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Abstract

Aim: The present study was carried out with the main objective to
investigate the serum copper, zinc and magnesium status in sick animals
of different species (goat, sheep and cattle)

Materials and Methods: Nineteen animals of different species (Goats,
sheep and cattle) with clinical signs of sickness were selected randomly
from Sharg ALneel Hospital - Elseleit , East Nile- Khartoum State.
Serum minerals were estimated by atomic absorption spectrophotometry.

Results: The mean serum Cu concentrations in goat, sheep and cattle
were (2.014 £ 0.23, 2.163+ 0.30 and 1.950 + 0.24 mg/L) respectively.
The mean serum Zn concentrations in goat, sheep and cattle were (0.264
+ 0.05, 0.262 = 0.04 and 0.261 £ 0 .03 mg/L) respectively, whereas the
mean serum Mg concentrations in goat, sheep and cattle were 1.407 £ 0
13", 1.751 + 0.10° and 1.894 + 0.22* mg/dl respectively. The result
showed that no significant (P>0.05) differences were found in the mean
serum Cu and Zn concentrations between the different animals species,
while the mean serum Mg concentration was significantly (P<0.01)
different between animals species. The mean Cu concentration in serum
of the different animal species was significantly (P<0.01) high (2.063
+0.26 mg/L), whereas the means of Zn and Mg concentrations in serum
of the different animal species were significantly (P<0.01) low
(0.262+0.04 mg/L and 1.654+0.24 mg/dl respectively) as compared to the
normal value.

Conclusion: The result showed that the serum concentrations of Cu and
Zn are not different between goat, sheep and cattle, whereas the serum
concentration of Mg is different between this species. There are changes
in the levels of serum Cu, Zn and Mg in the sick animals.

Key words: Cu, Zn, Mg, goat, sheep, cattle, sickness
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Introduction

The prevention of animal diseases is important for many different
reasons. First of all, the animal itself has to be protected and the spread of
disease must be restrained to guarantee a healthy animals population
(Bren, 2016). The majority of the animal population in Sudan is raised
under range management and nomadic conditions hence mineral
investigations are of great importance. On the other hand, there are few
reports on occurrence of nutritional disorders and there is underestimation
of problems associated with these disorders because their incidence is
masked by the infectious diseases. Nutrition and more specifically,
minerals and trace elements play an important role in immune function
and health. Even moderate deficiencies can adversely impact animal
performance (Prashanth et al., 2015). It is well known that trace minerals
(Cu, Mg, and Zn, among others) are required for the normal functioning
of basically all biochemical processes in the body. They are part of
numerous enzymes and coordinate a great number of biological
processes, and consequently they are essential to maintain animal health
and productivity (Suttle, 2010). Although minerals such as copper,
magnesium and zinc have been researched in human and animals, data of
their status in animal’s serum during diseases are still lack. Therefore the
objectives of this study were designed to

1- To investigate the levels of serum copper, magnesium and zinc in
sick animals of different species.

2- To evaluate the differences of serum levels of minerals between the
different animal species.

3- To estimate the effect of sickness in minerals status.

4- To give a light on the effects of copper, magnesium and zinc in

immune response against diseases.



Chapter One

Literature Review

1.1. Trace Elements (Micronutrients)

Trace elements copper, magnesium and zinc, are elements that are
required in minute amounts for optimal growth, development and
physiology. Trace elements are indispensable for life and play an
important role in essential functions, including immune function (Brent,
2016). Low intakes of micronutrients have been shown to suppress
immune function by affecting the innate T-cell mediate immune response
and antibody response, which, in turn, increases the susceptibility to
infections. Further, infections especially recurring infections can further
worsen existing micronutrient deficiencies by interfering with nutrient
intake, increasing losses, and impeding utilization (Bondestam et al.,
1985).

1.1.1. Copper (cu)

Is one of the essential trace elements in animals, and disorders associated
with its deficiency and excess have been reported, Cu deficiency has also
been reported to develop after gastrointestinal surgery, intractable

diarrhea, and prolonged parental or intra nutrition (Nezu et al., 1992).
1.1.1.1. Copper metabolism

The inhibitory effect of copper on glycine receptor mediated
currents is voltage independent, cu acts at a specific neuromodulatory site
rather than as channel blocker, the increase in neurotransmission in
response to prolonged exposure to copper has been ascribed to a copper
induced enrichment of the receptor at the plasma membrane (Aoki. et al.,
1996).



