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ABSTRACT
Objective: In this study, we aimed to investigate the antioxidant effects of selenium and coenzyme Q on 
renal damage in a partial unilateral ureteral obstruction (PUUO) in a rat model.

Material and methods:  A total of 24 Sprague-Dawley rats were divided into four groups as Group 1 
Control Group, Group 2, PUUO Group, Group 3 PUUO + coenzyme Q group, Group 4 PUUO + selenium 
group. Paraoxonase (PON), total antioxidant capacity (TAC), and total oxidant levels (TOS) were analyzed 
biochemically from tissue and blood samples. Tissue samples were examined histopathologically.

Results: The TAC in the tissues was found to be statistically significantly increased in Groups 3 and 4, com-
pared to Group 2. Tissue TOS was found to be significantly reduced in Groups 3 and 4, compared to Group 
2. Serum PON levels were significantly increased in Group 3 and 4, compared to Group 1 and 2. Histopatho-
logical examination showed that interstitial inflammation and congestion were lesser in the coenzyme Q and 
selenium groups than in the PUUO group. A more significant decrease was found in the selenium group than 
in the coenzyme Q group.

Conclusion: Our study results showed that coenzyme Q and selenium reduced the oxidation and the damage 
in tissue in PUUO in rats.

Keywords: Coenzyme Q; kidney; oxidative stress index; paraoxonase; partial unilateral ureteral obstruc-
tion; selenium; total antioxidant capacity; total oxidant status.

Introduction

Dilatation may occur in kidneys in the early 
periods of obstruction, and necrosis, cellular 
inflammation, atrophy and apoptosis may oc-
cur in the following periods. In ureters, stasis 
may occur due to congenital, iatrogenic factors 
or secondary to other pathologies.[1] Oxidative 
stress may induce tissue damage and loss of 
function. This type of damage mechanism may 
also take place in the kidneys. In several stud-
ies and clinical trials, it has been shown that 
changes occur in tubular, endothelial and tubu-
lointerstitial structures of the kidney tissue due 
to oxidative stress. Some renal diseases also 
develop secondary to this destructive mecha-
nism including acute renal failure, glomerular 
damage and chronic renal failure.[1,2]

Coenzyme Q10 (CoQ10, ubiquinol-10 or ubiqui-
none-10) is a fat-soluble vitamin-like structure 
which can be found in every cell and it function 
as a coenzyme in the key enzymatic steps during 
cellular energy production.[3] It shows antioxidant 
properties by interfering with oxygen-derived 
radicals and singlet oxygen to prevent lipid per-
oxidation and damage of biomolecules.[4]

Selenium reduces the activity of hydroper-
oxidase and lipoperoxidase via its glutathione 
peroxidase-like activity. It shows antioxidant 
properties by stopping free radical and perox-
ide formation.[5]

To the best of our knowledge, there is no study 
showing the effect of coenzyme Q and sele-
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nium against the oxidation in the kidney tissue during partial 
unilateral ureteral obstruction (PUUO) in the literature. There-
fore, in the present study, we aimed to investigate the effect of 
antioxidant properties of coenzyme Q and selenium on oxida-
tive stress, histopathological changes, and apoptosis in PUUO 
in rats.
 
Material and methods

In our study, a total of 24, 3-to 4-month-old female Sprague-
Dawley rats weighing between 150 and 250 g (mean: 200 g) 
were used. The study design was accepted by Ankara Train-
ing and Research Hospital Local Ethics Commitee (Protocol 
Number: 276/06.03.2014). All procedures were carried out 
under veterinary control in accordance with the requirements 
of the 1986 International Strasbourg Universal Declaration of 
Animal Rights, with the approval of Ethical Board from An-
kara Training and Research Hospital, Medical Sciences Ex-
perimental Research and Application Center (MSERAC). The 
subjects were housed in standard rat cages (n=6 in each cage) 
in a MSERAC-controlled setting. The rats were fed with pellet 
special for rodents and water. The removal of animal wastes, 
the supply of water and feed, the cleaning and control of the 
cages were carried out by the veterinarian and experienced 
staff of the center.

Meperidine hydrochloride (HCl) 5-10 mg/kg intraperitoneal 
(i.p.) was administered to provide postoperative analgesia to the 
rats, and the rat chows and water were given after the effect of 
the anesthetic agent had passed. At the end of 15 days postop-
eratively, the abdomen of the rats was opened through the ab-
dominal incisions in the same manner and the ligated ureter was 
found and excised including the kidney pelvis. Some specimens 
were taken into vials containing formaldehyde and stored at 
+4°C for histopathological examination. Some specimens were 
taken into vials without formaldehyde and prepared for immu-
nohistochemical and antioxidant examination.

