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ABSTRACT 

 The study was enrolled on (121) subjects, (71) of them with diarrhea and (50) 

healthy control at ages ranging from 2 month to 5 years. Venous bloods were 

collected from all patients for the detection of serum copper concentration by 

spectrophotometric method. It was found that the frequency of lowest concentration 

of copper 31 (43.7%) in diarrheal cases while the control groups low concentration 

was only in one case and the percent (2%),these results highly significant (p 

<0.05).About 23(1.1%) of the dehydrated cases had low serum copper vs. 8(30.8%) of 

the non- dehydrated, this relation was statistically not significant but important to 

measure the presence of signs of dehydration ,lows of weight as early detection of the 

severity or morbidity of diarrhea in children with  signs of copper deficiency. Among 

our patients the mean of copper concentration was (15.3 ±5.8)in male compared with 

the control group (17.1±3.98) had no significant differences (p>0.05).While in female 

(14.3 ±5.4) compared with the control group (20.5 ±3.3) statistically significant 

(p<0.05).The gender differences are due to gender-specific differences in copper 

trafficking rather than differences in dietary intake. Human body has an elaborate 

system for managing and regulating the amount of key trace metals. The Correlation 

between the copper level and hematological status shows that low copper level with 

low status, also the electrolyte imbalance in diarrheal children with lower (Na+, 

K+ ,Cl-) concentrations.  

 

Introduction 

 The human body is composed of 

elements which can be roughly divided 

into abundant elements and trace 

elements.
(1) 

Copper is absorbed, 

transported, distributed, stored, and 

excreted in the body according to 

complex homeostatic processes which 

ensure a constant and sufficient supply of 

the micronutrient while simultaneously 

avoiding excess levels.
(2)

 However, due 

to homeostatic regulation, the human 

body is capable of balancing a wide range 

of copper intakes for the needs of healthy 

individuals.
(3)

Many aspects of 

copper homeostasis are known at the 

molecular level.
(4)

 Copper's essentiality is 

due to its ability to act as an electron 

donor or acceptor as its oxidation state 

fluxes between Cu
+1

(cuprous) and 

Cu
+2

 (cupric). Copper is an integral part 

of the antioxidant enzyme, copper-zinc 

superoxide dismutase (Cu, Zn-SOD), and 

has a role in iron homeostasis as a 

cofactor in ceruloplasmin.
(5)

Excess 

copper is eliminated mainly through the 

liver into the bile and is lost through the 

intestines. A minimal amount is excreted 

in the urine.
(6)

 A copper deficiencies can 

occur if anyone do not consume an 

adequate intake of the mineral. Chronic 

infantile diarrhea is one cause, as well as 

deficient in copper can also lead to 

anemia and osteoporosis.
(7)

. Most diets 

contain enough copper (2-5mg daily) to 

prevent a deficiency and not enough to 

cause toxicity.  The World Health 

organization (WHO) suggests that 10-

12mg per day may be the upper safe limit 

https://en.wikipedia.org/wiki/Homeostatic
https://en.wikipedia.org/wiki/Homeostasis
https://en.wikipedia.org/wiki/Cuprous
https://en.wikipedia.org/wiki/Cupric
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for consumption, copper toxicity is 

usually due to: excessive 

supplementation. The increasingly 

common problem of low levels of zinc in 

the diet, contaminated food and drinking 

water outstanding to connection with 

metallic copper.
(8)

The anemia caused by 

copper deficiency is thought to be caused 

by impaired iron transport. Hephaestus is 

a copper containing ferroxidase enzyme 

located in the duodenal mucosa that 

oxidizes iron and facilitate its transfer 

across the baso lateral membrane into 

circulation.
(9)

Ceruloplasmin also oxidizes 

iron from its ferrous state to the ferric 

form that is required for iron 

binding.
(10)

Electrolytes are minerals that 

affect the amount of water in the body, 

muscle function, and the acidity of the 

blood. Its complications remain a major 

cause of morbidity and mortality in 

children under five years of age 

worldwide and is responsible for 2.4 

million deaths each year.
(11) 

Methods 
 This is a hospital-based, case control 

study conducted in special pediatric 

hospital and Azadi hospital in Kirkuk 

from April, 2015 to end of September, 

2015. The study was enrolled on 121 

subjects, 71 of them with diarrhea and 

(50) healthy control at ages ranging from 

2 month to 5 years. Fifty normal healthy 

children 25(50%) female & 25(50%) 

male assessed by specialist were selected 

randomly as a control group, with the 

same exclusion criteria of the patient. 

They were almost similar to patients in 

age ranges, sex, occupation and their 

residence. Venous blood samples 3-5 ml 

were obtained from patients, and control 

groups, then is divided into two tubes, 

one tube with EDTA for doing 

CBC(complete blood count) 

investigation, and another tube without 

EDTA for doing copper and electrolytes 

investigation.  

The principle of copper determination 

based on, releasing the copper from 

ceruloplasmin in an acidic medium, 

reacts with Di-Br-PAESA to form a 

coloured complex. Intensity of the 

complex formed is directly proportional 

to the amount of copper present in the 

sample. 

