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ABSTRACT

Anaemia is defined as reduction in circulating hemoglobin mass below 

the critical level expected for age and'sex. Anaemia affects almost two- 

thirds o f pregnant women in developing countries; it is associated with 

poor maternal and prenatal outcomes. Anaemia during pregnancy through 

many endocrine alterations-may influence the maternal and fetal 

environment

To investigate the anthropometric, biochemical and hormonal profiles in 

paired maternal and cord blood samples and to compare between the two 

groups, anaemic (77= 68) and non- anaemic groups (77=57), in order to 

study the endocrine effects o f anaemia during pregnancy in the mothers 

and their neonates.

This cross sectional study was conducted in Gadarif hospital, Eastern 

Sudan. Women were classified into two groups based on the WHO 

classification of anaemia: Group 1 (normal control- no anaemia, Hb>11.0 

g/dl), Group 2 anaemic, (Hb<l lg/dl). Exclusion criteria o f the study 

included both pre- and post-term neonates and their mothers and any 

other clinical disorders known to predispose the mothers to intra-uterine 

growth retarded birth other than malnutrition and/or anaemia, such as pre- 

eclapsia, renovascular disease, chronic hypertension, vasculopathy from 

diabetes, drug abuse, genetic or congenital abnormalities, inborn errors of 

metabolism, twin births and toxic exposure. Socio-demographic 

characteristics such as age, residence, parity and education were gathered 

using questionnaires. Anthropometric parameters such as weight, height 

and mid-arm circumference of the mothers and weight and length of the 

neonates were recorded. Detailed medical and clinical obstetric histories 

of the women were documented.
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Biochemical parameters such as total protein, and serum albumin were 

measured in both maternal and cord blood samples using calorimetric 

methods and serum Ferritin was also measured using radioimmunoassay 

method.

Hormonal profiles (insulin, cortical, growth hormone, thyroid stimulating 

hormone, triiodothyronin, tetraiodothyronin, and prolactin) of the mothers 

and their neonates were also measured in both maternal and cord blood 

samples using radioimmunoassay technique.

Statistical analysis was done using Statistical Package for Social Science 

(SPSS).

There was no significant difference in the maternal anthropometries 

parameters (weight, height, mid-arm circumference) between the anaemic 

(Hb< 11 gm/dl) and non- anaemic groups (Hb> 11 g/dl).

There was no significant difference in the fetal anthropometries 

parameters (weight, length and placental weight) between the anaemic 

(Hb< 11 gm/dl) and non- anaemic groups (Hb>l 1 g/dl).

Maternal prolactin was significantly higher in anaemic group when 

compared with non anemic group with p-value =.002 

Cord serum albumin was significantly higher in anaemic group compared 

with non anemic group with p-value = .04

Cord serum ferritin was significantly higher in anaemic group compared 

with non anemic group with p-value < .001.

There was no significant difference was observed in the other maternal 

parameters (total protein, growth hormone, cortisol, insulin, thyroid 

stimulating hormone, total thyroxin and triiodiothyroxine).

There was no significant difference was observed in the other fetal 

parameters (total protein, growth hormone, cortisol, insulin, thyroid 

stimulating hormone, total thyroxin and triiodiothyroxine).
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In this study there were some maternal and fetal endocrine modulations 

due to anaemia during pregnancy as indicated by the high levels o f 

maternal prolactin in the blood of the anemic women group and also the 

high values o f albumun and ferritin’ in the cord blood of the anemic 

women group.

VI



ة ص ال خ ل ا

ف ر ع ض ي ر ر م م فق د ا) ال مي ي ألن ها (ا ن أ ة ب حال ي ال ن الت و ك ها ي ي ز ف كي ر ن ت وبي وقل م هي ن اقل ال  المعدل م
ي ع طبي ي ال م ف د ك ال ة وذل ج تي ص ن حد لنق وا و ل ر أ كث ن أ ت م ونا ك م ة ال ئي ذا غ ل ة ا سي سا أل ب ا صي  هذا وي
ض ر م ى ال ء ثلث سا ل الن م حوا ى ال ل ف و د ة ال مي نا ل ه ا ت ول را ثي أ ة ت ب ل حة علمى سا ة ص رأ م جنين ال  وال

ك ن وذل ل م ال ض خ ت بع را غي ة الت وني رم ه ى ان ها الت حدث .ي
ت ري ج ة أ س را د ل ة ا مدين ف ب ر ضا ث ل ي ا ق ف ر ن ش ودا س ي ال ت ل د وا ع ب ي ت وال م 450 ح صمة عن كل عا  ال

م و ط ر خ ل ي ا رة ف فت ن ال ر مابي وب كت ر م2007 أ ي ا ن ت وقد .م2008 وي ة هدف س را د ي ال ث إل ح  عن الب
ت را غي ة الت وي حي و م كي ة ال ي ون م ر ه ة وال جي و ول وب ر النث ى وا ث الت حد ء ت سا ل للن م وا ح ن ال ه واليد  نتيجة وم
ة ب صا إل ض ل ر م ر ب م فئ د ة ال رن مقا ك و ء ذل سا ن ل بال م وا ح ر ال غي ت ال صابا ض م ر ومواليدهن بالم

ضا .أي
ل ال سة خ را د م ال م ت سي ق ء ت ما ن ل ل ا م وا ح ي ال ن إل عتي و م ج ب )أ م ث (و ت حي عة مثل جمو م ء )ال سا ك  أاا

ل م وا ح ت ال صابا م ض ال ر م ر ب دم فق ة عدد ر ال رأ م ت ،ا مثل ة و ع و م ج م ساء (رب ال  الحوامل الن
ر ت غي صابا م ر ال ض ر م ال ة ق7ب رأ م م (.ا ص ت ح ء ف سا ا الن ري ري ن س م م و م ث ء ت را ج ض إ ت بع  القياسا

صة خا ء ال سا ن ل بال و ط ن و كال ز و ط ال حي م ع و را ز ة ال ف ضا ي إ ض إل ع ت ب سا قيا ي ال خر ال  تم كما ا
ع زي و ة ت رق ن و ستبيا ة ا س را د ة ل حال ة ال عي ما جت ال ء ا سا ن للن م وم م ث خذ ت ة ا ن عين ت دم م  األمها
ي وال ل 5 ح ل م ب ة ق الد و ما ال م ك خذ ت م عينة ا ي د وال ل0 ح م ن ا ل م حب ي ال ر س د ال ع الدة ب و ضا تم ,ال  أي

ن ز ل و طف عد ال ة ب ف ظا ن ك ال ذل ك ن و ز ة و م شي م م .ال ل ت ص ل ف ص م ن ال ت م عينا م ال ي ث ر ظة ج  إلي حف
ن ه حي مال ع ست س ا قيا ز ل كي ر ت ت ينا وت ر ن و الب ومي بي الل ت ا ونا م ر ه دة و غ ة ال رقي د ألنسولبن و ال  -ا

ل و ز رتي و ك ن -ال ريتي ق ن ال و م ر ه و و م ك الن ق عن وذل ري ل ط عما ست ة ا ي ن ق ت ت سا عية القيا سا  ال
ة عي شعا إل ,ا
ت ح ض و ج أ تائ سة ن را د ة ال آلتي ا
ت - إ س ك لي ق هنال ر وا ى ف ص ف وا خ ة ال ري مت و وب ر النث ن ا ء بي سا ل الن م حوا ت ال صابا م  ال
ض ر م ر ب دم فق ر و ال غي ت و صابا م ,ال

ت -2 س ك لي ق هنال ر وا ى ف ص ف وا خ ة ال ري مت و وب ر ث الن ن ا ل بي ا ف ط أل ن ا ودي ول م ن اب النساء م
ر و الدم غي ت و با صا م ,ال

ت -و س ك لي ت شال الفا خت ي ا ة ف مي ت ك ينا وت ر ت الب ونا م ر ه غدة و ة ال رقي د ن و ال سولي ألن  ا
ل و ز رتي و ك ن وال و م ر ه مو و ي الن د ء ل سا ل الن م حوا ت ال صابا م ضى ال ة بالمر رن ء مقا سا حوامل بالن  ال

ر غي ت ال صابا ض م ر م ال ,ب
ت -4 م ب ك ل ت هنال الفا خت ي ا ة ف مي ت ك نا ي وت ر ب ل ت ا ونا م ر ه ة و د غ ة ال رقي د سولين و ال ألن  ا

ل و ز رتي و ك ن وال و م ر ه مو و ي الن د د ل ي وال ء م سا ل الن م وا ح ت ال صابا م ض ال ر م ن بال والي م ةب رن  مقا
ء سا ل الن م وا ح ر ال غي ت ال صابا ض م ر م بال

ة -ؤ ف ضا إل ي با ك إل ت ذل جد سة و را د ن ال ك أ ع هنال رتفا ي ا و عن ي م ن ف ي اللين هزمو  لد
ء سا ل الن م وا ح ت ال صابا م ض ال ر م ر ب دم فق ة ال رن ء مقا سا ن ر بال ت غي صابا م ض ال ر  (.p.=002 )بالم

