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ABSTRACT

Introduction: Diabetes mellitus (DM) is a common endocrine illness. It has a detrimental effect on many organs including
male reproductive system. Royal Jelly (RJ) has many health promoting properties such as antioxidant and antidiabetic effect.
Aim of the Work: The current study was conducted to study the possible ameliorative effect of RJ on the histological and
immunohistochemical changes in testicular tissue induced by type I DM.

Materials and Methods: 30 adult male albino rats were used and classified into 3 groups. Group I (control group), Group
2 (diabetic group) that was injected intraperitoneally with single dose of streptozotocin (STZ) (40 mg/kg) and Group III (RJ
treated diabetic group) that was injected with STZ as Group II and after confirmation of diabetes received royal jelly at dose
of (100 mg/kg/ day) for a period of 4 weeks. For histological and immunohistochemical staining for caspase-3 and Ki-67,
testicular specimens were prepared.

Results: The widely spaced, irregular seminiferous tubules in group II (diabetic rats) testicles were clearly involved, and their
luminal spermatozoa were absent. The lining epithelium height was also significantly reduced. There were numerous vacuoles
replacing spermatogenic cell layers. Congested blood vessels in interstitial tissue and Leydig cells with dark stained nuclei were
noticed. The KI-67 immuno-expression was significantly reduced, while the area percent of caspase3 immuno-expression was
significantly increased. The testes from group III (the diabetic group receiving RJ treatment) displayed a significantly better
histological picture with the preservation of germinal epithelium in the majority of seminiferous tubules. The KI-67 immuno-
expression was increased significantly while the area percent of caspase3 immuno-expression was reduced significantly.
Conclusion: RJ ameliorated the testicular damaging effect of type I DM on testis through reduction of apoptosis and preserving
spermatogenesis.
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INTRODUCTION first 2-3 days of maturation and it plays a major role in

One of the most common metabolic disorders is caste differentiation™. Royal jelly is a thick, milky white,
Diabetes Mellitus (DM). Several clinical studies showed gelatinous, acidic colloid, with considerable amounts of
that DM causes some complications in different organs water, sugar, protein, and fat, with different amounts of
including male genital system, such as sexual dysfunction vitamins, minerals, poly phenols, and many trace elements
and infertility™. Hyperglyce—mia associating DM is important to RJ documented nutritional and therapeutic
accompanied with increase in oxidative stress causing properties. The 10-carbon fatty acids trans-10-hydroxy-2-
many complications in different tissues. It was found that decenoic acid (10-HDA), which are ()n]y present in r()yal
free radicals generation, peroxidation of membrane lipid jelly and have antioxidant properties, make up the majority

and protein oxidation are increased in diabetic patients and

Gabetic animalst of the lipid content!**.
iabetic animals!?.

Royal jelly has many therapeutic effects as antioxidant,
anti-inflammatory, antimicrobial, and anticancer activities.
Royal jelly is an effective antioxidant supplement used
in many clinical trials. Therefore, it can be used in
pharmaceutical products to decrease or prevent lipid

In normal physiological process of the testes there
is amount of produced reactive oxygen species (ROS).
Male infertility is associated with an excess of ROS,
which can harm sperm. Because of the high concentration
of unsaturated fatty acids in their plasma membranes,

spermatozoa are extremely vulnerable to oxidative oxidation and retard the formation of toxic products!® -1,
damaget**. Therefore, the current research was conducted to

The worker honey bees' hypopharyngeal and investigate any potential protective effects of RJ on type
mandibular glands secrete royal jelly (RJ). It is only I DM-induced histological and immunohistochemical
food for the queen bee and the honeybee larvae in their changes in the testis of adult albino rats.
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MATERIAL AND METHODS

Chemicals
a) Drugs

*  Streptozotocin (Sigma Company, St. Louis, MO,
USA.), It was dissolved in normal saline and given
by intraperitoneal (IP) injection

* Royal jelly (MARTINEZ NIET O.S.A -
CATAGENA SPAIN), Available in the form of soft
gelatin capsules. It was given orally by intragastric
tube.

