
Saudi Journal of Biological Sciences 30 (2023) 103737
Contents lists available at ScienceDirect

Saudi Journal of Biological Sciences

journal homepage: www.sciencedirect .com
Original article
Efficacy of Saudi propolis and bee pollen in the reduction of oxidative
stress induced with CCl4 in a testis mice model
https://doi.org/10.1016/j.sjbs.2023.103737
1319-562X/� 2023 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/).

Peer review under responsibility of King Saud University.

Production and hosting by Elsevier

E-mail address: kalshehri@bu.edu.sa
Khulud Mohammed Alshehri
Department of Biology, Al-Baha University, Baljurashi, Saudi Arabia
a r t i c l e i n f o a b s t r a c t
Article history:
Received 25 March 2023
Revised 27 June 2023
Accepted 8 July 2023
Available online 13 July 2023

Keywords:
Antioxidative
Propolis
Bee pollen
Oxidative stress
Testes
Low testosterone levels are caused by alcoholism, cigarette smoking, and exposure to toxic chemicals.
This work focused on investigating the activities of propolis (PE) and bee pollen (BPE) extracts in reducing
the oxidative stress of carbon tetrachloride (CCl4) in male mice models. The 48 male Swiss Albino mice
weighed 27.5 ± 2.5 g and were divided into: Group1: Control (-) received distilled water only through oral
intubation; Group 2: Control (- -) received corn oil by intraperitoneal (i.p.) injection once a day; Group 3:
Control (+) received a sublethal dose of CCL4 intraperitoneally the end of the experiment. Group 4:
Stander treated with silymarin at a daily dose of 200 mg/kg orally. Group 5: The mice were given
8.4 mg/ kg bw of (PE) orally. Group 6: The mice were given (BPE) extract (140 mg/kg bw) orally. After
five consecutive days of treatment, all mice had testis injury in all groups except G1& G2, by a single i.
p injection of CCL4 at a dose of 0.5 mL/kg (bw; 20% v/v in corn oil). The result showed a significant
increase in luteinizing, follicle-stimulating, and testosterone hormone levels in the serum and semen
parameters in the groups treated with PE and BPE. The histological results showed the greatest improve-
ments in testis structures in the BPE group, which was confirmed using (Bcl-2; immunohistochemistry).
These results suggest an important role of the antioxidative effects of PE and BPE in the attenuation of
CCl4 oxidative stress.
� 2023 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

Infertility is a major health issue, and approximately 30% caused
by male factors (Rowe, 2006). There are a number of factors that
may influence spermatogenesis, sperm quantity and quality, and
male reproductive hormones. Many illnesses and diseases, includ-
ing chronic liver disease, diabetes mellitus, coronary heart disease,
chronic smoking, alcohol intake, prolonged exposure to air pollu-
tion, industrial and pesticide toxins, and inadequate vitamin
intake, have harmful effects on the production of normal sperm
and spermatogenesis (Halliwell et al., 1990; Khan et al., 2010).
Male sexual dysfunction is characterized by a number of issues
such as sperm concentration deficiency, abnormal motility, and
imbalance levels of sex hormones, which are carried on by alco-
holism, drug addiction, old age, cigarette smoking, antidepressant
medications, and exposure to a harmful substance (Javadi et al.,
2011; Brock et al., 2002). In experimental animals, the industrial
solvent carbon tetrachloride (CCl4) damages the kidneys, lungs,
and testicles (Abraham et al., 1999). Honeybees create a broad
range of products with several physiologically active and useful
biochemical ingredients, including vitamins, minerals, and
polyphenols (Kaškonienė et al., 2018). For the last 40 years, these
chemicals have provided prevention and benefit, and they have
also been employed in apitherapy (Ahuja et al., 2010). Therefore,
the simplicity, convenience, and availability of apitherapy as self-
health care have made this type of treatment promising for dealing
with periodontal diseases (Gupta et al., 2014). The four insect spe-
cies that create bee products are honeybees (Apis), stingless bees,
honey wasps, and honey ants. Royal jelly, beeswax, pollen, propo-
lis, beeswax, and bee venom are some of the materials produced by
bees (SELAMOGLU, 2019). Hepatocellular necrosis and fat accumu-
lation are signs of CCl4 hepatotoxicity. Hepatocellular necrosis,
which surpasses the liver’s capacity to regenerate, is brought on
by high toxic dosages of CCL4, which frequently results in liver fail-
ure. CCl4 lethal dosages cause nonspecific toxicity in multiple
organs, which causes death. Cytochrome p450 enzymes, primarily
CYP2E1, the endoplasmic reticulum (ER) is the site of metabolism
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to produce the very reactive trichloromethyl radical (CCl3). The
highly reactive trichloromethyl peroxyl radical (CCl3O2) is created
when CCl3 interacts quickly with oxygen. This radical then reacts
quickly with lipids to produce products of lipid peroxidation. Free
radicals are more likely to oxidize polyunsaturated fatty acids
(PUFA) in the endoplasmic reticulum and mitochondria (Weber
et al., 2003).

