Annals of R.S.C.B., ISSN:1583-6258, Vol. 28, Issue 1, 2024, Pages. 72-90
Received 10 January 2024; Accepted 24 January 2024

Correlation of Serum Alanine Aminotransferase,
Aspartate Aminotransferase and Total Protein with
Copper in Anemic Women

!Nedaa Yaseen Taha Alani, 2Mohammed Fadhel Jassim, °Mearaj Mahdi Mohammed
! Ministry of Education, Anbar, Iraq.
2 University of Fallujah, College of Applied Sciences, Department of Applied Chemistry.

Summary

Anemia remains a major public health problem, affecting one third of all adults and
almost two billion people worldwide. Main aim of this study is to determine serum copper,
alanine aminotransferase (ALT), aspartate aminotransferase (AST) and total protein and
explore the possible association that might present between them in Anemic Women.

Fifty subjects were included in this study, they were divided into two groups; controls
group which involved 20 females, and patients group involved 30 females, the sample
collection has been attended the students of the college of applied science and some private
laboratories in Al-Fallujah city, for the sampling period was from January 2022 to April 2022
and the ages of all subjects was ranged from 20-45 year. Serum levels of Copper and liver
enzymes mentioned in the study were estimated by color enzymatic methods .

The results showed lower serum levels of Copper (pg/dL) with significant differences in
anemic women (P < 0.0001) than in control group. The serum levels of ALT (U/L) was
significantly higher in controls (P < 0.0001) in comparison with patients, also the serum
levels of, AST was significantly higher in controls than patients (P < 0.001), while the serum
levels of total protein decreased slightly in the patients group in comparison to the controls
group (P < 0.001).

The current study showed that the correlation for Copper with Age weak positive (r =
0.383), (p=0.037), and negative correlation was notice with total protein (r = -0.505)
(p=0.004) .In addition to no correlation was observed between Copper with ALT and AST.

1.Introduction
1.1 Anemia
Anemia remains a major public health problem, affecting one third of all adults and

almost two billion people worldwide. ® Anemia in women of reproductive age (WRA) (age
range: 15-49 y) remains a public health problem globally. > Anemia is a global public health
concern, provoking severe health problems and lower quality of life, the main contributory
factor of anemia is the nutritional causes such as trace elements deficiency. ©

The low hemoglobin (Hb) concentration in blood that defines anemia occurs long after
tissue iron stores have been depleted to levels associated with suboptimal function, a major
cause of anemia, this iron deficiency leads to diminished oxygen-carrying capacity in red
blood cells, which in turn diminishes energy efficiency, work capacity and productivity. ®
According to the World Health Organization (WHO), anemia is Hb levels less than 13 g/dL
in men over 15 years of age, less than 12 g/dL in women over 15 years of age, and less than
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11 g/dL in pregnant women, although the data on the prevalence of anemia vary, it was found
to be 24.8% worldwide in a study, and the majority of this was iron deficiency anemia. ®

In general, there are three major types of anemia, classified according to the size of the red
blood cells. ©

If the red blood cells are smaller than normal, this is called microcytic anemia. The major
causes of this type are iron deficiency (low level iron) anemia and thalassemia (inherited
disorders of Hb).

If the red blood cells size are normal in size (but low in number), this is called normocytic
anemia, such as anemia that accompanies chronic disease or anemia related to kidney disease.
If red blood cells are larger than normal, then it is called macrocytic anemia. Major causes of

this type are pernicious anemia and anemia related to alcoholism.

1.1.2 Anemia Causes

Many medical conditions cause anemia, common causes of anemia include the following. ®
Anemia from active bleeding: Loss of blood through heavy menstrual bleeding or wounds
can cause anemia. Gastrointestinal ulcers or cancers such as cancer of the colon may slowly
ooze blood and can also cause anemia.

Iron deficiency anemia: is characterized by decreased hemoglobin synthesis leading to
hypochromic and microcytic RBC production. Causes of IDA include reduced iron intake or
absorption, increased iron demand during adolescence and pregnancy, bariatric surgery,
heavy blood loss during menstruation, chronic gastrointestinal blood loss, polyps, or
carcinoma. (9)

Anemia of chronic disease: Any long-term medical condition can lead to anemia. The exact
mechanism of this process in unknown, but any long-standing and ongoing medical condition
such as a chronic infection or a cancer may cause this type of anemia.

Anemia related to kidney disease: The kidneys release a hormone called the erythropoietin
that helps the bone marrow make red blood cells. In people with chronic (long-standing)
kidney disease (CKD) or end stage renal disease (ESRD), the production of this hormone is
diminished, and this, in turn, diminishes the production of red blood cells, causing anemia.
This is called anemia related to or anemia of chronic kidney disease. 9

1.2 Liver Enzyme Function

Enzymes are proteins found in your body that speed up certain chemical reactions. Liver
enzymes perform these jobs within the liver. Two of the common ones are known as alanine
aminotransferase (ALT) and aspartate aminotransferase (AST). Y Serum levels of liver
enzymes, such as ALT, AST are highly sensitive to liver dysfunction and damage, because
assays for these liver enzymes are cost-effective, they are widely used during general health
check-ups worldwide. *?

