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ABSTRACT

Background and Objective: It is conceivable that caffeine consumption would
induce gonadal changes. The aim of this study is to assess the impact of embryonic
caffeine exposure on rat testis and prostate.
Materials and Methods: Female rats were divided into (n=7): A control, only
received drinking water. B and C groups received caffeine low dose (26 mg/kg) and
high dose (45 mg/kg) respectively via drinking water during pregnancy and lactation.
Structural changes in testis and prostate were studied by using stereological methods
at 21, 60 and120 days of postnatal development.
Results: Our result showed decreases in body and testis weight of offspring of group
C compared to other groups at all ages (P< 0.05). The Testis volume showed
significant differences between the offspring of both experimental groups and control
at days 21, 60 and 120 (P<0.05). There were significant differences in the number of
sperm cells of offspring of experimental groups compared to the control group in
different ages (P<0.05). The number of sertoli, spermatocyte and spermatid cells of
offspring in group C showed a significant decrease compared with other groups at all
days (P<0.01). The number of spermatogonia cells in group C offspring showed a
significant decrease compared to the control group at different days (P<0.05). The
mean Johnsen score decreased in offspring of group C compared to the control group
(P<0.05).
Conclusion: Results showed that maternal caffeine consumption altered the structure
of testis and prostate gland and spermatogenesis of offspring in adulthood.
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Introduction
Today, infertility is a great problem in 15-20% of
couples who are at the age of reproduction. In 50%
of cases, men are the cause of infertility [1]. It has
been reported that exposure to some environmental,
chemical and biological agents induced irreversible
effect on the reproductive system and fertility [2].
During recent decades, caffeine has been implicated
as a risk factor for infertility [3]. The minor caffeine
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metabolite is 1, 3, 7-Trimethyluric acid [4]. Caffeine
is a bitter tasting, odorless and white crystalline
purine and is chemically related to the guanine and
adenine bases of deoxyribonucleic acid (DNA) and
ribonucleic acid (RNA). Caffeine may be
synthesized in the laboratory with malonic acid and
dimethylurea, but is not usually manufactured
synthetically [5] and is it mainly extracted from
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seeds, nuts, or leaves of a number of plants [6]. The
main sources of dietary caffeine are roasted coffee
beans and tea leaves, with each contributing about
equally to total caffeine intake (about 240 mg/day)
[7]. When caffeine is consumed, 99% of it is rapidly
absorbed by the digestive tract and then metabolized
in the liver into three primary metabolites:
paraxanthine (84%), theobromine (12%), and
theophylline (4%) [8]. Caffeine's half-life in healthy
adults, is between 3–7 hours. However, in pregnant
woman it is between 9-11 hours and in infants is
between 65-130 hours [9, 10]. Because caffeine is
both water- and lipid-soluble it easily crosses the
placenta, therefore its concentration in the fetus is the
same as it in the mother’s plasma [11]. The fetus’
liver lacks enzymes to caffeine metabolism [12].
Some studies indicated that the consumption of
caffeine increases the risk of spontaneous abortion,
especially in the first trimester of pregnancy and
increases the risk of stillbirth and low birth weight
(LBW) [13]. A substantial number of human and
animal studies indicated that caffeine can be toxic for
the male reproductive system [14, 15]. Caffeine can
induce
testicular
atrophy
and
decrease
spermatogenesis in adult animals [16]. In addition,
gestational and lactational exposure of rats to
caffeine had adverse effects on the structure and size
of the testis, serum testosterone levels, and the
fertility of male offspring [17]. Caffeine can lead to
delayed sexual maturation by decreasing the
production of testosterone [18]. On the other hand,
moderate caffeine consumption appears to be safe to
male reproductive health since it stimulates lactate
production by sertoli cells; lactate is the primary
source for energy production in spermatogeneic cells
[19]. Chronic caffeine exposure of rats increases the
androgenic hormones, concentrations of testosterone
and dihydrotestosterone and epithelial cell
proliferation in the prostate gland, which can lead to
benign prostatic hyperplasia[20]. Another study
concluded that there is no significant relationship
between the consumption of caffeine and prostate
cancer aggressiveness [21]. Although there are
substantial numbers of studies on caffeine effects, but
the exact activity of caffeine on the male reproductive
system has been less characterized [17, 22]. The
caffeine effects on the male reproductive system can
be better assessed by prolonging the duration of the
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study (both exposure to caffeine and discontinuation
period) and investigating the effects of caffeine from
birth until post-puberty. Therefore; in this study we
investigated the effect of gestational and lactation
exposure of caffeine on spermatogenesis and
histomorphometric changes of the testis and prostate
in male offspring's rats at 21, 60 and 120 days after
birth.