ك -6 ع هنال رتفا ي ا و عن ي م ة ف مي ن ك ومي بي الل ن (p-value = .04 ) ا رتي p-value .> والف
د عند ( .001) ي وال ساء م ت الن با صا م ل ض ا ر م ال ة ب رن قا د م والي م ر النساء ب غي ل ت ا با صا ض م ر م  فئر ب

دم .ال
ت ص سة خل را د ى ال ن إل ك إ س هنال عت ت ب را غي ة الت وني م ر ه ى ال ث الت حد ء ت سا حوامل للن  ال

ن ه د ي ل وا م ء و را ة ج صاب ت إ ها ألم ض ا ر م ر ب دم فث ء ال رة أثنا ل فت حم ك ال ن وذل ل م ال زيادة خ  ال
ة وي عن م ى ال ز ف كي ر ن ت و رم ن ه ي اللي د ء ل سا ت الن صابا م ض ال ر م ال ة ب رن ء مقا سا ت غبر بالن صابا  ,الم

ضا دة وأي زيا ة ال وي عن م ى ال ز ف ركي ن ت رتي ن الف مي و أللب ي وا د د ل والي ء م سا ت الن صابا م ض ال ر يمر  فث
دم ة ال رن ء مقا سا ن ر بال ت غي صابا م ض ال ر م .بال

ل م حوا ت ال صابا م ض ال ر م ر ب فق
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Chapter one

Introduction and literature Review



1.1. Introduction

Anaemia in the developing world is most commonly caused by iron 

deficiency, which not only impairs’ the production of red cells, in the 

blood, but also affects general cell growth and proliferation (Wood 1986, 

Dempster et al. 1995). Nutritional anaemia is defined as a condition in 

which hemoglobin content o f the blood is lower than normal as a result o f 

deficiency o f one or more essential nutrients, regardless o f the cause o f 

such deficiency (W oodruff 1986, Rahman et al. 1993).

World health organization (WHO) defines anaemia as a hemoglobin level 

below 12g/dl in nonpregnant women and hemoglobin (Hb) level below 

llg/dl in pregnant women. These numbers are based on average levels 

around the world, for all women regardless o f their age (Christian et al.

2002, Langer et al. 1989). In developing countries, the incidence of 

nutritional anaemia in women and particularly among pregnant is high. 

According to world health organization (WHO), 43% of all non-pregnant 

women aged 15-49 years in the developing countries develop anaemia 

during pregnancy (Christian et al. 2002, Langer et al. 1989).

In Sudan anaemia is a serious public health problem, particularly during 

pregnancy and iron deficiency anaemia is widely prevalent among 

reproductive age women 33-95%  according to world health organization 

(WHO) data. In studies done at New Haifa eastern Sudan Adam et al 

found that the prevalence of anaemia was 62% in pregnant women and 

thev found that maternal anaemia was a risk factor for fetaJ anaemia 

(Adam et al. 2008).

Anaemia is recognized as a risk factor for maternal mortality when 

associated with antepartum and post partum haemorrhage and low birth 

weight. Maternal and prenatal outcome is normal in situation of mild



anaemia, while severe anaemia is associated with increased low birth 

weight babies.

Growth is characterized by a series o f critical steps, including times of 

intense development where cells rapidly divide and differentiate in order 

to synthesize the various tissues and organs that will eventually comprise 

a human being. These critical periods are influenced by the intrauterine 

environment, and thus depend on maternal nutrition and metabolism 

(Hoet et al. 1999).

Normal fetal growth is the result o f an equilibrated interplay between 

maternal nutrition, placental transport and fetal growth factor (Christy et 

al. 2007). Any imbalance in maternal nutrient intake has the potential to 

cause profound changes in maternal and fetal metabolism, as a 

consequence of nutrient roles in transcription and signal transduction 

(Ashworth et al 2001).Thus, a nutritional insult to the fetus during 

development may not only affect fetal survival and organ growth, but also 

disturb the finely tuned homeostatic mechanisms that are essential for 

fetal growth and metabolism (Vickers et al 2001).

It is increasingly accepted that alterations o f the intrauterine and early 

postnatal nutritional and hormonal environment may predispose 

individuals to development o f diseases in later life. Results from studies 

of the offspring of diabetic mothers strongly support this hypothesis. 

Physiological mechanisms that underlie this programming are unclear. 

However; hormones are important environment dependent organizers o f 

the developing neuroendocrine-immune network, which regulates all the 

fundamental processes of the life.

Several hormones and growth factors are known to play important roles 

in the tissue accretion and differentiation in the fetus (Gluckman et. al.

2003, Nito-Diaz et al. 1996). The prenatal period presents a highly



synchronized sequence of metabolic and endocrine events, which are very 

important for normal growth and development o f the fetus (Gluckman et 

al. 2003, Godfrey et al 1995).

Several studies have shown that low birth weight and prenatal stress results 

in modulation of hypothalamic-pituitary adrenal axis. Changes in the 

concentration of hormones occur in response to nutritional restriction 

during gestation. In general nutritional restriction reduces fetal nutrient 

availability, resulting in a decrease in the anabolic hormones such as 

insulin, thyroxin (T4) and an increase in catabolic hormones concentrations 

such as cortisol and growth hormone (GH) ( Gluckman et al 2003, Fowden 

et al. 2004).

Limited information is available in the literature with regard to the 

endocrine alterations in the maternal- fetal milieu as a consequence of 

nutritional anaemia during pregnancy. In order to investigate the 

endocrine adaptation mechanisms by the fetus due to maternal anaemia, 

we examined the quantitative variations in hormonal and growth factor 

profiles in paired maternal and cord blood samples from mothers and 

their neonates who were classified to anaemic and non anaemic, based on 

maternal anaemia during labour.



F ig u r e l.1 .1 A n a e m ia  as a public health problem by

country: pregnant women (WHO Data base)



Figure2.1.1:- Anaemia as a public health problem by country

nonpregnant women of reproductive age (WHO Data base)



Literature Review

1.2.1 Anaemia:

2.1.1 Definition: Anaemia is defined as reduction in circulating 

hemoglobin mass below the critical level expected for age and sex. The 

normal hemoglobin (Hb) concentration in the body is between 12-14g/dl. 

World health organization (WHO) has accepted up to llg /d l as normal 

hemoglobin level in pregnancy. Therefore any hemoglobin level below 

1 Ig/dl in pregnancy should be considered as anaemia.

1.2.2 Causes

- Physiological- Pregnancy causes a state o f hydraemic plethora, there is 

disproportionate increase of plasma volume during pregnancy leading to 

apparent reduction of red blood cells, hemoglobin and haematocreit 

value, hemoglobin is consequently reduced to a varying extent 

occasionally as low as 80%, the dilution picture is norm chromic and 

normocytic ( Picciano 2003).

-Acquired (nutritional) anaemia- Iron deficiency anaemia, Macrocytic 

anaemia due to deficiency o f folic acid and/or vitamin B n, protein 

deficiency anaemia due to protein deficiency in extreme malnutrition and 

haemolytic or haemorrhagic anaemia due to acute blood loss, chronic 

(hook worm, bleeding piles). Iron and folate deficiency is by far the most 

important etiological factors. Haemolytic anaemia may be caused by 

haemoglobinopathies, drugs reaction or infection with malaria parasites 

(Broken 1998).

1.2.3. Risk factors

-Sociodemographic factors (age, level o f education, marital status, area 

and cites of residence).



-Obstetrical factors (gravidity, parity, history of previous preterm, or 

small for gestational-age deliveries, plurality o f pregnancy- multiple or 

singleton).

-Behavior factors (smoking or tobacco usage, alcohol usage, utilization of 

prenatal care services) (Broken 1998).

-Medical conditions (diabetes, renal or cardio-respiratory diseases, 

chronic hypertension).

1.2.4. Anaemia and pregnancy

Anaemia during pregnancy is well known and considerable risk factor for 

both mother and fetus. Fetal consequences are an increased risk of growth 

retardation, prematurity, intrauterine death, amnion rupture and infection. 

Prematurity is a consequence o f early anaemia during gestation which 

leads to release of placental stress hormones which induce fetal release of 

adrinocorticotrophic (ACTH) and cortisol. These induce production of 

uterine contraction stimulating hormones (estrogen, connexin) and 

inhibition of insulin like growth factor (IGF), an impotent anabolic 

hormone for fetal development ( Allen 1997). It was also shown that 

placental development is influenced by anaemia and hypoxia, for 

example as causes of troboblast invasion and release of hypoxia inducible 

factor (HIF) as a consequence. Abnormal feto-placental development is 

an underlying cause o f several problems of the new bom  and adult life as 

described by "fetal-programming" ( Hercberg et al. 2000).

Maternal consequences of anaemia are also well known and include 

cardiovascular symptoms, reduced physical and maternal performance, 

reduced immune function, tiredness, reduced peripartal blood reserve and 

finally increased risk for blood transfusion in the postpartum period 

(Barker 2000).



1.2.5. Anaemia during pregnancy in Sudan

Anaemia during pregnancy is a global health problem in Sudan, 

especially in the eastern region of the country. Adam et al investigated 

the prevalence and possible risk factors for anaemia in pregnant women 

in New halfa area of eastern Sudan and they reported that 62% o f the 

pregnant women had anaemia (H b<llg/dl) and they found that Malaria 

and Pica were the major risk factors for anaemia ( Adam et al. 2005).

