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A B S T R A C T

This study was designed to investigate vitamin A 
nutritional status of pregnant and non pregnant non 
lactating Nigerian women. The beneficial effects of oral 
vitamin A supplementation was also investigated in the 
pregnant women.

O yphases: PhaseThe study was carried out in three phases: Phase one was 
the cross-sectional study carried out on 22, 88 and 61 
pregnant women in the 1st, 2nd and 3rd trimesters. The
controls were 35 non pregna^yt non lactating women in the
proliferative phase of the menstrual cycle. Their ages 
ranged from 18 to 45yrs with a mean age of 27.8+/— 
6.82yrs. The subjects were randomly selected from both 
the University teaching and Adeoyo hospitals, Ibadan and 
the study lasted for a period of nine months.

The result of the study showed that 11% of the subjects 
had plasma vitamin A levels in the deficient range << 
20ug/dl) while 60% had marginal values (20 - 29ug/dl). 
Plasma vitamin A levels was observed to decrease as 
pregnancy progressed <P<0.05). The levels of B—carotene 
were however observed to be in the normal range.

The second phase of the study was designed to determine 
the adequacy of vitamin A in the body using the relative
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dose response test (RDRT) technique. Thirty pregnant 
women at different trimesters of pregnancy and ten non 
pregnant non lactating women were studied for a period 
of five weeks. 13.6% of the subjects had RDRT values 
greater than 20% which is indicative of liver store
less than 20ug/g. This 
deficiency of vitamin A.

wi th

The longitudinal study was the third phase of the study. 
This phase spanned a period of 18months. Twenty eight 
pregnant women were suppl^.rented with either oral 
vitamin A or lactase in gelatin capsule (placebo) from 
the 14th week of pregnancy until 6weeks postpartum. 
Vitamin A supplementation maintained the packed cell 
volume (PCV), increased both the plasma vitamin A and 
retinal binding protein (RBP) levels in the vitamin A 
supplemented subjects. Though the neonates of mothers 
supplemented with vitamin A had higher higher birth 
weights, plasma and retinol binding protein levels when 
compared with the controls, the difference was however 
not significant. The levels of the plasma proteins 
were observed to decrease significantly during labour 
and immediately postpartum.

Proximate analysis of the meals (as consumed) of the
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pregnant mothers in the longitudinal study revealed that 
the pregnant women in this environment met only 47% of 
their daily requirement for Vitamin A-
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Although the importance of Vitamin A m  Nutrit

century it

N

ion has

been known for almost a 

metabolism is poorly understood.

s role m

A number of metabolic roles have been ascribed to the 

Vitamin - these include its on5 in vision, growth, 

reoroduction. maintenance of epithelial cells and immune 

properties. The specific role it olays in each case 

however has not been fully explained except for its well 

elucidated role in vision (Wald, i960).

The role of Vitamin A in reproduction has been the focus 

of attention J^y various workers (Moore, 1957: Thompson 

et a1, 19£fr4: Howell et al. 1964: Bodansky et al, 1962: 

Pulliam et al, 1962). Severe deficiency of Vitamin A has 

been found to cause infertility in all vertebrate 
soecies studied.

The conseauences of the deficiency ascrihable to Vitamin 

A range from a) disruption of the oestrous cycle and b) 

permanent keratinization of the vagina c) necrosis of 

the junctional zone of the placenta, and d) foetal

mishaps such as resorption stillbirths and various



congenital malformations. The failure of fertilization 

or imolantation are uncommon features of vitamin A 

deficiency 1(Bates, 1983). At the other extreme 

hyoervitammosis A is also associated with an increased 

risk of congenital malformation (Cohlan, .1953: 

Bates.1983).

Earlier. the function of retinol could not be 

ascertained until evidence was adduced/\ to demonstrate

that retinoic acid would correct th* non-Boecific 

effects of vitamin A deficiency except those of vision 

and reoroduction (Thompson et 1964; Howell et al, 

1964)«

Various mechanisms have been postulated to explain the 

observed reoroductiVe functions of vitamin A. These 

include effects in steroid hormonooenesis„ It has been 

demonstrated that vitamin A <1) improved the 

reproductive performance of female rabbits <Hay and 

Kendall. 1956) *<2) helped in the conversion of

regnenoione to progesterone in female rats (Coward, et 

6) (3) Increased the ovarian secretion of

20a -hydroxy-preg-ene-S-one and

pregnenolone in pregnant rats (Ganguly et al ; 197lab)

and (4> supported survival of pups and lactation in the

D

irociesterone,

dams (Ganduly et al, 197lab).



Thus retinol deprivation probably can cause a 

disturbance of steroid normone production although the 

extent to which this leads to the overall impairment of 

reproductive capacity is not clear.

It has been observed that when pregnancy is allowed to

proceed to term in rabbits and pigs which are receiving 

marginal amounts of vitamin A just sufficient to prevent

total resorption of fetuses a hig cidence of

concern ta1 malformations is observed. The type of
rwHdefects depends on the timing and duration of the 

deficiency (Wilson et al 1953; Palludah, 1966). O'Toole 

et al, (1974), in a study of the effect of

hypovitaminosis A on eight Rhesus monkeys observed 

abortions, and Xerophthalmia at birth but not congenital

mal formation. It -kN&s then suggested that primate 

embryoes may present with milder forms of vitamin A 

deficiency signs when compared to other mammals. A 

few instances of congenital malformations possibly 

attribute#'-to vitamin A deficiency have been reported in 

hum subjects (Bates, 1983). The evidence that 

uncomplicated vitamin A deficiency can be teratogenic in 
human is however inconclusive.

Thus it is apparent that there is a critical amount of 

vitamin A required for successful reproduction. Hume 

and Krebs (1949) demonstrated that pregnancy imposed an



increased demand for vitamin A. This observation has

been confirmed by other groups (Howell et al, 1964; 

Thompson et al, 1964). However the exact amount of 

vitamin A required in order to meet optimal needs varies 

with the different physiological states. The adequacy of 

vitamin A intake during pregnancy will depend on the 

prevalent food cultures as dictated by the geographical 

zones of the world.

MATERNAL STATUS OF VITAMIN A DURING PREGNANCY 

A number of studies have described night blindness and

1PPaiPPd PaP, adaPtat_  ^ . 

diet inadequate in its vitamin A content (Rodriguez and

Irwin, 1972)- Also,, a decrease in plasma retinol levels

during the course of pregnancy? and an increase post

partum has been reported (Pulliam et al 1962?

Vekatac ha 1 am et ©  1962; McGanity et al, 1969, Edozien

et. al 1976). The observed increase in plasma vitamin A

levels Dost partum however is not sustained and values
may fa deficient levels if intake is not increased

>3
(Lund aftd Kimble 1943)-

Sr
ies have also revealed the inadequacy of the intake

I cn

of vitamin A and its precursors amongst women in 

developing countries (Rodriguez and Iwin, 1972; Bates, 

1983; Le Francois et al, 1981).

4

&



The control of olasma vitamin A levels during pregnancy 

clearly differs from that of the other lioid soluble 

components of the blood. While vitamin A level 

decreases in pregnancy that of vitamin £ and other lipid 

soluble substances increases <Knopp et al, 1978). This 

is by virtue of vitamin A association with retinol 

binding protein (RBP) and transthyretin kTTR). In 

pregnancy, the decrease in Vitamin A usually, parallels

the decrease m  se.rum albumin (Hvtten and Leitch 1971).<PIt was therefore suggested that bo bumin and RBP

production may ne controlled the same way. It is 

however not clear whether the drop in plasma Vitamin A 

during pregnancy is as a result of inadequate intake,

haemodilution of pregnancy, increased demand in the 

foetuses or a conserva 4 ?  mechanism invoked to preserve 

the liver vitamin A for subsequent use during lactation.

TRANSFER OF VITAMIN A A FROM MATERNAL STORES TO THE
FOETUS<7 “__ rat, the foetal

“kabInconstant

In the r he foetal liver accumulates a small but 

remarkably constant amount of vitamin A during gestation 

despite wide variations in maternal intake and stores 

(Moore, 1971>.

Takahashi et al, (1975) found that the concentration of 

vitamin A in the liver of neonates increased 1.4 fold 

when maternal concentrations increased 100 fold.

5



However at very iow maternal intakes., the liver A 

concentration in the neonates was observed to be 

substantia1ly reduced.

Takahashi et al, 1977 also found that accumulation of 

vitamin A in the conceotion followed a complex pattern. 

During the early stages (day 7 - 9) the vitamin 

accumulated to a high concentration in the placenta- 

From day 9 - 11, the concentration fell abruptly to less

than 20% of the initial peak and duriofl days 11 - 14-

both vitamin A and R.8P accumulated lf% parallel. During

days 1 6 - 2 0  the fetal liver started to synthesize RBP

id foe1and accumulated vitamin A anci, foetal stores increased. 

Gal and Parkinson (1974) showed that there was a 

reduction in the olasms /utamin A levels in pregnancy2>in the early 5th to 9t h weeks and after the 36th week of 

gestation, Though they attributed this to the effect of 

circulating sex hormones, the trend they observed

follows the obseA
ed-> •

bservat.:.ion made by Takahashi et al (1971). 

It reveal|d rthat the timing of the drop in plasma 

vitamin A levels in the mothers corresponded to the 

period of increased concentrations of vitamin A in the 

foetus.

These studies are consistent with the observation that 

the supply of Vitamin A to the foetus is from the 

retinol RBP complex from maternal stores via the

6



maternal blood (Bates 1983),

Human cord oiasma retinol levels have however been shown 

to be lower than the corresponding maternal levels 

(Lewis et al, 1947; Vekatachalam et al, 1962) except 

when maternal levels are very low in which case the 

relationship may be reversed (Mclaren and Ward, 1962. 

Rodriauez & Irwin, 1972).

EFFECT OF VITAMIN A SUPPLEMENTATI ON IN PREGNANCY 
Several attempts have been made to solve the problem of 

vitamin A deficiency in pregnancy through oral

suppiemention with vitamin A ranging from 650 - 9000ug

dailv with varyinq decrees of successes-

Lewis et a.1 , (1947) found that 3UOOug vitamin A or the

equivalent amount of carotene given daily during the 

last trimester of pregnancy, had no effect on plasma 

retinol levels in the neonates but significantly 

increased the levels in the mothers. In Cows and pigs, 

large doses of vitamin A supplied to the mother 

increased the extent of placental transfer to a moderate 

iarn e d oses of carotene in contrast were entirely 

jout effect on foetal vitamin A stores and very

little per se was transferred to the foetal plasma.

Vekatachalam et al (1962), gave 9000ug vitamin A per 

day throughout that last trimester of pregnancy to

7



twelve rna 1 nourished Indian women who apparently had very- 

low dietary sources, and observed significant higher 

cord levels in them than in the unsupplemented controls. 

Lund and Kimble in 1943 also showed that the 

administration of 10?OOOiu/day of vitamin A brought 

about a maintenance of normal levels of the vitamin in 

the mother's blood throughout the course of pregnancy. 

They observed that an amount greater than this level was 

without benefit under normal conditions

RATIONALE FOR THE STUDY

:ial nutrient* forVitamin A is an essential nutrientvfar normal growth and 

development. Since pregnancy is a time of active growth 
for both the mother and the foetus this period 

therefore deserves special attention.

$

ficiency pla<

Chronic vitamin A deficiency plagues many developing 

regions of the world with its tragic consequences such 
as increased morbidity and mortality,, different stages 

of eye affectations and blindness observed mostly in 

c h 1 1 d r e n S  i .1 d e r f o r m s o f v i t a m m  A d e f i c i e n c y h a v e a 1 s o

o obserbeen observed in pregnant women (Vekatacha1 am et ai. 

In the Nigerian situation, vitamin A deficiency2>.1 962)
been identified in the Northern part of the country 

<Thompson et al, 1964; Oomem, 1971; Standford-Smith, 

1979) and especially in children under 5 years of aqe- 

□lurin, (1970) and Animashaun (1978) also reported cases

S



of XeroDhthaimia in children under 5yrs of age in Ibadan 

and Lagos respectively. All these studies were 
conducted with reference to the paediatric age group, 

hospital based and disease related.

Information on the vitamin A status of women in the 

reproductive age group in Nigeria is non existent- 

However studies from other countries have shown that 

pregnant women especially during the ^^st half of 

pregnancy may be vitamin A deficient therefore requiring 

supplementation <Lund and 

al, 1962).
Kimble, 1943; Venkatachalam ef

The adequacy of vitamin A both mother and foetus

durinq pregnancy and for the* neonate postnatally is 

dependent on the orepreqnancy vitamin A status of
wmothers as well acVintake during pregnancy.

Studies have shown that a diet adequate for nonpregnant 

non lactating women was also adequate during the first 

trimester of preonancv. Durinq the second half of
O-rpregnancy the diet became inadequate and needed 

supplementation in order to maintain the plasma levels 

f the vitamin in the mothers (Lund and Kimble, 1943).<5
There is also evidence in the literature to show that 

the transfer of vitamin A from the mother to the foetus 

is dependent on the maternal vitamin A status.

9



This obseyation derives from a comparative study of the 

plasma vitamin A levels of Swedish and Ethiopian mother 

and liver vitamin A of their foetuses at autopsy. The 

Swedish mothers had significantly higher plasma vitamin 

A levels than the Ethiopian counterparts. Also, the 

Swedish foetuses had liver vitamin A reserves sufficient 

for 2 months while the Ethiopian foetuses had levels 

sufficient for only 5 days < Gembre-liedhin• and Valquist, 

1984). This suggests both the capability of the early 

infant to build stores as well as the^^nflut 

mother's vitamin A status on the infant.

itence of the

It is highly tempting to speculate that the protection 

from childhood diseases which vitamin A seems to offer 

(Feachem, 1937) will be assured if adequate liver 

reserves are maintai^Jd in utero. Thus this study is 

therefore addressed to determining the vitamin A status 

of pregnant Nigerian women taking into consideration 

the prevalent food cultures. the existing food items 

and the l|fw purchasing power of a larger percentage of 

the population; and also to assess the possible 

7  supplementation in pregnancy.benefits c 

#Vitamin A status exists in a continuum between 

clinically evident deficiency and toxicity, information 

on the intermediate level of habitual intake (especially 

marginal intake and status) is highly essential so as to

s3

10



olan for adequate intervention oroqrammes

HYPOTHESIS
1- Plasma vitamin ft levels below 20uq /dl is indicative 

of inadequate liver store and diagnostic of pre-c1inicai 

vitamin ft deficiency.

2. The average Nigerian diet is inadequate in its 

vitamin ft content and therefore will not provide the 

extra Vitamin A that pregnancy requires,

AIMS AND OBJECTIVES

1. To establish a range of values for plasma Vitamin A 

in a control population of apparently healthy normally 

menstruating non-pregnai non-lactating adult

Niaerian women; and to assess the liver vitamin A status
j Q vusina the relative dose response test.

2. To assess the vitamin A status of healthy pregnant 

women in Nigeria toy conducting:

(a) ft cross sectional study in different 

trimesters* Of pregnancy;

A absorption test in pregnant women 

during different trimesters.

To study the effect of supplementation of pregnant 

mothers with Vitamin ft as measured by plasma Vitamin A 

levels in both the mothers and the babies.

4. To assess the dietary intake of Vitamin ft and its 

precursors m  the pregnant Nigerian women.

11



c H A R W O

L I T E R A T U R E R E V I E W

HISTORICAL BACKGROUND

In 1915, McCollum and Davies- observed "fat soluble A" 

growth promoting factor isolated from animal fats and 

fish oils. They showed that animals fed a diet

consisting mainly of polished rice, caesin and minerals

did not develop normally unless this factor was added. 

Drummond (1920) suggested tĥ tJvtrre "fat soluble A” be 

named vitamin A.

iat ?Jr
Vitamin A activity was later found in plant materials

:iated wit 

bock

NSand was associated with the yellow carotenes present in 

plants (Steenbock and Boutwei1 (1920)

Moore in 1930, demonstrated that the carotenes were 

structurally related to vitamin A and were converted in 

vivo to\:he vitamin. Thus the provitamin status of B- 

carotene and certain other carotenoids was established.

structural formula of vitamin A and B-carotene were 

first proposed by Karrer et al in 1930-31 and reported 

by Goodhart and Shills, 1974. Isler et al5 synthesized 

the first pure vitamin A in 1947 while B-carotene was 

synthesized in 1950 by Karrer et al. and Inhofen et al.

12



2.1 NOMENCLATURE AND PROPERTIES OF VITAMIN A AND
PROVITAMIN

Vitamin A is a generic term used for ail compounds;, 

related chemically, that exhibit the biological activity 

of retinol. The major naturally occurring form is 

vitamin A alcohol (retinol) fig. 2-1. Other forms are 

Vitamin A acid (retinoic acid) (fig.2-2) andiVitamin A 

aldehyde (retinal) (fig.2-3). In general retinol is 

used synonymously with Vitamin A (Goodhart & Shills? 

1974). Retinoids on the other hand include both the 

natural forms of vitamin A and synthetic analogs with 

or without biological activity of retinol. One I.U of 

vitamin A is 0.3 up all-trans retinol.

livalent is useRetinol equivalent is used to convert all sources of 

vitamin A and carotenoids substances in the diet to 

single unit: One ug of retinol is biologically 

equivalent tck 6 ug of B-carotene (B-C and 12 mg of mixed

dietary carotenoids.

Vitamin A occurs in two common forms. Vitamin A-l or 

retinol, the most common in mammalian tissues and marine 

fishes, and vitamin A-2 or retinol-2 common in fresh 

water fishes. Both are lsoprenoid compounds <terpenes> 

containing a six-membered carboxylic ring, and an eleven 

carbon side chain. Vitamin A activity in mammals is not

only found in the retinols but also provided by certain
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particularlycarotenoids widely distributed in plants, 

a, B - Y carotenes. These carotenes have no intrinsic 

vitamin A activity per se but are converted into vitamin 

A by enzymatic reactions in the intestinal mucosa and 

the liver. B-carotene5 a symmetrical molecule, is

cleaved in its centre to yield two molecules of retinol. 

Retinol occurs in the tissues of mammals and is 

transported in the blood in the form of esters of lonq

chain fatty acid <Goodhart and S

Vitamin A, an organic compound foun 

kingdom, is a

Shills,/fl?74>

arly in the animal

very pale yellow (almost colourless) 

substance composed of carboy hydrogen and oxygen. The 

vitamin is soluble only in fat and organic solvents.

The carotenoid pigments are composed of carbon and 

hydrogen. The c f r *  Is of the pigments are a deep red 
colour but they are intensely yellow in solution

(Steenboc k,  1919)  

&Vitamin, O p? ists naturally in several isomeric forms. A 

cis-trans isomerism resulting from configurational 

differences at. the double bonds in the side chain 

illustrated in fig. 2-4.

