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ABSTRACT 
 

Maternal nutrition will not only affects pregnancy outcomes (such as birth weight) but will also affect 
the state of the fetus in their adult life in terms of diseases occurrence and also immune system 
development. Inadequate nutrition particularly will have a negative impact on the proliferation of the 
various cell populations responsible for the immune functions as well as the accumulation of high 
concentrations of inflammatory components. Maternal nutrition affects immunity ‘programming' 
during the period of pre-natal and post-natal life. Over the last decade, epidemiological and 
experimental studies have helped to expedite more understanding of immunity ‘programming.' 
External exposures such as smoking, alcohol and drugs during fetal life have also shown to have 
an impact on immunity ‘programming.' In this review, the relationship between fetal programming 
and the immune system, such as effects on the various immune-cellular components through some 
evidence from epidemiological and experimental models will be discussed. 
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1. INTRODUCTION  
 
Programming is the term used to represent       
the effect of the condition in the womb to the 
development imprint of the fetus in the adult life 
[1,2]. Major programming outcome is                
the greatest during the particular critical period of 
development of the organs [3]. The theory of 
‘fetal programming’ in relation to the outcome     
of the adult diseases was first described by        
Dr David Barker [4]. During pregnancy, the 
condition of the maternal nutrition, will not       
only affect pregnancy outcomes (such as        
birth weight) but will also affect the state of the 
fetus in their adult life in terms of diseases 
occurrence and also immune system 
development [2]. Fetal programming has been 
linked to the incidence of various adult     
diseases such as hypertension, obesity, 
cardiovascular diseases and diabetes [2,5]. In 
this review, the relationship between fetal 
programming and the immune system, such as 
effects on the various immune-cellular 
components through some pieces of evidence 
from epidemiological and experimental models 
will be discussed. 

 
The mechanism of how programming occurs is 
still not entirely understood. Over the last 
decades, however, several underlying       
theories have been identified. One of the        
main theories of fetal programming showed that 
it was due to epigenetic alteration such as DNA 
methylation by certain nutrients, which 
consequently affects gene expression and 
phenotype [6-12]. DNA methylation affects       
cell proliferation, thus has an impact on the 
development of body organs and its functions 
[8,9]. This will, in turn, cause some     
developmental changes or adaptations. As a 
result, long term effects on the immune       
system will be seen as a result of this growth 
alteration. Interest on epigenetic nutritional 
programming effect has led to the study             
of various types of nutrients to determine their 
effect on gene expression and subsequently   
fetal outcome. For instance, in one of one of 
earlier studies, reported that amino acids     
played a very important role in the modulation of 
the initiation phase of mRNA translation, 
therefore affecting protein synthesis and     
tissues growth [13]. Another study has also 
identified that glucose intake affects the 
transcription of enzyme fatty synthase which is 
responsible for converting glucose to fatty acids 
[14]. 
 

In the intrauterine, fetal normally develops in a 
low oxygen environment and has low 
antioxidants capacity to eliminates Reactive 
Oxygen Species (ROS) [15]. Oxidative stress, 
which is the accumulation of ROS was also 
believed to be one of the underlying theory 
behind fetal programming [15,16]. Oxidative 
stress in the intrauterine environment can occur 
as a consequence from prenatal hypoxia (high 
oxygen exposures due to smoking), 
undernourishment or overnutrition and exposures 
to metabolites such as glucocorticoid [15]. High 
levels of ROS have been associated with an 
increased incidence of hypertension in adult life 
which was first reported in rat studies [17]. Free 
radical species in the intrauterine environment 
may subsequently disrupt the endothelial cell 
lining of the blood vessels as well as other 
organs such as the heart, therefore, contributing 
to heart diseases [18,19]. 
 

Tissues proliferation and organs development 
take place at different rates and stages during 
fetal life [10]. Therefore, one of the main 
challenges in understanding the theory of fetal 
programming of the immune system is to identify 
the critical period of development by which any 
insults during that period will lead to permanent 
changes or effect. The ‘programming' of the 
immune system was believed to occur 
particularly during early gestation periods and 
during the late gestation period [10]. The main 
reason for this claim was that, during the early 
and late gestation period, demands for nutrients 
for various organs growth, including the thymus 
are significantly important [20]. 
 

