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Abstract:

BACKGROUND: Soil and plant contamination in copper exposure causes chronic copper poisoning
(CCP) in animals following the consumption of plants in these soils.

OBJECTIVES: The present study was carried out on 10 clinically affected copper poisoned cases
(in each season) from autumn 2015 to the end of summer 2016, in four seasons in Kerman province to
evaluate the seasonal effects of CCP in sheep.

METHODS: All samples were taken from clinically affected cases of copper poisoning that were then
necropsied and the poisoning was confirmed by pathognomic pathological findings and serum copper
concentration. Samples from liver, lung, kidney, heart and spleen were collected immediately after death
and their copper concentration was measured.

RESULTS: The highest levels of copper in lung, heart, spleen and kidney were observed in the sum-
mer. Liver had the highest amounts of copper in spring and the levels of copper in wool and serum were
detected in winter. The copper levels of liver and kidney were positively correlated in autumn, but the
copper levels in these tissues were negatively correlated in both spring and winter.

CONCLUSIONS: Severity of the copper toxicity (judged by the liver copper concentration) is sea-
son-dependent in sheep and seasonal variations affect this toxicity. Environmental climate and stressors
may be the main causes of copper contents of different tissues and the liver is the main organ to reserve
copper in poisoned sheep.

Keywords:
Copper poisoning, Serum, Tissue, Season, Sheep

Correspondence

Khalil Badiei, Department of Clinical Sciences, School of Veterinary Medicine, Shiraz University, Shiraz, Iran
Tel: +98(711) 6138700, Fax: +98(711) 2286940, Email: badiei33@gmail.com

Received: 14 January 2019

Accepted: 13 March 2019

Copyright © 2018, Iranian Journal of Veterinary Medicine. This is an open-access article distributed under the terms of the Creative Commons Attribution-
noncommercial 4.0 International License which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly cited.

How to Cite This Article
Afsah Hejri, S., Badiei, K., Pourjafar, M., Oryan, A., Keshavarzi, B., Chalmeh, A., Mesbah, G. (2019). Seasonal Variation and Relationships Between Copper of

Serum and Various Tissues in Copper Poisoned Sheep in Kerman Province, Iran. Iran J Vet Med, 13(2), 161-173. doi: 10.22059/ijvm.2018.261446.1004911

Iran J Vet Med., Vol 13, No 2 (Spring 2019), 163-173 163


https://ijvm.ut.ac.ir/article_71535.html

Seasonal effects on copper poisoning in sheep
Introduction

Copper, an essential trace metal for organ-
isms plays an important role as a co-factor
of crucial enzymes. It is necessary for ener-
gy production, connective tissue formation
and pigmentation (Bost et al., 2017). Sheep
are the species most susceptible to chronic
copper toxicity (Gupta 2018), because their
liver cells have a high affinity for copper
and they excrete copper into the bile at a
very low rate, leading to a buildup of liver
copper stores over time. Copper is a strong
oxidizing agent and it binds to proteins in
the liver cells which is stored in lysosomes
within hepatocytes. As long as the copper
remains stored in lysosomes it does not
cause tissue damage. (Kumaratilake, 2014;
Lopez-Alonsoa et al., 2017). There is a nar-
row range between required level of cop-
per and the level at which toxicity can oc-
cur (Constable et al., 2017). For sheep, 5 to
10 pg of copper/g of diet is recommended
together with a normal level of molybde-
num (1pg/g dw) (Menzies et al., 2003). The
proper copper: molybdenum ratio should
be 6:1. Lower molybdenum content in the
diet can cause copper toxicity even if the
amount of copper is appropriate (Kessler et
al., 2012).