HumaLyte Plus 5 Bench top ISE 

Electrolyte Analyzer, brand (monash 

international), model ( EA-5).The 

potentiometric techniques measure the 

potential difference between two 

electrodes. Specific electrodes are used 

for the determination of sodium, 

potassium and chlorides. The requirement 

is for an ion selective membrane to 

separate the solution of known activity 

from the detecting system. The 

membrane consists of special glass, a 

disk of crystalline material or an organic 

ion exchanger saturating a water-

immiscible solvent held in a gel or 

plastic. The sodium electrode is sensitive 

to changes in sodium ion concentration 

and potassium electrode is sensitive to 

changes in potassium ion concentration. 

TOKYO, JAPAN - Nihon Kohden 

Corporation introduces Celltac Alpha 

MEK-6400 series hematology analyzers. 

These fully automated hematology 

analyzers have 18 parameters, 3-part 

WBC differential and panic values.   

Results The mean copper level among 

male cases was (15.3±5.8)μg/dl vs. 

(17.1±3.98)μg/dl, this relation was 

statistically not significant, while among 

females was (14.3 ±5.4)μg/dl, vs.( 

20.5±3.3)μg/dl among controls this relation 

was statistically significant , as shown in 

table (1). 

As serum copper normal value differ 

among male (11-22μg/dl) and female 

(12.58-24.8μg/dl), the data was named 

low , high and normal depending on 

gender value for each subject . The serum 

copper was found among 31(43.7%) of 

the cases vs. 1(2%) of the controls, this 

relation was statistically significant as 

shown in table (2). 

About 23(1.1%) of the dehydrated cases 

had low serum copper vs. 8(30.8%) of the 

http://www.diagnose-me.com/definition-of/copper.html
http://www.diagnose-me.com/definition-of/zinc.html
https://en.wikipedia.org/wiki/Anemia
https://en.wikipedia.org/wiki/Hephaestin
https://en.wikipedia.org/wiki/Ceruloplasmin
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non- dehydrated, this relation was 

statistically not significant as shown in 

table (3). 

      About 19(42.2%) of the wasted cases 

had low serum copper vs. 12 (46.2%) of 

the non- wasted, this relation was 

statistically not significant as shown in 

table (4). 

       About 23(41.8%) of the normal 

weighted cases had low serum copper vs. 

7 (50%) of the under -weight, this 

relation was statistically not significant as 

shown in table (4). 

Most of the diarrheal and control cases 

were male 43(60.6%), 25(50%) 

respectively, compared with female 

28(39.4%), 25(50%) respectively, this 

relation was statistically not significant, 

as shown in table (5). 

        The distribution of serum copper 

level according to the electrolytes 

concentration in the study groups were 

studying, those who had low copper level 

and low K level among cases was 

21(67.7%), vs. 9(29%) had normal K 

level. While those who had low copper 

level and low Na level among cases was 

17(54.8%), vs. 13(41.9%) had normal Na 

level, Moreover, Those who had low 

copper level and low Cl- level among 

cases was 19(61.3%), vs 9(29%) had 

normal Cl level, and those who had low 

copper level and low Ca level among 

cases was 0(0%), vs. 1(100%) had 

normal Ca level as shown in table (6). 

     Effects of diarrhea on hematological 

status in children as the blood picture 

normal values depend on the age; 

therefore the age was taken in 

consideration in dividing the values 

normal low and high among each age 

group as shown in table (7).  

     The hematological status in diarrheal 

children with low copper level was 

studying as shown in table (8). Which 

demonstrated that those who had low 

copper level and low Hb count level 

among cases was 26(83.9%), vs. 

5(16.1%) had normal Hb level,  while 

those who had low copper level and low 

PCV level among cases was 18(58.1%), 

vs. 13(41.9%) had normal PCV level,  

moreover, those who had low copper 

level and low WBC level among cases 

was 4(12.9%) vs. 24(77.4%) had normal 

WBC level and those who had low 

copper level and low platelet count 

among cases was 3(9.7%) vs. 26(83.9%), 

had normal platelet count this relation 

was statistically not significant as shown 

in table (8). 

        Regarding the correlation between 

the serum copper level with the different 

serum electrolyte levels and blood 

pictures, the results represent that there 

were significant moderate positive 

correlation between copper level and 

WBC count 0.33 (when copper increased 

the WBC increased) among diarrheal 

cases. There were no correlation between 

copper and different variables among 

controls, while when analysis of total 

data regardless of having diarrhea or not 

it represent that there were moderate 

positive correlation with Hb 0.3 and weak 

positive relationship with the PCV value, 

as shown in table (9), figures 1, 2 ,and 3. 

