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Filgrastim is a recombinant protein used in treatment neutropenia caused by myelosuppressive medica-
tions for patients with non-myeloid cancer. However, its effect in male fertility is not clear. So, the current
work aims to clarify the effect of Filgrastim on the reproductive state in Wistar rats. Eighteen (18) male
Wistar rats were divided into three groups (6/each). Group (I) where the rats were injected with 0.5 ml/
kg/day of distilled water and served as Control Group. The Group (II) animals received intraperitoneal
injection of therapeutic dose of 30.83 mcg/kg/day of Filgrastim for one week. The Group (III) rats received
the same dose by the same route of Filgrastim for two weeks. Sera of blood samples were processed for
serum follicle stimulating hormone (FSH), luteinizing hormone (LH), testosterone (TS). Semen analysis
and resazurine reduction test (RRT) were performed. Assaying for malondialdehyde (MDA), glutathione
(GSH), superoxide dismutase (SOD), catalase (CAT) was done. The testes were retrieved for histopatholog-
ical and immunohistochemical studies for caspase-3 detection. Our results revealed that filgrastim affects
sperm morphology, significantly decreased the RRT and the reproductive hormones level, elevated the
oxidative stress status and induced several histopathological changes in testes with an increased in
immunoexpression of caspase-3 in testes tissues. The results of this work demonstrated that
Filgrastim may had a deleterious effect on male fertility.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Granulocyte colony-stimulating factor (G-CSF) is a hematopoi-
etic glycoprotein predominantly secreted by stromal, endothelial
cells, macrophages, fibroblast and monocytes. It is highly com-
bined with G-CSF receptors. It induces the proliferation and differ-
entiation of cells in the granulocyte origin (Crobu et al., 2014).

Exogenous G-CSF is used for patients with acute myelogenous
leukemia, solid and hematologic malignancies and bone marrow/
peripheral stem cell transplantation after chemotherapy so as to
increase the rate of neutrophil recovery. In spite of the common
use of G-CSF, the risk of undesirable effect has to be thought out
in the use of such medication (Liongue et al., 2009).

Previous studies on G-CSF associated adverse effects with
healthy persons and persons with chronic neutropenia, cancer,
splenic rupture flares of underlying autoimmune disorders, bone
pain, vascular events and lung injury. G-CSF administration may
cause some complications for the healthy individuals, such as sple-
nic rupture and acute myeloid leukemia from one to five years
(D’Souza et al., 2008).

Filgrastim or recombinant Met-G-CSF is a single chain protein
composed of 175 amino acids and two disulfide bonds. It is one
of the three G-CSF currently used to decrease the frequency of feb-
ril neutropenia (FN) when used as prophylaxis after chemotherapy
(Cooper et al., 2011).

The human life is affected by several factors like reproductive,
maternal health and fetal and child health as well (Shishehgar
et al., 2014). Thus, reproductive health has recently helped change
the areas researchers are interested in. Infertility is the inability to
give birth to a baby after one year or more of regulars exist mating
and it is considered a fundamental defect of the venereal system
(Hafeez et al., 2011). It is very hard to define the causes of male
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infertility due to cultural restrictions. A number of conditions lead-
ing to reproductive dysfunction including varicocele, accessory
gland inflammation, immunological factors, malignancies, genetic
abnormalities, endocrine disturbances, and congenital deformation
that have been reported. But unknown causes scored about 30–40%
of male infertility (Benbella et al., 2018). Environmental causes,
like occupation and other several chemical agents, such as
organophosphate compound, pollutants, manufacturing output
and medication, may have a role in investigating the male infertil-
ity reasons. Numerous studies have evaluated and recorded the
effects of medications on male reproductive system. The adminis-
tration of drugs at specific dose for a particular period of time can
cause infertility by affecting sperm count, movement ability and
external shape, endocrine system, and the different types of cells
inside the seminiferous tubules.