b) Kits

e Anti-caspase-3 polyclonal antibody (Catalogue
number: GB11532, Servicebio, China, at 1/500

dilution).
* Anti-Ki-67 polyclonal antibody (catalogue
number: GTX16667, GeneTex Inc., California,
USA).
Animals

To ensure normal growth and behavior, 30 adult male
albino rats (10-12 weeks old) weighing around 250g were
housed in plastic cages with adequate ventilation and
temperature, fed a standard rodent pellet diet, and had free
access to water for two weeks prior to the experiment.
The Medical Histology and Cell Biology Department of
Mansoura University carried out the current experiment
in accordance with international guidelines for the care
and management of laboratory animals. The Mansoura
University Institution Research Board gave their approval
with code (MD.16.03.01).

The three groups of rats were as follows:

Control group (Group I): involved 10 rats that were
intraperitoneally injected with single dose of normal saline
only.

Diabetic group (Group II): included 10 rats that had
received a single dose of 50 mg/kg of streptozotocin by
intraperitoneal injection to induce type I DM!"?. Following
STZ injection by 72 hours, blood samples were collected
from tail veins and serum glucose levels were estimated
with a glucometer (Elegance, Model: no: CT-X10
Germany). Rats with blood glucose levels greater than 250
mg/dl were confirmed to be diabetic and not given any
medication for a period of four weeks.

RJ treated diabetic group (Group III): included
10 rats that were injected with STZ as Group II and after
confirmation of diabetes received royal jelly orally at
dose of 100 mg/kg body weight per day for a period of 4
weeks!!3].

Six diabetic animals died during this study, and their
places were filled by other diabetic animals still alive.
Finally, 30 rats were involved in this research

Sampling and tissue processing

By the termination of the 4 weeks which is the duration
of experiment, the rats of all groups were anaesthetized
by intraperitoneal sodium pentobarbital (40 mg/kg)
injection¥. The testis, from each animal, were dissected
out and fixed then processed to obtain paraffin sections for
the light microscopic study.

Histological examination

Testicular specimens were obtained and immediately
fixed in bouin's fixative and manipulated with gradual
dehydration, then clearing in xylol solution, followed by
embedding in paraffin. Sections were obtained at 5-6
um thickness by microtome. Testicular sections were
processed for staining by routine histological examination
using hematoxylin and eosin (H&E) staining!"!, and the
demonstration of carbohydrates using periodic acid Schiff
(PAS) stain'®!,

Immunohistochemical (IHC) technique!"

Caspase-3 antibody for detection of apoptosis and Ki-
67 antibody for assessment of cell proliferation.

Deparaffinized and rehydrated testicular specimens
were used. Sections were then microwaved for 15 minutes
to retrieve antigen. Following a 20 minute blocking
procedure, sections were incubated for 120 minutes at
room temperature with the primary monoclonal antibody
for KI-67 and the primary polyclonal antibody for
caspase-3. Secondary antibody was then added and left
on for 30 minutes. 15 minutes later, one to two drops of
DAB (diaminobenzidine) were added. Finally, Mayer's
hematoxylin s was used to counterstain the sections!'?!,

As negative controls, some testicular slides were only
stained with IgG secondary antibody. Positive controls for
caspase-3 and Ki-67 were provided by tonsil'® and colon
slides!", respectively (photo, 1).

1284



El Helew et. al.,

Photo 1: photomicrographs for immuno-histochemical positive and negative control tissues. (A) tonsil that served as caspase3 immuno- positive control tissue
revealing positive brown reaction in the nuclei (arrow heads) and cytoplasm (arrow). (B) testis of control animal which served as caspase3 immuno- negative
control tissue revealing negative caspase 3 immune reaction in all cells. (C) colon of control rat that served as Ki-67 immuno- positive control tissue revealing
positive brown reaction in the nuclei (arrow head) and cytoplasm (arrow)of the intestinal surface epithelium. (D) a control rat testis that served as Ki-67
immuno- negative control tissue revealing negative Ki-67 immune reaction. (A & B Caspase 3 x400, C & D Ki-67 x400)

Morphometric study

Slides were captured with an Olympus E420 digital
camera from China mounted on an Olympus microscope
with a 0.5 X photo adaptor and a 40 x objective lens (TX31
Philippines). Analysis of images were done by using
a computer running Image] 1.52 a program (National
Institutes of Health, United States) for assessment of
corrected distances and percentages. Five slides from
different animals in each group were used for morphometric
study. Ten non-overlapping fields, in each slide from
caspase 3 and Ki-67 immuno stained sections were used
to measure their optical density. Area percent of caspase3
immunoprecipitation and number of Ki-67 immuno-
positive cells per high power field were estimated.

