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Abstract
Background: In recent years, concerns have been raised about human reproductive dis-
orders. Caffeine consumption is increasing by the world’s population and there is a re-
lationship between caffeine intake and adverse reproductive outcomes. The aim of this 
study was to evaluate the effects of caffeine on implantation sites, number of live births, 
birth weight, crown-rump length (CRL) and abnormality in pregnant rats.  

Materials and Methods: In this experimental study, 40 female albino rats (170-190 
g) were randomly divided into two experimental and two control groups (n=10/each 
group). In both experimental groups, animals received caffeine intraperitoneally (IP: 
150 mg/kg/day) on days 1-5 of pregnancy. In experimental group 1, treated animals 
were euthanized on day 7of pregnancy and the number of implantation sites was 
counted. In experimental group 2, treated animals maintained pregnant and after de-
livery, the number of live births, birth weight, CRL and abnormality of neonates were 
investigated. In control group, animals received IP injections of distilled water. Data 
were analyzed by independent t test. 

Results: Results showed that administration of caffeine significantly decreased the num-
ber of implantation sites, number of live births and CRL as compared with control group 
(P<0.05). There were no significant differences regarding birth weight and abnormality 
of neonate rats between experimental and control groups.     

Conclusion: These results suggest that caffeine caused anti-fertility effect and signifi-
cantly decreased CRL in neonate rats.  
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Introduction 

Coffee, tea, chocolate, as well as certain medi-
cations are the major sources of caffeine (1-3). A 
variety of physiological adaptations are required 
to create an environment for the optimal fetal de-
velopment during pregnancy. Pregnant women are 
concerned about what they consume during preg-
nancy. The widespread consumption of caffeine by 
pregnant women suggests that it is important to de-
termine whether caffeine may influence maternal 
physiology and development of the fetus during 

pregnancy (1, 2).
A few of the known biological effects of caf-

feine are central nervous system stimulation, 
increased secretion of catecholamine, increased 
heart rate and relaxation of smooth muscle (4-
6). Due to high lipid solubility and low mo-
lecular weight characteristics, caffeine crosses 
through the placenta easily (4). Fenster et al. (3) 
reported that after repeated consumption of caf-
feine in pregnant women, plasma caffeine lev-
els and its biological effects are influenced by 
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the metabolic characteristic of caffeine. An in-
crease in half-life of caffeine during the last few 
weeks of pregnancy is caused by the elevated 
estrogen levels. Therefore, the caffeine blood 
levels in the mother and the fetus increase, but 
the fetus has no enzymes to metabolize it (2, 7).  
A number of studies have showed that caffeine 
may influence the reproductive outcome and fe-
tal development (1-3).

Previous studies indicated that maternal caf-
feine consumption might increase the risk of an 
early spontaneous abortion (8, 9). Other studies 
showed that consumption of coffee during preg-
nancy might be associated with a shortened gesta-
tion and a lowered birth weight, but they did not 
find any relationship between risk of spontaneous 
abortion and caffeine metabolite (8-10).

Some investigators reported that consuming 
high amounts of caffeine during pregnancy may 
be harmful (2, 6). It is yet unknown whether 
consuming small amounts of caffeine during 
pregnancy affects fetal development. In mam-
mals, caffeine has been shown to be teratogenic 
only at extremely high doses, or following a 
single large intraperitoneal (IP) injection. Re-
duced fetal body weight and delayed skeletal 
ossification have been observed at relatively 
high doses of caffeine (2, 4, 8).

Since caffeine-containing products are con-
sumed in large quantities, its effect during ges-
tation on the developing offspring is important 
(11). Although there are studies focusing on the 
effects of caffeine, the exact activity mecha-
nisms of caffeine on pregnancy have been less 
characterized (2, 4, 8). In the present study, the 
effects of caffeine injection on the offspring of 
pregnant rats given a dose approximating to that 
of a high daily coffee consumption were evalu-
ated. Furthermore we aimed to investigate the 
effects of caffeine on implantation sites, num-
ber of live births, birth weight, crown-rump 
length (CRL) and abnormality of neonate rats.