The objective of the current investigation was to ascertain the
antioxidative activities of Saudi propolis (PE) and bee pollen
(BPE) extracts in decreasing carbon tetrachloride’s oxidative stress
(CCl4) in a male mice model.
2. Material and methods

2.1. Preparation of PE and BPE extracts

Propolis and bee pollen were collected from the Baljurashi dis-
trict in the Al-Baha Region, southwestern Saudi Arabia, which is
located at approximately 19�5104000N 41�3304000E, during the sum-
mer of 2021. The samples were kept at room temperature, away
from light and humidity, until further extraction.

2.1.1. Propolis (PE) extract
The propolis samples used in this investigation were crushed

into a fine powder after being frozen at �20 �C. After that, ethanol
70% was used to extract the pulverized propolis (30 mL of ethanol
was mixed with 1 g of propolis), which was left at room tempera-
ture for 4 days while being constantly stirred. The obtained sus-
pension was then run twice through an extraction process before
being filtered using a qualitative filter paper (90 mm, Whatman fil-
ter paper). The solvent was then filtered out of the extracts and
dried under a vacuum (Mihai et al., 2010).

2.1.2. The bee pollen (BPE) extract
The pollen samples (2 g) were dissolved in 15 mL of ethanol 70%

at 70 �C for 30 min with stirred continuously. The solid residue was
re-extracted after the supernatant was separated. Subsequently,
the ethanol extracts of pollen were combined and kept at 5 �C until
use (Carpes et al., 2007).

2.2. Experimental design

The 48 male mice (Swiss Albino) weighing (27.5 ± 2.5 g) were
obtained from King Fahd Medical Research Center and were allo-
cated into six groups of eight mice in each group. The mice were
kept in typical cages at 20 ± 1 �C, with a cycle of light and darkness,
and a humidity level of 65%. The mice received the following treat-
ment in addition to unlimited access to water and regular commer-
cial food:

Group 1: Control (-), the mice served as the first negative con-
trol and received distilled water only through oral intubation.
Group 2: Control (��) mice, which served as the second negative
control, received corn oil by intraperitoneal (i.p.) injection once a
day. Group 3: Control (+), CCl4 was administered intraperitoneally
to the mice on day 6 of the experiment at a concentration of
0.5 mL/kg body weight (20% v/v in corn oil). Group 4: Stander,
the mice received conventional silymarin treatment at a daily
dosage of 200 mg/kg orally. Group 5: The mice were given
8.4 mg/ kg bw of propolis extract (PE) via oral intubation. Group 6:
Mice were administered alcoholic bee pollen extract (BPE)
(140 mg/kg bw) via oral intubation. For five consecutive days, all
treatments were given orally once each day. All animal groups,
except G1 and G2, were given a single intraperitoneal injection
of 20% CCl4 v/v in corn oil (0.5 mL/kg bw) on the sixth day to cause
testis injury. With non-heparinized tubes, the samples of blood
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were taken from the orbital venous plexus. Clear samples of blood
serumwere extracted by centrifuging at 2500 rpm for 15 min, then
at 80 �C, the samples were maintained. The levels of testosterone,
luteinizing hormone (LH), follicle-stimulating hormone (FSH), and
estradiol were measured by utilizing kits for enzyme-linked
immunosorbent assay (ELISA). The testes and epididymis were
used to measure sperm parameters and histological studies were
performed after the mice were sacrificed (Tohamy et al., 2014;
Al-Sayed et al., 2015).

