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ABSTRACT  
 

The present study was carried out to investigate the developmental toxicity of 1mg/kg.b.wt./d of 
nicotine subcutaneously administered for 20 successive days of gestation in female albino rats and the 
possible protective effect of orally administered each of (2mg/kg.b.wt./d) ascorbic acid  and (20 
mg/kg.b.wt./d) resveratrol alone or together against nicotine. The animals were sacrificed at the end of 
gestation. The morphological examination of uterus and fetuses were assessed. The number of implantation 
and resorption sites, percent pre- and post implantation loss per dam and late resorption sites were examined. 
The fetuses were examined for skeletal and visceral examinations. The ossification of skull, split of 2nd and 
5th sternbrea, off center of 2nd and 4th sternbrea and ossification of xiphosternum were examined. The number 
of corpora lutea per dam and the mean weight of placenta were significantly increased in dams treated with 
nicotine.  The mean fetal crown rump length was significantly decreased in nicotine+resveratrol group 
comparing with control group. Treatment with nicotine and nicotine+ascorbic acid induced incomplete 
ossification of skull while it disappeared in treatments with nicotine+reasveratrol and nicotine+ ascorbic 
acid+resveratrol. Hypoplastic of 2nd or 5th sternum and the absence of xiphosternum were observed in 
nicotine treated group. Microcephaly in brain was observed in groups treated with nicotine, 
nicotine+resveratrol and nicotine+ascorbic acid+ resveratrol. 
 
Key words: Developmental toxicity, nicotine, ascorbic acid, resveratrol, female albino rats, skeletal 

examinations and visceral examinations 

 
Introduction  

 
Teratology is an interdisciplinary science, which investigates causes, possible mechanisms and 

manifestations of abnormal development (Burdan et al., 2005). 
A teratogenic exposure is one that can cause an embryo or fetus to develop abnormally. Teratogenic 

exposures can affect prenatal development by; altering gene expression, programmed cell death (apoptosis), 
cell migration or proliferation, histogenesis, synthesis or function of proteins or nucleic acids, or the supply 
of energy sources. Some teratogenic exposures act directly on the embryo, whereas others act through 
intermediates produced by maternal metabolism (Polifka and Friedman, 2002). 

Cigarette smoking, one of the most pervasive habits in society, presents many well established health 
risks. While lung cancer is probably the most common and well documented disease associated with 
smoking, it is becoming clear from recent research that many other diseases are causally related to smoking; 
whether from direct smoking or inhaling environmental tobacco smoke (ETS), termed second hand smoke 
(Scott, 2004). 

Exposure to tobacco smoke is major risk factor for sudden infant death syndrome “SIDS” (Adgent, 
2006). Epidemiological studies have demonstrated that fetal exposure to maternal smokers is associated with 
elevated blood pressure and/or cardiovascular disease in offspring later in life (Beratis et al., 1996& Blake 
et al., 2000). 

Ascorbic acid (vitamin C) is a water-soluble vitamin which can be found in many biological systems 
and foodstuffs, such as fresh vegetables and fruits, namely, citrus. Ascorbic acid plays an important role in 
collagen biosynthesis, iron absorption, and immune response activation and is involved in wound healing. It 
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also acts as a powerful antioxidant which fights against free-radical induced diseases (Bhagavan, 2001 ; 
Mohora, 2006).  Nicotine can also reduce ascorbic acid plasma level both in men and women, (Kim et al., 
2004).  The turnover of vitamin C in smokers was 50 percent greater than that in non-smokers. However, 
there is no evidence that the health of smokers would be influenced in any way by increasing their RNI 
(Recommended nutrient intake, Dawson et al., 1999. 

Resveratrol is a polyphenol which found in over 70 common plant species. The concentration of 
resveratrol in food substances varies widely. It occurs naturally in grapes, peanuts, a number of other plants 
and herbal remedies, (Hendler and Rorvik, 2001). In humans, resveratrol is rapidly taken up after oral 
consumption of a low dose, with the plasma resveratrol concentration peaking about 30 minutes after 
consumption. Up to 70% of the ingested resveratrol has been found to be bioavailable in humans based on 
the levels appearing in the plasma, with similar levels being reported for rats (~50%), Marier et al., 2002& 
Walle et al., 2004). 

The aim of the present work is to evaluate the possible protective effect of ascorbic acid and resveratrol 
alone or in combination against nicotine induced teratogenic effect in pregnant female rats during gestation 
period. 

 
Materials and Methods 

 
Animals: 
 

The present study was performed on sixty four virgin mature female Spargue Dawley and twenty mature 
male, of an average weight 150g±10. The male rats were used only for mating. The animals were allowed 
to acclimatize to the laboratory conditions in stainless cages for a minimum period of 2 weeks prior to the 
experiment. Rats were kept in hygienic conditions. Water and diet were provided ad libitum during 
experiment. 

 
Drugs and Chemicals: 
 

Nicotine was purchased as brown solution from Sigma-Aldrich Chemical Co., USA. It was freshly 
mixed with distilled water and daily subcutaneously (s.c.) injected to pregnant female rats from zero to 20th 
day of gestation in a dosage level 1mg/kg.b.wt. Ascorbic acid (Vitamin C) was purchased as white powder 
from Elgomhoria Company, Cairo, Egypt. It was freshly dissolved in distillated water and daily orally 
administered in a dosage level of 2mg/kg.b.wt. from zero to 20th day of gestation. Resveratrol was purchased 
as a buff powder from Wuzhou motor factory, China.  It was freshly suspended in 1% carboxy methyl 
cellulose and daily orally administered in a dosage level of 20 mg/kg.b.wt. from zero to 20th day of gestation. 

