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THE EFFECT OF THE DURATION OF INHALED NICOTINE EXPOSURE TO
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'Fadil Pramudhya, 'Doddy M. Soebadi, 'Wahjoe Djatisoesanto.
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ABSTRACT

Objective: To analyze the differences of the number of Leydig, spermatogonium, and Sertoli cells in mice, after being given
nicotine inhalation, and the effect of recovery when nicotine stopped. Material & Methods: This is experimental studies
with a post-test only control group design. The sample used was 36 adult male mice (10-12 weeks) (Rattus Norvegicus)
Sprague-Dawley strain, which were divided into three groups. P1 group was given nicotine inhalation at a dose of 4
mg/kg/day for 15 days, P2 group was given nicotine inhalation at a dose of 4 mg/kg/day for 15 days and was free of treatment
for 15 days. The control group (NC) has no treatment at all. Histological examination and calculation of Sertoli cells,
Leydig cell, and spermatogonium were processed within 1 hour after terticular sample collection. Then carried out to
statistical analysis. 100x and 400x magnification is used to obtain the histopathological. Results: Post-hoc LSD test for
each variable (Leydig cells, Sertoli cells, and spermatogonium), showed that the NC group had a significantly higher
number compared to group P1. P2 group has a significantly higher number compared to group P1. There is no significant
difference between the NC group and the P2 group. There was a structural difference in the sample testicles which exposed
to nicotine. Conclusion: Nicotine exposure with a dose of 4 mg/kg/day for 15 days has a significant effect on decreasing the
number of Leydig cells, spermatogonium cells, and Sertoli cells in rats and giving a free-treatment period for 15 days,
giving the testis time to do recovery and regeneration (the reversible damage of testicular structure).
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ABSTRAK

Tujuan: Menganalisis perbedaan jumlah sel Sertoli, sel spermatogonium, dan sel Leydig pada hewan coba, setelah diberi
kan nikotin secara inhalasi, serta efek pemulihan yang terjadi saat pemberian nikotin dihentikan. Bahan & Cara:
Penelitian ini merupakan studi eksperimental laboratorium dengan post-test only control group design. Hewan uji pada
penelitian ini adalah adalah tikus jantan (Rattus Norvegicus) strain Sprague-Dawley dewasa (10—12 minggu), sejumlah 36
ekor terbagi dalam 3 kelompok. Kelompok P1 diberikan nikotin secara inhalasi dengan dosis 4 mg/kg/hari selama 15 hari,
kelompok P2 diberikan nikotin secara inhalasi dengan dosis 4 mg/kg/hari selama 15 hari dan bebas perlakuan selama 15
hari. Kelompok kontrol (NC) tidak terdapat perlakuan sama sekali pada kelompok ini. Dalam kurun waktu 1 jam setelah
sampel testis kiri diambil, akan diproses untuk pemeriksaan histologi dan penghitungan jumlah sel sertoli, sel leydig, dan
spermatogonium. Data kemudian dilakukan uji statistik menggunakan SPSS 20. Gambaran histopatologis testis diambil
dengan pembesaran 100x dan 400x. Hasil: Uji post-hoc LSD pada masing-masing variabel (sel leydig, sel sertoli, dan
spermatogonium), menunjukkan kelompok NC memiliki rerata jumlah yang lebih tinggi secara signifikan dibandingkan
dengan kelompok P1. Kelompok P2 memiliki rerata jumlah yang lebih tinggi secara signifikan dibandingkan dengan
kelompok P1. Tidak terdapat perbedaan yang signifikan antara kelompok NC dengan kelompok P2. Terdapat perbedaan
struktur pada testis sampel yang terpapar nikotin. Simpulan: Paparan nikotin dengan dosis 4 mg/kg/hari selama 15 hari
berpengaruh signifikan terhadap penurunan jumlah sel Leydig, sel spermatogonium, dan sel Sertoli pada tikus. Pemberian
jeda selama 15 hari, memberikan waktu kepada testis untuk melakukan pemulihan dan regenerasi (efek kerusakan
terhadap struktur testis yang reversible).

