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Abstract. The maternal and developmental toxicity of combined exposure to restraint 
stress and caffeine was assessed in mice. On Day 9 of gestation, six groups of preg- 
nant mice were treated (p.0.) with a single dose of 30, 60, or 120 mgkg of caffeine. 
Immediately after caffeine administration, three of these groups were subjected to 
restraint for 14 hr. Control groups included unrestrained and restrained pregnant mice 
not exposed to caffeine. An additional group of animals (unrestrained and not ex- 
posed to caffeine) was deprived of food for 14 hr. A two-way (caffeine dose x restraint) 
analysis of variance revealed an overall effect (reduction) of restraint and caffeine 
exposure on maternal body weight gain and food consumption on gestation Days 
9-1 1. Significant reductions were also observed in body weight at termination and 
corrected body weight change of dams concurrently exposed to 120 mglkg of caffeine 
and restraint. By contrast, no significant effects of caffeine, restraint, or caffeine plus 
restraint on embryokfetal development were noted. The doses of caffeine administered 
here are much higher than those usually consumed by the general population. Under 
the current experimental conditions, caffeine alone or combined with restraint stress 
was not embryotoxic or teratogenic in mice. [P.S.E.B.M. 1999, Vol 2201 

affeine( 1,3,7-trimethylxanthine), a stimulant drug, is 
present in a great variety of products, such as coffee, C tea, chocolate, cola beverages, and some medica- 

tions, which are widely consumed by the general population 
even during gestational periods. Although it has been re- 
ported that caffeine does not have teratogenic effects on the 
developing human fetus when intake is moderate and spread 
out over the day, this drug can enhance the teratogenic 
effects of other substances (1-3). Although caffeine is well 
known to potentiate the cytotoxic actions of radiation, al- 
kylating agents and other teratogenic agents in chicken, rats, 
and mice, no interactions between caffeine intake and either 
alcohol consumption or smoking during pregnancy have 
been demonstrated in either animals or humans (3). In re- 
lation to the potential interactions between physical and 
chemical agents, it should be taken into account that al- 
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though many human birth defects can be attributed to single 
mutant genes, chromosomal abnormalities, environmental 
effects, or multifactorial interactions, a remarkable number 
of birth defects are still of unknown etiology. 

In contrast to human exposure, the teratogenic effect of 
caffeine has been clearly shown in rodents, with mice being 
more sensitive than rats (1). However, the teratogenic effect 
of caffeine in these species appears usually at high doses 
that are also toxic to the dam (1, 4). 

On the other hand, maternal stress during gestation can 
produce significant fetal and/or postnatal effects and can 
enhance the teratogenicity of a number of chemicals (5-1 1). 
It has been demonstrated that maternal stress induced by 
heat, cold, noise, visual stimuli, or immobilization is ca- 
pable of adversely affecting the developing conceptus (7, 
11-13). Among the experimental models to cause maternal 
stress, restraint often has been used in rodents as an arche- 
type easily controlled stressor that imposes both physical 
and psychological demands on the subject (11, 14, 15). 
Maternal restraint stress in mammals has been associated 
with adverse effects on implantations, embryo/fetal viabil- 
ity, lowered birth weight of the offspring, skeletal malfor- 
mations and neurobehavioral changes (5, 11, 16-18). These 
effects depend on the degree, type and duration of restraint, 
as well as the day(s) of gestation when stress is applied (6, 
11, 14, 19). 
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Although in recent years a number of coteratogenicity 
studies have been carried out using various physical and 
chemical agents along with caffeine (3), the effect of stress 
on the response to caffeine has not been examined to any 
great extent. While it has been shown in rats that prenatal 
stress exposure (pregnant animals were handled 5 min daily 
from the 14th to 21st day of gestation) decreased the effect 
of caffeine (10 or 30 mgkg in a single i.p. injection) in the 
adult offspring on gnawing behavior in an open field (20), 
there is not information on the influence of maternal stress 
on the teratogenic potential of this stimulant drug. Pregnant 
women may be exposed to various types of stress, either in 
home or in the workplace, while they can also ingest caf- 
feine containing products during gestation. Because both 
maternal stress and caffeine have been reported to produce 
developmental toxicity in mammals, the aim of the current 
study was to determine whether exposure to caffeine during 
gestation in combination with maternal restraint could result 
in interactive effects in the mouse. 