The fetus entirely depends on the mother’s 
nutrition supply for growth [12,21]. Maternal 
nutrition has ‘programming’ effect on the 
development of the immune system in adult life 
[22,23]. The hypothesis of maternal nutrition on 
epigenetic alteration leading to the development 
of various organs such as thymus and its 
implication to some adult diseases [24]. The 
production of methyl groups occurred with the 
help of various nutrients such as Vitamin B6, 
folate, selenium and histones (the activation of 
suppression of gene expression) [24,25]. In 
addition, the availability of methyl groups for 
methylation processes on various locus positions 
leads to alteration of the gene expression for cell 
proliferation, differentiation and many other vital 
processes. Maternal nutrition affects the size and 
composition of the fetus at birth which in turn 
reflects the condition of their health in the future 
[25]. 
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2. EVIDENCES FROM EPIDEMIOLOGICAL 
AND EXPERIMENTAL STUDIES 

 
Majority of the experimental studies on fetal 
programming involves the use of animal models 
such as rats or sheep. Animal studies provide 
useful background information on the 
biochemical processes as well as the 
consequences of nutrition on fetal programming. 
Furthermore, experimental evidence of fetal 
programming in humans is a very challenging 
task. This is because it is ethically unacceptable 
to manipulate the diet of pregnant women for a 
purpose of experimental studies. Despite the 
study limitation, however, there was a lot of 
evidence from epidemiological evidence to 
summarize the effect of maternal nutrition during 
pre-natal and post-natal on fetal programming of 
the immune cellular components. One important 
point that needs to be well understood is that the 
programming effect is not entirely produced by a 
single known nutrient. Programming effect is 
produced as a result of a combination of various 
types of macronutrients and micronutrients 
supplied from the mother to the fetus. The effect 
of these nutrients on the development of various 
components of the immune system such as 
lymphoid organs particularly thymus will also be 
discussed here. 
 

Inadequate nutrition particularly will have a 
negative impact on the proliferation of the various 
cell populations responsible for the immune 
functions as well as the accumulation of high 
concentrations of inflammatory components 
[15,16,20]. In the context of immune function, the 
organ which plays a very important role is the 
thymus (which is responsible for maturation of 
the T cells and others). The thymus is important 
for releasing T-cells which circulates in the body 
to monitor the presence of harmful antigens 
[10,20]. Therefore, the proper development in the 
thymus during fetal life is important in order to 
achieve good immune system integrity. 
 

The outcome of prenatal exposures to 
undernutrition was observed in infants who were 
born during Dutch Famine from 1944 to 1945 in 
the Netherlands [26,27]. In the follow-up, it was 
found that babies who were exposed to maternal 
undernutrition during early, mid or late gestation 
of the pregnancy produced different 
programming outcomes. This is because based 
on the observations, a different type of diseases 
was developed in their adult life. For example, 
higher incidences of heart diseases and obesity 
cases for those that have been exposed to 

famine in earlier gestation periods          
compared those not exposed to the famine 
periods [26]. The exposure of famine during the 
mid- gestation was found to be highly associated 
with the incidence of respiratory problems [26]. 
Therefore, this earlier evidence has shown      
that various period of maternal undernutrition      
during pregnancy is critical to the development   
of different types of organs in the growing    
fetus. 
 
In another epidemiological study, the effect of 
maternal nutrition during the hungry and harvest 
period was investigated in Gambian infants study 
[28]. In this study, the thymus size of the infants 
was compared between the hungry and harvest 
periods. It was found that babies born during the 
hungry period had smaller sized thymus 
compared to those born during the harvest 
season. Those born during the hungry season 
were also found to be more likely to develop 
infections and have higher mortality. Therefore, 
this particular study showed that the 
‘programming' period of the immune system may 
occur during early post-natal life. However, there 
are many other confounding factors need to be 
considered, such as breast milk quality because 
it will also affect the immune system 
development against infections in an infant 
during early post-natal life [29]. Therefore, 
maternal undernutrition at any stages of 
pregnancy has a very large impact on the 
programming of the immune system. It has been 
shown that fetal development is highly 
responsive particularly to the period of 
undernourishment as observed in the fetal 
exposure study during the Dutch Famine   
[26,27].  
 

