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ABSTRACT

Background and Objectives: Nicotine in cigarette smoking possesses damaging effect on testis. This study was designed
to evaluate and compare the prophylactic and therapeutic effects of f carotene on nicotine induced testicular damage during
nicotine withdrawal.

Materials and Methods: Thirty-nine adult male albino rats were used, 9 rats were control (GI), the remaining rats divided
equally into 5 groups: GII (B carotene), GIII (Nicotine), GIV (Nicotine withdrawal), GV (Nicotine withdrawal therapeutic),
GVI (Nicotine withdrawal prophylactic group). p carotene (10mg/kg/day) was injected intraperitoneally for 4 weeks. Nicotine
(4 mg/kg/day) was injected intraperitoneally for 4 weeks. Before sacrifaction, blood samples were drawn to assess serum levels
of malondialdehyde (MDA) and testosterone. After sacrifaction, testicular sections were stained with H&E, Masson trichrome
(to reveal collagen fiber deposition and distribution) and immunohistochemically for Vimentin (Sertoli cell intermediate
filament(. Morphometric measurements were done by computerized image analysis.

Results: Groups I and I showed similar results with normal testicular histological architecture, biochemical and morphometrical
results. Deterioration of histological architecture, biochemical and morphometric parameters were recorded in groups III, IV
and V (mostly GIII) with significant decrease in diameter of seminiferous tubules, height of spermatogenic epithelium and area
percent of vimentin reaction, significant increase in area percent of collagen fibres deposition compared to GI. GVI showed
better results than GIII, GIV and GV with restoration of normal testicular histological structure.

Conclusion: § carotene could help in improving spermatogenesis. Administration of § carotene prophylactically during nicotine
exposure and withdrawal gives better histological, biochemical and morphometrical results than therapeutic administration
during nicotine withdrawal period only.
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INTRODUCTION male fertility through capturing and neutralization of
reactive oxygen radicals®.

MATERIAL AND METHODS

Among teenager and young adults, cigarette smoking is
a highly addictive personal habit. Tobacco smoke is formed

of more than 4000 components as oxidants, aldehydes and A- Material
carcinogens causing inflammation and injury to the cellst'.

Nicotine is one of the most abundant organic particles Drugs

in cigarette smoke®?. The addictiveness of nicotine is Nicotine (S)-3-(1-Methyl-2pyrroli-dinyl)  pyridine

mediated by acetylcholine receptors in the central nervous powder, diluted in saline to be injected intraperitoneally.
systerp”l The rise in drug abuse qnd smoking had made B carotene (Provitamin A) Synthetic powder >93 %,

negative effects on the reproductive system and glands diluted in saline and injected intraperitoneally. Both were

beside its known detrimental effects on the vital organs purchased from Sigma-Aldrich chemical company (Cairo,
such as the heart and brain¥. Increased reactive oxygen Egypt)

species production had linked to deleterious toxic effects ]

of nicotine®®. Testes are the most male reproductive Animals

system vital organs with sensitive cellular composition Thirty-nine male adult rats, mean body weight of

and high rate of mitotic activity!. Long-term exposure to 150-200 gm, were bred in Kasr Al-Ainy Animal House,

cigarette smoke suppresses spermatogenesis, thus leading according to guidelines of Cairo University animal ethical

to male infertility!”l. Carotenoids are naturally occurring committee and institutional animal care and use committee

lipid-soluble compounds with strong antioxidant effects®. (IACUC). They were kept in sanitary cages under constant
B Carotene is the most prominent carotenoid can improve day/night cycle, feeding on standard rat diet and water.
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The rats were divided into the following groups:
Group I (Control): (n=9) divided to

e Subgroup Ia: 3 rats injected with saline
intraperitoneally daily for 4 weeks then sacrificed
after last day of injection.

e Subgroup Ib:3 rats injected with saline
intraperitoneally daily for 4 weeks then left for
another 8 weeks then sacrificed.

¢ Subgroup Ic: 3 rats injected with saline
intraperitoneally for 8 weeks then sacrificed after
last day of injection.

Group II (B carotene): 6 rats were injected
intraperitoneally with B carotene (10mg/kg/day) for 4
weeks!!” and sacrificed after the last dose.

