
Abstract
In this study, we aimed to immunohistochemically investigate the effects of melatonin administration on catalase in the kidney tissue. In our 
study, 18 male Swiss albino mice were used and they were divided into three groups as control (n=6), sham (n=6) and experimental (n=6). 
The experimental group received 10 mg/kg dose of melatonin for 28 days (i.p.). Tissue samples were embedded in paraffin. To examine 
catalase immunoreactivity, avidin-biotin-peroxidase complex (ABC) technique was performed to tissue sections. Based on the results of the 
immunohistochemical staining, reaction was showed in proximal tubules in all three groups. The reaction in inner cortical proximal tubules 
was found to be more intense. There was no immunoreactivity in distal tubules, Malpighian bodies, vascular endothelium and structures 
in the medulla. Catalase immunoreactivity was determined to be more intense in the experimental group than other groups. Our study 
supports the idea that melatonin could have a direct effect on the kidney tissue and that it could be used as an antioxidant therapeutic agent 
by strengthening antioxidant mechanism in oxidative stress.
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Melatoninin Fare Böbrek Dokusunda Katalaz Enzimi Üzerine Etkisi

Özet
Bu çalışmada, melatonin uygulamasının böbrek dokusunda katalaz üzerine etkisinin immunohistokimyasal olarak araştırılması amaçlandı. 
Çalışmamızda, 18 adet erkek Swiss albino fare kullanıldı ve bunlar kontrol (n=6), sham (n=6) ve deneme (n=6) olarak üç gruba ayrıldı. Deneme 
grubuna 28 gün 10 mg/kg dozda melatonin uygulandı (i.p.). Alınan doku örnekleri parafinde bloklandı. Katalaz immunoreaktivitesini incelemek 
için doku kesitlerine avidin-biotin-peroksidaz kompleks (ABC) tekniği uygulandı. Yapılan incelemeler sonucunda immunohistokimyasal 
boyamada, üç grupta da reaksiyonun tubulus proksimalislerde olduğu belirlendi. Korteksin iç kısmındaki tubulus proksimalislerde 
reaksiyonun daha yoğun olduğu görüldü. Tubulus distalislerde, Malpighi cisimciklerinde, damar endotellerinde ve medullada bulunan 
yapılarda immunoreaktiviteye rastlanmadı. Katalaz immunoreaktivitesinin deneme grubunda, kontrol ve sham grubuna kıyasla daha yoğun 
olduğu belirlendi. Çalışmamız, melatoninin böbrek dokusu üzerine doğrudan etkisinin olabileceği ve antioksidan mekanizmayı güçlendirerek 
oksidatif stres durumlarında antioksidan bir terapötik madde olarak kullanılabileceği düşüncelerini desteklemektedir.

Anahtar sözcükler: Katalaz, İmmunohistokimya, Böbrek, Melatonin, Fare

Effect of Melatonin on Catalase Enzyme in Mouse Kidney Tissue
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INTRODUCTION

Melatonin, first defined by Lerner et al.[1], is an endo-
genously secreted hormone by pinealocytes in pineal 
gland [2]. Melatonin has effects on circadian rhythms, sleep, 
psychology, sexual development and reproduction [3,4]. In 
addition, melatonin has been reported to affect organs 
in many systems such as cardiovascular, gastrointestinal, 
respiratory and renal system [2]. The most important feature 
discovered in recent years is being a powerful antioxidant [5].

Melatonin was first reported by Ianas et al.[6] to be an 
antioxidant in 1991. Melatonin is a powerful antioxidant 

