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Background: Several studies have previously been performed to promote kidney healing 
after injuries. 
Objectives: The aim of this study was to investigate the effect of zinc on renal healing after 
traumatic injury in rats.
Materials and Methods: Forty healthy female rats were selected and one of their kidneys was 
incised. Half of the incisions were limited only to the cortex (renal injury type I) and the 
other ones reached the pelvocalyceal system of the kidney (renal injury type II). All the 
rats in the zinc treated group (case group) received 36.3 mg zinc sulfate (contained 8.25 
mg zinc) orally. After 28 days, the damaged kidneys were removed for histopathological 
studies. 
Results: In the rats with type I injury, kidney inflammation of the case group was significantly 
lower than that of the control group. However, the result was not significant in rats with 
type II injury. Tissue loss and granulation tissue formation were significantly lower in the 
case group than the control group in both type I and II kidney injuries. 
Conclusions: Overall, Zinc can contribute to better healing of the rat’s kidneys after a 
traumatic injury.

ABSTRACT

Implication for health policy/practice/research/medical education:
Zinc is an essential micronutrient with several functions in body. It is proven that zinc has important roles in wound healing 
mechanisms. Results of  this study indicate that zinc can accelerate the process of  renal healing after kidney laceration in rats. 
Kidney damage occurs through renal surgeries and penetrating trauma. Therefore, zinc can be added to treatments after renal 
surgeries to help better healing and reducing admission course in hospital.
Please cite this paper as: Salehipour M, Monabbati A, Ensafdaran MR, Adib A, Babaei AH. The effect of  zinc on healing of 
renal damage in rats. J Nephropathol. 2017;6(3):157-162. DOI: 10.15171/jnp.2017.27.

1. Introduction 
Wound healing is a biological survival mechanism 
which starts immediately after destruction of  the 
tissue or skin integrity. This process consists of 
three main phases: inflammation, proliferation and 
tissue remodeling (1). Fibroplasia, angiogenesis 
and re-epithelialization occur in proliferation phase 
which results in extracellular matrix and granulation 
tissue formation (2). Hypertrophic scar tissue or 
keloids are the result of  imbalance of  synthesis and 
degradation of  matrix formation in remodeling phase 
which leads to abnormal collagen deposition (3). 
Various factors including adhesion molecules, growth 

factors, proteinases, and cytokines have been found 
to be involved in the process of  wound healing (2). 
Previous studies showed that some mechanical factors 
can led to better tissue healing. For example, gentle 
tissue handling, the use of  thin and absorbable suture 
thread, and a tension-free closure (4).
Kidney is a vital and also vulnerable organ. Physiologic 
fluid balance and electrolyte stability heavily relies on 
the proper functioning of  the kidney. Therefore, renal 
injury should be rapidly treated in order to prevent 
its complications. Kidney injury occurs iatrogenically 
in most renal surgical procedures like open 
nephrolithiotomy, percutaneous nephrolithiotomy, 
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partial nephrectomy, retrograde renal surgery, and 
kidney biopsy. Furthermore, several mechanisms 
and substances may lead to renal injury, including 
inflammation, autoimmune reaction, reactive oxygen 
spices, oxidative damage, drugs, and physical trauma 
(5). 
Kidney is an organ with little potency for self-
regeneration (6) as compared to some other organs 
like the skin. This is probably attributed to low number 
of  stem cells in the renal tissue while numerous 
populations of  stem cells are in all the skin layers (7). 
The administration of  exogenous stem cells results in 
better healing of  the renal tissue (8).
The important effect of  nutrition on wound healing 
was found many years ago (9). It is known that a 
good healing process demands both macronutrients 
and micronutrients (9,10). For example, some 
vitamins like vitamins A or C accelerate the process 
of  wound healing (11). Also, minerals are the other 
type of  micronutrients that influence wound healing. 
Zinc is an important micronutrient that plays several 
physiological roles in the body. It is required for 
activating growth (12). Zinc fights against infection 
and has the strongest effect on the immune system 
as compared to all other vitamins and minerals (13). 
Zinc has been proven to have accelerating effect on 
wound healing by several mechanisms (14). Based on 
our search, there is no study investigating the effect of 
zinc on healing of  traumatic renal injury. 

