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ABSTRACT
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Background: Testicular torsion causes ischemic injury, and torsion
causes reperfusion injury. Aim: Evaluating the role of augmenter of liver
regeneration (ALR) in testicular ischemia and ischemia/reperfusion injury.
Materials and Method(s): Seventy-eight (78) healthy Wistar albino male rats
were randomly divided into four groups; control (C) (n = 6), sham (S) (n = 24),
torsion (T) (n = 24), and torsion/detorsion (T/D) (n = 24). S, T, and T/D groups
were divided into four subgroups (n = 6) as 1%, 2™, 3% and 4 hours. Blood, tissue
ALR, and histology analyses were performed between groups and subgroups.
Results: The increase in plasma ALR values at the 3 and 4" hours compared to
the 1% hour in the T group were significant (P < 0.01, P < 0.001, respectively).
In the T/D group, a significant increase was observed in plasma ALR values at
the 3 and 4% hours compared to the 1** hour (P < 0.05, P < 0.001, respectively).
Plasma ALR values at the 1%, 2%, 3 and 4™ hours were higher in the T and T/D
groups than in the C group (P < 0.001, P < 0.05, respectively). Plasma ALR
values were higher in the T group at the 1%, 2™, 3 and 4™ hours than in the S
group (P < 0.05). A significant increase was observed in tissue ALR at the 3 and
4% hours than at the 1 hour in the T group (P < 0.05, P < 0.001, respectively).
A significant increase was observed in tissue ALR at the 3™ and 4™ hours than in the
1** hour in the T/D group (P < 0.05, P < 0.001, respectively). Discussion: ALR in
plasma and testicular tissue has a potential role in the early diagnosis of testicular
torsion and in predicting the prognosis of T and T/D.
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INTRODUCTION

Tsticular torsion, the rotation of the spermatic cord
around itself, results in impaired blood supply to the
testis. Impaired blood supply to the testis initiates the
process leading to ischemia in the testis. Therefore, it
requires urgent intervention."*) Males under 25 years of
age have a 1:4000 incidence of testicular torsion.’) The
testis is particularly vulnerable to ischemic injury because
the blood supply is terminal, and the tunica albuginea’s
rigid characteristics prevent the testis from expanding to
compensate for stress.”! The survival of testicular tissue
after testicular torsion varies depending on its degree and
duration.”) Testicular viability decreases from 100% to
97% at 6 hour and 0-9% after 24 hour in humans.%

Early recognition of testicular torsion is very important
to save the testicles without ischemia or even atrophy
and prevent serious complications such as subfertility,
infertility, and testicular atrophy.”) As long as testicular
torsion continues, the testicular tissue remains ischemic,
resulting in “ischemic injury.” After the detorsion
performed to restore blood flow to the testis, a large
amount of free oxygen radicals are formed in the tissue
by the sudden and excessive blood flow to the ischemic
tissue, causing “reperfusion damage.”’® In testicular
torsion, edema and bleeding occur secondary to the
cessation of spermatic cord venous blood flow, and arterial
blood flow is also interrupted by the gradual increase in
edema, which causes ischemia at a higher rate.””) Ischemia
due to hypoxia affects the oxidative phosphorylation
mechanism in the mitochondria, thus damaging adenosine
triphosphate-sensitive  cell membrane pumps and
increasing intracellular Na* and Ca*" ion concentrations.!'%
Before this irreversible damage occurs, revascularization
of the ischemic tissue is vital for the preservation of the
testicular tissue. Detorsion should be performed in the
early period to preserve the testicular tissue. However,
the damage caused by ischemia continues in this period
even though there is reperfusion as a result of detorsion.
With reperfusion, the amount of reactive oxygen
species (ROS) in the tissue increases with a multifactorial
mechanism in which neutrophils, granulocytes, cytokines,
and other adhesion molecules such as interleukin-10
work together.!” Tt is known that ROS in ischemic tissue
cause lipid peroxidation.' The main source of ROS is
polymorphonuclear leukocytes. However, it cannot be
ignored that the xanthine oxidase system in parenchymal
cells also contributes to the activation.['”

Under normal physiological conditions, there is a
balance between constantly formed ROS and interacting
antioxidants. Radicals that increase during ischemia
and reperfusion are cleared by the antioxidant system.
Exceeding the elimination capacity of antioxidants,

ROS causes protein denaturation,
peroxidation, protein degeneration, and DNA and
cell damage.'! Additionally, processes including
inflammation and ROS stimulate apoptotic pathways,
resulting in apoptosis that is exclusive to germ cells.

lipid membrane

A definitive diagnosis of testicular torsion in the
preliminary period based on the history and physical
examination findings is not always possible.[%!4!]
Doppler ultrasonography method cannot provide an
effective result in children with immature testicular
blood flow images and incomplete torsion.!'® Although
studies have stated that several biomarkers could be used
in diagnosis, there is still no consensus on a universally
accepted biomarker.!7:18]

