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Abstract

Objective. To investigate the maternal and c o d  levels of zinc, copper and 

triglyceride in mothers with low birth weight babies (LBW; < 2500gm) in 

comparison to mothers with normal weight babies.

Method. •A case -control study was conducted in Medani Hospital, Sudan 

Pre-tested questionnaires were used to gather maternal socio-demographic 

and clinical data. Zinc and copper were measured by atomic absorption 

spectrophotometer. And triglyceride was measured by colorimetric

method-

Resets. Case and controls (5ه in each arm) were matched in their basic 

clinical data. The median (25-75th interquartile) of maternal zinc [62.9 (36.3

- 96.8) vs. 96.2 (84.6 -125.7), Mg/dl; p <0.للهه and copper [81.6 (23.7 -  

167.5) vs. 139.8 (31.9 -  186.2) pg/dl; p= 0.04] and triglyceride [172 (100- 

227) vs. 195 (133.7-320.2)} mg/dl; p=0.052] levels were significantly lower 

!٨ cases than in the controls, Likewise, cord zinc [87.1 (43.3 0118.1) vs. 

92.2(65. لل@ه4.5ر  Mg/dl; p=0.49] and copper [108 (55.1-157.9) vs. 147.5 

̂/جدإ(84.5-185.2)  -p=0.02] and triglyceride [45 (31.5-95) vs. 149.5 (97.5 ئا

174.2) mg/dl; p<0.00] levels were significantly lower in cord serum ofthe  

cases than in the controls.

Conclusions. In this study maternal and fetal zinc, copper and triglyceride 

levels were lower in mothers with LBW babies compared to mothers with 

normal birth weight babies. Supplementation with zinc and copper might 

be necessary to prevent LBW deliveries in this setting.
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CHAPTER ONE

INTRODUCTION

1-1-Low birth weight:-

Birth weight is the first weight of the foetus or □ewbor□ obtained after 

birth. For live births, birth weight should preferably be measured within 

the first hour of life, before significant postnatal weight loss has occurred

[٦١■

Causes and onseq^ ênces of low birth weight:-

A baby's low weight at birth is either the result of preterm birth (before 37 

weeks of gestation) or of restricted foetal (intrauterine) growth[2J. Low 

birth weight is closely associated with foetal and neonatal mortality and 

morbidity, inhibited growth and cognitive development, and chronic

d iseases l a t p r i n l i f e [ 3 ] .

Many factors affect the duration of gestation and of foetal growth, and 

thus, the birthweight. They relate to the infant, the mother or the physical 

environment and play an important role in determining the infant's 

birthweight and fo^ re  health[4].

• For the same gestational age, girls weigh less than boys, firstborn infants 

are lighter than subsequent infants, and twins weigh less than singletons;

• Birthweight is affected to a great extent by the mother's own foetal 

growth and her diet from birth to pregnancy, and thus, her body 

composition at conception;

• Women of short stature, women living at high altitudes, and young



women have smaller babies;

٠ Once pregnant, the mother's nutrition and diet, lifestyle (e.g., alcohol, 

tobacco or drug abuse) and other exposures (e.g., malaria, HIV or syphilis), 

٥٢ complications such as hypertension can affect foetal growth and 

development, as well as the duration of pregnancy;

• Mothers in deprived socio-economic conditions frequently have low 

birthweight infants. In those settings, the infant's low birthweight stems 

primarily from the mother's poor nutrition and health over a long period of 

time, including during pregnancy, the high prevalence of specific and non- 

specific infections, or from pregnancy complications underpinned by 

poverty. Physically demanding work during pregnancy also contributes to 

poor foetal growth.