Materials and Methods 
Animals. Mature male and female Swiss Mice (Inter- 

fauna Ibirica, Barcelona, Spain) weighing 28-32 g were 
used. After a quarantine period of 7 days, female mice were 
mated with males (2: 1) overnight and examined the follow- 
ing morning for copulatory plugs. The day on which a vagi- 
nal plug was found was designated Day 0 of gestation. 
Animals were housed five per cage (polyethylene) and kept 
in an animal room (temperature 22 +/- 2"C, relative hu- 
midity of 50 +/- lo%, and automatic light cycle: 0800- 
2200 hr), with free access to food (Panlab rodent chow, 
Barcelona) and tap water. 

Drug. Caffeine was purchased from Sigma Chemical 
Co. (St. Louis, MO). It was dissolved in deionized water 
and administered at doses of 0, 30, 60, and 120 mg/kg. 

Procedure. On the evening of gestational Day 9, 
pregnant mice were weighed and randomly assigned to one 
of nine groups. A control group was unrestrained and re- 
ceived deionized water by gavage. A second group of ani- 
mals (restrained control group) was immobilized for 14 hr 
by placing the pregnant mice in stainless steel cylindrical 
holders that were lined with foam padding. The restrained 
mice were held in a prone position with the paws immobi- 
lized with elastic adhesive tape. According to previous stud- 
ies, this procedure produces stress in the pregnant mouse (5 ,  
7, 16). A third group of pregnant mice was also unrestrained 
but was deprived of food for 14 hr. Animals in the remain- 
ing six groups received a single oral dose of caffeine at 30, 
60, or 120 mgkg. Three of these groups were unrestrained 
whereas the other three groups were subjected to restraint 
for 14 hr. On the morning of gestational Day 10, animals 
were again housed in the cages, and food and water were 
available ad libitum. 

Data Collection. During the period of gestation, ma- 
ternal body weight and food consumption were measured 
daily. On gestation Day 18, animals were sacrificed with 

diethyl ether, and the number of total implants, resorptions, 
and live and dead fetuses were recorded. All live fetuses 
were dissected from the uterus and evaluated for sex, body 
weight, and external and gross malformations. Approxi- 
mately one-half of the available fetuses were fixed in 95% 
ethanol, cleared with 1% KOH, stained with Alizarin red S, 
and examined for skeletal malformations and variations 
(20). The remaining fetuses were fixed in Bouin's fluid, 
sectioned, and evaluated for internal abnormalities (2 1). 

Data Analysis. The unit of comparison was the preg- 
nant female or the litter. Results were computed by a two- 
way (caffeine dose x restraint) analysis of variance 
(ANOVA). Post hoc analysis consisted of an LSD (least 
significant difference) method for multiple comparisons be- 
tween groups when appropriate. The incidence of fetal 
anomalies between litters was analyzed by means of a two- 
tailed Fisher exact probability test for pair-wise comparison 
of groups. Significance was set at the 0.05 probability level. 

Results 
Since the unrestrainedho caffeine group did not differ 

from the food deprivatiodno caffeine group on any of the 
dependent variables, both groups were combined in a new 
unrestrainedho caffeine group. 

Maternal Toxicity. The effects of maternal restraint 
and caffeine on body weight gain and food consumption are 
shown in Table I. On gestation Days 9-1 1, maternal body 
weight gain was significantly lower in the groups exposed 
to caffeine plus restraint than in the unrestrained control 
group or in the group of animals deprived of food for 14 hr. 
However, no differences with the groups treated with caf- 
feine only, or with the groups receiving a combined admin- 
istration of caffeine and restraint were observed. Moreover, 
a significant reduction in maternal weight gain was also 
noted on gestation Days 9-11 in animals subjected to re- 
straint only. 

A two-way (caffeine dose x restraint) analysis of vari- 
ance revealed an overall effect of restraint and caffeine ex- 
posure on maternal body weight gain on gestation Days 

0.001). A significant interaction restraint x caffeine (F[3,91] 
= 4.79, P < 0.004) was also observed. In turn, the differ- 
ences between groups found on gestation Days 12-15 could 
be attributed to the action of restraint stress (F[1,91] = 

8.93, P < 0.004), or the combined effects of caffeine plus 
restraint (F[4,91] = 3.24, P < 0.016). Although on late 
gestation (Days 16-18), no significant effects of restraint 
and caffeine were found (F[1,94] = 2.87, P < 0.094; 
F[3,94] = 2.66, P < 0.053), the combined effects of both 
(sum of simple effects) were significant (F[4,94] = 2.84, P 
< 0.029). On the other hand, differences in total body 
weight gain (Days 0-18) could be explained by the influ- 
ence of caffeine (F[3,94] = 4.49, P < 0.006), or the com- 
bined effects of caffeine and restraint (F[4,94] = 4.19, P < 
0.004). 