Kata Kunci: Nikotin, sel Leydig, sel Sertoli, spermatogonium, kerusakan reversibel.
Correspondence: Wahjoe Djatisoesanto; c/o: Department of Urology, Faculty of Medicine/Universitas Airlangga, Soetomo General
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INTRODUCTION

Infertility is the inability of couples who are
sexually active without using contraception, to get a
pregnancy within one year. About 15% of couples in
their first year do not get pregnant and seek expert
help for infertility problems. One in eight couples
encountered issues when trying to get pregnant in the
first child and one in six couples when attempting a
second child's pregnancy. Infertility affects both men
and women.” Factors that play a role in the
occurrence of infertility include infection, drugs,
radiation, hormones, and exposure to chemical
compounds, which can interact with the endocrine
system, one of the chemical compounds that are
considered toxic and can cause infertility is nicotine.
Today, nicotine abuse by cigarette smoking is a big
problem for public health. 85% of households in
Indonesia are exposed to cigarette smoke; the
estimation is eight smokers die because of active
smokers; one passive smoker dies from exposure to
secondhand smoke. Based on the calculation of this
ratio, at least 25.000 deaths in Indonesia occur due to
cigarette smoke from the other people.’

Cigarette smoke contains up to hundreds of
chemicals, including nicotine, carbon monoxide,
and several identifiable carcinogens and mutagens.
The components possessed by cigarettes consist of
benzopyrene, nicotine, cadmium, and lead; these
components release toxins that have been studied
could affect infertility in men.” These effects can
occur in the form of changes in nicotine to cotinine,
which affects the decrease in testosterone levels,
which decreases sperm quality and affects
histopathological studies of the reproductive
organs.”’ In another study that examined nicotine
administration in male rats, there was a significant
reduction in Leydig cells, spermatogonium cells,
Sertoli cells, and but improved after being given a
15-day lag for recovery and regeneration.*’

Previous studies have found an association
between exposure to 4 mg of nicotine inhalation to
the number of Leydig cells, spermatogonium cells,
and Sertoli cells in white rats of the Sprague-Dawley
strain."” Based on this condition, this study wanted to
prove the effect of prolonged exposure to 4 mg of
inhalation nicotine on the number of Leydig cells,
spermatogonium cells, and Sertoli cells as well as the
impact of their recovery when nicotine exposure was
stopped.

OBJECTIVE

To analyze the differences in the number of
spermatogonium, Leydig cells and Sertoli cells in
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young age Sprague-Dawley rats after given inhaled
nicotine, and the effect of recovery that occurs when
the nicotine exposure is stopped.

MATERIAL & METHODS

This type of study is an experimental study
using white rats (Rattus Norvegicus) strains of
young male Sprague-Dawley as animal testing. The
treatment is in the form of inhaled nicotine to see the
effect on the number of spermatogonium, Leydig
cells, testicular Sertoli cells, and the expected
recovery effect when the administration of nicotine
inhalation is stopped. The research design used was
an experimental laboratory study with post-test only
control group design, with measurements of the
number of spermatogonium, Leydig cells, Sertoli
cells, and spermatogenesis carried out after the
experimental animals were treated, experimental
grouping by repetition of 12 experimental animals in
each group and there is a control group as a
comparison (negative control).

The sample used in this study was the young
Sprague-Dawley white strain, which has the
following criteria: age 8-12 weeks, weight 250-300
grams, healthy without defects, obtained from the
Animal Laboratory, Faculty of Veterinary Medicine,
Universitas Airlangga, Surabaya." The sample in
this study is the Sprague-Dawley white rat that has
fulfilled the criteria mentioned above, grouped
randomly into 3 groups using random numbers to
increase internal validity because the research is a
causality study. The white rat samples that were
recently obtained from the Animal Laboratory,
Faculty of Veterinary Medicine, Universitas
Airlangga, Surabaya, were first adapted in a
cage/research environment (in the laboratory section
of the Animal Laboratory, Faculty of Veterinary
Medicine, Universitas Airlangga, Surabaya) for 2
weeks with a 12-hour bright cycle, and 12-hour dark
period.