Low birthweight thus defines a heterogeneous group of infants: some are 

born early, some are born growth restricted, and others are born both early 

and growth restricted. It is generally recognized that being born with low 

birthwpjght is a disadvantage for the hahy[5]-

1.2 zinc chemistry, function, absorption, metabolism, sources and 

deficiency:-

Zinc, sometimes called spelter, is a chemical element. It is a transition 

metal, a group of metals. It is sometimes considered a post-transition 

metal. Its symbol on the periodic table is "Zn". Zinc is the 30th element on 

the periodic table, and has an atomic number of 30. Zinc has a mass 

number of 65.38. It contains 30 protons and 30 electrons. In total, 29



isotopes ؛ه zinc are known, and five 0؛ these occur in nature. Some isotopes

are rari!nart!vp[fi]-

Zinc is an essential element in the nutrition of human beings, animals, and 

plants. Zinc is required in the genetic make-up of every cell and is an 

absolute requirement for all biologic reproduction. Zinc is needed in all 

DNA and RNA syntheses and is required at every step ofthe cell cycle. DNA 

is about 5000 times less susceptible to damage by Zn2+ ion than is RNA, 

suggesting its role in the predominant evolutionary selection of DNA, rather 

than RNA, as the bearer of the primary genetic information [7]. About 2 

grams of zinc is distributed throughout the body (average 10 to 200 

mmg/gram) of an adult human being [8]. Absorption of dietary zinc occurs 

over the duodenal and jejunal regions of the gastrointestinal tract. Active 

transport of zinc into portal blood is mediated by metallothionein. Zinc 

competes with other metals for absorption, and absorption is believed 

greatly retarded by ingestion of fiber and phytates [8, 9]. Plasma zinc is 

complexed to organic ligands. Zinc-albumin complexes account for about 

50 percent of the zinc, and the metal is readily exchangeable throughout 

the peripheral circulation. About 7 to 8 percent is loosely bound to amino 

acid constituents in plasma. The remaining 40 percentage of plasma zinc is 

largely bound to macroglobulins and unavailable for nutritional purposes. 

Serum and plasma zinc concentrations in adults range from 80 to 150 

mmg/dL, although circadian diurnal fluctuations occur in concentration [8]. 

Zinc is an integral component of about 200 metalloenzymes, including 

carbonic anhydrase, alcohol dehydrogenase, carboxypeptidase, glutamic 

dehydrogenase, lactic dehydrogenase, and alkaline phosphatase as well as



hormones, such as thymulin, testosterone, prolactin, and somatomed؛n[8}. 

A wide variety of foods contain zinc which are present in beans, nuts, 

certain types of seafood (such as crab and lobster), whole grains, fortified 

breakfast cereals, and dairy produr.ts[10].

Zinc deficiency symptoms are nonspecific, perhaps in part because of their 

need in so many enzymes and their critical roles in both protein synthesis 

and molecular genetics. Many enzymes may become nonfunctional in the 

absence of zinc, even though the presence of the enzyme remains 

^disturbed. The integrity of cell membranes, including the integrity of red 

and white blood cells, depends upon loosely bound ionic zinc. Moreover, 

zinc deficiency is a cause of 33 percent of all olfactory disorders. In many 

respects, the total picture of zinc deficiency is reminiscent of essential 

amino acid deficits; Zinc deficiency stunts growth and causes serious 

metabolic disturbances, lnade^ ate  intake in people and animals results in 

serious immunodeficiency, increased numbers of infections, increased 

severity of infections, stunted growth, and delayed sexual maturation. As 

deficits become worsened, skin and orificial lesions develop only to be 

subjected to an unchallenged bacterial invasion, yet lesions do not mount a 

significant inflammatory response. Therefore, severe zinc deficiency 

produces a patently obvious immunodeficiency in the cell-mediated (T-cell) 

immune system. Advanced deficiency culminates in diarrhea, severe 

wasting, and ultimately death. This scenario is typical of at least 12 animal 

species including man أ8ل .



1.3 copper chemistry, absorption, metabolism, fonction, source and 

deficiency:-

Copper is a chemical element with the symbol Cu and atomic number 29. 

it's an essential trace element that is required for plant, animal, and human 

health. It is also required for the normal functioning of aerobic (oxygen- 

requiring) microorganisms. Copper is incorporated into a variety of proteins 

and metalloenzymes which perform essential metabolic functions; the 

micronutrient is necessary for the proper growth, development, and 

maintenance of bone, connective tissue, brain, heart, and many other body 

organs. Copper is involved in the formation of red blood cells, the 

absorption and utilization of iron, the metabolism of cholesterol and 

g^cose, and the synthesis and release of life-sustaining proteins and 

enzymes. These enzymes in turn produce cellular energy and regulate 

nerve transmission, blood clotting, and oxygen transport. Copper 

stimulates the immune system to fight infections, to repair injured tissues, 

and to promote healing. Copper also helps to neutralize "free-radicals", 

which can cause severe damage to ce llsfll].

