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ABSTRACT

Background: Aging is a normal physiological process that causes several changes in all organs, and
changes in testicular histology are one consequence of aging that leads to decline in male fertility.

The aim of the study: is to examine the impact of aging on the testes and the possible protective role of
resveratrol.

Method: Twenty-four male of Wistar albino rats were used in the present study, which divided into three
groups of eight animals each. A 6-month-old control group A. Group B the 24 month old group. Group C the
old age group treated with resveratrol received 25 mg/kg/day dissolved in distilled water given orally by
gastric tube. Treatment were performed for 3 months. At end of experiment, blood was collected for
hormonal assessment, the animals were scarified, and the testes were taken and prepared for histological
examination.

Results: revealed that the testes had regressive age-related structural alterations include atrophy and
sclerosed seminiferous tubules, arrest of spermatogenesis, decrease in the spermatogenic cells and Sertoli
cells, thickening of the tunica albuginea, increase in Leydig cells associated with decrease testosterone and
increase in FSH (follicular stimulating hormone) and LH (luteinizing hormone), increase the oxidative marker
MDA (Malonaldehyde ), in addition to deterioration in sperm analysis. The use of RES (Resveratrol) improve
the testosterone, FSH and LH with decrease the MDA and improve the histological changes of aged testes .
Conclusion: aging has deleterious effect on testes cause histological changes, reduction in spermatozoa's
quality and quantity with aging and increase oxidative stress of aged testes and the use of RES as a
preventative and/or therapeutic drug for aging-related testicular alterations is possible.

Keywords: aging, testosterone, rats, Resveratrol.
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INTRODUCTION

geing is a physiological process

characterized by major structural changes in
all body organs as a result of both internal and
external influences. Testicular morphological
changes are major consequences of ageing on the
male reproductive system. These alterations may
reduce spermatogenic quality and quantity .
Recently many studies showed that increased age
is related to the high incidence of fetal
abnormalites such as Down's syndrome,
malignancies such as leukemia, tumors of the
nervous system, and numerous neurological and
psychiatric diseases in the progeny 2

Age-associated alteration in the hormones
production, morphology  of  testes, and
spermatogenesis have a detrimental effect on the
morphology and quantity of spermatozoa, hence
impairing the functions of the male reproductive
system. Atrophy associated with ageing has been
observed in both humans and animals, resulting in
a decline in spermatozoon quantity, motility and
viability *.

The onset of testicular atrophy that comes with
ageing is unknown *. In rats and humans, the
ageing process of tubular atrophy starts in the focal
area in seminiferous tubules, where atrophic
seminiferous tubules are frequently detected close
to tubules with normal spermatogenesis °,

Due to the testicular tissue's rapid rates of cell
division and metabolism, oxidative stress can be
particularly harmful, making the tissue's antioxidant
capacity crucial. The state of Oxidative stress
cause alteration in the DNA of testicular cells,
which can result in infertility and testicular cancer.
Therefore, maintaining a healthy antioxidant
balance is important for the overall health of the
testes 2.

Resveratrol (RES)

The bioactive substances known as polyphenols
are widely present in plant-based foods and have a
variety of health-promoting benefits through
several pathways, including anti-oxidation and anti-
inflammation ®. Natural phenolic compounds can
be found in a wide range of foods including grape,

peanut, and blueberry. RES has been
demonstrated to have several biological impacts
including antioxidant, anti-carcinogenic, anti-
inflammatory, immunomodulatory, hypotensive,
and hypolipidemic properties. Many studies have
stressed its importance in ageing treatment by
lowering oxidative stress, and inflammation,
increasing mitochondrial function, and managing
apoptosis 2°.

Resveratrol was identified in the dried root of
Japanese knotweed (Polygonum cuspidatum),
commonly termed Kojokon in Japan, in 1963. For
thousands of years, this plant has been used in
traditional Chinese and Japanese medical
treatments for heart disease, hyperlipidemia,
gonorrhea, athlete's foot, and  vascular
inflammation *°. large range of plant species and
fruits have been found to contain RES such as
purple grapes, blueberries, mulberries, cranberries,
peanuts, groundnuts, pines Coconut and cocoa,
and RES is nearly entirely produced in the skin of
grapes especially those that have been infected by
Botrytis cinerea, and its concentration peaks
shortly before the grapes are ready to harvest So
the skin and seeds of grapes have the highest
concentration of RES '*. Many investigations have
indicated that RES can be utilized successfully as
a testicular antioxidant ***°.

Sharma et al., stated that RES enhanced the
count of sperm production, mobility, and the
number of viable sperm, as well as, it increases
blood level of Testosterone hormone, FSH
(follicular stimulating hormone), LH (luteinizing
hormone ), GSH (glutathione), CAT (catalase),
SOD (superoxide dismutase), and it lowered lipid
peroxidation (LPO). RES treatment alone can
improve sperm parameters and the testicular
antioxidative defense system e,

El bana et al., mentioned that 4 weeks of RES
treatment at a level of 20 mg/kg in male rat help in
healing testicular damage induced by tramadol as
RES protects against oxidative stress-induced lipid
peroxidation and DNA damage. RES has also
been shown to increase sperm maturation, and
viability, it also reduces the number of apoptotic
cells caused by tramadol v,
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Resveratrol appears to improve sperm quality in
humans and animals through its ability to cross the
blood-testicular barrier, allowing it to exert its role
in testicular protection. RES has been
demonstrated to reduce germ cell apoptosis,
increase blood testosterone levels and enhance
sperm quality and count of epididymal sperm *2.

MATERIAL AND METHOD

Animals and Housing

Twenty-four male Wistar albino rats were
obtained from the University of Mosul's animal
house. Polypropylene cages with stainless steel
top grill housing the rats in groups. The ethical
approval was given by the Mosul Medical College's
medical research ethics committee. All animals
were assessed for general health, fed
commercially prepared ad libitum foods, and
observed for three months.

Experimental design: distribution of rats into
three separate groups (8 animals in each group)
was as follows:-

Group A (adult-aged group): the rats in this
group were aged 6 months and received 1 ml of
distilled water.

Group B (old age group): the rats in this group
aged 24 months received 1ml of distilled water.
Group C (RES treated old age group): the rats in
this group aged 24 months received 25 mg/kg/day
of RES orally for 3 months duration.

