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It is well recognized that cigarette s~oking in pregnant women exerts 

many deleterious effects on their progenies; intrauterine growth 

retardation, and increases in perinatal mortality and premature births 

(Lowe 1959; Frazier et al. 1961; Comstock et al. 1971; Butler et al. 
1972; Meyer et al. 1974). The fetal growth retardation also has been 

reported in animals exposed to cigarette smoke (Essenberg et al. 1940; 

Yot~szai et al. 1969; Reznik and Marquard 1980). 

We previously demonstrated that cigarette smoke exposure in pregnant 

rats retarded the growth of fetuses from mid to late stages of 

pregnancy (Tachi and Aoyama 1983). In addition, the weight of uteri 

containing embryos in animals inhaling the smoke was smaller, althf~gh 

not significant, than that in the control cn day 7 of pregnancy. Based 

on these findings, it was suggested that the growth of ~3bryos in early 

stage seemed to be harmfully affected as well as during mid and late 

stages of pregnancy. 

~ r ,  since the uterine weight in early pregnancy was measured in the 

previous study instead of the direct observaticn of early stage embryos, 

it remained L~clear whether the early development of ~rbryos was really 

influenced by cigarette snake exposure or not. Moreover, there have been 

few data dealing with such phenomena. 

The present study was designed to observe the effects of cigarette s,Dke 

inhalation by pregnant rats on early development of embryos from 

fertilizaticn to implantaticn. 

MATERIALS AhD ~ 

F~rele Wistar rats were used, and ~ ~Jer the conditicn of 

lights (12LI2D, lights cn 0600h) and t~,perature at 22.5-26.5 ~ F~nale 
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rats were mated overnight with proven males. Vaginal smears were 

examined for the presence of sperm to determine day 0 of pregnancy. 

Dams were exposed to cigarette smoke for 81 minutes, twice a day, on 

days 0 to 3 of pregnancy, according to the manner previously mentioned 

(Tachi and ~fama 1983). Ccntrols were ex~ to rocm air. 

Animals were sacrificed at noon on days 0, i, 2, and 3 of pregnancy 

after being anesthetized with diethyl ether. Uteri and oviducts were 

r~moved, trireme, and the uteri split at the cervical bifurcation. A 27 

gauge hypodermic needle square-off at the needle e~d was inserted into 

the infundibult~n of each oviduct to flush the oviduct with 0.5 ml of 

physiological saline. The needle (26 gauge) was also inserted into the 

tubal end of each uterine horn and,the horn flushed with 1.0 m] of 

saline. 

At noon on days 4 and 5, pregnant rats were injected with 0.5 ml of 1% 

Evans' blue dye from jugular vein under light ether anesthesia, and 

autc~sied 20 minutes later with excess dose of ether. The number of dye 

a~ated points in the uterus were determined. Uterus and oviducts 

were removed for flushing as described ah]v6~. 

S~ecimens retreived by flushing were inspected with a light microscope, 

and the number and stage of the embryos were recorded. 

Chi square and stud~t's t test were ~ployed to evaluate differermes in 

the distribution of embryos at each stage and in the mean between 

groins, respectively. 

RE~3LTS AND DISCOSSIC~4 

Figure i shows the distribution of embryos at each stage, expressed by 

percentage, from days 0 to 5 of pregnancy. On days 0 and i of pregrmncy, 

there was no significant difference be~ groups. The development of 

embryos somewhat delayed in the group of cigarette s~oke exposure on 

day 2 of pregnancy, although not significant. The percentage of 2-cell 

embryos still stood at 35% on day 2 of pregnancy in the group of 

cigarette exposure, while it was only 17% and 60% of ~nbryos was at the 

stage of 4-cell in the control group. Chi square test revealed a 

significant difference (P<0.01) on day 3 of pregnancy. Almost equal 

percentage (48 and 46%, respectively) of embmJ;s stood at the stages of 

8-cell and morulla in the cigarette smoke group, in contrast to the 

group of ccntrol in which more than 80% reached the stage of morulla. 

Yoshinaga et al. (1979) reported that daily niootine administraticn (7.5 

mg nicotine tartrate daily) to pregnant rats caused a delay of 

approximately 12h in oven cleavage from the 2-cell to the 4-cell stage, 
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Figure i. The distr~cn of emb~ at each stage. Numerals and M and 

B represent the cell number of embryos and morulla and blastocyst, 

respectively. Solid or open eolian respectively indicates the grotp of 

cigarette smoke exposure or ccntrol. The number of 6mbrycs retrieved was 

more than 35 from 5-7 dams on any days except for day 5 of pregnancy on 

which it was less than 20. 
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and that each step of embryonic develo~mmqt after the 4-cell stage was 

thereby delayed. The delay of develo~mmt in embryos with the injection 

of nicotine was also observed by Mitchell and Hammer (1985). The 

agreement in results betw~ the earlier and present studies that the 

develc~ment of ova was delayed by nicotine administration or cigarette 
smoke exposure in pregnant rats seemed likely to indicate that nicotine 

in the cigarette smoke might be respcnsible for the event observed by 

cigarette smoke exposure in the present study. 

Whereas the earlier results also showed the delay of the developed 

embryos after day 3 of pregnancy, the present study failed to 

demonstrate the delay of embryonic development on days 4 and 5 of 

pregnancy in the group exposed to the smoke (Figure i). Hc~t~er, inner 
cell mass formation was slightly retarded in the smoke-exposed group, 

compared with the control (data not shown). This finding seemed to 

suggest that embryonic develcpner~ on days 4 and 5 was delayed in this 

study, similar to the earlier ones. It remained unclarified whether 

cigarette smoke exposure affected the ~mbryonic development on days 4 

and 5 of pregnancy, at present. It should be undertaken to more 
precisely observe the embrycnic develoEment after day 3 of pregnancy to 

show the delay of develcpnent in these periods. 

