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Maternal caffeine consumption has irreversible
effects on reproductive parameters and fertility in
male offspring rats
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Objective: Concerns are growing about the decrease in male reproductive health. Caffeine is one of the popular nutrients that has been impli-
cated as a risk factor for infertility. In the present study, we examined whether in utero and lactational exposure to caffeine affects the repro-
ductive function of the offspring of rats.

Methods: Pregnant rats received caffeine via drinking water during gestation (26 and 45 mg/kg) and lactation (25 and 35 mg/kg). Body and
reproductive organ weight, seminiferous tubule diameter, germinal epithelium height, sperm parameters, fertility rate, number of implanta-
tions, and testosterone level of the offspring were assessed from birth to adulthood.

Results: Significant dose-related decreases were observed in the body and reproductive organ weight, seminiferous tubule diameter, and ger-
minal epithelium height of the offspring. Sperm density had declined significantly in offspring of the low-dose and high-dose groups, by 8.81%
and 19.97%, respectively, by postnatal day 150. The number of viable fetuses had decreased significantly in females mated with male offspring
of the high-dose group at postnatal days 60, 90, 120, and 150. There were also significant reductions in testosterone levels of high-dose group
offspring from birth to postnatal day 150.

Conclusion: It is concluded that maternal caffeine consumption impairs gonadal development and has long-term adverse effects on the re-

productive efficiency of male offspring rats.
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Introduction

In recent years, concerns have been growing about the decrease in
male reproductive health as found in declining semen quantity and
quality in developed countries [1-3]. It has been shown that exposure
to environmental, occupational, lifestyle, and dietary factors can ad-
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versely affect reproduction. During recent decades, caffeine, one of
the most comprehensively studied ingredients in the food supply,
has been implicated in a number of epidemiologic studies as a risk
factor for infertility [4], fetal loss [5], and fetal growth impairment
[6,7]. Caffeine (1, 3, 7-trimethylxanthine) is a natural alkaloid found in
the leaves, seeds, or fruits of at least 63 plant species worldwide and
is part of a group of compounds known as methylxanthines. The
most commonly known sources of caffeine are coffee, cocoa beans,
kola nuts, and tea leaves [8]. Approximately 85% the world’s popula-
tion today uses substantial amounts of caffeine on a regular basis [9]
and 80% of pregnant women consume caffeinated beverages [10].
Numerous studies have examined the effects of caffeine intake on
male fertility. Caffeine has been reported to have deleterious effects
on dogs'testicles [11] and produce degenerative changes in the tes-
ticles of rabbits that had been given coffee brew by a stomach tube
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for 3 to 4 weeks [12]. Atrophy of the testis and decreases in sper-
matogenesis have been described in 4- to 6-week-old male rats that
had consumed methylxanthine (caffeine, theophylline, theobro-
mine) for 14 to 75 weeks [13]. A commercial diet containing theobro-
mine in amounts of 0.5, 1.0, and 1.5 percent have been shown to
cause testicular alterations ranging from vacuolation of spermatids
and spermatocytes to multinucleated cell formation and oligosper-
mia or asospermia with extensive degeneration of seminiferous tu-
bule cells [14]. It has been found that daily administration of caffeine
(30 or 60 mg/kg) to mature male rabbits for four consecutive weeks
caused an increase in plasma FSH and a decrease in LH [15]. In the
same way, Parazzini et al. [16] reported an increasing risk of poor se-
men quality with increasing coffee consumption. However, Vine et al.
[17] showed that caffeine intake does not appear to significantly af-
fect sperm nuclear size, shape, or chromatin texture.

Furthermore, there are a number of research studies related to the
developmental toxicity of caffeine in the reproductive system. Inhibi-
tion of Leydig cell differentiation and a significant decrease in their
numbers were reported when caffeine (30 mg/kg per day) was ad-
ministered to rats during pregnancy [18]. Ramlau-Hansen et al. [19]
found that there was a tendency toward a decreasing semen volume
with increasing maternal coffee consumption during pregnancy. It
seems that exposure to caffeine during organogenesis may impact
gonadal development and thus later gonadal function [19]. Howev-
er, Eichler and Mugge [20] demonstrated that daily subcutaneous in-
jections of caffeine did not result in a diminution of the reproductive
capacity of albino rats over four generations.

