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Effects of Alcohol and Passive Cigarette Smoking on the
Swiss Albino Mice Testes”
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Aim: The aim of this study, was to investigate the effects of alcohol, passive smoking and alcohol+passive smoking
on the testicular morphology of the adult Swiss albino mice.

Method: 32 male Swiss albino mice were used in this study. The animals were divided randomly in to four groups
(n1=..n4=8): one group served as the control group, and the others were subjected to either alcohol, passive
smoking or alcohol + passive smoking for 6 weeks.

Results: No differences were found in absolute or relative testis weights among the different groups. The mean
seminiferous tubule diameter was gradually decreased in passive smoking, alcohol and alcohol + passive smoking
groups when compared with control group. We found a statistically significant difference between control and
alcohol + passive smoking groups (p=0,006), alcohol and passive smoking groups (p=0,005), and passive smoking
and alcohol + passive smoking groups (p=0,004). Seminiferous tubules containing degenerated germinal epithelium
and decrease in number of Leydig cells were observed in a few tubules of testes from passive smoking and alcohol
groups. Degenerative changes were more severe in the group exposed to both alcohol and cigarette smoke.
Conclusion: In the present study, it was observed that alcohol, passive smoking and alcohol + passive smoking
caused injury in testis tissue of Swiss albino mice and that these changes were more severe in alcohol + passive
smoking group.
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Swiss Albino Farelerde Alkol ve Sigaranin Testis Dokusu Uzerine Etkileri

Amag: Sunulan aragtirma, eriskin erkek Swiss albino farelerde uzun stireli alkol, pasif sigara, alkol+pasif sigara
kombinasyonunun testis dokusuna etkilerini ortaya koymak amactyla yapilmustir.

Gere¢ ve Yontem: Calismada 32 adet eriskin erkek Swiss albino fare kullanildi. Fareler dort esit gruba ayrild:
(n1=...n4=8). Kontrol grubuna herhangi bir islem uygulanmazken deney gruplarindaki hayvanlar alt1 hafta boyunca
alkol, pasif sigara ve alkol+pasif sigaraya maruz brrakilds.

Bulgular: Gruplar arasinda total veya nisbi testis agirliklarinda fark gozlenmedi. Ortalama seminifer tiibil ¢aplarinin
kontrol grubu ile karsilastirildiginda pasif sigara, alkol ve alkol+pasif sigara gruplarinda giderek azaldigr gérilda. Bu
azalma kontrol ile alkol gruplari arasinda (p=0,02); kontrol ile alkol+pasif sigara gruplari arasinda (p=0,0006); alkol ile
pasif sigara gruplart arasinda (p=0,005); pasif sigara ile alkol+pasif sigara gruplart arasinda (p=0,004) istatistiksel
olarak anlamlt bulundu. Kesitler mikroskopik olarak incelendiginde pasif sigara ve alkol grubundaki bazi kesitlerde
seminifer tiibiil epitelinde yer yer dejenerasyon ve Leydig hiicrelerinde artma gézlendi. Alkol+pasif sigara grubunda
seminifer tiibil duvarindaki dejeneratif degisikliklerin daha fazla oldugu gézlendi.

Sonug: Sunulan arastirmada alkol, pasif sigara ve alkol+pasif sigara uygulamasinin farelerin testis dokusunda hasara
neden oldugu ve alkol+pasif sigara uygulamast yapilan grupta bu degisikliklerin daha belirgin oldugu tespit edildi.

Anahtar Kelimeler: Swiss Albino Fare, Alkol, Sigara, Testis

+Bu ¢alisma, Adnan Menderes Universitesi Arastirma Fonu tarafindan desteklenmis olup, VI. Ulusal Histoloji ve Embriyoloji Kongresinde (12-15 Eyliil 2002) poster
olarak sunulmustur.

