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Abstract

Anemia is one of the pathological conditions that have multiple and varied causes,
including what is known as iron deficiency, especially in women and during
pregnancy, where the condition is known as “iron deficiency anemia”. One of the
objectives of this research is to investigate and study the clinical significance of
iron and other elements known as “minor elements” in the blood such as copper,
zinc, and the possible relationship of these elements to this type of anemia.

The results of this research showed an increase in the level of copper in the blood
serum of pregnant women with iron deficiency anemia in all stages of pregnancy,
especially in the third stage, compared to the corresponding stages in normal
pregnancy, as well as an increase in the level of copper in the blood of healthy
pregnant women compared to the healthy group of non-pregnant women. The
study also showed a decrease in the level of zinc in the serum of the pregnant
mother with iron deficiency anemia in all stages of pregnancy, especially in the
third stage, where it was a significant decrease (probability <0.001) compared with
the corresponding stages in normal pregnancy. A significant decrease in the level of
zinc was also observed in the serum of healthy pregnant women (probability
<0.001) compared with that of non-pregnant healthy women.

Low levels of both hemoglobin and the volume of pressurized blood cells were
recorded, and this decrease increases with the aging of pregnancy in pregnant
women with iron deficiency anemia, especially in the second stage, where it
becomes a significant decrease (probability <0.001) compared to healthy non-
pregnant women. This significant decrease was also recorded in healthy pregnant
women (P<0.001) compared to non-pregnant healthy women.

The ratio of copper to zinc increased in its results in the healthy pregnant mother
and in all stages of pregnancy compared to the non-pregnant woman.

This percentage also increased in the pregnant mother suffering from iron
deficiency anemia in the three stages of pregnancy compared to the corresponding
stages in the normal pregnancy. In the second stage of normal pregnancy, the
results of the study showed a positive significant relationship between the level of
hemoglobin and the level of zinc, probability (0.001), while there was a negative
significant relationship with the level of copper (probability <0.001).

In general, the results of this research show that the level of copper and zinc and
the ratio between them that has been studied is affected (increase or decrease) by
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the condition of iron deficiency anemia in pregnant women.

The results of measuring the levels of these elements in addition to ratio between
the copper and zinc can be used as additional laboratory tests to assess the anemia
caused by iron deficiency in women during the period of time Pregnancy. The ratio
of both elements should be optimized in pregnancy, to improve reproduction
results and reduce the chance of spontaneous abortion.

1. Introduction

The prevalence of anemia in pregnant women ranges from 17% to 31% in Europe and
North America, 53-61% in Africa, and 44-53% in Southeast Asia (1). Milman et al.
(2017),(2) found that the prevalence of iron deficiency (ID) and iron deficiency anemia
(IDA) in pregnant women from Europe is 10-32% and 2-5%, respectively, and the lack
of Fe supplementation during pregnancy increased the prevalence. Only 20-35% of
women of childbearing age did not require additional Fe supplementation. Insufficient
supply of Fe can cause disorders in oxygen transport and consequently lead to anemia
(3).The concept of molecular disease, now an integral part of medicine (4). The
capability of reliably quantitating trace element levels in biological Specimens have led
to discoveries of the vital roles that trace elements play in human and animal
metabolism. Basically, an essential element is one that is uniquely required for growth
and for the maintenance of life or health (5). Macro elements and micro elements are
essential for the proper functioning of living organisms. They participate in many
processes, including cellular metabolism and antioxidant and anti-inflammatory
defenses, and also influence enzyme activity, regulate gene expression, and take part in
protein synthesis (6). A deficiency of the element produces a functional impairment,
which is alleviated by physiological supplementation of only that element. A biochemical
basis for the element's functions must be demonstrated. For trace metals this is often
the identification of a unique metallo enzyme, which contains the metal as an integral
part or as an enzyme activator.

At low nutrient levels, dependent biological functions are impaired, thus defining a
deficiency state. Very high nutrient levels may result in another disorder consequences
and toxicity states. Each nutrient has its own characteristic, since pathology due to
deficiency is different from that due to toxicity (7). During pregnancy, the diet should
meet the needs of the baby, as well as that of the mother, whose health is closely related
to the provision of adequate amounts of essential elements including Fe, Cu, and Zn.
Their levels before pregnancy can also be of significance (8).The study by Caan et al 1987.
(®), showed that the Special Supplemental Nutrition Program for Women, Infants, and
Children (WIC) initiated 5-7 months before pregnancy resulted in an increase in birth
weight by 131 g and length by 0.3 cm. Providing the right amount of essential elements
with a diet or by supplementation can reduce the risk of fetal malformation and preterm
birth (10), including multiple pregnancies—associated with a higher risk of perinatal
complications (11). These complications are likely to cause premature birth, miscarriage,
hypotrophy of one or both fetuses, preeclampsia, fetal death, or fetal atrophy syndrome
(12), Figueiredo et al 2018. (13) Proved that maternal anaemia was associated with a
higher risk of low birth weight. Pregnant women, especially those with multiple
pregnancies, should monitor Fe levels from the beginning of the pregnancy. Low Fe
concentration at the beginning of pregnancy significantly correlates with the occurrence
of anemia in the last trimester of pregnancy (14). Therefore, it is recommended to
supplement pregnant women'’s daily diet with 27 mg of Fe a day,and with as much
as60mg if they are diagnosed with anemia(15 16)-
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Conditions associated with iron, zinc, and copper deficiencies may be of potential clinical
importance for ultra-trace metal nutrition as well. Such conditions include:

1- Inborn errors of metabolism, which affect absorption, retention or excretion of the
element.

2- Disruptions to element metabolism, as a secondary consequence to malnutrition,
disease, injury, or stress.

3- The absence of an element in total parenteral or synthetic formula Solutions fed over
long periods of time.

4- Marginal deficiencies induced by various dietary manipulations or by antagonistic
interactions with other nutrients or drugs (7).

An overabundance of one trace element can interfere with the metabolic utilization of
another element present in - normal or marginal concentrations(18 19)-Alternatively, the
effect of a toxic trace element may be ameliorated by another “protective” trace element
(7.20), The addition of large amounts of zinc to a diet interferes with the intestinal copper
absorption system, resulting in copper deficiency in spite of otherwise adequate copper
intake. Hence, zinc is said to antagonize copper absorption. Copper deficiency, in trace, is
known to provoke iron deficiency and anemia (19). During pregnancy, plasma volume
increases by 40-60% and red cell mass by 18-25% (21 22, 23), Hemoglobin concentration
decreases to 10.5-11 g/dL and the hematocrit value to 30-32% (2224), This process,
known as hemodilution, usually intensifies between the 17th and 36t weeks of
pregnancy (23), Additionally, it may result in a slightly decreased vitamin
B12 concentration (in about 10-28% of women), (25) and a slight decrease in platelet
count (26). It is also worth noting in that during this time (i.e., 17-36 weeks) the number
of white blood cells increases by about 20% due to increased hormonal activity (e.g.,
glucocorticosteroids) and cytokine synthesis (an increase in granulocyte-macrophage
colony-stimulating factor) (27),

Human food most often contains Fe3*, reduced by ferrireductase to Fe2* in the intestinal
lumen (28), Fe2+ absorption is based on the principle of active transport with a divalent
metal transporter (DMT-1) in the apical membrane of the duodenum and the upper part
of the small intestine (29.30), The divalent metal transporter 1 (DMT-1) is a non-selective
transporter of bivalent metal ions, including iron, zinc, copper, manganese, cobalt, and
cadmium, whose transport through the membrane occurs via proton-coupled divalent
metal ion transporters (31.32), Fe levels may also be influenced by the expression of
intestinal copper transporting P-type ATPases copper-transporting ATPase a (ATP7A),

which indirectly impairs Fe absorption by affecting the expression of Fe transporters
(33),

2. Clinical Manifestations of Zinc Deficiency

Zinc is necessary for growth and development. Immunologic impairment, hypogonadism
growth retardation and delayed wound healing are reported in zinc deficiency 34 35),
Other manifestations of zinc deficiency are skin lesions, poor appetite, anorexia, iron
deficiency anemia, abnormal leukocyte function, abnormal dark adaptation and
hyperpigmentation (36. 37), General appearance of apathy; muscle or tissue wasting;
excessive irritability; underweight, undersized, underdeveloped for age; paleness and
loss of color of the skin, nail beds, lips, or hair. Hair that is dries, wiry, stiffs, brittle, loss
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of color, or easily pulled out (38), .Zinc depletion can cause tremors, cerebellar ataxia,
mental lethargy, confusion, and atrophic changes in cranial and peripheral nerves;
hyperlipidaemia and glucose intolerance (39).

3. Zinc Toxicity

Zinc is considered non-toxic particularly if taken orally. Most causes of acute zinc
toxicity have been reported in response to food poisoning resulting from storage of food
or drink in galvanized containers. Acute effect of zinc intoxication appears when the
amount of zinc exceeds 15 mg/day in normal adult and it involves nausea, vomiting,
epigastria pain, fever, fatigue, abdominal pain and diarrhea (40 41), Large quantities of
zinc ingestion during a prolonged period of time can lead to copper deficiency with
secondary anemia and neutropenia (42.43,44), Obeck (1978) . 45) found a disease referred
to as "white monkey" or "fading infant syndrome" caused by zinc toxicity, and
characterized by gradual whitening of the hair (achromotrichia) accompanied by
alopecia.

4. Copper

Copper is an essential micronutrient. It has been estimated that the amount of this
element in an adult human body ranges from 50 to 120 mg (), The highest
concentrations of Cu were found in the brain and the liver 'L Cu is involved in the
formation and metabolism of bone tissue and participation in oxidation-reduction
reactions as a coenzyme, a regulator of Fe metabolism and transport, as well as collagen
metabolism (%%, Cu participates in the metabolism of fatty acids, in RNA synthesis,
supports the absorption of Fe in the gastrointestinal tract, and participates in the
synthesis of myelin *% %9, cu also participates in the synthesis of melanin and—as a
component of tyrosinase—is involved in the conversion of tyrosine to melanin b,

5. Hypercupraemia

The Hypercupraemia is a condition that is related to changes in serum caeruloplasmin
(52), The most striking effect of copper and caeruloplasmin in the plasma is the increases
produced by oestrogens, which stimulate caeruloplasmin synthesis (53).0Oral
contraceptives, testosterone and progesterone administrations, exposure to copper

containing fungicides and ingestion of contaminated solutions cause Hypercupraemia
(54)

6. Copper toxicity

Copper toxicity is relatively uncommon. Acute copper intoxication has been described
following ingestion of more than 15mg of elemental copper. Acute copper intoxication in
man causes nausea, vomiting, epigastric pain, dizziness, headache, acute hepatic
necrosis, and striking increase in serum caeruloplasmin concentration. In more severe
case tachycardia, hypertension and coma may ensure followed by jaundice, haemolytic

anaemia haemoglobinuria, tubular swelling, glomerular congestion, uraemia and death
(55),

7. Copper Deficiency

Is generally not considered a problem in adult humans because copper is widely
distributed in food (56), Nutritional copper deficiency has been observed in infant and in
adult patients receiving Total Parenteral Nutrition (TPN) (56 57), A deficiency of this
micronutrient during pregnancy may lead to oxidative stress, which often results in
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reduced fetal growth *®, Cu has an important role in the production of collagen and
elastin, and an insufficient amount of this element can lead to a reduction in the tensile
strength of the fetal membrane, resulting in its interruption and premature birth (58), On

the other hand, excessive administration of Cu causes vomiting, diarrhea, as well as liver

necrosis, acute kidney damage, and ultimately death %9, Numerous clinical

pathological conditions have been associated with hypocupraemia such as nephrotic
syndrome, cystic fibrosis, celiac disease, and kwashiorkor. Wilson's disease is a rare
autosomal recessive disease, occurring as the result of a defect in copper metabolism
which is characterized by hypocupraemia, decreased plasma concentration of
caeruloplasmin, elevated tissue copper content, degeneration of brain tissue and
cirrhosis of the liver. In contrast, patients with Menkes "kinky-hair syndrome" have
hypocupraemia but in association with a low tissue copper level (61), It is possible that a
high dose of zinc therapy may result in copper deficiency (62).Clinical signs and
symptoms produced by copper deficiency are anemia, vascular abnormalities and
degeneration of brain and spinal cord and cardiac failure (3564 65), The most consistent
laboratory  features of human copper deficiency are hypocupraemia,
hypocaeruloplasminaemia, microcytic hypochromic anemia, and neutropenia (62 66),

8. Copper in Pregnancy

Of all the cations evaluated in the maternal serum in pregnancy, copper levels fluctuate
most. Although there are variations among different individuals, each individual
normally exhibits an increasing and rapidly decreasing plasma copper levels 2-3 weeks
postpartum (67),

With respect to the origin of the elevated copper level in pregnancy, which remains an
enigma, many researchers have reported that tissue copper levels in pregnant dogs are
25% less than in non-pregnant animals, but that the copper content in the blood flowing
from the liver was 2.5 times greater in the pregnant animals. Apparently the liver is the
basic storehouse that supplies the pregnant organisms with its copper (68.69),

The plasma copper and caeruloplasmin have been found to increase during pregnancy.
The plasma caeruloplasmin levels reached a peak value at 22 weeks of gestation, then its
level decreased and gradually increased again to the maximum level (70),

An increase in plasma copper level was observed in normal and abnormal gestations
(71); others found that the plasma copper concentration is lower than normal in
abnormal pregnancy (72).

9. Zinc Copper Interactions

For many years, it has been recognized that zinc and copper are mutually antagonistic
during the intestinal absorption (73,74),

As copper and zinc enter mucosal cells from the lumen, intracellular ligands, rather than
being absorbed directly into the serum bind them. The most thoroughly studied ligand is
Metallothionein (MT), a low molecular cytosolic protein found in the intestinal mucosa,
liver and Kidney, which is necessary for normal heavy metal metabolism (44, 75, 76), (MT)
synthesis is influenced directly by the dietary zinc supply and serum zinc levels. Zinc
absorption is inversely proportional to the (MT) content of enterocytes (75), Similar to
Cu, DMT-1 transporter may help in the absorption of Zn, by transporting Zn from the
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intestinal lumen into the enterocytes (?7), (MT) play an important role in cellular
transport ("®, These low-molecular proteins, rich in cysteine residues, are located in the
extra- and intracellular environment ®, Their intracellular pool acts as a reservoir of
important heavy metals, including Zn, and participates in the detoxification of Reactive
Oxygen Species (ROS), nitrogen, excess heavy metals, and organic compounds (80,8L82,83)
Their extracellular pool is responsible for the transport of Zn2+* (and other heavy metals)
and organic compounds, and is also a free radical scavenger &, One (MT) molecule is
capable of binding seven Zn2* ions and up to 12 monovalent Cu ions %), However, the
ratio of both elements should be optimized in pregnancy, to improve reproduction
results and reduce the chance of spontaneous abortion ),

10. Zinc Iron Interactions

Zinc, like iron, has also the peculiarity, unlike other metals, to form compounds with
multiple degrees of coordination, thus giving it superior qualities in
biology (87).

