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Abstract: Renal ischemia-reperfusion is a severe health condition that may be dangerous and even cause death. 

This research aims to search the protective effects of casticin on renal injury induced by ischemia-reperfusion. 

Study groups included sham, ischemia-reperfusion, 5 mg/kg casticin+ischemia reperfusion, and 10 mg/kg         

casticin+ischemia reperfusion groups. Some antioxidant, inflammatory, and oxidant parameters were examined in 

renal tissues obtained following the experiment. We found that the inflammatory and oxidant biomarkers elevated 

and antioxidants declined in the ischemia-reperfusion group. However, the antioxidant values raised, and          

inflammatory values declined in treatment groups. These results have shown us that casticin may be a potent     

molecule against oxidative renal damage following ischemia-reperfusion.  
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INTRODUCTION 

 

Ischemia-reperfusion (I/R) is a pathological status in the tissues in which blood circulation       

temporarily interrupts1. Bypass, renal transplantation, kidney infarctions, sepsis, and especially acute 

renal failure (ARF) often lead to renal I/R that may result in death2, 3. Approximately 7% of            

hospitalized patients are diagnosed with  AKI (Acute kidney injury)4 which contributes to 40–60% of 

the overall mortality rate5. Inflammation and oxidation are the main reasons for tissue damage in         

I/R-induced renal injury6-8. An imbalance between oxidant and antioxidant systems, called as oxidative 

stress, emerges in AKI following renal I/R injury9. Various factors contribute to I/R injury via vascular 

hyperpermeability, inflammatory reactions, and circulating cytokines10. The neutrophils and            

macrophages are the main actors which play a role in the inflammatory response11, 12. Researchers have 

spent too much energy to make progress on illuminating the hidden cellular and molecular pathways in 

renal I/R injury for beneficial therapies. Still, the literature seems too weak to figure out13. 

An active compound casticin (3′, 5-dihydroxy-3, 4′, 6, 7-tetramethoxyflavone),  which has been 

isolated from V. trifolia or V. rotundifolia, is a member of flavonoids14. Experimental studies suggest 

that casticin has anticancer and anti-inflammatory effects in pulmonary tissue15-19. Casticin statistically 

reduced reactive oxygen species (ROS) release through inhibition of tumor necrosis factor-alpha    

(TNF-α)20. Our research investigated casticin to alleviate the I/R-induced renal injury. 

 

MATERIALS and METHODS 

 

Experimental Animals and Ethical Approval 

Atatürk University Experimental Animal Ethics Committee confirmed the current study. Atatürk 

University Experimental Animals Research and Application Center supplied  Wistar-type male rats and 

allowed the experimental procedures to be performed. The animals were housed in cages with        

appropriate laboratory standards including 55±5% humidity, 12 light/12 darkness and 22±2 °C       

temperature. Rats had free access to both food and water. 12 hours before the experiment, all animals 

were debarred from food but were allowed to drink water. 
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Groups, Drugs, and I/R Model 

In the current search, 32 Wistar male rats were weighed (240-260 

g) and randomized into 4 groups. All rats were fixed in face-down 

position. The animals’ back regions were shaved and cleaned with 

povidone-iodine. 60 mg/kg intraperitoneal (i.p.) ketamine (Ketalar®, 

Pfizer, Istanbul) and 10 mg/kg i.p. xylazine hydrochloride (Rompun®, 

Bayer, Istanbul) were administered to the rats during the experimental 

procedures. Casticin was procured from Sigma Aldrich Co. 

In group I (sham), an incision was applied to the back region and 

closed with 3/0 silk suture. Any I/R model or any medication was not 

performed. In group II (I/R), following the incision, all renal veins and 

arteria were fixed with a microvascular clamp for 1 hour. And then, 

the blood flow was allowed for 24 hours by releasing the clamps    

during the reperfusion stage21, 22. In group III (5 mg/kg casticin+I/R) 

and group IV (10 mg/kg casticin+I/R), casticin was administered to 

the rats i.p. 30 minutes before the reperfusion. Later, the I/R model 

was carried out. When the experiment ended, high dose anesthesia was 

used for the rat sacrification. The renal tissues were moved away. The 

tissue samples were washed and maintained frozen until the           

biochemical examination. 