Group III (Nicotine): 6 rats were injected
intraperitoneally with nicotine (4 mg/kg/day) for 4 weeks!!!
and sacrificed after the last dose.

Group IV (Nicotine withdrawal): 6 rats were injected
intraperitoneally with nicotine (4 mg/kg/day) for 4 weeks
as group III, then left for another 8 weeks then sacrificed.

Group V (Nicotine withdrawal therapeutic group):
6 rats were injected intraperitoneally with nicotine as group
IIT for 4 weeks then given B carotene as group II for next 4
weeks then were sacrificed.

Group VI (Nicotine withdrawal prophylactic group):
6 rats were injected intraperitoneally with [ carotene
(10 mg /kg/day) and nicotine (4 mg/kg/day) simultaneously
from the beginning then stopped nicotine after 4 weeks and
continued [ carotene for next 4 weeks then were sacrificed.

B- Methods

I-Laboratory investigations

At the end of the study, blood samples were collected
from tail veins of the rats to assess serum level of
malondialdehyde (MDA) and testosterone. Both were
measured in Biochemistry Department, Faculty of
Medicine, Cairo University.

1I- Histological Study

The rats were sacrificed after intraperitoneal injection
of 60 mg/Kg phenobarbital'?, a midline incision was done
with careful dissection and weighing of the left testis from
each rat. Testis to body weight ratio was calculated for
each rat. Specimens from the testis were fixed in Bouin’s
fixative, dehydrated in ascending grades of ethanol and
embedded in paraffin blocks then processed for paraffin
sections of 5 micrometers thickness. (Sections mounted
on Canada balsam coated slides in case of ordinary
stains and charged poly-L-lysine coated slides in case of
immunostaining). Sections were subjected to:

*  Hematoxylin and Eosin (H&E)!".

e Masson's Trichrome stain!'4.

*  Immunohistochemical staining for Anti Vimentin
antibody!™:  Sections were deparaffinized,
rehydrated, incubated with 3% hydrogen peroxide
for 10 minutes to inhibit endogenous peroxidase
activity, then incubated at room temperature for one
hour with 2 drops (=100 pl) of the primary antibody
(mouse monoclonal antivimentin Ab, IgG1 isotype)
(J144), cat#MA3-745., Thermoscientific (USA).
Histostain SP kit detection system (LAB-SA
system, Zymed Laboratories Inc, San Francisco,
CA 94080, USA, cat no 95-9643) was used to
complete Immunostaining. For counter staining,
Mayer's hematoxylin (cat no TA- 060- MH) was
used.

Morphometric study

Ten non-overlapping fields of each group were used to
measure

*  Height of spermatogenic epithelium (x100).
*  Diameter of the seminiferous tubules (x100).
*  Area percent of collagen fibers (x 200).

e Area percent of vimentin immunopositive cells
(x200).

Measurements were carried out at Histology
Department, Faculty of Medicine, Cairo University using
Leica Qwin-500 LTD-software image analysis computer
system Ltd. (Cambridge, England).

Statistical analysis

Data were statistically analyzed wusing “IBM
SPSS statistics v.21” through One-way analysis of
variance (ANOVA) followed by “Tuckey” post-hoc test
(P value<0.05 was considered significant). Data were
presented as mean +standard deviation (SD)!¢l.

RESULTS

There was no reported mortality.
Testis to body weight ratio results (Table 1)

There was non-significant difference in the mean
value of testis to body weight ratio in GII and GVI when
compared to (GI). This value showed a significant decrease
in groups GIII, GIV and GV in comparison with all other
studied groups.