The naturally occurring form of Vitamin A is the all- 

trans isomer. Neo-Vitamin A (13-cis) has about 85 per 

cent of the potency of the all-trans form, and the 11-

15



cis isomer (neo-b) has 75 per cent of the biological 

activity of the all-trans isomer (Goodhart and Shills, 

1974). Dehydro-retinol has only about half the 

biological activity of retinol (Goodhart and Shills, 

1974) also exists in various isomeric forms.

.

Retinol, Re t i n a 1 and Retinoic Acid 

Retinol (vitamin A alcohol) is the most important form 

of vitamin A. It performs all the known VTlmctions of

vitamin A since it can he oxidised tc

known functit

other forms nf

the vitamin. Retinol is therefore used synonymously with

vitamin A.

Retinal (RCHO) is the aldehyde corresponding to retinol. 

It is the active form tamin A required for vision

(Wald, 1960) and certain other functions of Vitamin A 

(Goodhart and Shills, 1974). The blindness prevented by 

vitamin A is specific in that the early stages of the 

blindness can only be treated by the vitamin.

Ret m o  v  L x  d (RC00H) is the corresponding acid toV</retinol. While it supports growth in Vitamin A deficient 

animals, it has no role in vision (Dowling and Wald), 

1960). Retinoic acid elicits many biological and 

biochemical responses from cell in vitro including 

increasing the number of epidermal growth factor 

receptors on BuriBc&s of cultured cells, stimulation of

16



differentiation of embryonal carcinoma cells, 

preventionof the expression of Epstejn-Barr virus in 

virus infected cells and the reversible inhibition of 

growth of human breast cancer cell lines in long term 

tissue culture <Martin, 1980).

Retinal and retinoic acid also exist in cis-trans 

isomeric forms. The structural formulae of retinal and<%r
retinoic acid differ only from that of retinol by having 

another functional qroup on carbon atom 15 <fiqs. 2-2yTand .

Carotenoids with Provitamin A asanity
Carotenoids exists as a- < 7  and Y- carotenes and 
lycopene. B-carotene which is the most important

v 5 tprovitamin A of all the carotenoids is a symmetrical

onone rings connected by a 

In a and V-carotenes, one of
molecule con

o r  a i l  u i e  o a r

taining two B~ic

conjugated chain <fiq. 2:!

B-ionone rings is replace by the structures shown in

£  he i

~t and Shi 11s, 1<

fig- 2:6 The remainder of the molecules are identical 

(Goodhart%and Shills, 1974).

The* biopotency of a- and Y- carotene is about half that 

of B- carotene (Zechmester et al. 1949). The biological 

activity of these carotenoids with provitamin A activity 

results from conversion to Vitamin A by the organism at 

carbon atom 15 and 15' with resultant splitting of the 

molecule <01 son, 1961).

17
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2(11)s GENERAL CHEMICAL PROPERTIES OF VITAMIN A AND

Vitamin A

PROVITAMIN A

o
Retinol melts at 63 to 64 and has an absorption maximum 
in ethanol at 324 to 325nm (Boldinqh et al. 1951). The 

vitamin is soluble in fats and in all the usual organic 

solvents. It is insoluble in water but may be dispersed 

in the aqeous phase by emulsification or by attachment 

to proteins (Boldingh et al . 1951). Retinol and its 

esters have a yellowish-green fluorescence. The

fluorescence of retinyl ester»rs in alcoholic solution
, vincreases rapidly followed by destruction of the retinyl

0 >: l d a t i on
&

esters (Sobotka et al. 1943). the absence of anti

oxidants, Vitamin A is ve: stable in oxygen (Embree 

and Shantz , 1943)

Potassium permanganate oxidation of retinol yields 

retinal (Marton, 1941). This has led to the use of 

manganese dioxide as an oxidant to convert allylie 

alcohols into the corresponding aldehydes (Ball et al- 

1948%. A petroleum ether solution of retinol, left in 

the dark at room temperature in the presence nf 

manganese dioxide yields retinal.

Reduction

Lithium aluminium hydride reduces Vitamin A aldehydes.



acids, and esters to the corresponding retinol analog 

(Robeson, 1955), sodium and potassium borohydride have 

the same effect (Brown and Wald, 1956).

1somerization

Retinal is isomerized by exposure to light. Each isomer 

gives a steady state mixture of all possible isomers 

with the all-trans retinal always dominanl : ,7?'W own and 

Wald. 1956). Thermal isomerization of aqeous solutions 
also occurs (Wald et al. 1955).

Instability to acids

Vitamin A is extremely sensitive to acids; they can 

cause rearrangement of the double bonds and dehydratmn 

(Bentel et al. 1955).

Co1our-reactions

Acidic reagents gij/e transient blue colour reactions 

with Vitamin-A. These tests are useful for qualitative 

or comparative measurements. The purple color obtained

with suJlphuri c aci d was one of the first methods used tn 

iden Vitamin A in liver oils. Later, arsenic 

trichloride and the Carr-Price reagent (antimony 

S r  ichloride in chloroform) were used (Carr and Price, 

1926). Other Lewis acid such as trifluoroacetic acid 
have been used for quantitative determinants of Vitamin 

A (NeeId and Pearson, 1963).
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Provitamin A
B-carotene melts at 181 to 182oc. In Petroleum ether, 

all-trans B-carotene has absorption maxima at 453, 481

and 273nm (Zechmeister and Polqar, 1949)- Pure

synthetic? crystalline all-trans B—carotene, after

drying in a high vacuum drying pistol« has absorption 

maxima in n—hexane at 468nm. (Goodhart and Shills, 1934), 

B-carotene is readily soluble in carboA^aisulphide, 

chloroform and benzene but partiallv soluble in-
< 2- TCarotene is rapidly oxidised in air giving a colourless

wproduct- This process is accelerated *6y light

' .Like most carotenoids - carotene produces colours with 

various reaoents. including sulphuric acid and nitrir
acid (Kramer and Juck&r*

Vitamin A and carotene react with antimony trichloride, 

carotene yielding a blue . colour. The reaction of 

carotene with with antimony trichloride is less rapid 

and less specific havinq two absorption maxima at 490nm 

and .1 OZQnm as against 62Unm for Vitamin A.

Cis-trans isomerism occurs in carotenoids (Zechmeister, 

1962). It may be induced by refluxing the pigment in * 

solvent by illumination, by treatment with acids or 

iodine, or by melting the crystals (Zechmeister, 1962).
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GENERAL METABOLISM OF V ITAMIN A .AND THE PROVITAMINS
ABSORPTION ‘

Carotenoids; In most mammals, most of the ingested 

provitamin A is converted to Vitamin A in the intestinal 

wall. There is, however;, a great deal of species 

specificity in the ability of different mammals to 

absorb dietary carotenoid. Man and cattle can absorb 

both Vitamin A and the carotenoid, and convert 

carotenoids with provitamin A activity to the Vitamin.

^ >In contrast, the rat and the pi not absorb

significant amounts of carotenoid pigments. However
Vthey can convert provitamin A to the vitamin in the gut 

(Thompson et al. 1950). The small intestine is the mosttpimportant organ involved in the conversion of provitamin 

A to the Vitamin. The liver and the kidney are aisn 

capable of carrying out this process (Goodhart and 

Shi 1 Is,1974). The process of conversion involves two 

soluble enzymes, B-carotene 15-15' dioxygenase and 

retinaldehyifeNre?duct.ase. The first enzyme catalyzes the

cleavaqe
vde r educ ti

<%>

<5

B—carotene at the central double bond by a 

dioxygenase mechanism, to yield two molecules of 

retinaldehyde (Goodman and Olson, 1969). Retinadehyde 

reductase reduces the retinaldehyde to retinol.

e absorption of dietary carotenoid is significantly 

reduced when the diet is unusually low in fat (Reels ef 

al. 1958). The amount of carotene absorbed from raw



carrots is highest in the presence if low molecular 

weight and short chain fatty acids <Brown and Blnor- 

1945).

Vitamin A: The major dietary form of vitamin A is all- 

trans retinyl esters. These esters are hydrolyzed in 

the intestine by pancreatic retinyl ester hydrolase and 

the resulting retinol is then absorbed into the mucosal 

cell. Retinol in the mucosal cell (newly absorbed or 

newlv svnthesized from carotene) is reesterified with 

1onq-chain, mainly saturated fatty acids, and the
v Vare absorbed into the body,retinyl esters at mainly in

assoc i a t i on with 1 y mph c hy 1 ornl c: r on s . Du r i nq

chylomicrons metabolism most of the retinyl esters 

remain with the chylomicrons "remnants’', and are removed 

from the circulation almost exclusively by the liver 

(Goodman et al , 1965)- A small portion of the absorbed 

retinol is oxidised to retinal and further to retinoic 

acid (Fidqe at al„ 1968).

retin*=*C^ pan be absorbed as such but is mainly reduced 

j converted to retinyl ester within the mucosa

>hmuk et al . 1964), although a portion is converted

to retinoic acid CFidqe et al. 1968).

Transport of retinol

Retinyl esters in chylomicrons formed in the intestinal



mucosal colls travel through the lymphatic system, via 

the thoracic duct, to the blood stream, and are stored 

in the liver. The uptake of the chylomicron retinol 

esters hydrolysis and reesterification occur in the 

liver, where the resulting retinyl esters (mainly 

retmy 1 pa Imitate) are stored. Vitamin A is mobilized 

as the free alcohol, retinol, bound to a specific plasma 

transport protein, retinol binding protein cRBP). The 

retinol then travels via the blood stream to the tissues. 

Only 10 to 17 per cent of the Vitamin A content of the 

blood in normal human subjects in the fasting state is 

in the ester form. However ojq postprandial state after 

Vitamin A intake, the pe^^rtage of the ester in the 

circulating blood increases rapidly. This is as a result 

of the Vitamin A ester arriving in the blood stream from 

the gut via the lymphatic system (Hoch, 1959).

The blood level of Vitamin A is independent of the liver 

reserves: as long as there are very small reserves of 

Vitamin A present in the liver, the blood level remains

norm w  As soon as the liver is depleted of its Vitamin 

A reserves to a certain level, the blood Vitamin A levelA re 

fallIs rapidly (Goodhrt and shills, 1974).

Retinol Binding Protein and Prea1bumin

Retinol Binding Protein (RBP) is a single polypeptide 

chain with a molecular weight close to 20,000, and a
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single binding site for one molecule of retinol- In 

plasma, most of RBP normally circulates as the retinol- 

RBF* complex (holo-RBP); the usual level of RBP in plasma 

is about 40—50ug/ml (Goodman? 1980).

RBP interacts strongly with transthyretin and normally 

circulates as a 1:1 molar protein-protein complex. In 

addition to its role in i/itamin A

transport,transthyretin plays a role in the binding and 
plasma of thyroid hormones. The formation of the RBP- 

transthyretin complex serves to reduce the glomerular 

filtration and renal catabolism  RBP (Goodman, 1980).

•es to reduce tr
. Vtlism of RBP (Got

pati ents with liver disseasePlasma RBP levels are low j€ r  
but high in patients wit chronic renal disease. These 

findings reflect the fact that RBP is produced in the 

liver and mainly catabolised in the kidneys.

The transthyretin molecule is a stable tetramer, 

composed of Vour identical subunits with a molecular 

weight of 54,980. Transthyretin appears to contain four 
binding sites for RBP (Goodman, 1980).

Several studies have examined the retxnol transport- 

system in patients with protein-ca1orie malnutrition, 

who have been found to have decreased concentrations of 

plasma RBP, pre-albumin, and Vitamin A. Low intake of 

dietary protein and calories is frequently accompanied



by an inadequate intake of Vitamin A. However, even in 

cases of malnutrition where there is adequate Vitamin A 

intake, the plasma RBP and Vitamin A levels are low 

reflecting a functional impairment in the hepatir 
release of Vitamin A because of defective production of 

RBP (Goodman. 1980). RBP is responsible for the 

delivery of retinol from the liver to the extra-hepatic 

sites of action of the vitamin. Evidenced is available

that this delivery process may involve speci f i c cell

surface receptors for RBP (Chen and Heller, 1977). The 

retinol thus carried is delivered to the specific sites 

where it enters the cell for subsequent metabolism and 

action. The apo RE*P returns to the circulation, where 

it shows a reduced affinity for transthyretin and is 

selectively filtered he renal glomeruli. Studies in 

the rat and in humans have suggested that Vitamin A 

toxicity occurs in vivo. This occurs when the level of 

Vitamin A in the body is such that retinol begins to

<5

circulate in olasma and to be presented to membranes, in
O - ra form other than bound to RBP (Uoodman, 1980). It has 

been suggested that the nonspecific and unregulated 

delivery of Vitamin A to biological membranes, in 

ontrast. to the specific and regulated delivery via 

RBP, leads to Vitamin A toxicity.

Vitamin A mobilization from the liver, and its delivery
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rises

ra

to peripheral tissues, are highly regulated by factors 

that control the rates of RBP production and secretion 
by the liver- One factor that specifically regulates 

RBP secretion from the liver is the vitamin A

nutritional status of the animal. Retinol deficiency 

specifically blocks the secretion of RBP from the liver, 

so that plasma RBP levels fall and liver RBP 1 eve1s 

Conversely, repletion of vitamin A deficient 

ts intravenously with retinol stimulates the rapid 

secretion of RBP from the expanded liver pool (in the 

deficient rat) into the plasma- This release of RBP is 

not blocked by inhibitors of protein synthesis

indicating that it comes from the expanded liver pool of 

RBP, rather 

(Goodman, 1979)

A

depletion is highly specific for RBP. Thus neither 

Vitamin Of depletion and deficiency, nor retinol 

repletion of deficient rats significantly altered plasma 

levels of transthyretin. The secretion of RBP ctnd that 

of transthyretin appear to be independently regulated 

processes with formation of the RBP-transthyretin 

complex occurring in plasma after secretion of the two 

proteins from the liver cells (Goodman, 1979).

RBP in the liver is mainly associated with the liver

27



fnicrosofnes, and is especially enriched in the rough 

microsomal fraction. The Golgi apparatus was found tn 

contain a maximum of 22/1 of RBF* in the liver in normal 

rats, and 97. in Vitamin A~deficient rats. The Golgi 

apparatus is therefore not a major sub-cellular locus 

for RBF* in either normal or deficient rats- 

Inconclusive evidence that the microtubules are involved

in the secretion of RBF has been obtained in studies 

with the drug colchicine. Smith et al.<1978) found two 

lines of dif f erentiated rat hepatoma cells thz*t 

synthesize RBP during culture in vitro. When the cells 

were incubated in a Vitamin &rfree serum-less medium, . a 

relatively large proportion of the RBP synthesized was 

retained within the cells. Addition of retinol to the 

medium <at levels of 0.1 or luq/ml) stimulated the 

release of RBP from the cells into the medium and also 

increased the net synthesis of secretion of rdt serum 

albumin by these cells. Thus these cell lines appear tn 

respond to vitamin A depletion and repletion in a 

similar manner as does the intact rat liver vivo (Godman 

1979)

i ,TINOIC ACID AND ITS METABOLITES
Retinoic acid is a compound that demonstrates selective 

Vitamin A biological activity. It supports a normal 
rate of body qrowth, as well as normal differentiation
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of epithelial tissue. Retinoic acid cannot, however, 

replace retinol as a visual pigment precursor, and does 

not support vision and reproduction (Goodman, 1979). 

Animals maintained on retinoic acid as the only source 

of Vitamin A activity are, hence, both blind sterile. 

In the normal animal, retinoic acid represents an

extremely small proportion of the Vitamin A in the body. 

A very small proportion ot the retmaidehyde formed from 

8-carotene cleavage is oxidized in the intestine to 

retinoic acid.

Retinoic acid is absorbed through the portal system and 

transported in plasma boun * ? d s  erum albumin. It does 
not accumulate in the liver or other tissues in any 

appreciable amounts. metabolised rapidly mainly 

to more polar compounds, and then largely excreted in

the urine and bile. The major biliary metabolite has 

been identified as retinoy1-B-g1ucuronide.

McCormic et al (1979), observed that 5,6-epoxyretinojr 

acid was isolated from intestines of Vitamin A deficient

t s  q;

<5
rats given retinoic acid. This metabolite has been 

shown to have biological activity, although the extent 

of its activity is not fully understood. The in vivo and 

in vitro metabolism of retinoic acid in hamster was 

investigated using both tracheal organ culture and 

subcel 1 lu 1 ar preparations deprived from intestinal
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mucosa, liver, and testis. These studies revealed the 

production of several metabolites more polar than the 

parent compound. Two of the early products of this 

metabolic pathway were identified as 4-hydroxy and 4- 

ketoretmoic acid. The formation of these metabolites 

was maximal in Vitamin A-deficient hamsters that had

been induced with retinoic acid than in Vitamin A-norma1

animals. In addition, the two metabolites showed

decreased hioloqical activity relative to retinoic acid
"in a tracheal organ culture ass 

suggest that oxidative al 

cyclohexenyl ring may be
el imination of retinoic acid/Prom tissues,

say. These findings

at carbon-4 of the

first step in • the

tissues.

VITAMIN A AND GLYCOP: AND MEMBRANE METABOLISM

Vitamin A is necessary for the maintenance of normal 

differentiation and of mucus secretion of epithelial 

tissues. The biosynthesis of some glycoprotein is 

decreased in Vitamin A deficiency and enhanced upon 

administration of excessive doses of the Vitamin

(Goodman 1980). In order to explain these various 

observations it has been suggested that retinol or a 

erivative of retinol may serve as the lipid portion of 

a qlycolipid intermediate involved in certain

g1ycosy1 ation reactions. Thus, in this hypothesis,

retinol is thought to function in a manner analogous to



dolichol in specific glycosyl transfer reactions 

(Goodman 1990). It has been suggested further that 

these particular glycosylated reactions may be involved 

in the biosynthesis of specific g1yco-proteins in 

vitamin A-requiring tissues. If this were true, then 

specific defects in glycoprotein synthesis would occur 
in vitamin A deficiency, and might explain the variety

of abnormalities in cellular metabolism seen in vitamin 

A deficiency since glycoproteins are common constituents 

of membrane systems and are involved in a variety of 

biological functions (Wald et al. 1979; Goodman, 1980).

Retinyl phosphate has been shown to be formed in 

mammalian cells both in vitro and in vivo. The enzyme 

system that forms mannosvl retinyl phosphate is located 

primarily in the rough endoplasmic reticulum of rat 

liver cells. Under appropriate conditions, glycosyl 

transfer can be demonstrated from the retinol glycolipid 

to membrane ql1ycoprotein. It is not known, however, 

whether this occurs in vivo under normal conditions 

(Goodman 1980). The hypothesis that retinoid
containing glycoproteins are obligatory intermediates 

r specific g 1ycosylation reactions (e.g. in the 

synthesis of specific glycoproteins in certain tissues) 

is an intriguing one. This hypothesis suggests credible 

biochemical effects and therefore requires further
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studies -

INTRACELLULAR BINDING PROTEINS FOR RETINOL AND RETINOIC
ACID

Evidence for the existence of a specific, soluble 

binding protein for retinol in rat tissues was first- 

reported by Bashor et al . (1973). Subsequently, the

existence of a similar but distinct cytosolic acid wa^ 

also demonstrated. The intracellular binding proteins 

for retinol (CRBP) and for retinoic 

both been purified to homogeneity 

rat testis, and bovine retina. The major properties of 

the purified preparations for each protein from 

different sources were quite similar to each other.