The present study mainly focuses on the potential effect of Fil-
grastim on the testicular and spermatogenic processes that are
essential for reproductive success in male Wistar rats.

2. Materials and methods

2.1. Drug

Granulocyte-colony stimulating factor (G-CSF) with the trade
name Filgrastim was purchased from (Sidco Company, Egypt).

2.2. Animals

Adult male rats belonging to albino strains weighing (180 ± 20)
gm were used in the current study. The rats were brought from a
closed and randomly bred colony maintained in the animal house
of Zoology Department, Cairo University. The experiment protocol
was approved by the Cairo University Ethical Commission for Ani-
mal Experiments (CU/I/F/78/18). The animals were preserved in
ideal experimental conditions; fair time of lightness and darkness
at 23 �C and were provided with normal rat food and water
ad libitum.

2.3. Experimental design

18 Wistar rats were organized into three groups (n = 6). The
Group (I) rats were injected with 0.5 ml/kg/day of distilled water
as the Control Group that subdivided into two subgroups (n = 3/
each), subgroup IA will be keep for 1 week and subgroup IB will
be last for 2 weeks. The Group (II) animals received intraperitoneal
injection of Therapeutic dose 30.83 mcg/kg/day of Filgrastim for
one week (T1). The Group (III) animals received the same dose
by the same route of Filgrastim for two weeks (T2). The animal
dosage, suit to the Human Equivalent dose (HED) according to
Nair and Jacob (2016) during one to two weeks, depend on
(Advani et al., 2010). At the end of the experiment, all the rats were
euthanized, dissected to expose testes, epididymis, and seminal
vesicles of both sides, washed with PBS, dried and weighted.

2.4. Semen collection

The cauda epididymis was removed and kept in a disinfected
glass plate. 2 ml physiological saline was then added and minced
by using sterilized scissor and incubated for 10 min to allow sperm
to swim out of the epididymal tubules (Najafi et al., 2016).

2.5. Sperm morphology screening

Morphology abnormalities were recorded by eosin/nigrosine
stained smears. A small micro-liter (10 ml) of semen was put on
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glass slide and stained with 15 ml of 5% aqueous bluish eosin solu-
tion and a drop of nigrosine by precisely blending the semen with
stains. A semen smear was made, put on microscopic stag, and
examined using higher magnification (400x). We prepared 6 slides
per each group and one hundred sperms were examined in each
slide (Filler, 1993).

2.6. Semen quality test

Resazurin reduction (RRT) was performed using the method of
Reddy and Bordekar (1999) which depends on the ability of
metabolically active spermatozoa to reduce the resazurin dye
(blue) with maximum absorption at 615 nm, and resorufin (pink)
with maximum absorption 580 nm. The ratio of the optical densi-
ties reduced to oxidized form (i.e. 580 nm to 615 nm) can be used
to evaluate the various grades of semen sample. The highest corre-
lation of RRT ratio was observed with sperm motility, count,
morphology.

2.7. Hormones profile

Blood samples were collected by heart puncture from the rats in
all groups in clean tube having EDTA, centrifuged at 3000 rpm for
15 min to get sera and then were kept at �20 �C for hormones
analysis. Quantitative determination of Testosterone (T), follicle-
stimulating hormone (FSH) and luteinizing hormone (LH) level
were determined employing enzyme-linked immunosorbent assay
immunodiagnostic reagents and ELISA kits specific for rats with CV
(%) = SD/meanX100, Intra-Assay: CV < 10%, Inter-Assay: CV < 12%,
FSH Assay range 0.5 IU/ 0.1 IU/L, LH Assay range 7 IU/LL �10 IU/L, T
Assay range 0.1 ng/ml �3.8 ng/ml, sensitivity 0.1 IU/L for FSH & LH
and sensitivity 0.01 ng/mlfor T (SunLong Biotech Co., LTD).

2.8. Oxidative stress markers:

The left testis of each rat in all groups was removed and kept in
clean Eppendorf tube at �20 �C for biochemical investigation using
reagent kits obtained from Bio Diagnostic (Egypt).