Statistic evaluation

The Statistical Package for Social Science version 22.0
(SPSS Inc., Chicago, USA) program was used to tabulate,
code, and analyze the results. The ANOVA test and post-
hoc Tukey test were then used to compare the results. All
groups' data were presented as mean and standard deviation
(SD). Differences were considered significant when the P
(probability) value was 0.05 or lower and highly significant
when the P value was 0.001 or higher?”,

RESULTS
H&E results

Control group (group I): Showed that testis was
surrounded by tunica albuginea which is formed of
connective tissue fibers and fibroblasts. The tunica
vasculosa was located inner to tunica albuginea and
containing blood vessels. The testicular tissue revealed
seminiferous tubules (STs) separated with interstitial tissue
which contains blood vessels in addition to Leydig cells.
The cross sections of STs were oval or rounded in shape
with mature spermatozoa filling their lumina. They were
lined by both spermatogenic together with Sertoli cells
(Figure 1A).

The seminiferous tubules were bounded by basal
lamina and myoid cells which have flattened dark nuclei.
They were lined with Sertoli cells and germinal epithelium
consisting of: spermatogonia, primary spermatocytes,
rounded or elongated spermatids and spermatozoa. Sertoli
cells were found close to basal lamina having oval pale
nuclei (Figure 2A).

Diabetic group (group II): The seminiferous tubules
had irregular outline with absence of spermatozoa
in their lumen. There was marked reduction of the
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spermatogenic cell layers. Many vacuoles appeared among
the spermatogenic cells (Figure 1B). The tubules had
irregular thick basement membrane and were lined mainly
by degenerated Sertoli cells with loss of most of germinal
epithelium layers, which were replaced by homogenous
acidophilic material and vacuoles and their lumina are
free from spermatozoa Multinucleated giant cells could
be seen within the seminiferous tubule. (Figure 2B). Some
spermatogenic cells were exfoliated in the lumen and some
of them appeared with dark stained nucleus and acidophilic
cytoplasm. Blood vessels in the interstitium appeared
congested with hemorrhage in the widened interstitial
spaces and nuclei of Leydig cells were condensed.
(Figures 2 B,C).

RJ treated diabetic group (group III): This group
revealed that the tunica albuginea was thinner than that
found in group II (diabetic rats. The majority of the
STs showed marked preservation of their lining cells
with complete germinal epithelial layers and mature
spermatozoa) (Figure 1C). Sertoli cells appeared nearly
normal with pale oval nuclei located near the basal lamina
(Figure 2d). However, few tubules showed degenerated
cells and vacuoles. Interstitial spaces showed blood vessels
and most of Leydig cells revealed vesicular open face
nuclei with and pale cytoplasm except occasional ones that
revealed dark stained nuclei (Figures 1 C, 2 d).

PAS stain results

Group I (control group): Sections stained with
PAS stain revealed PAS +ve reaction in the basement
membrane, acrosomal vesicles in both types of spermatids.
Positive reaction was also noticed in the wall of blood
vessels (Figure 3A).

Group II (Streptozotocin treated group): In
comparison to the control group, PAS stain showed an
increased PAS +ve reaction in the thickened basement
membrane and the wall of blood vessels. Reaction of
PAS in acrosomal vesicles of spermatids were invisible.
Moreover, PAS +ve fluid between seminiferous tubules
was detected (Figure 3B).

Group IIT (Royal jelly treated group): Similar to
the control group, PAS +ve reaction was observed in the
basement membrane, spermatid acrosomal vesicles, and
blood vessel wall (Figure 3C).

Immunohistochemical results
Caspase-3 immune reaction

Control group (group I): Testicular sections from the

control group testes stained for Caspase-3 revealed no
immunoreactions in the Leydig cells or spermatogenic
cells (Figure 4A).

