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ABSTRACT 
 

The present study was carried out to investigate the toxic effect of 1mg/kg.b.wt./d of nicotine 
subcutaneously administered from zero to 20th day of gestation in female albino rats and the possible 
protective effect of orally administered (2mg/kg.b.wt./d) ascorbic acid  and (20 mg/kg.b.wt./d) 
resveratrol alone and together against nicotine. The animals were sacrificed at the end of gestation and 
the blood samples were collected to determine the biochemical analysis. Tissue specimens were taken 
from liver and thyroid gland for histopathological examinations. Ascorbic acid administration reduced 
T3 and improved T4, SOD and MDA to normal values against nicotine. It couldn’t protect thyroid and 
liver tissues from nicotine effect neither in dams nor in their fetuses. Resveratrol reduced the 
oxidative stress induced by nicotine by increased SOD activity and reduced MDA content to their 
normal value. However, in the histological examination it did not completely protected against 
histological alteration induced by nicotine in thyroid of dams and in liver of dams and fetuses.The 
combination of ascorbic acid and resveratrol against nicotine reduced T3 and T4 concentrations to 
normal values. They markedly reduced MDA content and significantly increased SOD activity. 
Regarding the histopathological examination, the combined treatment showed normal structure in 
thyroid gland of dams and in the liver of fetuses.  
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Introduction 
 

Smoking is associated with various diseases of the cardiovascular and respiratory systems as 
well as cancer. It is also generally accepted that smoking reduces the average lifespan of smokers. 
Once people start smoking they find it difficult to quit the habit. This is due to the addictive effect of 
nicotine in tobacco smoke (Martiz and Mutemwa, 2012).  
Nicotine can be quickly absorbed into smokers’ bloodstream crossing the placenta to reach the 
embryo and accumulates in fetal blood and amniotic fluid (Zhao and Reece, 2005). Nicotine 
penetrates 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 (Luck et al., 1985, Dempsey and Benowitz, 2001). 

Ascorbic acid (vitamin C) is the major essential water-soluble antioxidant in human serum. It is 
a biological antioxidant, reducing the oxidative properties of toxic substances. Smokers have lower 
circulating concentrations of vitamin C than non-smokers (Gunes et al., 2008). Nicotine can also 
reduce ascorbic acid plasma level in men and women (Kim et al., 2004). 

Resveratrol, a polyphenol, is found in over 70 common plant species. The concentration of 
resveratrol in food substances varies widely (NIEHS, 2002). It occurs naturally in grapes, peanuts, a 
number of other plants and herbal remedies (Hendler and Rorvik, 2001). 

It has long been reported that resveratrol possesses a wide range of biological activities, such as 
anti-oxidant, anti-inflammatory, anti-cancer and anti-aging effects in numerous organisms (Jang et al., 
1997, Surh, 1999). Resveratrol has also attracted the attention from neuroscientists because of its 
neuroprotective properties (Pasinetti et al., 2011). 
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Resveratrol treatment has been shown to be safe in pregnancy, and improved fetal outcomes in 
a model of gestational diabetes. Also it has beneficial effects in a severe model of prenatal hypoxia. 
Prenatal hypoxia is a common complication in pregnancy related disorders, which may produce 
intrauterine growth restriction, and increases susceptibility of the offspring to cardiovascular 
dysfunction and the metabolic syndrome (Bourque et al., 2012). 

This work carried out to investigate the possible protective effect of ascorbic acid and 
resveratrol against nicotine on some biochemical parameters, thyroid function and histological effects 
on pregnant female albino rats from zero to 20th days of gestation and their fetuses. 
 
Materials and Methods 

 
Animals  
 

Male and female albino (Spargue Dawley) rats were obtained from NILE Co. for 
Pharmaceutical and Chemical Industries, Cairo, Egypt. The present study was performed on sixty four 
virgin mature female albino rats, and twenty mature male albino rats, of an average weight 150±10 g. 
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 was provided add libitum with balanced diet during experiment. 

 
Drugs: 
  

1. Nicotine: 

It was purchased as brown solution from Sigma -Aldrich Chemical Co., St. Louis, USA. It 
was freshly mixed with distilled water and daily subcutaneously (S.C.)  injected (1 mg/kg.b.wt./d) 
from zero to 20th days of gestation (Genedani et al., 1983). The dose used in this study was within the 
range of intake of habitual smoker (Luck and Nau, 1984).  

2. Ascorbic acid (Vitamin C): 

It was purchased as white powder from El-Gomhoria Company, Cairo, Egypt. It was freshly 
dissolved in distillated water and daily orally administered (2 mg/kg.b.wt./d) from zero to 20th days of 
gestation (Gunes et al., 2008).  

3. Resveratrol : 

It was purchased as a buff powder from Wuzhou motor factory, China.  It was freshly 
suspended in 1% carboxy methyl cellulose and daily orally administered (20 mg/kg.b.wt./d) from zero 
to 20th days of gestation (Juan et al., 2002). 