1.1.1.2. Copper Sources and bioavailability

Cu availability in most feed stuff fed to farm animals range
between 1% and 15%. Grains are lower in Cu than are forages. Most
forage contains Cu at levels equal to or above the National Research
Center (NRC) requirements. However, as plant mature and the phytate
and lignin content increases, bioavailability of the Cu decreases rapidly
(Hemken et al., 1993; Clark et al., 1993). Two types of soils have a
marked influence on copper uptake by the plants or cu absorption by the
animal. Muck soils, because of their high organic matter bind copper
which in turn makes forage grown on these soils deficient in copper. Soils
high in molybdenum can produce forages with high molybdenum content
which can interfere with copper metabolism in animal grazing these high
molybdenum soils (NRC, 1980).

1.1.1.3. Copper physiology

Cu is an essential component of several physiologically important
metalloenzymes; hence, Cu deficiency leads to effect on multiple organ
systems. These enzymes include cytochrome ¢ oxidase, ceruloplasmin,
lysyl oxidase, phenyl oxidase (tyrosinase), superoxidase dismutase,

dopamine-beta-hydroxylase, and thiol pxidase (Jones et al., 1997).
1.1.1.4. Copper physiological effects

In general copper is poorly absorbed by the digestive tract. Copper
absorption is influenced by the age and breed of cattle (NRC, 1980). Cu
has role in iron metabolism, (Philip et al., 2005), connective tissue
formation (Sherry, 2004), pigmentation and keratinization of hair and
wool (Ibrahim, 2006), central nervous system as in sway back (enzootic

ataxia) of lambs (Howell et al., 1969), reproductive system (Ahmed et al.,



2002). Also Cu has effects on immune system and effect on

cardiovascular system (Sherry, 2004).
1.1.1.5. Copper concentration in blood serum

Blood serum Cu concentration is a more reliable and consistent
measure of Cu status than is whole blood, but neither reflects dietary
intake unless the liver is depleted of its Cu stores. Faye and Grillet,
(1984) established a range for normal Cu status in animals: mean serum
Cu at 24.7 mg/100 ml (5-55) in sheep, 37.2 mg/100 ml (15-60) in cattle
and 41.8 mg/100 ml (20-60) in goats.
1.1.1.6. Copper and immunity

Cu metabolism affects T and B cells, neutrophils, and
macrophages. The relationship of Cu to the immune system is through
superoxidase dismutase, a Zn-Cu, and manganese (Mn)-dependent
enzyme that plays a role in the microbial system of phagocytes. An
impaired humoral immune response (i.e. decreased number of antibody-
producing cells) was observed in mice with hypocuprosis. The magnitude
of this impairment was highly correlated with the degree of its functional
deficiency (Sherry, 2004). Some of research showed that interleukin 2 is
reduced in copper deficiency and is likely the mechanism by which T cell

proliferation is reduce (Susan, 1998).

1.1.2. Magnesium

Magnesium is the fourth most common action in the body, and the
second most common intracellular action after potassium.
In many of its actions it has been likened to a physiological calcium
antagonist (Abraham et.al., 1977).



1.1.2.1. Magnesium metabolism

The first steps in magnesium metabolism through this
pathway are breakdown by the mechanical action of chewing, and the
digestive action of gastric acids found in the stomach. Following
digestion, magnesium is largely absorbed in the small intestine. There
magnesium passes from tiny “villi”, finger-like surfaces inside the small
intestine, into capillaries, tiny blood vessels surrounding the small
intestine. Digestive factors unique to the individual can also influence the
amount of magnesium absorbed in the Gl tract. These include the ability
to breakdown magnesium containing foods in the stomach, and the ability

to absorb magnesium in the small intestine (Adams and Mitchell, 1979).
1.1.2.2. Magnesium sources and bioavailability

Less than 1% of total body magnesium is found in serum and red
blood cells. It is distributed principally between bone (53%) and the
intracellular compartments of muscle (27%) and soft tissues (19%).
Ninety percent of this intracellular magnesium is bound to organic
matrixes. Serum magnesium comprises only approximately 0.3% of total
body magnesium, where it is present in three states ionized (62%).
Protein bound (33%), mainly to albumin, and complexes to anions such
as citrate and phosphate (5%). Equilibrium between tissue pools is
reached slowly with a half-life for the majority of radiolabelled
magnesium varying between 41 and 181 days (Elin, 1994). Green plants
are an excellent dietary source of Mg for animals because of the
presence of Mg in chlorophyll Rich magnesium sources include green

vegetable, nuts, seeds and tape water (Aikawa, 1981).



