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Abstract: This study was designed to investigate the effect of serum copper concentration on the immune
status of sheep. Therefore, this study was carried on 40 sheep (20 diseased sheep and 20 clinically healthy)
1-2 years old from different localities. The selected amumals were thoroughly examme and the clinical findings
were reported. Copper deficient-sheep showed the climcal signs of ill thrift, limp and glossy wool with
depigmentation and retardation of growth in addition to depression of animal viability. Two blood samples were
obtained from each sheep and were used for determination of total and differential leucocytic counts,
determimation of superoxide dismutase enzyme, phagocytic percentage, phagocytic index, copper, zinc,
selenium, iromn, total protems, albumin, globuling and immunoeglobulins. The obtained results revealed that the
phaghocytic ability and killing capacity of neutrophils (phagocytic % and phagocytic index) were reduced.
Moreover, the activity of the antioxidant enzyme copper, zinc-superoxide dismutase in ovine neutrophils is
decreased. Furthermore, there was decreased levels of blood total proteins, albumin, globulins and
mnmunoglobuls. The treatment with copper mnproves cellular (phagocytic % and phagocytic mdex) and
humoral immunity (immunoglobulins levels). Tt could be concluded that copper as a micronutrient is of
paramount importance for the immune status and its deficiency adversely affects the cellular and humeral

ummune status in sheep.
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INTRODUCTION

Copper, zinc, selenium and iron are essential trace
muinerals associated with specific and non specific immune
mechanisms (Caroline et al, 1994, Chandra, 2003).
Erickson et al. (2000) declared that micronutrient such as
zine, copper and selemium can influence several
components of innate immunity. Micronutrients play an
important role in alteration of oxidant-mediated tissue
mjury and phagocytic cells produce reactive oxidants as
part of the defense against mfectious agents. Thus,
adequate micronutrient are required to prevent damage of
cells participating in inhate immunity.

Micronutrients deficiency have a great effect on
ammals. The main effects of subclinical deficiency are an
altered balance of reactive oxygen species and
antioxidants, leading to oxidative damage of
polyunsaturated fatty acids and nucleic acid and
mnpaired mmmune function with increased likelihood
of infectious complication. Copper appears to be essential

for the normal functioning of the immune system in
ruminants just as it does in small laboratory animals. In
cases of copper deficiency the effect was in numbers of
cell mediating immunity, mcreasing mast cells (non
specific immune cells) in muscle and decreasing some
populations of T-cells (specific immune cells). Moreover,
it affects the activities of copper-zinc SOD which has a
protective functions (Underwood and Suttle, 1999).
Spears (2000) reported that copper deficiency reduces
the ability of solated neutrophuls to kill yeast and/or
bacteria. Moreover, copper deficiency reduces antibody
production, interferon and tumor necrosis factor by
mononuclear cell. From other point of view micronutrient
imbalance or deficiency specially zinc and copper will
affect pregnancy outcome through alterations in maternal
and conceptus metabolism. Moreover, their deficiency
can reduce defense against free radicals damage
(Ashworth and Antipatis, 2001). Copper/zine superoxide
dismutase (Cu/Zn S0D) 1s a key antioxidant enzyme
involved in superoxide detoxification in normal cellular
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metabolism and after cell injury (Peluffo et al, 2005).
Consequently, the main objective of this study was to
mvestigate the effect of copper deficiency on the immune
status of sheep.

MATERIALS AND METHODS

Animals: A total number of 40 sheep (20 diseased and 20
clinically healthy) 1-2 years old from different localities
had been subjected to thus study. The selected ammals
were thoroughly examined and the clinical findings were
reported. Copper deficient-sheep showed the clinical
signs of il thrift, limp and glossy wool with
depigmentation and retardation of growth in addition to
depression of animal viability.

Samples and sampling protocol

Blood samples: Blood samples were collected by jugular
veinpuncture after clipping and disinfecting the area with
disinfectant solution. The blood samples were obtained in
two occasions, one before treatment and second 30 days
post treatment. Two blood samples were obtained from
each sheep. The first sample was collected in a clean, dry
vacutainer tube with anticoagulant. These blood samples
were used for total and differential leucocytic counts,
determmation of superoxide dismutase enzyme,
phagocytic percentage and phagocytic index. The second
blood samples were obtained by jugular vempuncture in
vacutainer tubes without anticoagulant for obtaining
blood sera. Only clear non hemolysed serum samples were
obtained and kept frozen at -200°C for further biochemical
analysis (Coles, 1986).