Preparation of the animals: 
 

Virgin mature female albino rats of an average 150±10 g body weight were examined 
periodically using vaginal smear technique to ensure that they were in regular estrous cycle (Cohen, 
1966). The females were introduced into the males’ cage in the estrus or pro-estrus stages, the animals 
were paired on one male to two or three females, usually in the early afternoon. In the next morning, a 
vaginal smear was examined to verify first day of pregnancy. The female was considered mated when 
sperm plus cornified cells and leucocytes were found in the vaginal smears or vaginal plug was 
detected, and that day was designated as zero-day of pregnancy (Manson and Kang, 1989&1994 and 
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: Group 1: Rats were S.C. 
administered distilled water at the volume level of nicotine from zero to 20th day of gestation and kept 
as control. Group 2: Rats were S.C. administered nicotine at dose of 1mg/kg.b.wt./d from zero to 20th 
day of gestation. Group 3: Rats were orally administered ascorbic acid at dose of 2mg/kg.b.wt./d from 
zero to 20th day of gestation. Group 4: Rats were orally administered ascorbic acid at dose of 
2mg/kg.b.wt./d plus S.C. administered nicotine at dose of 1mg/kg/d from zero to 20th day of gestation. 
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Group 5: Rats were orally administered carboxy methyl cellulose (C.M.C) at the volume 
level of resveratrol from zero to 20th day of gestation. Group 6: Rats were orally administered 
resveratrol at dose level of 20mg/kg.b.wt./d from zero to 20th day of gestation. Group 7: Rats were 
orally administered resveratrol at dose of 20 mg/kg.b.wt./d plus S.C.administered nicotine at dose of 
1mg/kg.b.wt./d from zero to 20th day of gestation. Group8: Rats were S.C.  administered nicotine at 
dose of 1mg/kg.b.wt./d plus orally administered ascorbic acid at a dose of 2mg/kg.b.wt./d plus orally 
administered resveratrol at dose of 20mg/kg.b.wt./d from zero to 20th day of gestation. All groups 
were kept under observation until the 20th day of pregnancy.  

At 20th day of gestation, the pregnant females were scarified using surgical blade (Gunes et al., 
2008). The blood samples were collected in dry clean labeled tubes. After that blood was left to 
coagulate, then it had been centrifuged at 3000 rpm for 15 min., serum samples were collected in dry 
clean labeled eppendorf tubes according to Schalm (1986) and kept in adeep freeze at -20˚C until the 
assay were carried out. The liver, obtained from dams and fetuses, and thyroid gland, obtained from 
dams, were washed and kept in 10% formalin for histopathological examination. 

The assays were carried out for measuring the following parameters: 

1-Biochemical Analysis: 

A. Assessment of thyroid function: 

A.1. Triiodothyronin (T3) Concentration: 
 

Quantitative determination of total triiodothyronin concentration in serum by a Microplate 
Enzyme Immunoassay using Accubind Elisa Microwells (Monobind Inc. Lake forest, CA 92630, 
USA). 

 
A.2. Thyroxin (T4 ) concentration :  
 

Quantitative Determination of Free thyroxin concentration in  serum by a Microplate Enzyme 
Immunoassay using Accubind Elisa Micrwells ( Monobind Inc. Lake forest, CA 92630, USA). 

 
B. Assessment of oxidative stress markers: 
 
B.1- Superoxide Dismutase enzyme: 

Superoxide dismutase in serum was determined by Trevigen superoxide dismutase assay kit, 
product no. 7500-100-K, according to Robak and Gryglewski (1988). 

B. 2. Lipid peroxidation  expressed as Melanodialdehyde (MDA): 

Lipid peroxidation was determined by estimating the level of thiobarbituric acid reactive 
substances (TBARS) measured as MDA. Determination of Thiobarbituric Acid Reactive Substances 
(TBARS) content by OxiSelect™ TBARS Assay Kit (MDA Quantitation) from Cell BioLabs, Inc., 
Product Number STA-330, according to the method of Armstrong and Browne (2012). 

2. Histopathological examination: 

The treated pregnant female rats were scarified at the 20th day of gestation. Tissue specimens 
were taken from liver and thyroid gland of rats’ dams of experimental groups as well as from the liver 
of their fetuses. 

Autopsy samples taken from the liver and thyroid gland were fixed in 10% formal saline for 
twenty four hours. Washing was done in tap water then serial dilutions of alcohol (methyl, ethyl and 
absolute ethyl) were used for dehydration. Specimens were cleared in xylene and embedded in 
paraffin at 56 degree in hot air oven for twenty four hours. Paraffin bees wax tissue blocks were 
prepared   for sectioning at 4 microns thickness by slidge microtome. The obtained tissue sections 
were collected on glass slides, deparaffinized, and stained by hematoxylin and eosin stain for 
examination through the light electrical microscope (Banchroft et al, 1996). 
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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 
 
1-Biochemical parameters: 
 
A-Effect on Thyroid functions of female albino rats: 
 
A-1-Effect on triiodothyronin (T3 ) concentration: “Table (1) and Figure (1)” 
 

Dams treated with nicotine from zero to 20th day of gestation in pregnant female rats 
significantly increased concentration of T3 comparing with control group. Oral administration of 
ascorbic acid from zero to 20th day of gestation, insignificantly differ serum concentration of T3 
comparing with control group. Co-administration of ascorbic acid plus nicotine significantly reduced 
T3 concentration comparing with nicotine, ascorbic acid and control treated groups. T3 concentrations 
in dams treated with carboxy methyl cellulose and resveratrol from zero to 20th day of gestation were 
similar to the control group. Co-administration of resveratrol plus nicotine significantly reduced T3 
concentration comparing with nicotine group, but insignificantly differ than that received ascorbic 
acid or control group. Following combined administration of ascorbic acid and resveratrol together 
with nicotine significantly reduced T3 concentration than that in dams received nicotine and nicotine 
plus ascorbic acid. 

