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Abstract

Background Since diabetes mellitus type-1 (DM-1) induces testicular oxidative and inflammatory damage with finally an
ultimate male infertility, and as fenofibrate (FEN) plays an important antioxidant and anti-inflammatory role, the aim of the
present study was to investigate the effects of FEN on diabetes-induced reproductive damage and clarifying the underlying
related mechanisms.

Methods DM-1 was induced in male Wistar rats by a single intraperitoneal injection of streptozotocin (50 mg/kg). FEN
(100 mg/kg/day, orally) was administrated to diabetic rats for 4 weeks. Testicular damage was detected by estimation of
both testicular and body weights, assessment of serum testosterone, testicular oxidative stress parameters (malondialdehyde
and nitric oxide levels) and testicular oxidant defenses (reduced glutathione, superoxide dismutase and hemeoxygenase-1).
Expressions of the inflammatory markers (inducible nitric oxide synthase, p38 mitogen-activated protein kinase (MAPK),
tumor necrosis factor alpha, interleukin-6 and apoptotic marker (caspase-3) were evaluated in testicular tissue. Our results
were confirmed by histopathological examination of testicular tissues.

Results Diabetic testicular damage was proved by both biochemical and histopathological examinations. FEN treatment
reversed diabetic testicular damage; normalized the serum testosterone level, improved anti-oxidative capacity, ameliorated
the pro-inflammatory cytokine expression in testicular tissue with the down regulation of p38 MAPK mediated-testicular
apoptosis.

Conclusion FEN treatment exerted a protective effect against streptozotocin-induced diabetic reproductive dysfunction not
only through its powerful antioxidant and hypoglycemic effects, but also through its anti-inflammatory and anti-apoptotic
effect via down-regulation of testicular p38 MAPK expression in diabetic rats.
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Introduction

Diabetes mellitus (DM) is a prevalent chronic endocrinal
disease, considered as a principal cause for morbidity and
B4 Hanaa Mohamed Khalaf mortality in both developed and developing countries and is
hanaa-16.5m12@yahoo.com strongly related to infertility and reproductive dysfunction in
males, especially in adolescents and young adults [1].
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DM-1can affect the spermatogenesis by oxidative dam-
age via the generation of reactive oxygen species (ROS)
which either macerate the cellular antioxidant defense
mechanisms resulting in damage to cell proteins, lipids,
and DNA or directly stimulate the inflammatory signal-
ing pathways such as p38 mitogen-activated protein kinase
(MAPK) activation and inducible nitric oxide synthase
(iINOS) production along with cytokines release initiating
testicular cells inflammation with disruption of spermato-
genesis and steroidogenic dysfunction ending by testicular
apoptosis [3-5].

Peroxisome proliferator-activated receptors (PPARs) are
nuclear receptors including three isotypes which are encoded
by variable genes: PPAR a, f3, 7, 6. PPARs receptors. PPARs
are well established to be involved in lipid metabolism, glu-
cose homeostasis, cellular proliferation and differentiation
and are also involved in the immune response. So, PPARs
are paramount objectives in the management of different
types of inflammatory or autoimmune disease as DM-1and
also in metabolic disorders such as DM type 2 [4, 6].

In testis, PPAR«; one of the PPARs subtypes, is mainly
expressed in Leydig cells and at lower levels in Sertoli
cells [7]. Most notably, PPARa regulates the cholesterol
metabolism; the precursor of sex hormones synthesis. So,
any agonist of PPAR« could possibly influence sex hormone
synthesis [8]. PPARa is a target for fibrates, PPAR« stimula-
tion increase the genes expression of superoxide dismutase
(SOD), glutathione reductase (GSH) and hemeoxygenase-1
(HO-1) augmenting the redox state [9, 10].

Furthermore, PPARa activation inhibit the expression
of iNOS and p38 MAPK signaling pathways resulting in
decrease in the levels of tumor necrosis factor alpha (TNF-o)
and interleukin-6 (IL-6) and consequently the expression of
caspase-3 which suppress the inflammatory response, oxida-
tive stress, and cellular apoptosis [11-13].

So, we aimed in the present study to evaluate the role
of fenofibrate (FEN); a PPAR«a agonist on DM-1 induced
testicular damage in rats, and the underlying mechanisms
of action will be clarified.