Resveratrol:- the drug was obtained from the local
pharmacy in Irag. Trans — RES is an antiaging
drug manufactured by NOW FOODS company/
USA. As 50 mg/capsule. Using gastric gavage, it
was administered orally to animals at a rate of 25
mg/kg b. w. each day after being dissolved in
distilled water .

The relative weight of testes: The weight of the
body and testes were taken at the end of the
experiment by using an electronic scale, and
calculate the testicular weight by using the ratio of
testicular weight to final body weight, testicular
weight /body weight x100.

Collection of the Blood: To evaluate the serum
level of testosterone, follicular stimulating
hormones (FSH), and luteinizing hormones (LH), a
blood sample was taken from the retro-orbital vein.
Necropsy: After 3 months experimental period the
animals were euthanized via inhalation of diethyl
ether in a glass desiccator, and then a longitudinal
midline in the abdomen region was made with a
scissor, and both testicles were removed.
Handling and fixation of tissue: To remove the
blood the testis was rinsed with normal saline, and
then dried on filter paper. The testes were
preserved in Bouin's solution for 48 hours. After
that change to neutral buffered formalin at 10%,
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and to determine the MDA concentration, one
piece of testis should weigh at least 1gm and
stored in aluminum foil in the refrigerator.

Tissue processing: Dehydration by using
increased alcohol concentrations: 70%, 90%, and
absolute alcohol, Three changes of xylene
impregnation used for clearing and three changes
of paraffin wax immersion result in a solid block
containing the tissues that become ready for
sectioning of 4-5 mm thick sections with a Reichert
rotary microtome, then put the section on cleaned
glass slides. Deparaffinization was done with two
xylene changes utilizing increasing grades of
alcohol and water. Staining the slides with
(Hematoxylin and Eosin) H&E stain, (Masson's
Trichrome) MT stain, and (Periodic Acid-Schiff
stain) PAS %%,

Testosterone, FSH, and LH were detected by
using the rat testosterone, follicular stimulating
hormone (FSH), and luteinizing hormone (LH)
ELIZA Kit ( ELK 8314, ELK1315, ELK 2367)
respectively from ELK Biotechnology. The control
group's value was regarded as standard and
compared to the results of the other groups.

MDA (malonaldehyde): Elabscience
Biotechnology's MDA (malonaldehyde) ELISA Kit
was used to detect MDA levels in the tissue of the
testes (E-EL-0060) after tissue homogenization.
The homogenate fluid is then centrifuged for 5-10
minutes at 5000 round to obtain the supernatant
fluid for the ELIZA assay. The control group's value
was regarded as standard and was utilized to
compare with the results of the treated group.
Micro-morphometric measurement: Numerous
parameters were measured including the diameter
of the seminiferous tubule (um), the germinal
epithelium thickness (um), the number of Leydig
and Sertoli cells/40X field, and the thickness of the
tunica albugenia (um), using a 40x microscope.
Use a specialized digital camera (OMAX 18 MP,
China) with USB 3.0 for morphometric estimation.
Sperm analysis: The sperm sample was obtained
by excision of cauda epididymis, then the pieces
that excised were put in a petri dish containing 2 ml
normal saline (0.9% sodium chloride) at 37C, the
sperms were released by piercing the cauda
epididymis in normal saline and homogenized.
Then maotility, viability, deformity and count of the
sperms were estimated by a computer-aided
sperm analyzer (cobas e 411) 3,

Statistical analysis: The values were analyzed by
using IBM SPSS statistical analysis version 21.
ANOVA was used to examine the mean
differences between the experimental groups,
followed by a post-hoc Duncan test. The statistical
findings were presented as a mean + SE. the
mean Differences were considered statistically
significant at< P 0.05.
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RESULTS

Testicular weight: testicular weight / 100gm of
body weight was significantly decreased at (0.05)
in old age rats (B) (0.275+ 0.007) compared to the
control group (A) (0.361+0.013), while in the
treated group with RES (C) showed significant
improvement in testicular weight (0.322+ 0.014)
compared to old age group. As in table (1)

Table ( 1 ):- the mean of relative weight of testis
(gm./100gm body weight)

Consequence of Aging on Male Albino ..

Table (2) : serum concentration of hormones in
different age groups of male rats, the data
expressed as Mean + SE.

arameters | Testosteron | LH FSH

e (ng\ml) (ng\ml)
groups (ng\ml)
of animals
Control 8939.20+82 | 4800.46 | 21.15+ .9
group 2.79 +646.10 | 5
Adult age | b b b
group
Old age | 2374.83+61 | 7836.14 | 60.55+
group 3.77 +111.80 | 2.82

a a a
o age | 8558.41+86 | 5030.96 | 21.78+
RES treated | 4.21 +458.96 | 1.33

group b b b

Control Old age

group Old age RES
Groups Adult group treated

age group group
Weight of 0.275% 0.322+
testes 2'361i0'013 0.007 0.014
gm. b c

¢ Repeated litters in a row indicate no statistically
significant difference (p>0.05).

¢ A significant difference at the p<0.05 level is
shown by the presence of Different littersin a
row.

Hormonal Analysis

Testosterone hormone:- the aging process led to
significant reduction in serum testosterone level in
old age group (B) (2374.83+613.77) compared to
control group (A) (8939.20+822.79) at P <0.05.
However, the administration of old age group with
RES (C) led to a significant elevation of
testosterone level (8558.41+864.21) compared to
old age group table (2).

FSH and LH hormones:- Old age group (B) had
significantly higher hormone levels than control
group (A) at p <0.05. Control group (A) FSH and
LH hormone levels were 21.15+ 0.95 and
4800.46+ 646.10, respectively, with maximum
elevation of FSH and LH hormones were
observed in old age group (B) (60.55+ 2.82
7836.14+ 111.80 ), The FSH and LH levels in
treated group with RES (C) significantly reduced
(21.78+ 1.33, 5030.96+ 458.96) compared to old
age group (B) at p <0.05. Table (2).

10

e Repeated litters in a column indicate no
statistically significant difference (p>0.05).

¢ A significant difference at the p<0.05 level is
shown by the presence of Different littersin a
column.

Oxidative stress biomarker measurement in
testis:- There was significant difference P(<0.05)
between old age group (B) (54.38+ 6.00) , and
control group (A) (33.43+0 .78) , between old age
group and RES treated groups(C) (45.24+ 1.98) ,
The highest MDA value was detected in old age
group when compared to control group, followed
by reduced MDA level in group C compared to old
age group B. table (3).