Compared to the control groups, reductions in food 

9-11 (F[1,91] = 104.7, P < 0.001; F[3,91] = 16.0, P < 
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Table 1. Effects of Caffeine, Restraint, and Caffeine plus Restraint on Maternal Body Weight Gain and Food 
Consumption in Pregnant Mice 

Caffeine (rng/kg) 0 30 60 120 0 30 60 120 
Type of stress None None None None Restraint Restraint Restraint Restraint 

Number of dams 9 11 12 10 25 10 9 10 

Gestation days 
0-8 6.31 f 0.92 
9-1 1 2.84 f 0.6!ja 

12-1 5 11.26 f 3.06aC 
16-18 10.46 f 3.25 
0-1 8 30.87 f 2.55a 

0-8 50.87 f 3.55 
9-1 1 

12-1 5 25.16 f 1.65 
16-1 8 
0-1 8 

9.25 f 1 .58a 

28.33 f 3.1 1 a 
11 4.30 f 12.74 

6.32 f 0.86 
1.65 f 2.25aC 

10.13 f 2.95aC 
11 5 2  f 3.90 
29.62 f 6.06aC 

56.92 f 9.71 
6.94 f 1 .52a 

26.85 f 1.73 
34.10 f 15.9Iad 
119.9 i 20.18 

6.47 f 1.46 
1.59 f 0.98aC 
8.70 f 2.4OC 

11.131t3.63 
27.88 f 4.91 ac 

51.28 f 6.86 
7.94 f 1 .58a 

25.47 f 2.04 
28.65 f 5.97ad 

11 3.35 f 2.94 

Body weight gain (9) 
5.55 f 1.71 6.00 f 1.44 
1.08f 1.17c 0.84f2.4Idc 

10.17 f 3.22aC 12.00 f 4.36ab 
8.16 f 1.25 8.78 f 4.07 

24.96 f 5.OObc 27.61 f 5.6gaC 

56.25 f 7.95 48.89 f 4.95 
7.22 f 1 . I  8a 8.47 f 3.37a 

30.52 f 4.88 27.28 f 2.49 
17.1 7 f 3.8gbC 26.03 f 3.47bcd 

110.95 f 7.57 114.21 f 10.77 

Food consumption (9) 

6.67 f 1.70 
-3.1 0 f 1 .70’ 
15.02 f 6.32’ 
9.1 8 f 5.56 

27.77 f 8.33aC 

54.32 f 3.64 
2.03 f 1.84b 

29.50 f 1.74 
24.73 f 3.48’& 

11 5.98 f 12.74 

6.89 f 1.06 
-3.1 5 f 1 .45b 
13.1 3 f 4.8Fb 
10.59 f 3.31 
27.46 f 7.32ab 

51.20 f 9.74 
2.43 f 1 .46’ 

28.93 f 1.69 
25.55 f 2.88’& 

108.10 f 20.17 

5.67 f 1.57 
-2.34 f 1.95’ 
10.37 f 4.81 ac 
7.39 f 3.12 

21.09 f 6.75’ 

53.2 f 16.44 
1 .I 1 f 0.47’ 

27.37 f 3.50 
17.08 f 2.64bc 
91.91 f 22.70 

Note. Values are given as means * SD. Results showing different superscripts (a,b,c,d) indicate significant differences at P c 0.05. 

consumption were also observed on gestation Days 9-1 1. 
Mice in the groups concurrently exposed to caffeine and 
stress ingested lower amounts of food than those in the 
remaining groups (Table I). Reductions were also statisti- 
cally significant when compared with the groups exposed 
only to caffeine or restraint. A two-way (caffeine dose x 
restraint) analysis of variance showed an overall effect of 
restraint and caffeine exposure on maternal food consump- 
tion on gestation Days 9-1 1 (F[1,34] = 4.16, P < 0.001; 
F[3,34] = 11.76, P < 0.001), whereas a significant inter- 
action restraint x caffeine dose was also noted (F[3,34] = 
3.64, P < 0.025). These effects were also statistically sig- 
nificant on late gestation (Days 16-18) (F[1,33] = 6.83, P 
< 0.015; F[3,33] = 7.54, P < 0.001). However, no signifi- 
cant effects of either caffeine or restraint were noted on total 
food consumption (Days 0-18). On gestational Days 9-1 1 
and 16-1 8, significant differences between groups might 
have been due to the effects of restraint (F[ 1,331 = 5.24, P 
< 0.03), caffeine (F[3,33] = 3.66, P < 0.025), or their 
combined effects (F[4,34] = 3.71, P < 0.016). 