Previous investigation has established that carbonic anhydrase, an essential enzyme for
the release of carbon dioxide from the organism, contain, 0.33% zinc. Therefore zinc and
iron components of the two protein substances: haemoglobin and carbonic anhydrase
are considered as the pivots of gaseous respiration (87),

The serum or plasma zinc concentration is like iron, influenced by various diseases, age
and sex (88), High dietary zinc levels will produce anemia, which can be corrected by the
addition of copper and not of iron (89), and reduced tissue iron concentrations. This
antagonistic relationship between zinc and iron has been rationalized by the hypothesis
that zinc and iron share or compete for common absorptive pathways, but this has not
been demonstrated. Since the copper dependent enzyme caeruloplasmin regulates the
rate at which Fe?* is released from the liver and is converted to plasma Fe3* transferrrin,
zinc could affect iron metabolism by interfering with copper metabolism (73). There is
some evidence that oral iron supplementation, during pregnancy may cause mild zinc
deficiency (99). This finding was confirmed in a study, which showed that the level of
antenatal iron supplementation was negatively correlated with maternal plasma zinc
level during the third trimester (°1 92), Zinc bioavailability was also reduced after iron
supplementation (3), On the other hand many investigators have suggested that
absorption of zinc is not affected by iron and vice versa (®* 95,96), Kordas and Stoltzfus
(97), showed that although Fe does seem to reduce the absorption of Zn, DMT-1 is an
unlikely site for this absorptive antagonism because Zn is not transported by DMT-1.
Zinc-regulated transporter (Zrt) and Iron-regulated transporter Irt) like protein-14
(Zip14) is a transmembrane metal iron transporter that is abundantly expressed in the
liver, heart, and pancreas %), Holmes et al, ), studied the effects of multiple
micronutrient (MMN) supplementations (15 mg Zn, 65 mg Se, 2 mg Cu) with or without
Fe on serum Zn, Se, and Cu concentrations in women from Cambodia. Predominantly
anemic nonpregnant women (aged 18-45) received daily 60 mg of Fe (I group); MMN,
but no Fe (II group); 60 mg Fe plus MMN (III group); or a placebo (IV group). It was
found that 60 mg Fe and the daily MMN formulation may be interfering with the
absorption and/or metabolism of supplemental Zn. However, patients took the
supplement together with food which was not controlled, and so it is possible that Zn
competed for metabolic transporters not only with Fe and minerals contained in the
MMN complex but also with elements from the diet.
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11. Copper Iron Interactions

Both iron and copper contribute to haemoglobin synthesis and to the formation of some
enzymatic systems with a role in the processes of oxidoreductase. Both metals bound to
proteins, which are present in the plasma (87),

Copper can be mono-and bivalent, therefore like iron it has the capacity to yield and
accept electrons a quality which gives it a biologic importance. Copper is found in a
proportion of 95% incorporated in Caeruloplasmin, an enzyme with 8 atoms of copper
in the molecule. Caerulopasmin favours iron oxidation from the bivalent into the
trivalent forms, thus facilitating the fixation of ferric iron on transferrin (87), A lack of
copper leads to an inhibition of haemoglobin synthesis. In such a case copper deficit can
lead to an actual deficit of the iron available for the formation of red blood cells.
Abnormalities of iron metabolism may be associated with either a deficit, or an
accumulation of iron, or its defective incorporation in haemoglobin (87),

An interaction between copper and iron has been known for some time. A lack of dietary
copper impairs the utilization of iron in haemoglobin production. This results in an
anemia in which the red blood cells are microcytic and hypochromic. The
supplementation of copper deficit with iron does not alleviate the anemia, which means
that coppers influences, the utilization of iron (100),

Copper deficiency results in a hepatic iron overload (191). which implies a defective
release of iron to the circulation. It is unlikely that the iron defect in copper deficiency is
a result of depleted caeruloplasmin because less than 1% of serum caeruloplasmin
levels are required for iron incorporation into transferrin 4. Iron uptake and haem
synthesis has found to be reduced in copper deficiency (192), Other studies have shown
that haemoglobin biosynthesis is impaired, but the haem biosynthesis enzymes are not
affected by copper deficiency (193),The iron is essential trace element for collagen
synthesis and the conversion of 25-hydroxyvitamin D into an active form (104), In a
study on zebrafish (Danio rerio), Donovan (105), demonstrated that IREG-1 on the surface
of placental syncytiotrophoblasts is involved in the transport of Fe from the mother to
the fetus. The main protein transporting Fe3*to cells is transferrin (106), Equally
important in Fe turnover is lactoferrin found in breast milk—a source of Fe3*for
newborns and infants (107), Another important source of Fe in the body is macrophages,
which recover Fe2+ from erythrocytes (108), Macrophagesdegrade Hgb, resulting in the
release of Fe?*, which is then transported by the transmembrane ferroprotin transporter
(FPN1) and oxidized by ceruloplasmin to Fe3+, to finally bind to transferrin (109),
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Table 1

Mean, S.E, C.V% and significant differences of all parameters at different stages of the pregnant control group compared to non - pregnant control

group.
Non Pregnant control Pregnant control n=90
n=100 1 St trimester n=25 2nd trimester n=35 3rd trimester n=30

Parameters X+S.E CV% X+S.E CV% X+S.E CV% X+S.E CV%
SIL pg/dl 75.170+1.63 a 21.88 71.220+1.79a 19.69 67.250 + 2.50b a 17.06 60.230 + 2.07 ba 13.37
HbL  mg/dl 13.105+0.07 a 3.49 11.710 + 0.05 3.10 10.630 + 0.07 b 299 11.940 +0.07b | 3.70
PCV % 41364 +0.34a 6.18 39.500 + 0.58 a 5.85 38.910 + 0.35 a 426 40.080+037a | 3.2
MCHC % 31.741+0.14 a 2.88 29.640+0.37d 3.50 29.510 + 0.08 b 1.30 27.310 + 0.38 cb 4.50
SCuL  pg/dl 146.270 +5.88 b 28.94 150.380 +8.45b 16.84 162.080 + 9.30 ab 9.77 163.910 + 5.29 ba 4.72
SZnL.  pg/dl 92.770+291b 20.33 80.390 +2.56 b 19.63 61.650 + 1.40 cb 17.80 55.670 + 2.81 C 11.28
Cu/Zn Ratio 1.430+0.05a 2.60 1.850+0.1a 14.11 2.300 + 0.08 a 4.20 2870+ 025a 6.59
Different letters a, b, ¢ indicate that the mean are different significantly at p< 0.01
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Table2

gnificant differences for all parameters in pregnant control compared to non - pregnant controls whole groups

Non- Pregnant control n=100 Pregnant control n=90
Parameters X+S.E CV% X+S.E CV%
SIL pg/ dl 75.170+1.63a 21.88 69.274 + 2.98 ba 21.39
HbL  mg/dl 13.105+0.07 a 3.49 11.810+0.05b 3.10
PCV % 41.364 +0.34 a 6.18 39.390 +0.26 b 4.68
MCHC % 31.741+0.14 a 2.88 30.000 + 0.07 b 1.65
SCul  pg/dl 146.270 +5.88 b 28.94 163.710 +9.12 a 19.77
SZnL  pg/dl 92.770+2.91b 20.33 66.620 + 1.75b 18.77
Cu/Zn Ratio 2.38+0.05a 2.60 2.38+0.08 a 3.89

Different letters a, b, ¢ indicate that the mean are different significantly at p< 0.01

Table 3

A Comparison of mean, S.D, and 95% C.L. For the mean of all parameters in the three trimesters of pregnant controls

1 St trimester n= 25 2nd trimester n= 35 3rd trimester n= 30

Parameters X S.D 95% C.L X S.D 95% C.L X S.D 95% C.L
SIL  pg/dl 71.22 1.34 54.20 + 89.70 67.25 3.64 38.90 + 95.50 60.23 | 8.28 44.90 + 75.50
HbL mg/dl 11.71 0.33 10.42+ 11.83 10.63 0.35 10.47 + 11.47 11.94 0.45 11.79 + 12.08
PCV % 39.50 2.3 39.16 +39.80 38.91 1.65 38.19 + 39.62 40.08 | 1.32 39.39 + 40.76
MCHC % 29.64 1.47 26.70 + 29.95 29.51 0.39 28.90 + 31.28 27.31 | 1.38 26.60 + 29.41
SCuL pg/dl 150.38 20.4 102.50 + 198.30 162.08 1493 | 105.70 +218.40 | 163.91 | 18.38 103.70 + 224.10
SZnL pg/dl 80.39 5.78 68.70 + 92.20 61.65 10.97 53.70 + 69.50 55.67 | 6.27 52.20 + 59.20
Cu/Zn Ratio 1.85 0.63 098 +2.11 2.3 0.57 0.79 +2.80 2.87 0.57 1.06 +2.97
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Tabel 4

Mean, S.E, C.V% and significant differences of all parameters at different stages of the p-IDA group compared to pregnant control as whole group.

Pregnant control P - IDA n=100
n=90 1 St trimester n=35 2nd trimester n=35 3rd trimester n=30
Parameters X+S.E CV% X+S.E CV% X+S.E CV% X+S.E CV%
SIL pg/dl 69.274 + 2.98 21.39 65.94 + 2.75 ba 14.39 50.31 +4.43 ba 14.31 4438+3.90 b 15.55
HbL  mg/di 11.81 +0.05 3.10 9.00+0.11 c 6.64 822+0.23 f 4.99 9.6+0.24 b 571
PCV % 39.39 + 0.26 4.68 32.64 +0.29 cb 5.40 30.69+0.69 c 9.59 344+081 b 5.28
MCHC % 30.00 + 0.07 1.65 27.50+047 d 6.43 26.31+0.25 d 4.28 27.9+0.22 cb 1.72
SCuL pg/dl 163.71 +9.12 19.77 180.94 + 10.21 ba 19.42 203.06 + 13.68 ba 14.89 225.94 + 9.37 16.43
SZnL  pg/dl 66.62 + 1.75 18.77 50.23+1.96 ¢ 18.53 41.64+1.09 c 17.88 32.04 +1.00 12.13
Cu/Zn Ratio 2.38+0.08 3.89 3.59+0.10 a 5.07 4.85+0.30 a 4.10 7.04+0.18 a 5.17
Different letters a,b,c indicate that the mean are different significantly at p< 0.01
Table 5
Mean, S.E, C.V% and significant differences for all parameters in pregnant control compared to P -1DA as whole groups.
Pregnant controlS n=90 P- IDA n= 100
Parameters X+S.E CV% X+S.E CV%
SIL pg/dl 69.27 +2.98 ab 21.39 55.812 + 39.00 b 16.87
HbL mg/dl 11.81+0.05 b 3.10 8.854 + 21.00 ¢ 4.94
PCV % 39.39+0.26 b 4.68 32.615+0.52 ¢ 1.70
MCHC % 30.00+0.07 b 1.65 27.879 +0.08 c 3.88
SCuL  pg/dl 163.71+9.12 a 19.77 210.50+7.93 a 15.66
SZnL  pg/dl 66.62+1.75 b 18.77 40.092 +1.07 ¢ 17.80
Cu/Zn Ratio 2.38+0.08 a 3.89 525+0.10 a 2.96
Different letters a,b,c indicate that the mean are different significantly at p< 0.01
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Table 6
A Comparison of mean, S.D, and 95% C.L For the mean of all parameters in the three trimesters of P- IDA.

1st trimester n=35 2nd trimester n=35 3rd trimester n=30
Parameters X SD 95% C.L X SD 95% C.L X SD 95% C.L
SIL ng/ dl 65.94 1.64 26.49 - 67.2 50.31 2.78 32.04 - 68.57 4438 | 4.45 21.94 + 66.81
HbL mg/ dI 9.00 0.89 8.56 - 9.44 8.22 1.01 75-87 9.6 0.54 9.53 +9.67
PCV % 32.84 1.77 32.71 +32.96 30.69 2.94 29.28 + 32.1 34.4 1.81 34.30 + 34.50
MCHC % 27.50 2.86 26.00 + 28.9 26.31 1.12 26.12 + 26.49 27.9 0.48 26.90 + 28.80
SCuL  pg/dl 180.94 17.32 118.65 + 243.22 203.06 16.4 142.38 + 263.77 | 225.94 | 16.19 | 121.04 + 330.83
SZnL  pg/dl 50.23 6.3 43.43 + 57.03 41.64 7.81 35.9 + 47.36 32.04 | 3.88 29.75 + 34.32
Cu/Zn Ratio 3.59 0.45 0.95 + 1.67 4.86 0.67 0.43 + 1.67 7.04 0.68 0.72+1.96
Table 7
Mean, S.E, C.V% and significant differences for all parameters in 1st trimester pregnant control compared to the 1st trimester P-IDA.
1st trimester Pregnant controlS n= 25 1st trimester P- IDA n=35
Parameters X+S.E CV% X+S.E CV%
SIL pg/dl 71.22+1.79a 19.69 65.94 + 2.75 ba 14.39
HbL mg/dI 11.71+0.05¢ 3.10 9.0+0.11e 6.64
PCV % 39.5+0.58a 5.85 32.84+0.29ch 5.40
MCHC % 29.46 +0.37 b 35 275+0.47d 6.43
SCuL pg/dl 150.38 +8.5b 16.84 180.94 + 10.21 b a 19.42
SZnL ng/dl 80.39+ 256 b 19.63 50.23+1.96 ¢ 18.53
SCu/Zn Ratio 185+0.1a 14.11 359+0.1a 5.07
Different letters a,b,c,d indicate that the mean are different significantly at p< 0.01
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Table 8

Mean, S.E, C.V% and significant differences for all parameters in 2nd trimester pregnant control compared to the 2nd trimester P-IDA.

2nd trimester Pregnant controls n= 35 2nd trimester P- IDA n=35
Parameters X+S.E CV% X+S.E CV%
SIL ng/ dl 67.25+ 2.5 ba 17.06 50.31 + 4.43 ba 14.31
HbL mg/ dI 10.63+0.07b 2.99 8.10+0.23f 4.99
PCV % 38.91+0.35a 4.26 30.69 +0.69 ¢ 9.59
MCHC % 29.51+0.08 b 1.3 26.31+0.25d 4.28
SCuL pg/dl 162.08 + 9.3 ba 9.77 203.06 +13.68b a 14.89
SZnL pg/dl 61.65+14ch 17.80 41.64 +1.09¢c 17.88
SCu/Zn Ratio 2.30+0.08 a 4.20 485+0.3a 4.10

Different letters a,b,c,d indicate that the mean are different significantly at p< 0.01

Table 9
Mean, S.E, C.V% and significant differences for all parameters in 3rd trimeste pregnant control compared to the 3rd trimester P-1DA.
3rd trimester Pregnant controlS n= 30 3rd trimester P- IDA n=30
Parameters X+S.E CV% X+S.E CV%
SIL ug/ dl 60.23 + 2.07 ba 13.37 44.38+39b 15.55
HbL mg/ dI 11.94+0.07b 3.70 9.6+0.24d 571
PCV % 40.08 + 0.37 a 3.29 344+081b 5.28
MCHC % 27.31+0.38 ch 4.5 27.9+0.22 cd 1.72
SCuL ug/dl 163.91 + 5.29 ba 4.72 22549+ 9.3 a 16.43
SZnL pg/dl 55.67+2.81¢c 11.28 32.04+1.0d 12.13
SCu/Zn Ratio 2.87+0.25a 6.59 7.04+0.18a 5.17

Different letters a,b,c,d indicate that the mean are different significantly at p< 0.01
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Table 10
Correlation coefficent matrix and signignificant levels for all parameters inlst trimeter pregnant controls

Parameters SIL HbL PCV % MCHC SCuL SZnL SCu/Zn Ratio
SIL 1.0 NS NS 0.44 * NS - 043 * 05*
HbL 1.0 NS NS NS NS NS
PCV % 1.0 NS NS NS NS
MCHC 1.0 NS NS NS
SCuL 1.0 NS NS
SZnL 1.0 NS
SCu/Zn Ratio 1.0
Table 11
Correlation coefficent matrix and signignificant levels for all parameters in 2nd trimeter pregnant controls
Parameters SIL HbL PCV % MCHC SCuL SZnL SCu/Zn Ratio
SIL 1.0 - 0.06 ** - 0.67 ** 0.064 *** - 011 * NS - 0.15 ***
HbL 1.0 NS NS - 0.097 *** 023*** - 0.15 ***
PCV % 1.0 NS NS NS - 0.15 ***
MCHC 1.0 NS NS - 0.17 ***
SCuL 1.0 NS NS
SZnL 1.0 NS
SCu/Zn Ratio 1.0
Table 12
Correlation coefficent maxtrix and signignificant levels for all parameters in 3rd trimeter group 11 pregnant control.
Parameters SIL HbL PCV % MCHC % SCuL SZnL SCu/Zn Ratio
SIL 1.0 NS NS NS NS NS NS
HbL 1.0 NS NS NS NS 0.7 ***
PCV % 1.0 NS NS NS 0.68 ***
MCHC % 1.0 NS NS 0.12 ***
SCuL 1.0 NS NS
SZnL 1.0 NS
SCu/Zn Ratio 1.0
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Correlation coefficent maxtrix and signignificant levels for all parameters inlst trimeter P-1DA.

Table 13

Parameters SIL HbL PCV % MCHC % SCuL SZnL SCu/Zn Ratio
SIL 1.0 0.28 * NS NS NS NS NS
HbL 1.0 NS 0.87 *** NS NS NS
PCV % 1.0 0.63 *** NS NS NS
MCHC % 1.0 NS NS NS

SCuL 1.0 0.49 * 0.87 ***
SZnL 1.0 NS
SCu/Zn Ratio 1.0
Table 14

Correlation coefficent maxtrix and signignificant levels for all parameters in2nd trimeter P-1DA.

Parameters SIL HbL PCV % MCHC % SCuL SZnL SCu/Zn Ratio
SIL 1.0 NS NS NS NS NS NS
HbL 1.0 0.97 *** 0.85 *** NS NS NS
PCV % 1.0 0.71 *** NS NS NS
MCHC % 1.0 NS NS NS
SCuL 1.0 NS 0.83*
SZnL 1.0 - 084 *
SCu/Zn Ratio 1.0
Table 15

Correlation coefficent maxtrix and signignificant levels for all parameters in3rd trimeter P-1DA.