Biochemical results (Table 2)

There was non-significant difference in mean serum
MDA level in GII and GVI in comparison with GI, while
this value showed significant increase in groups GIII, IV
and V in comparison with all other studied groups with
significant decrease in GV when compared to Groups III
and IV. Concerning mean value of serum testosterone
level, there was non- significant difference in GII, GV
and GVI in comparison with GI while this value showed
significant decrease in GIII and GIV in comparison with
all other groups. There was non-significant difference
between groups GIII and GIV.
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Histological and immunohistochemical results
Hematoxylin and Eosin stained sections

Histological examination of testicular sections of both
GI (all control subgroups) and GII rats revealed normal
architecture of seminiferous tubules (STs), lined by several
layers of spermatogenic cells and separated by interstitial
tissue containing Leydig cells Each tubule was surrounded
by thin basal lamina with flat myoid cells having flattened
nuclei and was lined by seminiferous epithelium formed
of Sertoli cells and spermatogenic cells demonstrating
different stages of spermatogenesis, starting from the
spermatogonia resting on regular basement membrane
having small dark nuclei. Primary spermatocytes were
inner to spermatogonia, with their relatively large size and
large rounded characteristic nuclei with partially condensed
chromosomes. Early spermatids appeared rounded with
central rounded nuclei and prominent nucleoli. Late
spermatids were seen near the lumen with dark blue heads
and eosinophilic thread like flagella protruding into the
lumen. Sperms were seen within the lumen of the tubules.
Sertoli cells appeared with irregular poorly defined outlines
among the spermatogenic cells. Their cytoplasm was pale
acidophilic and contained triangular vesicular pale nuclei
with prominent nucleoli. The interstitial tissue between
the STs contained sparse connective tissue containing
interstitial cells of Leydig that appeared as large polygonal
cells with vesicular nuclei and prominent nucleoli and
acidophilic cytoplasm (Figures 1.a,1.b). GIII showed
loss of the normal architecture of the STs with thickened
basement membranes and damaged spermatogenic
epithelium. Degenerated spermatogenic cells possessed
dark pyknotic nuclei and could not be distinguished from
each other. The lumen was nearly devoid of sperms and
the interstitial tissue showed clusters of interstitial Leydig
cells with dark pyknotic nuclei, dilated congested blood
vessels and acidophilic material (Figure 2.a). GIV showed
distorted STs with disturbance of normal architecture lined
with spermatogonia resting on the basement membrane
and primary spermatocytes. The lumen of the tubules
was nearly devoid of sperms. The interstitial tissue shows
clusters of dark pyknotic interstitial cells of Leydig
(Figure 2.b). GV revealed partial restoration of the normal
architecture of STs. They were lined with multiple layers
of spermatogenic cells. The lumen contained few sperms.
The interstitial tissue contains interstitial Leydig cells with
vesicular nuclei and prominent nucleoli and acidophilic
cytoplasm (Figure 2.c). GVI illustrated normal appearance
of the STs. They were surrounded by thin basal lamina

with flat myoid cells and lined by seminiferous epithelium
of Sertoli and several layers of all types of spermatogenic
cells with their lumen full of sperms. STs were separated
by interstitial tissue containing Leydig cells with their
vesicular nuclei and prominent nucleoli and acidophilic
cytoplasm (Figure 2.d).

Masson's Trichrome stain

Histological examination of trichrome stained
rat testicular sections from GI and II showed
minimal collagen deposition in between the tubules
(Figures 3.a,3.b respectively). GII and IV showed
marked increase in collagen deposition (Figures 3.c,4.a
respectively), GV showed moderate increase in collagen
deposition (Figure 4.b), while GVI showed minimal
collagen deposition in between the tubules (Figure 4.c).

Vimentin immunostained sections

Histological examination of vimentin immunostained
rat testicular sections from GI and GII showed strong
positive cytoplasmic immunoreaction in Sertoli cells
extending to their apices (Figures 5.a ,5.b respectively)
, GII showed strong positive immunoreaction in the
basal regions of Sertoli cells with no apical extensions
(Figure 5.c). GIV showed strong positive cytoplasmic
immunoreaction in the basal regions of Sertoli cells with
weak positive immunoreaction in the apical extensions of
few Sertoli cells (Figure 6.a), while GV & GVI showed
strong positive cytoplasmic immunoreaction in the basal
regions of many Sertoli cells as well as strong positive
immunoreaction in few Sertoli cells apical extensions in
GV (Figure 6.b) and many Sertoli cells apical extensions
in GVI (Figure 6.c).

