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Abstract
Background: The aim of this study is to determine the changes of some oxidative stress parameters following an 
experimental urethral injury. Materials and Methods: 24 Wistar-Albino male rats were used and 18 of them were 
exposed to urethral injury. Total oxidant status (TOS) and total antioxidant capacity (TAC) values in bladder and 
penile tissues and sera of rats during creation and healing stages of injury (control, day-1, 7 and 21) were exam-
ined and evaluated histopathologically. Results: TOS levels in both tissue and serum groups increased nearly 4x 
fold in first day following injury. On the seventh day, TOS levels of bladder and penile tissue showed a nearly 50% 
decrease according to first day (p=0.005; p=0.025, respectively). At the end of third week, while bladder TOS lev-
els decreased to control values, penile tissue TOS levels remained at high levels. The bladder TAC values mildly 
increased in first day (p=0.026) and then returned to normal levels in seventh day and continued to decrease down 
by half of control levels at the end of third week (p=0.005). TAC levels of penile tissue increased twofold in first day 
(p=0.021) and remained at same high levels for three weeks. Conclusion: We observed that first day after traumatic 
urethral injury seems to be very important for evaluation of traumatic injuries and wound healing. We believe when 
an urethral injury was occured, both urethra and bladder should be handled with care and without delay during 
urethral healing, because of the presence of oxidative changes in bladder.
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Introduction

Urethral injuries, which can be caused by biopsy, 
instrumentation, catheterization, diathermy, ex-
ternal trauma and urethritis, cause a scar tissue 
usually results in stricture and narrowing in the 
urethra (1). The degree of injury determines the 
severity of the narrowness to be formed. The re-
sults of urethral injury are mostly inflammation, 
ischemia, regeneration and fibrosis. Depending 
on the severity of the injury and reaction, heal-
ing and/or scarring of the tissue can be observed 
(2). Wound healing is a complex event. Factors 
such as extracellular matrix, cells, growth fac-
tors, and cytokines play a role in wound healing 
(3, 4). Oxidative stress has also been studied and 
shown to play a role in wound healing (5). Also, 
oxidative stress protects the body system by 
defending against pathological condition in the 
wound. While oxidative stress occurs in acute 
injuries, reactive oxygen species increase espe-
cially in chronic wounds (6). Oxidative stress is 
the deterioration of the balance between total ox-
idant status (TOS) and total antioxidant capacity 
(TAC), in favor of oxidant systems. Oxidative 
stress causes lipid peroxidation (7), protein oxi-
dation (8)  and DNA damage (9).  Little is known 
about the presence of changes in the bladder in 
urethral injuries (2). If there are oxidative chang-
es in bladder in urethral injuries, the focus should 
also be on the treatment of the bladder. Our aim 
is to determine the status of oxidative stress in 
the bladder and the level of exposure of the blad-
der in urethral injuries. 

Materials and Methods

Experimental study
This study was conducted at the experimental 
animal laboratory after the approval of the eth-
ics committee (26.05.2017/466) . A total of 24 
Wistar-Albino male rats (200–255 g) were used. 
The rats were divided into four groups: control 
group (n=6), the first day group (day-1, n=6), the 

first week group (day-7, n=6), and the third week 
group (day-21, n=6). The rats were housed in 
individual cages in a programmed temperature 
(22-24ºC), humidity (50-55%) and light-dark 
cycle control controlled room (12h/12h of light 
and dark) with free access to food and water un-
til the end of period for each group. Water was 
changed daily.