(CRABP) have 
from rat liver.

Both CRBP and CRABP . ar weights close to' have molecule

14,600 and single binding sites for one molecule of

The intracel1u1<retinoid ligand. *The intracel lular binding proteins 

differ from serum RBP with regard to molecular weight 

(the intracellular proteins are smaller), 

immunoreactivity (they are unreactive in the serum RBP 

radioimmunoassay) binding affinity for transthyretin 

they show no affinity for transthyretin). The 

ultraviolet absorption spectra of CRBP and of CRABP are 

almost identical. The explanation for this phenomenon 

is not clear.

Very recent studies using newly developed



radi oi mmunoassay for CRE-tP from rat liver showed that 

CRABP is immunological 1y distinct from CRBP (Chytil and 

Gng, 1979). CRBP from rat testis showed identical 

immunoreactivity as that from liver, suggested that the 

same CRBP molecule is found in different tissues.

Interest in these intracellular id binding

proteins has been stimulated by reports suggesting a 

relationship between the binding affinity of the 

proteins for various vitamin A-related compounds and the 

biological activity of the compounds. Furthermore, a 

:inoids with anticarcnnumber of ret: nogenic activity can

associate with the tissue binding proteins, and it has

it t\been reported that the binding ability tends to 

correlate with the biological activity for given 

compounds. Accordingly* it has been suggested that the 

binding proteins might be involved in some way in the 

biological expression of Vitamin A activity within the

cel iodinan, 1980) .

ly basic questions exist about the intracellular 

binding proteins. It has been suggested that these 

proteins may play a direct role in the biological 

expression of vitamin A activity (e.g. analogous to 

steroid hormone receptors). CRBP may be involved in

facilitating the specific interaction of retinol with 
binding sites for retinol in the cell nucleus (Chytil



and Ong, 1979). Another possibility is that these 

proteins mainly serve as intracel1ular transport 

proteins, and act to transport specific retinoids in a 

directed way tram one locus to another within the cell. 

Further studies are needed in order to explore these and

other possibilities.

Ret i nol , taken up by the cel 1
at 4

e cell surface

receptor 1is released from RBP prior to subsequent

translocation within the cel 1 ,V 'metabolism, and or

initiation of a biological effect.

EFFECTS OF VIIAN1N A DEFICIENCY ON 
PERFORMANCE DURING PREGNANCY

REPRODUCTIVE

Vitamin A deficiency has been found to be a cause of 

infertility or impaired reproduction in vertebrates 

(Moore, 1957). Various studies have shown that the

oestrous cycle is disrupted, and the vagina becomes 

keratinized. But the most characteristic 

deficiency are foetal resorption,

and congenital malformations rather than 

unction or failure of ferti1ization or 

implantation. Retinoic acid supports other functions of 

Vitamin A activities not vision or reproduction. The 

complications of inanition, decreased resistance to 

infection, and other non-specific effects of Vitamin A 

deficiency made the effect of Vitamin A deficiency

permanently 

featurA^ of 
st i Uhi rths,
ovarian dys-f
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difficult to interpret until it was shown that retinoic 

acid would correct the systemic abnormalities but failed

to support vision and reproduction (Bates, 1983). In 

retinol deficient retinoic acid fed rats and guinea 

pigs, the oestrous cycle and conception seemed normal, 

but the foetuses were resorbed (Thompson et al, 1964, 

Howell et al , 1964). Necrocis of the junctional zone of 

the placenta was the earliest abnormality shown (Howell 

et al , 1964). The possible effects of Vitamin A 

deficiency on steroid hormone production have been 

investigated (Hay and Kendall, 1956; Juneja et al , 1969; 

Ganguly et al, 1971 Disturbances of steroid 

hormone production can probably be caused by retinol 

deprivation, but the extent to which this is responsible 

for the overall impairement in reproductive performance 

is not c]; acl ear. 

JGENICTERATOGENIC EFFECTS OF HYPERVITAMINOSIS A

The foetus is to some extent protected against the 

effects of excessive maternal intakes of Vitamin A by 

some homeostatic mechanism operating on circulating 

levels, of retinol in the mother. However, abundant 

evidence exists that excessive intakes by mother can 

result in damage to the foetus, especially during the 

critical periods of organ and limb development (Bates,

1983).



This observation was first made by Cohlan (1954) who 

produced abnormal ities of the skull and brain in 54'/. of 

the offspring of maternal rats who were given 10,000 ug 

Vitamin A from the second, third, or fourth day to the

sixteenth day of pregnancy. The nature of the 

abnormality depended on the gestational age at the time 

of administration (Giroud, i960). These abnormalities 

took the form of anacephaly, cleft palate, anophthalmi a, 

spina bifida, or sydactyly. Ingestion of large doses of 

Vitamin A on days 17 — 18 of gestation have been found 

to produce abnormal behaviour in the offspring rather 

■.................
Maiformations have also been produced by excessivecvi tami n &  i nintake of Vitami the guinea-pig, rabbit, hamster, 

mouse? and the pig. There are however clear differences 

in susceptibility between species and between variants 

of the same species in the response to high doses 

(Lorente 8< Miller, 1977; Seller et al. 1979). 

Extrapolation form these studies and deductions from 

fewer studies in humans may suggest that ingestion of 

large amounts during human pregnancy is not advisable, 

although there is little evidence or information to 

indicate the upper limit of safety. Gal et al, (1972) 

observed that the maternal serum levels of mothers of

infants with central nervous system defects were higher



than in those with normal babies- This does not however
imply a causal relationship.

In cows, sheep, goats, dogs and cats, the newborn have 

liver Vitamin A stores which is lower than those of 

their mothers (Moore, 1957). In cows and , large 

doses of Vitamin A supplied to the mother increased the 

extent of placental transfer to a <2Pffioder 

&

erate extent.

Large doses of carotene, in contrast, were entirely 

vague without effect on foetal Vitamin A stores, and

very little carotene was transferred to the foetal
1i ver.

> tr a

These studies are in agreement with the idea that the 

supply to the foetus is mainly from the retinol—RBP 

complex in maternal stores, except when they fall to 

very low levels (Bates, 1983).Gr/ WValues for foetal liver Vitamin A levels at autopsy are 

"id! 4 <  The early studies were put together by Moore 
(1957). Gal et al. (1972) observed a range of values

from less than 10 to more than 150ug/g in livers of 

British infants near term. A wide range was also 

observed by Montreewasuwat & Olson <1972) in Thailand, 

although in this study, and that of Iyengar & Apte 

(1972) on foetuses from poorly nourished indian women, 

there were few values above 50ug/g, and mean values were



of the order of 20ug/g. Although foetal levels are 

generally lower than those of adults, it is difficult to 

be certain about the quantitative relationship between 

maternal status and intake and foetal liver in humans,, 

and whether they are as tightly controlled as they are 

in the rat.

- o r:inol uslHuman maternal values for plasma ret] usually tend to

be higher than the corresponding c o r ^  plasma retinol 

levels (Lewis et al . 1947). Valhlquist et al. (1975) 

found that RBP and thyroxine binding transthyretin 

levels at birth, in a presumably well-nourished 

population are about half the adult levels. Preterm 

infants have been observed to have lower plasma retinol 

levels at birth than term infants (Brande et al. 1978; 

Shenai et al. >. However babies of low birth weight 

but not premature had plasma retinol levels similar to 

those of normal birth-weight (Baker et al. 1977).

\<yLewis et al. (1947) found that 3000ug Vitamin A, or the 

equivalent amount of carotene, given daily during the 

final months of pregnancy, had no effect on plasma 

retinol levels in the neonates. Also Bates, (1983) 

reported that single large doses (up to 60,000ug given 

to the mother shortly before parturition did not 

increase cord plasma retinol levels. -Venkatachalam et 
al (1962) gave 9,000ug Vitamin A/day throughout the last
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trimester at pregnancy to twelve malnourished Indian 

women who apparently had a very low intake from dietary

sources, and observed signi11 cant1y higher cord levels 

in them than in unsupplemented controls; it seems likely 

that their stores were severely depleted in the absence 

of supp1ementat i on•

—
Several studies have described night blii 

impaired dark adaptation in pregnant women receiving a

MATERNAL STATUS DURING HUMAN PREGNANCY

ndness, or

diet inadequate in its Vitamin A content.

Hirst and Shoemaker <1941^ determined the concentration

of serum Vitamin A in a series of 35 pregnant women and 

found that 40"/. of the values were below normal range. 

Bodansky et al <1962) on the other hand showed a 

significantly higher mean values in the first 6 monthsX
fo< 

They al

when compare^/to the last 3 months of pregnancy. They 

attributed this finding to the storage of Vitamin A in 

the foetal liver and utilization by the fetal tissues.

so suggested other reasons for a reduction in 

plasma Vitamin A levels in the 3rd trimester. These 

included possible interference with the release of 

Vitamin A from the liver associated with the 

conservation mechanism of the liver at this time. 

There is no evidence however to indicate interference 

with gastro-intestinal absorption during pregnancy.



Various estimates of the total Vitamin A content of the
normal adult liver., the chief source of Vitamin A in the 

body have been reported. It ranges from about 5000,000 

i.u. to 11,000,000 i.u. (Ralli et al. 1941; Abels et al . 

1941). The foetus may make two kinds of demands upon 

this depot: storage of Vitamin A in the foetal liver and

utilization of Vitamin A by the actively growing foetal 

t i ssues.

&Foetal liver during the third trimester contains

considerable amounts of Vitamin A and a total store of 

12,000 i.u. of the Vitamin is found in the liver of the 

newborn infant (Lewis et al. 1941). They also suggested

that the deposition of 12,000 i.u. in foetal liver may 

entail the release of several-fold that amount from the 

maternal liver. Vitamin A is not used economically. For 

example, when large amounts are fed, only a small 

fraction can be accounted for by fecal excretion, 

storage in the liver, and daily requirements (Le Page 

1941). Lewis et al. (1942), indicated that during

>1 etion, Vitamin A is

-at

dep \e,tic )n, Vitamin A is released from the liver of the 

rat in amounts much greater than required by the

ani mal

The actively growing tissues of the foetus may also 

utilise considerable amounts of Vitamin A. The basal 

metabolic rate increases during the latter half of



pregnancy. There is general agreement that most of this 

increases is due to the growth of the foetus, although 

it may also be in part accounted for by a possible 

activator of the maternal endocrine glands (Du Bois, 

1936). -

Lund and Kimble (1943) observed that economic status and

health education influenced the adequacy of the intake 

of Vitamin A in the pregnant population studied. They

also observed a sign

regnant population s- 

ificant correl atVrfi between the

intake of Vitamin A and the plasma values for the groups

of subjects.

A diet which was adequate non-pregnant women was

also adequate for pregnant women during the first 

trimester except when such complications as hyperemesis 

gravidarum intervened. During the second trimester, 

only the best met the needs. By the third trimester

there was ĝtheed for supplements of Vitamin A in

addition to amount supplied by the diet. Gal and
■

Parkinson (1974) also observed a significant effect of 

Vitamin A supplementation with as slow as 2,500

i.u.daily when treated subjects were compared with the 

untreated control group. Optimum plasma Vitamin A 

levels could be maintained during the last trimester of 

pregnancy by the addition of 10,000 i.u. of Vitamin A. 

Larger supplements of 20,000 i.u. had no additional
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effect, (Lund & Kimble 1943)

Lund & Kimble (1943) gave some reasons for the pattern 

of plasma Vitamin A in pregnancy. Haemodilution which 

accompanies pregnancy might be considered as a possible 

cause of the progressive decline in vitamin A blood 

values. But since there was no decline in carotene value

of the subjects during the same oeriod this does not
_hold true.

Aene> 
kis doe

The ingestion of large amounts of carotene, whether by 

diet or supplements, elevated carotene without

n » < \ , r  Iotene metabolism inaffecting the plasma Vitami 

pregnancy is however poorly understood.

Vitamin A mobilization ^pito the blood stream postpartum

was observed by Lun d & Kimble <1943). 

-factor to every patient is emptyingpat i i

A single common 

of the uterus.

Labour, Caesarean section, anaesthesia & analgesic had 

no effect on the mobilization of Vitamin A postpartum 

(Lund & Kimble, 1943; Clauses et al. 1942). Puerperal 

diuresis was also eliminated in the possible causes of 

Vitamin A mobilization postpartum. Vitamin C and 

carotene values did not change with Vitamin A. 

Mobilization of Vitamin A was noticed - as early as 6 

hours postpartum and lasted up to 24 hours. Large doses 

of Vitamin A 6000,000 and 330,000 i.u. given to mothers
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before delivery in an effort to produce very high plasma 

levels though succeeded but could not maintain the 

plasma levels in early puerperium. The puerperal values 

decreased unless the supplements were continued (Lund 

and Kimble, 1943).

xaem iThere was no correlation between the toxaemia of 

pregnancy and plasma Vitamin A, even though low values 

might be anticipated because of the li amage common 

in some toxaemias. Plasma Vitamin A could also not be 

correlated with the duration o-f labour.

Considering these various ob Lund and Kimble 

(1943) advocated Vitamin A supplements of 5,000 i.u. of 

Vitamin A daily in the 2nd trimester and 10,000 i.u. in 

the third trimester and they also observed that amounts 

greater than this are not necessary under usual 

conditions. They further suggested that since the 

provitami &  cannot be efficiently converted and 

absorbed, a diet which supplies generous amounts of 

vitamin A itself rather than one which depends 

principally on conversion from carotene is preferable 

(Lund and Kimble, 1943).

Gal and Parkinson in 1974 showed that there was no 

difference in the plasma levels in the three trimesters 

though there was a reduction in the early 5th to 9th
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weeks and after 36th week of pregnancy. They attributed 

their findings to the effect of circulating sex 

hormones. Studies have shown that both plasma

progesterone and estradiol increase during pregnancy

(Bates, 1983).

The initial decrease in the serum Vitamin A content in

early preqnancy could therefore be related to the 

changing site of progesterone production from the corpus 

luteum to the placenta. Similarly the decrease in 

circulating levels of Vitamin A in the final stages of

pregnancy could be related to a decrese in the

c,rculti"9 pro9esterone ^  ced"  —  “ • 
VITAMIN A AND B-CARQTENE IN NON PREGNANT NON LACTATING

WOMEN

Plasma retinol levels vary considerably among apparently 

well-nourished individuals living in industrialised 

countries <Wald et al. 1980). Blood retinol level is

regulated largely by the synthesis of RBP in the liver, 

which is the primary storage site for the retinyl ester 

(Goodman, 1984). Retinol is released into the blood 

only when molecules of both retinol and RBP are 

available. However, the factors that determine

individual blood retinol levels are to a considerable 

extent unclear. Some regulation is likely mediated 

hormonally, inasmuch as males have higher levels than
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■females (Willett et al . 1983) and oral contraceptive

users have higher plasma retinol levels than non users 

(Bamji and Ahmed, 1978).

Walter et al, (1984), administered daily doses of 10,000

i„u. Vitamin A daily to a 

nourished women with marginal p 

a placebo-controlled randomized 

weeks. A significant increase 

the plasma Vitamin A levels.

TRANSFER OF MATERNAL STORES TO 

Large variations in maternal intake of viatmain A affect

milk levels and the transfer of Vitamin A to the young 

to a greater extent, than variations in the size of

maternal liver reserves (Henry et al. 1949). However,

although the transfer rate may be 

maternal reserve over

i ndependent of the

size of the a wide range, the

liver reserves are usually the major contributor to the 

milk and the offspring. This was demonstrated in cows 

by Branstetter et al. (1973) who observed that retinol 

in prefence to retinyl esters is transferred from the 

blood to the milk. Most of the retinol is reesterified 

in the mammary gland and occurs as retinyl esters in 

milk (Bates, 1983). Vahlquist & Nilsson (1979) studied 

the transfer of Vitamin A to the milk of rhesus monkeys 

and concluded that, unless their Vitamin A intake was
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very high, 80 - 90% of the Vitamin in their milk was 

derived from the circulating retinol-RBP complex, the 

remaining 10-20% being transfered from lipoprotein 

complexes of Vitamin A or its esters.

Retinol esterification by isolated mammary glandA
microsomes from lactating rats was demonstrated. This 

further provided evidence that retinyl esters in milk 

are derived from non-esterified retinol in the blood

(Bates, 1983).

The levels of both Vitamin A and of carotenoids are 

substantially higher in colostrum and early milk than 

in mature milk in all species studied. Bates (1983)also 

reported a rise in plasma retinol levels from 

3.4ug/100ml to 15ug/100ml after the first day's 

suckling. In humans, the Vitamin A concentration in 

colostrum is tw<a to five-fold higher than that in mature 

milk (Lesher et al. 1945; Kon & Mawson, 1950) while for 

carotenoids there is at least a five-fold difference. 

The carotenoid pigments present in human milk are, 

however, a relatively poor source of Vitamin A: Bates, 

(1983) showed that a- and B-carotene together 

contributed only 237. of the total pigment, with 

xanthophyll contributing 47/1 lycopene 9% and 

unidentified pigments 217..
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Recommended dietary a11owances ,

The principal criterion used in determining the RBP tor 

Vitamin A is the maintenance ot liver retinol stores. 

This is stipulated at above 10 ug/day tor the 

normotensive storage requirements (ACC SCN News 1990). 

The sate level ot intake ot retinol equivalents tor 

adults was set at 500ug/day tor women and 600ug/day tor 

men.

For infants, pregnant and lactating women respectively, 

the sate levels ot 350,6 00 and 850ug retinol Eq./day 

have been recommended (ACC SC 1990).

Dietary Sources 

The carotenoid pigments are widely distributed in plant 

and animal tissue O  They are characterised by their 

typical red, yellow and orange colors. Many ot them 

have no Vitamin A activity. Therefore the occurrence of 

& pigmented carotenoid in food is not necessarily an

indication of its value as a source of provitamin A. 

Table 2.1 gives the vitamin A and B-carotene content of

a list of food items from the various food groups.

Fruits contain varying but generally low amounts of 

carotenoids. Cereals and cereal foods in general do not 

contain carotenoids or preformed vitamin A. The only 

exception is soyabean which contains traces of carotene.
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Among the vegetable oils, the richest source of 

provitamin A is palm oil (oil extracted from the fruit 

coat of Elacis guineensis). The provitamin A activity 

of the ripe red palm fruits varies from 65,000 to 

113,000 I.U. of provitamin A per lOOg (Goodhart and 

Shills, 1974) between 6,500 and 13,000 I.U for red palm 

oi 1

Preformed vitamin A is found almost lusively in

animals. Human animals concentrate most of the vitamin 

A in the liver where it is stored. Other significant 

pools of vitamin A are found in the kidney, milk, and 

blood plasma (Goodhart and Shills, 197/9).