The site of maximal copper absorption is not known for humans, but is 

assumed to be the stomach and upper intestine because of the rapid 

appearance of Cu64 in the plasma after oral administration [12]. Copper is 

absorbed in the gut, then transported fo the liver bound to albumin [13]. 

After processing in the liver, copper is distributed to other tissues in a 

second phase. Copper transport here involves the protein ceruloplasmin, 

which carries the majority of copper in blood. Ceruloplasmin also carries



copper that is excreted ؛٢٦  milk, and is particularly well-abs©rbed as a 

copper source [14]. Copper !٨ the body normally undergoes enterohepatic 

circulation (about 5 mg a day, vs. about 1 mg per day absorbed in the diet 

and excreted from the body), and the body is able to excrete some excess 

copper, if needed, via bile, which carries some copper out ofthe liver that is 

not then reabsorbed by the intestine[15,16].

High intakes of zinc can significantly decrease copper absorption. Extreme 

intakes of Vitamin C or iron can also affect copper absorption, reminding us 

ofthe fact that micronutrients need to be consumed as a balanced mixture. 

This is one reason why extreme intakes of any one single micronutrient are 

not advised [17]. Foods contribute virtually all of the copper consumed by 

humans. The best dietary sources include seafood (especially shellfish), 

organ meats (e.g., liver), whole grains, legumes (e.g., beans and lentils) and 

chocolate. Nuts, including peanuts and pecans, are especially rich in 

copper, as are grains such as wheat and rye, and several fruits including 

lemons and raisins, ©ther food sources that contain copper include cereals, 

potatoes, peas, red meat, mushrooms, some dark green l£afy vegetables 

(such as kale), and fruits (coconuts, papaya and apples). Tea, rice and
٠

chicken are relatively low in copper, but can provide a reasonable amount 

of copper when they are consumed in significant amounts [18].

A number of nutrition surveys have indicated that the diets of 

approximately 25% of adolescents, adults, and people over 65, do not meet 

the recommended daily nutrient intake for copper [وول. These studies also



suggest that long-term ac^ ired  ^ p p e r deficiency is u n d e r-d ia g se d  and 

is much more common than suspected.

Ac؟uired copper deficiency has recently been implicated in adu ltonset  

progressive myeloneuropathy [20] and in the development of severe blood 

disorders including myelodysplastic syndrome أ21ا . Fortunately, copper 

deficiency can be confirmed by very low serum metal and ceruloplasmin 

concentrations in the blood.

Other conditions previously linked to copper deficiency include 

osteoporosis, osteoarthritis, rheumatoid arthritis, cardiovascular disease, 

colon cancer, and chronic conditions involving bone, connective tissue, 

heart, and blood vessels[22].

Copper deficiency alters the role of other cellular constituents involved in 

antioxidant activities, such as iron, selenium, and glutathione, and 

therefore plays an important role in diseases in which oxidant stress is 

elevated[23].

1.4 triglycerides structure, synthesis and breakdown:-

Triglycerides are formed by combining glycerol with three molecules of 

fatty acid. Alcohols have a hydroxyl (HO-) group, ©rganic acids have a 

carboxyl (-COOH) group. Alcohols and organic acids join to form esters. The 

glycerol molecule has three hydroxyl (HO-) groups. Each fatty acid has a 

carboxyl group (-COOH). In triglycerides, the hydroxyl groups ofthe glycerol 

join the carboxyl groups of the fatty acid to form ester bonds:



H0CH2CH(0H)CH20H + RC02H + R'C02H + R"C02H -> RC02CH2CH(02CR')CH2C02R" + 3H20

three fatty acids (RC02H, R'C02H, R"C02H ؛٨  the above equation) are 

usually different, but many kinds of triglycerides are known. The chain 

lengths ofthe fatty acids in naturally occurring triglycerides vary, but most 

contain 16, 18, or 2ه carbon atoms. Natural fatty acids found in plants and 

animals are typically composed of only even numbers of carbon atoms, 

reflecting the pathway for their biosynthesis from the two-carbon building- 

block acetyl CoA. Bacteria, however, possess the ability to synthesise odd- 

and branched-chain fatty acids. As a result, ruminant animal fat contains 

odd-numbered fatty acids, such as 15, due to the action of bacteria in the 

rumen. Many fatty acids are unsaturated, some are polyunsaturated, e.g., 

those derived from linoleic acid [24].