1.1.2.3. Magnesium physiology

It is an important electrolyte needed for proper muscle, nerve and
enzymes. It also helps the body use energy and is needed to moves other
electrolytes (potassium and sodium) into and out of cell (Fischbach and
Duning, 2009).

1.1.2.4. Magnesium physiological effects

Magnesium is required for many of the major organs to function and
plays a crucial role in human and mammalian physiology. Magnesium is
essential for the structure of bones and teeth, acts as a cofactor for more
than 300 enzymes in the body, including binding to ATP for kinase
reactions, and affects permeability of excitable membranes and
neuromuscular transmission. Despite these essential roles, much is still
unknown about magnesium physiology and homeostasis (Samantha
and Andrea, 2014).

1.1.2.5 Magnesium concentration in blood serum

Electrolyte concentrations are similar whether measured in serum
or plasma. Values can be expressed in terms of weight per unit volume
(mg/ deciliter) or in the number of molecules in volume, molarity (moles
or mill moles/liter). The range of normal values sometimes varies slightly
between different species and different analytical laboratories (Puls,
1994). The serum magnesium estimations may not provide representative

information on the status of other stores.



1.1.2.6. Magnesium and immunity

Magnesium is involved in immune function, both in innate and acquired
immune response according to researchers (Tam et al., 2003). According
to Leo Galland, magnesium acts as a cofactor for immunoglobulin
synthesis, immune cell adherence, antibody dependent cytolysis, IgM
lymphocyte binding, macrophage response to lymphokines, T helper and
B cell adherence, and additional responses (Galland, 1988). (Cojocaru et
al.,, 2009) Mention that magnesium (Mg) deficiency seems to be
implicated in immune dysfunction, including acute and chronic infections
and they concluded that, the measurement of Mg serum in bacterial
infections is useful and physicians should maintain a high index of

suspicion for hypomagnesemia and implement Mg therapy

1.1.3. Zinc (Zn)
Zinc is an essential trace element because of its fundamental role in gene
expression, cell development and replication. It plays structural,

regulatory, and catalytic roles in the body (Hambridge, 2000).
1.1.3.1. Zinc metabolism

Only two genetic defects of zinc metabolism are known in animals. One
is associated with lethally inadequate concentration of of zn in the milk of
mice, the other with the A46 trait in Friesian cattle. A46 is a recessively
inherited defect of Zn absorption which is lethal in the absence of major
Zn supplementation of the diet. The characteristics of the disease are very

similar to those of acrodermatitis (Andresen, 1994).



1.1.3.2. Zinc sources and bioavailability

The study of zinc bioavailability in foods is important because this
mineral intake does not meet the recommended doses for some
population groups During 42 days, rats were divided into four groups and
fed with diets containing two different sources of Zn fortified with zinc
oxide, or control diet: zinc carbonate (ZnC03), supplying 50% or 100%,
respectively, of the recommendations of this mineral for animals. Weight
gain, food intake, feed efficiency ratio, weight, thickness and length of
femur; retention of erythrocyte and plasmatic Zn between groups.
Although rice fortified with zinc oxide showed a lower bioavailability
compared to ZnCQO3, this food can be a viable alternative to be used as a
vehicle for fortification (Ceres et al., 2014). the total zinc content of the
meal and the amount and source of protein of these, the most critical
factor affecting the bioavailability of zinc is the phytic acid content of the
diet. Phytate or phytic acid is a main storage form of phosphate and is
ubiquitously distributed in plant foods, especially cereal, grains and

legumes (Cuong et al., 2015).
1.1.3.3. Zinc Physiology

Zinc is an essential component of over 70 enzymes found in
mammalian tissues. Enzymes that require zinc are involved in protein,
nucleic acid, carbohydrate, and lipid metabolism. Zinc is also important
for normal development and functioning of the immune system, in cell

membrane stability, and gene expression (Brent, 2016).