Chronic copper poisoning is the most
common form of copper toxicity in farm
animals. Its occurrence is associated with a
long-term intake of copper compounds of
different origin (Rosal et al., 2016). The
characteristic feature of industrial copper
intoxication is that the animals are reared
close to industrial plants, and ingest cop-
per from industrial deposits through feed
or from the air, mostly together with other
toxic elements throughout their entire life
(Maggini et al., 2007). As a result, animals
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reared under such conditions adapt to a cer-
tain degree to chronic intake of increased
doses of copper and clinical and patholog-
ical manifestations of intoxication are not
always characteristic. Chronic copper poi-
soning (CCP) is well recognized as a hazard
in sheep production (Maggini et al., 2007).
It is usually associated with decreasing val-
ue of production parameters and decreasing
adaptation ability to environmental condi-
tions. During chronic ingestion of copper,
its passive accumulation may occur over
a period from a few weeks to more than
a year. Copper toxicity is considered hav-
ing two distinct phases: first pre-hemolytic
phase without clinical symptoms and sec-
ond phase called hemolytic crisis which
is fatal (Cregar et al., 2012). Copper-in-
duced changes were reported in the blood,
liver, kidney and reproduction and central
nervous system of the animals (Theil and
Calvert, 1978).

Some stress factors such as changes in en-
vironmental climate, pregnancy, parturition,
lambing and lactogenesis may affect the an-
imals and sensitize them to show clinical
signs of copper poisoning (Sivertsen and
Lovberg, 2014). Multiple factors influence
the degree of copper intoxication in animals
such as the amount and the period of copper
intake, the nutritional status of animals and
also season. We hypothesized that, season
(with high temperature range and varied
plant species composition, diversity and
availability, lambing time, subsequent lac-
tation, etc.) may affect the degree of copper
intoxication in sheep and one of the aims
of the current research was to present the
copper levels of wool, serum and different
organs such as liver, lung, spleen, heart,
kidney in chronic copper poisoned sheep
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at different seasons during a year to clar-
ify the effect of season. The relationships
among all copper levels of studied samples
were also obtained to better understand the
proper interactions among different organs
and tissues in poisoned sheep. Furthermore,
based on the regression formulas between
copper serum and tissues in copper poi-
soned sheep at different seasons, it may es-
timate the copper levels of different tissues
based on the circulating copper contents at
different seasons. There is also a hope that
the study may contribute to the understand-
ing of the epidemiology of CCP in sheep.

Materials and Methods

Animals and samples: The present
study was carried out from autumn 2015 to
the end of summer 2016, in Kerman prov-
ince, Iran. This study was commenced in
autumn and continued seasonally during a
period of one year (4 times in a year). Ten
live copper poisoned sheep (in each season)
were selected and blood samples were tak-
en via jugular vein in plain tubes to obtain
sera after centrifugation. Sera were stored
at -20 °C until assayed. Wool samples were
taken from the neck of these animals and
then washed and dried. Samples from liver,
lung, kidney, heart and spleen were collect-
ed immediately after death. These tissues
were put in formalin 10% until analyzed for
copper content.

It should be noted that all samples were
taken from clinically affected cases of cop-
per poisoning and serum was provided at
this stage. The clinical signs of copper poi-
soned sheep were sudden in onset and af-
fected animals became increasingly weak.
Some sheep spent time wandering aimless-
ly or head-pressing. Jaundice developed in
some of them and breathing became shal-
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low and rapid due in part to the development
of anemia. Cases were necropsied and the
poisoning was confirmed by pathognom-
ic pathological findings and serum copper
concentration. Samples from control cases
were obtained from 10 otherwise healthy
cases far from copper industries.

Evaluating copper concentration of se-
rum, tissues and wool: In order to evaluate
the copper contents, 150 mg of tissues, 500
uL of serum and 250 mg of wool samples
were processed and digested. The digestion
procedure for serum and tissues was done
by using nitric acid (HNO3; 65%, P.A., Ve-
tec 191; Sigma-Aldrich Ltd., Sao Paulo, SP,
Brazil) and perchloric acid (HC1O4; 70%,
P.A., ACS, Vetec 909; Sigma-Aldrich Ltd.,
Brazil) at a ratio of 70:30. One mL of the
digested tissues was then heated at 85 °C
until the solution became translucent and
a brownish smoke stopped being released,
which indicated the complete digestion of
the organic matter. The tubes were allowed
to cool at room temperature. Then, the di-
gested samples were stored at 4 °C for 24
h and atomic absorption was done on these
samples, subsequently (Atomic Absorp-
tion/Flame Emission Spectrophotometer
AA-670-Shimadzu, Japan). Three mL of
nitric acid was added to wool samples and
heated for 10 min to gain a translucent solu-
tion. Then, 1 mL of perchloric acid was
added to this solution. Distilled water was
added to increase its volume to 40 mL and
atomic absorption was done on this sample,
subsequently.