1.2.1 Alanine Aminotransferase

Alanine aminotransferase, (EC: 2.6.1.2). @ It is the most commonly used enzyme for
detecting hepatocellular damage, it is found in many tissues, but it is most active in the liver.
(4 ALT concentrations are found to be lower than AST concentrations in all cells except
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hepatic cells; thus, its elevation is particularly related to liver disease. *> ALT facilitates the
formation of glutamate and pyruvate in the hepatocyte which is important for energy

production. ® Elevations in ALT are traditionally linked to hepatocellular injury; however,
there have also been reports of severe muscle damage linked to an increase in ALT activit. 7

1.2.2 Aspartate Aminotransferase

Aspartate aminotransferase (EC 2.6.1.1). ®® AST is less specific for liver damage. %
AST is found throughout tissues, with high concentrations in the heart, liver, kidney, and
skeletal muscle as a result, it should not be used as a sole indicator of liver damage unless
other supporting enzymes are measured, elevations in AST may be less pronounced in most
species than increases in ALT with minimal to mild liver injury. ¥ When it comes to AST,
caution must be practiced when evaluating abnormal levels due to its presence in other tissues
. ®Increased AST activities are commonly associated with effects on the liver and skeletal
muscle, but they can also be seen in hemolytic conditions. ")

1.2.3 Reaction Catalyzed by The Aminotransferase
Both ALT and AST catalyze the transfer of an amino group from an amino acid to a-
ketoglutarate. The amino acids are L-alanine and
L-aspartate and the reaction products are L-glutamate and either pyruvate or oxaloacetate,
respectively (Figure 1-1A )The overall effect is exchange of an amino group and a keto
group. Pyridoxal 5’-phosphate(PLP) vitamin B6 derivative serves as a coenzyme. (9
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The most important role of ALT is in the alanine-glucos ( Figurel-1B) in muscle ALT
converts pyruvate to the amino acid alanine using an amino group from glutamate.Alanine
enters circulation and is taken up by the liver, where ALT in hepatocytes can convert it back
to pyruvate which can be used to make glucose, this system is especially important for
glucose regulation during stressful conditions such as fasting or vigorous exercise. It has also
been suggested that the mitochondrial isoform of ALT is particularly important in
gluconeogenesis in some cases. 0

The most important physiological function of AST may be maintenance of the NAD+/NADH
ratio within cells. AST is a critical partner in the malate-aspartate shuttle, which oxidizes
NADH in the cytosol and reduces NAD+ in the mitochondrial matrix to facilitate glycolysis
and electron transport, respectively ( Figurel-1C). %
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Fig. (1-1) Reaction Catalyzed by The Aminotransferase. 19

1.3 Biochemical Markers Related to Liver Diseases

Routine liver biochemical tests includes tests of hepatic function (e.g., serum albumin,
serum bilirubin), abnormal liver biochemical test are often the first clues to liver disease. ?%
1.3.1 Total protein

Total protein is one of the elements used to assess the system’s protein balance. Its
concentration in serum provides general information on the nutritional status of the patient,
about 50-60% of total protein is albumin, the remaining percentage is globulin, fibrinogen,
lipoprotein, and glycoprotein. ?? The estimation of total proteins in the body is useful in
distinguishing between normal and damaged liver function because the important role of liver
produces the majority of proteins such as albumin and globulin. ®® Total protein represents
the sum of albumin and globulin, it may be elevations duo to chronic infection, collagen
vascular disease, liver dysfunction wile it could be decreased due to malnutrition, liver
diseases etc. ?¥

Albumin

Albumin is the most abundant circulating protein found in plasma. It represents half of
the total protein content( 3.5 g/dL to 5 g/dL)of plasma in healthy human patients. Albumin
is synthesized by liver hepatocytes and rapidly excreted into the bloodstream at the rate of
about( 10-15 ) gm per day .
Very little albumin is stored in the liver, and most of it gets rapidly excreted into the
bloodstream. In humans, serum albumin functions as a significant modulator of plasma
oncotic pressure and transporter of endogenous and exogenous i.e. drugs ligands. In clinical
medicine, serum albumin can be measured via standard serum laboratory testing, and this
measure has been advocated as a highly sensitive marker for an individual patient's

nutritional status. ¢

Globulins

Globulins are a family of globular proteins that have higher molecular weights than
albumins and are insoluble in pure water but dissolve in dilute salt solutions. Some globulins
are produced in the liver, while others are made by the immune system. The normal
concentration of globulins in human blood is about(g/dL 4.6-2.6).%7
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Globulins play an important role in liver function, blood clotting, and fighting infection,
Globulin is one type of protective antibody produced by immune system that helps identify
and fight infections, increased globulin levels may be due to chronic inflammation, kidney
infection, stress, liver disease and parasite infestation, while decreased globulin levels may be
due to anemia, depressed immune systems. ®®)

B-1 Type of globulin

All globulins fall into one of the following four categories: ®®Alpha 1 globulins
Alpha 2 globulins
Beta globulins
Gamma globulins (one group of gamma globulins is the immunoglobulins, which are also
"known as "antibodies"

