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ABSTRACT

The mineral status, hematologic and
socioeconomic status of 55 apparently healthy
parturient mothers resident in Northern Nigeria and
their neonates were evaluated. The mineral status
of 20 apparently healthy non-pregnant women of
child-bearing age who served as the control
subjects were simultaneously determined. Their
mineral status was evaluated by measuring the serum
concentrations of 5 trace and 2 macro-elements
namely Fe,Cu,Zn,Mn,Cr and Ca Mg respectively while
Hb and ROV served as the hematological parameters
evaluated. Base-line data from the present study
indicate that with the exception of Ca and Cu, the
control subjects had adequate mineral status/
Although the parturient women had lower (p<0.05) Hb
and ROV indices than the control subjects, it is
evident from the study that mineral levels are in
creased following pregnancy. The mean serum Fe, Cu
and Ca concentrations of the control subjects were
82.00 + 23.30, 6.67 + 4.88 ug\100ml and 8.62 + 2.75
mg\100ml respectively while the maternal mean serum
levels for the same elements were 149.18 + 54.87,
125.47 + 113.20 JJg/100ml.



viii
and 11.90 + 3.30 mg/100m respectively. Fet al
Fe, Cu and Ca |l evels were also 194.73 + 104.67,
110.32 + 86.69 ug/100m and 12.3 + 3.98nmg\100m respec-
ively. Regressi on analysis revealed significant (P<
0.05) positive association between Cu and Zn(r=0.713),

and Zn and Mn(r=0.522) in the control

Subj ects. Age and Mg, Cu and Mh and PCV and My bore a
onverse correlation in the maternal serum Wth the
Exception of Fe which bore a negative correlation, the
mat ernal - fetal mineral interrelationships were positive
for each el ement suggesting that maternal circulation is
the min fetal source of the el ements. Mat er nal age,
Parity, hemat ol ogic and socioeconomc status had no

significant (P>0.05) effect on the fetal m neral status.
The various interrelationships evident between the

numer ous parameters in the present study are discussed.
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CHAPTER ONE
INTRODUCTION

The onset of pregnency, which refers to the time of
the attechment of one or more potential offsprings

to the uterine lining, is a complex physiological

process which imposes additional metabeolic demands
upen  the gravid individual (Collins 1990). In
developing countries, pregnancy is often repeated
at frequent intervals and its nutritional stress
may induce such classical deficiency diseases as
anemia due primarily to iron deficiency. In some
parts of the world, which includes Nigeria,
pregnancy is known to occur at an early stage in

life thus predisposing the immature mother to

variocus health and nutriticnal hazards. The
problem is further compounded by obstetric
complications that accompany pregnancy such as

toxemia of pregnancy which is characterized by
edema, proteinuria and hyertension -~ gestosis
(EPHG) which 1s speculated to be due to mineral
deficiency.

Shaw (19280) reported a high incidence of
maternal and neonatal mortality in developing
countries and Naeye (1979) attributed this to
maternal undernutrition. An interrelationship has
therefore been reported between maternal

nutritional status and pregnancy outcome (Maeye



1980 and Naismith 1981). Studies by other investi-
gators have indicated that the incidence of low
birth weight neonatal mortality and morbidity are

higher in poor communities as compared with the

more affluent ones (Lechtig et al 1975, Rush 1975
and Sibert et _al 1978). The role of trace elements
in  human nutrition has long been recognized (Sas—
sKortsak and Sakar 1973, Hambidge 1975 and Solomons
1979) . The concentrations of mineral elements in
the human body for instance are variable and are
characteristic for each element. It is therefore
virtually important to maintain these concentra-—
tions and functional forms of these elements within
narrow limits 1f the structural and functional
integrity of tissues are to be safe guarded. Fur-
ther, the prevalence of impaired growth, health
and fertility of the individual would be minimized.
However, continued ingesticon of diets, or e)xposure
to environments that are deficient, imbalanced or
excessively high in a particular slement may pro-
mote changes in the functioning forms, activities
or concentrations of these elements. The conse-
quences of such mineral imbalances include the
development of biochemical defects (Some of which
are known to occur at the very early stages of
life), alteration of physiological functions and

structural disorders.



Reports suggesting that trace element
deficiences result in a number of physiclogical and
structural abnormalities during infancy are well
documented {(Comline et al 1973, Henkin et _al 1973,
Rajalakshni and Srikantia 1980 and Mclaren 1981).
Graham and Cordanc (12469) for instance revealed the
practical importance of copper deficiency in Peru
where they observed that one-third of the infants
studied had evidence of copper deficiency.
Depressed activity of thymidine kinase a zinc—

dependent enzyme has been reported.fSwenerton et al

196?’ and Hurley (1969) linked this to the terato-
genic effect of maternal zinc deficiency in the
rat. There is some evidence to suggest that human
congenital malformations of the central nervous and
cskeletal systems may also result from maternal zinc
deficiency (Hambidge et al, 19735). It is also
believed that some of the basic problems of zinc
deficiency occur at a very early stage of
development (Hurley 1949). Tafari et _al, (1977) and
Appelbaum et al, (1979) ascertained that maternal
zinc deficiency during pregnancy could lead to lack
of antimicrobial activity in the amniotic fluid.
Poor nutritional status and other factors such
as low inceme (Beal et al 19462, Parsons et al 1990
and Mutale et al 1991), high parity (Launer et al
199Q), complications of pregnancy (Trimor=Tritsch

et al 1988, Saunders et al 1990), bicological



immaturity (under 17 years of age), infections and
a history of unsuccessful pregnancies (Mclaren
1781) have also been pointed out as contributing
factors to maternal and neonatal wastages.

In general, foods of animal origin which are

generally expensive remain to be excellent sources

of these minerals. FPoverty hinders various
population groups from consuming these expensive
animal foods thus predisposing them to increased
risk of specific trace element deficiencies. In
order to delay or minimize the onset of these diet
induced deficiencies which may have detrimental
effect on maternal or necnatal development, it is
important that the mineral status of the healthy
gravid individual receive paramount attention.
Since conception i= a product of various hormonal
changes accompanying pregnancy. it is evident that
observations in nonpregnant individuals or pregnant
laboratory animals may be inapplicable to the buman
gravid state. Although scattered studies have been

conducted on vitamin status of pregnant Nigerian

women, there appears to be no documented studies on
the mineral nutriture of pregnant women resident in
Morthern Nigeria. It is against this background
that the present study was designed to investigate
the mineral status of Nigerian pregnant women at

parturition and their cord bleod. The specific aim



of the investigati&n includes:

{(a) evaluation of the serum concentrations of
seven mineral elements namelys; iron, copper, zZinc,
manganese, chromium, calcium and magnesium with a
view of establishing a baseline data.

{b) comparison of maternal and fetal serum mineral
levrls.

{c) identification of associations and
interactions existing between the mineral elements
studied in the blood circulation and

(d) postulation of models for such associations if
need be.

It is expected that results from this inves-
tigation will give an insight into the mineral
status of parturient mothers and their babies and
may possibly be an index for providing solutions to

mineral deficiencies in pregnancy.



CHAPTER TWO

REVIEW OF LITERATURESZ

2.1. Pregnancy:

The onset of pregnancy is a complex physio-
logical process which commences at puberty (Guyton
1981). The delivery of a new individual occurs at
the moment when chromosomes from the male and
female pronuclei associate to form the first mitot-
"ic figqure of the first cleavage (Regley et al,
1980). However, Collins (1990) identified the
onset of pregnancy to commence following the at-
tachment of one or more potential offspring to the
uterine lining and that this event is aoften dated
in completed weeks from the first day of the last
menstrual cycle (LMP) . Furthermore, a natural
pregnancy 1is dated as day ©O from the day of fol-
licular rupture or that of Luteinizing Hormone (LH)
peak based on the assumption that the life span of
the ovum is short and fertilization cccurs within
the next 48hrs.

2.2. The menstrual Cvcles:

The repoductive system of the female has long
been known to show cyclic changes that may be

regarded as periodic preparation for ovum production,



ovulation, fertilization and the maintenance of the
resultant product of conception (Jones et al.

178%9). The=sep processes in turn have been reported
to be under hormonal control (Guy ton 1981)
involving the estrogens and progestercone whose
release is controlled by the follicle stimulating
hormone (FSH). The commencement of the menstrual
cycle is thus the development of ovarian follicle
(Graafian follicle) under the influence of FEH.
Subsequenctly, it is known that the follicular
fluid contains increasing amounts of estrogen which
is eventually released into the circulation where
it subsequently reaches the hypothalamus to
initiate and maintain the =igns of estrus. The
physiological events from the beginning of one
menses to the next 1is what is known as the
menstrual cycle. [t has been established that the
duration of this cycle is oapproximately twenty-
eight days with a range of 24-25 days. It has also
been established (Guyton 1981) that the last two
days to the end of the cycle witnesses a sharp
decrease opf the ovarian hormones (estrogen and
progesterone) which subsequently cummulates into a
chain of physioleogical events that finally lead to
the shedding of about 40ml1 of bloed and an addi-
tional 3I5%ml of serous fluid in a normal menstrua-

tion.



2.3. Ovulation

At a point during the menstrual cvcl~ an ovum
is released from the ovary (overian follicle' and
is transported to the teo» half of the o¥iduct a
region that has been identified as the ampulla. In
humans, owrlation has hean kneown to occur 3t about
the 14th day of a 28-day cycle, Schiphurst et al
(1985) have however, reported a variatjon in
ovulation time from 12 to 25 days from day 41 of
menses which occurs even itn women whose menstrual
cycles are regular.

A p22king of estrogen bleood levels leadina to
the eventual decrease of FSH and a rapid release of
IH 113 been ascribed to the physioloaical process
of ovulation (Guyton 1981), These events have
been known to bring about follicular rupture whion
releases an ovum or ova into the finbrinated end of
the oviduct, In the ampulla, the ovum 1s known to
remain viable only for some hours usually about 12-
24 hrs during which time fertilization must occur
otherwise it disinteqrates and is reabsorbed by the

body.

2.4. Fertilization:
It has been established (Jones et al, 1wiw)

that sperm introduced into the female genitalia

during coitus meets the ovum at the ampulla wnere

fertilization occurs. However, 1t has bean



reported {(Guyten 1981} that the fertile life span
of spermatozoa ié'Uncertain but that a3JsnerAallv
spermatozoa maintain their fsrtility for at least
48 hrs and possibly 72 hrs under favourabie
conditions. Further, the transport of sperm into
the uterus is facilitated at the time of ovulation
by the presence of copious watery mucus which
allows easy passage of sperm through the cervix
into the uterus and subsequently the oviduct. It 1is
known that capacitation of spermatozoa takes place
in the oviduct to make them capable of
fertilization. o |

Following fertilization.. it has been
established (Collins 1990) that peristaltic and
ciliary movement of the oviduct transport the ovum
to the uterus. This process 1is known ta accur at
about 5 days after fellicular rupture and the pre-
embrvyo 18 known to enter the uterus as a morula (16
cell stage). Lichtig et al, {(1934) reported that
the changes 1in vascularity and decidual formation
.résults to the thickening of the endometrium and
implantation of a blastocyst, a physiclogical
process which occurs after 7-9 days following
follicular rupture. It has also heen Kknown that
following implantation, the fetal-maternal complex
also provides its own gonadotropin - placental

gonadotropin referred to as human chorionic



.dlon

gonadotropin (HCG). Twelve days after implantation
HCG concentration is observed to increase
significantly in the maternal circulation.
Subsequently, amniotic fluid, yolk sac and
primitive streak are formed. Trimor-Tirtsch et al,
(1988) have reported that between the 3rd and 4th
completed weeks after follicular rupture fetal
heart beat becomes detectable.