Augmenter of liver regeneration (ALR, hepatic
stimulatory substance, hepatopoietin, and growth factor
Erv-1-like) first described in regenerating rat livers.[*2!]
ALR is also identified as a cytozyme due to its dual
activity as a cytokine, implicated in liver regeneration,
and an enzyme acting as a flavin-dependent sulthydryl
oxidase.”” Furthermore, expression of ALR is promoted
in numerous tissues of mammalian cells, especially in
the liver and testis tissues of humans and rats at high
rates.®?24 ALR has recently attracted attention to be
studied in experimental study models as an important
protein that could be found in different organs. ALR is
expressed as two isoforms: short form with a molecular
weight of 15 kDa and long form with 23 kDa.! The
short form, which is present in the nucleus or released
into the extracellular media, is crucial for stimulating
DNA synthesis and cell growth.”®! In addition,
short-form ALR found in the cytosol has anti-apoptotic,
anti-oxidative, inflammatory and metabolism regulatory
effects.”® Mitochondrial intermembrane space is the
channel that allows cytoplasmic proteins to access
the mitochondrial matrix and where the long forms of
ALR reside.?!*?"1 This form operates as sulthydryl
oxidase in the mitochondrial disulfide-redox relay
system and cytochrome c reductase and instigates Fe/S
development of proteins.***?! The major subcellular
target of ischemia/reperfusion damage is thought to be
the mitochondrion, which constitutes the core of energy
metabolism in each cell.?” Accelerated adenosine
triphosphate decreases, oxidative stress levels elevate,
and necrotic and apoptotic cell death occurs as a
consequence of mitochondrial ALR deficiency.[%

Although the function of ALR is still not fully understood
today, it is stated to act in a wide variety of important
processes such as energy transmission, cell survival, cell
regeneration, metabolic homeostasis, cancer biology,
immunoregulation, cell respiration, and as defense function
against apoptosis and oxidative damage.*!222430-34]
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A corresponding literature search on this topic revealed
that our experimental study on the effect of ALR on
testicular ischemia and ischemia/reperfusion injury in
rats is the first.

METHODS
Animals

The Animal Ethics Board of the Technical Universal
Verification Ethics Committee (Ankara, Tiirkiye) approved
the study (date: 05.05.2022, number: 0005/2022).

Seventy-eight (78) healthy male Wistar albino
rats (8 weeks old, with an average weight of 320 g) were
divided randomly into four groups. Each test animal
was contained separately in cages with free access to
standard pellets and water. Laboratory conditions were
20-23°C temperature and 60-70% humidity with a 12
hour controlled light/dark cycle.

Experimental design and surgical procedure
Control (C) group (n = 6): No experimental procedure
was performed in this group. It was used to obtain plasma
and tissue ALR baseline values and histopathological
parameters.

Sham (S) group (n = 24): A 2-cm incision was made
to remove the left testis from the scrotal sac and then
restore it. The scrotal incision was sealed with 5-0
silk thread. The S group was tested at 1%, 2™, 3 and
4% hours, where the same six conditioned rats were
allocated to be tested at each specific hour.

Torsion (T) group (n = 24): The left testis was made
accessible to the spermatic cord and tunica vaginalis
after a 2-cm scrotum incision. The removed testis was
fastened to the interior of the scrotum using 5-0 silk
thread after being turned 720 degrees clockwise. The
T group was tested at 1%, 2™, 3% and 4% hours, where
the same six conditioned rats were allocated to be tested
at each specific hour. Consequently, testicular torsion
persisted for 1, 2, 3, and 4 h.

Torsion/detorsion (T/D) group (n = 24): The left testis
was made accessible to the spermatic cord and tunica
vaginalis after a 2 cm scrotum incision. The removed
testis was fastened to the interior of the scrotum
using 5-0 silk thread after being turned 720 degrees
clockwise. T/D was tested at 1%, 2", 3™ and 4" hours,
where the same six conditioned rats were allocated to
be tested at each specific hour. Consequently, testicular
torsion persisted for 1, 2, 3, and 4 hour. Afterward, the
testis was exposed again and D procedures were carried
out. How many hours we applied T for, we applied D
for that much time such as, if T was done for one hour
that means D was done for one hour as well [Figure 1].

Under aseptic conditions, intraperitoneal anesthesia was
applied to all animals undergoing surgery as scrotal
incisions, torsion, and detorsion procedures. Rat groups
were sacrificed by decapitation, and their blood samples
and left testis were acquired after the study.

Biochemical analysis

Plasma ALR level measurement

The blood sample of the subjects was mixed for
5-10 min using an Ethylenediamine tetraacetic acid
(EDTA) or heparin tube and centrifuged for 20 min at
2000-3000 rpm. The plasma obtained after centrifugation
was divided into Eppendorf tubes. All reagents were
at room temperature before use. In this study, Cat. no
E2486Ra, BT LAB, Rat Fad-linked sulthydryl oxidase
ALR and GFER ELISA kit were used in accordance
with the recommendations of the manufacturer.

Based on the optical density (OD) values of the
standard concentrations of the results, the standard curve
regression equation was calculated. To calculate the
sample concentrations, the OD data of samples were
applied to the regression equation, and the results were
obtained. The unit of results is expressed in ng/mL, and
the measuring range of the kit was between 20 ng/L
and 4500 ng/L. The lower limit of detection of the
test (minimum protein concentration whose measurement
can be differentiated from zero) was 0 ng/L.

Tissue ALR level measurement

Tissues were rinsed in ice-cold phosphate-buffered
saline (PBS, pH 7.4) to thoroughly remove the excess
blood. Tissue samples were weighed, divided into small
pieces using a scalpel, and were homogenized.

