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Abstract
The study was conducted on ten male Awassi sheep to evaluate the clinical and
hematological changes in addition to measure serum copper level of sheep suffering from
secondary copper deficiency during 4 months period. Animals were divided randomly into
two equal groups; One group was drenched with a mixture of ammonium molybdate 100 mg
with 1g of sodium sulfate in 100 ml of water daily for induction of secondary copper
deficiency. The second group left without treatment as control group. The serum copper level,
and complete blood picture (Red blood cells, hemoglobin, packed cell volume, total white
blood cells, granulocytes %, lymphocyte %, and monocytes %), were estimated on day zero
and repeated every two weeks. Results revealed appearance of clinical signs of secondary
copper deficiency in deficient (treated) group; including emaciation of all 5 animals, loss of
wool and easily to detached, bleaching around eye in one animal, change in wool color, and
increased in respiratory and pulse rate compared with control group. The clinical examination
of both groups revealed no significant differences in temperature, while there was a
significant (P ≤ 0.05) difference in pulse rate, and respiratory rate between treated (37.6 ±
3.07) and control (27.4 ± 1.53) group. Copper level decreased gradually to reach (0.64 ± 0.06
ppm) which regard subnormal level with statistical significant decrease (after 2 months of
treatment) in treated compared with control group. Blood parameters included (RBC, Hb,
PCV, MCV, MCH and MCHC) were recorded non significant differences along the
experiment period in treated compared with control group. Total WBC in treated group were
recorded variation in the values with presence of significant gradual decrease in the treated
compared with control group with non-significant differences in granulocyte %, monocyte %
and lymphocyte %.
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دراسة سريرية ودمية لنقص النحاس الثانوي المستحذث تجريبيا في االغنام
1

2
1
اععذ جاعى
٘عبذ انًُاف حًضة جٕد
بَٕٛسط كاظى انُم
 جايعت بغذاد/٘طشٛت انطب انبٛ كه-2
تٛ جايعت انمادع/٘طشٛت انطب انبٛ كه-1