2. Objectives
The aim of  this experimental study was to investigate 
the effect of  zinc on renal wound healing.

3. Materials and Methods
This study was conducted in the animal laboratories 
affiliated with Shiraz University of  Medical Sciences, 
Shiraz, Iran. 
Forty healthy female rats weighting 200 ± 20 g and 
aged 10 to 12 weeks were closely examined. None of 
the rats was used in previous experiments. If  any of 
the rats died during the first week of  the experiment, 
it was excluded from the study. Also, infection within 
the experiment course was another exclusion criterion. 
The rats were all at the initiation of  their menstrual 
cycle. They were randomly divided into two groups, 
the zinc treated group (case group) and the control 
group. In each of  case and control groups, half  of  the 
rats had only renal cortex injury (type I), and the rest 
of  them had cortex and pelvocalyceal system damage 
(type II). Therefore, the rats were divided into four 
groups in this study, case group with type I renal injury, 
case group with type II renal injury, control group with 

type I renal injury, and control group with type II renal 
injury. Each group was composed of  ten rats.
Rats’ tails were numbered and labeled from 1 to 40. At 
first, 20 rats were selected from all 40 rats. These rats 
were assigned to type I injury group. Again, random 
selection of  cases was performed on these 20 rats and 
10 rats were selected and labeled as type I injury case 
group. Other 10 rats in type I injury group were labeled 
as control group. All 20 rats that were not selected in 
the first stage of  randomization, were assigned to type 
II injury group. The same randomization method was 
done on rats with type II injury and they were equally 
divided to case and control groups.
In the first step, anesthesia was induced for all the 
included rats by injecting a mixture of  ketamine and 
xylazine by the dose of  100 mg/kg and 8 mg/kg, 
respectively. Then in an aseptic procedure, through a 
midline abdominal incision, left colon was mobilized 
medially, left Gerota’s fascia was dissected, and left 
kidney was explored. Then an incision was made 
vertically in cortical part of  left kidney (in type I) and 
extended and bypassed corticomedullary junction (in 
type II). If  the cuts were limited to the renal cortex, 
they were regarded as type I injury and if  they reached 
the pelvocalyceal system, as a more severe injury, 
they were regarded as type II renal injury. To prevent 
bleeding, the site of  incision was approximated 
by chromic 3-0 suture. After placing the damaged 
kidney in its anatomic position, skin incision was 
sutured. Then, the rats were transferred to an aseptic 
cage after recovering from anesthesia. Both groups 
received rodent food and water. Only the case group 
received oral zinc on a daily basis 36.3 mg zinc sulfate 
(contained 8.25 mg zinc). No other supplements or 
drugs were given to the animals. The rats’ health status 
was observed for any signs of  infection.
After 28 days, anesthesia was induced for all the rats 
with the same technique and their left nephrectomy 
was performed. Then renal tissue samples were 
immediately collected for histopathological studies. 
The organ tissue was fixed in 10% buffered formalin 
solution within room temperature. After 24 hours, 
paraffin embedding was done and 5 μm slides prepared. 
Then the slides were stained with hematoxylin and 
eosin (H & E) and then evaluated for histopathological 
changes.
A pathologist reviewed the kidney both macroscopically 
and microscopically. Presence of  inflammation was 
checked based on the existence of  inflammatory blood 
cells in the tissue. Less than 10 WBC/HPF (white 
blood cell/high power field) was considered as no 
inflammation. Neutrophils 10-100/HPF was regarded 
as mild inflammation and after that considered as 
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moderate to severe inflammation. The amount of 
granulation tissue and calcification was recorded. 
Dystrophic calcification was reported as either present 
or absent. The maximum width of  the tissue loss and 
granulation tissue was measured by mm. This was a 
rough estimation of  the tissue loss. The pathologist 
did not have any information about the grouping 
methods and was completely blind toward the study.

3.1. Ethical issues
The research followed the tenets of  the Declaration 
of  Helsinki. The research was approved by ethical 
committee of  Shiraz University of  Medical Sciences. 
Prior to the experiment, the protocols were confirmed 
to be in accor dance with the guidelines of  Animal 
Ethics Committee of  Shiraz University of  Medical 
Sciences. All procedures were performed under general 
anesthesia in order to respect for the animals’ rights.

