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Abstract  

Background:  Ischemic reperfusion (I/R) damage of the  
testis is a common problem, it is mainly caused by testicular  
torsion and detorsion. Progranulin (PGRN) has been reported  
to have prominent anti-inflammatory and protective effects  
on I/R injury in the heart, brain and kidney, however, its  
effects on testicular I/R lesion have not been evaluated.  

Aim of Study:  To examine the effects of progranulin on  
rat testicular ischaemia/reperfusion induced by torsion/ detor-
sion and the possible underlying mechanisms.  

Material and Methods:  In this study, rats were divided  
into 4 groups: (i) Sham; (ii) Testicular ischemia/reperfusion  
(I/R), 2h of ischemia followed by 6 h of reperfusion; (iii) I/R  
treated by PGRN (0.01µg/rat) administered 1.5h after the  
induction of ischaemia. (iv) I/R treated by PGRN (0.1µg/rat)  
administered 1.5h after development of ischemia. At the end  
of the study, some testicular oxidative stress markers, inflam-
matory, apoptotic markers and serum testosterone were meas-
ured, in addition to histopathologic study.  

Results:  Significant decreases in serum testosterone levels,  
testicular superoxide dismutase (SOD) and glutathione per-
oxidase (Gpx) activity with increase in tissue malondialdehyde  

(MDA) were observed in I/R group when compared with  
controls. These antioxidant levels were increased in PGRN  
treated groups with significant decrease in MDA levels. While  
an increase in tumor necrosis factor-alpha (TNF- α ), IL-1 β ,  
caspase-8 and caspase-3 levels were found in the torsion/  
detorsion group, significant decrease in the levels of these  
inflammatory cytokines and apoptotic markers were observed  

in PRGR treated groups in a dose dependent maner.  

Conclusion:  These results demonstrate that PGRN signif-
icantly produced protective effects on testicular tissue damage  
through antioxidant, anti-inflammatory and antiapoptotic  
mechanisms.  
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Introduction  

TESTICULAR  torsion is a common emergency  
that is primarily induced by torsion of the spermatic  
cord in infants, children, and adolescents. Its inci-
dence has been estimated at 1 out of 160 to 4000  
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males per year by 25 years of age [1-3] . Ischaemia  
followed by reperfusion (I/R), which occurs as a  
result of testicular torsion followed by testicular  
detorsion (T/D), results in testicular injury. Oxygen  
amounts are less than metabolic needs after ischae-
mia, and death of germ cells occurs due to oxygen  
lack resulting in accumulation of noxious metabo-
lites in the cells [4] . In the period of reperfusion,  
there is great increase in reactive nitrogen species  
and reactive oxygen species [5] . Reperfusion is  
essential for survival of injured tissues, yet, it  
greatly exagerates cell and tissue damage [6] .  

Progranulin (PGRN) is considered to be an  
important growth factor with many physiological  
functions. PGRN has anti-inflammatory action,  
this is due to its suppressive effect on tumor necro-
sis factor α  (TNF-α ) transmission and also its  
inhibitory effect on neutrophil degranulation [7-8] .  

In vitro and in vivo studies have demonstrated  
that PGRN has significant role in diverse physio-
logical processes. This protein participates in the  
growth stimulation in early embryogenesis, wound  
healing, inflammation, angiogenesis, bone and  
cartilage development [9-13] . It is also considered  
to be an adipokine which is involved in obesity,  
insulin resistance, and rheumatic disease [14] .  
Recently, it was reported that PGRN binds TNF  
receptors and suppresses its inflammatory effect  
[15] . In the central nervous system (CNS), PGRN  
has been reported to function as a neurotrophic  
factor [16]  with immunomodulatory actions [17-19]  
and anti-inflammatory properties [20,21]  and has a  
neuroprotective effect in several injury modalities,  

including oxygen glucose deprivation [22]  and  
oxidative injury [23] .  

In the present study, we examined whether  
PGRN has potential ameliorative effects against  
testicular I/R injury, and also investigated the  
underlying mechanisms.  
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Material and Methods  

Animals:  This study was conducted in the sci-
entific and medical research center (ZSMRC) in  
Faculty of Medicine, Zagazig University in the  
period from 1 st 

 January to 20 th  of April  2019,  we  
used in this study a total of 48 adult male albino  

Wistar rats (weighing 170-200g) (the animals were  
around 12 weeks old). This study protocol was  
approved by the Institutional review Board and  

Ethics Committee of Medicine Faculty, Zagazig  

University. The experimental procedures were  
performed according to the guide for the use and  
care of laboratory animals, published by the Insti-
tute of Laboratory Animal Resources. The rats  

were housed in standard, plastic cages on sawdust  

bedding in an air-conditioned room at 22 ° C under  
controlled light conditions (14/10-h light/dark  

cycle). Standard rat chow and tap water were  

provided ad libitum.  