The signs of early pregnancy are based on a
combination of physiological signs and symptoms
which include missed menses, early morning
sickness, (nausea and ;omiting), breast tenderness
and weight gain (Collins, 1990). The reasons
behind these signs and symptoms are not properly

documented.

2.5. Parturition:

Parturition refers to the process by which
the baby is born. According to Guyton (1981) the
uterus has been known to experience stronag rhythmic
contractions at the end of preanancy which 1s known
to be the major force that finally expels the baby
out. These contractions in turn are under hormonal
control and the hormones responsible are estroagen,
progesterone and oxytocin.

Further, the onset of labour has also been

linked (Guyton 1981) to the periodic contractions

10
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of the uterus which progressively become stronaer
toward them, then suddenly change within hours to
become exceptionally strona contractions. In the
early part of this process, the contractions are
known to occur about once every 30 minutes and as
labour progresses, they appear as often as once
every one to three minutes. Toward the end of
pregnancy the cervix has been observed to soften
and the period during which the cervix 1is
progressively dilated is known as the first staae
of labour which lasts 8-24 hrs in the primigravidae
but often only a few minutes in the multiparous.
The time during which the fetus traverses the bhirth
canal having passed the cervix 1is referred to as
the second stage of labour and may last from as
little as a minute in the multigravidae and up to
half an hour or more in the first pregnancy. These
processes are often accompanied by consliderable
pain and are referred to as labour pains. Lastly,
the third stage of labour refers to the time the

placenta is expelled out.

2.6, Complications of pregnancy:

Isichei and his colleagues (1978) 1n the1ir
study of serum and urine electrolytes 1in
primigravid Africans during pregnancy reported a
tendency toward toxemic symptoms Aas a fairly

frequent complication of pregnancy. This syndrome

11



is characterized by edema, urinary protein loss and

high blood pressure.

Crowther (1990) also reported eclampsia as
one of the complications of pregnancy in most
countries and that it remains one of the major
causes of both maternal and perinatal mortality.
Gibb (1990) and Dommisse (1990) reported that the
condition occurs much more frequently in developing
coﬁntries‘

Numerous investlgators have suggested calcium
supplementation as a therapeutic means of
decreasing the incidence of eclampsia (Kawasakl et
al. 1985, Vvillar et al, 1987 and Lopez-jaramillo et

1, 1989). Crowther (1990) in a recent study also

reported the effectiveness of magnesium sulphate

in the management of eclampsia.

2.7. Maternal Nutrition in Pregnancy:

A vast body of literature exists stressing
the importance of adequate maternal nutrition
during pregnancy. However, there exists
differences in opinion as to the rationale for
increased dietary intake during pregnancy. While
some investigators have failed to identify a
rationale for increasing the habitual dietary
intake by pregnant women (Delgado et al, 1977,
Thomason and Hyllen 1977, Widdowson 1981 and Hytten

1990). Others (Robertson 1980, Mclaren 1981 and

22



Naismith 1981) reported fetal demands as an
overriding factor that necessitates 1ncreased
dietary intake for women during pregnancy. Daroy
(1977) in support of this view argued that the need
for increased requirements of all nutrients for
gestating and lactating mothers 1s precipitated hy
culture, maternal size, the level of physical
activity maintained, reserves of nutrients with
which the mother enters pregnancy and a variety of
other sociocultural, environmental and economie
factors associated with preanancy, Rosso {(1977)
also observed that in order to meet the higher
requirements of preagnancy, 1ncreased food
consumption which 1s paralleled by an increase 1n
body size, is one of the adaptive changes underagone
by the gestating woman. Similarly, Van Tha (197%)
in a study of the 1impact of nutrition on pregnancy
and lactation observed that poorly fed pregnant
women were more disposed to preanancy
complications. Dapoz et al (1981) also reported
increased average food consumption during the first
six months of gestaticn which decreased in tae
third trimester with caloric 1ntake beina lower at
the end of pregnancy compared with the pre-
pregnancy period. In an attempt to justity the nead
for increased nutrient consumption during preagnancy,

Robertson (1980) obhserved that dietary protein

13



insufficiency during pregnancy results. ih
fetal growth retardation. A high dietary allowancse
has therefore been reéommended for pregnant women
(Darby 1977). Present recommended daily allowances
{RDAs)} suggest that caloric increments of 20
and 30mg/day respectively is required for preénancv
and lactation. Further, percentage increments for
other.nutrients during pregnancy include 20-50% for
vitamin A, 50% for calcium and 50-100% for folacin.
The increments in most other vitamins and minerals
heing in the range of 25-40% ahove those allaowances
for non-pregnant women {(See Tabkle 1),

2.8 Maternal Weight gain_ in Pregnangy:

It is customarily observed that pregnancy 1s
associated with weight gain with the primigravidae
gaining relatively more weight than the
multigravidae {Hytten and Leitch 1971). They
however, inferred that within the limits ot
ordinary hospital experience there is no extreme
reached which has been shown to be incompatible
with a satisfactory reproductive performance,
McClaren (1981l) reported an average waldht gain
during normal pregnancy of about 10.9kg which i3
ascribed to the fetus as contributing (3.5kg}. the
placenta (0.6%kg), amniotic fluid (0.8kg), the
uterus (0.9kg), breasts (0.4kqg}, interstitial tiuid

(1.2kg), maternal blood (1.8kg) and 1.6kg for

14
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maternal fat storage. Moller et al. {1989) howev-
er, reported a maternal weight increase of
6.0kg for Tanzanian women.

Existing reports have 1indicated that a unigue
relationship exists between birth weight and
maternal weight gain. Lawton et al (149488) for
instance have observed a significant association
between birth weight and maternal weight gain while
Dawes and Grudzinskas (19%1) failed to confirm this
assertion. Dawes and Grudzinskas (1991) have also
shown that weekly weilght gain and maternal size at
booking significantly affect fetal weight.

2.9 Mineral Nutriture during Pregnancy:

Dietary requirements of trace elements are
small and their distribution is wide spread in the
environment. However, Hambidge and Droegemueller
{1974) have observed that the risk of trace
deficiency is no exception to the increased demand
for nutrients imposed on the pregnant woman. Some
investigators were_gpoted for instance, to have
reported sub-optimal intakes of zinc in pregnant
women. The roles of some trace elements in a viable
preghancy have been documented. ‘Hambidge and
Droegemq&ller (1974} have, for instance, quoted
other investigatcors as reporting from animal
studies that as adequate supply of zinc to the

mother in the third trimester of pregnancy 1is
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requir<i for the maintenance of the fetus to term.
In contrast, other investigators were quoted as
reporting elevated plasma copper levels during

pPregnancy. This phenomenon has been partly

associated to the elevations in estrogen and
progesterone concentrations of pregnant women,
Other investigators (Robertson 1980) observed that
iron deficiency characterized by a decline 1n
hemoglobin and serum iron concentrations 1is
prevalent in pregnant women belonging to bhoth the
non-affluent and the affluent communities,
However, the need for mineral supplementation 1in
pregnahcy has not been validated. Although some
investigators have ascribed the decrease ot

hemoglobin level to Fe depletion which must be

augmented (Apted and Iyangar 1970 and Mclaren [9#81
by Fe supplementation, others (Fentom et al. 1977,
Murray et al. 1978 and Southon et al, 1984)
consider this phenomenon as being a normal
physiological adjustment.

Shenolikar (1970) has reported that adults
require a habitual dietary intake of about 400-
450mg/day to be in a state of positive calcium
balance. He however, observed that the diets of
pregnant women belonging to the low income groups
provide between 259 and 374mg Ca/day and that
regardless of the amount of dietary 1intake of

calcium, negative Ca balance is a common occurrence
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during the first stages of pregnancy. Allen et al.
(1979) reported that the consumption of protein
reduces the amount of Ca reabsorhed by the Kkidney.

Wide-Swensson et al, (1990) have indicated that

calcium deficiency during pregnancy is a possible
etiologic factor of toxemia of pregnancy.

Underwood (1981) reported that magnesium is
widely distributed among plant and animal tissue.
Henry {1973) also indicated that there.exists in man
efficient homeostatic mechanisms for Mg such that
low intakes of less than 4 percent of the normal
intake can maintain balance ¢f the element. Prasad
(1978) however, reported low levels for serum Mg 1in
normal and in abnormal pregnancies.

According to Robertson (1980) existaing
evidence does not warrant generalized trace element
supplementation of the usual mixed diet during
pregnancy.

2.10 Fetal Nutrition in Pregnancy:

Rosso (1977) reported three basic mechanisms
for maternal-fetal transfer of nutrients to ensure
that fetal nutritional needs are met during
pregnancy. These include: -

i, maternal transfer of nutrients to the
blastocyst which is presumed to occur through the
outer layer of cells otherwise referred to as

trophoblast during the pre-implantation phase;
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1. maternal transfer of nutrients to the
sinusoidal space that is formed between the fetal
and maternal side prior to placental formation
following implantation aﬂﬁ
(iii) maternal transfer of nutrients to the fetus
via the placenta following its development.

The placenta thus plays a central role 1n
pregnancy with primary functions of nutrient
transfer to the fetus and the induction of certain
metabolic changes in the mother that are essential
for fetal survival and well being,

Widdowson et al, (1974) ascertained that
trace elements must be available to the fetus early
in gestation for normal development. For 1instance,
copper and z2inc which are essential trace elements
are recognized as being required for normal growth
and development where Cu is Known to play a vital
role in the development for protein synthesis

{(Henkin et al. 1971}.

2.11. The Placenta:

The placenta has been defined as a connecting
tissue or structure developed by the embryo to
anchor itself to the wall of the uterus in order to
procure nutrients from the maternal blood (Hytten
and Leitch 1971). Begley et al. (1980). have

reported that the offspring can be fed, but also
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protected.

It is wéll established that normal arowth an-
development of the fetus 1s only possible 1f there
is adequate placental exchange of nutrients, oxygen
and metabholic waste (Rcbertson 1980). Further, the
penetration of substances such as salts, nutrients
and macromoleéules which are exchanged or
accumulated relatively slowly by the fetus 1is
limited by the ﬁarrier characteristic of the
placenta. In contrast, the rate of placental hlood
flow is the most important limiting factor for
highly diffusible substances such as the hlood
gases, Lunell and Sarby (1978} have observed that
the utero-placental blood flow increases throughout
pregnancy. They linked the increase to the
physiological dilation of the utero-piacenctal
arteries, resulting 1in a reduced vasculiar
resistance. These workers further stated that the
maternal blood reaches the placenta mainly throuah
the uterine arteries. These are known to divide
into myomatrial branches (radial arteries) which
further subdivide into decidual arteries
terminating in the intervillous space. The
maternal blocd circulating through this space
exchanges gases and nutrients Aacross the
trophoblastic and capillary layers of the placenta
to the fetal circulation.

