analysis 

SOD activity was measured according to 

Sun et al (Sun et al., 1988). Estimates were based on 

the generation of superoxide radicals produced by 

xanthine and xanthine oxidase, which react with 

Nitroblue Tetrazolium to form formazan dye. SOD 

activity was then measured at 560 nm in relation to 

the degree of inhibition of this reaction; SOD activity 

is expressed as U/gr. protein. 

2.3.2. Malondialdehyde (MDA) analysis 

For the MDA assay, tissue samples were 

homogenised so that each 0.2 gr. gramme of tissue 

contained 2ml. of a 1.15% KCl solution. MDA was 

determined by spectrophotometry of the pink-

coloured product of the thiobarbituric acid-reactive 

substances complex (Ohkawa et al., 1979). 

Thiobarbituric acid- MDA colour complex was 

measured at 532 nm. Total thiobarbituric acid-

reactive substances were expressed as MDA. Results 

were expressed as μmol/g protein. 

2.3.3. Glutathione Peroxidase (GPO) analysis 

GPO activity was determined according to 

the method of Lawrence and Burk (Lawrence et al., 

1974). The absorbance at 340nm was recorded for 5 

minutes, and the activity was defined as the rate of 

NADPH oxidation. Results were expressed as U/gr. 

protein. 

2.3.4. Glutathione S-Transferases (GST) Analysis 

The supernatant's GST activity was 

measured by using 1-chloro-2, 4-dinitrobenzene and 

GSH as described in Habig et al (Habig et al., 1974). 

Results were expressed as U/g protein. 

2.3.5. Total Glutathione (GSH) analysis 

The amount of GSH in the femoral muscle 

tissue was measured according to the method 

described by Sedlak and Lindsay (Sedlak and 

Lindsay, 1968). The absorbance was measured at 412 

nm using a spectrophotometer. The results of the 

GSH level in the liver tissue are expressed as nmol/g 

protein. 

2.3.6. DNA analysis 
Femoral muscle tissue was drawn and DNA 

isolated using Shigenaga et al.’s modified method 

(Shigenaga et al., 1994). Samples were homogenised 

at 4 °C in 1ml of homogenisation buffer (0.1 M NaCl, 

30 mM Tris, pH 8.0, 10 mM EDTA, 10 mM 2-

mercaptoethanol, 0.5% (v/v) Triton X-100) with six 

passes of a Teflon-glass homogeniser at 200rpm. The 

samples were centrifuged at 4 °C for 10 minutes at 

1000g to pellet nuclei. The supernatant was 

discarded, and the crude nuclear pellet re-suspended 

and re-homogenised in 1ml of extraction buffer (0.1 

M Tris, pH 8.0, 0.1 M NaCl, 20 mM EDTA) and re-

centrifuged as above for 2 minutes. The washed pellet 

was re-suspended in 300µl of extraction buffer with a 

wide-orifice 200-µl Pipetman tip. The re-suspended 

pellet was subsequently incubated at 65°C for 1 hour 

with the presence of 0.1ml of 10% SDS, 40μl 

proteinase K, and a 1.9-ml leukocyte lysis buffer. 

Then, ammonium acetate was added to the crude 

DNA sample to give a final concentration of 

2.5mol/L, and centrifuged in a micro centrifuge for 5 

minutes. The supernatant was removed and mixed 

with two volumes of ethanol to precipitate the DNA 

fraction. After centrifugation, the pellet was dried 

under reduced pressure and dissolved in sterile water. 

The absorbance of this fraction was measured at 260 

and 280nm. Purification of DNA was determined as 

A 260/280 ratio 1.8. 

2.3.7. Histopathological examination 
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The striated femoral muscles extracted from 

the rats were fixated with 10% formaldehyde 

solution. Following routine tissue processing, 

sections 4µm in thickness were obtained from the 

paraffin blocks prepared. These sections were then 

stained with Haematoxylin and Eosin (H&E), and 

then evaluated under light microscope (Olympus CX 

51). 

2.4. Statistical analysis 

All data was subjected to one-way ANOVA 

using SPSS 18.0 software. Differences among groups 

were attained using the LSD option and significance 

was declared at p< 0.05. Results are means ± SEM. 

 

3. Results 

3.1. Biochemical findings 

As can be seen in Table 1, the difference 

between the oxidant/antioxidant parameters at 0 and 1 

hours post-mortem was found to be statistically 

insignificant. While a significant decline only in the 

activity of GST was evident at 2 hours post-mortem, 

statistically insignificant elevations in MDA and 8-

OHGua amounts were observed at 3 hours post-

mortem. All the parameters exhibited a significant 

increase at 4 and 5 hours post-mortem, compared 

with 0 hour.   