Statistical analyzes: Data are present-
ed as meant+SE. Statistical differences of
copper content in different samples, among
various seasons were analyzed by One-Way
ANOVA and LSD post-hoc test. The rela-
tionships among the copper content of se-

165



Seasonal effects on copper poisoning in sheep

Seyyed Javad Afsah Hejri, et al.

Table 1. Copper concentration of serum, tissues and wool (ppm; mean+SE) of copper poisoned sheep at different seasons

during a year (n=10). In each column, different letters indicate significant differences among seasons (P<0.05).

Seasons  Serum Kidney Liver Lung Heart Spleen Wool

Spring  8.37+0.22a  26.78+2.52a,c 744.62+223.47a 34.32+0.72a,c  35.01£0.16a  70.01+1.23a,c 28.35+5.18a,b
Summer 6.89+0.63b  36.35t1.57b  374.19+£83.46b  48.08+4.84b 36.34+0.91a  82.31+2.21la,c 27.40+4.95a,b
Autumn  8.08+1.89a  33.45+1.27b,c 161.44+30.43b  38.50+3.38a,c  35.18+0.99a 55.47+16.15a 20.44+7.28a
Winter ~ 8.70+0.26a  29.70+0.62c ~ 95.94+21.58b 37.2443.67a,c  31.35+1.83b  30.62+0.91b,c 51.51+15.86b
Control ~ 3.90+0.32¢  23.14+0.74d  31.31£1.72¢ 21.29+0.41d 22.93+0.70c  21.75+0.38d  3.64+0.22c

Table 2. The relationships among copper contents of all samples of copper poisoned sheep (n=10) at each season. Stars indi-

cate significant relationships between copper contents of samples (P<0.05).

Seasons Serum Kidney Liver Lung Heart Spleen
Spring Kidney -0.078

Liver 0.237 -0.737*

Lung 0.308 0.164 0.303

Heart 0.130 0.497 0.193 0.404

Spleen 0.330 -0.122 0.710%* 0.843* 0.602

Wool 0.240 0.157 -0.306 -0.178 -0.146 -0.291
Summer Kidney 0.295

Liver 0.261 0.126

Lung -0.127 -0.142 -0.544

Heart 0.202 -0.088 0.950* -0.309

Spleen -0.279 -0.490 -0.748%* 0.880* -0.505

Wool -0.386 0.575 -0.277 -0.034 -0.431 -0.126
Autumn Kidney -0.017

Liver 0.019 0.791*

Lung 0.096 -0.242 -0.048

Heart -0.085 -0.364 -0.658%* -0.720%*

Spleen 0.086 -0.080 -0.056 0.961* -0.684*

Wool -0.119 0.332 0.442 -0.017 -0.294 -0.029
Winter Kidney 0.211

Liver -0.404 -0.797*

Lung 0.687* 0.511 -0.795%

Heart 0.689* 0.231 -0.652%* 0.952%

Spleen 0.706* 0.065 -0.367 0.855* 0.920*

Wool -0.180 -0.478 0.499 -0.202 -0.090 0.116

rum and different tissues and wool in vari-
ous seasons of copper poisoned sheep were
analyzed by Pearson’s correlation test and
regression formula was obtained. The cor-
relations among copper contents of all sam-
ples were also assayed by this test. Statisti-
cal analyses were performed by using SPSS
software (SPSS for Windows, version 11.5,
SPSS Inc., Chicago, Illinois). The level of
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significance was set at P<0.05.

Results

Copper contents of serum, various tis-
sues and wool (ppm; mean+SE) of poi-
soned sheep in different seasons during a
year are presented in Table 1. The highest
levels of copper in lung, heart, spleen and
kidney were observed in the summer. Liv-

Iran J Vet Med., Vol 13, No 2 (Spring 2019)



Seyyed Javad Afsah Hejri, et al.