2,12, Placental Trangsfer of Nutrients:
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Existing evidence (Robertson 1980) indicates
that placental nutrient transfer from mother to
fetus 1is accomplished wvia four basaic transfe:
mechanisms. These include
i, simple diffusion; the transport system for the
transfer cf sodium, potassium, pyridokine and the
fat-soluble vitamins;
1i. facilitated difusion the established transport
aystem for placental transfer of glucose the
primary fetal source of energy.

iii. active transport; mediating amino acids,
water-soluble vitamins, calcium and magnesium
transport into the fetal circulation and

iv. placental synthesis. This is the mechanism
employed in cholesterol and fatty acid
transportation to the fetus as they are believed to
be synthesized in the placenta and subseguently
supplied to the fetus, Widdowson (19&1) 1n A
comprehensive review indicated that only non-
seruloplasmin copper crosses the placenta as the
fetal serum generally contains no ceruleplasmin.
He alsco ascertained that only amino acid-bLeound 2n
may be the source of fetal 2Zn wvia the placenta.
Zinc transport 1s believed to occur via active
transport due to high fetal Zn concentration
observed in neonates relative to maternal levels.

2.13. Placental Welight:
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It is well established that obstetric and
gynecological precautions following conception

involves accurate measurement of placental weight

{Hytten and Leitch 1971). The procedure employved
in weighing the placenta however, is rather a
routine by delivery rocm staff and consequently
there ig no special preparation before the weight
is recorded. Hytten and Leitch {1971) reported
that on the average male babies have slightly
higher placental weight than female babies. The
bagis o©f such measurement may not be unrelated to
speculations of some investigators that the
relationship between fetal growth and maternal =ize
may be evaluated from the size of utero-placental
circulation and possibly the placental itself.
They further observed that fetal and placental
weights are positively associated with sex, parity

and gestational groups.

2.14, Fetal Birth Weight:

i. Length of Gestation: Fetal age has been
indicated to be of primary impecrtance in the
determination of the weight o0f the fetus.
According to Hytten and Leitch {(1971) at any age
there exists a wide range of fetal welghts whereby
an infant may be more than twice as heavy as

another of the same gestational age. They relatad
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this finding to the genetic potential of the
mother. Maternal characteristics are therefore

viewed as dominating fetal growth pattern.

Fetal age bheging from the time of
fertilization. The average '"gestational" age
(Hytten and Leitch 1971) for the normal full-term
baby is thus 280 days at bhirth (40 weeks c¢r 10 lunar
months).

ii. Sources of Variation in fetal growth and birthl
Weight: A number of factors have been repofted fo
affect birth weight (Lechtig et al., 1975. Prentice
et al, 1983, Brooke.gg al., 1989, Morrison et al.

1989, Hytten 1990, Oakley et al., 1950 and Mutale

1991), These include maternal nutrition, parity
and the sex of the infant. Conflicting reports
exist in literature as regards the

interrelationship between maternal nutrition and
birth weight. For instance, Lachtig et. al.

{197%). and Prentice et al. (1983) independently
reported a relationship between maternal nutrition

and birth weight. Naeye (1980} is however, ot the

opinion that only fetuses of thin mothers depend on
maternal nurtrient intake during pregnancy. In mnre
recent studies (Brooke et al, 1989), Morrison eﬁ
al. 1989 and Hytten 1990) failed to observe such a

relationship. Camilleri and Gremona (1970) have

however observed that the average male infants are
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heavier than their female counterparts and first
babies are lighter, on the average, than
subsequent ones. Hytten and Leitch (1971) partly
attributed the sex difference to the genetic
constitution of the product of conception most
especially when the fetal sex hormones begin to
have effects on growth. Mutale et al. (1990) also
revealed that a previous low birth weight and
bleeding during pregnancy were significant
predictors of low birth weight. Oakley et al
{1990) reported that social support improves
maternal and infant well being which includes birth
weight. Launer et al (1990) observed that

mothers engaged in manual work run the risk of a
small-for-gestational age (SGA) births. Dawes and
Grudzinski (1991) also reported that in addition to
maternal gestation, age, smoking habit and parity,
weekly weight gain and maternal size at booking are
other factors that may affect fetal birth weight,
Present evidence, however, finds to suggest that
low birth weight (<2.5kg) of neonates 1s associated
with high risks of infant mortality and morbidity

(sagen et al, 1984 and Saunders et al, 1990).

2,15, Minerals in Human Nutrition:

Existing evidence reveals the importance of
trace- and macro-elements in human nurition and

reports suggesting that trace element deficiences
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can lead to imppaired growth during infancy and
childhood are also available (Hurley 1979 and
Rajalakshni and Srikantia 1980). Hambidge (1976)
has emphasized the importance of adequate
quantities of trace elements in infant nutrition.
He further revealed that some of the effects of
deficiency states of these micronutrients in
infants include anemia, neutropenia anemia,
osteoporosis, impaired appetite and growth
retardation.

2.16. Sources:

Food of animal origin provide the best dietary
sources of many of the trace elements. For
instance, Underwood (1977) reported that the liver
and spleen usually contain the highest
concentrations of iron followed by the kidnevy,
heart, skeletal muscles and the brain. Similarly,
the richest sources of copper in human dietaries
are crustaceans and shellfish especially oysters
and the organ meats such as lamb or beef liver.
Appreciable quantities of Cu have also been reported
in nuts and legumes; chromium is also obtained from
the liver and the kidney and to a lesser extent
from lean meats, although the highest
concentrations are found in spices. The highest Mn
levels occur normally in nuts and whole cereals,

variable amounts in vegetabhles and low
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concentrations in meat, fish and dairy products.
The richest sources of Zn are also oysters and to a
lesser extent other sea foods and the muscle meats.
calcium is best obtained (Latner 1975) from milk
and milk products and also from green vegetables
while Mg is obtained from the following foods 1in
decreasing order of concentration {Prasad 1978)
nuts, cereals, seafcods, meat, legumes, vegaetables,

dairy products, refined sugar and fats.

2,17, Metabolism:

Trace and macroelements have one or more .
specific biologic functions which are vital to
wide variety of metabolic processes. In the body,
they occur either as components of body fluids or
eXxist as cofactors in enzyme systems or as an
integral part of metalloenzymes.

The metabolism of iron has been effectively
studied (Prasad, 1978). The homostasis of iron for
instance, is known to be maintained primarily by
the adjustment of iron absorption because of the
body's limited capacity for its excretion. Further
more, 1its absorption is known to be dependent on
upeon a number of factors such as age, iron status
and the individual's state of health;
gastrointestinal tract conditions, the amount Aand
chemical form of the ingested iron and the amounts

and proportion of various organic and inorganac
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dietary components. According to Hazzel and his co-
workers (1978) iron is better absorbed from animal
food stuff than from 1inorganic sources. Ascorbic
acid, fructose and sorbitol have been reported
(Underwood 1977) to enhance ferrous iron
absorption, high 1levels of phosphates, phytates,
cobalt, zinc, cadium, copper and manganese
interfere with its absorption through competition
for absorption binding sites. However, increased
iron absorption has been documented in iron
deficiency, hemolytic anemia, pernicious anemia and
other disease states associated with increased
erythropoiesis. Furthermore, iron absorption 1n
children is about twice that of adults.

According to Underwood (1977) iron 1s poorly
excreted by the body but the losses are of
nutritional significance ., For instance, the total
amount of Fe lost via urine, feces and sweat 1is
about 0.6 - 1.0mg/day in most individuals. In
addition to losses through these routes, women are
subjected to regular losses of Fe via the
menstrual blood. In pregnancy, considerable 1iron
loss 1is also evident during parturition while
important losses are also incurred through breast
feeding.

Absorbed iron is continually redistributed
throughout the bhody in an intricate process

involving the hemoglobin shunts (Prasad, 1978).

27



The incﬁrporation pof iron into ferritin occurs
rapidly and requires energy-yeilding reactions
through which ATP is produced which together with
ascorbic acid reduce the ferric iron of transferrin
to the ferrous state. However, the reverse process,
the release of iron from hepatic ferritin to the
plasma has been known to be mediated by the
molybdenum and iron-containing enzyme Xanthine
oxidase which acts as a dehydrogenase {QOsaki et al,
1966). Further, these investigators reported that
ceruloplasmin, a ferroxidase; is also essential for
mobilization of iron from its store,

The metabolism of Cu has been fairly defined,
THe absorption of Cu for instance is known to occur
in the stomach and all parts o¢of the small
intestine, particularly the upper small intestine
{Underwood, 1977). The absorption, is however, poor
from diets of most species. The extent of this
absorption is influenced by the amount and chemical
form of Cu ingested, the dietary level of several
other metal ions and organic substances and the age
of the animal. For example, se?eral inorganic
dieta;y factors markedly affect Cu absorption,
retention and distribution within the body. These
include particularly calcium, cadmium, =zinc, iron,
lead, silver, molybdemum and sulﬁhur. Widdowson et

al (1974) reported that copper forms stable
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somplexes with many organic molecules 1in the
tissues and blood. In the serum, copper is bound to
plasma proteins but more loosely bound to albumin
and amino acids.

The excretion of Cu occurs mostly in the
bile, the feces and urine (underwood,
1977). Negligble amounts are however, excreted via
the sweat gland while comparatively small amounts
are lost in the normal menstrual flow. There 1s no
evidence to suggest that the loss at the peak of
lactation imposes any nutritional étress although
the loss may amount to about 0.40 mg Cu/day.

It has been reported (Underwood, 1977) that
variable excretion rather than variable absorption
is the regulator of Mn homeostatis. However, the
absorption of Mn takes place equally throughout the
length of the small intestine with Mn competing
with Fe and Co for common binding sites. It 1s
apparent that the absorption mechanism of Mn and Fe
are similar but they have different excretory
processes. The availability of Mn is further influ-
enced by the levels of calcium i1n the diet. Hiagh Ca
levels have been indicated to affect Mn metabolism
by altering the absorption and retention patterns
of Mn in the body. Further, its availability 1s
influenced by estrogens and adrenocortical hor-
mones.

Under normal conditions the bile flow 1s the
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main route of excretion. Excretion may also occur
via the pancreatic juice, the duodenum, jejunum
and to a lesser extent in the terminal ileum, Very
little manganese is excreted in the urine.

The trace element chromium, has been
identified as an important nutrient in intermediary
metgbolism. Prasad (1978) cited some investigators
who indicated that the absorption ¢of inorganic Cr is
poor in man and animals regardless of the dose and
the dietary Cr status. Yet little is known about
the site of or mechanism of chromium absorption.
This may be attributed to the lack of in vivo
studies of Cr absorption. Existing data, however,
tand to indicate that the natural complexes in the
diet are better available than simple chromium
{Prasad 1978).

It appears that the excretion of Cr is'mainly
by the kidneys.

According to Hahn and Evans (1975) the
homeostatic control of body zinc in accordance
with body needs 1s achieved in part through the
regulation of 1its absorption. The extent of zinc
absorption has been known to vary with its level
and with the range of other dietary conponents.For
ingstance, zinc from animal protein 1s more
available for absorption, whereas certain dietary

components , such as phytate, fiber and m=stals such
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as Cu and Ca decrease zinc absorption (Underwood
1977).

The major excretory route of zinc 1s also
reported to be via the feces., The excretory zinc
pool is derived from both the unabsorbed metal and
through losses from the intestinal mucosa, bile and
pancreatic secretions. Zinc excretion has also been
shown to occur via urine and sweat.

Shroeder (1973} reported efficient
homeostatic mechanism for magnesium and calcium.
The organs controlling the homeostasis of Mg and Ca
are the intestinal tract and the Kidney. The
coordinated excretion of excess Mg or retention
when intakes are low is conducted by the kidney and
this 1is so efficient that less than 4 percent of

the normal i1ntake can maintain balance.