However, there are some drawbacks from        
the epidemiological studies as it may vary in 
terms of the type of participants (race,       
ethnicity, regions), type of nutrients exposure and 
exposures time which may affect the study 
outcome. Despite the growing evidence, the 
debate on the relationship between nutrition    
and immune system development is still   
ongoing. The evidence of fetal programming from 
the epidemiological studies can be supported 
scientifically via experimental studies.    
Generally, most of the epidemiological evidence 
showed that the most sensitive period to 
undernutrition is during post-natal life.     
However, in experimental studies, it was shown 
that maternal undernutrition not only sensitive 
during post-natal life but also during pre-natal 
life. 
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One of the significant findings was evidence that 
maternal nutrition affects the size of the thymus, 
which is one of the important components of the 
immune system. The size of the thymus is 
associated with the strength of the immune 
system function. The fundamental evidence is 
that as we get older, the thymic activity tends to 
decline which is subsequent to a reduction in the 
immune system competence to fight diseases or 
infections [30]. A study attempted to demonstrate 
the effect on the immune system of male rats 
exposed to inadequate and adequate maternal 
nutrition during their fetal life in response to 
endotoxin during weaning. The outcome of the 
study showed that a pup, which has been 
exposed to low maternal nutrition has poor 
immune response towards endotoxin. This study 
showed that maternal undernutrition leads to 
reduced integrity of the immune system. More 
specific studies were carried out using various 
types of nutrients. In the following section, 
various types of nutrients with its impact on 
certain components of the immune system will be 
discussed. 
 

2.1 Protein-energy Malnutrition 
 
One of the most studied nutrients in this area of 
fetal programming is the protein-energy 
malnutrition. Protein malnutrition was shown to 
have detrimental effects on the thymus 
development. A study has shown that protein-
energy malnutrition exposure to pregnant rats led 
to massive decrease to the thymus and spleen 
level proliferation in the offspring compared to 
rats with adequate protein diet [31]. A study has 
also shown that human patients with protein-
energy malnutrition were also found to be more 
vulnerable to parasites infection in the stomach 
[32]. These studies showed that protein 
nourishment from the mother produced a 
programming effect on thymus development. 
Similarly, in a sheep study has shown that 
protein malnutrition reduced the ability of the 
sheep to fight against nematode infection 
compared to those exposed with adequate 
protein [33]. In human, protein-energy 
malnutrition has been associated with increased 
risks of various diseases in children such as 
marasmus or Kwashiorkor which is one of the 
major health problems in many developing 
countries [34].  
 

Therefore, based on the studies described 
above, there is a very strong link between 
protein-energy malnutrition and the integrity of 
the immune system. Adequate protein 

nourishment is required to ensure the ideal 
environment for the thymus to develop during 
fetal life in order to survive better after birth. It 
was also believed that protein helps to increase 
the proliferation of goblet lymphocytes of the 
mucosal which plays a very important role in 
elimination harmful agents such as bacteria or 
viruses that can cause diseases [35].  

 
2.2 Micronutrients: Selenium 
 
Apart from the major macronutrients such as 
proteins, micronutrients such as selenium also 
play a very important role in the programming 
effect of the immune system components. Poor 
intake of selenium by the female rats that 
breastfed disrupt the proliferation of natural killer 
cells and cytotoxic T-cells in the offspring [36]. 
Selenium has an antioxidant capacity to 
eliminate ROS in the body [37]. Therefore, 
adequate intake of selenium may, in turn, 
produce a preferable programming effect by 
preventing the action of ROS. Furthermore, as 
mentioned earlier, free radicals may complicate 
development during neonatal life [16]. 
Inadequate supply of selenium to the offspring 
from the mother's breast milk leads to increased 
chances of getting infections. This particular 
study was another example to show that 
programming of the immune system not only 
occurs during gestation periods but also takes 
place during post-natal life of the infant. In the 
earlier study, selenium may help to reduce the 
level of ROS, but this does not affect the survival 
of those babies with lungs oxidative 
complications (Barlow et al., 2006). However, the 
latest study in mice has shown that selenium 
does have protective effects against free radicals 
in the lungs and liver, as a result of oxidative 
stress exposures such as smoking [38]. 
Therefore, the role of selenium in relation to the 
immune system programming is still not fully 
understood and calls for more studies in this 
field.  
 