 

Biochemical assessments 

Total antioxidant status (TAS) and total oxidant status (TOS) were 

detected with the available kits (Rel Assay Diagnostics). TOS to TAS 

ratio, the oxidative stress index (OSI), was preferred as another      

oxidative stress indicant. SOD evaluation was predicated on the     

production of superoxide radicals created via xanthine and the       

xanthine oxidase system, which performs a reaction with nitro blue    

tetrazolium to form formazan dye23. Lipid peroxidation amounts in 

ovarian tissue were measured by assessing malondialdehyde (MDA) 

using the thiobarbituric acid test24. The activities of myeloperoxidase 

(MPO) in the renal tissues were forecasted according to methods  

defined by Bradley et al.25.  

TNF-α level was measured at 450 nm using rat TNF-α platinum 

ELISA commercial kit (eBioscience, catalog no:BMS622). Interleukin

-1β (IL-1β) level was measured on an ELISA reader with an enzyme 

linked immunosorbent assay kit (Elabscience, catalog no:E-EL-

R0012) at 450 nm wavelength. 

 

Statistical analysis 

All the results were shown as Mean±Standard deviation (SD).  

Results were determined using One-way ANOVA and then Tukey test 

for pairwise comparisons of groups. The differences were accepted as 

significant when P<0.05. 

 

RESULTS 

 

There was no loss in rats due to experimental applications. Table 1 

describes OSI, TOS and TAS, indicating the balance between them. In 

the comparison of I/R group with the sham group, TOS and OSI   

values increased statistically while TAS value was decreased. In the 

comparison of the treatment groups with the I/R group, changes in all 

parameters were statistically significant (P<0.05). When the treatment 

groups compared each other, the difference in TAS and OSI values 

was statistically significant (P<0.05). 

 

 

 

 

Table 2 and Table 3 summarize the statistical comparisons of 

SOD, MDO, MPA, TNF-a and IL-1b concentrations in four          

experimental groups. When the I/R group compared the sham group,  

MDA, MPO, TNF-a and IL-1β levels increased while SOD value  

decreased. When the low dose casticin group was compared to the 

sham group, a statistically significant difference was determined 

among SOD, MDA, MPO, and IL-1β levels (P<0.05). No difference 

occurred between the high dose casticin and sham groups in terms of 

these biochemical markers. When the I/R group compared to the   

treatment groups, it has been found statistically significant for these 

parameters (P<0.05). When treatment groups compared to each other, 

SOD, MPO, and MDA concentrations were statistically different 

(P<0.05).   

 

 

TOS; Total Oxidant Status; TAS; Total Antioxidant Status; OSI; Oxidative Stress Index. 

Data are presented as mean±SD. ŧp<0.05 and *p<0.001, compared to the sham group. 

#p<0.001, compared to the I/R group. wp<0.05, Casticin 5 mg/kg group compared to 

Casticin 10 mg/kg group. 

Experimental 

Groups 

(n=8) 

TAS 

(mmol Trolox Eq/L) 

TOS 

(µmol H2O2 Eq/L) 

OSI 

(arbitrary unit) 

Sham 2.77±0.22 6.71±0.29 0.24±0.02 

I/R 1.72±0.14* 8.91±0.69* 0.52±0.06* 

Casticin        

5 mg/kg+I/R 2.26±0.23*,# 7.54±0.59*,# 0.33±0.04*,# 

Casticin      

10 mg/kg+I/R 2.54±0.13 ŧ,#,w 7.20±0.76*,# 0.28±0.03 ŧ,#,w 

Table 1. Compar isons of TAS, TOS, and OSI levels among the             

experimental groups 

Experimental 

Groups (n=8) 

SOD 

(U/mg protein) 

MPO 

(U/g protein) 

MDA 

(µmol/g 

protein) 

Sham 585.26±81.27 42317.04±4502.82 78.29±6.15 

I/R 312.22±14.56* 81137.75±11247.01* 121.46±6.78* 

Casticin        

5 mg/kg+I/R 

482.00±31.37ŧ,# 48754.24±3073.69# 86.76±6.96 ŧ,# 

Casticin      

10 mg/kg+I/R 

541.37±32.37# 41100.26±2444.79# 79.93±5.28# 

Table 2. Compar isons of SOD, MPO and MDA levels among the          

experimental groups  

SOD; Superoxide Dismutase; MPO; Myeloperoxidase; MDA; Malondialdehyde. Data 

are presented as mean ± SD. ŧp<0.05 and *p<0.001, compared to the sham group. 