The majority of absorbed Mg is excreted by
the kidney while the unabsorbed fraction appears 1n
the feces. Magnesium is also excreted throuagh sweat
glands (Prasad, 1978).

The metabolism of calcium within the body is
well documented. Prasad (1978) reported that Ca 1is
actively absorbed in the small intestine. About 25
- 75% of the consumed Ca have been shown to be
excreted. Underwood (1921) observed *tha“
irrespective of the fcrms in which Ca is ingested
its solubility at the point o€ Contact with the

absorbing membranes de*ermines its abscrption. Thus
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acidic medium, fattf acids, vitamin D and lactose
all favour Ca absorption. While cxalates, rhvtates
and excess phosphorus inhibit Ca abscorpticen. These
inhibitors bind to the divalent Ca forming
insoluble Ca-complexes thereby preventing fts

absorption.

2.18 Functions

The metabolic role of minerals jn human
nutrition cannct be overemphasized. According to
Underwood (1981) iren is present in hercenzymes-
cytochremes vhere it plays a2 uniqde role in
cellular processes that inveolve oxidative
mechanisms. Tron is also known *r~ play a greater
quantitative function in oxygen transport 3s part
of the hemoglobin molecule. In hemoglohin, iron is
stabilized 1in “h2 ferrous s$tate which reverszibly
binds oxygen Lthus functioning as an oxygen carrier.
FPurthermore, the relationship of iron to basic
biochemical processes in the tissue was revealed by
the Adicscovery of its presence in flavoprotein
enzymes. |

Sas-Kortsak and Sarkar {(1973) ascertained
that Zn and Cu are involved in cell and tissue
growth where 2zinc is reported to play an important
role in DNA and protein synthesis as well as being

intimately involved as a cofactor in several impor-
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tant enzyre  stems. These include carbonic anhy-
drase, carboxypeptidases, alkaline phosphatase and
alcohol, lactic and glutamic dehydrogenases. Copper
is involved in the mylenation of nerves, the syn-
thesis or metabolism of steroid hormones as well as
being a cofactor in several important enzymes. For
example, ceruloplasmin, 1is an important

ferroxidase that facilitate the release of iron

2+

from iron stores by oxidizing ferrous iron Fe to

3+ prior to its incorporation into

ferric iron Fe
transferrin. Cytochrome ¢ oxidases involved in the
cytochrome chain contain Cu and being electron
donors catalyse the reduction of molecular oxygen
to water. Lysyl oxidase is a copper -containing
enzyme involved in the cross-linking of the peptide
chains of collagen and elastin while tyrosinase
catalyses the first steps in the synthesis of
melanin the absence of which results in albinism
(Shaw 1980).

Shaw (1980) has also reported the presence of
Mn in a few metalloenzymes which include pyruvate
carboxylase and mitochondrial superoxide dismutase.
Manganese 1is also known to activate a number of
enzymes particularly glcosyltransferases 1nvolvéd
in the synthesis of polysaccharide and
glycoproteins. Underwood (1977) also reported the

involvement of manganese in the biosynthesis of

cholesterol where it increases cholesterol synthesis.
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Two sites have been defined that require Mn for
this purpose which are acetate and mevalonate.
Further, fernesylpyrophosphate synthetase 1s now
known to require Mn and the two react together to
add S5-carbon unit to geranyl pyrophosphate to make
fernesylpyrophosphate.

Lack of fernesylpyrophosphate could inhibit
squalene production an important cholesterol
precursor.

Prasad (1978) observed that the
role of chromium remains unknown except in the
form of glucose tolerance factor (GTF) which is a
naturally occurring organic chromium complex. The
only recognised physiologic role for chromium is as
a cofactor for insulin where trace quantities of Cr
are required for the optimal effect of insulin.

According to Underwood (1981) magnesium is
greatly involved in carbohydrate and 1lipid
metabolism as a catalyst of a variety of enzymes
that require Mg for their activity. These 1include
reactions such as cellular oxidation, 1i.e.
oxidative phosphorylation leading to ATP formation;
Mg also activates the enzymes that oxidises
pyruvate and convert a-ketoglutarate to succinyl
CoA; and also catalyses most phosphate transfers,
including alkaline phosphatase, hexokinase and

deoxyribonuclease. Further evidence exist that Mg
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catalyses the transketolase reaction of the pentose
monophosphate shunt., Magnesium ions are also known
to exert a potent influence on neuromuscular
activity where low levels induce tetanvy.

Robinson (1973) observed that apart £fron
being a component of bones and teeth, calcium in
body fluids functions as a catalyst for the
conversion of prothrombin to thrombin one of the
steps in the clottina of blood; it also increases
tha permeabhility of cell membranes and activates a
number of anzymes such as lipases, adenosine tri-
phosphate and some proteolytic enzymes; it n»nlays a
role in transmission of nerve impulses; and it is

directly involved in muscle contraction.

2.19 Deficiency and Toxiqitﬁes.

Marginal or deficient intakes of adequate
minerals in diets have been indicated to precipitatas
deficiency of these nutrients (Prasad 1978),
Similarly, mineral toxicities which may be
classified as acute or chronic toxicities have
equally been observed in cases of exposure to
excasses of these elements (Underwood 1977).

The clinical manifestation of iron deficiency
in human adults are listlessness and fatigu»>,
sometimes a sore tongue, angular somatitis,
dysphagia and koilonychia. TIn c¢hildren anorexia

depressed growth and decreased re~iztance to
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infecfion ara rommonly observed {Underwood 1977).
Iron deficiency is further ohserved to recult %o an
anemis of the hypochromic microcytic type
accompanied by normoblastic , hyperblastic bene
marrow containing little or no hemosiderin. Iron
deficliency amemia has also been assgciated with
decreased serum iron Aand serum ferritin
roncentrations.

Unlike iron reagitirement levels, data which
permit the delinatinn of toxic levels of Fe are nat
available {Underwcoed 1977}, However, long term
toxicity has been ohserved in malnourished Pantus
in Sfeuth Africa {Bantu siderosis'.

Hambidge /1978) cbserved that Cu deficiency
is c¢haracterised by an anemia promoted by the
Ahrence of ceruloplasmin the copper -containing
ferozidane requlred for hemogenesis. OQOther
symptoms include defective blood vessels which
rupture easily due to lack of the Cu enzyme amine
oxidase required for the cross-linkage of elastin
and collagen. Cavel and Widdowson (1964) also
observed that Cu deficiency also manifests in
skeletal lesions as a result of lack of amine
oxidases and ascorbic acid oxidases. Tyrosinase is
also another Cu-containing enzyme whose absence
leads to impaired melanin synthesis. However,

deficiency of Cu is very rare (McClaren 1981).
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Graham and Cordano (1969) however, have reported
hypocupremia in malnourished children especially if
fed exclusively on milk. Widdowson et al,(1974)
observed that on the contrary healthy term infants
do not appear to be at risk of Cu deficiency even
if fed with relatively low-copper milk products
because of the large hepatic Cu stores. However, in
contrast to the term infant, they observed that the
premature infant does not start postnatal life with
adequate Cu stores. In the infant, Al-Rasheed and
Spangler (1971) reported neutropenia and anemia
that is unresponsive to oral Fe therapy as early
manifestation of Cu deficiency in infants,

Mcclaren (1981) observed that acute poisoning
results from the ingestion of grams of copper which
is usually consumed as copper sulphate. Chronic
toxicity results to Wilson's disease or
hepatolenticular degeneration which 1is usually
hereditary.

Very little is known about manganese
deficiency in man. Doisy (1974) proposed that Mn
deficiency and hypocholesterolemia are probably
related and that marginal or deficient intakes may
reduce the biosynthesis of steroids and sex
hormones. Shaw (1980) observed that the only
reported case of Mn deficiency in man precipitated
mild dermatitis, slight reddening of hair and

depressed vitamin K-dependent clotting factors.
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However, animal studies have revealed that the
manifestation of Mn deficiency, namely, impaired
growth, skeletal abnormalities, disturbed or
depressed reproductive function, ataxia of the neonate
and defects in lipid and carbohydrate metabolism,
are displayed in all species studied (Underwood
1977).

Shaw (1980) reported that chromium deficiency
in animals is manifested by impaired glucose
tolerance with fasting hyperglycemia, impaired growth,
corneal opacities, hypercholesterolemia and
glycosuria. Chromium particularly trivalent
chromium has a low toxicity. A wide margin of
safety exists between amounts usually ingested and
those likely to induce adverse effects (Prasad
1978).

Conflicting reports exist about the
consequences of maternal zinc deficiency during
pregnancy. Tafari et al, (1977) and Applebaum et al
(1979) could not find the consequences of maternal
dietary deficiency of zinc levels in fetal organs.

However, they observed that such deficiency
may lead to lack of antimicrobial activity in the
amniotic fluid. On the other hand, Hambidge et
al,(1975) observed that evidence exist to suggest
that human conginetal malformations may result from

maternal zinc depletion. They further observed that
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in animals, postnatally, anorexia, impaired food
utilization and growth failure are prominent
features of zinc deficiency. Zinc is also required
for the development of the immune system and for
sexual maturation (Prasad 1978). Animal studies
have also shown that zinc deficiency during peri-
natal life rather than the growth period has very
striking effects on the development of the embryo
(Hurley 1979). Sandstead et al (1975) reported that
brain growth of neonate is adversely affected by
maternal zinc deficiency in the rat.

McClaren (1981) ascertained that =zinc
poisoning results to vomiting and diarrhoea but
that this is usually associated with the intake of
large amounts of zinc by the ingestion of an acid
food or drink from a galvanized container.

Prasad (1978) reported that despite the low
contents of dietary Mg under some cilrcumstances,
magnesium deficiency does not occur in humans with
healthy kidneys. However, there are manifestations
of magnesium deficiency under some conditions.
Depending on the severity and duration of the
deficiency the symptoms include muscular twitching
and tremour of any or all muscles, including the
tongue, muscle wasting and weakness. Others are
numbness and tingling, convulsions, sweating
depression, poor memory, mild to severe delirium

(confusion, disorientation, hallucinations and
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paranoia) comma and death.

Infants born to mothers having received MgSO,
treatment for eclampsia are at risk of developing
intoxication manifested as depression and
hypotonia (Sokal et al (1972).

Clinical manifestation of disturbances of
calcium metabolism are reflected in abnormalities
of serum calcium, skeletal mineralization and
certain neuromuscular disorders. The factors of
greatest importance to calcium homeostasis are
those concerned with its absorption, deposition in
and mobilization from the bone and its excretion by
the kidneys (McClaren 1981).

Further, it has never been proved that
dietary intake of Ca in man is harmful. However,
adverse effects of excessive intake of Ca seem to
be limited to its influence upon utilization of

other nutrients especially Mg, Fe, Zn and Mn.

2.20 Requirements

The nutritional requirements for all nutrients can
be defined as the optimum level of nutrients
required by an individual at which the risk of
deficiency is overcome. Although trace elements
are generally required in small amounts , available
reports (Prasad 1978) have indicated that the
demands for iron by the body are greatest during

three periods. These consist of the first two years
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of life, the period of rapid growth and hemoglobin
increase of adolescence, and throughout the child-
hearing age in women. The physiological require-
ments of the infant for iron averages approximately
0.6mg/day (Underwood 1977) but may be so high as
img/day during the first two years of life,
Further, at age 15 - 16 years in the male the
requirements increases temporarily due to the rapid
growth and accretion of hemoglobin that occurs
following the characteristic growth spurt in
adolescence. About 2mg/day of iron has to be
absorbed if the needs of 95 percent of normal
menstruating women are to be met.