          

 

 

    correlation was done according to age, 

and results represents that at age of 2 

months there were non- significant strong 

negative correlation with PCV -0.44, and 

strong positive correlation with WBC 

0.489, among 3-6 months there were non-

significant moderately positive 

correlation with Hb 0.33, and PCV 0.32, 

while there were negative moderate 

correlation with platelet count-0.37. 

among those aged >12, as shown in table 

(11) .  
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Discussion 
 The demographic picture of studied 

group in table (1) reveals that the 

majority of the diarrheal and control 

cases were male 43(60.6%), 25(50%) 

respectively, compared with female 

28(39.4%), 25(50%) respectively as 

shown in figure (1). This frequency is 

comparable, to some extent, with that of 

local previous studies in Iraq (Noaman,. 

2013)
(12)

 and,  (Shakir and Hussein)
(13)

 

and that for Tanzania(Moyo et al., 

2011).
(14)

The results that previously 

mentioned denoted that-high frequency 

among males rather than females which 

may be due to the region that the cultural 

background of our cases that care for 

male than female. The boys would be 

affected more compared to girls deserves 

further exploration and attention in terms 

of interventions. Most cases is shown the 

gender is effected on the level of copper, 

the male was (15.3+5.8) µg/dl vs. 

controls (17.1+3.89) µg/dl and female 

was  (14.3+ 5.4) µg/dl,vs.(20.5+ 3.3) 

µg/dl as shown in table (2),  this result in 

agreement with( Rosanna Squitti 

2011)
(15)

and(Clark et al.2007)
(16) 

which 

have found an effect of gender on serum 

copper, higher copper levels in female 

than in male.The gender differences are 

due to gender-specific differences in 

copper trafficking rather than differences 

in dietary intake. Human body has an 

elaborate system for managing and 

regulating the amount of key trace 

metals.
(17)

The percentage of the lower 

level were (43.7%)  when compared with 

control as display in table (3), this result 

in agreement with (. Khare, et al., 

2012)
(18)

, and (Nurinnisa Öztürk et al. 

2015)
(19)

 few cases have a high level of 

copper this result in agreement with (Geir 

Bjørklund 2013)
(20)

 and (Hassan et al. 

2014)
(21)

.  

     Copper deficiency may be due to 

reduction in ceruloplasmin in children, 

which is attributed to its excessive loss or 

destruction or inability to synthesis 

leading to lack of copper transport to the 

liver, copper deficiency has been 

attributed to losses, inadequate intake and 

poor bioavailability. Serum Cu levels 

increase with age and reach adult levels 

by 6 months of age, the levels in infants 

in the 2 month were lower than those at 6 

and 12 months.
(19)

Copper level very 

important to our immune system, due to 

the association of  copper  in many 

enzymes structures, and also the 

important role of them in the immune 

system. Moreover abnormally elevated 

Cu concentrations can cause oxidative 

damage to lipids, nucleic acids and 

proteins.
(20) 

 

The distribution of diarrheal cases 

according to the copper level and weight 

of child were investigated and shows  no 

effect of copper on the weight of child 

about 23(41.8%) of normal weighted 

cases had low serum copper vs.7(50%) of 

the underweight this shown in table 

(6)this result in agreement with (Özden, 

et al., 2015)
(22) 

and disagreement with 

(Marquardt ,et al 2012)
(23)

. Infants with 

low birth weight most common in copper 

deficient and young children with 

diarrhea. lacking copper can be effect on 

growth and development in children. 

Deficiency in one trace element may 

impair absorption of another Cu 

deficiency impairs Fe absorption. There 

is also a strong interaction between Zn 

and Cu, and they compete at the level of 

intestinal absorption high Zn levels in the 

diet can reduce the absorption of Cu, but 

high dietary Cu does not decrease 

absorption of Zn. Infants and babies with 

low birth weight may therefore be at risk 

of copper deficiency.
(22,24)

 

 

Copper levels can be evaluated to help 

diagnose several disease processes. Most 

cases indicate a decrease in potassium K 

level as illustrated in table (7). It is 

concluded that diarrhea is a well-known 

cause of hypokalemia; stomach acid has a 

high concentration of potassium, in the 

form of potassium chloride. Potassium is 

http://www.ncbi.nlm.nih.gov/pubmed/?term=%26%23x000d6%3Bzt%26%23x000fc%3Brk%20N%5Bauth%5D
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important in the stomach for the 

production and secretion of acid, which 

helps in the digestion of the foods we eat. 

When a child has diarrhea, the stomach 

contents get flushed out of the 

gastrointestinal tract into the stool and 

out of the body, taking with it a large 

amount of potassium and causing 

hypokalemia. Calcium, chloride and 

sodium are all electrolytes, during 

prolonged fluid loss will 

decrease(Lindinger & Ecker., 

2013).
(25)

Sodium is found mostly in the 

body fluids outside the cells, is also 

necessary for the transmission of 

electrochemical impulses along nerve and 

muscle membrane. Low sodium can be 

caused by diarrhea, kidney diseases, 

sweating, and vomiting.
(26)

Most cases 

shows no  influence of  lowering  copper 

level on the Cl
-
 level. This result is in 

disagreement with (Soetan, et al., 

2010)
(27)

. Too little chloride occurs 

parallel with other electrolyte disorders, 

specifically hyponatremia and 

hypokalemia as shown in table (8). 