 

 

Table. 1 Some of the oxidant/antioxidant parameters and 8-OHGua amount at 0
 
-5

 
hours post-mortem in the femoral 

muscle tissues in rats. P was found by comparing the values of 1 and 5
 
hours according to 0 hour values. 

Postmortem hours SOD MDA GPO GST GSH 8-OHGua  

0 13.7±1.9 7.7 ±1.0 87±11 149±18 113±22 1.36±0.07  

        

1 15.5±3.5 8.4±13 97±18 126±25 90±21 1.41±0.02  

 P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 P>0.05  

        

2 10±1.1 11±3.1 52±13 87.3±19 81±16 1.48±0.07  

 P<0.05 P<0.05 P<0.05 P<0.05 P<0.05 P>0.05  

        

3 3.6±0.5 14.7±3.7 40±9 69±7 63±3.8 1.53±0.1  

 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P>0.05  

        

4 1.6±0.3 16±2.8 33±6.5 26±1.5 16±1.1 3.3±0.14  

 P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001  

        

5 1.7±0.12 18±3.1 34±3.7 24±0.95 15±.85 3.5±0.1  

 P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001  

 

 

3.2. Histopathological findings 

No remarkable pathology was visualised 

under light microscopy in the striated muscle tissues 

at 0 (Figure 1) and 1 (Figure 2) hours post-mortem. 

Mild swelling (arrow) in the myofibrils was evident 

(Figure 3), along with presence of a small number of 

eosinophils and lymphocytes (stars) in the 

endomysial connective tissue at 2 hours post-mortem. 

A marked swelling was visualised in myofibrils 

(Figure 4), accompanied by a more prominent 

eosinophilic and lymphocytic (stars) infiltration and a 

mild degree of necrosis (arrow) at 3 hours post-

mortem. The 4th post-mortem hour is characterised 

by the visualisation of sarcoplasmic fragmentation 

and myofibrillar necrosis (arrow) (Figure 5) which 

seem to be more pronounced (arrow) at the 5th hour 

(Figure 6).  

 

 
 

Figure 1: The histopathological examination of the 

muscle tissues no remarkable pathology was 

visualised under light microscopy in the striated 

muscle tissues at 0 hours post-mortem. 
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Figure 2: The histopathological examination of the 

muscle tissues no remarkable pathology was 

visualized under light microscopy in the striated 

muscle tissues at 1 hour post-mortem. 

 

 
Figure 3: The histopathological examination of the 

muscle tissues mild swelling (arrow) in the 

myofibrils was evident, along with presence of a 

small number of eosinophils and lymphocytes (stars) 

in the endomysial connective tissue at 2 hours post-

mortem. 

 
Figure 4: The histopathological examination of the 

muscle tissues a marked swelling was visualized in 

myofibrils, accompanied by a more prominent 

eosinophilic and lymphocytic (stars) infiltration and a 

mild degree of necrosis (arrow) at 3 hours post-

mortem. 

 
Figure 5: The histopathological examination of the 

muscle tissues after the 4th post-mortem hour is 

characterised by the visualisation of sarcoplasmic 

fragmentation and myofibrillar necrosis (arrow). 
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Figure 6: The histopathological examination of the 

muscle tissues the 5th post-mortem hour is 

characterised by the visualisation of sarcoplasmic 

fragmentation and myofibrillar necrosis seem to be 

more pronounced (arrow).  

 

4. Discussions 

In the present study, the femoral muscle 

tissue of rats was investigated and examined by 

comparing it to the histopathological findings in an 

attempt to disclose whether or not a significant 

correlation was present among the levels of 

oxidant/antioxidant parameters, the extent of DNA 

damage and post-mortem intervals (0-5 hours) in the 

femoral muscle tissue of rats. The results from our 

experiment documented that both the level and the 

amount of oxidant/antioxidant parameters as well as 

the amount of 8-OHGua in the femoral muscle tissues 

extracted immediately after the decapitation of the 

rats to death (0 hours post-mortem) were almost 

identical as those obtained at 1 hour post-mortem. 

Thereby, the difference between both groups was 

found to be statistically insignificant. However, later 

after death (2, 3, 4, 5 hours), the oxidant parameters 

displayed a significant increase in contrast to the 

antioxidants showing a significant decrease. The 

activity of SOD exhibited a significant decline as of 

the second hour post-mortem, and the decline reached 

its peak rapidity at 4 hour post-mortem. On the 

contrary, post-mortem period beyond the 4th hour 

brought along no further decline in SOD activity. 

