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Abstract: The Oula sheep was affected by high level of sulfur in forage in the Huangheshouqu Pasture in
Gansu Province m the South of the Qinghai-Tibetan Plateau of China. The related blood indices were measured.
The mineral composition of forages, blood and liver in Oula sheep from ranches of high sulfur were compared
with those of samples from normal areas. The concentration of copper in soil and forage was 16.8+7.1 and
6.3941.26 pg g~' (dry matter), respectively compared with 16.7£5.6 and 7.1242.86 pg g~'. The mean
concentration of Cu in bleod and liver from the affected Oula sheep was 0.2840.05 and 13.9+3.7 pg g,
respectively compared with 0.86+0.16 and 107.6+11.2 ug g~ for non-affected Oula sheep. The concentration
of sulfur in soil and forage was 1.9740.26 and 1.364+0.17%, respectively compared with 10.8+0.31 and 0.57+0.16%
(dry matter) for normal animals. The content of S in blood and liver was 6.37+1.7 and 1.58+3.6%, respectively
compared with 4.12+0.86 and 1.324+0.35% (in fresh and soft tissues), respectively. The 12 Cu-deficient sheep
were obtained from the same location allocated to one of two treatments, consisting of supplement providing
42 mg day ' of Cu sulfate or tribasic copper chloride. Treatment were delivered for 90 days. Liver Cu increased
over time in all sheep regardless of treatment, however, sheep supplemented with tribasic copper chloride

tended (p<0.01) to have lugher mean liver Cu concentrations than those receiving Cu sulfate.
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INTRODUCTION

The Oula sheep is one of the most important
populations of Tibetan sheep mn the Qinghai-Tibet Plateau
and 1s also vital to the production system of the
Huangheshouqu Grass land. Animals provide meat, wool
and hides for local people. Since the 2000s, the local
government allocated the pastures to each family for use
in all four seasons in an attempt to improve the local
herdsmen’s nomadic life and productivity. All the animals
have to graze on the same pasture and water throughout
the year. As a result, Oula sheep in the Huangheshouqu
pasture have been affected by high sulfur forage
characterized by pica, emaciatior, dyskinesia and anemia.
The incidence was estimated at 10-15% and the mortality
reached 50%. Forage Mo 13 a commonly recognized
contributor to Cu deficiencies in ruminants but adequate
dietary S 1s required n this antagonism. Molybdenum
combines with S to form a thiomolybdate complex.
Thiomolybdates bind with Cu to form an insoluble
complex, rendering Cu unavailable for absorption
(Suttle, 1991). The purpose of this study reported here
was to determine the cause and pathogenesis of ailment.

MATERIALS AND METHODS

Study area: The Huangheshouqu Grass land is located at
33°12'-34°8'N latitude and 99°11'-101°2'E longitude where
the three Chinese Provinces of Qinghai, Gansu and
Sichuan meet and is important pasture land for Oula sheep
which is at an average elevation of 3300 m earlier sea
level 1. The annual precipitation 15 760 mm. The average
atmospheric temperature is only 1.1°C and there are no
completely frost-free seasons. The 30% of the pasture
is swamp meadows, the grassland vegetation being
mainly Pelygonum viviparum L., Anemone rivularis
var. flore-minore Maxim, Potentilla bifurca 1.,
Potentilla fragarioides L., Potentilla anserina L.,
Astragalus ploycladus Bur et Franch, Elvimus nutans
Griseb, Festuca sinensis Keng, Festuca rubra L.,
Koeleria cristata 1. Pers, Festuca ovina L., Foa annua L.,
Poa pratensis L., Stipa aliena Keng, Kobresia bellardii
(AllL) Degl, Helictotrichon tibeticum (Roshev.) Holub,
grows well in the pasture.

Ethics statement: The 60 sheep selected for this study
came from six ranches in the Huangheshouqu Pasture of
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China and were all showing signs of pica, emaciation,
dyskinesia and anemia. Table 1 shows the results of
clinical examination on these animals. The animals used in
these experiments were cared as per outlined by FASS
(2010).

