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Abstract This study was carried out to determine the effect of
zinc on oxidative DNA damage in rats with experimental acute
and chronic kidney deficiency. Six groups of five Wistar-
Albino rats each were assigned as controls (C), acute kidney
deficiency (AKD), zinc-supplemented (+Zn), acute kidney de-
ficiency, zinc-supplemented (AKD + Zn), chronic kidney defi-
ciency (CKD) and zinc-supplemented chronic kidney deficien-
cy (CKD + Zn). The levels of 8-Oxo-2′-deoxyguanosine (8-
OHdG) were determined, being the lowest in the CKD group
(p < 0.05), higher in the C group than those of rats with CKD
but lower than that of all the other groups (p < 0.05). There were
no significant differences between the controls and the CKD +
Zn group, or between the AKD and the +Zn groups. Among all
groups, the highest 8-OHdG level was found in the AKD + Zn
group (p < 0.05). DNA damage was greater in acute renal
failure than in rats with chronic renal failure. The DNA damage
in the zinc group was significantly higher than in the controls.
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Introduction

Zinc is a trace element that is central to a number of
metabolic processes that include gene expression, DNA
synthesis, enzymatic catalysis, storage and release of hor-
mones, neurotransmission, memory and sight, growth,
and development. It has important roles in the metabolism
of carbohydrates, proteins, lipids, and nucleic acids as
well as in heme synthesis, growth, and embryogenesis.
It is essential for the functions of enzymes that have roles
on nucleic acid, carbohydrate, protein, and lipid metabo-
lism. It also takes part in the functioning of carbonic
anhydrase, alkaline phosphatase, alcohol dehydrogenase,
carboxypeptidase, lactic dehydrogenase, glutamic dehy-
drogenase, aldolase, ribonuclease, DNA and RNA poly-
merases, and superoxide dismutase [1, 2].

Gentamicin is obtained from Micromonospora
purpurea, a gram-positive microorganism that produces
an aminoglycoside antibiotic capable to inhibit normal
prote in synthes is in some microorganisms [3] .
Aminoglycoside-type and other antibiotics are commonly
used for the treatment of urinary infections, but they have
been reported as nephrotoxic [4].

Normally DNA is exposed to oxidative damage from
endogenous and exogenous sources. 8-OHdG is a useful
tool used as an indicator for oxidative stress and oxida-
tive DNA damage. Among the four DNA bases, guanine
and deoxyguanosine are the two DNA bases more sus-
ceptible to oxidation because of their lower ionization
potential [5, 6].

The present study was planned to investigate the effect that
zinc supplementation has on DNA damage in rats with exper-
imentally induced kidney deficiency.
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Materials and Methods

The Local Ethics Committee on Animal Experimentation of
University of YuzuncuYıl in Van, Turkey, approved the ex-
perimental procedures used throughout this study.

Animals

For this study, 30 Wistar-Albino male rats weighing 200–
250 g were divided into six groups of five rats. The rats were
housed in cages under ordinary conditions with 12 h light/dark
automatic lightning. Normal saline was injected for 3 days to
prevent injection stress. After that, the study groups were
treated as follows: control group, treated with daily IP injec-
tions of 0.5 cc normal saline.Acute kidney disease (AKD)
group, treated with daily intraperitoneal injections of 100
mg/kg gentamicin sulfate every day for 8 days.Zinc-supple-
mented group (Zn+), the rats were given 227 mg/L zinc sul-
fate in their drinking water for four weeks and then continued
through the duration of the study.Zinc-supplemented acute
kidney deficiency group (AKD+Zn), in which the rats were
supplemented as in the Zn+ group and then injected with
gentamicin as described for group AKD.Chronic kidney defi-
ciency group (CKD), injected with 50 mg/kg gentamicin sul-
fate injected intraperitoneally every day for 15 days.Zinc-sup-
plemented chronic kidney deficiency group (CKD+Zn), rats
supplemented with zinc four weeks before gentamicin injec-
tion as described for group CKD. Tables 1, 2, and 3 give the
composition of food, minerals, and vitamins used in this study.

Determination of Serum 8-OHdG Levels

A DNA Damage EIA kit (Catalog No: ADI-EKS 3501, Enzo
Life Science) was used to determine the levels of serum 8-
OHdG. The plate absorbance was measured at 450 nmwith an
ELISA device (Anthus 20rt). A calibration curve was pre-
pared using 8-OHdG standards and used to compare the 8-
OHdG optical densities of the samples.

Statistical Analysis

The results were evaluated with a multiple comparison test.
The values are given as averages ± SD for all groups. SPSS
22.0 statistical package program was used for statistical
analysis.

