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INTRODUCTION

The importance of zinc, a trace element wvhich forms
- less than 0.01 per cent of the healthy body, for human
health has been recognized only in the past two and a half
decades. Requirement of zinc increases during the period of
;apid growth, pregnancy and 1lactation. Low intake of zinc
causes poor appetite, growth retardation, hypogonadism,
congenital malformations, mental 1lethargy along with
neuropsychiatric signs, rough skin and intercurrent
infections.

Zinc is required for the normal production and action
of insulin and the latter is related to glucose metabolism.
Underwood (1971) observed increased wuptake of glucose by
adipose tissue in the presence of zinc as well as insulin
and even more by a combination of the two. Zinc deficiency
occurs in diabetic patients and zinc homeostasis alters as a
consequence of glucose intolerance in diabetes.

Zinc is also vitally concerned with the fundamental
- process of protein synthesis. 2Zinc deficiency disturbs the

protein metabolism and causes increased losses of protein



and other substances from the body especially during the
diseases associated with zinc deficiency in hﬁman beings.
Animals which received high protein but low zinc diet had a
significant increase in non-essential free amino acid levels
compared to those on zinc supplemented diet (Griffith and
Alexander,1972). Tao and Hurley (1971) noticed significant
decrease in the total plasma protein® content of the zinc-
deficient rats. v

Cholesterol metabolism and high-density 1lipo protein
(HDL) synthesis 1is also influenced by =zinc status of the
body. Barr et &1.(1951) correlated low 1levels of HDL with
increased risk of coronary heart disease and Pories et al.
(1967) observed beneficial effect of zinc therapy in some
cases of atherosclerosis.

Fluctuations in plasma zinc concentration have been
reported durinq- the menstrual cycle. The values were found
higher during menses and follicular phases and lower during
the ovulatory and the luteal phases (Deuster et al.,1987).

Pregnant women with marginal zinc status were found at
"increased risk of poor pregnancy outcome. Low maternal serum
zinc level has been associated with congenital malformations
in the fetus. Glover and Atherton (1988) detected
symptomatic zinc deficiency in ‘infants fed on breast milk
having low zinc concentration.

Zinc depletion in human subjects is commonly observed
during burns, major fractures, diabetes mellitus and protein

deprivation as a result of hyperzincuria. Zinc status of



human beings has direct relation with the type of food they
consume which in turn 1is influenced by the zinc status of
the soil. There is ample evidence that =zinc content of
plants is affected by the soil type and the fertilizer
treatment. Randﬁawa (1988) in his 5th convocational address
to HPKV had pointed out wide ranging deficiencies of macro
and micro nutrients in soils of Himachal Pradesh. Sonme
pockets in 1low hill and mid hill regions of the state of
Himachal Pradesh have been reported to be zinc-deficient
{Kanwar et al.,1983). However, no systematic studies have
been conducted either on zinc status of common food stuffs
or on human population of the area.

Therefore, the present study was undertaken to
elucidate the zinc status in human population during health
and diseases with the given objectives: |

1) to determine the concentration of =zinc in locally

consumed foods.

2) to monjitor the =zinc level 1in plasma, urine, hair,

and saliva of diabetic, hypertensive and normal persons

and also during different reproductive stages of human
female.

3) to correlate the serum level of glucose, protein and

cholesterol with zinc level in above subjects.



REVIEW
OF

LITERATURE




REVIEW OF LITERATURE

The literature has been reviewed under the following
main and sub-titles:
1) SIGNIFICANCE AND DEFICIENCY SYNDROME OF ZINC
2) PARAMETERS FOR ASSESSING ZINC STATUS:

a) Plasma or Serum

b) Hair
c) Urine
d) Saliva

3) INFLUENCE OF ZINC DEFICIENCY ON PHYSIOLOGICAL CONDITIONS:

a) Pregnancy

i) Clinical syndrome

ii) Biochemical changes in plasma, serum, hair aﬁd
urine zinc.

b) Lactation

i) Breast milk zinc concéntration and clinical changes
in offspring.

ii) Biochemical changes in plasma, serum and hair zinc.

c) Menstrual cycle



4) INFLUENCE OF ZINC DEFICIENCY ON:

a) Glucose metabolism

i} Glucose tolerance and insulin secretion

ii) Biochemical changes in serum, plasma, urine and

hair zinc.

iii) Others

b) Protein metabolism

c) Cholesterol metabolism
5) ZINC CONTENT OF FOOD PRODUCTS
2.1 SIGNIFICANCE AND DEFICIENCY SYNDROME OF ZINC:

Todd et al.(1934) were successful in demonstrating that
zinc was essential for the growth and development of rats.
The disease of swine, porcine parakeratosis, was shown to be
the result of zinc deficiency by Tucker and Salmon (1955).
Later O0O'Dell and Savage (1957) showed that =zinc was
essential for growth in birds also.

The manifestations of zinc deficiency in animals
included growth retardation, loss of hair, thickening and
hyper-keratinization of the epidernis, and testicular
atrophy. Deficiency of zinc in breeding hens resulted in
lowered hatchability, gross embryonic anomalies
characterized by impaired skeletal development, and varying
degrees of weakness in chicks that hatch (Blamberg et
al.,1960).

Zinc deficiency in human subjects had been reported to
occur in conditions where there was an increased requirement

of zinc which included infants and children during the



rapid-growth-rate period and women who were pregnant and
lactating (Prasad, 1989). Halsted et al.(1974) described the
clinical aspects of zinc deficiency in man to consist of
severe iron deficiency anemia, hepatosplenomegaly, short
stature, infantile testes, open epiphyses, spoon nails,
trequently a history of geophagia, and rough skin with
hyperpigmentation. |

A dwvarfism syndrome in man due to zinc deficiency was
first described by Lemann in 1910. Later Halsted and Prasad
(1960) suggested growth and sexual retardation in dwaris to
be the result of zinc deficiency. Daily supplementation with
zinc sulphate resulted in significantly more rapid growth
and sexual development.

Reports by Henkin et a1.(1971) and Schechter et al.
(1972) indicated correction of a decrease in acuity of taste
and smell (idiopathic hypogeusia and hyposmia ) by the
administration of zinc. Hambidge et al.(1972) also observed
that growth retardation, poor appetite, and impaired taste
acuity due to zinc deficiency was corrected when zinc was
supplemented.

In 1975, Kay and Tasman-Jones reported the occurrence
of severe zinc deficiency 1in subjects receiving total
parenteral‘nutrition (TPN) for prolonged periods without
zinc. Prasad (1989) stated severe deficiency of zinc to
occur in patients with acrodermatitis enteropathica,
following TPN without zinc, following excessive use of

alcohol, and following penicillamine therapy.



A high incidence of congenital malformation of fetuses
and infants born of pregnant women with acrodermatitis
enteropathica (AE) were reported by Hambidge et al.(1978).
Similar malformations had been reported in the offspring of
maternal rats that were =zinc deficient which suggested the
susceptibility of human fetus to teratogenic effects of
maternal zinc deficiency (Hurley, 1976).

A moderate 1level of zinc deficiency.has been reported
by Prasad (1989) to include growth retardation, hypogonadism
in the malesjﬁpoor appetite, mental lethargy, rough skin and
intercurrent infections. All these features were corrected
by zinc supplementation.

The clinical manifestations of a mild 1level of
deficiency of zinc in humans decreased serum testosterone
level and produced oligospermia in males, decreased 1lean
body mass, hyperammonemia, neurosensory changes, and
decreased serum thymulin activity (Prasad, 1989).

2.2 PARAMETERS FOR ASSESSING ZINC STATUS:
2.2.1 Plasma or Serum:

Plasma or serum zinc were the standard diagnostic
parameters of zinc status but were more useful for detecting.
severe deficiencies of zinc (Freeland - Graves et al.,1981).
Halsted et a1.(1974) reported ‘demonstrable zinc deficiency
in man to be accompanied by a low plasma zinc concentration.

The observation of a higher serum zinc concentration in
normal male subjects (15.3 + 2.1 S.D. umol/1l) than in female

controls (14.1 + 1.7 S.D uymol/l) had been reported by



Lindeman et al.(1971) and Rose et al.(1972). Rea (1989)
noticed greater serum zinc values in men, old and young,
than women of the same age and differences were significant
between young men and women.

Mean zinc in serum of normal male and female subjects
11-54 years old was 84 + 20 ng/dl with no functional
relation between =zinc in serum and age or sex of subjects
(Monceda et al.,1989).

Khalil et al.(1981) reported serum zinc in Egyptian men
and women to be 162.5 + 22.7 upg/dl and 135.0 + 21.2 pg/dl,
respectively. Serum zinc concentration for Finn men and
women were 12.7 upmol/l (82 pg/dl) and 11.7 pmol/l (77
pg/dl), respectively, with variations in zine values with
sex, age, length of fast, time of day and geographical area
(Bjorksten et al.l978). Karlinskii {1973) gave the
concentration of zinc in serum of healthy subjects 15-69
years old as 115.1 + 14.2 (range 90-154) ng/dl with no sex
or diurnal variation.

The serum zinc concentration in obese patients was 22
per cent 1lower than in normal controls (Chen et al.,1988).
Many factors including pregnancy and oral contraceptives,
various diseases, and stress induced the 1lowering of the
plasma zinc concentration (Halsted and Smith,’l970).

2.2.2 Hair:

The zinc content of the hair of normal human subjects

ranged from 92-255 ppm with a mean of 173 ppm (Smith, 1967).

This was very close to the mean 167 + 5 ppm for healthy



males and 172 + 9 ppm for females as reported by Schroeder
and Nason (1969).

Hair zinc concentration in man was affected by zinc
intake {(Hambidge et al.,1972). Reinhold et al.(1968) showed
in work with rats on controlled zinc intake that hair zinc
levels depended wupon the dietary zinc intake but did not
define the state of zinc nutrition.

Raghupathy (1987) observed geographical variation in
the hair =zinc concentration of different populations. He
further noticed marked differences in zinc content among
different socio-economic groups 1living in the same
geographical region. Strain et al1.(1966) had obtained a
lower overall mean of 119.6 + 4.6 ppm zinc for the hair of
north American males and found that oral zinc sulphate
therapy increased the level of zinc in hair and alleviated
the clinical signs of zinc deficiency. Chen et a1.(1988)
noticed hair =zinc level in obese patients to be 34 per cent
lower than in normal controls.

Deeming and Weber (1977) assumed that nutritional
deticiencies that deéreased the availability of minerals to
the follicle resulted in decreased mineral concentration in
the hair shaft. Strain et al.(}966) found this assumption to
hold true 1in severe zinc deficiency. McBean et al.(1971)
reported that -zinc content o0f hair was not a reliable

indicator of body zinc metabolism at the time of sampling.



2.2.3 Urine:

Urinary zinc excretion in normal individuals ranged
between 400-600 pg/24 hr (Roman, 1969). The quantity of_zinc
excreted in the urine of healthy human adults was very small
(0.1 - 0.7 mg/day) compared with the 10515 mg/day normally
ingested (Underwood, 1971). Steele (1973) suggested that
renal handling of zinc was different from that of other
divalent cations. Increased urinary zinc excretion
(zincuria) was detected in diabetes by Pidduck et al1.(1970).
Spencer and Samachson (1970) noted rise in urinary =zinc
excretion to high levels during total starvation in extreme
obesity. Hyperzincuria was also observed 1in hypertensive
patients (Schroeder, 1957).

2.2.4 Saliva:

Henkin et al.(1975) suggested that zinc 1levels in
saliva might be a superior way to assess zinc nutritional
status of human subjects. Numerous reports of lgsions in the
mouth, tonque, and esophagus of animals with zinc deficiency
suggested that the oral cavity was particularly sensitive to
zinc deficiency but the changes that occurred were not
clearly indicative of a 1lack of zinc in the saliva bathing
the oral cavity (Wight and Dewar, 1978).

Excessive salivation in zinc deficient ruminants (Ho
and Hidiroglou, 1977) and changes in the composition of
saliva trom 2zinc-deticient sheep (Quarterman et al1.1973)
suggested that there might be changes 1in other salivary

components that would be indicative of zinc status.

10



Henkin et al.(1975) reported that zinc concentrations
in parotid saliva of humans reflected =zinc nutriture és
these levels wvere depressed in patients exhibiting
hypogeusia. They further noted values below 10 ng/ml in
parotid saliva of persons with diminished gqustatory acuity
and suggested these levels as indicative of zinc deficiency.

Greger and Sickles (1979) collected saliva samples from
adolescent females and found that the mean zinc
concentrations of the whole saliva and the supernatant
samples were 173494 (SD) and 30.5+14.8 ng/ml, ‘respectively.
Significantly 1lower 1levels of zinc were found 1in the
supernatant samples, but not in the whole saliva samples,
when the same subjects were fed 11.5 mg zinc daily rather
than 14.7 mg zinc daily during the metabolic study.

Zinc levels of salivary sediment significantly
decreased trom 1initial value of 126+28 ng/g to final levels
of 94 + 14 pg/g after a lowv zinc diet was fed to women
(Freeland-Graves et al.,1981). The results suggested that
mixed saliva was not a useful index of zinc status, however,
salivary sediment might be a sensitive parameter if
contamination was avoided.

Johnson et a1.(1978) and Baer and King (1978) found
that the zinc levels in whole mixed saliva and whole parotid
saliva, respectively were unaffected by dietary zinc levels
but observed that the =zinc content of solids from whole
mixed saliva was less when subjects were fed 3 mg rather

than 10 mg of zinc daily. Everett and Apgar (1979) felt that

11
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the use of saliva as a diagnostic.tool was complicated by
the considerable variation in the composition of saliva that
occurred within the same individual at different times.
2.3INFLUENCE OF ZINC DEFICIENCY ON PHYSIOLOGICAL CONDITIONS:
2.3.1 Pregnancy: '
2.3.1.1 Clinical syndrome:

Poor zinc status and changes in zinc metabolism during
human pregnancy appear important since malformations in the
offsprings of zinc-deficient female animals have been
reported (Warkany and Petering, 1972). Sandstead et al.
(1978) observed impairment in the behavioral development of
the offspring when pregnant rhesus monkeys were deprived of
zinc during the time of rapid brain growth. Marginal zinc
deprivation induced at conception produced grovth
retardation, skeletal anomalies, delivery complications, and
impaired immune function in animals (Leek et al.,1984).
Eltohamy (1987) noticed a high rate of spontaneous abortion,
excessive bleeding during parturition, reduced plasma zinc
values and 1low zinc availability to the foetus in 2zinc-
deticient pregnant rabbits. Low birth weight, delayed
skeletal maturation and defective mineralization of
offspring as well as high pregnancy loss ratio and delivery
complication were also observed 1in pregnant rhesus monkeys
when zinc-deficient diet was fed (Golub et al.,1984). Apgar
(1968) noticed that zinc-deficient female rats delivered

their litters with extreme difficulty, suffered excessive



bleeding and failed to consume afterbirths or to prepare a

hest site.

2.3.1.2 Biochemical changes in plasma, serum, hair and urine
zinc:

Plasma and serum zinc:

Breskin et al.(1983) reported correspondence between
the early and sharp decline 1in circulating levels of
maternal zinc and the period of embryogenesis and suggested
a crucial role for zinc in human fetal development.

Jameson (1976) observed association of 1low maternal
serum zinc with congenital malformations, fetal dysmaturity,
prematurity, and maternal complications in otherwise healthy
women. He also reported a gradual fall in serum zinc during
the first and second trimester of pregnancy, variations in
serum zinc in individual healthy pregnant women being few.
swanson and King (1987) observed association of low materﬁal
serum zinc values with pregnancy-induced hypertension,
abnormal parturition and congenital anomalies.

Argemi et al1.(1988) found mean zinc concentration in
the serum of normal pregnant women to be 72.48 + 15.00 ngrsdl
which was significantly less than in non-pregnant women
(93.71+7.34 pg/dl). The decrea§e in total zinc concentration
during pregnancy was slow, from 75.36+17.61 to 70.46+13.28
Mng/dl during the second and third trimesters, respectively.
Vir et al.(l981) also stated that the mean serum zinc level
was signiticantly 1lower in pregnant subjects compared to

non-pregnant and showed a continuous significant decline

13



with increasing duration of pfeqnancy; the concentration of
zinc in serum being (.68 + 0.13 pg/ml; 0.62 + 0.08 ng/ml and
0.56 + 0.23 pg/ml, respectively during the second trimester,
third trimester and postpartum period.

A large prospective study of pregnant Australian women
showed association of 1low mid pregnancy serum 2zinc
concentration with increased risk of intrapartum haemorrhage
({McMichael et al.,1982). Prema (1980) in a stﬁdy on Indian
women tound extremely low serum zinc values, that is less
than 6.1 pumol/1l, at delivery in mothers of infants with
congenital abnormalities.

Serum zinc values significantly decreased in the first
trimester and further decreased in the second trimester and
then remained unchanged until delivery (Higashi et al.,
1988). Further, mothers with serum zinc less than 65 pg/dl
in the last tfimester gave birth to low birth weight babies.
In a study on Indian women, Mittal et a1.(1982) showed mean
serum zinc of pregnant women in the first and second
trimester and non-pregnant controls to be 109.7, 83.7 and
113.6 pg/dl, respectively, being significantly lower in the
second trimester.

Like serum zinc, low plasma zinc concentration was also
reported in the blood of women who had given birth to a
congenitally abnormal infant (Soltan and Jenkins, 1982).
Mukherjee et al1.(1984) did not find association of 1low
plasma zinc values with premature delivery, excessive

maternal bleeding, or pregnancy-induced hypertension.

14



Meadows et al.(1981) in a 1longitudinal study on
pregnant women observed significant decline 1in the mean
plasma concentration of zinc during the second trimester of
pregnancy which remained 1low until delivery. A higher
percentage of low birth weight mothers had plasnma iinc
concentration below 50 ng/dl  (Yasodhara et al.,1991).
Lazebnik et &1.(1988) reported association of 1lov plasma
zinc during the intrapartum period with a prolonged latent
phase, a protracted active phase, labour more than 20 hours
and cervical and vaginal lacerations.

Hair Zinc:

In two studies of healthy pregnant women, hair zinc
concentration decreased during gestation (Hambidge and
Droegemueller, 1974). Kohrs et al.(1986) reported greater
hair zinc concentration in primiparous women than those who
had two or more previous pregnancies. Hair zinc
concentration was found to be most 1in the third trimester
(Kohrs et al.,1977).

Vir et al1.(1981) stated that concentration of zinc in
hair decreased progressively with advancing pregnancy, the
decline between second and third trimesters being
significanf. The hair zinc concentration during the second
and third trimester was 183 + l26 ng/g and 170 + 26 ug/g,

respectively.

15



Urine zinc:

Urinary zinc excretion varied with stage of pregnancy
and was influenced by body size and bioévailability of
dietary zinc (Campbell et al.,1985). Measurements of urinary
zinc excretion provided evidence that zinc was conserved
during early pregnancy (Hambidge et al1.,1983). Further,
during the first trimester, pregnant women excreted less
urinary zinc than controls with equivalent zinc intakes.
Swanson and King (1982) found more excretion of zinc in
urine by pregnant women 1in late pregnancy as compared to
non-pregnant controls.

2,3.2 Lactation:
2.3.2.1 Breast milk zinc concentration and clinical changes
in offspring:

Fairweather et al.(1985) measured the transfer of $5Zn
trom mothers to litters during birth and first three days of
lactation. There were no differences in maternal or litter
€®Zn just before or Jjust éfter birth but within 72 hours
maternal €”Zn had significantly decreased and 1litter €%Zn
increased. Otfspring of rats that were deprived of zinc or
energy during lactation exhibited developmental delays 1in
retlexes which appeared after the first postnatal week
(auditory, startle, air riéhting and rope descent) and
growth retardation of zinc-deprived and undernourished rats
persisted long after dietary rehabilitation (Eberhardt and

Halas, 1987).

16



Mutch and Hurley (1974) observed diminished production
of milk containing less zinc than controls in zinc deprived
rats which resulted in retarded growth of young, dermatitis,
rough coats and abnormal posture.

Bilinski et al.(1987) reported hypozincaemia and
clinical features of acrodermatitis enteropathica 1in a
breast fed, premature infant. Munro et al.(1989) found
negative =zinc balance in premature infants and the
additional factor of a low maternal breast .milk zinc
concentration provoked signs of transient symptomatic zinc
deficiency in infants resulting 1in scaly erythema of the
cheeks and napkin area 9-13 weeks after birth. Symptomatic
zinc deficiency developed in an exclusively breast-fed, full
term female infant as a result of low breast milk zinc
concentration throughout lactation (Glover and Atherton,
1988).

Shrimpton et a1.(1984) noticed beneficial effect of
raternal zinc supplementation on growth and diarrhoeal
occurrence of breast-fed infants. Krebs and Hambidge (1985)
had seen advantageous effect of increase in dietary zinc
intake on both maternal zinc status and milk =zinc
concentrations especially with prolonged lactatio;.