Given the contradictory results on the reproductive effects of caf-
feine and the fact that caffeine is so widely consumed, its health ben-
efits and consequences have been and are still being studied exten-
sively. Furthermore, currently an in utero and lactational exposure
method has been employed to identify the developmental toxicities
of various chemicals [21,22]. Hence, the exposure period has been
prolonged to examine the effects of lactational exposure in addition
to the effects of gestational exposure. It is also important to examine
the developmental toxicity of caffeine from birth until puberty. There-
fore, since little is still known regarding the potential developmental
toxicity of caffeine on the reproductive function of the male offspring,
the present study was undertaken to investigate for the first time the
long-term effects of in utero and lactational exposure to different
doses of caffeine on reproductive parameters and fertility in male
offspring rats.

Methods

1. Animals
The present study was supported with research grant 87/3/20/4093/
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42084 approved by the ethics committee of the Department of Biol-
ogy, Faculty of Sciences, Shahid Chamran University of Ahvaz, Iran.
Wistar rats were obtained from the animal house of Jondishapour
Medical Sciences University of Ahvaz and kept under standard condi-
tions on a constant 12-hour light/dark cycle and at a controlled tem-
perature of 22 +2°C. Standard pellet food and distilled water were
available ad libitum.

2. Experimental design

Female Wistar rats (100 + 10 days old) were mated overnight at the
proportion of three females per male. Vaginal smears were collected
daily and examined for the presence of sperm. The day of sperm de-
tection in the vaginal smears was considered to be day 0 of pregnan-
cy. The pregnant rats were randomly divided into three equal groups:
a control group and two treated groups, one that received a low dose
and one that received a high dose of caffeine via drinking water dur-
ing both gestation (26 and 45 mg/kg) and lactation (25 and 35 mg/
kg). The doses were established from related reproductive and devel-
opmental studies [23,24]. These doses are within the range previous-
ly studied during development of rat offspring and shown to have
behavioral effects on offspring when administered daily during ges-
tation and lactation via drinking water to rats. Also, it has been re-
ported that feeding =30 mg/kg/day of caffeine to rats harms male
reproductive systems [18,25]. The doses were used in the present
study are higher and lower than 30 mg/kg/day. Moreover, for a 70 kg
human, 30 mg/kg would involve an intake of over 2 g caffeine (or
more than 20 cups of coffee containing 100 mg caffeine/cup), a dose
that is severely toxic and close to the lower limit of the estimated
range of lethal doses [26]. However, if a correction is made for differ-
ences in the metabolic rate between rats and humans [27], a dose of
30 mg/kg for a rat converts to a much safer dose of 8.8 mg/kg (or
about 6 or 7 cups of coffee) [28].

On postnatal days 1, 7, 21, 28, 60, 90, 120, and 150, five pups were
randomly selected and weighed; under chloroform inhalation, anes-
thesia blood samples were collected and the rats’ testes were remov-
ed, weighed, and fixed by immersion in Bouin's solution for 48 hours.
On postnatal days 60, 90, 120, and 150, the fertility of individual males
and quality of epididymal sperm were analyzed and the right epidid-
ymis, seminal vesicle, and ventral prostate were removed and weighed.

3. Histological changes in testes

Tissue samples from the testes were excised and processed for par-
affin embedding sections. Serial sections with a 5 pm thickness were
stained with hematoxylin and eosin for morphometrical examination
at a light microscopic scale. For measurement of seminiferous tubule
diameter and germinal epithelium height, 90 round or nearly round
cross-sections of seminiferous tubules of stages VII-VIIl were random-
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ly chosen in each rat. Then, using an ocular micrometer of light mi-
croscopy (Olympus BH, Tokyo, Japan), at a magnification of x40, two
perpendicular diameters of each cross-section of seminiferous tu-
bules were measured and the mean of these was calculated. Also,
the germinal epithelium height was measured in 4 equidistant parts
of each seminiferous tubule cross-section and the mean of these was
calculated.