Sample collection: All samples were taken in July 2010.
Blood samples for analysis of mineral contents and for
hematological and biochemical examination were obtained
from the jugular vemn using trace mineral-free Vacutainer
tubes. Blood samples were kept cool at the collection site.
Live biopsy was also sampled by a tramed techmician
using techmiques previously described (Arthington and
Corah, 1993). Hair was sampled from each camel’s neck
and washed as described by Salmela et al (1981). Multiple
small portions of forage were sampled from each pasture
and mixed. To reduce soil contamination, the herbage
samples were cut 1-2 cm earlier ground level. The forage
samples were dried at 60-80°C for 48 h and ground to
facilitate chemical analysis (Wang ef al., 1996). Soil
samples were taken from the surface layer (0-30 cm) of
each pasture using a 30 mm diameter cylindrical corer.
Four cores per paddock were bulked and placed in
polythene bags. The soil samples were dried out at
60-80°C for 48 h and passed through a 10 mm sieve.

Analysis of mineral contents: Sulfur (S) was determined
by nephelometry (Wen et al., 1983). Copper (Cu), iron
(Fe), Cobalt (Co) and Calcium (Ca) were measured
using a Perkin-Elmer AAS5000 atomic absorption
spectrophotometer (Perkan-Elmer, Norwalk, Connecticut,
USA). Molybdenum (Mo) content was determined using
the atomic absorption
(Perkin-Elmer 3030 graphite furnace with a Zeeman
background correction). Phosphorus (P) was determined
by spectrophotometry and fluorine by the method
described by Wang et al. (1996). Also to ensure the
overall reliability of the analytical methods certified
National Bureau of Standards (NBS) Bovine Liver
SRMI1577.

flameless spectrophotometry

Hematological and biochemical examination: Hemoglobin
(Hb), Mean Corpuscular Hemoglobin (MCH), Mean
Corpuscular Hemoglobin Concentration (MCHC), Mean

and Red Blood Cell (RBC) and White Blood Cell (WBC)
values were determined using an automated hematology
analyzer (SF-3000, Sysmex-Toa Medical Electronmics, Kobe,
Tapan). The serum content of Ceruloplasmin (Cp), Lactate
Dehydrogenase (LDH), Aspartate aminotransferase
(AST), Alanine aminotransferase (ALT), Alkaline
Phosphatase (AKP), v-glutamyl transferase (y-GT),
Creatinine (Crt), Cholesterol (Chol), Blood Urea Nitrogen
(BUN), Sodium (Na), Potassium (K), Magnesium (Mg),
Calcium (Ca), Tnorganic Phosphorus (TP) were determined
on an automatic enalyser (SF-1, Shanghai Medical
Apparatus and Instruments Factory, Shanghai, China)
using commercial test kits (Nanjing Medicine University
Biochemical Co., Nanjing, China). Quality control serum
(Shanghai Biochemical Co., Shanghai) was used to
validate the blood biochemistry data.

Statistical analyses: The data are presented as
means+standard deviation. The differences were assessed
by Student’s t-test. Experiment data were analyzed by
SPSS Version.

RESULTS

The concentrations of the mineral element in the soil
and forage samples are given in Table 2. The sulfur
contents of soils and forages from the affected areas were
significantly different (p<<0.01) from those of unaffected
samples. The phosphorus contents of the forages from
both the affected and the normal areas were below the
reference values reported by Wang et al. (1996). Other
values were within the normal ranges.

The concentrations of mineral elements in the blood
and liver samples are given i Table 3. The copper
contents in the blood and liver of affected camels were
significantly lower than those of control amimals (p<0.01).
The sulfur contents of the liver and blood were also
significantly raised in the affected as compared to the
normal ammals. The Mo and Fe contents of the liver and
blood were witluin the normal ranges as compared with
non-affected animals.