that eliminates hydroxyl (OH) radical, the most harmful 
radical amongst free radicals. Melatonin is known to be 
more effective than other antioxidants as it can enter many 
organelles and cell nucleus and protect DNA from oxidative 
damage [7,8]. Melatonin shows its antioxidant effects in three 
ways: Directly binding hydroxyl (OH) radical [9], inhibiting 
some pro-oxidant enzymes [10] or increasing gene expression 
and activity of antioxidant enzymes [5,11,12]. Catalase, which 
is one of the most important antioxidant enzymes, was 
first isolated in 1937 [8,13]. The task of this enzyme, localized 
in peroxisomes in the cells, is to transform hydrogen 
peroxide, which is harmful, into oxygen and water [8,14,15]. 
This enzyme has been reported to be extensively found 
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in hepatocytes in the liver [16] and proximal tubules in the 
kidney [17]. There are important tasks of the kidney tissue  
on the oxidative metabolism. Although kidneys constitute 
less than 1% of total body weight, an average of 10% of 
total oxygen consumption occurs here [18]. Renal proximal 
tubular cells exposed to high concentrations glucose and 
reactive oxygen species (ROS) [19]. For this reason, they 
are always at risk of oxidative damage. Catalase is found 
in proximal tubules that is protecting kidney functions 
efficiently [20,21]. It has been stated that lack of catalase could 
cause situations that may lead to loss of kidney functions 
such as oxidative tissue damage and renal fibrosis [18,19]. 
Melatonin administration has been shown by biochemical 
methods to increase the levels of antioxidant enzymes 
such as catalase, glutathione reductase and glutathione 
peroxidase in liver and kidney [12,22]. Also in a study on 
pigs, the presence of binding regions of iodomelatonin 
has been shown at pig kidney cortex [23]. However, there 
is no study showing the effect of melatonin on catalase in 
kidney tissue immunohistochemically. In our study, it was 
aimed to immunohistochemically investigate the effects 
of exogenous administration of melatonin on catalase in 
mouse kidney tissues. 

MATERIAL and METHODS

This study was performed in accordance with approval 
from Kafkas University Animal Experimentation Local 
Ethics Committee (KAÜ-HADYEK/2014-007). In our study, 
18 male Swiss albino mice were used as experimental 
animals. Experimental animals were divided into three 
groups as control (n=6), sham (n=6) and experimental 
(n=6). The experimental group received 10 mg/kg dose 
of melatonin (Sigma) dissolved in ethanol and diluted by 
normal saline for 28 days (i.p.). The same injection procedure 
applied to sham group, but melatonin was not used. The 
control group received no applications. At the end of the 
experimental period, the mice were euthanized and kidney 

tissues were removed. The tissues were processed with 
Bouin solution and embedded in paraffin following routine 
histological phases. 5 µm sections from these blocks 
were passed through deparaffinization and rehydration 
process. Triple staining [24] and periodic acid-Shiff (PAS) 
staining [25] was performed in order to examine the tissues 
histologically. 3% H2O2 application to block endogenous 
peroxidase activity and microwave application in citrate 
buffer to unleash antigens were performed in order to 
examine catalase immunoreactivity. The tissues were 
washed with PBS (Phosphate buffer solution, 0.1 M, pH 
7.2). The tissues were allowed to incubation with anti-
catalase antibody (Abcam, 1: 3.000 dilution) for 1 h at room 
temperature and avidin-biotin-peroxidase complex (ABC) 
technique [26] was applied. For this, ultravision detection 
system anti-rabbit, HRP/DAB (Thermo Scientific) kit was 
used. Finally, counter staining was performed with haemato- 
xylin. Extent of immunoreactivity was assessed semi-
quantitatively according to the density of the reaction 
(No reaction; 0, Weak; 1, Moderate; 2, Strong; 3). Negative 
control application was performed to determine whether 
the catalase immunoreactivity was specific. Ten areas in 
outer cortex and ten areas in inner cortex, total twenty 
areas of each slide are selected randomly and scored 
aspect of density of catalase immunoreactivity. One way 
ANOVA was used to compare catalase immunoreactivity 
among groups and t-test was used to compare catalase 
immunoreactivity between inner and outer cortex in SPSS 
(SPSS version 18.0 for Windows; SPSS Inc.,Chicago, IL, USA).

RESULTS
Histological and Histochemical Results

Similar results were observed all groups regarding 
histological appearances with triple staining. Nephrons, 
the functional units of the kidneys, structures forming 
nephrons, collector tubes and connective tissue areas 
were observed to be similar (Fig. 1).

Fig 1. General appearance of the renal tissue. M: Malpighi 
corpuscle, long arrow: tubulus proximalis, short arrow: tubulus 
distalis. Triple staining. Bar: 100 µm

Şekil 1. Böbrek dokusunun genel görünümü. M: Malpighi 
cisimciği, uzun ok: tubulus proksimalis, kısa ok: tubulus distalis. 
Triple boyama. Bar: 100 µm
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There were also no differences between the groups 
in PAS staining. PAS-positive staining was observed in all 
groups in glomeruli, Bowman’s capsule, apical portions of 
cells of proximal tubuli and basement membrane. Staining  
in the inner part of the cortex was determined to be more 
intense than the outer cortex in proximal tubuli. Strong 
staining was seen in the basement membrane of distal 
tubuli (Fig. 2, Fig. 3).