The enzyme pancreatic lipase acts at the ester bond, hydrolysing the bond 

and "releasing" the fatty acid. In triglyceride form, lipids cannot be 

absorbed by the duodenum. Fatty acids, monoglycerides (one glycerol, one 

fatty acid), and some diglycerides are absorbed by the duodenum, once the 

triglycerides have been broken down. In the intestine, following the 

secretion of lipases and bile, triglycerides are split info monoacylglycerol 

and free fatty acids in a process called lipolysis, which are subsequently 

moved fo absorptive enterocytes, cells lining the intestines. The 

triglycerides are rebuilt in the enterocytes from their fragments and 

packaged together with cholesterol and proteins to form chylomicrons. 

These are excreted from the cells and collected by the lymph system and 

transported to the large vessels near the heart before being mixed info the 

blood. Various tissues can capture the chylomicrons, releasing the



triglycerides to be used as a source of energy. Fat and liver cells can 

synthesize and store triglycerides. When the body requires fatty acids as an 

energy source, the hormone glucagon signals the breakdown of the 

triglycerides by hormone-sensitive lipase to release free fatty acids. As the 

brain cannot utilize fatty acids as an energy source (unless converted to a 

ketone), the glycerol component of triglycerides can be converted into 

glucose, via glycolysis by conversion into Dihydroxyacetone phosphate and 

then into Glyceraldehyde 3-phosphate, for brain fuel when it is broken 

down. Fat cells may also be broken down for that reason, if the brain's 

needs ever outweigh the bodies. Triglycerides cannot pass through cell 

membranes freely. $pec؛al enzymes on the walls of blood vessels called 

lipoprotein lipases must break down triglycerides into free fatty acids and 

glycerol. Fatty acids can then be taken up by cells via the fatty acid 

transporter (FAT).Triglycerides, as major components of very-low-density 

lipoprotein (VLDL) and chylomicrons, play an important role in metabolism 

as energy sources and transporters of dietary fat[25]

1.5 OBJECTIVE:-

The aim of the study described was to investigate the maternal and cord 

level of zinc, copper and triglyceride in low birth weight (LBW is less than 

2500 gm ) in comparison to normal weight babies.

1.6 PREVIOUS STUDIES:-

The study was conducted at Muhimbili National Hospital in labor ward, 

from July to September 2002 was found that there is a relationship 

between low infant birth weight <or=2000 g and maternal zinc deficiency.



There is a relationship between infant birth weight and infant zinc levels. 

Maternal age of <0 =آ1و  years is associated with low infant birth weight and 

١٥١٧ maternal zinc levels. Plasma zinc level in mother correlated with plasma 

zinc level is their offspring [26].

Many studies shown that Maternal copper concentration has no impact on 

neonatal birth weight or prema^re deliveries [27].

Another study ؛٨  a cohort of UK female twins found that there is a 

significant relationships between birth weight and lipids are mediated 

through shared influences on the maternal environment and do not 

support the hypothesis that fetal malnutrition is an important determinant 

of adult lipid levels. Adjustment for Body Mass Index ( BMI) also indicates 

that postnatal growth may be more important than prenatal growth [28].

1.7JUSTIFICATION AND SIZE PROB؛EM:-

World Health Organization (WHO) reported recently in Sudan the low birth 

weight average was 12 per ce n t , in central Sudan the low birth weight was 

15 per cent that is the reason why we choice this area for study. 