I'hnere was progressive decline in human milk zinc with
duration of lactation (Krebs and Hambidge,1986). Zhou et al.
(1984) reported zinc content of milk taken from primiparous
women on days 3, 7, 14, 28 and 56 post partum in the morning

before suckling as 209.3 - 1166.7, 231.6-672.7, 138.6-525.0,
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76.3-408.3 and 36.8-192.2 pg/dl, respectively with
corresponding median values being 633.3, 400.0, 295.0, 181.5
and 115.0 pug/dl, respectively. Vuori and Kuitunen (1979)
noticed decrease in median zinc during the course of
lactation from 4.0 mg/1 to 0.5 mg/l. An abnormally low
concentration ot zinc in wother's milk was associated with
clinical nutritional =2zinc deficiency 1in premature and term
new porn intants. Abnormality of zinc uptake by the mammary
gland from the plasma was suggested as the causative factor
by Alkinson et al.(1989). Casey et al.(1989) measured zinc
in milk samples from healthy lactating women and ﬁound that
zinc concentration declined throughout lactation from 71.9 %+
18.3 pmol/L at 7 days to 44.3 + 10.7 pmol/1l at 1 month and
7.64 + 4.59 pmol/1 at 12 months.

2.3.2.2. Biochemical changes in plasma, serum and hair zinc:
Plasma and Serum zinc:

Soltan énd Jenkins (1982) reported 1low plasma zinc
concentration in the blood of women who had given birth to a
congenitally abnormal infant. Plasma zinc and albumin values
24 to 48 hours after delivery were lower than in controls
(Simmer and ‘Thompson, 1985). Mean =zinc concentration in
maternal serum was found to be 72.5 + 14.1 pg/dl by Woods et
al.(1988). Kapoor et al.(1988) observed inverse relation
between maternal serum zinc values and gestational age. Zinc
concentration in blood serum taken from women three days
post partum were 27.3-91.4 ug/dl, median value being 47.2

ug/dl (Zhou et al.,1984). Prasad et al.(1974) reported 71.6



pg/dl zinc in the venous blood of women at term with infants
ot normal birth weight and 68.6 ug/dl zinc in those with
small for date infants.

Hair Zinc:

Mothers of malformed infants had significantly higher
hair zinc concentrations than mothers of normal infants and
the mother/infant hair =zinc wvalues were significantly
correlated (Bergmann and Bergmann, 1985).

2.3.3. Menstrual cycle:

The etfect of menstrual cycle phases on the indices of
zinc status in normally menstruating women was studied by
Deuster et al.(1987). They divided the c¢ycle into four
phases: menses, follicular, ovulatory and luteal and
observed that plasma zinc concentrations were higher during
menses and the follicular phases and then dropbed during the
ovulatory and luteal phases. This study provided evidence
that the plasma zinc concentrations fluctuate during the
menstrual cycle in a phase-related fashion in normal
menstruating women.

Umoren and Kies (1982) reported considerable variation
in menstrual zinc losses from subject to subject and further
trom period to period for each subject. They observed_that
hypozincemia occurred under .these circumstances if zinc

intake was lowered.
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2.4.INFLUENCE OF ZINC DEFICIENCY ON:
2.4.1. Glucose metabolism:
2.4.1.1. Glucose tolerance and insulin secretion:

Quarterman et al.(1966) reported decreased glucose
tolerance in zinc-deficient rats. Studies of Mills et al.
(1969) indicated influences of 2zinc in membrane transport
and utilization of glucose. Underwood (1971) observed the
tunction of 2zinc during the normal productioﬁ and action of
insulin. He further noticed increased glucose uptake by
adipose tissue in the presence of zinc as well as insulin,
and even more with the combination of the two.

Crystallographic studies by Harding et al1.(1966)
clearly demonstrated the presence of zinc 1in crystals of
insulin confirming the close relationship between zinc and
insulin. Huber and Gershoff (1973) found impaired glucose
tolerance in decreased insulin secretion. Hendricks and
Mahoney (1972) suggested that the decreased clearance of
intravenous and intraperitoneal glucose in zinc-deficient
rats might be due to either a decrease in the secretion of
insulin from the pancreas or to an increased rate of insulin
degradation.

Acute stimulation of insulin secretion was seen when
concentration of zinc was low'in the B-cells of the pancreas
(Engelbart and Kief,1970). Deficiency of zinc voccurred in
diabetes (Abdulla,1983) and zinc homeostasis altered as a

consequence of glucose intolerance (Canfield et al.,1984).
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2.4.1.2 Bioéhemical changes in serum, plasma, urine and
hair zinc:

Patients with diabetes mellitus often have an altered
trace element pattern in their plasma and urine and
deticiency of zinc may develop during the course of the
disease (Sjogren et al.,1985).

Serum zinc:

Martin Mateo et al.(1974) measured higher content of
serum zinc 1in diabetic patients in comparison to normal
persons, the zinc value for serum in normal persons being 90
ug/dl which 1increased to 138 and 176 pg/dl in diabetic men
and women. In 1975, they further observed that serum zinc
levels were higher in female diabetics as compared to male
diabetics. Pai and Prasad (1988) observed normal to
increased content of serum 2zinc in most of the diabetic
patients in comparison to controlled subjects,‘ whereas no
difference in serum zinc was observed between normal and
diabetic by Mc Nair et al.(1981). D'oCon et al.(1987) noted
close relationship between serum zinc and glucose 1in
diabetic obese patients.

Kinlaw et al1.(1983) found low serum zinc concentration
in patients with stable type-11 diabetes mellitus.
Winterberg et al1.(1989) also detected significantly lower
serum zinc concentration in type-1 or insulin~dependent
diabetes mellitus (IDDM) as compared to type-I1 or non-

insulin-dependent diabetes mellitus (NIDDM). They also
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observed beneficial effect of zinc supplementation in the
improvement of diabetic complications.
Plasma zinc:

Unlike serum zinc level, fluctuating level of plasma
zinc was noted, that is, normal, increased or decreased in
diabetic patients by Pai and Prasad (13988), whereas lowver
plasma zinc content was detected in diabetics by umar and
Jaya Rao (1974) and Sjogren et al.(1986) and no alteration
was noted by Sullivan et al.(1969). Canfield et al.(1984)
observed significantly higher levels of fasting plasma zinc
in diabetic patients than in the controls.

Urine zinc:

Martin Mateo et al.(1974) found 154 ug/dl of urinary
zinc in control subjects while the corresponding value for
diabetic men and women were 270 and 179 ug/dl, respectively.
.Hyperzincuria was also observed in most of the diabetic
patients as compared to controls (Pai and Prasad, 1988;
Sjogren et al., 1986; Kumar and Jaya Rao, 1974; Khattab et
al.,197¢ and Canfield et al.,1984). Martin Mateo et
al.(197%) reported higher urinary zinc values in diabetic
males as compared to diabetic females. In contrast, more
excretion of wurinary zinc 1in female dlabetics than male
diabetics was detected by McNair et al.(1981).

Kinlaw et a1.(1983) found hyperzincuria 1in patients
with stable type-11 diabetes mellitus. Zinc 1loss in urine
wvas greater when proteinuria was also present and was

correlated with the mean serum glucose concentration. It was
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concluded that hyperzincuria, resulting from a glucose-
mediated process which is not osmotic, interacts with
impaired zinc absorption to produce 2zinc deficiency in
patients with type-11 diabetes mellitus.

Urinary zinc excretion in comparison to creatinine
excretion wasi almost doubled in the diabetic patients as
compared to the normal subjects (McNair et al.,1981).

Hair zinc:

Cantield et al.(1984) noted significantly lower hair
zinc concentration in male subjects with diabetes as
compared to female subjects with diabetes whereas Hagglof et
al.(1983) did not find zinc in hair to differ significantly
between the diabetic and controls.

Others:

Zinc concentrations in plasma, hair and urine taken
trom young adults with insulin- requiring or type 1 diabetes
mellitus were significantly correlated with their height,
weight and age (Canfield et al.,1984). Hagglof et al.(1983)
tound no correlation between serum, urine and hair zinc
content and the concentration of albumin and glucose in
serum. Lower zinc values were associated with decreased
plasma albumin in diabetic nephropathy patients as compared
with patients without complications.
2.4.2.Protein metabolism:

Zinc was related to protein synthesis in micro-

organisms, animals and animal tissues (Halsted et al.,1974).
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Williams et al.(1965) and Reeves and 0'Dell (1981) observed
reduced o:ﬁaltered protein synthesis in zinc-deficient rats.

The ggﬁthesis of both DNA (Fujioka and Lieberman,1964)
and RNA ‘(Wegener and Romano, 1963) was inhibited when zinc
was lacking. Somers and Underwood (1969) reported that a
primary defect was an increase in ribonuclease activity
resulting in increased protein catabolism. Dreosti et al.
{1972) noted that DNA synthesis as estimated by the
incorporation of thymidine was rapidly reduced in 2zinc-
deficient rats. Buchanan and Hsu (1968) also showed
suppressed liver DNA and RNA synthesis during zinc
deficiency.

Zinc deprivation in rats increased total nitrogen and
uric acid in urine while there was no difference in
creatinine excretion between groups which suggested that
zinc deprivation resulted 1in increased catabolism of
proteins (Hsu and Anthony, 197%). Somers and Underwood
{LY69) found significantly higher output of urinary nitrogen
and sulphur in zinc-deticient lambs than in control animals.
This observation suggested impaired protein or amino acid
utilization.

Animals which received high protein but zinc-deficient
diet had a significant increase in non-essential free amino
acids level compared to those on zinc supplemented diet
(Gritfith and Alexander,1972). Anthony and Hsu {(1973) noted
significantly higher levels of taurine and glutamic acid in

the plasma of zinc-deticient gxcup than those of control
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group. However, plasma proline and leucine 1levels were
reduced in zinc deficiency. Hsu and Woosley (1972) showed
that, in vivo, the incorporation of 2%S amino acids into
organ and skin protein was significantly altered when
metabolism of L-Methionine was studied in =zinc-deficient
rats.

Chesters and wWill (1981) suggested albumin and
transterrin as carriers of zinc in plasma and observedvthat
albumin acted as major transport protein for zinc in plasma
of most species, zinc also being present firmly bound to
alpha-2 macroglobulin. Boyett and Sullivan (1970) also
suggested that transferrin and alpha-2 macroglobulin had an
important role in internal zinc exchange. Parisi and Vallee
{1970) isolated alpha-2 macroglobulin and found that it
contained 30-40 per cent of the total serum =zinc which
suggested that alpha-2 macroglobulin was the piiﬁcipal zinc
metalloprotein in human serum.

Prasad and Oberleas (1970) reported that amino acid
bound fraction of zinc played a significant_ role in
biological transport. In a study on serum zinc values in
healthy men, men with low serum zinc had significantly lowver
serum alpha-1 globulin than men with high zinc (Hartoma et
al.,1979). Tao and Hurley (1971) observed significant
decrease in the total plasma protein content of zinc-

defticient rats.
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2.4.3.Cholesterol metabolism:

kEpidemiological studies suggested that even small
differentials in high-density lipoprotein (HDL) are
predictive of coronary heart disease (Castelli et al.,1977)
and zinc therapy has been found beneficial in some cases of
atherosclerosis (Pories et al.,1967). Hooper et al.(1980)
reported that oral ingestion of pharmacological doses of
zinc lowered HDL- cholesterol in man.

Increased levels of serum cholesterol were observed in
rats fed high-zinc diets (Klevay, 1973 and Klevay, 1975).
Sandstead et al.(1980) stated that nutritional deficiency of
zinc resulted in the elevation of serum (or plasma) levels
of cholesterol. Koo and Williams (1981) demonstrated that an
acute depletion of zinc in adult male rats produced
hypocholesterolemia which was primarily due to a selective
decline in high-density lipoprotein (HDL) fraction. Further,
a strong positive correlation between the concentration of
serum zinc and HbL~cholesterol was observed.

In another study, Koo and Ramlet (1983) not only
confirmed the positive relationship between serum zinc and
HDL levels but also ‘'showed that reduction in HDL due to
cholesterol intake was closely associated with the decrease
in serum zinc. Serum total cholesterol was significantly
less in rats deprived of zinc than in controls (Patel et
al.,19175). Koo and Lee (1988) reported that cholesterol
homeostasis was altered in zinc deficiency. Marginal zinc-

deticiency in male rats significantly 1lowered the total



amount of circulating HDL particles with no effect on the
concentration of total cholesterol.

In man, plasma zinc concentration was associated with
changes in plasma cholesterol. Dietary supplementation with
low doses (150 mg Zn or less daily) did not change plasma
cholesterol while doses of 160 mg 2Zn or more daily in men
resulted in decreased HDL cholesterol and Iincreased low-
density lipoprotein (LDL) cholesterol, creating risk of
developing heart disease (Samman and Roberts, 1988). Lukaski
et al1.(1982) provided evidence that the amounts and types of
dietary lipids, triglyceride and cholesterol, could
signiticantly alter the metabolism of zinc.
2.5.ZINC CONTENT OF FOOD PRODUCTS:

Prasad (1989) observed prevalence of zinc deficiency to
accompany inadequate protein intake in populations
subsisting on 1low incomes and geriatric cases. He further
observed predominant use of cereal proteins by the majority
ot the world population as an important predisposing factor
tor zinc deticiency as high phosphate and phytate content of
such diets resulted in poor availability of zinc. Underwood
(L971) also reported high dietary intakes of whole wheat
bread and legumes, both high in phytates, as factors which
contributed to the zinc deficiency syndrome in Middle
Eastern dwarfs. Oberleas and Prasad (1969) suggested zinc
supplementation of cereal diets for the improvement of

growth and well being of human population in many areas.
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There was ample evidence that the zinc content of
plants was influenced by the soil type and tﬁe fertilizer
treatment (Underwood, 1971). Halsted et al.(1974) reported a
net loss of elemental zinc from the soil due to natural
leaching and erosion and constant removal of crops without
repletion resulted in deficiency of zinc 1in the soil.
Mitchell (1964) calculated that the uptake of zinc by plants
was relatively high compared with the so0il concentration
which further added to zinc depletion in the soil.

Schroeder et al.(1967) found considerable variation in
zinc content of common foods. While white sugar, pome and
citrus fruits were among the lowest in zinc (less than 1 ppm
of fresh edible portion), wheat germ and bran (40-120 ppm)
and oysters which contain over 1000 ppm zinc were among the
richest sources of this trace element. Between these
extremes in ascending order were roots and tubers, white
tlour and bread, milk, leafy vegetables, meat, fish, eggs,
whole cereals, nuts and leguminous seeds.

Halsted et al1.(1974) stated that the refining of foods
usually resulted in decrease in the zinc content.
Czerniejewski et al.(1964) and Schroeder (1971) noted upto
80 per cent loss in zinc content during the milling process
ot wheat for flour. Bread made from white flour had a lowver
zinc content than whole wheat bread (0Osis et al.,1972) and
corn starch contained much less zinc than the whole corn

kernel (Miller and Miller, 1963}).
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Zinc concentration of foods was affected by £food
preparation methods and the variation in zinc content of
cooking water from different regions also changed the zinc
level ot the prepared food (Halsted et al1,1974). They
further reported that zinc content of foods was also
aftected by the equipment and utensils used to prepare and

store the food.
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MATERIALS AND METHODS

The present study was conducted on the subjects (in
normal (control), physiological and diseased conditions)
selected from Palampur and nearby rural areas situated in
Kangra district of Himachal Pradesh. Kangra valley is
situated between 30° 21' to 32°59' N latitude and 75° to
75245' E longitude. The places under study are located about
1200-1500 metres above mean sea level and mean amblént
temperature ranges as low as 2° celcius during winter to 34-
celcius during summer.

The details of methodology to determine zinc status of
local human population in health and diseases are described
below:

3.1 SELECT1ON OF SUBJECTS:

Healthy and diseased subjects were chosen after
obtaining their willingness to become experimental subjects
for the study. The details are as follows:

3.1.1 Normal (control) conditions:
Ten male andifemale adult subjects between the ages of

25-36 and 22-27, respectively were selected. All of them



were daily commuting from nearby rural areas to Palampur for
work in the capacity of either 1laboratory assistant,
technicians or clerks. Educational level ranged from
matriculation to graduation and there was no eccentricity in
their dietary habits.

3.1.2 Physiological conditions:

a) Pregnancy: Ten subjects each from first, second and third
trimester of pregnancy belonging to nearby . rural areas of
Palampur were selected from the local civil hospital. All of
them were coming for regular check wup and were housewives
belonging to 1low middle income éroup. Their ages ranged
between 19-28 and dietary patterns were similar.

b) Lactation: Ten lactating wvomen again belonging to rural
areas adjacent to Palampur were selected from the 1local
civil hospital. They were coming to the hospital for regular
check ups of themselves and their infants and were
housewives having similar socio-economic and dietary
patterns. Their ages ranged between 23-28.

c) Menstruation: Ten normal menstruating girls belonging to
nearby areas of Kangra valley were selected from the girls
hostel of HPKV. Their ages ranged between 18-21 and dietary
patterns were same. The soc%o—economic status of thelir
parents, in general, was similar.

3.1.3. Diseased conditions:

a) blabetes: Ten male and female diabetic patients between
the ages of 20-55 and 35-46, <xespectively, wvere selected

from the 1local civil hospital and university health centre.
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All of them belonged to rural areas near to Palampur and had
similar socio-economic and dietary patterns.

b) Hypertension: Ten male and female hypertensive subjects
between the ages of 42-52 and 39-46, respectively, wvere
selected from the local civil hospital and university health
centre. All of them belonged to nearby villages and had
similarity in income level as well as dietary habits.

3.2. ANTHROPOMETRIC MEASUREMENTS:

Height and weights of the subjects weré measured by the
method of Jeliffe (1966) as detailed below:
3.2.1. Helght:

The subjects were made to stand on the flat floor bare-
footed, by the scale with their feet parallel and the ﬁeels,
buttocks, shoulders and back of the head touching the
upright. The head was set comfortably erect. The arms were
kept hanging by the sides in natural manner. The head piece
of the scale was gently lowered, crushing the hair and
making contact with the top of the head, the centimeter
scale reading thus obtained was recorded.

3.2.2. Weight:

Flat base standard weighing machine was used for
measuring the body weight of Fhe subjects. Before taking the
weight every time, the zero reading was observed and if
needed it was reset. Weighing was done 'in the morning before
any meal and in standard clothing, after removing the
footwear. The subjects were made to stand on the centre of

the platform without touching anything around.
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3.3. DETERMINATION OF BODY MASS INDEX (BMI):

Body mass index of the subjects wvas calculatéd by the
expression sugqgested by Forbes (1988):

BMI= Body weight (kg)/Heightz (m)
3.4. DETERMINATION OF BASAL METABOLIC RATE (BMR):

BMR was calculated using the method proposed by ICMR
(1990) as given below:

Equations for predicting BMR (Kcal/24hr)

—— e = e . —— e - - - . = —m e S M e e A S e e e . A e . e W e o = v e -

Sex Age Prediction equation proposed by
(years) ICMR expert group for Indians

- . —— . - . e e . S e o Aae v S M GED A e e e T e M G e e A e S . - . . S -

Male 18-30 14.5 x B.W. (kg) + 645
30-60 10.9 x B.W. (kg) + 833

>60 12.8 x B.W. (kg) + 463

Female 18-30 14.0 x B.W. (kg) + 471
30-60 8.3 x B.W. (kg) + 788

>60 10.0 x B.W. (kg) + 565

- - — - ———— - — —— T — ST - —— ——— - —— . =t e - . = e Y e A —

3.5. DETERMINATION OF HAEMOGLOBIN (Hb):

Hb level of the subjects was determined by Sahli's acid
hematin method as described by Hunter and Bomford (1968).
Principle: Blood when mixed with hydrochloric acid forms
acid hematin which is a brown coloured pigment.
Requirements: Kit containing hemometer, pipette. hemometer
tube, N/10 HC1l and dropper.

Method: Index finger of - each subject wvas pricked
asceptically and first few drops were discarded. Then 0.02
ml of blood was sucked in the pipette and then transferred

into the tube and three drops of N/10 HCl were mixed with



blood in the tube and allowed to stand fér about five
minutes. It was then diluted drop by drop with distilled
wvater till the colour matched with that of the standard. The
total amount was proportionate to the concentration of
haemoglobin in the blocd and was noted down.

3.6. DETERMINATION OF BLOOD PRESSURE:

SYstolic and dlastolic blood pressures of the subjects
wre determined using a mercury sphygmomanometer.

3.7. DETERMINATION OF PROTEIN,GLUCOSE AND CHOLESTEROL IN

PLASMA AND CREATININE IN URINE:

3.7.1. Collection and storage of human plasma and urine
samples:

Venous blood of the experimental subjects was collected
into a disposable syringe and immediately transferred into a
centrifuge tube containing sufficient anticoagulént
{heparin). The blood was centrifuged for 15-20 minutes at
2500 rpm ahd supernatant plasma was separated wusing a
rubber-bulb pipette.

For urine samples, the total amount of urine excreted
by each subject in 24 hours was collected 1in bottles
containing little amount of toluene. Quantity of the total
urine was measured and after shaking thoroughly a sufficient
aliquote was kept for analysis.