Materials and methods
Chemicals

FEN powder and Streptozotocin (STZ) were obtained from
Mina Pharm Company and Sigma-Aldrich Co., (St. Louis,
MO, USA), respectively. The ready to use iNOS (Catalog
number: PA3-030A; dilution 1:200) and caspase-3 (Cata-
log number: RB-1197-R7) rabbit polyclonal antibodies were
obtained from Thermo Fisher Scientific Inc./Lab Vision
(Fremont, CA, USA).
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Animals

Adult male Wistar rats of average weight (250-300 g), aged
8—10 weeks were obtained from National Research Center,
Giza, Egypt. Commercial rat chow (El-Nasr Co., Cairo,
Egypt) with tap water was used for animals feeding and the
rats were left for 1 week before inclusion in the experiment
to acclimatize to the laboratory environment. The study was
maintained at 24 +2 °C with a 12-h dark: light cycle. Ani-
mals were arranged in polypropylene autoclavable rat cage
(300 L x 200 H x 180 W mm) with stainless steel cover
lid and built in food feeder. Procedures including animals
complied with the ARRIVE guidelines and according to the
U.K. Animals Act, 1986 and the board of Faculty of medi-
cine, Minia university and the EU Directive which approved
the procedures of animal experiment protocol(148:1/2019).

Experimental design

A diabetic rat model was constructed by single intraperi-
toneal (ip) injection of STZ which was freshly prepared in
0.01 mM citrate buffer, pH 4.5 in a dose 50 mg/kg [14]. All
STZ injected rats were fasted overnight before STZ admin-
istration, then after STZ injection they were received 20%
sucrose dissolved in water in the first 48 h to prohibit the
initial STZ-induced hypoglycemia. Blood glucose levels
were detected after 72 h using blood glucose meter (ACCU-
CHEK® Active, Roche Diagnostics, Germany). Rats consid-
ered as diabetic and implicated in our study when the blood
glucose levels were higher than 250 mmol/l.

Rats were arranged randomly into 4 groups (8/group):
Group 1  Control group; received vehicle (1% carboxym-
ethylcellulose) orally once daily and a single ip
saline injection [15].

FEN group; received FEN (100 mg/kg) once daily
po and a single ip saline injection [16].

Diabetic group; received vehicle (1% carboxym-
ethylcellulose) once daily po and received STZ
(50 mg/kg) a single ip injection [14].

STZ-FEN treated group; received FEN (100 mg/
kg) and a single ip injection of STZ (50 mg/kg).

Group 2

Group 3

Group 4

Sample collection and storage

Oral drugs were administered by intra-gastric tube after
establishment of DM-1. At the end of the experimen-
tal period (4 weeks), rats were sacrificed by decapitation
under anesthesia using urethane hydrochloride (1 g/kg) ip
injection. Blood samples were collected from abdominal
aorta, and then centrifuged for 10 min at 5000 rpm. Clear
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serum was obtained and stored at — 80 °C to be used for
the determination of biochemical parameters. One testis
was immersed in Bouin’s fixative and entrenched in paraf-
fin for histopathological and immunohistochemical assess-
ment and the other testis was frozen using liquid nitrogen
and then stored at — 80 °C. Testes were either homogenized
in cold potassium phosphate buffer (0.01 M, pH 7.4) for
use in different biochemical analyses, or processed for RNA
extraction.

Biochemical analysis
Assessment of serum levels of testosterone and glucose

Serum testosterone was assessed using testosterone enzyme-
linked immunosorbent assay (ELISA) kit (Cayman Chemi-
cals., USA). Serum glucose was colorimetrically assessed
using a commercial kit.

Assessment of testicular tissue antioxidant enzymes (SOD
and GSH)

Antioxidant enzymes in testicular tissue was evaluated by
measuring SOD activity and GSH level.

Superoxide dismutase (SOD) activity was chemi-
cally measured as previously described by Marklund and
Marklund in 1974 [17] who reported that one SOD unit
is equal to the percent of enzyme which inhibit pyrogallol
autoxidation by 50%. SOD activity in testicular tissue was
evaluated by spectrophotometry at 420 nm.