 
Table 1: Effect of nicotine, ascorbic acid and resveratrol alone and in combination from zero to 20th day of 
gestation on T3&T4 concentration.  

Treatment T3 concentration (ng/ml) T4 concentration (ng/ml) 
Control 0.65±0.01 1.04±0.04 
Nicotine 0.78±0.05(a) 1.33±0.11(a) 
Ascorbic acid 0.60±0.04 0.83±0.04 
Nicotine + Ascorbic acid 0.4±0.03(a, b,c) 0.88± 0.02 (a,b) 
Carboxy methyl cellulase 0.64±0.03 1.22±0.03(a) 
Resveratrol 0.66±0.04 0.85±0.05(f) 
Nicotine + Resveratrol 0.60± 0.03 (b) 1.11±0.03 (b, e,f) 
Nicotine + Ascorbic acid + Resveratrol 0.59±0.03 (b, d) 1.02±0.05 (b,f) 

 Nicotine injected S.C. in dose of 1mg/kg.b.wt./d, ascorbic acid orally given in dose of 2mg/kg.b.wt./d and 
resveratrol orally given in dose of 20mg/kg.b.wt/d. 

 Data are represented asMean±SEM (n=8) 
 Statistical ananlysis was carried out using one way ANOVA 
 Followed by TukeyKamer multiple comparison test 
 (a) Significantly different from control group at P<0.05 
 (b) Significantly different from nicotine group at P<0.05 
 (c) Significantly different from ascorbic acid group at P<0.05 
 (d) Significantly different from nicotine plus ascorbic acid group at P<0.05 
 (e) Significantly different from resveratrol group at P<0.05 
 (f) Significantly different from carboxy methyl cellulose group at P<0.05 

A-2- Effect on Thyroxin (T4) concentration:   “Table (1) and Figure (1)” 
 

Dams treated with nicotine from zero to 20th day of gestation was significantly increased 
concentration of T4 comparing with the control group. Oral administration of ascorbic acid from zero 
to 20th day of gestation was significantly decreased in T4 concentration comparing with control group. 
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Co-administration of ascorbic acid plus nicotine was significantly reduced T4 concentration than that 
in dams received nicotine and control group. Treated dams with carboxy methyl cellulose from zero 
to 20th day of gestation resulted in significantly elevation in T4 concentration comparing with the 
control group. Oral administration of resveratrol from zero to 20th day of gestation showed significant 
decrease in T4 concentration comparing carboxy methyl cellulose group. Co-administration of 
resveratrol plus nicotine was significantly reduced T4 concentration than that in dams received 
carboxy methyl cellulose and nicotine groups and significant elevation comparing resveratrol treated 
group. Following combined administration of ascorbic acid plus resveratrol together with nicotine was 
significantly reduce T4 concentration than that of dams received carboxy methyl cellulose and 
nicotinegroups. 

 

Fig 1. Effect of nicotine, ascorbic acid and resveratrol alone and in combination from zero to 20th day of 
gestation on T3 &T4 concentration. 

B-Effect on Oxidative stress induced in female albino rats: 
 
B-1-Effect on superoxide dismutase (SOD) activity: “Table (2) and Figure (2)”  
  

Treatment with nicotine from zero to 20th day of gestation in pregnant female rats significantly 
decreased serum SOD activity comparing with control group. Oral administration of Ascorbic acid 
from zero to 20th day of gestation resulted in significantly increase in serum SOD activity comparing 
with control group. 

Co-administration of ascorbic acid plus nicotine were significantly increased the activity of 
SOD comparing with nicotine treated group and insignificantly increased comparing with control 
group. Mean SOD activity of dams orally received carboxy methyl cellulose was significantly higher 
than that of control group. Orally administration of resveratrol for dams from zero to 20th day of 
gestation significantly elevated in SOD activity than that of dams received carboxy methyl cellulose 
and control groups. Co-administration of oral resveratrol plus nicotine was significantly increased 
SOD activity comparing with nicotine, nicotine plus ascorbic acid, ascorbic acid, carboxy methyl 
cellulose or control treated groups. Following combined administration of ascorbic acid plus 
resveratrol plus nicotine significantly increased the activity of SOD than that of nicotine, nicotine plus 
ascorbic acid, nicotine plus resveratrol, ascorbic acid, resveratrol, carboxy methyl cellulose and  
control groups.  
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B-2- Effect on malondialdehyide (MDA) activity: “Table (2) and Figure (2)”   
 

Pregnant female rats treated with nicotine from zero to 20th day of gestation significantly 
increase serum MDA content comparing with control treated group. Oral administration of ascorbic 
acid from zero to 20th day of gestation caused significantly reduction in serum MDA content than that 
of the corresponding control group. Co-administration of ascorbic acid plus nicotine significantly 
reduced the content of serum MDA comparing with nicotine group but insignificantly different than 
that of control and ascorbic acid treated groups. Oral treatment of dams with carboxy methyl cellulose 
resulted in insignificantly decreased in serum MDA content comparing with control treated group.  
Oral administration of resveratrol to dams from zero to 20th day of gestation was showed significantly 
lower in serum MDA content comparing with corresponding control and carboxy methyl cellulose 
groups.  