For tissue homogenate preparation, freeze testes homogenized
in PBS (1:10 ml) by using blending apparatus. The suspension
was centrifuged at 12,000 rpm for 20 min, and the liquid lying
above a solid residue was used for assay of MDA using method of
Satoh (1978), GSH according to Beutler et al. (1963), CAT as
described by Aebi (1984) and SOD employing the method of
Zhang et al., (2017).

2.9. Histopathological studies

The right testis was taken, fixed in 10% neutral buffered forma-
lin solution, put in serial dilution of ethanolic solutions to remove
water, transferred into xylene and then fixed firmly and deeply in
paraffin wax, cut into slices using microtome knife at 5 mm thick-
ness, and stained with H&E for histological examination (Kiernan
and Horobin, 2009).

2.10. Immunohistochemical staining

Caspase- 3 Antibody was used to detect apoptotic cells (Sun
et al., 2014). Immunohistochemical stain was performed on paraf-
fin embedded sections. These specimens were irrigated with PBS
twice for 5 min each. The paraffin sections were put in 3% hydro-
gen peroxidase in methanol, preserved with a blocking solution
for 7 min at room temperature in a moist container and then kept
with caspase-3. Rabbit polyclonal caspase 3 with dilution was used
(dilution 1:500) (CPP32) Ab-4 IgG (RB-1197-R7, Thermo Fisher Sci-
entific; Fremont, USA) antibody at +4 �C overnight, conserved with
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secondary antibody using HRP Envision kit (Dako, Denmark) for
twenty minutes, and then incubated with diaminobenzidine for
ten minutes. Counterstaining was done by Mayer’s hematoxylin,
followed by dehydration and clearing in xylene.

2.11. Morphometric study

We have examined 3 slides per each group using Leica Qwin
500 LTD (Cambridge UK) computer assisted image analysis (image
pro-plus 5.0 software), calculation of mean area % and mean opti-
cal density of caspase-3 immunoexpression (IE) in 10 high power
fields (HPF) using an interactive measurements menu in immunos-
tained sections.

2.12. Statistical analysis

The collected data were presented as the mean ± standard error
means (SEM). The relationships between different sets of data were
examined by performing analysis of variance (ANOVA), Tukey’s
honest significance test, and post hoc analysis. Significance was
set at probability P < 0.05 using IBM SPSS version 22 software
package (SPSS, IBM, Chicago, IL, USA).

3. Results

3.1. Effect of Filgratism on weights of reproductive organs

The obtained results indicate insignificant differences with
slight increment in the absolute and relative right testicular
weights, while the absolute weight of left testis from T2 showed
a significant reduction in relationship with control. The treatment
for one week caused a significant rise in absolute and relative
weight of right epididymis related with Control and T2 Groups,
although T2 revealed insignificant lessening in right epididymal
weight competed with Control Group. As well as, there are signif-
icant increase in relative weight of left epididymis when matched
with Control and T2 Groups. On the other hand, the both sides of
seminal vesicles recorded insignificant raise of absolute and rela-
tive weight following treatment with Filgrastim with the two
respective doses compared to the Control Group (Table 1).

3.2. Sperm morphology

The morphological analysis of semen samples revealed a signif-
icant (P < 0.05) lower of spermatozoa with normal morphology in
the two treated groups compared with the Control Group (Table 2).
The Filgrastim administration induced a significant incident of
Table 1
Filgrastim on the reproductive organ weight.

