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Abstract 

Maternal cigarette smoking during pregnancy is associated with many severe developmental abnormalities on the fetus. 
The present study investigates the hematological parameters of the blood of adult rat offspring exposed prenatally to 
Cigarette Smoke (CS). Pregnant albino rats were exposed to CS 3 times/day (each 15 minutes) or room air (controls) from 
gestational day 0 to parturition. Hematological parameters were measured for 3 month–old adult offspring. Prenatal CS 
exposure significantly increases total leukocyte counts, monocytes (P < 0.05), and lymphocytes (P < 0.01); and 
significantly decreases mean corpuscular volume of red blood cells (P < 0.05) in adult rat offspring as compared with 
controls. However, prenatal CS exposure had no significant effect on other hematological parameters, including red blood 
cells count, granulocytes, platelets, hemoglobin concentration, hematocrit, mean corpuscular hemoglobin, red cell 
distribution width, prothrombin time, mean platelet volume and platelet distribution width in adult rat offspring. These 
findings may indicate that cigarette smoking during pregnancy is associated with a significant increase in total leukocyte 
counts, lymphocytes and monocytes, and significant decreases mean corpuscular volume of red blood cells of adult rat 
offspring. 
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1. Introduction 

Maternal cigarette smoking during pregnancy is 
a known risk factor for many severe pre- and 
postnatal developmental complications in the 
human fetus and infant. Prenatal CS exposure is the 
main risk factor in postnatal morbidity and 
mortality, intrauterine growth retardation, preterm 
delivery and sudden infant death syndrome (Andres 
and Day, 2000; Dempsey and Benowitz, 2001; 
Duncan et al., 2009). In addition, cigarette smoking 
during pregnancy can induce several prenatal 
complications, including spontaneous abortion, low 
birth weight, and increase in neonatal nucleated red 
blood cells (Blake et al., 2000; Voigt et al., 2006; 
Dollberg et al., 2000; Giovanni et al., 2013). CS is 
known to be a complex mixture of large number of 
highly toxic substances can lead to damage to 
neonates through active or passive smoking. Many 
of these metabolites, such as nicotine, cotinine, 
polycyclic aromatic hydrocarbons, metals and 
carbon monoxide can readily cross the placental 
barrier to the developing embryo and cause both 
prenatal and postnatal health consequences 
(Lambers and Clark 1996; Pichini et al., 2000). 
Some of these compounds were identified in the 
fetus blood and urine of newborns of smoking 

mothers (Pichini et al., 2000; Mamsen et al., 2010; 
Berlin et al., 2010; Giovanni et al., 2013), and in 
fetal blood of rodents (Carmines et al., 2003). These 
compounds can cause vasoconstriction to the uterine 
placental blood vessels (Donnenfeld et al., 1993; 
Albuquerque et al., 2004), resulting in serious 
reduction in oxygen supply and malnutrition to the 
developing fetus (Ganapathy et al., 1999). There 
also gestational exposure to CS stimulates the 
release of catecholamines from adrenal glands and 
sympathetic autonomic nerves which consequently 
limits the placental blood flow, causing intrauterine 
reduction in oxygen supply and under nutrition to 
the fetus (Ernest et al., 2001). 

Several studies demonstrated that CS exposure 
or nicotine during gestational period is associated 
with significant permanent postnatal 
neurodevelopmental abnormalities in the activity of 
the central and peripheral nervous systems in adult 
offspring (Chen et al., 1998; Eugenin et al., 2008; 
Duncan et al., 2009; Bublitz and Stroud, 2012). This 
will result in severe deficits of many regulatory 
functions, including endocrinal (Fowler et al., 2009; 
Shields et al., 2009), cardiovascular (Blake et al., 
2000; Xiao et al., 2008; Lawrence et al., 2008), 
respiratory (Gilliland et al., 2000; Singh et al., 2003; 
Pendleburg et al., 2008), reproductive (Jensen et al., 
2005; Fowler et al., 2009; Mamsen et al., 2010), 
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autonomic neural control (Khan et al., 1994; Franco 
et al., 2000; Parslow et al., 2004; Schneider et al., 
2008) and neurobehavioral outcomes (Pauly and 
Slotkin, 2008; Ernst et al., 2001). It is known that 
large majority of neurons in the cerebral cortex and 
other brain regions are generated during gestational 
period.  