Co-administration of resveratrol plus nicotine significantly reduced the content of serum MDA 
compared with nicotine, ascorbic acid, resveratrol, carboxy methyl cellulose or control groups. 
Following combined administration of ascorbic acid plus resveratrol plus nicotine significantly 
reduced the content of serum MDA that comparing with dams received nicotine, nicotine plus 
ascorbic acid, ascorbic acid, resveratrol, carboxy methyl cellulose and control groups. 
  
Table 2: Effect of nicotine, ascorbic acid and resveratrol alone and in combination from zero to 20th day of 

gestation on serum SOD activity and MDA content. 

Treatment SOD (U/ml) MDA (nmol/ml) 

Control  45.480±1.513 85.82±1.967 
Nicotine  25.2 ± 1.42(a) 115.54± 5.82(a) 
Ascorbic acid 66.66±2.387(a) 65.3±3.578(a) 

Nicotine + Ascorbic acid  48.500±2.66 (b) 75.7± 2.91 (b) 

carboxy methyl cellulose 62.76±2.031(a) 75.8±2.44 
Resveratrol  77.64±2.605(a,g) 55.52± 1.739 (a,g) 
Nicotine + Resveratrol 86.02±2.018 (a,b,c,d,g) 38.12±1.275(a,b, c, e,g) 
Nicotine + Ascorbic acid + Resveratrol 108.96±3.793(a, b, c, d, e,f,g) 27.4±0.95(a,b,c,d,e,g) 

 Nicotine injected S.C. in dose of 1mg/kg.b.wt./d, ascorbic acid orally given in dose of 2mg/kg.b.wt./d and 
resveratrol orally given in dose of 20mg/kg.b.wt./d. 

 Data are represented asMean±SEM (n=8) 
 Statistical ananlysis was carried out using one way ANOVA 
 Followed by TukeyKamer multiple comparison test 
 (a) Significantly different from control group at P<0.05 
 (b) Significantly different from nicotine group at P<0.05 
 (c) Significantly different from ascorbic acid group at P<0.05 
 (d) Significantly different from nicotine plus ascorbic acid group at P<0.05 
 (e) Significantly different from resveratrol group at P<0.05 
 (f) Significantly different from nicotine plus resveratrol group at P<0.05 
 (g) Significantly different from carboxy methyl cellulose group at P<0.05 

2- Histopathological Examination 
 
2-1- Histopathological examination of thyroid gland for dams: 
 

There was no histopathological alteration in thyroid gland obtained from dams which kept as 
control, (Fig.3). Thyroid gland of dams administered nicotine from zero to 20th day of gestation 
showed congestion in the interstitial stromal blood vessels associated with hyperactivation of the 
follicles that were impacted by eosinophilic colloid and lined by high columner epithelial 
cells,(Fig.4). In Thyroid gland of dams treated with ascorbic acid from zero to 20th day of gestation 
some of the acinar follicular lumen was empty from the colloid, (Fig.5). There was massive amount of 
eosinophilic colloid were noticed in the acinar follicular lumen associated with flattened lining 
epithelium in thyroid gland of dams administered ascorbic acid plus nicotine,(Fig.6). In thyroid gland 
of dams received carboxy methyl cellulose from zero to 20th day of gestation, the follicular acinar 
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lining epithelium was flattened while the lumen was impacted by eosinophilic colloid, (Fig.7). There 
was no histopathological alteration in thyroid gland of dams treated with resveratrol from zero to 20th 
day of gestation,(Fig.8). The eosinophilic colloid was absent in most of the acinar lumen of thyroid 
gland obtained from dams received resveratrol and nicotine from zero to 20th day of gestation, (Fig.9). 
In dams administered ascorbic acid and resveratrol together with nicotine, there was no 
histopathological alteration in thyroid gland, (Fig.10). 

 

 

Fig. 2: Effect of nicotine, ascorbic acid and resveratrol alone and in combination from zero to 20th day of 

gestation on SOD and MDA. 

2-2- Histopathological examination of liver obtained from dams and fetuses: 
 

There was no histological alteration recorded in liver of dams kept as control from zero to 20th 
day of gestation and their fetuses (Figs. 11 and 12). In liver of dams received nicotine from zero to 
20th day of gestation, there was severe dilatation and congestion detected in both central and portal 
veins associated with vacuolar hydropic degeneration in the hepatocytes and edema with few 
inflammatory cells infiltration in the portal area were recorded, (Fig. 13). At the same time, the liver 
of fetuses obtained from these dams, showed congestion in the central vein associated with focal 
hemorrhage in the hepatic parenchyma (Fig. 14). There was no histological alteration neither in liver 
of dams administered ascorbic acid from zero to 20th day of gestation nor in the liver obtained from 
their fetuses, (Figs. 15 and 16). Liver of dams administered ascorbic acid plus nicotine was shown 
vacuolar hydropic degeneration in the hepatocytes, (Fig. 17). The liver of fetuses resulted from dams 
treated with ascorbic acid plus nicotine showed congestion in the central vein, (Fig. 18).  