Experimental design:  Animals were divided  
into equal 4 groups. Group I: A sham operated  
(control group), rats received Phosphate-Buffered  

Saline (PBS) 1ml/rat. Group II: Testis torsion was  
induced for 2h then testicular detorsion was applied  
for 6h, (IR group). 1.5h after torsion, rats received  

Phosphate-Buffered Saline (PBS) 1ml/rat. Groups  

III and IV (PGRN treated groups): Testis torsion  
was induced for 2h., after testicular torsion by  

1.5h., rats received recombinant murine PGRN  
(SRP6059-10UG sigma-Aldrich). (0.01µg and  
0.1µg/rat). PGRN was administered intraperito-
neally dissolved in 1ml PBS/rat respectively, dose  
selected according to preliminary study, then,  

testicular detorsion was applied for 6h.  

Surgical procedure:  As described by Dogan et  
al. [24] , the animals were anaesthetized by 25mg/  

kg thiopental sodium injected intraperitonealy. In  

the sham group, the testis was localized through  

a left-sided scrotal incision, and then the incision  

was sutured with 4/0 silk without additional inter-
vention. In the remaining groups (ischemia / reper-
fusion), a vertical 2cm incision was performed in  
the left scrotum along the midline area. Then the  
left testes were rotated 720 °  clockwise with the  
tunica vaginalis and spermatic cord, the ischemia  
was applied for period of 2h.  

At the end of experiment, all animals were  

sacrificed using large dose of thiopental sodium  

(60mg/kg), and then withdrawal of blood samples  

were done using intracardiac method. A part of  
testicular tissue was fixed in formalin solution  
(10%) for histopathological examination, whereas,  

most of testicular tissues were carried to a molecular  

laboratory where they were kept at 80 ° C for  
molecular and biochemical study.  

Histological procedure:  After fixation of tes-
ticular tissue in formalin, each tissue sample was  

routinely processed to be embedded in paraffin.  
After that, sections were taken from testicular  

tissue 5-mm each and then stained with Hematox-
ylin an Eosin and photos were taken by a digital  

camera attached to light microscope.  

Biochemical investigations:  
Serum free testostosterone level:  Serum free  

testostosterone level was measured using testoster-
one ELISA kit (BioCheck, Dr. Foster City, CA  

94405) as described by [25] .  

SOD, Gpx and MDA:  After the surgical proce-
dures, approximately 100mg of ground testicular  
tissue was homogenized in 1ml of phosphate buff-
ered saline homogenate in an Eppendorf tube using  

the Tissue Lyser II and then centrifuged. SOD [26] ,  
Gpx [27]  and MDA [28]  levels from each sample  
supernatant and standards were measured at room  

temperature in duplicate according to the modified  
methods of the ELISA reader as described previ-
ously [29] . Results for MDA, SOD and GPX were  

expressed as nmol/mg protein, U/mg protein and  
U/mg protein respectively.  

Measurement of testicular inflammatory bi-
omarkers:  IL-1 β  and TNF-α  concentrations were  
quantified according to the manufacturer's instruc-
tions and guidelines using an ELISA kit specific  
for the rat cytokines (Bio diagnostic, Egypt kits)  

as previously described [30] .  

Evaluation of apoptosis markers:  Activities of  
caspases-8 and caspases-3 were evaluated using  

their specific colorimetric assays following their  
manufacturer's recommendations (Sigma Aldrich,  

St. Louis, MO, USA).  

Statistical analysis:  
In our study we used IBM SPSS version 24  

(SPSS Inc., Chicago, IL, United States) software.  

Results are presented as means and standard devi-
ation. Comparisons between groups were performed  

with one-way ANOVA and LSD post hoc test,  

Significance was accepted at p<0.05.  

Results  

Histological investigations:  In the sham group  
(Fig. 1 a) the seminiferous tubules appears normal,  

with no change in histological structure. In I/R  

group (Fig. 1b), there is extensive edema in the  

interstitial area of seminiferous tubules and their  



(A) (B)  

Eman R. Abozaid & Naglaa A. Ahmed 4271  

boundaries showed great abnormality. The edema  
and degeneration in spermatogonia of I/R group  
were greatly decreased in the third group treated  
with PGRN 0.01mg/kg, group (Fig. 1c). In the  
fourth group, (Fig. 1d), the thickness of the germinal  
epithelium was more clearly seen than in I/R +  
PGRN 0.01 µ g/rat. Moreover, also in the fourth  
group, mature spermatids were detected near the  
lumen of seminiferous tubules.  