Material and Methods
Chemicals
The Caffeine, hematoxylin and eosin was
obtained from Sigma. Other chemicals such as
Azocarmine B and Aniline orange G were obtained
from Santa Cruz biotechnology.
Animals
21 Female Wistar rats weighing 240-270 gr were
obtained from the animal house of Shahid Sadoughi
University of Medical Sciences Yazd – Iran. Female
rats were allowed to acclimate under controlled
humidity (40-50%), temperature (22-24°C), and
light conditions (12-hr light-dark cycle) and had
free access to rat food and tap water.
Experimental Design
After a week of adaptation to the environment,
female rats were mated overnight at 3:1 females:
male ratio. Vaginal smears were collected daily and
examined for the presence of sperm. The day of
sperm detection in the vaginal smears was
considered 0 day of pregnancy. The pregnant rats
were randomly divided into three groups (n=7): a
control group only received drinking water and two
experimental groups were exposed to low and high
doses (26 , 45mg/kg/day) of caffeine via drinking
water during gestation and lactation[17]. According
to previous studies, these doses were selected in a
range that could have behavioral effects on the
offspring of rats exposed to caffeine doses during
gestation and lactation. It is also reported that
feeding ≥ 30 mg/kg/day of caffeine can be harmful
for the reproductive system of male rats [17]. The
pregnant rats were kept separately in standard cages
and the dose of caffeine was calculated by
measuring daily water intake of each rat. At 21, 60
and 120 days after birth, five animals from each
group were randomly selected and evaluated for
each type of clinical signs, and their weight and
nutrition were measured daily as well. The study
took 120 days as the longest time to find out what
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long-lasting effects of caffeine on the testis and
prostate might be. All the animals were anesthetized
with ether 24 h after their last time receiving
caffeine. All this procedure used were was based on
approved protocols of the Ethical Committee of
Shahid Sadoughi University of Medical Sciences
Yazd – Iran.
Tissue Preparation and Histological Analysis
of Testis and Prostate
On days 21, 60 and 120 of postnatal development,
the rat offspring were weighed and anesthetized by
diethyl ether. The testes and prostates were dissected.
The left testis and prostate of each rat was weighted
by an analytic scale with precision of 0.001gr. The
initial volume of testes was calculated using the
Archimedes principle, by immersion in distilled
water [23]. The testes and prostates were fixed in
Bouin’s and formalin solution for tissue processing
and studied using stereological methods. Then,
tissues were processed for paraffin embedding and
sectioning. Serial sections of 5 µm thickness, with a
certain distance, were taken from each testis and
stained with hematoxylin and eosin (H&E) and
Heidenhain's Azan. The stained sections were
studied under light microscopy (Olympus Japan)
magnification 40×, 100×, 200× and 400× to evaluate
spermatogenesis and histopathological changes of
prostate.
Johnsen’s score was used to categorize the
spermatogenesis. This method applies a score of 110 for each tubule cross section examined (Table 1).
The germinal epithelium of at least 50-60 tubules
was assessed for each testis and the mean Johnsen’s
Score per rat was calculated [13].