Similarly, about 2 - 5 mg Cu/day is consi-
dered adequate to maintain a positive Cu balance in
older children and adults. However, adequate copper
intakes is difficult to ensure in infants who have
been calculated to require at least 50ug Cu/kg of
body weight/day. Hambidge (1976) observed that in
spite of the supplementation of infant formulae
with copper, the optimal copper concentrations of
formulae fed to premature infants have not been
defined. Underwood (1977) concludes that because of
the influence of other mineral elements on ceonper
absorption a series of Cu requirements exists which
are dependent upon the extent of such factors 211

Y

on the criteria of sufficien~v employed. Simi'2rl',
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he reported a variation of manganese requirements
with the species, tha chemical form in which the
element is ingested anl tha 1letary composition.
Zinc requirements are observed to follow the same
trend hut in addition depends on the temperature
whare excessive temperature may be a contributory
factor. The chromium requirement has however, not
hran defined.

Latner (1975) puts the adult daily cCa
requirements at about 0.459 but observed that the
recommended allowance 1is 1.0g (10 - 15mg/kg body
weight), increasing to 1.59 or more during
pregnancy and lactation. Growing children are
raported by him to require about 45mg/kg body

waight.
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CHAPTER THREE

MATERIALS AND METHODS;

J.1. Chemicals:

Potassium cyanide was supplied by Sigma chemical
company, U.3.A., potassium ferrocyanide, sodium
bicarbonate, lanthanum chloride and nitric acid
were supplied by BDH chemicals, FPoole, England.
Trichlorpacetic acid was supplied by Hopkin

and MWilliams, England. All other chemicals used

were of analytical grade.

J.2. Subjects:

Fifty—five apperently healthy normal pregnant women
and their resulting offsprings served as subjects
for this study. All deliveries were taken at the

Ahmadu Pello University Teaching Hospital, Zaria.

Clinically, each pregnancy and delivery was
uncomplicated, =ingle, wvaginal and at term. The
socio—economic status of these parturient women

was assessed based on their average family income,
academic stardard and occupation. Detailed
information which includes age, parity. whether or
not  such patients had been attending antenatal
clinics, and the average annual income of the
family were obtained via a questionnaire.
Similarly, twenty apparently healthy non—-pregnant
women of child-bearing age selected from the Ahmadu

Belleo University (Samaru Campus) and Samaru village

714}



served as controls.

Sed. Birth Weights:

Birth weights of infants were obtained from
hospital records. The weights were measured on
carefully adjusted infant scale according to

standard bhospital procedure as reported by Murray

et al, (1978).

Z.4. Collection of blood Semples:

Blood samples for the determination of hematocrit
and hemoglobin concentrations and mineral analyesis
were collected from the mothers by veinipuncture.
Fetal blood was collected from the severed umblical
cord at delivery. The samples were collected from
the mothers after delivery. The blood samples were
collected and divided into two for mineral analysis
and hematocrit determinations. The samples for
hematocrit and Hb determinations {Sml) were
collected in heparinized blood sample bottles while
fifteen millilitres (15ml1) of blood was collected for
mineral analysis. The samples were then processed
for mineral analysis according to the method of

Henkin et al, (1971).

2:9. Preparation of samples for fAnalysis:

All the elements assessed were determined by atomic



absorption spectrophotometry (AAS) on an  instrument
{(Schimadzu double beam digital atomic
absorption/flame photometer AA—&EO). Mineral assay
precautions were observed by washing all the
plastic tubes used with nitric acid and repeatedly
rinsing them with distilled deionized water.

Serum samples for the determination of calcium
and magnesium concentrations viere diluted
{according to the procedure in the manual for the
use of the instrument) in the ratio 1:50 with 0.10%
(w/v) lanthanum chloride to pvercome any
interferrence from phosphates and protein.

The concentrations of zinc, copper, chromium and
manganese were measured by diluting the serum in
the ratio 1:20 with distilled deionized water.

Serum iron concentration was measured by
diluting the serum in a ratio 1:1 with 20% (w/v)
trichloroacetic acid to precipitate the proteins.
The mixture was centrifuged and the supernatant
obtained was aspirated into the AAS to evaluate the
iron content of the serum.

A1l the prepared samples were subsequently
aspirated into the instrument using the air-
acetylene flame and the appropriate lamp for the
determination of each element.

2.6. Hematocrit determination (PCV):

The PCY was determined by the microhematocrit



technigue. Serum was put into a heparinized
capillary tube and the tube was flame sealed at one
end. This was then spun for Smin on a

microhematocrit centrifuge {Hawksley—-England}). The

PCY level was then read on an hematocrit reader

(Hawksley-England) as percentage values.

Z.7. Hemoqlobin determination (Hbh) - Principle):

The Fe(ll) of hemoglobin is oxidized to Fe(I11)
by ferricyanide and then converted into
stabkle cyanmethemoglobin by the addition of

potassium cyanide. The reaction is represented as:

HbFEfII?*Fe{III)(CN)b3-~—-->HbFefIII}+Fe(II)(CN) 64d
Hb Fe(III)+CN ——=-->Hb Fe(III) CN.

Where HbFe(I1) represents hemoglobing

HbFe(III).methemoglobin and HbFe(III)YCN:

Cyanmethemoglobin. Non reactive ions are omitted.
The absorbance of cyanmethemoglobin is then
measured at 9S40nm, where it exhibits a broad
absoprbance peak {Drabkin 1951)

Hemoglobin concentration of maternal and cord
blood was measured by the cyanmethemoglobin method
(Drabkin 1951). Aliquots (0.02ml) of blood was
added to 5ml aof Drabkins ’'s solution {(prepared by
dissoclving in succession, 0.20g9 of E;FeiCN)b, 0,.05g
of KCN and 1.0g of NaHCO; in distilled water and
diluting to 1 litre). The mixture was allowed to

stand for 10mins for full colpur develaopment. The



absorbance was then read at 540nm on a colorimeter
{Corning Colorimeter 25%) having set the instrument
with a blank (5ml Drabkins solution). The
absorbance of the standard (cyanmethemoglobin
standard 80mg/dl)} was also read after adjusting the
instrument and the concentration was calculated as:
{Hb]} g/dl = 251 (As x Cst)

where (Hb) represents hemoglobin concentration, Asg
absorbance of sample; Cst; concentration of

standard and Ast absorbance of standard.

483



CHAPTER FEOUR

RESULT AND DISCUSSION;

4.1. Mineral Status of Control Subjects (Non=

Parturient Women):

Available evidence indicates that the
mineral status of non—-pregnant WOMeTY of
reproductive age and parturient women resident in
NMorthern Nigeria has not been previously evaluated.
Baseline data obtained for the non—pregnant control
subjects in the present study revealed that the
mean iron concentration for the=e subjects were
82.0 + 2T.3 ug/100ml of serum, while the In con-
centration was 149.33 +36.87 ug/100ml respectively.
Bothwell and Finch (1962) in a review had earlier
indicated a =erum iron concentration of 100
ug/100ml to account for the lower 1imit of normalcy
for adequate iron status among women . Data from
the present study thus indicate that the control
subjects maintain acceptable iron level. This
finding was corroborated by acceptable Hb and PCV
levels observed for the subjects (Table 4.1).

The Ca and Cu concentrations for the subjects
were 8.62 + 2.75 mg/100m1 of serum and &6.67 +4.27
ug/100ml respectively. The=se values were close
to the serum Ca levels of 9- 11mg/100ml and

10mg/100m1l reported by previous investigators

(Pitkin 19705, sunderman and Carpl., 194%)
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and Underwood (1977).
The marked decrease evident for serum Cu

concentrations of the contrel subjects
relative to these investigators may nat be
unconnected to subeoptimal intakes of the mineral
element from the regular diets of these subjects.
It is well established that dietary Ca is provided
by milk apd milk products and foods of animal
origin which are generally withiq the reach of the
generality of the populace.

On the contrary the Mn levels of the control
subjects (which ranged from 140~-780 ug/100mls; mean,
478.67 + 120.19) was significantly higher than the
44 uwg/100ml reported by Papavasiliou and Coworkers
{19260) and 68.80 + 0,86 ug/100ml independently
reported by Underwood (1977) for women 1in other
countries. The high consumption of cereal-based
diets which have been shown to supply appreciable
levels of Mn may account for these observed
results,

The Mg concentration for the contrpl subjects
(mean 2.09 + 0.54) was similar to those reported
by Seelig and Berger (1974) who reported a serum Mg
concentration of 1.62 - 2.0mg/100ml for a group of
non-pregnant females. In the present study,
chromium levels were not detected for all control
subjects evaluated. The lack of detection of Cr in

the present study may not necessarily be a
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consequence of a state of deficiency of the element
in tissue stores but may be a culmination of the

need of an induction of Cr from tissues teo promote
detectable amounts within the blopod. Hambidge and
Drogemueller (1974) for instance observed that non-
pregnant subjects have been shown to have paramount
increase in plasma Cr follewing an oral glucose

lopad, and this increment has been shown to indicate

adegquate Cr nutrition/ The increase has been
attributed to be due to the release of a
biologically active glucose tolerance factor

chromium from a specific body peool.

4.2, Effect of age and parity on the mineral and

Hematological status of Non-FPregnant Women:

The effect of age and perity on the mineral status
af the non-parturient control subiects are present-
ed in Table 4.2. Adolescent women had relatively
lower Cu and Zn levels than older swubjects, The Mn
concentration for the adolescents was however
slightly higher than those observed for oclder women
Previous investigators have reported an age-depend-
ent relationship in =zerum Cu concentration of
hbealtbhy human subjects.Sass—Kotsak (1273} for in

stance attributed this phenomenon to constant
changes in serum levels of ceruloplasmin, the

transport protein for copper. Cox (1966) in an



earlier study also observed a negative significant
asspciation between ceruloplasmin and total serum
Cu relative to age. Underwood (1977) also indicat-
ed that Cu absorption from diets i= age dependent.
It is expected that in adolescence, which is a
period of attenuated growth, that there must be a
relative increase in the absorption of all nutri-
ents. It is therefore expected that Cu concentra-
tion of these subjects be higher. Available evi-
dence however, indicate thet of all social strata.
female adolescents have the poorest food habits all
over the world, hence poor intakes peculiar to this
population may be associated with decreased Cu levels
for the subjects. Sonkes (1970) had aleo reported
the possible involvement of growth bormone in
preventing the rise in hepatic Cu. The Author
indicated the existence of some factor in the
pituitary which ensures the elimination of Cu from
the 1liver and consequently prevents its uptake.
The adolescent period is a period where the activi-—
ties of growth hormones are heightened. The re—
sultant effect of these hormones might also have
contributed to the observed phenomenon.

In the present study, age had no effect on
the Hb, PCY, Fe and Ca concentraticon of the contrel
subjects (Table 4.2). Contraol =subject= who had not
previously delivered had slightly higher Hb and Mn

than their other counterparts who had given birth



to children. However there, appears to be no

significant variation in the mineral levels of the

primigravidae and the multi-parous subjects in this
study. 1t is important to note that the similarity

evident for these subjects as regard their hemato-

logical data may be as a result pf the fact that

all the subjects evaluated were of monstruating
age.