Worldwide, 15.5 per cent of all births, more than 20 million, are born as 

low birth weight (LBW) babies. More than 95 per cent of these LBW babies 

are bom in developing countries especially sub-Saharan Africa including 

Sudan [29..30]-

Weight at birth is a good indicator not only of the mother's health and 

nutritional status, but also of the outcome for survival, growth, long-term 

health and psychosocial development of the baby ا31,32ل . LBW babies

10



weighing less than 2.5 kg face a greatly increased risk of dying and are the 

main contributor with respect to neonatal, infant and under five mortality. 

Those who survive have impaired immune function and have increased risk 

of early onset of adulthood disease like diabetes and heart disease later in 

life, as per the 'Barker hypothesis'[33] and the 'fetal origin of adulthood 

disease (FOAD) hypothesis [34]. They are also likely to remain malnourished 

and may have lower IQ and cognitive disabilities leading to school failure 

and learning difficulties[31,32].As the lowered nutrient levels at birth are 

liable to be further lowered by recurrent infections and inappropriate 

feeding habits, they need nutritional surveillance, extra feeding and 

supplements. If optimum catch up growth is not achieved by at least two 

years of age, these children will add to the pool of malnutrition. Growth 

faltering and developmental delay is the rule in those who continue to be

malnourished [35]■

Very low levels of micronutrients have been documented in children with 

malnutrition [36] and positive outcome in growth has been documented 

using comprehensive early interventions including nutritional and 

developmental inputs [36,37] and micronutrient supplements, especially 

zinc[38].

Zinc and copper are important trace elements that needed for optimum 

human growth and development [3او. Both zinc and copper are cofactors in 

many antioxidants enzymes that protect the cell against free radicals 

[4 ثا,4لل . Zinc is involved in normal metabolic and physiological processes 

that control cell growth [42]. Recently Izquierdo et al [43] reported an 

increased requirement of zinc during pregnancy. Low levels of zinc and



copper were independently associated with risk of LBW babies أ44,45ل . 

Triglycerides are dietary and storage fats. The consumed fats break into 

smaller molecules and absorb from the intestine. Cells can then m e ta b o l iz e  

the fat, burning it to generate energy. Many metabolic processes take place 

that involve triglycerides as either a reactant or as a product [46].

12



CHAPTER TWO 

MATERIAL AND METHOD

2.1 Study population:-

s^dy was conducted at Medani Maternity Hospital Central Sudan during 

the period of May through October 2010.

2.2 Ethical clearance:-

After signing an informed consent, ١٧٥̂^٢١  with a singleton neonate were

approar-hed to participate in the study.

2.3 Research design:-

Cases were women who delivered a baby weighted less than 2500 gm. For 

every case the su b seg en t woman who delivered و baby weighting > 2500 

gm acted as control. Socio-demographic data were gathered using structure 

gestionnai're ۴٠٢ each women. Obstetrical history including information on 

the first day of the last menstrual period before the index pregnancy and 

on the date of the previous pregnancy outcome [delivery and miscarriage] 

was gathered. The interpregnancy interval was defined as the time 

between the woman's previous delivery, miscarriage and the first day ٠۶ 
the ا3آة  menstrual period for the index pregnancy. The date of the last 

normal menstrual period was used to determine gestational age. However, 

when the discrepancy between gestational age determined in this way and 

gestational age calculated from ultrasound scanning was greater than 2 

week, the ultrasound estimate was preferred. Maternal weight, height and 

body mass index calculated as weight in kilograms divided by height in



meters squared were obtained. The newborn was immediately weighted 

with electronic digital scale to the nearest 50 gm. Maternal hemoglobin 

was measured using HemoCue haemoglobinometer [HemoCue 

AB,Angelhom, Sweden].

2.4 Sampling:-

Maternal venous and cord blood was taken from each woman and allowed 

to clot in plain tubes, and serum stored at -20°c until analyzed in the lab in 

Khartoum for measurement of serum zinc, copper and triglyceride.

2.5 Methods;-

Zinc and copper concentrations were measured by flame atomic absorption 

spectrophotometer [FAAS] [SOLAAR, Atomic Absorption 

Spectrophotometer, Thermo Electron, Cambridge, □K]. Triglyceride 

concentration was measured by colorimetric method.

Determination of zinc and copper in serum by Flame AA5:-

A clinical laboratory in which a great number of samples have to be 

analyzed for Cu and Zn contents requires a fast, robust analytical method 

that is capable of a u to m a t io n .