3.2. Statistical analysis
After recording the data, it was sent to a biostatistician 
for proper statistical analyses. Also the biostatistician 
was blind toward this study. Random allocation of 
the rats and group differences analysis were done 
using SPSS (IBM SPSS, version 13). Inflammation, 
granulation tissue formation, calcification, and tissue 
loss were compared between the case and control 
groups using chi-square test. Differences of  age and 
sex of  the case and control groups were analyzed 
using independent t test after assuming the equality 
of  variances by Levene’s test. P value under 0.05 was 
considered as statistically significant.

4. Results
There was no significant difference between the two 
groups regarding sex and weight.
Presence or absence of  inflammation, granulation 
tissue, calcification, and the amount of  tissue loss are 

shown in Table 1.
In rats with type I injury, five rats from the case group 
had no inflammation but five of  them had mild to 
moderate inflammation, while all the rats in the control 
group had mild to moderate inflammation which was 
significantly higher than the case group.
In rats with type II injury, one rat from the case group 
had no inflammation but nine of  them had mild to 
moderate inflammation. All rats from the control 
group had mild to moderate inflammation. This 
difference was not statistically significant.
Overall, six rats in the zinc treated group had no 
inflammation but 14 of  them had mild to moderate 
inflammation but all rats in the control group had 
mild to moderate inflammation that was significantly 
higher than that of  the case group.
In type I injury, there were no tissue losses in all the 
case group. But in the control group, 4 rats had 1-3 
mm and 3 had more than 3 mm tissue loss, which was 
statistically significant compared with zinc treated rats.
In type II injury, five rats of  the case group had no 
tissue loss; one had 1-3 mm and 4 had more than three 
mm tissue loss. All the rats in the control group had 
more than three mm tissue loss. The difference was 
statistically significant compared to the zinc treated 
group. Complete healing without loss of  tissue in the 
zinc treated group is shown in Figure 1.
Granulation tissue formation was significantly lower 
in the case groups than the control groups in both 
type I and II injury (Table 1).
Granulation tissue formation of  the case and 
control groups are demonstrated in Figures 2 and 3, 
respectively.
Overall, calcification was significantly lower in the case 
group than the control, but there was no significant 
difference between the case and control groups 
regarding the degree of  trauma (Table 1).

Table 1. Evaluation of  zinc effect in improvement of  kidney tissue repair after trauma in rat, inflammation, tissue loss, granulation tissue 
formation and calcification in the case group, control group and total according to pathological studies

Measured parameters
Type I injury (20) Type II injury (20) Total

Case 
(10)

Control 
(10) P Case 

(10)
Control 

(10) P Case 
(20)

Control 
(20) P

Inflammation
No inflammation 5 0 0.016a 1 0 0.500a 6 0 0.010a

Mild to moderate 5 10 9 10 14 20

Tissue loss
No tissue loss 10 3 0.001b 5 0 0.00b 15 3 <0.001b

1–3 mm 0 4 1 0 1 4
More than 3 mm 0 3 4 10 4 13

Granulation 
tissue formation

Yes 0 10 <0.001b 5 10 0.016b 5 20 <0.001b

No 10 0 5 0 15 0

Calcification Yes 0 2 0.152b 1 4 0.237b 1 6 0.046b

No 10 8 9 6  19 14
a Fisher’s exact test.
b Fisher’s exact test (1-sided).
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5. Discussion
The results of  this study show that administration of 
zinc can significantly decrease inflammation in rats 
with type I kidney injury. Granulation tissue formation 
and tissue loss decreased in both type I and II cases. 
Zinc administration did not significantly decrease 
the kidney tissue calcification in the case group in 
comparison with the control group with regards to 
the degree of  trauma.
Most of  the previous studies were performed to 
promote kidney healing after non-traumatic injuries 
(15). 
Jacquillet et al investigated the effect of  chronic 
Cadmium chloride (CdCl2) intoxication in rats. 
They found out that treating rats with zinc protects 
their kidney against the toxic effects of  Cd2+ by 
preventing altered claudin expression and inhibiting 
apoptosis (16).
In a study by Kheradpezhouh et al, the effect of 
curcumin and combination of  curcumin and N-acetyl 
cysteine (NAC) was investigated on acetaminophen 
induced hepatorenal toxicity. They found out that 
curcumin can protect the liver and kidney from 
the acetaminophen toxicity. Also, curcumin in 
combination with NAC, significantly decreased the 
therapeutic dose of  NAC (17).
Another research investigated the effect of 
montelukast as a cysteinyl-leukotriene receptor 
antagonist on gentamicin-induced nephrotoxicity 
and oxidative damage in rat kidney. They showed 
that montelukast can prevent kidney damage by its 
antioxidant effect (18).
Salehipour et al evaluated the effect of  parenteral 
vitamin E on renal ischemia-reperfusion injury in 
rabbits’ kidney. Histopathological evaluation of  the 
kidneys revealed that parenteral injection of  vitamin 
E can significantly protect the renal cells against 
ischemia-reperfusion injury (19).
Although numerous researches were done to 
investigate healing process after non-traumatic kidney 
injuries, according to our search, no article was found 
that had surveyed the effect of  micronutrients on the 
healing process of  kidney wounds.
In some studies, researchers found that similar healing 
processes occurred after traumatic and non-traumatic 
kidney injuries (20,21).
The role of  zinc in wound healing is proven. Previous 
studies showed that zinc can increase the rate of 
healing in pressure ulcers (22), re-epithelialization of 
the wounds (23), the mitotic index of  the epidermal 
basal cells, and the strength of  abdominal skin 
incisions in rats (24).
In these studies, evidence for the functional role of 