  
Experimental Design: 
 

Virgin mature female albino rats were examined periodically using vaginal smear technique to ensure 
that they were in regular estrous cycle (Cohen, 1966). These females were introduced into the males’ cage 
in the estrus or pro-estrus stages, the animals were paired on one male to two females, usually in the late 
afternoon. In the next morning, a vaginal smear was examined to verify the zero-day of pregnancy. The 
female was considered mated when sperms were found in the vaginal smears or vaginal plug was detected, 
and that day was designated as zero-day of pregnancy (Christian, 2001). At zero-day of pregnancy, pregnant 
female rats were allocated randomly into equal experimental groups of 8 females in each group and treated 
as follow: Group1: Dams were S.C. daily administered distilled water at the volume level of nicotine from 
zero to 20th day of gestation and kept as control. Group2: Rats were S.C. administered nicotine at dose of 
1mg/kg.b.wt./d from zero to 20th day of gestation. Group3: Dams were orally administered ascorbic acid at 
dose of 2mg/kg.b.wt./d from zero to 20th day of gestation. Group4: Dams were orally administered ascorbic 
acid at dose of 2mg/kg.b.wt./d plus nicotine S.C. at dose of 1mg/kg.b.wt./d from zero to 20th day of gestation. 
Group5: Dams were orally administered carboxy methyl cellulose at the volume level of resveratrol from 
zero to 20th day of gestation. Group6: Dams were orally administered resveratrol at dose of 20 mg/kg.b.wt./d 
from zero to 20th day of gestation. Group7: Dams were administered resveratrol orally at dose of 20 
mg/kg.b.wt./d plus nicotine S.C. at dose of 1mg/kg.b.wt./d from zero to 20th day of gestation. Group8: Dams 
were administered nicotine S.C. at dose of 1mg/kg.b.wt./d plus ascorbic acid orally at a dose of 
2mg/kg.b.wt./d plus resveratrol orally at dose of 20 mg/kg.b.wt./d from zero to 20th day of gestation. 
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Morphological examination: 
 

The method of Manson and Kang (1989) was used for morphological examination of fetuses. The dam 
was laid on filter paper and the abdominal wall was reflected over the thorax. The ovaries are removed from 
the fat and the corpora lutea were counted immediately. The uterus was removed without confusing the left 
and right horns. The numbers of implantation sites, resorption sites, live and dead fetuses were counted. The 
fetuses were examined for gross external anomalies, and then they were weighed and measured the length. 
Percent pre- and post implantation deaths were calculated. Two-third of the obtained fetuses was kept in 
Bouin’s solution for at least one week for exploring the visceral abnormalities. The other third of fetuses 
were eviscerated and kept in 95% ethyl alcohol for revealing the skeletal malformations. 

 
Skeletal examination:  
 

The eviscerated fetuses were placed in 2% potassium hydroxide solution for 24-35 hours to clear the 
non-calcified tissues. After clearing, fetuses were stained in Mallsch’s solution with alizarin red stain, which 
is critical to proper visualization of bones, for 24 hours or until the bones are more vivid than the surrounding 
tissues (Prakash and Arora, 1998). Thereafter, the cleared fetuses were transferred to Mallsch’s solution 
without alizarin red stain to destain, followed by 20, 50, 80 and 100% glycerin solution, respectively. The 
stained fetuses were examined under dissecting microscope for any abnormality in shape, size and absence 
of bones. Vertebral arches and centers, ribs and sternal centers were examined for size and shape and counted 
for the number of ossification centers. The fore limbs and hind limbs were examined for development of 
long bones. The numbers of digits were counted. The skeletal malformations of each fetus were recorded as 
explained by Manson and Kang, (1989&1994). 

 
Visceral examination: 
 

The fetuses, which preserved in Bouin’s fixative, were rinsed with cold water and examined grossly. 
The abdomen was cut horizontally at the level of the umbilicus and longitudinally from the pups to below 
the level of diaphragm (Manson and Kang 1989), then the abdominal cavity was examined. The fetuses were 
decapitated and the head placed in Bouin’s fixative for subsequent razorblade sectioning to the pinna, then 
the top of the head was detached and the tongue was removed and examined for proper closure of the palate. 
The top of the head was flipped to its original position, and five cuts were made, each of these sections was 
examined under a dissecting microscope. 

 
Statistical analysis: 
 

Data are represented as mean ± standard error (SEM) or as percentage. Statistical analysis was 
performed using one-way analysis of variance (ANOVA) followed by Tukey- Kramer as a post Hoc test or 
Chi-square test. The 0.05 level of probability was used as the criterion for significance. All statistical 
analyses were performed and Graphs were sketched using GraphPad Prism software (version 5). 