Morphometric Results (Figure 7)

There was a non-significant difference in the mean
diameter of seminiferous tubules, mean height of
spermatogenic epithelium, mean area percent of collagen
fiber deposition and mean area percent of vimentin
immunopositive reaction in GII and GVI in comparison
with GI. All values showed a significant difference
in groups III, IV and V in comparison with all other
groups. However, the differences in the mean height
of spermatogenic epithelium and mean area percent of
collagen fiber deposition were significant in GV when
compared with GIII and GIV. The mean area percent of
vimentin immunopositive reaction was significant in GIV
and GV when compared to GIII.
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membrane (b), spermatogonia (thin arrows), primary spermatocytes (curved arrows) and early spermatids (right angled arrows). Note the presence of late
spermatids (spiral arrows), Sperms (Sp) and Sertoli cell (arrowhead) with their triangular vesicular nucleus and ill- defined boundaries in between spermatogenic
cells. Myoid (arrow with bisected tail) and interstitial cells of Leydig (Thick arrow) are also seen.

lining spermatogenic epithelium with dark pyknotic nuclei (yellow arrows), clusters of dark pyknotic interstitial cells of Leydig (thick arrow), acidophilic
material (star) and a congested blood vessel (arrowhead) in the interstitial tissue., Fig 2.b (GIV X 400) showing seminiferous tubule lined with spermatogonia
(arrows) and primary spermatocytes (curved arrows). Dark pyknotic interstitial cells of Leydig (thick arrow) are seen in the interstitial tissue. Fig 2.c (GV
X 400) showing adjacent parts of two seminiferous tubules lined with spermatogonia (arrow), primary Spermatocyte (curved arrow), early spermatids (right
angle arrows) and sperms (Sp). Fig 2.d (GVI X 400) showing part of seminiferous tubule with normal architecture, lined with spermatogonia (arrows), primary
spermatocytes (curved arrows), late spermatid (spiral arrow) and sperms (Sp). Note the presence of interstitial cells of Leydig (Thick arrow).
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Fig. 3: photomicrograph of Masson's Trichrome stained teicular section: Fig 3.a (GI X200) & Fig 3.b (GII X200) showing seminiferous tubules with minimal
collagen deposition in between the tubules (arrows)., Fig 3.c (GIII X200) showing marked increase in collagen deposition in between the tubules (arrows).

tubules (arrows)., Fig 4.b (GVX200) showing moderate increase in collagen deposition in between the tubules (arrows)., Fig 4.c (GVI X200) showing minimal
collagen deposition in between the tubules (arrow).
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Fig. 5: photomicrograph of vimentin immunostained testicular section: Fig 5.a (GI X400) showing strong positive cytoplasmic immunoreaction in sertoli
cells (arrows) with apical extensions (arrowheads) and positive immunoreaction in the interstitial tissue (right angle arrow)., Fig 5.b (GII X400) showing
strong positive cytoplasmic immunoreaction in sertoli cells (arrows) extending to their apices (arrowheads).,Fig 5.c (GIII X400) showing strong positive
immunoreaction in the basal region of sertoli cells (arrows) with no apical extensions.

\
6.b N \
=i

Fig. 6: photomicrograph of vimentin immunostained testicular section showing Fig 6.a (GIV X400) and Fig 6.b (GVX400) with strong positive immunoreaction
in the basal region of sertoli cells (arrows) and weak positive immunoreaction in the apical extensions of few sertoli cells (arrowheads)., Fig 6.c (GVI X400)
showing strong positive cytoplasmic immunoreaction in sertoli cells (arrows) with strong apical extensions in many sertoli cells (arrowheads). Note the
presence of positive immunoreaction in the interstitial tissue (right angle arrow).
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Fig. 7: a histogram showing mean values (£ SD) of: Diameter of seminiferous tubules (Fig 7.a)., Height of spermatogenic epithelium ( Fig
7.b)., Area percent of collagen fibers deposition (Fig 7.c) and mean area percent of vimentin immunopositive reaction (Fig 7.d) in all studied
groups.

* Significant compared to group I, IT and VI (P < 0.05).

(@ Significant compared to IV (P < 0.05).

n Significant compared to V (P < 0.05).