Table I1 summarizes the effects of caffeine and restraint 
stress on a number of maternal variables. Only body weight 
at termination and corrected body weight change (corrected 
body weight minus body weight on Day 0 of gestation) 
showed significant differences among groups. As in mater- 
nal body weight gain, the most remarkable reductions in 
both variables were observed in dams concurrently exposed 
to 120 mgkg of caffeine and restraint. However, the differ- 
ences were not statistically significant when compared with 
the unrestrained and restrained control groups or with the 
groups given caffeine only. The differences between groups 
on body weight at termination could be attributed to the 
effects of the caffeine dose (F[3,93] = 4.91, P < 0.003), 
whereas the differences between groups on corrected body 
weight change could be due to the effects of restraint, caf- 
feine, or the combined effects of both (F[ 1,881 = 7.26, P < 
0.09; F[3,88] = 3.81, P < 0.013; F[4,88] = 4.27, P < 
0.003). 

Embryo/Fetal Toxicity. Data on pregnancy out- 
come measures are shown in Table 111. There were no sig- 

nificant differences among groups in the number of total 
implants per litter, the number of viable and nonviable im- 
plants per litter, or in the sex ratio. However, fetuses in the 
groups whose mothers were exposed to 60 and 120 mgkg 
of caffeine plus restraint showed a lower mean body weight 
than the control groups or the group given caffeine only. 
This reduction could be attributed to the effects of restraint 
(F[ 1,901 = 5.35, P < 0.023) or to the combined effects of 
restraint and caffeine (F[4,90] = 2.77, P < 0.032). No in- 
teractions between caffeine and stress could be observed in 
any of the different parameters evaluated. 

On the other hand, no external, internal or skeletal mal- 
formations, which could be attributed to caffeine or restraint 
were found. However, a two-way (restraint x caffeine dose) 
analysis of variance revealed an overall effect of restraint 
and/or caffeine on the ossification of the parietal (restraint: 
F[1,90] = 21.63, P < 0.001; caffeine: F[3,90] = 30.6, P < 
0.001; interaction: F[3,90] = 12.38, P < 0.001) and occipi- 
tal bones (restraint: F[ 1,901 = 11.89, P < 0.001; caffeine: 
F[3,90] = 8.76, P < O.OOl), sternum (interaction: F[3,90] 
= 4.88, P < 0.004), xiphoid (caffeine: F[3,90] = 10.93, P 
< O.OOl), and caudal vertebrae (restraint: F[1,90] = 21.10, 
P < 0.001; caffeine: F[3,90] = 51.10, P < 0.001; interac- 
tion: F[3,90] = 20.69, P < 0.001). By contrast, no signifi- 
cant effects in the total decreased ossification among groups 
were found (Table IV). 

Discussion 
World coffee consumption is increasing. The daily in- 

take of caffeine in the general population has been reported 
to range from 202-283 mg/day, which would represent 
about 2.7-4.0 mgkg/day in males and females between 20 
and 75 years old (1). Given the relatively large quantities of 
caffeine that are needed to induce malformations, which in 
turn affect a relatively small number of animals, this drug 
has been considered as a weak teratogenic agent (1). It has 
been reported that mice are more sensitive than rats to the 
developmental effects of caffeine (1). Whereas rats malfor- 
mations are rarely observed for doses less than 80-100 mg/ 
kg/day given by gavage or i.p. injection, abnormalities in 
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mice have been found to occur at oral or parenteral doses of 
50-75 mg/kg/day of caffeine (1, 22). The most frequently 
observed malformations in rats and mice are those of the 
limbs and digits, ~ectrodactyly , craniofacial malformations, 
and delays in ossification of limbs, jaw, and sternum (1). 

Despite the low teratogenic potential of caffeine in 
mammals, this drug can potentiate the effects of various 
teratogenic agents such as nicotine (23), ionizing radiations 
(24, 25), or a variety of pharmaceutical compounds (acet- 
azolamide, mytomycin C, hydroxyurea, 5-fluorouracil) (2, 
3, 26, 27). It should be remembered that some potentiative 
interactions among physical and chemical agents could be 
one of the causes of human malformations of uncertain 
origin (1, 28). Results of the literature review suggest that, 
in humans, heavy caffeine consumption (>300 mg/day) dur- 
ing pregnancy is kssociated with small reductions in infant 
birth weight that may be especially detrimental to premature 
or low-birth-weight infants (29). An increased risk of spon- 
taneous abortion associated with caffeine consumption prior 
to and during pregnancy also has been documented (30,3 1). 