Materials and Methods
Acute toxic dose

Acute toxicity [lethal dose 50 (LD50)] of caf-
feine was evaluated through the IP injections into 
rats as described by Miller and Tainted (12). Brief-
ly, the method involved the administration of 7 

different concentrations of caffeine to 7 groups of 
rats (n=5/group) in pilot study. After 1 week, there 
were no deaths in animals receiving caffeine in 
concentrations of 1, 10, 50, 100, 150, 500 and 1000 
mg/kg. The effects of 3 different concentrations of 
caffeine on fertility rate were tested. The 50 and 
100 mg/kg/day showed no significant change in 
fertility rate; therefore, the dose was changed to 
150 mg/kg/day.

Treatment   
This experimental study was carried out between 

April to June 2012 at the Fertility and Infertility 
Research Center, Kermanshah University of Medi-
cal Sciences, Kermanshah, Iran. The Ethical Com-
mittee of Kermanshah University of Medical Sci-
ences approved all procedures used in this study. 
In present study, 40 young female albino rats (170-
190 g) were used. Prior to mating, the females 
were isolated for one month to rule out pre-exist-
ing pregnancy. Female rat were mated with males 
(3:1) in each cage, under controlled environmental 
conditions with a 12/12 hour light-dark cycle and 
free access to food. In the next morning, a positive 
sign of mating was confirmed by sperm-positive 
vaginal smears and the presence of copulatory 
plugs (13). The day on which a vaginal plug was 
found was designated as day 0 of gestation. Then, 
the positive vaginal smear rats were classified into 
two experimental (groups 1 and 2) and two control 
groups. Both experimental groups (n=10/each) re-
ceived the IP injections of caffeine in concentra-
tion of 150 mg/kg/day on days 1-5 of pregnancy, 
and both control groups (n=10/each) received the 
IP injections of distilled water. In experimental 
group 1, animals were maintained on normal diet 
and on day 7 of pregnancy, they were euthanized. 
The number of implantation sites in each uterine 
horn was determined under a stereomicroscope 
(Leica, Germany) and compared with the con-
trol group. In experiment group 2, animals were 
maintained pregnant till delivery. After delivery, 
the number of live births, birth weight and CRL of 
neonates were investigated. Abnormality of neo-
nates was investigated under a stereomicroscope 
and compared with the control group.

Statistical analysis   
The data were analyzed by independent–t test 

using the SPSS (SPSS Inc., USA) version 15. A 
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value of P<0.05 was considered significant.

Results
The average number of the implantation sites be-

tween experimental group 1 and control group was 
statistically significant (P<0.001). The average 
number of live births between experimental group 
2 and control group was statistically significant 
(P<0.001). There was no significant differences 
regarding the average birth weight between exper-
imental group 2 and control group (P>0.05). There 
was no significant difference regarding abnormali-
ty between experimental group 2 and control group 
(P>0.05).There was significant difference regard-
ing this parameter between experimental group 2 
and control group [P<0.05, (Figs.1-5, Table 1)]. 

Fig.1: Comparison of the average number of implantation sites 
between experimental group 1 and control group. *P<0.001 as 
compared with control.

Fig.2: Comparison of average number of live births between ex-
perimental group 2 and control group. *P<0.001 as compared 
with control.

Fig.3: Comparison of the average birth weight between experi-
mental group 2 and control group. There is no significant differ-
ence (P>0.05).

Fig.4: Comparison of the abnormality in neonates between ex-
perimental group 2 and control group. There is no significant dif-
ference (P>0.05).