 
Results  

 
Morphological examinations of uterus and fetuses: 
 

Morphological examinations of uterus and fetuses were shown in Table (1). The number of corpora 
lutea per dam was significantly increased in dams treated with nicotine, resveratrol, and Nicotine+Ascorbic 
acid+resveratrol from zero to 20th day of gestation comparing with control. The number of corpora lutea per 
dam insignificantly elevationed in each of Ascorbic acid, Nicotine+Ascorbic acid and Nicotine+Resveratrol 
treated groups comparing with the control. The number of corpora lutea per litter was insignificantly 
increased in nicotine, nicotine+ascorbic acid, resveratrol and nicotine+ascorbic acid+resveratrol treated 
groups. The number of implantation sites per dam was insignificantly increased in all groups except in 
Carboxy methyl cellulose and nicotine+ascorbic acid+resveratrol treated group where significantly 
increased than control. In addition the number of implantation sites per litter and the number of alive fetus 
per dam were insignificantly increased in all treated groups. The number of dead fetus per dam was 
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insignificantly increased in nicotine, ascorbic acid and nicotine+resveratrol treated groups. The number of 
early resorption sites was insignificantly increased in each of nicotine+Ascorbic acid, resveratrol, Carboxy 

  
Table 1: Morphological examination of fetuses obtained from dams given nicotine, ascorbic acid and resveratrol alone or in 

combination from zero to 20th day of gestation. 
                                          Treated groups 

 
Parameters 

Control Nicotine Ascorbic 
Nicotine 

+Ascorbic acid 

No. of corpora.lutea per dam 7.375±0.324 9.556±0.475(a) 8±0.2673 8.667±0.289 
No. of  corpora.lutea per litter 1.182±0.061 1.467±0.130 1.155±0.067 1.266±0.103 
No. of implantation sites per dam 6.500±0.423 7.222±0.572 7.333±0.373 7.556±0.530 
No. of implantation sites per litter 1.025±0.025 1.053±0.027 1.041±0.027 1.060±0.024 
No. of alive fetuses  per dam 6.500±0.400 7.000±0.480 7.110±0.450 7.110±0.450 
No. of dead fetus per  dam 0.000±0.000 0.222±0.147 0.111±0.111 0.000±0.000 
No. of early resorption sites 0.000±0.000 0.000±0.000 0.000±0.000 0.222±0.147 
No. of late resorption sites 0.125±0.125 0.333±0.167 0.125±0.125 0.222±0.147 
Sex ratio 0.802±0.155 1.081±0.310 1.137±0.201 0.765±0.117 
Percent post implantation loss per dam 3.015±3.015 7.238±3.622 5.149±3.409 8.924±3.531 
Percent post implantation death per dam 3.015±3.015 10.72±4.311 7.449±3.735 8.924±3.531 
Percent pre implantation loss per dam 16.13±4.863 29.38±3.037 12.73±4.142 11.85±4.588 
Mean fetal weight 3.76± 0.06 3.78±0.034 3.56± 0.06 3.54± 0.07 
Mean fetal crown rump length per ml 37.5± 0.02 36.3±0.04 36.8± 0.03 35.8± 0.03 
mean weight of placenta 0.450± 0.006 0.560±0.02 0 (a) 0.490±0.008 0.470±0.01 0 (b) 

 
Table 1: Cont. 

                           Treated groups 
 

Parameters 

Carboxy 
Methyl 

cellulose 
Resveratrol 

Nicotine + 
Resveratrol 

Nicotine 
+Ascorbic acid 
+Resveratrol 

No. of corpora.lutea per dam 9.0 ±0.4629 9.857±0.459(a) 8.714±0.474 9.714±0.522(a) 
No. of  corpora.lutea per litter 1.129±0.080 1.241±0.089 1.159±0.047 1.383±0.092 
No. of implantation sites per dam 8.750±0.453(a) 7.857±0.553 7.857±0.508 8.143±0.459(a) 
No. of implantation sites per litter 1.081±0.047 1.048±0.048 1.038±0.025 1.157±0.070 
No. of alive fetuses  per dam 8.000±0.580 7.570±0.610 7.570±0.480 7.140±0.460 
No. of dead fetus per  dam 0.000±0.000 0.000±0.000 0.143±0.143 0.000±0.000 
No. of early resorption sites 0.143±0.143 0.143±0.143 0.143±0.143 0.143±0.143 
No. of late resorption sites 0.429±0.202 0.143±0.143 0.143±0.143 0.429±0.297 
Sex ratio 0.800±0.107 1.690±0.324 0.969±0.288 1.314±0.325 
Percent post implantation loss per dam 12.41±4.630 4.286±4.286 5.737±3.706 15.10±5.689 
Percent post implantation death per dam 12.41±4.630 4.286±4.286 6.973±4.573 15.10±5.689 
Percent pre implantation loss per dam 5.691±3.949(b) 21.31±6.567 15.38±4.154 23.45±1.445 
Mean fetal weight 3.12± 0.06 (a) 3.59 ± 0.08 3.40± 0.08(a,b) 3.33± 0.09(a,b) 
Mean fetal crown rump length per ml 35.7± 0.03 37.2± 0.03 34.9± 0.14(a) 35.6± 0.03 
mean weight of placenta 0.440±0.004 0.440±0.010 0.420±0.007(b) 0.440±0.016 (b) 