4.3. Hb, PCV and mineral status of caontrol Subjects:

Table 4.2 presents the concentration of Hb, PCVY
and serum mineral levels of the control subjects.
Only 2 subjects (10%) had Hb < 12.0g/d1 suggestive
of anemia according to WHO standards. Most of the
subjects had Hb > 13.0. Subjects with higher Hb
(>13) bad significantly higher (FEO0.05) iron than
subjects with lower Hbh levels. These findings
support previous findings that higher iron stores
promote hemopoiesis in normal  subjects especially
women . The mean Hb and PCVY levels for all the
contral =subjects was 13.13 + 0.20g/100m1 and 38.8 +
2.70% respectively., These values closely agree with
the 13.9 + 1.4 and 14.04 + 1.48g/100m1 and values of 36.2
and 38.5% reparted for Hb and PEVy respectively, by

other investigators for similar population groups

(Sagen et a2l 1984).



Table 4.32 The relationships between serum mineral concentration of the
control subiecls.

o s e i e v s s o0 g e s | b e e S i i o et e i i b e et i i e o e e i i s e e 5 S e i 40 s s i i e e e o i e 4t

Frarameter tRegression equation  [(FPearson’e CorrelationiLevel of
]

! iCoefficient ‘Significance

. T TS LI SRR I ey pe— e R
i

Age & Parity HY = =B, 003 + 0.279%X ro= 0,714 }P £ 0.08
’ ¥

Hb & POV Ey = 0,751 + 2.887%X E r o= Q.926% EP . 0,001 i

) " L) L

Ey = J33.999 + 17.3%X | r = 0.73 }P < 0.001 E

L) L]

E

Cu & In

1 L

n & Pin y = 838,235 ~ 0.220kX, + = 0.0522 P <008 '
: : ' :

e s e v e s e Bt e e e st e s s o v et e e s e ot e e o e B e s s s e -1

56



4.4, errelationships Between Serum Mineral

Concentration of the Control Subjects:

The interrelationships evident between the
various parameters evaluated in the present study
are presented in Table 4.3. A positive significant
(P< 0.08) association was observed between age and
parity, Hb and PCV, Cu and In. and
between In and Mn concentrations of the subjects.
Data from this study indicate that a serum Cu
concentration of; for example:; 100ug/100ml suggests
the presence af 2.82ug/100ml of Zn and
47.80mg Ca/sl00ml respectively. Adopting the 127ug
Cu/100ml suggested by previous investigators will
imply a viable 5.1%vg/100ml In and ~-4.3.08 mg/100ml
Ca status for women.

With the euception of the significant
correlation observed between age and parity and Hb
and PCV, other investigators, based on available
data, have not previously reported distinct
asspciations in the mineral status of non-pregnant
WOomen . Since the present study appears to be the
first known report establishing interrelationships
among these minerals in women, it is therefore
difficult to specuvlete or advance a hypothesis for
these obseryed interrelationships. It is well
documented, bowever, that various synergistic and

antagonistic interractions exist among minerals at



various levels of their metabolism, especially in
absorption, transportation and excretory routes. It
has for instance been indicated that divalent

elements 1like Cu and ZIn antagonistically compete

for similar absorption sites and a consequent
increase of one of the metals may promote the

precipitation of the other. Animal studies (Ferth

1970) for instance, have also revealed that Fe
deficient rats under experimental conditions not
only selectively absorb more iron, but also Co., Mn
and In. A similar mechanism has thus been proposed
for the transcellular tranesport of Fe and In in the
intestinal mucosa. Other investigators (Kahn et al
1965) have also reported that a degree of
interaction is evident between most of the minerals
as a result of their similarity in binding to
similar transport proteins. For example, Cu, In
and Mn have been indicated to selectively bind to
serum albumin. Copper for instance, has been shown
under distinct conditions to bind to transferrin,
the iroen binding plasma protein.

The interrelationships evident between ZIn and
Mo in the present study, for example, may not be
unconnected with the similarity of both metals in
solution to form o©octahedral complexes (Worweod
1974) and the fact that both elements <chare a
common excretory route. It has been known for

instance (underwood 1977) that the excretory In



pool is derived from both the unabsprbed metal that
comes from the intestinal mucosa, bile and
pancreatic secretion. The excretion of Mn which is
the major mechanism of its homeostasis is also
primarily via the bile.

It is advocated from the‘present study thet
more studies are required to elucidate the nature
of the mechanism and hypothesis to account for
these observed phenomena as the observation is

relatively preliminary.

4.5. Maternal Nutriture: Effect of age and Parity:

On Table 4.4 is presented the mineral status
pregnant women at parturition according to their
age and parity. Eleven (20%) of the parturient
women were adolescents while 28 (50.91%) of them
were between the ages of 20 and 25 yeers. All the
adolescents in the study were primigravidae. The
primigravid women had slightly higher levels for
all nutrients evaluated when compared to the
multiparous subjects. Women who are 26 years old
and above appear to bave slightly higber Cu and Mn
concentrations than the women between the ages of
20 and 25 years old. The Ca levels are however.
lower among these women than the younger women.
Magnesium levels for the parturient women also

appear to decrease with increasing age.

of
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4.6. Hb Concentration of Parturient Women:

Parturient women in this study were classified

according to their Hb levels (Table 4.5). Parity
had no significant effect (P > 0.05) on the Hb

concentration of these subjects. Women with Hh <
10 had lower PCY. In and Mn than the women with

higher Hb values. Their Ca and Mg values however,

appear to be slightly higher than the women with
higher Hb levels. Parturient women with

Hb>12.0g/100m1 had higher iron and Mn than those in
the Hb range of 11-12.0g9/7100ml1. There is however,
no significant variation (P>0.053}) in their Cu. ZIn
and Mg concentrations. The mean Hb and hematocrit
values for the parturient mothers was 11.59 +
1.6g/100m1 and 35.95 + 5.2% respectively.

Murray et al (1978) reported a mean Hb value

of 12.6g/100m1 in Nigerian women. Harrison (1764)
also repor ted Hb concentration of 2.2g/100ml
among 12 primigravid women in a Southern Nigerian
wvillege. Foller et al (1984} indicated the
normal range for gravid individuals to be
within 8.7-14.4g/100ml. It appears therefore,

that the women in the present study have

acceptable Hb level.
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Table 4.6 The effect of easiceconezic statvs on maternal pineral ztalus.
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4.7, Effect of Socioeconcmic Status on Maternal

Mineral Status:

Table 4.6 depicts the effect of socioeconomic
status on hematelogic and mineral status of
parturient women. Socipeconomic status had no

effect on the Hb and PCV of the parturient women.

The women rated as f=1ling under low socioeconomic

status had slightly higbher Cu levels than those

women of middle or high class. There appears to be

no significant diffe~ence (P>0.05) in mineral status
of the parturient women irrespective of their

socio-economic strata.

4.8, Mineral Status of the Parturient bomen:

Chromium was not detected in the serum of all
the parturient women in this study. The me=an iron
concentration for all the subjects was 142,18 +
94.95. The mean Cu ard In levels for the subjects
was 125.47 + 113,20 and 1079.02 + &Hb& .54
respectively. The Mr concentration of the subjects
varied widely from 15-384 ug/100ml1 (mean 181.39 +
109.2 while the Ca and Mg concentration for all
the subjects evaluated ranged from 4.9-24.7 (mean
11.9 + Z.8) and 0.50-2.85% mg/100ml (mean 1.57 =+
¢.352), respectivel . The mean serum Fe
concentration reported in the present study is
slightly higher than the 1258 ug/100ml serum iron

observed for women on iron supplementation at I7-40



weeks of gestation. Widdowson et al, (1974) however,
reported lower levels of 60 ug/100ml for serum Fe
at parturition. Data from the present study thus
indicate that the parturient women in qguestion

maintain positive iron balance. Widdowspn et al

== =7

N

{1274) also reported a mean Cu value of 50

ug/100ml. Henkin et al (1971) has also reported an

average valuve of 48 + X ug/100ml for In.

The lack of detection of chromium in

parturient mothers have been earlier observed in
late pregnancy. Hambidge and Drogemueller (1274)
for instance had observed that 60% of women in late
pregnancy had no detectable Cr even when Cr  is
induced by administration of oral glucose load.
Pitkin (1275) has reported a wide range of mean
serum Ca levels of pregnant women at parturition.
These range from ?.0mg/100m1 to 12.2 + 1.4
ma/100m1 . Based on these data it is evident that
the parturient women in this study had adequate

supply of calcium.

8.9, Comparison of Mineral Status of Parturient

and Non-Pregnant Women

Parturient women had significantly lower Hb
and PCVY (P<0.05) than the control subjects. WMith
the exception of In and Mg levels, perturient women

had significantly higher mineral levels than the



control group.
The phenomenon of increased serum Cu  levels

in the parturient women has been ascribed primarily
to increase in ceruleoplasmin-bound Cu, which in
turn increases as a result of elevated levels of
maternal estrogens (Henkin et al, 1971). Hambidge
and Drogemueller (1974) 1in turn indicated the
possible involvement of progesterone levels in
addition to estrogens in elevating plasma levels of
copper during pregnancy. More recently, Shaw
(1980) has reported elevated copper and
ceruloplasmin levels during pregnancy being highest

at term and falling back to normal by about the &th

week following delivery.

Heaney and Skillman (1971) have also reported

enthanced intestinal absorption of Ca and
progressive retention throughout the course
of pregnancy. Since pregnancy is known to be

associated with increased nutrient intake, it 1is
likely that enhanced absorption of Ca by the gravid
individual, explains the normal maternal Ca levels
despite foetal transfer.

4,10, Interrelationships between the various

Parameters in the Maternal Serum:

The regression analysis data for the
interrelationships evident in mineral nutriture of

parturient mothers is presented in Table 4.7,



Table 4.7: The interrelationships between the various parameters
studied in the maternal serum.

Age & Parity
Age & Mg
Hb & PCV
PCV & Mg
Cu & Mn

Ca & Mg
Mad e

i

|y =-4.006 + 0.268*X

| ¥ = 2416.433 - 36.1477*X
| y=0.959 + 2.983*X

| y = 2566.93 - 27.919*X

| y = 545697 - 0.363*X

|y = 674.939 +0.076*X
[N =220 21840 165xX

| Pearson's Correlation

| Coefficiern

r=0.906

r= -02?4

r=-037M

r=0615%

| P < 0.001
|
| P <0.01

|
| P < 0.001

|

| P<0.05
|

| P < 0.001

|
| P <000



Negative correlations were evident between age and
Mg, PCV and Mg and Cut and Mn.
According to Prasad (1278) the reactivity

of the skeleton declines with age and

that the exchange of Mg expressed as bone/serum
specific activity, occurs more rapidly in  younger

animals than older ones. In addition, Mg has been

known to accumulate in the bones of young rats
approximately twice as fast as in the bones of adult
rats. It has also been sungested (Wacker 1980)
that Mg acts as a second messenger for insulin and
leads to increased protein synthesis induced by
insulin. All these processes may probably be more
active in the gravid individual and less in the
non—-pregnant women. That is probably why such a
relationship was not observed in the control subjects.
The metabolic mechanism for significant negative
association between Mg levels and hematocrit levels
is unknown. However past investigators (Williams
1971) have indicated that during pregnancy Mg is
mobilized from the red blood cells to the more
active tissues., Wacker (1980) for instance
reported that nucleated erythrocytes of ducks bhad a
higher Mg concentration than the annucleated
mammalian erythrocytes and consequently the former
are known to have greater metabolic activity than
the latter. Furthermore, the Mg/Ca ratio has been

known to be higher in active tissues than the



relatively inactive ones such as in the erythro-

cytes.