The samples were stored in marked tubes at -10°C in a

deep freezer.
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3.7.2. Plasma Protein:

Protein level of the subjects was determined by the
method of Reinhold (1953). The detailed procedure 1is as
follows:

Principle: The ~-CONH groups in the protein molecule react
with copper sulphate in alkaline medium to give purple
colour which is then read at 540 nm.

Requirements:

1. Working biuret reagent: Firstly stock biuret solution vas

prepared by dissolving 45 sodium-potassium tartrate, 15g
copper sulphate and 5g of potassium iodide in 0.2 N NaOH and
volume was made one litre. For preparing working biuret
reagent, 5g of KI was added in 200 ml of above stock biuret
reagent and the volume was raised to 1 1litre with 0.2 N
NaOH.

2.8tock albumin solution: For preparing working standards
stock albumin solution was prepared by dissolving 1§ of
bovine serum albumin in distilled water and volume was made
to 100 ml. The final solution contained 10 mg protein/ml.

3. 0.75 N NaoH

4, Plasma samples
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Preparation of working standards:

. s A A WA e . . - —— — — = —— = e A - — G At = G e e " — e S W s . S — v M -

S8tandards Stock Distilled Final Protein * which is

albumin water volume concent- equal to
solution ration (g protein
/ml /741)
Sa 1 ml - 1 ml 10 mg 10
S2 0.8 ml 0.2 ml 1 ml 8 mg 8
Sa 0.6 ml 0.4 ml 1 ml 6 mg 6
Sa 0.4 ml 0.6 mi 1 ml 4 mg 4

————— . —— — - —— — . ——— > A — —— A —— —— " —— . — T - —— Wi W e S - =

* When standard volume is 1 ml amd sample volume is 0.1 ml
Method: 1 ml of all the standards were added in their
respective tubes and 0.1 ml of plasma samples were added in
another set of marked test tubes. To make the total volume 2
ml; 2 ml, 1 ml and 1.9 ml of 0.75 N NaOH was added in the
blank, standards and test samples, respectively. 2 ml of
working biuret reagent was added to all the tubes and the
contents were mixed well. Tubes wvere kept at roonm
temperature for 30 minutes and the absorption was read at
540 nm. ‘

Preparation of standard curve: After setting 2zero optical
density (0.D.) for blank, 0.D. for each concentration of the
standard was noted down. It was plotted on graph paper by
taking the absorbance on vertical axis versus protein
standard concentrations on horizontal axis. Using a set of
points, a best fit curve was drawn (Fig 3.1). The protein
concentration in the sample was read directly from the

standard curve and wvas expressed as g protein/dl plasma.
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3.7.3 Plasma glucose:

Plasma glucose level of the subjects was determined by
the method of Folin and Wu (1965).
Principle: The protein~-free blood filtrafe is heated with
alkaline copper solution, using a special tube to prevent
reoxidation. The cuprous oxide formed is treated with a
phosphomolybdic acid solution, a blue colour being obtained
which is compared with that of a standard.
Requirements:
1. Stock solution: Stock standard (1 per cent) i.e. 10 mg/ml
glucose in saturated benzoic acid.
2. Working standard: A wvorking standard of sfrength 0.1
mg/ml equivalent to 200 mg/100 ml of blood was prepared by
taking 2 ml of stock solution and making the volume to 100
ml with distilled water.
3. 10 per cent sodium tungstate
4. N/10 H2S0.
$. Alkaline copper solution
6. Phosphomolybdic acid
7. Protein-free filtrates.

Preparation of working standards:

- . — ——— — —— - R M = e e e Y . M e e G G i S A A e G m A e e M e A -

Standards Working Distilled Final Glucose
standard water - volume concentration
0.1 mg/ml mg/dl

Sa 2.0 ml - 2 ml 200

Sa2 1.5 ml 0.5 ml 2 ml 150

S 1.0 ml 1.0 ml 2 ml 100

= o - ————— —— i —————— i . S w—_ G e YOS WA . e A T . A - T G — . n — - S W S —
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Preparation of protein-free filtrates (PFF): Took 8 ml of

N/10 H2804 and to it added 1 ml of 10 per cent sodium
v

39

tungstate and 1 ml plasma. Then mixed{lit properly and’

filtered through whatman filter papei No. 1 to obtain

protein-free filtrate.

Method: Took Folin and Wu sugar tubes and marked them for
blank, standards and unknown sampiles.

Proceeded as below:

——————— i — S GES W P T A = ———— A — ————— - T P ——— " T T = - — -

B S1 S2 83 S4 U
Working standard - 2.0 ml 1.5 ml 1.0 ml 0.5 ml -
(0.1 mg/ml)
Distilled water 2.0 m1 -~ 0.5ml 1.0 m1 1.5 ml1 -
PFF - - - - - 2.0 ml

Alkaline copper 2.0ml 2.0 ml1 2.0 ml1 2.0 ml1 2.0 ml1 2.0 ml
solution

———— - - " T ———— - - — —— A — ———— —— > S S T ————— —— ——— ——— - ———————

Heated all the tubes 1in boiling water bath for 10
minutes. Allowed the tubes to cool in running water and then
added 2 ml of phosphomolybdic acid in all the tubes. Waited
for 1 minute and then made the volume of all tubes 25 ml by
adding distilled water. Mixed well and read optical density
of standards and unknown samples against reagent blank at
420 nm.

Preparation of standard curve: After setting zero optical
density for blank, 0.D. for each concentration of the
standard was noted down. It was plotted on graph paper by
taking the absorbance on vertical axis and glucose standard

concentrations on horizontal axis. Using a set of points a



best fit curve Wwas drawvn (Fig 3.2). The glucose
concentration in the sample was read directly from the
standard curve and was expressed as mg glucose/100 mnl
plasma.

3.7.4 Plasma cholesterol:

Cholesterol level of all the subjects 1in plasma wvas
determined by the spectrophotometric method of Liebermann-
Burchard given by Henry (1968).

Principle: Cholesterol forms with acetic acld, acetic
anhydride and conc. H=2804 a blue-green compound. The
intensity of the colour is proportional to the concentration
of cholesterol in the sample and is measured at 620 nm (605~
635 nm).

Reagents:

1 Acetic anhydride, glacial acetic acid

1A Glacial acetic acid, sulphuric acid.

Stock standard: 400 mg cholesterol/dl in glacial acetic
aciad. |

Preparation of vorking‘solution:

Solution (1): Reagents 1 and 1A required to be cooled
before mixing. Carefully poured the contents of one bottle
1A into one bottle 1, mixed well and stored in refrigerator

for at least four hours before they were used.
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Preparation of working standards:

———— i —— - - — . i A~ —— " T St o G A e M A o - ——— Y - — - —— —

Standards Stock Glacial Concentration
acetic acid ng/dl

s» 1m0 3m 00

S2 2 ml 2 ml 200

Sa» 3 ml 1 ml 300

Sa 4 ml - 400

- — - T WA A e w— A e es P e e A S e T T — o — 4 . —— - e - ——— — ———

Procedure for spectrophotometer: Took test tubes and marked

for blank, standard and test. Proceeded as below:

Blank Standard Test
Solution (1) 2.5 ml 2.5 ml 2.5 ml
Standard - 0.1 ml -
Sample - - 0.1 ml

Added sample and standard along the walls of thé test tubes
to obtain a layer over the solution. Mixed immediately after
layering. Then allowed the tubes to stand in a water bath at
room temperature (25 %+ 5°C) for 12 minutes in order to
achieve adequate heat dispersion which is essential for the
reaction. Then read the absorbance of the test and of the
standard against the blank within 10 minutes at 620 nm (605-
635 nm).

Preparation of standard curve: After setting zero optical
density for blank, standard ‘curve wvas constructed by
plotting the 0.D. values for the cholesterol standards on
vertical axis and cholesterol standard concentrations on the
horizontal axis, on a graph paper. Using a set of points, a

best fit curve wvas drawn (Fig 3.3). The cholesterol
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concentration in the sample was read directly from the
standard curve and wvas expressed as mg cholesterol/100 ml
plasma.

3.7.5 Urinary éreatinine:

Urinary creatinine was determined by the method of
Wootton (1974). The details of this method are as follows:
Principle: Creatinine reacts with alkaline picrate to form a
yellow red colour (Jaffe reaction).

Reagents:

1. saturated picric acid (12 per cent solution of picric
acid was prepared and then filtered using whatman filterx
paper No. 42).

2. Sodium hydroxide (10 per cent)

3. Standard solution of creatinine (25 mg creatinine per 100
ml of O0.IN HC1l)

4. Urine samples

et byt

1. For samples: Urine was centrifuged at 3000 rpm for 10
minutes. Supernatant vas collected and sediment was
discarded. To 1 ml of the supernatant, 3 ml of distilled
water was added. T0 200 pl of this diluted urine, 800 pl of
vater was added. To all the tpbés then, firstly, 4 ml of
saturated picric acid and then 0.3 ml of 10 per cent NaOH
were also added and shook well. Then added 0.7 ml of
distilled water to all the tubes after which the tubes were
allowed to stand for 10 minutes. Absorption was read at 520

nm.
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2. For blank: In the fourth step, instead of 200 pl urine +
800 pl water, 1 ml of distilled water was taken. Rest of the
procedure was the same.
3. For the standards: Five creatinine standards were taken,
that is, 40, 80, 120, 160 and 200 ul from the standard stock
solution of creatinine containing 10, 20, 30, 40 and 50 ug
creatinine, respectively.
Preparation 6£ standard curve: Standard curve was
constructed by plotting the 0.D. values for the creatinine
standards on vertical axis versus creatinine standard
concentrations on horizontal axis, on a graph paper. Using a
set of points, the best fit curve was plotted (Fig 3.4).
Total creatinine 1in urine: Using the 0.D. for each sample,
the vélues for creatinine in urine samples were read from
the standard curve.
3.8 DIGESTION OF FOOD, URINE, SERUM, SALIVA, MILK AND HAIR
SAMPLES FOR DETERMINATION OF ZINC.
3.8.1. Collectibn and storage of food, serum, saliva and
milk samples:
Food samples: 1n case of vegetables, fresh weight of edible
portion was noted down and then the vegetables were cut into
small pieces and kept in the oven for drying. Upon drying,
again weight was taken and the material was then finely
grounded. It was then kept in tightly closed plastic bottles
in order to prevent moisture gain.
Serum samples: Venous blood of the subjects was drawn into a

disposable syringe. 1t was then transferred as quickly as
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possible into a centrifuge tube and the blood was allowed to
clot. As soon as sufficient serum was formed, it was
transferred into a suitable container with the help of a
rubber bulb pipette. The samples were stored at -10°C in a
deep freezer.
Saliva and milk samples: Whole mixed saliva samples were
collected and stored in marked containers after filtering
through whatman filter paper. Milk samples wvere collected
from the lactating subjects. Both type- of samples were
stored at -lOéC in a deep freezer.
Digestion of samples: Samples were digested 1in di-acid
mixture (4 parts nitric acid + 1 part pexrchloric acid)
according to the procedure of Johnson and Ulrich (1959).
Procedure: A known amount of sample (0.5 gm food sample, 2
ml each of serum, saliva, urine and milk samples and 100 mg
of hair sample) was taken in a 250 ml conical flask. 10 ml
of di-acid mixture was added and the flask was covered with
water glass to prevent contamination and was kept overnight.

The sampies vere digested at low temperature of hot
plate. Before heating, the watch glass was removed and a
glass funnel was placed on the flask to avoid bumping and
contamination. Copious red fumes were produced as reaction
took place. After 40-50 minutes, the fumes of nitric acid
were over.

The digestion was continued till the liquid was yellow

green and became colourless on cooling. The €£flask was
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removed from the hot plate when approximately 1 ml of
digested material was left.

If there was carbonization, the solution became black.
1-2 ml of nitric acid was added and digested again as
usually. The solution became clear in about 2-3 minutes. If
it persisted, 2-3 ml of nitric acid were added and digestion
was continued until solution became clear.

After codling, the digested material was transferred
alongwith some glass distilled wvater to volumetric flask.
The volume was made to 50 ml in case of food samples and 25
ml in case of serum, urine, saliva, milk and hair samples.
3.9 DATA ANALYSIS:

Data analysis was done following the standardized
statistical method by Gupta (1988). The statistical analysis
was viewed through to the mean and its standard deviation
tor analysing the general trend in data. For comparing the
treatments, the analysis of variance test was undertaken
following the completely randomized design. Difference
within and between each group were tested through least
significant difference value. In all these tests, the
significance level was kept constant at 5 per cent (P<
0.05). Relationship between various parameters was also
worked out through cause and effect analysis (correlations).
For a given parameter, difference between sexes was tested

using 'student's t' test.
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RESULTS AND DISCUSSION

The results of the study to determine the zinc status
of 1local human population in health and diseases are
presented and discussed in this chapter under the following
headings:

1) During diseased conditions

2) During different physiological stages (Pregnancy,
lactation)

3) During menstrual cycle phases.
4.1. DURING DISEASED CONDITIONS:
4.1.1. Age, Height and Weight:
Age: The average age (years) of normal, diabetic and
hypertensive male subjects were 28.0 + 3.26, 43.0 + 9.53,
47.1 + 2.173, iespectively (Table 4.1). The mean age in case
of female subjects (Table 4.2) was highest for hypertensives
(42.7 + 2.40), followed by diabetics (40.5 + 4.11) and
normals (24.6 + 1.50).

There was almost twenty years difference in the age of
normal and diseased subjects which implied that age was an
importént criteria for the development of diseases such as

diabetes and hypertension. This was in concurrence with the



report of Shils and Young (1988) who stated that diabetes
and hypertension usually develop after the age of 40 and 45
years, respectively, in majority of human population.

Height and welght: Non-significant difference was observed
in height and weight of normal and diseased male subjects
(Table 4.1). The mean heights (cm) of normal, diabetic and
hypertensive subjects were 167.8 # 2.69, 166.3 + 5.47 and
167.9 + 2.44, respectivély. The values for weight (kg) of
respective subjects were 63.0 + 4.39, 58.1 + 8.6 and 59.5 %
3.02 kg (Table 4.1). The mean weight for height observed in
our study was slightly lower than the reference man's weight
of 60 kq for 163 cm height reported by ICMR (1990).

Like male subjects, in female subjects too, non-
~significant difference was observed in the heights and
weights during normal and diseased conditions. The mean
values for height (cm) were 152.6 + 2.46, 153.5 + 2.13 and
152.9 + 1.97, respectively for normal, diabetic and
hypertensive subjects (Table 4.2). The respective values for
weight (kg) in the same order wvere 46.2 + 1.75, 46.7 + 6.05
and 47.6 + 3.83. The mean weight for height was found to be
lowver than the reference woman's weight of 50 kg for 151 cm
height (ICMR, 1990).

The difference between sexes for both height and weight
vas found to be statistically significant (P<0.05) in all
the three conditions. ICMR (1990) also reported lower height
and weight values in the females as compared to their male

counterparts.
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Table 4.1 Age (years), height (cm) and weight (kg) of normal
(control) and diseased male subjects.

Age Height Weigh
5.No N Db K N b H O OON D
1 36 20 48 170.0 152.5 167.5 65 37 !
2 29 55 52 170.0 172.5 165.0 68 70
3 28 42 47 165.0 167.5 170.0 64 58 |
4 26 52 42 172.5 170.0 170.0 70 64 ¢
5 30 36 41 167.5 165.0 165.0 64 54 £
6 28 40 46 170.0 170.5 167.0 65 62 £
7 26 42 46 165.5 167.5 172.0 58 60 6
8 25 46 45 167.5 165.0 165.5 61 58 s
9 25 50 48 165.0 165.0 170.0 57 57 6
10 217 417 50 165.0 167.5 167.5 58 61 5
Mean 26.0 43.0 47.1 167.8 166.3 167.9 63.0 58.1 5
S.D.(+) 3.26 9.93 2.73 2.69 5.417 2.44 4.39 8.6
C.V. (%) 11.7 23.1 5.8 1.6 3.3 1.4 6.9 14.8
overall 9.0 7.4 60.2
Mean
Overall 10.29 3.74 6.02
Sb (%)
Overall 26.2 2.2 190.0
CV (%)
c (s%) T Ns N.S

e o e e e e e e e e e e o e e . = T A . = v - —— . - Y o - o = e T A ML e S e

N = Normal D = Diabetic H = Hypertensive NS = Non-signific
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Table 4.2 Age (years), height (cm) and weight (kg) of normal (cont:
and diseased female subjects.

- — = = — A O —— S e T s M - e S e - e - At S = S T ——— - — "

Age Height Weight
S.No N b u N b ® N b
1 25 36 45 152.0 157.5 152.5 48 40 40
2 | 26 46 42 155.0 152.,5 155.0 49 60 47
3 23 37 42 150.0 155.0 155.0 45 43 49
4 24 40 46 150.0 150.0 150.0 44 40 43
5 24 37 45 152.5% 152.5 152.% 47 45 45
6 21 35 40 152.5 153.0 154.0 48 46 51
7 26 42 45 157.0 154.5 152.0 46 52 49
8 24 44 42 150.0 152.0 152.5 46 44 50
9 22 46 39 155.5 152.5 150.0 45 47 50
10 25 42 41 152.0 155.5 155.5 44 50 52
Mean 24.6 40.5 42.7 152.6 153.5 152.9 46.2 46.7 47.
SD (1) 1.50 4.11 2,40 2.46 2.13 1.97 1.75 6.05 3.
CV (%) 6.1 10.2 5.6 1.6 1.4 1.3 3.8 12.9 8.
overalr 3.9 1s3.0 6.8
Mean
Overall 8.66 2.15 4.15
5D (%)
Overall 24.1 1.4 8.8
CV (%)
c (5% Ns NS

e e o - —— = ———— — S ——— - ——— — e — " e - = T W o e v = T T - - — - — ———" > — "

N = Normal _ D = Diabetic H = Hypertensive NS Non-significai
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Table 4.3 Analysis of variance for height of the subjects.

e e e e o e e e .~ e A S - - = e - —— . = = A e e Wm e = G = e e a = G - A e G S e e i w - -—

Source of variation df Sum of Mean Sqguares F value
squares

wazte

Treatment 2 16.650 8.325 0.578

Error 27 388.925 14.405

Total 29 405.575 13.985

Female

Treatment 2 3.817 1.908 0.395

Error 27 130.425 4.831

Total 29 134.242 4.630

e o v R v — — — — o — A = m— = e A A= e e S = s = - i e v e A S e D A e e M M W e A e D e

* Significant at 5% level

Table 4.4 Analysis of variance for weight of the subjects.

e - ———— - .t v —— —— - S e S e it G S G e S - v_ S . . (e A . G . — . - —

Source of variation df Sum of Mean Sgquares F value
squares

wate T

Treatment 2 127.400 63.700 1.863

Error 21 923.400 34.200

Total 29 1050.800 36.234

Female

Treatment 2 10.067 5.033 0.277

Error | 21 490.100 18.152

Total 29 .500.167 17.247

i o - = e o - v A e S A At Sy . G R Ea We R oA e o M M " S = M T - Y e A - D v W e W . v

* Significant at 5% level



Shils and Young (1988) and Kannel and Gordon (1979)

reported that overwveight was a major cause of \insulin
resistance leading to diabetic state and hypertension,
respectively. However, in the present study this cause vas
ruled out as none of the diabetic and hypertensive patients
wvere overweight.
4.1.2 Body Mass Index (BMI): The mean BMI values (kg/m2) bf
normal, diabetic and hypertensive male subjects were 22.35 +
1.01, 20.87 + 1.99 and 21.08 + 0.66, respectively (Table
4.5) and the difference was found to be statistically
significant (P<0.05).

Unlike males, the statistical analysis showed non-
significant difference in the BMI values of female subjects
and corresponding values for normal (control), diabetic and
hypertensive subjects were 19.84 + 0.79, 19.83 + 2.64 and
20.35 + 1.53 kg/m2, respectively.

Further analysis revealed that the BMI values of male
éubjects were significantly higher than those of female
subjects under normal conditions.

Both male and female subjects had lower BMI values than
the standards 22.64 kg/m* and 21.93 kg/m? proposed by ICMR
(1990) for reference men and women. The results were,
however, within the range of 19-27 kg/m? (Shils and Young,
1988) and 20-25 kg/m? (Nutrition News, 1991) reported for
normal men and women.

Further investigation revealed that there was no

influence of diseased conditions on the BMI of the subjects.
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Cronk and Roche (1982) had also reported that BMI was not
always an accurate index of body composition as the average
index was about the same for both sexes during the
adolescent and young adult years despite the difference in
body fat. This might be the possible reason for nearly
similar BMI values in normal and diseased conditons.

4.1.3 Basal Metabolic Rate (BMR): Mean BMR (Kcal/24 hr) vas
significantly higher in normal male subjects(1553.9 + 63.08)
than both hypertensives (1481.5 + 33.0) and diabetics
(1460.8 + 109.11) (Table 4.5).