Milk products and eggs are usually rich sources of 

vitamin A. In skim milk production practically all 

carotenoids and preformed vitamin A have been removedI iu pi

together with the fat.

Among the meats- pork, beef, chicken, lamb, rabbit, 

turkey and veal contain only traces of Vitamin A. Fish 

liver oils are extremely rich sources of vitamin A and 

the vitamin A content varies over a wide range according 

to the species of the fish. The highest values were 

found in red steenbras which contained up to 1,130,000 

i.u of vitamin A per gm oil (Rapsin et al 1945).

48



TABLE 2-1

B-carotene and vi tami n A contents 
consumed i n the tropics

of various foods

FOOD ITEMS/lOOg B-CAROTENE(ug) VITAMIN A (uq)

Tubers, ar

Group 1
Cereal s and Gr a m  Products
Maize (mature) 

white 
yel1ow

Maize (immature) 
yel1ow

Millet (whole)
Sorghum

Group 2.
Starchy Roots,
Banana(ri pe)
Cassava (raw)
Potatoes(raw)
Plantain (ripe) 
Potatoes (irish)
Sweet potatoes 

yel1ow 
deep yellow 

Yam(raw)
Bambara nuts (dried)
r -Group ji
Grains and 1equmes 
Cowpea (whole;, dried) 
Peanut (dried)
Soybean(dri ed)

Group
Nuts and Seeds 
Kernel (cocoplum sp-) 
Ginger bread plum

70
15
55

385
210

Group 5
Vegetables and veqetable products 
Amaranth (raw) 5716
Cabbage Chi nese(raw)
(Brassica sinnesis) 2280
Baobab leaves (dried) 9710
Cabbage(common) 100
Carrots(raw) 5480
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Cassava leaves(raw) 11,77^ 
(bitter>
Cotfee leaves(dried) 2360) 
Cowpea immature seeds 150

leaves raw 
Hares 1ettuce(raw)

(1 eaves)
Okra (raw)
Peanut (groundnut)
<1 eaves)
Peppers (hot)(raw) 

red raw 
dr i ed

? sweet raw 
? immature

dried
Pumpkin(raw)
Sweet potatoes 
Cocoyam 
Tomatoes (raw) 
ripe who1e 360—700

7770

1430 
185

330
7140
14250

180
2840

3565— 3600 
2290- 7050 

1800

< ir

Group 6 
Frui ts 
Atrican 
Aprlcot 
Avocado 
Bush mango 
Cashew(raw > 
Date(raw) 
Grape 
Guava 
Mango 
Orange 
Palm oi1 (

locust bean
a
4

iS
310 
760 
145
50 

290 
3200 
250 

6150
ra£y 42420-168800 -

Pawpaw(raw) 950 -
Watermelon 250 —

Group 7.
Meat- Poultry and Insects
Liver -beef 180 810
Eggs -raw 300 350
Fish Tiger-raw 550 2465
Cheese 1 70 -
Milk whole 345 400
Cow milk 630 625

Group 8
Oils
Butter 545 630



1060 
3050

Others
Chili
Vinegar

SOURCE:FAO. United Nation (1968). Food composition table 
■for use in Africa complied by Woot—Tsu.en Wu Leung. U.S. 
Department of Health, Education and Welfare Public 
Health Service.
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H A P T H R

M A T E R I A L S  AND M E T H O D S

SUBJECTS

The study was carried out in three phasea T
1) A cross-sectional (CS) study of pregnant women which

involved the study of 171 pregnant women recruited 

during the three trimesters of pregnancy and 35 non

pregnant non lactating (NF'NL) proli ferative phase

of their cycle-

2) Vitamin A absorption test carried out on 10 NPNL 

women and 30 pregnant women also from the different 

trimesters of pregnancy.

3> A longitudinal study of the effect of oral vitamin A 

supplementation carried out on 28 pregnant women from 

the 14th week of pregnancy to the 6th week post partum.

SECTIONAL CRITERIA

All subjects were seen by a physician at the begining
,of the study. Medical history and clinical examination 

were carried out on each subject. Furthermore 

biochemical indices such as Packed cell volume (PCV), 

Liver function test (LFT), urinalysis were also 

carried out on each patient at admission. This was
necessary in order to exclude those patients with



abnormally low PCV and abnormal LFTs. Subjects were 

admitted into the study based on the -following criteria:

1) Absence of any respiratory, cardiovascular,

hepatic diseases, and other systematic diseases

of the 

of her

participation were carefully enumerated and the need for 

cooperati on and comp1i ance i n the ex©cuti on of the study 

was explained- Ethical commi.tft.ee approval was obtained

associ ated wi th precjnancy were al so exc 1 uded ,

2) Informed consent of the subjects.

□ n a d m i s s i o n e a c h s u b j e c t s h a d t h e 

study explained in detail to her. The detail1

b e f o r e t h e c o m m e n c e m e nen thi' s t u d y -

At admission each subject was required to complete a 

questionnaire on her personal, educational, vocational, 

and nutr i t i onal^tatus  ̂Appendi x 11).
Q yA rAt thiis initial stage the physical measurements of 

weight, height, and blood pressure were taken by the 

observer.

CROSS-SECTIONAL STUDY

he subjects in this phase were recruited from both the

Uninversity College and Adeoyo hospitals, Ibadan. They

were seen on every antenatal clinic day for a period of 

nine months. The subjects were classified into five 

soci o economic groups usi ng i ncome, education and



o c c u p a t ion based o n a m o d i f i e d rri e t h o d o f
Tay1 or and Akande (1975). Fast i ng bi ood samp1es were 

coll ected f rorn each sub j ect i n thi s study group i n the 
morning between 8 a.m. and 9 a.m. -from the ante cubital 

vein into heparinized and E.D.T.A. bottles- These 

samples were kept in black polyethylene bags in a 

refridgderator for 2hrs on each occassion. This was to 

prevent light penetration and destruction of the Vitamin 

A content of the samples. The blood samples were 

separated and plasma samples were then stored frozen at

: 0u un t i1 analyzed

RELATIVE DOSE RESPONSE

: h eVlst lid y sp an i\ e 

ad mi

(RPR)

ed a period of 5 weeks.This phase of tl 

40 subjects were admitted and were selected from the 

University College Hospital, Ibadan- The subjects 

coftipri sed non pregnant nan-1actating women and 30

pregnant women. The non pregnant non—1actating women

were normally cycling women studied in the proliferative 

phase of their cycle- The pregnant subjects were

cruited from the ante natal clinic of the department

of Obstetrics and Gynaecology, Ibadan- The

control subjects were healthy staff members of the 

U.C-H, Ibadan.

Three subj ect s at a t i me wer e admi 11ed into the

Metabolic Research Unit early in the morning on the day 

of the study after an overnight test for a period of



5hr s. They were put in the recumbent position on

arrival at the Metabolic Research Unit- An indwelling 

canula was inserted in the ante cubital vein, which was 

kept patent with normal saline infusion. Blood was drawn 

at -15 and 0 minutes after which 450ug Vitamin A in oil 

was fed to each subjects. Blood samples were taken

after 5 hrs of the dosing. The relative dose response

was calculated from the following formulas A5 - A0/A5 X 

100 where AO is the fasting plasma Vitamin A, 

second specimen taken after 5 hr

h5 - a

LONGITUDINAL STUDY < L .S.>_  -
A total of fifty two pregnant subjects in the first half 

of the second trimester were recruited into this phase 

of the study. This period was chosen because of the 

supposed teratogenic effects of large doses of vitamin A 

in early pregnancy during ceil differentiation. The 

study 1ast^ &  or a per i od of 18 mon t h s.

The subjects were divided into two groups and were seen 

fr :he 14th week of pregnancy and every 7 weeks

thereafter until 6 weeks after delivery. The two groups 

were matched for Age, parity, and weight. They were 

required to have plasma Vitamin A level < 30 ug/dl and 

normal liver function tests. 7,000 IU (2000 ug> of 

Vitamin A in oil or lactose prepared in gelatin capsule 

was given to the supplemented and the placebo groups



respectively- The study was single blinded and the 

subjects were not given any dietary advice. They were 

however instructed not to take any other multivitamin 

preparations apart from folic acid and fersolate.

Blood samples were obtained from each subjects at every 

appointed visit, immediately after delivery and 6 weeks 

after delivery- Cord blood samples wer& also obtained 

at delivery. The subjects were informed to report any 

symptoms experienced during the study^:<er i od.

Only 29 subjects and controls concluded the study but 

the results of 28 (14 in each group> were computed.

Weighed food samples (breakfast, lunch. supper) were

collected from ecj^^j^sub j ec t in their various homes 

during the study period. Samples of each food item for 

each meal were collected as eaten and stored frozen at - 

20oC until analyzed-

24 hour dietary recall was also carried out on each
v Vvisit to ensure that the dietary pattern of the subjects 

was not altered significantly during the weighed dietary 

procedures.
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3.1 ANALYSIS OF SAMPLES

1■ SERUM

B-carotene and Vi tami n A
The procedure is a modification of the methods of Kimble 

(1939) and Kaser and Stekol (194(3) except that 

Trif1oroacetic Acid (TFA) is substituted for SBC13

5 *(Neeld and Pearson, 1963)

The principle of this method involves the reaction of 

,,-electrons in the conjugated double bonds of Vitamin A

with trifluoroacetic acid tq^jhrm a chemical compound 

with a blue colour.
$

Procedure for B-carotene arid Vi tami n A

1ml of serum was transferred in duplicate into 16 x 25 

mm glass stoppered test tubes. With mixing 2ml of 

absolute ethanol/ascorbic acid in water lOOg/1 was added 

followed by 3. Ihl of petroleum ether (boiling range 30 to 

40°C). Ascorbic acid was used to prevent the oxidation 

of Vitamin A during the extraction process (Driskell et 

The mixture was stoppered and shaken 

lutes to insure complete extraction 

of carotene and Vitamin A. The tubes were centrifuged 

slowly for three minutes. 2ml of the petroleum ether 

(upper) 1ayer was pipetted into a Coleman 75 x 100 mm 

cuvette. The cuvette was stoppered immediately and the

F V*fe

a1 * 1985). The mix1

vigorously for two mint
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carotene was read immediately at 450mu against a 

petroleum ether blank in the Coleman Jr. 

spectrophotometer. The cuvette was removed and the 

petroleum ether was evaporated to dryness in 40°C water 

bath. The residue was taken up immediately in 0.iml of 

chloroform. The Coleman Spectrophotometer 

620nm and set to zero optical density 

consisting of 0.1ml of chloroform and 1.0 TFA reagent 

The sample cuvette was placed in the spectrophotometer, 

and 1.0ml of TFA reagent added and the reading was taken 

at exactly 30 seconds after addition of the reagent.

B-carotene 

St an d ar di z at i on 

The B-carotene working standards obtained were run seven 

times. The inter assay coefficients of variation <CV) 

for B-carotene standards at 0.5, 1.0, 2.0, 3.0 and

4.Oug/ml were 9.7, 2.6, 0.7, 1.4 and 1.4 respectively.

Two separate control plasma were also run and the intra 

assay coefficients of variation for B-carotene were 5.5 

and 4.4 while the inter assay CV for B-carotene were 5.2 

and 4.1

Standard curves and calculations

The B-carotene intermediate standard was weighed and 

diluted with petroleum ether to given solutions
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containing 0.5,, 1-0, 2-0, 3-0 and 4.0ug of B-carotene/ml 

respectively. The optical densities of these solutions 

were read at 450nm against a petroleum ether blank and a 

standard curve plotted <fig.3i.l). The F value was 

calculated based on the following formulas

F- ug carotene/ml 

optical density 

The F value obtained was 6.4 as comapred to 5.0 in the 

literature (Neeld and Pearson, I960). B-carotene

concentration (uq/ml) was plotted against the

absorbance.

Since B-carotene also reacts with TFA reagent to produce 

the typical blue colour it would normally produce with 

Vitamin A, carotene standards were run to permit 

calculations of a correction factor. For the purpose of 

calculation the carotene correction factor (cf) for the 

Vi tami n procedure was carried out. 4.0, 8.0,

lO.Oug/ml of B-carotene was prepared and 2.0ml of each 

of B-carotene standards was treated as a sample, 

beginning with the evaporation step of the Vitamin A 

procedure. The average ratio of absorbance at 

620nm/concentration of B-carotene (in ug/ml) was then 

calculated and used in the compilation of the B-carotene

corrected factor CF.
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FIG,3.1
B-CAROTENE SYANDARD CURVE



CALCULATION
B-carotene

where

3.0 = volume petroleum ether cont
■from 1.0 ml of serum after extrac

©-carotene

©-carotene per ml of sample was obtained from the 

standard curve and the following calculations were 

carried outs
no ©-carotene/100ml serum - ug ©-carotene/m1 x 3.0 x 100

taming the 
t i on

100 = concentration factor ug/ml to^AO^lOOml 

Vi t ami n A
oXStandardi zati on

The Vitamin A working standards were run seven times. 

The inter assay coefficients of variation <CV) for 

Vitamin A at 4, 8, 12 and 16ug/ml were 9.1, 3.3, 1.6,

and 1.5 respectively.

Two separate control pooled plasma samples were run and

the mean„ Q r a and inter assay coefficients of variation

for Vitamin A were calculated using the following 

formula: 3.D X 100

MEAN

The intra assay C.V were 4.4 and 4.1 while the inter 

assay C.V. were 5.7 and 5.2.

Vitamin A standards were weighed and diluted to give
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solutions containing 4.0, 8.0, 12.0 and 16-Oug/ml of

assay 1 1 on:

Vitamin A. Standard curve was prepared (fig.3.2) by 

pipetting 0.1ml aliquots of these standards into the 

cuvette and reacted with TFA reagent. In the literature 

the F value was 4.99 while 4.44 was obtained from this 

calculated by

ug vi tami n A/tube 

optical densi ty

From the foregoing calculations Vand the volume of 

reagents used, the amount of Vitamin A in the sample 

were calculated.

t h e quat

F=

Fror accurate calculation af the Vitamin A content, it is

necessary to correct the absorbance by carotene at 
o20nms

i ==A2 (X A 1 )

where

A1 - absorbance c:jf carotenie

A 2 - absorbance at 620nm d u
Vitamin A

A3 - absorbance at 620nm of
absorbance <:ontri buted

(corrected for

CF~ factor which converts the carotene absorbance at 
430 nm into the equivalent absorbance at 620 nm in the 
col or reaction.

CF—A6.20 of Carotene using Vitamin A procedure 

A430 of petroleum ether solution of carotene

ug V i t am in A (free alcohol)/! 00m .1
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A620 retinyl acetate standard 
where

= A3 x ug r et i noi standard/cuvet
X - X 100 X 0-872o

3 ~ volume of the petroleum ether extract of 1.0ml

serum.

2- aliquot of the petroleum ether extract used for the

assay-

100-convertion of ug ret̂tinol/ml to ret i nol/1OOml.

f retinol to0.872- ratio of molecular mass of Fetinol to molecular 

mass of retinyl acetate. Thu is factor corrects for

the use of retinyl acet a t Q  nstead of retinol as the

The method employed is the modification of that of 

Doumas and Biggs (1975) optimised for Sigma Catalog No
• v625 2. The principle of the method involves the

reaction^ of human serum albumin specifically with
i V >

bromocresol purple (BCP) to form a stable blue purple 

color complex with an absorption maximum at 600nm. The 

intensity of the colour is proportional to the serum 
a1burni n concent rati on i n t he samp1e.

Procedure

1 ml of Albumin reagent (BCP) was added to tubes 

labelled blank, standard and test. To standard, test, 

an d h 1 an k 0. 01 rn 1 Alb urn in standard, ser um, and saline



A620 retinyl acetate standard 
where

= A3 x ug retinol standard/cuvet
X 100 X 0-872

3 ~ volume of the petroleum ether extract of 1.0ml

serum.
a2- aliquot o-f the petroleum ether extract used -for the

assay.

: used -f 

/ ■100-convert i on of ug reti nol/ml to ceti nol/1OOml.ret:

0.872- ratio of molecular mass £)f retinol to molecular
■mass of retinyl acetate. Thus this factor corrects tor

the use o-f retinyl acetat^ Instead of retinol as the

standard.

Albumin

The method employed is the modification of that of 

Doumas and Biggs (1975) optimised for Sigma Catalog No 

625 2. The principle of the method involves the

reaction of human serum albumin specifically with
▼ ■

bromocresol purple (BCP) to form a stable blue purple 

color complex with an absorption maximum at 600nm. The 

intensity of the? colour is proportional to the serum 
albumin concentration in the sample.

Procedure

1 ml of Albumin reagent (BCP) was added to tubes 

labelled blank, standard and test- To standard, test, 

and blank 0.01 ml Albumin standard, serum, and saline
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w e r e a d d e d r e s p e c:: t i v e 1 y . T h e s o i u t i o n s w e r e m i x e d 

together and the absorbance of standard and test read 

a q a;!. n s 1 t h e b 1 a n k a t 6 0 0 m m »

CALC U LAI. IONS
A1 b u rn i n r:; o n c e n t r a t. i o n (g / d 1 > o f s a m pie —

A Test x canc en t r at i on of stangar d

A E>td

l y:r.E±,iriReting 1 bi ndi nq protei n , and transth^

The method employed in the analysis of serum retinol 

binding protein, and transthyretin was a modification of

t h e radi al immunodiffusion procedure described by

:omm<Mancinni (1965)- The Commercial plates used were
N Xobtai ned from Cal bi ochem Behr i nq Corp - „ La j ol 1 a, Cal i f -

&Procedyre 

The contro 1 serum for 
ntuV

the different parti gens was

i ntroduced intcV well 1 and serum samples into wells 2-12

of the different plates (fiq- 3-3)-

Aft^K a diffusion period of 2 days the diameters of the

prat̂ i pi tst.es were measured to an accuracy of 0.1mm using 

the measuring template.

The concentration corresponding to the precipitate ring

d i ameters measured were read from the tabl e of

calibrat i on values- The accuracy of the result was
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FIG. 3-3
RADIAL IMMUNODIFFUSION PLATE SHOWING CIRCLES 
OF ANTIGEN-ANTIBODY REACTION TO DETERMINE SERUM 
RETINOL BINDING PROTEIN AND TRANSTHYRETIN.