2.3 Alcohol Exposure 
 
There are also growing interest in the study of 
alcohol exposure to fetal development in the 
uterus [39,40]. In the US, up to 3% of the babies 
born shown impact from alcohol exposures 
during fetal life [41]. Studies in fetal sheep have 
shown that prenatal exposures during the second 
trimester have led to major detrimental effect on 
the brain development of the fetus [42,43]. It is 
reported that children commonly have poor brain 
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functions as a result of alcohol exposure. The 
affected children were found to have very low 
scores in their IQ test due to impaired cognitive 
performance. Due to the affected brain functions, 
the immune system will be affected as well 
because these two systems worked closely 
together. Therefore, disturbances to the brain 
functions due to alcohol exposures will, in turn, 
affect the integrity of the immune system as well 
(due to the hypothalamic-pituitary axis 
relationship). 
 

2.4 Smoking and Drug Exposures 
 
Several studies have attempted to identify the 
effect of smoking on the various immune system 
components. In a study, post-natal rats were 
injected with nicotine, were found to have 
reduced T-cells response ability towards 
exposure to a mutagenic compound called 
Calvonolin A. This experiment proved that 
smoking will impair the proper development of 
the immune system which affects one of the 
important components, the T-cells. Studies have 
shown that smoking exposures during early post-
natal life, affect the programming of the immune 
system via the impairment of the interferon 1, 
which makes babies more susceptible to 
infection and allergic reactions [44]. Exposures   
to smoking in the womb were also believed to 
affect the proper function of Natural Killer Cells 
which may lead to premature birth or 
spontaneous abortion [45]. It was also observed 
that maternal smoking has resulted in 
significantly reduced birth weights of their babies 
compared to non-smoking mothers [46]. 
Therefore, due to these observations, pregnant 
mothers need to abstain from smoking not just 
for the health of the mother but also affects the 
susceptibility to infections and allergic reactions 
of the developing fetus.  
 
Drugs are sometimes administered during 
pregnancy in case of certain health issues or 
complications. It is already established and 
known that drugs may result in adverse effects 
on fetal organ development [47]. In particular, it 
was stated that the use of high doses of a 
steroidal type of drugs may lead to impairment of 
brain development as shown in animal studies 
[48]. Thymus, as part of the brain, therefore may 
also be affected. Due to the growing concern of 
drugs towards fetal development, safer treatment 
alternative is suggested for pregnant women. 
There is also a need to educate pregnant women 
on the effects of drugs during pregnancy 
because as reported in India, only about 30% of 

the women are aware that drugs may have 
detrimental effects on pregnancy. 
 
Therefore, maternal nutrition impacts the 
development of the immune system including 
other important biochemical components [31]. In 
particular, many studies relates to maternal 
undernutrition with poor thymus development 
[20,28]. Thymus development is important 
because it affects the integrity of the immune 
system. Poor thymus development increases 
vulnerability to bacterial infection and allergic 
reactions development such as asthma [20,44]. 
Therefore, adequate nourishment during fetal life 
is very crucial because, in turn, this will affect 
immunity against various types of viral and 
bacterial infection. 
 
Despite the ongoing investigations, to identify the 
relationship between nutrition and the immune 
system, many questions remain unanswered. 
Much of the reports were from epidemiological 
studies, a lot of confounding factors needed to be 
considered. For example, different human 
subjects have been exposed to different living 
environment and culture; therefore, their eating 
habits will differ a lot. Another factor that affects 
the mother's nutrients intake is also their socio-
economic status, which also needed to be 
considered. In terms of animal studies, there are 
a lot of similarities in the thymus and spleen 
development in human and animals such as rats 
and sheep, which makes them suitable as a 
comparison to human studies.  In general, most 
of the animal studies focused mainly on a single 
nutrients effect on fetal programming of the 
immune system functions. In the real world, 
organ development requires various types of 
nutrients. Such single nutrient study may be 
inconclusive or adequate as evidence. A more 
effective nutrition based studies, such as a 
complete controlled diet with adequate large 
samples or models may be useful to support the 
evidence. In human epidemiological studies, 
combined nutrient studies might be difficult to 
implement, but may be more feasible in animal 
models such as mice, rats or sheep.  
 