The homogenates were centrifuged for 15 min at
12,000 rpm at 4°C to obtain the supernatant. The
resulting supernatant was partitioned into Eppendorf
tubes. All remaining procedures were performed in the
same way as plasma ALR measurement. The obtained
supernatant was read at 450 nm in a Biobase EL-10A
model microplate reader. The obtained OD values were
calculated by creating a standard curve graph.

Histological analysis

Every step was executed in accordance with institutional
regulations. Fixation in 10% buffered formol for at
least 48 hours. The portion of each testis tissues was
divided into multiple parts and embedded in paraffin
and as many parts of the testis tissue as possible were
included. Next, 4 wm cuts from sections were fixed
onto slides (Dako, Turkey) and deparaffinized with the
application of xylenes and different grades of ethanol
solutions. Hematoxylin and eosin staining was used on
each section to detect spermatid presence, spermatocyte,
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spermatogonia, sperm count, germinal epithelium,
tubular lumen, and seminiferous tubule diameter.?*”

Testicular mutilation was measured using the histological
grading system recommended by Cosentino et al.
Because all seminiferous tubules in the testis were in
various stages, the sections were taken in serial sections
until the entire testicular tissue was finished. Testicular
tissues were evaluated histologically as well as for
spermatogenic potential by adopting the Johnsen scoring
system, which has 10 histological characteristics.>”

Statistical analysis

Descriptive analysis of continuous data included
the statistical mean and standard deviation, median,
minimum, and maximum values. Kruskal-Wallis
analysis of variance was used to compare the differences
between the data of C, S, T, and T/D groups. The groups
from which the difference originated were analysed
using the Kruskal-Wallis analysis of variance multiple
comparison test (post hoc test). The relationships
between plasma and tissue ALR values and Cosentino
and Johnsen scores were analysed using Spearman’s
correlation coefficient. SPSS version 20 (Chicago, IL,
USA) program was for evaluations, and P < 0.05 was
accepted as the statistical significance limit.

RESuULTS

The increase in plasma ALR values at the 3™ and

4" hours compared to the 1% hour in the T group observed
to be significant (P < 0.01, P < 0.001, respectively). In
the T/D group, a significant increase was observed in
plasma ALR values at the 3™ and 4" hours than at the
I* hour (P < 0.05, P < 0.001, respectively). Plasma ALR
values at the 1%, 2", 34 and 4™ hours were higher in the T
and T/D groups than in the C group (P < 0.001, P < 0.05,
respectively). In addition, plasma ALR values were found
to be higher in the T group at the 1%, 2", 3% and 4" hours
than in the S group (P < 0.05) [Table 1] [Figure 2].

The increase in the T group at the 3™ and 4™ hours
compared to the 1% hour was significant (P < 0.05,
P < 0.001, respectively). The increase in the T/D group
at the 3 and 4" hours compared to the I* hour was
significant (P < 0.05, P < 0.001, respectively). The 1* hour
tissue ALR value was higher in the T group than in the C
group (P < 0.001). Tissue ALR values in the 2" hour T and
T/D groups were higher than in the C group (P < 0.001,
P < 0.05, respectively). In addition, tissue ALR values
were higher in the T group than in the S group (P < 0.05).
Tissue ALR values in the 3 hour T and T/D groups
were higher than in the C group (P < 0.001, P < 0.01,
respectively). Tissue ALR values were higher in the T
group than in the S group (P < 0.05). Tissue ALR values
in the 4" hour T and T/D groups were higher than the C
group (P < 0.001, P < 0.05, respectively). In addition,
tissue ALR values were found to be higher in the T group
than in the S group (P < 0.05) [Table 2] [Figure 3].

Table 1: Comparison of plasma augmenter of liver regeneration values between groups and 1%, 2", 3", and 4" hours

Plasma ALR Mean=SD; Median (Min-Max) P-value Post hoc test
1 hour 2 hour 3 hour 4 hour
Control group® 0.04+0.02 0.04+0.02 0.04+0.02 0.04+0.02 -
0.14 0.14 0.14 0.14
(0.02-0.07) (0.02-0.07) (0.02-0.07) (0.02-0.07)
Sham group® 0.88+0.14 0.93+0.07 0.97+0.13 0.99+0.06 0.382
0.93 0.90 0.99 0.99
(0.64-1.0) (0.87-1.05) (0.78-1.12) (0.92-1.10)
Torsion group® 2.11+0.18 4.23+4.47 5.97+0.58 6.65+0.33 <0.001 1-2 p=0.849
2.07 4.32 5.85 6.72 1-3 p=0.009**
(1.95-2.45) (3.58-4.75) (5.18-6.75) (6.10-6.98) 1-4 p<0.001%**
Torsion/detorsion 1.53+0.24 3.11+0.40 4.44+0.16 4.98+0.21 <0.001 1-2 p=0.846
group* 1.46 3.20 443 5.00 1-3 p=0.019%*
(1.35-1.97) (2.36-3.54) (4.24-4.67) (4.75-5.21) 1-4 p<0.001***
p <0.001 <0.001 <0.001 <0.001
Post hoc test a-b p=0.844 a-b p=0.845 a-b p=0 0.844 a-b p=0.844
a-c p<0.001 a-c p<0.001 a-c p<0.001 a-c p<0.001
a-d p=0.015 a-d p=0.019 a-d p=0.019 a-d p=0.019
b-c p=0.025 b-¢c p=0.019 b-c p=0.019 b-¢c p=0.019
b-d p=0.720 b-d p=0.845 b-d p=0.844 b-d p=0.844
c-d p=1.000 c-d p=0.845 c-d p=0.844 c-d p=0.844