Table 2: The contents of mineral elements in soil and forage sample
Soil Forage

COIpuscular Volume (MCV), Packed Cell Volume (PCV) Elements Affected area Unaffected area Affected area Unaffected area
8 (%) 1.97+0.26 1.08+0.31 1.36+0.17 0.57+0.16
Cufpgg™ 16.8:7.1  16.7:56 6.3941.26  7.1242.86
Table 1: The results of clinical examination of 60 Qula sheep Mo (ug g 1.43+0.31  1.46+0.29 1.21+0.13 1.12+0.12
Characteristics Male Non-pregnant _Pregnant Fe(ugg) 8676+971  8762+861 461+78 469482
Pica 20 20 20 Se(ug g™y 0.08£0.051 0.086+0.026 0.088+0.026 0.098+0.016
Emaciation 20 20 20 Co(ugg™") 6.63x1.22  5.28+1.63 1.30+0.45 1.33+0.21
Dyskinesia 0 3 4 Ca(ugg™ 16178£889 14397+746 6813746 5528+725
Fracture 0 1 0 Plugg™) 3811 63412 432481 45251
Respiratory rate (breaths/min) 16.7+4.1 18.5+5.1 19.6+7.2 F(ugg™® 23.6£8.7 18.9+4.6 10.941.76 9.612.1
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Table 3: The contents of mineral elements in blood and liver samples

Animals
Rlood Liver
Elements Affected Unaftected Affected Unatfected
S (%0) 6.37£1.7 4.12+0.86 1.58+0.36 1.3240.35
Cu(pgg™  0.27:003  0.86:016  13.623.7 107.6+11.2
Mo(ugg)  0.18:0.10  0.19+0.09  2.79:061  2.87+0.72
Fe(ugg™ 45661 42776 13117 146+18
Co(uggh 0565039 0675012 0714036  0.65+0.21
Fiug g™ 17.6+3.1 13.942.8 6.21+031  4.13+0.12
Ca(pg g™ 129431 13126 18719 196+27
Piugg™ 279433 28626 871487 869+37
Se(ug ™) 0.096+0.04 0.097+0.03  1.26+0.91 1.29+0.86
Table 4: The contents of mineral elements in hair samples
Animals
Elements Affected Unaftected
S (%) 5.87£2.3 4.67£7.21
Cu (pg £ 3.37£0.71 6.52+1.26
Fe(ugg ™ 559407 532+72
Mo (pg g ") 2.61£1.72 2.32+0.81
Se(ug g™ 0.182+0.076 0.186+0.061
Co(ug g™ 1.15£0.62 0.99+0.23
Flugg™ 116435 98+25
Ca{pgg™ 21271661 1989+326
Ppgeg™ 112431 129423
Table 5: Hematological values in Oula sheep
Animal
Items Affected Unaffected
Hb (g L) 96.7+20.1° 127.049.8
RBC (102LY 12.8+3.60 117415
PCV (%) 31.6+4.16" 39.643.1
MCV (1) 24745100 33.945.1
MCH (pg) 7.542.10° 11.041.2
MCHC (%) 30.64.60 32443.2
WBC (10°L) 6.9£2.300 12,920
bp<0.01; *p<0.05
Table 6: Serum biochemical values in Oula sheep
Animal
Items Affected Normal
Cp (mg L™ 37389 51.5¢11.5
LDH (umol L™) 3.71x0.37 3.61+0.51
AKP(QUL™) 23637 258+42
AST (UL 31.746.9 31.8+6.8
ALT qUL™ 12.7£3.7 13.7£3.9
v-GTAUL™Y 153437 15.243.5
SOD (pmol L) 16.3+1.9 23.542.1
CAT (pmol L) 25.322.6 25.242.9
GSH-Px (umol L) 29.542.1 29.9+3.1
BUN (mmol L) 6.68+2.31 6.57+£2.26
Crt (umol L™ 27327 276+£27
Chol (mmol L) 2.5540.39 2.58+0.37
K (mmol L) 3.53+0.37 3.42+0.47
Na (mmol L) 119+32 127+38
Ca (mmol L) 2.27+0.27 2.25+0.21
IP (mmol L) 1.5320.31 1.61£0.39
Mg (mmol L™Y) 0.8140.17 0.83+0.27

The concentrations of mineral element mn the hair
were given in Table 4. The copper contents in the hair of
affected camels were significantly lower than those of
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control animals (p<<0.01). The sulfur content of hair was
also sigmificantly raised in the affected as compared to the
normal animals.

The hematological values given in Table 5. Hb, PCV,
MCV and MCH were significantly reduced. The abnormal
blood mndices mdicated a hypochromic microcytic anemia.
Biochemical values given m Table 6. Activities of Cp and
SOD were significantly reduced.