Immunohistochemical Results

Regarding the results of immunohistochemical 
evaluation, catalase immunoreactivity was observed only 
in proximal tubuli in all three groups. No immunoreactivity 
was observed in Malpighian bodies in the cortex, distal 
tubuli, vascular endothelium and other connective tissues 
(Fig. 4a,b). No immunoreactivity was also found in the 
structures in medulla. Immunoreactivity was also observed 
to be more intense in the inner part of the cortex. These 
were differences statistically significant for all groups 
(P<0.05). The immunoreactivity was observed usually in 

the cytoplasm and rarely in the nucleus, and the staining 
in the cytoplasm was granular in style (Fig. 4b). Catalase 
immunoreactivity in proximal tubuli was found to be 
more intense in the experimental group (Fig. 5) compared 
to control (Fig. 6) and sham (Fig. 7) groups (Table 1). No 
significant difference was observed between control and 
sham groups (Fig. 6, 7). The negative control did not show  
any reaction (Fig. 8).

DISCUSSION

Antioxidant system includes antioxidant enzymes  
(SOD, CAT, GPX etc.), which can prevent from oxidative 
stress [8]. Melatonin is an antioxidant that increases the 
activity of antioxidative enzymes [5,12].

It was determined that the findings from the histo- 
logical examination of the kidney tissue were consistent 
with normal histology, in accordance with classical 
literature [2,27] and that there is similar for all groups.  

Fig 2. PAS staining in the renal tissue. Control group. G: 
glomerulus, T.p.: tubulus proximalis, T.d.: tubulus distalis, arrows: 
PAS positive staining. Bar: 50 µm

Şekil 2. Böbrek dokusunda PAS boyama. Kontrol grubu. G: 
glomerulus, T.p.: tubulus proksimalis, T.d.: tubulus distalis, oklar: 
PAS pozitif boyanma. Bar: 50 µm

Fig 3. PAS staining  in the renal tissue. Experimental group. G: 
glomerulus, T.p.: tubulus proximalis, T.d.: tubulus distalis, arrows: 
PAS positive staining. Bar: 50 µm

Şekil 3. Böbrek dokusunda PAS boyama. Deneme grubu. G: 
glomerulus, T.p.: tubulus proksimalis, T.d.: tubulus distalis, oklar: 
PAS pozitif boyanma. Bar: 50 µm



920
Effect of Melatonin on Catalase ...

Ergin and Başaloğlu [28] studied the effect of chronic 
melatonin injections in kidney tissue and reported 

that there is no difference histologically, similarly to  
our findings.

Fig 4. Catalase immunoreactivity in the cortex section of the kidney. Control group. a) G: glomerulus, arrow head: vascular 
endothelium, short arrow: tubulus distalis, long arrow: tubulus proximalis. Bar: 50 µm, b) Arrow: cytoplasmic immunoreactivity, 
arrow head: immunoreactivity in the cytoplasma and nucleus. Bar: 50 µm

Şekil 4. Böbreğin korteks kısmındaki katalaz immuno-reaktivitesi. Kontrol grubu. a) G: glomerulus, ok başı: damar endoteli, 
kısa ok: tubulus distalis, uzun ok: tubulus proksimalis. Bar: 50 µm, b) Ok: sitoplazmik immunoreaktivite, ok başı: sitoplazma ve 
çekirdekte immunorektivite. Bar: 50 µm

Fig 5. Catalase immunoreactivity in the renal tissue of the 
experimental group. M: medulla, A: inner cortex, B: outer cortex. 
Bar: 200 µm

Şekil 5. Deneme grubu böbrek dokusunda katalaz immuno-
reaktivitesi. M: medulla, A: iç korteks, B: dış korteks. Bar: 200 µm

Fig 6. Catalase immunoreactivity in the renal tissue of the control 
group. M: medulla, A: inner cortex, B: outer cortex. Bar: 200 µm