In case of female subjects, highest mean BMR value
(kcal/24 hr) was observed in hypertensives (1183.1 + 31.83),
followed by diabetics (1175.6 * 50.26) and normals (1117.8 +
24.51). Statistical analysis revealed that the BMR values
for diabetics and hypertensives were significantly (P<0.05)
higher than those for normals while the difference between
diabetics and hypertensives was non-significant.

Difference between sexes was found to be statistically
significant in all the three conditions.

The higher BMR values obtained for male subjects in the
present study were probably due to the positive relation of
BMR with body surface area which in turn is directly related
to height and weight of an individual. Since, in the present
study, both these anthropometric measurements were found to
be more in males, higher surface area might have contributed

to more wvalue of BMR in male subjects. Moreover, it is well



Table 4.5 Body Mass Index (BMI) and Basal Metabolic Rate (BMR) of normal (contrel) and diseased male and felale

sub jects

------------------------------- Male o female
BNl (k;;;’) BNR (Kcal/24 hr) 841 (kg/n?) BNR (Kcal/24 hr)

S.Mo &------_& -------- ; N D H N D H N D H
] 22,49 15,91 20,3t 1341.5 1181.5 1434.3 20.77 16,12 17.20 1143.0 1120.0 1120.0
2 23,33 23.52  21.67 1631,0 1596.0 1476.1 20,39 25.80 19,56 1157.0 1286.0 1178.1
3 23.50 20,67 21,45 1573,0 1465,2 1508.8 20.00 17.89 20.39 1101.0 1144.9 11947
4 23,52 22,14 22,14 1660,0 1530.6 1330.6 19.55 17.77  19.11 1087.0 1120.0 1144.9
3 22,81 19.83  21.30 1573,0 1421.6 1465.2 20,21 19.35  19.35 1129.0 1161.5 116L.5
6 22,49 21.32  20.44 1587.3 1508.8 1454.3 20.64 19,63 21,50 1143.0 1189.8 1211.3
[ 21,17 21,38 21.63 1486,0 1487,0 1530.6 18.66 21.78  21.21 1115.0 1219.6 1194.7
8 2174 21,30 20,44 1529.5 1465.2 1443.4 20.44  19.04 21,50 1115.0 1153.2 1203.0
9 20,94 20,94 2,11 1471.5 1454.3  1497.9 18.73 20,21 22,22 1101.0 1178.1 1203.0
10 21,30 21.74  20.31 14B6.0 1497.9 1454.3 19.04 20.68  21.50 10B7.0 1203.0 1219.6
;;an - 22:;;---;0.87 ;;.08 15;;:9 1460.8  1481.5 19.84 19,83  20.38 1117.8 1175.6 11B3.1
SD (#) 1.01 1.99 0.66 63.08 109.11  33.00 0.79  2.64 1.53 24,9 50,26  31.83
VY] 4.5 9.6 3.2 4.1 1.9 2.2 4.0 13.3 7.6 2.2 4.3 2.7
é;;;;;; ------- ;1.43 ------- o 1498.75 20.0;--‘ 1156.83
Hean
iverall 1.46 83.15 .7 46.53
S (1)
Overall 6.8 5.9 8.8 4.0
v (1)
won 0.7 Y NS .11
V- Normal D= Disbetic = ypertensive M = on-significant
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Table 4.6 Analysis of variance for body mass index of the subjects.

e . = e e S — - v M i e S T w— a — - e e e e M W e A e W W e e

Source of variation daf sum of Mean Squares F value
squares

Male

Treatment 2 12.750 6.375 3.518"

Error 27 48.923 1.812

Total 29 61.673 2.126

Female

Treatment 2 1.790 ' 0.895 0.269

Error 27 89.937 3.331

Total 29 91.726 3.163

e e . . = - . - ——— . e T et Y e = G W e e R G o e e e M v B mm e e G S T R M e e e A S A T S M A S e =

* Significant at 5% level

Table 4.7 Analysis of variance for basal metabolic rate of the
subjects,

" - ——— = —_——— — ——_— —— " —— — i W e — - i Gy v = S ML e P e e e . - A - A v P e W T S = - e - S v - - -

Source of variation df Sum of Mean Squares F value
squares

vate T

Treatment 2 47768.061 23884:03 4.221"

Error 217 152765.754 5657.991

Total 29 200533.815 6914.959

Female

Treatment 2 25530.918 12765.459 9.248"

Error 217 37271.225 1380.416

Total 29 65802.143 2165.59

* Significant at 5% level
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established that women have 6 to 10 per cent lower BMR than
that of the men (Robinson and Lawler, 1982).

4.1.4 Blood Pressure (Bp): The mean values for systolic and
diastolic Bp of the subjects in the three conditlons are
given in table 4.8.

Systolic and diastolic Bp: Mean systolic Bp value (mm Hg)
for male subjects was recorded highest in hypertensives
(141.5 + 8.51), followed by diabetics (136.5 &+ 9.77) and
normals (118.4 + 4.92) and the difference was statistically
significant (P<0.05).

Similar trend was observed in systolic Bp values of
female subjects. Hypertensives had highest value (141.5 +
6.68 mm Hg), diabetics intermediate (138.1 + 7.5 mm Hg) and
normals lowest (120.1 + 7.31 mm Hg). Statistically the
difference was again significant (P<0.05).

Mean diastolic Bp value (mm Hg) vas 113.5 + 9.44 for
hypertensives, 89.3 t+ 7.63 for diabetics and 76.8 + 3.67 for
normal male subjects and statistically the difference was
significant (P<0.05). Similar pattern was observed in
diastolic Bp values of female subjects and the respective
values for hypertensives, diabetics and normals wvere 114.0 +
6.58, 91.2 + 8.49 and 77.6 + 3.37 mnm Hg. Difference was
again significant (P<0.05). |

In thg present study, the mean systolic and diastolic
Bp values of normal subjects were within the range specified
by Jackson (1981). Higher values observed for diabetics and

hypertensive could be related to the age of the subjects.
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Table 4.8 Systolic and diastolic blood pressures (ms Hg) of normal (control) and diseased male and female

sub jects.
o Male ‘ Fesale

_____ Systolic Diastolic Systolic Diastolic
5.No &-—-----B -------- ; N ] H N ] H N D H
1 - 125 ---;;é -;;&—_- 16 80 103 110 l;; 150 16 80 120
2 110 145 135 8 90 120 125 148 135 80 90 105
3 13 138 130 12 83 105 120 130 145 80 82 110
4 114 150 130 80 95 10 130 135 150 80 85 125
3 120 125 130 80 80 125 114 130 140 70 100 110
6 120 130 140 78 90 13 110 140 130 14 95 115
7 115 130 145 10 5 110 118 130 143 78 105 120
8 122 142 135 80 88 100 124 138 140 BO 90 105
9 125 143 140 80 95 I$5] 120 145 133 8 100 115
10 118 140 150 4 103 130 130 130 145 80 85 15
fen B4 6.3 WLS 768 8.3 135 1200 (30 ML5  TL6 902 1140
5.0.(4) 4.92 .77 8.5t 3.67  7.63 9.44 7.3t 71.50 6.68 3.37  8.49 6.58
t.V. 4.2 1.2 6.0 4.8 8.5 8.3 6.1 3.4 4.7 4.3 9.3 5.8
weratl ot @ T 1.3
Mean
fiverall 12,71 17.03 11.79 16.51
5D (1)
Overall 9.6 18.3 8.9 17.5
cv (1) .
cb (5%) 5.19 4.75 4.65 _ 4.22

N = Normal [ = Diabetic  H = Hypertensive
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Table 4.9 Analysis of variance for systolic blood pressure of the

subjects.

Source of variation ac Sum of  Mean Squares F value
squares

valte
Treatment 2 2954.067 1477.033 23.033"
Error 217 1731.400 64.126
Total 29 4685.467 161.567
.Female
Treatment 2 2645.067 1322.533 25.684"
Error 21 1390.300 51.493
Total : 29 4035.367 139.15

- v —— = . - = e e T e A - S e s S S - A S G - S G . M WD M e

* gignificant at 5% level

Table 4.10 Analysis of variance for diastolic blood pressure of the

subjects.

Source of variation ae Sum of  Mean Squares F value
squares

wate T
Treatment 2 6962.600 3481.300 64.905"
Error 27 1448.200 53.637
Total 29 8410.800 290.030
Female
Treatment 2 6765.867 3382.933 79.982*
Error 27 1142.000 42,296
Total 29 7307.867 272.680

o = e - - —— — —— e = = A Gt - e = - A e e . = o T = e G e - e P G G . . AR Em e = = . mu

* Significant at 5% level
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Passmore and Eastwood (1986) have stated that blood pressure
increases with aée and the mean figure is 160/90 mm of Hg at
65 years. Shils and young (1988) also reported that the
generally accepted criteria for hypertension are a systolic
blood pressure greater than 130 mm Hg in people less than
age 45, and systolic blood pressure greater than 150 mm Hg
in people above age 45 years. The dilastolic Bp values
obtained in the present £finding for both male and female
subjects revealed that barring 2 male and 1 female subject,
all were suffering from moderate hypertension while the
former were suffering from severe hypertension. Passmore and
Eastwood (1986) have also stated that unless diastolic blood
pressure is above 105, hypertension may be said to be mild
or moderate and when it exceeds 120, to be severe.

4.1.5 Haemoglobin (Hb): Mean Hb concentration (g/dl) of male
subjects ranged from 12.8 + 0.26 in hypertensives to 12.2 +
0.79 in diabetics (Table 4.11). The difference was found to
be statistically significant (P<0.05).

In case of female subjects, mean Hb concentration
(g/dl) was highest in normals (11.4 + 0.23), £followed by
hypertensives (10.7 + 0.45) and diabetics (10;4 + 0.76) and
the difference was again statistically significant (P<0.05).

The difference between éhe sexes was statistically
significant (P<0.05) in all the three conditions.

The values for Hb obtained in the present study were
much lower than those given by Oser (1976) i.e. 14-16 g/dl

for adult men and 13.5-15.0 g/dl for adult women. Following
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Table 4.11 Haemoglobin (Hb) level of normal (control) and diseased
male and female subjects.

- T —————— — —— —————— ———— ————————— = — - — . — — i ———— —— — " ——— - - — S ——— T ——— ———— |

Male Hb (g/d1l) Female
5.No N b H N b !
1 12.5 10.0 12.3 11.2 9.0 9
2 12.8 12.6 12.8 11.6 11.3 10.
3 13.0 12.2 12.8 11.0 10.2 10.
4 13.2 12.3 13.0 11.6. 9.8 11.
5 12.5 12.0 12.7 11.4 11.0 10.
6 12.5 12.8 12.7 11.2 9.8 11.
7 lé.4 12.2 13.1 11.4 11.4 10.
8 12.8 12.4 12.6 11.5 10.3 10.
9 13.0 12.4 13.2 11.4 . 10.6 10.
10 13.1 12.6 13.0 11.8 11.0 11.
Mean 12.8 2.2 12.8 1n.4 0.4 10.
S.D. (%) 0.29 0.79 0.26 0.23 0.76 0.
C.V. (%) 2.3 6.5 2.1 2.0 7.3 4..
overall 2.6 0.9
Mean
Overall 0.58 0.66
SD (t)
Overall 4.6 6.1
CV (%)
co 5%) 033 o

N = Normal D = Diabetic H = Hypertensive
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Table 4.12 Analysis of variance for blood haemoglobin level of the

subjects.

Source of variation df Sum of Mean Squares F value
squares

wate
Treatment 2 2.825 1.412 5.434~
Error 27 7.017 0.260
Total 29 9.842 0.339
Female
Treatment 2 5.042 2.521 8.941"
Error 27 7.613 0.282
Total 29 12.655 0.436

- o it - - - v T T S > e = W= M = s e e e A . . S A - = e e e — — U s e T M e R M e S am e

* Significant at 5% level
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this criteria, all the subjects could be classified as
anaemic. Szewczynski (1979) stressed that eating practices
could influence the Hb concentration. Hence poor eating
practices alongwith nutritional ignorance and negligence
could be the explanation for lower Hb values recorded in the
present investigation. Shils and Young (1988) found a high
percentage of below-normal haemoglobin concentration with
the increase in age of the subiects. This could also be the
possible reason for lower than normal Hb 1level of the
diseased subjects in the present study.

4.1.6 Plasma protein: Mean plasma protein concentration
(g/dl) was highest in diabetics (8.23 + 0.62), followed by
hypertensives (7.85 + 0.57) and normals (7.45 %+ 0.51) and
analysis of variance revealed statistically significant
difference (P(0.0S) in the plasma protein concentrations of
male subjects.

Similar trend was seen | in the plasma protein
concentrations of the female subjects. The wvalues |in
descending order were 8.09 + 0.80 g/dl for diabetics, 7.92 +
0.22 g/dl for hypertensives and 7.16 + 0.53 g/dl for normals
(Table 4.13).

Most of the values for plasma protein obtained in the
present investigation were within the normal range of 6-8
g/dl specified by Oser (1976) barring three male and female
diabetics and one hypertensive male subject.

4.1.7 Plasma glucose: Mean plasma glucose vas significantly

higher in case of diabetic male subjects as compared to the
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Table 4.13 Plasma protein and glucese level of norsal (control) and diseased male and female subjects.

Male Female

;;;;;;-;;;;;;;_;;;;;;- Plasma ;;;cose (l;;;l) ;laSIa p;;tein (g9/dl)  Plassa glucose (ag/dl)
S.No & ------- &-‘- ; A ] H ;---~ ] H N D H
A G0 6W RO % M LG
2 7.9 8.00 7.30 96 172 113 6.80  9.15 8.05 86 24 130
3 g.00 7.8 7.55 94 197 100 8.20  8.03 8.15 103 322 1A
4 6.60  7.55 3.0 100 328 130 1.5 %.00  8.23 ¥ 243 120
3 7.10  9.00 7.5338 91 258 132 7.40  7.30 7.80 88 421 118
b 7,30 7.90 8.20 110 342 110 6.85  8.40 7.9 92 32 120
7 7.70 8.00 7.80 89 734 130 1.20  8.25 7.50 9% e 124
8 8.0 8.15 6.95 93 228 124 71.710  1.60 g.00 89 266 130
9 6.90 9,05 8.00 % 326 127 6.30 7.30 7.80 9% 243 132
10 .10 7.60 8.20 a 3135 135 6.80  9.00 .70 94 324 120
;;an 7.45 8:;; ----- ;:85 94,40 275.60 120,30 7.16  8.09 7.92  93.60 334.60 126.10
5.0.t8) 0.1  0.62 0.57 6,81 65376  10.33 0.53  0.80 0.22 5.37 92,33 8.62
c.v. (0 6.9 7.6 1.4 1.2 23.9 8.6 - 1.4 9.9 2.8 5.7 2.6 6.8
Overall 7.84 163.50 1.72 A 184,76
Mean
Overall 0.64 89.48 0.68 120,29
5D (+)
Overall 8.2 4.7 8.9 65.1
cy 1)
Ch (51) 0.37 25,07 0.37 34.80

N = Noraal D = Diabetic  H = Hypertensive
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Table 4.14 Analysis of variance for plasma protein level of the

subjects.,
Source of variation at  Sum of  Mean Squares F value
squares

walte
Treatment 2 3.082 1.541 4.658"
Error 217 8.932 0.331

Total 29 12.015 0.414

Female

Treatment 2 4.905 2,452 7.512"
Error 27 8.814 0.326

Total 29 13.718 0.473

- - - — " - — v —— - E— - . e = M T . e S8 G M G e = W e ey G A A M — e e e -

* Significant at 5% level

Table 4.15 Analysis of variance for plasma glucose level of the
subjects.

—— - e e e = e S T - — - T . . fr S A o S v a e . T S G - —— - = — g Y

Source of variation df Sum of Mean Sqguares F value
squares

wate T

Treatment 2 191902.20 95951.100 54.273"

Error 27 40307.300 1492.863

Total 29 232209.500 8007.220

Female

Treatment 2 342031.667 °171015.833 59.459"

Error 27 77657.700 2876.211

Total 29 419689.367 14472.040

* Significant at 5% level
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hypertehsive;and normal subjects. The corresponding-values
wvere 275.6 + 65.76 mg/dl, 120.5 + 10.33 mg/dl and 94.4 +
6.81 mg/dl (Table 4.13).

Similar pattern was also observed in female subjects
and the respective values for diabetic, hypertensive and
normal subjects were 334.6 + 92.33 mg/dl, 126.1 + 8.62 mg/d4l
and 93.6 + 5.37 mg/dl and difference was statistically
significant (P<0.05).

In the present study, the plasma glucose level of all

the normal subjects and some of the hypertensive subijects
were within the normal range of 90-120 mg/dl reported by
Oser (1976). Hovever, since most of the hypertensive
subjects had blood sugar level above the normal, they could
also be classified as mildly diabetic. Further analysis
revealed that female diabetics had significantly higher
plasma glucose 1level than male diabetics in the present
finding.
4.1.8 Plasma cholesterol: Mean plasma cholesterol 1level
(mg/dl) of the male subjects was significantly higher for
both diabetics (222.3 + 24.92) and hypertensives (210.1 +
16.31) than that of normals (170.4 + 20.86) but the
difference between diabetics and hypertensives was non-
significant. |

The mean plasma cholesterol level (mg/dl) of the female
subjects (Table 4.16) was also highest for diabetics (224.3

+ 18.73), followed by hypertensives (183.4 + 19.46) and



68

normals (171.3 + 11.53). The difference was found to be
statistically significant (P<0.05).

Further analysis showed that difference between male
and female values was statistically significant (P<0.05) in
hypertensive subjects.

All the valueg for plasma cholesterol obtained in the

present investigation were within the normal range of 150-
250 mgs/dl (Oser, 1976). However, the values obtained £for
diabetics were more towards the higher side of this range
which was in agreement with the findings of Saudek and Young
(1981) who stated that diabetic 1individuals have higher
serum cholesterol values than matched non-diabetic controls.
However, Passmore and Eastwood (1986) found little
association of hypertension with hypercholesterolaemia which
also concurred with the findings of the present study.
4,1.9 Urinary creatinine: Maximum mean urinary creatinine
excretion (g/day) was observed in diabetics (0.660 + 7.32)
followed by normals (0.566 + 7.83) and hypertensives (0.547
+ 6.20) and difference was statistically significant
(P<0.05) in case of male subjects (Table 4.16).

In case of female subjects, the mean urinary creatinine
excretion (gsday) for diabetigs, hypertensives and normals
was 0.656 + 0.06,0.528 + 0.05 and 0.523 + 6.38 respectively.
Difference.was statistically significant (P<0.05)

The normal range of wurinary output of creatinine in
case of women is reported as 0.8-1.5 g/day (Best and Taylor,

1969) and in case of adults the specified range is 1-1.5
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Table 4.16 Plasea cholesterol and urinary creatinine level of normal (control) and diseased male and female subjects.

Plasaa cholesterol

Urinary creatinine

Female

Plasma cholesterol

Urinary creatinine

(ag/dl) {g/day) (ng/dl) tg/day)
5.No N -D H N ] H N D H N D H
1 142 249 234 0.672 0.767  0.332 188 230 174 0.342 0.668 0,435
2 174 194 192 0.354 0.563 0,463 172 22 132 0.612 0.735 0.514
3 154 188 194 0.608 0.3%0  0.527 180 236 203 0.593 0.360 0.580
4 157 204 228 0.486  0.742  0.469 160 246 157. 0.466 0.742 0.493
5 146 233 207 0.703  0.574  0.625 176 246 188 0.435 0.608 0.532
b 178 225 221 0.498  0.620 0,582 155 199 175 0.515 0.625 0.605
7 169 134 199 0.305 0.714 0,613 177 206 169 0.525 0,598 0.5835
8 204 240 192 0.543 0,720 0.49 184 236 214 0.602 0,630 0,580
9 183 246 206 0.488 0.648  0.523 161 194 188 0.446 0,710 0.478
19 197 230 228 0.611 0.668  0.546 160 228 204 0.438  0.668 0.480
fen 104 723 200 056 060 0.5 UL 263 8.4 0.53 065 0.528
5.D.t#) 20.86 24.92  16.31 7.83  1.32 6.20 11.53  18.73  19.46 6.38 0,06 0,05
Cv. ) 1.2 11,2 1.8 13.8 1.1 11.3 b.7 8.4 10.6 12.2 9.8 10.8
deratl ws 0,59 1530 ' 0,563
Nean
Overall 30.30 0.08 28.28 0.08
5D (&) .
Overall 15.1 14.4 14.6 15.2
v
;5-;51) 13.62 9.04 11,00 0.04
W= Normal D - Disbetic  H = Hypertensive
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Table 4.17 Analysis of variance for plasma cholesterol level of the

subjects.

Source of variation df  'sum of  Mean squares F value
squares

Male
Treatment 2 14728.467 7364.233 16.704*
Error 27 11903.400 440.867
Total 29 26631.867 918.340
Female
Treatment 2 15427.400 7713.700 26.816"
Error 27 7766.600 287.652
Total 29 23194.000 789.790

- - ——— ——— o tn+ - — ———— — " ————— — . fmm A —— e — ——— — ——— ——— —- — — —— - - ——

* Significant at 5% level

Table 4.18 Analysis of variance for urinary creatinine level of the
subjects.