#p<0.001, compared to the I/R group.   

Experimental 

Groups (n=8) 

TNF-α 

(pg/mg protein) 

IL-1β 

(pg/mg protein) 

Sham 24806.70±4005.91 27437.80±2247.17 

I/R 38941.60±5115.58* 57318.61±4081.52* 

Casticin            5 24189.92±2580.67# 32975.10±6497.85 ŧ,# 

Casticin          10 25632.11±1967.94# 28368.37±2359.93# 

Table 3. Compar isons of TNF-α and IL-1β levels among the experimental 

groups  

IL-1β; Interleukin-1β; TNF-α; Tumor necrosis factor-α; Data are presented as mean±SD 

ŧp<0.05 and *p<0.001, compared to the sham group. #p<0.001, compared to the I/R 

group.   
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DISCUSSION 

 

ARF is a frequently encountered disease in clinical nephrology 

with a high mortality rate26. Oxygenation and oxidative stress are  

accepted to be a reason for AKI during renal I/R27, which damages the 

tubular and endothelial cells by oxidative stress, ROS generation, and 

acute inflammation28. Unfortunately, those events usually happen after 

hemodynamic occasions such as kidney transplant, heminephrectomy, 

hemorrhagic shock29, 30. The acute ischemia period leads to an       

increment in endothelium permeability and expression of different 

adhesion molecules attracting neutrophils into the extracellular fluid, 

which augment inflammation via ROS and MPO31, 32. Some          

researchers like Tok et al. commonly reported MPO as it significantly 

increases in renal tissue following I/R compared with a healthy     

tissue33, 34.  

The inflammatory cascade is triggered by some reactions such as 

neutrophil infiltration, ROS production, and tubular epithelial cell 

activation. Among those, the neutrophil activation and infiltration 

through proinflammatory cytokines play the leading role in           

transforming the localized tissue injury into remote injury35. Literature 

suggests that TNF-α and IL-1β levels start to increase slightly after 

ischemia, gain their peak levels in few hours, and remain elevated for 

days36, 37. Excessive ROS release leads to cell injury by lipid         

peroxidation following I/R38, 39. Tissue MDA level is a valuable    

indicator of lipid peroxidation40. Likewise, MDA supports oxidative 

stress by producing ROS41, 42. The oxidative stress can be predicted by 

some indicative assessments like MDA, TOS, TAS, and OSI, which 

display the balance of redox reactions between oxidation and        

antioxidation43. Even with progress in diagnosis and treatment      

methods, ischemic renal failure is a common issue in trials44. For this 

reason, we aimed to improve I/R-induced renal damage by utilizing 

the anti-inflammatory and antioxidant features of casticin. 

Literature has many studies that investigate the antioxidant and 

anti-inflammatory properties of casticin in experimental models.   

Because there is no study about casticin in the renal I/R model and our 

study seems original. In this study, reduction of IL-1β and TNF-α 

levels suggested that casticin decreases I/R-induced renal injury.    

Casticin, which has shown to have antitumoral, anti-inflammatory, 

and hepatoprotective activities19, 45-47, has been studied in mice which 

mitigated acute lung inflammation induced by cigarette smoke and 

reduced ear dermatitis and edema induced by croton oil15. Casticin has 

been stated to protect human chondrocytes against inflammation    

induced by IL-1β48. In human airway epithelial cells, casticin has been 

shown to alleviate lipopolysaccharide-induced inflammatory         

responses through NF-κB pathways49. Casticin decreases               

proinflammatory cytokine levels like TNF-α, IL-6, and IL-1β in     

lipopolysaccharide-stimulated mouse macrophages47. In a mice study, 

casticin has been proven to prevent ulcerative colitis induced via 

dextran sulfate sodium by decreasing ROS signaling and levels of 

proinflammatory cytokines50. Casticin has been reported to exert   

antioxidant effect51. Casticin was demonstrated to reduce oxidative 

stress against liver damage caused by methotrexate52.  

Here, antioxidant and anti-inflammatory properties of casticin 

were demonstrated in the renal I/R model in rats. In the I/R group, 

TAS and SOD declined while IL-1β, MDA, MPO, OSI, TOS, and 

TNF-α levels elevated, and casticin treatment reversed these values. 