Parameters SIL HbL PCV % MCHC % SCuL SZnL SCu/Zn Ratio
SIL 1.0 NS NS 0.89* NS NS NS
HbL 1.0 0.95 ** NS NS NS NS
PCV % 1.0 0.71 *** NS NS NS
MCHC % 1.0 NS NS NS
SCuL 1.0 NS 0.99 ***
SZnL 1.0 NS
SCu/Zn Ratio 1.0
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12. Results and Discussion

SIL in group II (Pregnant Controls)

In the present study there is a gradual decrease in the SIL at different stages of the
pregnant controls. The greatest changes occur during the 2nd and 34 trimesters (table 1, 2,
3). These finding agree with the results observed by many other investigators (34 110, 55,
111) Also a slight gradual decrease in SIL during different stages of pregnancy reaching its
lowest values during the last trimester (table 1, 3). These findings are consistent with
results found by other investigators (112.113,114), Also a gradual decrease in the SIL at 2nd
and 3rd trimesters of the pregnant controls compared with that in the nonpregnant
controls is observed (table 1). This too, is in agreement with previous studies (34:114),

Although iron constitutes less than 0.01 of 1% of the body's total weight it has several
major roles. It assists in the transport of oxygen and carbon dioxide throughout the body
erythropoiesis, thermoregulation, humoral and cellular immunity and it aids in the
production of red blood cells. Two thirds of the body's iron is found in the molecule of
hemoglobin, transferrin, serum ferritin and myoglobin (115.116), [n a healthy iron replete
person, stored iron accounts for the remaining one third of the body's total iron (116),

A total of (1 gm.) of iron is required during a normal term pregnancy. The present study
shows that in the 1st trimester of pregnant controls, there is a difference in SIL compared
with that in-group I (non-pregnant controls), but this difference is statistically non-
significant. This difference may be attributed to the fact that the mother has sufficient iron
reserves at the beginning of pregnancy (117); besides the iron demands during the 1st
trimester of pregnancy are actually lower than they are prior to pregnancy (118), Also fetal
demands for iron increases progressively during the 2nd and 3rd trimesters. Other studies
(116, 125,126), showed that elemental iron requirement increased from 1.5 to 2 mg per day up
to 5 to 7 mg by the late 2nd trimester and throughout the 3rd trimester. About half of this
iron is needed for the increased maternal blood volume; the remainder is used for fetal and
placental growth or is lost during the normal heightened excretion that is associated with
pregnancy (113,116, 118), The erythroid activity starts early in pregnancy and may exhaust the
iron stores before fetal demands for iron can be met (119), Another factor, which also affects
the SIL, is that fetoplacental demand deposition of iron increases markedly during the 3rd
trimester (120), [t has been suggested that the placenta with its avidity for maternal
circulating iron through its richness in transferrin receptors protects the fetus extracted
iron in amounts proportional to the level available in the mother, (121.114) however, it
appears that the capacity of iron to transfer from the placenta to the fetus is limited by a
threshold mechanism (122), In the plasma, iron is transported bound to 31-globulin fraction
of the portion Apo transferrin, forming transferrin (52), The plasma concentration of
transferrin is measured as the TIBC (117), Under normal conditions very little iron is
absorbed (34). Normally when the body has become saturated with iron so that essentially
all the Apo ferritin in the iron storage areas has become saturated with iron. It becomes
difficult for transferrin to release iron to the tissues. As a consequence, the transferrin
which is normally one - third saturated with iron now becomes almost fully bound with
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iron (117.55), 5o that the transferrin accepts almost no new iron from mucosal cells and the
rate of absorption of iron from the intestinal mucosa becomes greatly decreased (34:123,55),
Another factor that many help and control absorption of iron is that iron transports protein
apotransferrin (iron free transferrin) which not only transports iron in the blood but also
enters the mucosal cells and transports iron through the cytosol of these cells as well.

The most important factor affecting transferrin synthesis is the level of iron stores
(124,125,126), When the iron stores have been depleted during pregnancy, a natural sequence
of compensatory mechanisms occurs and the body becomes more efficient in iron
adsorption (4); iron stores are also responsible for the physiological increase in the
transferrin concentration that occurs during pregnancy (127, 34, 55), There is a positive
correlation between Transferrin Saturation (TS) and SIL, so that the low percentage of TS
accompanies a low SIL, while a significant negative correlation is found between TS and
TIBC at different stages of pregnant controls group (3% 55), During pregnancy as iron stores
have been depleted, SIL decreases and the rate of iron absorption becomes greatly
accelerated in an attempt to compensate for this deficiency (117), The iron, which is
absorbed, is then transported by transferrin in the plasma to other parts of the body where
it is needed (110,55),

SIL in-group III (P-IDA)

Anemia is a common hematological complication of pregnancy and is associated with
increased rates of premature birth; low birth weight and prenatal mortality. IDA decrease
the amplitude of adaptation of the pregnant women. It might be responsible for abortion or
preterm labour as well as disarrangement of myo- material activity during labour and
puerperium. Congenital fetal malformations and intrauterine growth retardation might be
also stimulated by iron deficiency (118,128,115,129), Women are at greatest risk of this type of
anemia (139), It is concluded that IDA during pregnancy adversely affects the iron endoment
of the infant at birth (125),

ID and its consequent anemia are recognized as the most common specific nutrient
deficiency in the world including Iraq (131.118,128,132), [t js estimated that about 2.15 billion
people are iron deficient (133), and 41.5% of the women were found to be anemic Hb < 11
gm\dl (52), and that this deficiency in Namibia severs enough to cause anemia in 1.2 billion
people globally (134), While on the basis of Hb <12 gm\dl, 37%of the women were
considered anemic. IDA was present in 76% of the anemic in spite of its fairly good
sociodemographic and nutritional conditions. Gestation age was the factor most strongly
associated to IDA (135),

In an inner-city sample of pregnant women, IDA was associated with a higher risk of
preterm delivery and low birth weight (136,129,137), About 90% of all anemic cases are due to
lack of iron, affecting mostly the developing world where nearly 1/3 of the population is
iron deficient. Roughly, 47% of nonpregnant women and 60% of pregnant women are
anemic worldwide (138), in the industrial world as whole anemia prevalence during
pregnancy oscillates between 9 and 14% for the same age-sex categories although the poor
among these societies are more affected (118), ID defined as an insufficient supply of iron to
the cells of the body after iron reserves have been exhausted, since this is a late
manifestation of chronic ID (139),
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In the present study a lower SIL is found in P-IDA compared to their values in pregnant
controls with haemodilution that occurs naturally (table 4, 5, 7, 8, 9,). These observations
agree with the prvious studies (34116,118), Also a marked prpgressive decrease in SIL during
different stages of P-IDA have been observed in the 3rd trimester (table 6), which is
consistent with the finding of other finding of other investigators (84118), [t is well known
that in IDA, iron stores are depleted, and iron absorption becomes more efficient in an
attempt to compensate; therefore the liver synthesizes more apotransferrin, and plasma
iron binding protein transferrin increases to transfer iron to the different parts of the body,
which results in a progressive decline in TS in P-IDA, (34),

(HbL), (PCV) & (MCHC) In-Group I (Non-Pregnant Controls)

In the present study the non-pregnant control females exhibited mean values for HbL, PCV
and MCHC which are consistent with values reported in other development countries
(137).

(HbL), (PCV) & (MCHC) In-Group II (Pregnant Controls)

A study of 90 pregnant normal controls shows a minor decline in HbL, PCV, and MCHC in
the 1st,2nd and 3rd trimesters than in non-pregnant controls (table1) which accords with the
observations made by other researchers (109.116,118)_[n the 1st and 2"d trimesters there is a
slight decrease in the HbL, PCV, and MCHC in contrast with the 3rd trimester (table 1),
which shows a slight increase according with other workers (116,118), The changes in HbL
and MCHC during 2md and 3rd trimesters were statistically non-significant but it was
statistically significant compared with 1st trimester, the changes in PCV were statistically
non-significant.

Few studies have been made on zinc metabolism in human's anemia (114.140,141,142), [p this
present study a significant positive correlation is found between HbL and SZnL during 2nd
trimester pregnant controls. As SZnL declines progressively with increasing gestational
age, it results in the lowering of HbL. To the best of my knowledge, this is the first time such
as observation has been made and no indication of this relationship is to be found in the
literature in Iraq. So far the possible explanation is that a decrease in SZnL is regarded as
another cause of anemia in pregnancy which is related to the essential role of zinc in
haemoglobin synthesis (143.144), It has been found that the red blood cells are rich in both
iron and zinc (114145), Zinc is like iron and copper in that it has an important role in
haematopoiesis and hemoglobin synthesis (142), and its decrease causes a type of anaemia,
which resembles that of iron deficiency and it might be called "Zinc Deficiency Anemia".
Abnormal haematological findings in low SZnL are particularly relevant to the human
clinical situation. HbL is indicative of anemia (<10.0 gm/100 ml).

It is suggested here that an aetiological relationship exists between low SZnL and anemia of
pregnancy. Some connections with impaired haemsynthsis owing to a defect in 8-Amino
Laevulinic Dehydrase (8-ALA-D) are possible. This is a zinc metalloenzyme which catalysis
the condensation of 8§ -ALA to porphobilinogen (PBG) in human red blood cells, which is
activated by zincs (146147,148)  Activity of this enzyme is increased by oral zinc
supplementation in man (140), If haemsynthsis is increased by oral Zinc deficiency, the
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damage to this synthesis will affect §-Amino Laevulinic Dehydrase Porphobilinogen (6-
ALA-PBG) step, therefore haemoglobin synthesis will be impaired and anemia occurs.

Low zinc in pregnant women increases maternal morbidity and involves a higher risk to
the fetus (140),

(HbL),(PCV) & (MCHC) In-Group III (P-IDA).

In the present study there is a severe progressive decline of HbL ,PCV and MCHC at
different stage of the P-IDA compared with that in pregnant controls (table7,8,9), which is
in accordance with results observed by previous workers (87,71,126,129,137139,144), The lowest

values are found in the 2nd trimester compared to the 15t and 3rd trimesters of the P-IDA,

while a slight elevation in HbL, PCV and MCHC is observed in the 3 trimester which
agrees with the results of previous studies (71.170,171),

Serum Copper Level (SCul) in Groupll (pregnant controls)

The healthy pregnant control in the present study showed a significant increase in SCuL
compared to non-pregnant control. This is in agreement with previous studies (71, 218, 153),
The rise in SCulL. was continuos throughout the gestation, and the increase was most
marked in 2nd trimester, but it was a non-significant increase at different stages of
pregnancy compared to non-pregnant controls. This agrees with the findings of other
workers (21.218166). The results of this study show that among pregnant control as a whole
group, the maternal SCuL is more than that of non-pregnant control women.

The role of Copper in biological processes has not yet been clearly established; of the
various cations, copper levels in women fluctuate; the cation increasing most significant
during pregnancy, is copper (149.69), A decrease in Cu and Fe concentration in the duodenal
mucosa was found. Simultaneously, diminution in concentration of two cited metals and
Caeruloplasmin Level (SCL) activity was noted, significant correlation was observed
between fetal liver Cu contents and SCL activity and Cu concentration in serum, SCL activity
is related to reduced availability of Cu and Fe in Fetuses. It is suggested that the mechanism
of Cu and Fe deficit content in fetuses is based on the diminution of absorption of these
metals by intestine expose cadmium on the reduction of metal concentration in blood
serum, and in consequence, they're decreasing availability fetuses (151), The exact
mechanism responsible for the increase in the SCuL in pregnant controls is not clearly
understood. One of the main possibilities for hypercupreamia during gestation is the
increase in the production of hormones by the placenta particularly oestrogens, (149, 68),
which is essential for the continuation of the pregnancy. The daily production of placental
oestrogen progressively increases in blood serum as pregnancy advances. It reaches its
peak value in the 3rd trimester that of normal women at the end of pregnancy (123),

A more recent approach has used zinc, which blocks the absorption of copper and increase
copper excretion in the stool. Zinc acts to remove accumulated copper from the body as
well as prevent its reaccumulation (152), In the present study, a significant negative
correlation is found between SCul and HbL in the 2 trimester of the pregnant controls,
while a significant positive correlation is found between SCuL and HbL in the 1st and 3rd
trimesters of the pregnant controls(table 1,3). So hypercupraemia may be due to decreased
HbL in the whole blood during 2nd trimester. This is the first time such a finding has been
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made and to the best of my knowledge it has not been previously reported. The explanation
is based on the facts that copper and iron play essential roles in haematopoiesis and
interrelationship between these two trace elements in the synthesis of hemoglobin. Since
at the beginning of the last century, it has been realized that the metabolism of iron and
copper is interrelated (153), Copper has a catalytic action on the synthesis of haemoglobin
and in the production of the erythrocytes. Because of its bio catalytic properties on the cell,
it also plays an important role in the processes of growing (159), [t has been postulated that
copper is essential for the stroma of red blood cells or the release of erythrocyte from
bonemarrow. Furthermore, copper is essential for the mobilization of iron from the tissues
and its conversion in to haemoglobin (116), Both iron and copper play a major role in a
variety of enzyme activities, such as cytochrome C oxidase which transfers electrons to the
molecular oxygen at the terminal end of the mitochondrial electron transport chain (52).

The role of copper in maintaining haemoglobin levels lies in intracellular iron metabolism.
Copper appeared to enhance the rate of iron uptake from transferrin in the cells having
more transferrin receptors. Also copper appears to enhance the storage of intracellular
iron and as a result, to reduce the rate of cellular turnover of the iron (190), Copper has an
important role in maintaining the plasma membranes functions, and it is found that
changes in the membranes of erythrocytes and reticulocytes occur in copper deficient
animals (157) , Reticulocytes take up a majority of iron via transferrin-mediated endocytosis
(158), So the rate of release of iron from transferrin and its uptake by reticulocyte are
dependent upon an active electron transport chain (159). Copper appears to influence the
retilization of iron from old erythrocytes Normally, the reticulocytes of the spleen
phagocytose old erythrocytes and release the iron back in to the circulation. Copper and
cytochrome C oxidase are involved in the movement of the iron. In the absence of

cytochrome C oxidase the synthesis of haem from Fe*3 and protoporphyrin will be
impaired (169),

So in this study as HbL is decreased during pregnancy, utilization of caeruloplasmine in
erythropoiesis as iron transferase is also decreased and hypercupraemia and
hypercaeruloplasminaemia resulted. Since the results of the present study shows
hypercupraemia and copper appears to enhance the rate of uptake and the storage of
intracellular iron it also reduces the rate of cellular turnover of iron. But the studied group
shows a decrease in SIL, therefore the lack of iron would reduce the availability of
intracellurar iron for haemoglobin synthesis, So HbL is decreased and anaemia occurs.

Hypercupraemia is the usual response to hypoferraemia. In the present study, as iron falls,
the copper content tends to rise, and this agrees the findings of other workers (116,161), |t
must be pointed out that this study has been done on whole blood and since blood iron is
present principally in the haemoglobin molecule it will be expected that whatever anaemia
is present, the total blood iron would diminish. It does not necessarily follow that there is a
reciprocal relationship between copper and iron (116), though the majority of investigators
show that there is an inverse relationship between SCuL and SIL (87, 100,116) and (table11).
Although the concentration of SIL and copper is intimately connected with erythropoiesis,
some authors could not find any relationship between HbL and SIL, in the whole blood, as
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these values depend partly upon the rate of deposition in the tissues, partly upon the
amount of intestinal absorption, and partly upon the TIBC of plasma proteins (103). Other
investigators have observed that the elevation in SCul would seem to be independent of the
change in the iron, since there is no correlation in time or degree between these two
variables. It seems strange, however that the high copper content of the fetal tissues should
be associated with a low fetal plasma copper, while high iron content of the fetal tissue is
accompanied by a high SIL in the fetus and a low SIL in the mother (102), So hypercupraemia
are associated with hypoferraemia in the present study but this association is statistically
non- significant.