1.1.3.4. Physiological effect of zinc

Zinc plays a significant role in cytotoxic events in single cells.
Here, zinc influences apoptosis by acting on several molecular regulators
of programmed cell death, including caspases and proteins. where zinc is
prominently involved in cell death is the brain, and cytotoxicity in
consequence of ischemia or trauma involves the accumulation of free
zinc, and has a detrimental impact on growth, neuronal development, and
immunity, it is deficiency caused by malnutrition and foods with low
bioavailability, aging, certain diseases, or deregulated homeostasis is a far

more common risk to human health than intoxication (Brent, 2016).
1.1.3.5. Zinc concentration in blood serum

Trace minerals must be provided to livestock in optimal
concentrations and according to requirements that change during the
rapid growth and development of the animal and the production cycle (
Javier et al., 2013).

1.1.3.6. Zinc and immunity

Nutrient “zinc” is a relevant micronutrient involved in maintaining
a good integrity of many body homeostatic mechanisms, including
immune efficiency, owing to its requirement for the biological activity of
many enzymes, proteins and for cellular proliferation and genomic
stability (Javier et al., 2013).



Chapter Two

Materials and Methods
2.1. Experimental Animals

Nineteen animals of different species; goats (7), sheep (8) and cattle (4)
with clinical signs of sickness were selected randomly to be used for this

study. All the animals were from ElSeleit - East Nile- Khartoum State.

2.2. Samples
2.2.1. Blood Collection

Jugular blood samples (5ml) were collected from all animals. The
blood was drown into clean dry vials without addition of anticoagulant,
allowed to clot at room temperature for one hour, and kept overnight at
4°C, centrifuged at 3000 rpm for 15 minutes. Clear unhaemolyzed serum

was separated and then stored at -20 °C until used.

2.2.2. Determination of serum copper, zinc and magnesium

concentration

For the determination of serum copper and zinc the serum sample
was diluted with an equal volume of deionized water and then analyzed
for copper and zinc by atomic absorption spectrometer (Perkin- Elmer
modle-3110, USA), using air/ acetylene, fuel rich flame (air 5.0 liter min
! C,H,1.0 liter min™) as described previously by( Camas et al., 1999).
Serum Mg was measured by using commercially available Kit
(Biomedical Systems, Barcelona, Spain). The analyses were carried out
according to the manufacturer’s prescriptions.

Laboratory analysis was done at the department of biochemistry-Soba

Central Veterinary Labrotary.



2.3. Statistical analysis

Data were analyzed with SPSS (Statistical package for social
sciences) statistical software, version 22. Data are presented as the mean +
standard deviation (SD). Analysis of variance (ANOVA) and T-test (one
sample) were used. A level of P value of less than 0.05 was considered

statistically significant.



Chapter Three

Results

3.1. Cu concentration in serum of different species
The mean values of Cu concentration in the serum of the different
species are shown in tablel. There was no significant different (P>0.05)

of serum Cu concentration between the different species.

3.2. Zn concentration in serum of different species
The mean values of Zn concentration in the serum of the different
species are shown in table2. There was no significant different (P>0.05)

of serum Zn concentration between the different species.

3.3. Mg concentration in serum of different species

The mean values of Mg concentration in the serum of the different
species are shown in table3. There was significant different (P<0.01) of
serum Mg concentration between the different species. The mean
concentration of serum Mg in goat was different (P<0.05) from that in
sheep and cattle, while there was no significant different (P>0.05) of

serum Mg concentration between sheep and cattle.

3.4. Serum Cu, Zn and Mg concentrations of different species
compared with the normal value

The mean values of Cu, Zn and Mg concentrations in the serum of
the different species compared with the normal value are shown in table4.
There were significant changes in the levels of Cu, Zn and Mg in the
serum of the animals of the different species. Serum Cu concentration of
the different species is higher (P<0.001) than the normal value, while the
serum Zn and Mg concentrations of the different species are lower
(P<0.001) than the normal value.



Tablel. Means of serum Cu concentration of different species

Species Number of | Cu (mg/L) Significant
animals
Goat 2.014 +0.23
! (1.800 - 2.400)
Sheep 2.163£0.30 NS
° (1.700 - 2.600)
Cattle . 1.950 £0.24

(1.700 - 2.200)

Results are mean + SD.
NS: Not significant (P>0.05).

Table2. Means of serum Zn concentration of different species

Species Number  of | Zn (mg/L) Significant
animals
Goat . 0.264 £ 0.05
(0.188 -0 .310)
Sheep 0.262 +£0.04
8 NS
(0.19 7- 0.300)
Cattle 0.261 +0.03
4
(0.225 - 0.285)

Results are mean + SD.
NS: Not significant (P>0.05).