Groups Contro
Parameters

Absolute right testis weight (g) 1.38 ±
Relative right testis weight % 0.47 ±
Absolute left testis weight (g) 1.42 ±
Relative left testis weight % 0.48 ±
Absolute right epididymis weight (g) 0.1580
Relative right epididymis weight % 0.05 ±
Absolute left epididymis weight (g) 0.16 ±
Relative left epididymis weight % 0.05 ±
Absolute right seminal vesicle weight (g) 0.3430
Relative right seminal vesicle weight % 0.11 ±
Absolute left seminal vesicle weight (g) 0.34 ±
Relative left seminal vesicle weight % 0.13 ±

Each value represents the mean and SME. One-way analysis of
statistically significant different; (a) significant compared to con
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sperm shape abnormalities head less sperm, bent and twisted tail,
tail less sperm and abnormal head appears without hook (Fig. 1).
There was a significant difference between two treated groups in
all values of sperm abnormalities. Estimation of the semen quality
test showed a significant inhibition in the resazurin reduction
(RRT) ratio of two treated groups when compared with the
untreated group (Table 3) also, in-between two treated groups
there was a significant change of RRT value.

3.3. Effects of Filgrastim on sexual hormones

Filgrastim significantly decreased the serum T levels in both
treated groups compared with the Control Group (p < 0.05). The
level of serum FSH and LH were significantly higher in Filgrastim
treated groups compared with the Control Group (p < 0.05) more-
over, group III (T2) revealed a significant change in all hormones
level when compared with group II (T1) (Table 3).

3.4. Oxidative stress

The levels of GSH and CAT were significantly decreased in trea-
ted groups compared with Control Group. SOD activity increased in
the group II (T1) but significantly reduced in the group III (T2) as
compared with the Control Group. The G-CSF-exposed groups
showed a significant rise in MDA as compared to the Control Group
which indicated an increase in lipid peroxidation in sperm mem-
brane furthermore, the treatment for two weeks presented a signif-
icant variance in all ROS markers activities in comparison with the
other treated group (Table 4).

3.5. Histopathology

The testis of normal rats was characterized by several rounded,
well organized seminiferous tubules with regular basement mem-
brane lined by germinal epithelium (germinal cells and Sertoli
cells). Germinal cells comprise spermatogonium, spermatocytes,
spermatid and spermatozoa with lumen filled with sperms. The
interstitial tissue in-between tubules contain Leydig cells and
blood vessels (Fig. 2a, b). Histological findings of testicular tissues
from the one week treated group revealed moderate to severe
pathological changes, where subscapular blood vessels showed
congestion and dilation with fibrotic changes in capsule. Some
tubules appeared with partial loss of germ cells and irregularity
in basement membrane in addition to lack of interstitial tissues.
Apoptotic changes in different types of germinal cells in many
tubules were observed (Fig. 2c, d). Marked histopathological alter-
ation was detected in testicular tissues from the two weeks treated
l T1 T2

0.14 1.3 ± 0.04 1.21 ± 0.06
0.07 0.49 ± 0.01 0.50 ± 0.03
0.14 1.33 ± 0.03 1.25 ± 0.04a

0.08 0.51 ± 0.01 0.51 ± 0.02
.00 0.21 ± 0.01a,b 0.15 ± 0.00b

0.00 0.08 ± 0.00a,b 0.06 ± 0.00b

0.01 0.22 ± 0.01 0.13 ± 0.01b

0.00 0.08 ± 0.00a,b 0.06 ± 0.00b

.03 0.37 ± 0.03 0.36 ± 0.04
0.01 0.14 ± 0.01 0.14 ± 0.01
0.02 0.37 ± 0.02 0.36 ± 0.04
0.01 0.14 ± 0.01 0.14 ± 0.01

variance (ANOVA) followed by Tukey’s test, the p � 0.05
trol, (b) significant compared between treated groups.



Table 2
Effect of Filgrastim on the sperm morphology.

Groups Sperms without head Sperms without tail Convoluted tail Abnormal head

Control 1.66 ± 0.210 0 ± 0 2.33 ± 0.210 0.66 ± 0.210
T1 10.5 ± 0.763a,b 27.67 ± 2.04a,b 28.33 ± 0.760a,b 10.33 ± 0.760a,b

T2 19 ± 0.577a,b 23.33 ± 0.95a,b 25.33 ± 0.881a,b 8.33 ± 0.666a,b

Each value represents the mean and SME. One-way analysis of variance (ANOVA) followed by Tukey’s test, the p < 0.05 statistically significant different; (a) significant
compared to control, (b) significant compared between treated groups.

