
Med. J. Cairo Univ., Vol. 88, No. 2, March: 599-609, 2020  

www.medicaljournalofcairouniversity.net  

Effect of D-Limonene on the Age-Related Androgenic Changes in  

Male Rats  

MAHMOUD A. EL HEFNAWY, M.Sc.; SHEREEN M. SAMIR, M.D.; MOHAMED ADEL, M.D. and  
MOHAMED Z. BORAIE, M.D.  

The Department of Medical Physiology, Faculty of Medicine, Mansoura University, Egypt  

Abstract  

Background:  Aging has deteriorating effects on physio-
logical functions of many organs including the sex organs,  

which are suggested to be due to oxidative stress. D-limonene  
which is an extract from the peel of Citrus plants, has multiple  

therapeutic properties, mainly due to its antioxidant capacity.  

Aim of Study:  Was to detect the androgenic changes in  
aging male rats and trying to find out the possible beneficial  
effects of D-limonene on these androgenic changes.  

Material and Methods:  32 male rats were divided into 2  
main groups; adult sexually mature group and old aged group.  

Each group was subdivided into; control subgroup and sub-
group supplemented with D-limonene for 4 weeks. Blood  

samples, dissected testes and epididymides were used for  

detection of oxidative stress markers, sperm analysis, androgen  

receptors by immunohistochemistry and histopathological  
examination.  

Results:  The control old aged rats showed significant  

decrease in all sperm parameters, androgen receptors, antioxi-
dants and testosterone levels as compared with the adult ones.  

Amazingly, supplementation of D-limonene corrected all these  

aging inducing effects on androgenic capacity which may be  
attributed to its antioxidant ability. This improving effect was  

proved by more spread of androgen receptors in rats' epidi-
dymides with improving count and morphology of sperms.  

Conclusion:  Supplementation of D-limonene daily to rats,  
especially the old aged ones could protect the sexual organs  

from aging oxidative stress inducing deterioration of its  

physiological functions. So, we recommend in this study to  

add limonene to the diet of old age men and those who exposed  

to chronic stress in their lives to save, to some extent, their  

androgenic capacity which may help in treating many cases  
of male infertility.  

Key Words:  D-limonene – Aging – Oxidative stress – Andro-
genic capacity – Epididymal androgen receptors.  

Introduction  

INFERTILITY  is a major clinical worldwide  
problem. Around 8 to 12 percent of couples have  

Correspondence to:  Dr. Mahmoud A. El Hefnawy,  
The Department of Medical Physiology, Faculty of Medicine,  
Mansoura University, Egypt  

fertility problems; male factor is responsible for  

50% of these cases [1] . One of the major causes of  
male infertility is oxidative stress which may be  
involved in male aging.  

Aging has harmful effects on most tissues with  

deterioration of physiological functions of many  

organs. Though men can preserve their fertility till  

advanced age, studies concerning semen analysis  
in men older than 55 years or younger than 35  

years have detected that semen volume and sperm  

motility are inversely correlated with age [2] . Also,  
it was noticed that oxidative stress affected normal  

packaging of chromatin and spermatozoa integrity  

of aged Brown Norway rats, suggesting that reac-
tive oxygen species production has a direct effect  

on male fertility [3] . Furthermore, histopathological  
studies have detected that aging is accompanying  

with thickened seminiferous tubules basement  
membrane together with a decrease in Leydig and  

Sertoli cells number, in addition to a rise in the  
rate of arrested germ cells divisions [4] . A histo-
logical and ultrastructural study by Jiang et al., [5]  
has noticed that aging testes are characterized by  

a reduction in germ cells proliferation besides  

increasing rate of their apoptosis. In supporting  
evidence, Wang et al., [4] , demonstrated a reduction  
in the steroidogenic capacity of the Leydig cells  

in aged rats by about 50% and delivered an evidence  
that Reactive Oxygen Species (ROS) might induce  

destruction to membrane proteins and lipids of the  

leydig cell.  

Limonene, a monoterpene, is a major volatile  
component of the essential oils extracted from the  

peel of Citrus plants such as orange and lemon. It  

has two isomers: D and L; the main active form  

of limonene is D-limonene [6] . It has a pleasant  
lemon-like odor, so it is used as a flavor and food  

additive in fruit juices, candies, soft drinks, cos-
metics and beauty products [6] .  
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Multiple therapeutic properties have been re-
ferred to D-limonene. It has antioxidant properties  

through inhibiting lipid peroxidation and arresting  
the free radical-induced damage, so it is used for  

preventing physical stress, psychological stress [7]  
and for prevention of stress-induced hypertension  
[8] . Also, Jesudoss et al. [9]  have been found that  
D-Limonene has a promising role in regulation of  

pulmonary hypertension. In addition, D-limonene  
is reported to have chemotherapeutic properties  

against many types of cancers as in human gastric  
carcinoma and colon cancer [10] . Kummer et al.,  
[11]  discovered that limonene has the ability to  

decrease TNF-a  level and to reduce the chemotaxis  

of neutrophils and leukocytes in zymosan-induced  

peritonitis in vitro. Surprisingly, Biccinelli and his  
coworkers [12]  reported the antihyperalgesic and  

antidepressant effects of limonene on rat neuro-
pathic pain in Spared Nerve Injury (SNI) model.  