Table3. Means of serum Mg concentration of different species

Species Number  of | Mg (mg/dL) Significant
animals

Goat 1.407 +0 .13°
! (1.210-1.640)

Sheep 1.751 + 0.10°
| (1.600 - 1.900)

Cattle 1.894+0.22° | **
) (1.570 - 2.060)

Results are mean = SD

**: significant at (P<0.01)

a, b: means within the same column followed by different superscript are
significantly (P<0.05) different.

Table4. Means of serum Cu, Zn and Mg concentration of different

species compared with the normal value

Mineral Mean Normal Significant
concentration value*

Cu 2.063+0.26 0.548 mg/L o
mg/L

Zn 0.262+0.04 0.864 mg/L o
mg/L

Mg 1.654+0.24 2.11 mg/dL o
mg/DlI

Results are mean + SD (Number of animals=19)
**: significant at (P<0.01)
* . The Merck Veterinary Manual



Chapter Four

Discussion

The present study was carried out to investigate serum levels of Cu, Zn
and Mg in sick goat, sheep and cattle.

There are two general classes of abnormalities associated with trace
elements: specific deficiency from dietary inadequacies, imbalances, or a
secondary to other diseases. Both kinds of abnormalities can be
diagnosed by analyses of trace elements in serum or other tissues
(Klassing, 1988). The trace element concentrations in serum samples
change during infection (Beisel, 1976; Montaya, 2002). These changes
are part of defense strategies of the organism, induced by IL-1, IL-6, and
TNF-oc5 (Klassing, 1984, 1988).

There are a lot of studies about these essential trace elements in a various
infectious diseases. It was claimed that low serum Zn levels was observed
in parasitic diseases and also immune system was adversely affected
during these infections (Tasci, et al., 1995). In the present study, we
showed that the serum Zn levels were significantly decreased in sick
animals of different species as compared to the normal value described by
(Merk, 2016). Because Zn is a functional component of several enzyme
systems such as carbonic anhydrase, carboxypeptidase a and b,
phosphateses, several dehydrogenases. We can postulate that in the case
of sickness the whole organs of the animals affected adversely.

The role of certain inflammatory products in regulation of the Zn balance
has been well documented. Thus, leukocyte endogenous mediators
(interleukins), released from activated phagocytic cells, causing a
lowering of Zn levels, resulting from increased synthesis of

metallothionine in liver and other tissues (Klassing, 1984; Svenson, et al.,



1985). It has also been known that Zn is an essential trace element for
immune function that plays a role in immune response against infection
(Kargin, 2004). In view of the fact that decreased Zn levels found in our
study may be related to immune response against disease. Interestingly, in
our study, we found that serum Cu levels were significantly higher in the
diseased sera of animals of different species than the normal values. It has
been found that serum Cu values are increased by infection (Etzel, et al.,
1982). Serum Zn decreased and serum Cu increased during market-transit
morbidity or after stressed by bovine respiratory disease and infectious
bovine rhino tracheitis (IBRV) (Orr, et al., 1990). Our result is also
agreed with the finding of (Kamil, et al., 2004). Unfortunately, we were
not able to determine the serum ceruplasmin the main Cu carrier in serum
concentrations. The increased serum Cu may be in the form of serum
ceruplasmin which formed in response to inflammation associated with
the disease, On the other hand Mg concentrations in serum from sick
animals of different species were significantly decreased in sick animals
of different species as compared to the normal value described by (Merk,
2016).

Mg deficiency seems to be implicated in immune dysfunction, including
acute and chronic infections. (Cojocaru, et al., 2009). Our finding is
agreed to the observations of (Yazar, et al., 2003). Who reported
decreased Mg concentrations in patients with chronic toxoplasmosis. In
other words, according to our finding Mg-linked enzyme systems such as

ATPase, alkaline phosphatase seem to be affected by disease.



Conclusion

In conclusion, Animals of different species with clinical signs of
sickness showed decreased serum Zn and Mg levels and increased Cu
concentrations as compared to the normal values. This may affect many

of the enzyme systems.

Recommendations

1- Large scale surveys can overcome these limits of experimental
data, because the large number of animals and herds makes it
possible to evidence moderate modifications of sickness incidence,
and because multifactorial analysis makes it possible to take into
account in the same database the effects of several trace elements.

2- Establishment of mineral reference ranges is important for such

species, as their health and productivity are managed
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