In liver of dams received carboxy methyl cellulose from zero to 20th day of gestation there was 
dilation in the hepatic sinusoid and portal vein (Fig. 19). Also the liver of fetuses from the same dam 
showed no histological alteration, (Fig. 20). There is no histological alteration in liver of dams and 
fetuses in group of dams orally administered resveratrol from zero to 20th day of gestation, (Figs. 21 
and 22). In liver of dams administered resveratrol plus nicotine, the hepatocytes showed fatty change 
in diffuse manner all over the parenchyma associated with sever congestion and dilatation in the 
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central and portal veins as well as oedema with few inflammatory cells infiltration in the portal area 
(Fig. 23). In liver of fetuses from the same dams, dilation was noticed in the central vein, (Fig. 24). 
There were fatty changes in the hepatocytes associated with mild dilation in the central veins in liver 
of dams administered ascorbic acid with resveratrol together with nicotine, (Fig.25). There was no 
histological alteration but the mega karyoblasts were detected in the parenchyma in liver of fetuses 
from the previous dams, (Fig. 26). 

 

  

Fig.3:Thyroid gland of dams kept as control showing 
normal histological structure, [H&E x40] 

 

Fig.4: Thyroid gland of dams treated with 1mg/kg/d 
nicotine S.C.from zero to 20th day of gestation, 
showing sever congestion of stromal blood vessels (v) 
with hyperactive follicles and aciniempacted by 
eosinophilic colloid (c) with columnar lining 
epithelium (arrow).[H&E x40]. 

  

Fig.5:  Thyroid gland of dams orally received 
2mg/kg/d ascorbic acid from zero to 20th day of 
gestation, showing empty colloid from most of  the 
acinar follicular lumen (a). [H&E x 40]. 

Fig.6:  Thyroid gland of dams received 2mg/kg/d 
ascorbic acid orally plus 1mg/kg/d nicotine S.C.from 
zero to 20th day of gestation, showing massive amount 
of colloid eosinophilic material in the acinar follicular 
lumen (c) with flatten lining epithelium (arrow).  
[H&E x40]. 

 
 

Fig.7: Thyroid gland of dams orally received carboxy 
methyl cellulose showing flattening lining epithelium 
of the follicular acini (arrow) with eosinophilic colloid 
(c) in the lumen. [H&E x40]. 

Fig.8:  Thyroid gland of dams orally received 
20mg/kg/d resveratrol from zero to 20th day of 
gestation showing normal histological structure.   
[H&E x40]. 
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Fig.9: Thyroid gland of dams treated with 20mg/kg/d 
resveratrol orally plus 1mg/kg/d nicotine S.C. from 
zero to 20th day of gestation showing empty follicular 
luminal in semi acini (a). [H&E x 40]. 

Fig.10: Thyroid gland of dams treated with 1mg/kg/d 
nicotine S.C., 2mg/kg/d ascorbic acid orally and 20 
mg/ kg/d resveratrol orally from zero to 20th day of 
gestation, showing normal histological structure.  
[H&E x 40]. 

  

Fig.11 : Liver of dam kept as control showing normal 
histological structure of the central vein (cv) and 
hepatocytes. [H&E x 40]. 

Fig.12: Liver of fetus kept as control from dam 
showing normal histological structure. [H&E x 40]  

  

Fig.13: Liver of dam S.C. received 1mg/kg/d nicotine 
from zero to 20th day of gestation, showing dilation 
and congestion in portal vein (pv) with edema (o) and 
few inflammatory cells infiltration (m) as well as 
dilation of bile duct in portal area (bd). [H&E x 40]. 

Fig.14:  Liver of fetus from dam S.C. received 
1mg/kg/d nicotine from zero to 20th day of gestation,   
showing focal hemorrhage in hepatic parenchyma (h). 
[H&E x 40] 

  

Fig.15:  Liver of dam orally received 2mg/kg/d 
ascorbic acid from zero to 20th day of gestation, 
showing normal histological structure. [H&E x 40]         

Fig.16: Liver of fetus from dam orally received 
2mg/kg/d ascorbic acid from zero to 20th day of 
gestation, showing normal histological structure. 
[H&E x40] 
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Fig.17: Liver of dam treated with 1mg/kg/d nicotine 
S.C. plus 2mg/kg/d ascorbic acid orally from zero to 
20th day of gestation, showing vacuolar hydropic 
degeneration in the hepatocytes (d). [H&E x40]  or 

Fig. 18: Liver of fetus from dam treated with 
1mg/kg/d nicotine S.C. plus 2mg/kg/d ascorbic acid 
orally from zero to 20th day of gestation, showing 
congestion in central vein (cv). [H&E x 40] 

 

  
Fig.19: Liver of dam orally received carboxy methyl 
cellulose at the volume level of resveratrol from zero 
to 20th day of gestation, showing dilatation in hepatic 
sinusoids (s). [H&E x 40] 

Fig.20:  Liver of fetus from dam orally received 
carboxy methyl cellulose at from zero to 20th day of 
gestation, showing normal histological structure. 
[H&Ex40] 

 
 

Fig.21:  Liver of dam orally received 20mg/kg/d 
resveratrol from zero to 20th day of gestation, showing 
normal histological structure. [H&E x 40]. 