الخالصة
اطٛت أظافّ إنٗ لٛت ٔانذيٚشٚشاث انغشٛت نغشض دساعت انخغٛ يٍ ركٕس االغُاو انعٕاع10 ٗج انذساعت عهٚاجش
إٛاَاث عشٕائٛ لغًج انح. أشٓش4  يٍ َمص انُحاط انثإَ٘ انًغخحذد خالل فخشةَٙ حعاٙ األغُاو انخٙيغخٕٖ انُحاط ف
خاثٚغى يٍ كبش1  يهغى يع100 إَٛبذاث االيٍٛ؛ جشعج احذاًْا بٕاعطت يعهك يٍ يٕنٛخٍٚٔ يخغاٛإنٗ يجًٕعخ
ت بذٌٔ يعانجتَٛ ٔحشكج انثا، َٕ٘ا نغشض اعخحذاد َمص انُحاط انثإٛيٚ  يم يٍ انًاء100 ٕٙو يزابت فٚانصٕد
اث انذوٚ نكشٙ شًهج انعذد انكهٙت انكايهت ٔانخٕٚ يصم انذو ٔانصٕسة انذيٙاط يغخٕٖ انُحاط فٛ حى ل.طشةٛكًجًٕعت ع
 َغبت، تٛبٛا انحبٚ َغبت انخال، عاءٛاث انذو انبٚ نكشٙ انعذد انكه، ا انًعغٕغتٚ حجى انخال، ًٍٕٛكهٕبٛٓت انًٛ ك، انحًشاء
 ظٓشث.ٍٛت كم أعبٕعٕٚو االٔل ٔاإلعادة نٓزِ انفحٕصاث بصٕسة دٔسٛ انٙذة انُٕاة فٛا ٔحٚت َٔغبت انخالٛا انهًفٚانخال
ٌ فمذا، ٕاَاث انًجًٕعتٛ حعًُج انٓضال نكم حٙت نُمص انُحاط انثإَ٘ عهٗ يجًٕعّ انُمص ٔانخٚشٚانعالياث انغش
 يعذالث انُبط ٔانخُفظٙادة فٕٚاَاث ٔصٛ ٔاحذ يٍ انحٍٙ فٛح انهٌٕ حٕل انعٛ حفخ، َّٕش نٛٛٔعٕٓنّ أصانّ انصٕف ٔحغ
عخبشٚ ٌٕ٘ ٔانزٛ) جضء يٍ انًه0606±0664( صمٛ نٙجٚ لم يغخٕٖ انُحاط بشكم حذس.ٖبانًماسَت يع انًجًٕعت االخش
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ع انفًٕ٘ بانًماسَت يع يجًٕعتٍٚ يٍ انبذء بانخجشٚ) بعذ شٓشp≤0.05(ت عُذُٕٚ يع لهت يعٙعٛححج انًغخٕٖ انطب
إُٚ) ٔنى حغجم فشلا يعRBC, Hb, PCV, MCV, MCH & MCHC( اطٛت لٕٚ شًهج انفحٕصاث انذي.طشةٛانغ
ٙ فٙ عجم انعذد انكه.)p≤0.05( طشة عُذ يغخٕٖ احخًالٛ يجًٕعّ انًعانجت بانًماسَت يع انغٙهت فخشة انخجشبت فٛغ
طشةٛ يجًٕعّ انًعانجت يماسَت يع انغٙت فُٕٚت يعٛجٚ يجًٕعّ انًعانجت يع ٔجٕد لهّ حذسٙعاء حُٕعا فٛاث انذو انبٚكش
 أشاس انفحص.)p≤0.05( ذة انُٕاة عُذٛت ٔٔحٛ ٔانهًف، تٛبٛا انحبٚ َغب انخالٙت فٛت إحصائُٕٚٔنى حغجم فشٔلا يع
ًُٙا كاٌ ُْانك فشق يعُٕ٘ فٛ دسجت انحشاسة بٙ انخجشبت إنٗ عذو ٔجٕد فشق يعُٕ٘ فٍٙ فٛش٘ نكال انًجًٕعخٚا نغش
اط يعذل انُبطٛ) كًا اظٓش ل1653±2764( طشةٛ) ٔيجًٕعت انغ3607±3766( ٍ يجًٕعت انًعانجتٛيعذل انخُفظ ب
.ٍٍٛ انًجًٕعخٛعا ٔجٕد فشق يعُٕ٘ بٚأ
. االغنام,  الذم,  نقص النحاس الثانوي,  النحاس:الكلمات المفتاحية

Introduction
Copper deficiency is endemic in
ruminants worldwide and causes disease of
economic importance (1). Copper (Cu) is an
essential microelement that presents a variety
of function in animals, it plays a part in the
active role in more than 20 metallo-enzymes,
cofactor and metalloproteinase that are
connected with destruction of free radicals,
synthesis of connective tissue, formation of
myelin and bones, pigmentation and
formation of fur and wool, it is also acts
indirectly in hematopoiesis (2, 3 and 4).
Copper deficiency can be either primary due
to low content in forage, or secondary to an
excess of antagonists, mainly sulfur and
Molybdenum (5). Molybdenum and sulfur
can form strong Cu chelating complexes
known as thiomolybdates, and the reducing
environment in rumen potentiates the
formation of these insoluble complexes.
Thiomolybdate greatly affect Cu homeostasis
in ruminant by decreasing Cu absorption,
increasing biliary exertion of Cu and also
removing Cu from vital cupro-enzymes (6).
Symptoms of Cu deficiency in sheep include
limp and glossy wool and losses its crimps,
depigmentation, anemia, scouring, swayback
and bone deformities. Also cause decrease in
humeral and cell mediated immunity and
decrease non-specific immunity regulated by
phagocytic cells such as: macrophages and
neutrophils (1). Therefore the study was
suggested to record the clinical signs and
hematological changes which occur with
secondary copper deficiency.