On the other hand, it has been shown that behavioral 
and physiological stress during gestation, such as condi- 
tioned anxiety, crowding, immobilization, or temperature 
extremes, permanently modifies structural or functional de- 
velopment of offspring in rats and mice (17, 32-34). In the 
current study, we assessed in mice whether maternal- 
restraint stress could potentiate the maternal and develop- 
mental effects of caffeine in pregnant mice. 

Restraint for 14 hr, starting in the evening of Day 9 of 
gestation, was used as a "stressor" for the induction of 
maternal stress, whereas the doses of caffeine were based on 
previous studies on the potential teratogenicity of this drug 
in mice (3, 26). Par6 and Glavin (14) reviewed the use of 
restraint in experimental biomedical research. They re- 
ported that immobilization of the animal for at least 1-5 hr 
is associated with a variety of both central and peripheral 
changes indicative of stress. Although it was noted that 
there was some variability in the results depending on the 
duration of restraint, the majority of studies showed that 
increasing the duration increased the degree of stress pa- 
thology observed (1). According to previous studies in our 
laboratory, the current procedure causes stress in pregnant 
mice (7, 9). On the other hand, in relation to the day and 
doses of caffeine administration, a notable number of co- 
teratogenicity studies have been carried out using various 
physical and chemical agents along with caffeine (3). In 
those studies, the caffeine dose was remarkably variable, as 
well as the time of administration, which ranged from the 
7th to the 13th day of gestation. In the present study, the 
choice of gestation Day 9 as the caffeine treatment day was 
based on a previous investigation on the effects of caffeine 
on the teratogenicity of acetazolamide (26). 

Elmazar et al. (4) administered caffeine to pregnant 
mice at doses up to 250 mg/kg/day in drinking water (ges- 
tation Days 5-18) or up to 150 mg/kg/day in pellets (ges- 
tation Days 5-18). Apart from a low incidence of cleft 
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Table 111. Effects of Caffeine, Restraint, and Caffeine plus Restraint on Reproductive Findings 

Caffeine (mg/kg) 0 
Type of stress None 

30 
None 

~~ ~ ~~ 

60 120 0 30 
None None Restraint Restraint 

60 
Restraint 

120 
Restraint 

Number of litters 
Implantation/litter 
Live fetusedlitter 
Dead fetuses/litter 
Early resorptions/litter 
Late resorptions/litter 
Postimplantation loss litter (Yo) 
Mean fetal weight/litter (9) 
Fetal sex ratio (M/M+F) 

9 
11.78 f 3.38 
10.89 f 3.40 
0.11 f 0.33 
0.56 f 0.73 
0.22 f 0.44 
7.47 f 8.42 
1.30 f 0.06a 
0.49 f 0.15 

11 
12.09 f 2.98 
11 5 4  f 3.41 
0.00 f 0.00 
0.45 f 0.69 
0.09 f 0.30 
5.55 f 7.09 
1.29 f 0.05a 
0.51 f 0.11 

12 10 
12.00 f 2.70 
11.08 f 2.75 
0.17 f 0.39 
0.17 f 0.39 
0.58 f 0.90 
7.54 f 9.24 
1.27 f 0.1 Oa 
0.49 f 0.13 

10.30 f 3.30 
9.60 f 2.95 
0.00 f 0.00 
0.40 f 0.70 
0.30 f 0.67 
6.47 f 6.61 
1.29 f 0.08a 
0.54 f 0.18 

24 
12.71 f 2.63 
11.71 f 2.37 
0.25 f 0.44 
0.50 f 1.02 
0.25 f 0.44 
8.68 f 9.89 
1.27 f 0.08a 
0.52 f 0.15 

10 
11 5 4  f 3.42 
11.40 f 5.42 
0.40 f 0.51 
0.10 f 0.31 
1 .OO f 2.82 

14.24 f 30.50 
1.30 f 0.21 a 
0.47 f 0.15 

9 
13.11 f 2.42 
11.67 f 2.45 
0.33 f 0.71 
1.11 f 1.97 
0.00 i 0.00 

10.18 f 13.00 
1.22 f O.Ogab 
0.49 f 0.1 1 

9 
11.1 1 f 3.37 
10.89 f 3.37 
0.00 f 0.00 
0.00 f 0.00 
0.22 f 0.4 
1.85 f 3.77 
1.16 f O.lOb 
0.45 f 0.12 