SOD acts by converting the free radicals into 

harmless compounds before they interact with the 

molecules of biological significance, or by inhibiting 

the formation of free radicals from other molecules 

(Girotti, 1998). The amount of MDA at 4 and 5 hours 

appeared to be two times as greater as the amount at 0 

hour. However, the activity of SOD decreased at 4 

and 5 hours post-mortem to a level which was eight 

times as less as the level at 0 hour, which translates 

into a severe shift in the oxidant/antioxidant balance 

(SOD/MDA) against SOD. Excessive decrease in the 

activity of SOD in our experiment propels one to 

consider its independency from the increase in MDA, 

since the SOD activity in an experimentally-damaged 

tissue decrease under normal conditions to such a 

level that is half as much as that of otherwise healthy 

subjects (Dengiz et al., 2007; Kisaoglu et al., 2011; 

Kurt et al., 2011; Polat et al., 2011). It can simply be 

inferred from the literature that the average increase 

of MDA in an experimentally-damaged tissue has not 

been that vastly different from that observed during 

further hours after death. MDA occurs through 

peroxidation of the fatty acids containing three or 

more double bounds. MDA directly affects ion 

transfer through the cell membrane, causing the 

membrane compounds to be cross-linked; 

furthermore, it also induces such detrimental 

outcomes as a change in the ionic permeability and 

enzyme activity (Niki et al., 2005). It was reported in 

the experimental animal studies that the amount of 

MDA increased in parallel to the increase in the 

extent of damage (Celik et al., 2004). Similarly, it 

was detected again in our study that GPO and GST 

activities were documented to decrease significantly 

starting from the 2nd hour post-mortem. SOD, GPO 

and GST have been known to represent crucial 

antioxidant enzymes in the living tissues (Halliwell, 

1995). A decrease in the activity of GPO lead under 

normal conditions to a decrease in the amount of 

reduced Glutathione (GSH) and to an increase in the 

amount of oxidised Glutathione. In other words, the 

ratio of GSH/GSSG decreases in case of oxidative 

stress (Melchiorri et al., 1997; Turan et al., 2013). 

Although the activity of GPO was reported 

to decrease by an average of 2.5 times (compared 

with healthy tissues) in the experimentally-damaged 

tissues which were processed immediately after 

decapitation (Polat et al., 2011), what was found in 

our study was a decrease in the activity of GPO in the 

muscle tissues by 2.5 times at 4 and 5 hours post-

mortem compared with that at 0 hour. That is to say, 

prolongation of the post-mortem period did not bring 

along a noticeable decrease in GPO activity. 

Conversely, GST and GSH levels were found at 4-5 

hours post-mortem to be 6-7 times lower as that at 0 

hour. GSTs act by catalysing the conjugation of 

various endogenous and exogenous compounds with 

GSH (Reiter et al., 1995). GSH has proved an 

important antioxidant compound, protecting the cells 

from oxidative damage (Yilmaz et al., 2012). GSH 
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deficiency has been known to induce oxidative stress, 

hence emerging as the underlying cause of numerous 

pathological events (Ross, 1988).  

Additionally, the amount of 8-OHGua, a 

DNA degradation product, was measured in our study 

at the post-mortem intervals (0-5 hours) in the 

femoral muscle tissue, and the results obtained were 

compared. It was reported on an experimental basis 

that the extent of DNA damage advanced as the 

oxidant/antioxidant balance shifted continually 

towards the oxidants in the tissues examined soon 

after decapitation (Polat et al., 2010). In the present 

study, however, no significant increase in the DNA 

damage products was observed in the muscle tissue 

even at 3 hours post-mortem. This contradiction 

suggests that the amount of 8-OHGua increase more 

rapidly in the tissues inflicted by experimental 

damage. 8-OHGua amount was observed to exhibit a 

significant increase at 4 and 5 hours post-mortem 

when the amount of the oxidants increased the most 

significantly. DNA, apart from the membrane lipids, 

has been armed with a vastly more robust resistance. 

However, should the free radicals be generated only 

in the near vicinity of a DNA molecule, the molecule 

can readily be damaged (Gutteridge, 1995). 

Mild histopathological findings became 

apparent at the 2nd hour after death, when the amount 

of the oxidants slightly increased, accompanied by a 

slight decrease in the antioxidant amounts. The 

histopathological findings indicated that tissue 

damage deteriorates in conjunction with an increase 

in oxidant levels and a decrease in antioxidant levels. 