Adopted methods

Total and differential leucocytic count: Total leucocytic
count (x10° cumm™) was carried out using
hemocytometer while differential leucocytic count was
carried out using stained blood film with Wright’s stain
according to Coles (1986).

Superoxide Dismutase enzyme (SOD): SOD was
estimated according to the method described by Anders
(1985).

Phagocytic activity of neutrophils: The Phagocytic
activity of neutrophils was measured according to the
method described by Lehrer and Clins (198%9) (Fig. 1-3).

Biochemical analysis of blood sera samples: The
biochemical analysis of blood sera for the selected
parameters particularly copper, zing, total proteins and
albumin were measured spectrophotometrically using the
commercial test kits according to the methods described
by Meret and Henkin (1971), Johnsen and Eliasson (1987)
and King and Wootton (1959), respectively.

Fig. 1: Phagocytic activity of neutrophils engulfed heat
killed candida i climcally healthy sheep

Fig. 2: Phagocytic activity of neutrophils engulfed heat
killed candida m copper deficient sheep

Fig. 3: Phagocytic activity of neutrophils engulfed heat
killed candida after treatment with copper

Serum globulins: Serum globulins were calculated by
subtraction of the amount of serum albumin from the
amount of total serum protein.

Serum IgG, IgsM and TgA: Serum TgG, IgM and TgA were
determmed by using available test kits by using single
radial 1mmunodiffusion techmque according to the
method described by Mancini ef al. (1965).
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Therapeutic trial: The diseased conditions suffered
copper deficiency were treated by oral administration of
copper sulfate powder at dose rate 1 g/head/week for 4
successive weeks.

Statistical analysis: The obtained data were statistically
analyzed for means and sigmificance between the groups
using ANOVA according to Snedecor and Cochran (1982)
by using SPSS computerized system.

RESULTS AND DISCUSSION

In this study, copper deficient sheep showed the
climical signs of ill thrift, limp and glossy wool with
depigmentation and retardation of growth. Regarding
laboratory findings the results showed significant
reduction in serum copper levels in deficient sheep with
non sigmficant changes m serum zinc concentrations
when compared to their herd mates (Table 1). Also, there
was significant decrease in the levels of total proteins,
albumin, globulins and immunoglobulins IgG, Igh and
TgA in deficient sheep (Table 2). Moreover, there was
significant decrease in the activity of the antioxidant
enzyme copper, zinc-superoxide dismutase in ovine
neutrophils (Table 3). There was significant decrease in
phaghocytic ability and killing capacity of neutrophils
expressed as phagocytic % and phagocytic index
(Table 4). The treatment with copper sulphate improves
both cellular (phagocytic % and phagocytic index) and
humoral immumty (immunoglobulins levels) in treated
sheep.

Table 1: Mean values+SE of serum levels of zinc and copper in clinically
healthy sheep and diseased sheep suffered copper deficiency before

and after treatment
Variables

Animal groups Copper ng/100 ml Zinc pg/100 ml.
Control group 97.6+2.260¢ T4.241.70¢
Copper-deficient sheep 74.38t1.76° 73.8£1.30°
before treatment
Copper-deficient sheep 94.4+1 800" 73.7+1.80¢
after treatment

The different superscripts within the column are significantly differ while the
sarne superscript within the column are non significantly differ; p<0.05

In this study, copper-deficient sheep showed the
climical signs of retarded growth, limp and glossy wool,
depigmentation of wool and anemia. There was an
obvious climcal mprovement of the general health
condition of the affected amimals after treatment. The
climical findings observed in copper deficient sheep were
in concern with those achieved by El-Sangary (1999),
Underwood and Suttle (1999), Gehan (2000) and
Radostits et al. (2000). Retardation of growth in such
clinical conditions could be attributed to interference of
intermediary metabolism due to failure of tissue oxidation.
Limp and glossy wool may be attributed to the
requirement for copper to oxidized the SH mto 3-S
{(disulphide bridge in the two adjacent cystine molecules)
groups 1n keratin synthesis. Also depigmentation of wool
may be due to deficiency of copper contaimng enzyme
tyrosine (polyphenyloxidase) which catalyses the
conversion of L-tyrosine into melanin. Moreover, anemia
could be attributed to the importance of copper in the
formation of hemoglobin as copper is necessary for the
reutilization of iron liberated from the normal breakdown
of hemoglobin (McDonald et al., 1979; Radostits et al.,
2000).