 

 The hematological status in diarrheal 

children with low copper level were 

studying as shown in table (9)reveals that 

the low blood counts are due to 

nutritional deficiencies or blood loss to 

total body blood volume or decrease in 

production of RBC or Hb. The Hb 

decreased when compared with that of 

the controls this result is in agreement 

with(Mohammad and Omer, 2011)
(28)

the 

age from 3-6 month and 6-12 month had 

low Hb level while this result in 

disagreement with(Manju and Ismail 

2012)
(29)

anemia prevalence of 

approximately 80% in children aged 

between 6 and 36 months.
(30)

 There was a 

decreasing in the mean of  PCV of the 

cases when compared with control group 

this result in agreement with (Mallouh , 

et al. 2015)
(31)

 the age from 3-6 month 

and 6-12 month had low PCV level, this 

result in disagreement with(Adaay et al. 

2011)
(32)

 there was a decreasing in the 

mean of  WBC of the cases when 

compared with control group this result 

in disagreement with (Jong Duck Kim 

2013)
(33)

 and (Xu , et al. 2013)
(34)

. 

WBC was higher in cases compared to 

control. The low WBC is due to 

infections that use active white blood 

cells faster than they can be produced, 

also drugs that used destroy white blood 

cells due to the function of white blood 

cells, or leukocytes, is to fight infection 

and help to protect the body by a process 

called phagocytosis this is when the 

WBC surrounds and destroys a foreign 

cell. Most cases shows an intensification 

of Platelet in the cases when compare 

with control children this show in table 

(9) this frequency is comparable, to some 

extent, with ( Shin, et.al 2015)
(35)

and 

disagree with (Celik et al.2014)
(36)

 and 

(Öztürk et al.2013)
(37)

.Increase Platelet 

due to recovery from serious blood loss, 

acute infection or inflammation, or 

response to physical activity. The age not 

effected on the level of Platelet levels and 

also no difference between girls and 

boys.
 (36)

 

The correlation between the copper level 

and different blood count and   electrolyte 

levels among cases and controls were 

illustrated in table (10) shows a  liner 

correlation as demonstrated  in figure (2) 

between WBC and copper level among 

diarrheal cases which reveals  that when 

copper increased WBC increased, while 

the liner correlation in figure (3) between 

Hb and copper level among total study 

sample shows there were moderate 

positive correlation with Hb, and in 

figure (4) shows a weak positive 

relationship with the PCV value. 

The correlation was done according to 

age this shown in table (11) and results 

represents that at age of 2 months there 

were non- significant strong negative 

correlation with PCV r-value = -0.44, and 

strong positive correlation with WBC r= 

0.489, among 3-6 months there were non-

significant moderately positive 

https://www.nlm.nih.gov/medlineplus/ency/article/003117.htm
http://www.nature.com/articles/srep18072#auth-2
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correlation with Hb r-0.33, and PCV 

r=0.32, while there were negative 

moderate correlation with platelet count 

r=-0.37. among those aged >12 months 

there were significant moderately 

positive correlation with Hb r= 0.387, 

and PCV 0.r= 329, which mean that 

copper had more affected and affect Hb 

levels this result in agreement with (Guo 

and Chen, 2011)
(38)

, and PCV levels this 

result in agreement with (Akanni, et 

al.,2012)
(39)

  during the age of > 12 

months as shown in table (11). 

 

References 

 
1-Huff, J.D., Keung, Y.K., Thakuri, M., 

et al. Copper deficiency causes 

reversible myelodysplasia. Am.J. 

Hematol. 2007; 82(7):625-30.. 

2- Ransom, S. B. "Essentiality and 

Toxicity in Copper Health Risk 

Assessment: Overview, Update and 

Regulatory Considerations". 

Journal of Toxicology and 

Environmental Health .2010; Part 

A73 (2): 114–27.  

3-Ralph, A. and McArdle, H. J. Copper 

metabolism and requirements in the 

pregnant mother, her fetus, and 

children. New York: International 

Copper Association. 2011; 3(1): 

41-45  

4- Hill, G. M., and J. W. Spears. Trace 

and ultra-trace elements in swine 

nutrition. in Swine nutrition. A. J. 

Lewis and L. L. Southern, eds. 

CRC Press, Boca Raton, EL. 2009; 

Pages 229-261. 

5-

http:humannutrition.wikifoundary.com/p

age/copper,2015. 

6-Romana,D.L. Olivares, M.Uauy, R.and 

Araya,M. Risks and benefits of 

copper in light of new insights of 

copper homeostasis J. Trace Elem. 

Med. Biol. 2011; 25, pp. 3–13 

7-Fischbach F.T. and Dunning, M.B. 

Manual of Laboratory and 

Diagnostic Tests, 8th ed. 

Philadelphia: Lippincott Williams 

and Wilkins 2009. 

8-Siamak, N. and Nabili, M.D. Complete 

Blood Count (CBC) (cont.)Medical 

Editor: Melissa Conrad Stöppler, 

MD. 2015; .Page: 5 of 8. 