Another explanation that has been offered for the elevation of SCuL in the maternal blood
among pregnant controls is related to the normal physiological adjustment for the
mobilization of the copper from the maternal tissues, especially the liver which acts as a
basic storehouse that supplies the pregnant organs with its copper (162), So that copper may
be transported through the placenta to the fetues which has a biological value in the
growth and development of the fetues (163), The increasing content of the maternal copper
during pregnancy continously supplies sufficient copper to the developing fetus. The
growing fetus needs an increased copper supply. It has been shown that fetal organs
especially liver and spleen contain much more copper than in the adult. It has been
observed also that the copper content of placental arterial blood is greater than that of
placental venous blood by 30% (164), This suggests that there is a constant withdrawal of
copper from the maternal blood through placental and it is stored in the fetus (163), The
mobilization of copper from the maternal tissue especially liver, is hormone dependent
mainly oesterogen which is elevated in the maternal blood during pregnancy (135.68),
Therefore the rise in SCul during pregnancy is regarded as a result of an increased ability of
the organs of the pregnant women to meet the higher demands of the growing fetus for
copper (163),

Serum Copper Level (SCuL) in Group III (P-IDA)

In IDA the body is deficient in iron content of the blood as well as iron stores. It therefore,
seems quite reasonable to postulate that, in these clinical conditions caeruloplasmin is
synthesized at a regular rate but is not utilized for various functions and so possibly
because of this, its caeruloplasmin rises in the blood in IDA. Hypercupraemia in the P-IDA
in the present study may be due to inhibition in the essential role that copper plays in
energy supply at the cellular level (166),

Copper plays an essential physiological role in a number of enzymes such as cytochrome C
oxidase which is a cuproenzyme in the mitochondrial electron transport chain, required for
the deoxidation of iron from the Fe3+to the Fe2+. This enzyme mediates the final step in the
electron transport chain for the reduction of molecular oxygen (52), Also is the structural
component of cytochrom C oxidase and it is essentail for its enzymatic activity. Each
molecule of this enzyme contains two atoms of copper (168),

[ron- like copper also plays a major role in a variety of enzyme activities involved in the
metochondrial electron transport chain such as cytochrom c¢ oxidase, Succinic
dehydrogenase and NADH dehydrogenase. The latter two enzymes play an important role
at the initial steps of oxidative phosphorylation. All these activities involve a redox change
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where by iron alternates between its ferrous and ferric states (23,22%). The presence of
iron is necessary for the metabolic process, erythropoiesis, oxygen transport and
respiration, thermoregulation and humoral and cellular immunity (115), It is becoming
increasingly apparent that in ID, the activities of these enzymes are impaired before any of
the more traditional features of ID, such as anaemia or changes in HbL(169),

ID and anaemia most probably alter many functions in the body during pregnancy, due to
the multiple role of iron in enzymes and iron compounds have an oxygen transport and in
many redox reactions particularly those involved in molecular oxygen (179), These reactions
are the backbone of the respiratory chain. It has been documented that clear derangements
in energy metabolism include diminished oxidation capacity at the metochondrial levels
altered mitochondrial structure, Lactic acid accumulation and restricted oxygen transport
(171,172), In P-IDA. The elevation of blood copper content occurs as a consequence of the
inhibition of energy, which causes accumulation of unused copper in the body.

Serum Zinc Level (SZnL) in Group I (Non-pregnant controls)

The normal value for SZnL in the non-pregnant healthy women varies from one report to
another (149.166,173,174) [n the present study the control non-pregnant women of
childbearing age exhibited SZnL with a mean of 92.77ug/dl (table 1). This agrees with the
values reported from other developing countries (178176), However, the mean value for
SZnL in this study, is lower than the mean values in the literatures from western countries
(174), but these results could be compared more favorably with the values reported in other
developing countries than with the values of western countries, the low SZnL reported in
this work be related to zinc deficiency, known to exist in several areas of the Middle East as
Iran, Egypt, and Kuwait (145). This zinc deficiency may be attributed to dietary habits
prevailing in these countries. Many Asians including Iraqi's continue to eat their traditional
diets based on cereal and pulse. This kind of diet with its low zinc, high fiber and phytate
content, has resulted in clinically evident Zinc deficiency in some Middle Eastern
communities (183). Phytate and fiber impaired absorption and bioavailability of Zinc (184.145),
In Iraq most of the population consume large amounts of bread and rice with their meals,
which contain phytic acid, which forms a complex substance with Zinc and inhibits its
absorption (186) In addition to food, other factors may cause zinc deficiency such as the
source of water supply, geographical location and socio-economic and racial status (186,145),

Serum Zinc Level (SZnL) in Group II (pregnant controls)

In the present work, a progressive reduction in maternal SZnL with increasing gestational
age is observed compared to non-pregnant control group (table 1,2), which confirm the
observations of other workers (107.95,142,174) A decline in SZnL begins early in pregnancy
and the greatest decrease observed in the 3rd trimester of pregnancy (table 1), several
physiological factors may contribute to the decrease in SZnL during pregnancy. One of
such factors may be the increase in SCuL. In the present study, a significant inverse
relationship is found between SZnL and SCul in different trimesters of normal pregnancy
(table 4). SZnL showed a progressive decline while SCuL showed elevation with increasing
gestational age. This agrees with those-findings by previous workers (40.149,73,166) Zinc and
copper are two of the most metabolically important trace metal nutrients. For this reason
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and because of their close chemical similarity and extensive biological interaction; they are
often considered together in this research. Studies of the competitive interaction between
zinc and copper for intestinal absorption have been largely focused on the possible role of
MT (75.76), It has been suggested that the antagonism between copper and zinc may involve
competition for binding sites on MT (52) .Copper has a depressing effect on zinc absorption
and copper has shown to have a higher affinity than zinc for MT (42:75), So low SZnL might
therefore accentuate any copper excess.

The results of the present study reveal a highly significant negative relationship between
SZnL and SCL. There was a progressive elevation of SCL during different stages of
pregnancy (71 186), The elevation in SCL was accompanied by a progressive decrease in
SZnlL. A possible explanation is that during the course of pregnancy many biochemical and
physiological changes take place and physiological adaptation to these changes has
occurred. One of these changes is in the plasma proteins especially globulins which are
elevated and albumin which is depressed (34 184).

Both proteins are synthesized in the liver (?2), Caeruloplasmin is a az globulin, it is a
cuproenzyme and most copper in the plasma is bound to this enzyme (52, 61,155),

Albumin is a zinc carrier protein; normally about 80% of plasma zinc is bound to albumin.
Since there is an influx of zinc into the cells and efflux of copper, plasma hypercupraemia
and plasma hypozincaemia will occur. hypercupraemia is accompanied by
hypercaeruloplasminaemia and hypozincaemia is accompanied by hypoalbuminaemia of
pregnancy (4184) Qn the other hand, a decrease in albumin synthesis is accompanied by an
increase in globulin synthesis resulting in an increase in SCL and a decrease in SZnL.

Hypozincaemia is also explained depending on the fact that during late pregnancy, the
absolute quantity of zinc required by the fetus is greatest; pregnant women excreted more
zinc in the urine than non-pregnant control women (°1), As a consequence of an increase in
the glomerular filtration rate, which is increased by about 50% during pregnancy,which
tends to increase the rate of water and electrolyte loss in the urine (34.123),

Other investigators have suggested that hypozincaemia and hypoalbuminaemia of normal
pregnancy are due to an increase in plasma volume after the 1st trimester. The cause of the
gradual fall in SZnL found in this study must be sought among several possible
mechanisms, gradual haemodilution or plasma volume expansion during pregnancy (149
118,150), [t is well known that during pregnancy blood volume begins to increase slowly in
early pregnancy; a more marked increase occurs during the 2 trimester, while in the 3rd
trimester, plasma volume reaches about 150% of pregnancy plasma volume (116,118),

Oestrogens have been shown to produce hypozincamia, which are considered to be one of
the most important zinc - lowering factors (127.96,176), S7nl, continues to decline more in the
3rd trimester when estrogen production reaches its peak (166,152,175),

Hypozincaemia in the maternal plasma during pregnancy has been attributed to increased
zinc uptake by the fetus and placenta. The accumulation of zinc by fetal tissues is
accelerating during the 2nd and 3rd trimesters of pregnancy. The decreased maternal level
could be due to an increasing transfer of zinc to the fetus, which is needed for its growth.
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(174,176), Other investigators suggest that the decline in SZnL during pregnancy may be due
to an increased transfer of plasma zinc to the maternal erythrocyte (174),

SZnL In-Group III (P-IDA)

The role played by zinc in biology is now better known, and numerous biochemical
mechanisms, such as immunity or actions on several hormones and more than 200
enzymes, have proved to be zincdependent. Thus many functions are disturbed when this
trace metals is deficient, including, for example, taste, and appetite, cell multiplication,
growth, pregnancy, fertility, defence against bacteria, brain function, development, and
reproduction. However, the effect of poor maternal zinc nutriture, usually measured as
plasma zinc, on poor pregnancy outcome has not been consistent. A low zinc intake was
associated with approximately at two-fold increase in the risk of low birth weight (<2.5gm)
after controlling for calories and other confounding variables. The risk of preterm delivery
(<37completed weeks) was also increased (141 63), Low zinc intake during pregnancy
prevents the normal accumulation of long - chain fatty acids and differentially depletes
maternal whole body stores of linoleic and alpha-linolenic acids (179). Zinc deficiency in
pregnant rats, decreases folate bio- availability of folinic acid, and folate polyglutamates
(140), Preconception folic acid supplements do not compromise the zinc status of the mother
or the embryo with respect to zinc intake (177),

In the present work, it is found that SZnL severely declines in the PIDA. One of the
consequences of this hypozincaemia is hypercupraemia. In the IDA of pregnancy a marked
hypercupraemia occurs due to a sever decrease in SIL. It seems that thionein is a normal
fetal protein which functions in zinc and probably copper homeostasis during gestation
and early post- natal life. The capacity for the synthesis of this protein is retained in the
adult and can form a control mechanism when serious disturbances occur in the
metabolism of these cations. Zinc and copper - thioneins can act as cation donors and
restore functional activity to the apoproteins of appropriate metalloenzyme (76, 147),
Hypozincaemia in the present study may be also due to hypercaeruloplasminaemia, which
is more evident in the P-IDA (87), since a significant negative correlation is found between
SZnL and SCL at different stages of P-IDA as gestational age is in progress. The SCL reaches
its highest level and SZnL its lowest level during the 3rd trimester. Increased SCL, which is
a az-globulin, during pregnancy with IDA, is often accompanied by the decrease in plasma
protein, especially albumin (184),

Cu /Zn Ratio

It has been found by many investigators that not only elevated SCuL reduced SZnL can be
an aid in the differential diagnosis of some diseases; The SCu/ Zn Ratio may also be used to
asses various pathological conditions (185), In the present study, assessment of this ratio is
tried to prove whether this ratio could be used as an index in predicting and managing IDA
in pregnancy.

The SCu / Zn Ratio in P-IDA as a whole group is about four times greater than that of non-
pregnant controls and about three times greater than that of pregnant controls as a whole
group. These changes indicate the disturbed relationship between SCul (which is elevated)
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and SZnL(which is depressed) in P-IDA. The use of this ratio could have an advantage over
using SCuL and SZnL alone.

13. Conclusions

The presented literature review suggests that Fe, Cu, and Zn are crucial for the proper
course of pregnancy. The results should be approached with caution, but most studies
indicate the influence of metals on the parameters of mother and child. Moreover, Fe, Cu,
and Zn may be promising biomarkers in predicting complications in pregnancy.

Additionally, the results of the researchers show important relationships between Fe, Cu,
and Zn in the body. An increase or decrease of one element may significantly affect the
action of the other two. It is particularly significant to note that the elements do not exhibit
antagonistic actions against each other when they are within daily reference values.

Fe, Cu, and Zn play a key role in the homeostasis of the body, and any changes in their
concentrations can cause interactions that are dangerous to the health of the mother and
fetus.

References

1. Breymann C. Iron deficiency anemia in pregnancy. Semin Hematol. 2015;52:339-347.
doi: 10.1053/j.seminhematol.2015.07.003. [PubMed][CrossRef] [Google

Scholar].

2.Milman N., Taylor C.L., Merkel J., Brannon P.M. Iron status in pregnant women and
women of reproductive age in Europe. Am. J. Clin. Nutr. 2017;106:16555—
1662S. doi: 10.3945/ajcn.117.156000. [PMC free article] [PubMed]
[CrossRef] [Google Scholar].

3. Menon, A.V;Chang, J.; Kim, ]. Mechanisms of Divalent Metal Toxicity in Affective
Disorders. Toxicology 2016, 339, 58-72. [Google Scholar] [CrossRef].

4. Stryer, Lubert, Biochemistry, 4.6.A 3rd ed. 1996. 147.
5. Aggett PJA. Zinc and Pregnancy.Postgrad Doctor Middle East 1987; 10 (1): 11-16.

6. Choi, R;; Sun, |.; Yoo, H.; Kim, S.; Cho, Y.Y.; Kim, H.].; Kim, W.K.; Chung, ].H.; Oh, S.; Lee, S.-Y.
A Prospective study of serum trace elements in healthy korean pregnant
women. Nutrients 2016, 8, 749. [Google Scholar] [CrossRef] [PubMed].

7. Burk, R.F.: Selenium in man. In: Trace Elements in Human Hea and Disease, Vol.2,
Essential and Toxic Elements. A.S.Prasad and D. Oberleas, Eds. New York, Academic
Press, 1976, pp.105-133.

8.King J.C. Physiology of pregnancy and nutrient metabolism. Am.].Clin.
Nutr. 2000;71:1218-1225.doi: 10.1093/ajcn/71.5.1218s. [PubMed]
[CrossRef] [Google Scholar].

9.Caan B., Horgen D.M., Margen S., King ].C., Jewell N.P. Benefits associated with WIC
supplemental feeding during the interpregnancy interval. Am. J. Clin.

Journal of Current Researches on Health Sector, 2022, 12 (2), 139-176. 162


https://pubmed.ncbi.nlm.nih.gov/26404445
https://doi.org/10.1053%2Fj.seminhematol.2015.07.003
https://scholar.google.com/scholar_lookup?journal=Semin+Hematol.&title=Iron+deficiency+anemia+in+pregnancy&author=C.+Breymann&volume=52&publication_year=2015&pages=339-347&pmid=26404445&doi=10.1053/j.seminhematol.2015.07.003&
https://scholar.google.com/scholar_lookup?journal=Semin+Hematol.&title=Iron+deficiency+anemia+in+pregnancy&author=C.+Breymann&volume=52&publication_year=2015&pages=339-347&pmid=26404445&doi=10.1053/j.seminhematol.2015.07.003&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5701710/
https://pubmed.ncbi.nlm.nih.gov/29070543
https://doi.org/10.3945%2Fajcn.117.156000
https://scholar.google.com/scholar_lookup?journal=Am.+J.+Clin.+Nutr.&title=Iron+status+in+pregnant+women+and+women+of+reproductive+age+in+Europe&author=N.+Milman&author=C.L.+Taylor&author=J.+Merkel&author=P.M.+Brannon&volume=106&publication_year=2017&pages=1655S-1662S&pmid=29070543&doi=10.3945/ajcn.117.156000&
https://scholar.google.com/scholar_lookup?title=Mechanisms+of+Divalent+Metal+Toxicity+in+Affective+Disorders&author=Menon,+A.V.&author=Chang,+J.&author=Kim,+J.&publication_year=2016&journal=Toxicology&volume=339&pages=58%E2%80%9372&doi=10.1016/j.tox.2015.11.001
https://dx.doi.org/10.1016/j.tox.2015.11.001
https://scholar.google.com/scholar_lookup?title=A+Prospective+study+of+serum+trace+elements+in+healthy+korean+pregnant+women&author=Choi,+R.&author=Sun,+J.&author=Yoo,+H.&author=Kim,+S.&author=Cho,+Y.Y.&author=Kim,+H.J.&author=Kim,+W.K.&author=Chung,+J.H.&author=Oh,+S.&author=Lee,+S.-Y.&publication_year=2016&journal=Nutrients&volume=8&pages=749&doi=10.3390/nu8110749&pmid=27886083
https://dx.doi.org/10.3390/nu8110749
https://www.ncbi.nlm.nih.gov/pubmed/27886083
https://pubmed.ncbi.nlm.nih.gov/10799394
https://doi.org/10.1093%2Fajcn%2F71.5.1218s
https://scholar.google.com/scholar_lookup?journal=Am.+J.+Clin.+Nutr.&title=Physiology+of+pregnancy+and+nutrient+metabolism&author=J.C.+King&volume=71&publication_year=2000&pages=1218-1225&pmid=10799394&doi=10.1093/ajcn/71.5.1218s&

Nutr. 1987;45:29-41. doi: 10.1093/ajcn/45.1.29. [PubMed] [CrossRef] [Google
Scholar].

10. McAlpine ].M., McKeating D.R., Vincze L., Vanderlelie ].J., Perkins A.V. essential mineral
intake during pregnancy and its association with maternal health and birth
outcomes in South East Queensland, Australia. Nutr. Metab. Insights. 2019;12:1-
12. doi: 10.1177/1178638819879444. [PMC free article] [PubMed]
[CrossRef] [Google Scholar].