There were two treatment groups, group P1
where in this group was given inhaled nicotine at a
dose of 4 mg/kg/day for 15 days, then the left testis
was taken, the second treatment group P2 wherein
this group was given inhaled nicotine at a dose of 4
mg/kg/day for 15 days and free treatment for 15
days, then the left testicle was taken. Left
orchidectomy is done in rats by positioned supine in
ketamine 75 mg/kgBW intraperitoneal, scrotum skin
is incised until the left testis and funiculus is
apparent, the funiculus is inside the skin at 2 adjacent
and cut places including, proximal pieces tied with 3-
0 silk thread (Ethicon Inc., Johnson & Johnson Co.,
Somerville), the clamps were removed and the testis
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samples were taken and immediately fixed using ph-
buffer formaldehyde 7.4, the incision on the scrotal
skin was sewn back with one layer using 3-0 plain
catgut thread (Ethicon Inc., Johnson & Johnson Co.,
Somerville). Within 1 hour after the testicular
sample is taken, it will be processed for histology by
making paraffin blocks, where the sample will be cut
to a thickness of 4 microns. To see spermatogonium,
Leydig cells, Sertoli cells, and spermatogenesis,
Hematoxylin-Eosin (HE) staining was used in the
testicular preparations. After all the research process
ends, the experimental animal will be left alive. All
actions are carried out using aseptic methods.

From the results of calculating the number
of Sertoli cells, Leydig cells, and the number of
spermatogonium (numerical variables), a normality
test will be carried out (to know the data distribution
is normal or not) and variance test (to find out
whether the data variants are the same or not) If the
data distribution is normal and homogeneous,
parametric hypothesis testing (one way ANOVA) is

Table 1. The basic characteristic of the sample.

used. If the data distribution is not normally
distributed and homogeneous, then an alternative
non-parametric test (Kruskal-Wallis) is chosen. "
The hypothesis is determined based on the
obtained significance value. This study was
significant if the value of p<0.05. All technical data
processing is analyzed using statistical software
product and service solution 20 for Windows

(SPSS20).”*"
RESULTS

The samples of the study were adult (10-12
weeks) male Sprague-Dawley rats with 12 rats in
each group. The primary characteristics can be seen
in table 1. The table shows that there was no
significant difference in body weight, final body
weight, and testicular weight in the entire study
sample.

In this study, the data normality test on the
number of spermatogonium cells uses the Shapiro-

. Group (Mean + SD)
Variable
NC P1 P2 p value
Final Weight (gr) 25492 + 16.161 245.83 +28.99 245.33 +£29.181 0.670
Testicular Weight (gr) 1.312+£0.182 1.279 £0.206 1.229 +£0.223 0.610
*p<0.05, significantly different by statistic.
Table 2. Comparison of the spermatogonium cell numbers in each group.
Group n Mean + SD Normality p value Homogeneity
NC 12 40.983 £ 12.219 0.055 0.002* 0.157
P1 12 27.492 +7.814 0.639
P2 12 36.200 £ 4.318 0.458

*p<0.905, significantly different by statistic.
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Figure 1. The mean of spermatogonium cells counts in each group.
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Wilk test. The results showed that the data on the
number of spermatogonium cells in each group was
normally distributed with a value of p>0.05. The
analysis was continued by using the One-Way
ANOVA test and showed a significant difference in
the number of spermatogonium cells (p=0.002).
Homogeneity tests were also conducted to determine
the selection of the post-hoc test method. In this
study, the variant of the spermatogonium cell data
was homogeneous (p=0.157). Therefore, the
analysis continued with the post-hoc LSD test.