1.2.6. Nutritional requirement during pregnancy

Nutrition is an area that requires special attention during pregnancy, 

particularly during the second and third trimesters. The fetus needs 

nutrients and energy to build new tissue and women needs nutrients to 

build her blood volume and maternal stores. There is an increased 

demand for energy and for almost every nutrient type. Most nutrients 

requirements can be met through careful attention to diet, although there 

are several nutrients require supplementation during pregnancy (Picciano 

2003).

1.2.7. Energy requirements and weight gain:

Energy requirements are increased during pregnancy because o f fetal 

tissue development and increased maternal stores. Failure to gain enough 

weight, during pregnancy, has been associated with an increased risk o f 

developing a low birth-weight neonate (less than 2500g). Low birth- 

weight has consistently been associated with poor neonatal outcomes. 

Conversely, a woman who gains too much weight is at increased risk of 

developing a macrosomic (greater than or equal to 4000g) neonate 

(Godfrey et a l 1996).



1.2.8. Protein requirements:

Protein needs are increased during pregnancy because of growth and 

repair of fetal tissue, placenta, uterus, breast and maternal blood volume. 

It is important for the women to have adequate caloric intake to prevent 

protein stores for tissue building and repair. When protein is used to 

supply energy, there is less available for fetal, placental and maternal 

tissue growth needs. During the average pregnancy, approximately lOOOg 

of additional protein above the women's basal needs are used (Ceesay et 

al. 1997).

1.2.9. Minerals requirements:

Most minerals can be obtained from a varied diet without 

supplementation, even during pregnancy. However, it is important for 

pregnant women to get sufficient amounts o f minerals to prevent 

deficiencies in the growing fetus and maternal stores (Rasmussen et al. 

1990).

1.2.10. Vitamin requirements:-

Vitamins are known to be catalysts for many chemical reactions in the 

body. A varied diet that includes adequate servings from the each of the 

food groups on the Food Guide Pyramid should supply sufficient 

amounts of most vitamins during pregnancy (Wilson et al. 1990).

1.2.11. Influences on Maternal Development during Pregnancy

1.2.11.1. Maternal smoking and drug use:

Maternal cigarette smoking is associated with reduced birth weight, an 

early report suggested a doubling of rate o f low birth weight in smokers 

compared with nonsmokers and a dose-dependant effect with increasing 

number of cigarettes smoked (Simpson 1957, Lumley 1987). More recent 

studies demonstrate a 3.5-fold increased risk of small gestational age 

infants in women who smoke during pregnancy (Bamberg et al. 2004) 

with a greater effect on low birth weight with increasing maternal age

10



(Cnattingius et al. 1993, Rick-Edward 2003). Smoking reduces weight by 

approximately 150-200g (Andress et al. 2000), representing one of the 

largest preventable effects on intrauterine growth restriction (IUGR) 

(Rockwel et al. 2003). The mechanism o f the effect o f the maternal 

smoking relates to both the higher levels of carbon monoxide in maternal 

blood that cross the placenta to the fetus leading to fetal tissue 

hypoxemia, and the vasoconstrictive o f nicotine (Newnham et al. 1990). 

In addition, there may be an interaction between maternal smoking and 

nutritional intake, which adversely affects fetal growth. Women who 

smoke have different diets from nonsmokers, due to suppression of 

appetite by smoking (Cogswell et al. 2003).

The use of drugs such as cocaine and marijuana also has significant 

negative effect on fetal growth. Cocaine use contributes to an increased 

rate of low birth weight and a reduction in mean birth weight by at least 

100 g (Zuckerman et al. 1989, Ahmed et al. 1989). The mechanisms of 

cocaine's effect include transit vasoconstrictive effects on the placental 

vasculature and specific inhibition of amino acids transport (Pasterakuljic 

etal. 1999).

1.2.11.2. Maternal hypoxia:

Maternal hypoxia influences fetal growth, and its effect is independent o f 

socioeconomic status, prematurely, maternal smoking, pregnancy - 

induced hypertension, and parity (Yip 1987, Jensen et al. 1997). Studies 

in Colorado have demonstrated a mean difference in birth weight o f 241 g 

between residents o f high altitude (2744-3350 m) and lower altitude (915- 

1524 m) (Jensen et al. 1997). Altitude is a strong predictor o f intrauterine 

growth restriction through changes in third trimester fetal growth 

(Krampl et al. 2000).There is an interaction between maternal hypoxia 

and alterations in placental and uterine blood flow, which could 

contribute to reduced nutrient transport to the fetus (Clapp. 2003).



Different studies, suggest that physiological changes in response to high- 

altitude residence, which reduce blood flow to the fetoplacental unit, are 

detrimental for fetal growth.

1.2.11.3. Maternal inflammatory diseases:

The presence o f maternal inflammatory disease may contribute to 

reduced fetal growth. Several inflammatory diseases are associated with 

reduced fetal growth, such as asthma, rheumatoid arthritis (Skomsvoll et 

al. 2002), inflammatory bowel disease (Fongar et al 1998), systemic 

lupus erythematous (Aggarwal et al. 1999), and periodontal disease 

(McGaw 2002).In addition, elevated maternal serum or placental 

inflammatory cytokines have been associated with intrauterine growth 

restriction (Fried et al. 1998, Hahn-Zoric et a\. 2002).

Maternal health influences the maternal sate during pregnancy with 

implications for fetal growth. In addition to inflammatory diseases, many 

other maternal factors, including preeclampsia (Xiao et al. 2003, anaemia 

(Godfrey et al. Allen 2001), infections (Brar et a l  1988), and alcohol 

consumption (Larrogue et al. 1993) influence fetal growth via changes in 

placental function.

1.2.11.4. Fetal response and adaptation to under nutrition

Any stimulus or insult that occurs during the critical period of 

development may cause a fetal response and adaptation that leads to long

term or permanent changes in the structure or function of the body, a 

process sometimes referred to as programming (Lukas 1991). Maternal 

nutrition may act as a forecast for the fetus o f the nutritional environment 

it will encounter after birth. The fetus responds and adapts to that forecast 

using a number of strategies in order to maximize its chances of postnatal 

survival. The immediate response to undemutriton is catabolic 

consumption o f substrates to provide energy (Harding and Johnson 1995). 

If the under nutrition is prolonged, the fetus changes it is metabolic rate

12



and alters the production of hormones and the sensitivity o f the tissues to 

them. Metabolic programming is also thought to occur, for example the 

fetus prepares to store nutrients as fat in anticipation of poor postnatal 

nutrition (Ashwell et al. 1987).

The thrifty phenotype hypothesis proposed by Hales and Barker in 1992 

aims to provide an explanation for the link between the fetal intrauterine 

environment and the susceptibility to chronic diseases in later life (Hailes 

et al. 1992). It proposes that if  the malnourished fetus is bom into an 

environment o f poor postnatal nutrition and remains in such an 

environment throughout childhood and adulthood, the prenatal 

adaptations are beneficial and the long-term health is unaffected. 

However, problems occur if  a malnourish fetus is bon into an 

environment o f adequate or over nutrition. This hypothesis is widely 

supported by studies in both human and animal models (Hales et 

a/,2001). Extending the thrifty phenotype, Gluckman and Hanson 

proposed the predictive adaptive response hypothesis. They postulated 

that the developing fetus assesses the plane of nutrition it receives in 

utero, predicts the postnatal nutritional plane that it will encounter and 

adapts to the predicted environment in a way that would give it best 

chance of survival. I f  diet in adulthood diverges from the predicted plane, 

disease manifests itself (Glukman et al. 2004).

1.2.11.5. Maternal nutrition and epigenomics

There is growing evidence that maternal nutrition during pregnancy and 

maternal metabolic status can programmed adult disease susceptibility by 

altering epigenic state o f the fetal genome (Gallou-kabani et al. 2005). All 

biological methylation reactions are dependent on dietary methyl donors 

such as methionine and choline, and on cofactors, which include folic 

acid, vitamin Bi2 and pyridoxal phosphate. The methyl donors and 

cofactors are not only required for the re-establishment o f the patterns of

13



cytosine methyaltion after implantation but also for the maintenance of 

these patterns during many cycles o f the cellular proliferation during fetal 

and early postnatal life. Thus deoxyribonucleic acid (DNA) methylation 

and histone modifications may be affected by an inadequate supply of 

amino acids and micronutrients (Challis et al. 2001).

1.2.11.6. Role of the mother in fetal growth regulation 

Fetal growth and development are influenced by genetic as well as 

environmental factors. Maternal genes have an important specific 

influence over fetal growth (Peleg et al. 1998. In particular, maternal 

height, which represents the uterine capacity and the potential for growth, 

is the major determinant o f the fetal size (Cogswell et al. 1995). In a 

study of pregnancies involving ovum donation, Brooks et al. found that 

the only factors contributing to birth weight were gestational age and the 

recipient mother's weight, whereas the weight o f the donor mother was 

not related to birth weight. These studies indicate that the uterine 

environment is a key determinant of fetal growth.