Testicular GSH level was measured by spectrophotometry
on the base of the reduction of Ellman’s reagent by thiol
(-SH) groups of GSH to produce a yellow color measured
at412 nm [18].

Assessment of testicular oxidative stress parameters (VDA
and NO)

Testicular Malondialdehyde (MDA) level was biochemically
evaluated by spectrophotometric method which based on the
use of thiobarbituric acid method and the sample absorption
was evaluated at 535 nm [19].

Total nitrite was evaluated in testicular tissue homogenate
depending on the Griess reaction which is based on the inter-
action of nitrite with a blend of naphthylethylenediamine
and sulfanilamide; NO level was measured at 540 nm [20].

ELISA assay

TNF-a, IL-6, HO-1 and p38 MAPK levels in testicular
homogenate were measured using ELISA kits according to
the instructions of the manufacturer. TNF-a ELISA kit was
from Sigma-Aldrich Co. (St. Louis, MO, USA), Catalog No:

E-EL-R0019. IL-6 ELISA kit was purchased from Invitro-
gen ThermoFisher Scientific USA (LOT 192587043). HO-1
ELISA kit from (ELISA Genie Co., Dublin, Ireland), Cata-
log No: SKU: RTFI00859. p38 MAPK ELISA kit purchased
from Assay biotechnology Co. (USA), Catalog No: FLUO-
CBP1641, respectively.

Real-time reverse transcription polymerase chain
reaction (RT-PCR)

Extraction of total RNA from testicular tissue using Ribo-
Zol reagent (Amresco, Solon, USA) in accordance with the
manufacturer instructions was done. 5 ug of total RNA was
used for RT-PCR according to manufacture instructions
(Thermo Scientific Verso sybr green one step qRT-PCR
kits plus ROX Vial, code no AB-4104/A) using primers as
mentioned below in the thermal cycler (Applied Biosyst
7500 fast, Techne (Cambridge) LTD., UK). RT-PCR cycling
parameters were 50 °C at 15 min, 95 °C at 15 min and 40
cycles of denaturation at 95 °C for 15 s, annealing at 60 °C
for 30 s and extension at 72 °C for 30 s. Relative expression
of HO-1, PPARa and p38 MAPK genes were calculated
using the comparative threshold cycle method (Ct). All val-
ues were normalized to the f-actin gene.

The sets of primers used were as follows:

HO-1 primer sequence (5'-3')

Forward primer: 5'-TTAAGCTGGTGATGGCCTCCs-3'

Reverse primer: 5'- GTGGGGCATAGACTGGGTTC-3'

PPARa primer sequence (5'-3')

Forward primer: 5" TCGGCGAACTATTCGGCTG-3’

Reverse primer: 5'-GCACTTGTGAAAACGGCAGT-3'

p38 MAPK primer sequence (5'-3')

Forward primer: 5-TTCCCAGCAGTCCTATCC-3'

Reverse primer: 5'-GTCAGATGGCAAGGGTTC-3'

P-actin primer sequence (5'-3")

Forward: 5'-GTCGTACCACTGGCATTGTG-3'

Reverse: 5'-CAGCATGGTGACCGTAACA-3’

By the use of the formula 2 (— AACt) reported by [21],
the relative expression of each gene was detected. They were
scaled in comparison to controls. The control samples were
settled at a value of 1. So, the sample results were graphed
as the relative expression in comparison to the control.

Histopathological and immunohistochemical
studying

Testes were rapidly fixed in Bouin’s solution for 24 h,
cleaned with xylene, and then prepared by paraffin pro-
cessing then tissue slides 7 pm were cut by Leitz 1512
Microtome. Sections were stained by Hematoxylin and
Eosin stain. Histological findings of the testicular tissue was
assessed by a histologist that was blinded to study treatment.
Olympus light microscope (Olympus, Japan) was used for
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examining and capturing images for the histological and
immunohistochemical sections. Slides were photographed
using an Olympus digital camera. Images were saved as jpg.