In addition, human studies have demonstrated 
significant immunomodulatory effects of maternal 
cigarette smoking during pregnancy on the immune 
system parameters by increasing in lymphocyte 
counts (Giovanni et al., 2013) and serum 
immunoglobulin levels (Cederqvist et al., 1984) in 
newborns of smoking mothers compared to those 
born to non-smoking mothers. In addition, other 
studies have described the immunosuppressive 
properties of maternal CS exposure by decreasing 
total leukocyte counts, lymphocytes and modulating 
the number and function of alveolar macrophages in 
neonates of smoking mothers (Mercelina-Roumans 
et al., 1996; Sopori and Kozak, 1998). Animal 
models have shown that gestational nicotine 
exposure down-modulates the immune function of 
adult offspring by suppressing lymphocyte 
responsiveness (Basta et al., 2000).  

The aim of the present study is to investigate the 
effect of CS exposure during gestational period on 
hematological parameters of adult rat offspring. 

2.  Materials and Method 

2.1. Animals 

Two groups (each of 5 females) of young adult 
albino rats (10 weeks of age and weighing 150 - 160 
g body weight) were used for mating. The first 
group was CS exposure, and the second group was 
controls. The animals were housed individually in 
plastic cages, and allowed to acclimatize for one 
week. The rats were provided with standard 
laboratory chow and water ad libitum except during 
CS exposure. Animal room was maintained at 20 – 
25°C. Care and handling of the animals were 
performed in accordance with the international 
guidelines for the use of laboratory animals. During 
the mating period, the female rats were placed with 
fertile males overnight, and the next morning female 
rats were examined to have mated by the presence 
of sperms in the vaginal smears (considered 
gestational day 0). At the end of mating period, the 
males were removed, and the pregnant females were 
divided into two groups of 5 animals each: 
experimental CS exposure group and control group. 
2.2. Cigarette Smoke Exposure 

The pregnant females of CS exposure group 
were daily exposed to CS via whole-body inhalation 
(3 times/day, each 15 minutes) from gestational day 
0 to parturition. CS was generated from the burning 
of filtered cigarettes using a smoking device 
(designed in Neurobiology laboratory, Mutah 
University) which pumps CS in the form of puffs 
(each 35 ml) at regular intervals (one puff/min, and 
puff duration of 2 seconds). There were no deaths or 

any other abnormal signs in the pregnant females 
associated with CS exposure. The control group was 
subjected to the same experimental conditions of the 
CS exposure group, but without exposure to CS. 
Food consumption and body weight gain of 
pregnant females of CS exposure group were 
similar to that of pregnant females of the control 
group. Newborn pups were kept with their mothers 
until weaning. After weaning, male and female 
offspring of CS exposure group and control group 
were separated and kept in the animal house. The 
hematological parameters of the blood were 
measured in 3 month–old adult offspring (150 – 170 
g body weight) of both groups.  
2.3. Hematological Investigation 

Blood samples (5 ml) were collected by cardiac 
puncture under light ether anesthesia from adult rat 
offspring of CS exposure group (males = 15 and 
females = 11) and control group (males = 13 and 
females = 10). Immediately after blood collection, 
complete blood cell counts and hematological 
analysis were performed according to laboratory 
routine using automated hematology analyzer 
(Mythic) in Al-Karak hospital, Ministry of health. 
In addition, differential cell counts of leukocytes 
were performed manually. 
2.4. Statistical Analysis 

Statistical evaluations were performed by 
Student's t-test for independent samples. The level 
of significance of all tests was set at P < 0.05, and 
the results were expressed as means ± S.E.. 