C.:> is



checked by means of control serum for Nor—partigen and

the batch-dependent precipitate ring diameter was within 

t he conf i denc e r ange < D = +0.3mm).

it 25'Standards for each parameter were prepared at y!5%, 507.,

75%,

and p 1 o t  t  ed ( f  i g s « 3 - 4 and 3« 5) « T h e ^ v a l  lies f  o r  t  he

a n d 10 0 % c o n c e n t r a t i o n s » T h e D v a 1 u e s w e r e r e a d

t w a parameters,

samp 1 es wer e r ead of f the ca 1 i br at i on jcur ves f or t he

•jFANALYSIS OF FOOD SAMPLES

Each food sample was driei ed i nD an oven at 60 C for 72

h o u r s u n t i 1 a c o n s t a n t w#i|jhtt was obtained- Each samp1e

was then analysed for lipid, nitrogen, calorie, B~~ 

c a r cj t e n e a n d V i t a m i n A

!
IQIAl l i p i d

The method emp1oyed was the ether ex tract i on method»

The principle? of the method is based on the fact that 

n o n - p m r  components of samples are easily extracted 

into organic solvents-

Procedure

A s cd x h let a p p a r a t u s e x t r a c t o r w i t hi a r e f 1 u x c cd n d e n s e r 

and a round bottom flask was set up- 5g of each dried 

food sample was weighed into an oven dried fat-free 

extraction thimble of a known weight (Wl). The thimble 

was placed in the extractor and petroleum ether (BP- 40



FIG. 3 -4  ■

RETINOL BINDING PROTEIN.
Standard Curve.
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checked by means of control serum for Nor-partigen and 

the batch-dependent precipitate ring diameter was within 

the confidence range CD — +0.3mm).

Standards for each parameter were prepared at 257-, 50/-,

75%, and 1007. cone eritr at i ons. The D values were read
and p1otted (fig s. 3.4 and 3.5). 7he va1uesVor t he
samp1es wer e read off the ca11 br at ion curves for t h e
two par ameters.

3.3 ANALYSIS OF FOOD SAMPLES 

Each food sample was dried in an 

hours until a constant weight was 

was then analysed for lipid, 

carotene and Vita

TOTAL LIPID

obtained. Each sample

nitrogen, calorie, B~

The method employed was the ether extraction method.

The principle of the method is based on the fact that 

non-polar components of samples are easily extracted 

into or . c solvents.

soxhi et 

and a roun 

food sampl 

ex tract ion 

was placed

apparatus extractor with a reflux condenser 

d bottom flask was set up. 5g of each dried 

e was weighed into an oven dried fat-free 

thimble of a known weight <W1). The thimble 

in the extractor and petroleum ether (BP. 40
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- 60°C) was tilled halt way through. The condenser was 

then replaced, the connecting joints tightly tixed, the 

extractor was placed on the heater. The source ot heat 

was adjusted to allow the solvent boil over gently and 

lett to siphon until the barrel in the extractor was 

empty. The condenser was detached and the thimble was 

removed * placed in a -fat-free dry beaker and dried in

Cal cal at i ons

Wt of fat in the sample

the oven at 50° to a constant weight 

Weight of extracted samp1e

k ? *

■ 6 '

wei9ht ot ^ 0 ?W2 - W3 

W2 - W1
100

TOTAL PROTEIN

The method employed was the modified Kjeldahl method 

(A.O.A.C. 1977)

Principle

The principle of the method involved the reduction of 

organic nitrogen to ammonium sulphate and carbon* The 

carbon is then oxidised to carbon dioxide while the 

ammonium sulphate is distilled to produce ammonia which 

is then reacted with NaOH.
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Procedure

liacro-K j el dahl

2g dry sample was weighed into a macro-Kjeldahl flask 

together with 6 glass beads, 1 tablet each of Cu, Se, 

and Sodium Sulphate, and 40ml concentrated sulphuric 

acid- This was digested on low heat for 30 min, then on 

medium heat for the next 30 min, and finally on full 

heat until digested- Frothing was prevented by using 

low heat to start the digestion process. The heat was 

maintained just below boiling point for 45 min after the 

digest has been cleared- The sample was cooled and 

diluted to a total volum e of 50ml after cooling to room 

temperature, sample ansferred into a 100ml
3 >'volumetric flask and made up to volume. 20ml aliquots 

was distilled using Markham distillation procedure. 

0.1ml HC1 was employed in the receiving flask to trap 

the- liberated ammonia. The distillate was mixed with 20 

parts methyl red and then titrated with 0.1 NaOH.

Calculati on

The Nitrogen content of the sample was calculated 

in percentage based on the dilution factor: 

lml 0. 1M HC1 «= 1ml 0. 1M NaOH

lml 0.1 NHrr = 1.4 mg M

Total protein <mg> = Volume of acid neutralized by

titration x 1.4 factor
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7. protein (dry matter) mg protein
mg sample

X 100

Recovery
Standard ammonium solution was dried in an oven at 105° 
overnight. A 27. solution of ammonium sulphate was 
prepared and 2 ml of it was treated like the sample. 
The percentage nitrogen recovery was cal culated. The
recovery in this case was 96.8%.

v\>ENERGY
The calorie content of the food samples was analyzed 
using the Bomb Calorimetry method.

Procedure
The dried food samples were thoroughly mixed before 
weighing to ensure a homogenous and representative 
sample. 0.5g of the dried food sample was weighed on a 
balance into a dry labeled crucibles of known weights. 
0.5 of benzoic acid was used as the standard and put 
into another crucible while an empty crucible was used 
for blank reading.

the crucibles weretplaced on the pillar of the base of 
the bomb calorimetry one after another and a length of 5 
centimetre serving thread that was supplied with the 
apparatus was inserted between the coils of the platinum
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wire and the other end was dipped into the centre of the 

sample in the crucible. Same cotton length was used for 

all the samples standard and blank. The bomb 

cal orimetre was then lowered and locked by rotating it 

for the thread to engage firmly- The thermo couple was 

plugged into the hole and the bomb body and the valve on 

the bomb calorimetre was closed while the inlet on the

front panel of the control box was opened by 1/4 turn. 

The pressure was allowed to rise to 25 atmosphere by 

opening the oxygen cylinder for about 20 seconds and the 

valve was then closed and the cylinder locked. It is

i s enouassumed that the pressure i iough to ensure adequate

combustion of any biological materials. By means of the 

Calvo Zoro Knobs of the control box the light spot index 

of the galvanometre was brought to zero and the firing 

button of the bomb was then released.

Maximum deflection of the galvanometre was recorded 

after each bombing. The used gas was then released from 

the bomb by opening the pressure release valve at the 

right side of the base of the bomb. The body of the 

bomb was released and placed in cold water to cool so 

that heat is not transferred to the next sample bombed. 

After cooling, the body of the bomb was then wiped with 

a clean piece of cloth and the next sample treated as
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Calculati on

E value of benzoic acid standard = 0.596 KCal/0.58

E value of food = Kcal/0.58
Correcting for standard X * 0.596

B^Carotene and Vi tamin A

50mg of each powdered food sample was homogenized with
G*lipids was carried2ml of water. Saponification of the lipids w« 

out using 4ml ethanol ic potash <lml 50'/. salt solution
Q yand 3m1 ethanol) for 10 min. Vitamin A was extracted

from the unsaponifiable fraction with diethyl ether and 

washed with water by adding anhydrous sodium sulphate 

and the clear yellow colour was measured

spectrophotometr i cal 1 y at 45t>nm for its carotene

content. Aliquots (4ml) were dried in the water bath at 

37°C;I they were dissolved in 0.1 chloroform and 

trifluoroacetig acid was added for the development of 

the Vitamin A colour complex which was read at 620nm.

ug B-carotene (per 100ml)

mg of tissue used

g Vitamin A (per 100ml) 

mg of tissue used

« ug B~ carotene per mg of 
tissue

« ug Vitamin A per mg of 
tissue
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STATISTICAL ANALYSIS
All data collected were fed into an IBM compatible 
personal computer and analysed using the Oxstat and 
packages. Mean +/- Standard deviations, Unpaired t-test, 
paired t-test, Analysis of variance, Pearson’s 
correlation and Regression methods of data analysis were 
employed as appropriate.

&

< r
o r
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C H A P T E R F O U R

R E S U L I S

This study was carried out in three phases and the 
results will be presented as such under the following 
headings:
1) Cross Sectional study (C S S>
2) Relative Dose Response Test (R D R 
3> Longitudianl Study <L S)

All the subjects investigated in this study were made up 
of healthy pregnant women in the three trimesters of 
pregnancy while their healthy controls were non 
pregnant non lactating (NF'NL) women in the
prol i-ferati ve phase of the menstrual cycle.

CROSS-SECTIONAL STUDY: A CASE STUDY OF 206 SUBJECTS AND
CONTROLS.

171 pregnant subjects and 35 <NPNL) controls were 
studied in this phase. The subjects were classified into 
three groups (according to the gestational age) into 
trimesters 1, 2 and 3 with 22, 88 and 61 subjects
respecti vely.

The ages of the subjecys and the controls ranged between 
18 and 47 years and 21 and 48 years resspectively. Table 
1 shows tthe mean +/- S.D of the ages. The age
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distribution of the subjects and the controls within the
different age range is shown in Table 2.

Parity for the subjects and the controls ranged between
0  a n d  8 . T h e  m e a n s  + / - S . D  a r e  s h o w n  i n T a b l e  1 .

T A B L E  1
4

M e a n < + / “  S E M )  a q e a n d  p a r i t y  o f s u b j  e c t s
a n d  c o n t r o l s

P A R I T Y
< y r s >

N A G E

c 2 9 . 4 6 + / - 1 . 1 7 + / -
7 . 5 1 . 4 8

T 1 2 2 2 6 . 9 5 + / - 1 . 4 0 + / -

7̂ T
1 /~l •“*} 1 • JLjL

T 2 8 8 2 7 . 0 2 + / -

oT6 4
1 . 6 5 + /  — 
1 . 3

T 3 6 1 2 7 . 7 5 + / - 1 . 9 2 + / -

T 1 
T2 
T3

6.4 1.59

1st Trimester 
2nd "
3rd "

----------- A - ------------------------------------------

From the analysis of the questionaire, the subjects and
the controls were further classified into the different
socioeconomic classes based on profession, educational 
attainment and income using the method by, Table 3 shows 
the different classes in each group. The husbands of the 
subjects and the controls were traders (both petty and 
large scale), carpenters, farmers, teachers, medical
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Age di stribution of the subjects and the controls in the
cross-sectional study.

TABLE 2

Subjects controls
Age range T1 T2 T3 c
13-24 9 34 2-3 14
25-31 10 37 n n 9
32-33 1 11 13 3
39-45 1 6

3 sQ 3
46-51 1 - i

T1 - 1st trimester of pregnancy 
T2 - 2nd " " '
T3 - 3rd " " '
C - Controls___________  f > ......... ................

practitioners, architects, administrators, and civil 
servants of various caders. The women on the other hand 
were engaged in various profit making activities such as 
those of the men but majority were teachers, civil servants 
and petty traders.

, < rDIET
The analysis of the dietary patterns and habits of the 
subjects and the controls revealed that 547. of the study 
population consumed 3 meals per day and all of these 
belonged to the social classes one to three. 30% ate 
twice and the remaining 137. once daily. The reasons
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given for this attitude varied and it ranged from lack 
of fund to such symptoms as nausea. Table 4 shows the 
various reasons given for missed meals. A 1ist of B- 
carotene and vitamin A rich foods and the consumption 
pattern is given in Table 5.

TABLE 3
Soci o-economi c c1assi f i cati on of sub jects and
controls in the cross sectional study

CLASS SUBJECTS CONTROLS
T1 T3 C

1 5
a j r

11 6
2 V  20 14 6
3
4

3 V  
&

V
19
22

9
11

10
6

5
< 0

22
17 16 7

Total as 61 35
Class 1- Acadaemic professionals, senior administrators, 
proprietors.
Class J — Non academic professionals. Nurses, Secretaries 
and Teachers.
Class 3- Non manual skilled workers, Clerks, Typists, 
Police officers.
Class 4- Manual skilled workers, Drivers, Carpenters, 
Goldsmith.
Class 5- Semi-skilled (unskilled workers) labourers, 
small-scale farmers.
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TABLE 4
The reasons qiven for mi ssed 

women.
meals by

Reasons Number
Lack of fund 72
Lack of time 105
Nausea 44
Loss of appetite 41
Other illnesses
Weight reduction 20

A list of B-carotene_ and Vit 
consumption pattern.

amin A rich foods and their

7.T2 T3 C
N C^2 88 61 35

Food ite
y $ f

Palm oi1 20 76 56 32 86
Carrots 12 28 17 16 37
Mangoes 14 52 33 22 58.5
Liver 3 10 6 9 14
Milk 11 39 25 11 41.7
Eggs 14 32 23 8 37.4
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The consumption of B-carotene rich foods was highest for
red palm oil followed by mangoes and lastly carrots. The 
intake of vitamin A containing foods on the other hand 
was highest for milk followed by eggs with liver coming
1 ast.

than86% of the total population used red palm oil more 
four times a week, whilst only 147. consumed any form of
liver once a week. 37% took carrot£ d 58.57. had
mangoes twice a week,

Analysis of the vitamin A deficiency signs and symptoms 
showed that 6(3.5%) subje and 2(5.7)controls had 
night blindness. 01d corne ’al scars were observed in
23 <117.) of the total population.

aBLOOD AND PLASMA
The mean 
Vi tamin

packed

A>

cel 1 
and

volume (PCV)9 B-carotene (BC)* 
albumin (ALB) values +/— SD for

the subiects and the controls are shown in Table 6.

The pev values for the controls ranged between 327. and 
40% while those of the subjects was between 28% and 38%. 
Fig. 4.1 shows the pattern in the subjects and the 
controls. 2% of the subjects in the 3rd trimester of 
pregnancy had PCV levels less than 30%. Analysis of

r. '

variance as shown in Table 7 revealed that the subjects 
in the different trimesters had lower plasma values than
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& Controls in the Cross-Sectional Study*
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the controls <P< 0.01). The F'CV of the subjects 
decreased as pregnancy progressed (P < 0.05) despite the 
purported regular in take of folic acid and ferrous 
sulphate in 327. of the subjects throughout pregnancy.

TABLE 6
Mean packed cel 1 vol ume (F'CV) vi tami n A 
carotene (BC) and albumin (ALB) of the s 

controls i n the cross sectional study
A) B-

cts and

N

C 
T1 

T2 
T3

88

61

F'CV
C/.)

34.6+/-
1.8
33.1+/- 
1.6

32.5+/- 
1.8

31.9+/-
1.7

A ALB
( u g ’/.)N (gm7.)
VITABC

(ug7.) _
73.6+/- 29.0+/-
16.89 4.25
71.5+/- 29.71+/-
17.1 7.44
70.0+/- 25.37+/-
16.7 5.61
70.8+/- 23.11+/-
17.0 6.1

3.6+/— 
0 . 3

3 .5+/—
0 . 3
3 .4+/- 
0 .4
3 .3+/-
0 .4

T1 - 1st trimester of pregnancy T2 - 2nd
T3 - 
C
.ii — ĵ na
3 - 3rd " "
: - Controls.

C —

The F'CV values were observed to be significantly 
correlated with plasma albumin levels in the subjects 
and the controls (P< 0.05; r > 0.5). Analysis of 
variance of the F'CV values showed no difference within 
the subjects and between the subjects and the controls.

B-carotene levels 
both the subjects 
mean +/- S.D while

were between 45 ug'/i and 120 ug7. for 
and the controls. Table 6 shows the 
Fig. 4.2 shows the pattern of plasma
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B-carotene levels in the subjects and the controls. Only
2% of the total population had B-carotene levels less 
than 50ug/dl.

The mean plasma vitamin A levels ranged from 19.lug to

those of the controls. The level of plasma vitamin A 
decreased as pregnancy progressed in the subjects (P < 
0.01) Fig.4.3. Plasma v ‘ ' A levels were observed
to be significantly co :ed with plasma albumin
levels (r > 0.5; P < 0.05).

Further analysis o > data showed that only 1 (0.5%)
of the total population had plasma vitamin A less than

?ster had plasma vitamin A levels between 10 
and 19.6ug/dl. 60.2% of the pregnant subjects had plasma 
vitamin A levels between 20 and 29ug/dl majority of 
which belonged to the 3rd trimester of pregnancy. The 
cut off levels used are based on the WHO criteria for 
identifying both clinical and subclinical vitamin A

41.9ug/dl for the controls and 9.1 to 52.3 for the
subjects. The controls had vitamin A levels
those of the subjects <P< 0.01) except foi
in the first trimester who had vlaues

lOug/dl and she belonged to the 3rd trimester of
(11.7%) had values in the range of 10

The latter group belonged to the 2nd and 3rd
of pregnancy. 14 (23.3%) of the subjects in
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in 
A 

ug
/cH

.

Mean Plasma Vitamin A Value
of Subjects

and controls in "the Cross-Sectional s tudy
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deficiency in any population.

Plasma albumin levels ranged between 2.9 and 4.2g/dl in 

the controls while in the pregnant subjects it was 2.2 

to 4.0g/dl. The mean +/--S.D are shown in Table 6. Plasma 

albumin levels were significantly higher in the controls 

than the subjects <P< 0.01) and the values decreased as 

pregnancy progressed <P< 0.05). Plasma albumin levels 

were significantly correlated with vitamin A in both the 

subjects and the controls <F‘< 0.05; >0.5). 47"/. of the

pregnant subjects had plasma albumin levels lower than 

3.5g/dl 

the subjects.

Fig.4.4. shows the levels in the controls and

&

87



TABLE 7

Anal vsi s o-f variance between control s and subjects and 
wi thin subjects i n each trimester.

PARAMETERS CALCULATED TABULAR
TESTED F VALUE F VALUE

Wei ght

C vs S 6. 82 2.68

Bet S 6.38 3.07

F'CV

C vs S 

Bet S 

BC

C vs S 

Bet S 

VIT A 

C vs S 

Bet S 

ALB

C vs S

LEVEL OF 
SIGNIFICANCE

O. 01 

0.01

21.53
3.71

0.97

0.78

A

2.68

07
2.4

X .c

2 .68

3.07

Bet S

•V

0. 01
0.05

N.S
N.S

3.53 2.68 0.01

2.56 3.07 0.01

6.57 2.68 0. 01

3. 98 3.07 0.05

N.S — Not significant at P < 0.05
C - Non pregnant non lactating mothers
S - Pregnant subjects in the different trimesters
F’CV - Packed cell volume
B-C - B-carotene
VITA“ Vitamin A
vs ~ versus.
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RELATIVE DOSE RESPONSE TEST
Vitamin A status of women was determined using fasting 

plasma vitamin A levels and relative dose response <RDR) 

procedure. The RDR was calculated by obtaining a fasting 

vitamin A level (AO), feeding 450ug retinol equivalent 

and obtaining a second specimen after 5hr <A5> . The RDR 

was calculated as RDR = A5 - AO/ A5 X 100.

Table 8 shows the mean +/- S.D o-f the ages, weight,

height, basal plasma vitamin A, RDR values of the
v  \ /subjects and the controls.