The post-hoc LSD test showed a difference
in the mean spermatogonium cell count between the
negative control group (NC) and the group receiving
inhaled nicotine exposure for 15 days (P1) (40.983
vs. 27.492). The NC group had a significantly higher
number of spermatogonium cells compared to group
P1 (p=0.001). There was also a difference between

groups who only received inhaled nicotine exposure
for 15 days (P1) with a group that received exposure
to inhaled nicotine for 15 days and was given a delay
of 15 days lag before an orchidectomy (P2) (27.449
vs. 36.200). P2 group had a significantly higher
number of spermatogonium cells compared to group
P1 (p=0.020). There was no significant difference
between the NC group and P2 group (40.983 vs.
36.200; p=0,189).

The data normality on the number of Leydig
cells was tested by the Shapiro-Wilk test; the results
showed that each group was normally distributed
(p>0.05). The analysis was continued by the One-
Way ANOVA test and showed a significant
difference in the number of Leydig cells (p=0.002).
In this study, the data variant of the spermatogonium
cell was homogeneous (p=0.913). Therefore the
analysis was continued with the post-hoc LSD test.

Table 3. Post-hoc LSD analysis for the comparison of the Spermatogonium cells number.

Comparison between

CI95%

Groups Mean difference p value
P Lower Bound Upper Bound
NC vs P1 13.492 6.235 20.748 0.001*
NC vs P2 4.783 -2.473 12.040 0.189
P1 vs P2 -8.708 -15.965 -1.452 0.020*
*p<0.05, significantly different by statistic
Table 4. Comparison of the Leydig cells number in each group.
Group n Mean + SD Normality p value Homogeneity
NC 12 47.629 + 6.212 0.308 0.002%* 0.913
P1 12 37.942 £+ 6.945 0.375
P2 12 46.092 + 6.871 0.374
*p<0.05, significantly different by statistic.
Mean Leydig Cell Count on Each Group
60
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Figure 2. The mean of Leydig cells count in each group.
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The post-hoc LSD test showed that the NC
group had a significantly higher number of Leydig
cells compared to group P1 (47.629 vs. 37.942;
p=0.001) and group P2 also had a significantly
higher number of Leydig cells compared to group P1
(46.092 vs. 37.942; p=0.005). There was no
significant difference between the NC group and P2
group (47.629vs.46.092; p=0.577)

The data normality on the number of Sertoli
cells was tested using the Shapiro-Wilk test; the
results showed that each group was normally
distributed (p>0.05). The analysis was continued by
the One-Way ANOVA test and showed a significant
difference in the number of Sertoli cells (p=0.002).
The homogeneity test was also conducted to
determine the selection of the post-hoc test method

Table 5. Post-hoc LSD analysis for the comparison of the Leydig cells number.

. 0
Comparison between Mean difference . .CI95 % — p value
Groups Lower Limit Upper Limit
NC vs P1 9.688 4.136 15.239 0.001*
NC vs P2 1.538 -4.014 7.089 0.577
P1vs P2 -8.150 -13.702 -2.598 0.005*
*p<0.05, significantly different by statistic.
Table 6. Comparison of the Sertoli cells number in each group.
Group n Mean + SD Normality p value Homogeneity
NC 12 27.442 + 6.493 0.800 0.002%* 0.282
P1 12 19.533 £4.112 0.172
P2 12 25217 £4.670 0.141
*p<0.05, significantly different by statistic.
Mean Sertoli Cell Count on Each Group
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Figure 3. The mean of Sertoli cells count in each group.
Table 7. Post-hoc LSD analysis for the comparison of the Sertoli cells number.
. ) CI95%
Comparison between Mean difference p value
Groups Lower Limit Upper Limit
NC vs P1 7.908 3.596 12.221 0.001*
NC vs P2 2.225 -2.088 6.538 0.301
P1vs P2 -5.683 -9.996 -1.371 0.011*

*p<0.05, significantly different by statistic.
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and obtained a variant of homogeneous spermato-
gonium cell data (p=0.282). Therefore, the analysis
continued with the post-hoc LSD test.