Shown the type in (Figure 1-2). @7

albumin

alpha1i alphaZ2 beta gamma

Fig. (1-2)Schematic representation of a protein electrophoresis gel. ?7
1.4 Clinical Significance of Copper in Anemia

Copper a trace element, is heavily involved in cell oxidation and signaling systems. ©9
Trace elements play an important role as essential components or cofactors of enzymes
throughout hemopoiesis. Most of the trace elements are critically involved during
hemopoiesis via the metabolically important enzymatic pathway .Y In addition, when the
trace elements enter into the body, they may bind to red blood cells to be transported to target
organs.Thus, trace elements not only can alter the synthesis of red blood cells but also can
influence the distribution and the storage of blood cells in the target organs, thereby altering
the status of blood parameters in the body, in case of Cu acts as an essential component of the
functioning enzymes such as ferroxidase, hephestin, and ceruloplasmin; it is related to the
etiology of anemia due to defect in iron immobilization. ¢?

Copper deficiency reduces hemoglobin synthesis and leads to anemia. ® Copper is a
crucial micronutrient needed by animals and humans for proper organ function and metabolic
processes such as hemoglobin synthesis, as a neurotransmitter, for iron oxidation, cellular
respiration, and antioxidant defense peptide amidation, and in the formation of pigments and
connective tissue. G

Trace elements, such as copper and zinc, are found in the structures  of enzymes that
act on iron metabolism (e.g., copper and ceruloplasmin). ©% Copper may also contribute to
anemia development through reductions in erythropoietin (EPO) and antioxidant enzymes
that require copper, thus increasing oxidative stress and reducing red blood cell (RBC ) life
span. (%

A hereditary or acquired copper unbalance, including deficiency, overload, or
misdistribution, may cause or aggravate certain diseases such as Menkes disease, Wilson
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disease, neurodegenerative diseases, anemia, metabolic syndrome, cardiovascular diseases,
and cancer. A full understanding of copper metabolism and its roles in diseases underlies the
identification of novel effective therapies for such diseases. *® More than 95% of the copper
found in plasma is present in a serum ferroxidase called as Ceruloplasmin.This sialo
glycosylated oxidase protein contains 07 atoms of copper. Ceruloplasmin activates
mobilizable stores of iron present in the specific cells and bring about the release of iron. ¢

Etiology of anemia in copper deficiency is complex and multifactorial. Ceruloplasmin, a
major copper carrying protein in the blood, oxidizes ferrous iron to ferric form which allows
iron to be transported in the circulation and bind to transferrin. Another important element in
copper—iron interaction is Hephaestine, which is a copper-dependent ferroxidase. This is a
transport protein involved in iron absorption from enterocytes which can explain the
development of microcytic hypochromic anemia in some patients. ¢® Mechanism of copper
deficiency anemia shown in figure (1-3). ¥
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Fig (1-3) Mechanism of copper deficiency anemia. %

1-5 Aims of the Study

The main aim of this study was to evaluate serum levels of copper in anemia woman and
explore the correlation and strength of associations between the variables with others studied
parameters ALT, AST, Total protein .
2. Materials and Methods
2.1 Subjects

Fifty subjects females in the study. The age range was within (20 to 40 years), the

study was carried out in those attending the Fallujah teaching hospital and some private
laboratories between October to December 2021.Questionnaire sheet was completed for each
subjects (Appendix I).
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2.2 Materials
2.2.1. Instruments that are used:
The sources of devise in this study are shown in table (2-1).

N The Device Name Company Origin

1 Spectrophotometry Emclab Germany
2 Spectrophotometry Mindray BA-88A Chine

3 Centrifuge Hettich Universal Germany
4 Water bath Memmert Germany
5 Deep freeze Beko Turkey

6 | Normal refrigerator LG South Korea
7 Timer with alarm junghans Germany

The tools that are were used in the studay are shown in table (2-2)

N Tools Company Origin
1 Pipette tips Gilson France
2 Eppendroff tubes Eppendroff Germany
3 Micropipette Gilson France
4 Plastic disposable syrings 3ml Meheco China
5 Blood collection gel tubes Afmh England

2.1.2 Materials
The material that were used in this study are shown in Table (3-2)

N Materials Company Origin

1 ALT Kit Agappe Switzerland
2 AST Kit Agappe Switzerland
3 TP Kit Bio system

4 Copper Rame Italy
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50 Samples

30

20

> Samples patients

Samples controls

Age from (20 - 45)

!
Blood Sample
v

Serum gel tube
2.3 Blood Sampling

About 3 mL of blood were taken from all subjects participate in this study by using
disposable syringe, blood was left for 15 minutes for clotting at room temperature , the blood
was centrifuged at 4000 xg for 15 minutes. The serum was divided into two parts, the first

one was used for estimating liver function test and the second part was stored in two
eppendorff tubes (250uL) and froze at (-20 °C) until use to estimate Copper.