2.3. Semen parameter

After cutting the epididymal tail and gently pressing the con-
tents onto a glasses slide, the sperm’s motility, and it count were
evaluated (Seed et al., 1996). To assess the viability of sperm per-
centage (ratio of alive/dead) and sperm cell normality, eosin-
nigrosin staining was performed on seminal smears. (Amann,
1982).

2.4. Sex hormonal assay

According to the manufacturer’s instructions, ELISA kits
(Human Diagnostic Worldwide, Germany) the levels of testos-
terone, LH, FSH, prolactin, and estradiol were meagered in serum.

2.5. Histopathological examination

Dissected testicles were preserved in a 10% neutral formalin
solution. The fixed specimens underwent trimming, washing, and
dehydration in escalating alcohol concentrations. Hematoxylin
and eosin (H&E) were used to stain these specimens after they
had been cleaned in xylene, embedded in paraffin, and sectioned
at 4–6 lm thick. Masson’s trichrome was used as a special stain,
and the testis’s slides were examined microscopically (Presnell
et al., 1997).

2.6. Immunohistochemistry examination

The testes samples were embedded in paraffin, deparaffinized
with xylene, and rehydrated with gradual ethanol. Following the
manufacturer’s instructions (Vectastain Elite ABC Kit).

2.7. Statistical analysis

The experiments were performed in triplicate, and all findings
are shown as mean ± SEM. The means across the groups were com-
pared using One-way ANOVA, followed by a Tukey’s post hoc anal-
ysis. Before this analysis, the homogeneity of variances of the
groups was checked using the Levene test. The SPSS program
was used to examine each data (version 17; SPSS, Inc., Chicago,
IL, USA). At p < 5, differences were regarded as statistically
significant.

3. Results

3.1. Effects of PE and BPE extracts on semen parameters

Table 1 shows the effects of PE and BPE extracts on semen
parameters. Morphological normality was significant (p < 0.05) in
the mice treated with CCl4 compared to the two control groups
G1 and G2. The control groups were recorded (97.856 ± 1.45%
and (97.910 ± 2.92%, respectively), when the percentage of mor-
phologically normal sperm was significantly increased in G5 and
G6 groups (86.970 ± 2.23% and 88.000 ± 3.21%), respectively) com-
pared to the negative control G3. The sperm vitality ratio of sperm



Fig. 1. A&B. The image displays a typical appearance of the seminiferous tubules, which appear to be tightly coiled and lined with a germinal epithelium (G). The interstitial
tissue contains a thin layer of loose connective tissue and Leydig cells (IT). The normal cellular composition comprises Sertoli cells (S) along with a regular sequence of
spermatogonial stages, such as spermatogonia (SG), spermatocytes (SC), spermatids (SD), and spermatozoa (SZ). C: Seriously damaged and mild disturbance in seminiferous
tubule structure (ST) and increased luminal diameter (L) with loss of interstitial tissue (IT), the necrotic germinal epithelium (G), and reduction in the number of the
spermatogenic cells. D: semi-normal arrangement of seminiferous tubules with increased wall thickness, different stages of spermatogenic cells. E: A partially normal
appearance of the seminiferous tubules with improvement in its structure. F: normal seminiferous tubules organization with normal spermatogenesis cells. (H&E � 100).
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Table 1
The effects of PE and BPE extracts on semen parameters.

Morphologically normality % Sperm vitality (Live:Death ratio) Motility % Sperm concentration (106 /ml)

Control Group 1 97.856 ± 1.45c,d 16.430 ± 3.10c 85.330 ± 9.07a 37.130 ± 3.94b

Corn oil Group 2 97.910 ± 2.92d 15.580 ± 4.35b,c 84.103 ± 11.07a 35.51 ± 6.56b

CCl4 Group 3 74.646 ± 5.91a 4.200 ± 1.126a 62.360 ± 12.83a 22.25 ± 2.85a

Silymarin Group 4 91.903 ± 4.11c,d 11.000 ± 2.44b,c 81.350 ± 9.75a 31.193 ± 4.02b

PE Group 5 86.970 ± 2.23b 7.160 ± 2.10a 70.736 ± 5.66a 26.303 ± 2.44b

BPE Group 6 88.000 ± 3.21b 8.043 ± 3.61b 76.953 ± 11.16a 29.1 ± 3.01b

According to Tukey’s HSD test, (Mean ± SD) followed by different litters are significantly different. Mean ± SD followed by seem litters are not significantly different.
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was not considerably different between the silymarin and BPE
treated groups contrasted to the control groups with (11.000 ± 2.
44 and 8.043 ± 3.61, respectively), while the same groups showed
significant differences (p < 0.05) compared to G3. Sperm motility
showed non-significant results in all groups. The sperm concentra-
tions in all control and treated groups were significant compared to
the CCl4 group G3.