Creation of urethral injury in rats and materi-
al collection
The rats were anaesthetized with a combination 
of ketamine–xylazine intraperitoneally before 
experiment. Urethral injury was created with 
the method previously described by Ayyıldız et 
al. (10). The control group was not intervened. 
In the other groups, an injury was created in the 
anterior-ventral urethra starting from approxi-
mately 0.5 cm proximal to the distal with a 29 
G needle. The needle was hooked 900 and the 
urethra was drawn four times from the same site 
to form urethrorrhagia. Urethral catheter was not 
inserted. 
The rats were killed with an excessive dose of 
pentobarbital sodium (100 mg/kg, intraperi-
toneal) injection at the end of experiment. The 
control group was sacrified at the beginning of 
the study, while the other groups were sacrified 
at the end of the days 1st, 7th and 21st. Blood 
samples (∽1.5 ml) were taken with cardiac pun-
cture by using a 25G needle with 5 ml syringe. 
Blood sera were separated following the resting 
of blood samples at room temperature for 30 min 
and centrifugation (15 min at 3000× g) and stored at 
–86ºC until the time of analysis.  The rats were 
dissected, the bladder tissues and the penile tis-
sues containing urethra were removed. Halves 
of the tissue samples, after labeling, were imme-
diately transferred to thermos bottle containing 
dry ice flakes and transported to biochemistry 
laboratory. The remaining parts were fixed in 
formalin solution and transported to pathology 
laboratory.
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Biochemical analysis of the tissue and serum 
samples were performed simultaneously. The 
samples were kept at –860C until the time of 
analysis.

Biochemical evaluation 
10 ml of 140 mM KCl solution was added per 
gram of wet weight for the bladder or penile tis-
sues, then all the tissues were homogenized. The 
homogenate was centrifuged at 3000x g at 4 °C 
for 10 min. The resultant supernatant was used 
for the biochemical analyses.
Total oxidative status (TOS) as a marker of oxi-
dative stress and total antioxidant capacity (TAC) 
as an indicator of antioxidant system were deter-
mined in the tissues and serum samples.
TOS and TAC measurements were performed 
in the Cobas c501 analyzer, with the automat-
ed methods using the Rel Assay Diagnostics kits 
(Turkey) described by Erel (11,12).
In TOS measurement; the oxidants present in 
the sample oxidize the ferrous ion (Fe2+)– che-
lator complex to ferric ion (Fe3+).  The ferric ion 
makes a colored complex with a chromogen in 
an acidic medium and is measured spectropho-
tometrically. Hydrogen peroxide was used as the 
calibrator and the total amounts of oxidant were 
expressed in µmole hydrogen peroxide (H2O2) 
equivalent/L.
In TAC measurement; the antioxidants in the 
sample reduce dark blue-green colored ABTS 
(2,2’-azino-bis-3-ethylbenzothiazoline-6-sul-
fonic acid) radical to its colorless form and the 
change of absorbance at 660 nm is related with 
total antioxidant level of the sample. Trolox, a 
water soluble form of vitamin E, was used as 
a calibrator and the results were expressed in 
mmole Trolox equivalent/L.
Because of the bladder and penile tissues were 
heterogenous and rich of fibro-muscular compo-
nents, TOS and TAC levels of tissues were cal-
culated per gram wet tissue instead of per mg 
protein, and TOS and TAC levels for serum sam-
ples were given per liter.

Oxidative stress index (OSI) was calculated as 
percent by using the formula;

OSI= (TOS, µmole H2O2 equivalent/L) / (TAC, 
mmole Trolox equivalent/L) x100.

Histopathological evaluation
Paraffin sections of the tissue samples were cut 
at a thickness of four micrometers and hematox-
ylin-eosin staining was applied after 24 hours of 
alcohol fixation. The tissue sections were exam-
ined with an Olympus BX-51 light microscope.
All the samples were evaluated by the same pat-
hologist (MÇ). The urethral samples were evalu-
ated for inflammation, hyperemia-hemorrhage, 
epithelization, subepithelial and spongiosal body 
healing, total healing, and luminal narrowing. 
The bladder samples were evaluated for globe 
or collapsed state, inflammation, detrusor musc-
le changes, epithelial status, and hyperemia-he-
morrhage. While scoring, “+” was considered as 
present and “–” was considered as absent.

Statistical analysis
Statistical evaluation was performed with the 
SPSS® 16 statistical software.
TOS, TAC, and the calculated OSI data of groups 
were firstly analyzed with Kruskal-Wallis nonpa-
rametric test. Signifantly different paired groups 
were analyzed with nonparametric Mann-Whit-
ney U test. p <0.05 was considered significant.