607 y=9.371X-44.30

. |R*=0472

é 404 P=0-028*

S o o

%" 20-

—

0..
) 1 L) I 1
7 8 9 10 11
Serum Cu (ppm)

Figure 1. The relationship between copper content of lung
and serum in chronic copper poisoned sheep in winter. The
regression formula is presented above the graph. The sig-
nificant level was considered as P<0.05.
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Figure 3. The relationship between copper content of
spleen and serum in chronic copper poisoned sheep in win-
ter. The regression formula is presented above the graph.
The significant level was considered as P<0.05.

er had the highest amounts of copper in
spring and highest concentrations of copper
in wool and serum were detected in win-
ter. The lowest amounts of copper in kid-
ney, liver, heart and spleen were detected
in winter. However, the lowest levels of
copper in serum, lung and wool were ob-
served in summer, spring and autumn, re-
spectively. It is notable that the severity of
poisoning was evaluated on the basis of the
concentration of copper, mainly in liver as
compared to the liver copper concentration
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Figure 2. The relationship between copper content of
heart and serum in chronic copper poisoned sheep in win-
ter. The regression formula is presented above the graph.
The significant level was considered as P<0.05.

in control cases. The relationships between
course and severity of clinical findings with
seasons were not investigated. The relation-
ships among copper contents of all samples
of copper poisoned sheep in each season are
presented in Table 2. The copper levels of
liver and kidney were positively correlated
in autumn (P<0.05), but the copper levels
in these tissues were negatively correlated
in both spring and winter (P<0.05). Copper
contents of lung and spleen had significant
and positive relationships in all studied sea-
sons. In winter serum copper levels were
positively correlated with copper level of
lung, heart and spleen in copper poisoned
sheep (P<0.05).

The linear regression formulas between
copper levels of serum and different tissues
in different seasons are presented in Figs. 1
to 3.

Discussion

Environmental contamination of soil and
plant material occurs naturally in cuprifer-
ous soil outcrops. The production of copper
has risen over the last decades due to which,
copper quantities in the environment have
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increased (Elshkaki et al., 2016). World’s
copper production is still rising which pri-
marily means that more and more copper
ends up in the environment. Pollution has
also been caused by mine tailings and corro-
sion of metallic copper. This contamination
is the result of a high concentration of cop-
per in the superficial soil layers as copper is
not a mobile element (Merry et al., 1986).
Copper does not break down in the envi-
ronment and because of that it can accumu-
late in plants and animals when it is found
in soils. On copper-rich soils only a limited
number of plants have a chance of survival.
That is why there is not much plant diversity
near copper-disposing factories. Due to the
effects upon plants copper is a serious threat
to the productions of farmlands. When the
soils of farmland are polluted with copper,
animals will absorb concentrations that are
damaging to their health. Mainly sheep suf-
fer a great deal from copper poisoning, be-
cause the effects of copper are manifested
at fairly low concentrations (Bhavani and
Sujatha, 2014). Sheep have also been poi-
soned from ingesting pasture contaminated
by copper which has been deposited from
industrial pollution such as mine tailings
(Merry et al., 1986).