The RDR values of the subjects revealed that 4 (13.37)

of the 30 subjects studied had RDR greater than 207. 

and all of these had basal plasma values less than 

20ug/dl. Three out of the four subjects belonged to the 

3rd trimestery while the remaining one belonged to the 

1st trimester of pregnancy. 12 subjects had basal 

plasma vitamin ft levels between 21 and 29 ug/dl. Out of 

these 2(16.77) had RDR >207. The two subjects were in 

the 3rd trimester of pregnancy. The remaining 14 

subjects who had plasma vitamin A >30ug/dl also had RDR 

values < 20ug/dl. In the control group none of tahe 

subjects had RDR > 207.
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TABLE 8

Mean age weight hei ght basal piasma vitamin A and 
val Lies of pregnant sub jects and the NF'NL control s.

N AGE WT HT BASAL RDR

C 10 30.2+/- 57.5+/- 155.6+/- 28.6+/- 15.2+/
2.9 4.0

T1 lO ’9.7+/- 59.2+/- 156.7+/- 27
4.: 4.4 4.0

T2 10 28.9+/- 63.7+/- 156.9+/- 26 16.1+/

‘ 5:1
<2.0+/- \ 4 .

. y  3
w V

4.8
8+/
7

3. 4 4.0 4.7

T3 10 29.1+/- 67.6+/- 157.4+/- 23.3+/- 19.4+/
4.0 2 . 8

.4+/- 23.:

.0 3.!

WT

HT

- Weight

- Height

RDR - Relative dose response

T1 - 1st trimester of pregnancy
T2 - 2nd

T3 - 3rd

~ Non pregnant non lactating controls

4.0

RDR
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LONGITUDINAL STUDY: VITAMIN A*. SINGLE BLIND PLACEBO- 
CONTROLLED STUDY OF ITS SUPPLEMENTATION EFFECT ON 
HEALTHY PREGNANT NIGERIAN WOMEN

29 pregnant subjects and controls with normal liver 

function tests were carried to the end of the study 

bringing the drop out to 23 (44.27.). 15 subjects and 14 

controls were taken through the study but a report will 

be presented on 28 (14 subjects and 14 controls).

The controls were the placebo group wh he subjects 
were the treated group fed 7,000ita vitamin A in oil 

daily from the 14th week of pregnancy to 6weeks post 

partum. They were properly matched for age, age of

pregnancy, parity, weight, h _it. (table 9 shows the 

means +-/-S.D). Blood samples were obtained from each

before supp1ementaiton until 6weeks post partum and also 

from their babies at paturition. They were bled six 

times durinrCj'the course of the study. The 1st and the 

2nd bleeds represented the 1st and the 2nd halves of the 

2nd trimester; the 3rd and the 4th represented the 1st 

and 2nd halves of the 3rd tirmester; and the 5th and 6th 

bleeds represented immediate post partum and 6 weeks 

post partum periods. The plasma sarnies were analysed 

for B-carotene, Vitamin A, albumin, retinol binding 

protein (RBF‘) and transthyretin (TTR) . The food intake 

of 14 of the subjects and the controls was assessed

subject and 14th week of pregnancy
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TABLE 9
Mean ( + /-S.D) age, parity, wei qht; of the subjects and 

the controls (14 subjects in each group

(yrs)
AGE
(k g >

PARITY WEIGHT

using the method outlined in the ̂ chapter on materials 

and method-

COMPLIANCE AND SIDE EFFECTS 

We assessed compliance o-f the subjects and the controls 

by pill count. Overall 987, and 947. of the subjects and 

the controls respectively took their pill regularly but 

only those that had 1007. compliance are included in this 
report.

Side effects were almost non existent except for one 

subject who complianed of persistent headache and was 
medi atell mmec y removed from the study.

PACKED CELL VOLUME

The PCV values of the subjects were maintained with oral 

vitamin A (7,000 I.U) in oil throughout the study
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period. Those of the placebo controls decreased <P< 

0.05) as pregnancy progressed and went up again at 6 

weeks post partum. However their values were still 

significantly 1ower than those of the controls. The PCV 

values correlated significantly with plasma albumin and

TTR levels throughout the 

change in the PCV levels 

shown in Fig.4.5.

PLASMA VITAMIN A

study period 

throughout

0.05).( PC

pregnancy is

The

as

The plasma vitmain A levels in the supplemented subjects 
increased progrssively throughout the study period while 

those of the controls decreased with increasing age of
Ovpregnancy <P< 0.05). The levels in the subjects and the

controls did not differ in the 1st and the 2nd halves 

<lst and 2nd bleed *Q f the second trimester. The 

values in the subjects were significantly higher than 

those of the control by the 1st half (3rd bleed) of the 

third trimester and the difference was maintained until 

the 6th week postpartum <P<0.001). The mean values are 

shown i n Table 10.

\ yIn the subjects there was a 7ugX increase in the plasma 

vitamin A mean value at the 1st half of the third 

trimester as compared to the level at admission. The 

difference decreased to 5ug"/l with the progression of 

pregnancy but went up to the previous level at 6 weeks
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FIG.
4-5

Mean Packed Cell Vol
values o f subjects

and controls in the Longitudinal study

Bleeds
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post partura. This difference though small was observed 

to be significant (P<0.05). Fig. 4.6 shows the change 

in plasma vitamin A levels as pregnancy progressed. 

Plasma vitamin A levels correlated significantly with 

RBP in both the controls and subjects and to ALB and TTR 

in the controls (P<0.05). The plasma levels of vitamin A 

in the controls however remained the same

PLASMA B-CAROTENE

The B-crotene levels did not change throughout the
v \ /study period neither in the controls nor in the placebo 

group. B-C was observed to correlate significantly with 

vitamin A in the controls at the 5th and 6th bleeds and 

to RBP at the 4th to the 6th bleeds. Fig.4.7 shows the 

pattern of change in the subjects and the controls.

PLASMA ALBUMIN

Plasma albumin levels did not change in the subjects
•Nsbut decreased significantly in the controls as pregnancy 

progressed <P< 0.05). In the vitamin A supplemented 

subjects, plasma albumin levels were significantly 

correlated with PCV and TTR <P<0.05>. Table 11 shows 

th^ iftean +/-S.D of plasma albumin levels in the 

supplemented and placebo groups . The pattern of change 

in plasma albumin for the two groups are shown in Fig. 

4.8
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TABLE 10

Mean +/-S.D. PCV. V IT. and B-C. 1evels i n the
supplemented sub 1ects and piacebo controls (14 sub 1ects

i n each group

Mo of : 1 2 3 4
bleeds

PCV (•/.)
S 34.1+/- 33.3+/- 34.7+/- 34.0+/

2.3 2.3

C 33.1+/- 32.9+/-
3.8 3.1

VITA(ug/dl>
S 25.6+/- 27.9+/-

6.1 5.7

1.4

32.6+/- 
3. 03

52.3+/ 
4.4

52. 1+7- %30. 9 
2.97 2.3

36. 3+/- 
1.7

0.9+/— 33.6+/-
1.86

C 27.2+/- 24.7+/- 24
6.9 5.1 5.6

,8+/ 22.

1.2+/- 
.9

8+/-
6 . 2

30.8+/-
4.6

32.8+/-
4.4

22.5+/- 25.0+/- 
5.5 5.8

B-C(ug/dl)
S 60.2+/- 62.1+/- 63.0+/- 65.4+/-

16.9 17.7 18.9 13.7
63.0+/- 68.1+/- 
13.8 13.1

C 66.0+/— 64.7+/— 65.6+/— 63.4+/-
14.8 < 12"i4 11.3 10.3

64.3+/- 64.3+/- 
10.1 10.1

PCV -Packed cell volume 
£h-C -B^fecbtene 
VITA -Vitamin A
S -Pregnant subjects supplemented with oral vitamin A 
C -Praegnant women supplemented with oral placebo

4 ?
RETINOL BINDING PROTEIN <RBP).

The RE<P levels in the supplemented subjects did not 

change throughout the pregnancy period while those of 

the controls decreased progress!vely„ The subjects had 

significantly higher levels than the controls (P<0-05)



FIG.
4-8

Mean Plasma ALBUMIN (ALB) 
values of subjects and

controls in the Longitudinal s tu d y
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from the 3rd to the 6th bleed. Fig. 4.9 shows the 

pattern of RBP in the subjects and the controls 

throughout the study period. Table 11 shows the mean 

+/-S.D of RBP in both the controls and the subjects. In

the subjects and the controls plasma RBP levels 

correlated significant1y with plasma vitamin levels <P<

0.05) .

TABLE 11
«&>Mean + /- S.D ALB. RBP AMD TTR 1evels in the supplemented 

and the piacebo groups (14 subjects i n each group

No. of: 1 4 5 6
b1eeds

ALB <g/dl)
S 3.6+/- 3.5+/- 3.4+/- J ^ + / - 3.31 + / — 3.42+/

0.46 0.42 0. 40 0.40 0.5 0. 43

C 3.67+/ - 3.52+/- 3.^+/-
0.3,

3.37+/- 3.20+/- 3.46+/
0.41 0.39 0.35 0. 37 0.33

RBP(mg/dl)
S 3.36+/ - 3-89+/— 4.04+/— 4.06+/- 4.02+/- 4.05+/-

1.03 0.98 0.87 0.99 0.88 0.91

C 3.81+/ - s f p +/~0.74
3•66+/ — 3.46+/- 3.32+/- 3.67+/-

0.72 0.71 0.59 0.56 0.41

TTR(mg/dl>
S 19.1-^- 18.6 + /- 18.8+/- 18.6+/- 18.2+/- 19.7+/-

3.02 3.4 3.0 3.23.02 3.4

19.2+/- 18.1+/-
3.3 3.2

2.4 2.4

17.7+/- 17.7+/- 16.05+/- 19.43+/-
3. 1 3. 0 ,68

ALB -Albumin
RBP -Retinol Binding Parotein 
TTR -Transthyretin
S -Vitamin A supplemented pregnant women
C -Placebo supplemented pregnant women
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FIG. 
k- 9

Mean PLASMA RETINOL BINDING 
PROTEIN (RBP) values of 
subjects and— ■—  controls in the Longitudinal s tud y---------
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PLASMA TRANSTHYRETIN
Table 11 shows the means +/-S.D of the TTR levels in 

both the subjects and the controls. There were no 

differences between the TTR levels of the subjects when 

compared to those of the controls except at the 5th 

bleed when the subjects had significantly higher values 

than the controls <P< 0.05). Fig. 4.10 shows the trend 

of the TTR in the subjects and the controls throughout 

the study period.

The plasma protein levels (RBP, TTR, ALB) in both the 

subjects and the controls were significant1y lower at 

the 5th bleed than all the other times. This point 

corresponded with labour but the levels went up to 

either predelivery or higher levels.

: /



FIG.
It -10

Mean Plasma Transthyretin 
(TTRKPCV) values of subjects

—  and controls in the Longitudinal study —
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VITAMIN A STUDIES IN NEONATES

The babies born to the women were in this study phase 

made up of 12 males and 16 females. There was no 

difference in the mean apgar score (5mins) of the 

babies of the subjects as compared to that of the 

controls (9 vs 8.86). Birth weight of the subjects 

and the controls were similar in both groups (3.20+/—

0.05 vs 3.09 + /- 0.06) though the vitamin A supplemented

group recorded a higher mean birth wie Table 12

shows the mean ■+•/- S.B ,, apgar score, birth weight and 

F'CV levels in both the subject and the control

neonates.

The PCV and plasma vitamir vels in the subjects 

neonates were also similar to those of the controls. 

There were also no difference in the plasma B~C, TTR, 

and RBP of the subjects when compared with those of the 

controls. The mean*/- S.D are presented in Table 12.
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TABLE 12
Mean + /- S. D Apqar score, birth wei qht. PCV 1 evel s of 

the neonates <14 subjects i n each group)

APSCORE

S 9.00+/- 0.78

C 8.86+/- 0.68

B.W (KG) 

3.20 +/— 0.05 

3.09 +/— 0.05

PCV (7.) 

53.07+/- 2.46 

51.86+/- 2.85

APSCORE - Apgar score
B.W - Birth wight
PCV - Packed Cell Volume
S - Babies of the vitamin A supplemented mothers
C - Babies born to the placebo treated mothers

5 .

TABLE 13

Mean +/- S. D VITA. B- 
subj ects

-C. ALB. 
in each

RBP of the 
qroup)

neonates (14

VITA u1 ALB TTR RBP
(ug) (ug) (g> (mg) (g>

3 21.02+/-• 59.36+/- 2.93+/- 12.71+/- 3.36+/-
2.02 11.67 0.16

18.12+/- 59.36+/- 2.93+/- 
3.52 9.46 0.38

3. 77
11.61+/- 
3. 15

0 .22

3.34+/- 
0. 32

VITA
B-C
ALB
TTR
RBP
S
C

-Vitamin A 
B-carotene 
Albumin 
Transthyreti n 
Retinol Binding Protein 
Neonates of the vitamin A group 
Neonates of the placebo group
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FOOD ANALYSIS
The food consumption pattern of the pregnant women in 

the longitudinal study revealed the the during the week

day 3 (21.5) of all the subjects surveyed consumed 2 

meals daily on a regular basis this was reduced to 2 

over the weekend. The others ate 3 times daily. Appendix
J l4.1 shows the typical menu of the population. The food 

samples were analysed using chemical analysis and Food 

composition Table (FAQ, United Natl:i . Di et

history and 24 hour dietary recall were carried out to 

validate the data on food habits of the subjects. The 

procedure is outlined in the chapter on materials and 

methods.

The mean+/~ S.D of the various nutrients are shown on 

Table 14. The results showed that the calories and 

protein intake of the women ranged between 1452 and 2655 

calories and 33 to 131g per day respectively. The fat 

intake of the subjects varied from 30 to 74 g/day and 

maj ori ty &  was provided by palm oil and groundnut

B-carotene intake of the women ranged between 298 and 

1399 ug/day. The foods that contributed high B-carotene 

values were mostly palm oil containing foods such as 

vegetable soup, bean portage, yam portage, okra soup, 

moinmoin and akara. The cereals and tubers contained no
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B-carotene at all.

The intake of vitamin A was from 0 to 385ug per day with 

a median of 168ug. The foods that contributed to the 

vitmain A intake of the women included milk and eggs. 

None of the women consumed liver throughout the survey 

period. The different levels of intake for the different 

nutrients are shown in Table 14.

Mean +/ — S. D Calories protein, fa<., i-ni m-cne and
vi tami n A i ntake of pregnant subjects i n the

1ongi tudinal ts in each group

TABLE 14

C

S

2029.59+/- 
23" —

2029.59+/- 4:
23" —  * ^ 1 . 2 9

2115.64+/- 6. 
309.02

CALS I
(cals)

53.43+/- 438.14+/- 116.71+/ 
5.74 130.51 124.80

47.29+/- 697.36+/- 46.79+/-
7.89 123.69 177.4

B-C
(ug)

VITA 
(ug)

Cal -Calori 
PRO -Protein 
FAT -Fat 
B-C -B-carotene

or i
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D I S C U S S I O N

C H A P T E R V E

CROSS-SECTIONAL STUDY

SUBJECTS .

The ages of the subjects and controls were observed to 

be in the range of 18 to 48 years with a mean value of 

28.6yr. Majority of the women were in the range 25-35 

years indicating that the peak of repr<?rproductive life ii

between this age range- The parity of the women shows

that parity among Nigerian women i 

chi 1dren.

s as high as 8

&The result of the body weight indicates that the 

controls had lower mean body weights when compared with 

the subjects, and the subjects weight increased with age 

of pregnancy (P <0.01). This observation shows the 

expected trend in weight gain during pregnancy.

Most o^ j^e women were unskilled and had minimum 

educational background which in turn dictated their 

profession and income.

The various economic activities in which the women and 

thier husbands were engaged in is representative of what 

obtains in the environment.
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The dietary pattern and habits of the study population 

show that only half of the population studied consumed 3 

meals a day and about 137- ate one good meal daily with 

occasional snacks. This observation shows the pattern of 

food consumption in the population.

Judging by the various reasons given for this 

observation, it is clear that apart from income, lack 

time also contributed to their pattern of eating

of

attern .

The consumption of B-carotene rich foods was highest for 

palm oil containing foods. This observation is in 

agreement with the findings of Oomen (1970). They 

attributed this to the fact that in the Southern Savanah 

Zone, oil palm is cultivated and therefore consumed 

regularly. Voorhoeve (1966) on the other hand observed 

six cases of eye affectation in Ibadan in children 

suffering from Protein Energy Malnutrition (PEM) despite

tld be attri
J C .  .

a Sility of red palm oil. On the one hand this 

ibuted to ineffective mobi1issation of

the aval 1 at 

cou3

vitamifwXA from the liver. PEM has been shown to reduce

the production of RBP and TTR which are required for the 

mobi1izastion of vitamin A (Arroyave et al. 1961). On 

the other hand the intake of palm oil might be grossly 

inadequate due to faulty preparation methods of palm 

oil containig foods or for economic reasons.
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The intake of carrots and mangoes were dependent on
their avai1abi1ity- Carrots were available during the 

dry season while mangoes were present during the rainy 

season- On the average about 1/3 and 2/3 of the total 

population consumed carrots and managoes respectively 

during the study period- The study spanned a period of 

nine months and thus the two seasons prevailing in the

country were considered in the cosumption pattern of the
- ;two sources of B-carotene. 60 and 40|^of the study 

population were studied in dry and wet seasons 

respect i vely.

tnt wThough majority of the pregnant women were not vitamin A 

deficient as revealed b% plasma vitamin h levels more 

than 60% of them had marginal levels. This therefore 

indicates that the two sources of B~carotene cannot be 

depended upon to provide the needed vitamin A in the 

diet though they are rich sources because they are not 

consumed on a regular basis. Palm oil is the only B-
caroteneV rich source that was consumed regularly by at

last 85% of the population. The preparaion methods used 

may reduce the amount of B-carotene that ultimately 

become available from palm oil. Bleaching and repeated 

heating of stews reduce the available "•'-carotene in a 

meal. On the average, palm oil may supply between 50 - 

75% of the required Vitamin A in this environment.
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The PCV levels of the subjects were observed to decrease 

with increasing age of pregnancy and were significantly 

lower than those of the controls. This observastion is 

consistent with that of Abudu and Sofola (1985). They 

observed a significant downward trend in the PCV values 

of pregnancy subjects studied. They attributed the 

decline to the increase in plasma volume from about the 

8th week of prenancy to term. Donovan (1967) also 

observed a progressive drop in the PCV of pregnant

subjects up to the 24th week of ati on. In the

present study, the progressive decline in the PCV levels 

was observed until term. The^Mnmon factor in all these

studies is haemodilution and th erefore the progressive 

decline in PCV can be attributed to increased plasma 

volume in the pregnant women. The difference in this 

study and that of Abudu and Sofola (1985) when compared 

with that of Donovan (1967) is attributed to the fact 

that black women start off with a higher plasma volume 

than the^caucasians. This may explain the delayed drop 

in the PCV of the group studied by Donovan (1967).

e PCVThe PCV vaues observed in our study are much lower than 

thsoe observed by Abudu and Sofola (1985). This may be 

explained by the irregularity of food intake observed in 

the subjects in this study.