Results

Biochemical analysis
TOS and TAC levels of all groups are given in 
Figure 1. The calculated OSI results of all groups 
are given in Table 1.

a) TOS in tissues and serum
There were significant differences among the 
TOS values between the paired groups in blad-
der (control vs. day-1 and control vs. day-7), in 
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penile tissues (control vs. day-1), and in serum 
(control vs. day-1, day-1 vs. day-7, and day-1 vs. 
day-21). 
Experimental injury caused a nearly 4x fold in-
crease of TOS levels in both tissue groups and 
serum in the first day. At the end of first week the 
TOS levels of bladder and penile tissue showed 

a nearly 50% decrease according to first day 
(p=0.005 and p=0.025 respectively) but the reac-
tions of bladder and penile tissues to injury were 
different in the third week.  While the bladder 
TOS levels of day-21 decreased to control values 
(p=0.810), the penile tissue TOS levels remained 
at high levels (p=0.013). 

Fig, 1. Total oxidant status (TOS) and total antioxidant capacity (TAC) levels in (a) bladder and (b) penile 
tissues and (c) sera of the rats following urethral injury. Data are presented as box and whiskers plots 

thatshow the median and 25/75 percentiles (box), and the minimum-maximum values (bars). Statistically 
significant differences between groups are labeled with an asterix, (*).
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Serum TOS levels rapidly decreased after first 
day and remained at control levels in first and 
third weeks (p=0.04 and p=0.04 respectively).

b) TAC in tissues and serum
The bladder TAC values mildly increased in the 
first day (p=0,026) but returned to normal levels 
in day-7 and continued to decrease down to the 
half of the control at the end of the third week 
(p=0.005). TAC levels of penile tissue increased 
twofold in the first day and remained at same 
high levels during the three weeks (p=0.021).
The serum TAC values between groups were not 
significant in Kruskal-Wallis test (p=0.059).  

c) Oxidative Stress Index in the tissues and serum
The bladder OSI values showed a twofold in-
crease in day-1 (p=0.004), and remained at 
high levels in the groups of day-7 and day-21 
(p=0.041). 
The penile OSI values among the penile tissue 
groups were not significant in Kruskal-Wallis test.  
There were significant differences in the OSI 
values of serum among the paired groups of se-
rum (control vs. day-1, day-1 vs. day-7, and day-
1 vs. day-21 groups).

Histopathology of the tissues
In the histopathological evaluation, it was ob-
served that the bladder collapsed on the first 
day after the urethral injury (Figure 2a). On the 
seventh day (day-7), the microscopical findings 
were replaced with a globe formation (Figure 
2b). Also, an epithelial thinning, detrusor hyper-
trophy and marked inflammation were seen. In-
flammation was shown in Figure 2c. At the end 
of experiment (day-21), there was no pathologi-
cal findings except a mild inflammation.  Epithe-
lium and detrusor layer were normal (Table 2).
In histopathological examination of urethra on 
the day-1 and day-7, evident inflammation, hy-
peremia and bleeding were found. The irregu-
larity of the urethral epithelium, spongious tis-
sue deterioration, and luminal narrowing also 
accompanied. In the last group of experiment 
(day-21), all the parameters except mild hyper-
emia were similar to control findings (Table 3).

Discussion

Oxidative stress is characterized by both acute 
and chronic episodes and it causes an increase 
in reactive oxygen species. Certain vital cell 
components, such as proteins, lipids and nucleic 

Table 1. OSI in the bladder, penile tissues and serum
Groups 

Median /  (Range) p

Parameter Control 
(n: 6)

Day-1
(n: 6)

Day-7
(n: 6)

Day-21
(n: 6) M-W*

Bladder 
OSI

0.99
(0.67 - 1.54)

2.81
(1.56 - 3.13)

1.59
(1.36 - 1.83)

1.96
(1.50 - 4.50)

0.002 
a, b, c, d

Penile tissue
OSI

2.38 
(1.33 - 3.40)

4.34
(1.50 - 10.29)

2.49 
(1.88 - 7.01)

3.10 
(0.83 - 6.86)

0.563 
-

Serum
OSI

1.21 
(0.86 - 1.46)

2.59
(1.85 - 4.33)

0.33
(0.22 - 0.24)

1.05
(0.11 - 1.75)