Note. Values are given as means * SD. 

palate, no gross abnormalities that were attributable to caf- 
feine treatment were observed. The most important effect 
observed was a reduction in fetal body weight. Retarded 
ossification (particularly of the suppraoccipital bone) was 
also observed in fetuses when caffeine (150 mgkg) was 
administered in the drinking water but not when the same 
dose was given as a sustained release pellet (4). On the other 
hand, caffeine injected S.C. at 50 mgkg to mice on Day 11 
of gestation did not affect the normal embryonic develop- 
ment as compared to the group of animals treated with 
saline S.C. and i.p. (control groups) (10). In turn, although a 
dose of 50 mgkg of caffeine injected S.C. to pregnant mice 
on Day 9 of gestation was not itself teratogenic, it signifi- 
cantly enhanced the rate and severity of fetal malformations 
in animals exposed to 200 or 1000 mgkg of acetazolamide 
(26). The frequency and severity of acetazolamide-induced 
ectrodactyly were potentiated by caffeine, whereas the re- 
duction of the number of ossified cervical and caudal ver- 
tebral central among litters exposed to acetazolamide was 
also augmented by co-administration of caffeine. 

The results of this study show a slight effect of caffeine 
and restraint stress on some maternal parameters. Compared 
to the control group, body weight gain on gestation Days 
9-11 was lower in all restrained groups, whereas weight 

gain of dams in the groups exposed concurrently to caffeine 
and restraint was lower than that in the groups given caf- 
feine only (P > 0.05). A similar finding was also seen for 
food consumption in the groups concurrently exposed to 
caffeine and restraint, as well as in body weight at termi- 
nation and corrected body weight change in the group given 
120 mg caffeinekg plus restraint. Taking into account the 
body weight gain and food consumption observed in the 
group deprived of food for 14 hr, the present maternal ef- 
fects would not be attributable to food deprivation. 

In contrast to the maternal findings, no significant ef- 
fects of caffeine, restraint stress, or caffeine plus restraint on 
embryo/fetal development were noted. Reduced fetal 
weight together with some delays in fetal ossification were 
the most notable anomalies observed in the groups concur- 
rently exposed to 120 mg caffeinekg plus restraint. In ad- 
dition to the reduction in fetal body weight and the delays in 
fetal ossification, ectrodactyly and cleft palate were also 
found in previous investigations on the teratogenic effects 
of caffeine in mice (4, 35, 36). However, these abnormali- 
ties were not observed in the current study. 

Maternal restraint stress has been reported to potentiate 
the effects of some teratogenic agents such as salicylate 
(37), arsenate (lo), or methylmercury (7). By contrast, ma- 

Table IV. Effects of Caffeine, Restraint, and Caffeine plus Restraint on Morphological Defects in 
Mouse Fetuses 

Dose of caffeine (mg/kg) 0 30 60 120 0 30 60 120 
Type of stress None None None None Restraint Restraint Restraint Restraint 

~~ ~ ~~ ~~ ~~ 

Skeletal exam 
Number of litters examined 

skeletally (fetuses) 9(52) lO(63) 12(76) 9 (45) 23 (141) 10 (67) 9 (67) 9 (51) 
Total bone retardations 9 (23) 10 (30) 10 (49) 9 (27) 19 (69) 10 (70) 9 (39) 8 (38) 

occipital 0 (0)" 2 (2)" 1 (1)" 4 (8)" 2 (5)" 7 (30)" 3 (8)" 7 (10)" 

vertebrae 0 (0)" 0 (0)" 0 (0)" 0 (0)" 0 (0)" 2 (3)" 0 (Oy 0 (0)" 
caudal 0 (Oy 2 (2)a' 0 (0)" 0 (0)" 4 (8)"' 9 (33)' 0 (0)" 0 ( O Y  
defects in ribs 4 (6) 0 (0) 3 (9) 1 (2) 5 (13) 6 (18) 4 (8) 3 (6) 

i n te r n al I y (fetuses) 9(48) lO(57) 12 (44) 9 (40) 23 (141) 9 (57) 9(46) 9 (45) 

parietal 1 (2)" 2 (2)"' 5 (10)"' 9 (18)'" 3 (6)"b 10 (40)'" 7 (17)bc 8 (21)"' 

sternum 6 (11)" 4 (5)" 4 (5)" 2 (2)" 11 (13)" 6 (22)" 6 (13)" 2 (2)" 
xiphoid bipartite 0 (0)" 6 (1 1)"' 3 (4)"' 3 (4)"' 3 (3)"' 9 (30)' 3 (8)"' 2 (2)"' 