11. Szymankiewicz M. Incidence and mortality of newborns from multiple
pregnancies. Perinatol. Neonatol. i Ginekol. 2010;3:245-248. [Google Scholar].

12. Filipecka-Tyczka D. Medical care for a pregnant woman with a multiple
pregnancy. Postepy Nauk Med. 2016;7:475-482. [Google Scholar].

13.Figueiredo, A.C.M.G.; Gomes-Filho, L.S,; Silva, R.B.; Pereira, P.P.S.; Mata, F.A.F.; Da Lyrio,
A.O; Souza, E.S.; Cruz, S.S.; Pereira, M.G. Maternal anemia and low birth weight: A
systematic review and meta-analysis. Nutrients 2018, 10, 601. [Google Scholar]
[CrossRef] [PubMed].

14.Ru, Y.; Pressman, E.K.; Cooper, E.M.; Guillet, R;; Katzman, P.J.; Kent, T.R,; Bacak, S.J.;
O’Brien, K.O. Iron deficiency and anemia are prevalent in women with multiple
gestations. Am. J. Clin. Nutr. 2016, 104, 1052-1060. [Google Scholar] [CrossRef].

15. Awadallah S.M., Abu-Elteen K.H., Elkarmi A.Z., Qaraein S.H., Salem N.M.,
Mubarak M.S. Maternal and cord blood serum levels of zinc, copper, and iron in
healthy pregnant Jordanian women.J. Trace Elem. Exp. Med. 2004;17:1-8.
doi: 10.1002/jtra.10032. [CrossRef] [Google Scholar]

16.King J.C. Physiology of pregnancy and nutrient metabolism. Am. J. Clin.
Nutr. 2000;71:1218-1225. doi: 10.1093/ajcn/71.5.1218s. [PubMed]
[CrossRef] [Google Scholar]

17. Mertz, W. The essential trace elements Science, 213: 1332,1981.

18. Mills, C.F.: Interactions between elements in tissues: Studies in animal models Fed. Proc.
40: 2138, 1981.

19. Levander, O.A., and Cheng, L., Eds: Micronutrient interactions: Vitamins, minerals, and
hazardous elements. Ann, N.Y. Acad. Sci., 355: 1, 1980.

20. Clayton, B.E.: Clinical Chemistry of Trace Elements. Advances in Clinical Chemistry,
Vol.21 New York, Academic Press, 1980.

21. Hytten F. Blood volume changes in normal pregnancy. Clin. Haematol. 1985;14:601—
612. doi: 10.1097/00006254-198607000-00001. [PubMed] [CrossRef] [Google

Scholar].

163 Al Sabaiwy, K. A. M., Al-Qattan, M. A. A. & Al-Haidari, M. (2022). Estimation of the Ratio
between Copper & Zinc in Pregnant Women Suffering from Iron Deficiency Anemia



https://pubmed.ncbi.nlm.nih.gov/3799501
https://doi.org/10.1093%2Fajcn%2F45.1.29
https://scholar.google.com/scholar_lookup?journal=Am.+J.+Clin.+Nutr.&title=Benefits+associated+with+WIC+supplemental+feeding+during+the+interpregnancy+interval&author=B.+Caan&author=D.M.+Horgen&author=S.+Margen&author=J.C.+King&author=N.P.+Jewell&volume=45&publication_year=1987&pages=29-41&pmid=3799501&doi=10.1093/ajcn/45.1.29&
https://scholar.google.com/scholar_lookup?journal=Am.+J.+Clin.+Nutr.&title=Benefits+associated+with+WIC+supplemental+feeding+during+the+interpregnancy+interval&author=B.+Caan&author=D.M.+Horgen&author=S.+Margen&author=J.C.+King&author=N.P.+Jewell&volume=45&publication_year=1987&pages=29-41&pmid=3799501&doi=10.1093/ajcn/45.1.29&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6769211/
https://pubmed.ncbi.nlm.nih.gov/31632052
https://doi.org/10.1177%2F1178638819879444
https://scholar.google.com/scholar_lookup?journal=Nutr.+Metab.+Insights&title=essential+mineral+intake+during+pregnancy+and+its+association+with+maternal+health+and+birth+outcomes+in+South+East+Queensland,+Australia&author=J.M.+McAlpine&author=D.R.+McKeating&author=L.+Vincze&author=J.J.+Vanderlelie&author=A.V.+Perkins&volume=12&publication_year=2019&pages=1-12&pmid=31632052&doi=10.1177/1178638819879444&
https://scholar.google.com/scholar_lookup?journal=Perinatol.+Neonatol.+i+Ginekol.&title=Incidence+and+mortality+of+newborns+from+multiple+pregnancies&author=M.+Szymankiewicz&volume=3&publication_year=2010&pages=245-248&
https://scholar.google.com/scholar_lookup?journal=Post%C4%99py+Nauk+Med.&title=Medical+care+for+a+pregnant+woman+with+a+multiple+pregnancy&author=D.+Filipecka-Tyczka&volume=7&publication_year=2016&pages=475-482&
https://scholar.google.com/scholar_lookup?title=Maternal+anemia+and+low+birth+weight:+A+systematic+review+and+meta-analysis&author=Figueiredo,+A.C.M.G.&author=Gomes-Filho,+I.S.&author=Silva,+R.B.&author=Pereira,+P.P.S.&author=Mata,+F.A.F.&author=Da+Lyrio,+A.O.&author=Souza,+E.S.&author=Cruz,+S.S.&author=Pereira,+M.G.&publication_year=2018&journal=Nutrients&volume=10&pages=601&doi=10.3390/nu10050601&pmid=29757207
https://dx.doi.org/10.3390/nu10050601
https://www.ncbi.nlm.nih.gov/pubmed/29757207
https://scholar.google.com/scholar_lookup?title=Iron+deficiency+and+anemia+are+prevalent+in+women+with+multiple+gestations&author=Ru,+Y.&author=Pressman,+E.K.&author=Cooper,+E.M.&author=Guillet,+R.&author=Katzman,+P.J.&author=Kent,+T.R.&author=Bacak,+S.J.&author=O%E2%80%99Brien,+K.O.&publication_year=2016&journal=Am.+J.+Clin.+Nutr.&volume=104&pages=1052%E2%80%931060&doi=10.3945/ajcn.115.126284
https://dx.doi.org/10.3945/ajcn.115.126284
https://doi.org/10.1002%2Fjtra.10032
https://scholar.google.com/scholar_lookup?journal=J.+Trace+Elem.+Exp.+Med.&title=Maternal+and+cord+blood+serum+levels+of+zinc,+copper,+and+iron+in+healthy+pregnant+Jordanian+women&author=S.M.+Awadallah&author=K.H.+Abu-Elteen&author=A.Z.+Elkarmi&author=S.H.+Qaraein&author=N.M.+Salem&volume=17&publication_year=2004&pages=1-8&doi=10.1002/jtra.10032&
https://pubmed.ncbi.nlm.nih.gov/10799394
https://doi.org/10.1093%2Fajcn%2F71.5.1218s
https://scholar.google.com/scholar_lookup?journal=Am.+J.+Clin.+Nutr.&title=Physiology+of+pregnancy+and+nutrient+metabolism&author=J.C.+King&volume=71&publication_year=2000&pages=1218-1225&pmid=10799394&doi=10.1093/ajcn/71.5.1218s&
https://pubmed.ncbi.nlm.nih.gov/4075604
https://doi.org/10.1097%2F00006254-198607000-00001
https://scholar.google.com/scholar_lookup?journal=Clin.+Haematol.&title=Blood+volume+changes+in+normal+pregnancy&author=F.+Hytten&volume=14&publication_year=1985&pages=601-612&doi=10.1097/00006254-198607000-00001&
https://scholar.google.com/scholar_lookup?journal=Clin.+Haematol.&title=Blood+volume+changes+in+normal+pregnancy&author=F.+Hytten&volume=14&publication_year=1985&pages=601-612&doi=10.1097/00006254-198607000-00001&

22.Khoigani M.G., Goli S., Hasanzadeh A. The relationship of hemoglobin and
hematocrit in the first and second half of pregnancy with pregnancy
outcome. Iran. J. Nurs Midwifery Res. 2012;17(Suppl. 1):S165-S170. [PMC free
article] [PubMed] [Google Scholar].

23.Soma-Pillay P., Nelson-Piercy C., Tolppanen H., Mebazaa A., Tolppanen H.,
Mebazaa A. Physiological changes in pregnancy. Cardiovasc J. Afr. 2016;27:89—
94. doi: 10.5830/CVJA-2016-021. [PMC free article] [PubMed]
[CrossRef] [Google Scholar].

24. Laflamme E.M. Maternal hemoglobin concentration and pregnancy outcome: A study
of the effects of elevation in el alto, bolivia. McGill J. Med. 2011;13:47. [PMC
free article] [PubMed] [Google Scholar].

25.Rogne T., Tielemans M.J., Chong M.F.-F., Yajnik C.S., Krishnaveni G.V., Poston L.,
Jaddoe V.W.V., Steegers E.A.P., Joshi S., Chong Y.-S., et al. Associations of
maternal vitamin B12 concentration in pregnancy with the risks of preterm birth
and low birth weight: A systematic review and meta-analysis of individual

participant data. Am. J. Epidemiol. 2017;185:212-223.
doi: 10.1093/aje/kww212. [PMC free article] [PubMed] [CrossRef] [Google
Scholar].

26.Ciobanu  A.M., Colibaba S., Cimpoca B., Peltecu G., Panaitescu A.M.
Thrombocytopenia  in  pregnancy. Maedica. 2016;11:55-60. [PMC _ free
article] [PubMed] [Google Scholar].

27.Kope¢ 1. Hematologic complications during pregnancy. Hematologia. 2016;7:295—
302. doi: 10.5603/Hem.2016.0028. [CrossRef] [Google Scholar].

28. McKie A.T., Barrow D., Latunde-Dada G.O., Rolfs A., Sager G., Mudaly E., Richardson C,,
Barlow D., Bomford A., Peters T.]., et al. An iron-regulated ferric reductase
associated with the absorption of dietary iron. Science.2001;291:1755-1759.
doi: 10.1126/science.1057206. [PubMed] [CrossRef] [Google Scholar].

29. Donovan A., Brownlie A., Dorschner M.O., Zhou Y., Pratt S.J., Paw B.H., Phillips R.B,,
Thisse C., Thisse B., Zon L.I. The zebrafish mutant gene chardonnay (cdy) encodes
divalent metal transporter 1 (DMT-1) Blood. 2002;100:4655-4659.
doi: 10.1182/blood-2002-04-1169. [PubMed] [CrossRef] [Google Scholar].

30. Lipinski P., Starzynski R.R. Gajowiak A., Staron R. Iron Metabolism- state of the
art. Kosm Ser A. 2014;63:299-308. [Google Scholar].

31. Wang X, Flores S.R,, Ha ].-H., Doguer C., Woloshun R.R,, Xiang P., Grosche A., Vidyasagar
S., Collins ].F. Intestinal DMT1 Is Essential for Optimal Assimilation of Dietary
Copper in Male and Female Mice with Iron-Deficiency Anemia.].
Nutr. 2018;148:1244-1252. doi: 10.1093/jn/nxy111. [PMC free
article] [PubMed] [CrossRef] [Google Scholar].

Journal of Current Researches on Health Sector, 2022, 12 (2), 139-176. 164


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3696966/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3696966/
https://pubmed.ncbi.nlm.nih.gov/23833600
https://scholar.google.com/scholar_lookup?journal=Iran.+J.+Nurs+Midwifery+Res.&title=The+relationship+of+hemoglobin+and+hematocrit+in+the+first+and+second+half+of+pregnancy+with+pregnancy+outcome&author=M.G.+Khoigani&author=S.+Goli&author=A.+Hasanzadeh&volume=17&issue=Suppl.+1&publication_year=2012&pages=S165-S170&pmid=23833600&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4928162/
https://pubmed.ncbi.nlm.nih.gov/27213856
https://doi.org/10.5830%2FCVJA-2016-021
https://scholar.google.com/scholar_lookup?journal=Cardiovasc+J.+Afr.&title=Physiological+changes+in+pregnancy&author=P.+Soma-Pillay&author=C.+Nelson-Piercy&author=H.+Tolppanen&author=A.+Mebazaa&author=H.+Tolppanen&volume=27&publication_year=2016&pages=89-94&pmid=27213856&doi=10.5830/CVJA-2016-021&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3296152/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3296152/
https://pubmed.ncbi.nlm.nih.gov/22399871
https://scholar.google.com/scholar_lookup?journal=McGill+J.+Med.&title=Maternal+hemoglobin+concentration+and+pregnancy+outcome:+A+study+of+the+effects+of+elevation+in+el+alto,+bolivia&author=E.M.+Laflamme&volume=13&publication_year=2011&pages=47&pmid=22399871&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5390862/
https://pubmed.ncbi.nlm.nih.gov/28108470
https://doi.org/10.1093%2Faje%2Fkww212
https://scholar.google.com/scholar_lookup?journal=Am.+J.+Epidemiol.&title=Associations+of+maternal+vitamin+B12+concentration+in+pregnancy+with+the+risks+of+preterm+birth+and+low+birth+weight:+A+systematic+review+and+meta-analysis+of+individual+participant+data&author=T.+Rogne&author=M.J.+Tielemans&author=M.F.-F.+Chong&author=C.S.+Yajnik&author=G.V.+Krishnaveni&volume=185&publication_year=2017&pages=212-223&pmid=28108470&doi=10.1093/aje/kww212&
https://scholar.google.com/scholar_lookup?journal=Am.+J.+Epidemiol.&title=Associations+of+maternal+vitamin+B12+concentration+in+pregnancy+with+the+risks+of+preterm+birth+and+low+birth+weight:+A+systematic+review+and+meta-analysis+of+individual+participant+data&author=T.+Rogne&author=M.J.+Tielemans&author=M.F.-F.+Chong&author=C.S.+Yajnik&author=G.V.+Krishnaveni&volume=185&publication_year=2017&pages=212-223&pmid=28108470&doi=10.1093/aje/kww212&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5394486/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5394486/
https://pubmed.ncbi.nlm.nih.gov/28465752
https://scholar.google.com/scholar_lookup?journal=Maedica&title=Thrombocytopenia+in+pregnancy&author=A.M.+Ciobanu&author=S.+Colibaba&author=B.+Cimpoca&author=G.+Peltecu&author=A.M.+Panaitescu&volume=11&publication_year=2016&pages=55-60&pmid=28465752&
https://doi.org/10.5603%2FHem.2016.0028
https://scholar.google.com/scholar_lookup?journal=Hematologia&title=Hematologic+complications+during+pregnancy&author=I.+Kope%C4%87&volume=7&publication_year=2016&pages=295-302&doi=10.5603/Hem.2016.0028&
https://pubmed.ncbi.nlm.nih.gov/11230685
https://doi.org/10.1126%2Fscience.1057206
https://scholar.google.com/scholar_lookup?journal=Science&title=An+iron-regulated+ferric+reductase+associated+with+the+absorption+of+dietary+iron&author=A.T.+McKie&author=D.+Barrow&author=G.O.+Latunde-Dada&author=A.+Rolfs&author=G.+Sager&volume=291&publication_year=2001&pages=1755-1759&pmid=11230685&doi=10.1126/science.1057206&
https://pubmed.ncbi.nlm.nih.gov/12393445
https://doi.org/10.1182%2Fblood-2002-04-1169
https://scholar.google.com/scholar_lookup?journal=Blood&title=The+zebrafish+mutant+gene+chardonnay+(cdy)+encodes+divalent+metal+transporter+1+(DMT-1)&author=A.+Donovan&author=A.+Brownlie&author=M.O.+Dorschner&author=Y.+Zhou&author=S.J.+Pratt&volume=100&publication_year=2002&pages=4655-4659&pmid=12393445&doi=10.1182/blood-2002-04-1169&
https://scholar.google.com/scholar_lookup?journal=Kosm+Ser+A&title=Iron+Metabolism-+state+of+the+art&author=P.+Lipi%C5%84ski&author=R.R.+Starzy%C5%84ski&author=A.+Gajowiak&author=R.+Staro%C5%84&volume=63&publication_year=2014&pages=299-308&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6074787/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6074787/
https://pubmed.ncbi.nlm.nih.gov/30137476
https://doi.org/10.1093%2Fjn%2Fnxy111
https://scholar.google.com/scholar_lookup?journal=J.+Nutr.&title=Intestinal+DMT1+Is+Essential+for+Optimal+Assimilation+of+Dietary+Copper+in+Male+and+Female+Mice+with+Iron-Deficiency+Anemia&author=X.+Wang&author=S.R.+Flores&author=J.-H.+Ha&author=C.+Doguer&author=R.R.+Woloshun&volume=148&publication_year=2018&pages=1244-1252&pmid=30137476&doi=10.1093/jn/nxy111&

32.