Diabetic group (group II): In this group, positive
nuclear and cytoplasmic immune reactions for Caspase-3
were observed in spermatogenic cells. Positive cytoplasmic
immune reactions were also detected in Leydig cells
(Figure 4B).

RJ treated diabetic group (group III): In this group,
positive nuclear and cytoplasmic immune reactions for
Caspase-3 were observed in spermatogenic cells and
Leydig cells (Figure 4C).

Ki-67 immune reaction

Control group (group I): Sections of testis of this group
showed positive nuclear immune-reaction for ki-67 in
most of spermatogonia and primary spermatocytes within
seminiferous tubules and some Leydig cells (Figure 5A).

Diabetic group (group II): Sections of testis in this
group showed a negative immune-reaction for ki-67 in
seminiferous tubules and Leydig cells (fFigure 5B).

RJ treated diabetic group (group III): In this group,
positive nuclear Ki-67 immune-reactions were observed in
some spermatogonia, primary spermatocytes and Leydig
cells (Figure 5C)

Statistical analysis of Morphometric results
The area percent of caspase-3 immuno- reaction

According to (Table 1): Area percent of caspase-3
immuno-reaction revealed a highly significant rise
(P<0.001) in group II versus group I. However, area
percent of caspase-3 immuno-positive cells in group III
revealed a nonsignificant increase (P=0.059) in relation to
group I and significant reduction (£<0.001) in relation to
group II.

The number of Ki67 immuno-positive cells
(proliferative cells) per high power field (HPF)

According to (Table 2) When compared to group I,
group II had a significantly lower mean number of Ki67
immuno-positive cells /HPF.

Rats in group III showed a significant increase
(P<0.001) compared to group II but a nonsignificant
decrease (P=0.117) in the mean number of Ki67 immuno-
positive cells /HPF.
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Fig. 1: photomicrographs for testicular sections from (A): control group showing the tunica albuginea (TA) and inner to it is the Tunica vasculosa (TV)
containing blood vessels (BV). Seminiferous tubules(T) are lined by series of spermatogenic cells(G) and mature sperms are seen in their lumen (SZ). The
tubules are separated by connective tissue which contains Leydig cells (LC). (B): Diabetic rats showing thick tunica albuginea (crossed arrow) and tunica
vasculosa containing thickened congested blood vessels (b). STs have irregular shapes (t) and show complete degeneration of stratified germinal epithelium
(thick arrow) and tubular lumina are free from spermatozoa. Wide interstitial tissue spaces are seen (*). (c): Royal jelly treated rats showing the tunica albuginea
(TA) and tunica vasculosa (TV), preservation of germinal epithelium with mature spermatozoa detected in lumen of most tubules (T). Few tubules reveal
degenerated germinal epithelium with absence of mature spermatozoa in the lumen (t). interstitial tissue containing Leydig cells (LC) and blood vessels (BV)
is widened at some areas (*). (H & E x100).
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Fig. 2: photomicrographs for testicular sections from (A): control group revealing basement membrane (curved arrow) and myoid cells with flat dark nuclei
(arrow heads) surrounding STs. The tubules are lined by Sertoli cells (zigzag arrow) and stratified germinal epithelium including; spermatogonia (crossed
arrow), primary spermatocytes (arrow), round spermatids (SP), elongated spermatids (thick arrow) and mature spermatozoa are seen in their lumina (SZ).
Leydig cells (LC) and blood vessels (BV) are seen in the interstitial tissue. (B): diabetic group: Seminiferous tubules with irregular basement membrane
(arrow) and lined mainly by degenerating Sertoli cells (thick arrow), desquamated cells with fragmented nuclei (double arrow heads), degenerated cells
having dark stained nuclei and deep acidophilic cytoplasm (double arrows) and vacuoles (star). Wide interstitial spaces (*) with darkly Leydig cell nuclei
(segmented arrow) and congested blood vessels (b). (c) diabetic group: Seminiferous tubules show separation of cells from basement membrane (black arrow
head) with homogenous acidophilic material and large vacuoles (stars) replacing the spermatogenic cells and lined mainly by Sertoli cells (thick arrow). large
multinucleated giant cell was seen (tailed arrow). Wide interstitial spaces (*) with darkly stained Leydig cell nuclei (segmented arrow) and congested blood
vessels (b) and some areas of hemorrhage (h). (D): RJ treated group: STs appear with close similarity to those of control group with intact germinal epithelial
layers (G) and considerable amounts of mature spermatozoa (SZ) present in their lumina. Other tubule (t) shows degenerated vacuolated cells (star) and lined
only with Sertoli cells (arrow head). The interstitial tissue containing blood vessel (BV)and majority of Leydig cells show open face nuclei (LC) and some of
them appears with the darkly stained nuclei (segmented arrow). (H&E stain x 400)
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Fig. 3: (A) group 1 (control rats) revealing PAS +ve reaction in basal lamina surrounding seminiferous tubule (arrow heads), in acrosome of rounded (crossed
arrows) and in late spermatids (arrows). PAS +ve reaction in the blood vessel wall was observed (curved arrow). (B): group?2 (diabetic rats) revealing increased
PAS +ve reaction in the thickened irregular basal lamina (arrow heads) and in the blood vessel wall (curved arrow) and it is also noticed between the
seminiferous tubules (*). (C): group 3 (Royal jelly treated rats) showing +ve reaction for PAS in basal lamina (arrowheads) and in the blood vessel wall (curved