Biochemical parameters:  Serum level of free  
testosterone was decreased in I/R group compared  
to control, but this effect was improved by PGRN  
(p<0.001) (Table 1). In addition, testicular levels  
of SOD and Gpx were decreased in I/R group  
(p<0.001), however, MDA, TNF-a , IL-1 (3 , caspase  
3 and 8 activities were increased in I/R group  

(p<0.001) when compared to the sham group. In  
group III, PGRN 0.01 µ g/rat administration were  
found to significantly increase SOD and Gpx ac-
tivity (p<0.001). While significantly decreased the  
testicular levels of MDA, TNF- a , caspase 3 (p<  
0.001), caspase 8 and IL-1 (3  (p<0.01). In group IV,  
PGRN 0.1 µ g/rat administration was found to be  
more effective in reversing the effect of I/R injury  

on histopathlogical level and biochemical level,  
the higher dose led to significant improvement in  
all biochemical parameters (p<0.01) when com-
pared to lower dose and decreasing values near  
the control, by another words, the differences in  
the values of serum testesteron, testicular SOD,  
Gpx, MDA, TNF-a , IL-1 (3 , caspase 3 and 8 between  
the sham and PGRN 0.1 µ g/rat-treated group were  
not significant).  

(C) (D)  

Fig. (1): Showing section in testis: (A) testis of control group showing normal spermatids, spermatogonia and interstitial  

tissue. (B) I/R injury showing marked degeneration and vacuolization of spermatogonia (black arrow) and  

interstitial edema (blue arrow). (C) Section in testis with I/R injury treated by PGRN 0.01 µg/rat, showing moderate  
degeneration (black arrow) of some spermatogonia with no interstitial edema. (D) Section in I/R testis treated  
with PGRN 0.1 µg/rat showing mild degeneration of some germ cell (blue star), preservation of spermatogonia  

(black arrow) with appearance of spermatids in some tubules (red arrow) (H&E X400).  
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Table (1): Serum free testosterone level and testicular TNF-α , IL-1 β , MDA, GpX, SOD, and caspase-8  
and caspase-3 in all studied groups.  

Group  

Parameters  
Group I Group II  Group III  Group IV  

Free testosterone (ng/ml):  
X ±  SD  3.72±0.3 2.02±0.17  3.11 ±0.23  3.51 ±0.49  
p-value of LSD  p<0.001*  p<0.001*#  p<0.001#  

p<0.01$  

TNFα  (pg/mg protein):  
X ±  SD  28.01 ±3.13 58.38±4.24  33.51 ±3.35  29.51 ± 1.35  
p-value of LSD  p<0.001*  p<0.001*#  p<0.001#  

p<0.01$  

IL-1 β  (pg/mg protein):  
X ±  SD  30.33±3.47 49.3±4.74  41.10±3.77  34.04±  2.07  
p-value of LSD  p<0.001*  p<0.0 1#  p<0.001#  

p<0.001*  p<0.05$  

MDA (nmol/mg protein):  
X ±  SD  1 10.37±6.26 190.26± 16.93  153.91 ±  7.19  123.91 ±7.19  
p-value of LSD  p<0.001*  p<0.001#  p<0.001#  

p<0.01*  p<0.05$  

GPX (U/mg protein):  
X ±  SD  20.17±3.28 11.92±2.22  15.91 ± 1.17  18.59± 1.27  
p-value of LSD  p<0.001*  p<0.001 #  p<0.001#  

p<0.01$  

SOD (U/mg protein):  
X ±  SD  68.58±4.55 30.85±5.17  51.30±7.36  63.30±5.3  
p-value of LSD  p<0.001*  p<0.001*#  p<0.001#  

p<0.05$  

Caspase-8 (nmol/min/ml):  
X ±  SD  0.31 ±0.04 3.08±0.41  1.±0.31  1.6±0.31  
p-value of LSD  p<0.001*  p<0.0 1#  p<0.001#  

p<0.001*  p<0.05$  

Caspase-3 (nmol/min/ml):  
X ±  SD  5.18±0.60 12.53± 1.32  8.8±0.83  6.33±0.73  
p-value of LSD  p<0.001*  p<0.001*#  p<0.001#  

p<0.01$  

* Significant versus group I. # Significant versus group II. $ Significant versus group III.  

Discussion  

Testicular ischemia is one of the emergency  
conditions which require immediate detorsion  

within 4-6 hours to avoid loss of testicular function  
[30] . If testicular torsion is corrected after longer  
time period, testicular atrophy develops subsequent-
ly [31] .  

In the current study, ischemia (torsion) followed  

by reperfusion (detorsion) showed testicular dam-
age which led to decrease in serum testosterone  

level. These results are similar to that showed by  
other studies [32,33] .  

