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Abstract: 
Three different doses of nicotine were used daily for seven consecutive days, and administered during each 

trimester inJo three groups of JO pregnant mice. The doses used were equivalent to JO cigarettes (900 g/kg), 
20 cigarettes ( J 800,P gl kg) or 30 cigarettes (400µ gl kg). For each trimester and for each dose one sub-group of 
JO offspring from drug or normal saline (control)-treated mothers were randomly selected and their postnatal 
developments were observed during the first and the second month of their age. 

A II the doses of the prenatal nicotine significantly reduced the body weight of the offspring at birth and post­
natally. 

Large doses of prenatal nicotine reduced the weight of the brain significantly during the second trimester. They 
also reduced the weights of the liver, heart and brain significantly during the third trimester. However, prenatal 
nicotine showed no effect on the weight of the kidney and the adrenal gland. 

These results indicate that large doses of prenatal nicotine may retard the functions and/or the development of 
the vital systems of the nicotine-treated progenies if they were exposed to nicotine during the second and third 
trimesters. 
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Introduction 
Nicotine is metabolized in the liver, excreted within 
24 hours via the kidney and crosses placental and 
brain barriers easily. Nicotine can substitute smok­
ing, chewing and snuffing of tobacco.' It has been re­
ported that prenatal nicotine reduces the postnatal 
growth of the offspring.10 However, it has not been 
reported in which trimester of pregnancy during ad­
ministration of nicotine is most effective on the post­
natal development of the offspring. The present re­
search aim is to find an answer to this question. 

Procedure 
Three different doses: small, intermediate or large of 
nicotine base were used and administered during each 
trimester into three groups of pregnant Swiss albino 
mice strain. The doses used were equivalent to 10 
cigarettes (900µ.g/kg), 20 cigarettes (1800,µ.g/ kg) or 
30 cigarettes (2700µ..g/kg). 

Each dose was subcutaneously administered daily 
during each trimester. The control group of the preg­
nant mice for each trimester were given normal saline 
solution subcutaneously too. 

The body weight of the offspring for each trimester 
were measured on the birth day and weekly thereafter 
till they were 70 days old. For each trimester and for 
each dose one and two months old prenatally nicotine­
treated subgroup and one control subgroup of 10 off­
springs were randomly selected and killed by decap­
itation. Their viscera: adrenal glands, brain, liver, 
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heart and kidneys were weighed, reported and sub­
jected to statistical analysis by using stident T-test.s 

Results 
FIRST TRIMESTER 
Body Weight 
The results of the body weights of the offspring 

from mothers treated with nicotine during the first 
trimester are shown in Table I and Fig. 1. 

Compared with the controls, there was highly sig­
nificant (p < .01) reduction in the birth weight of all 
prenatally nicotine-treated offspring for 4, 6 and 9 
postnatal weeks with the small, intermediate and large 
doses respectively. These findings indicate that the 
reduction in body weight was more obvious with the 
large dose than the small one (Fig. 1). In addition, 
they indicate that the severe reduction effect caused 
by the large dose disappeared when the offspring 
were 9 weeks old. 
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Fig. I Mean of wclahts for mice progenies from twice daily nicotine base 
[(4SOµ.a/k&)~20---0 , (900f<-g/kg)x2 ... - - .. or (13SOf<.g/kg)x2 
0- - - O or control • • I treated mothers durina first trimester 
against age in weeks. 
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Table 1: The mean ± S.E. of weights for mice progenies from twice daily nicotine base-or normal saline (con-
trol)-treated mothers during first trimester. 

Mean ± S.E. 