arrow). in acrosome of rounded (crossed arrows) and in elongated spermatids (arrows). (PAS stain, X400)
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Fig. 4: photomicrograph of caspase-3stained sections of testis of all groups. (A): control group showing a negative immune-reaction for caspase-3 in STs and
Leydig cells. (B): diabetic group showing +ve cytoplasmic and nuclear immune-reactions for caspase-3 in all spermatogenic cells (arrows) and +ve cytoplasmic
reaction in Leydig cells (arrow head). (C): RJ treated diabetic group showing +ve nuclear immune-reaction for caspase-3 in the inner spermatogenic cells lining

STs mainly spermatids and +ve nuclear reaction in Leydig cells (arrow head). (IHC for Caspase-3 x400)
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A

Fig. 5: photomicrograph of Ki-67stained testicular sections of all groups. (A): control group showing a positive nuclear immune-reaction for ki-67 in the outer
spermatogenic cells mainly spermatogonia and primary spermatocytes (arrows) and Leydig cells (arrow heads). (B): diabetic group showing negative immune-
reactions for ki-67 in spermatogenic cells and interstitial cells of Leydig. (C): RJ treated diabetic group showing positive nuclear immune-reaction for ki-67 in
early spermatogenic cells (arrows) and in Leydig cells (arrow head). (IHC for Ki-67 x400)

Table 1: The percentage area of caspase3 immuno-reaction in the study groups

Groups Group I (Control) Group II (diabetic) Group III (Royal jelly) Test of significance
The percentage area of caspase-3 immuno-reaction (%)
Mean + SD 337+0.76 18.53 £ 1.36 4.67+1.39 F=486.024
Median (Range) 3.7(2.1-4.2) 18.45 (14.9-18.4) 439 (3.2-7.6) P<0.001"
P1 <0.001™ 0.059
P2 <0.001"

F: one way ANOVA test, P: general intergroup significance, P1: Significance compared to control group, P2: Significance compared to diabetic group.

Table 2: The number of Ki67 immuno-positive cells in the study groups

Groups Group I (Control) Group II (Diabetic) Group III (Royal jelly) Test of significance
The percentage area of Ki67 immuno-positive
Mean + SD 86.90 = 4.01 3.2+3.35 81.90 +7.80 KW=20.487
Median (Range) 85 (83-94) 2 (0-10) 83 (72-95) P<0.001"
Pl <0.001™ 0.117
P2 <0.001"

KW: Kruskal Wallis test, P: general intergroup significance, P1: Significance compared to Control group, P2: Significance in compared to Diabetic group
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DISCUSSION

Diabetes mellitus is a widespread health problem
that has close as-sociation to oxidative stress causing
many complications in different tissues. One of them is
the testis thus affecting male fertility. Hyperglyce~mia
is accompanied with elevation in oxidative stress. It was
proved that there is increase in production of free oxygen
radicals, peroxidation of membrane lipid and oxidation of
protein in diabetic patients and diabetic animals!'-'%!.