The efficiency of limonene as immunomodulatory  
agent was tested on the immune system function  

using an isolated in vitro assay that revealed inhib-
ited TH1 and TH2 cytokines production by acti-
vated T cells [13] .  

So, aim of this study was to detect the andro-
genic changes in aging male rats including; the  

hormonal assay, sperm sample analysis and detec-
tion of epididymal androgen receptors by immu-
nostain. Also, trying to find out the possible bene-
ficial effects of D-limonene on these androgenic  

changes.  

Material and Methods  

Experimental animals:  

In this study, we used male Sprague Dawley  
rats. Animals were housed in the Medical Experi-
mental Research Center (MERC) animal house,  
Mansoura University, at adjusted environmental  
conditions (temperature of 20ºC and twelve hours  

light/dark cycles). They were kept on a standard  
chow with free access to tap water. The experimen-
tal protocol was approved by the Ethics Committee  

of Animal Care in Mansoura Faculty of Medicine  
(19.02.494).  

Experimental protocol:  
Thirty-two male Sprague Dawley rats were  

divided into 2 main groups (16 rats in each group);  

Group I: Adult sexually mature rats (aged 4-5  

months) and Group II: Old age rats (aged 20-24  
month). Each group was subdivided into two sub-
groups (8 rats per each): Sub group (A): (Control  

group) normal rats maintained on standard rat  

chow, and sub group (B): Rats supplemented with  

D-limonene (50mg/kg) orally daily for 4 weeks in  

(October 2019) [14] .  

At the end of the experimental period (4 weeks),  
scarification of all rats was done under sodium  

thiopental anesthesia (30-40mg/kg I.P injection).  

Then blood samples were collected directly from  

heart, left for 2 hours at room temperature to clot  

before being centrifuged at 1000r.p.m for 20 min-
utes to obtain serum samples for hormonal assay.  

Also, the testes were dissected along with its epidi-
dymides and sperm samples were collected from  
the cauda epididymis. Right testes with their epidi-
dymides were fixed in Bouin's solution for his-
topathological examination and immunohistochem-
ical detection of androgen receptors. The left testes  

samples were weighted and stored at –20ºC for the  

analyses of malondialdehyde (MDA), reduced  

glutathione (GSH) levels, and Superoxide Dis-
mutase (SOD) activities.  

Sperm sample from epidiymis:  

Sperm samples were collected by surgical ex-
posing of the cauda epididymis after scarification.  
Samples are taken from distal part of cauda epidi-
dymides and collected by using the diffusion meth-
od [15] . This method in short was done by placing  
the excised and trimmed epididymis in a Petri dish  
with 5ml of Hanks Balanced Salts Solution com-
posed of 2.0g/L bovine serum albumin, 4.2g/L N-
2-Hydroxyethyl piperazine-N-2 ethansulfonic acid,  

0.35g/L sodium bicarbonate, 0.1g/L sodium pyru-
vate, 0.025g/L soybean trypsin inhibitor and 0.9g/L  
d-glucose (Sigma Chemical Company, USA) pH  
7.4. The lumen of the distal portion of cauda epidi-
ymal tube was pierced by scalpel blade at various  
locations with taking care to avoid cutting blood  

vessels. Sperm quickly start to diffuse out from  
the lumen of the tubule due to the inside fluid  

pressure. Once turbidity appears, take around 30sec,  

the epididymal tissue was moved away, with plac-
ing the dish in a tissue culture incubator (5% CO 2 ,  
34ºC) for ~15min till consequent analysis of sperm  
motion was done.  

Computer Assisted Sperm Analysis (CASA):  

Sperm samples were analyzed using VideoTest®  

ZooSperm® (rat module) software (Russia).  
VideoTest® ZooSperm® CASA consists of two  
standard methods, “Motility” and “Morphology”,  
a facility for automatic report generation, and an  

in-built database. The parameters analysis is exe-
cuted automatically [16] .  

A-  Motility standard method:  
It was designed to evaluate the concentration  

of spermatozoa and their motility in a specimen.  
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To accomplish the analysis, a counting chamber  

with the specimen was placed under microscope,  

after which a video was recorded. The recorded  

objects were threshold and their motion paths were  

automatically reassembled. The spermatozoon path  

color was corresponded to its motility class. Several  
clips could be recorded in order to obtain statisti-
cally valid results. The analysis of each clip was  
transferred to the database.  

