Veterinary Research 3 (2): 14-20, 2010
ISSN: 1993-5412
© Medwell Journals, 2010

Clinical, Hematological, Biochemical and Pathological Studies
on Zinc Deficiency (Hypozincemia) in Sheep

'K.M. Al-Saad, “ILL Al-Sadi and 'M.O. Abdul-Majeed
"Department of Internal and Preventive Medicine,
"Department of Veterinary Pathology
College of Veterinary Medicine, University of Mosul, Mosul, Iraq

Abstract: The climcal, hematological, biochemical and pathological changes in naturally occurring zine
deficiency in sheep were described. Loss of appetite, alopecia, abnormal skin and decreased body weight
constituted the main signs and symptoms. The respiratory and heart rates were significantly higher (p<0.05)
m zinc deficient sheep than in normal control sheep. Values of total erythrocyte count, hemoglobin
concentration and packed cell volume were significantly lower (p<<0.05) in zinc deficient sheep than in normal
control sheep. Significant differences were not found in the mean corpuscular volume, mean corpuscular
hemoglobin concentration, total leukocyte count and differential leukocyte count values in sick and normal
control sheep. The platelet count was significantly lower (p<0.05) in zinc deficient sheep than i normal control
sheep. Values of other clotting indices (platelet volume, platelet distribution width, clotting time, prothrombin
time and activated partial thrombo-plastin time) were significantly higher (p=t0.05) in zinc deficient than in normal
control sheep. Zing, total protein, calcium, alkaline phosphatase and fibrinogen values in the serum were
significantly lower (p<0.05) m zinc deficient than m normal control sheep. The levels of aspartate
aminotransferase and alanine aminotransferase were significantly higher (p<t0.05) in zinc deficient than in normal
control sheep. Microscopic lesions of the skin of zinc deficient sheep were in the form of parakeratosis and in

some cases hyperkeratosis.
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INTRODUCTION

Only few reports are available on natural zinc
deficiency in sheep in the literature (ARC, 1980,
Mahmoud et al,, 1983). This could be due to the facts that
pastures rarely contain <20 mg zinc kg~ DM and that
sheep are able to absorb zinc very efficiently at low
mtakes (Suttle and Jones, 2007). The young rapidly
growing lamb achieves its high requirement for zinc
from the ewe's milk which is rich in zinc (around 7 mg 1.7
(Cao et al., 2000). Among factors that predisposes sheep
to zinc deficiency are increased calcium and phosphorus
intake (decreases zinc absorption), diets rich in legumes
(high calcium) or homemade high-phospharus grain
supplements (corm-soybean, com-oats-barley) with no
added minerals, elevation of soil pH above 6.5 and
increased soil fertilization with nitrogen and phosphorus
(Linklater and Smith, 1993; Anderson et al, 2002).
Expenmentally induced zinc deficiency is associated with
parakeratosis, growth retardation, wrinkled skin, wool
loss, swollen hocks, excessive salivation and impaired

spermatogenesis (Kendall et al., 2000). Pathologically, the
cutaneous lesions include alopecia, scaling and crusting
of the skin of the face, neck, distal extremities and
muco-cutaneous junctions. The microscopic lesions
consist of parakeratosis and sometimes hyperkeratosis
(Mcgavin and Zachary, 2007).

Zmc 13 a component of almost 300 enzymes
(Berger, 2002). It 1s vital to the activity of a variety of
hormones such as glucagons, insulin, growth hormone
and sex hormones (Al-Saad et al, 2006). Tt also plays a
key role m the immunological responses (Prasad and
Kundu, 1995). Zinc also plays a role in mamtaining hoof
tissues through stimulation of growth of epidermal cells,
production of lkeratin, improved wound healing and
improved cellular integrity (Gimn ef al., 2007).

In a previous study, the climcal and pathological
features of naturally occurring zine deficiency in buffale
calves were described (Al-Saad et al., 2006). The purpose
of this study was to present the clinical, hematological,
biochemical and pathological features of hypozincemia in
sheep.
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MATERIALS AND METHODS

Six herds of sheep consisting of 681 sheep were
examined in Nineveh Province (Nmeveh-Iraq). Among
these sheep, a total of 125 sheep were found to be
affected with hypozincemia and constituted the basis of
the present study. Hypozincemic sheep were 32 rams
(1-2 vears old), 50 ewes (>2 years old) and 43 lambs
(4-6 months old). Additionally, 25 normal sheep
(4 months to >2 years old) were used as control. Both the
clinical cases and the control sheep were of a local breed
(Awassi). All of the used sheep were negative for
gastrointestinal, blood and external parasites.