3.2. Effect of PE and BPE on male reproductive hormones

Table 2 shows the effects of PE and BPE extracts on the male
reproductive hormones testosterone, FSH, LH, and estradiol. The
negative control group G3, administered CCl4, demonstrates a sig-
nificant decrease (p < 0.05) in the hormonal levels of testosterone,
FSH, LH, and estradiol. The hormonal levels in mice treated with
silymarin showed significant results in all hormonal tests
(p < 0.05) compared to the negative control G3. The testosterone
hormone level in group G6 treated with BPE was not significant
(3.055 ± 0.55) in the silymarin group, whereas it was significant
in the negative control G3. In contrast, FSH levels were significantly
increased after treatment with BPE and PE (2.414 ± 0.33 and 2.03
6 ± 0.19, respectively). The LH levels were significantly increased
after treatment with silymarin, BPE, and PE (1.731 ± 0.19,
1.489 ± 0.16, and 1.202 ± 0.14, respectively). Estradiol levels were
significantly decreased after treatment with silymarin, BPE, and PE
(18.172 ± 1.49, 21.211 ± 0. 31, and 29.133 ± 1.18, respectively).

3.3. Histopathological overview of testis

3.3.1. H&E stain
G1 and G2: The lining of the Seminiferous tubules is made up of

the germinal epithelium, which contains a large number of divid-
ing cells. This epithelium includes Sertoli Cells, which are large
columnar cells that extend through the entire thickness of the ger-
minal epithelium. The germinal epithelium consists of a single
layer of germ cells called spermatogonia, which rest on the base-
ment membrane. The spermatogonia undergo division to produce
Primary Spermatocytes, which cross from the basal epithelial layer
to the luminal compartment of the germinal epithelium. The Pri-
mary Spermatocytes produce Secondary Spermatocytes, which
rapidly divide to produce Spermatids. These Spermatids undergo
Table 2
The effects of PE and BPE extracts on the male reproductive hormones.

Testosterone FSH

Control Group 1 4.448 ± 011c 3.945 ±
Corn oil Group 2 4.455 ± 0. 31c 3.811 ±
CCl4 Group 3 1.332 ± 0.13a 1.060 ±
Silymarin Group 4 3.317 ± 0.35b 3.207 ±
PE Group 5 2.587 ± 0.48b 2.036 ±
BPE Group 6 3.055 ± 0.55b 2.414 ±

According to Tukey’s HSD test, (Mean ± SD) followed by different litters are significantl
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spermiogenesis, ultimately transforming into sperm as shown in
(Fig. 1A & B).

G3: The section shows serious damage and mild disturbance in
seminiferous tubule structure with loss of interstitial tissue and
irregular basement membrane, necrotic germinal epithelium,
tubular deformation and degeneration of reduced in size of semi-
niferous tubules, increased luminal diameter, and reduced Leydig
cell population. Reduction in the number of spermatogenic cells
(Fig. 1C).

G4: The image displays the histological structure of seminifer-
ous tubules that are mostly normal, but with an augmented thick-
ness of their walls and diameter. There is a typical range of
spermatogenic cells at different stages, including spermatogonia
(SG), spermatocytes (SC), and spermatids (SD). Additionally, there
is an elevation in the number of interstitial cells within the inter-
tubular tissue (IT), as shown in (Fig. 1D).

G5: The section shows a partially normal appearance of the
seminiferous tubules, improvement in the seminiferous tubule
structure with increased interstitial tissue thickness, and degener-
ation of different stages of spermatogenic cells (Fig. 1E).