In the current study, Cosentino score was used for semi-
quantitation of pathological changes on different seminifer-
ous tubules in the whole groups [22] (Table 1) by grading
the tubules between 1 to 4 and the mean score was calcu-
lated by dividing the totality/the whole number of testicular
tubules. Johnsen’s scoring system was used to evaluate the
effect of DM-1 on the spermatogenesis. The grades ranged
from 1 to 10 and the total scores were calculated by dividing
on the whole number of testicular tubules [23] (Table 2).

Immunostaining was done using the standard method
(avidin biotin peroxidase). Paraffin blocks were cut into
5 pm thick and mounted on positively charged glass slides
for immunostaining with polyclonal rabbits antibody (iNOS
and caspase-3antibody). The sections were incubated with
the primary antibody rabbit polyclonal anticaspase-3 ready-
to use antibody, and anti-iNOS antibody.

The intensity of the staining was evaluated as mild: 1,
moderate: 2, and strong: 3. This evaluation was done in at
least 10 tubuli/ testicular section, in 5 sections from each rat
at 400x [24].

Statistical analysis
Results are presented as the means + SEM and were ana-

lyzed by the use of Kruskal-Wallis test followed by Dunns
multiple comparison test. Graph Pad Prism software

(version 5) was used. Differences with p value < 0.05 were
considered significant.

Results

Effect of FEN on serum levels of glucose
and testosterone, body weight, testicular weight
and mortality rate

Serum glucose level showed a significant increase in dia-
betic group as compared to control group. Diabetic rats
treated with FEN showed a significant decrease in serum
glucose level as compared to diabetic rats. There was no
significant difference in serum glucose level between FEN
and control group (Table 3 and Fig. 1a).

Diabetic rats showed a significant decrease in serum
testosterone level and both body weight and testicular
weight as compared to control group. Diabetic rats treated
with FEN showed a significant improvement in serum tes-
tosterone level and both body weight and testicular weight
as compared to diabetic rats. There was no significant dif-
ference in serum testosterone level and both body weight
and testicular weight between FEN and control group.

Mortality rate of control and FEN groups were 0%.
On the other hand, mortality rates in diabetic and dia-
betic/FEN were 30% and 20%, respectively (Table 3 and
Fig. 1b).

Table 1 Histopathological
grading score (Cosentino score)

Grade

Characteristics

I
il

v

Normal testicular morphology
Few orderly germinal cells with closely crowded seminiferous tubules

Anarchic sloughed germinal cells, with reduction in pyknotic nuclei
size and few distinct seminiferous tubule borders

Closely packed seminiferous tubules and coagulative necrosis

Table 2 Spermatogenesis
grading

Score

Morphological picture

10

— N W A LN X

Normal spermatogenesis

Minimum defect in spermatogenesis with multiple late spermatids,
little disorganized epithelium

Less than 5 spermatozoa/tubule, less late spermatids

No spermatozoa, absent late spermatids, many early spermatids

No spermatozoa, absence of late spermatids with little early spermatids
NO spermatozoa or spermatids, many spermatocytes

NO spermatozoa or spermatids, fewer spermatocytes

Only spermatogonia

Absence of germinal cells, only Sertoli cells

Absence of seminiferous epithelium
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Table 3 Effect of FEN on Body
weight, Testicular weight and

Body weight (g) (final —initial

Testicular weight (g) Johnsen’s score

body weight)
Johnsen’s score
Control 18.38 +2.07 1.46+0.02 10+0.0
FEN 14.88+1.54 1.45+0.01 10+0.0
Diabetic — 15.00+£2.62% 1.20+£0.02* 3.3+04%
Diabetic/FEN 17.63+1.87° 1.42+0.02° 8.6+0.2°
F (df) 60.44 (3) 26.35 (3) 221.4 (3)
p value 0.0002 0.0004 <0.0001

Values are presented as mean+SEM (n=6-8 rats). Results are considered significantly different when

p<0.05

FEN fenofibrate, df degree of freedom

#Significant difference compared to control

®Significant difference compared to diabetic group

Fig. 1 Effect of FEN on A
non-fasting serum glucose o
and testosterone levels. Data o]
are presented as mean + SEM %
(n=6-8); *Significant dif- Cad
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value: <0.0001, F (df): 135.3 S
(3); p value: 0.0004, F (df): § £ 2001
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£ 1004
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Effect of FEN on testicular spermatogenesis scoring

There was a significant decrease in a spermatogenesis in the
testicular tissue of diabetic rats as compared to the control
group using the Johnson’s scoring. While, in rats treated
with FEN there was a significant spermatogenesis improve-
ment as compared to diabetic group. There was no signifi-
cant difference in a spermatogenesis between FEN and con-
trol groups (Table 3).