We assessed the renal tissue for oxidative stress to investigate the 

potential protective effects of casticin against renal injury induced by 

I/R. We observed that oxidative stress  and inflammation decreased 

with casticin.  

 

Conclusion 

Casticin prevented I/R-induced renal injury with its antioxidant 

and anti-inflammatory properties. Besides, advanced studies would be 

beneficial for further information about the protective mechanisms of 

casticin against I/R-induced renal tissue injury. 

 

Conflict of interest  

Authors declare that they have no financial interests or personal 

conflicts that may affect the study in this article. 

 

REFERENCES 

 

1. Gholampour H, Moezi L, Shafaroodi H. Aripiprazole prevents renal 

ischemia/reperfusion injury in rats, probably through nitric oxide      

involvement. European journal of pharmacology. 2017;813:17-23. 

2. Malek M, Nematbakhsh M. Renal ischemia/reperfusion injury; from 

pathophysiology to treatment. Journal of renal injury prevention. 

2015;4:20-27. 

3. Sharfuddin AA, Molitoris BA. Pathophysiology of ischemic acute kidney 

injury. Nature reviews. Nephrology. 2011;7:189-200. 

4. Nash K, Hafeez A, Hou S. Hospital-acquired renal insufficiency.      

American journal of kidney diseases : the official journal of the National 

Kidney Foundation. 2002;39:930-936. 

5. Uchino S, Kellum JA, Bellomo R, et al. Acute renal failure in critically ill 

patients: a multinational, multicenter study. Jama. 2005;294:813-818. 

6. Vaghasiya J, Sheth N, Bhalodia Y, Manek R. Sitagliptin protects renal 

ischemia reperfusion induced renal damage in diabetes. Regulatory    

peptides. 2011;166:48-54. 

7. Sehirli AO, Sener G, Satiroglu H, Ayanoglu-Dulger G. Protective effect 

of N-acetylcysteine on renal ischemia/reperfusion injury in the rat.     

Journal of nephrology. 2003;16:75-80. 

8. Sancaktutar AA, Bodakci MN, Hatipoglu NK, Soylemez H, Basarili K, 

Turkcu G. The protective effects of pomegranate extracts against renal 

ischemia-reperfusion injury in male rats. Urology annals. 2014;6:46-50. 

9. Thanan R, Oikawa S, Hiraku Y, et al. Oxidative stress and its significant 

roles in neurodegenerative diseases and cancer. International journal of 

molecular sciences. 2014;16:193-217. 

10. Mishra J, Mori K, Ma Q, et al. Amelioration of ischemic acute renal 

injury by neutrophil gelatinase-associated lipocalin. Journal of the    

American Society of Nephrology : JASN. 2004;15:3073-3082. 

11. Jo SK, Sung SA, Cho WY, Go KJ, Kim HK. Macrophages contribute to 

the initiation of ischaemic acute renal failure in rats. Nephrology, dialysis, 

transplantation : official publication of the European Dialysis and   

Transplant Association - European Renal Association. 2006;21:1231-

1239. 

12. Liu F, Ni W, Zhang J, Wang G, Li F, Ren W. Administration of        

Curcumin Protects Kidney Tubules Against Renal Ischemia-Reperfusion 

Injury (RIRI) by Modulating Nitric Oxide (NO) Signaling Pathway. 

Cellular physiology and biochemistry : international journal of         

experimental cellular physiology, biochemistry, and pharmacology. 

2017;44:401-411. 

13. Liu F, Lou YL, Wu J, et al. Upregulation of microRNA-210 regulates 

renal angiogenesis mediated by activation of VEGF signaling pathway 

under ischemia/perfusion injury in vivo and in vitro. Kidney & blood 

pressure research. 2012;35:182-191. 

14. Rasul A, Zhao BJ, Liu J, et al. Molecular mechanisms of casticin action: 

an update on its antitumor functions. Asian Pacific journal of cancer 

prevention : APJCP. 2014;15:9049-9058. 

15. Lee H, Jung KH, Lee H, Park S, Choi W, Bae H. Casticin, an active 

compound isolated from Vitex Fructus, ameliorates the cigarette       

smoke-induced acute lung inflammatory response in a murine model. 

International immunopharmacology. 2015;28:1097-1101. 