Fig. 1. Microphotographs demonstrating morphologically normal sperm and various sperm defects. (a): Control with normal sperm morphology. (b&c): one week treated
group (T1) group, bent tail (black arrow) and Headless tail (red arrow). (d-f): two weeks treated group (T2), heads without tails (green arrow), head without hook (blue
arrow), Pairing phenomenon (orange arrow) and bent tail (yellow arrow). (Scale bar 2 mm, x:400).

Table 3
Showing the effect of Filgrastim on the reproductive hormones profile.

Groups Control T1 T2
Parameters

LH (mIU/ml) 4.57 ± 0.116 10.57 ± 0.42a,b 19.5 ± 1.0a,b

FSH (mIU/ml) 5.07 ± 0.08 8.37 ± 0.26a,b 12.85 ± 0.47a,b

T (ng/ml) 4.20 ± 0.12 2.10 ± 0.07a,b 1.20 ± 0.04a,b

Semen Quality test (RRT) 1.85 ± 0.12 1.58 ± 0.11a,b 1.26 ± 0.09a,b

Each value represents the mean and SME. One-way analysis of variance (ANOVA)
followed by Tukey’s test, the p < 0.05 statistically significant different; (a) signifi-
cant compared to control, (b) significant compared between treated groups.

Table 4
Showing the effect of Filgrastim on the Redox state.

Groups Control T1 T2
Parameters

GSH (mg/g. tissue) 63.88 ± 7.02 37.38 ± 6.02a,b 7.44 ± 1.29a,b

CAT (u/g. tissue) 2.22 ± 0.11 1.36 ± 0.11a,b 0.716 ± 0.14a,b

SOD (u/g. tissue) 867.5 ± 21.7 915.5 ± 13.8b 646.9 ± 74.7a,b

MDA (nmol/g. tissue) 31.7 ± 5.1 41.9 ± 5.0a,b 47.26 ± 1.1a,b

Each value represents the mean and SME. One-way analysis of variance (ANOVA)
followed by Tukey’s test, the p < 0.05 statistically significant different; (a) signifi-
cant compared to control, (b) significant compared between treated groups.
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group, where all pathological alterations of the pervious group
were pronounced in addition to obvious deformed, disorganized,
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atrophied tubules, severe loss of normal histoarchitecure. Com-
plete loss of interstitial tissues, sperm deficiency, dilated
intratubular blood vessels, notable apoptotic changes with marked
depletion in germ cells were seen with detachment of basement
membrane and intracellular vacuoles between germ cells
(Fig. 2e, i).
3.6. Immunohistochemical

Immunoreactivity of caspase-3 in the testicular tissue was
slightly observed in the Control Group (Fig. 3a, b). In contrast, mod-
erate immunohistochemical caspase-3 expression was apparent in
the one week treated group (T1) (Fig. 3c, d), and moderate to sev-
ere immunoexpression of caspase �3 was observed in the two
weeks treated group (T2) (Fig. 3e, f).

The mean area % and mean optical density of caspase-3 immu-
noexpression were raised significantly response to the Filgrastim
administration in comparison with the Control Group likewise,
both treated groups displayed a significant change in mean area
% and MOD when compared with each other (Table 5).
4. Discussion

The current study was intended to determine the effect of
Fligrastim on reproductive parameters of male Wistar rats. The
sperm morphology in both treated groups, compared to the Con-