The obtained results of laboratory investigations of
copper deficient sheep (Table 1) revealed that there
were significant reductions m the levels of copper
(74.38+1.7 ng/100 mL) in diseased sheep associated with
non sigmficant variation in the levels of zinc. There
was a sigmficant mmprovement of copper levels
(94.4+1.8 pg/100 mL) toward the normal values 30 days
after treatment. These results were in harmony with those
obtained by Whitelaw et al. (1982), Caroline et al. (1994),
Underwood and Suttle (1999) and Radostits ef af. (2000).
The decreased copper levels in such clinical conditions
could be attributed to low copper levels in the diet or to
the presence of excess amounts of molybdenum, zinc,
iron, lead and calcium carbonate mn the diet of affected
animals (Whitelaw ef al., 1982, Underwood and Suttle,
1999),

There were sigmficant (p<i0.05) reductions in the
levels of teotal proteins (5.01=0.4 g dL™"), albumin
{1.75£0.5 g dL.7" and globulins (3.28+0.36 g dI.7") in blood
serum of copper deficient sheep if compared to the levels

Table 2: Mean values=SE of serum total protein, albumin, globulin and immunoglobulin in clinically healthy sheep and diseased sheep suffered copper

deficiency before and after treatrnent

Variables
Animal groups Total protein (g dL”")  Albumin (g dL.™") Globulin (g dL.™") IgG (mgmL™) IgM (mgmlL™") IgA (mgmlL™)
Control group 6.08+0.65* 2.23+0.40° 3.85+0.45 19.0+1.010° 3.08+0.32 0.35+£0.03*
Copper-deficient sheep before treatment 5.01+0.4(F 1.75+0.50° 3.2840.36° 9.65+£0.51° 1.65+0.81° 0.11+0.02*
Copper-deficient sheep after treatment 5.9+0.5000 2.16+0.33* 3.7940.50* 17.75+0.74* 2.79+£0.12* 0.28+0.02*

The different superscripts within the column are significantly differ while the same superscript within the column are non significantly differ, p<0.05
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in their herd mates (Table 2). In addition, there was
(p<0.05)
immunoglobulin G (9.65+0.51 mg mL™"), immuncglobulin
M (1.85:0.65 mg mL™") and immunoglobulin A
(0.11£0.02 mg mL ") in those sheep. There was significant
(p<0.03) increase in the levels of total proteins
(5.940.5 g dL™") albumin (2.1+0.4 g dL™"), globulins
(3.79+0.5 g AL ™) immunoglobulin G (17.75+0.74 mg mL ™),
immunoglobulin - M (3.1440.1 mg mL™) and
immunoglebulin A (0.28£0.02 mg mL™") towards the
normal values after treatment. The obtained results were

significant reduction in the levels of

mn agreement with those obtained by Scrimshaw and
SanGiovanmi (1997), Ashworth and Antipatis (2001) and
Chandra (2003).

The decreased levels of total proteins, albumin and
globulins could be attributed to faulty nutrition and loss
of appetite which 15 considered as stress factors that
adversely affect the hepatic parenchyma resulting in
failure of protein synthesis (Mc-Donald, 1975). Moreover,
the decreased levels may be attributed to increased levels
of blood cortisol in diseased animals. Since, there are
some evidences that the mcreased concentration of
cortisol causes catabolism of protein leading to negative
nitrogen balance and increased urinary elimination of
nitrogen (Mc-Donald, 1975; Dovarax et al, 1980). The
decreased levels of immunoglobulin might be a result of
the decreased mumnber of immunoglobulin formmg cells
and faulty nutrition (Ashworth and Antipatis, 2001;
Chandra, 2003). There was a sigmficant (p<0.05) decrease
in the total leukocytic count (8.54+0.467) with a significant