Table (3) : MDA levels in testes of various age
group. Data is given as Mean * SE.

Groups Control Old age Old age
group group RES
Adult treated
age group group
MDA 33.43+0.78 | 54.38+6.00 | 45.24+1.98
ng/ml a b c

o Repeated litters in a row indicate no statistically
significant difference (p>0.05).

o A statistical significant difference at the p<0.05
level is shown by the presence of Different
litters in a row.

Micro-Morphometric Measurement

1.Diameter of seminiferous tubule (ST- DM): the
morphometric measurement of ST diameter in
different groups showed significant reduction in
(old age group B) comparing to (adult group A),
ST diameter increase significantly in old age
group treated with RES (C) compared to (old age
group A) at (P<0.05).
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2.Epithelial thickness (EP-TH):
significant reduction in the height of germinal
epithelium in old age group (B) when compared

to control group (A) ,However in treated group

with RES(C) there was improvement of the

epithelial thickness compared to old age group.

at (P<0.05).
3.Leydig cells

number (LEY-CELL):

raise in Leydig cells number in (old age group B)

compared to (control group A) with significant

decrease observed in RES treated groups (C)
compared to old age group.

there were

the
morphometric measurement showed significant

Wasan Waadallah Hassawi

4.Sertoli cells number (SER-CELL): Sertoli cells

were decreased in number in (old age group B)
compared to (control group A), in addition to that
the Sertoli cells increase in number in (RES
treated group C) compared to (old age group B)
at (P<0.05).

5.Tunica albugenia thickness (T-AL): the result

showed increase in the T-AL thickness in (old
age group B) compared to (control group A), in
(RES treated group C) there was a reduction in
the T-AL thickness compered to (old age group
B) at (P<0.05). Table (4).

Table ( 4): parameters of seminiferous tubules (um), values of Leydig cells and Sertoli cells/40xfeild , data

expressed as (mean + SE).

parameters | Seminiferous Epithelial Leydig cells Sertoli cells Tunica

tubules thickness/um number/40xfeild | number/40xfeild | albugenia

groups diameter/ um thickness/um
ST - DM EP-TH LEY-CELL SER-CELL T- AL.

Adult group 270.77+ 1.76 86.42 +0 .88 29.46 + 0.93 38.08 £ 1.46 58.18 £ 2.01
a a a a a

Old age group 95.42+ 0.57 46.71 £ 0.52 47.97 £0.88 25.38 £ 0.34 76.56+ 0.80
b b b b b

Old age with 109.06+ 3.24 50.90+1.12 43.49+1.35 3246 +1.11 69.40 £ 2.75

RES C c c c c

¢ Repeated litters in a column indicate no statistically significant difference (p>0.05).
¢ A significant difference at the p<0.05 level is shown by the presence of different litters in a column.

Sperm analysis: There was a marked reduction in sperm count, viability, and motility, as well as a

significant rise in sperm deformities in (old age group B) comparing to (control group A) (adult age group) .
However, sperm count, viability, motility were significantly improved and reduced sperm deformity in (RES
treated group C) compared to (old age group B). At P <0.05. table (5).

Table ( 5): sperm parameters in seminal fluid analysis in different age group, the value expressed as mean +

standard error SE.

Parameters
Sperms count Sperm viability Sperm deformity Sperm motility
Groups
3006145.0
Adult group +141829.60 85.43 £1.58 10.90 + 1.22 90.46 + 0.93
a a a
a
855610.50
Old age group +36633.660 24.4 +3.41 37.80 + 2.17 g4.20 + 1.96
b
Old age with RES E?ggig?’o& 73.95+ 2.39 2231 + 1.42 82.83 + 1.57
-~ ' C c C
c

o Repeated litters in a column indicate no statistically significant difference (p>0.05).
e A significant difference at the p<0.05 level is shown by the presence of Different litters in a column.

Ann Coll Med Mosul June 2023 Vol. 45 No.1
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Histological Findings

a) Findings of H and E stain :-

Group A (control group): in the control group (A),
the testis had typical architecture. It was composed
of several spherical to oval seminiferous tubules
STS separated by small connective tissue
interstitial space, and it was encircled by a thin
tunica albuginea. Every tubule is encircled by a
continuous basal lamina, in which Sertoli and
spermatogenic cells are arrested, in the interstitium
there were blood vessels and groups of
eosinophilic rounded Leydig cells. Figure (1 (A).
Group B (old age group): The majority of the
seminiferous tubules in this group have abnormal
histological characteristics, including atrophy,
involution, irregular tubule outline, reduction in
germinal epithelium height, vacuolation of Sertoli
cells and spermatogonia, wide interstitial tissues
with vacuolated homogenous material (edema),
absence of spermatozoa in the Ilumen, and
presence of fibrin and hyaline production in the
lumen. Figure 1(B). Some tubules have a
disordered germinal epithelium, spermatogenesis
arrest, tubule hyalinization, vacuolation of Sertoli
cells and spermatogonia, and the presence of
giant cells in the tubule lumen. Figure 1(C), some
tubules show severe atrophy and the epithelium
consists of a few numbers of Sertoli cells and
spermatogonia. Vacuolated homogenous
acidophilic material infiltrates the interstitium, and
widening the interstitial space. Figure 1 (D).
Exfoliation of germ cells to the tubule lumen can be
seen with germinal epithelium detachment from the
basement membrane. Figure 1 (E).

Group C (RES treated group): The testicular
section of this group showed an improvement,
most of the tubules maintained normal histological
appearance, normal cellular arrangement of
germinal epithelial cells, the presence of sperm in
the lumen of the tubule except for a small number
of tubules that are still atrophied, disorganized,
have reduced height of the germinal epithelium,
and still have discrete small numbers of sperm.
And few of them still showed separation of
germinal epithelium from the basement membrane,
discrete few spermatogenic cells were vacuolated.
The interstitial tissue still infiltrated by homogenous
material but less prominent than in the old age
group. Figure 2 (A, B).

B-Periodic Acid Schiff (PAS) stain

Control group: The testicular section of this group
shows normal +ve PAS reaction in the regular
basement membrane and positive PAS particles
inside the cytoplasm of spermatogenic cells close
the basement membrane and in the late spermatid
near the lumen of STs, the interstitial tissue
revealed positive PAS reaction. Figure 3 (A,B).