Results
As it is said in numerous studies, S. typhi has a
high-power pathogenicity and also can be
transferred quickly from one person to another.
Therefore, typhoid fever is one of the most
remarkable diseases in the world [8]. Many factors
are involved in the pathogenesis of bacteria specially
S. typhi [9]. One of these factors is toxin-antitoxin
(TA) system which has been considered today [7].
Since the TA system plays an essential role in the
pathogenesis of bacteria [10], we decided to analyze
the potent TA loci by bioinformatics method.
After reviewing two different species of S. typhi,
it was shown that both species have numerous and
different potent TA loci. In species S. typhi_P_stx in
different categories we can see potent TA loci (Table
2). But more importantly, this potent TA loci is in
categories 50-60 % (Table 2).
The important issue is that among all unknown
potent TA loci, hth-xre is present in most categories
with the highest number compared to the other
unknown potent TA loci (Table 2).
On the other hand, at categories 70-80%,
numerous unknown potent TA loci were found. In
the species S. typhi_P_stx, hth-xre is also seen in
most categories.
This can be considered as a potent TA locus as it
has the highest number (Table 1). These analyses
were performed to identify the potent TA loci in
different species of S. typhi, so that better prediction
of TA loci and clinical experiments become possible
(Table 3, Figure 1).

Table 1. Modified Johnsen score
Score

Score Description

10
9
8
7
6
5

Complete spermatogenesis and perfect tubule
Slightly impaired spermatogenesis, many late spermatids, disorganized epithelium
Less than five spermatozoa per tubule, few late spermatids
No spermatozoa, No late spermatids, many early spermatids
Few early spermatids, arrest of spermatogenesis at the spermatid stage, disturbance of spermatid differentiation
No spermatids, many spermatocytes

4
3
2
1

Few spermatocytes, arrest of spermatogenesis at the primary spermatocyte stage
Spermatogonia only
No germ cells, sertoli cells only
No germ cell or sertoli cells, tubular sclerosis
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Heidenhain's Azan Staining
In stereological studies on the testis, heidenhain's
Azan staining is used because this technique makes
the nucleus of the cells red and clear, cytoplasm pale
pink and the connective tissue decolorized [23, 24].
Therefore, the cells are being completely identified
and can be investigated and counted.
Heidenhain's Azan Technique
The tissues were stained in Azocarmine B
solution for 15 minutes at room temperature and
rinsed in distilled water. Then, the testes were
stained in Aniline for 2 seconds. The samples were
put in glacial acetic acid for 5 seconds,
phosphotungstic acid for 2-3 minutes and Aniline
blue-orange G-acetic solution for 5 minutes and
rinsed in distilled water. Digital histographic images
were captured using by invert microscopy
(magnification 40×, 100×, 200×, 400×).
Stereological Analysis of Testis The Volume of
Testis (mm3)
Cavalierian's technique was used to determine
the total size and volume of the testes. Following
histological processing, paraffin testes blocks were
sectioned in identity with systematic random
sampling. For this purpose serial sections with a
certain thickness (t), and a certain distance (d), were
taken from each testis. In this technique, a grid
counting point with 100μ distance between two
points was randomly placed on the images (since the
points are lacking dimension, we used a grid with a
network of crosses (+)) (fig. 1).
Then, hitting points on the surface of the biopsy
were counted and the total volume of each testis was
calculated using the following formula:
𝑉 = 𝑡 × 𝑎(𝑝) × ∑𝑝/𝑀2
Where V refers to the total volume of testis, t is
the section thickness, a(p) is the area of one point
(1000μ), ΣP is the total number of points counted in
the component of interest, and M is the linear
magnification [25].
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No shrinkage correction was used in the
study because of the insignificant magnitude of
the shrinkage, and because no difference in
shrinkage was found between groups.

Fig. 1. Grid counting point and image of
testis volume (magnification 40×) B: low
dose group.