2.4 Laboratory Methods
2.4.1 Determination Serum Activity of Alanine Amino transferase.
Principle
Alanine aminotransferase stimulates the reverse transfer of an amino group of
alanine to o-ketoglutarate forming pyruvate and glutamate and the pyruvate produced is
reduced to lactate by lactate dehydrogenase(LDH) and NADH.
Kinetic determination of ALT is according to the following reaction
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ALT
L-Alanine + alpha —ketoglutarate — Pyruvate +L-Glutamate

LDH
Pyruvate + NADH + H* — L-Lactate + NAD*

Kit Components

Reagents Types

SALT (S.L)R1 Tris buffer (PH 7.5) 110 mmol /L
L-Alanine 600 mmol/L

LDH > 1500 U/L

SALT (S.L) R2 Alpha- Ketoglutarate 16 mmol /L
NADH 0.24 mmol /L

Assay Procedure

1- Reagents and samples were left at temperature between 20-25 °C

2-Reagent 2(R2) was added to Reagent 1(R1) and mixed gently to prepare working reagent
3-The spectrophotometer was set to zero with distilled water (D.W)

4-This tube was prepared (4 volumes was mixed for R1 with 1 volume of R2 + sample)

Table (2 - 4): Procedure for ALT Determination

Laboratory Procedure for Semi Auto Analyzer
I Working reagent 1000 pL (800 pL R1+200 pL R2)
00 1L

5- The tube was incubated for 1 minute in a water bath at 37 °C.
6- The absorbance was read at 340 nm during 3 minute.
7- The serum activity of ALT was calculated according to equation:
ALT activity (U/L) = (AOD/min) 1745
1745 proved factor for estimation of this assay on semi auto

Normal value for ALT

ALT Serumup to 49 U/L

2.4.2 Determination Serum Activity of Aspartate Amino transferase
Principle

Aspartate aminotransferase catalyzes the reversible transfer of an amino group from
aspartate to a-ketoglutarate forming oxaloacetate and glutamate. The oxaloacetate produced
is reduced to malate by NADH and malate dehydrogenase (MDH).

Kinetic determination of AST is based upon the following reaction

AST
L-Aspartate +alpha —ketoglutarate —Oxaloacetate+L-Glutamate

MDH
Oxaloacetate +NADH+H" —L-Malate +NAD
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« Kit Components

Reagents Types

AST (S.L)R1 Tris buffer (PH 7.8) 88 mmol /L
L-Aspartate 260 mmol /L

LDH >1500 U/L

MDH >900 U/L

AST (S L)R1 Alpha- Ketoglutarate 12 mmoL/L
NADH -0.24 mmoI/L

e Assay Procedu re
1- Reagents and samples were left at temperature between 20-25 °C.
2- R2 was added to R1 and mixed gently to prepare working reagent.
3- The spectrophotometer was set to zero with D.W.
4-This tube was prepared (4 volumes was mixed for R1 with 1 volume of R2 + sample).
Table (2-5): Procedure for AST Determination

Laboratory Procedure for Semi Auto Analyzer

I Working reagent 1000 pL (800 pL R1+200 pLR2) | uL 1000 pL (800 pL R1+200 pLR2) |

5- The tube was incubated for 1 minute in a water bath at 37 °C.

6- The absorbance was read at 340 nm during 3 minute.

7- The serum activity of AST was calculated according to equation:
AST activity (U/L) = (AOD/min) x 1745

* 1745 proved factor for estimation of this assay on semi auto analyzer.
Normal value for AST
AST Serum up to 46 U/L

2.4.4 Determination Level of Total Protein
Principle
Total protein colorimetric determination is based on the Biuret reaction principle (copper
salt in an alkaline medium). When protein in plasma or serum samples is treated with cupric
ions in alkaline solution, it forms a blue complex. The intensity of the blue color is directly
proportional to the protein concentration.
e Kit Components

Reagents Types

Potassium lodide 12 mmol /L
Copper (11) acetate 8 mmol /L

Total Protein Reagent Sodium Hydroxide 1.15 mol /L

Total Protein Standard Total Protein Standard 6 g/dL

e Assay Procedure
1- Reagents and samples were left at temperature between 20-25 °C.
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2- Standard of total protein was added to total protein reagent and mixed gently to prepare
working reagent.
3- The spectrophotometer was set to zero with blank..
4- Three tubes were prepared as shown in table (2-7)
Table (2-7): Procedure for Total Protein Determination

Laboratory Procedure
Blank Standard m

m 1000 pL 1000 pL 1000 pL
| Standard 20 uL _

5- The tube was incubated for 10 minutes in a water bath at37 °C.
6- The absorbance was read at 545 nm.
7- Serum level of total protein was calculated according to equation:

TSP Concentration (g/L) = x 69.6

Absorbance of Sample
Absorbance of Standard

69.6 g /L Standard Concentration.

Normal value:

DI

2.4.5 Determination of copper in serum
Principle

The chromogen 3,5-Di-Br-PAESA react with cupric ions and forming a blue —violet
compound , which intensity is prpportional to the copper concentration in the sample

it Components

m 3.5-Di-Br-PAESA

1- Reagents and samples were left at temperature between 20-25 °C
2-Equal amounts of reagent (R2) was added to Reagent (R1) and mixed gently to prepare
working reagent
3-The spectrophotometer was set to zero with distilled water (D.W)
4- Three tubes were prepared as shown in table (2-8)
Table (2-8): Procedure for Copper Determination

Laboratory Procedure
_ ewen | blek ] tndad
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Distlled watr 66 4L

5- The absorbance was read at 580 nm during 3 minute.