Descriheri below is a fast, robust method to determine trace elements in 

serum using the flame injection technique with minimum sample 

consumption. The tests were made with the AA5 vario 6, a flame AAS 

instrument equipped with deuterium background correction and A5 52 

Autosampler, and an 5F$ 5 injection switch. The sample volume available 

for serum analysis in medicine using the flame technique is limited. The use



ofthe injectio□ switch helps minimize the sample volume required for the

analysis. 100 الر of diluted serum is sufficient for و single measurement, 

maximum sensitivity provided. The samples were prediluted with 0.1% KC1. 

For this purpose, 300 ٣١ of serum were mixed with 2700 الر of KCI solution

directly in the sampler vessel. The resultant serum samples had dilution 

factor of 10, which is sufficient for determining three elements with the

the table [1] :flame technique. For the method parameters employed,

Fuel gas Burner

heightflow

Rate (L/h) (mm)

555

50

Burner FlameElement Wavelength Slit

type

C,H ,/Air

C2H2/Air

2

1.5 s

5

nglewidth(٨٨٦)

(nm

01.2324.Cu*

00.5213.Zn*

*Deuterium background correction

SFS 5 injection switch

Filling time 

Injection time 

Rinsing time

Standard calibration was performed by automatically diluting a multistock 

standard (2.0 mg/l Cu, Zn in 0.1% KCI, 3% HN03) in the mixing vessel of the 

AS 52 Auto sampler. The accuracy of the flame injection method was 

verified by a comparison with certified reference values of serum Seronorm

table [2]:
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Flpment Sample Concentration

(Mg/*)

RSD (%) Certified value

أس
Cu ernnorm؟ 1.29±0.01 1.11 1.25-1.38

Zn Seronorm 1.52±0.02 0.29 1.35-1.67

The method allows trace elements in serum to be determined in و fast, fully 

automatic and reproducible way after simple sample preparation (dilution 

with KCI solution). Using the injection switch reduces the volume of 

undiluted serum required for a triple determination of Cu and Zn to a total

of 2 هه ٣١ . the retrieval rates of the reference sample used prove the 

accuracy of the levels determined in patient samples by the method 

described [47].

Quantities determinate of triglycerides:-

Sample triglycerides incubated with lipoproteinlipase (LPL), liberate glycerol 

and free fatty acids. Glycerol is converted to glycerol-3-phosphate (G3P) 

and adenosine-5-diphosphate (ADP)by glycerol kinase and ATP.(G3P)is then 

converted by glycerol phosphate dehydrogenase(GPO) to dihydroxyaceton 

phosphate (DPA)and hydrogen peroxide (H20 2). In the last reaction, (H20 2)

reacts with 4-aminophenazone (4-AP) and ^-cholorophenol in presence of 

peroxidase (POD) to give a red colored dye . the intensity of the color 

formed is propotional to the triglycerides concentration in the sample[48].
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CHAPTER THREE

RESULT

3.1 Statistical Analysis؛-

Data were entered ؛٨  computer using SPSS for windows version 16.0 

and double checked before analyses. Data were checked for 

normality, data were summarized as mean [S□] when normally 

distrib^ed and median [25-75013 inter،}uartile] where not normally 

distrib^ed. To compare variables mean, student t test were used 

for normally distributed data while Mann-Whitney ٧ test if the data 

were not normally distributed. Pearson's correlation was used to 

assess the association of zinc, copper and triglyceride with clinical, 

biochemical and obstetrical data and the correlation between these 

clinical and biochemical data, p <0.05 was considered significant.