4. Changes in sperm number, motility, and morphology

The epididymis was separated carefully from the testis and divided
into 3 segments: head, body, and tail. The epididymal tail was trim-
med with scissors and placed in 1.0 mL of 0.1 M phosphate buffer of
pH 7.4. It was then vigorously shaken for homogeneity and dispersal
of sperm cells. The semen samples were assessed for motility, num-
ber, and gross morphology of sperms without the investigator know-
ing which samples were from which group. For analysis of sperm
motility, an aliquot of 10 pL was placed in a hemocytometer cham-
ber (Paul Marienfeld GmbH, Lauda-Konigshofen, Germany) and ana-
lyzed under a light microscope. One hundred sperm were evaluated
per animal and classified as motile or immotile [29]. For evaluation of
sperm density, a 10 pL aliquot of the epididymal sperm suspension
was transferred to each counting chamber of the hemocytometer
and allowed to stand for 5 minutes. The cells that settled during this
time were counted by a light microscope at x 200 magnification. The
sperm heads were counted and expressed as million/mL of suspen-
sion [29]. The sperm morphology was also determined using the eo-
sin-nigrosin staining method. For this purpose 10 pL of 1% eosin Y
and nigrosin was added to a test tube containing 40 pL of sperm sus-
pension and mixed by gentle agitation. Then, the sperm were incu-
bated at room temperature for 45 to 60 minutes for staining and then
re-suspended with a Pasteur pipette [30]. Two hundred sperm per
animal were examined microscopically at x40 to x 100 magnifica-
tions and the number of morphologically abnormal sperm was re-
corded to give the percent abnormal sperm.

5.Serum testosterone levels

Blood samples were collected by heart puncture for determination
of serum testosterone levels. The blood samples were left for 60 min-
utes to clot and then centrifuged for 10 minutes at x2,430 g. The
clear sera obtained were stored at -80°C until the testosterone level
was measured. The serum concentrations of testosterone were mea-
sured by using a diagnostic radioimmunoassay kit (Immunotech, Mar-
seille, France).

6. Fertility of male offspring

On postnatal days 60, 90, 120, and 150, the male offspring from
each group were paired individually with two adult females proven
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to be fertile and weighing 180 to 200 g. The successful mating was
confirmed by the presence of a vaginal plug and spermatozoa in the
vaginal smear. The mated females were laparotomized on day 15
post coitum and the numbers of implantation and/or resorption sites
were recorded.

7. Statistical analysis

All data were analyzed using SPSS ver. 10.0 for Windows (SPSS Inc.,
Chicago, IL, USA). Reproductive parameters in different groups were
compared by one-way analysis of variance. Differences were consid-
ered to be significant when p <0.05 and p <0.01, as specified in the
results.

Results

1. Clinical signs of toxicity

Treatment of dams with caffeine did not produce any visible signs
of maternal toxicity during gestation or lactation. There were no sta-
tistically significant differences with regard to maternal body weight
between the dams from the control group and the caffeine-treated
groups during gestation and lactation. No significant difference was
observed in the percent of pregnant dams that gave birth or the per-
cent of live pups that survived to postnatal day 150. The general be-
havior of the male offspring was not affected by caffeine exposure
during gestation or lactation.

2. Body and reproductive organ weight

The offspring of the high-dose group presented a lower body weight
gain at all of the ages of postnatal development studied from birth
to postnatal day 150. Significant reductions were seen in the body
weights of the low-dose group of offspring on postnatal days 21, 28,
60,and 90 (Table 1).

There were no significant differences in the absolute testis weight
of the male offspring on postnatal days 1, 7, and 14 in the low-dose
group or 1and 7 in the high-dose group. The testis weight of the male
offspring were significantly lower in the low-dose (p < 0.05) and high-
dose (p<0.01) groups compared with the control at the other ages
of postnatal development that were studied (Table 2). Significant de-
creases were observed in the weight of the epididymis, ventral pros-
tate, and seminal vesicle in the offspring of high-dose group on post-
natal days 60, 90, 120, and 150. There were no statistically significant
differences between low-dose and control groups’ accessory gland
weight of offspring throughout experiment (Table 3).