period in sheep field of Veterinary Medicine
College, University of AL-Qadissiya. All
lambs stayed for 45 days before beginning of
experiment for adaptation and received
enterotoxaemia and F.M.D. vaccines and
ivermactin with drenched of Albendazole and
Ectopour to treated and protected the animals
from internal and external parasites through
the adaptation periods. Animals were divided
randomly into two equal groups (Cu deficient
(treated), and control groups). Both groups
fed on integrated diet which contain 5.2 mg
Cu in all period of study according to (7).
Early in the morning and before feeding,
treated group drenching with a mixture of
ammonium molybdate 100 mg and sodium
sulfate 1gm dissolved in 100 ml of water and
given to each animals (7). Control group left
without treatment.
Copper level: The level of copper was
determined in serum of all experimental
animals at two weeks intervals by using
atomic
absorption
spectrophotometer
(EnGineeRX; British) (8). Five ml of blood
were obtained from jugular vein into test tube
without anticoagulant left to clot and centrifuged to separate serum.
Hematological tests: Five ml of blood
obtained
from
jugular
vein
with
anticoagulant tubes to evaluate the blood
parameters; RBCs X 106 corpuscle /ml3,
Hemoglobin concentration g\100 ml, packed
cell volume %, mean corpuscular volume
(MCV), Mean corpuscular hemoglobin
(MCH), and mean corpuscular hemoglobin
concentration (MCHC), in addition to total
WBC cell/ml3 and differential leukocyte
counts include granulocytes %, lymphocytes
% and monocytes %. These parameters were

Materials and methods
Animals: Ten male awassi lambs (3.5 - 4
months aged), were used through a 4 months
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(Cº), pulse and respiratory rates/minute were
recorded.
Statistical analysis: To determine statistical
differences between the two groups, two way
analysis of variance ANOVA in the SPSS
windows program statistical package for
social science were used.

performed by using hemo-analyzer HORIBA
ABX diagnostics (French).
Clinical examination: Clinical signs of Cu
deficiency was observed during induction of
secondary Cu deficiency and clinical
examination which included: temperature

Results
with control. Moreover depigmentation of
color around eyes (Fig. 1), and wool (Fig. 2).
Alopecia and easily removed of the wool also
were seen (Fig. 3). While there were no any
abnormalities in control group. The clinical
examination of both groups show no
significant differences in temperature while
there was significant differences in the
respiratory rate between treated (37.6 ± 3.07
/min.) and control (27.4 ± 1.53 /min.) group.
The pulse rate show significant differences
between treated group and control group.
Also a significant increase in pulse rate of
treated sheep compared with control were
seen (Table 2).

Table (1): Serum Cu level during the
experimental period (Mean±SE)

Table (2):The clinical examinations during
experimental period (Mean±SE), T=
treated, C=control.

Date
Group
Treated
Control

3\3

20\5

1.28±0.16Aa

0.58±0.03Ab

1.20±0.13Aa

1.21±0.1Ba

Group

Induced secondary copper deficiency
Gradual decrease of serum Cu level were
seen through the continuous observation
(every 2 weeks intervals), until become (0.64
± 0.06ppm) where recorded a significant
(P≤0.05) decrease after 2 months from
beginning of drenching (Table 1). While in
control group, the Cu level was still at
normal level, ranged about (1.18 ± 0.04 to
1.28 ± 0.14) in the same period.
The clinical finding of secondary Cu
deficiency
All five animals in treated group were
appeared emaciated with decreased in body
weight and retardation of growth compared

T
C

Temp.
(Cº)
39.14±0.17Aa
39.04±0.12Aa

Date 26/5
Respiration
(breath/min.)
37.6±3.07Aa
27.2±0.86Ba

Pulse
(beat/min.)
80.6±1.07Aa
76.4±1.74ABa

Different letters referred to significant (P≤0.05) differences between groups. Similar letters represent no significant
differences. Capital letters referred to vertical compression, small letters referred to horizontal compression.

Fig. (1): Bleaching around the eye in treated
group.