9-Suliburska, J. and Kaczmarek, K. 

Herbal infusions as a source of 

calcium, magnesium, iron, zinc and 

copper in human nutrition. 2012; 

63(2):194-8. 

10-Pagana, K.D. and Pagana, T.J. 

Mosby’s Manual of Diagnostic and 

Laboratory Tests, 4th ed. St. Louis: 

Mosby Elsevier 2010. 

11-Soffer, E.E. Diarrhea. In: Andreoli 

TE, Carpenter CCJ, Griggs R, 

Loscalzo J, eds.. Cecil Essentials of 

Medicine. 5th ed. Philadelphia, PA: 

WB Saunders.2001; 316-320. 

12-Aqeel, A. N. Acute and Chronic 

Diarrhea among Hospitalized 

infants aged (1-12) months. 

2013;Vol: 10 No:1, January . 

13-Mohammed J. Shakir and Areej A. 

Hussein.  Frequency of intestinal 

parasitic infection among children 

under 5 years of age in Baghdad 

province. Department of 

Microbiology, College of 

Medicine, Diyala University. 

Received: 25 June 2014 .Published 

Online: August 2014. ISSN 2320-

5407 International Journal of 

Advanced Research (2014), 

Volume 2, Issue 8, 332-337. 

14-Moyo SJ, Gro N, Matee MI, Kitundu 

J, et al. Age Specific Aetiological 

Agents of Diarrhea in Hospitalized 

Children Aged Less than Five 

Years in Dares Salaam, Tanzania, 

BMC Pediatrics. 2011; 11: 19-24. 

15-Rosanna S. Gender Effects on Plasma 

and Brain Copper. International 

Journal of Alzheimer's Disease 

Volume  (2011), Article 

ID 150916, 4 pages. Received 16 

June 2011; Accepted 16 August 

2011. Department of Neurology, 

Portland VA Medical Center and 

http://www.emedicinehealth.com/script/main/art.asp?articlekey=90347
http://www.emedicinehealth.com/script/main/art.asp?articlekey=81558
http://www.emedicinehealth.com/script/main/art.asp?articlekey=81558
http://www.ncbi.nlm.nih.gov/pubmed/?term=Suliburska%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21916535
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kaczmarek%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21916535


 Biological Role and Significance of Copper in Diarrhea

Tikrit Medical Journal 2017;22(1):311-324 

Oregon Health & Science 

University, Portland, OR 97239, 

USA. 

16- N. A. Clark, K. Teschke, K. Rideout, 

and R. Copes. Trace element levels 

in adults from the west coast of 

Canada and associations with age, 

gender, diet, activities, and levels of 

other trace elements. 2007; 

Chemosphere, vol. 70, no.1, pp. 

155–164. 

17-Bucossi, S. Ventriglia, M. Panetta, 

V.et al., Copper in Alzheimer's 

disease: a meta-analysis of serum, 

plasma, and cerebrospinal fluid 

studies,” Journal of Alzheimer's 

Disease.2011; vol. 24, no. 1, pp. 

175–185. 

18-Khare,M., Mohanty,C., Das, B.K., 

Ravi Shankar , Mishra, S.P. Serum 

Micro-Minerals Levels in Protein 

Energy Malnutrition in Indian 

Children. Indian J. Prev. Soc. 2012; 

Med Vol. 43 No. 4. 

19-ÖztürkN.,, Kurt N., ÖzgerişF. 

B., Baygutalp, N. K., et al. 

Serum Zinc, Copper, 

Magnesium and Selenium 

Levels in Children with 

Helicobacter Pylori Infection. 

Eurasian J Med. 2015; 47(2): 

126–129. 

20-Bjørklund, GThe role of zinc and 

copper in autism spectrum 

disorders. Acta Neurobiol Exp, 

2013; 73: 225–236. 

21-Hassan,M. A.,  Abdel Wahab, W. A., 

Elshafie,T. and Kamal A. 

E.(2014).Serum Level of Zinc and 

Copper as Predictors of Severity of 

Depression in Chronic 

Hemodialysis Patients. World 

Journal of Medical Sciences 10 (3): 

240-249, 2014 .Publications. 

22.Özden,T. A.,  Gökçay,G., Cantez,  M. 

S.,  Durmaz, Ö., et al. Copper, 

Zinc and Iron levels in infants 

and their mothers during the 

first year of life: a prospective 

study.2015; DOI: 10.1186/s12887-

015-0474-9. 

23-Michelle L. Marquardt, Stephen L. 

Done, Maura Sandrock, Walter E. 

Berdon, Kenneth W. Feldman. 

Copper Deficiency Presenting as 

Metabolic Bone Disease in Extremely 

Low Birth Weight, Short-Gut Infants. 

Published By  American Academy 

of Pediatrics, 2012;  vol. 130 no. 3 

e695-e698. 

24-Wu, X., Liu, Z., Guo, J., Wan, C., 

Zhang, T., Cui, H., et al.(2015). 