Spermatogenesis, a complex sequential process,! can be disrupted by many external factors. Two of these possible
factors are cigarette smoking and alcohol.
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Cigarette smoke contains more than 3000 different
chemical substances.? Inhalation of cigarette smoke,
whether through active or passive smoking, leads to
absorption of these substances through the
pulmonary vasculature and blood-borne circulation
throughout the body.> The presence of the major
metabolites of cigarette smoke, such as nicotine,
cotinine and cadmium, have been detected in the
semen of smokers. This finding suggests that cigarette
smoke constituents and/or DNA-reactive
intermediates pass through the blood-testis barrier
and react directly with germ cells.*

Conflicting data exist in published reports on the
adverse effect of cigarette smoking on male fertility.
Although some studies have reported that cigarette
smoking is associated with lower semen quality,’
others found no relationship between smoking and
sperm characteristics.

The adverse effects of chronic ethanol exposure on
testicular injury have previously been studied in
animals and humans.!* FEthanol metabolism
produces an oxidative stress within the testes,
documented by an enhancement of testicular
malonaldehyde and a reduction in testicular
glutathione levels."> Farghali et al.l® have reported
that short-term ethanol feeding produces a disruption
of the blood-testes battier.

Alcohol and cigarette consumption is a pervasive
personal habit that is highly addictive, with strong
appeal among teenagers and young adults worldwide,
especially in developing countries.? Approximately
30% of women and 36% of men of reproductive age
in the US are smokers.? It is important to consider
cigarette smoking as part of a lifestyle that may
include increased consumption of alcohol. There is
evidence that alcohol and cigarette smoking have
independent or interdependent effects; although the
effects of both agents alone on the reproductive
system have been studied, their effects in
combination have not previously been clarified in
detail. The aim of the present study was to assess
whether ethanol and cigarette smoke may have
synergistic effects on testicular morphology.

METHODS

Animals

32 male Swiss albino mice were obtained from
Experimental Animal Research Center, Adnan
Menderes University  (Aydin, Turkey). At the
beginning of the experiment the animals were

approximately 10 weeks old and their mean body
weight was 23-31 g. Animals were housed in an
institutional facility with environmental conditions of
2313 °C, and 14/10 hr light/datk cycle in
polypropylene cages with four animals per cage.
Standard chow diet for mice (Besz Yem, Gebze), and
tap watetr were given ad libitunm.

Experimental design

Animals were divided randomly in four groups each
consisting of 8 mice: one group remained untreated,
while others were subjected either to alcohol, passive
smoking or both. All animals were untreated during
the adaptation period of two weeks followed by six
weeks of treatment. To avoid anorexia and weight
loss that results from abrupt introduction of high
alcohol doses, the ethanol concentration in drinking
watet was increased gradually: alcohol/water (v/v)
was 10% during the first week, 20% during the
second week and 30% during the following four
weeks. All animals in the smoke exposed groups were
kept in the cabinet within polyethylene cages, while
others were placed outside of the smoke chamber in
the same experimental room. The mice were exposed
to cigarette smoke for a 2-hour period per day. The
passive smoking of mice was established in a specially
designed, 0.9 m? smoke chamber, which had two 20
cm-diameter holes on opposing sides for ventilation.
To one of holes a burning oven was connected while
the other hole was connected to a hose equipped with
a speed-controlled ventilator to release the air from
the chamber directly to the outside of the room. A
total of 4, 8 or 12-lit cigarettes per cage were used
daily for the first, second and following four weeks,
respectively. Control animals were exposed only to
ambient air. Short Samsun cigarettes were used. Both
the ethanol and cigatettes were products of Tekel®
and obtained from a commercial source. All animals
were kept on a standard diet and were allowed to
drink freely. The water intake per cage and the body
weights of all animals were recorded weekly after a
food withdrawal period of ca 14 hours.