3. Morphometric analysis

Histological analysis of the testes in the male offspring revealed that
maternal caffeine consumption caused degenerative changes in the
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Table 1. Mean (+ SE) of body weight (g) in offspring rats of control and caffeine-treated groups at different ages of postnatal development

Age (day)
Groups
1 7 14 21 28 60 90 120 150
Control 6.4+0.08 82+0.14 121£0.12 1861041 249+091 474431 89.0+64 1763+53  2405+78
Low dose 6.2+0.06 8.1£0.08 11.9£0.31 154+043° 204+081*° 422+25 83.0+7.8 1742+48 237174
High dose 5.5+0.05° 7.2+£0.04 99+0.14° 1224035 171+077° 334+1.1° 771+£30° 1467+56° 1984+5.71°

2bSignificant difference between control and treatment groups, ®p < 0.05,°p < 0.01.

Table 2. Mean (+ SE) of testis weight (mg) in offspring rats of control and caffeine-treated groups at different ages of postnatal development

Age (day)
Groups
1 7 14 21 28 60 920 120 150

Control 11.1£0.7 13.3+09 276+19 436+24 77.2+52 3506+200 7433x+308 7483+282 7545%218
Low dose 104+05 11312 24114 328+1.2° 65.0+£50° 311.7£220* 7002+182* 7022+16.8° 7121+174*
High dose 10.0+09 11.1+13 16.0+2.6° 278+13° 506+6.8° 2715+204°> 629.1+159° 637.1+134" 645.1+£16.1°
akSignificant difference between control and treatment groups, °p < 0.05,°p < 0.01.
Table 3. Mean (+ SE) of epididymis, ventral prostate and seminal ves-
icle weight (mg) in offspring rats of control and caffeine-treated groups
at different ages of postnatal development ~
Groups (daysofage)  Epididymis ~ Ventral prostate ~ Seminal vesicle S~
Control GE P

60 26245+6.34 209.30+5.22 165.44+4.50

20 548.44+9.23 43041+9.13 35430+6.26

120 58531+11.04 44856+11.26 440.39+10.19 @ @ @

150 621.52+1218 49581+1247 551.69+11.32 #
Low dose

60 247.31+9.03 189.30+4.11 147.33+4.54 V'3

90 52945+10.71  41858+6.70 32650+7.11 r's

120 56898+12.20 430.67+8.24 412.80+9.01

150 599.66+1243 47836+9.47 520.28+10.40
High dose

60 159.71+7.81° 152.72+4.16° 100.23+5.02*

% 433.88+1149° 32808+827°  240.11+7.74° Figure 1. Histological sections of the testis (H&E, scale bar: 200 um)

120 45803+1205 318944905  334.62+8.40° and morphology of sperm (eosin-nigrosin, x40) in male offspring

150 50241+1226° 392.66+1081° 446.92+9.12° rats at 90 days of age in control (A, B) and caffeine-treated groups (C,

“Significant difference between control and treatment groups, p < 0.05.

seminiferous tubule epithelium with loss of spermatogenesis in both
treatment groups, particularly the high-dose one, at peripubertal (60
days old) and adult (90, 120, and 150 days old) phases of postnatal
development (Figure 1).

Statistically significant reductions in the seminiferous tubule diam-
eter were observed in the offspring of the low-dose and high-dose
groups for the first time on postnatal days 14 and 7, respectively. These
decreases in the seminiferous tubule diameter persisted in both of
the caffeine-treated groups until postnatal day 150 (Table 4). Also,
the germinal epithelium height decreased significantly in a dose-re-
lated manner in both treatment groups at all of the ages of postnatal

www.eCERM.org

D, E). Atrophy and degeneration of seminiferous tubules and loss of
spermatogenesis, decrease in spermatogenic cell layer and germinal
epithelium height (arrows), increase of tubular lumen and presence
of vacuoles in germinal epithelium, and also sperm with abnormal
morphology; bent midpiece and tail (arrows) were seen in both treat-
ments, particularly in the high-dose, groups. GE, germinal epithelium.

development that were studied (Table 5).