Combination of both studies, experimental and 
epidemiological studies, however, so far has 
established more understanding on the topic of 
fetal programming, not just the immune system 
but also various types of adult diseases such as 
obesity and hypertension. A future suggestion is 
to conduct long term epidemiologic studies by 
involving large sample numbers with stringent 
records of their nutrition and medicines 
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exposures. Another research that could be done 
is to observe the effect of maternal overnutrition 
on the development of the immune system. This 
is because overfeeding has also proven to show 
an impact on the programming of certain 
diseases such as obesity. Therefore, it is 
possible that overnutrition may also have an 
impact on the development of the cellular 
components of the immune system. 
 

3. CONCLUSION 
 
Epidemiological and experimental studies have 
helped to develop a much better understanding 
on the subject of fetal programming of the 
immune system. Conclusively, the knowledge on 
fetal programming not only benefits human but 
also major interests in the field of agricultural 
sciences to ensure a healthy breed of animals. 
By understanding this theory further, health 
standards can be improved through diet and 
nutrition intervention at a much early stage via 
maternal nutrition. This is important particularly in 
the third world countries where medical 
intervention may not be easily accessible and 
expensive. 
 

CONSENT 
 
It is not applicable. 
 

ETHICAL APPROVAL 
 
It is not applicable. 
 

COMPETING INTERESTS 
 
Author has declared that no competing interests 
exist. 
 

REFERENCES 
 
1. Plagemann A. Perinatal programming and 

functional teratogenesis: Impact on body 
weight regulation and obesity. Physiology 
& Behavior. 2005;86:661-668,  

2. Carolan-Olah M, Duarte-Gardea M, 
Lechuga J. A critical review: Early life 
nutrition and prenatal programming for 
adult disease. Journal of Clinical Nursing. 
2015;24:3716-3729. 

3. Hoet JJ, Hanson MA. Intrauterine nutrition: 
Its importance during critical periods for 
cardiovascular and endocrine 
development. The Journal of Physiology. 
1999;514(Pt 3):617. 

4. Nathanielsz PW, Thornburg KL. Fetal 
programming: From gene to functional 
systems? an overview. Journal of 
Physiology. 2003;547:3-4. 

5. Tarantal A, Berglund L. Obesity and 
lifespan health—Importance of the Fetal 
environment. Nutrients. 2014;6:1725. 

6. Wu G, Bazer F, Cudd T, Meininger C, 
Spencer T. Maternal nutrition and fetal 
development. The Journal of Nutrition. 
2004;134:2169-72. 

7. Holness MJ, Sugden MC. Epigenetic 
regulation of metabolism in children born 
small for gestational age. Current Opinion 
in Clinical Nutrition and Metabolic Care. 
2006;9:482. 

8. Chmurzynska A. Fetal programming: Link 
between early nutrition, DNA methylation, 
and complex diseases. Nutrition Reviews. 
2010;68:87-98. 

9. Novakovic B. The importance of the 
intrauterine environment in shaping the 
human neonatal epigenome. Epigenomics. 
2013;5:1-4. 

10. Fisher RE, Steele M, Karrow NA. Fetal 
programming of the neuroendocrine-
immune system and metabolic disease. 
Journal of Pregnancy. 2012;2012:10. 

11. Vieau D. Perinatal nutritional programming 
of health and metabolic adult disease. 
World Journal of Diabetes. 2011;2(9):133-
136. 