Table 1: The Mean values of testis to body weight ratio (= SD) in all studied groups

Group Mean testis to body weight ratio = SD
Gl 0.92 (£0.017)
GlI 0.95 (+£0.053)
GIIL 0.47(0.035)"
GIV 0.53(£0.13)"
GV 0.61(0.087)"
GVI 0.89 (£0.074)

* Significant compared to group I, I and VI (P < 0.05).

Table 2: Mean value + SD of biochemical parameters in all groups

Group Mean Serum MDA level (nmol/ml) + SD Mean serum testosterone level (ng/ml) + SD
GI 13.1(20.12)° 1.3 (+£0.18)
GlI 12.9(+0.14)° 1.4 (£0.42)
GIII 38.7(+6.7)" 0.53 (£0.25)"
GIV 35.4(£3.6)" 0.67 (0.2)™
GV 22.5(x4.9)" 1.08 (£0.13)
GVI 16.1(x0.38)° 1.12 (+0.33)

* Significant compared to group I, I and VI (P < 0.05).
e Significant compared to group V (P < 0.05).
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DISCUSSION

About 6 million deaths and more than 600 000 negative
smokers die each year from exposure to tobacco smoke!!”-1%1,
Nicotine administration causes hypoxia that affects testis
mainly owing to its high metabolic requirements for
continuous spermatogenesis process!!’. Decrease in the
spermatogenic cell layers of the seminiferous tubules
as well as decrease in sperm count and motility was
documented due to exposure to nicotine?”. Carotenoids
are naturally occurring lipid-soluble compounds, having
strong antioxidant effects in humans and animals. One
of these carotenoids is B carotene that has antioxidant
properties through capturing and neutralizing reactive
oxygen radicals, improving male fertility™®?!l. Based on the
above-mentioned data, this study was designed to evaluate
and compare the prophylactic and therapeutic effects of
B carotene on nicotine induced testicular damage during
nicotine withdrawal.

An experimental model of testicular damage due to
nicotine exposure was developed in adult male albino rats.
Rats were chosen since, rats have well-defined reproductive
systems, the testis of rat more or less histologically similar
to that of human and the compounds which can cause
infertility in human males were also active in rats?>%,
Testicular weight is considered an important parameter
in the evaluation of sperms productivity due to high and
positive correlation to sperm production?. Testis from
each rat was weighted and the testis weight was divided by
total body weight and multiplied by 100 to calculate testis
to body weight ratio according to the formula described by
Abd El-Aziz et al.,”™. In our study, a significant decrease
in this ratio was observed in groups in GIII, IV and V in
comparison to all other groups. This could be explained
by reduction in testosterone level due to nicotine effect on
seminiferous tubules. Similar results were described by
Budin et al., & Mosadeghet et al.,"*% who reported that
promotion of spermatogenesis process needs physiologic
interaction between testosterone and Sertoli cells.
Therefore, decreased level of the testosterone after nicotine
exposure leads to decreased tubular cellularity. Cellular
depletion resulted in severe reduction in total testicular
weight gain to total body weight. Although Fairuz et al.,?”
noticed no adverse effects of nicotine on testicular weight
or testicular measurements in rats, this could be due to
the small dosage of nicotine used in that study. Authors
considered generation of reactive oxygen species (ROS)
after nicotine one of the possible mechanisms that are
negatively affecting the male reproductive functions??®!.

Malondialdehyde (MDA) is considered as one of the
most popular markers that determine oxidative stress?”.
This was proved in GIII, IV and V by the significant
elevation in mean serum MDA level in comparison to
all other studied groups (I and II and VI). The significant
decrease in mean serum MDA value in combined
carotene and nicotine treated groups (GV and GVI)
when compared to nicotine treated groups only (GIII
and GIV) reflects the ameliorating effect of B carotene