Age Control N ( 450 µg/kg)x2 N (900 p g/kg)x2 N (1350}A-g/ kg)x2 N 

Birth-day 1.66 ± 0.01 80 1.53 ± 0.02 .. 60 l.47 ± 0.02** 60 1.41 ± 0.02 .. 60 
I st-week 4.10±0.23 40 3.37 ±0.16 .. 30 3.28±0.12 .. 30 3.33 ± 0. 11 .. 30 
2nd-week 7.23 ±0.18 40 6.30±0.21 .. 30 5.45 ± 0.03•• 30 5.02±0.15** 30 
3rd-week 10.70±0.29 40 8.74±0.23 .. 30 7.31 ± 0.21•• 30 7.06 ±0.24•• 30 
4th-week 14.42±0.30 40 13.13 ±0.26** 30 12.33 ±0.26** 30 11.80±0.37** 30 
5th-week 17.52±0.27 40 16.63 ±0.46 30 15.06 ± 0.30** 30 15.62 ± 0.33** 30 
6th-week 19.00±0.35 20 18.00±0.47 20 17.80 ± 0.28•• 20 17.20 ± 0.52** 20 
7th-week 20.30±0.58 10 19.90 ± 0.11 10 19.20 ± 0.49 10 19.10±0.16* 10 
8th-week 22.70±0.63 10 21.90±0.72 10 21.40 ± 0.48 10 20.50 ± 0.98* 10 
9th-week 24.75 ±0.43 10 22.90±0.70 40 21.30 ± 0.47 JO 20.37 ± 0.39** 10 

10th-week 25.70± 1.90 10 24.50± 0.92 10 23.40 ± 0.37 10 23.20 ±0.65 10 

* Significantly different from corresponding control (p < .05) 
••Highly significantly different from corresponding control (p < .01) 
N NumhPr of ,;inim<> I ~ 

Table 2: The mean ± S.E. of weights for mice progenies from twice daily nicotine base-or normal saline (con-
trol)-treated mothers during second trimester. 

Mean ± S.E. 

Age Control N (450µg/kg)x2 N (900µ g/kg)x2 

Birth-day 1.62±0.01 90 l.40 ± 0.02** 90 1.40±0.01** 
1st-week 4.02±0.24 40 3.14±0.20* 40 3.63 ± 0.10** 
2nd-week 7.24±0.16 40 5.44±0.15** 40 4.90 ± 0.12•• 
3rd-week 10.60±0.20 40 7.35 ±0.32** 40 6.66 ± 0.23** 
4th-week 14.02±0.34 40 12.64±0.40* 40 11.96 ± 0.34** 
5th-week 18.16±0.36 40 15.90 ± 0.37 .. 40 15.64 ± 0.40** 
6th-week 19.00±0.53 20 17 .20 ± 0.45* 20 16.40 ± 0.54* 
7th-week 20.20± 1.04 10 18.70± 0.92 10 18.40±0.93 
8th-week 21.90± 1.10 JO 20.40±0.50 10 19.40± 1.00 
9th-week 25.00±0.51 10 23.30 ± 0.65 10 22.75 ± 0.52 

10th-week 26.60±0.91 10 24.60± 1.01 10 23.80± 1.32 

• Significantly different from corresponding control (p < .05) 
•• Highly significantly different from corresponding control (p < .01) 
N Number of animals. 
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N (l 350µ.g/kg)x2 N 

80 l.32 ± 0.01** 80 
40 3.10±0.11** 40 
40 4.90±0.20** 40 
40 6.50 ± 0.21•• 40 
40 9.65 ± 0.34** 40 
40 15.10±0.39** 40 
20 16.85 ± 0.67* 20 
10 18.30 ± 1.02 10 
10 19.10 ± 1.04 10 

10 20.45 ± 0.50 .. 10 
10 22.20 ±0.76 .. 10 



Weight of Organs 
Table 4 represents the weight of the organs of one­

and two-months-old offspring from mothers treated 
with nicotine during the first trimester, calculated as 
the percentage of body weight. 

The prenatal effect of nicotine on the mean weights 
of organs during this stage of pregnancy was uncon­
sistent on the weight of adrenal glands, brain, heart, 
liver and kidneys when compared with those of the 
controls. 

SECOND TRIMESTER 
Body Weight 
The results of body weight of the offspring of 

mothers treated with nicotine during the second tri­
mester are shown in Table 2 and Fig. 2 . 

Compared with the controls, all three experimental 
offspring showed highly significant (p < .01) reduc­
tion in the birth weight (Table 2 and Fig. 2). 

The significant reduction in the body weights of the 
offspring prenatally treated with the small and inter­
mediate doses continued for six weeks thereafter, 
while those prenatally treated with the large dose 
showed highly significant (p < .01) reduction during 
the testing period (Table 2). These results confirm the 
previous results of the first trimester which indicate 
also that reduction in body weight was more with the 
large dose than with the small dose (Fig. 1). 
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Flg. 2 Mean of weight$ for mice progenies from twice daily nicotine base 
((4SO;c-g/kg)x20---0. (900J.A-gl k&)x2 e- - - • or (13S0,""-a/ks)x2 
O- - -0 or con1rol.-. J treated mothers during seoond trimester 
aaoinst age tn weeks. 