Fig. 2. Photomicrographs of testicular tissues H&E. (a) from control group. a: showing seminiferous tubules (thick arrow), interstitial tissues (arrow head), spermatozoa (S),
germinal cells (thin arrow). (b-d) from one week treated group (T1) (b): showing congested dilated blood subscapular vessel (arrow), fibrotic capsule (arrow head). (c): lack of
interstitial tissues (arrow head), irregularity and detachment of basement membrane (arrow). (d): showing moderate apoptotic changes in different types of germ cells
(arrow), depletion of germ cells (arrow head). (e–i) from two weeks treated group (T2). (e): showing congested dilated intratubular blood vessel (arrow head), disorganized,
deformed tubules (arrow). (f): showing apoptotic changes in germinal cells (arrow). (g): intracellular vacuoles between germinal cells (arrow). (h): showing loss of interstitial
tissues (arrow head), loss of germ cells (arrow). (i): showing sperm deficiency (arrow head), atrophied tubules (arrow). (Scale bar a, c, e, g 10 mm, x: 100) (Scale bar b, d, f, h
5 mm, x:200).

Sara Mohamed Saber, Nouf Bader Alduweesh, Heba Ali Abd El-Rahman et al. Saudi Journal of Biological Sciences 28 (2021) 2558–2565
trol Group, were significantly influenced. Several authors have
recorded relapsing sperm morphology with elevated leukocyte
concentration (Eggert-Kruse et al., 1992; Yanushpolsky et al.
1996). However, Fedder et al (1993) stated that the increasing
number of leukocytes had no significant relation with sperm mor-
phology abnormality. Smith et al (1990) listed sperm destruction
related to sperm fragments within digestive vacuoles of phagocytic
cells. Studies have proposed that there is no relation between the
raise of anomalies in spermatozoa morphology and the increment
in leukocytes (Keissling et al. 1995).

The current work has shown a significant reduction in the resa-
zurin reduction test (RRT) ratio. El-Battawy and El-Nattat (2013)
showed that the highest RRT ratio was manifested with sperm
motility, count, morphology and viability. The resazurin reduction
test supports the identification of metabolically efficient spermato-
zoa (Zalata et al. 1998). It has been used in semen evaluations in
humans (Mahmoud et al. 1994; Reddy and Bordekar 1999; Zalata
et al. 1998), bulls (Dart et al. 1994), rams (Wang et al. 1998), stal-
lions (Carter et al. 1998), and boars (Zrimsek et al. 2004).

Mahmoud et al (1994) found significant correlations between
RRT results and sperm cell concentrations, such as concentrations
of motile spermatozoa. In the study performed by Reddy and Bor-
dekar, it was found that the RRT ratio of human semen was signif-
icantly correlated with the percentage of motile sperm cells (Reddy
and Bordekar 1999). The previous articles concluded that the eval-
uation of RRT results may provide more accurate information on
the quality of semen (Strze _zek et al. 2013). In the present study,
the reduction in weight of both left and right epididymis was
noticed with the two weeks Filgrastim treatment which was
explained by decrease in sperm reserve.

There are links between ROS and sperm motility reduction, may
be due to a sequence of proceedings that cause quick reduction of
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intracellular ATP and eventually lead to axonemal injure and
sperm immobilization (de Lamirande and Gagnon, 1995; Bansal
and Bilaspuri, 2010; Agarwal et al., 2014). Our investigation also
revealed that exposure to Filgrastim decreased testosterone level,
indicating interference with steroidogenesis.

Sperm functions as capacitation needing little amount of reac-
tive oxygen species (ROS) formation. However, the imbalance
between ROS and antioxidant defense system led to higher produc-
tion of ROS in the male reproductive system that caused sperm
dysfunction and affected the sperms number and motility. Thus,
the seminal ROS level can be used as an indicator for male infertil-
ity (Agarwal et al., 2006; Muratoğlu et al., 2018). In the current
study, suppression in the testosterone concentrations was
observed in the Filgrastim-treated rats in comparison with the
Control Group and this disagrees with Aponte et al. (2019) that
reported that the level of testosterone level was unaltered in Gui-
nea pig and increased in ram lambs after administration with G-
CSF. FSH and LH level in the two treated groups were significantly
higher than in the Control Group. A study by Aponte et al. (2019)
reported the elevation of LH level and unchangeable of FSH level
in guinea pig while both FSH and LH are increment in ram lambs.