33.

34.

35.
36.

37.

38.

39.
40.

41.

42,

43.

44,

45.

46.

47.

Espinoza A., Le Blanc S., Olivares M., Pizarro F., Ruz M., Arredondo M. Iron, copper, and
zinc transport: Inhibition of divalent metal transporter 1 (DMT 1) and human
copper transporter 1 (hCTR1) by shRNA. Biol. Trace Elem. Res. 2012;146:281-286.
doi: 10.1007/s12011-011-9243-2. [PubMed] [CrossRef] [Google Scholar].

Ha ].-H., Doguer C., Collins J.F. Knockdown of copper-transporting ATPase 1 (Atp7a)
impairs iron flux in fully-differentiated rat (IEC-6) and human (Caco-2) intestinal
epithelial cells. Metallomics. 2016;8:963-972. doi: 10.1039/C6MT00126B. [PMC
free article] [PubMed] [CrossRef] [Google Scholar].

Howard R B, Herbold NH. Nutrition in Clinical Care. New York. McGraw-Hill Book
Company 1978:125-251.

Klevay LM.Diets deficient in copper and zinc. Medical Hypotheses 1979; 5: 1323-6.

Prasad AS.Discovery of human zinc deficiency and studies in an experimental human
model. Am | Clin Nutr 1991; 53: 403-10.

Murphy SP, Beaton GH, Galloway DH. Estimated mineral intakes of toddlers: predicted
prevalence of inadequacy in village populations in Egypt,Kenya, and Mexico. Am ]
Clin Nutr 1992, - 56:565-72.

Mamashealth.com Nutrition, Anemia. Asp, September 2003.
Mahajan SK. Zinc in kidney disease. ] Am Coll Nutr 1989; 8 (4): 296-304.

Botash AS, Nasca ], Dubowy R, Weinberger HL, Oliphant M. Zinc-induced copper
deficiency in an infant. Am ] Dis Child 1992; 146:709-11.

Fosmire GJ. Zinc toxicity. Am J Clin Nutr 1990; 51(2): 225-7.

Summer field AL, Steinberg FU, Gonzalez JA. Morphologic finding in bone marrow
precursor cells in zinc-induced copper deficiency in anaemia. Am ] Clin Pathol
1992; 97 (5): 665-8.

Broun E R, Greist A, Tricot G, Hoffman R. Excessive zinc ingestion. A reversible cause of
sidoroblastic anemia and bone marrow depression. JAMA. 1990; 264 (11): 1441-3.

Ramadurai ], Shapiro C, Kazlohh M, Telfer Margaret. Zinc abuse and sideroblastic
anemia. Am | Hematol 1993; 42: 227-8.

Obeck D K. Galvanized caging as a potential factor in the development of the "fading
infant "or "white monkey" syndrome. Lab Anim Sci 1978; 28(6): 698-704.

Collins J.F. Copper. In: Ross A.C., Caballero B., Cousins R.J., Tucker K.L., Ziegler T.R,,
editors. Modern Nutrition in Health and Disease. 11th ed. Lippincott Williams and
Wilkins; Philadelphia, PA, USA: 2014. p. 206. [Google Scholar].

Gibson R.S. Principles of Nutritional Assessment. Oxford University Press; Oxford, UK:
2005.908p [Google Scholar].

48. Lanocha-Arendarczyk N. Kosik-Bogacka D.I, Copper C. In: Mammals and Birds as

Bioindicators of Trace Element Contaminations in Terrestrial Environments: An

165 Al Sabaiwy, K. A. M., Al-Qattan, M. A. A. & Al-Haidari, M. (2022). Estimation of the Ratio

between Copper & Zinc in Pregnant Women Suffering from Iron Deficiency Anemia


https://pubmed.ncbi.nlm.nih.gov/22068728
https://doi.org/10.1007%2Fs12011-011-9243-2
https://scholar.google.com/scholar_lookup?journal=Biol.+Trace+Elem.+Res.&title=Iron,+copper,+and+zinc+transport:+Inhibition+of+divalent+metal+transporter+1+(DMT+1)+and+human+copper+transporter+1+(hCTR1)+by+shRNA&author=A.+Espinoza&author=S.+Le+Blanc&author=M.+Olivares&author=F.+Pizarro&author=M.+Ruz&volume=146&publication_year=2012&pages=281-286&pmid=22068728&doi=10.1007/s12011-011-9243-2&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5180600/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5180600/
https://pubmed.ncbi.nlm.nih.gov/27714044
https://doi.org/10.1039%2FC6MT00126B
https://scholar.google.com/scholar_lookup?journal=Metallomics&title=Knockdown+of+copper-transporting+ATPase+1+(Atp7a)+impairs+iron+flux+in+fully-differentiated+rat+(IEC-6)+and+human+(Caco-2)+intestinal+epithelial+cells&author=J.-H.+Ha&author=C.+Doguer&author=J.F.+Collins&volume=8&publication_year=2016&pages=963-972&pmid=27714044&doi=10.1039/C6MT00126B&
https://scholar.google.com/scholar_lookup?title=Modern+Nutrition+in+Health+and+Disease&author=J.F.+Collins&publication_year=2014&
https://scholar.google.com/scholar_lookup?title=Principles+of+Nutritional+Assessment&author=R.S.+Gibson&publication_year=2005&

49,

50.

51.

52.

53.
54.

55.

56.

57.

58.

59.

60.

61.
62.

63.

Ecotoxicological Assessment of the Northern Hemisphere. Kalisinska E., editor.
Springer International Publishing; Cham, Switzerland: 2019. pp. 125-161. [Google
Scholar].

Uauy R., Olivares M., Gonzalez M. Essentiality of copper in humans. Am. J. Clin.
Nutr. 1998;67:9525-959S. doi: 10.1093/ajcn/67.5.952S. [PubMed]
[CrossRef] [Google Scholar].

Cetin I, Berti C, Calabrese S. Role of micronutrients in the periconceptional
period. Hum. Reprod Update. 2010;16:80-95.
doi: 10.1093 /humupd/dmp025. [PubMed] [CrossRef] [Google Scholar].

Gertig H., Przystawski J. BBromatology: An Outline of Food and Nutrition
Science. Wydawnictwo Lekarskie PZWL; Warsaw, Poland: 2007. [Google Scholar].

Taylor A.Trace Elements in Human Disease Clinics in Endocrinology Metabol. London:
W.B. Saunders Company, 1985; 14 (3): 518-728

Gubler CJ. Copper metabolism in man. JAMA. 161 (6): 530-5.

Jacob RA. Trace elements. In: Tietz NM, (ed). Textbook of Clinical Chemistry. London:
WB Saunders, 1986: 985-96.

Goodhart RS, Shils M E. Modern Nutrition in Health and Disease.Philadelphia: Lea and
Febiger, 1973:297-388.

Hirase N, Abe Y, Sadamura S, Muta K, et al. Anemia and Neutropenia a case of copper
deficiency: role of copper in normal hematopoiesis. Acta. Hamatol 1992; 87: 195-7.

Prasad AS, Brewer GJ], Schoomaker EB, Robban P. Hypocupremia induced by zinc
therapy in adults. JAMA 1978; 240 (20): 2166-8.

Kiilholma P., Gronroos M., Erkkola R., Pakarinen P., Ndanto V. The role of calcium, copper,
iron and zinc in preterm delivery and premature rupture of fetal
membranes. Gynecol. Obstet. Invest. 1984;17:194-201.
doi: 10.1159/000299148. [PubMed] [CrossRef] [Google Scholar].

Kardos J., Héja L., Simon A., Jablonkai I, Kovacs R., Jemnitz K. Copper signalling: Causes
and consequences. Cell Commun. Signal. 2018;16:71. doi: 10.1186/s12964-018-
0277-3. [PMC free article] [PubMed] [CrossRef] [Google Scholar].

Yu L., Lieu LW., Baggins S.W., Yeh M,, Jalikis F., Chan L., Burkhead ]. Copper deficiency in
liver diseases: A case series and pathophysiological considerations. Hepatol.
Commun. 2019;3:1159. doi: 10.1002/hep4.1393. [PMC free article] [PubMed]
[CrossRef] [Google Scholar].

Reinhold ]JG. Trace elements. A selective survey. Clin Chern 1975; 21 (4): 476-500.

Prema. K. Predictive value of serum copper and zinc in normal and abnormal
pregnancy. Indian ] Med Res 1980; 71: 554-560.

Favier-A: Current aspects about the role of zinc in nutrition: Rev Prat.1993 Jan 15;
43(2): 146-51.

Journal of Current Researches on Health Sector, 2022, 12 (2), 139-176. 166


https://scholar.google.com/scholar_lookup?title=Mammals+and+Birds+as+Bioindicators+of+Trace+Element+Contaminations+in+Terrestrial+Environments:+An+Ecotoxicological+Assessment+of+the+Northern+Hemisphere&author=N.+%C5%81anocha-Arendarczyk&author=D.I.+Kosik-Bogacka&author=C.+Copper&publication_year=2019&
https://scholar.google.com/scholar_lookup?title=Mammals+and+Birds+as+Bioindicators+of+Trace+Element+Contaminations+in+Terrestrial+Environments:+An+Ecotoxicological+Assessment+of+the+Northern+Hemisphere&author=N.+%C5%81anocha-Arendarczyk&author=D.I.+Kosik-Bogacka&author=C.+Copper&publication_year=2019&
https://pubmed.ncbi.nlm.nih.gov/9587135
https://doi.org/10.1093%2Fajcn%2F67.5.952S
https://scholar.google.com/scholar_lookup?journal=Am.+J.+Clin.+Nutr.&title=Essentiality+of+copper+in+humans&author=R.+Uauy&author=M.+Olivares&author=M.+Gonzalez&volume=67&publication_year=1998&pages=952S-959S&pmid=9587135&doi=10.1093/ajcn/67.5.952S&
https://pubmed.ncbi.nlm.nih.gov/19567449
https://doi.org/10.1093%2Fhumupd%2Fdmp025
https://scholar.google.com/scholar_lookup?journal=Hum.+Reprod+Update.&title=Role+of+micronutrients+in+the+periconceptional+period&author=I.+Cetin&author=C.+Berti&author=S.+Calabrese&volume=16&publication_year=2010&pages=80-95&pmid=19567449&doi=10.1093/humupd/dmp025&
https://scholar.google.com/scholar_lookup?title=BBromatology:+An+Outline+of+Food+and+Nutrition+Science&author=H.+Gertig&author=J.+Przys%C5%82awski&publication_year=2007&
https://pubmed.ncbi.nlm.nih.gov/6539271
https://doi.org/10.1159%2F000299148
https://scholar.google.com/scholar_lookup?journal=Gynecol.+Obstet.+Invest.&title=The+role+of+calcium,+copper,+iron+and+zinc+in+preterm+delivery+and+premature+rupture+of+fetal+membranes&author=P.+Kiilholma&author=M.+Gr%C3%B6nroos&author=R.+Erkkola&author=P.+Pakarinen&author=V.+N%C3%A4nt%C3%B6&volume=17&publication_year=1984&pages=194-201&pmid=6539271&doi=10.1159/000299148&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6198518/
https://pubmed.ncbi.nlm.nih.gov/30348177
https://doi.org/10.1186%2Fs12964-018-0277-3
https://scholar.google.com/scholar_lookup?journal=Cell+Commun.+Signal.&title=Copper+signalling:+Causes+and+consequences&author=J.+Kardos&author=L.+H%C3%A9ja&author=%C3%81.+Simon&author=I.+Jablonkai&author=R.+Kov%C3%A1cs&volume=16&publication_year=2018&pages=71&pmid=30348177&doi=10.1186/s12964-018-0277-3&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6671688/
https://pubmed.ncbi.nlm.nih.gov/31388635
https://doi.org/10.1002%2Fhep4.1393
https://scholar.google.com/scholar_lookup?journal=Hepatol.+Commun.&title=Copper+deficiency+in+liver+diseases:+A+case+series+and+pathophysiological+considerations&author=L.+Yu&author=I.W.+Liou&author=S.W.+Biggins&author=M.+Yeh&author=F.+Jalikis&volume=3&publication_year=2019&pages=1159&pmid=31388635&doi=10.1002/hep4.1393&

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.
77.

78.

Elkoubi P. Copper. ] Chir (Paris) 1989; 125(4): 248-57.

Medeiros D'M, Liao Z, Hamlin R L. Copper deficiency in a genetically hypertensive
cardiomyopathic rat: electrocardiogram, functional and ultrastructural aspects. Am
J Nutr 1990; 121(7): 1026-34.

Gyorffy E ], Chan H. Copper deficiency and microcytic anemia resulting from prolonged
ingestion of over-the-counter zinc. Am ] Gastroenterology 1992; 87(8): 1054-5.

Johnson N. Study of copper and zinc metabolism during pregnancy.Proc Soc Exp Biol
Med 1961,108: 518.

Russ E M, Raymunt ]. Influence of estrogens on total serum copper and Ceruloplasmin.
Proc Soc Exp Biol Med 1956; 92: 465-6.

Olatunbosun DA, Adadevoh BK, Adeniyi FA. Serum copper in normal pregnancy in
Nigerians. ] obstet Gynecol 1974; 61:475-8.

Prema K, Ramalakshmi B A, Neelakumari S. Serum copper and zinc in pregnancy. Indian
] Med Res 1980; 71: 547-53.

Singhal A, Singh M, Singh G, Sine SN. The study of serum copper and Ceruloplasmin
activity in normal pregnancy and pregnancy associated with iron deficiency
anemia. ] Obstet Gynecol India 1983,33: 56-61.

Buamah P K, Russell M, Milford-Ward A, Peter T, Roberts DF. Serum copper
concentration significantly less in abnormal pregnancies. Clin Chem 1984; 30(2):
1676-7.

Abdel-Mageed AB, Oche FW. The effect of various dietary zinc concentrations on the
biological interactions of zinc, copper and iron rats. Biological Trace Element
Research 1991; 29: 239-55.

Greger ]., Zaiskis SC, Abernathy BP, Bennet OA, Huffman ]. Zinc, Nitrogen, copper, iron
and manganese balance in adolescent females, fed two levels of zinc. | Nutr 1978;
108 (9): 1449-56.

Hoffman HN, Phyliky RL, Fleming CR. Zinc-induced copper deficiency. Gastroenterology
1988; 94: 508-12.

Webb M, Clain K. Functions of metallothionein. Biochem pharmacol 1982; 31: 137-42.

Han M., Chang |., Kim ]. Loss of divalent metal transporter 1 function promotes brain
copper accumulation and increases impulsivity. J. Neurochem. 2016;138:918-928.
doi: 10.1111/jnc.13717. [PMC _ free  article] [PubMed] [CrossRef] [Google
Scholar].

Coyle P., Philcox ].C, Carey L.C, Rofe A.M. Metallothionein: The multipurpose
protein. Cell Mol. Life Sci.2002;59:627-647. doi: 10.1007/s00018-002-8454-
2. [PubMed] [CrossRef] [Google Scholar].

167 Al Sabaiwy, K. A. M., Al-Qattan, M. A. A. & Al-Haidari, M. (2022). Estimation of the Ratio

between Copper & Zinc in Pregnant Women Suffering from Iron Deficiency Anemia


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5017907/
https://pubmed.ncbi.nlm.nih.gov/27331785
https://doi.org/10.1111%2Fjnc.13717
https://scholar.google.com/scholar_lookup?journal=J.+Neurochem.&title=Loss+of+divalent+metal+transporter+1+function+promotes+brain+copper+accumulation+and+increases+impulsivity&author=M.+Han&author=J.+Chang&author=J.+Kim&volume=138&publication_year=2016&pages=918-928&pmid=27331785&doi=10.1111/jnc.13717&
https://scholar.google.com/scholar_lookup?journal=J.+Neurochem.&title=Loss+of+divalent+metal+transporter+1+function+promotes+brain+copper+accumulation+and+increases+impulsivity&author=M.+Han&author=J.+Chang&author=J.+Kim&volume=138&publication_year=2016&pages=918-928&pmid=27331785&doi=10.1111/jnc.13717&
https://pubmed.ncbi.nlm.nih.gov/12022471
https://doi.org/10.1007%2Fs00018-002-8454-2
https://scholar.google.com/scholar_lookup?journal=Cell+Mol.+Life+Sci.&title=Metallothionein:+The+multipurpose+protein&author=P.+Coyle&author=J.C.+Philcox&author=L.C.+Carey&author=A.M.+Rofe&volume=59&publication_year=2002&pages=627-647&pmid=12022471&doi=10.1007/s00018-002-8454-2&

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Drozd A., Wojewska D., Peris-Diaz M.D., Jakimowicz P., Krezel A. Crosstalk of the
structural and zinc buffering properties of mammalian metallothionein-
2. Metallomics. 2018;10:595-613. doi: 10.1039/C7MT00332C. [PubMed]
[CrossRef] [Google Scholar].