Experiment groups
In our study, the subjects were divided into four groups.

Group 1 (Control Group): General anesthesia was provided 
by intramuscular (i.m.) injection of 5-10 mg/kg xylazine (Rom-
pun, Bayer-Istanbul) and 50-70 mg/kg ketamine hydrochloride 
(Ketalar, Pfizer-İstanbul) to subjects before surgery. The midline 
of the abdominal wall was cleaned with 10% povidone iodine 
solution. A 2 cm-long midline abdominal skin and subcutaneous 
incisions were performed. After reaching the right ureter in the 
abdominal cavity, the layers were closed properly and the inci-
sion was closed with warm and wet compresses. At the end of 
15 days, right nephrectomy was performed after these surgical 
procedures.

Group 2 (PUUO Group): The midline of the abdominal wall 
was cleaned with 10% povidone iodine solution. A 2-cm long 
midline abdominal skin and subcutaneous incisions were per-
formed. After reaching the right ureter in the abdominal cavity, 
the ureter was ligated into the psoas muscle with 2.0 silk sutures 
to obtain partial obstruction. To produce a unilateral partial ob-
struction the psoas-implanting technique described in 1962 by 
Ulm and Miller was adapted.[6] The layers were, then, closed an-
atomically and no active substance was administered to the rats.
 At the end of 15 days, the abdomen was opened through an 
abdominal incision by the same method and right nephrectomy 
was performed. 

Group 3 (PUUO + Coenzyme Q Group): Surgery was per-
formed in Group 2. In addition oral coenzyme Q 10 mg/kg/day 
(median lethal dose: 5.2-8.2 g/kg of coenzyme Q) (MicroThera-
peutics Inc., Irvine, CA, USA) was administered for 15 days. At 
the end of 15 days, the abdomen was opened through an abdom-
inal incision by the same method and right nephrectomy was 
performed. The dose of coenzyme Q was chosen on the basis of 
previous study.[7]

Group 4 (PUUO + Selenium Group): Surgery was performed 
in Group 2. In addition selenium 0.25 mg/kg/day i.p. was ad-
ministered for 15 days. At the end of 15 days, the abdomen was 
opened through an abdominal incision by the same method and 
right nephrectomy was performed. The dose of selenium was 
chosen on the basis of previous study.[8]

Histopathological, immunohistochemical and biochemical 
investigations 
Histopathological analyzes were performed by the same pathol-
ogist at Kirikkale University Medical Faculty Pathology Depart-
ment.

Hematoxylin & eosin staining
Paraffin sections in 5-μm thickness which were obtained via ro-
tary microtome (RM 2135, Leica) were incubated at 60°C for 
one night for deparaffinization. They were subjected to xylene 
twice, each for 30 min. Tissue sections were passed through the 
alcohol series in the descending dilutions from 95% to 60% for 
the re-hydration process and, then, washed under running water 
for 5 min. After staining with hematoxylin (01562E, Surgipath, 
Bretton, Peterborough, CBE, UK) for 30 min, it was washed 
under running water for 5 min to remove excess stain from the 
tissue. The sections were, then, stained with eosin (01602E, Sur-
gipath, Bretton, Peterborough, CBE, UK) for 2 min. In the same 
way, after washing under running water for 5 min, they were 
passed through 80% and 95% alcohol series, respectively. The 
air-dried sections were held in xylene twice each for 30 min to 
make them transparent. They were, then, closed with Entellan 
bonding material (UN 1866, Merck, Darmstadt, Germany). A 
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semi quantitative evaluation of renal tissues was accomplished 
by scoring the degree of severity according to previously pub-
lished criteria. All sections of kidney samples were examined 
for tubular necrosis. Briefly, minimum of 50 proximal tubules 
associated with 50 glomeruli were examined for each slide and 
an average score was obtained. Severity of lesion was graded 
from 0 to 3 according to the percentage of the tubular involve-
ment. Slides were examined and severity of changes was evalu-
ated using scores on a scale in which (0) denotes no change; 
grade 1-changes affecting <25% tubular damage (mild); grade 
2-changes affecting 25-50% of tubules (moderate); Grade 3 – 
changes affecting >50% of tubules (severe).[9]