Weight of Organs 
Table S presents the weight of the organs of one­

and two-month-old offspring from mothers treated 
with nicotine during the second trimester, calculated 
as the percentage of body weight. 

The prenatal effect of nicotine on the mean weights 
of the organs during this stage of pregnancy caused 
no significant reduction except in the brain (p < .OS, 
p < .01) with the intermediate and large doses only. 

These findings are an indication that nicotine influ­
ences the brain which has just started to be formed 
during this stage of pregnancy. The significant reduc­
tion in brain weight when compared with the controls 
is an indication of the prenatal effect of the drug on 
the maturation and development of the brain and a 
confirmation of the prenatal effect of the drug ad­
ministered during this stage of pregnancy on the post­
natal behavior of the offspring.• 

THIRD TRIMESTER 
Body Weights 
The results of the body weights of the offspring 

from mothers treated with nicotine during the third 
trimester are shown in Table 3 and Fig. 3. 

Compared with the controls, there was highly sig­
nificant (p < .01) reduction in the birth weight of all 
prenatally nicotine-treated offspring. The reduction 
continued throughout the whole testing period, ex­
cept for those prenatally treated with the small dose 
which returned to normal weight when they were two 
months old (Table 3). These results confirm the 
previous results of the first and second trimester 
(Table l and 2, Fig. l and 2), but the reduction in 
body weight was more obvious during the third than 
the second and first trimesters. 

Weight of Organs 
Table 6 presents the weight of the organs of one­

and two-month-old offspring from mothers treated 
with nicotine during the third trimester, calculated as 
the percentage of body weight. 

The large dose of nicotine significantly (p < .01) 
reduced the mean of the brain weights (O/o of body 
weight) of all prenatally nicotine-treated offspring in 
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tla. J Menn of weights for mice progenies from twice dally nicotine base 
[(4SO,,ug/kg)x2 o--: . (~&fkg).x2._ - - • or (llSOf'C-g/kg)x2 
O- - -0 or coni rol J tTCatcd mothers durina third trimester 
against age in weeks. 

comparison with the controls when they were one 
month old. These results indicate that reduction in 
the brain weight disappeared when the offspring were 
two months old , i.e., the maturation and develop­
ment of the brain of the offspring prenatally treated 
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Table 3: The mean ± S.E. of weights for mice progenies from twice daily nicotine base-or normal saline 
(control)-treated mothers during third trimester. 

Mean ± S.E. 

Age Control N (450,µ.g/kg)x2 N (900p. g/kg)x2 N (1350,µ. g/kg)x2 N 

Birth-day 1.61 ±0.01 120 1.30±0.01 .. 96 1.22±0.02 .. 109 1.21 ±0.01 .. 90 

1st-week 5.70±0.12 45 3.59±0.JO .. so 3.50±0.JO .. so 3.20±0.JO .. 50 

2nd-week 6.90±0.10 45 6.32±0.20•• 50 5.92±0.24** 50 4.52±0.20•• 50 

3rd-week 10.68±0.50 45 8.30±0.20•• 50 7.73 ±0.14** 50 6.97±0.24** 50 

4th-week 16.01 ±0.3 1 45 14.62 ± 0.33** 50 14.53 ±0.30•• 48 12.33 ±0.33** 46 

5th-week 19.11 ±0.30 45 18.02±0.44** 50 17.13±0.40•• 48 16.74±0.36•• 46 

6th-week 21.03 ±0.75 30 19.91 ±0.41 30 19.20±0.46• 30 17 .90 ± 0.42** 30 

7th-week 22.03±0.80 20 20.15 ±0.65 20 19.76±0.51* 20 18.95±0.61** 20 

8th-week 24.45 ±0.76 20 22.10 ±0.67* 20 20.55 ± 0.60•• 20 19.15 ±0.75•• 20 

9th-week 26.J0±0.49 20 22.60±0.52 .. 20 23.97 ±0.60·· 20 22.75 ±0.42** 20 

10th-week 27.60± l.05 JO 24.80± 1.40 JO 23.50± 1.01• JO 22.50 ± 1.45* 10 

• Significantly different from corresponding control (p < .05) 
•• Highly significantly different from corresponding control (p < .01) 
N Number of animals. 