Fig. (2): Depigmentation of the wool in
treated group
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Blood parameters
The study revealed no statistical
significant
(P≤0.05)
differences
in
hematological parameters between treated
and control groups (Table 3). Total WBCs in
the period of inducing Cu deficiency were
recorded a significant gradual decrease in the
treated group compared with control group.
Also there were non-significant differences
in GRN%, Mon%, and LYM% between
groups (Table 3).
Fig. (3): Loss of wool in treated group
Table(3): The blood parameters during experimental period (Mean±SE).
Treated

Groups
Blood parameters
RBC
(corpuscle\ml3)
Hb g/100ml
PCV(%)
MCV(fl)
MCH(pg/cell)
MCHC(g/dl)
WBC cell/ml3
GRN%
LYM%
MON%

Control
Cu deficiency
period

Day zero

Cu deficiency
period

Day zero

3.85±0.23Aa

4.01±0.47Aa

4.04±0.4Aa

3.55±0.34Aa

8.56±0.48Aa
12.9±1.04Aa
35.2±0.37Aa
23.88±1.92Aa
67.78±5.27Aa
67.08±11.48Aa
7.12±1.2Aa
90.06±1.82Aa
6.68±0.16Aa

7.46±0.38Aa
12.98±1.32Aa
35.4±0.24Aa
20.96±2.37Aab
59.48±6.39Aab
48.86±6.88Ab
7.4±1.13Aa
85.66±3.63Ab
6.24±0.71Aa

8.76±0.14Aa
14.26±1.36Aa
35.6±0.24Aa
22.36±1.99Aa
66.87±5.3Aa
52.56±4.98Ba
7.1±0.3Aa
88.76±0.1Aa
6.54±0.34Aa

7.84±0.3Aa
13.08±0.75Aa
35.4±0.24Aa
21.54±1.57Aa
60.74±4.11Aa
57.7±11.43ABa
6.98±0.78Aa
86.72±1.01Aa
6.56±0.6Aa

Different letters referred to significant (P≤0.05) differences between groups, similar letters represent no significant
differences.

Discussion
Significant decrease of serum Cu level is
seen after 2 months from beginning of
drenching, similar finding grasped by (9)
who observed appearance of Cu deficiency
after daily drenching with molybdenum
sulfate after 6 week of drenching. The results
agreed with (10) who referred to normal
value of serum Cu concentration in sheep
ranged from (0.7-2 ppm) which regard
adequate for animals maintenance while the
Cu concentration (0.1 and 0.4 to 1 ppm)
regarded
deficient
and
marginal
concentrations for sheep. Also this results of
normal values of serum Cu level were
accepted by (11) who showed the normal
level of serum copper about (0.75-1.7 ppm).
The emaciation and loss of condition result
agree with (12,13 and 14) in ruminants and
this signs attributed to reduction of the Cu

activity enzymes such Cytochrome C oxidase
which is important in energy production (15)
and in late stage this impairment of oxidation
tissue lead to interference with metabolism
and loss of condition and failure to growth
(1). This results were agreed with (7) who
showed signs of emaciation and weakness in
the experimental animals which suffered
from Cu deficiency. Retardation growth of
sheep suffer from Cu deficiency may be
related to localized depletion of Cu in the
mucosa of the intestine which influence
digestion, motility and inflammatory
responses (16). The emaciation occurred in
Cu deficient group due to biochemical
relation to disturbance in cross-linked protein
of connective tissue caused by Lysal oxidase
deficiency due to Cu deficiency (17, 18).
Copper deficiency was stimulate catabolism
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of protein of connective tissue result in
affecting on the tissue and growing (19). The
result also agree with (20) whom reported
that decreases in body mass with alopecia
and wool production in the secondary Cu
deficiency in merino sheep. (21) showed the
depigmentation of hair in Cu deficient cattle
regard that signs is the earliest visual signs
(22, 23, and 24) showed decrement in the
activity of tyrosinase in Cu deficient animals
which regarded important enzyme to
conform tyrosine to melanin which lead to
depigmentation of color of the wool in case
of copper deficiency disease. The result
accepted with ( 25, 26, and 27) whom
showed loss of the wool and appearance of
alopecia in sheep suffering from Cu
deficiency. The result of body temperature
agree with (27, 28). While the results of (28)
showed no significant change in the pulse
rate and respiratory rate in between Cu
deficiency animals. (27) accepted with our
study by the respiratory rate, whom found
significant increase in Cu deficiency sheep
compared with control. The results of blood
parameters agreed with (4, 20, and 29) whom
showed no significant differences in the
hematological parameters in secondary Cu