0.004 
a, d, e

OSI; Oxidative stress index.  p<0.05 was considered statistically significant, M-W; Mann-Whitney U test.
* Letters below indicate statistically significant differences between paired groups:  
a = Control vs Day-1, b = Control vs Day-7, c = Control vs Day-21, d = Day-1 vs Day-7, 
e = Day-1 vs Day-21.
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acids, and consequently organs are affected and 
their functions are impaired (13). 
In our study, TOS levels in bladder tissue were 
significantly higher than the control group on the 
first day according to TAC levels. So, OSI val-
ues were significantly higher in day-1, day-7 and 
day-21 compared to control group, indicating 
that there was an oxidant-antioxidant imbalance 
in these rats.
The statistical difference between day-1 and day-
21 TAC levels in post-traumatic bladder tissue 

demonstrates that the recovery healed positively 
(p= 0.005). These findings are consistent with 
recovery findings and histopathological evalu-
ation results. However, high levels of TAC are 
still present in the penile tissue containing the 
urethra on the 21st day, indicating that the anti-
oxidant effect continues against oxidative stress.
More experimental and clinical studies with 
different experimental design are needed to elu-
cidate the consequences of influencing the ox-
idant-antioxidant system in both bladder and 

Fig. 2. Light microscopy of bladder tissues from rats (HE stained bladder section, 100x). (a) Collapse 
development (rat #3 of first day group) , (b) globe formation (rat #5 of seventh day group), and (c) 

inflammation (rat #6 of seventh day group).

Table 3. Histopatologic features in urethra, H&E
Histopatologic features Control (n=6) Day 1 (n=6) Day 7 (n=6) Day 21 (n=6)

Coverage of urethral epithelium Complete 6 5 4 6
Incomplete 0 1 2 0

Urethral lumen narrowing Presence 0 2 1 0
Destruction spongious tissue Presence 0 2 2 0
Inflammation Presence 0 5 5 0
Total healing Presence 6 0 0 6
Hyperemia-Bleeding Presence 0 3 3 3

Table 2. Histopatologic features in bladder tissue, H&E
Presence of histopatologic  features Control (n=6) Day 1 (n=6) Day 7 (n=6) Day 21 (n=6)
Collapse 0 6 0 0
Globe 0 0 5 0
Epithelial thinning 0 0 6 0
Inflammation 0 0 6 1
Detrussor hypertrophia 0 0 5 0
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serum when the bladder is not directly affected.
Oxidative stress in the bladder leads to deterio-
ration of mucous integrity. Free radicals destroy 
cell membranes, mitochondria, sarcoplasmic 
reticulum and synaptic membranes (14). How-
ever, it can be predicted that the occurrence of 
the bladder damage may be related to the dura-
tion of the damage to the urethra. Our study sup-
ports this statement. The TOS and TAC levels 
of the first and seventh days of injury return to 
normal levels at the end of third week. Histo-
pathological evaluation also supports biochem-
ical changes positively. However, on the first 
day of the injury, TOS values in bladder, penile 
tissue and serum increased at an advanced level, 
and decreased on the 7th and 21st days to con-
trol values. TAC levels in bladder, penile tissue 
and serum increased significantly but at a lower 
level. Although TAC levels in bladder and serum 
decreased to control values on the 21st day, it re-
mained significantly higher in penile tissue than 
the control group. According to our interpreta-
tion, despite the oxidation occuring in the blad-
der after injury, the antioxidant system existing 
in the rat’s body decreases in the third week. It 
may be useful to pay attention to oxidative stress 
in the bladder, especially in those with frequent 
or previous urethral injuries. Antioxidant treat-
ments can prevent inflammation in the bladder 
and associated oxidative reactions and damage 
in patients who experience urethral trauma many 
times. 
In this study, serum oxidative stress index values 
were found to be higher in the day 1 group (OSI 
= 2.74) than in the control group (OSI = 1.18), 
and decreased in the first week group (OSI = 
0.78). In the third week, values close to the first 
week values were observed (OSI = 1.03). This 
may be due to changes in leaking factors during 
tissue healing. 
The collapse in the bladder on the first day may 
be due to the oxidant-antioxidant system change 
which develops in both the urethra and the blad-