Figure 1. This figure shows high power view of  near complete 
healing of  injury with no significant tissue loss in the case group. 
Suture material is seen in the right side, (arrow) (H&E ×400).

Figure 2. A line of  healing with narrow band of  granulation 
tissue is seen in a full thickness injury which involves calyces in the 
case group( H&E ×100).

Figure 3. This image is a low power view of  the renal cortex 
which indicates tissue loss and granulation tissue formation in the 
control group (H&E ×100).

zinc in repairing tissues was explained by anti-oxidant 
effect, anti-microbial effect and the function of  zinc 
metalloenzymes, such as zinc finger proteins and 
matrix metalloproteinases (MMPs) (24).
Zinc finger proteins have an important role in 
regulating gene expression (25). They regulate genes 
which are responsible for production of  growth 
factors in wound healing (26).
Extracellular zinc mimics growth factors and activates 
intracellular mitogen-activated protein kinase (MAP 
kinase) and protein tyrosine phosphorylation. Zinc, 
in coordination with calcium, promotes the fibroblast 
growth during wound healing (27).
MMPs, an essential zinc-dependent endopeptidase, 
play an important role in tissue remodeling (28). 
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Zinc-dependent MMPs are responsible for auto-
debridement and keratinocyte migration in wound 
healing. They also contribute to wound contraction 
(14).
Zinc protects the cells against reactive oxygen species 
(ROS) and bacterial toxins by the zinc finger-trans 
activating protein A. Zinc increases the activation of 
antioxidant proteins, molecules and enzymes, such as 
glutathione, catalase, and superoxide dismutase. It also 
reduces the activities of  oxidant-promoting enzymes 
such as nicotinamide adenine dinucleotide phosphate 
(NADPH) and inhibits the lipid peroxidation 
products. The plasma zinc concentrations can 
inversely correlate with the changes in concentration 
of  high-sensitivity C-reactive protein (hsCRP) after 
zinc supplementation (29).
Also, zinc inhibits the activation of  nuclear factor-
kappa B (NF-kB) by preventing the induction of 
messenger RNA of  interleukin 1, beta (IL-1b) and 
tumor necrosis factor-alfa in mononuclear cells (30).
Zinc inhibits the bacterial growth when it reaches the 
super-physiological level in topical administration (24).
Our results demonstrated the effectiveness of  zinc in 
treatment of  traumatic kidney injuries, particularly in 
type I injury. This difference may be due to severity 
of  injury. The amount of  calcification was not 
significantly different in the case and control groups. 
It may be due to the fact that calcification has fewer 
roles, in proportion to other measured parameters, in 
determining the progress of  kidney healing.
There were a few limitations in our study. The best 
animal for studying kidney injuries is pig. Hence, if  we 
had conducted our study on the pig model instead of 
rat, the results would be more extensible to human.
The second important limitation was the absence of 
serum zinc measurements before and after treatment.

6. Conclusions
In conclusion, zinc can reduce inflammation, 
granulation tissue formation, and tissue loss of  kidney 
wound in rats. Further studies are required in order 
to fully investigate the role of  zinc in kidney wound 
healing.

Acknowledgements 
The authors would like to thank Center for 
Development of  Clinical Research of  Nemazee 
Hospital and Dr. Nasrin Shokrpour for editorial 
assistance.