ALR: Augmenter of Liver Regeneration, *P<0.05; **P<0.01; ***P<0.001
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Table 2: Comparison of tissue augmenter of liver regeneration values between groups and 1%, 2", 379, and 4" hours

Tissue ALR Mean=SD; Median (Min-Max) P-value Post hoc test
1 hour 2 hour 3 hour 4 hour
Control group® 0.13+£0.04 0.13+0.04 0.13+£0.04 0.13+£0.04 -
0.13 0.13 0.13 0.13
(0.09-0.17) (0.09-0.17) (0.09-0.17) (0.09-0.17)
Sham group® 0.61+0.06 0.66+0.07 0.67+0.05 0.69+0.04 0.106
0.61 0.66 0.67 0.70
(0.55-0.67) (0.58-0.78) (0.62-0.78) 0.63-0.73)
Torsion group® 0.80+0.05 1.35+0.11 2.53+0.27 3.97+0.45 <0.001 1-2 p=0.846
0.81 1.31 2.62 3.74 1-3 p=0.019*
(0.72-0.88) (1.25-1.49) (1.98-2.69) (3.54-4.54) 1-4 p<0.001%**
Torsion/detorsion 0.64+0.03 1.22+0.05 2.32+0.25 3.24+0.32 <0.001 1-2 p=0.846
group* 0.63 1.22 2.36 3.14 1-3 p=0.019*
(0.61-0.70) (1.14-1.30) (1.87-2.61) (2.98-3.88) 1-4 p<0.001%**
p <0.001 <0.001 <0.001 <0.001
Post hoc test a-b p=0.221 a-b p=0.843 a-b p=0.843 a-b p=0.843
a-c p<0.001 a-c p<0.001 a-c p<0.001 a-c p<0.001
a-d p=0.118 a-d p=0.013 a-d p=0.007 a-d p=0.011
b-c p=0.118 b-c p=0.028 b-c p=0.047 b-c p=0.032
b-d p=1.000 b-d p=0.662 b-d p=0.470 b-d p=0.609
c-d p=0.221 c-d p=1.000 c-d p=1.000 c-d p=1.000

ALR: Augmenter of Liver Regeneration, *P<0.05; **P<0.01; ***P<0.001

Table 3: Comparison of Cosentino scores between groups and 1%, 2", 379, and 4™ hours

Cosentino score Mean=SD; Median (Min-Max) P-value Post hoc test
1 hour 2 hour 3 hour 4 hour
Control group® 1.08+0.07 1.08+0.07 1.08+0.07 1.08+0.07 -
1.08 1.08 1.08 1.08
(1-1.17) (1-1.17) (1-1.17) (1-1.17)
Sham group® 1.25+0.07 1.27+0.04 1.40+0.16 1.30+0.09 0.242
1.25 1.25 1.47 1.27
(1.17-1.33) (1.25-1.33) (1.13-1.55) (1.22-1.43)
Torsion groupc 2.88+0.30 3.21+£0.07 3.32+0.10 3.46+0.21 0.005 1-2 p=1.000
2.83 3.20 3.33 341 1-3 p=0.035%*
(2.58-3.25) (3.12-3.33) (3.12-3.42) (3.25-3.82) 1-4 p=0.009**
Torsion/detorsion 2.19+0.15 2.42+0.07 2.66+0.29 2.88+0.50 0.003 1-2 p=0.422
group* 2.25 241 2.55 2.77 1-3 p=0.014*
(2.00-2.33) (2.30-2.50) (2.42-3.08) (2.33-3.60) 1-4 p=0.004**
p <0.001 <0.001 <0.001 <0.001
Post hoc test a-b p=1.000 a-b p=0.839 a-b p=1.000 a-b p=0.847
a-c p<0.001 a-c p<0.001 a-c p<0.001 a-c p<0.001
a-d p=0.025 a-d p=0.019 a-d p=0.025 a-d p=0.009
b-c p=0.014 b-c p=0.019 b-c p=0.015 b-c p=0.042
b-d p=0.715 b-d p=0.839 b-d p=0.721 b-d p=0.516
c-d p=0.839 c-d p=0.839 c-d p=0.845 c-d p=1.000

*P<0.05; **P<0.01; ***P<0.001

The increase in the Cosentino scores at the 3™ and
4% hours compared to the 1% hour in the T group was
significant (P < 0.05, P < 0.01). The increase in the
Cosentino scores at the 3¢ and 4" hour compared to the
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I* hour was significant in the T group (P < 0.05, P < 0.01).
Cosentino scores in T and T/D groups at 1%, 2%, 3%, and
4™ hours were higher than in the C and S groups (P < 0.001,
P <0.05, P<0.05, respectively) [Table 3] [Figures 4 and 5].
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Table 4: Comparison of Johnsen scores between groups and 1%, 2", 3", and 4™ hours