- —— o — . ————— — - —— . n ————————— — = = _ d— —_—_ " . i G T — — —— — " — — " — . — g - —— - —_—

Source of variation df Sum of Mean Squares F value
squares

Mate T

Treatment 2 0.073 0.036 7.128"

Error 27 0.138 5.120 x 10>

Total 29 0.211 7.270 x 10—

Female

Treatment 2 0.114 0.057 14,907"

Error 27 - 0.103 3.812 x 10-2

Total 29 0.217 7.480 x 10:“3

* Significant at 5% level
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g/day (Oser, 1976). The results of the creatinine excretion
in male and female subjects of the present study showved
values well below the normal ranges specified. Mariyama et
al.(1987) correlated urinary creatinine with‘age, height and
weight. They further disclosed that weight alone or weight
and height accounted for most of the variation 1in 24 hr.
creatinine excretion. Bertraﬁd et al.(1987) observed
increased and decreased creatinine concentration with weight
and urine volume, respectively. Michell and Lipschitz (1982)
stated that creatinine excretion decreases with normal aging
owing to the loss of lean body mass. This could be the
possible reason for low creatinine excretion 1in case of
diseased subjects in the present investigation. Oser (1976)
also stated that in conditions of starvation and disorders
associated with muscular atrophy and muscular weakness, the
excretion of creatinine in urine decreased.
4.1.10 Serum =zinc: Iﬁ case of male subjects, significantly
higher serum zinc concentration (pg/dl) was observed in
diabetics (139.1 + 6.08) as compared to the hypertensives
(93.2 + 10.99) and normals (87.8 + 11.99).

In case of ftemale subjects too, significant difference
(P< 0.05) was found in the serum zinc concentration during
the three conditions and the respective values for
diabetics, normals and hypertensives were 168.5 + 6.47, 97.1

+ 18.38 and 88.7 + 6.41 ug/dl (Table 4.19).
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Further analysis revealed statistically significant
difference (P< 0.05) in male and female serum zinc levels in
case of diabetics.

Serum zinc values obtained in case of normal and
hypertensivé male and female subjects resembled with the
values reported by Monceda et al.(1989) and Meret and Henkin
{L971). They reported the values of 84 + 20 png/dl and 92 + 3
ng/dl, respectively for normal male and female subjects.
Further, the serum zinc concentration was found to be higher
in case ot normal female subjects as compared to the male
subjects in the present investigation. This was in contrast
to the findings of Lindeman et al.(1971) and Rose et
al.(1972) who reported higher serum zinc: concentration in
normal male subjects as compared to the female subjects.

Halsted et &al1.(1974) reported that age, stress and a
variety of disease states affected the serum zinc level. In
the present study, considerable difference in serum zinc
level was found between diabetic and normal subjects. Martin
Mateo et al.(1974) had also recorded higher content of serum
zinc in diabetic patients in comparison to normal persons.
They obtained the value of 138 and 176 ng/dl for diabetic
men and women. The results obtained for diabetic men in the
present finding aqreed with .this value while those for
diabetic women were slightly 1lower than the above reported
value. Martin Mateo et al.(1975) further observed higher
serum zinc in female diabetics as compared to the male

diabetics and our results are in line with their
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observations. However, the results were in contrast to the
observation of McNair et al.(1981) who found no difference
in serum zinc between normal and diabetic and Kumar and Jaya
Rao (1974) who reported significant reduction in serum zinc
concentration during diabetes.

4.1.11 saliva =zinc: Mean saliva zinc level'(ng/ml) in male
subjects was highest for hypertensives (225.8 + 51.67),
intermediate for normals (208.8 + 26.88) and 1lowest for
diabetics {205.4 + 33.61) but the difference was found to be
non- significant.

Similar trend was seen in case of female subjects
(Table 4.19) and the mean saliva zinc concentration (ng/ml)
was higher in hypertensives (252.9 + 51.76) and 1lower in
diabetics (189.7 + 40.66) as compared to normals (200.0 +
19.16). However, non-significant difference 1in saliva zinc
concentration was observed between normal and diabetic
Subjects.

The results ot the present study for normal and
diabetic subjects are comparable to the saliva zinc
concentration ot 190 ng/ml reported by Freeland-Graves et
al.{198l) for adults. They also obtained the. value of 266 #+
89 ng/ml for females which is in concurrence with the value
obtained for hypertensive female subjects in the present
tinding. 'The saliva zinc level of hypertensive male subjects
was much higher than the value reported by Freeland-Graves
et al.(1981) of 190 ng/ml. They further suggested that mixed

saliva was not a useful index of zinc status. Everett and
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Table 4,19 Serum and saliva zinc level of normal {control) and diseased male and female subjects.

136.0 327.0
145.0 246.4

122.0 246.0 190.0

87.5 163.5 88.5  187.5 138.8 264.6

116.5  159.0 79.0 191, 173.0 189.0

92,0 163.3 93.0  200.0 166.0 314.4

104.0  189.0 86.0  216.0 217.6 240.0

78.0  172.0 88.5  186.0 246.6 246.4

87.5 171.5 78.5  187.5 223.0 198.8

125.0  163.5 %9.0  201.5 185.0 312.0

Overall
Hean

Overall
SD (+)

Overall
&V

= Horasal

84.0  143.5 79.5 180.5 170.0  177.5
82.0  138.0 33.0 260.5 216.6  323.6
93.0  130.0 87.9 199.0  148.8  190.0
103.0 136.0 104,90 2040 228,0  242.4
83.0 142,95 89.5 228.0 187.8  198.0
6.3 138.9 93.0 196.0  246.0  236.0
99,0  136.3  108.5 2245 220.2  190.0
106, 145.5 79.3 181.0  218.0  305.0
87.8 1331 33.2 208.8  205.4  223.8
11,33 6.08  10.99 26.88  33.61  51.67

183.7 232.9

40.6b 51.76

18.9 3.8 1.2 9.6 214 20.35

[ = Diabetic  H = Hypertensive

106,7 213.3 8.1 214.2

253,32 38,54 38.14 47.44

3.7 18.1 32.3 22.2
----------- g:;--- B .S 7.68 20.68

NS = Non-significant
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Table 4.20 Analysis of variance for serum zinc level of the subjects

Treatment

Error

Total

Female

Treatment

Error

Total

df Sum of Mean Squares F value
squares
2 15878.717 7939.358 78.971"
217 2714.450 100.535
29 18593.167 641.140
2 38404.817 19202.408 136.862"
217 3788.225 140.305
29 42193.042 1454.930

* Significant at 5% level

Table 4.21 Analysis of variance for saliva zinc level of the subjects

Treatment

Error

Total

Female

Treatment

Error

Total

df Sum of Mean Squares F value
squares

2 2384.313 1192.156 0.791
27 40701.666 1507.469

29 43085.979 1485.720

2 - 22964.851 11482.425 7.328"
27 42306.944 1566.924
29 65271.795 2250.750

* Significant at 5% level
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Apgar (197Y) telt that the use of saliva as a diagnostic
tool was compiicated by the considerable wvariation in the
composition of saliva that occurred within the same
individual at different times. Dawes (1970) also stated that
a number of factors such as the flow rate of saliva, the
nature and duration of stimulation, the time of day, the
degree of hydration of the subjects, and plasma composition
could potentially influence the zinc content of saliva. The
disparity observed in the saliva zinc concentration of the
subjects in this study could be the result of any such
tactor.

4.1.12 Urinary =zinc: Mean urinary 2zinc excretion (ng/24 hr)
in case of male subjects was significantly higher in
diabetics (944.3 + 67.99) as compared to hyperteﬂsives
(540.8 + 51.89) and normals (519.8 + 49.33). The difference
between normal and hypertensive subjects was however non-
signifticant.

Urinary zinc excretion (ug/24 hr) was similarly
patterned in case of female subjects and the respective
values tor diabetic, hypertensive and normal subjects were
1034.8 + 115.39, 541.1 + 53.44 and 501.1 + 47.27 (Table
4.22). Statistically, the d;fference (P<0.05) was again
signiticant.

Ditference between sexes was found to be statistically
signiticant (P<U.05) in diabetics only.

The urinary zinc excretion in normal and hypertensive

subjects was within the normal range of 400-600 jug/24 hr
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given by Roman (1969). However, greater than normal urinary
zinc excretion was seen in case of diabetics in the present
study which 1is in agreement with the similar observétion of
Pai and Prasad (1988). The present study further revealed
that urinary zinc excretion was much higher in case of
female diabetics as compared to the male diabetics. This
tinding agreed with that of McNair et al. (1981) but was in
contrast to the report of Martin Mateo et al1.(1975).
Schroeder (1957) had observed hyperzincuria in hypertensive
patients too. But our results differed from the above
observation as urinary zinc excretion 1in hypertensive
patients was within the normal range specified by Roman
(1969).

4.1.13 Hair Zinc: Mean hair zinc concentration (ug/g) vas
higher in hypertensive male subjects (136.2 4 20.76) and
lower in diabetics (116.4 + 9.07) than the values for
normals (135.9 + 15.86) while the difference between
hypertensive and normal subjects was non-significant.

Unlike males, in female subjects mean hair zinc
concentration (npg/g) was significantly higher in normal
subjects (145.5 + 17.38) than both diabetics (126.2 + 9.14)
and hypertensives (128.1 +#+ 7.50). However, the difference
betweeen diabetic and hypertensive subjects was non-
sianiticant (Table 4.22).

Further analysis revealed statistically significant
ditterence (P<0.05) between male and female values in case

of diabetic subjects.



labte 4.22 Urinary and hair zinc level of normal (control) and diseased male and female subjects.

§.0.(4)

Overall
Hean

Dverall
50 (+)

Qverall
v 0

N b H N D H N D ! N ) H
""""""" 2.0 LS ML4 120 16 1060 4280 1250 5.4 1.0 1820 1210
482.5 833.0  436.2 134.0  103.0  121.0 0.5 957.0 5220  163.9 » 132.4 136.4
391.0  896.0  590.0 153.6  127.0  135.0 499.0 989.0  549.4  I19.6 119.0 119.6
323.0 1036.3  495.0 198.0 103.6  162.4 480.0 887.0  636.8  165.0 105.0 136.4
967.0  868.0  535.0 134.0  125.5  160.0 512.0 1i42.5 52376 123.6  134.0 139.2
332.0 1015.0  380.0 135.0  {17.0  116.2 438.0 970.0  482.2 133.4 127.0 120.0
335,5  992.0  4Bb.6 131.6  f121.6  123.0 469.0 1104.0  515.0  165.0 125.5 119.6
430.0  886.0  590.9 118.8  110.3  145.0 922,93 996.0  547.0  138.8 132.0 132.2
482.3 1008,z  343.3 122.0  125.0  121.0 360.0 1025.5  617.0  139.0 121.§ 124.0
544.0  375.0  380.0 140.0  107.0 152,90 362.0 1152.0  352.6  146.0 134.0 127.0
_;;;:é—--944.3 5;0.8 —-_;;5.9 16.4  136.2 ;61.1 1034:8 1.1 1455 126.2 12;:;-
43.33 67,99 51.89 15.86  %.07  20.76 47,27 115.33  53.44 17,38  9.14 7.50
1.3 7.2 9.6 1.7 1.8 15.3 9.4 11.2 9.9  11.9 1.2 5.9
____________________ égé:;—_---_-_‘-__--—------—l29.5 692.3 133.3
206,14 18.06 238.17 14,65
30.8 13.9 31.3 10.9
""""""""""""" ww s 30,89 141
""""""""" Ve bsbetic K- wpertesie

W= Harmal

Urinary 21nc (pg/24hr)

Hair zinc ( po/g)
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...........................................

Hair zinc ( pg/g)

Urinary zinc (pa/24hr)
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Table 4.23 Analysis of variance for urine zinc level of the subjects

Source of variation df Sum of Mean Squares F value
squares

Mate

Treatment 2 1144645.513 572322.756 176.081"

Error 27 87759.261 3250.343

Total 29 1232404.774 42496.710

Female

Treatment 2 1767251.267 883625.633 144.012"

Error 27 165665.720 6135.767

Total 29 1932916.987 66652.300

* Significant at 5% level

Table 4.24 Analysis of variance for hair zinc level of the subjects.

Source of variation af Sum of Mean Squares F value
squares

Mate -

Treatment 2 2574.488 1287.244 '§.046*

Error 21 6888.140 255.116

Total 29 9462.628 326.297

Female

Treatment 2 2250.650 1125.325 7.638"

Error 27 3977.91717 147.332

Total 29 . 6228.627 214.780

o e e e v e o S et e = ——— = = e M Y s . e e = = e G R T e = = e m A W - - —— e —— -

* Significant at 5% level
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The hair zinc levels obtained in the present study wvere
within the range of 92-255 ug/g as specified by Smith (1967)
tor normal subjects. However, the values obtained for both
male and female subjects were much lower than the mean 167 +
5 ug/g and 172 + 9 wug/qg for healthy males and females
reported by Schroeder and Nason (1969).

Further observation disclosed that the hair =zinc
concentration in female diabetics was higher than that in
male diabetics in the present study. This is in line with
the tindings ot Cantield et al.(1984). Significant
ditference was also seen 1in the hair zinc concentration of
normal and diabetic subjects in the present investigation.
This finding was in contrast to that of Hagglof et al.(1983)
who did not find =zinc in hair to differ significantly
between the diabetic and controls.

4.2 DURING DIFFERENT PHYSIOLOGICAL STAGES (Pregnancy and

lactation}:

4.2.1 Age, height and weight: The mean age (years) of.the
female subjects during first, second and third trimester of
pregnancy and lactation were 22.7 + 1.76, 21.7 + 1.94, 23.3
+ 2.16 and 25.5 + 1.43, respectively. The overall
coefficient of wvariation emerged out to be 6.41 per cent
indicating only small disparity in the ages of the subjects
(Table 4.25).

Height and weight: Non-significant difference was observed
in the heights of the subjects and the corresponding values

for normal (control) women, pregnant women in first, second



Table 4.25 Age (years)

during physiological conditions.

81

of the experimental female subjects

24

22

21

25

24

25

25

23

26

28

26

217

S.No Control
1 25

2 26

3 23

4 24

5 24

6 217

7 26

8 24

9 22

10 25
Mean 24.6
S.D.(%) 1.50
C.V. (%) 6.1
Overall

Mean

Overall

SD (+)

Overall

CV (%)

2nd 3rd
23 28
19 23
13 26
21 24
25 23
23 22
22 22
22 22
20 21
23 22
21.1 23.3
1.94 2.16
8.9 9.3
23.6

1.51

6.4
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and third trimester of pregnancy and lactating women were
152.7 &+ 2.46, 153.1 + 2.66, 151.8 + 1.76, 151.5 + 2.09 and
153.9 + 3.22 cms, respectively (Table 4.26).

However, significant difference (P< 0.05) was seen in
the weights of the subjects and the respective values for
control, pregnant women in three trimesters of pregnancy and
lactating women were 46.2 + 1.75, 48.0 + 2.66, 46.9 + 2.58,
56.6 + 3.62 and 54.8 + 2.89 kg, respectively.

The findings of the present study revealed . lower weight
for height in the female subjects in comparison to the
standard ot 50 kg weight for 151 cm height reported by ICMR
(1990). Kochar and Renu (19%1) also observed lower weights
tor heights in rural females of Kangra valley. National
Nutrition Monitoring Bureau (1980) in its report stated that
the inhabiting environment affected height and weight of the
popul;tion. The 1low body weights for height recorded in the
present study could be due to the genetics of the
population, coupled with their eating practices and effect
of environment as well as topography, and malnutrition.
4.2.2 Body Mass Index (BMI): Mean value of BMI (Kg/m2?) was
signiticantly (P< 0.05) higher during third trimester of
pregnancy and lactation in comparison to those recorded for
control and pregnant women iﬁ tirst and second trimester of
pregnancy. ‘'he wvalues for normal, three trimesters of
pregnancy and lactation were 19.84 + 0.79, 20.46 + 0.72,
20.36 + L.U, 24.62 + 1.38, 23.13 + 0.89, respectively (Table

4.729).



Table 4.26 Height (cw) and veight (ka) of the experimental female subjects during physiological conditions.

Height Neight

---------- ;;;g;;;;y (in trile;;er) o ---;;egnancy (i;-;;;;;;;;;;----—-----
5.No Control ;;; ------- ;;; ----- ;;;- Lactation Control ;st 2nd Jrd  Lactation
Lm0 im0 10 s s @ @ @ 5
2 155.0 156.2  152.5 152.¢  155.0 49 48 44 9 52
3 156.0 152.5  152.6 150.0  155.0 45 47 45 57 52
4 150.0 130.3 130.0  133.5 150.0 44 48 49 80 33
] 152,35 135.0  155.0 152,53  157.5 47 50 52.9 60 58
b 152,35 152.0  150.0 155.0  135.0 48 46 46 62 58
1 157.0 130.0  133.0 150.0  150.0 46 46 48 54 5
9 159.0 197.3  132.0 152.0  152.0 | 46 32 % 4.5 52
9 155.5 1550 150.0 152,0  160.0 43 i} 44 52 60
10 152.0 152.5  133.5 150.3  152.0 44 49 47 3l KL
;;;; hhhhhhhh fﬁ-;;;:;_—--_;;;:; 151.é 13,3 133.9 - 46.; 48.0_ 46,9 36.6 54.9
5.0, (+) 2,46 2,66 .76 2,09 3.22 .73 2.66 2,58 3.62 2.89
C.yv, () 1.6 1.7 1,2 1.4 2.1 3.9 3.6 3.9 6.4 5.3
et ows 0.5
Hean
Oyerall 2.54 3,09
SH (0
gverall 1.7 10.1
v 0
oo s | 176

NS = Non-significant
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Table 4.27 Analysis of variance for height of the female subjects.

- ——— o  — — —————a— —— W S Gty A e = - MM S e e A e e S e W T AR R GEe R G — -

Source of variation at Sum of Mean Squares F value
squares

Treatment 4 38.127 9.532 1.534

Error 45 279.621 6.214

Total 49 317.748 6.484

e e e e e e e e A e e e . e = S e e - A A S S e T e = . e — e T S s S S G -

* Significant at 5% level

Table 4.28 Analysis of variance for weight of the female subjects.

e o - - ———— . S - - — . . T = AP WY G = e = S M e G A MR W N G e o T A e -

Source of variation df Sum of Mean Squares F value

squares
Treatment 4 924.350 231.088 30.085"
Error 45 345,650 7.681
Total 49 1270.000 25.910

e e e —— > - T — - ——_— T — — — — —— e h b W D S - n - — - G — " ——— - i =

* Significant at 5% level
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The present investigation revealed that the BMI values
obtained for «control and pregnant women in first two
trimesters of pregnancy were lower than the standard 21.93
kg/m2? given by ICMR (1990) while those for lactating and
pregnant women in third trimester of pregnancy higher than
this standard. However all the values were within the range
of 19-27 kg/m? specified by Shils and Young (1988) for
adults. Cronk and Roche (1982) and Rolland-Cachera et
al.(1982) had also indicated that BMI was not always an
accurate index of body composition. This was because of the
fact that despite differences in body fat, the average index
was about the same during young adult years. The mean values
obtained for BMI in the present investigation were below the
" lowest BMI value of 25 kg/m2? above which obesity starts
(Garrow, 1981). The low BMI values recorded for control and
pregnant women in first and second trimester of pregnancy
were probably due to the 1lower body weights of these
subjects. Barring controls, the mean BMI values for all the
other subjects were also within the Indian standards of 20~
25 kg/m2 for normal women (Nutrition News, 1991).

4.2.3 Basal Metabolic Rate (BMR): Significantly (P < 0.05)
higher BMR (Kcal/24 hrs) was observed 1in lactating and
pregnant women in third. trimester of pregnancy compared to
control and pregnant women in first and second trimester of
pregnancy. The respective values for control, lactating and

pregnant women in three trimesters of pregnancy wvere 1117.8



Table 4.29 Body Mass Index (BMI) and Basal Metabolic Rate (BMR) of the experimental female subjects during
physinlogical conditions.

BXI (kg/a?) BHR (kcal/24 hr)

------- Pregnancy (in trilest;r) Pregnancy (in trisester)
S.No Control ;;;_ 2nd Jrd  Lactation Control  Ist 2nd Jrd  Lactation
1 20,78 ’-;;:;; 21,33 26,20 23.63 1143 1073 1143 1269 1241
2 20.39 19.68 | 18,92 25.10  21.64 1157 1143 1087 1283 1199
3 20.00 20,21 19.47 25.33  21.64 1101 1129 1101 1269 1199
4 19,55 21,19 21,77 25,46 23.59 1087 1143 1157 1311 1213
) 20,21 20.81  21.85 25.80  23.38 129 1N 1206 1314 1283
6 20,64 19.91  20.44 23,80 24.14 1143 1115 115 1339 1283
1 18.66 20,44 20.50 24.00  24.00 115 13 1143 1227 1227
8 20.44 20,96  19.91 23.58  22.50 1115 19 115 1234 1199
9 18.73 21,23 19.55 22.30  23.43 1101 1183 1087 1199 1311
10 19.04 21,07 19.95 22,31 3.3 1087 1157 1129 1183 1227
;;;;------------;;:é; ----- ;;:;; 20,36 24.62  23.13 1117.8 1143.0  1128.3 1262.7  1238.2
5.D.(#) 0.79 0.72 1.00 1.38 0.89 24,51 31.33 36,21 50.74 40.57
C.v, (0 4.0 3.6 4.9 5.6 3.9 2.2 3.3 3.2 4.0 3.3
tverall 21,68 e
Hean
Overall 2.10 _ n.zz
50 (1)
Overall 9.7 6.1
v (D

¢0 (51 0.63 2,72
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Table 4.30 Analysis of variance for body mass index of the female

subjects.

