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Although many studies have shown that cigarette smoking during gestation 
retarded the intrauterine fetal growth, resulting in the decreased birth 
weight in babies born to smoking mothers (Lowe 1959; Frazier et al. 1961; 
Butler et al. 1972), neither causal substance nor mechanism of action 
to disturb fetal growth has been firmly established yet. 

Based on the human and animal studies, Astrup et al. (1972) implied fetal 
hypoxia induced by carbon monoxide (CO) in the cigarette smoke to be res- 
ponsible for the event mentioned above. Tachi and Aoyama (1983) demon- 
strated that pregnant rats which had inhaled either cigarette smoke or CO 
at the similar CO concentration, had smaller conceptuses than those in the 
control group, and that cigarette smoke could more deleteriously exert 
the effect on conceptuses, compared with CO exposure. This finding 
suggested that CO in the cigarette smoke was important but not sole factor 
to contribute to the fetal growth retardation. 

A shortage in energy intake in smoking mothers also has been suspected 
to cause the retardation in fetal development (Rush 1974). In the previous 
results (Tachi & Aoyama 1983), the weight increment in CO exposed animals 
was greater than that in the smoke exposed group. The phenomenon seemed 
to indicate that the reduction in the food intake occurs in animals which 
inhale the cigarette smoke, and induces the disturbance of fetal develop- 
ment in association with C0. 

In the present study, so as to evaluate the role of energy intake upon the 
fetal development in utero, the experiment of paired feeding with pregnant 
rats exposed to cigarette smoke is designed in animals which inhale the 
cigarette smoke, CO, or room air, following after the observation of the 
quantity of food taken by mothers exposed to cigarette smoke, CO, or room 
air. 

MATERIALS AND METHODS 

Female Wistar rats were individual!y housed in a wooden cage (17.5• 
x20.O cm) under the lighting of 12LI2D (lights on 060Oh) and temperature 
at 22.5-26.5"C. Animals were mated overnight, and the following day on 
which sperms were found in the vaginal smear was designated day 0 of 
pregnancy. Commercial diet (CLEA CE-2, CLEA Japan Inc., Tokyo, Japan) 
and tap water were given ad libitum except for the inhalation period 
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unless otherwise mentioned. 

Pregnant animals were exposed twice daily around lO00h and around 1500h 
from days 0 to 20 of pregnancy either to cigarette main smoke manually 
generated (CIG), to carbon monoxide (CO), or to room air as a control 
(CONT), according to the procedure described in the previous study (Tachi 
and Aoyama 1983). Duration of each inhalation was 81 minutes; for twenty 
one minutes, smoke or CO was introduced into the chamber in which animals 
had been placed, and they were exposed for another 60 minutes in the 
chamber. CO concentration in a chamber was at 1210• (mean• and 
1290• ppm for CIG, and CO groups, respectively. Preliminary results 
displayed that carboxyhemoglobin saturation in venous blood reached 57~ 
or 54~ at the termination of exposure in rats which had inhaled CI6 or CO 
respectively. 

In the first experiment, daily food consumption in pregnant rats exposed 
to CIG, CO, or room air (CONT) was observed between 0730 and 0900h 
throughout the experiment. Daily intake was defined as the difference bet- 
ween the weights of container filled with chow on a given day and that 
remained on the following day. 

Five groups, each of which consisted of four pregnant rats, were assigned 
to the second experiment; CIG, CO, CONT, pair-fed and room air exposed 
(PF), and pair-fed and CO exposed (PF+CO) groups. 

Animals in PF and PF+CO showed similar body weight and daily food intake 
before conception to each corresponding pair in CIG. 

From days 0 to 20 of pregnancy, similar bulk of food to that ingested by 
the rat exposed to CIG in a given day of pregnancy was supplied to the 
corresponding pair in PF or PF+CO on the same getational day; approxi- 
mately one third of the amount of chow was given around 0800h and the rest 
around 1700h. Other three groups of rats had free access to food. Tap 
water could be available anytime except for during the exposure in 
all groups. The daily food intake was measured in CIG, PF, and PF+CO, and 
neither in CO nor CONT groups. 

~1others in the groups of CIG, CO, PF, PF+CO, and CONT 
sectioned around 1100h on day 21 of pregnancy to observe 
weight of fetuses. 

were cesarean 
the individual 

Duncan's new multiple range test was used for the statistical analysis 
of data between groups. A p value less than 0.05 was considered as a 
significance. 