Results and Discussion

8-OHdG is a byproduct of DNA damage. It consists of reac-
tive oxygen and hydrogen species and is an indicator of oxi-
dative stress. 8-OHdG is found in tissues, serum, urine, and
other biological materials [8]. The 8-OHdG levels measured
in this experiment are presented in Table 4. The lowest value
was found in the CKD group (p < 0.05) and higher for the
controls. It was in fact the lowest for all study groups. No

Table 1 AIN-76,
American Institute of
Nutrition Sample Diet
[7]

Ingredients kg/100 kg

Casein 20

dl-Methionine 0.3

Maize starch 15

Sucrose 50

Cellulose 5

Corn oil 5

Mineral mixture 3.5

Vitamin mixture 1

Choline bitartrate 0.2

Table 2 AIN-76, American Institute of Nutrition Vitamin Mixture
Composition [7]

Vitamin mixture Required for 1 kg

Thiamine-HCL 600 mg

Riboflavin 600 mg

Pyridoxine-HCL 700 mg

Nicotinic acid 3 g

D-calcium pantothenate 1.6 g

Folic acid 200 mg

D-Biotin 20 mg

Cyanocobalamin (vit B12) 1 mg

Retinol palmitate–acetate (vit A) 400.000 IU vit A

dl-α tocopherol acetate (vit E) 5.000 IU vit E

Colecalciferol (vit D) 2.5 mg

Table 3 AIN-76, American Institute of Nutrition Mineral Mixture
Composition [7]

Mineral mixture g/kg

Calcium phosphate dibasic (CaHPO4) 500

Sodium chloride (NaCl) 74

Potassium citrate (K2C6H6O7. H2O) 220

Potassium sulfate (K2SO4) 52

Magnesium oxide (MgO) 24

Manganese carbonate (43–44 % Mn) 3.5

Ferric citrate (16–17 % Fe) 6

Zinc carbonate (70 % Zn) 1.6

Copper carbonate (53–55 % Cu) 0.3

Potassium iodate (KIO2) 0.01

Copper carbonate (53–55% Cu) 0.01

Chromium potassium sulfate 0.55

Sucrose to make up 1000 g
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significant difference was seen between the CKD + Zn and the
controls or between the AKD and Zn + groups. The highest 8-
OHdG level was seen in the AKD + Zn group (p < 0.05).

It has been reported that some chemicals can increase the
levels of 8-OHdG. Increases of 8-OHdG level in the esopha-
gus, liver, kidney, and lung were seen after experimental treat-
ment with some chemicals like ethanol, 3-methylalcohol-
4dimethylaminoazobenzene, ferrous nitrilotriacetate
(FeNTA), and asbestos. It is thought that the formation of 8-
OHdG in tissue DNA is one of the mechanisms of oxidative
stress carcinogenesis [9].

The results here presented are in good agreement with
those of various studies. Hunjoo Ha et al. measured the levels
of 8-OHdG in the liver, pancreas, and kidney tissues on STZ-
induced diabetes in rats and found a significant increase of 8-
OHdG levels in diabetic kidney tissues relative to healthy
controls [10]. Stoyanova et al. observed genetic damage in-
creases along with the increase of renal function damage [11].
Lim et al. examined tissue damage and renal oxidative DNA
through increased hemolysis by phenylhydrazine and ob-
served a significant increase of the levels of renal DNA 8-
OHdG [12]. Krivosíková et al. reported a number of DNA
fractures in lymphocytes in kidney effluent increased in ex-
perimentally induced chronic kidney deficiency [13].

Hirotsu et al. found a significantly increased DNA damage
in leucocytes and in the kidney, liver, and brain tissues in
patients with chronic kidney impairment, proving the
genotoxicity of this condition due to various uremic toxins
and reactive oxygen radicals that result in oxidative DNA
damage (p 0.05) [14]. It was observed that the levels of 8-
OHdG were significantly increased in a group of nephropathy
patients compared to healthy controls (p < 0.05) [15].

In this study, the DNA damage marker was significantly
increased in all groups relative to controls except the CKD
group (p < 0.05, Table 4). A significant increase of DNA
damage marker in both acute- and chronic kidney deficiency
groups can be regarded as an indicator of kidney tissue dam-
age, which is in accordance with the literature given above. It
is quite remarkable that the 8-OHdG levels in the CKD group
were lower than those of the controls. It can be assumed that
the blood concentration of 8-OHdG increased due to the initial

damage to the kidney, which later decreases when urinary
function stabilizes. Similarly, it was found that the level of
8-OHdG was unchanged between the control and CKD + Zn
groups (Table 4).

Greater DNA damagewas found in the AKD +Zn group. It
is thought that kidney damage is higher as a result from zinc
supplementation: DNA damage was increased in the AKD
and Zn + groups, but were significantly lower in the
AKD + Zn group, suggesting that Zn might induce ROS,
genotoxicity, and oxidative DNA damage [16]. DNA damage
was greater in the AKD group than in the CKD group. This
situation indicated that 8-OHdG is removed from the blood-
stream in the chronic case, and it can be useful in the follow-
up of the metabolic consequence of 8-OHdG in future studies.
Furthermore, since the DNA damage levels of all groups to
which zinc was applied were observed to be high compared to
the control, it was concluded that the high-Zn dose used in this
study was a factor that resulted in increased oxidative DNA
damage.

In conclusion, it was observed that in experimental acute
kidney deficiency, additional Zn caused an increase of the 8-
OHdG levels as a result of increased DNA damage to the
kidney tissue. In chronic kidney deficiency, the level of this
DNA damage marker dropped to a level that was below than
in the control group.
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