against the oxidative stress caused by nicotine exposure on
testicular tissue especially when [ carotene combined with
withdrawal of nicotine. This was in agreement with Kini
et al.B% who proved the protective role of B carotene
against cadmium induced testicular damage and reported
decrease in MDA level following 3 carotene administration
for 30 days before cadmium exposure. Testosterone
hormone is essential for male sexual differentiation,
gamete production and maturation, spermatogenesis
process and development of normal spermatogenic cellsP!,
Regarding serum testosterone hormone level in our study
control group, the values came in agreement with Orieke
et al.,?® where the normal serum testosterone level in adult
male Wistar rats was (1.70+0.22 ng/ml) a result similar
to that observed in our control group. On the other hand,
there was a significant reduction in the mean testosterone
hormone level in groups III and IV when compared to all
other studied groups (I, II, V and VI). These results were
consistent with many researchers who concluded that
in nicotine exposed male albino rats, nicotine impaired
testicular functions and suppressed testosterone hormone
production®*3], The decrease in mean serum testosterone
level observed in nicotine and withdrawal groups (GIII
and GIV) could be explained by the disruption of testicular
architecture affecting Leydig cells’ number and function,
as well as LH concentration. This came in agreement with
many authors who stated that exposure to nicotine resulted
in decreased reproductive hormones serum concentration
through impairment of genes related to expression of
steroidogenesis enzymes®%1. On the other hand, the
mean serum testosterone level in withdrawal therapeutic
and prophylactic groups (GV and GVI) demonstrated
significant increase in comparison to (GIII and GIV) which
reflects the protective effect of B carotene on nicotine
induced testicular damage and Leydig cell functions,
that agreed with a research reporting that 3 carotene pre-
treatment leads to elevation of testosterone hormone level
in titanium oxide nanoparticles-intoxicated mice*®. In our
study, normal architecture of the seminiferous tubules and
intact stratified germinal epithelium were observed in [-
carotene group (GII). Also there was no difference in the
histological, biochemical and morphometric results among
(B- carotene) and control groups. Histological examination
of H&E stained testicular sections of rats from nicotine
group (GIII) showed loss of the normal architecture of the
seminiferous tubules with thickened basement membrane
that might be due to active formation of fibrous tissue by
the fibroblasts. This came in agreement with some authors
who reported significant irregularity and thickening of the
basal lamina of the seminiferous tubules in rat testis after
daily tobacco smoke exposurel®**J. Most spermatogenic
cells possessed dark and pyknotic nuclei. The lumen was
nearly devoid of sperms. The interstitial tissue showed
clusters of interstitial Leydig cells with dark pyknotic
nuclei, congested dilated blood vessels and acidophilic
material that may be due to increase in the vascular
permeability as postulated by Agarwal et al.*!. These
findings were supported morphometrically in our study
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by significant decrease in mean diameter of seminiferous
tubules and mean height of the lining spermatogenic
epithelium in GIII in comparison with control group.
Similar findings were reported by some authors#?. Our
results were in agreement with authors who reported
degenerative changes in seminiferous tubules in the
form of disturbed architecture, detached seminiferous
germinal epithelium from the basement membrane and
sloughed degenerated cells in the lumens of seminiferous
tubules after exposure to nicotine with different doses and
duration!". Chronic cigarette smoke can induce apoptosis
in rat testis with reduction in the number of germ cells,
Leydig cells and Sertoli cells™**, In our study, H&E
stained testicular sections of rats from Nicotine withdrawal
group (GIV) revealed distortion in the seminiferous
tubules with disturbance of normal architecture, the
tubules were lined mostly with spermatogonia and primary
spermatocytes suggesting spermatogenic arrest at the
primary spermatocyte stage. The lumen of the tubules was
nearly devoid of sperms. The interstitial tissue showed
clusters of dark pyknotic interstitial cells of Leydig. On
the contrary, histological examination of testicular sections
of withdrawal therapeutic group (GV) the tubules partially
restored their normal architecture, the tubules were lined
with multiple layers of spermatogenic cells starting from
spermatogonia till late spermatids, Interstitial cells of
Leydig were seen as polygonal acidophilic cells with
vesicular nuclei. These results revealed the protective role
of B-Carotene when given during the withdrawal period.
On the other hand, the mean seminiferous tubule diameter
and the mean spermatogenic epithelium height showed
a significant decrease in the nicotine withdrawal and
withdrawal therapeutic groups (GIV and GV) in comparison
with control group. While histological examination of
H&E stained testicular sections of withdrawal prophylactic
group (GVI) revealed that the tubules restored their normal
architecture lined with multiple layers of spermatogenic
cells starting from spermatogonia resting on the
basement membrane up to late spermatids, the lumen
contained multiple sperms. These results were supported
morphometrically by significant increase in the mean
diameter of seminiferous tubules and the mean height of the
lining spermatogenic epithelium in comparison to nicotine,
nicotine withdrawal and withdrawal therapeutic groups
(Groups III, IV and V) respectively. These results confirm
the ameliorating effects of B-carotene on testicular tissue
preserving spermatogenesis and maintaining the normal
histological structure of seminiferous tubules along with
preserved Leydig cell functions especially in GVI where
-carotene was administered during nicotine exposure and
withdrawal and proved better histological, biochemical
and morphometrical results when compared to GV where
B-carotene was given only during nicotine withdrawal.
Our results came in agreement with Lin et al.,* work
that proved the protective role of g-carotene on testicular
tissue of mice subjected to scrotal hyperthermia. This
improvement in spermatogenic activity and functions in
(GVI) could be explained by B carotene role in restoration
of androgenesis and spermatogenesis™“l.