Johnsen score Mean£SD; Median (Min-Max) P-value Post hoc test
1 hour 2 hour 3 hour 4 hour
Control* 9.11+0.08 9.11+0.08 9.11£0.08 9.11+0.08 -
9.16 9.16 9.16 9.16
(9-9.17) (9-9.17) (9-9.17) (9-9.17)
Shamb 8.94+0.08 9.11+0.34 9.13+0.43 9.16 0.09 0.082
9.0 9.2 9.25 9.19
(8.83-9.0) (8.5-9.5) (8.3-9.5) (9.0-9.25)
Torsion group® 7.40+0.11 7.13£0.11 6.44+0.50 6.74+0.51 0.002 1-2 p=0.472
7.39 7.16 6.54 6.75 1-3 p=0.002
7.25-7.55 (7-7.25) (5.67-7.15) (6.17-7.42) 1-4 p=0.029
Torsion/detorsion 8.33+0.12 7.35+0.19 7.03+£0.42 7.55+0.86 0.004 1-2 p=0.070
group* 8.25 7.37 7.08 7.52 1-3 p=0.003
(8.25-8.50) (7.0-7.55) (6.25-7.50) (6.30-8.92) 1-4 p=0.409
p <0.001 <0.001 <0.001 <0.001
Post hoc test a-b p=1.000 a-b p=1.000 a-b p=1.000 a-b p=1.000
a-c p<0.001 a-c p=0.008 a-c p=0.013 a-c p=0.009
a-d p=0.030 a-d p=0.835 a-d p=0.180 a-d p=0.187
b-c p=0.010 b-c p<0.001 b-c p=0.001 b-c p<0.001
b-d p=0.589 b-d p=0.019 b-d p=0.028 b-d p=0.038
c-d p=0.820 c-d p=0.835 c-d p=1.000 c-d p=1.000

*P<0.05; **P<0.01; ***P<0.001
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Figure 1: The study method. To obtain baseline values, six mice in the control group were studied. For the other groups, the experimental study was

carried out by dividing six rats in each time period (1%, 2", 3, and 4" hours) into four groups with 24 rats in each group
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Figure 2: Comparison of plasma augmenter of liver regeneration values Figure 3: Comparison of tissue augmenter of liver regeneration values

between groups and 1%, 2", 3% and 4" hours between groups and 1%, 2", 3% and 4" hours
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Figure 4: Comparison of Cosentino scores between groups and 1%, 2™,
3 and 4" hours

Sham 1. hour

Sham 2. hour_

1
3
<]
S
™)
E
(]
£
]

_Sham 4. hour

In the T group, the Johnsen scores at the 3™ and
4™ hours decreased significantly compared to those
at the 1% hour (P < 0.01, P < 0.05, respectively). The
Johnsen scores at the 3™ hour compared to the 1% hour
were significantly lower (P < 0.01). The Johnsen
scores in the 1%, 2™, 39 and 4™ hour T and T/D groups
were lower than in the C group (P < 0.001, P < 0.05,
respectively). Johnsen scores at the 1%, 2" 37 and
4™ hours were found to be lower in the T group than in
the S group (P < 0.05) [Table 4] [Figure 6].

Torsion / Detorsion Torsion/ Detorsion Torsiyon /Detorsion Torsion / Detorsion

and coagulation necrosis (black star) and Leydig cells (blue arrow) within the seminiferous tubule shown. In the seminiferous tubules, the germ cells
in the regular form (Cosentino Grade 1, control ALR level 0,13 ng/L, sham ALR mean level 0,95 ng/L) H and E, X400 in control (A, F, K) and sham
(B, C, D, and E) groups. In the torsion groups (G, H, I, and J), irregular germinal epithelium, spermatogonial series cells in the seminiferous tubules,
decreased sperm count, and signs of coagulation necrosis were observed (Consentino Grade 3, torsion groups ALR mean level 2,63 ng/L) H and E,
x400. In the torsion and detorsion groups (L, M, N, and O), a decrease in the sperm count and evidence of coagulation necrosis were observed in the
cells of the spermatogonial series (Consentino Grade 2, torsion and detorsion groups ALR mean level 1,56 ng/L) H and E, x400
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Table 5: Comparison of plasma, tissue and Cosentino and Johnsen scores

Cosentino Score Johnsen Score

r P r* P

Control group 1 hour Plasma ALR 0.000 1.000 0.000 1.000
Tissue ALR 0.000 1.000 0.000 1.000

2 hour Plasma ALR 0.000 1.000 0.000 1.000

Tissue ALR 0.000 1.000 0.000 1.000

3 hour Plasma ALR 0.000 1.000 0.000 1.000

Tissue ALR 0.000 1.000 0.000 1.000

4 hour Plasma ALR 0.000 1.000 0.000 1.000

Tissue ALR 0.000 1.000 0.000 1.000

Sham group 1 hour Plasma ALR 0.000 1.000 0.420 0.407
Tissue ALR -0.185 0.726 0.533 0.276

2 hour Plasma ALR -0.315 0.543 -0.132 0.803

Tissue ALR 0.420 0.407 0.176 0.738

3 hour Plasma ALR -0.647 0.165 -0.235 0.653

Tissue ALR 0.000 1.000 0.000 1.000

4 hour Plasma ALR -0.290 0.577 -0.638 0.173

Tissue ALR -0.118 0.824 -0.588 0.219

Torsion group 1 hour Plasma ALR 0.000 1.000 0.029 0.957
Tissue ALR -0.185 0.726 -0.254 0.628

2 hour Plasma ALR -0.471 0.346 -0.359 0.485

Tissue ALR -0.455 0.365 0.000 1.000

3 hour Plasma ALR 0.093 0.862 0.143 0.787

Tissue ALR -0.429 0.396 0.000 1.000

4 hour Plasma ALR 0.203 0.700 -0.059 0.912

Tissue ALR 0.000 1.000 0.045 0.933

Torsion/detorsion group 1 hour Plasma ALR -0.739 0.094 -0.853 0.031
Tissue ALR 0.739 0.094 0.426 0.399