12
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Old age group: The section in this group revealed
intense PAS +ve reaction of disrupted thick
basement membrane and in the interstitium, mild
PAS +ve reaction in the degenerated
spermatogenic cells and spermatid, absence
sperm in the lumen of STs compared with the
control group. Figure 3(C).

RES treated group: When comparing the result of
this group to the old age group, demonstrated a
moderate PAS reaction of the normal regular
basement membrane, as well as in the
spermatogenic cells and the interstitial tissue.
Figure 3 (D).

C- Masson's Trichrome (MT) stain

Group A (control group): Masson's trichrome
(MT) staining of the testes reveals normal collagen
fiber distribution, which is shown by the blue color
of these fibers in the tunica albugenia, the
basement membrane surrounding the seminiferous
tubules, around blood vessels and the interstitial
tissue. Figure 4 (A)

Group B (old age group): the section stained with
Masson's trichrome (MT) from this group showed
deposition of abundant collagen fibers in the tunica
albugenia that seem thicker, as well as dense
deposition of collagen in the basement membrane
of seminiferous tubules, surrounding blood
vessels, as well as in the interstitial tissue. Figure
4(B,C)

Group C ( RES Treated group ): Compared to the
old age group, the sections in this group exhibit a
marked reduction in collagen fibers deposition in
the tunica albugenia, resulting in a decrease in
thickness, as well as a reduction in collagen fibers
in the basement membrane surrounding the
tubules, blood vessels, and the interstitial tissue.
Figure 4(D, E)

Ann Coll Med Mosul June 2023 Vol. 45 No.1
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Figure 1 A: Microphotograph of testis of control
group, showing rounded organized seminiferous
tubules (ST), the lumen full by sperm. thin tunica
albugenia (arrow).Narrow interstitial tissues (IT).
H&E, 100X. B: Microphotograph of testis of old
age group, showing atrophied tubule with
vacuolation of Sertoli cell and spermatogonia
(black arrow). decrease the height of germinal
epithelium (blue arrow).wide interstitial tissues
with vacuolated homogenous material (edema)
(star). H&E, 100X. C: Microphotograph of testis
of old age group, showing tubule with arrest
spermatogenesis and presence of giant cells in
the lumen (arrow), wide interstitial tissues with
vacuolated homogenous material (star). H&E,
100X.

13
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Fig D: Microphotograph of testis of old age
group, showing atrophy of the tubule with
widening of the interstitial tissue (arrow),
hyalinization of tubule (star). H&E, 100X. Fig
E: Microphotograph of testis of old age group,
showing exfoliation of the germinal epithelial
cells in the tubule lumen (arrow head),
separation of the basement membrane and

germinal epithelium (arrow) H&E, 100X.

Figure 2A: Microphotograph of testis of old
age group treated with RES, showing most of
the tubules with normal histological
appearance (arrow head) , tubule shows stop
of spermatogenesis (star ), separation of the
tubular epithelium from the basement
membrane  (arrow), H&E,100X. Fig B

Microphotograph of testis of old age group
treated with RES, showing most tubules were
normal architecture (star), atrophy of the
tubule (arrow head), separation of germinal
epithelium in tubule (arrow), few cells show
vacuolation (blue arrow), less prominent
homogenous material (red arrow) H&E,100X.

14 Ann Coll Med Mosul June 2023 Vol. 45 No.1
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Figure 3: A Microphotograph of testicular section of control group revealed + ve PAS reaction of
basement membrane ( arrows) cytoplasm of spermatogenic cells ( red arrows) and sperm in the
lumen( stare) , mild PAS reaction in the interstitium(blue arrow), and in the blood vessels( green
arrow). PAS, 100X. B : Microphotograph of testis of control group showing PAS +ve particles in the
spermatogenic cells and in the enlongated spermatid (arrows) , and in Leydig cells ( curved arrow).
PAS, 400X. C : Microphotograph of testis of old age group showing tense PAS +ve reaction in the
thick disrupted basement membrane (black arrow), and in the interstitium ( curved arrow),thickened
wall of blood vessels (blue arrow), weak PAS reaction in the degenerated spermatogenic cells in STs
(red arrows),. Thining in the germinal epithelium with wide intercellular vacuoles (green arrow), no
sperm in the lumen ( star). PAS, 100X D : Microphotograph of testis of old age RES treated group
revealed moderate PAS +ve reaction in the basement membrane (arrow), spermatogenic
cells(yallow arrow), and in the interstitium,( curved arrow). , no vacuoles in the germinal epithelium,
presence of sperms in the lumen (red arrow). PAS, 100X

Ann Coll Med Mosul June 2023 Vol. 45 No.1

15



Wasan Waadallah Hassawi

Consequence of Aging on Male Albino ..

Figure 4 A: Microphotograph of testis of control
group revealed Normal collagen fiber distribution
in the Tunica albugenia (arrow), in the basement
membrane of ST (head arrows) and in interstitium
and around blood vessels (red arrows).MT,200X.
B: Microphotograph of testis from old age group
showing dense deposition of collagen fibers in the
tunica albugenia increase its  thickness
(arrow),also increase collagen in the basement
membrane of ST (head arrow) and in interstitium
and around blood vessels (red arrows). MT, 200
X. C: Microphotograph of testis from old age
group showing increase deposition of collagen
fibers in the basement membrane of ST (arrow)
and in interstitium (red arrow). MT, 400 X.

Figure 4 D: Microphotograph of testis from old age treated with RES group showing mild increased
collagen deposition in interstitium (arrow) and around blood vessels ( red arrows). MT, 200 X. E:
Microphotograph of testis from old age treated with RES group showing normal collagen fibers
distribution in the tunica albugenia (arrow), mild increased collagen deposition in interstitium ( red
arrows). MT, 200 X.

16
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DISCUSSION

This research is aimed to assess the effect of
ageing on the testes and the effectiveness of RES
against age-related testicular changes. The testes
of elderly rats revealed a decrease in testicular
weight, according to Zhao and their colleague **,
during the ageing process, ROS degrade
steroidogenesis in Leydig cells and inhibit
testosterone  biosynthesis, hence reducing
testosterone levels. In this study, the application of
antioxidants as RES will counteract the degrading
impact of reactive oxygen species (ROS) on
Leydig cells, boost testosterone production,
preserve spermatogenic cells and %erminal
epithelium, and raise the testicular weight =.