Table 4: The mean ± S. E. of weight of organs (calculated as O/o body weight) for mice progenies from twice daily 
nicotine base or normal saline (control)-treated mothers during first trimester. t 

Mean± S.E. 

Organs Control (450,µ. g/kg)x2 (900,µ. g/kg)x2 (1350...-'-' g/kg)x2 

One Month Old 

Adrenal gland 0.02±0.00 0.02±0.00 0.01 ±0.00 0.02 ± 0.00 
Brain l.99 ±0. 15 2.09±0.19 1.96±0.26 2.06±0.10 
Heart 0.52±0.02 0.48±0.02 0.49±0.04 0.51 ±0.05 
Liver 4.91 ±0.18 4.67±0.08 4.60±0.13 4.69±0.14 
Kidney 0.29±0.01 0.29 ±0.01 0.28±0.01 0.30 ± 0.02 

Two Months Old 

Adrenal gland 0.02 ±0.00 0.02±0.00 0.01 ±0.00 0.01 ±0.00 
Brain 2.04±0. ll 2.J0±0.11 2.13 ±0.13 2.07 ±0.13 
Heart 0.54±0.21 0.51 ±0.02 0.52±0.04 0.5 1 ±0.03 
Liver 5.13±0.21 4.89 ±0.07 4.76±0.21 4.70±0.09 
Kidney 0.66±0.04 0.67 ±0.42 0.67±0.05 0.62 ± 0.03 

t l 0 animals per group 
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Table 5: The mean ± S.E. of weight of organs (calculated as OJo body weight) for mice progenies from lwice daily 
nicotine base or normal saline (control)-treated mothers during second trimester. t 

Mean± S.E. 

Organs Control (450_µ g/ kg)x2 (900;<Lg/ kg)x2 (1350,µ.g/kg)x2 

One Month Old 

Adrenal gland 0.02 ± 0.00 0.01 ± 0.00 0.01 ±0.01 0.01 ±0.00 
Brain 2.10±0.14 2.00±0.22 1.79 ± 0.08* 1.49±0.05•• 
Heart 0.50 ± 0.04 0.48 ± 0.01 0.45 ± 0.02 0.31 ±0.05 
Liver 5.56±0.40 5.00±0.23 4.89 ± 0.21 4.00 ±0. 14 
Kidney 0.28 ± 0.01 0.26 ± 0.01 0.24 ± 0.01 0.25 ±0.02 

Two Months Old 

Adrenal gland 0.01 ±0.00 0.01 ± 0.00 0.01 ±0.01 0.01 ±0.00 
Brain 2.34±0.34 2.12 ± 0.12 2.34±0.12 2.00 ±0.15 
Heart 0.64 ± 0.03 0.57 ± 0.04 0.47 ± 0.01 0.43 ±0.01 
Liver 5.34±0.75 4.71 ± 0.17 4.90 ± 0.55 4.69±0.09 
Kidney 0.58±0.06 0.59 ± 0.02 0.57±0.01 0.56±0.02 

t 10 animals per group 
• Significantly different from corresponding control (p .05) 

•• Highly significantly different from corresponding control (p .01) 

Table 6: The mean ± S.E. of weight of organs (calculated as OJo body weight) for mice progenies from twice daily 
nicotine base or normal saline (control)-treated mothers during third trimester. t 

Mean ± S.E. 

Organs Control (450;(Lg/ kg)x2 (900fa' g/kg)x2 (1350,,µ. g/ kg)x2 

One Month Old 

Adrenal gland 0.02 ± 0.00 0.01 ± 0.00 O.Dl ±0.00 0.01 ±0.00 

Brain 2.44 ± 0.07 2.51 ± 0.19 2.16±0.11* 1.89 ±0.14•• 

Heart 0.45 ± 0.02 0.41 ± 0.04 0.38±0.02* 0.37±0.02* 

Liver 4.48±0.19 4.40 ± 0.29 4.10±0.41 4.13 ±0.25 

Kidney 0.28 ± 0.04 0.26 ± 0.01 0.26±0.02 0.26±0.02 

Two Months Old 

Adrenal gland 0.01 ±0.01 0.01 ± 0.00 0.01 ±0.00 0.01 ±0.00 

Brain 2.01 ±0.09 1.10 ± 0.12 1.97±0.21 1.89 ± 0.07 

Heart 0.48±0.03 0.42 ± 0.01 0.43 ±0.01 0.40±0.02 

Liver 5.21 ±0.52 4.49 ± 0.39 3.99±0.45 3.89±0.20• 

Kidney 0.57 ±0. 15 0.57 ± 0.21 0.54 ± 0.07 0.52 ± 0.09 

t JO animals per group 
• Significantly different from corresponding control (p .05) 