12. Godfrey KM. The role of the placenta in 
fetal programming-a review. Placenta. 
2002;23:S20. 

13. Kimball SR, Jefferson LS. Amino acids as 
regulators of gene expression. Nutrition & 
Metabolism. 2004;1:3-3. 

14. Sugden MC. In appreciation of Sir Philip 
Randle: The glucose-fatty acid cycle. Br J 
Nutr. 2007;97:809-813. 

15. Loren PT, Yazan AH. Impact of oxidative 
stress in fetal programming. Journal of 
Pregnancy; 2012. 

16. Luo ZC, Fraser WD, Julien P, Deal CL, 
Audibert F, Smith GN, et al. Tracing the 
origins of "fetal origins" of adult diseases: 
Programming by oxidative stress? Medical 
Hypotheses. 2006;66:38-44. 

17. Franco PMC, Dantas VAP, Akamine HE, 
Kawamoto ME, Fortes BZ, Scavone CAC, 
et al. Enhanced oxidative stress as a 
potential mechanism underlying the 
programming of hypertension in utero. 
Journal of Cardiovascular Pharmacology. 
2002;40:501-509. 



 
 
 
 

Ahmad; AJMAH, 14(3): 1-8, 2019; Article no.AJMAH.47962 
 
 

 
7 
 

18. Deshpande SS, Angkeow P, Huang J, 
Ozaki M, Irani K. Rac1 inhibits TNF-alpha-
induced endothelial cell apoptosis: Dual 
regulation by reactive oxygen species. 
FASEB Journal: Official Publication of the 
Federation of American Societies for 
Experimental Biology. 2000;14:1705. 

19. Alexander B. Fetal programming of 
hypertension. American Journal of 
Physiology. 2006;59:R1-R10. 

20. Chen T, Liu HX, Yan HY, Wu DM, Ping J. 
Developmental origins of inflammatory and 
immune diseases. Mhr: Basic Science of 
Reproductive Medicine. 2016;22:858-865. 

21. Symonds ME, Ramsay MM. Maternal-fetal 
nutrition during pregnancy and lactation / 
editors. Michael E. Symonds and Margaret 
M. Ramsay. Cambridge. New York, UK; 
2010. 

22. Sallout B, Walker M. The fetal origin of 
adult diseases. Journal of Obstetrics & 
Gynecology. 2003;23(5):555-560. 

23. Brenseke B, Prater MR, Bahamonde J, 
Gutierrez JC. Current thoughts on 
maternal nutrition and fetal programming of 
the metabolic syndrome. Journal of 
Pregnancy; 2013. 

24. Allegrucci C, Denning CN, Burridge P, 
Steele W, Sinclair KD, Young LE. Human 
embryonic stem cells as a model for 
nutritional programming: An evaluation. 
Reproductive Toxicology. 2005;20:353-
367. 

25. Yajnik C. Nutritional control of fetal growth. 
Nutrition Reviews. 2006;64:S50-S51. 

26. Painter RC, Roseboom TJ, Bleker OP. 
Prenatal exposure to the dutch famine and 
disease in later life: An overview. 
Reproductive Toxicology. 2005;20:345-
352. 

27. Roseboom TJ, van der Meulen JHP, 
Ravelli ACJ, Osmond C, Barker DJP, 
Bleker OP. Effects of prenatal exposure to 
the dutch famine on adult disease in later 
life: An overview. Twin Research and 
Human Genetics. 2001;4:293-298. 

28. Collinson A, Moore S, Cole T, Prentice A. 
Birth season and environmental influences 
on patterns of thymic growth in rural 
Gambian infants. Acta Pædiatrica. 
2003;92:1014-1020. 

29. Yoshio H, Lagercrantz H, Gudmundsson 
GH, Agerberth B. First line of defense in 
early human life. Seminars in Perinatology. 
2004;28:304-311. 

30. Mocchegiani E, Malavolta M. NK and            
NKT cell functions in immunosenescence, 

Ed. Oxford, UK. 2004;3:177-                 
184. 

31. Calder PC, Yaqoob P. The level of protein 
and type of fat in the diet of pregnant rats 
both affect lymphocyte function in the 
offspring. Nutrition Research. 2000;20:995-
1005. 