B- Morphology standard method:  

The method was planned to evaluate the sper-
matozoa morphological parameters and to divulge  
pathology. Geometrical measurements of sperma-
tozoa heads were used in this method. All parts of  
the spermatozoa were threshold and measured  

automatically. The pathology was shown based on  

the head parameters. The attained results were  

transferred to the database automatically.  

Biochemical analysis in serum:  
Serum levels of Follicle Stimulating Hormone  

(FSH) [17] , Luteinizing Hormone (LH) [18]  and  
testosterone [19]  were determined by using Rat  
ELISA Kit purchased from Abcam Company, UK,  

using the Sandwich-ELISA principle.  

Biochemical analysis in tissue:  
The left testes were diluted with PBS (pH 7.4),  

shredded in a glass and homogenized for 3 minutes  

in cold physiological saline using a Teflon-glass  
homogenizer. Total protein assay was carried out  
on homogenized sample to be used for determina-
tion of oxidative stress markers. Reduced glutath-
ione (GSH) was determined in the prepared samples  

according to the method described by Beulter et  

al., [20] . In order to determine malondialdehyde  
(MDA), a method described by Draper and Hadley  

[21]  was used. While, Superoxide Dismutase (SOD)  

activity was assayed by the procedure of Nishikimi  
et al., [22] .  

Histopathological examination:  
24 hours after fixation of right testes and epidi-

ymides in Bouin's solution, the tissues were dehy-
drated in alcohol, treated with xylene and embedded  

in paraffin wax. A total of 6µm-thick sections were  
cut using a rotary microtome. Sections of testis  

were processed for hematoxylin-eosin staining,  
and sections of epididymis were processed for  

immunohistochemistry of Androgen Receptors  
(ARs).  

Immunohistochemistry procedure:  
To execute the standard staining process, first  

the epididymal sections have to be deparaffinized  

and rehydrated prior to the primary antibody was  

applied. Enzyme-conjugated secondary antibodies  

were then applied and after addition of the enzyme-
specific substrate, the specific staining can be  
visualized.  

Computer assisted digital image analysis (dig-
ital morphometric study):  
A- Slide imaging and digitizing: Slides were pho-

tographed using Olympus® microscope with  

Olympus® digital camera with 0.5 X photo  
adaptor, using 40 X objective. Analysis of the  
results was done via Intel® Core I3® based  

computer using VideoTest Morphology® soft-
ware (Russia) with a specific built-in automated  

counting object. Five random fields from each  
slide and two slides from each rat were prepared  

and analyzed.  

B- Quantification of androgen receptor: Firstly,  
image obtained form the camera via a u-tech®  

frame grabber. Then, improving color tones of  

the image based on the hue of target stains.  

After that, thresholding of the image at the level  

of the desired stain hue range to form a binary  

mask that represents target stain area. We define  

the thresholded area as Region of Interest (ROI).  

Application of the object counting routine on  
(ROI) that was utilized to estimate the area  

percent of target stain in relation to the total  
field.  

Statistical analysis:  
Statistical Package for Social Sciences (SPSS)  

version 16 was used to analyze the data. Data were  

described as means ±  SD after normality testing  
using Shapiro-Wilk test. Independent samples t-
test and One-way ANOVA with LSD post-hoc test  

were used to compare among groups. "p-value  
≤0.05" was considered to be statistically significant.  

Results  

As trying to find out the limonene effects on  

various aged rat groups, these results detected first  

the comparison between the control rats in each  

group to find out the effect of age on different  

parameters. Then we compare rats supplemented  

with limonene and control rats in each age group.  

Results of sperm parameters:  
By comparing the control old aged (IIa) sub-

group with the control adult (Ia) rats, Table (1)  
showed significant decrease in percentage of motile  

sperms associated with decline in percentage of  

sperm count and those with normal morphology  

in epididymal samples. As regard the sperm count  
in testicular tissue, there was significant decline  
in subgroup (IIa) as compared to Subgroup (Ia).  
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Table (1): Comparison of measured sperm samples parameters among different experimental subgroups.  

n=8 rats/subgroup  
Group I  Group II  

Ia Ib  IIa  IIb  

% of motile sperms  78.9±3.3 85.8±5.2$  63±4.7*  70.9±2.8$  
% of change  8.75%  12.54%  
% of sperms with normal morphology  71.9± 1.6 78.2±7.4$  56.7±4*  64.2±3.6$  
% of change  8.76%  13.23%  
Sperm count (million/ml)  15.1 ±0.9 18.8±0.1 $  9.3±0.5*  13.3±0.7$  
% of change  24.50%  43.01%  
Sperm count in tissue/HPF  6108.2±716 7472.6±755.4$  4638.6±485.7* 6415.4±773.5$  
% of change  22.33%  38.30%  

(Ia) Control adult rats.  (IIa) Control old age rats.  
(Ib) Limonene treated adult rats.  (IIb) Limonene treated old age rats.  
Test used for analysis is Independent samples t-test and One-way ANOVA with LSD post-hoc.  
p≤0.05 considered statistically significant.  
$: Significance between both subgroups in each group.  