Effect of FEN on testicular oxidative stress
parameters

Testicular tissue of diabetic rats showed significantly a
higher MDA concentration, lower GSH level and SOD
activity compared with control rats. There was a significant
reduction in testicular MDA level along with significant
increase in GSH level and SOD activity in FEN treated
group as compared with diabetic rats (Table 4).

There was a significant reduction in HO-1 level and a
significant increase in NOx levels in testicular tissue of
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diabetic rats. In diabetic rats treated with FEN; HO-1 level
was significantly increased with attenuation of NOx levels as
compared to diabetic group. There was no significant differ-
ence in testicular oxidative stress parameters between FEN
and control group (Table 4).

Effect of FEN on testicular inflammatory parameters

In diabetic rats, there was a significant increase in testicular
levels of TNF-a, IL-6 and p38 MAPK when compared to
control group. However, the diabetic rats treated with FEN
showed a significant decline in testicular levels of TNF-a,
IL-6 and p38/MAPK as compared to diabetic group. There
was no significant difference in testicular inflammatory
parameters between FEN and control groups (Table 5).

Effect of FEN on testicular mRNA expression
of PPAR-a, HO-1, p38 MAPK

In diabetic rats, mRNA expression of p38/MAPK was
increased significantly in testicular tissue with a significant
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Table 4 Effect of FEN on oxidative stress parameters in testicular tissue

SOD (U/g tissue) MDA (nmol/g tissue) GSH (pmol/g tissue) NOx (nmol/g tissue) HO-1 (ng/ml)
Control 2372+103.2 20.3+3.9 256.5+5.1 21.2+53 1.1+0.1
FEN 2288+147.3 17.3+1.8 259.2+9.4 21.4+25 1.0+0.1
Diabetic 929.5+22.4* 46.3+3.3% 140.1 £13.9* 98.9+4.3* 0.5+0.03*
Diabetic/FEN 2128 +126.2° 26.8+0.6" 199+9.7° 324+5.0° 0.9+0.1°
F (df) 37.29 (3) 23.12 (3) 31.59 (3) 74.50 (3) 25.57 (3)
p value 0.0012 0.0001 <0.0001 0.0003 0.0002

Values are presented as mean + SEM (n=6-8 rats). Results are considered significantly different when p <0.05

SOD super oxide dismutase, GSH reduced glutathione, MDA manoldialdahyde, NOx total nitrite/nitrate, HO-1 hemeoxygenase-1, FEN fenofi-

brate, df degree of freedom
Significant difference compared to control

bSignificant difference compared to diabetic group

Table 5 Effect of FEN on inflammatory parameters in testicular tis-
sue

TNF-a (pg/ml) 1IL-6 (pg/ml) p38/MAPK (pg/ml)
Control 37.8+2.1 47.1+1.6 4752 +191.7
FEN 36.9+1.7 432+3.0 4980+ 168.0
Diabetic 68.2+2.6 722+24% 13,911 +480.7%
Diabetic/FEN ~ 42.8+3.1° 51.7+3.6°  9869+280.9°
F (df) 37.15 (3) 22.91 (3) 204.5 (3)
p value 0.0003 0.0004 <0.0001

Values are presented as mean +SEM (n = 6-8rats). Results are consid-
ered significantly different when p <0.05

TNF-a tumor necrosis factor alpha, IL-6 interlukin-6, p38 MAPK
p38 mitogen-activated protein kinase, FEN fenofibrate, df degree of
freedom

#Significant difference compared to control

bSignificant difference compared to diabetic group

reduction in PPAR-a and HO-1 mRNA expression as com-
pared to control rats. Diabetic group treated with FEN
showed a significant decrease in mRNA expression of
p38/MAPK with a significant increase in PPAR-a and
HO-1 mRNA expression as compared to diabetic group
(Fig. 2a—c). There was a significant increase in testicular
mRNA expression of PPAR-a in FEN group as compared to
control group. There was no significant difference in testicu-
lar mRNA expression of HO-1, p38 MAPK between FEN
and control groups.