der due to urethral injury. It may also be a reflex 
event to prevent the urine from passing through 
the urethra. This reflex may have been triggered 
by an oxidant-antioxidant system. We do not 
know how long the collapse of the bladder lasted. 
After the urethral injury, it is possible to devel-
op only dysuria and urethral pain, and acute uri-
nary retention may also occur due to the degree 
and severity of injury. Acute urinary retention is 
associated with bladder ischemia (13). Often an 
urethral catheter is used to cure this condition. 
In our study, urine retention was not observed 
in the bladder one day after the urethral injury, 
but the bladder collapsed. The collapse of the 
bladder can be based on a number of reasons, 
including the reflex mechanism. However, TOS 
and TAC levels in the bladder tissue of the day-1 
rised at a higher level. Kirpatovsky et al. showed 
that oxidative stress is supressed when antioxi-
dants are used in cases of acute urinary retention 
(13). The relationship between increased oxida-
tive stress and bladder collapse is unclear, and 
further work is required. 
It has been confirmed that the functional impair-
ment of the urinary bladder following chron-
ic outlet obstruction and acute overdistention 
might come from tissue ischemia and ischemia/
reperfusion injury (15). Free radical scavengers, 
antioxidants, or materials inhibiting ischemia/
reperfusion injury may diminish bladder damag-
es caused by bladder output obstruction or over-
distention. Studies show that oxidative stress 
caused by bladder ischemia and ischemia/reper-
fusion injury affects bladder functions (13, 15). 
However, in our study, although there was a min-
imal anterior urethra injury and bladder ischemia 
and ischemia/reperfusion injury did not develop, 
the same mechanism was activated and the ox-
idative stress occured in the bladder, which we 
believe developed due to inflammation. It is ob-
served that serum TOS values increased sudden-
ly on the first day, then decreased below normal 
levels on the 7th day and approached normal 
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levels on the 21st day. Injury to the urethra will 
probably lead to a change in the oxidant/antiox-
idant values of the whole system, including the 
kidneys, not just the bladder. Further studies are 
needed to support this theory. In our study, oxi-
dative stress increased in the bladder after ure-
thral injury. While the oxidative stress, which re-
sults from an injury, continued to increase until 
the third week in the penile tissue, it decreased to 
the control level in the third week in the bladder. 
In contrast, serum oxidative stress index levels 
were highest in the day 1 group and lowest in the 
first and third week.
In this study, we think that oxidative stress in the 
bladder is triggered by inflammation. Urethral 
pain and dysuria occur in the first urine outlet 
after urethral injury. As a result, the collapse 
might be occured on the first day reflexively to 
decrease the subsequent amounts of urine. Globe 
formation on the 7th day may be a result of the 
oxidant/antioxidant system, which changes from 
the first day to the 7th day. The oxidative stress 
mechanism that develops in the bladder after 
urethral injury depends on the deterioration of 
the balance between the endogenous and exoge-
nous antioxidants, the pro-oxidative system, free 
radicals, and the reactive oxygen species and re-
active nitrogen species systems. With prolonged 
healing in the urethra, an increase in oxidative 
stress and inflammation will occur as the situ-
ation will change in the favor of these systems. 
This may lead to an abnormal increase in factors 
associated with transcription, growth and apop-
tosis (16).
If this vicious cycle continues, that is, if the heal-
ing of the urethra continues for a long time, the 
mechanism predicted above will proceed to an 
advanced stage causing apoptosis, fibrosis and 
denervation in the bladder, and structural and 
functional changes will occur (16). In this study, 
urethral damage is minimal and according to our 
information, healing of the urethra begins 72 
hours after injury (4). Therefore, it is necessary 

to evaluate the results of this study as minimal 
urethral injury.
There are also limitations in our study. First, only 
the urethra could be studied instead of the entire 
penile tissue. However, it was not technically 
easy to isolate the urethra of the rat and to study 
only oxidative stress markers in the urethral tis-
sue. Second, the oxidant/antioxidant status in the 
urethra could be demonstrated using immuno-
histochemical staining showing oxidative stress 
markers. We were able to make a limited evalu-
ation due to the analysis of tissue sections only 
with basic H&E staining. These limitations can 
be explored further in future studies.

Conclusion

In this study, we have observed that the first day 
following traumatic urethral injury seems to be 
very important for the evaluation of traumatic 
injuries and wound healing. In the late phase of 
trauma and healing process (two or more weeks 
after trauma), findings about oxidative stress in 
bladder may not be dramatic as in the first day. In 
conclusion, we believe that when an urethral in-
jury is occured, both of the urethra and the blad-
der should be treated with care during urethral 
healing, because of the presence of oxidative 
changes in the bladder.
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