Visceral exam 
Number of litters examined 

Cleft palate 1 (1) 2 (2) 0 (0) 0 (0) 2 (2) 2 (2) 0 (0) 0 (0) 
Note. Data showing different superscripts indicate significant differences at P < 0.05. 
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ternal restraint did not enhance the developmental and neu- 
robehavioral toxicity of arsenite at doses that were not ter- 
atogenic by themselves (8), and restraint stress on late ges- 
tation did not influence the effects of acute ethanol in 
pregnant mice (9). In the present study, although significant 
effects between caffeine and restraint stress were found in 
some maternal parameters, maternal restraint did not poten- 
tiate the effects of caffeine on fetal development. 

In summary, although it has been demonstrated that 
both maternal restraint and caffeine administered at subtera- 
togenic doses can enhance the teratogenic effects of a num- 
ber of physical and chemical agents, no potentiative inter- 
actions between caffeine and restraint on embryotoxicity or 
teratogenicity were found. In contrast, there were some sig- 
nificant interactions (restraint x caffeine dose) on maternal 
parameters. However, taking into account that coffee may 
contain 75-150 mg caffeine per cup, to reach the highest 
dose of caffeine administered here (120 mgkg), a 50-kg 
woman would have to drink 40 cups of strong coffee, which 
would be quite unusual. Notwithstanding, the known spe- 
cies differences in sensitivity must not be underestimated. 
Moreover, since the present results were based on a single 
exposure to caffeine in conjunction with 14 hr of restraint 
on Day 9 of gestation, further investigations should be car- 
ried out to assess whether other days of pregnancy or mul- 
tiple days of maternal restraint stredcaffeine administra- 
tion might have adverse effects on the fetuses. 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

8. 

9. 

10. 

11. 

Nehlig A, Debry G. Potential teratogenic and neurodevelopmental 
consequences of coffee and caffeine exposure: A review on human and 
animal data. Neurotoxicol Teratol 1653 1-543, 1994. 
Ritter EJ, Scott WJ, Wilson JG, Mathinos PR, Randall JL. Potentiative 
interactions between caffeine and various teratogenic agents. Teratol- 

Sivak A. Coteratogenic effects of caffeine. Regul Toxicol Pharmacol 

Elmazar MMA, McElhatton PR, Sullivan €34. Studies on the terato- 
genic effects of different oral preparations of caffeine in mice. Toxi- 

Albina ML, Colomina MT, Sanchez DJ, Domingo JL, Corbella J. 
Effects of maternal stress on concurrent prenatal exposure to ethanol 
and methylmercury. I. Embryo/fetal toxicity. Res Commun Alcohol 
Subst Abuse 1857-70, 1997. 
Chernoff N, Miller DB, Rosen MB, Mattscheck CL. Developmental 
effects of maternal stress in the CD-1 mouse induced by restraint on 
single days during the period of major organogenesis. Toxicology 

Colomina MT, Albina ML, Domingo JL, Corbella J. Effects of ma- 
ternal stress on methylmercury-induced developmental toxicity in 
mice. Physiol Behav 58:979-983, 1995. 
Colomina MT, Albina ML, Domingo JL, Corbella J. Influence of 
maternal restraint stress on arsenic-induced pre- and postnatal alter- 
ations in mice. Psychobiology 24:227-234, 1996. 
Colomina MT, Esparza JL, Domingo JL, Corbella J. Evaluation of the 
interactive effects of acute ethanol and maternal stress on late gestation 
in mice. Res Commun Alcohol Subst Abuse 18:71-78, 1997. 
Rasco JF, Hood RD. Effects of maternal restraint stress and sodium 
arsenate in mice. Reprod Toxicol 8:49-54, 1994. 
Scialli AR. Is stress a developmental toxin? Reprod Toxicol 1: 163- 
171, 1988. 

Ogy 25:95-100, 1982. 

19~1-13, 1994. 

cology 23:57-71, 1982. 

51:57-65, 1988. 

12. Stone EA, Quatermain D. Greater behavioral effects of stress in im- 
mature as compared to mature male mice. Physiol Behav 63: 143-145, 
1998. 