3. Results 

3.1. Cellular Components of the Blood of Adult Rat 
Offspring after Prenatal CS Exposure 

The cellular components of the blood of adult rat 
offspring after prenatal CS exposure and controls 
are shown in Table 1. Prenatal CS exposure 
significantly increases the total leukocyte counts 
and monocytes (P < 0.05), and lymphocytes (P < 
0.01) in male and female adult rat offspring as 
compared with controls. However, prenatal CS 
exposure had no significant effect (P > 0.1) on red 
blood cells count, granulocytes and platelets in male 
and female adult rat offspring as compared with 
controls. 
3.2. Hematological Parameters of the Blood of 
Adult Rat Offspring after Prenatal CS Exposure 

The hematological parameters of adult rat 
offspring after prenatal CS exposure and controls 
are shown in Table 2. Prenatal CS exposure 
significantly (P < 0.05) decreases the mean 
corpuscular volume of red blood cells in male and 
female adult rat offspring as compared with 
controls. However, prenatal CS exposure had no 
significant effect (P > 0.1) on other hematological 
factors including, hemoglobin, hematocrit, mean 
corpuscular hemoglobin, mean corpuscular 
hemoglobin concentration, red cell distribution 
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width, prothrombin time, mean platelet volume and 
platelet distribution width in male and female adult 
rat offspring as compared with controls. 
Table 1. Cellular components of the blood of adult rat 
offspring after prenatal CS exposure and controls. 

Cellular 
component 
 

Males Females 
CS 
exposure 
(n = 15) 

Controls 
(n = 13) 

CS 
exposure 
(n = 11) 

Controls 
(n = 10) 

RBCs (X106/ml) 8.31 ± 
0.1 

8.13 ± 
0.11 

7.71 ± 
0.11 

7.53 ± 
0.33 

Total Leukocytes 
(X103/ml) 

9.92 ± 
0.60* 

6.81 ± 
0.56 

9.13 ± 
0.64* 

6.71 ± 
0.60 

Lymphocytes 
(X103/ml) 

6.13 ± 
0.43** 

3.54 ± 
0.40 

4.78 ± 
0.44** 

3.60 ± 
0.49 

Monocytes 
(X103/ml) 

1.44 ± 
0.19* 

0.97 ± 
0.17 

1.59 ± 
0.33* 

0.92 ± 
0.13 

Granulocytes 
(X103/ml) 

2.34 ± 
0.30 

2.27 ± 
0.21 

1.32 ± 
0.18 

1.78 ± 
0.27 

Platelets 
(X103/ml) 

611.50 ± 
34.57 

670.60 ± 
24.12 

657.18 ± 
20.84 

599.09 ± 
15.14 

Significantly different from controls (*P < 0.05, **P < 
0.01). 

Table 2. Hematological parameters of the blood of adult 
rat offspring after prenatal CS exposure and controls.      

Hematological 
parameters 

Males Females 
CS 
exposure 
(n = 15) 

Controls 
(n = 13) 

CS 
exposure 
(n = 11) 

Controls 
(n = 10) 

Hemoglobin 
(g/dl) 

15.67 ± 
0.25 

15.50 ± 
0.19 

15.24 ± 
0.26 

14.77 ± 
0.39 

Hematocrit 
(%) 