Şekil 6. Kontrol grubu böbrek dokusunda katalaz immuno-
reaktivitesi. M: medulla, A: iç korteks, B: dış korteks. Bar: 200 µm
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In a study by Bingöl and Kocamış [17] on immunohisto-
chemical examination of catalase enzyme in kidney tissues 
of healthy and diabetic rats, they have reported that 
catalase immunoreactivity is intense only in proximal tubuli  
in the cortex of the kidney and quite weak in the medulla, 
whereas there is no immunoreactivity in structures such 
as glomeruli, vascular endothelium, distal tubuli. In the 
same study, they stated that immunoreactivity in the 
cortex varies by region and immunoreactivity in the inner 
part of the cortex in the entire groups is more intense. 
Similarly in their study, Morikawa et al.[29] studied immuno- 

histochemical localization of catalase in tissues of mammals 
and they reported that the reaction is in the cytoplasm 
of proximal tubuli cells of the kidney and that no specific 
reaction is present in distal tubule epithelium, connective 
tissue and blood vessels. Zhou and Kang [30] studied 
immunohistochemical localization of catalase in various 
tissues in transgenic mice and stated that there is cyto-
plasmic reaction in proximal tubuli of kidney. They have 
observed that this present reaction in proximal tubuli is 
weaker in the outer part of the cortex, stronger in the inner  
part and not present in distal tubuli, glomeruli, loop of Henle, 
collector tubes and medulla [30]. Immunohistochemical 
localization of catalase in geese liver has been reported to  
be mostly cytoplasmic and that some staining is present  
in the nuclei of a few hepatocytes [16].

Our findings are parallel to the findings of Bingöl and 
Kocamış [17], Morikawa et al.[29], Zhou and Kang [30] regarding 
presence of immunoreactivity in the cortex of the kidney, 
especially in proximal tubuli in the inner cortex portion and 
absence of reaction in distal tubuli, vascular endothelium 
and connective tissue. Kidney and especially proximal 
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Fig 7. Catalase immunoreactivity in the renal tissue of the sham 
group. M: medulla, A: inner cortex, B: outer cortex. Bar: 200 µm

Şekil 7. Sham grubu böbrek dokusunda katalaz immuno-
reaktivitesi. M: medulla, A: iç korteks, B: dış korteks. Bar: 200 µm

Fig 8. Negative control. Control group. Bar: 100 µm

Şekil 8. Negatif Kontrol. Kontrol grubu. Bar: 100 µm

Table 1. Comparison of catalase immunoreactivity among groups in 
proximal tubules (P<0.05)

Tablo 1. Proksimal tubullerdeki katalaz immunoreaktivitesinin gruplar 
arası karşılaştırılması (P<0.05)

Regions of Cortex Control Sham Experimental

Outer cortex 1.250±0.056 a 1.166±0.048 a 2.033±0.088 b

Inner cortex 2.033±0.091 a 2.066±0.081 a 2.850±0.046 b

a,b Differences between values having different letters in the same line are 
statistically significant (P<0.05)
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tubular cells always expose to reactive oxygen species 
(ROS). Catalase is an antioxidant enzyme and locates in 
peroxisomes [15]. Peroxisomes is the typical organelles of the 
proximal tubule cells [2], it shows that antioxidant defence 
and catalase immunoreactivity are seen in these cells 
intensely. Moreover, in our study, reaction being mostly 
cytoplasmic and less nuclear is consistent with the findings 
of similar studies [16,29,30]. However, immunoreactivity in the 
medulla observed by Bingöl and Kocamış [17] could not be 
observed in our study.

Bharti et al.[22] have reported that melatonin adminis-
tration increases catalase, glutathione reductase and 
glutathione peroxidase in the liver and kidney, thus 
activates antioxidant mechanisms and has protective and 
therapeutic effect in oxidative stress. In our study, immuno- 
reactivity being more intense in the experimental group 
compared to other groups is consistent with the biochemical 
study of Bharti et al.[22].

In conclusion, our study supports the opinion that 
melatonin might have a direct effect on the kidney tissue [23]. 
However, this effect was observed not to cause a change 
in the histology at light microscopic level. In our study, 
it was concluded that melatonin administration increases 
catalase immunoreactivity in kidney. Catalase immuno-
reactivity being more intense in the experimental group 
supports the idea that melatonin could be used as a 
therapeutic agent in oxidative stress by supporting anti-
oxidant mechanism. We believe our study will contribute 
to studies to be done on renal, melatonin and antioxidant 
systems.

REFERENCES

1. Lerner AB, Case JD, Takahashi Y, Lee TH, Mori W: Isolation of 
melatonin, the pineal gland factor that lightens melanocytes. J Am Chem  
Soc, 80, 2587-2587, 1958. DOI: 10.1021/ja01543a060

2. Zık B: Uriner Sistem. In, Özer A (Ed): Veteriner Özel Histoloji. 197-218,  
2. Baskı. Nobel Yayın Dağıtım, Ankara, 2010. 