6- The serum level of Copper was calculated according to equation:

A 4
(sample) %200
A(standard0

B0y 0L

2.5 Statistical Analysis

* A statistical analysis of data was carried out using SPSS version 25.

* The statistical significance level was set to less than 0.05.

* Descriptive statistics consist of mean, standard deviation (SD), and standard error of mean
(SEM) was calculated separately for each parameter

» The associations between ALT, AST, Total protein with characteristics of Copper was
studied courtesy of Pearson’s correlation (r =—1 to 1).

Copper pg/dl =

3. Results and Discussion
3.1 Anthropometric Analysis

This study shows a statistical analysis of 50 subjects, which included two groups consist
of 30 anemic women (patients) and women healthy (controls) , their ages ranged from 20 to
45 years and the sample in our study were selected from non —pregnant women. The obtained
results of this study were presented in appendix 1.
3.1.1 Age

There was significant statistical difference in mean age (years) between controls and
patient (P<0.0001). The results showed that the mean age of patients (28.2333+7.894499)
was lower than control

(30.35£7.942), as shown in table (3-1) and figure (1) in appendix 111
Table (3-1): Mean £ S.D of age in anemia Patients and Controls

Age (Years) 30.35+7.942 28.2333+7.894499 <0.0001

Anemia has been considered as a leading public health problem mainly among women of
reproductive age group.©®® ) This problem can be attributed to multiple factors such as
consuming inappropriate diet, certain socio-demographic factors, susceptibility to develop
some infections and hemoglobinopathies anemia during the reproductive cycle. @9 there are
several factors including age affects hemoglobin concentration. “9 Heavy menstrual bleeding
(menorrhagia) and pregnancy and delivery can cause significant iron loss leading to severe
anemia. 49
3.2 Biochemical Investigations (Liver function test)

The statistical analysis in table (3-2) shows the examined of liver function, data of this
study detect high significant statistical difference in liver enzymes , the serum level of ALT
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(U/L) in control was higher than controls with mean for patients (19.5517 * 5.49065) and
controls (21.8440 + 7.64502) with (P <0.0001) for all variables. The serum levels of AST
(U/L), controls were higher than patients with mean for patients (23.9423 + 6.32165) and
controls (27.7310 + 5.94088), with (P < 0.0001). The serum levels of Total protein in
controls were lower than patients with mean for patients (76.6117 + 8.03407) and control
(72.2085 + 10.4528), as showed in the table (3-2) with figure (2,3,4) in appendix I11.

Table (3-2): Mean = S.D of Biochemical Investigations in patients and Controls

ALT (U/L) 21.8440 + 7.64502 19.5517 £ 5.49065 <0.0001

AST (U/L) 27.7310 * 5.94088 23.9423 + 6.32165 | <0.0001
Total protein (g/dL) || 72.2085 + 10.4528 76.6117 + 8.03407 | <0.0001

The liver performs a major role in iron homeostasis. It is the main organ for the
production of the iron regulatory hormone hepcidin, expressed in iron excess conditions as
well as in cases of inflammation, blocking the absorption of iron from the enterocytes. The
role of hepcidin in liver diseases, with or without cirrhosis, is still under investigation, but is
probably one of the contributing factors to the anemia of chronic disease present in a variety
of liver conditions.“?An understanding of the proportion of anemia that is attributable to iron
deficiency is particularly relevant to the design and implementation of public health programs
such as the fortification of staple foods with iron and the promotion and distribution of iron
supplements. The fortification of cereal grains with iron is currently mandatory in 85
countries . %

The incidence of anemia is also found in other studies, this is supported by research
from Agustina, 2020 which states that the diet of adolescent girls who attend school as a
whole in the study area has poor quality and low diversity, and several dietary variables, food
quality and dietary diversity was associated with anemia and overweight. ¥ Factors related
to the incidence of anemia among young women are breakfast habits, nutritional status,
protein intake, dietary patterns of iron absorption inhibitors and length of menstruation. Lack
of consumption of animal foods, dietary habits to reduce body weight, and poverty that
causes insufficient consumption of nutritional foods, which can lead to anemia. ¢4

The results of this study are also supported according to research from Hesty, 2018
which states that anemia in adolescent girls is deficient in protein, iron and other
micronutrient deficiencies, exacerbated by a lack of knowledge related to nutrition that can
affect behavior.“® Balci, et al. 2012 reported that 59% of the incidence of anemia was caused
by iron deficiency and 41% was a combination of iron and vitamin B12 deficiency. “® The
data states that in urban areas, about 60% of adolescent girls and around 76% in rural areas
lack protein intake. Statistics The results of the analysis show a correlation between protein
intake and the incidence of anemia in adolescent girls. Lack of animal protein intake and
combined with single consumption of staple foods results in lower iron intake. ¢7)
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3.3 Serum Level of Copper
The statistical analysis in table (3-3) shows the examined of copper, data of this study
was significant statistical difference in mean the serum level of copper (ug/dL)in controls
was higher than patients with mean for patients (77.3263 + 32.41531) and controls
(162.0365+ 27.6094) with (P <0.0001) as showed in the table (3-3) with figure (5) in
appendix I11.
Table (3-3): Mean £ S.D of Copper in patients and Controls