Such more prominent and severe histopathological 

findings as striated muscles sarcoplasmic 

fragmentation and myofibrillary necrosis were 

visualized at 4 and 5 hours post-mortem when the 

amount of the DNA damage product displayed a 

significant increase.  

In conclusion, oxidant/antioxidant balance in 

the striated muscle tissue was documented to remain 

constant at 0 hours post-mortem; to shift mildly in 

favour of the oxidants at 2 hours post-mortem; to 

shift moderately in favour of the oxidants at 3 hours 

post-mortem; and, to shift severely in favour of the 

oxidants, against the antioxidants at 4 and 5 hours 

post-mortem. A significant increase in the amount of 

DNA damage products was detected at 4 and 5 hours 

post-mortem intervals when the oxidant/antioxidant 

balance exhibited a severe shift. Furthermore, the 

biochemical findings were found to be consistent 

with the histopathological findings. 

 

Corresponding Author: 

Dr. Halis Suleyman 

Department of Pharmacology 

Faculty of Medicine 

Recep Tayyip Erdogan University 

Rize 53100, Turkey 

E-mail: halis.suleyman@gmail.com 

 

References 
1. Clarkson PM, Thompson HS. Antioxidants: what 

role do they play in physical activity and health? 

Am J Clin Nutr 2000;72(2):637-46. 

2. Serafini M, Del Rio D. Understanding the 

association between dietary antioxidants, redox 

status and disease: is the Total Antioxidant 

Capacity the right tool? Redox Rep 

2004;9(3):145-52. 

3. Halliwell B, Gutteridge JM, Cross CE. Free 

radicals, antioxidants, and human disease: where 

are we now? J Lab Clin Med 1992;119(6):598-

620. 

4. Ames BN, Shigenaga MK, Hagen TM. Oxidants, 

antioxidants, and the degenerative diseases of 

aging. Proc Natl Acad Sci USA 

1993;90(17):7915-22. 

5. Grollman AP, Moriya M. Mutagenesis by 8-

oxoguanine: an enemy within. Trends Genet 

1993;9(7):246-9. 

6. Malkoc I, Cetin N, Altuner D, Hacimuftuoglu A, 

Gursan N, Bakan E, et al. Comparative review of 

biochemistry and cell anatomy of the hepatic 

tissue in rats administered some anti hypertensive 

drug for a long time. Latin American Journal of 

Pharmacy 2012;31(4):537-44. 

7. Collins AR, Dusinska M, Gedik CM, Stetina R. 

Oxidative damage to DNA: do we have a reliable 

biomarker? Environ Health Perspect 

1996;104(3):465-9. 

8. Keles MS, Bayir Y, Suleyman H, Halici Z. 

Investigation of effects of Lacidipine, Ramipril 

and Valsartan on DNA damage and oxidative 

stress occurred in acute and chronic periods 

following isoproterenol-induced myocardial 

infarct in rats. Molecular and cellular 

biochemistry 2009;328(1-2):109-17. 

9. Polat B, Suleyman H, Alp HH. Adaptation of rat 

gastric tissue against indomethacin toxicity. 

Chemico-biological interactions 2010;186(1):82-

9. 

10. Henssge C, Madea B. Estimation of the time 

since death in the early post-mortem period. 

Forensic Sci Int 2004;144(2-3):167-75. 

11. Prieto-Castello MJ, Hernandez del Rincon JP, 

Perez-Sirvent C, Alvarez-Jimenez P, Perez-

Carceles MD, Osuna E, et al. Application of 

biochemical and X-ray diffraction analyses to 

establish the postmortem interval. Forensic Sci Int 

2007;172(2-3):112-8. 

12. Poloz YO, O'Day DH. Determining time of death: 

temperature-dependent postmortem changes in 



Life Science Journal 2013;10(3)                                            http://www.lifesciencesite.com 

http://www.lifesciencesite.com     1637    lifesciencej@gmail.com 

calcineurin A, MARCKS, CaMKII, and protein 

phosphatase 2A in mouse. Int J Legal Med 

2009;123(4):305-14. 

13. Sun Y, Oberley LW, Li Y. A simple method for 

clinical assay of superoxide dismutase. Clin Chem 

1988;34(3):497-500. 

14. Ohkawa H, Ohishi N, Yagi K. Assay for lipid 

peroxides in animal tissues by thiobarbituric acid 

reaction. Anal Biochem 1979;95(2):351-8. 