16. Wang C, Zeng L, Zhang T, Liu J, Wang W. Casticin inhibits             

lipopolysaccharide-induced acute lung injury in mice. European journal 

of pharmacology. 2016;789:172-178. 

17. Chou GL, Peng SF, Liao CL, et al. Casticin impairs cell growth and  

induces cell apoptosis via cell cycle arrest in human oral cancer SCC-4 

cells. Environmental toxicology. 2018;33:127-141. 

18. Koh DJ, Ahn HS, Chung HS, et al. Inhibitory effects of casticin on   

migration of eosinophil and expression of chemokines and adhesion 

molecules in A549 lung epithelial cells via NF-kappaB inactivation. 

Journal of ethnopharmacology. 2011;136:399-405. 



 248 

19. Li YJ, Guo Y, Yang Q, et al. Flavonoids casticin and chrysosplenol D 

from Artemisia annua L. inhibit inflammation in vitro and in vivo.     

Toxicology and applied pharmacology. 2015;286:151-158. 

20. Lee SM, Lee YJ, Kim YC, Kim JS, Kang DG, Lee HS. Vascular        

protective role of vitexicarpin isolated from Vitex rotundifolia in human 

umbilical vein endothelial cells. Inflammation. 2012;35:584-593. 

21. Güler MC, Tanyeli A, Eraslan E, Ekinci Akdemir FN, Nacar T, Topdağı 

Ö. Higenamine Decreased Oxidative Kidney Damage Induced By      

Ischemia Reperfusion in Rats. Kafkas Universitesi Veteriner Fakultesi 

Dergisi 2020;26:365-370. 

22. Topdağı Ö, Tanyeli A, Ekinci Akdemir FN, Eraslan E, Güler MC, 

Çomaklı S. Preventive effects of fraxin on ischemia/reperfusion-induced 

acute kidney injury in rats. Life Sci. 2020;242:117217. 

23. Sun Y, Oberley LW, Li Y. A Simple Method for Clinical Assay of    

Superoxide-Dismutase. Clin Chem. 1988;34:497-500. 

24. Ohkawa H, Ohishi N, Yagi K. Assay for Lipid Peroxides in               

Animal-Tissues by Thiobarbituric Acid Reaction. Anal Biochem. 

1979;95:351-358. 

25. Bradley PP, Priebat DA, Christensen RD, Rothstein G. Measurement of 

cutaneous inflammation: estimation of neutrophil content with an enzyme 

marker. J Invest Dermatol. 1982;78:206-209. 

26. Varela CF, Greloni G, Schreck C, et al. Assessment of fractional        

excretion of urea for early diagnosis of cardiac surgery associated acute 

kidney injury. Renal failure. 2015;37:327-331. 

27. Legrand M, Mik EG, Johannes T, Payen D, Ince C. Renal hypoxia and 

dysoxia after reperfusion of the ischemic kidney. Molecular medicine 

(Cambridge, Mass.). 2008;14:502-516. 

28. Matos ACC, Requiao Moura LR, Borrelli M, et al. Impact of machine 

perfusion after long static cold storage on delayed graft function         

incidence and duration and time to hospital discharge. Clinical          

transplantation. 2018;32. 

29. Korkmaz A, Kolankaya D. The protective effects of ascorbic acid against 

renal ischemia-reperfusion injury in male rats. Renal failure. 2009;31:36-

43. 

30. Patschan D, Patschan S, Muller GA. Inflammation and                       

microvasculopathy in renal ischemia reperfusion injury. Journal of    

transplantation. 2012;2012:764154. 

31. Eltzschig HK, Eckle T. Ischemia and reperfusion--from mechanism to 

translation. Nature medicine. 2011;17:1391-1401. 

32. Heinzelmann M, Mercer-Jones MA, Passmore JC. Neutrophils and renal 

failure. American journal of kidney diseases : the official journal of the 

National Kidney Foundation. 1999;34:384-399. 

33. Tok A, Sener E, Albayrak A, et al. Effect of mirtazapine on oxidative 

stress created in rat kidneys by ischemia-reperfusion. Renal failure. 

2012;34:103-110. 

34. Altunoluk B, Soylemez H, Oguz F, Turkmen E, Fadillioglu E. An     

Angiotensin-converting enzyme inhibitor, zofenopril, prevents renal 

ischemia/reperfusion injury in rats. Annals of clinical and laboratory 

science. 2006;36:326-332. 