4. Sperm analysis

Sperm density was significantly lower in the offspring of both caf-
feine-treated groups at peripubertal (60 days old) and adult (90, 120,
and 150 days old) phases of postnatal development (Table 6). A sig-
nificant decrease was observed in the number of motile sperm in the
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Table 4. Mean (+ SE) of seminiferous tubules diameter (um) in offspring rats of control and caffeine-treated groups at different ages of postna-

tal development

Age (day)
Groups
1 7 14 21 28 60 90 120 150
Control 51.1+19 63.8+1.7 782+26 85.5+3.1 126.0+4.8 1683+73  2568+163 257.8+154 260.4+18.1
Low dose 484+1.8 583+13 65.6+2.4° 745+27° 108.2+3.7° 1414+64°  233.2+14.2° 2382%126° 241.3+16.3°
High dose 473117 523+16° 58.2+2.3° 684+2.5° 90.2+3.2° 1186+52° 197.3%12.1° 2166+121° 2203+14.6°

*kSignificant difference between control and treatment groups, °p < 0.05,°p < 0.01.

Table 5. Mean (+ SE) of germinal epithelium height (um) in offspring rats of control and caffeine-treated groups at different ages of postnatal

development
Age (day)
Groups
1 7 14 21 28 60 90 120 150
Control ND ND ND ND 51.12+1.2 62.31+2.1 7820+1.7 841118 88.31+22
Low dose ND ND ND ND 46.14+1.2°  5033+2.0° 64.12+16* 7020+15 73.22+1.7°
High dose ND ND ND ND 3532+1.1°  4129+13°  57.22+14° 6261+12> 6540+1.5°

ND, not detected.

*kSignificant difference between control and treatment groups, °p < 0.05,°p < 0.01.

Table 6. Mean (+SE) of sperm motility (%), sperm density (million/
mL) and percent of sperm with normal morphology (%) in offspring
rats of control and caffeine-treated groups at different ages of post-
natal development

Groups Sperm count Sperm motility Normal
(days of age) (million/mL) (%) morphology (%)
Control
60 65.23+2.04 78.50+4.91 83.22+3.31
920 67.31+3.18 77.55+2.76 81.15+4.10
120 66.61+3.34 76.73+£3.28 80.62+2.64
150 69.14+4.58 76.44+3.14 81.32+3.28
Low dose
60 54.70+2.72° 7431+£4.67 7855+2.23
90 55.32+451° 73.27+4.62 78.25+3.50
120 56.11+3.56° 72.61+3.73 76.56+3.11
150 54.57+2.13% 74.18+4.25 77.36+2.26
High dose
60 4791+3.17° 65.04+2.10° 69.73+4.13°
920 47.10+2.44° 67.11+2.54° 71.22+2.08
120 49.55+2,12° 65.31+3.21° 68.61+3.40°
150 48.40+3.03° 68.48+3.43° 70.71+£3.28"

2bSignificant difference between control and treatment groups, °p <0.05,

offspring of the high-dose group compared with the control on post-
natal days 60, 90, 120, and 150 (Table 6). Also, the percent of sperm
with abnormal morphology was statistically higher in the offspring
of the high-dose group on postnatal days 60, 90, 120, and 150 (Table
6). At none of the ages of postnatal development that were studied
in the offspring was any significant difference observed between the
low-dose and control groups’ percentage of motile and morphologi-
cally normal sperm (Table 6).

5. Hormone analysis

Serum testosterone levels were significantly reduced in the offspring
of the high-dose group on postnatal days 60, 90, 120, and 150. There
were no statistically significant differences in the testosterone levels
of the offspring between the low-dose and control groups at any
studied ages of postnatal development (Table 7).