According to our histopathological findings, in  

our I/R model, we noticed extensive degeneration  

of germ cells, extensive edema between the cells,  

hyalinization of the interstitial area and we also  

noticed great increase in extracellular material in  

the vascular walls inside seminiferous tubules. Our  

results showed that PGRN ameliorates this effect  

of testis I/R with dose dependent improvement in  

inflammatory and apoptotic conditions of testis.  

Our results are in agreement with many studies  

showed that PGRN exerted ameliorative effects  
against I/R-induced inflammation in different mod-
els as heart, hypercholesterolemia and decrease  
inflammation in asthma and colitis model [7-34-37] .  

During I/R in testis the damage occurs due to  

free radicals. A part of the prominent features  

which may be responsible for pathological changes  
occurring in case of I/R damage are changes in  
levels of inflammatory cytokines, nonenzymatic  
oxidants, and antioxidant enzymes. One of these  

parameters is MDA, which is a final product of  
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lipid peroxidation. Another parameter is SOD  

which is considered to have a great role in protect-
ing cells against the undesirable effects of super-
oxide radicals [38] .  

SOD decreased in our model of I/R group.  

Similar to our findings, some studies showed that  

SOD levels were diminished after testicular torsion  

and detorsion [39,40] . However, PGNR increase  
SOD levels in dose dependent manner. In other  
studies examining effect of ischemia and reper-
fusion on different tissues, results of these studies  

showed that PGRN increased SOD levels in I/R  
groups. Gpx is an antioxidant enzyme that we  

evaluated in this study, Gpx levels decreased sig-
nificantly in I/R groups when compared to the  
control group, on the other hand treatment with  
PGRN significantly elevated Gpx levels. In agree-
ment with our results, Grace reported that Gpx  

levels were lowered in testicular torsion detorsion  

model [41] .  

TNF-α  and IL-1 β  are cytokine which interme-
diates natural immunity after reperfusion [42] . It  
has been reported that TNF- α  has a great role in  
development of vascular injury and in appearance  

of endothelium adhesion molecules [43] . Thus, we  
measured TNF-α  levels in the testicular tissue in  
our study. Our results showed that levels of TNF-
α  significantly elevated in second group. Our  
results suggested that TNF- α  and IL-1 β  have im-
portant roles in testis damage in agreement with  

the result of Lin et al. [44] . Our results also showed  
that TNF-α  and IL-1 β  levels significantly decreased  
in both treatment groups with more improvement  

with higher dose of PGRN when compared to the  

lower dose group.  

In addition, we examined the potential role of  
PGRN on testicular I/R injury through measuring  

MDA, which is a final product of lipid peroxidation.  

We found that MDA levels significantly increased  

in testicular I/R groups and there was a significant  

lowering in MDA levels in PGRN treated groups  
during I/R damage, the reduction in MDA was  

noticed to be a dose dependent, this result is in  

agree with the study of Wei et al. [30] .  

Necrosis and apoptosis may play significant  
roles in I/R cellular injury, they take place simul-
taneously in oxidative conditions [45] . Apoptosis  
plays role in maintaining homeostasis in sperma-
togenesis, however, testicular I/R injury usually  
leads to marked spermatogenic cell apoptosis,  
which can cause impaired testicular function and  

infertility [46] .  

Caspase-3 is considered to be an inactive zy-
mogen and the convergence point of multiple  
apoptotic pathways. Its activation is an irreversible  

step to induce cell apoptosis [47,48] . High levels of  
caspase-8 and caspase-3 were increased in testicular  
I/R group in our study, but their levels were reduced  

by PGRN treatment in the both treated I/R groups  

in a dose dependent manner. And in line with this  
result, Bo et al., [49]  showed that PGRN inhibits  
neuronal cell death in rats after subarachnoid  

hemorrhage and suggested a possible mechanism  
via sortilin 1-mediated and Akt-related antiapop-
tosis pathway.  

Conclusion:  We concluded that PGRN has  
protective effects on testicular I/R damage. We  

found that the injection of PGRN has antioxidant  

effect by decreasing free radicals and increasing  
antioxidants. Moreover, PGRN has anti-
inflammatory effect through decreasing inflamma-
tory markers and preventing inflammation-induced  

tissue damage from being exaggerated, in addition,  
it inhibits apoptosis by decreasing levels of caspase-
3 and -8. All these effects are in harmony with  
improvement in histopathological tissue damage.  
This improvement is correlated with increasing  
the dose of PGRN. These results suggested that  
PGRN may be used in future for treatment of  

testicular torsion/ detorsion damage, in the clinical  
feild. Further experimental and clinical studies are  

needed for confirming the possible mechanism/s  

and effective dose of PGRN.  
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