The post-hoc LSD test showed that the NC
group and P2 group had significantly higher Sertoli
cell counts compared with P1 group (27.442 vs.
19.533; p=0.001; 25.217 vs. 19.533; p=0.011). There

was no significant difference between the NC group
and P2 group (26.367 vs. 24.778; p=0.555).

The following is the testicular histopatho-
logical picture in each group. All images are taken with
100x (left) and 400x (right) magnification using the
Nikon Eclipse Ci microscope with a 16.25 Megapixel
DS-Ri camera along with Image Raster 3 software.

Figure 4. Microscopic description of the cross-section of the seminiferous tubules in the CN group. (White
arrows: spermatogonium cells, blue arrows: Leydig cells, yellow arrows: Sertoli cells).

Figure 5. Microscopic description of the cross-section of the seminiferous tubules in group P1. (White arrows:
spermatogonium cells, blue arrows: Leydig cells, yellow arrows: Sertoli cells.

Figure 6. Microscopic description of the cross-section of the seminiferous tubules in P2 group. (White arrows:
spermatogonium cells, blue arrows: Leydig cells, yellow arrows: Sertoli cells).
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DISCUSSION

Nicotine is metabolized in the liver. The
involvement of the kidney and lungs in the
metabolism was also noticed.14 In the male
reproductive system, nicotine will be oxidized into
its metabolite form cotinine, which has a longer half-
life than nicotine itself. Nicotine and cotinine affect
spermatogenesis, epididymal sperm count, motility,
and potential fertilization of sperm.""* Nicotine also
affects histopathological changes in the testes. There
are structural differences in testicles exposed to
nicotine, thickening of tunica propia, degene-ration
of Sertoli cell tight junction, germinal and spermatid
cells with irregular shape and no nucleus, and
cytoplasm which contain roughly degenerate
mitochondria."’

Harmful effects of nicotine exposure are
based on the mechanism of oxidative stress that
occurs due to an imbalance between ROS and
antioxidant inside the body.” This causes lipid
peroxidation, DNA damage, and apoptosis of male
reproductive cells, including the testicles. In this
study, the negative control group (CN) had the
highest number of Leydig cells, spermatogonium
cells, and Sertoli cells compared to treatment group 1
(P1) and treatment group 2 (P2). These results
suggest that exposure to inhaled nicotine can cause
decreased Leydig cells, spermatogonium cells, and
Sertoli cells in mice. The results of this study are
consistent with the research of Rizaldi et al. who
previously examined nicotine doses of Leydig cells,
spermatogonium cells, and Sertoli cells This study
showed that nicotine exposure could cause
decreased Leydig cells, spermatogonium cells, and
Sertoli cells inrats."

In this study, descriptively, there were
differences in the mean number of spermatogonium
cells. The highest number of spermatogonium cells
was found in the negative control group, then the P2
group and the lowest was in the P1 group (41.156 vs.
37.511 vs. 27.311). However, after analysis, there
were only significant differences in the CN vs. P1
group (p=0.007) and P1 vs. P2 (p=0.041).

The same results were found in the number
of Leydig cells and Sertoli cells. The highest mean
number of Leydig cells and Sertoli cells was found in
the negative control group, then in the P2 group and
the lowest was found in the P1 group (Leydig,
48.544 vs. 46.967 vs. 38.822; Sertoli, 26.336 vs.
24.778 vs. 18.556). However, after a post-hoc
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analysis, there were only significant differences in
the number of Leydig cells and Sertoli cells that were
significant in the CN vs. P1 group (Leydig, p=0.011;
Sertoli, p=0.030) and P1 vs. P2 (Leydig, p=0.007;
Sertoli, p=0.028). These results illustrate that
administration of nicotine inhalation can cause a
decreased Leydig cells, spermatogonium cells, and
Sertoli cells, but in the group given a 15-day lag
without nicotine exposure before orchidectomy,
Leydig cells, spermatogonium cells, and Sertoli cells
increased compared with groups not given time lags
and the numbers differ significantly. The same
results were also found in the study of Nesseim et al.
and Kanwal et al. Nesseim et al., found that a
significant decreased of spermatogonium cells, and
Sertoli cells in the nicotine group were compared to
the control group.” Kanwal et al. Found that there
was a significant reduction in Leydig cells in the
nicotine group compared with the control group.”
Nicotine activates caspase-3 via the bax-dependent
pathway, which induces apoptosis in Leydig cells.”

