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Abstract 
The objective of this study was to survey the serum ceruloplasmin enzyme, serum copper and hepatic 

copper in male and female Karadi sheep. The study was carried out on 80 Karadi sheep at the 

Slaughterhouse in the province of Sulaimani - Iraq for a period from November of 2009 to June 2010. 

Results indicated that the overall mean serum ceruloplasmin, serum copper and hepatic copper level were 

112.81±2.10 mg/dl, 112.40±0.71 ug\dl and 124.37±0.93 ug\dl, respectively. Ceruloplasmin concentration 

was slightly higher among the female (114.36±20.63 mg/L) than that in male (111.28 ± 17.01 mg/dl); 

serum concentration was higher (p<0.05) for female (122.39±7.13 ug/dl) than those for males 

(102.42±5.70 ug/dl). Serum activity of ALT was higher (p<0.05) in the female (36.97±3.66 U/L) 

compared to the males (25.42±2.04 U/L). It can be concluded that the sex, overall, has no significant 

effects on Karadi sheep in Sulaimani province (north of Iraq) regarding blood ceruloplasmin, copper 

level of serum and liver. 
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1. Introduction 
Ceruloplasmin (Cp) is a copper-binding protein that is expressed in several tissues, including 

liver, brain, retina and lung [1-3]. Cp is known as a multifunctional protein [4]. During 

development, Cp expression is rapidly increased in the liver and lungs, and Cp becomes the 

major copper-binding protein in plasma after birth [1, 5]. 

High levels of ceruploplasmins occur in pregnancy due to high estrogens, and with oral 

contraceptives when the agent contains estrogen as well as progesterone [6, 7]. As an essential 

component of several enzymes, Cu functions in numerous physiological processes [8]. Age, 

sex, the amount of dietary copper, and overall health determine the amount of copper 

distributed to the various tissues [9].  

Copper deficiency has been linked to a variety of clinical signs, including anemia, poor 

growth, pale hair coat, spontaneous fractures, myocardial degeneration, hypomyelinisation of 

spinal cord, decreased resistance to infectious diseases, diarrhea and general ill-thrift [8, 10-12]. 

Ewes suffering from an induced copper deficiency showed a rise in plasma copper during the 

luteal phase of the estrous cycle. This rise in plasma copper corresponded with the rise in 

progesterone concentrations [13]. Copper is also known to act as a catalyst in the production of 

prostaglandin F2a [14]. 

Since very few investigations on the ceruloplasmin and copper levels in sheep have been done, 

therefore, the present study was undertaken to evaluate the effect of animal sex on the 

concentration of ceruloplasmin in the blood serum and the concentration of copper in the blood 

serum and liver. 

 

2. Materials and methods 
The present survey was conducted with collaboration between the Department of Animal 

Production of Faculty of Agriculture - University of Sulaimani and the Department of 

Slaughterhouse in the Sulaimani (one of the provinces north of Iraq) to detect the 

concentrations of each enzyme ceruloplasmin and copper in the blood of sheep and liver, from 

November 2009 to June 2010.  
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2.1 Experimental animals 

Eighty Karadi sheep (males and females) aged between six 

months and five years and weighting less 30- 60 kg were used 

to draw the samples.  

 

2.2 Collection of blood samples 

Blood samples from the jugular vein were withdrawn by 

sterile syringes prior to slaughter then the samples were kept 

in reefer containers. After there, a blood serum was separated 

using a centrifuge (3000 RPM/min) for a period of 15 

minutes. One part of the sample was sent to a laboratory for 

determination the concentration of copper and ceruloplasmin 

and the second sample (5ml) was frozen (-20 C°) in reserve 

for the purpose of analysis for the future [10].  

 
2.3 Collection of liver samples 

After Labelling or marking the Animals in the 

Slaughterhouse, samples of 10 – 20g of liver were taken from 

each animal and immediately transferred to the laboratory of 

animal production. 2g of each liver sample was crushed 

manually with 5ml of 0.9% Nacl and immigrations for about 

15 min, then centrifuged (6000 RPM / min) for about 15 min. 

Later, the samples were kept in the deep freezer (-20 C°) until 

analysis have been done for determination of copper in the 

liver.  

 
2.4 Determination of ceruloplasmin enzyme in the blood 

serum, copper in blood serum, liver, AST and ALT. 

Series of laboratory tests were conducted which include:  

 

1. Determination of ceruloplasmin enzyme in the blood 

serum 

It was carried out by a radioisotope laboratory the capital 

Baghdad, and make a careful analysis using several specials 
called (Accet zoo ceruloplasmin from the production 

company (NN cormay, Italy) [11].  
 

2. Determination of copper in blood serum and liver 

Concentration of copper in serum and liver was determined 

by using a spectrum Spectrophotometer (wavelength of 550 

nm) (Bussero-(Milan) ITALY) [14].  
 