Light microscopy

At the end of the 6™ week, the animals were weighed,
then a ventral midline incision was made under ether
anesthesia. Testes were removed and weighed. The
tissues were fixed in Bouin’s solution, dehydrated and
embedded in paraffin, sectioned at 5 um and stained
with hematoxylin and eosin. The sections were
examined and photographed with an Olimpos BX50
photomicroscope.
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Morphometric Analysis

Measutrement of the diameter of seminiferous tubules
was performed with a light microscope equipped with
an ocular micrometer at a magnification of 20X. In
each section, ten randomly chosen circular cross
sections of seminiferous tubules were measured, and
average diameter was calculated.

Statistical analysis

Body weights, testis weights, the ratio of testis
weights to body weights, and the diameter of
seminiferous tubules were compared among the
groups using Kruskal-Wallis one-way analysis of
variance. Differences were considered significant at
the 0.008 level of confidence.!”

RESULTS

At the beginning of the experiment, the mean body
weights of animals in different groups were similar.
After 6 weeks, there were still no significant
differences among the groups (Table 1). To assess the
impact of ethanol and/or cigarette on testis weight,
both the absolute and relative testis weights (testis
weight adjusted for body weight) were calculated and
compared between the different groups. No
differences were found.

The diameter of the seminiferous tubule was
measured to determine possible effects caused by
alcohol and cigarette smoke in testis. The mean
seminiferous tubule diameters of experimental groups
( passive smoking, alcohol and alcohol plus passive
smoking groups ) were gradually decreased when
compared with the control group (Table 1). We
found statistically significant differences among the
experimental groups; control and alcohol + passive
smoking group (p=0,000), alcohol and passive
smoking (p=0,005), passive smoking and alcohol +
passive smoking (p=0,004).

The testicular histology of control group was normal.
The wall of each seminiferous tubule was composed
of Sertoli cells and differentiating spermatogenic cells.
The lamina propria enveloping the seminiferous

tubule consisted of several layers of fibroblasts.
Interstitial cells occupied much of the space between
the seminiferous tubules. (Figure 1).

Figure 1: Cross section of seminiferous tubules and interstitium in
the control group, Haematoxylin and eosin., X200.

‘3’

However, degenerative changes of various degrees
were observed in the seminiferous epithelium in
animals exposed to cigatette and/or alcohol.
Seminiferous tubules with degenerated germinal
epithelium were observed in a few tubules of testes in
the passive smoking and alcohol groups.
Degenerative changes were more severe in the group
that was exposed to both alcohol and cigarette
smoke. The most prominent degenerative findings in
the alcohol + passive smoking groups were
disorganization of germinal epithelium, desquamation
of immature cells into the seminiferous tubule lumen
and vacuolization in seminiferous epithelium (Figure
2, 3, 4). The thickening of tunica albuginea was
observed in only two animals of the alcohol group
(Figure 5). However, peritubuler fibrosis was not
observed in any of the groups. In summary,
remarkable histologic  differences were found
between the control and the experimental groups.

Although we did not evaluate the number of Leydig
cells per unit area in the present study, a slightly
increased number of Leydig cells were observed in
some animals of the passive smoking and alcohol

groups (Figure 2).

Table 1: The means and their standard deviations of the body weight, testes weight, testes weight/ body weight ratio and the seminiferous tubule

diameter in the control and treatment groups at the end of the experiment.

Groups Body Weight (BW)  Testes Weight (TW) TW/BW Seminiferous tubule
[e] le] [*] diameter [ym]
Control 28.16 + 3.02 0.25 = 0.07 0.0079 £ 0.0015 207.0 £ 6.1%
Alcohol 27.73 £ 3.08 0.28 = 0.04 0.0100 £ 0.0017 1948 £ 6.5 %
Passive smoking 2841+ 1.84 0.29 = 0.06 0.0100 £ 0.0018 204.8 £ 4.18Y
Alcohol + Passive smoking 30.90 £ 3.24 0.26 = 0.05 0.0099 £ 0.0001 192.6 & 4.1 #Y

# p=0.006, $ p= 0.005, ¥ p= 0.004
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Figure 2: Cross section of seminiferous tubules and interstitium in
the passive smoking group. Note seminiferous tubule degeneration
(arrow) and Leydig cell hyperplasia. Haematoxylin and eosin., X400.