The appearance of ~nbryos in the uterus was significantly delayed by 

cigarette s~oke exp~n~e in pregnant rats on day 3 of pregnancy (P<0.01. 

Table i). More than 50% of embryos was retrieved from uterus in the 

control, while about 90% was recovered from oviducts in the cigarette 

exposed group. The previous expriment of nicotine administration to 

pregnant rats indicated a similar finding (Yoshinaga et al. 1979). 

Nicotine has been reported to prolong gestation (Becker et al., 1968), 

probably due to the delay of implantation in rats (Yoshinaga et al. 
1979;Card and Mitchell 1979). The present ~riment could not find out 

a delay of implantation, since the number of implantation sites was not 

significantly different between groups on day 5 of pregnancy in 

additien to the fact that no dye accumulating point which reflected the 

implantation site was visible before day 5 of pregnarm~ (Table 2). 

While many studies have been indicated that cigarette smoking in 

pregnant women resulted in harmful effects on their children such as 

intrauterine growth retardation, and increases in perinatal mortality 

and premature births (Lowe 1959; Frazier et al. 1961; Butler et al. 

1972; Meyer et al. 1974), the effect of cigarette smoke exposure on 
early stage embryos resmined ~clear. The present results demonstrated 

delays in cell cleavage of ~nbryos and in passage of embryos through 

the oviducts on day 3 of pregnancy. These findings suggested that 

cigarette s~ke exposure deletericusly affected the dewl~ in 
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Table i. The percentage of embryos retrieved frmm oviduct and uterus. 

Day of Pregnancy Treatment Oviduct Uterus 

Day 0 CIG 100% 0% 

OENf 100% 0% 

Day 1 CIG 100% 0% 

fEN9 100% 0% 

Day 2 CIG 98% 2% 

CIIWT 100% 0% 

Day 3 CIG 87% 13% 

CENT 43% 57% 

Day 4 CIG 0% 100% 

filet 0% 100% 

Day 5 CIG 0% 100% 

(I]WT 0% 100% 

CIG and C(Nf represent the groups of cigarette stoke expo- 

sure and ~mtrol, respectively. 

Table 2. The nLm~er of implantaticn sites cn days 4 and 5 of pregnancy. 

Day 4 Day 5 

CIG 0 10.8_+6.4 

(IIWT 0 12.6_+2.4 

Mean _+S.E. Number of sanples is five 

~ any days in both gro~;s. 
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embryos at early stage of pregnancy as well as at mid and late stages, 

and it was i,plied that nictoine in the smoke might be, at least in 

part, respcnsible for these events observed in this study. 

Becker RF, Little CR, King JE (1968) Experimental studies on nicotine 

absorption in rats during pregnancy. ~. Effect of subcutaneous 

injection of small chronic doses upon mother, fetus, and neonate. 

Am J Obstet Gynecol 100:957-968 

Butler NR, Goldstein H, Ross ~4 (1972) Cigarette smoking in pregnancy: 
Its influence on birth weight and perinatal mortality. Br Med J 2: 

127-130 
Card JP, Mitchell JA (1979) The effects of nicotine on inplantation in 

the rat. Biol Reprod 20:532-539 
Comstock GH, Shah FK, Meyer MB, Abbey H (1971) Low birth weight and 

neonatal mortality rate related to maternal smoking and 

socioeo~xm/c stabus. Am J Obstet Gyneool iii: 53-59 

Esse~berg JM, Schwind JV, Patras AR (1940) The effects of nicotine add 

cigarette smoke on pregnant female albino rats and their offsprings. 

J lab Clin Med 25:708-717 

Frazier TM, Davis ~, Goldstein H, Goldherg ID (1961) Cigarette smoking 

and prematurity: A prospective study. Am J Obstet Gyneeol 81:988-996 

Lowe CR (1959) Effect of mother's smoking habits on birth weight of 

their children. Br Med J 2:673-676 

Meyer MB, Tonascia JA, Buck C (1974) The interrelaticnship of maternal 

s,oking and increased perinatal mortality with other risk factors. 

Further analysis of The Ontario Perinatal Mortality Study, 1960-196~ 

Am J Epidemiol 100:443-452 
Mitchell JA, H~mmer RE (1985) Effects of niootine on oviducal blood flow 

and embryo development in the rat. J Reprod Fert 74:71-76 

Reznik G, Marquard G (1980) Effect of cigarette s~Jke inhalation during 

pregnancy in Sprague-Dawley rats. J ~qviron Pathol Toxicol 4:141-152 

Tachi N, ~myama M (1983) Effect of cigarette smoke and carbcn mgnoxide 

inhalation by gravid rats on the conceptus weight. Bull Environ 

Ccntam Toxicol 31:85-92 

Younoszai MK, Peloso J, Haworth JC (1969) Fetal growth retardation in 

rats exposed to cigarette smoke during pregnancy. Am J Obstet 

Gyneool 104:1207-1213 

Yoshinaga K, Rice C, Krenn J, Pilot RL (1979) Effects of nicotine on 

early pregnancy in the rat. Biol Reprod 20:294-303 

Received January 23, 1989; accepted March 16, 1989. 

472 