Authors’ contribution
Study concept and design was done by MS and AM. 
Acquisition of  data, analysis, and drafting of  the 

manuscript was done by MRE, AA, and AHB. All 
authors read and signed the final paper.

Conflicts of  interest
The authors declare no conflicts of  interest. 

Funding/Support
This article is extracted from urology residential thesis 
of  Mohammad Reza Ensafdaran (Thesis #91-01-01-
4493).

References
1. Kasuya A, Tokura Y. Attempts to accelerate wound 

healing. J Dermatol Sci. 2014;76(3):169-72. doi: 
10.1016/j.jdermsci.2014.11.001.

2. Greaves NS, Ashcroft KJ, Baguneid M, Bayat A. 
Current understanding of  molecular and cellular 
mechanisms in fibroplasia and angiogenesis during 
acute wound healing. J Dermatol Sci. 2013;72(3):206-
17. doi: 10.1016/j.jdermsci.2013.07.008.

3. Larson BJ, Longaker MT, Lorenz HP. Scarless 
fetal wound healing: a basic science review. Plast 
Reconstr Surg. 2010;126(4):1172-80. doi: 10.1097/
PRS.0b013e3181eae781.

4. Shirazi M, Ariafar A, Babaei AH, Ashrafzadeh A, Adib 
A. A simple method for closure of  urethrocutaneous 
fistula after tubularized incised plate repair: preliminary 
results. Nephrourol Mon. 2016;8(6):e40371. doi: 
10.5812/numonthly.40371

5. El Sabbahy M, Vaidya VS. Ischemic kidney injury and 
mechanisms of  tissue repair. Wiley Interdiscip Rev Syst 
Biol Med. 2011;3(5):606-18. doi: 10.1002/wsbm.133.

6. Benigni A, Morigi M, Remuzzi G. Kidney regenera-
tion. Lancet. 2010;375(9722):1310-7. doi: 10.1016/
S0140-6736(10)60237-1.

7. Wong VW, Levi B, Rajadas J, Longaker MT, Gurtner GC. 
Stem cell niches for skin regeneration. Int J Biomater. 
2012;2012:926059. doi: 10.1155/2012/926059.

8. Asanuma H, Meldrum DR, Meldrum KK. Therapeutic 
applications of  mesenchymal stem cells to repair 
kidney injury. J Urol. 2010;184(1):26-33. doi: 10.1016/j.
juro.2010.03.050.

9. Medlin S. Nutrition for wound healing. Br J Nurs. 
2012;21(12):S11-2. doi: 10.12968/bjon.2012.21.Sup12.
S11.

10. Theilla M. Nutrition support for wound healing in 
the intensive care unit patient. World Rev Nutr Diet. 
2013;105:179-89. doi: 10.1159/000341297.

11. Chow O, Barbul A. Immunonutrition: role in wound 
healing and tissue regeneration. Adv Wound Care 
(New Rochelle). 2014;3(1):46-53. doi: 10.1089/
wound.2012.0415

12. Livingstone C. Zinc: physiology, deficiency, and 
parenteral nutrition. Nutr Clin Pract. 2015;30(3):371-
82. doi: 10.1177/0884533615570376.

13. Dabbaghmanesh MH, Taheri Boshrooyeh H, 



Salehipour M et al

Journal of  Nephropathology, Vol 6, No 3, July 2017                                                         www.nephropathol.com162

Kalantarhormozi MR, Ranjbar Omrani GH. 
Assessment of  zinc concentration in random samples 
of  the adult population in shiraz, iran. Iran Red 
Crescent Med J. 2011;13(4):249-55.

14. Corbo MD, Lam J. Zinc deficiency and its management 
in the pediatric population: a literature review and 
proposed etiologic classification. J Am Acad Dermatol. 
2013;69(4):616-24e1. doi: 10.1016/j.jaad.2013.04.028.

15. Anders HJ. Four danger response programs determine 
glomerular and tubulointerstitial kidney pathology: 
clotting, inflammation, epithelial and mesenchymal 
healing. Organogenesis. 2012;8(2):29-40. doi: 10.4161/
org.20342.