The mother is the supplier o f the oxygen and essential nutrients to the 

fetus via the placenta. Maternal diet, and caloric intake, and metabolic 

function each have an important role to play in supplying nutrients to the 

fetus. In addition alterations in maternal metabolism in response to 

hormonal signals ensure a reduction of required nutrients for the placenta 

and mammary gland (Picciano 2002).

Protein intake may be particularly important, and whereas some studies 

found a relationship between low protein intake in late pregnancy and 

reduced birth weight (Godfrey et al. 1996), others found no effect o f 

protein supplementation on fetal growth in undernourished mothers 

(lechtig et al 1975). Different protein sources may also have specific 

influences on fetal growth due to their amino acid or micronutrient 

composition. Nonetheless, supplementation of calories or specific
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vitamins to undernourished women does increase birth weight in situation 

of acute and/or chronic starvation (Ceesay et al. 1997).

Glucose is an important nutrient in the control o f the fetal growth. Studies 

of diabetic women have shown that' low blood glucose levels during 

pregnancy as a result o f excessively tight glycemic control lead to a 

greater incidence of small gestational age neonates, whereas having high 

blood glucose levels contributes to a high incidence of macrosomia 

(Langer et al. Leguizamon et al. 2002).

The fetus is likely exerts its own influences on maternal nutritional 

intake. Tamimi et al.2003 studied maternal dietary intake during the 

second trimester o f pregnancy and suggested that the fetus may be able to 

modulate its mothers nutritional input, because women pregnant with a 

male fetus had a higher energy intake compared with women pregnant 

with a female fetus. Fetal sex-specific signals may have an important 

influence on fetal growth regulation; however the nature of these signals 

is not understood.

1.2.12. Hematologic changes during pregnancy

Blood volume increased by approximately 40% to 45% above pregnancy 

levels by the end of the third trimester. Blood plasma and red blood cells 

(RBCs), both increase in volume, although plasma volumes increase at a 

higher percentage (50%) (Ueland 1997).

1.2.13. Endocrine changes during pregnancy

The hormonal changes that occur in pregnancy are tremendous. Raising 

levels o f certain pregnancy hormones cause changes in almost every body 

system during pregnancy. Changes in endocrine system itself occur 

during pregnancy. The pituitary gland enlarges by 135% compared with 

non pregnant size (Glinoer et al. 1990).

Most endocrine glands are affected by the increased protein binding that 

occur during pregnancy. Hyperplasia of glandular tissue and increased
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vascularity cause the thyroid gland to increase in size. The need for 

insulin is increased. Some women have borderline pancreatic activity 

when they are not pregnant and during pregnancy, these women develop 

gestational diabetes, because the borderline pancreas can not handle the 

increased demands placed upon it (Fowden et al. 2004)

Female sex hormones (estrogen, progesterone, and human 

gonadotrophin) are secreted primarily by the placenta. These hormones 

are responsible for the most o f the physiologic changes during pregnancy. 

In addition there is also an increase in thyroxine, steroids, and insulin 

levels. The thyroid gland increase in size by up to 50% (Glinoer et al. 

1990). There is an increase in serum thyroid binding globulin, and 

thyroxine due to the placental secretion of human chorionic thyrotropin 

There is an increase in circulating serum parathyroid hormone levels , and 

corticosteroid levels are moderately also increased. Estrogen and 

progesterone are insulin antagonists and the increase levels of these 

hormones leads to insulin resistance, thus insulin levels are elevated in 

pregnant women to compensate for this resistance (Rasmussen et al. 

1990).

1.2.14. Hormones and fetal development

The endocrine system adjusts and correlates the activity of the various 

body systems, making them appropriate to the changing demands o f the 

external and internal environment. Endocrine integration is brought about 

by hormones, which are chemical messengers produced by ductless 

glands and transported to target cells (Gluckman et al. 2003).

Fetal growth is affected • by a number of factors, such as nutrition, 

hormones, genes, and growth factors. Hormones and growth factors of 

maternal and feto-placental origin have been demonstrated to play an 

important role with the accretion and differentiation of fetal tissues. The 

peptide hormones insulin, prolactin, placental lactogen, and growth
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hormone and the growth factors insulin-like growth factor 1 (IGF1), 

insulin-like growth factor 2 (IGF2), and epidermal growth factor (EGF), 

have been shown to be o f specific relevance in fetal growth and 

development (Mahajan et al 2004): Additionally, the thyroid hormones 

stimulate protein synthesis and cell enlargement and are vital for fetal 

maturation. Caloric deprivation resulting in maternal malnutrition during 

this very critical period of development disturbs maternal thyroid 

function and leads to an imbalance in the fetal thyroid hormone profile, 

consequently in impairment o f brain development and function (Mahajan 

et al 2004).

Hormones act on fetal growth both directly, via genes, and indirectly, 

through changes in placental growth, fetal metabolism, and or the 

production o f growth factors and other hormones by the feto-placental 

tissues (Fowden et al. 1998).

Insulin is recognized to play a key role in stimulating fetal growth by 

promoting mitosis and nutrient availability (Alvarez et al. 1986, 

Jovanovic-Peterson et al. 1996).It is recruited throughout gestation for 

normal fetal growth. It has been shown that the body increment is directly 

related to insulin concentrations in utero, in sheep, rabbit, guinea pig and 

human infants (Alvarez et al. 1986, Blondeau et al. 2002).

Limb lengths and weight o f individual fetal organs have also been shown 

to be affected by fetal insulin deficiency (Garofano 1998). Fetal insulin 

deficiency thus leads to symmetrical type of intrauterine growth 

retardation (Garofano 1998). Insulin promotes growth by predominantly 

stimulating cell proliferation and therefore fetal insulin deficiency result 

in small sized features with leaser number of cells and altered protein 

DNA ratios. Insulin has been shown to promote fetal growth by 

increasing glucose uptake and oxidation in fetal tissues and insulin 

deficiency results in poor availability o f glucose-carbon for tissue
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accretion (Alvarez et al 1986, Blondeau et al. 2002. Insulin also affects 

fetal growth by altering concentrations of insulin-like growth factor- 

1 (IGF-1) in utero (Wilson et al. 1997).

Insulin is derived from the fetal pancreas from early development. Its 

concentration in utero rises between early and mid gestation and then 

remains stable until term (Fowden and Hill 2003). Fetal insulin 

concentrations are also positively related to fetal glucose levels and to 

body weight at birth (111). Fetal insulin deficiency leads to a symmetrical 

type of intrauterine growth retardation, with little if  any, developmental 

abnormalities in individual fetal tissues (Fowden and Hill 2003). Insulin 

therefore has negligible effects on tissue differentiation or maturation on 

utero but enhances tissue accretion via its anabolic effects on fetal 

metabolism and by stimulating production of insulin-like growth factor-1. 

Thus, fetal insulin is a growth-promoting hormone, which acts as a signal 

of nutrient plenty.

Although growth hormone (GH) is not believed to play any significant 

role in fetal growth it is present in high concentration in fetal circulation 

and GH receptors are expressed widely in fetal tissue (Chisari et al). 

These facts when compared with the reported retardation o f fetal growth 

in certain GH deficient states, suggests possible role o f growth hormone 

(GH) in the growth and differentiation of fetal tissue (Greenwood et 

a/,2003).

Prolactin is also recognized to play important functions in the growth and 

differentiation of fetal and neonatal tissues in different species 

(Greenwood et al.2003). Thus its role in stimulating the proliferation and 

secretory activity of beta cells o f the fetus as well as the pancreatic islets 

are well recognized. Moreover prolactin receptors are widely expressed in 

fetal tissues such as thymus, spleen; haematopoitic tissues, lung, liver and 

central nervous system (CNS) are widely recognized.
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For most o f gestation, glucocorticoids are low in concentration in the 

fetus and are derived from the mother down a materno-fetal concentration 

gradient, which varies widely between species (Seek 2001). In sheep, in 

which gradient is small, 90% of 'the cortisol in fetal circulation is o f 

maternal origin before the fetal adrenal begins cortisol production close to 

term. However, once the fetal adrenal cortex activated in late gestation, 

the fetus becomes primary source o f circulating glucocoticoids and there 

is progressive increase in both the basal cortisol levels and the 

adrenortical responsiveness to adverse conditions (Challis et al. 2001). 

Glucocorticoids inhibit tissue accretion when their concentrations are 

elevated. They also have major effects on the differentiation of a wide 

range of tissues including the lung, liver, kidney, and muscle, fat and gut 

(Fowden et al 1998). They stimulate morphological and functional 

changes in these tissues and activate many of the biochemical processes 

which have little or no function in utero but which are essential for 

survival postnatally (Fowden et al 1998). Glucocorticoids, therefore, 

signal adverse intrauterine conditions and adapt fetal development to 

ensure the maximum changes of survival both in utero and at birth.

1.2.15. Nutritional regulation of hormones

Nutritional status can profoundly alter the phenotypic expression of a 

given genotype, particularly during fetal and postnatal development. 

Numerous investigations have shown that nutrition markedly influences 

the synthesis and metabolism of many hormones involved in 

development, growth and metabolism (Dauncey 1995). Effects are 

exerted both by specific nutrients and by changes in overall food intake, 

as occurs during under-nutrition or intrauterine growth restriction.
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.3. Objectives

General objective: To investigate the anthropometric, biochemical and 

hormonal profiles in paired maternal and cord blood samples and to 

compare between anaemic and non anaemic groups.