3. Brezinski A: Melatonin in humans. N Engl J Med, 336, 186-195, 1997. 
DOI: 10.1056/NEJM199701163360306

4. Çam A, Erdoğan MF: Melatonin. Ankara Üniv Tıp Fak Mecmuası, 56, 
103-112, 2003.

5. Reiter RJ, Tan DX, Osuna C, Gitto E: Actions of melatonin in the 
reduction of oxidative stress. J Biomed Sci, 7, 444-458, 2000. DOI: 10.1007/
BF02253360

6. Ianăş O, Olinescu R, Bădescu I: Melatonin involvement in oxidative 
processes. Endocrinologie, 29, 147-153, 1991.

7. Reiter RJ: Interactions of the pineal hormone melatonin with oxygen-
centered free radicals: A brief review. Brazilian J Med Biol Res, 26, 1141-
1155, 1993.

8. Akkuş İ: Serbest Radikaller ve Fizyopatolojik Etkileri. 1. Baskı. Mimoza 
Yayınları, Konya, 1995.

9. Hardeland R, Reiter RJ, Poeggeler B, Tan DX: The significance of the 
metabolism of the neurohormone melatonin: Antioxidative protection 
and formation of bioactive substances. Neurosci Biobehav Rev, 17, 347-
357, 1993. DOI: 10.1016/S0149-7634(05)80016-8

10. Bettahi I, Pozo D, Osuna C, Reiter RJ, Acuna-Castroviejo D, Guerrero 
JM: Melatonin reduces nitric oxide synthase activity in rat hypothalamus.  
J Pineal Res, 20, 205-210, 1996. DOI: 10.1111/j.1600-079X.1996.tb00260.x

11. Kotler M, Rodriguez C, Sainz RM, Antolin I, Menendez-Pelaez 
A: Melatonin increases gene expression for antioxidant enzymes in rat 
brain cortex. J Pineal Res, 24, 83-89, 1998. DOI:  10.1111/j.1600-079X.1998.
tb00371.x

12. Zaghloul DM, Gad SB: Melatonin restores renal functions and 
histology in aged rats. Res Opin Anim Vet Sci, 4, 249-257, 2014.

13. Sumner JB, Dounce AL: Crystalline catalase. J Biol Chem, 121, 417- 
424, 1937.

14. Sakızlı M: Biyoenerjetik ve metabolizma-mitokondri, kloroplast ve 
peroksizomlar. In, Sakızlı M, Atabey N (Eds): Hücre Moleküler Yaklaşım. 3. 
Baskı. 399-434, İzmir Tıp Kitabevi, İzmir, 2006. 

15. Ho YS, Xiong Y, Ma W, Spector A, Ho DS: Mice lacking catalase 
develop normally but show differential sensitivitiy to oxidant tissue injury.  
J Biol Chem, 279, 32804-32812, 2004. DOI: 10.1074/jbc.M404800200

16. Bingöl SA, Deprem T, Koral Taşçı S, Kocamış H: Immunohisto-
chemical localization of catalase in geese (Anser anser) liver. Kafkas Univ  
Vet Fak Derg, 17, 77-81, 2011. DOI: 10.9775/kvfd.2010.2423 

17. Bingöl SA, Kocamış H: Sağlıklı ve diabet oluşturulmuş farelerin böbrek 
dokusunda katalaz enziminin RT-PCR ile gen ve immunohistokimyasal 
olarak protein ekspresyonu. Kafkas Univ Vet Fak Derg, 16, 825-834, 2010. 
DOI: 10.9775/kvfd.2010.1766

18. Kobayashi M, Sugiyama H, Wang DA, Toda N, Maeshima Y, 
Yamasaki Y, Masuoka N, Yamada M, Kira S, Makino H: Catalase 
deficiency renders remnant kidneys more susceptible to oxidant tissue 
injury and renal fibrosis in mice. Kidney International, 68, 1018-1031, 2005. 
DOI: 10.1111/j.1523-1755.2005.00494.x 

19. Allen DA, Harwood SM, Varagunam M, Raftery MJ, Yaqoob 
MM: High glucose-induced oxidative stres causesapoptosis in proximal 
tubular epithelial cells and is mediated by multiple caspases. FASEB J, 17,  
908-910, 2003. DOI: 10.1096/fj.02-0130fje