The two groups [50 in each arm] were well-matched in their basic 

characteristics, table 1. In comparison to controls, maternal serum 

zinc 96.8-36.3) 62.  vs.96.2 (84.6-125.7) [Ig/dl; P<0.001], copper (؛9

 vs. 139.8 (31.9-186.2) ng/dl; p=0.04] and (ء81.6 (167.5-23.7

triglyceride [172 (100-227) vs. 195 (133.7-320.2)] mg/dl; p=0.052] 

levels were significantly lower in cases with LBW deliveries. Likewise, 

cord zinc [87.1(43.3-118.1) vs.92.2 (65.0-114.5) |ig/dl; p==0.49],

copper [108 (55.1-157.9) vs. 147.5 (84.5-185.2) [Ig/dl; ه=ء.ه2ل  and

triglyceride [45 (31.5-95) vs. 149.5 (97.5-174.2) mg/dl; p<0.00] levels 

were significantly lower in cord serum of the cases with LBW 

deliveries than in the controls, table [2].The normal ranges of zinc in 

maternal was (84.6-125.7), and in cord was (65.0-114.5). N o rm a l
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maternal copper was (31.9-186.2), and c©rd c©pper was (84.5-185.2). 

Normal maternal triglyceride was (133.7-320.2), and cord triglyceride 

was (97.5-174.2).
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Table [3تل- Mean ($٥) of the socio-demographic, clinical and 

biochemical variables of women with low birth weight and controls.

Variable Controls (n=50) Cases (n-50) P-value

Age, years 27.54(5.06) 27.5(6.3) 0.98

Parity 2.04(1.5) 2.1(2.3) 0.80

Gestati©n age, weeks 38.1(1.2) 37.8(1.9) 0.43

Interpregnancy interval, months 22.5(16.7) 16.6(17.7) 0.09

Weight, kg 65.02(14.3) 59.9(12.7) 0.06

Body mass index, kg/m2 25.4(3.9) 23.9(4.5) 0.08

Hemoglobin, g/dl ل(1.4) ل ل. 10.8(1.4) 0.38

19



nc, copper and triglyceride in maternal and cord blood؛Table [4]:-Z

P-value

<0.001

0.49

0.04

0.02

0.052

<0-00

Control(n=50)

96.2 (84.6-125.7)

92.2 (65.0-114.5) 

139.8 (31.9-186.2)

147.5 (84.5-185.2)

195 (133.7-320.2)

149.5 (97.5-174.2)

Cases(n=50)

62.9 (36.3-96.8)

87.1 (43.3-118.1)

81.6 (23.7-167.5)

108 (55.1-157.9) 

172(100-227)

45 (31.5-95)

Variable 

Maternal zinc 

Cord zinc 

Maternal copper 

Cord copper 

Maternal triglyceride 

Cord triglyceride



CHAPTER FOUR

DISCUSSION

The main findings of the current study were; ؛٥١٧^٢  zinc, c©pper and 

triglyceride levels in maternal and cord serum in LBW deliveries in 

comparison the controls. This could explain the recent findings at the 

same hospital, where anemic women were at nine times risk of LBW 

delivery [30] and 45% of antenatal attendee had zinc deficiency [4لو. 
The finding of low zinc level and LBW deliveries is in agreement with 

recent report from developing countries e.g. Tanzania [5له and India 

[45]. Maternal zinc deficiency can lead to adverse pregnancy 

outcome such as, intrauterine growth retardation [51,52], pregnancy 

induced hypertension and LBW deliveries [53,54]. However, Akman 

et al., [55] found no significant difference between birth weight of 

infants ofthe mothers with and without zinc deficiency, Alsalih et al., 

[56] found that neonatal birth weight did not correlate with maternal 

blood levels of zinc and Badakhsh et al., [57] observed no 

relationship between low maternal zinc status and LBW infants. 

In the current study as well as previous report LBW babies had a 

higher cord zinc levels than their mothers ا58ل . However, 5rivastava 

et al [59] reported that maternal zinc levels were higher than the 

cord zinc levels. The growing fetus is likely to store zinc in escalating 

manner as gestational age advances [60]. Perhaps there is an active 

mechanism for transporting zinc a cross the placenta from maternal 

sife toward fetus [61]. A clinical trial where pregnant women were 

supplemented with 25mg daily of zinc, showed a positive outcome in
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term of birth weight and head circumference comparing to placebo 

group [62]. Maternal zinc deficiency in late pregnancy could be a 

determinant for baby birth weight [63]. In the current study 

significantly lower copper levels were observed in maternal and cord 

serum in the group of LBW than in the controls. During pregnancy 

maternal copper increases as gestational age advance, this could be 

explained by the increase in the synthesis of a ceuroplasmin a copper 

binding protein in response to high levels of estrogen during 

pregnancy [64]. This ensures the availability of copper, as fetus and 

maternal demand increases [65]. A growing body of evidence linked 

low maternal copper level and LBW emergence [44,65]. Copper 

deficiency during prenatal and even early postnatal period can lead 

to defective energy production, altered bone structure, dysgenesis of 

blood vessels and delayed lung development, ^ fortunately , these 

changes might not subsided even by copper supplement to the 

deficient's neonates [65]. In both the case and control groups, 

copper levels were higher in the cord blood than the maternal blood. 