3. Determination of AST and ALT 

(AST and ALT) was determined according to Reitman and 

Frankle [15]. 
Information that was recorded at the Slaughterhouse: 

1. Animal weight. 

2. Estimate the age of the animal depending on the animal 

owner.  

3. Sex (male and female). 

 

2.5 Statistical analysis 

Statistical Analysis system SAS [16] was used to test the 

significant differences of ceruloplasmin and copper in the 

serum and liver of Karadi sheep with different sex. 

Furthermore, Duncan's multiple range test [17] has been 

applied to determine the differences between means. 

 

3. Results and discussion 

Effect of sex on the concentration of serum ceruloplasmin, 

copper in the serum and hepatic copper are mentioned below: 
 

3.1 Effect of sex on serum ceruloplasmin 

Ceruloplasmin concentrations were slightly higher among the 

female (114.36 ± 20.63 mg/ L) than that in male (111.28 ± 

17.01 mg/ dl) (Table 1). Johnson et al. [18] reported that 

plasma copper and ceruloplasmin activity were greater in 

women than in men. Estradiol-17β appears to stimulate the 

ceruloplasmin synthesis. 

 

3.2 Effect of sex on serum copper 

Serum copper concentration was higher (p<0.05) for female 

(122.39 ± 7.13 ug/dl) than those for males (102.42 ± 5.70 ug / 

dl) (Table 1).  

Higher serum copper and ceruloplasmin concentrations have 

been reported in females than in males [19-24]. 

Sex, hormonal state, diet and geographical differences are 

known to affect serum copper levels [18]. A study 

demonstrates that female rats were susceptible to cardiac 

hypertrophy, anemia and decreased body weight induced by 

copper deficiency. The severity of these effects was, however, 

found to be to a lesser extent than in males, and estrogens did 

not influence the susceptibility of female rats to copper 

deficiency [25].  

 

3.3 Effect of sex on hepatic copper 

Table 1 shows that the concentrations of hepatic copper were 

123.12±5.46 and 133.87±6.65 ug/dl for females and males, 

respectively, with no significant different between them. 

Lynch and Klevay [26] reported that hepatic copper was 

significantly reduced in copper-deficient females, but not in 

males. 

 
Table 1: Effect of sex on the concentration of ceruloplasmin, copper in the serum and liver (Mean ±SE) of Karadi Sheep. 

 

Sex No. of samples 
Ceruloplasmin conc. 

(mg/L) 

Copper conc. in serum 

(ug/dl) 

Copper conc. in liver 

(ug/dl) 

Over all mean 80 112.81 ± 2.10 112.40 ± 0.71 124. 37± 0.93 

Female 33 114.36±20.63a 122.39 ±7.13a 123.12 ±5.46a 

Male 47 111.28±17.01a 102.42 ±5.70b 133.87±6.65a 

Means with different letters for column differ significantly (p>0.05). 

 

3.4 Effect of sex on the concentration of the 

aminotransferase 

Serum activity of ALT was higher (p<0.05) in females 

(36.97±3.66 U/L) compared with the males (25.42±2.04 U/L). 

While, no significant different was reported in the 

concentration of AST for females and males Karadi sheep 

(Table 2).  

Gender has a serious role in directing the levels of several 

biochemical compounds [27]. Physiological changes may be 

involved in such difference [28]. 

Table 2: Effect of sex on the concentration of aminotransferase 

(Mean ±SE) of Karadi Sheep. 
 

Sex 
No. of 

samples 

ALT 

(U/ L) 

AST 

(U/ L) 

Over all mean 80 31.19±0.32 144.17±0.99 

Female 33 36.97±3.66a 142.73±8.43a 

Male 47 25.42±2.04b 145.59±9.43a 

Means with different letters for column differ significantly (p>0.05) 
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4. Conclusion 

Overall, the sex did not affect significantly on Karadi sheep in 

Sulaimani province regarding blood ceruloplasmin, copper 

level of serum and liver. Even though, significant differences 

have been reported in copper level and ALT aminotransferase 

for females than males.  

 

5. Acknowledgment 

This paper was supported by University of Sulaimani at 2010. 

We thank all the staff in the Department of Animal 

Production in the Agricultural Faculty for the technical 

assistance. 

 

6. References 

1. Fleming RE, Gitlin JD. Primary structure of rat 

ceruloplasmin and analysis of tissue-specific gene 

expression during development. Journal of Biology and 

Chemistry. 1990; 265(13):7701-7. 

2. Klomp LW, Farhangrazi ZS, Dugan LL, Gitlin JD. 

Ceruloplasmin gene expression in the murine central 

nervous system. Journal of Clinical Investigation. 1996; 

98(1):207-15. 

3. Levin LA, Geszvain KM. Expression of ceruloplasmin in 

the retina: Induction after optic nerve crush. Investigative 

ophthalmology and visual science Journal. 1998; 

39(1):157-63. 