*: Significance with Subgroup Ia.  
% of change: Between both subgroups in each group.  

Table (1) showed results concerned with com-
paring limonene treated subgroups with the control  

ones. As comparing the subgroups of adult rats,  
the results revealed significant increase in % of  

sperm motility, % with normal morphology and  
sperm count in epididymal samples, together with  

increase of the sperm count in testicular tissue Fig.  

(1).  

Marvelously, by comparing the limonene sup-
plemented old age (IIb) rats with the control old  

age (IIa) ones, Figs. (2,3) showed significant in-
crease in sperm motility, sperm with normal mor-
phology and sperm count (43.01 %) in epididymal  
samples, in addition to significant increase in sperm  

count of testicular tissue (38.30%).  

Fig. (1): Comparison of measured sperm samples parameters  

among adult subgroups.  

(Ia) control adult rats. (Ib) limonene treated adult rats.  
p≤0.05 considered statistically significant.  

$: Significance between both subgroups in each group.  

Fig. (2): Comparison of measured sperm samples parameters  

among old aged subgroups.  

(IIa) control old age rats. (IIb) limonene treated old age rats.  
p≤0.05 considered statistically significant.  
$: Significance between both subgroups in each group.  
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Fig. (3): Illustration of percentage of changes induced by  

administration of D-limonene in adult and old aged  
groups.  

(I) adult rats. (II) old age rats. 
% of change: Difference between both subgroups in each group.  
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Results of hormonal levels:  
Table (2) expressed significant decrease in  

testosterone together with significant increase in  

LH levels in control old aged rats as compared to  
the control adult ones. While, this comparison  
showed insignificant increase in FSH level of the  
old aged control rats.  

Also, the results showed significant increase  

in testosterone level of limonene treated adult (Ib)  
rats as compared to the control age matched (Ia)  
ones. In addition to significant decrease in FSH  

and LH levels in the treated subgroup. In the old  

age subgroups, the data showed significant increase  
in testosterone (15.95%) with significant decrease  

in FSH and LH levels in limonene treated rats as  
compared to its age matched control one.  

Table (2): Comparison of measured hormonal parameters  

among different experimental subgroups.  

Group I  

 

Group II  

   

Ia Ib IIa IIb  

Testosterone 
 

28± 1.8 33.2±2.5$ 
 

25.7± 1.5* 
 

29.8±3.4$  

% of change 18.57% 15.95 %  
FSH 8.7±0.5 

 

7±0.3 $ 9±0.8 6.9±0.3 $  

% of change 19.54% 23.33%  
LH 0.3±0.02 

 

0.25±0.01 $ 
 

0.33±0.03* 
 

0.24±0.05$  

% of change 16.67% 27.27%  

(Ia) Control adult rats.  
(Ib) Limonene treated adult rats.  
(IIa) Control old age rats.  
(IIb) Limonene treated old age rats.  
Test used for analysis is Independent samples  t-test and One-way  
ANOVA with LSD post-hoc.  
p≤0.05 considered statistically significant.  
$: Significance between both subgroups in each group.  

*: Significance with Subgroup Ia.  
% of change: Between both subgroups in each group.  

Results of oxidative stress markers:  

Table (3) showed significant increase in tissue  

lipid peroxidation level (MDA), together with  

significant decrease in levels of testicular antioxi-
dants (SOD and GSH) in control rats with increas-
ing age. However, by comparing the two subgroups  
of adult rats; limonene supplemented rats (Ib)  

showed significant increase in SOD and GSH with  
significant decrease in MDA as compared to its  

control ones (Ia). Also, results revealed that in old  
age subgroups the limonene treated rats showed  

significant increase SOD and GSH with significant  
decrease in MDA as compared to its age matched  
control rats.  

Histopathological results:  
As shown in Fig. (4 A) that represents a section  

of the testis of control adult rat (subgroup Ia), there  

are multiple cut sections of seminiferous tubules  

lined by multiple layers of spermatogenic cells in  

different stages of development. Spermatogonia  

are seen resting on the basement membrane with  
rounded dark nuclei over lied by layers of devel-
oping spermatocytes. Multiple sperms are seen in  

the lumen of the tubules. Groups of Leydig cells  

are seen in between seminiferous tubules.  