G6: the section shows the normal seminiferous tubule organiza-
tion with normal spermatogenesis and basement membrane, and
increased interstitial tissue thicknesses similar to those in the con-
trol groups (Fig. 1F).
3.3.2. Masson’s trichrome
This staining was positive for collagen fibers in the tubular

tissue and interstices of the peri-seminiferous tubule.
G1 and G2: The observation revealed the presence of a small

amount of compact collagen fibers that were situated around the
seminiferous tubules, the basement membrane, and the blood
vessels, as depicted in (Fig. 2A & B).

G3: Collagen fibers were sloughed around the seminiferous
tubules and destruction of walls of the seminiferous tubules
(Fig. 2C).

G4: The image illustrates the typical quantity of compact
collagen fibers surrounding the seminiferous tubules, basement
membrane, and blood vessels, as shown in (Fig. 2D).

G5: The image depicts the magnitude of compact collagen fibers
encircling the seminiferous tubules, basement membrane, and
blood vessels, as illustrated in (Fig. 2E).
LH Estradiol

0.32c 2.877 ± 0.45c 15.794 ± 0.36a

0.33c 3.038 ± 0.25c 16.587 ± 0.51ab

0.091a 0.939 ± 0.08a 34.062 ± 0.46e

0.34c 1.731 ± 0.19b 18.172 ± 1.49b

0.19b 1.202 ± 0.14b 29.133 ± 1.18d

0.33b 1.489 ± 0.16b 21.211 ± 0 31c

y different. Mean ± SD followed by seem litters are not significantly different.



Fig. 2. A & B. The observation revealed the presence of a small number of compact collagen fibers located around the seminiferous tubules, basement membrane, and blood
vessels, which are marked with a downward arrow (.). In image C, there is an indication of the shedding of collagen fibers around the seminiferous tubules, as well as the
damage of the walls of the seminiferous tubules (.). Image D demonstrates the typical amount of dense collagen fibers around the seminiferous tubules, marked with a
downward arrow (.). Image E displays the magnitude of compact collagen fibers surrounding the seminiferous tubules, also marked with a downward arrow (.). Finally,
Image F reveals the presence of a small number of compact collagen fibers around the seminiferous tubules (.), basement membrane, and blood vessels (BV) as identified
through Masson’s trichrome staining under a 100x magnification.
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Fig. 3. A & B. showed Bcl-2-negative cells. C: Bcl-2-positive cells with brown immunostaining (arrow). D: rare number of positive Bcl-2-cells (arrow). E: a few Bcl-2-negative
cells (arrow). F: very rare positive Bcl-2-cells (arrow), (Bcl-2 � 100).
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G6: The observation revealed a small number of compact colla-
gen fibers located around the seminiferous tubules, basement
membrane, and blood vessels, as shown in (Fig. 2F).
3.3.3. The immunohistochemistry (of B-cell lymphoma 2 (Bcl-2)
Bcl-2 shows anti-apoptotic activity and was still traced in germ

cells and seminal balls.
G1 and G2: the Bcl-2 protein expression in testicular control

mice showed Bcl-2-negative cells (Fig. 3A & B).
G3: Bcl-2 protein expression in testicular treated with CCl4

showed Bcl-2-positive cells with brown immunostaining (Fig. 3C).
G4: The Bcl-2 protein expression in testicular mice showed Bcl-

2-negative cells (Fig. 3D).
G5: The Bcl-2 protein expression in testicular mice showed

decreased positive Bcl-2 cells (Fig. 3D).
G6: The Bcl-2 protein expression in testicular mice showed rare