The cell membrane of spermatozoa is known to have
a high amount of unsaturated fatty acids. Therefore, it is
highly vulnerable to peroxida—tive damage. The lipid
peroxidation affecting the lipid content of sperm mem-
branes causes sever disturbance in sperm motility?!l.

RJ is a honey bee product that has an effective
antioxidant due to metal chelating activities and scavenging
of free radical and hydrogen peroxide. So, it can be used to
decrease or prevent lipid oxidation and retard the formation
of toxic products®.

This research revealed marked structural changes
in testis of diabetic group that revealed sever damage to
STs with degeneration of their lining spermatogenic cells
and marked reduction in germinal epithelium with no
spermatozoa seen in their lumina. Leydig cells were also
affected with degenerative changes. These findings were
in harmony with other studies for diabetic effect on rat
testis!!#2%],

Testicular sections stained with H&E in diabetic rats
revealed congestion of the blood vessels in the interstitium,
which in line with Kumar, et a/ (2023) who found that DM
induces congestion in blood vessels in various organs like
kidney, liver and brain*2¢,

Some researchers reported that congestion induced
by DM might be due to vasculopathy caused by
hyperglycemia which leads to production of NO from
the affected endothelium which is an endothelial relaxing
factor together with various inflammatory cytokines that
result in increasing vascular permeability with subsequent
influx of various cytokinest?>?7-3%,

Seminiferous tubules in this group had irregular
basement membranes, sloughed degenerated cells and
intraluminal homogenous acidophilic material and
vacuoles. Multinucleated giant cells were also seen.
Marked reduction in germinal epithelial cells and the
presence of Sertoli cells only in seminiferous tubules with
absence of spermatozoa. Widened interstitial spaces and
Leydig cells with dark stained nuclei were also noticed.
These results were consistent with the results obtained by
other authors31-33],

Basement membrane corrugation observed in the
current could be related to DM induced oxidative stress
which affects myoid cells and causes loosening of the tight
interaction between them, also it might be due to decreased
tubular diameter+3%,

The homogenous acidophilic material present in some
seminiferous tubules could be caused by oxidative stress.
Also, this finding might result from hyalinization of the
sloughed degenerated germ cells due to disturbed Sertoli
cell phagocytic function. This finding comes in harmony
with Nasiri, et al (2021)B6],

The germ cell shedding observed in our work could
be explained by disruption in the cell junctions between
Sertoli and germ cells or it might be due to damage in
cytoskeletal fibers of Sertoli cell leading to lost cell
adhesion. These findings corroborated earlier research by
Sayed, et al (2023)3,

In the current study some multinucleated giant cells
were observed. These cells may be a sign of an ongoing
degenerative process in the seminiferous tubules. These
giant cells were suggested to be one of the evident features
of testicular cell degeneration and atrophy. It resulted
from failure of separation of spermatids due to damage
in the intercellular bridges and impaired cytokinesis, or it
could be a result of increased activity of phagocytosis in
apoptotic spermatogenic cells?+37:38],

It was noted that the sperms and spermatids were rarely
seen. This might be explained by the ROS production
which are known to be cytotoxic and often cause tissue
injurest®”,

Wide interstitial spaces were observed in our study
and this finding was in line with Anuar, et al (2023)4
who accounted the excess interstitial spaces could be also
explained by the presence of acidophilic homogenous
material in the interstitium. This material might be
formed as a result of excess lymphatic exudate oozing
from degenerated lymphatic vessels as well as increase in
vascular permeability that may result from accumulation
of ROS and free radicals and this comes in harmony with
several previous studies® 442,

The pathological alterations in testicular tissue induced
by DM might be due to hyperglycemic effect of DM which
causes lipid peroxidation, decreases the antioxidant enzyme
activities as catalase (CAT), glutathione peroxidase (GPx)
and sodium dismutase (SOD) indicating oxidative stress.
It also increases the testicular levels of nitric oxide (NO),
which facilitate damage of testicular tissue*>#,