Otherwise, in Fig. (4B) which represents a  
section of the testis of treated adult rat (subgroup  
Ib), there are multiple cut sections of seminiferous  

tubules with increased thickness of spermatogenic  
cell layers. More sperms are seen in the lumen of  

the tubules with relative increase in the number of  

Leydig cells in between seminiferous tubules as  
compared with subgroup (Ia).  

Regarding Fig. (5A), which is a section of the  
testis of control old aged (subgroup IIa) rat, showing  

degeneration and vacuolation of the lining cells of  

some seminiferous tubules with others show irreg-
ular outline. Few sperms are seen in the lumen of  

some tubules that become completely absent in  

others. Leydig cells are less frequently seen in the  

thickened interstitial tissue.  

While, in Fig. (5B) a section of the testis of  

treated old aged rat (subgroup IIb) showing marked  

improvement of the degenerative changes in the  

seminiferous tubules as compared with subgroup  

(IIa). Restoration of the thickness of the wall of  
seminiferous tubules is evident with regularly-
organized layers of different types of spermatogenic  

cells resting on a regular basement membrane.  
Numerous sperms are seen in the lumen of sem-
iniferous tubules. Also, multiple groups of Leydig  
cells are seen in the interstitial tissue between the  

tubules as compared with subgroup (IIa).  

Table (3): Comparison of measured testicular oxidative pa-
rameters among different experimental subgroups.  

n=8 rats/  
subgroup  

Group I  Group II  

Ia  Ib  IIa  IIb  

MDA  3±0.1  1.9±0.2$  3.2±0.2*  2±0.1 $  

SOD  55.2±4  59.7±4$  48.7±3.2*  57.2±4$  

GSH  3.5±0.2  4±0.3 $  3.04±0.6*  3.6±0.2$  

(Ia) Control adult rats.  
(Ib) Limonene treated adult rats.  
(IIa) Control old age rats.  
(IIb) Limonene treated old age rats.  
Test used for analysis is Independent samples  t-test and One-way  
ANOVA with LSD post-hoc.  
p≤0.05 considered statistically significant.  
$: Significance between both subgroups in each group.  

*: Significance with Subgroup Ia.  

n=8 rats/  
subgroup  
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Fig. (4): Photomicrograph of a section of the testis of adult rats: [A] Subgroup Ia showing multiple cut sections of seminiferous  

tubules (black arrow). Multiple sperms (blue arrow) are seen in the lumen of the tubules. Groups of Leydig cells (red  

arrow) are seen in between seminiferous tubules. [B] Subgroup Ib showing multiple cut sections of seminiferous tubules  

(black arrow). More sperms (blue arrow) are seen in the lumen of the tubules. Relative increase in the number of  

Leydig cells (red arrow), is seen in between seminiferous tubules.  

Fig. (5): Photomicrograph of a section of the testis of old aged rats: [A] Subgroup IIa showing degeneration (yellow arrow)  

and vacuolation (green arrow) of the lining cells of some seminiferous tubules (black arrow). Few sperms (blue arrow)  

are seen in the lumen of some tubules that become completely absent in others. Leydig cells (red arrow) are less  

frequently seen in the thickened interstitial tissue. [B]: Subgroup IIb showing restoration of the thickness of the wall  

of seminiferous tubules (black arrow) is evident. Numerous sperms (blue arrow), are seen in the lumen of seminiferous  

tubules. Multiple groups of Leydig cells (red arrow) are seen in the interstitial tissue between the tubules.  

Immunohistochemical results:  
Table (4) and Fig. (7) represented immunohis-

tochemistry for androgen receptor in epididymal  

tissue of all rats in different experimental subgroups  
evaluated by digital morphometric analysis. Data  
were expressed as the percentage area of target  

stain which represents the androgen receptors as  

compared to the total field area. This table showed  
that there was significant increase in androgen  

receptors density in subgroup (Ib) Fig. (8B) as  

compared to subgroup (Ia) Fig. (8A) with percent-
age of change between both subgroups (~28%).  

In subgroup (IIb) slides Fig. (9B), there was a  
significant increase in the density of androgen  

receptors than those of subgroup (IIa) Fig. (9A),  

with percentage of change between both subgroups  

around (~47%).  

Table (4): Comparison of androgen receptors density with  

immunostain among different experimental sub-
groups.  

Group I  

 

Group II  

   

Ia Ib IIa IIb  

% area of stain 
 

24.2±2.8 
 

31±4.6$ 
 

11.5± 1.3* 
 

16.9±2.2$  
% of change 28.1% 46.96%  

(Ia) Control adult rats.  