6. Fertility test

The fertility rate was reduced in the male offspring of the high-dose
group compared with the control on postnatal days 60, 90, 120, and
150. Also in the male offspring, there were no observed differences

bp<0.01.
Table 7. Mean (+ SE) of serum testosterone levels (ng/dL) in offspring rats of control and caffeine-treated groups at different ages of postnatal
development
Age (day)

Groups

1 7 14 21 28 60 90 120 150
Control 0.68+0.12 0.52+0.10 0.59+0.13 0.43+0.11 042+0.07 1.16+£0.20 1.78+0.50 234+0.72 2.08+0.61
Low dose 0.49+0.09 0.32+0.07 0.34+0.10 0.36+0.05 0.31+0.08 091+0.12 1.53+043 2.11+£0.64 1.87+0.54
High dose 0.22+0.02* 0.15+0.03° 0.12+0.04* 0.11+0.02° 0.11+£0.03* 047+0.11* 1.08+0.21* 1.38+0.26° 1.22+0.31°

aSignificant difference between control and treatment groups, °p < 0.05.
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Table 8. Percent fertility (%) and mean (+ SE) number of implanta-
tions in females mated with the male offspring rats of control and
caffeine-treated groups at different ages of postnatal development

G No.of mated  No.ofimplantation sites
roups (males/ Perggnt
(daysofage) o ales)  Viablefetus Resorptions fertility
Control
60 5/10 104+0.426 0 100
90 5/10 10.8+0.553 0 100
120 5/10 10.5+0.477 0 100
150 5/10 10.1+£0.622 0 100
Low dose
60 5/10 8.5+0.341* 0.30+0.152 100
90 5/10 9440426 0.20+0.133 100
120 5/10 9.9+0406 0.20+0.133 100
150 5/10 92+0416 0.20+£0.133 100
High dose
60 5/10 6.5+0.307° 0.50+0.166 80
90 5/10 7.3%£0.335* 0.60+0.163° 80
120 5/10 7.7£0366° 0.50+0.166 70
150 5/10 7.9+0.433* 0.60+0.163° 80

“Significant difference between control and treatment groups, °p < 0.05.

between the low-dose and control groups'fertility rates (Table 8). Sig-
nificant decreases were observed in the number of viable fetuses in
females mated with the male offspring of the low-dose group on
postnatal day 60 and in the high-dose group on postnatal days 60,
90, 120, and 150. The animals showed fetal resorption in both caf-
feine-treated groups throughout the experiment (Table 8).

Discussion

In the present study, developmental toxicity of maternal caffeine
consumption to the reproductive system was evaluated in growing
male rat offspring. According to the results obtained from this study,
maternal caffeine consumption can disrupt male reproductive devel-
opment and impair fertility at later stages of life. Our findings dem-
onstrate that gestational and lactational exposure to caffeine has ad-
verse effects on body and reproductive organ weight, testicular struc-
ture, epididymal sperm parameters including sperm motility, sperm
count and sperm morphology, serum testosterone levels, and fertility
of male offspring rats. In addition, the present study indicates that
the statistically significant reductions in reproductive parameters
that have been observed in caffeine-treated offspring were not re-
versible after cessation of the exposure period and remained until
postnatal day 150.

In the low-dose caffeine-treated group, the body weight of the off-
spring was significantly lower compared to the control group for a
short period. However, the offspring of the high-dose treatment group
had a significantly lower body weight from birth to postnatal day
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150. This suggests that the reduction in the growth of male offspring
depends on the amount of maternal caffeine intake. The decrease in
the body weight of offspring observed in the present study is in con-
sonance with earlier reports. Aeschbacher et al. [31] have examined
three groups of Sprague-Dawley rats fed diets containing 0.25, 0.5, or
1 g caffeine/kg of diet throughout gestation and lactation. At the
high level of caffeine, the birth weight of offspring was reduced and
the pups exposed throughout gestation and lactation gained less
weight during the preweaning period, but the two lower concentra-
tions of caffeine had no effect on birth weight. Furthermore, Sprague-
Dawley rats that were exposed to 5, 25, 50 or 75 mg/kg dosages of
caffeine by gavage on days 3 to 19 of pregnancy showed a significant
decrease in the body weight of their offspring at doses of 50 and 75
mg/kg [32]. Likewise, a daily administration of 15 or 35 mg/kg caf-
feine to monkeys (Macaca fascicularis) prior to and throughout preg-
nancy via drinking water caused a significant decrease in infant birth
weight [33]. In addition, treatment of rats with 30 or 60 mg/kg of caf-
feine on days 2 to 20 of pregnancy resulted in reduced male pup wei-
ghts with both the 30 and 60 mg/kg dosages through 19 weeks of
age [34]. Vik et al. [35] suggested that a high caffeine intake in the
third trimester of pregnancy caused fetal growth retardation, partic-
ularly in boys.