Fig.22: Liver of fetus from dam orally received 
20mg/kg/d resveratrol from zero to 20th day of 
gestation, showing normal histological structure. 
[H&E x 40]. 

  

Fig.23:  Liver of dam treated with 1mg/kg/d nicotine 
S.C. plus 20mg/kg/d resveratrol orally from zero to 
20th day of gestation, showing dilatation and 
congestion in portal vein (pv) with edema (o) and few 
inflammatory cells infiltration (m) in portal area. 
[H&E x 40] 

Fig.24: Liver of fetus from dam treated with 1mg/kg/d 
nicotine S.C. plus 20mg/kg/d resveratrol orally from 
zero to 20th day of gestation, showing dilatation in 
central vein (cv). [H&E x 40] 
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Fig.25: Liver of dam treated with 1mg/kg/d nicotine 
S.C., 2mg/kg/d ascorbic acid orally and 20mg/kg/d 
resveratrol orally from zero to 20th day of gestation,  
showing fatty changes in the hepatocytes (arrow) with 
mild dilatation of central vein . [H&E x40]. 

Fig.26: liver of fetus from dam treated with 1mg/kg/d 
nicotine S.C., 2mg/kg/d ascorbic acid orally and 
20mg/kg/d resveratrol orally from zero to 20th day of 
gestation,  showing normal histological structure with 
appearance of megakaryoblasts cells (m). [H&E x 40] 

 
Discussion 
 

Cigarette smoking is one of the most pervasive habits in society. Cigarette smoking is a source 
of oxidant stress in pregnant women (Gunes et al., 2008). In addition pregnancy itself is accompanied 
by high metabolic demand and increased oxygen requirement, resulting in over-production of ROS 
(Chelchowska et al., 2011). High antioxidant capacity has been proposed as a promising strategy to 
prevent cigarette/nicotine-induced teratogenisty (Lin et al., 2012). 

Collectively, in this study nicotine increased T3 and T4 concentration and increased the 
oxidative stress in dams as it decreased SOD activity and increased MDA content. Nicotine also 
produced marked histopathological changes in the dams and their fetuses. Where it caused congestion 
in the interstitial stromal blood vessels associated with hyperactivation of the follicle in the thyroid 
tissue of dams. In addition it caused severe dilatation and congestion in both central and portal veins 
associated with vacuolar hydropic degeneration in liver of dams and congestion in the central vein 
associated with focal hemorrhage in liver of fetus.  

In accordance with that, it was conceivable that nicotine exposure during gestation might 
interfere with growth and development. This could be achieved in two ways, by having a direct effect 
on 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 (Guo 
et al., 2005). Also, Zhao and Reece (2005) reported that nicotine was a major teratogenic factor in 
smoke products, which perturbed normal development of the embryo. 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. An example, 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 (Roy et al., 1998) imply a potential involvement of cell death. 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).  

Developmental exposure to nicotine has been linked to long-lasting changes in synaptic 
transmission which might contribute to behavioral abnormalities seen in offspring of dams received 
nicotine during pregnancy (Damborsky et al., 2015). 

Also, nicotine had been implicated to be a thyroid stimulant by its action through the 
hypothalamo-pituitary-adrenal axis (HPA). It was postulated that nicotine was a potent activator of 
the HPA. Nicotine mimicked the effects of acetylcholine at selected central nicotinic acetylcholinergic 
receptors, thereby caused sympathetic activation, which could increase thyroid secretion (Balhara and 
Deb, 2014). Nicotine is the responsible tobacco compound for the thyroid dysfunctions, and maternal 
smoking might be considered an important risk factor for the development of thyroid diseases in 
offspring (Oliveira et al., 2009). However, (Chen and Kelly, 2005) stated that nicotine treatment did 
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not result in any changes in the total T4 concentration, the percent of T3 uptake and the calculated free 
T4 index regardless of treatment regimen. 

In accordance with our study, it has been shown that maternal smoking was associated with 
increased levels of oxidative stress markers in the mother and offspring (Orhon et al., 2009). 
Enhanced level of tissue lipid peroxides in nicotine treated rats had been shown to be accompanied by 
a significant decrease in the levels of ascorbic acid, vitamin E, reduced glutathione, glutathione 
peroxidase, superoxide dismutase and catalase, and the concentrations of malondialdehyde (MDA) 
were increased (Halima et al., 2010). Nicotine caused greater damage due to higher oxidative stress 
under protein restricted diet, and the oxidative stress was partially removed when antioxidant 
vitamins, such as vitamins C and E, were supplemented to the diet (Chattopadhyay and 
Chattopadhyay, 2008). 