Testicular sections stained with H&E in RJ treated
diabetic group revealed restoration of testicular
architecture with similarity to the control group being
covered with relatively thin tunica albuginea and closely
located seminiferous tubules. Only a few Leydig cells
were degenerated. Most seminiferous tubules of this group
appeared with regular shape, surrounded by thin basal
lamina and lined by intact germinal epithelial layers and
their lumen containing mature spermatozoa. Occasional
tubules were affected, with the presence of degenerated and
vacuolated cells and decrease in germinal epithelial layers
with no mature spermatozoa seen in their lumina. Our
results were similar to previous studies done by Karaca,
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et al (2015) who explained that by antioxidant activity of
RJ due to metal chelating activities and scavenging of free
radical and hydrogen peroxide. The H-atom donation from
phenolic group is responsible for the antioxidant properties
Of RJ[7,10,24].

Because the Schiff's reagent reacts with the
polysaccharide component of acrosomes, PAS-stained
sections of the control group showed positive PAS reaction
in the acrosomes of spermatids and spermatozoa. Zayman,
et al. (2022) also reported these findings!*>°.

PAS-stained sections in the diabetic group showed
excess reaction basement membranes due to an increase
in collagenous fibers. Oxidative stress was suggested
to be the cause of the observed thickening in basement
membranes as ROS have been proved to induce conversion
of fibroblasts into myofibroblasts with more synthetic
activity and excess formation of collagen fibers?*®!.

PAS stained sections of RJ treated diabetic group
revealed positive reaction in the acrosomes of spermatids
and spermatozoa with close similarity to control group
and showed thinner basement membranes in relation to
diabetic group, as RJ antioxidant activity improve myoid
cell condition™..

Apoptosis is a physiological process controlling the
number of cells in testicular tissue and eliminates abnormal
reproductive cells during spermatogenesis. If apoptosis
exceeds normal limits it leads to excessive loss of cells
causing disturbance in testicular reproductive function™®!,
Immunohistochemically, the current study demonstrated
that DM induces Caspase-3 positive cytoplasmic and
nuclear immune reactions in spermatogenic cells and
Leydig cells, The rise in caspase-3 expression as a marker
for apoptosis were in harmony with earlier research
done by Sayed, et al (2023) who demonstrated that
hyperglycemia associated with diabetes induce generation
of reactive oxygen species and oxidative stress. ROS
causes impairment of the mitochondrial membrane with
liberation of cytochrome C form mitochondria to the
cytoplasm leading to activation of caspase-3 expression?*!,

Statistically, marked significant rise in the percent area
of apoptotic cells in the testes of diabetic rat relation to
control group. RJ treated diabetic group were significantly
decreased in relation to diabetic group. These results
agreed with previous studies by Faddladdeen, et al. (2022)
This improved result is an indicative for protective role
of RJ which could be attributed to its antioxidant activity
competing oxidative stress of DMB741,

Cell proliferation is associated with expression of some
proteins, one of these proteins is Ki67 protein. It is in the
nucleus during interphase stage, but during mitosis most
of Ki67 protein is found on the chromosomal surface. The
Ki-67 marker could be used to assess cellular proliferation
in active dividing cells such as testicular cells. It was found
that there is a correlation between Ki-67 expression and
proliferative rate of spermatogenic cells®’.. In the current

work, the Ki-67immuno- expression was evident in the
spermatogonia and primary spermatocytes in testes of
control group rats and RJ treated diabetic rats but it was
significantly decreased in testicular sections of diabetic
rats in relation to control group. Karaca et al. (2015)
results were in harmony with that found in the our study
who explained the restoration of proliferative activity to
RJ antioxidant effect scavenging free radicles that served
to decrease oxidative damage to cells with preservation of
spermatogenesisi?*,

CONCLUSION

This research indicates that royal jelly administration
could ameliorate the damaging effect of type I diabetes
mellitus on testis as it can reduce apoptosis and preserve
spermatogenesis.

RECOMMENDATIONS

Daily administration of royal jelly supplements may
beneficial to prevent diabetic complications on testes and
preserve fertility in diabetic male patients,
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