Lynes M.A., Zaffuto K., Unfricht D.W., Marusov G., Samson ].S., Yin X. The physiological
roles of extracellular metallothionein. Exp. Biol. Med. 2006;231:1548-1554.
doi: 10.1177/153537020623100915. [PubMed] [CrossRef] [Google Scholar].

Ruttkay-Nedecky B., Nejdl L., Gumulec J., Zitka O., Masarik M., Eckschlager T., Stiborova
M., Adam V., Kizek R. The role of metallothionein in oxidative stress. Int. ]J. Mol.
Sci. 2013;14:6044-6066. doi: 10.3390/ijms14036044. [PMC free
article] [PubMed] [CrossRef] [Google Scholar].

Saad A.A, El-Sikaily A., Kassem H. Metallothionein and glutathione content as
biomarkers of metal pollution in mussels and local fishermen in Abu Qir Bay,
Egypt.]. Heal. Pollut. 2016;6:50. doi: 10.5696/2156-9614-6-12.50. [PMC free
article] [PubMed] [CrossRef] [Google Scholar].

Rice ].M., Zweifach A, Lynes M.A. Metallothionein regulates intracellular zinc signaling
during CD4+ T cell activation. BMC Immunol. 2016;17:13. doi: 10.1186/s12865-
016-0151-2. [PMC free article] [PubMed] [CrossRef] [Google Scholar].

Sutherland D.E, Willans M., Stillman M.J. Single domain metallothioneins:
Supermetalation of human MT 1a.]. Am. Chem. Soc.2012;134:3290-3299.
doi: 10.1021/ja211767m. [PubMed] [CrossRef] [Google Scholar].

Krezel A., Maret W. The functions of metamorphic metallothioneins in zinc and copper
metabolism. Int. ]. Mol. Sci. 2017;18:1237. doi: 10.3390/ijms18061237. [PMC free
article] [PubMed] [CrossRef] [Google Scholar].

Thaker R., Oza H., Shaikh 1., Kumar S. Correlation of Copper and Zinc in Spontaneous
Abortion. Int. J. Fertil. Steril. 2019;13:97-101. doi: 10.22074/ijfs.2019.5586. [PMC
free article] [PubMed] [CrossRef] [Google Scholar].

Chirrulescu Z, Suciu A, Tanasescl C, Pirvulescu R. Possible correlation between the zinc
and copper concentration involved in the pathogenesis of various forms of anemia.
REV Roum Med Int 1990; 28 (1): 31-5.

Versieck ], Cornelis R. Normal levels of trace elements in human blood plasma or serum.
Ann Chem Acta 1980; 116: 217.

Peiker, MG, Schwarz A, Dawezynski H et al. Diagnosis and treatment of iron deficiency
anemia in pregnancy. Zent Bl Gynakol 1986; 108: 1487-92.

Solomons NW, Jacob RA. Studies on the bioavailability of zinc in humans: effect of haem
and non-haem on absorption of zinc. Am J Clin Nutr 1981; 34: 475-82.

91.Hambidge KM, Krebs NF, Jacobs MA, Favier A, Guyett L, Ikle D.Zinc nutritional status

during pregnancy: a longitudinal study. Am ] Clin Nutr 1983; 37: 429-42.

Journal of Current Researches on Health Sector, 2022, 12 (2), 139-176. 168


https://pubmed.ncbi.nlm.nih.gov/29561927
https://doi.org/10.1039%2FC7MT00332C
https://scholar.google.com/scholar_lookup?journal=Metallomics&title=Crosstalk+of+the+structural+and+zinc+buffering+properties+of+mammalian+metallothionein-2&author=A.+Drozd&author=D.+Wojewska&author=M.D.+Peris-D%C3%ADaz&author=P.+Jakimowicz&author=A.+Kr%C4%99%C5%BCel&volume=10&publication_year=2018&pages=595-613&pmid=29561927&doi=10.1039/C7MT00332C&
https://pubmed.ncbi.nlm.nih.gov/17018879
https://doi.org/10.1177%2F153537020623100915
https://scholar.google.com/scholar_lookup?journal=Exp.+Biol.+Med.&title=The+physiological+roles+of+extracellular+metallothionein&author=M.A.+Lynes&author=K.+Zaffuto&author=D.W.+Unfricht&author=G.+Marusov&author=J.S.+Samson&volume=231&publication_year=2006&pages=1548-1554&doi=10.1177/153537020623100915&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3634463/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3634463/
https://pubmed.ncbi.nlm.nih.gov/23502468
https://doi.org/10.3390%2Fijms14036044
https://scholar.google.com/scholar_lookup?journal=Int.+J.+Mol.+Sci.&title=The+role+of+metallothionein+in+oxidative+stress&author=B.+Ruttkay-Nedecky&author=L.+Nejdl&author=J.+Gumulec&author=O.+Zitka&author=M.+Masarik&volume=14&publication_year=2013&pages=6044-6066&pmid=23502468&doi=10.3390/ijms14036044&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6221500/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6221500/
https://pubmed.ncbi.nlm.nih.gov/30524805
https://doi.org/10.5696%2F2156-9614-6-12.50
https://scholar.google.com/scholar_lookup?journal=J.+Heal.+Pollut.&title=Metallothionein+and+glutathione+content+as+biomarkers+of+metal+pollution+in+mussels+and+local+fishermen+in+Abu+Qir+Bay,+Egypt&author=A.A.+Saad&author=A.+El-Sikaily&author=H.+Kassem&volume=6&publication_year=2016&pages=50&pmid=30524805&doi=10.5696/2156-9614-6-12.50&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4890327/
https://pubmed.ncbi.nlm.nih.gov/27251638
https://doi.org/10.1186%2Fs12865-016-0151-2
https://scholar.google.com/scholar_lookup?journal=BMC+Immunol.&title=Metallothionein+regulates+intracellular+zinc+signaling+during+CD4++T+cell+activation&author=J.M.+Rice&author=A.+Zweifach&author=M.A.+Lynes&volume=17&publication_year=2016&pages=13&pmid=27251638&doi=10.1186/s12865-016-0151-2&
https://pubmed.ncbi.nlm.nih.gov/22242602
https://doi.org/10.1021%2Fja211767m
https://scholar.google.com/scholar_lookup?journal=J.+Am.+Chem.+Soc.&title=Single+domain+metallothioneins:+Supermetalation+of+human+MT+1a&author=D.E.+Sutherland&author=M.J.+Willans&author=M.J.+Stillman&volume=134&publication_year=2012&pages=3290-3299&pmid=22242602&doi=10.1021/ja211767m&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5486060/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5486060/
https://pubmed.ncbi.nlm.nih.gov/28598392
https://doi.org/10.3390%2Fijms18061237
https://scholar.google.com/scholar_lookup?journal=Int.+J.+Mol.+Sci.&title=The+functions+of+metamorphic+metallothioneins+in+zinc+and+copper+metabolism&author=A.+Kr%C4%99%C5%BCel&author=W.+Maret&volume=18&publication_year=2017&pages=1237&pmid=28598392&doi=10.3390/ijms18061237&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6500075/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6500075/
https://pubmed.ncbi.nlm.nih.gov/31037918
https://doi.org/10.22074%2Fijfs.2019.5586
https://scholar.google.com/scholar_lookup?journal=Int.+J.+Fertil.+Steril.&title=Correlation+of+Copper+and+Zinc+in+Spontaneous+Abortion&author=R.+Thaker&author=H.+Oza&author=I.+Shaikh&author=S.+Kumar&volume=13&publication_year=2019&pages=97-101&pmid=31037918&doi=10.22074/ijfs.2019.5586&

92.Hambidge KM, Krebs NF, Sibley L, English ]. Acute effects of iron therapy on zinc status
during gestation. Obstet Gynecol 1987;76:593-6.

93. Meadows NJ, Grainger SL, Ruse W, Keeling PWN, Thompson RPH. Oral iron and the
bioavailability of zinc, Br Med ] 1983; 287: 1013-7.

94. Mitchell K, Waston. WS. Oral iron and the bioavailability of zinc. Br Med ] 1983; 287:
1629.

95. Sheldon WL, Aspillaga MO, Smith PA, Lind T. The effects of oral iron supplementation
on zinc and magnesium levels during pregnancy. Br ] Obstet Gynecol 1985; 92:
892-8.

96.Greger JL, Gentry-Roberts SE, Lynds ]JC, Voichick ].Nutritional status in regards to iron
and zinc during pregnancy and postpartum period. Nutr Rep Int 1987; 36(2): 327-

34.
97.Kordas K., Stoltzfus R.J. New evidence of iron and zinc interplay at the enterocyte and
neural tissues. J. Nutr. 2004;134:1295-1298.

doi: 10.1093/jn/134.6.1295. [PubMed] [CrossRef] [Google Scholar].

98. Bowers K., Srai S.K.S. The trafficking of metal ion transporters of the Zrt- and Irt-like
protein  family. Traffic. 2018;19:813-822.  doi: 10.1111/tra.12602. [PubMed]
[CrossRef] [Google Scholar].

99. Holmes J.B., Kroeun H., Houghton L.A., Gibson R.S., Harding K.B., De-Regil L.M.,
Kraemer K., Barr S.I., Karakochuk C.D. Including 60 mg elemental iron in a
multiple micronutrient supplement blunts the increase in serum zinc after 12
weeks of daily supplementation in predominantly anemic, nonpregnant
Cambodian women of reproductive age.J. Nutr.2019;149:1503-1510.
doi: 10.1093/jn/nxz097. [PubMed] [CrossRef] [Google Scholar].

100. Percival S S. iron metabolism is modified by the copper status of a human
erythroleukemic (k562) cell Line (43465). P SEBM. 1992; 200: 522-7.

101. Owen CA. Effects of iron on copper metabolism and copper on iron metabolism in rats.
Am ] physiol 1973; 224: 514-8.

102. Lee GR, Williams DM, Cartwright GE. Role of copper in iron metabolism and heme
biosynthesis. In: Prasad As, Oberleas D, (eds). Trace Elements in Health and
Disease, Zinc and Copper. New York: Academic Press, 1976; 1: 373.

103. Lee G R, Cartwrisht G E, Wintrobe M M. Heme Biosynthesis copper deficient swine.
Proc Soc Exp Biol Med 1968; 127: 977 981.

104. Dejkhamron P., Wejaphikul K., Mahatumarat T., Silvilairat S., Charoenkwan P.,
Saekho S., Unachak K. Vitamin D deficiency and its relationship with cardiac
iron and function in patients with transfusion-dependent thalassemia at Chiang
Mai University  Hospital. Pediatr. Hematol.  Oncol. 2018;35:52-59.
doi: 10.1080/08880018.2018.1424280. [PubMed] [CrossRef] [Google Scholar].

169 Al Sabaiwy, K. A. M., Al-Qattan, M. A. A. & Al-Haidari, M. (2022). Estimation of the Ratio
between Copper & Zinc in Pregnant Women Suffering from Iron Deficiency Anemia


https://pubmed.ncbi.nlm.nih.gov/15173386
https://doi.org/10.1093%2Fjn%2F134.6.1295
https://scholar.google.com/scholar_lookup?journal=J.+Nutr.&title=New+evidence+of+iron+and+zinc+interplay+at+the+enterocyte+and+neural+tissues&author=K.+Kordas&author=R.J.+Stoltzfus&volume=134&publication_year=2004&pages=1295-1298&pmid=15173386&doi=10.1093/jn/134.6.1295&
https://pubmed.ncbi.nlm.nih.gov/29952128
https://doi.org/10.1111%2Ftra.12602
https://scholar.google.com/scholar_lookup?journal=Traffic&title=The+trafficking+of+metal+ion+transporters+of+the+Zrt-+and+Irt-like+protein+family&author=K.+Bowers&author=S.K.S.+Srai&volume=19&publication_year=2018&pages=813-822&pmid=29952128&doi=10.1111/tra.12602&
https://pubmed.ncbi.nlm.nih.gov/31174215
https://doi.org/10.1093%2Fjn%2Fnxz097
https://scholar.google.com/scholar_lookup?journal=J.+Nutr.&title=Including+60+mg+elemental+iron+in+a+multiple+micronutrient+supplement+blunts+the+increase+in+serum+zinc+after+12+weeks+of+daily+supplementation+in+predominantly+anemic,+nonpregnant+Cambodian+women+of+reproductive+age&author=J.B.+Holmes&author=H.+Kroeun&author=L.A.+Houghton&author=R.S.+Gibson&author=K.B.+Harding&volume=149&publication_year=2019&pages=1503-1510&pmid=31174215&doi=10.1093/jn/nxz097&
https://pubmed.ncbi.nlm.nih.gov/29359982
https://doi.org/10.1080%2F08880018.2018.1424280
https://scholar.google.com/scholar_lookup?journal=Pediatr.+Hematol.+Oncol.&title=Vitamin+D+deficiency+and+its+relationship+with+cardiac+iron+and+function+in+patients+with+transfusion-dependent+thalassemia+at+Chiang+Mai+University+Hospital&author=P.+Dejkhamron&author=K.+Wejaphikul&author=T.+Mahatumarat&author=S.+Silvilairat&author=P.+Charoenkwan&volume=35&publication_year=2018&pages=52-59&pmid=29359982&doi=10.1080/08880018.2018.1424280&

105. Donovan A., Brownlie A., Zhou Y., Shepard J., Pratt S.J., Moynihan ]., Paw B.H., Drejer A.,
Barut B., Zapata A, et al. Positional cloning of zebrafish ferroportinl identifies a
conserved vertebrate iron exporter. Nature. 2000;403:776-781.
doi: 10.1038/35001596. [PubMed] [CrossRef] [Google Scholar].

106. Daher R., Karim Z. Iron metabolism: State of the art. Transfus Clin. Biol. 2017;24:115-
119. doi: 10.1016/j.tracli.2017.06.015. [PubMed] [CrossRef] [Google Scholar].

107. Giansanti F., Panella G., Leboffe L., Antonini G. Lactoferrin from Milk: Nutr. aceutical

and Pharmacol.ogical Properties. Pharmaceuticals. 2016;9:61.
doi: 10.3390/ph9040061. [PMC  free article] [PubMed] [CrossRef] [Google
Scholar].

108. Nairz M., Theurl I, Swirski F.K., Weiss G. “Pumping iron”—How macrophages handle
iron at the systemic, microenvironmental, and cellular levels. Pflugers
Arch. 2017;469:397-418. doi: 10.1007/s00424-017-1944-8. [PMC free
article] [PubMed] [CrossRef] [Google Scholar].

109. Sukhbaatar N,  Weichhart T. Iron  Regulation: Macrophages  in
Control. Pharmaceuticals. 2018;11:137.  doi: 10.3390/ph11040137. [PMC  free
article] [PubMed] [CrossRef] [Google Scholar].

110.Varely H, Gowenlock AH; Bell M. Practical Clinical: Biochemistry.General Topics and
Commoner Tests. London: William Heinrnan Medical Books LTD, 1980; 1:623-41.

111. Kisters-K; et al: plasma and membrane Ca+and mg+2 concentration in normal
pregnancy and in preeclampsia, Germany: 1998; 46(3): 158-63.

112. Svanberg B. Absorption of iron in pregnancy. Acta obstet Gynecol. Scand 1975, (Suppl
48): 7-27.

113. Taylor D], Lind T. Haematological changes during normal pregnancy: iron induced
macrocytosis. Br ] obstet Gynecol 1976; 83: 760-7.

114. Ibanoba-L.The mineral requirements and mineral status in Pregnancy.Akush-Ginekol-
Sofiia. 1996; 35(1-2): 40-2.

115.Zdziennicki-A; Laudanski-T.Iron deficiency as a risk factor during the prenatal period.
Ginekol-Po0l.1996 Jun; 67(6): 301

116. Lops VR, Hunter LP, Dixon LR. Anemia in Pregnancy. Am Fam Physician 1995; 51 (5):
1189-97.

117. Beck W S, (ed). Iron Metabolism. In: Hematology. London: The-MIT Press, 1985.

118. Viteri FE, The consequences of iron deficiency and anemia in pregnancy. In: Allen L,
King ], Lonnerdal BO, (eds). Nutrient Regulation during Pregnancy, Lactation, and
Infant Growth. New York: Plenum Press, 1994:127-139.