Copper (pg/dL) 162.0365+ 27.6094 77.3263 £ 32.41531 <0.0001

Copper binds to albumin, glutathione, and amino acids in the portal blood after being
released from intestinal cells into the serosal capillaries. In the liver, copper is either
incorporated into copper dependent proteins or is excreted into the bile10. Liver regulates

.copper release and maintains homeostatic control on the extrahepatic distribution of copper .
@n

Fortification and supplementation interventions often have the explicit aim to reduce anemia,
but data on the etiology of anemia are lacking for many countries. Moreover, the use of
anemia prevalence as a criterion for implementing iron interventions may not be the most
effective approach particularly where the infection burden is high. ¢®

Increase in the levels of copper causes oxidative damage and alterations in the function
of cell membranes, peroxidation of lipids,inhibition of receptors, abnormalities in liver
functions,decline in fluidity, changes in the enzymes function and ionic permeation.The
dietary allowance of copper varies according to age, pregnancy, lactation, and for adults. €7
3.5 Pearson Correlation Analysis
3.5.1 Correlation of Copper with Studied Parameters.

The correlations between Copper and variables were investigated in this study. The
results are presented in a table (3-4) and figure (3-1) as showed a weak positive correlation
of Copper with Age levels (r= 0.383, P =0.037), as shown in figure (3-1 A), well observed
with negative correlation of Copper with serum levels of Total protein (r=-0.505, P =0.004)
as shown in table (3-4) and figure (3-1 B).

While no significant correlation was observed between Copper and ALT (r=-0.265, P=
0.156), AST (r=-0.032, P=0.866).
Table (3-4): The Correlation of Copper with the Studied Parameters

Age (Years) 0.383 0.037 ‘

ALT (U/L) -0.265 0.156
AST (U/L) -0.032 0.866
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Figure (3-1 B): Correlation of Copper with total protein

Conclusions
Based on the current findings, this study concludes:

1. In our analysis, There was a weak correlation between serum levels of Copper with total

protein.
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2. Anemia-reduction programs for WRA can be improved by considering the underlying
infection burden of the population and by assessing the overlap of micronutrient deficiencies
and anemia.

Recommendations

This study recommends the following based on its current findings:
1- This study recommend examining anthropometric measurements which could be used as
free predictive and/or diagnostic indicators in the future, especially if they are assessed and
confirmed in papers with a larger sample size.
2- A small sample size of this case control study which may be not successful to explain the
vital correlation between Copper levels and additional measured variables in anemic women,
our data suggets studies with larger samples for additional ethnic groups that are required to
test the biological roles of serum Coppe

References

[1]Harding, K. L., Aguayo, V. M., Namirembe, G., & Webb, P. (2018). Determinants of anemia
among women and children in Nepal and Pakistan: An analysis of recent national survey
data. Maternal & child nutrition, 14, e12478.

[2]Wirth, J. P., Woodruff, B. A., Engle-Stone, R., Namaste, S. M., Temple, V. J., Petry, N., ... &
Aaron, G. J. (2017). Predictors of anemia in women of reproductive age: Biomarkers
Reflecting Inflammation and Nutritional Determinants of Anemia (BRINDA)
project. The American journal of clinical nutrition, 106(suppl_1), 416S-427S.

[3]Wai, K. M., Sawada, K., Kumagai, M., Itai, K., Tokuda, I., Murashita, K., ... & lhara, K.
(2020). Relationship between selected trace elements and hematological parameters
among Japanese community dwellers. Nutrients, 12(6), 161

[4]Christian, P. (2021). Anemia in women—an intractable problem that requires innovative
solutions. Nature medicine,

[5]1-2.

[6]Cikim, G., Kilinc, M., Gunal, M. Y., Tok, A., Tolun, F. I., & Cikim, N. (2020). Do trace
elements influence quality of life in postmenopausal women with iron deficiency?. Trace
Elements and Electrolytes, 37(4), 161.

[7]Hillyer CD, Silberstein LE, Ness PM, Anderson KC, Roback JD (2006). Blood Banking and
Transfusion Medicine: Basic Principles and Practice. Elsevier Health Sciences. p. 534.
ISBN 9780702036255.

[8]Mandel J, Taichman D (2006). Pulmonary Vascular Disease. Elsevier Health Sciences. p.
170. ISBN 978-1416022466.

[9]Ferri FF (2015). BOPOD - Ferri's Clinical Advisor 2016. Elsevier Health Sciences. p.
1131.e2. ISBN 978-0323378222.

[10] Elstrott, B., Khan, L., Olson, S., Raghunathan, V., DeLoughery, T., & Shatzel, J. J.
(2020). The role of iron repletion in adult iron deficiency anemia and other
diseases. European journal of haematology, 104(3), 153-161.