(Ib) Limonene treated adult rats.  

(IIa) Control old age rats.  

(IIb) Limonene treated old age rats.  

Test used for analysis is Independent samples t-test and One-way  

ANOVA with LSD post-hoc.  

p≤0.05 considered statistically significant.  

$: Significance between both subgroups in each group.  

*: Significance with Subgroup Ia.  

% of change: Between both subgroups in each group.  

n=8 rats/  
subgroup  
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AR immunohistochemistry (% area)  

Fig. (7): Comparison of androgen receptors density with  
immunostain among different experimental sub-
groups.  

(Ia) Control adult rats.  
(Ib) Limonene treated adult rats.  
(IIa) Control old age rats.  
(IIb) Limonene treated old age rats.  
Test used for analysis is Independent samples t-test and One-way  
ANOVA with LSD post-hoc.  
p !90.05 considered statistically significant.  

$: Significance between both subgroups in each group.  

*: Significance with Subgroup Ia.  

Fig. (8): Show density of androgen receptor with immunostain in adult control rats [A] and adult rats supplemented with D-
Limonene [B].  

Fig. (9): Show density of androgen receptor with immunostain in old aged control rats [A] and old aged rats supplemented with  

D-Limonene [B].  

Discussion  

This is the first research that studies the effect  

of daily consumption of D-limonene on the andro-
genic capacity in male rats of different ages; espe-
cially, the old aged rats.  

Our study demonstrates that sperm parameters  

change with age. As with aging, there are significant  

deterioration in all testicular and epididymal sperm  
parameters. Also, testosterone level is declined  

markedly with partially loss of negative feed-back  
on pituitary gonadotropins as compared to the adult  

control rats. These results prove what Stone and  

his colleagues [23]  noticed about the daily sperm  
production and total sperm count which are nega-
tively correlated with age. The present study reveals  
significant decline in sperm count (~43%), motility  

and morphology in epididymal samples together  
with significant decrease in sperm count in testic-
ular tissue (~38%) of old age rats as compared to  
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adult rats' epididymal and testicular parameters.  

These changes may be due to functional decline  

of both testes and accessory glands, expressed as  

significantly higher mean serum levels of gonado-
tropins and lower serum free testosterone. Gunes  

et al., [24]  noticed that serum testosterone levels  

tend to decrease with getting old, which may be  
particularly due to decline in the Leydig cells  
number, worsening of testicular perfusion, and  

disruption in GnRH and pituitary gonadotropin  

diurnal rhythm secretion.  

More than 300 theories have been proposed to  
explain the aging process, but none has yet been  
generally accepted by gerontologists. However,  
the free radical theory of aging hypothesizes a  

single common process, modifiable by genetic and  
environmental factors, in which oxygen-derived  

free radicals are responsible (due to their high  

reactivity) for the age-associated damage at the  

cellular and tissue levels. Oxidative stress may  

cause unfavorable alterations in the reproductive  
organs, including the epididymis and accessory  
glands [25] . These alterations may affect normal  

sperm maturation processes and reduce semen  

volume [2] . A study indicated that increased ROS  

levels may be a major cause of idiopathic male  
infertility [26] . As detected in this present study,  

the levels of lipid peroxidation show significant  
increase together with marked decrease in antioxi-
dants in control aged rats as compared to the adult  

ones.  

The present oxidative stress markers results  
could explain our pathological findings in aged  

testicular tissues, which reveal degeneration and  
vacuolation of the lining cells of many seminiferous  
tubules with very few sperms in some tubules and  

completely absent in others. Besides, Leydig cells  

are less frequently seen in the thickened interstitial  

tissue. Moreover, the decline in androgenic capacity  
with aging is proved by marked decline in epidi-
dymal androgen receptors density detected with  
immunostain as compared with the control adult  
group. Our findings are in consistence with Zitz-
mann [27]  results which detected that during the  
course of aging in human, the thickness of the  
tunica propria of the basal membrane of seminif-
erous tubules increases while the seminiferous  
epithelium reduces. The decline of seminiferous  
tubules with age is characterized by a decrease in  

the number of Sertoli cells and germ cells, despite  

personal differences; the number of Leydig cells  

also decreases with age [28] .  

Several studies have shown an association  

between sperm motility and ROS production, lipid  

peroxidation, and sperm oxidative DNA damage  

[29-31] . Also, Belloc et al., [32]  have indicated higher  
levels of double strand DNA breaks and higher  

DNA Fragmentation Index (DFI) in older men  
sperms. In supporting evidence, histological and  

ultrastructural study by Jiang et al., [33]  has shown  
increased apoptosis along with a reduced prolifer-
ation in germ cells of the aging testes.  