The level of testosterone in the current study
decreased with ageing, starting gradually to
decline in 12-month-old rats and continuing to
decline in older rats. This decline in testosterone
levels prompted feedback mechanisms to increase
the level of LH and FSH hormones to stimulate the
testes, in particular the Leydig cells to produce
more testosterone hormones to cover this age-
related decline in testosterone levels. Reduced
sperm counts, germinal epithelial thinning, and
other degenerative changes in the testis were all
linked to lower testosterone levels in old rats and
decreased testicular weight %27 .

According to the current study's morphometry
results, the increasing Leydig cell number, with a
decline in testosterone levels observed in the older
age group were accompanied by increases in FSH
and LH levels. This increased Leydig cell number
may be due to dysfunction of the Leydig cells that
limit their capacity for steroidogenesis or reduced
the number of LH receptors on the Leydig cells *°.
Or it may be due to an Age-related rise in
arteriosclerotic lesions of testicular arterioles
reducing testicular perfusion and subsequently,
decrease oxygen level and level of LH, which are
important for the activation of Leydig cells
Besides Reduced LH receptor coupling to G-
protein  results in decreased cholesterol
translocation to the mitochondria and steroidogenic
enzymes downstream of the smooth endoplasmic
reticulum. It has been proven that reactive oxygen
species have a negative impact on critical
components of the steroidogenic pathway *°, so
the use of RES in this study improves
steroidogenesis by increasing ROS scavenging
and antioxidant enzymes, it prevents ROS
generation by inhibiting p38 MAPK activation,
which improves STAR (the cholesterol transport
proteins steroidogenic acute regulatory protein)
gene transcription, which is required for cholesterol
translocation to the mitochondria, and thus RES
can protect steroidogenic pathway in Leydig cells
and preservation of male reproductive health *>%.
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The rate of ROS formation is particularly high
because of the significant oxygen consumption
necessary for steroid and sperm synthesis in
addition to that spermatozoa have little cytoplasm,
they are deficient in antioxidant enzymes leads to
oxidative stress, lipid peroxidation, DNA damage,
and increased apoptotic rate, which eventually
terminates with loss of sperm motility, vitality and
function as observed in sperm analysis, and
increased sperm deformity due to lipid
peroxidation, so increased level of free radicals
may be a significant contributor to idiopathic
infertility L3132 “This is proven by the significant
increase in MDA levels in old age rats in this study
which is in accordance with the findings of other
studies 2. Furthermore, the plasma membrane of
sperm has a high level of unsaturated fatty acids,
the primary target of oxidative damage. As a result,
it is vulnerable to free radical attacks which might
result in the creation of MDA, which have the
potential to generate additional ROS, rendering the
sperm functionally deficient due to plasma
membrane damage and unable to unite with the
egg for fertilization **,

The most prevalent age-related testicular change
is a mosaic of various lesions of the seminiferous
tubule, extending from complete, decreased
spermatogenesis to tubules that are fully
sclerosed, with impaired spermatogenesis leading
to germ and Sertoli cell loss. Thus the diameters of
old seminiferous tubules and the height of the
epithelium decline %%,

This study found that there was less germinal
epithelium and the spermatogenesis was impaired,
with tubules regressing and degenerated germ
cells with wide space between them. This could be
attributable to a disruption in the junction of the
Sertoli-to-Sertoli cell, which has been linked to
abnormal spermatogenesis and the breakdown of
the immune barrier provided by the blood testicular
barrier in old group rats. Large cells with more than
one nucleus could be a sign of poor
spermatogenesis or the failure of primary
spermatocytes to finish meiotic division. It could be
caused by the fusion of the cell membranes of
nearby s?ermatocytes and spermatids, which kills
the cells “%°.

Vacuolation of the germinal epithelium was seen
in aged testicular sections, which was referred to
as germ cell loss induced by early germ cell
exfoliation. Sertoli cells phagocytized the abnormal
germ cells resulting in vacuolization 234,

Thickening of artery wall was seen in Masson's
Trichrome ( MT) stain in testicular sections of the
elderly group, resulting in a decrease in blood flow
to the testicular parenchyma associated with
systemic arteriosclerosis and tubular involution of
the testes, testicular fibrosis, causes the germinal

17



Wasan Waadallah Hassawi

tubular epithelium to separate from the blood
supply resulting in the involution of the tubule with
age and testicular shrinkage. The increased
glycosaminoglycans and proteoglycans may be
linked to increasing basement membrane
thickness collagen type IV accumulates in the
basement membrane as a free radical defense

mechanism 3% 3%

The interstitial edema  (accumulation  of
homogenous material ) found in this study was
attributed to excess lymphatic exudate overflowing
from deteriorated lymphatic arteries, as well as an
increase in vascular Eermeability caused by free
radical accumulation *°.

The sections from the older age group showed
disrupted thickening +ve PAS reaction in the
basement membrane and the absence of
elongated spermatid and spermatozoa in
numerous STs, this indicates that spermatogenesis
has been arrested. Because the Ilymph
accumulated in the interstitial space contains
protein derived from the extracellular matrix (ECM),
including collagen, glycoprotein, and
proteoglycans, the interstitial space showed an
intense +ve PAS reaction. During stress or illness
situations the amount and activity of these proteins
in the lymph rise ¥’

Sertoli cells in the present study revealed
degenerative structural changes and reduction in
number when compared to the control group in the
morphometric study. This has an impact on
spermatogenesis because Sertoli cells are
essential for the proper development of
spermatogonia into spermatozoa % The guantity
of Sertoli cells, as well as whether these cells were
functional or not, influenced spermatogenesis.
Sertoli cells in senile rats lose the thin cytoplasmic
extensions (pseudopodia) that surround germ cells
and residual bodies causing the failure of
spermatogenesis 2% %%