Fig.5: Comparison of the average of CRL between experimental 
group 2 and control group. **P<0.05 as compared with control. 
CRL; Crown-rump length.
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Table 1: Comparison of outcomes after administration of caffeine (150 mg/kg/day) between both experimental and control groups

CRLAbnormality
of neonates

Birth weight Number of live 
births

Number of 
implantation sites

NumberGroups

----2.402 ± 0.3131*10Experimental 1

----6.9 ± 0.302710Control

9.41 ± 0.25**4.32 ± 0.45094.0725 ± 0.0762.2425 ± 0.1696*-10Experimental 2

13.67 ± 1.22524.4 ± 0.21604.6075 ± 0.26496.11 ± 0.3756-10Control

**P<0.05 and *P<0.001 when compared to control values. Data are presented as mean ± SD. CRL; Crown-rump length.

Discussion
In the present study, the administration of caf-

feine caused a significant decrease in implantation 
sites and number of live births. These results sug-
gest that caffeine is likely to cause anti-fertility ef-
fect. The data also showed that caffeine consump-
tion can decrease the birth weight of neonates that 
was not significant compared with the control 
group. Several fetuses were observed with a sig-
nificant reduction in CRL.

Previous studies have shown that caffeine affects 
adversely human reproduction (14, 15). These ef-
fects could be very serious because most of the hu-
man populations of the world consumed caffeine-
containing foods (15). The findings of caffeine 
effects on pregnancy outcomes and fetal develop-
ment differ widely; therefore, in the current study, 
developmental and reproductive risks of caffeine on 
pregnant rats and their offspring were evaluated.

In a recent study, Dorostghoal et al. (16) showed 
a reduction in ovarian weight and primordial folli-
cle population caused by consumption of high dose 
caffeine during pregnancy and lactation, leading 
to diminish fertility and reproductive ability in rat. 
They stated that these alterations in the ovary were 
associated with a significant growth retardation of 
the female offspring.

Savineau and Mironneau (17) showed that ab-
sence of a caffeine-sensitive calcium-release chan-
nel in the sarcoplasmic reticulum prevents spasm 
of rat myometrium during pregnancy. Albina et al. 
(2) showed that caffeine administration to preg-
nant mice on gestational days 0-18 at doses of 

120 mg/kg/day has adverse maternal effects that 
are evidenced by a significant reduction in body 
weight gain and gravid uterine weight. In consist-
ent with their results, in the present study, caffeine 
decreased the birth weight, but it was not signifi-
cant as compared with control group.

The results of the current work were in agree-
ment with the results of Gilbert and Pistey (18). 
They showed that repeated IP injections of caf-
feine (4 to 16 mg/day) to pregnant rats resulted 
in significant resorptions and a decrease in the 
birth weight of neonates, but developmental mal-
formations were not observed in neonates. In the 
current study, there was no significant difference 
regarding abnormality between experimental 
group 2 and control group, confirming previous 
investigations.

In the study by Gilbert and Rice (1), showed that 
the administration of different concentration of 
caffeine to monkeys before, during, and after preg-
nancy caused a dose-related increase in stillbirths 
and miscarriages as well as a decrease in maternal 
weight gain, suggesting that increased serum caf-
feine levels, particularly theophylline, may affect 
maternal physiology in pregnant monkey.

Vik et al. (19) found that a high caffeine intake 
in the third trimester of pregnancy was associated 
with an increased risk of small for gestational age 
(SGA) birth among male fetuses, but not in female 
fetuses. In current study, several fetuses were ob-
served with small CRL and low birth weight that 
can be mediated by accumulation of caffeine in fe-
tal tissues that could influence fetal development.
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Conclusion
IP injections of caffeine to pregnant rats resulted 

in a significant decrease in the numbers of implanta-
tion sites and live births. The findings showed that 
administration of caffeine induced anti-implanta-
tion activity, but the changes in abnormality and 
birth weight of the offspring were not significant.

Acknowledgements

This study was approved and financially sup-
ported by the Fertility and Infertility Research 
Center, Kermanshah University of Medical Sci-
ences. There is no conflict of interest in this study.

References
1. Gilbert SG, Rice DC. Effects of chronic caffeine consump-

tion in pregnant monkeys (Macaca fascicularis) on blood 
and urine clinical chemistry parameters. Fundam Appl 
Toxicol. 1991; 16(2): 299-308.

2. Albina ML, Colomina MT, Sanchez DJ, Torrente M, Do-
mingo JL. Interactions of caffeine and restraint stress dur-
ing pregnancy in mice. Exp Biol Med (Maywood). 2002; 
227(9): 779-785.