Table 3: Mean values+SE of total and differential leucocytic count and blood
Superoxide Dismutase (SOD) in clinically healthy sheep and
diseased sheep suffered copper deficiency before and after treatment

Copper-deficient Copper-deficient

Apparently sheep before sheep after
Leucogram healthy sheep treatrment treatment
Total leucocytic=10? 10.45+0.79* 8.5+0.460" 10.2+0.460°
Neutrophils (%) 50174000  45.6541.80F  50.95+1.8%
Lymphocytes (%) 48.5+7.930° 40.1541.86" 45.60+1.84°
Eosinophils (¢0) 0.60+0.84* 0.50+0.38* 0.60+0.41°
Basophils (26) 0.5020.53° 0.5040.11° 0.500.11°
Mongcytes (%5) 0.3020.15° 3.8041.01° 0.75+0.17
Blood Superoxide 1.55+0.028 0.394+0.02° 1.16+0.02

Dismutase (SOD) (umol L™
The different superscripts within the column are significantly differ while the
same superscript within the column are non significantly differ; p<0.035

(p<0.05) increase in monocytes % (3.80+1.01) in copper
deficient sheep. Moreover, there was a significant
(p<0.05) decrease i the superoxide dismutase enzyme
(0.398+0.02) in the same animals (Table 3). Meanwhile,
there was a significant (p<<0.05) increase in the levels of
total leucocytic count (10.2+0.467) and the levels of
superoxide dismutase enzyme (1.16+0.02) with a
significant (p<0.05) decrease of monocyte levels
(0.754£0.175) towards the normal levels after treatment.
These results were in harmony with those obtained by
Jones and Suttle (1981), Gehan (2000) and Chandra (2003).
The decreased total leukocytic count could be attributed
to the stress of malnutrition which cause secretion of
adrenocorticotrophic  hormone from adenohypophysis
and a resultant merease m blood cortisel concentration
while the increased levels of monocytes may be attributed
to the need for increased phagocytic activity. This
interpretation was in concern with Henley and Vaitukaitis
(1985) and Mgongo et al. (1985).

From ancther point of view Schonland et al. (1972)
attributed the decreased total leucocytic count to the
decreased levels of circulating lymphocytes in response
to stress of malnutrition. While the decreased levels of
super oxide dismutase enzyme may be attributed to
entering of copper in the synthesis of super oxide
dismutase enzyme (Ashworth and Antipatis, 2001,
Chandra, 2003).

There was a significant (p<0.05) reduction in the
of phagocytic percentage (43.8+£0.96) and
phagocytic index (1.28+0.3) of phagocytic cell in cases of
copper deficiency (Table 4). Meanwhile, there was a
significant (p<0.05) increase in the levels of phagocytic
percentage (78.0+1.36) and phagocytic mdex (3.5+0.4) of
phagocytic cell resulting in improvement of phagocytic
cell function after treatment.

levels

These results were in agreement with those obtained
by Boyne and Arthur (1986), Gengelbach (1994) and
Chandra (2003). The decreased levels of phagocytic
percentage and phagocytic index may be attributed to the
role of copper in tissue oxidation by supplementing
cytochrome oxidase system or entering into their
formation in addition to entering in the formation of super
oxide dismutase enzyme (Boyne and Arthur, 1986,
Gengelbach, 1994; Chandra, 2003). The obtained results of

Table4: Mean values=SE of phagocytic % and phagocytic index in clinically healthy sheep and diseased sheep suffered copper deficiency before and after

treatrment

The phagocytic (%6)

The phagocytic index

Copper-deficient sheep
before treatment

Copper-deficient sheep

Control after treatment

Copper-deficient sheep
before treatment

Copper-deficient sheep

Control after treatment

83.242.3 43.8+0.9¢° 78.0+1.36

3.7+0.55 1.28+0.3° 3.5+0.4°

The difterent superscripts within the column are significantly differ while the same superscript within the column are non significantly differ; p<0.05
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laboratory investigations revealed a significant reduction
n both cellular and humoral immumty in cases of copper
deficiency.

CONCLUSION

it could be concluded that
micronutrient (copper) 1s a major element atfecting the
immune status in sheep. Such elemental deficiency can

From this study

adversely affect the cellular and humoral immune status in
sheep.
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