Nicotine exerted its effects by activating nicotinic acetylcholine receptors (nAChRs), which are 
transmembrane ligand-gated ion channels. When activated, nAChRs increase ion influx, including 
Ca2+( Hogg et al., 2003). Elevation of intracellular Ca2+ concentration often interrupts intracellular 
signaling and organelle function (Orrenius et al., 2003). One of the consequences is overproduction of 
reactive oxygen species (ROS), leading to oxidative stress in the cell (Ermak and Davies, 2002). 

Most of the deleterious effects of tobacco smoking/nicotine, in adults and embryos, could be 
attributed to their induced oxidative stress. The increase in ROS levels, together with a decrease in the 
activities of enzymes with antioxidant function, resulted in an imbalance in the oxidant/antioxidant 
capacity, and this imbalance was maintained long after nicotine withdrawal (Ozokutan et al., 2005) 
and becomes worse with age (Bruin et al., 2008). Oxidative stress has been demonstrated to be one of 
the major factors causing programmed cell death (Ueda et al., 2002). Reactive oxygen species (ROS) 
target mitochondria, and mitochondrial DNA that were more sensitive to the deleterious effects of 
ROS than nuclear DNA (Droge, 2002). In addition, the electron transport chain enzyme complexes in 
the inner membrane of the mitochondria were extremely sensitive to ROS inactivation (Wallace, 
2005). 

In this study ascorbic acid administered with nicotine reduced T3 concentration and 
improvement T4, SOD and MDA to normal values. It couldn’t protect thyroid and liver tissues from 
nicotine effect neither in dams nor in their fetuses. 

Ascorbic acid can be found in many biological systems and foodstuffs. It is 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. Ascorbic acid is a powerful water-soluble 
antioxidant and, at physiological concentrations, probably does not produce reactive intermediaries. It 
protects low density lipoproteins from oxidation, reduces harmful oxidants in the stomach and 
promotes iron absorption (Padayatty and Levine, 2001). 

Also ascorbic acid has direct antioxidant capacity and contributes to the protection of cells from 
the damaging effects of endogenously produced or exogenous reactive oxygen radicals and reactive 
nitrogen species, as during immune activation. Ascorbic acid was shown to protect neutrophils from 
reactive oxygen species generated during phagocytosis (Carr and Frei, 1999) and to prevent 
endogenous oxidative damage to lymphocytes and sperm DNA. Vitamin C supplementation 
decreased significantly H2O2–induced DNA damage in lymphocytes in healthy male and female 
nonsmokers (Brennan et al., 2000).  

Vitamin C prevented oxidative damage to lipids, proteins, and DNA, which has been implicated 
as a major contributing factor in the development of chronic diseases such as cardiovascular disease, 
cancer, and cataract, respectively (Ames et al., 1993 & Carr and Frei, 1999). 

Evidence further suggests that vitamin C provided indirect antioxidant protection by regenerating 
other biologically important antioxidants such as glutathione and vitamin E to their active state. 
Vitamin C act as an electron donor involving either monooxygenase or dioxygenase activities in a 
number of important enzymes: dopamine-hydroxylase (biosynthesis of the catecholamines 
norepinephrine and epinephrine), peptidyl-glycine monooxygenase (amidation of peptide hormones) 
and is involved in tyrosine metabolism (4-hydroxyphenylpyruvate dioxygensase) (Carr and Frei, 
1999). 

In addition, Mahapatra et al. (2010) indicated that in vitro nicotine-induced cellular damage in 
mice peritoneal macrophages, as evidenced by enhanced superoxide anion generation and MDA level, 
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are ameliorated by administration of ascorbic acid. Also, it was stated that Ascorbic acid accumulates 
in the brain at relatively high concentrations (Rice, 2000). Several investigations indicated that local 
applications of ascorbic acid enhanced the response of neurons to dopamine (Rebec and Pierce, 1994) 
and glutamate (Rice, 2000). On the other hand, Gunes et al. (2008) found that maternal 
supplementation of vitamin C did not affect SOD, MPO, and MDA levels of the pups. 

Also, Harats et al., (1990) detected significant reductions in plasma thiobarbituric reactive 
substances TBARS following vitamin C supplementation to smokers. On the other hand, Nyyssonen, 
et al., (1997) were unable to show protective effect of oral ascorbic acid supplementation on either in-
vitro lipoprotein oxidation resistance or in-vivo lipid peroxidation in smoking men. At the same time 
the results of vitamin C supplementation on plasma MDA or (TBARS) levels in nonsmokers are 
conflicting. Cadenas, et al., (1996) supplemented the diets of young healthy males with 1 g/day of 
vitamin C for 30 days and failed to detect a decrease in urinary TBARS levels, compared with 
baseline. On the contrary, Wen et al., (1997) using the same dose and duration of vitamin C 
supplementation as Cadenas et al., (1996), observed a significant decrease in plasma MDA levels.  