Immunohistochemical staining
For immunohistochemistry, the antibody M30 CytoDEATH 
(12140322001, Roche Diagnostics Gmbh, Germany) was used 
as the primary antibody. In the preliminary studies, the optimal 
dilution rate was found to be 1/10 and primary antibodies were 
applied in this dilution. The following procedures were applied 
for immunohistochemical examination, respectively. The sec-
tions with a thickness of 5 μm were taken from the study blocks 
and the preparations were incubated at 60°C for one night. Then, 
the preparations were placed in a Bench Mark GX (Ventana, 
Roche) staining device. During the staining procedure, 150 μL 
primary antibody prepared with a 1/10 dilution was added to 
each preparation. At the end of the staining process, the prepa-
rations were washed with alcohol and left to dry at 60°C. All 
preparations taken from the oven were waited in xylene for 5 
min and closed with slide after dropping Entellan material. In 
the immunohistochemical study with M-30, the staining differ-
ences between the groups were evaluated semi-quantitatively, 
and scored accordingly. 

0: no immunoreaction
1: slight staining
2: medium staining
3: marked immunoreaction.

Biochemical examinations

Total antioxidant capacity
The TAC kit was used for the measurement of total antioxidant 
status. The principle of the method is based on the reduction 
of dark blue-green colored ABTS radical to the colorless ABTS 
form by the antioxidants in the sample. For TAC measurement, 
after adjusting the spectrophotometer (Shimadzu UV 1700A) to 
25°C, 500 mL of reagent 1 (measurement buffer) and 30 mL 
of serum were mixed, and the absorbance was measured at 660 
nm, as indicated in the kit procedure. Seventy-five millilitre of 
reagent 2 (colored ABTS solution) was added to the mixture and 
incubated for 10 min, and the absorbance was re-measured at 
660 nm. Standards were studied using standard solutions of the 
kit, 0 (standard 1) and 1 (standard 2) rather than serum in con-
centrations of millimolar Trolox equivalent/liter (mmol Trolox 
Eq/L). The change in absorbance (ΔAbs) was calculated from 
the difference between the second and first measurements. TAC 
levels in the serum (mmol Trolox Eq/L) were calculated accord-
ing to the kit formula: TAC=[(ΔAbs standard 1)-(ΔAbs sam-
ple)] / [(ΔAbs standard 1)-(ΔAbs standard 2)]. The TAC was 
measured using the total antioxidant activity method. The mea-
surement results were expressed in μmol Trolox equivalent/L.[10]

Total oxidant status 
The TOS kit was used for the measurement of total oxidant sta-
tus. The principle of the method is based on the fact that the oxi-

Table 1. Biochemical results
		 	 	 	 Group 1	 Group 2	 Group 3	 Group 4
					    (n=6)	 (n=6)	 (n=6)	 (n=6)		 p
					    (Control)	 (PUUO)	 (PUUO+CQ) 	 (PUUO+SE)	 (ANOVA)

TAC (nmoLTrolox Equiv. per mg protein)		  0.71±0.24	 1.01±0.05	 1.17±0.04	 1.31±0.10	 <0.001

TOS (nmoL H2O2 Equiv.per mg protein)		 22.71±1.75	 29.02±2.90	 17.04±1.21	 14.53±5.10	 <0.001

OSI (arbitrary unit)				   26.80±3.88	 28.71±2.54	 14.84±1.52	 11.22±4.20	 0.003

PON (mUI/mL)				    45.6±2.4	 36.2±3.5	 51.6±1.3	 62.3±2.4	 <0.001

TAC: total antioxidant capacity; TOS: total oxidative status; PUUO: partial unilateral uretaral obstruction; CQ: coenzym Q; SE: selenium; OSI: oxidative stress index

Table 2. Histopathological results (histopathological examination scoring)
				   Control	 PUUO	 PUUO+Coenzyme Q	 PUUO+Selenium

Interstitial inflammation		  -	 +++	 ++		  +

Tubular and glomerular degeneration	 -	 ++	 +		  +

Tubular dilatation			   -	 ++	 +		  +

PUUO: partial unilateral uretaral obstruction; CQ: coenzym Q; SE: selenium
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dants in the sample oxidize the ferrous ion-chelator complex to 
the ferric ions and that the color of resulting ferric ions changes 
with the chromogenic material in the acidic environment. For 
the measurement of TOS, as indicated in the kit procedure, af-
ter adjusting the spectrophotometer (Shimadzu UV 1700A) to 
25°C, 500 mL of reagent 1 (measurement buffer) and 75 mL of 
serum were mixed, and the absorbance was measured at 530 nm. 
Then, 25 mL reagent 2 (pro-chromogenic solution) was added 
to the mixture and incubated for 10 min and, the absorbance 
was measured again at 530 nm. For the quality assessment of 
the kit, as indicated in the kit procedure, the absorbance of the 
reactive blind examined with deionized water rather than sample 
was less than 0.500. The standard was studied by using a diluted 
standard solution containing 20 micromolar hydrogen peroxide 
(H2O2) equivalent/liter (mmol H2O2Eq/L) rather than serum. The 
change in absorbance (ΔAbs) was calculated from the difference 
between the second and first measurements. TOS of the serum 