Masson trichrome stained testicular sections revealed
marked increase in collagen fibres deposition in the
interstitial tissue and around the congested blood vessels in
(GIII and GIV). This could be explained by the oxidative
stress and associated decrease in collagen metabolism!*74%],
with subsequent interstitial oedema’!. On the other hand,
the nicotine withdrawal therapeutic and prophylactic
groups (GV and GVI) showed moderate and minimal
collagen fibres deposition respectively in comparison to
the control group. Morphometric results supported these
histological findings where a significant increase in area
percent of collagen fibres deposition in Groups (III, IV and
V) respectively compared with all other studied groups.
While GVI demonstrated significant decrease in collagen
deposition compared to the previously mentioned groups
reaching values approaching control values. According
to a study, vimentin filaments present in Sertoli cells play
an important role in maintaining spermatogenesis, where
spermatogenesis damage and restoration are related to
activity of those filaments®®®. The decrease in vimentin
expression associated with testicular injury could be
attributed to the collapse of Sertoli cell vimentin filaments
away from the cell membrane which eventually might lead
to detachment of spermatogenic cells and the detached
cells might undergo apoptosis. It was documented by
Paccola and Miraglia®", that disruption of tight junctional
complexes between the Sertoli and germ cells, sloughing of
spermatids into the lumen, disorganization in seminiferous
tubules and the morphological alteration of germ cells
after nicotine exposure. Loss of vimentin filaments
apical extensions and their collapse at the basal region
was observed in Nicotine group (GIII) while in Nicotine
Withdrawal group (GIV), vimentin filaments were
collapsed and concentrated at the basal region with few
Sertoli cells demonstrating weak positive reaction in their
apical extensions. These results could be attributed to effect
of oxidative stress associated with nicotine consumption
on vimentin filaments. Similar findings were reported by
Mohammed et al.,’* who found that nicotine consumption
releases oxidative radicals affecting negatively Sertoli cells
vimentin filaments and in turn spermatogenesis. Vimentin
immunostained GV sections revealed a strong positive
cytoplasmic immunoreaction of Sertoli cells as well as
strong positive immunoreaction in the apical extensions
of few Sertoli cells while on the other hand GVI showed
a strongly positive cytoplasmic immunoreaction in Sertoli
cells with prominent apical extensions. Our morphometric
results revealed a significant decrease in the mean area
percent of vimentin immuno-positive reaction in groups
III, IV and V compared to all other studied groups. While
GII and GVI demonstrated a non-significant difference
in this mean area percent when compared with control
group. This could be explained by the protective effect of
B carotene in ameliorating the toxic effect of nicotine on
vimentin content and distribution in Sertoli cells.
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CONCLUSION

[ carotene was proven to possess an ameliorating effect
againstnicotine induced testicular damage. Using  carotene
during nicotine exposure and extending to the withdrawal
period appeared to be more effective than consuming it
during nicotine withdrawal only. This was evidenced by
the biochemical, histological and morphometric results of
this study.
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