This could be the cause of intrautrine restriction as reported recently 

[66]. Copper concentration in maternal and cord blood either in case 

or control group is more than zinc concentration. Both copper and 

zinc could bind intercellularly to the metallothionein, copper can bind 

to this protein more avidly than zinc. Thus high copper concentration 

competes zinc for metallothionein binding sites and so decrease zinc 

availability [67]. In the current study significantly lower triglyceride 

levels were observed in maternal and cord serum in the group of
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LBW than controls. In both the case and control groups, the 

triglyceride levels were lower in the cord blood than the maternal 

blood. During pregnancy, complex changes occur in lipid profiles. 

From the 12th week of gestation, triglycerides increase in response 

to estrogen stimulation and insulin resistance. Transition to a 

catabolic state favors maternal tissue lipid use as energy sources, 

thus sparing glucose and amino acids for the fetus. In addition, 

maternal lipids, that is, cholesterol, are available for fetal use in 

building cell membranes and as precursor of bile acids and steroid 

hormones. It is also required for cell proliferation and development 

ofthe growing body. Free-fatty acids (FFA), oxidized in the maternal 

liver as ketone-bodies, represent an alternative fuel for the fetus[68]. 

Maternal hypertriglyceridemia (vs. other lipids) has many positive

effects such as contributing to fetal growth and development and 

serving as an energy depot for maternal dietary fatty acids. However, 

increased TG during pregnancy appears to increase risk of 

preeclaropsia and preterm birth. Vrijkotte TG et al; found that High

maternal TG levels in the first term of pregnancy were associated 

with higher BWs and subsequently a higher occurrence of infants 

large for gestational age, whereas low TG levels were associated with 

accelerated postnatal growth[69].
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4.1 Conclusions:-

1- Low levels of zinc, copper and triglyceride could be useful 

indicator for low birth weight deliveries.

2- zinc and copper concentrations is high in cord compared to 

maternal while triglyceride is low in cord.

4.2 Recommendations:-

assessment of zinc and copper in the diet of Sudanese people and 

their bioavailability is highly recommended. The pregnant women 

must care about her nutrition to prevent LBW deleveries.

This study has many limitations; first, dietary content of zinc and 

copper was not quantified in this study. Second, measuring serum 

copper is less sensitive in detecting marginal copper deficiency, and 

likewise for serum zinc. Third, this study was not designed to assess 

the differences in concentration of these elements in different 

trimesters. Further study is needed.
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Appendix:-

3-6-lPreparat؛€>n:-

Working reagent (WR): dissolve the contents of one via( R2 enzymes in to 

one bottle of R1 buffer, cap and mix gently to dissolve c o n te n ts .

3-6-2 Sing of reagent deterioration :

- Presence of practicals and turbidity.

Blank absorbance (A) at 505 nm.

36-3Add؛t؛onal equipment:

spectrophotometer or colorimeter measuring at 505 nm.

- matched cuvettes 1.0 cm light path.

- general laboratory equipment.

3-7 Procedure:-

1- Assay conditions:

Wavelength 505 nm 

Cuvette 1 cm light path 

Temperature 37C

2- Adjust the instrument to zero with distilled water.

3- Pipette in to cuvette :

blank standard Sample

WR(ml) 1.0 1.0 1-0

Standard(ML)
- -

10
- -

5ample i\il)
- - "

10

4- Mix and incubate for 5 min. at 37 c .

32



Read the absorbance (A) ofthe serum samples and standard, against 

the blank. The colour is stable for at least 30 m in .

Calculations

(A)sample x200 (standard conc.)= mg/dL triglyceride in the sample 

(A)standard
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