2 hour Plasma ALR 0.501 0.311 -0.319 0.538

Tissue ALR 0.318 0.539 0.206 0.695

3 hour Plasma ALR 0.627 0.183 0.448 0.373

Tissue ALR -0.806 0.053 -0.313 0.545

4 hour Plasma ALR 0.147 0.781 0.265 0.612

Tissue ALR 0.147 0.781 -0.853 0.031

ALR: Augmenter of Liver Regeneration

A negative correlation was identified between
plasma ALR and Johnsen scores at 1% hour in the
T/D group (r = —0.853, P < 0.05). Furthermore, a
negative correlation was also identified between tissue
ALR and Johnsen scores at the 4™ hour in the T/D
group (r = —0.853, P < 0.05) [Table 5].

DISCUSSION

In everyday practice, particularly in the emergency
department, testicular torsion is a challenging and
time-sensitive diagnosis that must be determined rapidly
because it can promote hypoxia and destruction of germ
cells across the testicular tissue, which can result in
infertility.™

In our study, the 720 degree rotation method of the cord
in the testis, which is the most commonly used method
for experimental testicular torsion, was applied.”® In

addition, a single suture fixation method was used for
the fixation process to traumatize the testis less during
the torsion procedure. In torsion studies on rats, the
critical ischemia time is considered to be 4 hour; so, the
experiment was not continued after the 4™ hour.[**4%

This is the first scientific research examining the impact
of ALR on testicular ischemia and ischemia/reperfusion
damage in rats, based on the conducted English literature
review. In our study, it was observed that the plasma
ALR level increased as the torsion time increased, and
the plasma ALR level in the 3™ and 4™ hour torsion
groups was found to be higher than in both the S and
T/D groups.

The plasma ALR values at the 1%, 2", 3 and 4" hours
were found to be higher in the T and T/D groups than
in the C group, and the plasma ALR values at the 1%,
2n 3 and 4" hours were realized to be higher in the T

Nigerian Journal of Clinical Practice | Volume 26 | Issue 7 | July 2023



SMIAGZIUMIPXZOBBAeOATIAEIOVIHSALLIAIPOOAEIEAHIOINI/AOAU

MY TXOMADYOINXYOHISABZIYT1+erNIOITWNOIZTARY HJaSHNAYG Aq doluj/wooa mm| sjeulnoly/:dny wouy papeojumoq

€202/¥2/0T uo

Kavak, ef al.: Augmenter of liver regeneration testicular ischemia and ischemia/reperfusion injury

¥ Control group
Sham group
W Torsion group
B Torsion/Detorsion group

nininls

1. howr 3. hour 4. hour

© N s o ®»

2. hour

Figure 6: Comparison of Johnsen scores between groups and 1%, 2,
3 and 4" hours

group than in the S group, and the significant increase in
the ALR level between the 1* and 3™ hours, depending
on the time, suggests that ALR values have diagnostic
potential for testicular torsion.

In our study, blood ALR levels were noticed to be
statistically and significantly higher in the 3 and 4™ hour
T group compared to the C group without testicular
damage. The high amount of ALR found in the inner
membrane of the mitochondria in the testis compared
to the amount in the cytosol indicates that the isoform
of the biomarker released into the blood may differ
depending on the development of infarct and necrosis
in the cells. More comprehensive studies are required to
investigate which isoforms cause the significant heights
observed in this study and determine the ALR isoform
that should be checked in the 1% hour.

It was determined that the changes started in the 1% hour
of torsion in the tissue, and the changes in both torsion
and reperfusion damage became significant at the 3™ and
4™ hours. It shows that the timing of tissue ALR level
changed in both the S, T, and T/D groups and actually
continued for hours. The fact that these tissue changes
can be followed in the blood with a biomarker between
the 1t and 4" hours shows that the early diagnosis of
torsion being not fully understood yet, and the early
diagnosis of ischemic injury added to each other can
contribute to the clinical follow-up processes for its
initial treatment.

When the histopathological results were examined, it
was observed that the Cosentino scores of the T and
T/D groups at the 1%, 2%, 3% and 4™ hours were higher
than those in the C and S groups. In addition, the high
Johnsen scores of the T and T/D groups are thought to
be more significant with the onset of histopathological
changes in the case of increased ischemia in the 3" and
4™ hours compared to those in the 1% hour. However,
parameter correlations were inspected; the negative
correlation between tissue ALR and Johnsen scores at
the 4™ hour in the T/D group indicates that ischemia

Nigerian Journal of Clinical Practice | Volume 26 | Issue 7 | July 2023

shows a significant histopathological change in the
torsioned testicles at the 4 hour.

Limitations

We would like to point out some limitations of this
study;

1. The left testicular tissue was evaluated; however, the
other testicular tissue was not examined.

2. Unknown effect of other causes of acute scrotal pain,
such as acute epididymitis and orchitis, on plasma
and testicular tissue ALR levels.

3. During the reperfusion injury period, evaluation
could be made using biochemical parameters.

CONCLUSION

It is reported for the first time that ALR shows an
increase in blood and tissue when testicular T and T/D
occurs. ALR in plasma and testicular tissue may have
a potential role in the early diagnosis of testicular
torsion and in the prognosis prediction of T and T/D.
Considering the experimental aspect of the data,
in-depth experimental research is required to determine
the sensitivity of plasma and tissue ALR in conjunction
with other types of evidence, such as follow-up results
from clinical cases.