•• Highly significantly different from corresponding control (p .01) 

' 
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with nicotine during the third trimester might become 
more advanced as compared with the controls when 
they were two months old. The prenatal effect of 
nicotine administered during this stage of pregnancy 
on the postnatal development of the brain coincides 
with that on the postnataJ behavior of the offspring.• 
There was significant reduction in the mean of the 
heart weights (O'/o of body weight) of the offspring 
prenatally treated with the intermediate and large 
doses when they were one month old. 

Compared with the controls, the offspring pre­
natally treated with the large dose showed significant 
(p < .05) reduction in the mean of liver weights (O'/o of 
body weight) when they were two months old. 

Discussion 
There are many probable causes of postnatal growth 
retardation caused by prenatal nicotine (Tables I, 2 
and 3 and Fig. 1, 2 and 3). The vasoconstrictive effect 
of nicotine on uterine blood flow might lead to hy­
poxia in the fetus besides the inadequate maternal 
nutritional supply through the placenta4 to the devel­
oping fetus. It has also been mentioned that prenatal 
smoking may affect fetal growth either by diminution 
of the placental circulation or placental separation.• 
In addition, acetylcholine is probably involved in the 
transport of charged molecules across the trophoblast. 
The release of acetylcholine and the subsequent stimu­
lation of a placental cholinergic receptor by free 
acetylcholine are possibly coupled to the transport 
processes. This whole process was referred to as 
acetylcholine-stimulation-transport couples.s If this 
hypothesis is true, the placental system plays a signif­
icant role in the regulation and maintenance of fetal 
growth and development. Pesticides of the organo­
phosphorus series or those containing nicotine could 
significantly alter the function of the placental cholin­
ergic system by influencing the levels of acetylcholine 
in the placenta! tissue, by releasing the bound acetyl­
choline or by acting competitively at the proposed 
nicotinic cholinergic receptor. The final result of 
these alterations would be disturbed fetal growth and 
development and the consequent production of poor 
quality life.s Besides, all these mentioned factors 
which may influence the prenatal and postnatal 
growth and development of the offspring from 
nicotine-treated mothers, inhibiting the possible lack 
of adipose tissue deposit which was indicated by skin­
niness, angularity of the body and wrinkled skin in a 
large number of the offspring from mothers treated 
with the intermediate or large doses of nicotine dur­
ing the first, second and third trimesters might be one 
of the factors which caused fetal growth retardation 
and thereafter showed significant decrease of body 
weight at birth.l In addition, it has been postulated 
that the reduction in oesterial secretion in smoking 
pregnant females may be the major cause for intra­
uterine fetal growth retardation, decrease in body 

weight at birth, perinatal mortality, and morbidity.2 

The significant retardation in the mean weights of the 
brain and the heart of one-month-old offspring pre­
natally treated with the intermediate or large doses of 
nicotine during the second or third trimesters which is 
shown in Table 5 and 6 is probably due to the reduc­
tion in the number of the cells of the brain and the 
heart but not to the reduction in the cell size caused by 
prenatal nicotine.6 Since there is not any reduction in 
the brain weight of two-month-old offspring from 
mothers treated with nicotine during both trimesters 
(Table 5 and 6), it might be suggested that the pre­
natal effect of nicotine on the functions of the brain 
started to disappear after the second postnatal 
month. Hence, the results of the brain weights of the 
offspring from mothers treated with nicotine during 
the second and third trimesters coincide with the pre­
viously reported behavioral effects.• The significant 
reductions in the mean weights of the liver in the two­
month-old offspring from mothers treated with the 
large dose of nicotine during the third trimester 
(Table 6) as compared with the controls might be due 
to the retardation of cell number but not to cell size6 
and/or to decrease in the lipid content of the liver.9 
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