4. Bielli P, Calabrese L. Structure to function relationships 

in ceruloplasmin: a ‘moonlighting’ protein. Cellular and 

Molecular Life Sciences. 2002; 59(9):1413-27. 

5. Bingle CD, Epstein O, Srai SK, Gitlin JD. Hepatic 

caeruloplasmin- gene expression during development in 

the guinea-pig. Correlation with changes in hepatic 

copper metabolism. Biochemistry Journal. 1991; 276(Pt 

3):771-5. 

6. AL-Sulevany BK. Plasma zinc and copper in iron 

deficiency anemia in pregnancy. Ph.D. thesis. Mosul, 

Iraq, Mosul University. 1996. 

7. Milne DB. Trace elements. In: Bruits CA, Ashood ER, 

Teitz, editors. Fundamentals of clinical chemistry. 15th 

ed. Philadelphia: W.B. Saunders Company. 2001, 568-

84. 

8. Underwood EJ, Suttle NF. The mineral nutrition of 

livestock. Division of Copper. CABI Publishing. New 

York. 1999, 283-342. 

9. Rosmarie AF. Toxicity summary for copper. Prepared 

for: Oak Ridge Reservation Environmental Restoration 

Program. Managed by Martin Marietta Energy Systems, 

Inc., for the U.S. Department of Energy under Contract 

No. DE-AC05-84OR21400, 1992. 

10. Radositis OM, Blood DC, Gay CC. Veterinary medicine. 

VII edition, Bailliere Tindall London. 1994, 1379-1394. 

11. Larson BL, Arthington J, Corah LR. Recognizing and 

treating copper imbalances in cattle. Veterinary Medical 

Food Animal. 1995, 613-619. 

12. Smart ME, Cymbakuk NF, Christensen DA. A review of 

copper status of cattle in Canada and recommendations 

for supplementation. Canadian Veterinary Journal. 1992; 

33:163-170.  

13. Van Niekerk FE, Van Niekerk CH, Morgenthal JE. The 

effect of an induced copper deficiency on the total plasma 

copper and unconjugated plasma progesterone 

concentrations during the oestrous cycle of the ewe. S. 

African Journal of Animal Science. 1988; 18:83. 

14. Maddox LS. The role of copper in prostaglandin 

synthesis. Biochimica et Biophysica Acta. 1973; 306:74. 

15. Reitman S, Frankle S. Calorimetric method for the 

determination of serum glutamic oxaloacetic and pyruvic 

trancsaminase. American Journal of Clinical Pathology. 

1957; 28:56-63. 

16. SAS Kwangkeun Yi. Static Analysis, 13th International 

Symposium. Seoul, Korea. 2006, 29-31.  

17. Duncan DB. Multiple range and multiple F. tests. 

Biometrics. 1955, 11:1-42.  

18. Johnson PE, Milne DB, Lykken GI. Effects of age and 

sex on copper absorption, biological half-life, and status 

in humans. The American Journal of Clinical Nutrition. 

1992; 56:917-25. 

19. Cartwright GE, Markowitz H, Shields GS, Wintrobe 

MM. Studies in copper metabolism. A critical analysis of 

serum copper and ceruloplasmin concentrations in 

normal subjects, patients with Wilson's disease and 

relatives of patients with Wilson's disease. American 

Journal of Medicine. 1960; 28:555-563. 

20. Cox DW. Factors influencing serum ceruloplasmin levels 

in normal individuals. Journal of Laboratory and Clinical 

Medicine. 1966; 68:893-904.  

21. Herring BW, Leavell BS, Paixao LM, Yoe JH. Trace 

metals in human plasma and red blood cells. I. 

Observations of normal subjects. American Journal of 

Clinical Nutrition. 1960; 8:846-854. 

22. Rice EW. Spontaneous variations in the concentration of 

serum copper of healthy adults. American Journal of 

Medical Sciences. 1962; 102:593-59. 

23. Sinha SN, Gabrieli ER. Serum copper and zinc levels in 

various pathological conditions. American Journal of 

Clinical Pathology. 1970; 54:570-577. 

24. Zachheim HS, Wolf P. Serum copper in psoriasis and 

other dermatoses. Journal of Investigative Dermatology. 

1972; 58:28-32.  

25. Farquharson C, Robins SP. Female rats are susceptible to 

cardiac hypertrophy induced by copper deficiency: the 

lack of influence of estrogen and testosterone. 

Proceedings of the Society for Experimental Biology and 

Medicine. 1988; 188:272-281.  

26. Lynch SM, Klevay LM. Contrasting effects of a dietary 

copper deficiency in male and female mice. Proceedings 

of the Society for Experimental Biology and Medicine. 

1994; 205:190-196. 

27. Gowenloch A. Varley`s practical clinical biochemistry. 

6th Heine man medical books London. 1988, 275-278. 

28. Clubb JS, Neale FC, Posen S. The behavior of infused 

placental alkali phosphatase in human subjects. Journal 

of Laboratory and Clinical Medicine. 1965; 66:493-507. 