Our understanding of oxidative stress has given  
rise to several new treatment modalities, which  

are now being investigated for improving male  
infertility. Many new antioxidants are now available  

which may improve the sperm quality but a major  

concern in their usage is lack of scientific evidence  
of their effectiveness. Several studies tried to prove  

the antioxidant effect of D-limonene in conditions  
associated with oxidative stress as Murali et al.,  
[34]  study that exhibits decline in lipid peroxidation  

in kidney and liver of diabetic rats with adminis-
tration of D-limonene. Also, Roberto et al., [35]  
found that limonene can protect lymphocytes from  
oxidative stress through enhancing SOD activity  

and level of hydrogen peroxide.  

In the current study, administration of D-
limonene to the rats shows reduced levels of lipid  

peroxidation by-products and increased levels of  
antioxidants in rats with both age categories as  

compared to the age matched control ones, which  

could explain the arrest of free radical-induced  

damage and antioxidant potential of D-limonene.  

These results are in consistence with the study of  
Jesudoss et al., [9]  in which limonene alleviates  
oxidative stress-induced liver injury in high-fat  

diet and L-NAME treated rats. The antioxidant  
effect of Limonene in the present study may explain  
its improving effects on old aged rats as compared  

with age matched control ones. Our results reveal  
obvious improvement in sperm analysis including;  
sperm count, percentage of sperms with normal  

morphology and motile sperms together with sperm  
count in testicular tissue specimen in aged rats.  

Similarly, this effect of limonene in aged rats is  

associated with significant increase in testosterone  

level and return of the negative feedback on pitu-
itary gonadotropins as compared to the control  

aged results. Furthermore, the hormonal levels and  

sperm parameters show marked improvement in  
adult rats supplemented with limonene when com-
pared to its age-matched control ones.  

Additionally, D-limonene improves the andro-
gen receptor density detected by immunostain in  

both age groups as compared to their age matched  

control rats. This improvement appears markedly  
in old aged rats that express higher percentage of  
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change approximately 47% than adult rats that  
improve with a percentage of change around 28%.  

All these limonene improving parameters are  

proved with the histopathological findings that  

show restoration of the thickness of the wall of  

seminiferous tubules with regularly-organized  

layers of different types of spermatogenic cells in  

aged rat's testis. In addition to these findings,  
numerous sperms in the lumen of seminiferous  
tubules with multiple groups of Leydig cells in the  

interstitial tissue are detected. Moreover, limonene  

exerts obvious improving effects in adult rats' testes  

showed as increased thickness of spermatogenic  

cell layers and more sperms in the lumen of the  
tubules with relative increase in the number of  

Leydig cells as compared with their age matched  

control ones.  

So, we conclude in this study; that supplemen-
tation of D-limonene daily to either adult or old  

aged rats, especially in old age, can protect the  

sexual organs from oxidative stress deteriorating  
effects. This protective effect preserves both the  

steroidogenic and spermatogenic functions of testes  

with conservation of the normal count, morphology  

and motility of manufactured sperms. So, we rec-
ommend in this study to add limonene to the diet  

of old age men and those who exposed to chronic  

stress in their lives to save, to some extent, their  

androgenic capacity which may help in treating  

many cases of male infertility.  
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and BA ŞARAN NUR Ş: D-limonene ameliorates diabetes  
and its complications in streptozotocin induced diabetic  
rats, Food and Chemical, 110: 434-42, 2017.  

15- KLINEFLTER G.R., GRAY L.E. and SUAREZ J.D.: The  
method of sperm collection significantly influences sperm  



608 Effect of D-Limonene on the Age-Related Androgenic Changes  

motion parameters following ethane dimethanesulphonate  

administration in the rat. Reprod. Toxicol., 5: 39-44, 1991.  

16- MENKVELD R., FRANKEN D.R., KRUGER T.F., OEH-
NINGER S. and HODGEN G.D.: Sperm selection capacity  

of the human zona pellucida. Mol. Reprod Dev., 30 (4):  
346-52, 1991.  

17- ZHU D., LI X., MACRAE V.E., SIMONCINI T. and FU  
X.: "Extragonadal Effects of Follicle-Stimulating Hormone  
on Osteoporosis and Cardiovascular Disease in Women  

during Menopausal Transition". Trends in Endocrinology  
and Metabolism, 29 (8): 571-80. doi:10.1016/j.tem.2018.  

06.001. PMID 29983231, 2018.  

18- STOLÉRU S.G., ENNAJI A., COURNOT A. and SPIRA  
A.: "LH pulsatile secretion and testosterone blood levels  
are influenced by sexual arousal in human males". Psy-
choneuroendocrinology. 18 (3): 205-18. doi: 10.1016/  
0306-4530(93)90005-6. PMID 8516424, 1993.  