The Number of Sertoli, Spermatogonia,
Spermatocyte, Spermatid and Sperm Cells
Physical dissector technique was used to count the
number of sertoli, spermatogonia, spermatocyte,
spermatid and sperm cells. A dissector is a 3D probe
for counting the number of objects (cells), with the
ability to remain unaffected by the size, shape, or
spatial position of the objects. The first chosen section
and its adjacent section, called a dissector pair, were
separated by a distance of 30μ as a rule of physical
dissector. According to this rule, the distance between
the section pairs must be about 30–40% of the
average projected height of the object of interest (in
this study cell nucleus) to be estimated. This way, 20
section pairs from any biopsy were chosen and
investigated [26]. A “live” image of a field from one
section (say the sampled or reference section) is
displayed on a monitor next to a stored image of the
same field on the look-up section. The counting
process requires the investigator to look for nuclei of
immune stained cells in the sampled section that are
not present in the look-up section (fig. 2). This
development represents a powerful new method for
counting defined cell populations in the testis [25].
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Fig. 2. Physical dissector and cells counting
process, A: control group
The mean numerical density of cells was
estimated using the following formula:
𝑁𝑉 = ∑𝑄/𝑡 × 𝑎(𝑝) × ℎ × 𝑝
Where ΣQ is the total number of cells counted in
the reference section, it is the mean section
thickness (5μ) and a (p) is the area of the unbiased
counting frame, h is the distance between sections
and P is the number of frame associated points
hitting the tissue.
The total number of cells in a whole rat testis was
estimated by the following equation:
𝑇𝑛 = 𝑉𝑛 × 𝑉𝑡
Where Nv is the numerical density of cells, Tn is
total number of cells in the whole testis calculated
using the testis volume results estimated by the
Cavalieri method [26].
2.5.3. Assay histopathology changes of prostate
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The Sections of 5 µm thickness were taken from
each prostate and stained with hematoxylin and
eosin (H&E). Each slide had sections from one
region of the prostate, either the ventral prostate
(VP) or the dorsolateral prostate (DLP). The stained
sections were studied under light microscopy
(Olympus Japan) magnification 100× and 400×.
Measurements of the mean area of each of the
alveoli and the height of epithelial cells were
compiled.
2.6. Statistical analysis
Two-way analysis of variance (ANOVA) was
used to compare the groups. When a significant
interaction was detected, one-way ANOVA
followed by the Tukey test in order to distinguish
the difference among groups.
Results
The Mean Body Weight (gr) and Mean Testis
Weight (mg) in Different Stages of Postnatal
Development
Significant reductions were seen in the body
weight of offspring of the high dose caffeine treated
group compared to the control group and the low
dose caffeine treated group at all ages of postnatal
development (21, 60 and 120 days after birth) (P<
0.05) (Fig. 3). The testis weight of the offspring
were significantly lower in the high dose caffeine
treated group (P< 0.05) compared with the control
group at days 60 and 120 of postnatal development
(Fig. 4).
The Mean Total Volume of Testis in Different
Stages of Postnatal Development
The total volume of testis showed significant
differences between the offspring of the
experimental groups and the control group at
postnatal day 21 (P< 0.05), but this parameter in the
offspring of high dose caffeine-treated groups has
significantly decreased in comparison with the other
group at days 60 and 120 (P< 0.05) (Fig. 5).
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Fig. 3. Mean body weight (gr) at the postnatal days 21, 60, and 120. P<0.05 is indicated by"*".
Comparison between control and other groups (a), comparison between low dose caffeine treated
group and other groups (b) and high dose caffeine treated group and other groups(c)