119. Fenton V, Cavill L, Fisher J. Iron stores in pregnancy. Br ] aerautol 1971:31:145-59.

120. Hytten FE, Leitch I. The Physiology of Human Pregnancy. Oxford: Blackwell Publishing
Co., 1971.

Journal of Current Researches on Health Sector, 2022, 12 (2), 139-176. 170


https://pubmed.ncbi.nlm.nih.gov/10693807
https://doi.org/10.1038%2F35001596
https://scholar.google.com/scholar_lookup?journal=Nature&title=Positional+cloning+of+zebrafish+ferroportin1+identifies+a+conserved+vertebrate+iron+exporter&author=A.+Donovan&author=A.+Brownlie&author=Y.+Zhou&author=J.+Shepard&author=S.J.+Pratt&volume=403&publication_year=2000&pages=776-781&pmid=10693807&doi=10.1038/35001596&
https://pubmed.ncbi.nlm.nih.gov/28694024
https://doi.org/10.1016%2Fj.tracli.2017.06.015
https://scholar.google.com/scholar_lookup?journal=Transfus+Clin.+Biol.&title=Iron+metabolism:+State+of+the+art&author=R.+Daher&author=Z.+Karim&volume=24&publication_year=2017&pages=115-119&pmid=28694024&doi=10.1016/j.tracli.2017.06.015&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5198036/
https://pubmed.ncbi.nlm.nih.gov/27690059
https://doi.org/10.3390%2Fph9040061
https://scholar.google.com/scholar_lookup?journal=Pharmaceuticals&title=Lactoferrin+from+Milk:+Nutr.+aceutical+and+Pharmacol.ogical+Properties&author=F.+Giansanti&author=G.+Panella&author=L.+Leboffe&author=G.+Antonini&volume=9&publication_year=2016&pages=61&pmid=27690059&doi=10.3390/ph9040061&
https://scholar.google.com/scholar_lookup?journal=Pharmaceuticals&title=Lactoferrin+from+Milk:+Nutr.+aceutical+and+Pharmacol.ogical+Properties&author=F.+Giansanti&author=G.+Panella&author=L.+Leboffe&author=G.+Antonini&volume=9&publication_year=2016&pages=61&pmid=27690059&doi=10.3390/ph9040061&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5362662/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5362662/
https://pubmed.ncbi.nlm.nih.gov/28251312
https://doi.org/10.1007%2Fs00424-017-1944-8
https://scholar.google.com/scholar_lookup?journal=Pflugers+Arch.&title=%E2%80%9CPumping+iron%E2%80%9D%E2%80%94How+macrophages+handle+iron+at+the+systemic,+microenvironmental,+and+cellular+levels&author=M.+Nairz&author=I.+Theurl&author=F.K.+Swirski&author=G.+Weiss&volume=469&publication_year=2017&pages=397-418&pmid=28251312&doi=10.1007/s00424-017-1944-8&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6316009/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6316009/
https://pubmed.ncbi.nlm.nih.gov/30558109
https://doi.org/10.3390%2Fph11040137
https://scholar.google.com/scholar_lookup?journal=Pharmaceuticals&title=Iron+Regulation:+Macrophages+in+Control&author=N.+Sukhbaatar&author=T.+Weichhart&volume=11&publication_year=2018&pages=137&pmid=30558109&doi=10.3390/ph11040137&

121. Huebers HA, Finch CA. The physiology of transferrin and 19 transferrin receptors.
Physiol Rev 1987; 67: 520.

122. Finch CA, Huebers HA, Miller LR, Josephson BM, Shepard TR, ackler B. Fetal iron
balance in the rat. Am ] Clin Nutr 1983; 37:910.

123.Guyton AC.Textbook of Medical Physiology. Philadelphia: W.B. Saunders
company.1986: 987-91.

124. Jacobs A, Worwood M, (eds). Chapter two .In: Morgan EH. Iron Biochemistry and
Medicine. London: Academic Press, 1974:50.

125. Singale-PN; Tyagi-M; Shankar-R; Dash-D; Kumar-A.Fetal iron status in maternal
anemia. Banaras Hindu University, India.Acta-Paediatr. 1996 Nov; 85(11): 1327-
30.

126.Singla-PN; Tyagi-M; Shankar-R; Dash-D; Kumar-A.Fetal iron status in maternal
anaemia. Acta-Paediatr, 1996 Nov; 85(11): 1327-30.

127. Hytten FE.Do pregnant women need zinc supplements? Br ] Obstet Gynaecol 1985; 92
(9): 873-4.

128. Cook JD, Skikne BS, Baynes RD. Iron deficiency: The global perspective. In: Hershko C,
Konijn AM, Aisen P, (eds). Progress in Iron Deficiency Research. New York: Plenum
Press, 1994: 219-28.

129. MMWR-Morb-Mortal-Wkly-Rep.1998 Apr 3, 47 (RR-3): 1-29. Recommendation to
prevent and control iron deficiency in the United States. Centers for Disease
Control and prevention.

130. Demaeyer E. Preventing and controlling iron deficiency anemia through primary
health care. WHO. Geneva, 1989.

131. Saeed BA. Anaemia of Pregnancy in Mosul (Thesis).Mosul, Iraq: College of Medicine,
University of Mosul, and 1988:41.

132. Allen-LH: Pregnancy and iron deficiency: University of California, USA.Nutr-Rev.1997
Apr; 55(4):91-101

133. WHO, Maternal Health and Safe motherhood, Division of family Health. The prevalence
of nutritional anemia in women. WHO. Geneva, 1991.

134.Viteri FE. Iron deficiency, Ending Hiddin Hunger, Proceedings of Policy Conference on
Micronutrient Malnutrition, WHO, UNICEF, World Bank,CIDA-Canada, USAID, FAO,
UNDP.The Taskforce fOr child survival and development. Atlanta, GA,1991.

135. Kuhnlein-HV; Soueida-R; Receveur-0.Dietary nutrient profiles of Canadian Baffin
Island Inuit differ by food source, season, and age.J- Am-Diet-Assoc. 1996 Feb;
96(2): 155-62.

171 Al Sabaiwy, K. A. M., Al-Qattan, M. A. A. & Al-Haidari, M. (2022). Estimation of the Ratio
between Copper & Zinc in Pregnant Women Suffering from Iron Deficiency Anemia



136. Cartwright G E. Copper Metabolism in Human Subjects.In: McElroy WD, Glass B, (eds),
Symposium on Animal, Plant and Soil Relationship.Baltimore: Johne Hopkins Press;
1825:275 314.

137. Singh-K; Fong-YK; Arulkumaram-S.Anaemia in pregnancy-a cross-sectional study in
Singapore.Eur-J-Clin-Nutr. 1998 Jan; 52(1):65-70.

138. Royston E. The prevalence of nutritional anaemia in women in developing countries, A
critical review of available information. World Health Stat Q 1982;35:52

139. Viteri-FE.A new concept in the control of iron deficiency. University of California,
USA.Biomed-Environ-Sci. 1998 Mar; 11(1): 46-60.

140. Favier-M; et al: Zinc deficiency and dietary folate metabolism in pregnant rats:
France.]-Trace-Elem-Electrolytes-Health-Dis. 1993 Mar; 7(1): 19-24.

141. Scholl-TO; Hediger-ML; Schall-JI; Fischer-RL; Khoo-CS: Low zinc intake during
pregnancy: its association with preterm and very preterm delivery.Am-]J-
Epidemiol.1993 May 15; 137(10): 1115-24.

142. Huddle-JM; Gibson-RS; Cullinan-TR.Is zinc a limiting nutrient in the diets of rural
pregnant Malawian women? Br-J-Nutr. 1998 Mar;79(3): 257-65.

143. Garnica AD. Trace metal and Hemoglobin metabolism. Ann Clin Lab Med 1981; 11:
220-80.

144. Ling-CD; Zhang-Z]; et al Studies on nutritional effects of traditional Chinese tonics with
strengthened nutrients on pregnant women and rats. Chung-Kuo-Chung-His-I-
Chieh Ho-Tsa-Chih.1996 May; 16(5): 270-3.

145.Prasad AS. Discovery and importance of zinc in human nutrition. Federation
Proceedings 1964; 43(13): 2829-34.

146. Rady AM, Rady M YA. Human zinc in health and disease. Islamic World Med ] 1986; 2
(3): 29-32.

147. Aggett PJ]. Zinc nutrition in medicine. Medicine Digest 1984; 10(6): 11-19.

148. Hosokawa S, Nishitani H, Umemua K, Bisarya BN. Relationship between haemodialysis
anaemia and copper and zinc.In Urol Neurol 1985; 17(4):365-71.

149. Fasodhare P, Ramaraju LA, Raman L. Trace minerals in pregnancy 1.copper and zinc.
Nutr Res 1991; 11: 15-21.

150. Brown M(C, Ward R],Haines AP, North WRS, Abraham R, Mcfadyen IR. Zinc and copper
in Asian pregnancies-is there evidence for a nutritional deficiency? Br ] Obstet
Gynecol 1985; 92: 875-85.

151. Chmielnicka-]J; Sowa-B.Cadmium interaction with essential (Zn, Cu, Fe), metabolism
mtallothionein, and ceruloplasmin in pregnant rats and fetuses.Ecotoxicol-
Environ-Saf.1996 Dec; 35(3): 277-81.

152. Brewer-GJ; et al: Treatment of Wilson's disease with zinc: XV long-term. USA .J- Lab-
Clin-Med. 1998 Oct; 132 (4): 264-78.

Journal of Current Researches on Health Sector, 2022, 12 (2), 139-176. 172



153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

Sherman DR, Moran PE. Copper metabolism in iron-deficient maternal and neonatal
rats. | Nutr 1984; 114: 298-306.

Gowenlock AH, McMurray JR, McLanchaln DM. Varley's Practical Clinical Biochemistry.
London: Heinemann Medical Books, LTD, 1988:927-94.

Fang F, Haylor S, Lum ], et al. Human Ceruloplasmin. Tissue specific expression of
transcripts produced by alternative splicing. | Biol chem 1990; 265(12): 10780-85.

Riordan, J.F., and Vallee, B.L.: Structure and function of zinc metalloenzymes. In: Trace
Elements in Human Health and Disease, Vol.1.A.S. Prasad, Ed. New York, Academic
Press, 1976, pp. 227-251.

Johnson WT, Kramer TR. Effect of copper deficiency on erythrocyte membrane
proteins of rats. ] Nutr 1987; 117: 1085-90.

Thorstensen K. Hepatocytes and reticulocytes have different mechanisms for the
uptake of iron from transferrin. ] Biol Chem 1988; 263: 16837-41.

Kailis SG, Morgan EH. Transferrin and iron uptake by rabbit bone marrow cells in
vitro. Br ] Haematol 1974; 28: 37-52.

Fiabane AM, Williams DR. The Principles of Bioinorganic Chemistry. The chemical
society 1977: 26-8.

Holt AB, Spargo RM, Iveson |B, Faulkner GS, Cheek DB Serum and plasma zinc, copper
and iron concentrations in aboriginal communities of NorthWestern Australia. Am
J Clin Nutr 1980; 33:119-32.

Thompson R H S,Watson D. Serum copper levels in pregnancy and in pre-eclampsia.]
Clin pathol 1949; 2:193-6.

Brewer GJ, Hill GM, Dick RD, Prasad AS, Cossack ZT Interactions of trace elements:
Clinical significance. ] Am Coll Nutr 1985; 4:33-38.

Neuweiler W. Fetal absorption of copper from the placenta. Klin Wehnsch.1942;
21:521.

Studnitz W, Berezin D. Studies on serum copper inPregnancy, menstrual cycle, and
after estrogen therapy. Acta Endocrine 1958; 27: 245.

Martin-Lagos-F; Navarro-Alarcon-M; et al; zinc and copper concentrations in serum
from Spanish women during pregnancy.Biol- Trace-Elem-Res. 1998 Jan;61(1):61-
0.

167.Ganony WF. Review of Medical Physiology. California: Prentie Hall International Inc,

168.

1991:213 and 404.

Beinert h. cytochrome c oxidase. Present knowledge of the state and function of its
copper components. In: Peisach ], Aisen P, Blumberg WE (eds). The Biochemistry
of Copper, Proceedings of the Symposium on Copper in Biological Systems. New
York: Academic, 1965:213.

173

Al Sabaiwy, K. A. M., Al-Qattan, M. A. A. & Al-Haidari, M. (2022). Estimation of the Ratio
between Copper & Zinc in Pregnant Women Suffering from Iron Deficiency Anemia



169. Galan P, Hereberg S, Tovitou Y. The activity of tissue enzymes in iron deficient rats and
man :an overview. Compartive Biochem Physiol 1984; 773: 647-53.

170. Commack R, Wrigglesworth JM, Eaum H. Iron dependent enzymes in mammalian
system, In: Ponka. P Schulman HM, Woodworth RC, (eds). Iron Transport and
storage. Boca Raton FL: C.R.C press, 1990.

171. Viteri FE. Influence of iron nutrition on work capacity and performance. In: Filer, L],
(ed). Dietary Iron Birth to Two Years.New York: Raven Press, 1989:27-59.

172.Celsing F.Influence of iron deficiency and changes in hemoglobin concentration on
exercise capacity in man (Thesis). Stockholm, Physiology III, Karolinska
Institute, 1987.

173.Atinmo T, Mbofung C, Osinusi BO. Relationship of zinc and copper concentrations in
maternal and cord blood and birth weight, int ] Obstet Gynecol 1980; 18: 452-54.

174.Ghosh A, Fong LYY, Wan CW, Liany ST, Woo ]JSK, Wong V. Zinc deficiency is not a cause
for abortion, congenital abnormality and small for gestation age infant in Chinese
women. Br ] Obstet Gynecol 1985; 92: 886-91.

175.Bedwal-RS; Bahuguna-A: zinc, copper in reproduction, India: 1994 Jul 15; 50(7): 626-
40.

176.Kiitholma. P, Gronroos M, Liukko P, Pakarinen P,Hyord H, Erkkola R. Maternal serum
copper and zinc concentrations in normal and small for date pregnancies. Gynecol
Obstet Invest 1984; 18: 212-16.

177.Hambidge-M;Hackshaw-A; Wald-N.Neural tube defects and serum zinc.Er-J-Obstet-
Gynaecol. 1993 Aug; 100(8): 746-9.

178. Halstead JA, Ronaghy HA, Abadi P, et al. zinc deficiency in man. The Shiraz experiment.
Am ] Med 1972; 53:277-84.

179. Cunnane-SC; Yang-J; Chen-ZY: Low zinc intake increases apparent oxidation of linoleic
and alpha-linolenic acids in the pregnant rat:Canada: Can-J-Physiol-Pharmacol.
1993 Mar-Apr; 71(3-4): 205-10.

180. CDC criteria for anaemia in children and childbearing-aged women. MMWR 1989;
38:400-4.

181. Intitute of Medicine, Committee on nutritional status during pregnancy and lactation.
Nutrition during pregnancy. Washington DC: National Academy press, 1990:272-
98.

182. Shackeford-ME;et al;Mineral interactions in rats feed AIN-76Adiets with excess
calcium. Washington, DC: Food-Chem-Toxicol.1994Mar; 32(3):255-63.

183. Mameesh MS, Hathout H, Safar MAAI, Mahfouz AAl-Hassan JM.Maternal Plasma
proteins, Magnesium,zinc and copper concentration at term associated with birth
in Kuwait. Acta Vitaminol Enzymol 1985; 7(3-4),183-8.

Journal of Current Researches on Health Sector, 2022, 12 (2), 139-176. 174



184. Golub MS, Gershwin ME, Hurley LS, Bailey DL, Hendrickx AG. Studies of marginal zinc
deprivation in rhesus monkeys. I. Influence on pregnant dams. Am ] Clin Nutr 1984
; 265-80.

185.Poukhula A,Hakala M,Huhti E.Serum copper, zinc and Ceruloplasmin concentrations in
patients with lung cancer. Respiration 1987;51:272-276.

186. Kalra R, Kalra VB, Sareen PM et al. Serum copper and ceruloplasmin in pregnancy
with anaemia. Indian ] Pathol Microbiol 1989; 32(1): 28-32.

175 Al Sabaiwy, K. A. M., Al-Qattan, M. A. A. & Al-Haidari, M. (2022). Estimation of the Ratio
between Copper & Zinc in Pregnant Women Suffering from Iron Deficiency Anemia



SRA Strategic Research Academy ©

© Copyright of Journal of Current Researches on Educational Studies is the property of Strategic
Research Academy and its content may not be copied or emailed to multiple sites or posted to a
listserv without the copyright holder's express written permission. However, users may print,
download, or email articles for individual use.

Journal of Current Researches on Health Sector, 2022, 12 (2), 139-176. 176