Nicotine injected S.C. in dose of 1mg/kg/d, ascorbic acid orally given in dose of 2mg/kg/d and resveratrol orally given in 
dose of 20mg/kg/d. 
 Data are represented asMean±SEM (n=8)               Statistical ananlysis was carried out using one way ANOVA 
 Followed by Tukey Kramer multiple comparison test.        (a) Significantly different from control group  at P<0.05                
 (b) Significantly different from nicotine group at P<0.05 

 
methyl cellulose, nicotine+resveratrol and  nicotine+ascorbic acid+resveratrol treated groups. Also, the 
number of late resorption sites was insignificantly increased in nicotine, nicotine+Ascorbic acid, resveratrol, 
nicotine+resveratrol and nicotine+ascorbic acid+resveratrol treated groups. The percent post implantation 
loss and the percent post implantation death per dam were insignificantly increased in all treated groups. The 
percent pre implantation loss per dam was significantly decreased in carboxy methyl cellulose comparing 
with nicotine group. While it insignificantly increased in nicotine, resveratrol, nicotine+resveratrol and 
nicotine+ascorbic acid+resveratrol treated groups. In addition it showed insignificantly decreased in ascorbic 
acid and nicotine+ ascorbic acid treated groups. The mean fetal weight was significantly decreased in 
carboxy methyl cellulose treated group comparing with control group and in nicotine+resveratrol and 
nicotine+ascorbic acid+resveratrol treated groups compared with control and nicotine groups, (Fig.1). The 
mean fetal crown rump length reduced insignificantly in all treatment except in nicotine+ resveratrol group 
where the mean fetal crown rump length significantly decreased comparing with control group, (Fig.2). The 
Mean weight of placenta significantly increased in nicotine group comparing with control. While Mean 
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weight of placenta was significantly decreased in dams treated with nicotine+resveratrol and 
nicotine+ascorbic acid+resveratroltreated groups comparing with nicotine group. 
 

  
Fig.1: Fetus obtained from dam received 1mg/kg/d 
nicotine+ 20mg/kg/day of resveratrol from zero to 20th day 
of gestation showing growth retardation with absence tail, 
Control on the left. 

Fig.2: Fetus obtained from dam received 1mg/kg/day of 
nicotine +20mg/kg/day of resveratrol from zero to 20th day 
of gestation showing shorten in crown rump length, Control 
on the left. 

 
Skeletal examination:  
 

The skeletal examinations were shown in Table (2). Treatment with nicotine at dose level of 
1mg/kg.b.wt. s.c. from zero to 20th day of gestation induced incomplete ossification of scull at percentage of 
45.00% (Fig.3) and treatment with nicotine+ascorbic group decrease the percentage to 20.83%. In addition 
treatments with nicotine+ reasveratrol and nicotine+ ascorbic+resveratrol groups were showed 0.00%.  

 
Table  2 : Skeletal examination of fetuses obtained from dams given nicotine, ascorbic acid and resveratrol alone or in 

combination from zero to 20th day of gestation. 

Parameters Control Nicotine Ascorbic acid 
Nicotine+ 

Ascorbic acid 

No. of examined fetuses 20 20 26 24 

Incomplete ossification skull 
No. % No. % No. % No. % 
0 0.00 9 45.00 2 7.69 5 20.83 

Sternum 
Hypoplastic 2nd or 5th 0 0.00 13 65.00 5 19.23 5 20.83 
Split & off center or 
absence of 2nd  to 4th 

0 0.00 0 0.00 0 0.00 1 4.17 

Xiphosternum 
Absence 1 5.00 2 10.00 1 3.85 3 12.50 
Incomplete ossification 4 20.00 13 65.00 0 0.00 1 4.17 

Shorten rib 13th 0 0.00 1 5.00 0 0.00 0 0.00 

 
Table 2: Cont. 

Parameters 
Carboxy 
methyl 

cellulose 
Resveratrol 

Nicotine+ 
Resveratrol 

Nicotine+ Ascorbic 
acid+Resveratrol 

No. of examined fetuses 20 22 17 17 

Incomplete ossification skull 
No. % No. % No. % No. % 

0 0.00 0 0.00 0 0.00 0 0.00 

Sternum 
Hypoplastic 2nd or 5th 6 30.00 3 13.64 1 5.88 6 35.29 
Split & off center or 
absence of 2nd  to 4th 

1 5.00 1 4.55 1 5.88 1 5.88 

Xiphosternu
m 

Absence 0 0.00 1 4.55 0 0.00 1 5.88 
Incomplete 
ossification 

2 10.00 2 9.09 2 11.76 6 32.29 

Shorten rib 13th 0 0.00 0 0.00 0 0.00 0 0.00 

 
Hypoplastic of 2nd  or 5th  sternum reached to 65.00% at nicotine treated group and 35.29% at 

nicotine+ascorbic acid+resveratrol treated group ,while it decreased to 19.23& 20.83 % at ascorbic acid 
treated group and nicotine+ascorbic acid treated group, respectively. In addition it showed lower percentage 
(13.64, 5.88%) at resveratrol treated group and nicotine+ reasveratrol treated group. Split and off center or 
absence of 2nd to 4th sternum were (4.17, 5.00 &4.55%) in nicotine+ascorbic, carboxy methyl cellulose and 
resveratrol groups, respectively. It was 5.88% in both nicotine+resveratrol and nicotine+ascorbic 
acid+resveratrol. The absence of xiphosternum reached to 10.00% at nicotine treated group, 3.85% at 
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ascorbic treated group and 12.5% at nicotine+ascorbic acid treated group (Fig.4). While it didn’t alter from 
control group at each of resveratrol and nicotine+ascorbic acid+reasveratrol treated group. Incomplete 
ossification of xiphosternum showed highly percentage (65.00 & 32.29%) at nicotine and nicotine+ascorbic 
acid+resveratrol treated groups, respectively. While it decreased at (4.17%) in nicotine+ ascorbicacid treated 
group. Also there was observed decreasing (9.09& 11.76%) in resveratrol treated group and nicotine+ 
reasveratrol treated group, respectively. The malformed ribs resulted in shorten of 13th rib appeared only in 
nicotine treated group at percentage of 5.00%. 