Nicotine causes severe histological damage
at the level of rat spermatogenesis. According to
Mosadegh et al.'s study, nicotine increases the
expression of p53 and caspase-3 and causes a
significant decrease in bcl-2 at the level of mRNA
and protein.” Bcl-2 is a protein that plays an
important role in the cell apoptosis pathway because
it has an anti-apoptotic mechanism. If there is a
decrease in the expression of bcl-2, cell apoptosis
will be easier to occur because there is nothing that
inhibits the apoptotic pathway. On the other hand,
pS3 can also directly interfere with bcl-2 activity.
The overexpression of p53 caused by exposure to
nicotine acts as an antagonist of bcl-2 anti-apoptotic
activity.22 Caspase is an important mediator of
apoptosis. Among other caspases, caspase-3 is the
most activated cell death protease known as the
caspase executioner. Increased caspase-3 expres-
sion, which causes more chromosome DNA
degradation, so that it will ultimately increase cell
apoptosis.”

In this study, we can be concluded that
nicotine can trigger the apoptotic pathway by
reducing the expression of bcl-2 and increasing the
expression of p53 causing caspase-3 overexpression.
In the end, the combination of a decrease in bel-3, an
increase in p53 and caspase-3 affected the increase in
cell apoptosis. Nicotine also induced cell damage by
increasing the levels of ROS that affect the structure
of DNA adversely, RNA, proteins, and lipids."**
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Increased ROS attacks plural polyunsaturated fatty
acids (polyunsaturated fatty acids) in the testicular
membrane, which results in structural and testicular
function damage.” Based on the result of this study,
although nicotine can be damage due to a
combination of a decreasing in bcl-3, an increase in
pS3 and caspase-3, testicular histological damage
can also be caused by an increase in testicular RNA
damage caused by the pathological production of
ROS.

Another important thing was the mean
number of Leydig cells, spermatogonium cells, and
Sertoli cells in the given a 15-day lag time that was
not significantly different from the negative control
group. It can be assumed that Providing a 15-day
delay without nicotine exposure provides an
opportunity for Leydig cells, spermatogonium cells,
and Sertoli cells to restore and regenerate, and
concludes that 15-day nicotine exposure has acute
damage to Leydig cells, spermatogonium cells, and
Sertoli cells that are reversible.

The same results were also shown in the
study of Nesseim et al. The group that was given a
15-day lag before the examination, found a recovery
of testicular histological structure.” Another study
that observed the effect of this recovery was Oyeyipo
et al., but they only observed the impact of nicotine
on testosterone levels of rats. Nicotine also
significantly reduced testosterone levels in mice
compared to the control group. This is associated
with the effects of nicotine, which causes damage to
the testicular structure, especially in Leydig cells,
which are the testosterone producers. In the Oyeyipo
et al. study, it was found that administration of the
recovery time lag had a positive effect on
testosterone levels compared to groups not given a
recovery time lag.”*” So, from the results of this
study and the research of Oyeyipo et al., it can be
concluded that 15 days of nicotine exposure might
illustrate the effect of nicotine damage on the testes,
which is still temporary or reversible.

CONCLUSION

Nicotine exposure at a dose of 4 mg/kg/day
for 15 days decreases the number of Leydig cells,
spermatogonium cells, and Sertoli cells in mice.
Decreasing expression of bcl-2, increasing of p53,
and Caspase-3 results in excessive production of
ROS in Rat Testicle, these conditions cause more
apoptosis in rat testicle. Giving a time lag of 15 days
before the examination provides the testis with time
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to recover and regenerate. Besides, it can be
concluded that nicotine exposure for 15 days has the
reversible effect of testis structural damage.
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