Specific objectives:

Investigation of the hormonal profiles of the mothers and their neonates 

by measuring the concentrations o f thyroid hormones (T3,T4), thyroid 

stimulating hormone (TSH), insulin, prolactin, cortisol and growth 

hormone so as to study the effects o f anaemia during pregnancy on 

maternal and prenatal hormones.

To measure the concentrations o f ferritin, albumin and total protein so as 

to study the biochemical changes in the mothers and their neonates due to 

anaemia during pregnancy.
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Chapter Two

Materials and Methods
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Materials and Methods

The study was conducted between October 2007 and January 2008, at the 

labour ward o f Gadarif teaching hospital, eastern Sudan. Gadarif is a 

town about 450 km from Khartoum with one million inhabitants.

In the present study we used a cut-off point o f H b < ll as indicative of 

anaemia, since it best reflected our patient population. We classified the 

mothers into two groups based on the WHO classification of anaemia; 

Group 1 (normal control- no anaemia, Hb>11.0 g/dl), Group 2 anaemic, 

(Hb< llg /d l). Exclusion criteria o f the study included both pre- and post

term neonates and their mothers and any other clinical disorders known to 

predispose the mothers to intra-uterine growth retarded birth other than 

malnutrition and/or anaemia, such as pre-eclapsia, renovascular disease, 

chronic hypertension, vasculopathy from diabetes, drug abuse, genetic or 

congenital abnormalities, inborn errors o f metabolism, twin births and 

toxic exposure.

In the present study, Parturient women (N=126) and their newborns in 

Gadarif hospital; Eastern Sudan were the source of the clinical material 

for this study.

After obtaining informed consent, detailed medical and clinical obstetric 

histories o f the women were documented. Structured questionnaires have 

been administered to collect information about sociodemographic 

characteristics. Gestational age was assessed from the date o f the last 

menstrual period and only term pregnancies (38-42 weeks) were included 

in the study.

Weight (g) and length (cm) of the neonate were recorded as soon as the 

baby was dried and cleaned after delivery. Anthropometric data were



obtained from the mothers and the neonates. Maternal weight was also 

measured. Maternal nutritional status and fetal growth status was assessed 

using a combination of anthropometric and biochemical parameters, such 

as the body mass index (BMI) which is calculated from the height and 

weight o f the mother (weight (kg)/ height (m )), mid-arm circumference 

(cm). The hematological . status of the mothers and neonates was 

measured using total hemoglobin and ferritin levels. The biochemical 

parameters measured to assess nutritional status were maternal and fetal 

total protein and serum albumin levels. Total protein and serum albumin 

were measured using commercially available kits.

2.1. Anthropometric measures of the neonate

The following methodologies were used to measure birth-weight and 

length o f the neonates (Leching et al. 1975).

2.1.1. Birth weight measurement A pan-type pediatric scale that is 

beam scale with non-detachable weights and that was accurate to 

within 10 grams or V2 oz as used to measure birth weight o f neonate. 

Birth weight was measured in grams.

2.1.2. Length measurement an in-house length- measuring device with 

affixed headboard and a moveable footboard that was perpendicular to 

the surface on which the neonate was placed was used. A fixed measuring 

tape was attached to the surface with the zero ends at the edge of the 

headboard. Length o f the neonate was measured in centimeter.



2.2. Anthropometric measures of the mothers

2.2.1. Mid-arm circumference (MAC)

Mid-arm circumference is used as an indicator for screening acute adult 

under-nutrition and for estimating prevalence of under-nutrition at a 

population level.

To measure mid-arm circumference, we used a non-stretchable 

centimeter tape and measurements were taken on the non-dom inant arm 

bent at a 90-degree angle with plam facing up, the midpoint between the 

acromium and olecranon processes was chosen as the measurement mark 

point. The distance around the arm at this mark point was recorded to the 

nearest 0.1cm. Clothing was pushed up above the shoulder or removed so 

that it did not interfere with mid-arm circumference (MAC) 

measurement. .

Maternal blood (5ml) was drawn at term prior to delivery of the neonate. 

At birth cord blood (10ml) was collected from the placental end. Blood 

samples were centrifuged to separate the serum, aliquot and stored at -  

20C until analyzed for measurement o f serum ferritin, growth hormone, 

prolactin, insulin, thyroid stimulating hormone, triiodothyronine, 

thyroxine and cortisol in both cord blood and maternal blood .

Endocrine parameters were measured in these aliquot paired maternal and 

cord blood samples using Radioimmunoassay techniques. To examine the 

endocrine profile of mothers and their neonates in the two study groups, 

an array of hormones and growth factors relevant to fetal growth and 

development, such as growth hormone (GH), prolactin (PRL), insulin, 

thyroid hormones (triiodothyronine(T3), tetraiodothyronine(T4) thyroid 

stimulating hormone(TSH) ), and cortisol, were assayed in both cord 

blood and maternal blood using commercially available 

radioimmunoassay (RIA) kits provided by Beijing Isotope Nuclear
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Electronic Machine CO., LTD, Beijing, China. All the assays where 

highly specific and sensitive with an intra- and inter-assay less than 10%.

In radioimmunoassay (RIA), a fixed concentration of labeled tracer 

antigen is incubated with a constant amount o f antiserum such that the 

concentration of antigen binding sites on the antibody is limiting, for 

example, only 50% of the total tracer concentration may be bound by 

antibody. If  unlabeled antigen is added to this system, there is 

competition between labeled tracer and unlabeled antigen for the limited 

and constant number o f binding sites on the antibody, and thus the 

amount o f tracer bound to antibody will decrease as the concentration of 

unlabeled antigen increase. This can be m easured ' after separating 

antibody-bound from free tracer and counting the bound fraction, the free 

fraction or both. A calibration or standard curve is set up with increasing 

amount o f known antigen, and from this curve the amount of antigen in 

the unknown sample can be calculated .Thus the four basic necessities for 

a radioimmunoassay system are an antiserum to the compound being 

measured, the availability o f a radioactively labeled form of the 

compound, a method whereby antibody-bound tracer can be separated 

from unbound tracer, and a standard unlabeled material.

2.3 Ferritin Radioimmunoassay

2.3.1. Contents o f  the kit:

12̂  • •1- I '-Ferritin: one vial, 10 ml of the incubation buffer was 

added before using it.

2- Ferritin standards: six vials o f standards with concentration 

as 5, 20, 100, 200 and 500 (ig/1.

3- Ferritin antibody: one bottle, 11ml of distilled water was 

added before using as directed by the manufacturer.

4- Incubation buffer: one bottle, (15ml/ bottle).



5- Precipitating reagent (P.R): one bottle shaked thoroughly 

before using.

2.3.2. Assay procedure:

1. lOOjil o f standard, control and unknown serum samples were added to 

pre-labeled tubes.
1 ap

2. lOOjil I " -ferittin solution was added to each tube including total tube.

3. lOOjil ferritin antibody was added to each tube.

4- The tubes were mixed and incubated at room temperature for one hour.

5. 500jil precipitating reagent was added.

6. The tubes were mixed and incubated at 37C for 15 minutes.

7. The tubes were centrifuged at 300x g for 15 minutes.

8. The tubes were decanted and counted for a minimum one minute.

2.4.Growth hormone (GH) Radioimmunoassay

Intended use: For assay o f the level of growth hormone in human serum

Package size: 100 tubes

2.4.1. Contents o f  the kit:

1- I125-GH: 1 vial (red), 10ml distilled water were added before 

used and stored it at 4C

2- GH standard: 6 vials, 3ml distilled water were added into S0 

and I ml distilled water into other 5 (Sj-S?) standards before used. 

The concentration suggested is 0, 1, 3, 9, 20, 50 ng/ml respectively.

3- GH Antibody: 1 bottle (blue), solved in 10ml distilled water 

before used.

4- Precipitant (P.R): 1 bottle, shacked thoroughly before used. 

Kept it at 4C

5- Quality control (QC): 2 bottles, 0.5 ml distilled water were 

added respectively and shacked gently before used.



2.4.2. Assay procedure:

1. 100p.l o f standard, control and unknown serum samples were added to 

pre-labeled tubes.

2. 1 OOjj.11125 -Growth hormone solution was added to each tube including 

total tube.

3. 1 OOjj.1 Growth hormone antibody was added to each tube.

4- The tubes were mixed and incubated at room temperature for 18-24 

hour.

5. 500|il precipitating reagent was added.

6. The tubes were mixed and incubated at 37C for 15 minutes.

7. The tubes were centrifuged at 300x g for 15 minutes.

8. Decant the tubes and count the tubes for a minimum one minute.

2.5. Prolactin Immunoradiometric assay

Intended use: The I 125-PRL IRMA system provides a direct quantitative 

in vitro determination o f human prolactin in human serum.

Package size: 100 tubes

2.5.1. Contents o f  the kit:

1- Standard S0: 5ml/vial, 1 vial.

2- Standard Sr S6: 6 vials, lyophilized.