———— e o S ——— T — T — — T ——— — ———— — — — — W ——— i -t —— W - — " ——  —  ES BEm e GNP S W W S - o

Source of variation af Sum of Mean Squares F value
squares

Treatment 4 173.686 43.421 44.576"

Error : 45 43.835 0.974

Total 49 217.52 4.439

—— - - ——— " o — T o — - —— - ——— e . e e e G - e S W e e e A A T e gy GRG0 e A - ——

* Significant at 5% level

Table 4.31 Analysis of variance for basal metabolic rate of the femals

subjects.
Source of variation af Sum of Mean Squares F value
squares
Treatment 4 181172.600  45293.150 30.085"
Error 45 67747.400 1505.498
Total 49 248920.000 5080.000

o e e e R e e e e e e e e T e Y e s e T s o s e e T S e T o - e . = m e e S e . . — e = .

* Significant at 5% level
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+ 24.51, 1238.2 + 40.57, 1143.0 + 37.33, 1128.3 + 36.21 and
1262.7 + 50.74 kcal/24 hrs. (Table 4.29).

Robinson and Lawler (1982) stated that BMR |is

influenced by weight, age and sex of the individual. They
further observed 15-25 per cent increase in basal metabolism
during the third trimester of pregnancy as a result of
increase in the body weight of the women and the high rate
of metabolism of the foetus. The significantly higher BMR
recorded in pregnant women in the 1last trimester of
pregnancy in the present study agreed with the reports of
Robinson and Lawler (1982). Passmore and Eas?wood (1986)
stated that the type of food eaten and climatic and racial
differences also influenced BMR. It was also reported by
Robinson and Lawler (1982) that protein when eaten alone
increased BMR by 30 per cent, whereas carbohydrates and fats
produced much smaller increase in metabolism.
4.2.4 Haemoglobin (Hb): Mean Hb level (g/dl) was recorded
highest in control women (11.4 t+ 0.23) followed by lactating
(11.3 + 0.30) and pregnant women in third trimester (10.7 +
0.52), second trimester (10.4 + 0.65) and first trimester
(10.4 + 0.60) of pregnancy (Table 4.32). Difference_ vas
statistically significant (P< 0.05).

The Hb levels of the subjects in the present study wvere
much below the range of 13.5-15.0 g/dl given by Oser (1976).
Further observation revealed that the concentration of Hb in
the blood of pregnant women was much lower than in control

women in the present investigation. This was in agreement
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Table 4.32 Haemoglobin (Hb) level of the experimental female
subjects during physiological conditions.

S.No Control Ist 2nd 3rd Lactation
r 1.2 0.1 9.6  10.0°  11.8
2 11.6 10.8 10.8 10.6 11.5

3 11.0 9.9 11.0 11.0 11.5

4 11.6 11.0 11.2 11.4 11.6

5 11.4 10.4 11.5 11.2 11.2

6 11.2 9.5 10.0 11.0 11.0

7 11.4 10.6 9.9 11.2 11.2

8 11.5 11.5 10.5 10.8 10.9

9 11.4 10.4 9.8 10.3 11.0

10 11.8 9.8 10.2 9.9 11.5
Mean 1.4 10.4  10.4  10.7  11.3
S.D. (%) 0.23 0.60 0.65 0.52 0.30
C.V. (%) 2.0 5.8 6.2 4.9 2.1
overatr w9
Mean

Overall 0.63

SD (%)

Overall 5.9

CV (%)

T — i ——————————— ——————— - i i ———— — A — v —— S A - — —— ——— - me - o
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Table 4.33 Analysis of variance for blood haemoglobin level of the

female subjects.

= -+ Wt T = —— Y A T = T e = s e G . - e A A " — " —— A i o — - {

Source of variation af Sum of Mean Squares F value

squares
Treatment 4 9.081 2.270 9.413"
Error 45 10.854 0.241
Total 49 19.935 0.406

* Significant at 5% level
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with the observation of Swaminathan (1990). WHO study group
(1959) had suggested that a haemoglobin concentration of
less than 10 g/dl during pregnancy was indicative of
anaemia. Following this criteria, the pregnant women in the
present study could be classified as marginally anaenic.
Marginally low contenf of Hb among the rural females of
Kangra valley was also reported by Kochar and Renu (1991).
Swaminathan (1988) had also reported that Hb level of blood
was a reliable index of overall state of nutrition 1in
addition to its diagnostic importance in anaemia.
Szewczynski (1979) also stressed the importance of eating
foods of high nutritive value on the Hb concentration. The
low levels of Hb recorded in the present study could be due
to poor eating practices and nutritional ignorance.

4.2.5 Plasma _protein: Non-significant difference was
observed in the plasma protein concentration of the
subjects. The ﬁean values - recorded for controls, lactating
and pregnant women in the three trimesters of pregnancy wvere
7.16 + 0.53, 7.52 + 06.78, 7.50 + 0.72, 7.67 + 0.83 and 7.63
+ 0.51 g/dl, respectively.(Table 4.34).

Barring one subject each in first and second trimester
ot pregnancy and during 1lactation, all the values obtained
for pilasma protein were within'the normal range of 6-8 g/dl
given by Oser (1976). Swaminathan (1990) reported that total
serum protein falls during pregnancy which was not in line

with the findings ot the present study as normal
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Table 4.34 Plasea protein and glucose level of the experisental female subjects during physiological conditions.

Plasma protein (g/dl)

Plasma glucose (ag/dl)

Pregnancy (in trimester)

Pregnancy (in trimester)

S.No Control Ist 2nd 3rd  Lactation Control st 2nd Jrd  Lactation
1 6.70 9.13 7.15  8.05 8.19 9% 87.4 89 100 108.0
2 6.80 7.50 .80 7.53 6.80 86 92.0 105 94 97.5
3 8.20 71.30 8.60 7.30 6.75 103 110.5 123 100 94.0
4 1.59° 6.65 9.15  7.80 71.40 94 9.0 110 91 94.0
5 1.40 8.03 6.65  B.60 1.15 a8 100.0 120 100 88.5
] 6.85 7.15 7.25  1.80 9.05 92 105.0 130 118 105.0
1 1.20 1.80 7.30  6.65 8.26 96 839.9 94 105 100.0
8 .70 6.6 6.60 7.80 6.60 89 96.8 uo 94 120.0
9 6.50 1.30 8.03  7.30 7.80 96 9.0 84 94 98.0
10 6.80 1.59 8.15  17.50 1.30 94 88.7 7 110 82.0
T A S S Y
5.0.(#) 0.53 0.72 0.83 0,51 0.78 5.3 1.43 16.46 8.39 9.80
c.v. W) 7.4 9.7 10.8 6.8 10.4 5.7 1.7 15.6 8.3 9.9
weat I Cwms

Hean

Overall 0.68 10.61

sh ()

Overall 9.1 10.7

v

ooy T NS

NS = Non-significant
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Table 4.35 Analysis of variance for plasma protein level of the fe:

subjects.

- . s = " ——— —— — ——— " — T - ——_ - S i i e T e A D e -

Source of variation daf Sum of Mean Squares F value
squares

Treatment 4 1.601 0.400 0.83¢

Error 45 21.455 0.4717

Total 49 23.055 0.470

e o o o T S — — . —— = A o = s wm A = e Tt = G — - S - TN Y M e . e - = . e W =

* Significant at 5% level

Table 4.36 Analysis of variance for plasma glucose level of the fem

subjects.
Source of variation df Sum of Mean Squares F value
squares
Treatment 4 817.713 204.428 1.958
Error 45 4698.689 104.415
Total 49 5516.402 112.580

e o s e e - - - e e S e e e = . — P A - Hae e . A A — - —— -

* Significant at 5% level
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concentration of plasma protein was recorded in the pregnant
subjects.

4.2.6 Plasma glucose: The mean élasma glucose level (mg/dl)
of £he control, lactating and pregnant women in three
trimesters of pregnancy was 93.6 t+ 5.37, 99.2 + 9.8, 95.9 ¢t
7.43, 105.4 + 16.46 and 100.6 + 8.39, respectively (Table
4.34). Non-significant difference was observed in the plasma
glucose level of the subjects.

Barring one subject in second trimester of pregnancy

who was mildly diabetic, all the subjects had plasma glucose
concentration within the normal range of 90—12b mg/dl (Oser,
1976).
4,2.7 Plasma cholesterol: Mean plasma cholesterol 1level
(mg/dl) was significantly (P<0.05) higher 1in case of
control, lactating and pregnant women in second and third
trimester of pregnancy as compared to pregnant women in
first trimester of pregnancy. The corresponding values were
171.3 + 11.53, 183.4 + 26.03, 181.3 + 28.46, 180.6 + 36.42
and 142.2 + 11.09 mg/dl, respectively (Table 4.37).

Most of the subjects 1in the present study had plasma
cholesterol concentration within the normal range of 150-250
mg/dl specified by Oser (1976). However, seven out of ten
pregnant subjects in first tfimester of pregnancy had below
normal values. This was in contrast to the report of
Swaminathan (1990) of an increase in plasma cholesterol

level during pregnancy.
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4.2.8 Urinary creatinine: Maximum urinary creatinine
excretion (g/day) was recorded for lactating women (0.544 +
6.10) followed by normal subjects. (0.523 + 6.38) and
pregnant subjects in third (0.497 + 9.18), second (0.474 +
0.103) and first (0.455 + 0.101) trimester of pregnancy
(Table 4.37). Non-significant difference was, howvever,
observed in the urinary creatinine excretion of the subjects
in the selected conditions.

The normal rangé ot urinary output of creatinine in
case of adult women 1is reported as 0.8-1.5 g/day (Best and
Taylor, 1969) and in case of adults, the specified range is
1-1.5 g/day (Oser, 1976). The results of the creatinine
excretion in temale subjects of the present study showed
that all had values well below the normal ranges specified
above. Renu (1990) reported similar findings of lower than
normal creatinine excretion in rural females of Kangra
Valley in H.P. Mariyama et al.(1987) and Bertrand et al.
(1l987) correlated wvariation in urinary creatinine excretion
with weight. The lower body weights recorded in the present
study for controls and during physiological conditions might
be responsible tor the lower than normal urinary creatinine
excretion in the rural females selected for this finding.
4.2.9 Serum zinc: Significant .difference (P<0.05) was seen
in the serum zinc concentrations of the studied subjects.
T'hne mean serum zinc concentrations (ug/dl) in case of

control, lactating and pregnant women in three trimesters of



lable 4.37 Flasma cholesterol and urinary creatinine level of the experioental female subjects during

physioloegical canditions.

Urinary creatinine (g/day)

Pregnancy (in trimester)

96

S.%0 Control  Ist 2nd Jrd  Lactation Control  Ist 2nd 3rd  Lactation
;---_--——_-~--_;éé-_—___—;;;-———--;;;-— 183 185 0.942  0.621 0.302 0,452 0.695
2 172 148 178 14 185 0.612  0.447 0.376  0.413 0.627
3 180 154 153 210 230 0.393  0.408 0.353  0.512 0.574
4 160 138 204 172 192 0.466 0,518 0.485  0.367 0.495
5 : 176 124 184 161 155 0.4%5  0.379 0.612 0,615 0.485
6 135 142 234 142 174 0.515 0.360  10.625 0,580 0.488
1 in 134 216 136 213 0.525 0.314 0.35¢  0.495 0.640
8 184 160 156 240 149 0.602 0.439 0.548  0.605 0.521
9 161 132 172 234 157 0.446  0.514 0.303  0.378 0.495
10 160 136 167 174 192 0.438  0.3%4 0.386  0.536 0.514
e L3 1.2 BLY 1806 14 L33 04 04 0.4 0S4
S.D. (4} 11,33 11,03 28.46 36.42  26.03 6.380 0.tol 0.103  9.180 6.100
v, 6.7 7.8 15.7  20.2 14.2 1.2 22,2 21,7 18.5 11.2
et os i
Nean

Overall 28.3b 0.088

S0 (+)

Overall 16.5 17.8

oy (b

o owsmo NS

HS = Hon-significant
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Table 4.38 Analysis of variance for plasma cholesterol level of the

female subjects.

Source of variation df Sum of Mean Squares F value
squares

Treatment 4 11786.520 2946.630 4.79¢

Error 45 27632.600 614.058

Total 49 39419.12 804.47

* Significant at 5% level

Table 4.39 Analysis of variance for urinary creatinine levels of tt

female subjects.

Source of variation df Sum of Mean Squares F value
squares

Treatment 4 0.052 0.013 1.737

Error 45 0.334 7.418 x 10~2

Total 49 0.385 7.850 x 10—>

e e s o A s o e o o o = . o At =t o ——— - —— = = = A - = o - s o ————— o = — . -

* Significant at 5% level
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pregnancy were 97.1 + 18.38, 58.2 + 7.99, 102.6 + 9.37, 74.6
+ 6.03 and 65.5% + 7.17, respectively (Table 4.40).

In the present study, the mean serum zinc concentration
in control women was comparable to the mean values reported
by Argemi et al.(1988) of 93.71 + 7.34 ng/dl, Underwood
(1971) of 0.96 + 0.13 pg/ml and Gofman et al.(1964) of 98 +
2 png/dl. Further observation revealed that the mean serum
zinc concentration in the first trimester of pregnancy was
slightly higher than in control women. This was in contrast
to the observation of vir et al.(1981) who found
significantly lower mean serum zinc level 1in pregnant
subjects as compared to non-pregnant. The results obtained
for the the second and third trimester of pregnancy were,
however, in aqgreement with the above observation. It was
further noticed that there was a significant decline in the
mean serum zinc concentration with increasing duration of
pregnancy 1n the present study. This finding was 1in
concurrence with the reports of Jameson (1976), Vir et al.
(1981) and Argemi et al.(1988). The values obtained for mean
serum zinc 1n first and second trimester of.pregnancy vere
lower than those reported by Mittal et al.(l98é) for Indian
women i.e. 1lUY.7 and 83.7 ng/dl, respectively for first and
second trimester. However, thé values of mean serum =zinc
recorded during the second and third trimester of pregnancy
were in close association with those reported by Argemi et
al.(l988) ot 75.36 + 17.61 and 70.46 + 13.28 ngsdl,

respectively. Mean serum zinc level in case of lactating
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s
1

2 .
lable 4,47 Serum and saliva zinc level of the experimental female subjects during physiological cenditions.

.............................................................................................................

Serum z1nc (pg/dl} Saliva zinc (ng/ml)

""""" fremancy Gn trisester)  bregnancy Gin frinester)
§.Na Control ;;; ....... ;;; _____ é;é_ Lactation Control ;;; ------- ;;; ----- ;;&-- Lactation
G B0 W45 72 05 60 U20 108 W20 265 280
2 1.5 112.3 78.0  63.5 39.9 223.0  266.0 188.0  198.5 194.3
3 122.0 112.5 7.9 74.0 30.0 223.0  233.0 2025  279.0 242.0
4 87.5 6.0 63.0  67.3 68.0 187.5  196.5 269.0  245.6 229.0
3 116.5 87.0 66,0 69.5 63.5 191.5  315.0 349.9 183,90 183.0
b 92.0 99.5 68.5  60.3 7.0 200.0 3728 197.6  302.0 187.3
7 104,0 97.0 82.3  S0.¢ 4.5 216.0  343.0 .173.0 241.8 222.0
] 8.0 115.0 8.0 72.0 60.0 186.0 212.8 413.8  268.0 242.0
9 B7.35 109.3 0.3 70.5 41.5 187.5 178.0 344,53  348.5 226.5
10 125.0 4.5 83.0  65.5 30.0 2015 134.0 81,5  187.0 179.0
o Wa e 6 B B2 w0 2 221 whe ane
5.0, (0 14,38 9.37 6.03 7.17 7.99 19.16  70.37-  B1.3t 52,99 24.14
LoV, (0 18.93 7.13 B.10 1095 13.74 9.08  28.12 29.88 21.%7 11.42
et me s N
Nean
Overall 20.39 59.49
Sh (#)
Overall 23.6 23.2
RV S
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Table 4.41 Analysis of variance for serum zinc level of the female

subjects.
Source of variation df Sum of Mean Squares F valuc
squares
Treatment 4 15189.33¢0 3797.333 32.87:
Error 45 5198.35 115.519
Total 49 20387.6890 416.070

* Significant at 5% level

Table 4.42 Analysis of variance for saliva zinc level of the female

subjects.
Source of variation df Sum of Mean Squares F value
squares
Treatment 4 35507.019 8876.755 2.896
Error 45 137915.952 3064.799

Total 49 173422.971 3539.240

* Significant at 5% level
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0-$ 6 £‘>$§

women also compared well with the value g,56.2%+ 0;23 ng/ml
reported by Vir et al.(1981) during the post partum périod.
4.2.10 Saliva zinc: Significantly (P<0.05) higher saliva
zinc levels were observed in pregnant women as compared to
the control and lactating women while non-significant
difference was present during the three trimesters of
pregnancy. The mean values of _saliva zinc (ng/ml) in
descending order were 272.1 + 81.31, 250.2 + 70.37, 247.9 %
52.99, 211.4 + 24.14 and 200.0 + 19.16, respectively, for
pregnant women in second, first and third trimester and
lactating and control women (Table 4.40).

Freeland-Graves et al.(1981) reported the mean saliva
zinc level in adult female squects to be 266 +-89 ng/ml and
for healthy adults to be 190 ng/ml. The mean values for
saliva zinc obtained in the present study were found to
range between the values given by Freeland-Graves et al.
(198)) for healthy adults and female subjects.

4.2.11 Urinary zinc: Mean urinary zinc excretion (pg/24 hrs)
was significantly (P<0.05) higher in control, lactating and
pregnant women in third trimester of pregnancy than pregnant
women in first. and second trimester of pregnancy. The
ditference in urinary zinc exgretion between the first and
second trimester ot pregnancy was also significant (P<0.05).
The respectiQe values for control, lactating and pregnant
women in tirst, second and third trimester of pregnancy were
50L.1L + 47.28, 510.8 + 55.08, 413.6 + 17.14, 469.9 + 43.89

and 519.3 + 56.04 png/24 hrs (Table 4.43).
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The mean values for wurinary =zinc obtained 1in the
present study were well within the normal range of 400-600
ng/24 hr given by Roman (1969). Underwood (1971) had also
reported that quantity of zinc excreted in the urine of
healthy adults is very small i.e. 0.1-0.7 mg/day. Campbell
et al.(1984) reported variation in urinary zinc excretion
with stage of pregnancy. This was found to be true in the
present investigation as there was gradual increase in mean
urinary zinc excretion with duration of pregnancy. The
results ot the present study also resembled those of
Hambidge et al.(l§83) who stated that during the first
trimester, pregnant women excreted less utinary zinc than
controls. Swanson and King (1982) observed more excretion of
zinc in wurine by pregnant women 1in late pregnancy as
compared to non-pregnant controls. In the present study
also, although non-significant difference was observed in
the mean urinary zinc excretion 1in case o0f normal and
pregnant women in the third trimester, the latter had
slightly higher value as compared to the control women.
4.2.12 Hair zinc: Significant difference (P<0.05) was
observed in the hair zinc level of the subjects in the
selected conditions. ‘The mean hair zinc levels (pg/g9) in
ascending ordexr were 145.5 + 17.38, 165.7 + 5.49, 169.9 +
lu.18, 180.5 + 6.0L and 184.9 + 10.39, respectively, for
controls, pregpnant women in third trimester, lactating women
and pregnant women in second and first trimester of

pregnancy (lTable 4.43).



Jable 4.43 Urinary and hair zinc level of the experiaental female subjects during physiolegical conditions.