16. Jacquillet G, Barbier O, Cougnon M, Tauc M, 
Namorado MC, Martin D, et al. Zinc protects renal 
function during cadmium intoxication in the rat. Am 
J Physiol Renal Physiol. 2006;290(1):F127-37. doi: 
10.1152/ajprenal.00366.2004

17. Kheradpezhouh E, Panjehshahin M-R, Miri R, Javidnia 
K, Noorafshan A, Monabati A, et al. Curcumin protects 
rats against acetaminophen-induced hepatorenal 
damages and shows synergistic activity with N-acetyl 
cysteine. Eur J Pharmacol. 2010;628(1):274-81. doi: 
10.1016/j.ejphar.2009.11.027.

18. Otunctemur A, Ozbek E, Cekmen M, Cakir SS, Dursun 
M, Polat EC, et al. Protective effect of  montelukast 
which is cysteinyl-leukotriene receptor antagonist 
on gentamicin-induced nephrotoxicity and oxidative 
damage in rat kidney. Renal failure. 2013;35(3):403-10. 
doi: 10.3109/0886022X.2012.761040.

19. Salehipour M, Monabbati A, Salahi H, Nikeghbalian 
S, Bahador A, Marvasti VE, et al. Protective effect of 
parenteral vitamin E on ischemia-reperfusion injury 
of  rabbit kidney. Urology. 2010;75(4):858-61. doi: 
10.1016/j.urology.2009.04.062.

20. Litbarg NO, Vujicic S, Setty S, Sethupathi P, Dunea 
G, Arruda JA, et al. A novel model of  surgical 
injury in adult rat kidney: a “pouch model”. Sci Rep. 
2013;3:2890. doi: 10.1038/srep02890.

21. Bonventre JV. Dedifferentiation and proliferation of 
surviving epithelial cells in acute renal failure. J Am Soc 
Nephrol. 2003;14 Suppl 1:S55-61. doi: 10.1097/01.

ASN.0000067652.51441.21
22. Desneves KJ, Todorovic BE, Cassar A, Crowe TC. 

Treatment with supplementary arginine, vitamin C 
and zinc in patients with pressure ulcers: a randomised 
controlled trial. Clin Nutr. 2005;24(6):979-87. doi: 
10.1016/j.clnu.2005.06.011

23. Agren MS, Chvapil M, Franzen L. Enhancement of 
re-epithelialization with topical zinc oxide in porcine 
partial-thickness wounds. J Surg Res. 1991;50(2):101-5. 
doi: 10.1016/0022-4804(91)90230-J.

24. Lansdown AB, Mirastschijski U, Stubbs N, Scanlon 
E, Agren MS. Zinc in wound healing: theoretical, 
experimental, and clinical aspects. Wound Repair 
Regen. 2007;15(1):2-16. doi: 10.1111/j.1524-
475X.2006.00179.x.

25. Wei S, Zhang L, Zhou X, Du M, Jiang Z, Hausman GJ, et 
al. Emerging roles of  zinc finger proteins in regulating 
adipogenesis. Cell Mol Life Sci. 2013;70(23):4569-84. 
doi: 10.1007/s00018-013-1395-0.

26. Lee SH, Kim MY, Kim HY, Lee YM, Kim H, Nam 
KA, et al. The Dishevelled-binding protein CXXC5 
negatively regulates cutaneous wound healing. J 
Exp Med. 2015;212(7):1061-80. doi: 10.1084/
jem.20141601.

27. Hansson A. Extracellular zinc ions induces mitogen-
activated protein kinase activity and protein tyrosine 
phosphorylation in bombesin-sensitive Swiss 3T3 
fibroblasts. Arch Biochem Biophys. 1996;328(2):233-8. 
doi: 10.1006/abbi.1996.0168.

28. Nissinen L, Kahari VM. Matrix metalloproteinases 
in inflammation. Biochim Biophys Acta. 
2014;1840(8):2571-80. doi: 10.1016/j.
b b a g e n . 2 0 1 4 . 0 3 . 0 0 7 .

29. Prasad AS. Zinc: an antioxidant and anti-inflammatory 
agent: role of  zinc in degenerative disorders of  aging. 
J Trace Elem Med Biol. 2014;28(4):364-71. doi: 
10.1016/j.jtemb.2014.07.019.

30. Prasad AS, Bao B, Beck FW, Kucuk O, Sarkar FH. 
Antioxidant effect of  zinc in humans. Free Radic 
Biol Med. 2004;37(8):1182-90. doi: 10.1016/j.freerad-
biomed.2004.07.007.

Copyright © 2017 The Author(s); Published by Society of  Diabetic Nephropathy Prevention. This is an open-access article 
distributed under the terms of  the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.