3- I125-Anti-PRL-Ab (red): 20.5ml/ vial, 1 vial.

4- PRL-Ab coated tube: 25 tubes/ package.

Lyophilized standard were dissolved with 5ml distilled water at least 

30 minutes before used. Reconstitute standards S rS 6 contain 50, 125, 

300, 800, 2000, 4000ji IU/ml o f prolactin respectively .The standard 

solutions can be used in one week if stored at 2-8C. For longer 

storage, freeze reconstituted standards at -20C. Avoid multiple (>2) 

freeze thaw cycles.
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2.5.2. Assay Procedure:-

1. 50jli1 o f standards, control and unknown serum samples were 

added to the Prolactin-Antibody coated tubes (PRL-Ab).

2. 200jil I125Anti-Prolactin-Antibody was added.

3. The tubes were incubated at 37C for two hours.

4. All the tubes were decanted (Except the total).

5. The tubes were washed two times with 2ml distilled water.

6. The tubes were counted for a minimum one minute.

2.6. Cortisol Radioimmunoassay

Intended use: For assay of the level o f cortisol in system human serum.

Package size: 100 tubes

2.6.1. Contents o f  the kit:

1- F standard : lyophilized, 7 vials

2- I 125-Fsolution(red): 20ml (20mlx4)

3- F antibody solution (blue): 10ml (20mlx2)

4- MsDA solution: 20ml( 40x2)

Range of curve: 10-600ng/ml 

Sensitivity: ,8ng/ml

2.6.2. Reconstitution o f  Reagents:

F standard: 0.5ml distilled water were added to each vial (except

standard A with 1ml of distilled water).

2.6.3. Assay procedure

1. 50]il of standards, control and unknown serum samples were 

added to the Prolactin-Antibody coated tubes (PRL-Ab).
1252. 200jil I -F solution was added to each tube.

3. 1 OOp.1 F-Antibody was added to each tube.

4. 1 O O jliI Saline was added to the NSB tubes.



200)u MsD was added to all tubes (Except the total).

The tubes were mixed and incubated at 37C for one hour.

The tubes were centrifuged at 2000xg for 20 minutes 

Decant all the tubes (Except the total).

Count all tubes for a minimum one minute.

Cortisol standard: A: 0, B: 10, C: 30, D: 75, E: 150, F: 300 and G:

600ng/ml.

2.7. Insulin Radioimmunoassay

2.7.1. Contents o f  the kit:

1 vial freeze-dried iodine-125 labeled insulin (red). Reconstituted by the 

addition o f 11 ml buffer and mixed carefully.

1- 6 vials o f freeze-dried insulin standards. One vial was 

reconstituted by the addition of 1 ml buffer. Mixed carefully. The 

reconstituted standards contain respectively 5, 10, 20, 40, 80, and 

160 m IU/ml.

2- 1 vial freeze-dried insulin antibody (blue). Reconstituted by 

addition o f 11.0 buffer. Mixed carefully.

3- 1 vial o f buffer.

4- 1 bottle o f 52.0ml separating agent solution. Mixed 

thoroughly.

2.7.2. Assay procedure

1. 200jal buffer was added to the non specific binding tubes and 

So standard tubes.

2. 100j_il standard, control and unknown serum samples were 

added.

3. IOOjjI antibody was added to all tubes (except NSB and 

Total tubes).

5 .
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4. 1 OOjj.1 I -Insulin solution was added to all tubes.

5. The tubes were mixed and incubated at 37C for two hours.

6 . 500 j l l 1 separating reagent was added to all tubes (except the 

total tubes).

7. The tubes were mixed and incubate at 37C for 15 minutes.

8. All the tubes were centrifuge at 1500xg for 15 minutes.

9. The tubes were decanted and counted for a minimum one

minute.

2.8. Thyroid Stimulating Hormone (TSH)

For quantitative determination o f human TSH in serum with magnetic 

separation reagent.

2.8.1. Contents o f  the kit:-
12̂1- 1 vial I "-anti-TSH (monoclonal) solution (red).

2- 1 vial magnetic TSH antibody (polyclonal) suspension.

3- 7 vial TSH standards A,B,C,E,F ancj q  concentrations,

0 ,0 .3 , 1.1, 4.0, 8.5, 20 and 40 mlU/L respectively

2.8.2. Preparation fo r  assay:-

1. One ml o f distilled water was added into each o f the standard vials for 

reconstitution.

2. All Reagents and serum samples were allowed to reach room 

temperature 18-25°C.

3. Magnetic TSH antibody suspension was resuspended by gentle 

mixing .Do not use a magnetic stirrer for this purpose.

4. Wash buffer was made by adding concentrated wash buffer 20 

ml to 180 ml distilled water.

2.8.3. Assay procedure:

1. 200 |il o f standards, control and unknown serum samples

were added to pre-labeled tubes.
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2. 50 n 1 l 125-anti-h TSH solution was added to each tube 

including total count tubes.

3. The tubes were incubated for one hour at 370 C.

4. 500 \il well mixed antibody suspension was added to each 

tube.

5. The tubes were incubated for one hour at room temperature 

18-25° C.

6. The test tube rack was placed on magnetic separator and 

allowed to stand for 10 minutes.

7. One ml wash buffer was added and vortexed.

8. Test tube rack was replaced on magnetic separator and 

allowed to stand for 10 minutes.

9. All tubes were counted for a minimum of one minute.

2.9. Total thyroxin (T4)

Contents of the kit:
1251- 1 bottle I T4 solution(55ml,red) in barbitone buffer with 

bovine serum albumin and ANS (8-anillino-l-naphtalene sulfonic 

acid)

2- 1 bottle T4 antibody suspension (55 ml) with antimicrobial 

agent.

3- 6 vials standards: one ml of distilled water was added into 

each vial o f T4 standards for reconstitution and allowed to strand 

for 5 minutes. The concentrations are 0, 20, 40, 80, 16, and 

240ng/ml.

Preparation o f  the reagents fo r  assay:

T4 antibody suspension: The antibody reagent should be thoroughly 

mixed by gentle shaking and swirling to insure a homogeneous 

suspension.



Storage instructions:

1- Store kit at 2-8 C.

2- Do not freeze

3- Allow all reagents to oome to room temperature prior to use 

in the assay.

2.9.1. Assay procedures:

T4 antibody suspension the antibody reagent should be thoroughly

mixed by gentle shaking and swirling to ensure a homogenous

suspension , then followed by these steps.

1. Assay tubes were labeled and arranged in the assay rack .

2. 50 j_l 1 aliquots of the standard or samples were pipetted into 

the prelabelled tubes .Zero standards should be used for 

NSB reagent tubes which are recommended for logit-log 

plotting but are not required for line -log  plotting .

3. 500 n \ l  '] thyroxin solution (red) was dispensed into each 

tube.

4-500 fi 1 T4 antibody suspension or NSB reagent were

dispensed into the prelabeled tubes

5. The tubes were vortexed and mixed thoroughly, incubated at 

37°Cfor 45 minutes.

6. The test tube rack was placed on the magnetic separator and 

allowed to stand for 10 minutes. Supernatant was decanted and 

keeping the separator inverted , the tube rack was placed on a 

pad o f absorbent paper and allowed to drain for 5 minutes .

7. All the tubes were counted in a suitable gamma counter for 7 

minutes.



2.10. Total Triiodothyronine (T3)

Radioimmunoassay kit

For quantitative determination of human T3 in serum with magnetic 

separation reagent.

2.10.1. Contents o f  the kit:

1-1 bottle I125T3 solution (55ml, red) in barbitone buffer with bovine 

serum albumin and ANS (8-anillino-l-naphtalene sulfonic acid)

2- 1 bottle T3 antibody suspension (55ml) with antimicrobial agent.

3- 6 vials standards: One ml of distilled water was pipetted

into each vial o f T3 standards for reconstitution and allowed to 

stand for 5 minutes. The concentrations are 0, 05, 1.0, 2.0, 4.0, and 

8.0 ng/ml.

4- 1 bottle NSB reagent (5ml) for the determination of

nonspecific binding, with antimicrobial agent.

2.10.2. Preparation o f  the reagents fo r  assay:

T3 antibody suspension: The antibody reagent should be thoroughly 

mixed by gentle shaking and swirling to insure a homogeneous 

suspension.

Storage instructions:

1- Store kit at 2-8C.

2- Do not freeze

3- Allow all reagents to come to room temperature prior to use 

in the assay.

2.10.3. Assay Procedure:

1. Assay tubes were labeled and arranged assay in the assay



2. 50 /il aliquots o f the standers or samples were pipetted into 

the pre- lapelled tubes.

3. 200 n 1 [1 - T3] solution was dispensed into each tube.
1 Ag ,

4. 200 n 1 1 T3 antibody was dispensed into each tube.

5. The tubes were vortexed thoroughly, incubated at 37°C for

6. 500 /j 1 precipitant was dispensed into each tube except "T".

7. The tubes were centrifuged for 20 minutes at 1500 g.

8. The supernatant was discarded by decantation or suction.

9. All the tubes were counted in a suitable gamma counter.

60 minutes.