35. Thurman JM. Triggers of inflammation after renal ischemia/reperfusion. 

Clinical immunology (Orlando, Fla.). 2007;123:7-13. 

36. Lambertsen KL, Biber K, Finsen B. Inflammatory cytokines in          

experimental and human stroke. Journal of cerebral blood flow and   

metabolism : official journal of the International Society of Cerebral 

Blood Flow and Metabolism. 2012;32:1677-1698. 

37. Liu T, McDonnell PC, Young PR, et al. Interleukin-1 beta mRNA     

expression in ischemic rat cortex. Stroke. 1993;24:1746-1750; discussion 

1750-1741. 

38. McCord JM. Oxygen-derived free radicals in postischemic tissue injury. 

The New England journal of medicine. 1985;312:159-163. 

39. Yuan Q, Hong S, Han S, et al. Preconditioning with physiological levels 

of ethanol protect kidney against ischemia/reperfusion injury by        

modulating oxidative stress. PloS one. 2011;6:e25811. 

40. Mahfoudh-Boussaid A, Zaouali MA, Hadj-Ayed K, et al. Ischemic    

preconditioning reduces endoplasmic reticulum stress and upregulates 

hypoxia inducible factor-1alpha in ischemic kidney: the role of nitric 

oxide. Journal of biomedical science. 2012;19:7. 

41. Mahalakshmi A, Kurian GA. Evaluating the impact of diabetes and   

diabetic cardiomyopathy rat heart on the outcome of ischemia-reperfusion 

associated oxidative stress. Free radical biology & medicine. 2018;118:35

-43. 

42. Cakir S, Eren M, Senturk M, Sarica ZS. The Effect of Boron on Some 

Biochemical Parameters in Experimental Diabetic Rats. Biological trace 

element research. 2018;184:165-172. 

43. Davies GR, Simmonds NJ, Stevens TR, Grandison A, Blake DR,     

Rampton DS. Mucosal reactive oxygen metabolite production in       

duodenal ulcer disease. Gut. 1992;33:1467-1472. 

44. Kline J, Rachoin JS. Acute kidney injury and chronic kidney disease: it's 

a two-way street. Renal failure. 2013;35:452-455. 

45. Zhou L, Dong X, Wang L, et al. Casticin attenuates liver fibrosis and 

hepatic stellate cell activation by blocking TGF-beta/Smad signaling 

pathway. Oncotarget. 2017;8:56267-56280. 

46. Shih YL, Chou J, Yeh MY, et al. Casticin induces DNA damage and 

inhibits DNA repair-associated protein expression in B16F10 mouse 

melanoma cancer cells. Oncology reports. 2016;36:2094-2100. 

47. Liou CJ, Len WB, Wu SJ, Lin CF, Wu XL, Huang WC. Casticin inhibits 

COX-2 and iNOS expression via suppression of NF-kappaB and MAPK 

signaling in lipopolysaccharide-stimulated mouse macrophages. Journal 

of ethnopharmacology. 2014;158 Pt A:310-316. 

48. Mu Y, Hao W, Li S. Casticin protects against IL-1beta-induced         

inflammation in human osteoarthritis chondrocytes. European journal of 

pharmacology. 2019;842:314-320. 

49. Wang J. Casticin alleviates lipopolysaccharide-induced inflammatory 

responses and expression of mucus and extracellular matrix in human 

airway epithelial cells through Nrf2/Keap1 and NF-kappaB pathways. 

Phytotherapy research : PTR. 2018;32:1346-1353. 

50. Ma J, Yin G, Lu Z, et al. Casticin prevents DSS induced ulcerative colitis 

in mice through inhibitions of NF-kappaB pathway and ROS signaling. 

Phytotherapy research : PTR. 2018;32:1770-1783. 

51. He L, Yang X, Cao X, Liu F, Quan M, Cao J. Casticin induces growth 

suppression and cell cycle arrest through activation of FOXO3a in     

hepatocellular carcinoma. Oncology reports. 2013;29:103-108. 

52. Eki Nci-Akdemi RF, Yildirim S, Kandemi RF, et al. The effects of   

casticin and myricetin on liver damage induced by methotrexate in rats. 

Iran J Basic Med Sci. 2018;21:1281-1288. 

 