(mmol H2O2Eq/L) was calculated according to the kit formula: 
TOS= [(ΔAbs serum) / (ΔAbs standard)] x 20. The results of the 
measurements were expressed in mmol H2O2Eq/L.[11]

Oxidative stress index
The Oxidative Stress Index (OSI) value was accepted as the per-
centage rate of TAC and TOS values. Initially, the TAC values 
were converted to mmol/L. Then, the OSI value was calculated 
according to the formula: OSI (Arbitrary Unit)=TOS (mmol 
H2O2Eq/L)/TAC (mmol Trolox Eq/L).[11]

Paraoxonase
The PON-1 activity was determined by using commercial ex-
perimental kits (Relassay®, Gaziantep, Turkey). The PON-1 ex-
periment can be performed in the presence or absence of sodium 
chloride (NaCl), and molar absorptivity coefficient of 18290 
was used to calculate M-1 cm-1 enzyme activity.[12]

Statistical analysis
All statistical analyzes were carried out using Statistical Pack-
age for the Social Sciences version 16.0 (SPSS Inc.; Chicago, 
IL, USA). Student t and One way ANOVA test with Bonferroni 
correction were used for comparing normally distributed data. 
Subsequently, the relation between these parameters was evalu-
ated using linear regression analysis (Backward). These distinc-
tions were accepted significant when possibility was less than 
0.05.

Results

Biochemical findings
When the tissue TAC levels were evaluated ipsilaterally, the lev-
els were found to be statistically significantly increased (p<0.001) 
in Groups 3 and 4, compared to Group 1. There was also a statisti-
cally significant increase in Group 3, compared to Group 2, and 
also in Group 4, compared to Group 2 (p<0.001) (Table 1). There 
was also a statistically significant increase between Group 3 and 
Group 4 (p<0.001) (Table 1).

When the tissue TOS values were examined, there was a sta-
tistically significant decrease in Group 4, compared to Group 1 
(p<0.001), a statistically significant decrease in Group 3 and 4, 
compared to Group 2 (p<0.001), indicating a statistically signifi-
cant difference between Groups 3 and 4 (p<0.001).

In terms of the OSI parameters, there was a statistically significant 
decrease in Groups 3 and 4, compared to Group 1 (Table 1). In ad-
dition, there was a statistically significant decrease in Group 3 and 
4, compared to Group 2, and there was a statistically significant 
decrease between Groups 3 and 4 (p<0.025) (Table 1). 

Table 3. Immunohistochemical results 

		 0	 1	 2	 3

S1	 +			 

S2	 +			 

S3	 +			 

S4	 +			 

S5	 +			 

S6	 +			 

C1				    +

C2				    +

C3				    +

C4			   +	

C5			   +	

C6				    +

CQ enzyme			   +	

CQ2		  +		

CQ3				    +

CQ4		  +		

CQ5	 +			 

CQ6	 +			 

SE1	 +			 

SE2		  +		

SE3		  +		

SE4		  +		

SE5	 +			 

SE6	 +			 

S: sham; C: control; CQ: coenzym Q; SE: selenium
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Furthermore, serum PON values statistically significantly in-
creased in Groups 3 and 4, compared to Groups 1 and 2 
(p<0.001). There was a statistically significant increase in the 
PON values between Groups 3 and 4 in favor of Group 4. 

Histopathological findings 
Histopathological examination showed that glomerular atro-
phy, degeneration of tubules, interstitial inflammation, and 
congestion decreased in the coenzyme Q group and even more 
in the selenium group, compared to the PUUO group (Figure 
1). In terms of apoptosis, similar to histopathological findings, 
the number of apoptotic cells decreased which was more prom-
inent in the selenium group (Figure 2).