The abnormal oxidative stress manifested in our study subjects
may be due to the fact that Filgrastim induces a transient inflam-
matory status described by circulating activated poly-
morphonuclear neutrophil granulocyte (PMN), which releases
ROS consistent with (Cella et al., 2006). It is apparent that oxidative
stress is a primary cause in the pathogenesis of chronic inflamma-
tion (Zuo et al., 2019). Concerning the nucleophilic and reducing
properties of glutathione, it has a main role in the defense mecha-
nisms of cellular antioxidant and acts as a substrate for glutathione
peroxidase (Guarnieri et al., 1980). The reduction in GSH increases
ROS activity in various tissues (Jackson and Bushell, 1999). In the



Fig. 3. Photomicrographs of testicular tissues caspase-3 immunostaining. (a, b) from control group. (a): showing weak caspase 3 + ve IE (*) among some interstitial cells and
few germ cells. (b): showing weak caspase 3 + ve IE (*) in few 1ry spermatocytes. (c, d) from one week treated group (T1). (c): showing mild to moderate caspase 3 + ve (*)
among interstitial tissue. (d): showing moderate caspase 3 + ve (*) in spermatogenic cells. (e,f): from two week treated group (T 2).(e): showing sever caspase 3 + ve (*) among
whole an atypical tubule (^). (f): showing moderate to severe caspase in 3 + ve (*) (IE) multiple in spermatogenic cells. (Scale bar a, c, e 10 mm, x: 100) (Scale bar b, d, f, 2 mm,
x:400).

Table 5
Showing mean area % and Mean optical density (MOD) of caspase3
immunoexpression.

Groups Control T1 T2
Parameters

Mean area % 1.9 ± 0.078 7.52 ± 0.1212a,b 13.78 ± 0.122a,b

MOD 0.19 ± 0.013 0.48 ± 0.0125a,b 0.81 ± 0.013a,b

Each value represents the mean and SME. One-way analysis of variance (ANOVA)
followed by Tukey’s test, the p < 0.05 statistically significant different; (a) signifi-
cant compared to control, (b) significant compared between treated groups.
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treated samples under investigation, it showed a significant
decrease in intracellular GSH concentration that ticked the occur-
rence of this reactive species. SOD is a metallic protein located
inside the cell that converts superoxide anion into H2O2 and O2,
and therefore removing free radicals. Thus, the elevation in the
output of superoxide radical stimulates SOD (Röth et al., 1998).
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Subsequently, we considered the significant change in SOD activity
in both treated groups due to the greater amount of O2-radical aris-
ing from either stimulated PMN or due to H2O2 and OH reaction,
that also outcomes in superoxide radicals (Halliwell and
Gutteridge, 1990).

In our study, there is significant increment in MDA in the two
treated groups compared with the Control Group. Sperm plasma
membrane is rich in polyunsaturated fatty acid PUFA and plays a
great role in membrane performance and constitution. PUFA is also
one of the prime targets in the lipid peroxidation process (Lenzi
et al., 1996).

Our biochemical results revealed that Filgrastim elevated the
MDA level, pursued by a rise in oxidative stress and lower levels
of CAT were observed in the both treated groups in comparison
with the Control Group. On the other hand, Filgrastim injection
caused a significant change in SOD activity in the treated groups
when compared with the Control Group. Drug stimulates lipid per-
oxidation by protein glycation and spontaneous glucose oxidation
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causing free radical formation. The production of free radicals led
to increment of antioxidant enzymes concentration such as SOD
and CAT (Davì et al., 2005). Hence, the deterioration of testicular
tissue results mainly from either the failure in the equilibrium of
pro-oxidant and antioxidant or the exaggerated level of oxidative
stress due to the free radical formation. It has been proposed that
the estimation of MDA levels can be used to determine the testic-
ular tissue injure degree (Özkan et al., 2004).