13. Warkany J. Teratogen update: Hyperthermia. Teratology 33:365-37 1, 
1986. 

14. Par6 WP, Glavin GB. Restraint stress in biomedical research: A re- 
view. Neurosci Biobehav Rev 10:339-370, 1986. 

15. Vogel WH. The effect of stress on toxicological investigations. Hum 
Exp Toxicol 12:265-271, 1993. 

16. Bosque MA, Domingo JL, Corbella J. Housing of pregnant rats in 
metabolism cages: Maternal and developmental effects. Exp Toxicol 
Path01 46:303-306, 1994. 

17. Chernoff N, Kavlock RJ, Beyer PE, Miller D. The potential relation- 
ship of maternal toxicity, general stress, and fetal outcome. Teratogen 
Carcinogen Mutagen 7:241-253, 1987. 

18. Meisel RL, Dohanich GP, Ward IL. Effects of prenatal stress on avoid- 
ance acquisition, open-field performance, and lordotic behavior in 
male rats. Physiol Behav 22527-530, 1979. 

19. Miller DB, Chernoff N. Restraint-induced stress in pregnant mice: 
Degree of immobilization affects maternal indices of stress and devel- 
opmental outcome in offspring. Toxicology 98: 177-186, 1995. 

20. Pohorecky LA, Roberts P, Cotler S, Carbone JJ. Alteration of the 
effects of caffeine by prenatal stress. Pharmacol Biochem Behav 

21. Staples RE, Schnell VL. Refinements in rapid clearing technique in the 
KOH- alizarin red S method for fetal bone. Stain Techno1 43:61-63, 
1968. 

22. Wilson JG, Scott WJ. The teratogenic potential of caffeine in labora- 
tory animals. In: Dews PB, Ed. Caffeine: Perspectives from recent 
research. Berlin: Springer-Verlag, pp165-187, 1984. 

23. Nash JE, Persaud TVN. Influence of nicotine and caffeine on rat 
embryonic development. Histol Histopathol 3:377-388, 1988. 

24. Nomura T. Similarity of the mechanism of chemical carcinogen- 
initiated teratogenesis and carcinogenesis in mice. Cancer Res 37:969- 

33~55-62, 1989. 

_ I n  I_-- 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

Y 15, I Y  I I .  

Yielding LW, Riley TL, Yielding KL. Preliminary study of caffeine 
and chloroquine enhancement of X-ray induced birth defects. Biochem 
Biophys Res Commun 68:1356-1361, 1976. 
Beck SL, Urbano CM. Potentiating effect of caffeine on the terato- 
genicity of acetazolamide in C57BL/6J mice. Teratology 44:241-250, 
1991. 
Fujii T, Nakatsuka T. Potentiating effects of caffeine on teratogenicity 
of alkylating agents in mice. Teratology 28:29-33, 1983. 
Wilson JG. Teratogenic interaction of chemical agents in the rat. J 
Pharmacol Exp Ther 144:429436, 1964. 
Hinds TS, West WL, Knight EM, Harland BF. The effect of caffeine 
on pregnancy outcome variables. Nutr Rev 54:203-207, 1996. 
Infante-Rivard C, Fernandez A, Gauthier R, David M, Rivard GE. 
Fetal loss associated with caffeine intake before and during pregnancy. 
JAMA 270:2940-2943, 1993. 
Srisuphan W, Bracken MB. Caffeine consumption during pregnancy in 
association with late spontaneous abortion. Am J Obstet Gynecol 

Herrenkohl LR. Prenatal stress reduces fertility and fecundity in fe- 
male offspring. Science 206: 1097-1099, 1979. 
Michel C, Fritz-Niggli H. Induction of developmental anomalies in 
mice by maternal stress. Experientia 34: 105-106, 1978. 
Pollard I. Prenatal stress effects over two generations in rats. J Endo- 
crinol 109:239-244, 1986. 
Nishimura H, Nakai K. Congenital malformations in offspring treated 
with caffeine. Proc SOC Exp Biol Med 104:140-142, 1960. 
Scott WJ. Caffeine-induced limb malformations: Description of mal- 
formation and quantitation of placental transfer. Teratology 28:427- 
435, 1983. 
Goldman AS, Yakovac WC. The enhancement of salicylate terato- 
genicity by maternal immobilization in the rat. J Pharmacol Exp Ther 

154~14-20, 1986. 

142~351-357, 1963. 

CAFFEINE AND RESTRAINT IN PREGNANT MICE 11 1 