Antioxidant therapies have a great deal of
promise as effective treatment options to lessen
the damage that a%eing does to the system of
male reproduction *°. So the use of RES in this
group reduce the oxidative stress in the testes and
ameliorate the histological changes observed in
the old age group, most of the seminiferous
tubules showed normal histology, basement
membrane and there was an improvement in the
spermatogenesis and presence of sperm in the
lumen, normal interstitial space and decrease in
the edema , improvement in MDA level and
testosterone level, these observations were
confirmed by MT stain which revealed
improvement in the tunica albuginea, tubular
basement membrane and normal interstitial tissue,
regarding the morphometric study the parameter of
the ST, value of spermatogenic cells, Sertoli cells
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and Leydig cells were improved comparing the old
age rats. This result is in agreement with Hamza
and their colleagues who mentioned that
supplementation of RES (20 mg/kg) to aged rats
improves various histological damage, biochemical
parameters, the sections of testicular tissues
demonstrating normal spermatogonia, normal
seminiferous tubules, and normal Leydig cells, a
significant increase in antioxidant enzyme, and
reduction in MDA level, in addition to that RES
improves the level of testosterone, increases the
sperm viability, and motility. Moreover, compared
to other known antioxidants, RES is more effective
at minimizing DNA damage **

Furthermore, Hamdy and Basma confirmed the
significance of RES in protecting testicular tissue
from cisplatin oxidative damage, restoring the
tubular basement membrane thickness, the weight
of testes, complete spermatogenesis, presence of
spermatogenic cells, Sertoli cells, and Leydig cells
function are restored, together with the normal
histological structure of the STs and interstitial
tissue. Hence it is possible to think about RES as a
unigue therapeutic target for any pathological
disorders affecting the testis. RES also reduced
aberrant sperm morphology and inhibited the
deteriorating effects of ROS on sperm viability,
motility and count ?°.

Resveratrol is the most effective natural
substance that activates SIRT-1 ( silent
information regulator 1), the most conserved
mammalian NAD+-dependent protein and a
member of the SIRT family. SIRT1 promotes
mitochondrial biogenesis and increases
mitochondrial mass. Several scientists have
investigated how RSV affects male fertility and
have shown that spermatogenesis including
sperm differentiation and quantity has improved.
RSV alters anti- and pro-apoptotic proteins to
prevent DNA degradation and cell death *2.
Additionally, The AMPK (Adenosine
monophosphate-activated protein kinase) pathway
is activated by RES, which is associated with
better mitochondrial performance and greater
concentrations of the antioxidant enzymes
catalase, glutathione (GSH), glutathione
peroxidase (GPx), superoxide dismutase (SOD), to
manage the cellular redox status by altering the
metabolic pathway while under stress, by
minimizing oxidative damage, these defense
mechanisms raise sperm quality and spermatozoa
fertility *°.

The capacity of RES to improve membrane
fluidity which aids in a more efficient interaction
with radicals, may be the cause of its antioxidant
effects against lipid peroxidation. Moreover, RES is
linked to the activation of the genes for
mitochondrial biogenesis and oxidative
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phosphorylation. Moreover, it could stimulate the
energy metabolism of spermatozoa, increasing
their vitality *".

Highlights

1.The study aims to see the effect of aging on the
testes.

2.The aging process cause
histological changes in the testes.

3.These age-related histological changes are
associated with a decline in male fertility.

4.There was an elevation in the oxidative stress
marker MDA which proves the relation of
oxidative stress state with aging.

5.The use of resveratrol improve the histology of
testes, and the testosterone hormone level .

6.Resveratrol decrease the oxidative stress
marker MDA , this indicate that resveratrol has
protective and therapeutic role in aging and age-
related changes in the testes.

progressive

Conclusion

ageing has a deleterious effect on the testes
leading to changes in the histology of the testes
affecting sperm and steroid production, causing
atrophy of seminiferous tubules decrease in the
sperm viability and motility and increasing oxidative
stress of aged testes and the RES improves these
changes and decreases the oxidative status so it
can be used as for protection or treatment of
testicular changes during the ageing process.

Acknowledgement

All thanks to everyone who has helped me
to finish this task, especially the college of
medicine, and the members of the animal house at
the college of veterinary medicine at university of
Mosul.

Conflict of Interest

According to the writers there is no possible
conflict of interest.

Ann Coll Med Mosul June 2023 Vol. 45 No.1

Wasan Waadallah Hassawi

REFERENCES

1.Gunes, S., Hekim, G. N., Arslan, M. A., & Asci,
R. Effects of aging on the male reproductive
system. J Assist Reprod Genet. 2016;33(4):441-
454, https://doi: 10.1007/s10815-016-0663-y

2.Hussein SM, El-Fadaly AB, Metawea AG,
Khaled BEA. Aging changes of the testis in
albino rat: light, electron  microscopic,
morphometric, immunohistochemical and
biochemical study. Folia Morphol
2020;79(3):503-515.
DOI: 10.5603/FM.a2019.0102

3.Karakaya FB and Esrefoglu M. Aging-Related
Changes in Rat Kidney and Testis: A
Microscopic Approach. Biomed J Sci Tech Res.
2022; 47(1): 38094-38104. DOI:
10.26717/BJSTR.2022.47.007445

4.Standring S, Ariana L, Alan J. Abdomen and
Pelvis: Male reproductive system. In: Gray's
anatomy, the anatomical basis of clinical
practice, 2015; 41th ed. Churchill Livingstone
Elsevier, London: 1272-1286.

5.Schoenfeld HA, Hall SJ, Boekelheide K.
Continuously proliferative stem germ cells
partially repopulate the aged, atrophic rat testis
after gonadotropin-releasing hormone agonist
therapy. Biol Reprod. 2001; 64(4):1273-1282.
DOI: 10.1095/biolreprod64.4.1273

6.Zhou DD, Luo M, Shang A, Mao QQ, Li BY, Gan
RY, Li HB. Antioxidant food components for the
prevention and treatment of cardiovascular
diseases: effects, mechanisms, and clinical
studies. Oxidative medicine and cellular
longevity. 2021 Jan 28;2021.
https://doi.org/10.1155/2021/6627355

7.Yawen Zeng, Xiaoying Pu, Juan Du, Xiaomeng
Yang, Xia Li, Md. Siddikun Nabi Mandal, Tao
Yang, Jiazhen Yang, Molecular Mechanism of
Functional Ingredients in Barley to Combat
Human Chronic Diseases. Oxidative Medicine
and Cellular Longevity, 2020, vol. 2020, Article
ID 3836172, 26 pages.
https://doi.org/10.1155/2020/3836172

8.Ginés C, Cuesta S, Kireev R, et al. Protective
effect of resveratrol against inflammation,
oxidative stress and apoptosis in pancreas of
aged SAMP8 mice. Exp Gerontol. 2017 ;90:61-
70. DOI: 10.1016/j.exger.2017.01.021