Influence of dietary zinc and 

copper on apparent mineral 

retention and serum biochemical 

indicators in young male mink 

(Mustelavison), Biol Trace Elem 

Res. 2015; 165:56–66. 

25-Lindinger, M.I. and Ecker G.L. 

Gastric emptying, intestinal 

absorption of electrolytes and 

exercise performance in electrolyte-

supplemented horses. Exp. Physiol. 

2013;  98:193-206. 

26-Pfennig, C.L.and Slovis, C.M. 

Electrolyte disorders. In: Marx JA, 

Hockberger RS, Walls RM, et al., 

eds. Rosen's Emergency Medicine: 

Concepts and Clinical Practice. 

2014; 8th ed. Philadelphia, PA: 

Elsevier Mosby;:chap 125. 

27- Soetan,K. O.,Olaiya,C.O., and 

Oyewole, O. E.  The importance of 

mineral elements for humans, 

domestic animals and plants, , 

African Journal of Food Science 

Vol. 4(5) pp. 200-222, May 2010. 

28-Mohammad A.K, and Omer M.A,. 

Prevalence of entero biasis`Entero 

biusvermicularis and its Impact on 

Children in Kalar Town/Sulaimania- 

Iraq .Tikrit Medical Journal. 2011; 

172: 67-77. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=%26%23x000d6%3Bzt%26%23x000fc%3Brk%20N%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kurt%20N%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=%26%23x000d6%3Bzgeri%26%23x0015f%3B%20FB%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=%26%23x000d6%3Bzgeri%26%23x0015f%3B%20FB%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Baygutalp%20NK%5Bauth%5D
http://www.aappublications.org/
http://www.aappublications.org/


 Biological Role and Significance of Copper in Diarrhea

Tikrit Medical Journal 2017;22(1):311-324 

29-Manju,J.and Ismail,B. Studies on 

Human Anaemia Haemoglobin Hb 

assays R.B.Cs. count in Ujjain, MP, 

India. (Received 23rd May 2012, 

revised 25th May 2012, accepted 

29th May 2012). ISCA Journal of 

Biological Sciences,  Vol. 1(2), 38-

42. 

30-Mallouh,S.S.,Alawadi,N.B. and 

Hasson,A. F. Serum Vascular 

Endothelial Growth Factor Levels 

in Iraqi Patients with Newly 

Diagnosed Acute Leukemia. 

Medical Journal of Babylon. 2015; 

-Vol. 12- No.1. 

31-Adaay,M. H., Al-Anzy M. M., Al-

Samarrai A.H., Al-Tikriti, K. A.et al. 

Some Observations on the Occurrence 

of β-Thalassemia in Mosul Published 

by Al-Nahrain College of Medicine. 

IRAQI J MED SCI, 2011; VOL.9 

(3)Page 88 - Iraq JMS . 

32-Kim,J. D. Acute viral gastroenteritis 

in children hospitalized in Iksan, 

Korea during December 2010-

June.Korean J Pediatr. 2013 Sep; 

56(9): 383–388. 

33-Tanju,C.,Ekrem, G. ,Emel, A. B., 

Nur,A. Mean Platelet Volume as a 

Negative Marker of Inflammation in 

Children with Rotavirus 

Gastroenteritis, 2013. 

34-Wu, X., Liu, Z., Guo, J., Wan, C.et al. 

Influence of dietary zinc and 

copper on apparent mineral 

retention and serum biochemical 

indicators in young male mink 

(Mustelavison), Biol Trace Elem 

Res. 2015; 165:56–66. 

35- Lee,R., Shin, J. I., Park,S.J., J. 

Young ,et al. Mean platelet 

volume in young children with 

urinary tract infection. Scientific 

Reports 5, Article number: 18072 

(2015) . 

 

36-Elliott, E.J. Acute gastroenteritis in 

children. 2010; BMJ. Jan 

6;334(7583):35-40. 

37-Öztürk, Z.A., Dag, M.S., Kuyumcu, 

M.E., Cam, H., et al. Could platelet 

indices be new biomarkers for 

inflammatory bowel diseases? Eur 

Rev Med Pharmacol Sci. Feb 2013; 

17(3):334-41. 

38- Guo, C.H., Chen, P.C., Yeh, M.W.et 

al. Cu/Zn ratios are associated with 

nutritional status, oxidative stress 

inflammation and immune 

abnormalities in patients on 

peritoneal dialysis. Clin Brochem 

,2011; 44(4): 275-280. 

39-Akanni, E.O., Onuegbu, A.J., 

Adebayo, T.O., Eegunranti, B.A. 

and  Oduola, T. Assessment of 

Some Selected Trace Metals in 

Chronic Myeloid Leukemia 

Patients in a Tertiary Health 

Facility in South West Nigeria. 

Asian Journal of Medical Sciences 

2012; 5(4): 71-75. 