44.28 ± 
0.43 

44.54 ± 
0.65 

42.50 ± 
0.56 

42.65 ± 
1.10 

MCV (fL) 53.15 ± 
0.52* 

55.74 ± 
1.15 

54.37 ± 
0.42* 

56.81 ± 
1.06 

MCH (pg) 19.07 ± 
0.43 

19.1 ± 
0.21 

19.75 ± 
0.23 

19.68 ± 
0.42 

MCHC (g/dL) 34.80 ± 
0.37 

34.91 ± 
0.64 

35.64 ± 
0.38 

34.65 ± 
0.38 

RDW (%) 14.18 ± 
0.27 

15.16 ± 
0.48 

13.02 ± 
0.53 

13.6 ± 
0.86 

PT (%) 0.12 ± 
0.01 

0.16 ± 
0.02 

0.13 ± 
0.01 

0.13 ± 
0.01 

MPV (fL) 2.15 ± 
0.13 

2.59 ± 
0.22 

2.63 ± 
0.34 

2.98 ± 
0.34 

PDW (%) 15.75 ± 
0.29 

16.13 ± 
0.30 

16.48 ± 
0.36 

16.47 ± 
0.30 

Significantly different from controls (*P < 0.05). MCV: 
mean corpuscular volume, MCH: mean corpuscular 
hemoglobin, MCHC: mean corpuscular hemoglobin 
concentration, RDW: red cell distribution width, PT: 
prothrombin time, MPV: mean platelet volume, PDW: 
platelet distribution width. 

4. Discussion 

The present study investigates the hematological 
parameters of the blood of adult rat offspring 
exposed prenatally to maternal cigarette smoking. It 
reveals that prenatal CS exposure caused a 
significant increase in the total leukocyte counts, 
lymphocytes and monocytes in both male and 
female during late adult life. These findings are in 
agreement with a recent study which showed 
significant increase in lymphocyte counts in 
newborns of smoking mothers than those born of 

non-smoking mothers without significant change in 
the percentages of lymphocyte subpopulations 
(Giovanni et al., 2013). Therefore, it seems that 
maternal cigarette smoking during pregnancy has a 
long term stimulatory effect on the immune 
response in adult rat offspring. However, Schmid et 
al. (2007) showed that total leukocyte counts and 
lymphocytes were reduced in neonates of smoking 
mothers compared with those of non-smoking 
mothers. The decrease in total leukocyte counts 
might be due to the suppressive effect of nicotine on 
myeloid dendritic tissue of the bone marrow 
(Vassallo and Chen, 2004). 

In addition, chronic fetal hypoxia and/or 
ischemia induced by carbon monoxide and nicotine 
of the CS can cause reduction of the uteroplacental 
blood flow during gestational period (Donnenfeld et 
al., 1993; Albuquerque et al, 2004) which may 
affect the development of hematopoietic tissues in 
bone marrow. This is supported by the findings of 
Dollbreg et al., 2000 who showed that infants born 
to women exposed to passive smoking during 
pregnancy have increased the number of circulating 
nucleated red blood cells. This is due to the increase 
in levels of erythropoietin hormone levels as 
Varvarigou et al. (1994) found in cord blood of 
infants born to smoking mothers. Since, it is known 
that this hormone has a stimulatory effect on bone 
marrow tissue after severe reduction in oxygen 
supply to body cells. 

The present results show that prenatal CS 
exposure during pregnancy had no significant effect 
on red blood cell and platelet counts in male and 
female adult rat offspring. This is in agreement with 
the findings of Giovanni et al. (2013) who showed 
that red blood cell and platelet counts were similar 
in newborns of smoking mothers and non-smoking 
mothers. In addition, the present findings 
demonstrate that prenatal CS exposure caused a 
significant decrease in the mean corpuscular volume 
of red blood cells in male and female of adult rat 
offspring. However, other hematological factors, 
including, hemoglobin, hematocrit, mean 
corpuscular hemoglobin, mean corpuscular 
hemoglobin concentration, red cell distribution 
width, prothrombin time, mean platelet volume and 
platelet distribution width, were not significantly 
affected after prenatal CS exposure of adult rat 
offspring..    

5. Conclusion 

The present study suggests that maternal 
cigarette smoking during pregnancy is associated 
with a significant increase in the total leukocyte 
counts, lymphocytes and monocytes, and 
significantly decreases the mean corpuscular 
volume of red blood cells of adult rat offspring. 
However, other hematological parameters were not 
significantly affected after prenatal CS exposure in 
adult rat offspring. 
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