RESULTS AND DISCUSSION 

Food intake was expressed as a weekly consumption, sum of daily food 
intakes for 7 days (Fig. 1). Weekly food intake was s ignif icant ly  
decreased throughout pregnancy in the group of CIG, compared with others. 
Especially, in the f i r s t  week, the mean intake in rats exposed to CI6 
fal led to 65~ of the amount of food ingested by mothers in CONT, while i t  
was more than 80~ in the following two weeks. The food consumption in the 
f i r s t  and second weeks in animals which had inhaled CO was s l ight ly  but 
s igni f icant ly  reduced about 10~ lower than CONT, although there was no 

878 



160 

~120 

80 

40 

4{- 4 f  
| I I I 

4 f  4(- 4{- 4{- 
J I I  I [ I I  I 

CIG CO CONT CIG CO CONT 
1ST WEEK 2ND WEEK 

OF OF 
PREGNANCY PREGNANCY 

4(- 
l I 

4 f  
I I 

CIG COCONT 
3RD WEEK 

OF 
PREGNANCY 

Figure I. Food intake during each week of pregnancy in rats exposed to 
cigarette smoke (CIG, solid column), carbon monoxide (C0, striped column) 
and room air (CONT, open column). Each column represents mean • S.B. 
An asterisk indicates a significant difference (P<O.05) between groups 
connected by a line. Number of animals is eight in all groups. 
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Figure 2. L i t ter  s i z e  in each group of rats  exposed to c i g a r e t t e  smoke 
(CIG), carbon monoxide (CO), or room air  (CONT), or pa ir - fed  and exposed 
to carbon monoxide (PF+CO), or to room a ir  (PF). Number of rats  i s  four 
in a l l  groups. 
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difference in the last  week of gestation. 

Earl ier  authors (Rush 1974) assumed that in human, decreased appi t i te  in 
smoking women might contribute to fe ta l  retardation, and others (Chow 
and Lee 1964; Berg 1965) have reported that res t r ic ted  supply of chow 
reduced the fetal  weight in rats .  In the present study, food intake was 
observed to fa l l  in rats which had inhaled CIG, compared with those in the 
groups of CO and CONT, and this decline might be able to disturb the fetal  
growth. The second experiment of paired feeding was then designed to 
c la r i fy  the role of lowered food intake upon the fetal  development. 

In the second s t u d y ,  the l i t t e r  size was not s t a t i s t i c a l l y  di f ferent  
between groups, although that in CI6, CO, and PF+CO was s l ight ly  lower 
than other twogroups (Fig. 2). 

Fetal weight in CONT was the l a rges t  in al l  groups in the second ex- 
periment (Fig. 3). Fetuses from ei ther  CIG or CO exposed mothers were 
retarded in weight to 72~ or 80~, respectively, of CONT, whereas those 
in the CI6 group were smaller than CO with a s ignif icant  difference. This 
resul t  agrees with the previous study (Tachi & Aoyama 1983) in which 
authors suggested that CO in the c igaret te  smoke played an important role 
to reduce the conceptus weight but was not a single factor.  

Bats in the groups of CIG, PF+CO, and PF ingested similar bulk of chow; 
331.4• (mean• 330.4• and 324.0• grams, respectively,  
as a total intake during pregnancy. 

Both groups of pair-fed animals had larger progenies than rats  exposed 
to CIG (Fig. 3). The fetal  weight in the group of PF was s l ight ly  but 
s ignif icant ly  less than CONT. The resul t  was in accordance with the 
ea r l i e r  investigations (Haworth & Ford 1972; Bassi e t  al.  1984). The re- 
duction in caloric  intake thus makes fetuses smaller under the condition 
of room ai r  inhalation. On the other hand, progenies in the group of PF+ 
CO displayed similar weight to those in CO exposed mothers which had had 
free access to food. Therefore, shortage in energy intake failed to 
enhance the adverse e f fec t  of CO inhalation by mothers on the fetal  growth. 
These resul ts  seemed to indicate that since theprogenies of which growth 
have been already retarded by CO have no need t o  take nutrients so much, 
the fetal  weight can not be influenced even if  their food supply is part ly 
removed. 