Discussion

Partial obstruction may occur in the ureters due to several fac-
tors such as urinary system stones, ureteropelvic junction ste-

nosis, tumors, ureterovesical junction stenosis, and iatrogenic 
reasons. Hydronephrosis, renal blood flow variability, and loss 
of kidney function may develop due to partial obstruction.[13,14] 
Renal obstruction leads to tubular atrophy and cellular death. 
When the kidney is obstructed in a rat, apoptosis occurs four 
days later in the renal tubular cells, and it peaks after 15 days and 
continues in the interstitial cells during obstruction.[15]

The response to renal tissue damage is a complicated metabol-
ic process and its development takes time. In this case, a single 
biochemical marker and measurement can be misleading. As 
distinct from previous publications, in the present study, we 
evaluated many parameters at the same time and contributed to 
the early evaluation of kidney damage. 

The measurement of TOS provides a sensitive index of lipid 
peroxidation and oxidative stress.[16] The measurement of TAC 

Figure 1. Group 1 (Control Group); Normal kidney tissue, Group 2 (PUUO Group), Kidney tissue specimen of PUUO group, 
Group 3; Kidney tissue specimen of coenzyme Q group (examination by light microscope X10 magnification). Group 4; Kidney 
tissue specimen of selenium group (examination by light microscope X20 magnification)
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gives more sensitive information than the individual measure-
ment of antioxidants.[10] Therefore, in the determination of the 
antioxidant level, the measurement of TAC has become more 
widespread rather than the measurement of individual antioxi-
dants. In addition, the OSI is a parameter found by dividing the 
total oxidants by total antioxidants, which indicates whether 
there is a disruption in balance.[11]

Paraoxonase-1 enzyme protects low-density lipoprotein (LDL) 
and high-density lipoprotein (HDL) from the effects of oxi-
dative stress by oxidation of lipid peroxides on the oxidized 
lipoproteins. It is also responsible for some of the antioxidant 
properties of HDL.[17] It can also be used to evaluate the anti-
oxidant defense system.[18]

To date, numerous studies have reported the beneficial effects 
of some drugs on renal damage in unilateral partial ureteral 
obstruction.[19-21] However, the prevention of renal damage due 
to urinary obstruction is still an unresolved issue. 

There are studies in the literature showing the antioxidant ef-
fects of coenzyme Q and selenium. Renal function improve-
ment was found in male rats three weeks after heminephrec-
tomy thanks to antioxidant effects of coenzyme Q.[22] In our 
study, coenzyme Q was found to protect the kidneys at a signif-

icant level as demonstrated with the improvement in biochemi-
cal antioxidant parameters, compared to the PUUO group, in 
rats with PUUO (Table 1). The same effect was observed at the 
histopathological and immunohistochemical levels (Table 2).

In the ischemia-reperfusion studies with selenium, decrease 
in the levels of nitric oxide and in lipid peroxidase activity, 
increase in glutathione peroxidase, and PON levels were ob-
served in the selenium treated groups, suggesting the antioxi-
dative effect of selenium.[8]

In the study conducted by Akman et al.[23] selenium was found 
to prevent oxidative damage in intussusception by increasing 
antioxidant enzyme activity; however, similar effects were not 
observed in the histopathological findings. In our study, we 
found that selenium significantly protected the kidneys in rats 
with PUUO biochemically, compared to the PUUO group (Table 
1), and the same effect was confirmed by histopathological and 
immunohistochemical analyses (Table 2, 3).

A decrease in the PON-1 levels indicates a decrease in antioxi-
dant activity and an increase in oxidative stress.[24] Previous stud-
ies have also shown that PON-1 has a protective effect against 
oxidative stress and plays an antioxidant role.[25,26] In our groups, 
an increase in the PON levels, which is a marker of antioxidant 

Figure 2. Evaluation of Apoptosis Tissue specimens by immunohistochemical staining method (Group 1 (Control) X200, Group 2 
(PUUO) X200, Group 3 (PUUO + Coenzym Q) X200, Group 4 (PUUO + Selenium) X200 magnification)
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property, was found in Groups 3 and 4, compared to Groups 1 
and 2 (Table 1). In our study, coenzyme Q and selenium reduced 
the TOS and the OSI at the biochemical level. Although this 
improvement was seen in the control group, it was statistically 
more significant in the selenium group than in the coenzyme Q 
group. In histopathological and immunohistochemical analyses, 
we also found that coenzyme Q and selenium reduced interstitial 
inflammation, congestion and apoptosis. However, this effect 
was statistically more significant in the selenium group than the 
coenzyme Q group.

In conclusion, our study results suggest that coenzyme Q10 and 
selenium have antioxidative effects on the kidney in rats with 
PUUO. Although these findings will contribute to the existing 
literature, further studies are required to support the use of both 
antioxidants in the clinical practice.
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