It is known that reproductive organ weights are crucial benchmarks
for toxicological studies [36,37]. In our study, dose-related reductions
were observed in the testis weight of offspring in both caffeine-treat-
ed groups. The testis weight on postnatal days 60 and 150 decreased
by 11.09% and 5.61%, and 22.56% and 14.49% of the control values
in the low-dose and high-dose groups, respectively. The weights of
the epididymis, prostate, and seminal vesicle were also significantly
affected by caffeine treatment in the offspring of the high-dose group.
It is important to note that the weight of the testis is largely depen-
dent on the mass of differentiated spermatogenic cells [38,39] and
the weight of epididymis depends on the number of stored sperm in
the epididymis. Caffeine seems to interfere with cell division result-
ing in a reduced number of spermatogenic cells [40,41]. As a result,
the diameter of seminiferous tubules decreased significantly in off-
spring of both treatment groups during the prepubertal, postpuber-
tal, and adulthood periods. The seminiferous tubule diameter de-
creased by 15.98% and 7.33% on day 60 and 29.53% and 15.39% on
day 150 in the low-dose and high-dose groups, respectively. Pollard
et al. [18] showed that caffeine, when administered during pregnan-
¢y, significantly inhibited differentiation of the seminiferous cords.
However, it was found that 13-day-old fetal testis explants exposed
to graded doses of caffeine or theobromine for 4 days in vitro differ-
entiated normally, developing seminiferous cords made up of Sertoli
and germ cells. In contrast, explants exposed to theophylline, anoth-
er metabolite of caffeine, failed to develop seminiferous cords [42].
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Moreover, atrophy of the seminiferous tubules with small patchy ar-
eas was reported in adult Albino rats that had been given 40 to 50
mg/kg/day caffeine [43]. Pollard and Smallshaw [44] reported that
exposure of male Wistar rats to 30 mg/kg per day of caffeine, given
by gavage for 15 to 38 consecutive days led to breakdown of the ger-
minal epithelium. Daily administration of 30 or 60 mg/kg caffeine to
mature male rabbits for four consecutive weeks caused a decrease in
the sizes of the seminiferous tubules and inhibited spermatogenesis
[15]. Severe bilateral testicular atrophy with aspermatogenesis or oli-
gospermatogenesis was observed in 85 to 100 percent of 4- to 6-week-
old male rats fed caffeine or theobromine for periods ranging from
14 to 75 weeks [13].

It has been suggested that the adequate bioavailability of testos-
terone plays an important role in the structural and functional integ-
rity of the reproductive organs [45] and the decrease in weights of
these organs could be due to inadequate circulating male hormone.
A decreased testosterone level is also one of the indicators of chemi-
cal toxicity to the reproductive system [46]. In the present study, se-
rum testosterone in the offspring of the high-dose treatment group
markedly decreased during the prepubertal, postpubertal, and adult-
hood periods. Pollard et al. [18] reported that exposure to 30 mg/kg
per day of caffeine during pregnancy significantly inhibited differen-
tiation of the interstitial tissue and Leydig cells, decreased the num-
ber of Leydig cells exhibiting 3 beta-hydroxysteroid dehydrogenase
activity, and also reduced biosynthesis of testosterone in the fetal
testes at days 15 and 16 of gestation. However, it was found that 13-
day-old fetal testis explants exposed to graded doses of caffeine or
theobromine for 4 days in vitro differentiated functionally active Ley-
dig cells appearing in the newly formed interstitium. In contrast, ex-
plants exposed to theophylline, another metabolite of caffeine, failed
to develop normal Leydig cells [42]. Furthermore, it has been shown
that the sons of mothers drinking 4-7 cups of coffee per day had low-
er testosterone levels than the sons of mothers drinking 0-3 cups per
day (p<0.04) [19]. Ezzat and el-Gohary [15] observed an increase in
plasma FSH, a decrease in LH, and an increase in testosterone levels
after administration of caffeine to mature rabbits.