Copper is essential for life since it is need-
ed for normal iron metabolism, synthesis of
elastin and collagen, melatonin production
and integrity of the central nervous system
(Bhattacharya et al. 2016). It is essential in
keratin (wool) production. More recently, it
has been demonstrated that copper is one of
the key trace minerals necessary for an ef-
fective immune response (Maggini et al.,
2007). Sheep are the species most suscepti-
ble to chronic copper toxicity, because their
liver cells have a high affinity for copper
and they excrete copper into the bile at a
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very low rate, leading to a buildup of liver
copper stores over time. Copper is a strong
oxidizing agent. It binds to proteins in the
liver cells and is stored in lysosomes within
hepatocytes. As long as the copper remains
stored in lysosomes it does not cause tissue
damage (Kumaratilake, 2014). Sheep re-
quire about 5 ppm of copper in their total
diet. Toxicity can develop at levels above 25
ppm (Constable et al., 2017). Copper toxic-
ity in sheep usually results from the accu-
mulation of excess copper in the liver over a
period of a few weeks to more than a year
with no clinical signs, followed by a sudden
release of liver copper stores to cause toxic-
ity (rapid breakdown of red blood cells). In
these situations, CCP may result from ex-
cessive copper intakes (Tchounwou et al.,
2008). Mature ewes of British breed origin
appear to be the most vulnerable and there
1s evidence to suggest that Finn Sheep and
Texels also have a tendency to accumulate
more copper in the liver than other breeds
(Solietal., 1977). Stresses, such as weather,
environment, poor nutrition, transportation
and handling, can also cause the liver cells
to die and liberate the stored copper into the
bloodstream (Gaetke and Chow, 2003).
Nowadays, both clinical and subclinical ep-
1sodes of CCP represent the main toxicolog-
ical problem in this animal species, being
responsible for significant economic losses
over the world (Lopez-Alonso, 2012). The
first remarkable finding in this study was a
characteristic seasonal variation in the he-
patic copper concentrations in the studied
sheep (Table 2). This pattern was evident
not only in average values, but also for each
individual sheep, as illustrated by Figs. 1
and 2. In the studied sheep, the hepatic cop-
per levels fell only moderately from No-
vember/December till March. If this was
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representative for the situation in the flock
over time, one might have expected some of
the cases in this flock to occur also in mid-
winter. It may be due to the combined effect
of high hepatic copper levels and stress fac-
tors related to return from pasture, change
of feed, lambing, etc. (Gaetke and Chow,
2003). In ruminants, the tissues showing a
high concentration of copper, in decreasing
order, are the liver, kidney, gastrointestinal
tract, adrenals, thymus, gallbladder and
bile; those of medium concentration include
the pancreas, red bone marrow, intestinal
lymph, blood, spleen, heart, lung, and re-
productive organs; very low concentrations
of copper are found in the white bone mar-
row, muscle, bladder, ligament, cartilage,
bone, eye and nerve tissues. It is obvious
that the liver, which shows the highest con-
centration, serves as the chief storage organ
(Comar et al., 1948). In our study, copper
poisoned sheep were confirmed by their se-
rum copper levels, clinical and postmortem
evaluations (Constable et al., 2017). Assay
of copper in different tissues including liver
was carried out on samples taken during
necropsy. Liver biopsies have been used for
many years in the study of copper metabo-
lism in sheep (Bickhardt et al., 1997). But it
has been stated that the relationship between
chronic hepatic copper accumulation and
the outbreak of clinical disease in individual
animals is not straightforward. Experimen-
tally, typical CCP may be induced repro-
ducibly in 2—-3 months, by oral copper dos-
ing (Soli et al., 1977). Under practical
conditions, however, a large number of
sheep may be heavily affected by hepatic
copper overload, without showing any signs
of disease (Constable et al., 2017). This is
why we extended our study on copper con-
tent of serum, wool and other tissues in oth-
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erwise healthy control sheep. Additional
stress factors are important for the induction
of clinical disease (Moeller et al., 2004).
The sensitivity to these stress factors may
vary. It has been shown that copper sensi-
tive breeds differ from copper tolerant ones
not only in their tendency to accumulate
copper, but also in their sensitivity to the ef-
fects of this accumulation (Soli et al., 1977).
On the other hand, hepatic copper accumu-
lation is generally acknowledged as a pre-
requisite for the development of clinical
disease. The critical level reported by dif-
ferent authors set between 150 and 250 g/g
ww (Moeller et al., 2004; Constable et al.,
2017). Some stress factors such as changes
in environmental climate, pregnancy, partu-
rition, lambing and lactogenesis may affect
the animals and sensitize them to show clin-
ical signs of copper poisoning (Sivertsen
and Levberg, 2014). Hence, in the present