DISCUSSION

The copper contents in soil and forage >6 and
5 ug g~ (dry matter) are safe for ruminants (Li and He,
1990). In the study, the copper levels in soil and forage
were 16.8+7.1 and 6.394+1.26 ug g ', respectively higher
than this safe level but sulfur contents were sigrmificantly
higher than unaffected areas (Table 2). Suttle (1974)
reported a 56% reduction in the increase in plasma Cu
following Cu sulfate supplementation of Cu-deficient
sheep fed a diet containing 0.40 vs. 0.1% 3. A review of
the literatire (NRC, 1996) suggests that the maximum limit
for potential S toxicity in cattle is 0.40% and S toxicity in
ruminants has been reviewed previously (Kandylis, 1984).
Even though this threshold was exceeded in QOula sheep
grazing high S pastures in the study, no signs of S toxicity
were noted.

In this study, the mean copper contents in the liver
only was 13.643.1 pg g were significantly lower than
unaffected ammal. The mean contents of copper in the
blood enly were 0.28+0.05 pg g~', markedly lower than
normal ammals. The normal concentration of copper in
blood in Oula sheep is 0.86 ug g~'. Decreases in
circulating plasma Cu are associated with liver Cu
concentrations of approximately 40 pg g and lower
(Claypool et al., 1975). The concentration of copper in
blood depends on the amount of copper stored in the liver
(Li and He, 1990) low concentrations of copper in the
blood indicating exhaustion of the liver reserves. Liver Cu
contents are the most reliable indicator of status in
rummant in general, dry liver Cu concentrations below
25-75 pg g are comsidered deficient for ruminant
(McDowell, 1992). Therefore, the results showed that the
copper status of sheep in the affected regions was
severely deficient.

The copper content of hair is also a sensitive
indicator for diagnosing copper deficiency since as
previously reported in cattle, the values for liver copper
and hair copper or blood copper are positively correlated
(Wang, 1988; Wahbi et al., 1984). In addition, once
the pastures containing  high
concentrations of S, Cu-deficient Oula sheep were able
to rapidly respond to Cu supplementation from both
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inorganic (CuSQ,) and tribasic copper chloride source.
Oula sheep receiving tribasic copper chloride tended to
have higher mean liver-Cu concentrations than ammals
supplement with Cu sulfate. Thus, it is probable that the
disease of Oula sheep m the Huangheshouqu Pasture 1s
a secondary copper deficiency caused by the high sulfur
i the soils and forage. Anaemia can be a feature of
copper 1nadequacy i all species but usually develops
only where deficiency has been severe or prolonged
(Baumgartner et of., 1978). Normal Hb concentrations for
most mammals are 13-15 g d.™' (Swenson and Reece,
1993). Lower concentration may be linked to Cu deficiency
(Sanders 1983). However, low Hb
concentrations donot always occur when Cu status is low
(Tiffany et af, 2002). In current study, the mean Hb
concentration, PCV, MCV and MCH were significantly
reduced. Under normal conditions, most of the Cu 1n

and Sanders,

serum is presented as Ceruloplasmin (Cp) which plays an
essential role m promoting the rate of iron saturation of
transferrin and so in the absorption and transport of
iron and in the utilization of iron by the bone
marrow (Williams et al., 1974). For this reason, Cu
deficiency not only markedly reduces the content of
Cp but cause anemia which varies between and within
species. In rats, lambs, rabbits and pigs, the anemia is
hypochromic and microcytic as is found in iron
deficiency but 1 chickens and dogs, it 1s normochromic
and normocytic. In cattle, yak and adult sheep, the anemia
15 hypochromic and macrocytic (Brewer, 1987; Suttle,
2010).

CONCLUSION

In affected Oula sheep, researchers concluded that
the anemia was hypochromic and microcytic. Activities of
SOD 1s a sensitive indicator for diagnosing Cu deficiency,
since as previously reported in cattle, the activities of
SOD in serum and the Cu values of the liver or blood are
positively correlated (Shen et al., 2006, Wang, 1988). In
this study, the activities of SOD in serum were
significantly lower in the affected camels than those in the
healthy animals.
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