positive Bcl-2 cells (Fig. 3F).
4. Discussion

This research’s aim was to examine the efficacy of Saudi propo-
lis and bee pollen extracts on oxidative stress in the testes. Toxicity
was demonstrated by CCl4, which induced different changes in his-
tological and biochemical parameters in experimental mice. The
current results showed high deficiency in the negative control
group, which was treated with CCl4 only, compared to the positive
control in the semen parameters, including spermmotility, vitality,
morphological normality, concentration, and decrease in sperm
density in seminiferous tubule lumen. In addition, histopathologi-
cal results showed severe necrosis, atrophy, and abnormal organi-
zation of seminiferous tubules in the testes of the CCl4 group. The
toxic agents used in this study were CCl4- produced chloride and
trichloromethyl radicals (CCl3) that reacted with O2 to generate
CCl3O2. Fatty acids are bound by CCl3 to produce alkoxy and per-
oxy radicals, which are the principal initiators of testicular lipid
peroxidation. The testes consumed glutathione as an outcome of
enhanced lipid peroxidation after exposure to CCl4. CCl3 expres-
sion increased after CCl4 exposure in the testicles. This could be
referred to as the increase in PUFA peroxidation present in the tes-
ticular cell membrane, as mentioned In earlier investigations
(Bruckner et al., 2002; Park et al., 2005). Abnormal hormone levels
were noticed in groups treated with CCl4. However, due to the sily-
marin antioxidant activity and capacity to defend plasma lipids
from oxidation, silymarin was shown to significantly alter the
experimental groups (Thomas et al., 1997). A previous study
(Oufi et al., 2012) focused on the effect of silybin (One of the struc-
tural isoforms of silymarin is silybin) on testicular tissue and
proved that this flavonoid can improve testicular parameters such
as the diameter of the primary spermatocytes and spermatids,
motility of sperm, and percentage of live sperm. In addition, sily-
marin increased testosterone secretion. In the present study, PE
and BPE extracts showed significant changes in male reproductive
hormone levels compared to the negative control. Recent results
regarding the histopathological structure of testicular and male
reproductive hormone levels include testosterone, LH, FSH, and
estradiol. This finding showed improved seminiferous tubule orga-
nization with semi-normal spermatogenesis and spermatozoa
associated with significant changes in semen parameters, such as
sperm concentration, motility, sperm vitality, and morphological
normality in PE and BPE extracts. The defensive capacity of propo-
lis is brought about by its modulatory impact on antioxidant
enzymes, suppressing free radical initiation, and reducing subse-
quent damage (BARLAK et al., 2015). Studies on mammals have
shown that propolis elevates testosterone levels in rats (Yousef
et al., 2009; ElMazoudy et al., 2011). The effectiveness of PE extract
7

as a protective treatment against CCl4 toxicity was confirmed in a
recent study, as well as in a previous report that demonstrated the
detrimental effect of CCl4 on lipid profile in rats (Albokhadaim,
2015; Azab et al., 2015). Numerous flavonoids are present in resi-
nous exudates from the surface of Dalbergia ecastaphyllum were
provided propolis its antioxidant properties (Daugsch et al.,
2008; Salatino et al., 2018). This study indicated that BPE resulted
in significant changes in histological, hormonal, and semen param-
eters. The group treated with BPE showed improvement in semi-
niferous tubules accompanied by a normal appearance of
spermatogenesis with the existence of spermatozoa in the seminif-
erous tubules’ lumen. In a previous study, BPE showed an amelio-
rative effect on the testes of diabetic rats. Moreover, the
improvement in spermatogenesis is evident by a significant
enhancement in the cells number in different spermatogonial
stages, and Sertoli cells as compared to control negative rats, and
an increase in the number of interstitial Leydig cells (Mohamed
et al., 2018). However, bee pollen extract is utilized for its antiox-
idant properties because it contains higher amounts of bioactive
compounds (Denisow et al., 2016). Bee pollen accumulates various
different compounds including nutrients, and amino acids. Leucine,
isoleucine, and valine-branched exogenous amino acids are abun-
dant in bee pollen, along with fatty acids, vitamins, minerals, phe-
nolic organic substances such as flavonoids, and phenolic acids,
certain organic acids, and inorganic components, have been
detected (Rzepecka-Stojko et al., 2015; Chantarudee et al., 2012;
Denisow et al., 2016; Kalaycıoğlu et al., 2017).

5. Conclusion

This study demonstrated the ability of Saudi propolis and bee
pollen extracts in the oxidative stress of CCl4 in a testis mouse
model, as evidenced by the ameliorative effects on the histopatho-
logical structure of seminiferous tubules, as well as semen param-
eters including sperm concentration, motility, vitality, and
morphological normality. The significant reversal of all male repro-
ductive hormone levels, testosterone, LH, FSH, and estradiol, pro-
vided promising natural products with considerable therapeutic
properties with semen and sex hormonal improvers, as well as effi-
cient antioxidative properties.
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