Fig. 4. Mean testis weight at the postnatal days 21, 60, and 120. P<0.05 is indicated by"*"
Comparison between control and other groups (a), comparison between low dose caffeine treated
group and other groups (b) and high dose caffeine treated group and other groups (c)
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Fig. 5. Mean volume of testis (mm3) at the postnatal days 21, 60, and 120. P<0.05 is indicated by"*".
Comparison between control and other groups (a), comparison between low dose caffeine treated
group and other groups (b) and high dose caffeine treated group and other groups (c)
Estimated Number of Sertoli, Spermatogonia,
Spermatocyte, Spermatid and Sperm Cells
The total number of sperms cells in offspring of
both experimental groups showed a significant
decrease in comparison with the control group in
day 120 of the postnatal. But the number of the cells
in days 21 and 60 significantly reduced only in the
high dose caffeine-treated group in comparison with

the control group (P<0.05). The total number
of sertoli, spermatogonia, spermatocyte, and
spermatid of offspring of the high dose group
showed a significant decrease in comparison
with the control and the low dose caffeine
treated group in days 21, 60 and 120 (Fig. 6 and
Table 2).

Table 2: Estimated number of sertoli, spermatogonia, spermatocyte, spermatid and sperm cells at the postnatal
days 21, 60, and 120.
Groups
Parameters

Age of offspring (day)
Control

Sertoli number

Spermatogonia number

Spermatocyte number

Spermatid number

Sperm number
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21
60
120
21
60
120
21
60
120
21
60
120
21
60
120

2.25±0.14
3.4±0.18
3.68±0.16
2.52±0.52
3.12±0.44
3.35±0.19
22.33±011
75.32±0.14
114.98±0.1
2.1±0.7
2.74±0.13
3.64±0.16
2.32±0.4
3.67±0.12
5.52±0.28

Caffeine treated
Low dose
2.11±0.66
3±0.11
3.72±0.24
2.33±0.15
3.1±0.22
2.99±0.29
22±077
75.44±0.22
112.68±0.21
1.58±0.33
2.50±0.41
3.21±0.22
2.10±0.22
3±1.1
2.95±0.18*a

High dose
1.32±022**a,b
2±0.17**a,b
2.18±0.12**a,b
1.64±0.11* a,b
2.18±0.19* a,b
2.47±0.14* a,b
21.1±0.28**a,b
72.25±1.2**a,b
104.77±0.15**a,b
1±0.11**a,b
2.1±0.33**a,b
2.64±0.13**a,b
1.40±0.55*a
2.1±0.14*a
2.18±0.14*a
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Fig. 6. Testis histopathological changes and estimation number of sertoli, spermatogonia, spermatocyte,
spermatid and sperm cells at the postnatal days 21, 60, and 120. A control, B low dose caffeine and C high
dose caffeine groups respectively (200×, H&E).

Johnsen Score Results
In the histopathologic evaluation, the mean
Johnsen score was decreased in the offspring of
the high dose caffeine treated group compared
to the control group (P<0.05). The mean

Johnsen scores were showed in fig. 7 and Table
3 at postnatal days 21, 60, and 120.

Table 3. Estimated Johnsen score results at the postnatal days 21, 60, and 120.
Groups
Caffeine treated
Control
Low dose
High dose
21
9.12±0.58
8.28±0.32
7.90±0.58*a
60
9.38±0.48
8.12±0.27
7.55±0.73*a
Johnsen score
120
9.32±0.40
8.58±0.27
7.32±0.39*a
Comparison between control and other groups (a), comparison between low dose caffeine treated group and other
groups (b) and high dose caffeine treated group and other groups(c). P<0.05 is indicated by"*"
Parameters

Age of offspring(day)
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Fig. 7. Mean Johnsen score at the postnatal days 21, 60, and 120. P<0.05 is indicated by"*".
Comparison between control and other groups (a), comparison between low dose caffeine treated
group and other groups (b) and high dose caffeine treated group and other groups (c).