9.Wang N, Luo Z, Jin M, Sheng W, Wang HT,
Long X, Wu Y, Hu P, Xu H, Zhang X. Exploration
of age-related mitochondrial dysfunction and the
anti-aging effects of resveratrol in zebrafish
retina. Aging (Albany NY). 2019 May
5;11(10):3117. DOI: 10.18632/aging.101966

10. Das DK, Maulik N. Resveratrol in
cardioprotection: a therapeutic promise of
alternative medicine. Mol Interv. 2006; 6(1):36-
47.DOI: 10.1124/mi.6.1.7

19


https://doi.org/10.1007%2Fs10815-016-0663-y
https://doi.org/10.5603/fm.a2019.0102
https://doi.org/10.1095/biolreprod64.4.1273
https://doi.org/10.1155/2021/6627355
https://doi.org/10.1155/2020/3836172
https://doi.org/10.1016/j.exger.2017.01.021
https://doi.org/10.18632/aging.101966
https://doi.org/10.1124/mi.6.1.7

Wasan Waadallah Hassawi

11. Neves AR, Lucio M, Lima JL, Reis S.
Resveratrol in medicinal chemistry: a critical
review of its pharmacokinetics, drug-delivery,
and membrane interactions. Curr Med Chem.
2012 ; 19(11):1663-1681.
DOI: 10.2174/092986712799945085

12. Faid I, Al-Hussaini H, Kilarkaje N. Resveratrol
alleviates diabetes-induced testicular dysfunction
by inhibiting oxidative stress and c-Jun N-
terminal kinase signaling in rats. Toxicol Appl
Pharmacol. 2015; 289(3):482-494.
DOI: 10.1016/.taap.2015.10.012

13. Mendes TB, Paccola CC, de Oliveira Neves
FM, Simas JN, da Costa Vaz A, Cabral RE,
Vendramini V, Miraglia SM. Resveratrol
improves reproductive parameters of adult rats
varicocelized in peripuberty. Reproduction. 2016
Jul 1;152(1):23-35. DOI: 10.1530/REP-16-0025

14. Ouriqgue GM, Finamor IA, Saccol EM, Riffel
AP, Pés TS, Gutierrez K, Gongalves PB,
Baldisserotto B, Pavanato MA, Barreto KP.
Resveratrol improves sperm motility, prevents
lipid peroxidation and enhances antioxidant
defences in the testes of hyperthyroid rats.
Reproductive Toxicology. 2013 Jun 1;37:31-
9.DOI: 10.1016/j.reprotox.2013.01.006

15. Sakr HF, Abbas AM, Elsamanoudy AZ,
Ghoneim FM. Effect of fluoxetine and resveratrol
on testicular functions and oxidative stress in a
rat model of chronic mild stress-induced
depression. J Physiol Pharmacol. 2015;
66(4):515-527. PMID: 26348076

16. Sharma, P., Hug, A. U., & Singh, R.
Cypermethrin-induced reproductive toxicity in the
rat is prevented by resveratrol. J Hum Reprod
Sci. 2014;7(2), 99-106.
https://doi.org/10.4103/0974-1208.138867

17. EI Bana, E., Sarg, N., Elwakeel, E. The
Histological and Immunohistochemical Study of
Tramadol Induced Testicular Toxicity and
Protective Effects of Resveratrol in Adult Male
Albino Rats. Journal of Medical Histology. 2019;
3(2): 207-215.
DOI: 10.21608/JMH.2019.15928.1064

18. Pasquariello R, Verdile N, Brevini TAL,
Gandolfi F, Boiti C, Zerani M, Maranesi M. The
Role of Resveratrol in Mammalian Reproduction.
Molecules. 2020; 5;25(19):4554.
https://doi.org/10.3390/molecules25194554

19. Den Hartogh DJ, Tsiani E. Health Benefits of
Resveratrol in Kidney Disease: Evidence from In
Vitro and In Vivo Studies. Nutrients. 2019,
17;11(7):1624. doi: 10.3390/nu11071624. PMID:
31319485; PMCID: PMC6682908.

20. Mc Manus JF and Mowry RW. Staining
Methods : Histological and Histochemical. 1964;
1st ed.Harper and Row Ltd, London.

20

Consequence of Aging on Male Albino ..

21. Hegazy R, Hegazy A, Hegazy. Simplified
Method of Tissue Processing (Consuming Less
Time and Freely Available Chemicals). Ann. Int.
Med. Dent. Res. 2015; 1 (2): 58-60.

22. Al-Mahmood SS. Improving light microscopic
detection of collagen by trichrome stain
modification. Iragi J Vet Sci. 2020 Jul
1;34(2):273-81.doi:
10.33899/ijvs.2019.126176.1256

23. Oyeyemi WA, Akinola AO, Daramola OO,
Aikpitanyi I, Durotoluwa OT, Alele PG, Ogieriakhi
IO, Okoro TD. Vitamin E and quercetin
attenuated the reproductive toxicity mediated by
lead acetate in male Wistar. Bulletin of the
National = Research  Centre. 2022 Jan
29;46(1):22. https://doi.org/10.1186/s42269-022-
00709

24. Zhao H, Ma N, Liu Z, et al. Protective effect of
Wuzi Yanzong recipe on testicular dysfunction
through inhibition of germ cell apoptosis in
ageing rats via endoplasmic reticulum stress.
Andrologia. 2019, 51(2):e13181.
DOI: 10.1111/and.13181

25. Hamdy A A Aly, and Basma G Eid. “Cisplatin
induced testicular damage through mitochondria
mediated apoptosis, inflammation and oxidative
stress in rats: impact of resveratrol.” Endocrine
journal. 2020, vol. 67,9: 969-980
https://doi.org/10.1507/endocrj.EJ20-0149

26. Amaral S, Amaral A, Ramalho-Santos J. Aging
and male reproductive function: a mitochondrial
perspective. Frontiers in Bioscience-Scholar.
2013 Jan 1;5(1):181-97.
https://doi.org/10.2741/S365

27. Sahoo, D. K., Roy, A., & Chainy, G. B. Rat
testicular mitochondrial antioxidant defense
system and its modulation by aging. Acta
biologica Hungarica, 2008; 59(4), 413-424.
https:// DOI: 10.1556/ABi0l.59.2008.4.3

28. Wang Y, Chen F, Ye L, Zirkin B, Chen H.
Steroidogenesis in Leydig cells: effects of aging
and environmental factors. Reproduction.
2017;154(4):R111-R122. doi: 10.1530/REP-17-
0064. Epub 2017 Jul 26. PMID: 28747539;
PMCID: PMC5731485.