[11] Low, MS; Speedy, J; Styles, CE; De-Regil, LM; Pasricha, SR (April 18, 2016). "Daily
iron supplementation for improving anaemia, iron status and health in menstruating

http://annalsofrscb.ro 87


http://annalsofrscb.ro/

[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]
[20]

[21]

[22]

[23]

[24]

[25]

[26]

Annals of R.S.C.B., ISSN:1583-6258, Vol. 28, Issue 1, 2024, Pages. 72-90
Received 10 January 2024; Accepted 24 January 2024

women”. The Cochrane Database of Systematic Reviews. 4: CD009747.
doi:10.1002/14651858.CD009747.pub2. PMID 27087396.

Kalas, M. A., Chavez, L., Leon, M., Taweesedt, P. T., & Surani, S. (2021). Abnormal
liver enzymes: A review for clinicians. World Journal of Hepatology, 13(11), 1688.

Kim, K. N., Joo, J., Sung, H. K., Kim, C. H., Kim, H.,, & Kwon, Y. J. (2019).
Associations of serum liver enzyme levels and their changes over time with all-cause and
cause-specific mortality in the general population: a large-scale national health screening
cohort study. BMJ open, 9(5), e026965.

Ndeh, F. J., Ojong, E. W., Akpan, U. O.,et al,. (2021). Association between Pyridoxal-5'-
Phosphate Levels, Liver Homogenates and Serum Activities of Aminotransferases and De
Ritis Ratio amongst Alcoholic Hepatitis Patients. Asian Journal of Research and Reports
in Hepatology, 3(1),1-10

York, M. J. (2017). Clinical pathology. In A Comprehensive Guide to Toxicology in
Nonclinical Drug Development (pp. 325-374).

Irmadah, F., Ramezani-Jolfaie, N., Mohammadi, M., et al,. (2020). Does L-carnitine
supplementation affect serum levels of enzymes mainly produced by liver? A systematic
review and meta-analysis of randomized controlled clinical trials. European journal of
nutrition, 59(5), 1767-1783.

Aulbach AD, Amuzie CJ. Chapter 17 - Biomarkers in Nonclinical Drug Development. In:
Faqi AS.A Comprehensive Guide to Toxicology in Nonclinical Drug Development
Second Edition. Boston: Academic Press, 2017: 447-471

Aulbach, A. D., & Amuzie, C. J. (2017). Biomarkers in nonclinical drug development.
In A comprehensive guide to toxicology in nonclinical drug development (pp. 447-471).
Pagana K, Pagana T. Mosby’s Diagnostic & Laboratory Test Reference. 14th ed. St.
. ,Louis

McGill, M. R. (2016). The past and present of serum aminotransferases and the future of
liver injury biomarkers. EXCLI journal, 15, 817.

McCommis, K. S., Chen, Z., Fu, X., McDonald, W. G., Colca, J. R., Kletzien,R. F., ... &
Finck, B. N. (2015). Loss of mitochondrial pyruvate carrier 2 in the liver leads to defects
in  gluconeogenesis and compensation via  pyruvate-alanine  cycling. Cell
metabolism, 22(4), 682-694.

Martin, P., & Friedman, L. S. (2018). Assessment of liver function and diagnostic studies.
In Handbook of liver disease (pp. 1-17).

Scisto, L., Staszkiewicz, M., Walewska, E., Wojtan, S., Paplaczyk, M., & Koézka, M.
(2021). Albumin and total protein concentration—selected parameters of catabolic reaction
and nutritional status among patients with craniocerebral injuries diagnosed with
surgically treated cerebrovascular diseases. Medical Studies/Studia Medyczne, 37(3),
211-217

Singh, A., Bhat, T. K., & Sharma, O. P. (2011). Clinical biochemistry of hepatotoxicity. J
Clin Toxicol, 4(0001), 1-9.

Hosen, M. B., Karmokar, N. C., Karim, M. F., et al,. (2015). Association of AST, ALT,
ALB and Total Protein with Beta-thalassemia in Bangladeshi Population. International
Journal, 3(1), 991-995.

.Moman, R. N., Gupta, N., & Varacallo, M(2017).Physiology, albumin .

http://annalsofrscb.ro 88


http://annalsofrscb.ro/

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Annals of R.S.C.B., ISSN:1583-6258, Vol. 28, Issue 1, 2024, Pages. 72-90
Received 10 January 2024; Accepted 24 January 2024

Yuwen P, Chen W, Lv H, Feng C, Li Y, Zhang T, Hu P, Guo J, Tian Y, Liu L, Sun J,

Zhang Y. Albumin and surgical site infection risk in orthopaedics: a meta-analysis. BMC
(.Surg. 2017 Jan 16;17(1):7

Doneley, B. (2018). Avian medicine and surgery in practice: companion and aviary birds.
..CRC press

Saeed, H. S., Abdellah, A. M., Abdalla, F. A., et al,.(2017). Biochemical effects of lead
toxicity on serum total protein, albumin and globulin levels in occupationally exposed
workers in major Sudanese cities. Internatioal Journal of Emerging Technology and
Advanced Engineering. 7(3), 132-138.