In addition, it is known that testosterone is essential for maintain-
ing the structure and function of the male accessory sex glands. Ac-
cessory glands such as the prostate and seminal vesicles require an-
drogen for differentiation, development, and maintenance of epithe-
lial cells [47]. Therefore, it can be interpreted that the decrease in the
weights of prostate and seminal vesicles of male offspring may be
related to reduced levels of testosterone.

Also, the results showed that maternal caffeine consumption im-
pairs sperm quality in male offspring. One of the most sensitive tests
for evaluating spermatogenesis is sperm count in the epididymis [48].
Caffeine treatment caused a decrease in sperm density and percent
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of motile and morphologically normal sperm in offspring during the
postpubertal and adulthood periods. Sperm production decreased
14.83% and 8.81% on days 60 and 25.40% and 19.97% on days 150
in low-dose and high-dose groups, respectively. The reduction in epi-
didymal sperm count may be due to an adverse effect of caffeine on
spermatogenesis. It has been reported that sperm counts may de-
crease as a result of a reduction in testosterone levels [25]. These chan-
ges in epididymal sperm counts are consistent with changes in epi-
didymal weights. Additionally, it appears that caffeine caused genetic
damage to the spermatozoa where nucleic cysts and pouches were
observed at ultrastructural levels [44].

A significant decrease in sperm counts of male offspring rats were
observed, leading to significant decreases in the number of viable fe-
tuses in females mated with the male offspring. Meistrich et al. [49]
have also reported that a sample containing a high percentage of
abnormal sperm is indicative of impaired fertility.

Ax et al. [40] showed that in the testes of roosters fed a diet contain-
ing 145 mg/kg caffeine for 35 days, the semen output and sperm
concentration were markedly reduced 17 to 21 days after treatment,
and no semen could be collected from the roosters after they had re-
ceived caffeine for 30 days. Moreover, Margalioth et al. [50] demon-
strated that while exposure to caffeine enhanced sperm motility, the
ability of the sperm to penetrate hamster oocytes was not improved.
Asignificant reduction in the abundance of mature spermatozoa was
also seen in Wistar rats that received 30 mg/kg per day of caffeine,
given by gavage for 15 to 38 consecutive days [44]. Marshburn et al.
[51] found that sperm motility decreased in men who consumed
more than 2 cups of coffee per day. Washing and incubation of hu-
man spermatozoa with 6 um caffeine caused a 45% decline in the
percentage of progressively motile spermatozoa and a very small de-
crease in their velocity [52]. Vine et al. [17] reported that caffeine in-
take and alcohol consumption do not appear to significantly affect
sperm nuclear size, shape, or chromatin texture. Tsuzuki and Fujihara
[53] indicated that bovine sperm motility decreased after 6 hours in-
cubation with caffeine. Ramlau-Hansen et al. [19] showed there was
a tendency toward decreasing crude median semen volume (p < 0.06)
with increasing maternal coffee consumption during pregnancy. The
crude median sperm concentration and total sperm count among
sons of mothers consuming 7 cups of coffee per day were 33 million/
mL and 101 million, which are, respectively, 21% and 28% lower than
the crude medians among sons of mothers consuming 0 to 3 cups/day.

The precise mechanism underlying caffeine-induced male repro-
ductive toxicity remains unknown. The possible mechanism for re-
productive toxicity of caffeine is an agonistic or antagonistic effect
on the adenosine, adrenergic, cholinergic gamma-amino butyric acid,
or serotonin receptors [54]. However, further research is needed to
clarify the developmental effects of caffeine and its metabolites dur-
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ing an extended period, using a larger number of animals and in fe-
male offspring. Consequently, the present study indicates that pre-
natal and early neonatal life comprises a sensitive period for induc-
tion of permanent adverse effects by caffeine on reproductive pa-
rameters of male offspring rats. Therefore, maternal caffeine consump-
tion affects development of the reproductive system and has delete-
rious long-term effects on reproductive efficiency and fertility of male
offspring in the peripubertal, postpubertal, and adulthood periods.
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