429.9

398.2

338.2

423.0

449.95

402.0

416.6

1714

S.No Control
G oo a0 3
2 540.5
3 433.0
4 480.0
3 312.0
6 438.0

1 469.0
8 322.7
9 360.0
iO 362.0
Hean 308.1
5.0.(#) 47,28
L.Vt 9.43
Overall

Nean

Overall

SD (+)

Overall

CV (4}

103

2nd Jrd  Lactation Control st 2nd Jrd  Lactation
398.2  485.4 —;28.0 133.0 -1;6.0 _;é;:o 168.5 _--;;5.0.
416.0 523.0  533.3 165.5  170.5 189.5 160,90 162.9
456,95 523.5  459.0 119.6  188.6 177.5 1725 181.0
302.0 602.0  487.4 165.0  182,5 172.8  170.0 184.0
463.9 478.4  598.0 123.6  179.8 181.0  168.3 163.3
463.5 480.0  528.0 133.4  183.0 183.0  162.2 196.9
528.6 308.6  447.0 165.0  208,0 182.5  162.2 160.0
332.8  995.5  422.5 158.8  192.5 1740  198.5 163.5
486.0 424.4  536.0 13%.0 188.6 174.0  161.0 170.0
451,59  964.0  349.0 146.0  180.4 189.53  173.5 183.0
"""""""""""""""""" 9 513 S8 45 143 105 157 1699
43.89 56.04  53.08 17,38 10.39 . 6.01 3.49 10.18
9.3¢ 10,79  10.78 11.9¢  5.62 3.33 K3 3.99
""""""""""""""""""" ws  ows
38.86 17.32
12.2 10.2
29.38 6.86 -
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Table 4.44 Analysis of variance for urinary zinc level of the female

subjects.
Source of variation daf Sum of Mean Squares F value
squares
Treatment 4 74086.400 18521.600 8.711"
Error 45 95684.020 2126.312
Total 49 169770.420 3464.170

* Significant at 5% level

Table 4.45 Analysis of variance for hair zinc level of the female

subjects.
Source of variation df Sum of Mean Squares F value
squares
Treatment 4 9483.482 2370.871 20.428"
Error 45 5222.723 116.061
Total 49 14706.205 300.126

* Significant at 5% level



The results recorded were within the normal range
reported by Smith (1967) of 92-255 pg/g for adults.

The results of the present study disclosed a

progressive decline in the mean hair zinc level of the
pregnant subjects with advancing pregnancy and the decline
between second and third trimester was significant. This
finding is in total agreement with those of Vir et al.
(1lY81). The values for hair zinc recorded during the second
and third trimester of pregnancy in the present
investigation were also comparable to these given by Vir et
at. (1981) of 183 + 26 and 170 + 26 jng/g during the second
and third trimester of pregnancy. Kohrs et al.(1977) found
highest conceﬁtration ot hair zinc in the third trimester of
pregnancy. 'The results of the present study were in complete
contrast to the above finding as mean hair zinc
concentration was found to be lowest in the last trimester
ot pregnancy in comparison with the first and second
trimester.
4.2.13 Milk zinc: The mean milk =zinc 1level (ng/dl) of
lactating subjects was 311.5 + 84.22 (Table 4.46). The
coetticient ot wvariation came out to be 27.03 per cent
indicating considerable disparity in the milk zinc
concentration of the female subjects under study.

Underwood (1Y71) gave the normal range of milk zinc to
the tune of 300-500 pg/dl in lactating women. The mean value
ot milk zinc obtained in the study is within this specified

range but inclines more towards the lower limit. Five out of
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Table 4.46 Breast milk zinc Table 4.47 Age (years) of a
concentration of the controls and adolescent
lactating subjects (menstruating) female sub

s.vo Milk zinc (pg/dl) Control Menmstruating

1 228.0 25 18

2 200.5 26 18

3 395.0 23 17

A 453.0 24 19

5 312.2 24 19

6 231.6 217 18

7 289.0 26 19

8 277.0 24 18

9 320.4 22 17

10 408.4 25 17

Mean 3. 2.6 18.0

S.D. (%) 84.22 1.50 0.81

CV (%) 27.0 6.1 4.5

"""""""""""""""""""""""""" overall  21.3

Mean
Overall 4.66
Sh (+)
Overall 21.8

CV (%)
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ten individual values, however, were lower than 300 ug/dl.
Krebs and Hambidge (1986) reported progressive decline in
human milk zinc with duration of lactation. This might
possibly be the reason for lower than normal values obtained
tor some of the subjects.

4,3 DURING MENSTRUAL CYCLE PHASES:

4.3.1. Age, Height and weight:

Age: The mean ages of adult controls and menstruating
adolescent subjects were 24.6 + 1.50 and 18.0 + 0.81 years,
respectively. The overall coefficient of variation emerged
out to be /1.8 per cent showing heterogenity in the ages of
the subjects (Table 4.47).

Height and Weight: Non-significant difference was observed
in both heights and weights of the subjects. The mean height
{cm) of adult controls and adolescent subjects was 152.6 +
2.46 and 154.5 + 3.07, respectively. The corresponding
values for weight (kg) were 46.2 + 1.75 and 45.8 + 1.31
{(lable 4.48).

The results ot the study indicated 1lower weight for
height in female subjects as compared to the ICMR (1990)
standard ot 50 kg weight for 151 cm height for adult women.
Similar findings were made by Kochar and Renu (1991) in case
ot rural adolescent females of Kangra valley. Qumra et
al.(1990) stated that socio-economic status and dietary
intake had a significant effect on the physical growth of

adolescent girls. Poor dietary patterns and nutritional
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ignorance might be responsible for the lower than normal
weights recorded in the present study.
4.3.2 Body Mass Index (BMI): The mean BMI (kg/m2?) of adult
controls and menstruating adolescent subjects was 19.84 +
0.79 and 19.20 + 0.97 respectively (Table‘ 4.48). Non-
significant difference was observed in the BMI values of
the temale subjects.

I'he f£indings of the present study revealed that the
mean BMI values were less than the Indian standards i.e. 20-
25 kg/m* for adult women (Nutrition News, 1991). However, in
case ot adolescent girls, the results are comparable with
Gopalan (1989} who reported BMI values for girls in Delhi as
19.45-21.0 kg/m2. Values of BMI less than 25 kg/m2? in girls
was also recorded by Goni et a1.(1989) and in rural girls of
Kangra Valley by Kochar and Renu (1991). The mean values of
BMi1 recorded in the present study were well below the lowest
BMI value of 25 kg/m*® above which obesity starts (Garrow,
1981).
4.3.3 Basal Metabolic Rate (BMR): Non-significant difference
was observed in the BMR values of the female subjects. The
mean value (Kcal/24 hr) in case of adult controls and
menstruating adolescent subjects was 1117.8 + 24.51 and
1112.2 + 18.43, respectively (Table 4.48).

The BMR values obtained in the present study were much
lower than the normal values reported by Best and Taylor
(1969). They explained and related the below normal BMR

values to the conditions of starvation and undernutrition.



Table 4.4Y Height, weight, Body Mass Index (BMI) and Basal Metabolic Rate (BMR) of adult controls and
adalescent (menstruating) subjects,

Height (ca) Weight (kq) BRI (ka/e2) BNR (Kcal/24 hr)

5.t ontrel Menstrial  Control Menstrual  Control Menstrual  Contral  Menstrual
cycle cycle cycle cycle

;_-----_--_-———;;;:;_—_--;géjﬂ 48 46 20.77 20.44 1143 1135
2 155.0 152.5 49 43 20.39 19.35 1157 1101
3 150.0 157.5 43 46 20.00 18.53 1104 1135
4 150.0 152.5 44 48 19.55 20.64 1087 1143
5 152.5 135.0 47 48 20,21 19.98 1129 1143
b 152.5 155.0 48 43 20.64 18.73 1143 1101
] 197.0 152,35 46 43 18.66 19.35 1113 1101
8 130.0 157,35 4b 44 20.44 17.74 1115 1087
9 135.5 160 43 46 18.73 17,96 1101 1113
10 132.0 152.5 44 43 19.04 19.35 1087 1101
e Gb 145 462 a8 18 1920 TR
S.0.t4) 2.4 3.07 175 1.3t 0.79 0.97 24,51 18.43
(LGS 1.6 1.9 3.8 2.9 4.0 5.1 2.2 1.7
et w6 wo  wm  uso
Mean
Qverall 2.87 1.52 0.92 21,30
50 ()
Overall 1.9 3.3 4.7 1.9
ey
oo v v oo NS

N5 = Non-significant
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Table 4.49 Analysis ot variance for height of the female subjects.

Source ot variation dt Sum of Mean Squares F value
squares

Treatment 1 17.113  17.113  2.208

Error 18 139.525 7.751

Total 19 156.638 8.244

* Significant at 5% level

Table 4.50 Analysis of variance for weight of the female subjects.

v o = - = = = e e A e e = A e o M A e = e e e - S S G e . S ot o Y S - A a4

Source of variation daf Sum of Mean Squares F value
sguares

Treatment 1 0.800  0.800 0.333

Error 18 43.200 2.400

Total 19 44.000 2.315

* Significant at 5% level

Table 4.51 Analysis of variance for body mass index of the female

subjects.
Source of variation df  Sum of  Mean Squares F value
squares
rreatment 1 2.000 2.000 2.534
Error 18 14.277 0.7983
Total 19 16.287 0.857

* Significant at 5% level

Table 4.52 Analysis of variance for basal metabolic rate of the femal

subjects.
Source of variation at sun of  Mean Squares F value
squares
Treatment 1 1s6.800  156.800 0.333
Error 18 8467.200 470.400
Total 19 8624.000 453.830

* Signiticant at 5% level
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The same may also be the reason for the lower BMR values
recorded in the present investigation for adult controls and
menstruating adolescent subjects.
4.3.4 Haemoglobin (Hb): The mean Hb level (g/dl) recorded in
adult controls and adolescent girls during follicular,
ovulatory and 1luteal phases of menstrual cycle were 11.4'1
.23, 11.2 + 0.34, 11.3 + 0.35 and 11.2 + 0.32,
respectively. Analysis of variance revealed non-significant
ditterence (P <0.05) in the Hb level of the subjects.
According to WHO (1972), Hb level of adolescents should
be above 12 g/dl of blood and the values lower than this are
indicative of anaemia or iron deficiency. Following this
criterion, all the subjects in the present investigation
could be classified as marginally anemic. Szewczynski (1979)
stressed that eating practices could influence the Hb
concentration. In India, girls eating a mixed Punjabi diet
were reported to have an adequate content of Hb in their
blood (Kochar, 1981). Though this part of Kangra Valley was
once considered as a part of Punjab, yet its Hb values were
quite lower than the Punjab values reported by Kochar
(lysl). Renu (1990) also reported marginal anaemia in rural
adolescent temales of Kangra‘ Valley. Hence, poor eating
practices along with nutritional 1ignorance and negligence
could be.the explanation for lower Hb content.
4.3.5 Plasma protein: Statistically non-significant
ditterence was observed in the plasma protein concentration

ot the subjects. The mean values for plasma protein (g/dl)
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were 7.2 + 0.3, 1.4 + 0.064, 7.3 %+ 0.49 and 7.4 t+ 0.45,
respectively for adult controls and adolescent girls during
follicular, oQulatory and luteal phases of menstrual cycle
(Table 4.53).

All the values obtained in the present study were
within the normal range of 6-8 g/dl reported by Oser (1976).
4.3.6 Plasma glucose: Mean plasma glucose 1levels (mg/dl)
during adult controls and adolescent girls éuring three
phases ot menstrual cycle were 93.6 + 5.37, 102.04 t+ 10.87
(tollicular), 102.3 + 9.84 (ovulatory)and 101.3 + 11.02
(Luteal), respectively (Table 4.53). Non-significant
ditterence was observed in the plasma glucose levels of the
temale subjects.

The values for plasma glucose recorded in the present

study compared well with the normal range of 90-120 mg/dl
given by Oser (1976).
4.3.7 Plasma cholesterol: Statistically non-significant
ditference was 6bserved in the plasma cholesterol leQel of
the subjects. The mean values (mg/dl) recorded for adult
controls and menstruating adolescent subjects during
tollicular, ovulatory and luteal phases of menstrual cycle
were 171.3 + 11.53, 186.0 + 27.88, 185.5 + 21.67 and 185.3 ¢t
24.067, respectively (Table 4.57).

All the values obtained in the present study were well
within the normal range of 150-250 mg/dl specified by Oser

(1976 .
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Table 4.53 Haemoglobin (HbJ, Plasma protein and Glucose level of adult controls and adolescent (menstruating) subjects.

Plasma glucose (mg/dl)

Nenstrual cycle ph

g g e — e — e e ——— e rarec e ————

S.Ho Control  folli- Ovula- Luteal Control  folli- Ovula- Luteal Control  Folli- Ovula- Lu
cular  tory cular  tory ‘cular  tory

T T I X I S T T R

2 11.6 10,9 10.9 iO.B 6.80 6.90 7.00 6,90 86 94 %4

3 11.v 11.2 11.4  11.4 8.20 6.85 .05 T.15 105 87 a9

4 11.6 11.8 1.8 11.7 7.50 7.30 130 .25 9% 100 105 !

3 i1.4 1.2 11.4 11.2 1.40 b.65 6.70 7.0 a8 1S 108 1

b 11,2 10.8 16,8 10.8 6.83 8.05 7.90  7.90 92 105 98.5 ‘

7 11.4 10,8 1.0 11.0 7.20 6.5 675  6.80 % B9 92 :

8 1.5 1.0 1i.e 1.2 .70 1.80 7.63  1.60 89 108.4 110 §

4 11.4 11,2 1.3 1.2 6.50 8.30 8.05  B.10 96 118 120 11

i 11.8 11.6 1.6 1.4 6.80 1.13 7.1 .20 %4 %4 96.4 9

T T P

5.D0. () 0.23 0.34 0.33  0.32 0.53 0.64 0.49  0.45 5.37 10,87 9.84 H

C.v. (0 2.0 31 3.1 2.9 1.4 8.7 6.8 6.1 3.7 10.7 9.6 1

weat w3 3 .8

Nean

Overall 0.31 0.52 9.88

50 ()

Overall 2.8 1.4 9.9

oy

oo oo T s )

NS = Nen-significant
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Table 4.54 Analysis of variance for blood haemoglobin level of the
female subjects.

Source of variation df Sum of Mean Squares F value
squares

Treatment 3 0.249 0.083 0.834

Error 36 3.582 0.100

Total 39 3.831 0.098

* Significant at 5% level

Table 4.55 Analysis of variance for plasma protein levels of the
female subjects.

Source of variation df Sum of Mean Squares F value
squares

Treatment 3 0.297 0.099 0.346

Error 36 10.301 0.286

Total 39 10.599 0.271

* Significant at 5% level

Table 4.56 Analysis of variance for plasma glucose level of the
female subjects.

Source of variation df Sum of Mean Squares F value
squares

Treatment 3 518.777 172.926 1.892

Error 36 3291.182 91.422

Total 39 © 3809.959 97.69

X Signiticant at 5% level



115

4.3.8 Urinary creatinine: Maximum mean urinary creatinine
excretion (g/day) was recorded for adult controls (0.523 +
6.38) while the values obtained for adolescent girls during
three phases of menstrual cycle (Table 4.57) were 0.476 +
9,81 (follicular), 0.458 + 6.71 (ovulatory) and 0.450 + 8.18
(luteal). Difference between the subjects was, however, non-
significant (P < 0.05).

The values obtained in the present study vere well

below the range of 0.8-1.5 g/day (Best and Taylor, 1969).
Renu (1990) in her study on rural adolescent females also
observed the similar results of lower than normal creatinine
excretion. Mariyama et al.(1987) correlated urinary
creatinine with weight. The 1low body weiqhts recorded for
adult controls and menstruating adolescent girls might
possibly be responsible for 1lower than normal creatinine
excretion in the subjects.
4.3.9 Serum =zinc: Mean serum zinc concentrations (ug/dl) in
adult controls and adolescent girls during follicular,
ovulatory and luteal phases of menstrual cycle were 97.1 %
18.38, 99.45 + 18.21, 92.2 + 15.48 and 88.6 + 15.26,
respectively (Table 4.57). However, the difference was non-
significant.

The mean values tor serum zinc obtained in the present
study were within the range 72-115 png/dl as reported by
Halsted and Smith (1970) tfor normal female subjects. The
results were also comparéble with the wvalue 92 + 3 agrdl

given by Meret and Henkin (1971) for female subjects.
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lable 4,57 Plasma chelesterol, urinary creatinine and serum zinc level of adult controls and adolescent (menstruating) subji

Flasea cholestersl (mg/dl) Urinary creatinine (g/day) Serua zinc (pg/dl)

---------- ;;;;;;;;;—;;;;;-;;;;;;- Hens;;;;;“;ycle phases Menstrual cycle phe

5.0 (ontrol folli- Owla- Lteal  Contral Folli- Owla- Luteal  Gonbral Folli- Owla- Lot
cular tory cular tory cular tory

A 052 05 0508 0495 BLO B85 780
2 172 178 182 183 0.612 0.378  0.402  0.415 77.5  18.3 99.0 p
3 160 166 160 160 0.593 0.429  0.452 0.395 122.0  115.0  105.0 9
4 160 177 184 179 0.466 0.320  0.342  0.320 87.9 83.0 73.5 7
5 176 197 192 192 0.493 0.430  0.428 0.472 116.5  125.0  {15.5 it
6 155 216 PLE] 197 0.513 0.358  0.432 0.515 92.0 87.0 86.5 8
7 17 204 198 203 0.525 0.392  0.435 0.370 104.0 76.0 ' 72,5 7
B 184 40 226 238 0.602 0.620  2.558  0.498 78.0 98.0 95.0 8
9 161 174 181 183 0.446 0.525  0.425 0.425 87.5 122.0 112.5 1
19 160 154 162 162 0,438 0,383  0.546  0.602 123.0 83.9 8.0 li
e UL3 IR0 185 W3 033 047 04 040 S0 84 @2 6
5.0.t1) 11.593 21.88  21.67 24,87 6.38 9.81 6.71  8.18 18.38 18,2t 15.48 13,
L (0 6.7 14,9 1.7 13.3 12.2 20.6 14,6 18,2 o189 18.3 16.8 1
et e v 4.3
fiean
Uverall 22.22 0.08 16,78
50 (¢!
iveral!l 12.2 16,9 17.8
LY D
wew o T T

N5 = Non-significans
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Table 4.58 Analysis of variance for plasma cholesterol level of the
female subjects.

Source of variation - daf Sum of Mean Squares F value
squares

Treatment 3 1536.275 512.092 1.030

Error 36 17904.700 497.353

Total 39 19440.975 498.486

* Significant at 5% level

Table 4.59 Analysis of variance for urinary creatinine level of the
female subjects.

Source of variation af Sum of Mean Squares F value
squares

Treatment ' 3 0.032 0.011 1.700

Error 36 0.224 6.227 x 10-2

Total 39 0.256 6.560 x 10—2

* Significant at 5% level

Table 4.60 Analysis of variance for serum zinc level of the female

subjects.
Source of variation at Sum of  Mean Squares F value
squares
Treatment 3 714.725 238.242 | 0.834
Error 36 10280.550 285.571
Total 39 10995.275 281.930

* Significant at 5% level
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Further observation revealed that in the present study there
was a gradual decline in the mean serum zinc level of the
subjects during the three phases of menstrual cycle, being
higher during the follicular phase and 1lower during the
ovulatory and Luteal phases. Similar findings were also
reported by Deuster et al.(1987).

4.3.10 saliva zinc: Mean saliva zinc level (ng/ml) of adult
controls and menstruating adolescent subjects in follicular,
ovulatory and Luteal phases of menstrual cycle were 200.0 #+
19.16, 225.05 + 42.54, 222.33 + 33.40 and 223.13 + 38.58,
respectively (Table 4.61) and the difference was found to be
non-significant.

The results obtained in the present study were in close

association with those reported by Greger and Sickles (1979)
i.e. 222 4+ 161 and 203 + 72 ng/ml for adolescent females.
The results obtained for adult controls women were also
comparable to the value 190 ng/ml given by Freeland-Graves
et al.(1981) for healthy female subjects:
4.3.11 Urinary zinc: Maximum mean urinary zinc excretion
(ng/24 hrs.) was observed in adult controls (501.1 + 47.27),
followed by the adolescent subjects in follicular (483.7 +
45.24), ovulatory (464.9 + 50773) and luteal phases (463.5 t+
45.56) ot menstrual cycle (Table 4.61). Statistically, the
ditterence was non-significant.

The values for urinary =zinc recorded in the present
tinding were well within the normal range of 400-600 ng/24

hrs. (Roman, 19Y969).
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table 4.61 Saliva, urine and hair zinc level of adult controls and adolescent (menstruating) subjects.