19- CHEN A., BOOKSTEIN J.J. and MELDRUM D.R.:  
Diagnosis of a testosterone-secreting adrenal adenoma  

by selective venous catheterization. Fertil. Steril, 55:  

1202-3, 1991.  

20- BEULTER E., DURON O. and KELLY B.M.: Improved  
method for the determination of blood glutathione. J. lab.  

Chem. med., 61 (5): 882-880, 1963.  

21- DRAPER W. and HADLEY M.: "Indirect determination  
of oxygen free radicals". Methods Enzymol., 186: 421- 
31, 1990.  

22- NISHIKIMI M., ROA N.A. and YOGI K.: "The occurrence  

of superoxide anion in the reaction of reduced phenazine  

methosulfate and molecular oxygen. Biochem. Biophy.  
Res. Commun., 46: 849-54, 1972.  

23- STONE B.A., ALEX A., WERLIN L.B. and MARRS R.P.:  
Age thresholds for changes in semen parameters in men.  

Fertil. Steril., 100: 952-8, 2013.  

24- GUNES S., HEKIM G.N.T., ARSLAN M.A. and ASCI  
R.: Effects of aging on the male reproductive system.  
Journal of assisted reproduction and genetics, 33: 441- 
54, 2016.  

25- EGEA J., FABREGAT I., FRAPART Y., GHEZZI P. and  
GÖRLACH A.: European contribution to the study of  

ROS: A summary of the findings and prospects for the  

future from the COST action BM1203 (EU-ROS). Redox  

biology, 13: 94-162, 2017.  

26- DURAIRA JANAYAGAM D., AGARWAL A., ONG C.  

and PRASHAST P.: Lycopene and male infertility. Asian  
journal of andrology, 16: 420, 2014.  

27- ZITZMANN M.: Effects of age on male fertility. Best  

Practice & Research Clinical Endocrinology & Metabo-
lism, 27 (4): Pages 617-28. https://doi.org/ 10.1016/  
j.beem. 2013.07.004, 2013.  

28- WU F.C., TAJAR A., BEYNON J.M., PYE S.R., SILMAN  
A.J., FINN J.D., O'NEILL T.W., BARTFAI G.,  
CASANUEVA F.F. and FORTI G.: Identification of late-
onset hypogonadism in middle-aged and elderly men. N.  

Engl. J. Med., 363: 123-35; PMID: 20554979; https://  
doi.org/10.1056/NEJMoa0911101,  2010.  

29- SABETI P., POURMASUMI S., RAHIMINIA T., AK-
YASH F. and TALEBI A.R.: Etiologies of sperm oxidative  
stress. International Journal of Reproductive Biomedicine,  

14: 231, 2016.  

30- PETERSEN C.G., MAURI A.L., VAGNINI L.D., RENZI  
A., PETERSEN B., MATTILA M., COMAR V., RICCI  
J., DIEAMANT F. and OLIVEIRA J.B.A.: The effects of  
male age on sperm DNA damage: An evaluation of 2,178  
semen samples. JBRA assisted reproduction, 22: 323,  
2018.  

31- BEATTIE M., CHEN H., FAN J., PAPADOPOULOS V.,  
MILLER P. and ZIRKIN B.: Aging and luteinizing hor-
mone effects on reactive oxygen species production and  
DNA damage in rat Leydig cells. Biology of reproduction,  

88 (4): 100, 2013.  

32- BELLOC S., BENKHALIFA M., COHEN-BACRIE M.,  
DALLEAC A., AMAR E. and ZINI A.: Sperm deoxyri-
bonucleic acid damage in normozoospermic men is related  

to age and sperm progressive motility. Fertility and sterility,  

101: 1588-93, 2014.  

33- JIANG H., ZHN W.J., LI J., CHEN Q.J., LIANG W.B.  
and GU Y.Q.: Quantitative histological analysis and  

ultrastructure of the aging human testis. International  

urology and nephrology, 46: 879-85, 2014.  

34- MURALI R., KARTHIKEYAN A. and SARAVANAN  
R.: Protective effects of D-limonene on lipid peroxidation  

and antioxidant enzymes in streptozotocin-induced diabetic  

rats. Basic & clinical pharmacology & toxicology, 112:  

175-81, 2013.  

35- ROBERTO D., MICUCCI P., SEBASTIAN T., GRACIE-
LA F. and ANESINI C.: Antioxidant activity of limonene  
on normal murine lymphocytes: Relation to H2O2 mod-
ulation and cell proliferation. Basic & clinical pharma-
cology & toxicology, 106: 38-44, 2010.  

https://doi.org/10.1056/NEJMoa0911101,
https://doi.org/10.1056/NEJMoa0911101,


Mahmoud A. El Hefnawy, et al. 609  


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11