The plasma B-carotene levels were maintained throughout
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pregnancy and the controls had similar levels as the

subjects. This observation is in agreement with that of 

Venkatachalam et al <1962) who observed that the plasma 

levels of E-carotene did not change with increasing age 

of pregnancy. This observation suggests that plasma B- 

carotene levels are not affected by haemodi1ution. 

An increase in the absorption of B-carotene t have

been responsible for the maintainance in pregnancy. 

This suggestion may be explained by the fact that the

serum level of carotene usually reflects the nutrient 

intake of carotene (Marrow et al . 1952). The level of 

B-carotene observed in this study is within the normal 

range (50-150 ug/dl> and is comparable to that obtained

by Venkatachalam et al, 1962).

Plasma Vitamin A levels observed in this study are 

within the normal range <20 - 50 ug/dl) for the controls 

as observed by Tiez (1986) but 13(6.3"/!) of the subjects 

had values below the normal levels.

Venketachalam et al. (1962) and Baker et al. (1977)

observed mean plasma Vitamin A levels similar to those
observed in this study but Gal and Parkinson (1974)
observed hi gher levels in their subjects. The
di fference may be attri buted to the difference in the
socio-economic background of the subject population. 

Whereas Venkatachalam et al. (1962) studied women in
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India, Gal and Parkinson (1974) studied women from Queen

Charlottes Hospital, London- The subjects in this study 

were from the high, intermediate and low socio economic 

classes- The mixture of the social classes might explain 

the similarity of the findings in this study and those 

of Venkatachalam et ai (1962).

The plasma Vitamin A levels decreased as pregnancy
• "progressed. This finding agrees with that ofv< ^ r 

id Par hVenkatachalam et al- (1962) and Gal and Parkison (1974). 

Venkatachalam et al. (1962) observed a gradual and 

progressive fall in Vitamin A concentration of the ser>«D 

from the 1st to the 3rd trimester of pregnancy. Gal .and 

Parkinson however observed a fall in ea^rly pregnancy, 

followed by an increase and a few wefl̂ ks before term the 

levels dropped but not significanly. The significant 

progressive fall in vitamin A from the 1st to the 3rd 

trimester observed in this study may be due to the fact 

that half of the population studied belonged to the 

intermediate and low socio economic classes. The 

rise observed by Gal and Parkinson, (1974) was
attributed to the circulating p r o g e s t e r o n e  levels,

The findings of a progressive drop in plasma Vitamin A 

as pregnancy progressed is further validated by the 

observation of other workers.

114



H i r 5 1 an cl Shoemater ( 1 94 1.) f oun d t h at 40% of 35 

pregnancies had plasma Vitamin A levels below normal 

r a n g e »

Bodansky ?t al (1943) also showed a siqni fi cant
difference between the mean values of the first 6 months 

ar*d the 1 ast 3 rnonths of preqnancy - They ajjLr i buted 

t his t o t h e s t a rage o f V :i. t a m i n A :i. n the f o e t a 1 1 i v e r

a n d u t i 1 i s a t i o n b y t h e f o e t a 1 t i s s u. e„
t-? T U

Lund and Kumb1e (1943) alsa suq ̂ seed t ha t ac t iv e1y 
growl nq t i ssue may al so ut i 1 i se consi cler ab 1 e amount s of 

V i t a m i n A „ 1 hi e b a s a 1 m e t a b a 1 i c: r a t e i n c: r e a s e s d u r i n q
t hi e 1 a 11 e r h a 1 f o f r e 

a g r e e m e n t t h a t rn o

* qnancy and there i s gener a 1 
n-1 Qt t h i s i. n c r e a s e is due to the
/ Vg r cj w t. h o f t h e f o e t u . I h i s rn a y a 1 s o b e i r * part accou n t. e d 

f or by a possib1e act i vation of maternal endocri ne q1 and
([ )\ \ B o i  s , 193yb) -

K r
The other jf^ason given for a reduction in plasma Vitamin

V VA .Levels in the 3rd trimeser include the possible 

i n rences with the release of Vitamin A from the
liver associated with a probable derangement of the 

liver during pregnancy (Bodansky et al, 1943). It has

been observed that when the liver Vitamin A reaches 

marginal levels,, there is a conservation mechanism 

invoked to protect the remaining Vitamin A and the
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release o-f Vitamin A i s greatly reduced (Underwood, 

1990)- Bodensky et. al (1943), suggested that the foetus 

may make two kinds of demands upon the depot of Vitamin 

A i n the normal adult 1i ver (500,000 IU to 11,000,000) 

These include the storage of "Vitamin A in the foetal

liver and utilisation of Vitamin A by actively growing 

foetal tissues. Foetal liver during the 3rd trimester 

contains considerable amount of Vitamin A while a total
j&rstore of 12,W O  IU is found in the liver of the newborn 

infant (Lewis et al, 1941). They\suggested that the

d ep os 1 1 i on of 12,000 IU in f o e t ? ^  i ver may entail the 

release of several fold that amount from the maternal 

1lver. Though the fate of b 1 ood Vitamin A, arriving

ram liver release is notor feither from ingestion < 

precisely known. There is however evidence indicating 

that Vitamin h js not used economically. For instance 

there is evidence that when large amounts are fed only a 

small fraction can be accounted for by fecal excretion, 

storage l^^fre liver, and daily requirements ( Le Page, 

tis et al (1942) indicated that during 

depletion, Vitamin A is released from the liver of the 

rat in amount greater than that required by the animal 

which might support the hypothesis that in pregnancy 

there is conservation mechanism invoked to preserve 

liver Vitamin A for subsequent use probably during 

1actati on.

[e i n 
1941). Lewis 

depleti on, Vi
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Lund and Kimble (1943) aslo observed that economics and
health education influenced the adequacy of Vitamin A in 

the pregnant population studied- They also observed a 

significant correlation between the intake of Vitamin A 

and the plasma Vitamin A values for the group of 

subjects. It was also found out that during 4he 1st 

trimester, a diet which was adequate for non pregnant 

women was also adequate for pregnant women except when 

such complication as hyperemisis gravidarum intervened. 

During the second trimester only the flest diet met the 

needs of the pregnant subjectte^J&nd during the 3rd 

trimester there was a need for supplements of Vitamin A 

in addition to amounts supplied by the diet.

In the present study , on ly about 122(597.) of the total 

population had heard about Vitamin A. 64% of these knew 

what function the Vitamin performs or what disease it 

prevents and they all belonged to social classes 1 and 
2. This observation agrees with that of Lund and Kimble

(1943) that health education influenced the adequacy of 

Vitamin A.

Hemodilution that usually occurs in pregnancy has also 

been suggested as a possible cause of ' the progressive 

decline in plasma vitamin A values. Lund and Kimble, 

<1943) did not agree with this statement. They observed 

that there was no decline in the B-carotene levels
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throughout pregnancy as was also observed in the present 

study. They therefore suggested that since B-carotene 

levels do not fall during pregnancy the haemodi1ution 

theory cannot hold true for the progressive fall in 

plasma Vitamin A levels observed.

'S r
through the kidneys, it has to be made polar,

Also Vitamin A excretion in the urine has been observed 

to increase during pregnancy (Gaehtgens, 1937). Vitamin 

A is a fat soluble substance and for S ?  o be excreted
It is

either that the renal threshold of pregnant women 

decreases to such an extent y ^ ,  tamin A dispersed in 

aqeous phase is excreted or its metabolism to the more 

polar compounds is increased, thereby increasing its 

excretion. If either of the above is true, this might 

explain the fall in plasma Vitamin A levels during 

pregnancy.

Plasma Vitamin A levels have been observed to increase 

spontaneously as early as 6 hrs to 24 hrs postpartum 

(Lund and Kimble, 1943). This observation has been 

used to support the effect of hemodilution on plasma 

Vitamin A levels. However it has been reported that the 

increases in plasma Vitamin A level are not sustained 

and may even go as low as the deficient levels in some 

cases if additional Vitamin A is not fed <Lund and 

Kimble, 1943). It was therefore concluded that at the
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time o-f delivery, some mechanism as yet unknown release 

the Vitamin from store (probably set in order to 

preserve Vitamin A) and mobilises it into the blood 

stream where it is available -for lactation (Lund and 

Kimble, 1943).

All the reasons given above taken in concert may have
1 ..in t :he plasma
<2 ^:y. Judging by the 

&

contributed to the progressive fal 

vitamin A levels during pregnancy, 
obsevations in this study supported by those o-f Lund and 

Kimble, (1943) and Underwood, (1990) it may be suggested 

that a conservation mechanism was invoked to conserve 

vitamin A levels in the liver of the pregnant women in 

the face of apparent inadequate intake.

0.5% of the total population

A below 10 ug/dl. This may

3Ut i tdeficiency but does not

studied had plasma Vitamin 

suggest apparent Vitamin A 

indicate a public health

problem because it does not meet the 5% WHO criterion 

for diagnosis. Night blindness was reported 6(3.5%)

subjects and 2(5.7%) of the controls had night 

blindness, old corneal scars were observed in 23(11.2%) 

of the total population. This might have been 

overreported since none of the controls had plasma 

Vitamin A values less than 20 ug/dl which is the point 

at which night blindness is usually reported. The 

observation in the subjects however may be true since
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0.5% had values below 10 ug/dl and 11% had values < 

20ug/dl. 60% of the study population had plasma Vitamin 

A levels between 20 and 29 ug/dl. This observation 

suggests that the status of Vitamin A in a larger 

percentage of the pregnant as well as the control women 

may be marginal. There is evidence to suggest that
/ X splasma Vitamin A levels between 20 and 29 ug V. may 

indicate marginal liver stores (Underwood, 1990).

4 Tp r e g rPlasma albumin levels decreased as pregnancy progressed 

and were significantly correlated to plasma Vitamin A 
levels. This observation is consistent with the

findings of Hytten and Leitch (1971). They reported

that Vitamin and albumin follow the same trend in 

pregnancy and suggested that albumin and retinol binding 

protein may be controlled the same way. The decrease in 

plasma albumin levels may be attributed to either
J Ohemodi1ution, increased requirement in pregnancy

<Ventakachalam et al , 1962) or a deficiency of protein

(Aroyave, 1969).

The intake of Vitamin A and B-carotene rich foods using 

semi quantitative 24 hour recall and diet history methods 

showed tha about 31% of the subjects and controls 

consumed Vitamin A rich foods at least twice a week and 

these belonged to the high socio-economic classes. The 

consumption of B~C rich foods on the other hand cut
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accross all classes and the only constant source was

palm oil but the amount consumed daily on the average 

can only be estimated. It was gathered that a bottle of 

red palm oil (about 800 mis) lasted 1 week -for a 

household. The level of B-carotene in lOOg of palm oil 

is about 10,000 IU. Considering a household of 6 

members the available B-carotene per week from palm oil

is 8000 IU. The available B-carotene per head per day 

is 1905 IU. Taking into consideration the biological 

activity of B-carotene, the utilisable B-carotene per

preparation methods of foods may destroy some of the B- 

carotene. Assuming that other sources of B-carotene 

such as mangoes, green ̂ eafy vegetables and carrots 

contributed the same amount provided by oil palm, the 

available Vitamin A is about 400 IU retinol equivalent. 

The recommended dietary allowance for pregnant women is 

600RE for the 1st two trimesters and 800 RE in the last 

trimester (Olson, 1987). The per capita availability of 

Vitamin A to the consumer in the U.S is 7,800 IU/day 

(2364 RE) while the observation in this study suggests 

4000 IU (400 RE) in this environment.

The observation in this study therefore suggests that 

Vitamin A intake in this environment may be marginal or 

inadequate for the pregnant nwomen especially in the 3rd

head per day is about Also the
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trimester of pregnancy- The finding in this study 

agrees with the observation of Glusanya et al5 <1989). 

They observed that Vitamin A intake of lactating mothers 

in Oyo local government area is 3059 IU per capita per 

day- This figure is about half the RDA for lactating 

women indicating an inadequate intake- The observation 

in the present study may therefore suggest that the diet 

of pregnant and lactating women requiin^ additional 

sources of vitamin A to ensure adequate liver store for

the foetuses and infants-

5-2 RELATIVE DOSE RESPONSE TEST 

The plasma Vitamin A levels were correlated with RDR 

levels in the pregnant Nigerian population for the 1st

time.

All the subjects that had RDR </= 20 ug/dl has basal 

plasma vitami </= to 20ug/dl. 16>.77. of the total

population with initial plasma Vitamin A levels between 

21 and 29 ug/dl had RDR >/= None of the subjects 

with positive RDR (i.e. RDR 207.) had plasma vitamin

A levels below 15ug/dl.

This observation agrees with the findings of Flores et 

al (1984). They showed that all the subjects with 

initial serum retinol </*= 20ug/dl had positive RDR (They 

used 20% as cut off, same as was used in this study). 

They also observed that 84’/. of those wih initial plasma
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vitamin A between 21 and 29 ug/dl had positive RDR. In 

this study 16.7/1 with initial plasma vitamin A levels 

between 21 and 29ug/dl had positive RDR. The difference 

in percentages may be attributed to the population 

groups studied. Whereas Flores et al (1984) studied 

children under 7 years of age from the low socio 

economic background» the present study was composed of 

pregnant women in the three trimesters of pregnancy from 

the low and intermediate socio ecomomic lasses. The 

difference in observation may therefore be as a result 

of the difference in physiological state of the 

populations studied.

Amedee Manesme et al, (1984) also studied vitamin A

status of 12 adult generally well nourished surgical 

patients using Liver vitamin A concentration and RDR 

values. They observed that the subjects with the
'  o t

highest RDR values also had the lowest liver levels.

y < PThe findings in this present study therefore suggests 

that about 207. of the pregnant women studied had liver 

vitamin A store </= 2071 ug/g using the same cut off 

point of liver storage for vitamin A observed by Amedee 

- Manesme et al, (1984) in their subject population.

RDR is defined as the percentage increase in plasma 

retinol levels relative to the plasma retinol levels 5



hr after the oral administration of a standard dose

(450 ug> of retinyl acetate (Amedee Manesme et al, 

1984). The principle behind this test has been 

described. As liver reserves of Vitamin A become 

progressively depleted due to chronically inadequate 

dietary supply conservation mechanisms are invoked to 

increase the efficiency of Vitamin A utilisastioron among

tissues and to maintain the level that i A t t a i  ating to 

the target tissues (Underwood, 1990). When the liver 

reserve is depleted below a critical threshold, the rate 

of release of the remaining reserve is diminished, 

synthesis of the carrier protein RBP continues and 

results in the accumulation of a pool of preformed RBP.
wProviding an exogenous source of Vitamin A causes the 

release of hoIo-RBP at a level and in a characteristic 

time course relative to the amount of accumulated 

preformed carrier protein (Loerch et al. 1979.

In the light of the available information in the 

literature and the findings in the present study it is. 

evident that RDR will predict Vitamin A reserve in an 

individual with normal liver functions. It can, 

therefore be concluded from the present study that 13X 

of the pregnant population examined had liver reserve 

</== 20 ug/dl and majority were in the third trimester of 

pregnancy.
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5.3 LONGITUDINAL STUDY

The significant effect of Vitamin A supplementation

observed on the haematocrit levels of the subjects is 

in agreement with observation of Mejia and Chew <1983) 

and Bloem et al. (1990). They observed an increase in

the haematocrit levels as early as two weeks after a

single oral massive dose (20,000 IU) of Vitamin A. They

attributed this to the increased mobili A  ion of iron 

from available store and increased iron utilisation for 

haemoglobin formation. Consequently the iron store 

decreased and this may trigger off absorption of iron. 

These studies were carried out in children. In the 

present study, pregnant women were studied. Apart from 

the Vitamin A supplementation, the subjects were also 

taking ferous sulphate and folic acid. While this may 

explain the reason for the maintenance of the PCV levels 

in the subjects, this cannot be acceptable because the 

controls also took ferous sulphate and folic acid but 

they still had significant lower PCV levels.

Chew (1988) also observed that when Iron and 

Vitamin A were administered simultaneously the response

was better than for Vitamin* A or Iron alone. The

improved PCV in the subjects may be explained by the

Vitamin A supplements provided for the subjects in

combination wi th the ferous sulphate and •f ol ic acid
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supplements

The subjects and the controls in this study had PCV 

levels >307. and therefore none of them was anaemic at 

the start of the study unlike the children studied by 

Bloem et al. (1990) who had lower than normal

haemoglobin levels. The observation in this study 

suggest a true beneficial effect of Vitamin A on PCV 

levels because the controls had a progressive decline in 

their hematocrit levels while those of the subjects were
v\ >mai ntai ned ■

The haematocrit levels were B,9n ificantly correlated to 
the albumin levels throughout the study period. The 

reason for this association is not clear. It may 

however be attributed to increased need for albumin in 

the synthesis of heme for Hb formation and subsequent 

increase in the red blood cells.

The effect of supplementation was not observed on the 

haemotocrit levels of the neonates. There was no 

difference in PCV levels of the neonates born to the 

subjects when compared to those born to the controls. 

The factors that cause anaemia in neonates are two-fold 

haemolytic or haemorrhegic (Behrman and Vaughan, 1987). 

None of the neonates suffered from any of these 

disorders. Also the synthesis of red blood cells in the
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foetus is well controlled and buffered against dietary 

assaults (Hehrman & Vaughan, 1987).

The plasma vitamin A levels in the subjects increased 

sigificantly than those of the controls from the 1st 

half of the 3rd trimester until 6 weeks post partum. 

This observation is consistent with the findings of 

various other workers.

fine

1 but si gi ni f i <Wald et al. (1985) observed a small si gi ni f i cant 

increase in the plasma Vitamin A level after 3 months of 

supplementation with a daily dose of 10,000 IU. This 

group consisted of 57 non pregnant, non lactating women 

with normal basal Vitami *e vel s.

8 ?
Earlier than this study, Willet et al. <1983) compared 

the increase in serum Vitamin A concentration in 15 

supplemented subjects who took 25,000 IU of retinyl 

palmitate per day with that in 15 controls subjects who 
took a placebo. They observed an increase of 23 ug/1 

after 8 weeks and 6 ug/1 after 16 weeks.