Histopathological study of testicular tissue

Hematoxylin and Eosin slides of the control and FEN groups
showed normal morphology of testicular tissue. The semi-
niferous tubules were lined with stratified testicular epithe-
lium rested on basement membranes. The interstitial tissues
contained groups of Leydig cells (Fig. 3a, b). While sections
from the diabetic group, Some tubules showed disruption of
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epithelium with disorganized germ cells, other showed tes-
ticular atrophy with absent of spermatogenesis and conges-
tion of blood vessels (Fig. 3c1, c2). In FEN treated group, an
obvious recovery of the all previous morphological findings
was present (Fig. 3d). These results were in line with the
improvement of the histopathological finding of Cosentino’s
scoring (Fig. 3e).

Immunohistopathological study of iNOS
and caspase-3 in testicular tissue

For iNOS immunohistopathological study of control and
FEN groups, negative cytoplasmic immunoreactions in
interstitial and germ cells were found. Section from dia-
betic rats showed an intense cytoplasmic reaction in inter-
stitial cells which had been significantly ameliorated in FEN
treated group (Fig. 4).

Immunohistopathological examination of both the control
and FEN groups revealed nearly negative caspase-3 immu-
noreactivity in the germinal cell cytoplasm. However, in
diabetic group, extensive positive cytoplasmic expression
of caspase-3 was found in germ cells. In contrast, the FEN
treated rats exhibited a little cytoplasmic reaction in the
germ cells compared to diabetic rats (Fig. 5).

Discussion

DM is one of the most important public health problems,
with a yearly increased in DM-1 patients. In 2017, the Inter-
national Diabetes Federation’s eighth edition of the Diabe-
tes Map showed there was about 1.1 millon young DM-1
patients (< 20 years) around the world, which were twice as
many as that of 2015 [2].

Results of the current study had demonstrated different
forms of testicular injury in STZ-induced DM-1, mani-
fested by the alteration in blood glucose, body weight,
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high mortality rate, testicular inflammation, oxidative
damage, and testicular cells apoptosis which was proved
biochemically and confirmed by histopathological exami-
nation reflecting that the DM-1 model was successfully
established. FEN treatment reversed the diabetic testicu-
lar damage; normalized the serum testosterone level,
improved anti-oxidative capacity, ameliorated the pro-
inflammatory cytokine expression in testicular tissue with
the down regulation of p38 MAPK mediated-testicular
apoptosis.

As testicular structural and functional deterioration is a
critical complication in diabetic male patient which leads to
fertility impairment in adulthood [25], Therefore, the devel-
opment of appropriate strategies to prevent the testicular
germ cells loss and restore the integrity of testicular tissue
structures will present a fundamental approach to preserve
or improve the fertility of adult male patients.

In this study, the classical method of ip injection of STZ;
a genotoxic agent, was used to establish DM-1 rat model; ip
injection of STZ enters the pancreatic f-cells, disrupts the
balance between antioxidant and oxidant systems damaging
the insulin-producing islet $-cells leading to hyperglycemia
and a significant decrease in insulin secretion within 48 after
its injection [26].

Testicular tissue contain a highly proliferating cells;
sperm cell is the most differentiated mammalian cell which
needs an undue amount of glucose for their metabolism and
their spermatogenic function, DM-1 complication with an
expanding oxidative damage and sustained inflammation,
testicular dysfunction with altered steroidogenesis and sper-
matogenesis for sure will occur [27].

In the current study, STZ-induced diabetic rats, revealed
an increase in serum glucose level with decrease in both
body and testicular weights with an obvious reduction in
serum testosterone level in comparison to control animals
matching with a previous result of Heeba and Hamza [28].

Low testosterone level in diabetic rats could be assigned
to the high estradiol concentrations derived from testoster-
one metabolism by aromatase enzyme in hypertrophied adi-
pose tissue which suppresses luteinizing hormone release
from the pituitary gland leading to a lower plasma testos-
terone level [1], and in addition, it has been reported that
hyperglycemia caused sustained Leydig cells dysfunction
with inhibition in testosterone production [28].