study, the higher values of copper content in
different tissues were detected in spring and
summer. The concentrations of different el-
ements in an organism can vary with the
season, independently of environmental
concentrations (Villares et al., 2002). Some
researchers have reported the highest heavy
metal contents of plants, such as copper,
during autumn and relatively low concen-
trations during spring (Kim and Fergusson,
1994; Brekken and Steinnes, 2004). Liver
had the highest amounts of copper in spring
and the highest concentration of copper in
wool and serum were detected in winter.
The highest levels of copper in lung, heart,
spleen and kidney were observed in the
summer. It should be noted that the concen-
tration of copper in these tissues was higher
than normal in summer and it was concur-
rent with lower liver copper level that was
still within higher ranges. It is possible that
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unknown factors may cause release of some
copper to the body, especially to these tis-
sues when signs of copper poisoning are un-
remarkable or absent. Although the lowest
amount of copper in liver was detected in
the winter, its concentration was still in the
toxicity range and possible occurrence of
toxicity still exists. The highest levels of
copper in wool and serum were detected in
winter. This phenomenon may show that
certain unknown conditions may help the
release of copper from liver to sustain high-
er than normal copper concentration in these
sources. It is also possible that the higher
availability of copper in dried forage and
subsequent higher absorption may be the
cause of this observation (Constable et al.,
2017). The higher concentration of copper
in lung, heart, spleen and kidney in summer
and higher copper level of liver in spring
may be partly due to higher vitamin D status
in these seasons. Schwalfenberg and Genuis
(2015) reported that vitamin D intake can
facilitate the absorption and assimilation of
essential inorganic elements such as copper.
The copper levels of liver and kidney were
positively correlated in autumn (P<0.05).
This shows the same and the degree of
changes in copper concentration of these
tissues in this season. The copper levels in
these tissues were negatively correlated in
both spring and winter (P<0.05). The cause
of which may be related to various, still un-
known causes. We found a negative correla-
tion between liver copper and kidney at
times of higher copper concentration in liv-
er. It is possible that at these times, higher
copper concentration causes the release of
more copper in the blood stream with subse-
quent more binding to ceruloplasmin (the
copper containing enzyme in blood). This
phenomenon at a certain level of blood cop-
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per result in the more unavailability of ceru-
loplasmin which results in the excretion of
the copper in urine. The phenomenon has
been also reported in Wilson’s disease in
man (Reed et al. 2018). The positive cor-
relation between liver and kidney reported
in autumn is occurred at time of lower cop-
per concentration in liver. This is when the
ceruluplamin may not be completely satu-
rated and copper is maintained in blood
stream and the copper is not excreted in the
urine. This may lead to a corresponding in-
crease in kidney copper level when lower
concentration of copper was observed in
liver. It is notable that liver rather than kid-
ney tissue is the target tissue to accumulate
and metabolize copper and this causes more
copper burden to be observed in liver tissue.
With respect to the fact that liver has the
highest capacity for copper but kidney has
limited capacity, when a certain level of liv-
er copper is reached, the corresponding in-
crease in kidney copper does not occur.

Copper contents of lung and spleen had
significant and positive relationships in all
studied seasons. This fact shows that these
tissues may have relatively limited capacity
to store copper in face of higher concentra-
tion of copper in other tissues. In winter se-
rum copper levels were positively correlated
with copper level of lung, heart and spleen
in chronic copper poisoned sheep (p<0.05).
It should be reminded that serum samples
were taken from live animals in the same
season and it is interesting that the level
of serum concentration was well correlat-
ed with tissue samples (lung, heart). This
shows the fact that serum copper in live an-
imals and copper in lung, heart and spleen
samplesrise accordingly in chronic copper
poisoned sheep in winter.

In conclusion, the results of the current
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research showed that severity of the copper
toxicity is season-dependent in sheep and
seasonal variations affect the level of tox-
icity. Environment, climate and stressors
may be the main causes of copper contents
of different tissues and the liver remains the
main organ to reserve copper in poisoned
sheep. Furthermore, the pattern of the re-
lationships among tissue and circulating
copper were various in different seasons.
Furthermore, evaluating the copper content
in each tissue based on other ones may con-
tribute to assessing the level of toxicity in
different seasons.
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