In the present study the supplemental Vitamin A level 

fed was 7,000 IU per day with resultant increase in the 

subjects over the placebo group of 7 ug"/. in the 1st half 

of the 3rd trimester and 5ug by the 6th week post 

partum.
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In another study, Willet et al- (1984) gave 10,000 IU of 

Vitamin A daily in the form of fish oil extract and

observed an increase of 45 ug/1 in 16 subjects over and 

above 19 subjects who took a placebo- Garett-Laster and 

his coleagues (1981) observed an increase in the mean 

serum retinol of 7ug/l after 3 weeks of supplementation 

in 10 subjects given 30,000 IU compared to a slight fall 

over the same period of time in 8 unsupplemented

subj ects.

Urback et al (1952) administered 47,000 IU of Vitamin A 

acetate to 5 subjets. They estimated an average serum 

retinol level of the 26 weeks of supplementation and

found a level of serum r 1 which was 16% higher than

that in an unspecified number of unsupplemented controls.

< 7r a t in ’Van Bruggen and Straunfjord (1948) administered 100,000 

IU of Vitamin A daily to 36 subjects. Serum retinol 

levels in these subjects were compared to levels in 36
x>~unsupplemented controls. A-fter 18, 24, 36 months o-f 

supplementation the mean difference between the groups 

was 1070, 1220, 1690 IU/L respectively equivalent to 

321, 366 and 507 ug/1.

All these studies taken together make it clear that 

Vitamin A supplementation increases serum retinol 

levels. These studies also show that there is a dose -
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response relationship as the largest doses of Vitamin A 

observed the largest increases in serum retinol.

Willet et al (1984) concluded that supplementation was 

more effective among subjects with initially low serum 

retinol concentrations. This observation agrees with 

the findings in this study. The pregnant women studied 

were those who had low levels (between 20 and 30 ug/dl) 

of Vitamin A to start with and these levels have been 

associated with marginal deficiency.

Most of the studies carried out on the effect of 

supplementation in pregnancy are consistent with 

observation in the non pregnant non lactating women. 

Lewis et al (1943) observed a significant increase (29 

IU or 8.7 ug/dl) and also a maintenance of plasma 

Vitamin A levels in pregnant women receiving 10,000 IU 

of Vitamin A in the 3rd trimester of pregnancy.

More recently, Vi 1 lard and Bates (1983) observed a 

significant (197.) increase in the plasma Vitamin A 

levels of supplemented group when compared with the 

unsupplemented group.

The observation from this study and other studies show 

that Vitamin A supplementation increases the plasma 

Vitamin A levels either in pregnant or non pregnant
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women. Its beneficial effect is also evident from the
fact that it improved the haematocrit values of the 

pregnant mothers.

The supplemental Vitamin A in this study (7,000 IU is 

about 3.5 times higher than the recommended dietary 

allowance (2000 IU or 600 ug/day) . Lewis ejQal (1983) 

observed that supplemental Vitamin A higher than 10,000

al benefit and this level
wplasma level i

IU is only of little additional benef 

is adequate to maiantain the 

pregnancy.

. s throughout

conf i rnThe finding in this study confirms the fact that an 

additional Vitamin A over and above the normal intake

will maintain normal plasma levels throughout pregnancy 

without the fear of toxicity. Evidence has shown that 

intake between 25-50,000 IU/day for periods of several

months can produce multiple adverse effects (Hathcock et

al. 1990). However daily dose as low as 10-20,000 IU

iod of 2 years has been found to produceover

intracranial hypertension in an 18 year old

sS

mal e

Vollbracht and Gilroy, 1976).

In pregnancy, various levels of supplemental Vitamin A 

have been associated with birth defects. Vitamin A 

between 18 - 500,000 IU taken acutely or chronically 

have been associated with several toxic symptoms
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(Mounoud et al, 1975, Von Lennepet et al , 1985;
Bernhardt and Dorsey, 1974).

The U.S. RDA for pregnant women is </= 8000 IU and many 

prenatal vitamin formulae contain 8000 IU (Hatchcock et 

al- 1990). The level fed in this study was 7,000 IU.

This level is safe in this environment where the intake 

is inadequate or marginal as observed by 

intake of 248 - 1399 ug B-carotene and 0 — 385 ug

vitamin A per day.

= the ii 

the level o-f

4 F

The for Vitamin A has been calculated. LDcjq is the 

index of acute toxicity to the amount of substance in a 

single dose required to kill 507. of a population of

animals. An LD^q expressed in mg/kg is calculated from 

a dose response curve and is dependent on various 

factors such as route of administration, species, 

strain, sex, age, nutritional status and environmental 

condi tions.

< PLD50 s for retinol, all-trans -retinoic acid (RA

13-Cis I RA and etretinate given orally to mice are 2570 

(̂8.6 x 106 IU), 1100 - 4000, 3389 - 26,000 and >4000

mg/kg respectively. In the rats the LDc^ values for 

retinyl palmitate, all-trans RA, 13-Cis RA and 

etretinate given by oral intubation are 7910 (14.4 >; 10“ 

IU), 2000, >4000, and >4000 mg/kg respectively (Kamm et
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al . 1984). The LDc--, for monkeys was estimated to be
rt6168mg <0.56 x 10 IU retinol/kg

The highest dosage for each specie was 250 times higher 

on a body weight basis than the human RDA for Vitamin A 

which is approximately 0.06 mg <110 IU) retinyl 

palmitate per kg/day. However this dose should not be 

construed to indicate that an intake of 250 times the 

RDA is safe for humans because there is difficulty in

extrapolation between species.

In the light of all these findings, it is safe to
pregnancy to

the tune of 10,000 IU per day for pregnant women 

especially in the 3rd trimester. This suggestion is

advocate supplementation of Vitamin A in

firmly supported by the autopsy findings in the Swedish 

and Ethiopian infants.

The Ethiopian infants were observed to have liver 

reserves sufficient for 5 — 6 days compared with two 

months^ available to the Swedish group (Gebre-Medhin and 

Valquist, 1984). This suggested both the capability of 

the early infants to build stores as well as the 
influence of the mothers Vitamin A status on the infant. 

Plasma retinol binding proteins <RBP) increased 

significantly in the supplemented subjects when compared

i nwith the placebo treated controls. This increase is



response to the increase in the plasma Vitamin A levels 

in the subjects. This observation is substantiated by 

the evidence of Gebe-Medhin and Valquist, (1984). They 

observed that Swedish infants-’ livers at autopies had 

higher Vitamin A levels than Ethiopian infants. 

Furthermore the RBP levels in the Ethiopian women were 

significantly lower than those in the lactatinq Swedish

women. This indicates that RBP increases in response to 

an increase in the Vitamin A levels in a given 

population.

RBP has also been observed to be reduced in protein 

malnutrition (Aroyave, 1969). The plasma albumin levels 

in the treated subjects were maintained throughout the 

study period as compared to those of the controls which 

declined with the age of pregnancy. Plasma albumin 

levels affected the levels of RBP. It may be therefore 

be inferred lhat the significant increase in the RBP was 

influenced by the levels of the albumin. This increase 

may be required for de novo synthesis of RBP if that was 

a limiting factor for the mobilisation of vitamin A from 

J:he liver to the blood.

Transthyretin (TTR) levels did not change throughout the 

study period except at delivery when it dropped 

suddenly and rose again 6 weeks post partum. This may 

be expalined by the evidence that Vitamin A
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supplementation does not affect TTR the same way it 

affects RBP (Mourey et al, 1990)- RBP has only one 

binding site for retinol whereas TTR has four binding 

sites for RBP. This suggests that RBP will be secreted 

in response to the available vitamin A in the liver but

TTR will respond to the presence of RBP in the b3 

the secretion may be much slower. TT 

significantly correlated with albumin leve.
Oy*is relationshi

1 ood and 

els were

/els in the

controls and the subjects. This relationship also 

suggests that albumin may be necessary for the 

synthesis of TTR.

mai n

y period, while it
</ignificantly from the 1<

oartum in the controls, 

i gni f i cant1y

the subjects. Plasma albumin levels have been observed
. O r -to fo llow the pattern of Vitamin A in pregnancy (Hytten 

and Leitch, 1971). Since retinoic acid which is one of

Plasma albumin levels were maintained in the subjects 

throughout the study per iod, while it decreased

.st half of the 3rd trimester to 

6 weeks post partum in the controls. Plasma albumin 

levels were significantly correlated with TTR and PCV in

the oxidative products of retinol is transported by 

albumin, the maintenance of albumin levels in the 

supplemented subjects may be in response to increased 

retinol in the blood. Retinoic acid is required for 

maintenance of growth and epithelial cells, and since 

pregnancy is a time of active growth, it may be

134



suggested that oxidation of retinol to retinoic acid 

increased in order to provide adequate retinoic acid for 

this purpose. This in turn increased the levels of 

albumin required for the transport of the retinoic acid. 

Also increased albumin levels may be required for the 

synthesis of RBP when there is a constant supply of

Vitamin A.

VThe levels of plasma Vitamin A observed in the neonates 

born to supplemented mothers were higher than those of 

the unsupplemented group but the difference was not

si gni f 1 cant,

This observation agrees with that of Lewis et al„ 

(1947). They observ that when monkeys were 

supplemented with Vitamin A* the plasma levels did not 

change but a high amount was observed in the liver of

the foetuses.

supp1ementa tion improves the liver storage of Vitamin A
■in the foetuses rather than increase the plasma levels.

They therefore suggested that

#  
s (1983)Bat^s : T1983) reported that the supply of Vitamin A to 

the foetus is mainly from the retinol-RBP complex from 

maternal stores via the blood to the foetus, except when 

the stores fall to very low levels. This suggests an 

increased transplacental transfer of Vitamin A from the 

supplemented mothers to the foetuses especially for
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storage in the 1i ver.

There were no differences in the RBP, Albumin, TTR 

levels in the subjects and the controls- Also Vitamin A 

supplementation had no effect on the Apgar Score, sex, 

birth of the neonates.

The levels of all the plasma proteins decreased at the 

5th bleed in both the subjects and the controls- This<12
<=.#=* nmay be explained by the fact that these proteins are 

negative acute phase reactants which are normally 

reduced during stress (Silverman et al , 1986). The 5th
since it iibleed corresponded to labour anc .s a stressful

event, the plasma proteins might have dropped in 

response to the stress-

5.4 FOOD CONSUMPT] SURVEY

The mean calorie intake of the pregnant women suggests 

that the energ^ intake of pregnant women in this 

environment may be marginal but there is apparent 

inadequate intake in about 50/1 of the population.

This observation agrees with that of Olusanya et al, 

(1989). They observed that pregnant women in some parts 

of Oyo local government area consumed about 827. and 71% 

of the recommended dietary allowance (RDA) for 

caloreris and protein respectively. In the present study 

the mean calorie intake was 2115 +/- 309 calories per
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day which is approximately 887. of the RDA of 

2400 calories.

The mean protein intake in this study was 66 +/- 27g per 

day- This amount is 86-57. of the recommended intake 

<70g/d) for a reference pregnant women. However the 

major sources of this nutrient in the diet of majority 

of the women were cereals and legumes. These protein 

sources are of low biological value. The observation in 

this study agrees with that of Olusanya et al, (1989). 

They found that pregnant women met about 717- of their 

daily protein requirement.

een <The intake of protein has been observed to affect plasma 

vitamin A levels (Acroyave, 1969). The level of 

protein intake observed in this study may be adequate to 

maintain the plasma levels of vitamin A in the normal 

range if vitamin A intake is not the limiting factor.

< QThe intake of B-carotene and vitamin A in the pregnant 

population studied showed gross inadequacy especially on 

the pat**t of vitamin A intake- On the average, only 387 

and about 107. of the RDA for B-carotene and vitamin A 

respectively were met- Olusanya et al, (1989) observed a 

similar trend in the consumption pattern of B-carotene 

and vitamin A in lactating women in this environment. 

They showed that the available B-carotene per caput per
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day was 3059 IU which is about half the RDA for pregnant
women -

The finding in the present study therefore suggests that 

the diet of pregnant women in this environment may be 

highly deficient in its vitamin A content and the 

consequences may be grievious for both mother and child. 

The level of consumption in this study therefore 

explains the progressive drop in the levels of plasma 

vitamin A observed in the subjects.

&
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C H A P T E R

U M M A R Y

The findings from the study can be summarised as

foilows:

<j>̂jrovitamin A1) The intake of preformed and provitamin A may be 

inadequate in pregnant women in this environment.
. O y2) Plasma Vitamin A levels decreased as pregnancy 

progressed suggesting a need for^^dditional intake in

pregnancy.

3) 117. of the pregnant women had plasma Vitamin A

jestinglevels </= 20ug/dl suggesting apparent deficiency.

29ug/dl4> 607. had plasma Vitamin A levels between 20

indicative of marginal status

5)

4(13.67.) indicating depleted liver store or liver store

Relative dose response test was positive for

, n X . ,

</= 20ug/g.
6) Vitamin A supplementation of pregnant women with

7,000 IU oral Vitamin A/day from the 14th week of 

pregnancy to 6th week post partum

maintained the packed cell volume and also increased the 

plasma Vitamin A levels in the subjects suggesting a 

beneficial effect.
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C H A P T E R S E V E N

R e c q m n e n d a i i q n

The observation in this study suggests that vitamin A 

deficiency may be a problem in this environment and it 

is therefore suggested that

1. An intervention programme in the form of

supplementation in the short term be carried out to

improve the vitamin status of both pregnant women and 

their infants-

Nutrition education of both the Agriculturenon

extension workers and the housewife be undertaken to 

ensure on the long run the production and selection of 

good sources oy*^7%tami n A
v S3. A comprehensive field survey be carried out to 

determin ahe incidence and prevalence of vitamin A

. J L . ........ ... ... ................... ....... . „
vitamin A levels in the mothers and ensuring adequate 

store in the foetus.

In addition to the beneficial effects of vitamin A 

supplementation shown in this study, studies have also
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shown high correlation between the prevention of cancers
and vitamin A levels in adult population (Wald et al 

1980).

Also studies have shown that children with adequate 

plasma vitamin A levels and liver store may be protected 

against some childhood diseases (Feachem, 198' Though

the available evidences are inconclusive especially in 

the area of vitamin A and cancers in humans there is 

incontrovertible evidence based on adequate field and 

biochemical surveys to confirm the beneficial effects of 

vitamin A in childhood diseases- It is therefore

justifiable to deduce from the foregoing that vitamin A 

s u d d lementation of mothers dtirinq the prenatal period

Nigeria be supplemented with at least 7000 IU vitamin A 

daily from the 28th week of pregnancy until 6weeks post

It is therefore that pregnant women in
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A P R N D I X 1

CONSENT FORM FOR VITAMIN A STUDIES IN PREGNANT AND NON 
PREGNANT NON LaCTATING NIGERIAN WOMEN.

GIVEb  1PARTICIPATE IN THE ABOVE NAMED F'ROJEC^
CONSENT TO

I HEREBY DECLARE THAT I WAS 
PROTOCOL OF THE STUDY PRIORt TO MY CONSENT

INFORMED OF THE

_________________________________________
SIGNATURE OF PARTICIPANT

DATE--------- V,----------

WITNESS

d a t e-



A P P E N D I X 1 1

QUESTIONAIRE FOR VITAMIN A STUDIES IN PREGNANT AND 
PREGNANT NON LACTATING NIGERIAN WOMEN

PLEASE SPECIFY OR TICK THE APPROPRIATE ANSWERS t TO 
QUESTIONS BELOW:

:: < 1 0 0 Q \ V 3

&

- —

1. CODE NO------------
2. HOME ADDRESS-------

3. AGE/BATE OF BIRTH.-

4. EDUCATION 0 1

HUSBAND 

WIFE

5.OCCUPATION:

HUSBND 
WIFE

6. INCOME: <1000 1-3000 3-6000 6-9000
HUSBAND 

WIFE

7. ARE YOU PREGNANT ? YES NO

Tl

7

>9000

a. IF YES TO Q7 PLEASE STATE
AGE OF PREGNANCY/ EXPECTED DATE OF DELIVERY:

9. PARITY--------------------------------

10. 24 HR DIETARY RECALL

B/FAST LUNCH SUPPER SNACK

NON

THE



11.DIETARY HABBIT

HOW OFTEN DO YOU EAT DAILY ?---------------------

IF YOU MISS ANY MEAL WHICH ONE DOY OFTEN MISS? 

WHAT IS/ARE YOUR REASON/S FOR MISSING THE MEALS

WHAT FOODS DO YOU EAT DAILY---------------------------

WHAT FOODS DO YOU EAT OCCASSIONALLY-----------------

WHAT FOODS DONT YOU EAT AT ALL----------------------

GIVE REASONS PLEASE----------------------------------

12. ASSESSMENT OF VITAMIN A INTAKE 

HOW OFTEN DO YOU EAT THE FOLLOWING FOOD ITEMS WEEKLY?
jQvFOOD ITEMS FREQUENCY/WK

LIVER------------------------------------

^ ________________________________________________________________________

CARROTS-----— ----- -------------------
MANGOES-- -r----------------------------
SWEET POTATOES—

13. KNOWLEDGE ABOUT VITAMIN A

DO YOU KNOW WHAT VITAMIN A IS? YES NO

IF YES TO Q13 DO YOU KNOW WHAT DISEASE ITS LACK CAN
CAUSE? YES NO

14. ARE YOU CURRENTLY ON ANY MULTIVITAMIN TABLETS
YES NO

160



15.IF YES WHY?

16. DO YOU SEE PROPERLY IN THE EVENINGS IN A DIMMLY LIT 
ENVIRONMENT

YES NO

17. IF HOW LONG DOES IT TAKE YOU TO ADJUST YOUR SITE 
WHEN YOU ENTER A DIMMLY LIT ENVIRONMENT?

1MIN

18.HEALTH ASSESSMENT

WEIGHT(KG)---------

HEIGHT (CM)---------

iMIN >5M IN 10MIN

EYE EXAMINATION

CONDUCTIVA 

CORNEA

SCOT------------

SGPT------

URINALYSIS- 

PLASMA VITAMIN A

SCAR ULCER

S ' -

$

$

DRYNESS

j p

o r

BITOT SPOT

PLASMA B--CAROTNENE----

ac;MAVZVBUMIN— ----------MA ALI

PLASMA TRANSTYRETTIN------------

PLASMA RETINOL BIND £ NG PROTEIN-~
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B--CAROTENE AND VITAMIN A CONTENTS OF VARIOUS FOOD 
COMMONLY CONSUMED (u q /IOOq )

FOOD ITEMS 

Ri ce

Bean portage

Bread

Arnal a

Eba (gari)

P1 ant ai n (-fried) 
Pap (eko)

Yam

Egg (raw)
■fri ed 
boi1ed

B--CAROTENE

460

VITAMIN A

A k a r a 
Moinmoi n

Bee-f 
Fi sh

Ewedu
Okra
Vegetable

Mi 1 k

Soft drink 

Margari ne

580 520

80
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R e : VITAMIN A STUDIES IN PREGNANT

T h e t e x t  o f  t h e  s t u d y  p r o t o c o l  o f  t h e  a b o v e  p r o j e c t  h a s  b e e n  r e v ie w e d  b y  
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