~eanwhile, body weight increase of mothers from days 0 to 21 of pregnancy 
was similarly lowered to less than 80 grams in the groups of CIG and PF + 
CO, compared with other groups where animals gained around 100 grams 
(Fig.4). Thus, animals in CIG could u t i l ized  nutrients as much as those 
in PF+CO. In spite,  mothers in CIG had smaller progenies than in PF+CO. 
The finding implies that the transference of nutrients from mothers to 
fetuses may be influenced adversely in CIG, differed from in PF+CO. 
In human, histological  examination revealed disadvantage in the placental 
vascular system in smoking women (Asmussen 1977), and amino acid pool has 
been reported to be reduced in smoker's placenta in v i t ro  (~owell 1981). 
These investigations ~ seemed to suggest that placental morphological and 
functional changes can be responsible for the shortage in nutri t ional  
transference between mothers and progenies. 
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Figure 3. Weight of fetuses from mothers in the groups of CIG, CO, CONT, 
PF+CO, and PF. Number of fetuses is 46, 47, 52, 42, and 53 for CIG, CO, 
CONT, PF+CO, and PF. 
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Figure 4. Increase in body weight of gravid rats from days 0 to 21 of 
pregnancy in each group. Number of animals is four in al l  groups except 
for in PF where i t  is three because of missing data in body weight on day 
21 of pregnancy in one rat. 
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However, i t  remains unclear at present why reduction in food ingestion 
failed to affect  the fetal  weight under CO exposure, while i t  could 
decreased the weight in normal condition. 

Finally, the present results indicated that the decrease in food consump- 
tions in pregnant rats exposed to cigarette smoke could not always 
disturb the fetal  growth in utero when mothers had inhaled carbon mono- 
xide. Recent epidemiological studies have complained of the reduction 
of dietary intake in smoking gravida, and showed no difference between 
smokers and nonsmokers (Haworth et al. 1980). Therefore, the reduced 
weight of offsprings in smoking mothers is supposed to be induced by 
carbon monoxide and other factors except for the caloric intake of 
mothers. 

REFERENCES 

Asmussen I (1977) Ultrastructure of the human placenta at term. Acta 
Obstet Gynecol Scand 56:119-126 

Astrup P, Trolle D, Olsen HM, Kjeldsen K (1972) Effect of moderate carbon- 
monoxide exposure on fetal  development. Lancet 2:1220-1222 

Bassi JA, Rosso P, Moessinger AC, Blanc Wfi, James LS (1984) Fetal growth 
retardation due to maternal tobacco smoke exposure in the rat .  
Pediatr Res 18:127-130 

Berg BN (1965) Dietary res t r ic t ion and reproduction in the rat .  J Nutr 87: 
344-348 

Butler NR, Goldstein H, Ross EM (1972) Cigarette smoking in pregnancy: i ts  
influence on birth weight and perinatal mortality. Br Hed J 2:127-130 

Chow BF, Lee CJ (1964) Effect of dietary res t r ic t ion of pregnant rats on 
body weight gain of the offspring. J Nutr 82:10-18 

Frazier TM, Davis GH, Goldstein H, 6oldberg ID (1961) Cigarette smoking 
and prematurity: a prospective study. Am J Obstet Gynecol 81:988-996 

Haworth JC, Ford JD (1972) Comparison of the effect  of maternal under- 
nutri t ion and exposure to cigarette smoke on the cel lular  growth of 
the rat  fetus. Am J Obstet Gynecol 112:653-656 

Haworth JC, Ellestad-Sayed JJ, King J, Dilling LA (1980) Fetal growth re- 
tardation in cigarette-smoking mothers is not due to decreased 
maternal food intake. Am J Obstet Gynecol 137:719-723 

Lowe CR (1959) Effect of mother's smoking habits on birth weight of their 
children. Br Med J 2:673-676 

Rush D (1974) Examination of the relationship between birth-~eight, 
cigarette smoking during pregnancy and maternal weight gain. J Obstet 
Gynaecol Br Commonw 81:746-752 

of cigarette smoke and carbon monoxide 
on the conceptus weight. Bull Environ 

Tachi N, Aoyama ~ (1983) Effect 
inhalation by gravid rats 
Contam Toxicol 31:85-92 

Received March 3, 1986; accepted Hay 5, 1986. 

882 