15. Lawrence RA, Sunde RA, Schwartz GL, Hoekstra 

WG. Glutathione peroxidase activity in rat lens 

and other tissues in relation to dietary selenium 

intake. Exp Eye Res 1974;18(6):563-9. 

16. Habig WH, Pabst MJ, Jakoby WB. Glutathione S-

transferases. The first enzymatic step in 

mercapturic acid formation. J Biol Chem 

1974;249(22):7130-9. 

17. Sedlak J, Lindsay RH. Estimation of total, 

protein-bound, and nonprotein sulfhydryl groups 

in tissue with Ellman's reagent. Anal Biochem 

1968;25(1):192-205. 

18. Shigenaga MK, Aboujaoude EN, Chen Q, Ames 

BN. Assays of oxidative DNA damage 

biomarkers 8-oxo-2'-deoxyguanosine and 8-

oxoguanine in nuclear DNA and biological fluids 

by high-performance liquid chromatography with 

electrochemical detection. Methods Enzymol 

1994;234:16-33. 

19. Girotti AW. Lipid hydroperoxide generation, 

turnover, and effector action in biological 

systems. J Lipid Res 1998;39(8):1529-42. 

20. Dengiz GO, Odabasoglu F, Halici Z, Cadirci E, 

Suleyman H. Gastroprotective and antioxidant 

effects of montelukast on indomethacin-induced 

gastric ulcer in rats. J Pharmacol Sci 

2007;105(1):94-102. 

21. Kurt A, Isaoglu U, Yilmaz M, Calik M, Polat B, 

Hakan H, et al. Biochemical and histological 

investigation of famotidine effect on postischemic 

reperfusion injury in the rat ovary. J Pediatr Surg 

2011;46(9):1817-23. 

22. Polat B, Albayrak Y, Suleyman B, Dursun H, 

Odabasoglu F, Yigiter M, et al. Antiulcerative 

effect of dexmedetomidine on indomethacin-

induced gastric ulcer in rats. Pharmacol Rep 

2011;63(2):518-26. 

23. Kisaoglu A, Ozogul B, Cetyn N, Suleyman B, 

Atamanalp S, Akcay F, et al. The Role of Alpha-2 

Adrenergic Receptors in the Anti-ulcerative 

Activity of Famotidine and Omeprazole in Rats 

and its Relationship with Oxidant-antioxidant 

Parameters. Int J Pharmacol 2011;7(6):682-9. 

24. Niki E, Yoshida Y, Saito Y, Noguchi N. Lipid 

peroxidation: mechanisms, inhibition, and 

biological effects. Biochem Biophys Res 

Commun 2005;338(1):668-76. 

25. Celik O, Turkoz Y, Hascalik S, Hascalik M, 

Cigremis Y, Mizrak B, et al. The protective effect 

of caffeic acid phenethyl ester on ischemia-

reperfusion injury in rat ovary. Eur J Obstet 

Gynecol Reprod Biol 2004;117(2):183-8. 

26. Halliwell B. Antioxidant characterization. 

Methodology and mechanism. Biochem 

Pharmacol 1995;49(10):1341-8. 

27. Turan MI, Cetin N, Ozgeris FB, Suleyman H. 

Effects of Thiamine and Thiamine Pyrophosphate 

on Oxidative Stress By Methotrexate in The Rat 

Brain. Latin American Journal of Pharmacy 

2013;32(2):203-7. 

28. Melchiorri D, Sewerynek E, Reiter RJ, Ortiz GG, 

Poeggeler B, Nistico G. Suppressive effect of 

melatonin administration on ethanol-induced 

gastroduodenal injury in rats in vivo. Br J 

Pharmacol 1997;121(2):264-70. 

29. Reiter RJ, Melchiorri D, Sewerynek E, Poeggeler 

B, Barlow-Walden L, Chuang J, et al. A review of 

the evidence supporting melatonin's role as an 

antioxidant. J Pineal Res 1995;18(1):1-11. 

30. Yilmaz M, Ozgeris FB, Isaoglu U, Cetin N, Turan 

MI, Suleyman B, et al. Effects of adrenalin on 

ovarian injury formed by ischemia reperfusion in 

rats. Latin American Journal of Pharmacy 

2012;31(7):1032-7. 

31. Ross D. Glutathione, free radicals and 

chemotherapeutic agents. Mechanisms of free-

radical induced toxicity and glutathione-

dependent protection. Pharmacol Ther 

1988;37(2):231-49. 

32. Gutteridge JM. Lipid peroxidation and 

antioxidants as biomarkers of tissue damage. Clin 

Chem 1995;41(2):1819-28. 

 

 

8/12/2013 