No. 1

2016

deficiency while disagree with (27, 30, and
31) whom referred to significant differences
without referred to Cu deficiency if it
primary or secondary. Also disagree with (7)
whose referred to significant effect on blood
parameters of experimental secondary Cu
deficiency. (1) confirmed that anemia
occurred in the late stage of primary Cu
deficiency and not remarkable signs in
secondary Cu deficiency. The results of
WBC picture agreed with (7) who recorded
significant (gradual) decrease in total WBC
counts in sheep experimentally suffered from
secondary Cu deficiency. The results also
agreed with another study by (32) in buffalo
calves. The decreased total leukocyte count
could be contributed to stress of malnutrition
which cause secretion of adrenocorticotrophic hormone from adenohypophysis and
resultant increased in blood cortisol
concentration (33). While the result disagree
with (27) who referred to non-significant
differences occurred in WBC counts. (34)
also referred to significant increase in
monocytes% in Cu deficiency sheep. While
(35) in cattle referred to total WBCs not
affected with Cu deficient and increased in
Mon% and decreased in B lymphocytes.

References
1-Radostitis OM, Gay CC, Hinchcliff KW, Constable
PD (2007)Veterinary Medicine, A Text Book of
The Disease of Cattle, Horses, Sheep, Pigs and
Goats. 10th ed. Elsevier Saunders, Spain.
2-McDowell LR (1999) Minerals for ruminants under
pasture in tropical regions, Empathizing Brazil,
UNESP, Sao Paulo. Brazil.
3-Ortolani EL, Machado CH, Sucupira MCA (2003)
Assessment of some clinical and laboratory
variables for early diagnosis of cumulative copper
poisoning in sheep. Vet. and hum. Toxicol., 45(6):
289-293.
4-De Sousa IKF, Minervino AHH, Sousa RDS,
Chaves DF, Soares HS, Barros Ide O, de Araujo
CASC, Junior RAB, Ortolani EL (2012) Copper
Deficiency in Sheep with High Liver Iron
Accumula-tion. Vet. Med. Intern., Article ID
207950, 4 pages.
5-Enjalbert F (2009) The relationship between trace
elements status and health in calves. Revue, Med.
Vet. 160 (8-9): 429-435.
6-National Research Council (NRC) ( 2005) Mineral
Tolerance of Animals. 2nd ed. National Academies
Press, Washington, DC.

7-Al-Kalidi JA (2004) Experimental study to induce
copper deficiency in Iraqi sheep. Ph.D. Thesis.
College of Veterinary Medicine, Baghdad
University (Arabic).
8-Meret S, Henkin RI (1971) Simultaneous direct
estimation by atomic absorption spectrophotometry of copper and zinc in serum, urine and
cerebrospinal fluid. Clin. Chem., 17: 369-373.
9-Ross DB (1970) The effect of oral ammonium
molybdate and sodium sulfate given to lambs with
high liver copper concentrations. Res. Vet. Sci.,
11:295.
10-Poppenga RH, Ramsey J, Gonzales BJ, Johnson
Ch K (2012) Reference intervals for mineral
concentrations in whole blood and serum of big
horn sheep (Ovis Canadensis) in California. J. Vet.
Diag. Investig. 24(3): 531-538.
11-Herdt TH, Hoff B ( 2011) The use of blood
analysis to evaluate trace mineral status in
ruminant livestock. Vet. Clin. North. Am. Food
Anim. Pract., 27:255-283.
12-Allaam MA, Naysel MA, Keshta HG, Zaghawa
AA, Elsify MA, Salama AA, Abou-Zeina HA,
Hassan MS (2015)The cytogenetic effect of copper

49

AL-Qadisiya Journal of Vet. Med. Sci.