Ethics committee approval

This study was approved by the Animal Ethics
Committee of the Technical Universal Verification
Ethics Committee (Ankara, Tiirkiye) (date: 05.05.2022,
number: 0005/2022).

Financial support and sponsorship
Nil.

Conflicts of interest

There are no conflicts of interest.

REFERENCES

1. Yazgan B, Baltaci AK, Mogulkoc R, Avunduk MC. Zinc is a
strong stimulant of metallothionein synthesis in the ischaemic
testis tissue. Andrologia 2021;53:¢14042.

2. Laher A, Ragavan S, Mehta P, Adam A. Testicular
torsion in the emergency room: A review of detection
and management strategies. Open Access Emerg Med
2020;12:237-46.

3. Barada JH, Weingarten JL, Cromie WJ. Testicular salvage and
age-related delay in the presentation of testicular torsion. J Urol
1989;142:746-48.

4. Karaguzel E, Kadihasanoglu M, Kutlu O. Mechanisms of
testicular torsion and potential protective agents. Nat Rev Urol
2014;11:391-9.

5. Middleton WD, Middleton MA, Dierks M, Keetch D,
Dierks S. Sonographic prediction of viability in testicular

torsion: Preliminary observations. J Ultrasound Med
1997;16:23-7.
6. Schick MA, Sternard BT. Testicular torsion. [Updated

S



SMIAGZIUMIPXZOBBAeOATIAEIOVIHSALLIAIPOOAEIEAHIOINI/AOAU

MY TXOMADYOINXYOHISABZIYT1+erNIOITWNOIZTARY HJaSHNAYG Aq doluj/wooa mm| sjeulnoly/:dny wouy papeojumoq

€202/¥2/0T uo

Kavak, ef al.: Augmenter of liver regeneration testicular ischemia and ischemia/reperfusion injury

10.

11.

12.

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

2022 Jun 21]. In: StatPearls. Treasure Island (FL): StatPearls
Publishing; 2022. Available from: https://www.ncbi.nlm.nih.gov/
books/NBK448199/.

Erdem AO, Ozkisacik S, Mersinli B, Sirinyildiz F, Ek R,
Culhaci N, ef al. Long-term protective effects of the combination
of intermittent reperfusion and hypothermia on reperfusion
injury in an experimental testicular torsion model. J Pediatr Surg
2021;56:2037-44.

Erdem AO, Coskun OD, Baser AT, Sirinyildiz F, Ek R, Culhac1 N,
et al. Comparison of the effects of intermittent reperfusion and
hypothermia in preventing testicular ischemia-reperfusion injury in
the testicular torsion model in rats. J Pediatr Urol 2019;15:617-23.
Yilmaz E, Hizli F, Afsarlar CE, Demirtas C, Apaydin S,
Karaman I, et al. Early diagnosis of testicular torsion in rats
by measuring plasma d-dimer levels: Comparative study with
epididymitis. J Pediatr Surg 2015;50:651-4.

Mogilner JG, Lurie M, Coran AG, Nativ O, Shiloni E,
Sukhotnik 1. Effect of diclofenac on germ cell apoptosis
following testicular ischemia-reperfusion injury in a rat. Pediatr
Surg Int 2006;22:99-105.

Giiler 1, Akcan A, Ok E, Akgin H, Muhtaroglu S,
Yilmaz N. Ratlarda deneysel hepatik rezeksiyon modelinde
iskemi-reperfiizyon ile indiiklenen apopitozis ve hepatik
rejenerasyona graniilosit-makrofaj koloni stimule edici faktoriin
etkileri. Turkish J Surg 2007;23:92-8.

Shimizu S, Tsounapi P, Dimitriadis F, Higashi Y, Shimizu T,
Saito M. Testicular torsion—detorsion and potential therapeutic
treatments: A possible role for ischemic postconditioning. Int J
Urol 2016;23:454-63.

Kolik¢i E, Atilgan D, Uluocak N, Deresoy FA, Katar M,
Unsal V. Milrinone ameliorates ischaemia-reperfusion injury in
experimental testicular torsion/detorsion rat model. Andrologia
2021;53:e14128.

Karakus SC, Siizen A, Yenisey C, Ertirk N, Epikmen T,
Ipek E, et al. The effect of hypothermia in a rat testicular torsion/
detorsion model. J Pediatr Urol 2021;17:291.e1-291.e8.
Bandarkar AN, Blask AR. Testicular torsion with preserved flow:
Key sonographic features and value-added approach to diagnosis.
Pediatr Radiol 2018;48:735-44.

He C, Zhou X, Cheng J, Qin L, Dong F, Zhang R, et al. Diffusion
tensor imaging in evaluating testicular injury after unilateral
testicular torsion and detorsion in rat model: A preliminary study.
Andrologia 2021;53:¢14012.

Giines M, Umul M, Altok M, Akyuz M, Isoglu CS, Uruc F, et al.
Predictive role of hematologic parameters in testicular torsion.
Korean J Urol 2015;56:324-9.

Yucel C, Ozlem Ilbey Y. Predictive value of hematological parameters
in testicular torsion: Retrospective investigation of data from a
high-volume tertiary care center. J Int Med Res 2019;47:730-7.