2.11. Albumin Colorimetric test-BCG Method

Provided by: Crescent Diagnostics

Reagent Composition:

7.5 mmol/1Citrate buffer (Ph 4.2) 7

Bromocresol green 

Sodium Azid 

Albumin standard

150 mmol/1

0.05%

4g/dl

2.11.1 .Assay conditions:

Wavelength : 546 nm

Optical path : 1cm 

Temperature : 20-25C

Measurement : Against reagent blank

2.11.2. Assay procedure

1-0.1 ml sample was added into the sample tube

2- 0.01ml of standard was added into the standard tube.

3- 0.01ml distilled water was added into the blank tube.

5- One ml reagent was added into each tube.
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5-The tubes were mixed and incubated for 15 minutes at 20-25C.

6- Absorbance of the sample As and standard Astd was read against 

the reagent blank within 30 minutes.

2.11.3. Calculation:

Serum albumin (g/dl) = As/Astd X Concentration of standard. 

Normal values: 3.4-5.1 g/dl.

2.12. Total protein

Biuret. Colorimetric

2.12.1. Assay conditions:

1- One ml of the reagent was added into three tubes (blank, sample 

and standard).

2- 0.025ml o f standard was added into the standard tube

3- 0.025ml of sample was added into the sample tube

4- The tubes were mixed and incubated for 5 minutes at 37C or 10 min 

at room temperature.

6- The absorbance (A) of samples and standard was read against the 

blank. The colour is stable at least 30 minutes.

2.12.3. Calculations:

(A) Sample/ (A) Standard X 7 (Standard con.) = gdL p f 

total protein in the sample.

450 (530-550)

1 cm. light path 

37C / 15-25C.

Wavelength

Cuvette

Temperature

2.12.2. Procedure:



Four milliliter (ml) of drabkin solution was added in three labeled tubes 

(Test, Standard and Blank).

1- 0.02 ml of blood were added into the test tube and mixed.

2- 0.02 ml of standard blood were added into the standard tube (STD) 

and mixed.

3- The tubes were incubated for 3-5 minutes and the optical density 

was read in colorimeter in yellow green filter (450nm).

Calculations :-

Optical density o f the test X Concentration of the standard / Optical 

density of the standard STD = Hemoglobin concentration.

2.14. Statistical analysis:

Data were entered into a computer using SPSS for Windows and double

checked before analysis. Data were checked for normality; normally 

distributed data were expressed as mean (SD) and compared between the 

two groups of the study (anemic and non-anaemic) using Student t-test. 

Not normally distributed data were transformed to log value and then, the 

M ann-W hitney U test was used to determine the significance of 

differences between the two groups. P-value <.05 was regarded as 

significant.

2.13. Hemoglobin estimation
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Results

During the study period, there were 68 and 57 anaemic and non-anaemic 

parturient women, respectively who met the inclusion criteria and had 

complete data. There was no case o f severe anaemia. The mean (SD) age 

of the anaemic women was 25.1 (6.4) vs. 25.4 (5.7) years. The mean (SD) 

of parity 1.4 (1.8) vs. 1.0 (1.6) and gestational age 38.3 (1.6) vs. 38.5 

weeks were not different between the two groups.

Blood film for malaria was found positive in three sets o f maternal, 

placental and cord samples (two o f them were anaemic) and in another 

two placental samples (one in each group).

3.1. Anthropometric parameters:

3.1.1. M aternal

1- The mean (SD) of maternal weight was 66.0(13.3) Kg in the anaemic 

group and 67.1(13.0) in the non anaemic group which is not significantly 

different between the two groups (p-value =0.6).

2- The mean (SD) of maternal height was 160.3(5.8) cm in the anaemic 

group and 160.8(5.03) cm in the non anaemic group which is not 

significantly different between the two groups (p-value =0.6).

3- The mean (SD) of maternal body mass index was 25.6(4.4) in the 

anaemic group and 25.9(4.4) in the non anaemic group which is not 

significantly different between the two groups (p-value =0.7).

4- The mean (SD) of maternal mid-arm circumference was 27.4(3.9) cm 

in the anaemic group and 26.5(3.3) cm in the non anaemic group which is 

also not significantly different between the two groups (p-value =0.5).
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3.1.2. Fetal:

1- The mean (SD) birth weight was 3.12(4.5) Kg in the anaemic group 

and 3.0(0.5) Kg in the non anaemic group, which is not significantly 

different between the two groups (p-value =0.8).

2- The mean (SD) body length of the neonates was 48.64(2.27) cm in the 

anaemic group and 49.08(2.25) cm in the non anaemic group, which is 

not significantly different between the two groups (p-value =0.4).

3- The mean (SD) of the placental weight was 552.12(134.8)g in the 

anaemic group and 553.28(143.47)g in the non anaemic group, which is 

not significantly different between the two group (p-value =0.7).

3.2. Biochemical and hematological parameters

3.2.1. Maternal:

1- The mean (SD) o f maternal total protein was 6.58 (0.86) mg/dl in 

the anemic group and 6.55(0.67) mg/dl in non anaemic group which is 

not significantly different between the two groups (p-value =0.8).

2- The mean (SD) of maternal serum albumin was 3.86(0.72) mg/dl in 

the anaemic group and 3.78 (0.49) mg.dl in non anaemic group which is 

not significantly different between the two groups (p-value =0.4).

3- The median o f maternal ferritin was 72(33.4-99.0) jlxI in the 

anaemic group and 81.0(47.5-98.0) |il in non anaemic group which is not 

significantly different between the two groups (p-value =0.1).

4- The mean (SD) of maternal hemoglobin was 9.8(1.1) g/dl in the 

anaemic group and 12.4(0.7) g/dl in non anaemic group (p-value =0.001).

3.2.2. Fetal:

1- The mean (SD) of fetal total protein was 5.95(1.0) mg/dl in the 

anemic group and 5.74(1.1) mg/dl in non anaemic group which is not 

significantly different between the two groups (p-value =0.6).

2- The mean (SD) of cord serum albumin was 4.17(0.6) mg/dl in the 

anaemic group and 3.93(0.79)mg/dl in non anaemic group which is



significantly higher in the anaemic compared to non anaemic group (p- 

value =0.04).

3- The mean (SD) o f fetal total hemoglobin was 14.62(1.7) mg/dl in 

the anemic group and 14.49(2.0)'mg/dl in non anaemic group which is 

not significantly different between the two groups (p-value =0.4).

4- The median of cord serum ferritin was 245.0 (68.5-679.0) (ill in the 

anaemic group and 66.0 (56-231.5) jil in non anaemic group which is 

significantly higher in the anaemic compared to non anaemic group (p- 

value < 0.001).

3.3. Hormonal profiles

3.3.1. Maternal:

1- Maternal prolactin was significantly higher in the anaemic group 

compared with non anaemic group with p-value =0.002 (Table III)

2- There was no significant difference observed in the other maternal 

parameters (total protein, growth hormone, cortisol, insulin, thyroid 

stimulating hormone, total thyroxin and triiodothyronine (Table III).

3.3.2. Fetal:

There was no significant difference was observed in the fetal hormonal 

profile (total protein, growth hormone, cortisol, insulin, thyroid 

stimulating hormone, total thyroxin and triiodiothyronine) between the 

anaemic and non anaemic groups (Table IV).
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Table I. The mean (SD) of anthropometric of maternal and fetal 

indices in the anaemic group (n =68) vs. non-anaemic women (n =57).

Variable Anaemic Non-anaemic p-value

Maternal

Weight(kg) 66.0(13.3) 67.1 (13.0) 0.6

Height (cm) 160.3 (5.8) 160.8 (503) 0.6

Body mass 

index

25.6 (4.4) 25.9 (4.4) 0.7

M id upper 

circumference

27.40 (3.88) 26.47 (3.33) 0.5

Birth weight (g) 3122.0 (446.85) 3034 (477.92) 0.8

Body length 

(cm)

48.64 (2.27) 49.08 (2.25) 0.4

Placental weight 

(g)

552.12 (134.8) 553.28 (143.47) 0.7
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Table II. The biochemical and hematological parameters for anemic 

(n =68) vs. non anaemic (n =57) women and their newborns.

Variable Anaemic Non-anaemic p-value

Maternal 

Total protein 6.58 (0.86) 6.55 (0.67) 0.8

(mg/dl)

Albumin (mg/dl) 3.86 (0.72) 3.78 (0.49) 0.4

Serum ferritin 72 (33.4-99.0) 81.0 (47.5-98.0) 0.1

0*1)

Heamoglobin 9.8(1.1) 12.4(0.7) 0.001

(g/dl)

Fetal

Haemoglobin 14.62 (1.77) 14.49 (2.02) 0.4

(g/dl)

Total protein 5.95 (1.0) 5.74 (1.1) 0.6

(mg/dl)

Albumin (mg/dl) 4.17(0.61) 3.93 (0.79) 0.04

Serum ferritin 245.0 (68.5- 66.0 (56-231.5) <0.001

(Ml) 679.0)

Data were shown as mean (SD) or median (interquartile range) as 

appropriate.
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Table III. Comparing maternal hormonal profiles between anaemic

(n =68) vs. non anaemic (n =57) women

Hormone Anaemic Non-anaemic p-value

Cortisol (ng/ml) 520 (288.0-711) 475 (298-695.5 0.682

Prolactin (mu/1) 1700 (423.5- 

4259)

317.0 (172.0- 

4143 .5)

0.002

Growth

hormone (ng/ml)

7.8 (3.6) 6.3 (5.2) 0.071

Insulin

(mlU/ml)

6.2 (3.8-12.6) 6.0 (4.0-12.6) 0.774

Thyroid

stimulating

hormone

(mIU/1)

1.2 (0.7-1.7) 1.2(0.7-1.4) 0.875

Total thyroxine 

(nmol/1)

150 (130-170.5) 143 (28.5-161.0) 0.376

Total

triiodothyronine

(nmol/1)

2.6 (0.7) 2.4 (0.9) 0.256

Data were shown as mean (SD) or median (interquartile range) as 

appropriate.