29. Joana Santiago, MSc, Joana V Silva, PhD,
Marco G Alves, PhD, Pedro F Oliveira, PhD,
Margarida Fardilha, PhD, Testicular Aging: An
Overview of Ultrastructural, Cellular, and
Molecular  Alterations. The Journals of
Gerontology: 2019; Series A, Volume 74, Issue
6, Pages 860-871,
https://doi.org/10.1093/gerona/gly082.

30. Banerjee B, Chakraborty S, Chakraborty P,
Ghosh D, Jana K. Protective effect of resveratrol
on benzo (a) pyrene induced dysfunctions of
steroidogenesis and  steroidogenic  acute
regulatory gene expression in Leydig cells. Front

Ann Coll Med Mosul June 2023 Vol. 45 No.1


https://doi.org/10.2174/092986712799945085
https://doi.org/10.1016/j.taap.2015.10.012
https://doi.org/10.1530/rep-16-0025
https://doi.org/10.1016/j.reprotox.2013.01.006
https://doi.org/10.4103/0974-1208.138867
https://dx.doi.org/10.21608/jmh.2019.15928.1064
https://doi.org/10.3390/molecules25194554
http://dx.doi.org/10.33899/ijvs.2019.126176.1256
https://doi.org/10.1186/s42269-022-00709
https://doi.org/10.1186/s42269-022-00709
https://doi.org/10.1111/and.13181
https://doi.org/10.1507/endocrj.EJ20-0149
https://doi.org/10.2741/S365
https://doi.org/10.1556/abiol.59.2008.4.3
https://doi.org/10.1093/gerona/gly082

Consequence of Aging on Male Albino ..

endocrinol. 2019 Apr
30;10:272.DOI: 10.3389/fendo.2019.00272

31. Nguyen-Powanda P, Robaire B. Oxidative
stress and reproductive function in the aging
male. Biology. 2020 Sep
11;9(9):282.doi: 10.3390/biology9090282

32. Matzkin ME, Calandra RS, Rossi SP, Bartke A,
Frungieri MB. Hallmarks of testicular aging: the
challenge of anti-inflammatory and antioxidant
therapies using natural and/or pharmacological
compounds to improve the physiopathological
status of the aged male gonad. Cells. 2021
Nov;10(11):3114. doi: 10.3390/cells10113114

33. Koprlo SA, Ja'afar HA, Mahood AK. The Effect
of Aging on Human Testis: Anatomical and
Histological study. Iraqi JMS. 2012; ISSN 1681-
6579 DOI: 10.13140/RG.2.2.32244.50565.

34. Paniagua R, Nistal M, Saez FJ, Fraile B.
Ultrastructure of the aging human testis. J
Electron Microsc Tech. 1991;19(2):241-260.
DOI: 10.1002/jemt.1060190209

35. Elghait, A. T. A., Mostafa, T. M., Gameaa, F.
K., Mohammed, G. K., Meligy, F. Y., & Sayed, M.
M. Comparative Histological Study on the Effect
of Tramadol Abuse on the Testis of Juvenile and
Adult Male Albino Mice. Anatomy & cell biology.

2022;55(3), 341-355. https://
DOI: 10.5115/acb.22.013
36. Ravikumar S, Srikumar K. Metabolic

dysregulation and inhibition of spermatogenesis
by gibberellic acid in rat testicular cells. J
Environ Biol. 2005;26(3):567-569.
PMID: 16334298

37. Hansen KC, D’Alessandro A, Clement CC,
Santambrogio L. Lymph formation, composition
and circulation: a proteomics perspective. Int
Immunol. 2015 May 1;27(5):219-27.
https://doi.org/10.1093/intimm/dxv012

38. Minaee Zanganeh, B., Rastegar, T., Habibi
Roudkenar, M., Ragerdi Kashani, I., Amidi, F.,
Abolhasani, F., & Barbarestani, M. Co-culture of
spermatogonial stem cells with sertoli cells in the
presence of testosterone and FSH improved
differentiation via up-regulation of post meiotic
genes. Acta medica Iranica. Acta Med Iran.
2013;51(1):1-11.PMID: 23456578

39. Humphreys PN. The histology of the testis in
aging and senile rats. Exp Gerontol. 1977 ;12(1-
2):27-34. DOI: 10.1016/0531-5565(77)90029-8

40. Wang JJ, Wang SX, Feng Y, Zhang RF, Li XY,
Sun Q, Ding J. Age-Related Decline of Male
Fertility: Mitochondrial Dysfunction and the
Antioxidant Interventions. Pharmaceuticals. 2022
Apr 23;15(5):519.
https://doi.org/10.3390/ph15050519

41. Hamza RZ, Al-Harbi MS, Al-Hazaa MA.
Neurological alterations and testicular damages
in aging induced by D-Galactose and neuro and

Ann Coll Med Mosul June 2023 Vol. 45 No.1

Wasan Waadallah Hassawi

testicular protective effects of combinations of
chitosan  nanoparticles,  Resveratrol and
Quercetin in male mice. Coatings. 2021 Apr
9;11(4):435.https://doi.org/10.3390/coatings1104
0435.

42. Mongioi LM, Perelli S, Condorelli RA,
Barbagallo F, Crafa A, Cannarella R, La Vignera
S, Calogero AE. The role of resveratrol in human
male fertility. Molecules. 2021 Apr
24;26(9):2495.https://doi.org/10.3390/molecules
26092495.

21


https://doi.org/10.3389/fendo.2019.00272
https://doi.org/10.3390%2Fbiology9090282
https://doi.org/10.3390%2Fcells10113114
https://doi.org/10.1002/jemt.1060190209
https://doi.org/10.5115/acb.22.013
https://doi.org/10.1093/intimm/dxv012
https://doi.org/10.1016/0531-5565(77)90029-8
https://doi.org/10.3390/ph15050519
https://doi.org/10.3390/coatings11040435
https://doi.org/10.3390/coatings11040435
https://doi.org/10.3390/molecules26092495
https://doi.org/10.3390/molecules26092495