 

 

 

 

 

 

 

http://www.nature.com/articles/srep18072#auth-1
http://www.nature.com/articles/srep18072#auth-2
http://www.nature.com/articles/srep18072#auth-3
http://www.nature.com/articles/srep18072#auth-4
http://www.nature.com/articles/srep18072#auth-4
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1764079/


 Biological Role and Significance of Copper in Diarrhea

Tikrit Medical Journal 2017;22(1):311-324 

شهشٍَ انً خًظ يب ثٍُ  ىأعًبسهيٍ االغفبل  يشَطيئخ واحذي وعششوٌ  رعًُذ انذساعخ انحبنُخانخالصخ :

خًغىٌ  وكبٌ عذدهً يجًىعخ انغُطشح انًقبسَخ يع ذ نهى أجشَعهبل اإلٌ يٍ ىَعبَعُىاد احذي وعجعىٌ غفم 

زىي انُحبط ثبعزخذاو جهبص هى وفصهذ انًصىل نقُبط يغحُش رى جًع ًَبرج انذو يُ ألغفبل االصحبء,يٍ ا

. وجذ اَخفبض يغزىي انُحبط فٍ االغفبل انًصبثٍُ ثبإلعهبل وكبَذ َغجخ االَخفبض  انًطُبف انعىئٍ

%( يًب َذل 2فٍ حٍُ نى َغجم اَخفبض فٍ يجًىعخ انغُطشح اال فٍ حبنخ واحذح وكبَذ انُغجخ ) %(71.4)13

جفبف َزُجخ االعهبل انًصحىة ثبَخفبض يغزىي انُحبط ( ,اعهً َغجخ نإلصبثخ ثبن≤50عهً وجىد فشق يعُىٌ )

%( ال َعبَىٌ يٍ انجفبف و هزِ انُزبئج ال رحًم يذنىل احصبئٍ ونكُهب   15.8)8%( فٍ حٍُ كبَذ 3.3)21كبَذ 

اٌ يعذل انُحبط فٍ انزكىس كبٌ  أظهشد انُزبئج يهًخ نهزشخُص انًجكش ونًعشفخ خطىسح انحبنخ انًشظُخ .كًب

ثًُُب فٍ يجًىعخ   (37.1± 0.7كبٌ ) ( ثًُُب فٍ االَبس34.3±8..1) ًُب فٍ يجًىعخ انغُطشحثُ  (0.8±30)

( . ويٍ هزِ انُزبئج َغزذل اٌ انُحبط َُخفط فٍ ≤ 50)يًب َؤكذ وجىد فشق يعُىٌ  (25.3± 1.1) انغُطشح

انفشق ثٍُ االجُبط َعضي  . أٌفٍ انغزاء االعزُبدٌ او انزكًُهٍاالغفبل انزٌ َعبَىٌ يٍ االعهبل وَجت اٌ َعىض 

نىجىد فشق ثجُُبد انغُطشح انًىجىدح فٍ داخم انجغى انًُظًخ نزشاكُض انعُبصش انشحُحخ ثشكم عبو ونُظ نغجت 

فٍ يغزىي انكزشونُذ انذو  يغزىي انُحبط يصحىة ثبَخفبض اَخفبضأٌ  كًب أصجزذ انذساعخ زغزَخ.فشوقبد ان

 وصىسح انذو كبيهخ.  
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         Table (1): The mean copper level according to the gender among  

                           cases and  controls 

Gender study groups 

N 

Mean μg / 

dl 

Std. 

Deviation 

t, P value 

Male  
 
Case 43 15.3 5.8  

Control 25 17.1 3.98 1.4,  > 0.05 

Female  
 
Case 28 14.3 5.4 4.9,  < 0.05 S 

Control 25 20.5 3.3  

 

 

Table (2): The distribution of study groups according to the copper  level 

copper level 
study groups 

Total Case Control 

       Low  31 1 32 

 43.7% 2.0% 26.4% 

      High  5 4 9 

 7.0% 8.0% 7.4% 

     Normal  35 45 80 

 49.3% 90.0% 66.1% 

      Total  71 50 121 

 100.0% 9100.0% 100.0% 

                             X
2
=26.644, df= 2, P value < 0.05significant 

 

Table (3): The distribution of diarrheal cases according to 

 the copper level and dehydration 

 

copper level Dehydration Total 

 Yes No  

  Low   23 8 31 

  51.1% 30.8% 43.7% 

High   2 3 5 

 

 
 

4.4% 11.5% 7.0% 

Normal   20 15 35 

  44.4% 57.7% 49.3% 

Total   45 26 71 

  100.0% 100.0% 100.0% 

                                     X
2
=3.326, df= 2, P value > 0.05 not significant 
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        Table (4): The distribution of diarrheal cases according to the copper level 

                                and Weight of child 

Copper level Weight of child: Total 

Normal Under weight Obese  

  Low  23 7 1 31 

 41.8% 50.0% 50.0% 43.7% 

Hih  5 0 0 5 

 9.1% .0% .0% 7.0% 

Normal  27 7 1 35 

 49.1% 50.0% 50.0% 49.3% 

Total  55 14 2 71 

 100.0% 100.0% 100.0% 100.0% 

                        X2
=1.647, df= 4, P value > 0.05 not significant 

 