Saliva zinc (na/ml) Urine zinc (pg/24 hr) Hair zinc (ug/q)

""""" tenstrual cycle phases  Menstrual cycle phases Menstrual cycle ph

5.0 ontrol folli- Dwla- el Contral Folli- Dwla- Luteal  Gontral Folli-  wla- Ly
cular tory cular tory cular tory

;—---'____--—--;;;?&_--- 262.0~_-—248.8 22;:6 ------ 428.&-_ 430.0 ---;;;:4 3;;.0 - 133.0 163.0-——-163.0 ;
2 229.0 203.0  192.5 173.0 340.5 433.4 416,53 425.0 165.3  139.¢  127.6 t
3 223.0 35,0 292.3  302.4 49%.0 918.3  §30.0  497.0 11%.6  120.0  {17.5 !
4 147.5 246.0  226.5 248.4 440.0  428.5  409.8 438.0 165.0  155.0  147.4 1
3 191.5 179.0  203.0  203.0 512.0 433.4  475.0 428.3 123.6  168.2  160.5 1
b 2000 192.5  183.0  196.0 438.0 528.0  499.2 515.0 133.4  172.0  172.6 1
i 216,40 225.0  246.5 2110 469.0 363.0  529.0 9542.2 165.0  178.5  170.0 {
4 186, 0 176.0 2020 197.0 922.5 464,0  479.5 458.0 158.8  170.8  165.0 1
3 187.35 03,0 1930 2129 360.90 486.6  423.0  446.0 139.0 1350 143.0 {
19 2015 410 2295 266.0 362.0 512.0  495.5  488.0 146.0  139.0  148.0 1
o Mo w50 223 WL SL1 LT 4649 4685 165 1860 1L 1
S.0.(4) 13,16 42,54 33.40 38.32 47.21 45.24  50.73 45.56 17,38 18,30 18.29 1
Ly, ) 1.6 18.3 15.0 7.3 3.4 9.4 10.9 9.8 11.9 12.1 12.1
el ws aa se
fean
Uverall 34.78 47.99 18.34
S0 (+)
Uverall 15.3 10.0 12,2
v
wew T T T

N5 = Mon-siqnifrcant
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Table 4.62 Analysis of variance tor saliva zinc level of the female

subjects.
Source of variation as Sum of  Mean Squares F value
sguares
Treatment 3 4182.133 1394.044 1.167
Error 36 42996.227 1194.340
Total 39 47178.360 1209.700

* Significant at 5% level

" Table 4.63 Analysis of variance for urinary zinc level of the female

subjects.
Source of variation df Sum of Mean Squares F value
squares
Treatment 3 9465.161 3155.054 1.413
Error 36 80388.574 2233.016

Total 39 89853.735 2303.940

* Significant at 5% level

Table 4.64 Analysis of variance for hair zinc level of the female

subjects.
Source of variation at Sum of  Mean Squares F value
sguares
Treatment 3 576.949 192.316 0.554
Error 36 12498.059 347.168
Total 39 . 13075.008 335.256

* Signiticant at 5% level
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4.3.12 Hair 'zinc: Statistically non-significant difference
was observed in the hair zinc 1level of the subjects. The
mean values {ug/g) recorded for adult controls and
menstruating subjects during three phases of menstrual cycle
wvere 145.%5 + 17.38, 156.1 + 18.90 (follicular), 151.5 %
18.29 (ovulatory) and 149.5 + 19.86 (luteal), respectively
(Table 4.61).

The results obtained were well within the normal range
of 92-255 ugq/g specified for adults (Smith, 1967).
CORRELATION OF SERUM ZINC WITH SOME BIOCHEMICAL AND
NUTRITIONAL PARAMETERS (Tables 4.65, 4.66 & 4.67)
Diseased conditions: Positive but non-significant
correlation was observed between serum zinc and plasma
proteins in hypertensives and normal (control) female
subjects. The results are 1in agreement Qith those of
Lindeman et a1.(1978) and Kiilerich et al1.(1980) who also
reported weak but significant correlations between serum
zinc and protein in normal subjects. Negative correlation
was, however, observed in case of diabetics and normal
males. Hagglof et al.(1980) found no correlation between
serum zinc and albumin in diabetic patients which differed
with the findings for diabetic subjects in the present
study.

Serum zinc was positively correlated with plasma
glucose in normal and hypertensive subjects but the
correlation was not significant. Negative correlation was

recorded for diabetics (r = -0.04 for males and -0.39 for
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temales). D'oCon et ai.(l98l) noted close relationship
between serum zinc and glucose in diabetic patients while
Hagglof et al.(1983) found no correlation between the two in
diabetic patients. The results obtained for diabetics in the
present study did not agree with any of these findings.

Negative correlation was found between serum zinc and
plasma cholesterol in diabetics and normal females while
positive but non-significant correlation was observed in
case ot hypertensives and normal male subjects. The results
obtained for hypertensives and normal male subjects were in
partial aqreemenﬁ while those for diabetics and normal
temales in contrast to the findings of Koo, and Williams
(1L981) and Koo and Ramlet (1983). Both reported a strong
positive correlation between the concentrations of serum
zinc and HbLL-cholesterol.

Serum zinc was positively correlated with saliva zinc
in case of female subjects and the correlation was
signiticant in diabetic (r= 0.65) and hypertensive (xr= 0.75)
subjects. Negative correlation was, however, recorded for
male subjects.- Greger and Sickles (1979) found no
correlation between zinc levels in serum and in saliva which
contrasted with the findings of the present study. They,
however, stated that factor% which affect serum zinc levels
and hence limit their wusefulness as indicators of zinc
nutritional status, may also affect saliva zinc levels.
treeland-Graves et al.(1981) found a moderate but

significant inverse relationship between serum and saliva
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Table 4.65 Correlation of serum zinc with biochemical and

nutritional parameters during diseased conditions.

Control Diabetic Hypertensi
Parameters  Male Female Male  Female Male  Femal
Plasma protein -0.58 0.33 ~-0.12 -0.11 0.21 0.32
Plasma glucose 0.24 0.42 -0.04 ~0.39 0.28 0.23
Plasma cholesterol 0.35 -0.10 ~0.04 ~-0.32 0.36 0.0¢
Saliva zinc -0.21 0.34 -0.17 0.65 -0.23 0.75
Urine zinc 0.49 0.20 -0.05 -0.34 0.02 ~0.44
Hair zinc 0.35 -0.53 -0.01 -0.18 ~0.69 —0.33

Critical value (2-tail, 0.05) = + or - 0.63
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.

zinc which was in close association with the results
obtained for male subjects in the present study.

Positive but non-significant correlation was obsefved
between serum and urine zinc in case of normal subjects and
hypertensive males. Negative correlation was found in case
of hypertensive female and diabetic subjects. Hagglof et al.
{1983) reported association of hyperzincuria in diabetic
patients with decreased serum =zinc levels. This inverse
relationship was also observed in diabetics in the present
study.

Hair zinc was negatively correlated with serum zinc in
case of diabetics, hypertensives and normal females. The
correlation was, however, significant in diabetics (r= -0.01
for males and -0.18 for females). Positive but non-
significant correlation observed in case o0f normal male
subjects was in concurrence with the reporf of Freeland-
Graves et al.(1981) who also observed poor correlations
between serum and hair zinc in healthy adults.

Physiological conditions:

buring lactation and second and third trimester of
pregnancy, serum 2zinc was positively correlated with plasma
proteins but the correlation was not significant. Weak
corretations between serum zinc and proteins have also been
reported by Kiilerich et al.(1980) 1in’ healthy subjects.
Negative correlation (r=-0.28) was, however, observed during

the tirst trimester of pregnancy.
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Positive but non-significant correlation was observed
between serum =zinc and plasma glucose during lactation and
first trimester of pfeqnancy while negative correlation was
found during second and third trimester of pregnancy. Plasma
cholesterol was significantly correlated with serum ziné
during tirst (r = 0.93) and third (r = 0.82) trimester of
pregnancy. A strong positive relationship between serum zinc
and cholesterol was also observed by Koo and Ramlet (1983).
During second trimester of pregnancy and lactation, negative
correlation was recorded between serum zinc and plasma
cholesterol which contrasted with the above report.

Serum zinc was negatively correlated with saliva zinc
in lactating and pregnant women in first and second
trimester ot pregnancy. Freeland-Graves et al.(1981) also
reported moderate but inverse relationship in healthy
females. Non-significant but positive correlation was
observed during third trimester of pregnancy (r=0.30) which
was in 1line with the observation of Greger and Sickles
(1979) in normal female subjects.

Positive but non-significant correlation was observed
during pregnancy and lactation between serum and urine zinc.
Vir et al.(1981) reported progressive decline in serum zinc
while Swanson and King (1982) found increased urinary zinc
excretion with duration of pregnancy. This inverse
relationship was not observed in the present investigation

during pregnancy.
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Table 4.66 Correlation of serum zinc with biochemical and

nutritional parameters in physiological conditions.

Parameters Ist 2nd 3rd Lactation
Plasma protein -0.28 0.07 0.26 0.38
Plasma glucose 0.21 -0.39 -0.44 0.27
Plasma cholesterol 0.93 -0.25 0.82 -0.28
Saliva zinc -0.34 -0.28 0.30 -0.21
Urine zinc 0.22 0.12 0.18 0.04
Hair zinc 0.04 0.42 0.22 ~-0.27
Milk zinc ) ~0.19

Critical value (2-tail, 0.05) = + or - 0.63
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Serum zinc was positively correlated with hair zinc
during pregnancy but the correlation was not significant. A
positive relationship between serum and hair zinc wvas also
suggested by Vir et al.(1981) as they observed a significant
decline in both serum and hair zinc with duration of
pregnancy. Negative <correlation was found between serum and
hair zinc in lactating subjects.

A significant negative correlation (r=-0.19) was
observed between serum zinc and milk zinc during lactation
in the present study.

Menstrual cycle phases:

Serum zinc was positively but non-significantly
correlated with plasma proteins during luteal phase while
negative correlation was observed during the follicular and
cvulatory phases. Lindeman et.al. (1978) reported 1low but
significant correlations between serum zinc and proteins in
control subjects. The - result obtained for adolescent
subjects in 1luteal phase of menstrual cycle in the present
study were similar to those reported above.

Plasma glucose was positively correlated with serum
zinc in all the three phases but the correlation was not
signiticant. Positive but non-significant correlation was
observed during the ovulatory and 1luteal phases between
plasma cholestercl and serum zinc while significant negative
correlation (r = -0.04) was found during the follicular
phase. Koo and ¥Williams (1981} reported strong positive

correlation between the concentration of zinc in serum and
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Table 4.67 Correlation of serum zinc with biochemical and

nutritional parameters during menstrual cycle phases

Parameters Follicular Ovulatory Luteal
Plasma protein -0.09 -0.02 0.14
Plasma glucose 0.34 0.32 0.27
Plasma cholesterol -0.04 0.04 0.07
Saliva zinc -0.15 -0.22 -0.16
Urine zinc -0.27 -0.03 —0.26
Hair zinc -0.61 -0.41 -0.49

Critical value (2-tail, 0.05) = + or - 0.63
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plasma cholesterol. The results obtained for ovulatory and
luteal phases in the present investigation were in partial
agreement while those for follicular phase in contrast to
the above report.

Serum zinc was negatively correlated with saliva, urine
and hair .zinc during the three phases of menstrual cycle.
Ilnverse relationship between saliva and serum zinc and poor
but positive correlation between serum and hair zinc has
been reported by Freeland-Graves et.al.(1981) in case of
female subjects. The latter report was in contrast while the
tormer in agreement with the results recorded in the present
study during menstrual cycle.

ZINC IN LOCALLY GROWN AND CONSUMED FOODS

Locally grown and consumed vegetables as well as
cereals and pulses were analysed for their =zinc content
(Table 4.68). |
Vegetables: Among 1leafy vegetables, on fresh matter basis,
highest zinc content was found in mustard 1leaves (15.94
mg/100g} followed by spinach (10.66mg/100g) and cabbage
(7.8mg/100g). Highest zinc content on dry matter basis wvas
again recorded for mustard leaQes (120.8mg/100g). The values
tor cabbage and spinach were 98.0 and ’79.0 mg/100qg,
respectively.

Under roots and tubers, potatoc had higher zinc coﬁtent
on tresh aé well as dry matter basis as compared to onion.

T'he values for potato and onion were 201.6 and 188.8 mg/100g
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on dry matter basis and 20.1 and 15.8 mg/100g on fresh
matter>basis.

Higheét zinc content among other vegetables on fresh

matter basis was recorded for ladies fingers (17.41mg/100qg)
followed by tomato (13.44mg/100g) and broad beans (13.22
mg/100g). The values in milli gram per cent for cauliflowver,
brinjal, cucumber, french beans, giant <chillies, peas,
lungru, and lasura were 9.00, 5.33, 3.89, 16.1, 7.68, 2.15,
4.54 and 4.12, respectively. On dry matter basis, tomato had
highest zinc content (224.4mg/100qg). For remaining
vegetables, the values (mg/100g) were in the oxrder of 123.3
(cauliflower}), 86.0 (brinjal), 139.0 (cucumber), 41.5 (broad
beans), 166.0 (french beans), 74.6 (giant chillies), 219.0
(ladies fingers), 9.4 (peas),54.0 (lungru) and 38.2
{lasura).
Cereals and pulses: Among cereals, wheat had higher =zinc
content than rice and the corresponding values were 0.98 and
0.87 mg/100g. Among pulses, highest zinc content was
recorded in whole black gram (1.4mg/100g) and lowest in
Bengal gram dhal (0.88mg/100g). The values for Bengal gram
(whoie}, green gram (whole) and lentil dhal were 1.08, 1.1
and 1.25 mg/100g, respectively.

I'hne values obtained for =zinc in the present study for
vegetables as well as cereals and pulses were much lﬁwer
than those listed by Gopalan et al1.(1989). The reason is
attributed to the low zinc content of the soil. Soil of low

and mid hill regions of the state of Himachal Pradesh has
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Table 4.68 Zinc content of locally grown and consumed foods

Moisture

content

(%) Dry matter
basis

Fresh matte:
basis

Cabbage
Brassica oleracea
(var. capitata)

Mustard leaves
Brassica campestris
(var. sarson)

Spinach
Spinacia oleracea

Onion
Allium cepa

Potato
Solanum tuberosum

Cauliflower
Brassica oleracea
(var. botrytis)

Brinjal
Solanum melongena

Cucumber
Cucumis sativus

Broad beans
Vicia faba

French beans
Phaseolus vulgaris

Giant chillies
{capsicum)
Capsicum annuum
{var. grossa)

Ladies tingers
Abelmoschus esculentus

Peas
Pisum sativum

Tomato
Lycopersicon esculentum

Lungru
Diplazium esculentum

Lasura
Cordia dichotoma

92.05

Leafy vegetables:

92.04 98.0
86.8 120.8
86.5 79.0

Roots and tubers:

91.6 188.8

90.03 201.6

Other vegetables:

92.17 123.3
93.8 86.0
97.2 139.0
68.14 41.5
90.3 166.0
89.7 74.6
219.0
17.12 9.4
34.01 224.4
92.9 64.0
89.2 38.2

15.94

10.66

15.86

20.1

17.41
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Cereals and Pulses = =—-==——-esmee—oooe—o—ooo-
Dry matter
basis

CEREALS AND PULSES

Wheat 0.98

Triticum aestivum

Rice 0.87

Oryza sativa

Bengal gram.(whole) 1.08

Cicer arietinum

Bengal gram dhal 0.88

Cicer arietinum

Black gram (whole) 1.40

Phaseolus mungo Roxb.

Green gram (whole) 1.10

Phaseolus aureus Roxb.

Lentil dhal 1.25

Lens esculenta
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been reported to be zinc deficient (Kanwar et al.,1983).
Randhawa (1988) also pointed out wide ranging deficiencies
ot micro nutrients in soils of Himachal Pradesh. Underwood
(1971) stated that zinc content of plants was influenced by
the soil type and the fertilizer treatment. Halsted et
al.(1974) tound wide range of zinc content in the same food
and attribﬁted it to the difference in analysis, source and

variety.






SUMMARY

The objective of the present investigation was to study
the zinc status including anthropometric and biochemical
measurements of local human population in health and
diseases. In addition, zinc content was also determined in
locally grown and consumed foods. The results of this study
are summarised under three headings:

a) During diseased conditions:

Significant differences were observed between sexes for
height and weight and the corresponding overall mean values
tor male subjects were 167.35 cm and 60.2 kg while those for
female subjects 153.0 cm and 46.8 kg, respectively. These
values were lower than the reported 1Indian standards. No
influence of diseased conditions was observed on the BMI of
the subjects and the mean values vere between 20.87 to 22.35
kg/m? in males and 19.83 to 20.35 kg/m? ih females.

The mean values of BMR (kcal/24hr) ranged from 1460.8
to 1553.9 in males and 1117.8 to 1183.1 in females. The
values of mean diastolic and systolic blood pressures (Bp),

were higher during different diseased conditions (Mean



diastolic Bp, 89.3 to 114.0 mm Hg: systolic Bp, 118.4 to
141.5 mm Hg).

Significant difference was observed between sexes for
haemoglobin (Hb) content. The mean values of Hb(g/dl) in
both sexes were lower (males, 12.2 to 12.8; females 10.4 to
.11.4) than the WHO standards. The mean plasma protein
concentrations were within normal range (7.16 to 8.23 g/d41l)
in all the subjects.

Mean plasma glucose and cholesterol was significantly
higher in diabetics and the values were of the order of
275.6 and 222.3 mg/dl in males and 334.6 and 224.3 mg/dl in
females, respectively. In hypertensive patients, the
respective values recorded were 120.5 and 210.i mg/dl for
males and 126.1 and 183.4 mg/dl for females. The urinary
output ot creatinine in the subjects was considerably lower
than the reported standard values.

Mean serum zinc concentration ranged from 88.7 to 93.2
ug/dl in hypertensive subjects while it was considerably
higher in diabetics (139.1 pg/dl in males and 168.5 ug/dl in
females). Average saliva zinc was comparable to the reported
values and ranged from 205.4 to 225.8 ng/ml in males and
189.7 to 252.8 ng/ml in females.

Urinary =zinc excretion was normal in hypertensive
subjects (540.8 to 541.1 pnpg/24hr in males and females,
respectively) while hyperzincuria was observed in diabeties

{944.3 and 1034.8 ng/24hr in males and females,
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respectively). Mean hair zinc was within normally reported
range (116.4 to 145.5 ng/g).

Serum zinc was significantly correlated with saliva
zinc in diabetic and hypertensive female subjects but it was
negatively correlated in diabetic male subjects.

b) During different physiological stages:

Zinc status and anthropometrical and biochemical
measurements were recorded in pregnant and lactating
subjects.

It was observed that mean body weight and body mass
index recorded during third trimester of pregnancy (56.6 kg,
24.62 kg/m?) and lactation (54.8 kg, 23.13 kg/m2) were
significantly higher than the respective control values
(46.2 kg, 19.84 kg/m*). Lower weight for height as compared
to reported 1Indian standards was observed 1in all the
subjects. Mean values of BMR ranged from 1238.2 to 1262.7
kcal/24hr. |

Marginally low content of Hb was recorded (10.4 to 11.4
g/dl) as compared to the WHO standards. Mean plasma protein
and glucose concentration of the subjects was within normal
range (7.16 to 7.67 g/dl and 93.6 to 105.4 mgrsdl,
respectively).

Lower than normal plasma cholesterol concentrations
were observed during the first trimester of pregnancy (mean
142.2 mg/dl) while normal values were recorded for other
subjects (171.3 to 183.4 mg/dl). The creatinine excretion in

all the subjects was much lower than the standard values.
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The mean serum zinc concentrations ranged from 58.2 to
102.6 pg/dl and a progressive decline in serum zinc level
with duration’ of pregnancy was observed. Mean saliva zinc
values were comparable to normally reported range (200.0 to
272.1 ng/ml).

Urinary and hair zinc values were within normal range
({overall mean 482.9 pg/24hr and 169.3 pg/g, respectively).
Decline in hair zinc was observed with increasing duration
of pregnancy. Mean milk zinc concentration (311.5 pg/dl) was
also within normal range.

Positive and significant correlation Qas observed
between serum =zinc and plaéma cholesterol during first and
third trimester of pregnancy. Significant negative
correlation was found between serum and milk zinc.

c) bDuring menstrual cycle phases:

Anthropometric parameters did not differ significantly
among various subjects. The overall mean values for height,
weight and body mass index were 153.57 cm, 46.0 kg and 19.52
kg/m#*, respectively. The values recorded were lower than the
reported Indian standards. Mean BMR was 1117.8 and 1112.2
kcal/24hr, respectively, for adult control and adoléscent
menstruating subjects.

Marginal anaemia was observed in the subjects and
haemoglobin (Hb) 1level ranged from 11.2 to 11.4 g/dl. Mean
plasma protein, glucose and cholesterol were within normal
range (overall mean 7.3 .g/dl, 99.8 mg/dl and 182.0 mg/d1l,

respectively).



Mean urinary output of creatinine was considerably
lower than the reported standards (0.450 to 0.523 g/day).
The serum zinc concentration ranged from 88.6 to 99.4 ng/dl
and progressive decline in serum zinc concentration was
observed during the three phases of menstrual cycle.

Saliva, urine and hair zinc concentrations were within
normal ranges as per reports (overall mean 217.6 ng/ml,
478.3 pg/24hr and 150.6 pg/g, respectively).

Serum zinc was negatively correlated with saliva, urine
and hair zinc and positively correlated with plasma glucose
in all the three phases of menstrual cycle.

Maximum zinc content was recorded in tomato (224.14
mg/100g) and potato (20.1 mg/100g) on dry and fresh matter
basis, respectively among vegetabls. Wheat (0.98 mg/100qg)
and whole black grm (1.4 mg/100g) had highest zinc content

among cereals and pulses.
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