 

 
 

Fig.3: Fetus obtained from dams received 1mg/kg/day of 
nicotine from zero to 20th day of gestation showing 
incomplete ossification of skull, Control on the left. 

Fig.4: Fetus obtained from dam received 1mg/kg/day of 
nicotine from zero to 20th day of gestation showing absence 
of xiphosternum, Control on the left. 

 
Visceral examination: 
 

The visceral examinations were shown in Table (3).  Microcephaly in brain reached to 69.70, 29.03 
& 28.13% in groups treated with nicotine, nicotine+resveratrol and  nicotine+ascorbic acid+ resveratrol, 
respectively (Fig.5).. While it closed to control group in each of ascorbic acid, resveratrol and 
Nicotine+Ascorbic acid treated groups (12.5, 8.57&13.89%) respectively. Anophthalmia appeared in 
Nicotine (12.12%), Ascorbic acid (2.5%), Nicotine+Ascorbic acid (16.67%) and nicotine+ascorbic 
acid+resveratrol (6.25%) treated groups. Microphthalmia resulted in Nicotine (15.15%), nicotine+ascorbic 
acid+resveratrol (6.25%), and Ascorbic acid (2.5%) treated groups (Fig.6). Also, Hydrocephaly reached to 
(42.42%) in Nicotine treated group and (11.11, 22.58 & 2.86%) in nicotine+ascorbic acid, 
nicotine+resveratrol & resveratrol treated groups, respectively. Moreover, hydroureter reached to 84.85% in 
nicotine treated group, 57.50% in ascorbic acid treated group, 33.33% in nicotine+ascorbic acid treated 
group, 22.86% in resveratrol treated group, 35.48% in nicotine+resveratrol treated groups and  34.38% in 
nicotine+ascorbic acid+resveratrol treated group. Dilated ureter were 36.36% in nicotine treated groups, 
33.33% in nicotine+ascorbic acid treated group, 35.48% in nicotine+resveratrol treated group, 34.38% in 
nicotine+ascorbic acid+resveratrol treated groups, 30.00% in ascorbic acid treated groups and 51.43% in 
resveratrol treated group (Fig.7). 
 
Table 3: Visceral examination of fetuses obtained from dams given nicotine, ascorbic acid and resveratrol alone or in 

combination from zero to 20th day of gestation. 

Parameters Control Nicotine 
Ascorbic 

acid 
Nicotine+ 
Ascorbic 

Carboxy 
methyl 

cellulose 
Resveratrol 

Nicotine+  
Resveratrol 

Nicotine+ 
Ascorbic 

acid + 
Resveratrol 

No. of fetuses 
examined 

26 33 40 36 27 35 31 32 

Microcephaly 3 11.54 23 69.70 5 12.5 5 13.89 1 3.04 3 8.57 9 29.03 9 28.13 
Anophthalmia 0 0.00 4 12.12 1 2.5 6 16.67 1 3.04 0 0.00 0 0.00 2 6.25 
Microphthalmia 0 0.00 5 15.15 1 2.5 0 0.00 0 0.00 0 0.00 0 0.00 2 6.25 
Hydrocephaly 0 0.00 14 42.42 0 0.00 4 11.11 0 0.00 1 2.86 7 22.58 0 0.00 
Hydroureter 9 34.61 28 84.85 23 57.50 12 33.33 8 29.63 8 22.86 11 35.48 11 34.38 
Dilated ureter 3 11.64 12 36.36 12 30.00 12 33.33 8 29.63 18 51.43 11 35.48 11 34.38 

. 
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Fig.5: microcephaly in brain of fetus obtained from dams 
received 1mg/kg/day of nicotine from zero to 20th day of 
gestation showing,(control on the left). 

Fig.6: Section in head of fetus of dams received 1mg/kg/day 
of nicotine from zero to 20th day of gestation showing 
microphthalmia, control on the left. 
 

 
 
 
 
 
 
 
 
 
 
Fig. 7: Dilated ureter of rat fetuses obtained from dams administered1mg/kg/day of nicotine from zero to 20th day of 
gestation, (control on the left).  

 
Discussion: 
 

Maternal smoking during pregnancy is known to be associated with teratogenic effects, intrauterine 
fetal growth retardation or low birth weight, increased the risk of sudden infant death syndrome, and 
disturbances in postnatal growth and development (Lawrence et al., 2008; Oken et al., 2008; Chelchowska 
et al., 2011). 

Among the smoke products, nicotine is considered to be the major teratogenic substance that perturbs 
embryonic development (Yildiz, 2004).  It has been long recognized that maternal tobacco smoking has a 
profound impact on the outcome of pregnancy, and nicotine, which is accumulated in the amniotic fluid, 
plays a major role in teratogenesis in the embryos (Slotkin, 1998). Recent studies suggest that many of the 
diseases associated with tobacco smoke are actually induced by nicotine, the addictive substance in tobacco 
(Martiz and Mutemwa, 2012). 