Matching with other previous studies [29-31], diabetic
testicular damage in the current work was accompanied by
enhanced lipid peroxidation product; MDA, and depletion of
antioxidant defenses involving GSH content, SOD activity
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Fig.3 Photomicrographs of testicular sections of control and FEN
groups (a, b), respectively, showing normal structure of the seminif-
erous tubules with normal spermatogenesis (Circle: spermatocytes,
arrow: elongated spermatids, triangle: leydig cells). In diabetic tes-
ticular sections (cl, ¢2) there was disruption of the epithelial lining
(arrow), distorted seminiferous tubules lined by disorganized darkly
stained epithelium, congested blood vessels (star) with absent of

Gl

Fig.4 Photomicrographs of sections of rat testis from control and
FEN groups (a, b), respectively, showing negative iNOS immunore-
activity in the germinal cell cytoplasm. In diabetic testicular group
(c), an extensive cytoplasmic reaction in interstitial cells (arrows) was

@ Springer

spermatogenesis only spermatogonia is present (arrow). FEN treated
group (d) shows more or less normal testicular structure; appar-
ent normal germinal cells with normal seminiferous tubules. H and
Ex200. **Significant difference from control group and diabetic
group, respectively. FEN fenofibrate; p value: 0.0356, F (df): 20.33
3

% OF iNOS immunopositive cells

present. FEN treated group (d) showing little cytoplasmic expression
in the interstitial and germinal cells. Immunostaining iNOS x400.
abSignificant difference from control group and diabetic group,
respectively. FEN fenofibrate; p value: <0.0001, F(df): 32.77 (3)
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Fig.5 Photomicrographs of sections of rat testis from control and
FEN groups (a, b), respectively, showing negative caspase-3 immu-
noreactivity in the germinal cell cytoplasm. In diabetic testicular
group (c), an intense cytoplasmic reaction in interstitial cells and
germinal cells (arrows) was present. FEN treated group (d) show-

and HO-1level in testicular tissues. These results can be
based on that mammalian sperm cells have high levels of
lipids and unsaturated fatty acids [32] and in DM-1, glu-
cose autoxidation can produce lipid peroxidation, leading
to free radicals formation and lipid oxidative modification
with consumption of the natural antioxidants, producing a
state of oxidative stress [33].

Thus, attenuation of ROS is important for the treatment
of reproductive damage in diabetic patients. The pivotal role
of inflammation is well clarified in diabetic testicular com-
plications, as overexpression of inflammatory cytokines can
significantly inhibit the testosterone synthesis and suppress
the spermatogonial differentiation with gonadal dysfunction
especially the steroidogenic potential of Leydig cells [34].

In the present study there is a high testicular level of dif-
ferent cytokines, including IL-6 and TNF-a which will pro-
mote an inflammatory responses and create a state of severe
oxidative stress, these results in agreement with Rashid
and Sil [35]. In addition, we revealed an over production of
testicular tissue level of NO as a result of up regulation of
iNOS expression in Sertoli cells and Leydig cells which was
also proved in our study by immunohistopathological study
matching with previous reported results [36, 37].

The biologically active NO and the pro-inflammatory
mediators mediate the assorted reproductive dysfunction by
motivating testicular damage with considerable germ cells
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ing little cytoplasmic expression in the interstitial and germinal
cells. Immunostaining caspase-3 x 400. “"Significant difference from
control group and diabetic group, respectively. FEN fenofibrate; p
value: <0.0001, F(df): 27.69 (3)

loss, testicular atrophy and apoptosis, exploring there is a
cross links between inflammation, oxidative stress, sperm
cell apoptosis and testicular injury [38]. p38 MAPK signal-
ing plays a key role in various cellular events and is involved
in multiple different male reproductive processes, In DM-
1-induced testicular dysfunction, increased intracellular
ROS can activate p38 MAPK which plays an important role
in the induction of testicular apoptosis [35, 39].