Vol. 15

in experimental hypocupermic goats. Intern. J.
Advan. Res. 3(2): 728-738.
13-Mass J, Bradford PS (1990) Copper deficiency in
ruminants. In: Bradford PS. Ed. Large Animal
Internal Medicine. Toronto: Mosby. Pp.832-836.
14-Hansen SL, Ashwell MS, Legleiter LR, Fry RS,
Lioyd KE and Spears JW (2009) The addition of
high manganese to copper deficient diet further
depresses copper status and growth of cattle. Br. J.
Nut. 101: pp.1068-1078.
15-National Research Council (NRC) (1996) Nutrient
requirements of beef cattle, 7th ed. Washington,
DC: National Academy Press. Pp.54.
16-Aitken
ID (2007) Disease of Sheep.4th ed.
BlackWell Publishing. 382-386.
17-Hill CH, Starcher B, Kim C (1967) Role of copper
in the formation of elastin. Fed. Proc., 26: 129133.
18-Aupperle H, Schoon HA, Frank A (2001)
Experimental copper deficiency, chromium
deficiency and Molybdenum supplementation in
goats- pathological findings. Acta Vet. Scand., 42:
311-321.
19-Curthberston D (1970) Introduction to the
symposium "Trace element metabolism in
animals" (Mills, C.F. ed.). living stone. Edingburg
and London.1-2.
20-Niekerk FE, Niekerk CH (1989) Effect of high
level of dietary molybdenum and sulfate on SA
Mutton Merino sheep, I. Mineral status and
hematological parameters. S. Afr. J. Anim.
Sci.,19(3).
21-Spears JW, Weiss WP (2008) Role of antioxidants
and trace elements in health and immunity of
transition dairy cows. Vet. J., 176:70-76.
22-Lerner AB, Fitzpatrick TB (1950) Biochemistry of
melanin formation. Physiol. Rev., 30: 91-126.
23-Lerner AB, Fitzpatrick TB, Calkins E, Summerson
WH (1950) Mammalian tyrosinase. The
relationship of copper to enzymatic activity. J.
Biol. Chem. 187: 793-802.
24-Fry RS (2011) Dietary and genetic effects on
cellular copper homeostasis in bovine and porcine
tissues. Ph.D. University of Carolina, Anim. Sci.
and Nut. Raleigh.

No. 1

2016

25-White C (2004) Copper deficiency in sheep and
cattle. Farm note, department of Agriculture.
No.28. State of Western Australia.
26-Ali Sh, Abed J (2012) The serum copper and zinc
values of the sheep grown up in Thi-Qar villages.
Bas. J. Vet. Res. 11(1): 265-269.
27-Mohammed IA, Gadi JA, Al-Amery MAY (2013)
Study of some minerals deficiency in grazing
sheep in Thiqar province. Al-Qadisiya J. of Vet.
Med. Sci.,12(1).
28-Rong Y, Juuan L, Qi-Wen W, Guo-Zhen D (2011)
Copper deficiency in Guizhou semi-fine wool
sheep on pasture in south west China karst
mountain area. Afri. J. Biotech.,10 (74): 1704317048.
29-Ryssen JBJ, Malsen SV, Barrowman PR (1986)
Effect of dietary molybdenum and sulphur on the
copper status of hyper-cuprotic sheep after
withdrawal of dietary copper. S. Afr. J. Anim.
Sci.,16(2).
30-Abd El-Raof YM, Ghanem MM (2006) Clinical
and hematobiochemical studies on cases of
alopecia in sheep due to deficiency of some trace
elements. SCVMJ, X(1), pp;17-27.
31-Al-Mujalli AM (2012) Investigations on serum
copper values in healthy and copper deficient
Najadi sheep in the eastern region of Saudi Arabia.
Sci. J. of King Faisal Univer.,13(1): 1433.
32-Randhawa CS, Randhawa SS, Sood NK (2002)
Effect of molybdenum induced copper deficiency
on peripheral blood cells and bone marrow in
buffalo calves. Asian-Aust. J. anim. Sci. 15(4):
509-515.
33-Henley KM, Vaitukaitis JL (1985) Hormonal
changes associated with changes in body weight.
Clin. Obeste. Gynecol., 28: 615-631.
34-Fouda TA, Youssef MA, El-Deeb WM (2012)
Serum copper concentration and immune status of
sheep: clinical and laboratory study. Vet.
Res.,5(2): 16-21.
35-Cerone SI, Sansinanea AS, Streitenberger SA,
Garcia MC, Auza NJ (1998) The effect of copper
deficiency on the peripheral blood cells of cattle.
Vet. Res. Commune.., 22:47-57.

50