Histological Findings in the Testis
No histopathological changes were seen in
the offspring of the control group; while an
increase in germ cells was found, and the
spermatogenesis process was clearly seen.
Tubular lumen of the control group showed
numerous spermatozoa and the normal
interstitial cells were observed in interstitium.
The results showed that the seminiferous
tubules of the offspring of both experimental
groups especially the high dose caffeine-treated
group had irregular size and distorted shape and
no regular cytoarchitecture but all cells of the
spermatogenic series were represented. In this
group, some cells were vacuolated in the
seminiferous tubule epithelium, and the number
of germ cells in the seminiferous tubules was
decreased but spermatozoa were clearly
observed in the lumen of the tubule. In the testes
of the offspring of the high dose caffeinetreated group, some detached and pyknotic
round spermatids or retained elongated
spermatids were counted. The offspring testes
in this group showed a significant reduction in
spermatids and spermatozoa especially at day
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120. Also, there was a decrease in the height of
germinal epithelium in some slides of this
group. In the offspring of experimental group 2,
the interstitial space between the seminiferous
tubules was increased and in some slides
displacement of sertoli and germinal cells were
seen (Figures 8, 9, 10).
Histological Findings of the Prostate
No histopathological changes were seen in
the control group and there is normal dilatation
of prostatic gland. Epithelial and stromal had
normal structure in the control group. The
microscopic sections of the prostate showed
variations in the degree of dilatation in the
prostatic gland and in their intra luminal
secretions. All the prostates from the offspring
of the caffeine-fed rats presented various
degrees of epithelial and stromal hyperplasia
and epithelial cell proliferation in the prostatic
lobes. There appears to be an increased
dilatation resulting in the crowding of glands in
the offspring of caffeine-fed (45 mg/kg) in
comparison with control group which was
statistically significant (Fig. 11).
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Fig 8. Testis histopathological changes in all groups. A control, B low dose caffeine and C high dose
caffeine groups respectively (100×, Heidenhain's Azan).

Fig. 9. Testis histopathological changes in all groups. A control, B low dose caffeine and C high dose
caffeine groups respectively (200×, Heidenhain's Azan).

Fig. 10. Testis histopathological changes in all groups. A control, B low dose caffeine and C high
dose caffeine groups respectively (400×, Heidenhain's Azan).
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Fig. 11. Prostate histopathological changes at the postnatal day 120. A control, B low dose caffeine
and C high dose caffeine groups respectively. st: stroma; l: lumen; ep: epithelium (200×, H&E).