In this study, the teratogenic effects of nicotine and the possible protective effect of natural 
antioxidants namely ascorbic acid and resveratrol either alone or in combination on pregnant female rats 
were evaluated. Nicotine was administered subcutaneously to pregnant female rats in a dose level of 
1mg/kg.b.wt./d, which is equivalent to the daily nicotine intake of human males and females, from zero to 
20th day of gestation. The subcutaneous route of administration seems to be adequate in terms of safety and 
avoiding the slow rate of absorption and first pass metabolism after oral administration or inhalation. The 
subcutaneous route of administration is considered the most preferable route (Murrin et al., 1987; Le 
Houezec et al., 1993). 

Our investigation recorded that treatment with nicotine significantly increased the number of corpora 
lutea per dam and the mean weight of placenta. In addition it insignificantly elevated the number of corpora 
lutea per litter,   implantation sites per dam, late resorption sites, percent post implantation death, percent 
post implantation loss and percent pre implantation loss per dam. Where treatment with nicotine+ascorbic 
acid and nicotine+resveratrol were reduced the number of corpora lutea per dam and the mean weight of 
placenta nearly to their numbers in control group. Nicotine didn’t affect on mean fetal weight but 
nicotine+resveratrol and nicotine+ascorbic acid+resveratrol significantly reduced it. In addition 
nicotine+resveratrol caused reduction in mean fetal crown rump length in fetuses. Whereas, 
nicotine+ascorbic acid+resveratrol significantly increased as same as in nicotine treated group the number 
of corpora lutea per dam and implantation sites per dam moreover it insignificantly increased percent post 
implantation loss, percent post implantation death and pre implantation loss per dam. Treatment with 
nicotine+ascorbic acid+resveratrol didn’t change mean weight of placenta. 

In accordance with that, it was conceivable that exposure to nicotine during gestation period might 
interfere with growth and development. This could be achieved in two ways; by having a direct effect on 
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cells and/or by reducing the nutrient supply to the fetus during gestation and lactation. Also it had been 
shown that long-term nicotine exposure resulted in a predisposition for genetic instability (Hartwell and 
Kastan, 1994; Sastry et al., 1998; Guo et al., 2005). Also, Zhao and Reece (2005) reported that, nicotine 
using embryo culture could induce embryonic abnormalities before and during the early stages of 
organogenesis, in a concentration- dependent manner. Structural agenesis and hypoplasia were often seen in 
the embryos treated with nicotine or infants born to smoking mothers. Such as the cell loss in the brains of 
fetuses exposed to maternal smoking and condensed cells in the neural epithelium of rat embryos treated 
with nicotine in vitro imply a potential involvement of cell death (Roy et al., 1998). Also observations 
demonstrated that, the nicotine-induced embryonic malformations were associated with increase in 
programmed cell death in the embryos. Furthermore, nicotine triggered cell death by increasing intracellular 
calcium levels and oxidative stress in the embryo. These findings were further supported by suppressing 
[Ca2+] elevation or scavenging ROS, which reduced the rate of embryonic apoptosis and malformations 
(Zhao and Reece, 2005).  

The results were in agreement with Hussein and coworkers (2007), where nicotine at two doses ( 2 
and 6 mg/kg/day) were unable to elicit any significant effect on body or individual organ weights suggesting 
that nicotine did not mediate the low birth weight in offspring of mothers that smoked during pregnancy. 
Also other studies using high dose of nicotine, up to 6 mg/kg/day,  found no or inconsistent effects with 
regard to birth weight (Abreu-Villaca et al., 2004; Chen and Kelly, 2005). These data can be explained on 
the basis that, in adult rats, nicotine-induced weight loss is associated with changes in fat composition, 
whereas protein and water content were not affected. Nicotine interferes with fat storage. Thus, nicotine in 
prenatal rodent exposure models might have little effect on body weight due to the lower levels of body fat 
in prenatal animals (Winders and Grunberg, 1990). 

On the other hand, studies using different doses of nicotine 3 & 6 mg/kg/day to pregnant animals 
decreased the birth weight of the neonates (Leonardi-Bee et al., 2008; Taylor et al., 2010; Gunes et al., 
2011). The decreased birth weight was explained on the basis that nicotine had negatively affected fetal 
oxygenation and acid–base balance by decreasing blood flow in the uterine arteries (Fantuzzi et al., 2008; 
Rogers, 2009). Passive smoking had also a negative effect on birth weight (Leonardi-Bee et al., 2008). 
Epidemiological studies showed that the relationship between active heavy smoking and low birth weight 
was stronger than the passive smoking due to dose-dependent effect (Steyn et al., 2006; Fantuzzi et al., 
2008). 

The data showed that, nicotine significantly increased placental weight. However, Hussein et al. 
(2007) study showed that nicotine administered to groups of rats in doses of 2 or 6 mg/kg/day had no 
significant effect on placental weight. 