Like Cu, manganese metabolism is al=so
influenced by the estrogenic hormones of the ovary
(Underwond 1977). This might probably explain the
low but significant negative correlation (r = -
0,271, P<£0.001) observed between maternal serum
levels of both elements which was not obhserved in
the control group. In addition both elements are
invelved in bormone synthesis.

Positive significant correlations (P<0.001)

were observed between age and parity, Hb and PCV,

Ca and Mg and Mn and Fe. All the associations
vere statistically insignificant. The positive
association between Mn and Fe phseved

in this study may not be unrelated to the

findings (Worwood 1274) that Mn binds to transfer—
rin which has long been recognized to be the trans-—
port protein for iron.

4.11. Fetal Birth Weight:

In Table 4.8 is presented the effect of
maternal age, parity and socio-economic status on
fetal birth weight. There were twenty-four (24)
female babies in the present study with a mean
birth weight of J.0kg and twenty-ocne (21) mele

infants averaging about 3.2kg. This finding is in

agreement with that reported by Camelleri and



Table ¢.5 The effect of naterna] age, parity, henologic and socioeconosie
status on fetal bipth weight,
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Cremona (1970) who reported a slight difference

between the birth weights of female and male
infants with the male being heavier. However, the

over all mean birth weight of all the infants was

3.08 £ 0.45kg. This falls within the range of most
birth weights reported from Europe, Asia and

Africa. The wvalues reported by Camelleri and

Cremona (19790) from Europe were .40 for a diverse
group of women and 3.3 from the welfare service
group. From West Indies a value of T.4kg was also

reported for the higher class women and from Africa
a mean birth weight of Z.1kg was reported from
Senegal and 3.1%kg from Chana (Hytten and Leitch
1971). However, the observed value in the present
study is slightly higher than that reported by
Morley and Knox (1240} for Yoruba babies whose mean
birth weight was reported as 2.8kg. Also observed
in this study, wes a slight increase in birth
weight with improved social status although this
was of no statistical zignificance. Alsa the
mean birth weight of the babies was simyar for
the primigravidae and the multiparous women. Rased
on the hematological findings from this study, it
appears that the weight of the babies was not
influenced by the matermnal hemoglobin levels.

A number of factors have been cited in the
literature which have been found to affect birth

weight. The mean birth weight observed in



the present study was higher than the value report-
ed for the Yoruba babies (Morley and Knox 1960).
The disparity might probably be due to improved
standard of living and health facilities available
now compared to the prevailing conditions in the
1940s and 505 when these investigators carried out
the study. Maternal age had no significant effect

on the birth weight of the babies.

42,12, Fetal Status: Effect of Maternal age and

R

Parity on Fetal indices:

The effect of maternal age and parity on fetal
hematological and mineral status is presented in
Table 4.9. Adeolescent parturient women gave birth
to babies that had slightly lower Cu, Zn and Hb
than older women. The primigravidae gave birth to
neonates that had higher Fe and Cu levels whereas
multigravidae 1infants had slightly higher Mg.
Parity had no effect on the In nutriture and

hematological status of the neonates.

4.1, The Effect of Hb on Fetal Status:

The effect of materpnal Hb on fetal mineral
nutriture is presented in Table 4.10. Parturient
women  with Hb  values >12 produced babies with
significantly (P<0.05) higher Hb and PCY levels
than parturient mothers with Hb <12.0. Nepnatal

iron level was significantly higher for parturient



Table 4.9 The effect of waternsl age and parity on fetal hematologic and eineral status,

L] L] r [} L]

Maternal H H Hb y POV - Fe ; Cu - In : fn L ' S : Mg -
paraseter \ A . ' . ' ‘ ' ‘ H
10/1008) : h A : g / 100al v 83 [ 100al £
fge : : 3 : =3 : : : ; =ty
A2.84-1, 74 138.55¢-7.97 (210.8202,75 | 871740423 193.82456.72 237.464212.84 | - 111,98+1.78 11,704 0,55 |
{10-15.2) (27-53) (120-350) (40-144) {20~-192) [48-272) (4.9-19.60) (0.45-2,15)
y : : : s : : - H 3 :
e V3. 409¢-1,40 [43.364-6.57 J183.224012.15; 109.71472,83 J104,.71468.79 | 149,69470.49 ¢ -  12.6443.8900. 004 0,52 )
i :{10.7-18,7) 1(32-59) v (120-410) | (20-18%) 1 {20-288) v (64-207) +(9,0-23,65)1(0.55-2.85) !
r H - - : H ot : : : '
z 2.94-1.99 142.06+-9.07 196.2587,80 | 128.92490.86 33.50490.73 1 196,23475 ) < V19248 0510, 894 0,46 !
H110-14) :(30-58) v (120-370) ) (20-238)  1(40-352) Vo220 ) 1 (6.90-24,30710.75-2.35} |
P " H3.226-1.85 142,004-7.25 1215400180 | 1250647902 L10B.B04TR. 06 § 7B.7S644,00 1 - 11765335 115940.51 !
a 1{n=2%) 1(10-18,70)  1(30-51) . {100-310) |} (20-185)  )(20-288) Vo 142-209) 1(4,90-17.60:10.45-2,35) !
r ' : ' : H : - ! : - :
i =2 V13.02¢-1.71 142.0¢-8.24 1738349985 | 98.82473.14 126746787 | 101.82481.39 | = 112,7850,85 11,7640,47 !
ty in=10) 1110-18) ' (30-58) ¢ (120-400) ) {20-238)  }{20-352) v (64207 1(5.00-24.30,(0.75-2,45) !

# = no of subjerts

{1 = range

{-) = not detected

Rl results are expressed as mean ¢ SD
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Table 4.10

The effect of maternal Kb levels on fetal paraaeters,

Fetal Parameters

aatermal | Hb H : Fe ! Cu % In : L i & La : Mg :
Hb level | - H ' : ‘ : : . '
o/100s1 } g/1008] 1 ! Ug / 1008l ! wg/100al :
(10 2,044,740 137.0048.80 1247,004102,50! 51.01+43.33  162,40431,01 | 134.944108.12 ¢ - ¢ 12,054,800 | 1. 6B+0.69 |
{n=d)  J(10-14.7  {27-51) o I5-350) 1 (40-119)  1(20-152) HEN €T 574 § I J9-16.75)  1(0.45-2.05) !
10 - 11 C12508.62 U39.9047.28 11620048125 | 1160047406 | 120485096 1 24369423087 1 - 1279195} 1.630.31 !
(n=10} }(10-14,2) 1(30-50) v (60-323) 1 (40-144)  1(BO-192) Voo(BB-284) ! 117.55-19.40) |(90.90-2.00),
11.1 = 12,0113.1061.6% 141.7047.04 1190,214104 45! 123,20487.26 111B.51485.91 | 189.674199.78 ! - ¢ 11.8743.42  11.5540.54
in=23) (1L.Z-16.7) 1{30-54) »(60-810) 1 (20-236)  1(16-352) o z-m 116.50-17.60) ((0.55-2.45)
2 ¢ 13.8141.52 145,1847.91 1198.24¢96.30 | 108.46471.96  [105.82432, P 206.784188,07 } - 112.0845,00  11,B540.45 |
(n=17)  }{10.7-15.0) }(32-58) + (120-400) § (20-185)  1(20-152) P (48-208) +15.00-24.30) 1(1.05-2.35) |

n= nusber pf subjects
()= range of values
{-) = not detected
21l results are expressed as sean + 5D



women with Hb >12.0 than women with Hb levels
between 10 - 12. Maternal Hb however, does not
appear to have any effect on ZIn and Mn levels of

the necgnates.

4.14. Fetal Indices and Maternal Socin-Economic

Status:

The women of high socig-ecaonomic status had
slightly heavier babies than the women of middle or
low sbcio-economic status. The babies of women with
higher socio~economic status also had higher Hb and
PCVY than the low socio~economic and middle class
women . The mineral status of babies of women
belonging to the high social class was however
lower (P<0.03) than those in the low or middle
class (Table 4.11).

4.15. Mean Values of Fetal Indices Studied:.

The mean fetal Hb and PCY wvalues for this
study was 13.11 * 1.67g/100ml and 42.02 + 7.72
respectively. The concentrations ranged from 10—
16.7g/100m1  for Hb and 27-38% for PCY. Iron mean
concentration for the newborn was 174.73 + 104,67
while the Cu concentration was 110.82 + 86,469
respectively. Chromium was not detected in the
blood samples of these neonates while In and Mn
concentrations for the cord blood was 115.09 +
70.53 and 191.12+ 96.74 respectively. The Ca and Mg

concentration was 12.3 + T.98mg/100ml1 and 1.67%



Table 4.11 The pifect of maternal socipeconosic

status on the feta) hesatologic and mineral status.

naternal | # ! M ‘ e i Cu ' In H Hn A Ca : Mg '

£0Ci08Cons—| ' H ‘ ‘ H : H g -

sic states 1g/100sl H 1 i Ug /7 100al v omg [ 1008l -

Low ' 1307441 41.0046.89 | 143.00495,56 | 100.50+83.01 195,20429.20 | 1914447428 | - 12.8242.68 ) 1.04¢0.04 |
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Middle 13,094,910 L7484 208.23492.01 | 120.80474.09 1126.58477.43 ¢ JAL.B593.M5 | - 12.6044.36  11.6840.43

1(10-16,70) {27-84) Po120-400) L (20-236) 1{16-352) V196208 ) 1(11.08-23.45)(0.45-1.75) |

] ] ' ' . ' ' 1 -t ]
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High 113.344.38  143,2946.99 '1B9.65+108.23 ¢ 9b.17477.89 \§7.43478.55 1 100.62479.97 ¢ - 11120393 (L7056
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1110.7-16.00) } (32-38) Poo(60-410) 1 (20-183)

n= nusber of subjects
()= range of values
{-) = not detected
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Tablie £,.13: The interrelationships between fetal parameters evaluated,

Parameter .”mmmﬂmmmwn-: eguation mmmw_.,mcz.ml... na1wmumﬂu.njmrm<m.ulc* m

: Coefficient iSigniticance:
POV & 48ty s s.287 + 0.2110% v meiees i < oieer
Fe & FPCV < = 37T.812 + Q. 112X r o= G.I7e = < Q.05
Mn & Cu ."x. = 450 474 - Q.HO&-M“ ro= =0.313 .h S 9 5 5 ”
Mc & Cs Mq = 13119.51 4 G.Obbux” ro® QL3635 mn < Q,001 '




0.50mg/100m1 respectively. These serum values
ranged from 4.9-24.2mq/100m1 and 0©0.45-2.8mg/100ml
for the two elements Ca and Mg respectively (Table
4.12) Widdowson et al, (1974) reported a mean
neonatal serum Fe of 160 ug/100ml. 1t appears that
the infants in this study have bigher iron levels
than the reported wvalues in the literature.
Similarly, a value of 29 + 11 uvg/100ml

was reported by Henkin et gL; (1971) for

Cu in the sera of 15 infants at delivery while
Widdowson et al, (1974) reported a mean serum Cu
level of 50 ug/100ml. It thus also appears that
the neonates in the present study maintain positive
Cu balance. Similarly,. the In levels observed in
the present study compares favourably well with the

125 wvg/100ml reported by Widdowscon et al, (1974).