In the present study there is a significant increase in p38
MAPK testicular level along with a significant increase in
caspase-3 immunoexpression matching with Vera et al. [40]
who reported that germ cell apoptosis was induced after
GnRH antagonist treatment through p38MAPKactivation,
followed by caspase activation. In the present study, there
are histopathological modalities in testis of diabetic rats in
the form of germinal cell derangement; atrophy with necro-
sis which is significantly different from the control group
in accordance with the used Cosentino’s score. Moreover,
the spermatogenesis process was significantly suppressed
in comparison to the control group by the use of Johnsen’s
score which confirmed the structural damage. These results
match with previously published results [3].

FEN; the most widely used PPARa agonist, which has
a highly efficient lipid-lowering effect, and afforded a pro-
tective effects in different animal models including STZ
induced-DM-1, acts independent on its effect on plasma
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lipid profile but via its anti-inflammatory, antioxidant and
anti-apoptotic properties [41].

In the current study diabetic rats treated with FEN had
a significant higher body and testicular weight than control
group level along with a decrease in fasting blood glucose
and a decrease in mortality rate, these results were accom-
panied by restoration of the normal histopathological pat-
terns of testicular tissue and the spermatogenesis process as
compared to diabetic non-treated group and these results are
in consistent with previous study [4].

Finding of our study can be based upon its ability to
preserve the testicular tissue against DM-1 induced tissue
damage, in contrast to another study which reported that
FEN may reduce the body weight, which was assigned
to decrease the fat accumulation in subcutaneous tissue
through inhibition of STAT3 signaling which plays a key
role in body weight regulation and glucose homeostasis [42].
The improvement of testicular weight loss in FEN group
may be due to the improvement in insulin resistance through
PPAR-a dependent pathway which improved the testicular
metabolic pattern [43].

In the present study diabetic rats treated with FEN sig-
nificantly increased serum testosterone level in pointing to
the beneficial effects on steroidogenesis and Leydig cell
functions matching with others [4]. Additionally, diabetic
rats treated with FEN provide antioxidant effect which can
be demonstrated through a significant increase in testicular
levels of GSH and HO-1 and SOD activities along with a
significant decrease in MDA and NO levels via its protective
effect against membrane lipid peroxidation and nitric oxide
formation via PPAR« agonist dependent effect. These find-
ing are in line with previous studies [44, 45].

In the current study, It is worthy to note that FEN admin-
istration alone or in diabetic rats was associated with a sig-
nificant up-regulation in PPAR« receptor gene expression
in testicular tissue as compared to control or diabetic non-
treated group, via its PPAR« agonistic effect. These finding
are in line with previous study proved that FEN improved
testicular damage in rats testicular ischemia reperfusion via
its agonistic action and upregulation of PPAR« receptor [4].

FEN also suppress iNOS immunoexpression; a well-
known biological marker of inflammatory responses, and
p38 MAPK activation in testicular tissue, exerting anti-
inflammatory action; proved by a significant inhibition of
cytokine production; IL-6 and TNF-a, these results were in
line with other previous results [4, 46, 47].

FEN also was able to inhibit the activation of p38 MAPK
in testicular tissue resulting in reduction of testicular tis-
sue caspase-3 immunoexpressions which indicates the anti-
apoptotic effect of FEN on diabetes-induced germ cell death
in line with Thongnuanjan et al. [48] who reported that
cisplatin-induced apoptosis was attenuated by co-treatment
with FEN and Refaie [4] who mentioned that FEN had the

@ Springer

ability to ameliorate the testicular damage induced by tes-
ticular ischemia reperfusion injury via its anti-apoptotic
effect. Results of our study proved that FEN has a beneficial
and a promising effect in attenuating STZ-induced diabetic
testicular damage in rats.

Conclusions

Results of the current study proved that FEN ameliorates
STZ-induced DM-1 testicular damage in rats, its potential
protective effect was attributed to various mechanisms as
up regulation of PPARa receptor, anti-inflammatory, anti-
oxidant and anti-apoptotic action, mediated via up regula-
tion of HO-1, down regulation of iNOS signaling pathways,
and down regulation of p38 MAPK. These findings indicate
the promising beneficial role of FEN in STZ-induced DM-1
testicular damage.

Limitation of our study

Of note, further immunocytochemical studies of the testicu-
lar cells basement membrane components are required to
verify the possible variations in different mammalian species
during development.
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