Table (5): The distribution of study groups according to gender 

Gender 
study groups 

Total case control 

 Male  43 25 68 

 60.6% 50.0% 56.2% 

Female  28 25 53 

 39.4% 50.0% 43.8% 

Total  71 50 121 

 100.0% 100.0% 100.0% 

          

 

 

 

 

 

 

 

 

 

 

              X
2
=1.33, df= 1, P value > 0.05 not significant 

 



 Biological Role and Significance of Copper in Diarrhea

Tikrit Medical Journal 2017;22(1):311-324 

 Table(6): The distribution of serum copper level according to the                          

electrolytes concentration in the study groups  

study groups copper code 
Total 

  

Normal low high   

K
+
 

  
Low     

  

7 (20.00%) 9(29.00%) 2(40.00%) 18(25.40%) 2.74, >0.05 

  Normal 28 (80.00%) 21(67.70%) 3(60.00%) 52(73.2 0%)  

Na
+
 

  

Low     
  

12(34.30%) 13(41.9 0%)  3(60.00%) 28(80.00%) 1.62,>0.05  

Normal 21(60.00%) 17(54.80%) 2(40.00%) 40(56.30%)  

Cl
-
 

Low     
 8 (22.90%) 9(29.00%) 1(20.00%) 18(25.40%)  1.42,>0.05 

Ca
2+

 

 
Normal 25 (71.40%) 19 (61.30%) 4 (80.00%) 48 (67.60%)  

Low     
  

5(14.30%) 8 (25.80%) 1 (20.00%) 14(19.70%) 

2.29,>0.05  

       

  Normal 29 (82.90%) 23 (74.20%) 4 (80.00%) 56 (78.90%) 

                       

         Table (7): The distribution of hematological status in the study groups 

Age 
Hb                     PCV WBC          Platelet 

Mean±SD Mean±SD Mean±SD Mean± SD 

2 months 10.08±1.6 31.20±5.3 10.6±4.3 392.6±196 

3-6 months 9.81±0.82 30.09±2.5 11.6±5.3 375.6±139 

6-12 months 9.82±1.27 29.7±5.8 10. ±4.0 328.6±106 

> 12 months 10.25±1.44 31.5±3.9 10.6±4.1 343±110 

t, P value 2.97,<0.055 1.15, > 0.05 0.92, > 0.05 0.026,>0.05 

  

Table (8): The distribution of  copper levels and  hematological status  

                                 in the study groups 

 

study groups 
copper level 

Total 
X

2
, P value Normal Low high 

 

PCV  

Hb 

 

Normal 
4 5 2 11   

11.40% 16.10% 40.00% 15.50%   

Low 
30 26 3 59   

85.70% 83.90% 60.00% 83.10% 3.7, >0.05 

Normal 
15 13 4 32   

42.90% 41.90% 80.00% 45.10% 

2.65, >0.05  
                         Low 

20 18 1 39 

57.10% 58.10% 20.00% 54.90%   

W.B.C 

 

Platelet 
 

Normal 
25 24 2 51   

71.40% 77.4% 40.00% 71.80%   

Low 4 4 0 8 7.9, >0.05 
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11.40% 12.90% 0.00% 11.30%   

Normal 
26 26 5 57   

74.3% 83.9 0% 100.00% 80.3 0% 
 2.76, >0.05 

  

  
                           Low  

7 3 0 10 

20.00% 9.7 0% 0.00% 14.1 0% 

       

         Table (9): The correlation between the copper level and different blood     

                           count and   electrolyte levels among cases and controls 

* correlation is significant at 0.05 level,  ** correlation is significant at 0.01 level   

      

               Table (10): The correlation of the serum copper level and blood  

                                      picture according to age 

 

Age Blood count S. Copper (r) 

2 months 

 

 

 

HB 0.051 

PCV -0.441 

WBC 0.489 

Plt -0.045- 

3-6 months 

 

 

 

HB 0.332 

PCV 0.323 

WBC 0.196 

Plt -0.371- 

6-12 months 

 

 

 

HB 0.24 

PCV 0.276 

WBC 0.146 

Plt 0.188 

> 12 months 

 

 

 

HB 0.387
*
 

PCV 0.329
*
 

WBC 0.132 

Plt -0.149 

                        *. Correlation is significant at the 0.05 level (2-tailed). 

 

 Variables 
S. Copper ( r) 

Case control Total 

K
+
 0.2 -0.02 0.15 

Na
+
 0.01 0.02 0.11 

Cl
-
 -0.07 0.01 0.05 

Ca
2+

 0.17 -0.14 0.08 

HB 0.12 0.1 0.3** 

PCV 0.16 -0.02 0.2* 

WBC 0.330
**

 -0.003 0.2 

Plt 0.07 -0.15 -0.02 
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Figure (1) The linear correlation between WBC  and copper level in diarrheal cases 

Figure (2): The linear correlation between Hb and copper level  among total study sample. 

 
                 Figure (3): The linear correlation between PCV and copper level  

                                     among total study sample. 

 
 