Discussion
The present study showed that gestational
and lactational exposure to caffeine decreased
the body weight, testis weight and testis
volume,
number
of
spermatogonia,
spermatocyte, spermatid, sperm and sertoli
cells of the offspring in the pre-puberty, puberty
and post puberty period. In addition, our results
indicated that significant decreases in
reproductive parameters that have been
observed in caffeine-treated offspring were not
reversible after the cessation of the exposure
period and remained until postnatal day 120. In
this study, significant reductions were seen in
body weight in the high dose caffeine treated
group compared to the control group and low
dose caffeine treated group at all ages of
postnatal development. The testis weight of the
offspring was significantly lower in the high
dose caffeine treated group compared with the
control group at days 60 and 120 of postnatal
development.
The decrease in body and testis weight of the
offspring observed in this study is in
consonance with earlier reports. Dorstghoal et
al. [17] have examined three groups of female
Wistar rats that received caffeine via drinking
water during gestation (26 and 45 mg/kg) and
lactation (25 and 35 mg/kg). They observed
significant dose-related decreases in the body
(11.09%) and testis weight (22.56%) of male
offspring rats, at low and high dose caffeine-fed
animals, respectively. Also Cavalcant et al. [27]
reported that maternal caffeine administration
during pregnancy causes a significant reduction
in food intake and the body mass gain of the
offspring. In addition, caffeine-fed animals
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consumed less food on average than the control
group and there seemed to be a causal
relationship between food consumption and
body weight. This reduction in body weight of
caffeine-fed animals is known to increase
metabolic rate and fat oxidation. In contrast,
another study found no difference between the
caffeine-fed groups and the control group in
body and testis weight [28]. This discrepancy
may result from differences in doses,
administration route, duration of caffeine
intake, and age between the studies.
Also, the total testis volume showed
significant
differences
between
both
experimental groups and the control group at
day 21. This parameter in the high dose
caffeine-treated group has significantly
decreased in comparison with the other groups
at days 60 and 120. Previous animal studies also
demonstrated that prenatal caffeine exposure
reduced the testis volume [29].
In addition, decrease in testis weight and
volume of the offspring in the caffeine-fed
groups might be due to a decrease in the number
of germ cells because the weight and volume of
the testis is largely dependent on the mass of the
differentiated spermatogenic cells [30]. Also
some studies demonstrated that prenatal
caffeine exposure inhibited differentiation of
the seminiferous tubules [31] and decreased the
diameter of seminiferous tubules [18] and
reduced in this cases lead to reductions in testis
weight and volume.
Pollard et al. [32] noted that gestational
caffeine consumption can be significantly
inhibit differentiation of the seminiferous
tubules. Pollard and Small also [33] reported
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that exposure of male Wistar rats to 30
mg/kg/day of caffeine, for 15 to 38 days led to
a breakdown of the germinal epithelium. In
fact, they reported that it seems that caffeine, by
decreasing the spermatogenesis, led to a
decrease in the high level of germinal
epithelium and seminiferous tubule diameter.
Also caffeine reduced the seminiferous tubule
diameter by contraction of smooth muscles
around the tubules [34].
Our investigation revealed that caffeine
decreased the number of spermatogonia,
spermatocyte, spermatid, sperm and sertoli
cells of offspring male rats. Several animal
studies have also demonstrated a negative
influence of caffeine on the number of
spermatogenic and sertoli cells [18, 29].
Caffeine seems to interfere with cell division,
resulting in a reduced number of spermatogenic
cells [35]. In fact caffeine, by its negative effect
on proliferation of sertoli cells, can reduce the
performance of spermatogenesis in the male
offspring of caffeine-fed rats [36].
In the present study, histopathologic
evaluation showed that the mean Johnsen score
was decreased in the high dose caffeine treated
group compared to the control group at
postnatal days 21, 60, and 120. There were
differences in the Johnsen score between the
low dose caffeine treated group and the control
group, but this difference is not significant. It
means that caffeine had significant dose-related
decreases in the spermatogenesis process and
tubules.
In the current study, we examined the effects
of gestational and lactational caffeine
consumption on prostate glands of male
offspring. There was an increase in the total
prostate weight and size in the caffeine treated
groups compared to the control group at
postnatal days 21, 60 and 120. Also, our results
showed various degrees of epithelial and
stromal hyperplasia and epithelial cell
proliferation in the prostatic lobes of caffeine
fed animals. The prostatic hyperplasia in
caffeine-treated animals observed in our study
may be related to several different factors, one
of which may be plasma androgen levels.
Although the role of androgens as the causative
factor for BPH (benign prostate hyperplasia) is
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debated, it undoubtedly plays, at least, a
permissive role in the process [37, 38].
In this regard Sarobo et al. [20] reported that
the exposure of male Wistar rats to 20 ppm per
day of caffeine, in drinking water for 140 day
caused epithelial cell proliferation. This
epithelial cell proliferation associated with
increased AR (androgenic receptor) tissue
staining observed in the VP (ventral prostate),
strongly suggests that caffeine intake increases
androgenic signaling in the VP epithelial cells,
increasing their proliferative and secretory
activities and inducing abnormal hyperplasic
prostate growth. This can also be related to the
development of BPH. Our results are in
agreement with Sarobo et al results.
Conclusion
In conclusion, gestational and lactational
exposure to caffeine may impact gonadal
maturation and later gonadal function. We
confirmed that caffeine reduced testis growth
and altered testis histomorphology. Our results
demonstrated that caffeine exposure during
gestation and lactation had irreversible effects
on the testis performance of male offspring rats
and altered the testicular micro architecture and
also slowed the negative effects on germ cell
proliferation even at the 26 mg/kg. As the
lowest dose adopted in this study also affected
parameters related to sexual maturation, further
studies using a larger number of animals, as
well as females, are required to determine the
minimal safe dose of caffeine.
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