32. El-Hodhod MAA, Nassar MF, Zaki MM, 
Moustafa A. Apoptotic changes in 
lymphocytes of protein energy malnutrition 
patients. Nutrition Research. 2005;25:21-
29. 

33. Kahn LP, Knox MR, Gray GD, Lea JM, 
Walkden-Brown SW. Enhancing immunity 
to nematode parasites in single-bearing 
Merino ewes through nutrition and genetic 
selection. Veterinary Parasitology. 
2003;112:211-225. 

34. Cunningham-Rundles S, McNeeley DF, 
Moon A. Mechanisms of nutrient 
modulation of the immune response. The 
Journal of Allergy and Clinical 
Immunology. 2005;115:1119-1128. 

35. Balic A, Bowles VM, Meeusen ENT. The 
immunobiology of gastrointestinal 
nematode infections in ruminants. 
Advances in Parasitology. 2000;45:181-
241. 

36. Dylewski ML, Mastro AM, Picciano MF. 
Maternal selenium nutrition and neonatal 
immune system development. Biology of 
the Neonate. 2002;82:122-127. 

37. Battin E, Brumaghim J. Antioxidant activity 
of sulfur and selenium: A review of reactive 
oxygen species scavenging, glutathione 
peroxidase, and metal-binding antioxidant 
mechanisms. Cell Biochemistry and 
Biophysics. 2009;55:1-23. 

38. Charab MA, Abouzeinab NS, Moustafa 
ME. The protective effect of selenium on 
oxidative stress induced by waterpipe 
(Narghile) smoke in lungs and liver of 
mice. Biological Trace Element Research; 
2016. 

39. Hellemans KGC, Sliwowska JH, Verma P, 
Weinberg J. Prenatal alcohol exposure: 
Fetal programming and later life 
vulnerability to stress, depression and 
anxiety disorders. Neuroscience and 
Biobehavioral Reviews. 2010;34:791-   
807. 

40. Zhang X, Sliwowska JH, Weinberg J. 
Prenatal alcohol exposure and fetal 
programming: Effects on neuroendocrine 
and immune function. Experimental biology 
and medicine (Maywood, N.J.). 2005;230: 
376. 



 
 
 
 

Ahmad; AJMAH, 14(3): 1-8, 2019; Article no.AJMAH.47962 
 
 

 
8 
 

41. Mengel MB, Searight HR, Cook K. 
Preventing alcohol-exposed pregnancies. 
Journal of the American Board of               
Family Medicine: JABFM. 2006;19:           
494. 

42. Mayock DE, Ngai AC, Mondares RL, 
Gleason CA. Effects of binge alcohol 
exposure in the second trimester on 
intracerebral arteriolar function in third 
trimester fetal sheep. Brain Research. 
2008;1226:111-115. 

43. Simon KE, Mondares RL, Born DE, 
Gleason CA. The effects of binge alcohol 
exposure in the 2

nd
 trimester on the 

estimated density of cerebral microvessels 
in near-term fetal sheep. Brain Research. 
2008;1231:75-80. 

44. Prescott SL, Noakes PS. Maternal 
smoking in pregnancy: Do the effects on 
innate (Toll-like receptor) function have 

implications for subsequent allergic 
disease?. Allergy, Asthma, and Clinical 
Immunology: Official Journal of the 
Canadian Society of Allergy and Clinical 
Immunology. 2007;3:10-18. 

45. Karimi K, Arck PC. Natural killer cells: 
Keepers of pregnancy in the turnstile of the 
environment. Brain Behavior and 
Immunity. 2010;24:339-347. 

46. Jobe AH. Maternal smoking and birth 
weight. The Journal of Pediatrics. 
2013;162:885-885. 

47. Briggs GG, Freeman RK, Yaffe SJ. Drugs 
in pregnancy and lactation: A reference 
guide to fetal and neonatal risk. Lippincott 
Williams & Wilkins; 2012. 

48. Whitelaw A, Thoresen M. Antenatal 
steroids and the developing brain. Archives 
of Disease in Childhood-Fetal and 
Neonatal Edition. 2000;83:F154-F157. 

_________________________________________________________________________________ 
© 2019 Ahmad; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle3.com/review-history/47962 