Meanwhile, histological analysis of testes from the rats treated
with Filgrastim show effects on seminiferous tubules including
irregularity in basement membrane, apoptotic changes in different
types of germinal cells and loss of their normal histoarchitecure
in addition to lack of interstitial tissues. The change in shapes of
the tubular affects the smoothness of spermatogenesis in the
two treatment groups as previously reported by (Mutalip et al.,
2013).

In warm blooded creatures, the fundamental entity of the testis
is seminiferous tubules. The sperm differentiation processes are
controlled by hormonal incitement and dynamic associations
between the Sertoli cells and the germ cells of the seminiferous
epithelium. Sertoli cells emit hormonal and nourishing elements
that enhance the proliferation and differentiation of the germ cells.
The intricate organization and cell communications that happen in
the testis give a wide range of focuses by which toxicants can
intrude on spermatogenesis (Orazizadeh et al., 2010).

The current study has shown histological abnormalities in the
treated rats’ testicular tissue as sloughing and shortening of the
seminiferous epithelium that led to reducing the number of sper-
matogenic cells. It has been known that the interstitial tissue of
Leydig cells is responsible for testosterone producing and it is a
needful requirement to keep good and successful spermatogenesis
(Zirkin et al., 1989; Ramaswamy and Weinbauer, 2014). The inter-
stitial damage in the testes of the treated rats might have caused a
decrease in testosterone level and finally suppressed the spermato-
genesis process (Sunday et al., 2019).

Moreover, the apoptosis inducement in different tissues
depends on the caspase-cascade stimulation causing cell death
(Saulsbury et al., 2009). Referring to Dadhich et al., cell death and
proliferation have a vital role in maintaining the testicular cell
counts depending on a hormonally mediated process that regulates
the generation of Sertoli and germ cells balance. Apoptosis has two
important roles in the normal spermatogenesis, which are lower-
ing the number of germ cells supported by Sertoli cells and sweep-
ing up sperms abnormality and injured cells that are omitted
(Angelopoulou et al., 2007; Dadhich et al., 2010; Anbarkeh et al.,
2019).

The immunohistochemical results showed an increase in posi-
tive caspase-3 immunoexpression in different germ cells in the
treated groups. The previous studies have reported the necessity
of apoptosis process for normal spermatogenesis in mammals
and sustain cellular homeostasis. This physiological process pro-
tects the equilibrium between Sertoli cells and germ cells. The
members of the caspase family play a significant role in the regu-
lation of the apoptosis in the seminiferous tubules (Saygin et al.,
2015). The previous studies have reported that the testicular
epithelium germ cells are killed by apoptosis. The percentage of
apoptosis in testicular tissue increased in the infertile males and
this emphasized the relation between infertility and increased
apoptosis (Said et al., 2004).

Caspases are actively involved in cleaving the proteins at aspar-
tic acid and it is known that they play a part in cleaving the neigh-
boring amino acids (Sakai and Suqasawa, 2014). Indeed, once
caspases are activated, there seems to be an immutable commit-
ment to cell death (Mc Ilwain et al., 2013). Therefore, here in the
present study we aimed to investigate the expression of caspase-
3, following exposure to Filgrastim.
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The apoptosis process might be initiated as a result of increased
levels of ROS as fundamental trigger at the beginning of the cell
death pathways, and antioxidants scavenge molecules to neutral-
ize ROS subsequently diminished the apoptotic events (Zeidan-
Chulia et al., 2014; Shooreia et al., 2019). The increment in the tes-
ticular tissue apoptosis is correlated with the reduction in the
testosterone level (Shetty et al., 1996; Nandi et al., 1999), propos-
ing that testosterone functions as a germ cell survival factor.

5. Conclusion

Based on the above results, we suggest that Filgrastim induces a
disorder in sperm morphology associated with an increase in the
oxidative stress. Filgrastim affects the germinal epithelium that
influences the spermatogenesis and enhances caspace-3
expression.
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