The putative preventive effect of ascorbic from the harmful effects of nicotine could be 
attributed to the anti-oxidant activity of ascorbic acid. Ascorbic acid functions as a biological 
antioxidant, reducing the oxidative properties of toxic substances. So Ascorbic has the ability to act as 
a free radical scavenger and repair lymphocytic DNA damage caused by smoking, (Gunes et al., 
2008). 

Ascorbic acid interacts with nicotine dependence in human as well as in animal models. In this 
regard, it has been shown that ascorbic acid could reduce nicotine-induced nitric oxide release in the 
kidney in healthy voluntaries subjects (Halimi and Mimran, 2000). 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 our search administration of resveratrol with nicotine, reduced the oxidative stress induced 
by nicotine by increased SOD activity and reduced MDA content to their normal value. However, in 
the histological examination it did not completely protected against histological alteration induced by 
nicotine in thyroid of dams and in liver of dams and fetuses. 

Resveratrol possesses a wide range of biological activities, such as anti-oxidant, anti-
inflammatory, anti-cancer and anti-aging effects in numerous organisms (Surh, 1999). The putative 
protective effect of resveratrol, either alone or in combination with ascorbic acid, against the 
deleterious our effects of nicotine was investigated in this study. 

In agreement with results, oral resveratrol supplementation in dose of 10 mg/kg to rats 
significantly counteracts the deleterious effect of nicotine injections on bladder and kidney functions 
via its antioxidant effects, as evidenced by alterations in GSH, MPO and MDA levels (Toklu et al., 
2010). 

The protective effect of resveratrol on nicotine could be explained by its antioxidant effect 
(Juan et al., 2002). As embryonic ROS resulted in modified expression of antioxidant enzymes, which 
were intimately involved in protecting the embryo against oxidative damage during the early stages of 
development (Qu et al., 2000). According to Lin et al., (2012) study, resveratrol attenuated lipid 
peroxidation and increased SOD activity in embryos exposed to nicotine. resveratrol could protect 
embryos against nicotine-induced oxidative damage through its antioxidant activity. In addition, 
resveratrol acted as an antioxidant by directly scavenging free oxygen radicals, stimulating 
antioxidant enzymes, decreasing electron transport, decreasing superoxide radical production, 
increasing mitochondrial oxidative phosphorylation, and increasing other antioxidant activities  
(Kasdallah-Grissa et al., 2007 and Spanier et al., 2009). 
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In the present study, combined use of ascorbic acid and resveratrol with nicotine reduced T3 and 
T4 concentrations to normal values. And they markedly reduced MDA content and significantly 
increased SOD activity. Regarding the histopathological examination, the combined treatment showed 
normal structure in thyroid gland of dams and in the liver of fetuses. They showed fatty changes in the 
hepatocytes and mild dilatation in central vein.   

Important factor which determines whether a drug will reach fetus include maternal dose, route 
of administration, physical properties, and rate of absorption into the systemic circulation. Placental 
transfer is also an important factor that it is not an absolute barrier, as all unbound small molecule in 
the maternal plasma have access through the placenta to the conceptus. So the most important point is 
to consider the rate at which the drug will reach the conceptus (Finnel, 1999). The possible 
consequence of abnormal development does not occur with equal probability and are most likely 
associated with the timing of exposure relative to fetal development. As the pre-implantation embryo 
is refractory to malformation, If the dosage is of sufficient strength, the embryo will die before the 
pregnancy is recognized. After organogenesis begins, malformation of a specific organ or system 
reflected the special sensitivities and needs of rapidly differentiating and growing tissue. Also this 
general elevation of sensitivity during organogenesis makes the embryo susceptible to death (Buehler 
et al., 1990). 
          Functional deficit would not ordinarily be expected to result from teratogenic exposure during 
organogenesis. Teratogenic exposure during histogenesis or functional maturation during the fetal 
period would be expected to result in structural defect, functional loss or both.  If general cell 
necrosis, at a level lower than that which cause death, it could slow the overall growth proportionate 
to the time required to replenish the lost cells .So growth retardation may occur as aresult of late fetal 
exposure to teratogen. Death may occur with or as aresult of sever malformation, growth retardation, 
or a generalized breakdown of vital function (Dansky and Finnell, 1991). 

Dose and duration are a critical for any teratogenic exposure. Exposure are teratogenic only 
when they exceed a threshold dose .Which mean that for every exposure there is a level below it, no 
damage will occur to the embryo. As the dose increase above threshold, the frequency and severity of 
teratogenic effect also increase. Chronic exposure usually have a greater potential to cause teratogenic 
effect than acute exposure at similar doses (Polifka and Friedman, 2002).  There is a dose-response 
relationship for teratogens and teratogenic activity, as there is for drugs and therapeutic effect 
(Finnell, 1999). 

Up to the utmost knowledge of the researchers, there were no published data regarding the 
preventive effect of combined ascorbic acid and resveratrol against the harmful effect of nicotine. 
Howevere, based on the results of this study the combination of ascorbic acid and resveratrol would 
be proposed as a preventive strategy in ameliorating the teratological effect of nicotine on 
histopathological levels or biochemical parameters. The suggested protective of this combination is 
based on their combined anti-oxidant effect that would ameliorate the role of nicotine-induced 
increased oxidative stress in the pathogenesis of these parameters. 
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