Figure 3: Cross section of seminiferous tubules with vacuolization
(arrows) in alcohol + passive smoking group. Haematoxylin and
eosin., X400.

DISCUSSION

There is controversy in the literature regarding the
alterations in body weight and testicular weight of
rodents due to ethanol consumption. Anderson et
al.!8 observed body weight gain in mice which were
given alcohol similar to the controls. However others
reported that the body weights of the ethanol
consuming rats were significantly lower than those of
controls.!% 11, 19- 21 On the contrary, no significant
difference could be found between alcoholic rats and
their control animals regarding weight gain.”> 13 2! In
the present study, no significant difference in mean
body weight was observed among the groups with or
without exposure to alcohol, sidestream smoking or
both.

In this study, animals were exposed to gradually
increased ethanol concentration. This was done in an
attempt to minimize the decrease in food intake that

typically accompanies ethanol feeding and thus to
reduce undernutrition in the animals. For this reason
the changes in testis morphology that we observed
were specific to ethanol and cigarette smoke and not
attributable to undernutrition.

Figure 4: Cross section of seminiferous tubules with desquamation
of immature cells into the seminiferous tubule lumen (arrows) .
Haematoxylin and eosin., X400.

Figure 5: Cross section of tunica albuginea in control (A), and
alcohol (B) groups. Haematoxylin and eosin., X100.

Some researchers have reported reduced testis
weights in mice and rats treated with ethanol.?. 10,14, 19-
2 However, some other researchers did not find
significant differences in the testis weights of rats
ingesting ethanol and their controls.'’> 13 Similarly, in
the present study, no differences were found in testis
weights among the groups.

In some studies, relative testis weight (ratio of testes
weight to body weight) was also compated with the
absolute testis weight. Martinez et al.!? have observed
that relative testis weights were significantly less in
the ethanol-consuming animals compared to the
control animals. Van Thiel et al.” have reported both
a lower absolute and relative testis weights in the
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alcohol-consuming rat groups with respect to the
control groups. On the other hand, Weinberg et al.10
have observed that absolute testis weight was also
somewhat reduced in ethanol-consuming animals;
however , when adjusted for body weight, relative
testis weights were found to be increased in ethanol-
fed animals compared with controls. Calleja et al.!2
have reported that high dose alcohol (25%) causes an
increase relative testis weight in rats. Viczian® has
reported that relative testis weight in rats shows no
difference in between the group exposed to cigarette
smoke and their controls. In our study, no significant
difference in relative testis weight of passive smoking,
alcohol, alcohol + passive smoking and control
groups was observed.

Measurement of the seminiferous tubule diameter
was carried out to determine the effects of alcohol
and cigarette on testes in previous studies. It was
reported that alcohol consumption caused a decrease
in the mean seminiferous tubule diameter of rats,’> 12
21, 26 mice!% 18 and humans.” Some researchers have
reported that inhalation of cigarette smoke also
caused a decrease in seminiferous tubule diameter in
rats.2’> 28 However, Martinez et al.!3 found no
difference in the diameter of the seminiferous tubules
between alcohol consuming groups and controls. In
the present study, mean seminiferous tubule
diameters were gradually decreased in groups exposed
to passive smoking, alcohol, and alcohol + passive
smoking. However, the decrease in mean
seminiferous tubule diameters of animals exposed to
both alcohol and sidestream smoking was significant
when compared with controls (p=0,0006).