Treatment with nicotine induced incomplete ossification of skull and treatment with 
nicotine+ascorbic group was showed decreasing in the percentage. In addition treatments with nicotine+ 
reasveratrol and nicotine+ ascorbic acid+resveratrol groups showed no effect on skull. Hypoplastic of 2nd  or 
5th  sternum reached high percentage in nicotine treated group and at ascorbic acid and nicotine+ascorbic 
acid+resveratrol treated groups ,while it decreased in nicotine+ascorbic acid treated group. In addition it 
showed lower percentage at nicotine+ reasveratrol treated group. Split and off center or absence of 2nd to 4th 
sternum were appeared in nicotine+ascorbic, resveratrol, nicotine+resveratrol and nicotine+ascorbic 
acid+resveratrol treated groups. The absence of xiphosternum was observed in nicotine, ascorbic acid and 
nicotine+ascorbic acid treated group. While it didn’t alter from control group at each of resveratrol and 
nicotine+ascorbic acid+reasveratrol treated groups.  Abcence or incomplete ossification of xiphosternum 
showed highly percentage in nicotine and nicotine+ascorbic acid+resveratrol treated groups. While it 
decreased in nicotine+ ascorbic acid and nicotine+ reasveratrol treated groups. The malformed ribs resulted 
in shorten of 13th rib appeared only in nicotine treated group. 

Fung et al. (1999) reported that, there were limited bone histo-morphometric responses to nicotine 
treatment. The mid-tibialendocortical surface was the only surface to show negative treatment effects on 
mineral apposition rate and a trend for negative effects on mineralizing surface associated with nicotine. The 
trend for lower tibial endocortical mineral apposition rate with nicotine treatment suggested a decrease in 
osteoblast activity. However, cortical periosteal and proximal endo-steal bone formation parameters did not 
differ among treatments. Moreover, nicotine treatment for three months was associated with lower lumbar 
bone area and bone mineral content and with lower tibial diaphyseal cortical area. However, there were no 
treatment differences in femur area, length or mineral content, proximal tibia bone volume, or cortical tibia 
marrow area. Also there were no differences in bone strength or bone mineral density. On the other hand, 
Broulik and Jarab (1993) had shown that nicotine treatment decreased apparent density in mice femurs. 
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Data revealed that, Microcephaly, microphthalmia, hydrocephaly and hydroureter reached highly 
percentage at nicotine treated group. While treatment with nicotine+ascorbic acid, nicotine+resveratrol and 
nicotine+ascorbic acid+resveratrol were reduced them. In addition microphthalmia was disappeared in 
nicotine+ascorbic acid and nicotine+resveratrol treated groups. Hydrocephaly wasn’t observed in 
nicotine+ascorbic acid+resveratrol treated group.  Anophthalmia was appeared in nicotine treated group and 
the percentage was elevated in nicotine+ascorbic acid, reduced in nicotine+ascorbic acid+resveratrol and 
did not observe in nicotine+resveratrol treated groups. Dilated ureter was observed in nicotine treated group 
as the same as all treatments. 

In agreement with these findings Vaglenova et al.(2008) showed that prenatal nicotine exposure 
produced persistent alterations in brain cell morphology that were robustly detectable in young adulthood, 
approximately 6 weeks after cessation of nicotine exposure. Morphological changes in hippocampal neurons 
were seen at light microscopic and ultra structural levels, even though there were no significant changes in 
body and brain weight compared to age-matched controls. Also defects in the central nervous system were 
also commonly seen in the infants born from tobacco-smoking pregnancies; maternal smoking was 
associated with increasing prevalence of hydrocephaly (Honein et al., 2001). An unusual feature of nicotine-
induced neurobehavioral teratogenesis is the fact that the threshold for adverse effects on brain development 
lies below that for fetal or neonatal growth retardation (Seidler et al., 1992 ; Slotkin, 1992). 
Nicotine can be quickly absorbed into smokers’ bloodstream quickly crosses the placenta to reach the 
embryo and accumulates in fetal blood and amniotic fluid (Zhao and Reece, 2005). Nicotine penetrates 
through the placental barrier and concentrates in fetal tissue at an equal to or greater level than in maternal 
tissue where nicotine can directly interact with peripheral and central nAChR which could also affect fetal 
outcome (Dempsey and Benowitz, 2001). 

Most of the nicotine that enters the fetus returns to the maternal circulation for elimination, although 
some enters the amniotic fluid via the fetal urine. Consequently nicotine accumulates in the amniotic fluid 
of the pregnant smoker because the nicotine eliminated by the fetus is added to the nicotine coming from the 
blood vessels of the amniochorionic membrane (Luck et al., 1985). The fetus is therefore likely to be exposed 
to nicotine even after concentrations in maternal blood have decreased (Maritz and Harding, 2011). 