Li Y, Farooq M, Sheng D, Chandramouli C, Lan T, Mahajan NK,
et al. Augmenter of liver regeneration (alr) promotes liver outgrowth
during zebrafish hepatogenesis. PLoS One 2012;7:¢30835.

Gupta P, Venugopal SK. Augmenter of liver regeneration: A key
protein in liver regeneration and pathophysiology. Hepatol Res
2018;48:587-96.

Nalesnik MA, Gandhi CR, Starzl TE. Augmenter of liver
regeneration: A fundamental life protein. Hepatology
2017;66:266-70.

Xia N, Yan RY, Liu Q, Liao XH, Sun H, Guo H, et al.
Augmenter of liver regeneration plays a protective role against
hydrogen peroxide-induced oxidative stress in renal proximal
tubule cells. Apoptosis 2015;20:423-32.

Balogh T, Lérincz T, Stiller I, Mandl J, Banhegyi G, Szarka A.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

3s.

36

37.

38.

39.

40.

The level of ALR is regulated by the quantity of mitochondrial
DNA. Pathol Oncol Res 2016;22:431-7.

Huang LL, Liao XH, Sun H, Jiang X, Liu Q, Zhang L. Augmenter
of liver regeneration protects the kidney from ischaemia-reperfusion
injury in ferroptosis. J Cell Mol Med 2019;23:4153-64.

Ibrahim S, Weiss TS. Augmenter of liver regeneration: Essential for
growth and beyond. Cytokine Growth Factor Rev 2019;45:65-80.
Banci L, Bertini I, Cefaro C, Cenacchi L, Ciofi-Baffoni S,
Felli IC, et al. Molecular chaperone function of Mia40 triggers
consecutive induced folding steps of the substrate in mitochondrial
protein import. Proc Natl Acad Sci U S A 2010;107:20190-5.
Zhu DJ, Liao XH, Huang WQ, Sun H, Zhang L, Liu Q.
Augmenter of liver regeneration protects renal tubular epithelial
cells from ischemia-reperfusion injury by promoting PINKI1/
Parkin-mediated mitophagy. Front Physiol 2020;11:178.

Gandhi CR. Augmenter of liver regeneration. Fibrogenesis
Tissue Repair. 2012;5:10. doi: 10.1186/1755-1536-5-10. PMID:
22776437, PMCID: PMC3519801.

Huang LL, Long RT, Jiang GP, Jiang X, Sun H, Guo H, et al.
Augmenter of liver regeneration promotes mitochondrial biogenesis
in renal ischemia-reperfusion injury. Apoptosis 2018;23:695-706.
Thirunavukkarasu C, Wang LF, Harvey SA, Watkins SC,
Chaillet JR, Prelich J, et al. Augmenter of liver regeneration: An
important intracellular survival factor for hepatocytes. J Hepatol
2008;48:578-88.

Nguyen KH, Nguyen AH, Dabir DV. Clinical implications of
augmenter of liver regeneration in cancer: A systematic review.
Anticancer Res 2017;37:3379-83.

Dayoub R, Wagner H, Bataille F, Stoltzing O, Spruss T,
Buechler C, et al. Liver regeneration associated protein (ALR)
exhibits antimetastatic potential in hepatocellular carcinoma. Mol
Med 2011;17:221-8.

Shen Y, Liu Q, Lou S, Luo Y, Sun H, Zeng H, et al. Decreased
expression of the augmenter of liver regeneration results in
growth inhibition and increased chemosensitivity of acute T
lymphoblastic leukemia cells. Oncol Rep 2017;38:3130-6.
Polimeno L, Pesetti B, De Santis F, Resta L, Rossi R, De
Palma A, et al. Decreased expression of the augmenter of liver
regeneration results in increased apoptosis and oxidative damage
in human-derived glioma cells. Cell Death Dis 2012;3:¢289.
Ganjiani V, Ahmadi N, Divar MR, Sharifiyazdi H,
Meimandi-Parizi A. Protective effects of crocin on testicular
torsion/detorsion in rats. Theriogenology 2021;173:241-8.

. Cosentino MJ, Nishida M, Rabinowitz R, Cockett AT. Histological
changes occurring in the contralateral testes of prepubertal
rats subjected to various durations of unilateral spermatic cord
torsion. J Urol 1985;133:906-11.

Johnsen SG. Testicular biopsy score count e a method for
registration of spermatogenesis in human testes: Normal values
and results in 335 hypogonadal males. Hormones 1970;1:2-25.
Kostakis 1D, Zavras N, Damaskos C, Sakellariou S,
Korkolopoulou P, Misiakos EP, et al. Erythropoietin and
sildenafil protect against ischemia/reperfusion injury following
testicular torsion in adult rats. Exp Ther Med 2017;13:3341-7.
Kutlu O, Mentese A, Turkmen S, Turedi S, Gunduz A, Yulug E,
et al. Investigation of the possibility of using ischemia-modified
albumin in testicular torsion: An experimental study. Fertil Steril
2011;95:1333-7.

Turedi S, Tatli O, Alver A, Karaguzel E, Karaca Y, Turkmen S,
et al. The diagnostic value of plasma SCUBE], a novel biomarker
of platelet activation, in testicular torsion: A randomized,
controlled, experimental study. Urology 2015;86:516-20.

Nigerian Journal of Clinical Practice | Volume 26 | Issue 7 | July 2023