3. Fenster L, Quale C, Waller K, Windham GC, Elkin EP, Be-
nowitz N, et al. Caffeine consumption and menstrual func-
tion. Am J Epidemiol. 1999; 149(6): 550-557.

4. Christian MS, Brent RL. Teratogen update: evaluation 
of the reproductive and developmental risks of caffeine. 
Teratology. 2001; 64(1): 51-78.

5. Fredholm BB, Battig K, Holmen J, Nehling A, Zvartu EE. 
Actions of caffeine in the brain with special reference to 
factors that contribute to its widespread use. Pharmacol 
Rev. 1999; 51(1): 83-133.

6. Ballesteros-Yanez I, Castillo CA, Amo-Salas M, Albasanz 
JL, Martin M. Differential effect of caffeine consumption 
on diverse brain areas of pregnant rats. J Caffeine Res. 
2012; 2(2): 90-98. 

7. Rivkees SA, Wendler CC. Adverse and protective influ-

ences of adenosine on the newborn and embryo: implica-
tions for preterm white matter injury and embryo protec-
tion. Pediatr Res. 2011; 69(4): 271-278.

8. Collins TF, Welsh JJ, Black TN, Ruggles DI. A study of the 
teratogenic potential ofcaffeine ingested in drinking-water. 
Food ChemToxicol. 1983; 21(6): 763-777.

9. Cnattingius S, Signorello LB, Anneren G, Clausson B, Ek-
bom A, Ljunger E, et al. Caffeine intake and the risk of 
first-trimester spontaneous abortion. N Engl J Med. 2000; 
343(25): 1839-1845.

10. Klebanoff MA, Levine RJ, DerSimonian R, Clemens JD, 
Wilkins DG. Maternal serum paraxanthine, a caffeine me-
tabolite, and the risk of spontaneous abortion. N Engl J 
Med. 1999; 341(22): 1639-1644.

11. Maslova E, Bhattacharya S, Lin SW, Michels KB. Caffeine 
consumption during pregnancy and risk of preterm birth: 
a meta-analysis. Am J Clin Nutr. 2010; 92(5): 1120-1132. 

12. Miller LC, Tainter ML. Estimation of ED50 and its error 
bymeans of logarithmic-probit graph paper. Exp Biol Med 
(Maywood). 1944; 57(2): 261-264.  

13. Khaksary Mahabady M, Najafzadeh Varzi H. Protection of 
rat fetuses by quercetin against caffeine induced cleft pal-
ate. Africa J Pharm Pharmacol.2012; 6(37): 2701-2706.

14. Derbyshire E, Abdula S. Habitual caffeine intake in women 
of childbearing age. J Hum Nutr Diet. 2008; 21(2): 159-164. 

15. Loomans EM, Hofland L, van der Stelt O, van der Wal MF, 
Koot HM, Van den Bergh BR, et al. Caffeine intake during 
pregnancy and risk of problem behavior in 5- to 6-year-old 
children. Pediatrics. 2012; 130(2): e305-e313.

16. Dorostghoal M, KhaksariMahabadi M, Adham S. Effects 
of maternal caffeine consumption on ovarian follicle de-
velopment in wistar rats offspring. J Reprod Infertil. 2011; 
12(1): 15-22.

17. Savineau JP, Mironneau J. Caffeine acting on pregnant rat 
myometrium: analysis of its relaxant action and its failure 
to release Ca2+ from intracellular stores. Br J Pharmacol. 
1990; 99(2): 261-266.

18. Gilbert EF, Pistey WR. Effect on the offspring of repeated 
caffeine adminstration to pregnant rats. J Reprod Fertil. 
1973; 34(3): 495-499.

19. Vik T, Bakketeig LS, Trygg KU, Lund-Larsen K, Jacob-
sen G. High caffeine consumption in the third trimester of 
pregnancy: gender-specific effects on fetal growth. Paedi-
atr Perinat Epidemiol. 2003; 17(4): 324-331. 