4.146. Interrelationships between Fetal Parameters:

The regression data for fetal nutriture is
presented in Table 4.13%. With the exception of the
negative correlation evident between Mn and Cug
positive correlations were cbhserved for PCY  and
Hb,Fe and PCV. and Mg and Ca.

Fletcher and Suter (194%9) had parlier
provided evidence to indicate that maternal iron
might be the predeminant source of fetal iron.
Furthermore, the iron releaczed from the placenta into

the fetal circulation is mainly taken up by the



Table 4.13: The interrelationships between fetal parameters evaluated.

Parameter mwma1mmumuﬂ equation mﬁ@ﬂwmaj.w noﬂﬂmuwﬁw03mrm<ﬂw of m
H iCoefficient iSigni¥icance!
Mnc & Hb ”M = &£.267 + 0.211%X .|1 = 0.9465 _n. < Q.001 m
H : ' '
Fe & PCV m< = 37.814 + 0.112X | r = 0.27& P 0L08 :
Mn & Cu _“< = 458,474 - O.Hn&uxw r = =0,513 .h. L 2.01 .
Mo & Cs Md = 1119.51 + 0.0bhnxm r = Q0.3&3 ”ﬂ { Q.001 m
; . “
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(4-20)
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Table 8,12 The maternzl, ‘eta) and rontrol subjects sean herclogic and mineral velues
: Ht . PV ! Fe - Cu i In / fir ¢ B (z : Mg
Subjects | : ' : : § 2 §om— ‘ ‘
1§/100al : 1 H Ug 7 100s] ¢ Bg [/ 100x)
(JLS94LEL 1T5,5045,20 1149, 1849485 ! 120.47:113.20 1109,02466.54 | 181,39+4109.21 ! L9438 [1,5740.52
Faterns]  [(5.30-14.5) |{14-48) ¢ (50-400) 1 (20-29B)  1(20-32¢0) ¢ (16-184) : {4.90-24,30) {0,59-2.85)
ALIHLEE 142,047,727 1192,734104,47! 110.82¢486,69 1115,09+0,53 191.12485, 2 ) !
Fetal (10-16.7)  1127-38) v (80-210 1 (20-259)  !{20-288) (42-2723) | '
fontral  113.1340.99 uqn.mqwu.uo v 82.00423,30 16.6748.77 JE9.73436,87  1478.474120.19 ! o B.6242,75 12.0940.54
111.00-14,701(32-42) i (50-130) «(20-680) : (140-780) : J(3.81-54.54) 1(1.15-2.55)

0
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{)= range of values
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n
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liver and is not immediately available for Hb
synthesis, This might probably explain tre low

positive correlation between the fetal serum iron

and PCV. It was further speculated by the au-

thors that the placental transferrin binding sites

might work more efficiently at low levels of iron

saturation than thosze on red cell precursors.

Trhe pos=ible hormonal involvement appears to
be further strengthensd by the observed association
between f=2t2l Mn and Cu in this study which are toth
known to be elevated by hormones. Such
relationships were abs=snt in the control sublects
but wers obser.ed in both fetal and matermal sera.
It appes-s3 that whatever mechanism that operates
in the maternal serum to bring about the
r2lationship observed betuween Mg and Ca is also
active i the fetal zerum =23 evidenced by the
surretlation corfficient and the level of

significarce (Takles 4.7 and 4.13) observed in this

study
84.17. Felationship between Maternal and Fetal
Minaral Status:

With the exception of Cu, maternal indices
were significantly (P<0,05) lower than those ob-
served for the necnates in all the parameters
studied (Table 4.,12). The interrelationships

between maternal and fetal lev=ls are presented in



Tab.e 4_.14: The interrelationships between maternel and fetal hemstolocic
and mineral levels.

MMMHBMﬂM1 “3mﬂ1mmmw03 mnCmﬁMMD mﬁmwﬁmQJ.MlmowwmhMRWOJMmM<mutMMI :

' iCoefficient ISignifaicance;
xvﬂﬂv & Iunﬂumi = 9_050 + 0.3502X . r = Q.34% wv < OMMMrrltm
Hb(¢) & vncnam< = B8.344 + 0.1343X r = 0.404 v < 0.01 _
POV & Ivn3w< = 2I.952 + 1.5555%X m r = 0.32€ mw £ 0.01 m
PCVs)Y & ?OCA”< = 20.849 + Q_.596%X m r = 0.3%98 mv < . 001 M
Fei+$) & ﬂm.?.au”( = 276,131 + Q.3&66%kX m r o= =0,355 .”.n. < ¢.o0l .
Cut+; & ﬂcaawmt = 168,545 + 0. 415%X m r = Q.&37 mﬁ < 0.001 m
Cutd) & I:Aﬂwmi = 435,381 - 0.285%X m r = —0.28F mﬂ < Gl m

' ' ' '
In(4) & ?:.;m.‘ = 30.892 + 779%X r = 0.800 m_u < 0.001
Mnif) & ncnium< = 628.102 - 0.411%X m r = 0,808 mﬂ < 0.001 m
Mnif) & ZJAQUM< = 4B.058 + 0.992%X M r = Q.88 mv < 0.001 m

' ' ' .
Cacs) & x::.;m,\ = 11118.28 + M.m&&nu”. o= 0.E% u < 0.0
Cait+i & nwnavmi = &L470.41° + o.naunxm r = 0.3526& mﬂ < ©0.001 m

' . ' '
Hg(+) & Ioa!vmf = 1230.795 + o.w&onxm r = 0.274 mﬁ € 0.01 m
— : : s ”

() = fetal i F < .01

e (m) = maternal == = ’ .
- P < O_.001
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(Table 4.14) With the exception of Fe, a positive
association existed between the maternal
mineral and fetal mineral concentrations. A con-
troversy, however, exists over the relationship
between maternal Fe nutrition and the Fe status of
the fetus. It has bteen suggested that in rats, the
fetus is supplied with Fe from storage Fe and from
absorption, after maternal requirements have been
met (Fenton et al, 1977). Several other studies on
pregnant women have revealed that the amount of Fe
received by the developing fetus is independent of
the mother’'s status {Murray st al, 1978).
Fletcher and Suter (196%2) have however, reported the
possibility of the existence of a unidirectional
pumping system for Fe in the placenta. There has
a2lso been a great deal of speculation a2bout the
possibility of iron deficiency in the mother
hindering Fe storage in the fetus, although iron
defici2ncy anemia in the mother does not lead to
anemia in her newborn infant (Hytten and Leitch
19713

It is also likely that the events taking
place 1in the maternal serum also operate 1in the
maternal-fetal system with respect to Cu and Mn
nutriture as reflected by the negative association
observed in the maternal serum and the maternal-
fetal serum. Fetal calcium also bore a significant

high positive correlation(r = 0.52&8, P<0.001) with



maternal Mn. Calcium metabolism in pregnancy has
been known (Pitkin 197%) to be a complex process
involving Ca, wvitamin D and parathyroid hormone

(PTH). Parathyroid hormone released in response to

a falling ionised serum Ca level, acts on bone
cells to increase the rate of mobilization of Ca

ions. Guggenheim and Gaster (1972) also reported

that under certain experimental conditions dietary
calcium carbonate was without effect on the Mn
content of bone. However, Mn has been known to be
involved in the synthesis of gsteroids and cex
hormones.

In conclusion, baced on the observed
interrelationships between the maternal serum
mineral lavels and the corresponding fetal levels;
it can be tentatively concluded that with the
axception of Fe, maternal mineral deficiency during
pregnancy may conseqguently result to deficiency 1in
the necnates. In addition, 1t 1is important to
indicate that sociceconomic variables do not mark-
edly affect the hematologic and mineral status of
women of reproductive age in NMNorthern Nigeria.
These findings may be due to the similarity in the
nature of foods mostly consumed by the subjects
evaluvated as the population groups resident in
Northern Nigeria subsist predominantly on Cereal-

based Diets.



In 1ight of the present study the author hereby
advocates that
i. maore definitive studies be conducted to confirm
the findings from the present studys:
ii. the sample size be increased in such studies
to reflect the status of several population groups;
1. a comparative and extensive study be
carried out to evaluate the mineral status of women
resident in MNorthern and Southern Nigeriaj;
vi. comparative studies be conducted to assess the
mineral status of women with abnormal deliveries
v. the mineral content of the regular diets of the
Nigerian populace especially parturient mothers

should be a subject for further investigation.
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- APFENDIX IV. PERASDN'S CORRELATION COEFFICIENT RETWEEN MATERNAL & FETAL FARAMETERS STUDIED.

V— H - }— ' f— i —_— i —_—i- ; —— e —————}
mbcmn<1mvMTNWwﬁfmm-nwwmmw Hb mﬁﬂchNu" Fe v Cu M Zn m Mn Cr M Ca Mo
; _ : ) — : - e e Rt ; -1 P :
- Beweight Mﬁuuuo mouuﬂw WO.NMM 1—0.0601-0.004 ~Q, 083 i-0.140 [-0.048:3.225 0.106 1-0.064;
] [] 1 ] & M 1 a w 1 + ] ¥
Sex ml0.0QQ mfo.ommwo-chw mlo.m&wmIO.MOMwO.uwm mlo.mho mloanwmuouwwﬂ M Mlaupoow m
[y y 1 1 L : ¥ ¥ t . ) ¥ '
Hb M|0.00& mo.owb MIO.OAM Hg.mhwnﬂo.hOhnuo.uUG “lo.umd MIO.GMO“O.OMO m MIO.OwOMIO.HHUM
i ' ! y H ' ] H i : : : H
) PCV W0.0b& mlﬁ.ooomlﬂqﬂym WG.Mmmnwo.wﬁwn“Q.Hﬂm MiO.HMH 002, -0, 005 m ) "IO.OmHMIO.moum
Fe wio.Q&h mlo.ﬁﬂwmiﬁ.wuw m!@.owmmlo.uwmma.wmm; Mlo.phm MIQ.GMNMG.Oth M ”Io-mMlio.Gbnm
Cu M!D.O&m MIO.Ouomlo.Owu MIO.OMMMO.HU MIQ-HMM MG.&HM Mo.mwm MIQ.Mmmnm MIO.GUQMrO.OMHM

: ; ; : i i i i i i : H
in m!o.omh MIG.OMUMD.HMO Mﬂ.mbh 100118 J- 00 0L EET Mo.mccuwic.omm , "!O.Gwm".v.macm
; H : ' : ) : H i ! i : !
Mr M!0.0WO MO.HmH mio.oom mo.puu Wio.ommhioooooeb“lo.#ﬁwnno.uww :0.8B8x 0L 085 I -0, 015
H : ! ! ] : : : H i H : :
Ca MO.HOH mo.whu mlo.owm Mo.uﬂm mo.pﬂu i—0.215 1-0.04% (0.174 10,2963 | MIO.MMD"O.UH& m
H ! : ' : ! i ' H H : : :
My mlo.owm MIO.OHQM}O.O&M mo.uum 10,103 (—0.068 10.890 1 -0.0501-0.018 P —OLO53 e 278
: : ' : H . ' : ' { H ;
; : — : : — -l P ! -3 ! - '

¥

1

Significant difference
Mineral]l concentrations were expressed Ug’ 100ml. -