Hosen, M. B., Karmokar, N. C., Karim, M. F., et al,. (2015). Association of AST, ALT,
ALB and Total Protein with Beta-thalassemia in Bangladeshi Population. International
Journal, 3(1), 991-995.

Wazir, S. M., & Ghobrial, 1. (2017). Copper deficiency, a new triad: anemia, leucopenia,
and myeloneuropathy. Journal of community hospital internal medicine perspectives,
7(4), 265-268.

WHO, World Health Report 2002: Reducing risks, promoting healthy life, Geneva,
Switzerland: World Health Organization

Carpenter, W. E., Lam, D., Toney, G. M., Weintraub, N. L., & Qin, Z. (2013). Zinc,
copper, and blood pressure: Human population studies. Medical science monitor:
international medical journal of experimental and clinical research, 19, 1.

Myint, Z. W., Oo, T. H., Thein, K. Z., Tun, A. M., & Saeed, H. (2018). Copper deficiency
anemia. Annals of hematology, 97(9), 1527-1534.

Hacibekiroglu, T., A. Basturk, S. Akinci, et al. 2015. Evaluation of serum levels of zinc,
copper, and Helicobacter pylori IgG and IgA in iron deficiency anemia cases. Eur. Rev.
Med. Pharmacol. Sci. 19: 4835— 4840.

Chaparro, C. M., & Suchdev, P. S. (2019). Anemia epidemiology, pathophysiology, and
etiology in low-and middle-income countries. Annals of the new York Academy of
Sciences, 1450(1), 15.

Chen, J., Jiang, Y., Shi, H., Peng, Y., Fan, X., & Li, C. )2020(. The molecular

mechanisms of copper metabolism and its roles in human diseases. Pfliigers Archiv-
.European Journal of Physiology, 472(10), 1415-1429

Karim, N. (2018). Copper and human health-a review. Journal of Bahria University
Medical and Dental College, 8(2), 117-122.

Wirth, J. P., Woodruff, B. A., Engle-Stone, R., Namaste, S. M., Temple, V. J., Petry, N.,
... & Aaron, G. J. (2017). Predictors of anemia in women of reproductive age: Biomarkers
Reflecting Inflammation and Nutritional Determinants of Anemia (BRINDA) project. The
American journal of clinical nutrition, 106(suppl_1), 416S-427S.

Aziz Ali, S., Abbasi, Z., Feroz, A., Hambidge, K. M., Krebs, N. F., Westcott, J. E., &
Saleem, S. (2019). Factors associated with anemia among women of the reproductive age
group in Thatta district: study protocol. Reproductive health, 16(1), 1-9.

Gautam, S., Min, H., Kim, H., & Jeong, H. S. (2019). Determining factors for the
prevalence of anemia in women of reproductive age in Nepal: Evidence from recent
national survey data. PloS one, 14(6), e0218288.

http://annalsofrscb.ro 89


http://annalsofrscb.ro/

[42]

[43]

[44]

[45]

[46]

[47]
[48]

Annals of R.S.C.B., ISSN:1583-6258, Vol. 28, Issue 1, 2024, Pages. 72-90
Received 10 January 2024; Accepted 24 January 2024

Estadella, J., Villamarin, L., Feliu, A., Perell9, J., & Calaf, J. (2018). Characterization of
the population with severe iron deficiency anemia at risk of requiring intravenous iron
supplementation. European Journal of Obstetrics & Gynecology and Reproductive
Biology, 224, 41-44.

.Gkamprela, E., Deutsch, M., & Pectasides, D(2017) ( Iron deficiency anemia in
chronic liver disease: -etiopathogenesis, diagnosis and treatment. Annals of
.gastroenterology, 30(4), 405)

Agustina R, Nadiya K, Andini EA, Setianingsih AA, Sadariskar AA, Prafiantini E, et al.
(2020) Associations of meal patterning, dietary quality and diversity with anemia and
overweight-obesity among Indonesian school-going adolescent girls in West Java. PL0S
ONE 15(4): 0231519

Sulistiyanti, A., Yulianti, F. D., & Khayati, Y. N. (2021, April). Correlation Between The
Knowledge Level About Eating Patterns And The Incidence Of Anemia In Adolescents
During Covid-19 Pandemic. In International Conference Health, Science And Technology
(ICOHETECH) (pp. 16-19).

Sulistiyanti, A., Yulianti, F. D., & Khayati, Y. N. (2021, April). Correlation Between The
Knowledge Level About Eating Patterns And The Incidence Of Anemia In Adolescents
During Covid-19 Pandemic. In International Conference Health, Science And Technology
(ICOHETECH) (pp. 16-19).

WHO. Worldwide Prevalence of Anemia. Geneva: World Health Organization 2018.
Juffrie, M., Helmyati, S., & Hakimi, M. (2020). Nutritional anemia in Indonesia children
and adolescents: Diagnostic reliability for appropriate management. Asia Pacific Journal
of Clinical Nutrition, 29.

http://annalsofrscb.ro 90


http://annalsofrscb.ro/