43



Table IV. Comparing fetal hormonal profiles between anaemic (n

=68) vs non anaemic group (n =57)

p-value

0.755

0.117

0.534

0.987

0.187)

0.287

0.595

Hormone Anaemic ' Non-anaemic

Cortisol (ng/ml) 362.0 (241.7- 409(187.2-

528.7) 587.5)

Prolactin (mu/1) 596.8 (528.5- 568.0 (402-

9551.5) 11995)

Growth 13.9(10.7) 12.3(9.0)

hormone (ng/ml)

Insulin 6.1 (2.8) 5.4 (2.7)

(mlU/ml)

Thyroid 5.8 (4.1-8.4) 4.9(3.7-62)

stimulating

hormone

(mIU/1)

Total thyroxine 124.4 (21.1) 117.5 (23.5)

(nmol/1)

Total 0.96 (0.47) 0.86 (042)

triiodothyronine

(nmol/1)

Data were shown as mean (SD) or median (interquartile range) as 

appropriate.
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Discussion

The study was conducted to investigate the anthropometric, biochemical 

and hormonal profiles (both maternal and cord) in anaemic women of 

eastern Sudan. The main findings o f the study were: significantly higher 

levels o f maternal serum prolactin, serum cord albumin, and serum cord 

ferritin were observed in the anaemic group. Otherwise, there were no 

significant differences in the anthropometric, biochemical and hormonal 

values between the anaemic and non-anaemic groups.

In spite o f different methods followed by Mahajan et al. (2008) and our 

study (the former investigated mainly severe anaemia and in our study 

there was no case of severe anaemia), the main findings were similar 

where there were higher maternal prolactin and serum cord ferritin in the 

anaemic group. In the current study, there was only a small difference in 

haemoglobin levels in the cord o f neonates born to anaemic mothers 

when compared with the normal levels in the control group neonates. 

However, Adam et al. 2008 have recently observed the contrary where 

cord haemoglobin was significantly lower in neonates bom to anaemic 

mothers. Yet, Dewey et al. (1996) have shown that neonates o f anaemic 

mothers have a higher concentration of circulating haemoglobin, perhaps 

the iron availability in the neonates is via the destruction o f erythrocytes 

and hence, iron is used for the synthesis of new haemoglobin (Fennon et 

al. 1977). The significantly increased levels o f serum ferritin in the cord 

blood of neonates born to anaemic mothers are indicative of a large iron 

reserve in these neonates. Many factors, including gestational age, 

influences cord ferritin levels (Siddappa et al. 2007). Iron is actively 

transported from mother to the fetus (Bendy 1985). In the iron deficiency 

state, there is upregulation of iron transport proteins in the placenta,
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which ensures adequate iron supply to the growing fetus (Gambling et al. 

2002). In malaria during pregnancy, it has been suggested that fetal 

ferritin levels may play a protective role in intrauterine growth. In a 

previous study in Malawi, increased cord blood ferritin levels were 

associated with lower birth weight during placental malaria (Abrams et 

al. 2005). Furthermore, immunolocalisation studies suggested that there 

is abundant ferritin production in hepatocytes, the placental stroma but 

that ferritin is also detectable in the endothelium of fetal vessels within 

the placenta (Bastin et al. 2006)

Ferritin and transferring/transferrin receptor are all iron regulatory 

proteins that are involved in the modulation of the cellular defense 

mechanisms and ferritin levels are known to be regulated by cytokines 

(Toorti et al. 2002, Jelkmann 2003). These cytokines can modulate the 

hypothalamic-pituitary-adrenal axis. This situation can be supported by 

high cord albumin and high maternal prolactin levels observed in our 

study. It has been observed that infants of anaemic mothers had elevated 

cord prolactin (Mahjan et al. 2004) and serum prolactin response was 

found to be differed significantly by infant iron status(Felt et al. 2006). 

However, many hormones like cortisol and prolactin were reported to 

modulate or were being modulated by cytokines (Gatti et al 1997, Jara et 

al. 1991, Bouyou-Akotet et al. 2004). Recently Bayoumi et al. reported a 

complicated picture o f maternal, placental and cord cytokines in relation 

to placental malaria in the same area of the study (137)' Furthermore, they 

observed a complicated picture of cortisol, prolactin and cytokines in 

pregnant Sudanese women infected with malaria (Bayoumi et al. 2009.

Perhaps, the picture of anaemia in the area of study might be complicated 

by malaria too, because ferritin is an acute-phase protein and its level 

rises in cases of infection. The haemolysis associated with malarial
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infection leads to the release of free iron and thus to an apparent increase 

in serum ferritin, which, in the presence of infection, behaves as an acute- 

phase protein. Serum concentrations of ferritin are therefore poor 

indicators o f iron deficiency in arfeas where malaria is common, since, in 

such areas, the serum concentrations of ferritin in the iron deficient are 

elevated by malarial infection (Fairbanks et al 1999)'

Iron deficiency anaemia is the most common cause o f nutritional 

anaemia. During pregnancy there is a high risk of developing it due to 

increase o f Fe requirements for fetal and maternal tissue growth. 

Globally, 50% of anaemia causes are assumed to be attributable to Fe 

deficiency and the prevalence o f this micronutrient deficiency remains a 

significant public health problem (Baker 2000). Aneamia has been 

recognized as being associated with protein-energy malnutrition since the 

earliest classified descriptions, but the pathogenesis of anaemia is 

complex and involve several variables (Black 2001).

In the present study, we believe that there is a co-existence of anaemia 

and malnutrition in our patient cohorts since the majority of the subjects 

belongs to low socioeconomic strata o f the society and were likely to 

have a certain degree of nutritional restriction. This assumption is 

substantiated by the results o f the anthropometric parameters measured in 

both anaemic and non anaemic pregnant women.

Although the biochemical parameters like total protein and serum 

albumin levels measured in the maternal blood in the two groups 

(anaemic and non anaemic) do not show any statistical significant 

differences, the values were considerably lower in the anaemic group 

compared to the control group (see table II), indicating some biochemical 

changes in the anaemic mothers due to anaemia during pregnancy.

48



Although we did not observe any statistical significant differences in the 

levels o f T3 and TSH in maternal and cord blood in the anaemic group of 

mothers and their neonates, we did observe a decrease in serum T3 and 

TSH. Many investigators have' documented that malnutrition during 

pregnancy induces significant reduction of serum T3 and TSH, this results 

in modulation of T4 production by thyroid gland (Glinor et al 1990). It is 

speculated that reduced synthesis o f thyroid hormones (T 3 , TSH) in the 

intrauterine growth retarded fetuses may be due to hypoxic suppression of 

thyroid function or a hypothyroid state with a consequent decrease in 

metabolic rate and oxygen consumption, which would be beneficial 

adaptation of the fetus to the stimulus of maternal malnutrition. There for, 

we speculate this beneficial adaptation may be occurring in the neonates 

of aneamic mothers.

While many anthropometries, other hormones and growth factors were 

reported to be associated with severity of anaemia during 

pregnancy(Mahajan et al 2008), our study failed to show any difference 

apart from maternal prolactin and fetal ferritin. As stated above, this 

could be due to the differences in the types (severity) of anaemia 

investigated in the two studies.

Conclusion

In the current study, some endocrine modulations due to anaemia during 

pregnancy were observed, as indicated by the high level o f maternal 

prolacin in the aneamic pregnant women and also the high levels o f cord 

serum albumin and cord serum ferritin in the anaemic group.
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Recommendations

Large study groups are necessary, especially in the field o f severe 

anaemia during pregnancy to evaluate the effects o f maternal anaemia 

during pregnancy on maternal and fetal hormonal profiles.

Diagnosis and treatment o f maternal anaemia during pregnancy in the 

antenatal follow up is important to minimize the endocrine alterations 

caused by maternal anaemia during pregnancy which may leads to poor 

maternal and prenatal outcomes.
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Appendex

Sudan Academy of Science 
Questionnaire

Study title: Maternal and fetal hormonal profiles of pregnant 
anaemic women of eastern Sudan.

By: Elfatih Yagoub ali 
PhD. Student

Date:
1- Name:
2- Age (years)
3- Sex:
4- Residence:
5- Education: No Primary
6- High
7- Weight
8- Parity:
9- Gravidity:
10- Gestational age (weeks)
11- Placental weight (g)
12- Smoking Yes
1 3 -Alcohol Yes
14- Medical history:

No
No
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