20. Brezniceanu ML, Liu F, Wei CC, Chenier I, Godin N, Zhang SL, 
Filep JG, Ingelfinger JR, Chan JSD: Attenuation of interstitial fibrosis 
and tubular apoptosis in db/db transgenic mice overexpressing catalase 
in renal proximal tubular cells. Diabetes, 57, 451-459, 2008. DOI: 10.2337/
db07-0013

21. Hwang I, Lee J, Huh JY, Park J, Lee HB, Ho YS, Ha H: Catalase 
deficiency accelerates diabetic renal injury through peroxisomal 
dysfunction. Diabetes, 61, 728-738, 2012. DOI: 10.2337/db11-0584

22. Bharti VK, Srivastava RS, Subramaian P, Warren Spence D, Pandi-
Perumal SR, Brown GM: Cerebral epiphyseal proteins and melatonin 
modulate the hepatic and renal antioxidant defense of rats. Int J Nephrol, 
2011 (2011), Article ID: 142896. DOI: 10.4061/2011/142896

23. Song Y, Poon AM, Lee PP, Pang SF: Putative melatonin receptors 
in the male guinea pig kidney. J Pineal Res, 15, 153-160, 1993. DOI: 
10.1111/j.1600-079X.1993.tb00523.x

24. Crossmonn G: A modification of Mallory’s connective tissue stain 
with a discussion of the principles involved. Anat Rec, 69, 33-38, 1937. 
DOI: 10.1002/ar.1090690105

25. Luna LG: Manual of Histologic Staining Methods of Armed Forces 
Institute of Pathology. 3rd ed., Mc Graw-Hill Book Comp, New York, USA, 
1968.

26. Hsu SM, Raine L, Fanger H: Use of Avidin-Biotin-Peroxidase Complex 
(ABC) in immunoperoxidase techniques: A comparison between ABC and 
unlabeled antibody (PAP) procedures. J Histochem Cytochem, 29, 577-580, 
1981. DOI: 10.1177/29.4.6166661

27. Banks WJ: Applied Veterinary Histology. Third ed., Mosby-Year Book, 
Missouri, USA, 1993.

28. Ergin K, Başaloğlu HK:  Kronik melatonin enjeksiyonunun renin 
granülleri üzerindeki histolojik etkisi. SDÜ Tıp Fak Derg, 15, 25-28, 2008.

29. Morikawa S, Harada T: Immunohistochemical localization of 
catalase in mammalian tissues. J Histochem Cytochem, 17, 30-35, 1969. DOI: 
10.1177/17.1.30

30. Zhou Z, Kang YJ: Cellular and subcellular localization of catalase in  
the heart of transgenic mice. J Histochem Cytochem, 48, 585-594, 2000. 
DOI: 10.1177/002215540004800502

http://pubs.acs.org/doi/abs/10.1021/ja01543a060
http://www.nejm.org/doi/full/10.1056/NEJM199701163360306
http://www.ncbi.nlm.nih.gov/pubmed/11060493
http://europepmc.org/abstract/med/1821072
http://www.ncbi.nlm.nih.gov/pubmed/8136717
http://www.ncbi.nlm.nih.gov/pubmed/8272286
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-079X.1996.tb00260.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-079X.1998.tb00371.x/abstract
http://eds.a.ebscohost.com/eds/pdfviewer/pdfviewer?sid=1d7e81cb-a0a2-448b-bc7f-a8f0d36a5462%40sessionmgr4006&vid=1&hid=4208
http://www.jbc.org/content/121/2/417.full.pdf
http://www.jbc.org/content/279/31/32804
http://vetdergi.kafkas.edu.tr/extdocs/2011_1/77_81.pdf
http://vetdergi.kafkas.edu.tr/extdocs/2010_5/825_834.pdf
http://www.sciencedirect.com/science/article/pii/S0085253815509290
http://www.fasebj.org/content/early/2003/05/02/fj.02-0130fje
http://diabetes.diabetesjournals.org/content/57/2/451
http://diabetes.diabetesjournals.org/content/61/3/728
http://www.hindawi.com/journals/ijn/2011/142896/
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-079X.1993.tb00523.x/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ar.1090690105/abstract
http://jhc.sagepub.com/content/29/4/577
http://edergi.sdu.edu.tr/index.php/sdutfd/article/view/1241
http://jhc.sagepub.com/content/17/1/30
http://jhc.sagepub.com/content/48/5/585