Nicotine and nicotine-like alkaloids act agonistically at nicotineic- type acetylcholine (cholinergic) 
receptors (nAChRs). These sodium-gated receptors exist widely in the central and autonomic nervous 
systems, and the neuromuscular junction; they can be present at either pre- or postsynaptic sites. Their 
autonomic sites include the adrenal medulla and autonomic ganglia; in the latter case the postsynaptic 
receptors are located on the beginning of the postganglionic autonomic neurons, whose junction with the 
end organs involves cholinergic (muscarinic type) or norepinephrine (Zevin et al., 1998; Benowitz, 2009). 
The nAChRs themselves can be divided functionally into two subclasses: muscle and neuronal. Both receptor 
types possess a functional pentameric structure that consists of five subunits surrounding a central pore, 
which span the neuronal lipid bi-layer. The pentameric structure of the muscle receptors is divided into two 
subclasses, defined by the combination of the subunits: (α1)2β1γd or (α1)2β1εd (Karlin, 1993). 
In contrast, neuronal receptors are more diverse, being variously composed of different combinations of 
alpha (α2–α6) and beta (β2–β4) subunits, and homomers of alpha subunits (α7 and α9) and alpha subunit 
heteromers (α9 and α10) (Dani and Bertrand, 2007). 
 Such variability in subunit combinations confers a wide range of agonistic binding affinities and 
electrophysiological responses to stimulation, which may help explain why nicotine, and nicotine like 
chemicals, have diverse effects, depending also on the administered dose (McGehee and Role, 1995). 
The nicotineic alkaloids act as agonists on the nAChRs, causing increased sodium ion influx through the 
channel, which leads to prolonged membrane depolarization and consequently enhanced action potential 
propagation (Zevin et al., 1998). 

The effects of nicotine on embryonic development have not been well characterized. Moreover, the 
mechanisms by which nicotine induces embryonic malformations are largely unaddressed. It has recently 
been suggested that cell loss in some embryonic structures may be involved in the adverse effects of nicotine 
(Roy et al., 1998; Slotkin et al., 2005). 

Another suggested mechanism; is that rapidly dividing cells are more vulnerable to the effects of foreign 
substances such as nicotine (Rehan et al., 2007). 
Changing in the utero environment during early organogenesis may impair the process and in this way alter 
the structure and function of organs in the long term. Nicotine cross the placental barrier and enter the blood 
of the developing embryo and fetus. It can also enter the amniotic fluid and in this way alter the environment 
within which the embryo and fetus grows and develops. Studies in rats have shown that nicotine can induce 
embryonic abnormalities, such as neural tube malformations, before and during the early stages of 
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organogenesis, in a concentration-dependent manner. The nicotine-induced embryonic malformations are 
associated with increases in programmed cell death in embryos. It can also cause cell death by increasing 
intracellular calcium levels and oxidative stress in the embryo (Zhao and Reece, 2005). 
Severe embryonic malformation may result in embryonic demise and is associated with higher spontaneous 
abortion and miscarriage in humans (Haustein, 1999). Menges et al., 1970 stated that skeletal abnormalities 
occurred in neonates following nicotine administration, which suggested that the compound interfered with 
osteogenesis.  

Our findings indicated that resveratrol can effectively protect against nicotine-induced teratogenesis 
during embryonic organogenesis which agree with the result of this study. In addition resveratrol improved 
the cognitive ability of Alzheimer’s disease mice, which is attributed to resveratrol’s antioxidant, 
antiapoptotic and modulation of acetyl cholinesterase activity potential (Luo and Huang, 2006). 
The protective effect of resveratrol was evident in other experimental models. Resveratrol reduced the pre-
implantation and post-implantation loss induced by 2-Bromopropane in mice (Huang and Chan, 2012). Jang 
et al., 2008 demonstrated that resveratrol treatment during pregnancy significantly reduced the incidence of 
cleft palate and the severity of renal malformations caused by in utero TCDD exposure in mice. Also, 
resveratrol prevented alcohol induced cognitive deficits and neuronal apoptosis in rats postnatally exposed 
to alcohol (Tiwari and Chopra, 2011). 
Ascorbic acid (vitamin C) was functioned as a biological antioxidant and has the ability to act as a free 
radical scavenger (Gunes et al., 2008). So, it was hypothesized that ascorbic acid would ameliorate the 
oxidative stress induced by nicotine and thereafter its deleterious effects on dams and fetuses. 
 In addition, it was found that supplementation with vitamins C during pregnancy was associated 
with a significant reduction in the risk of abruptio placentae and furthermore decreased the percent of pre-
implantation loss (Conde-Agudelo et al., 2011). Ejima et al. (2000) have found evidence that oxidative stress 
is involved in placental dysfunction and abruptio placentae in a model of placental dysfunction associated 
with inflammation in pregnant mice. 
 Gallo et al. (2010) concluded that, vitamin C protect the human placenta against the deleterious 
effects of reactive oxygen species induced by nicotine, and further support the linkage between nicotine and 
reactive oxygen species, and a likely explanation of its effect is through this mechanism. These data would 
support the hypothesis that nicotine would induce initial free radicals over generation, promptly scavenged 
by supplementation with vitamin C, therefore reinforcing placental resistance to oxidative injury.  
In addition, Slotkin et al. (2011) stated that, prevention of the effect of nicotine by vitamin C implicates 
oxidative stress as a significant contributor to the adverse effects of nicotine on the fetus. Nicotine is known 
to cause oxidative stress in the fetus and the offspring of women who smoke during pregnancy similarly 
show hallmarks of oxidative damage. Nevertheless, prevention by Vitamin C is not uniformly advantageous. 
In their earlier work (Slotkin et al., 2005), they showed that the same co-treatment worsened fetal brain 
damage associated with nicotine and other major target, activation of nicotinic acetylcholine receptors, likely 
because of pharmacokinetic interactions that increased the concentration of nicotine in the fetal 
compartment.  

Finally, based on the results of this study the suggested protective combination of ascorbic acid and 
resveratrol would be proposed as a preventive strategy in ameliorating the teratological effect of nicotine on 
morphological, skeletal and visceral examinations.  
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