Anderson et al.!8 reported that thickness of tunica
albuginea was occasionally decreased in the ethanol-
treated mice after 29 days as compared to the control
group. In contrast, no differences could be observed
in testes from animals maintained on the ethanol diet
for an additional 14 days. In the present study,
thickening of tunica albuginea was observed only in 2
animals exposed to alcohol. Thickening of
peritubular membrane has also been described in
alcoholic men® ? and rats.? Giiven et al.?’ reported
thickened and irregular shaped seminiferous tubule
basement membrane in smoke-exposed  rats.
However, Yardimoglu et al'* did not find any
peritubular fibrosis in mice exposed to alcohol.
Similarly, in the present study, no peritubular fibrosis
was observed in animals of all groups.

It was previously reported that testes of the alcohol-
fed animals were highly variable when examined by

light  microscopy, ranging from  complete
spermatogenesis with disorganization of seminiferous
epithelium to complete atrophy. Seminiferous
tubules with disorganized germinal epithelium have
been described in alcohol-fed rats 1329 and alcoholic
men® % Increase in germ cell desquamation into the
seminiferous tubule lumina.% 3. 18, 22, 23 and inactive
seminiferous tubules!$ 22,23 were described in alcohol-
fed animals and alcoholic men. Decreased
spermatogenesis was reported by some researchers in
alcoholic animals and men.® % 22 Presence of a large
number of vacuoles in the seminiferous tubules was
observed in fetal rats exposed to alcohol.X
Vacuolization in seminiferous epithelium was also
reported in ethanol-treated mice.!*?* and rats.!3
Moderate or severe loss of germinal epithelium have
been reported in seminiferous tubules of the testes in
alcohol-fed animals!* 1% 2! Presence of degenerating
or sloughed cells into the seminiferous tubule lumen
were also observed in the testes of rats exposed to
cigatette smoke.?> 2 In the present study,
degenerative changes in seminiferous epithelium were
observed occasionally in a few tubules of animals
from both passive smoking and alcohol groups. In
addition, degeneration of germ cells and vacuolization
in seminiferous epithelium were observed in the
majority of alcohol + passive smoking groups.

A slightly increased number of Leydig cells were
observed in testis biopsies of alcoholic men by
Boiesen et al.3 In some of the cases, particularly those
with more severe testicular damage, Leydig cell
hyperplasia was not seen in a study by Boiesen et al.8
Galvao-Teles et al? reported that the number of
Leydig cells in the testes of alcoholic patients was
highly variable ranging from apparent hypoplasia to
hyperplasia. However, they have only found one case
with hyperplasia of the Leydig cells. They reported
that there was no correlation between testicular
histology and the daily alcohol ingestion or the
duration of alcoholism for their subjects.” Van Thiel
et al.” have also reported that Leydig cell hyperplasia
was cleatly prominent in some of the testes obtained
from the alcohol-fed animals. However, some
researchers found that Leydig cell number was not
modified by ethanol.!>1° No data are available related
to Leydig cell number in animals exposed to cigarette
smoke. Although the number of Leydig cells per unit
area was not assessed in this study, the number of
Leydig cells appeared to increase in only a few
animals of the passive smoking and alcohol groups.

Experiments studying the effects of alcohol and
cigarette smoke on testis tissue have given different
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results. Reasons may include the differences in age
and breed of the experimental animals used, exposure
route, doses and duration of exposures, and the type
of diet. However, researchers agree in general that
alcohol and smoking causes damage of varying degree
to testis tissue. In the present study, it was observed
that alcohol, passive smoking and alcohol + passive
smoking caused significant morphological changes in
testis tissue of mice and that these changes were more
severe in alcohol + passive smoking group.

In summary, light microscopic evidence that we
provide in this study indicate that alcohol, sidestream
smoking and alcohol plus sidestream smoking have
deleterious effects in testis of Swiss albino mice.
These effects were especially prominent when mice
were exposed to both alcohol and sidestream
smoking compared with alcohol or sidestrem
smoking alone. This indicates that alcohol and
smoking may have additive or synergistic effects
when used together.
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