Blood samples were taken with and without
anticoagulant from the jugular vem for hematological,
biochemical and trace element analysis. Values of
erythrocyte, hemoglobin, packed cell volume, Mean
corpuscular volume, Mean Corpuscular Hemoglobin
Concentration (MCHC), total Platelets count (Plt), Mean
Platelets Volume (MPV), Platelet Distribution Width
(PDW), Total Leukocyte Count (TL.C) and Differential
Leukocyte Count (DIL.C) were measured using automatic
full digital cell counter (Bechman, TUSA). About 2.5 mL of
blood were mixed with trisodium citrate (used plasma) to
determine Prothrombine time (Prt), Activated partial
thromboplastine time (Aptt) (Coles, 1986) and clotting
time according to Bush (1975).

Blood samples were kept for 15 min at room
temperature and then centrifuged to obtain serum for
biochemical analysis. Total protein, AST, ALT, ALP,
fibrinogen and calcium levels were determined using
commercial kits (Biomerex, France). The zinc values were
determined using atomic absorption spectrophotometer
(PYE Unicam spg atomic absorption spectrophoto-meter).
The significance of variations in the various values of
sheep with zinc deficiency and those of normal control

RESULTS AND DISCUSSION

The signs and symptoms of the 125 sheep are
summarized (Table 1 and 2). These signs and symptoms
arranged in order of decreasing frequency included
anorexia (66.4%), alopecia (62.4%) (Fig. 1), abnormal skin
(54.4%) (Fig. 2), decreased body weight (36.0%), pale
mucous membranes (29.6%), watery saliva flow (26.4%),
wool eating (20.0%), mntermittent diarthea (16.8%),
decreased growth rate (12.8%) and swelling of joints
(10.4%). Body temperature was similar in normal control
and hypozincemic sheep (Table 2). The respiratory rate
was significantly higher (p<0.05) in sick sheep than in
normal control sheep. Within the groups of diseased
sheep, the respiratory rate was significantly higher
(p=0.05) in lambs than in rams and ewes (Table 2). The
heart rate was significantly higher (p<t0.03) in sick sheep
than in control sheep. Among the groups of diseased
sheep, the heart rate was significantly higher (p<0.05) in
lambs than in rams and ewes (Table 2).

Results of hematological examination of samples
from control and diseased sheep are presented in
Table 3. Values of total erythrocyte count, hemoglobin
concentration and packed cell volume were significantly
lower in hypozincemic sheep than in normal control
sheep. No significant differences were detected in these
values for hypozencemic rams, ewes and lambs. Similarly,
no sighificant differences were encountered in the MCV,
MCHC, TLC and DLC values of normal control and
diseased sheep. Also, significant differences were not
found between these values m sick rams, ewes and lambs.
Data concerning the indices of clotting factors of normal
control and hypozincemic sheep are shown in Table 4.
The platelet count was lower in diseased sheep than in

Table 1: Signs and symptoms in sheep atfected with hypozincemia

= ) . Rigns and symptoms No. of cases Clases (%9)
sheep were analyzed statistically using SPSS version Loss of appetite 23 66.4
11.5 (Leech et al., 2007). Alopecia in various parts 78 62.4
Ski . leoted £ th 1 . Abnormal skin 68 54.4
in specimens were collected from the alopecic Decreased body weight 45 260
patches and fixed in 10% formalin solution for 48 h, Pale mucous merrbranes 37 29.6
trimmed to suitable size, washed, dehydrated, cleared in Watelw saliva flow 33 26.4
. . . Wool eating 25 20,0
Xy.lol, embedd.ed n Paraffm wax, SGCtIOHed at. 4-5 Intermittent diarthea 2 168
thickness, stamned with hematoxylin and eosin and  Decreased growthrate 16 12.8
examined with a light microscope (Kiernan, 1999). Swelling of joints 13 104
Table 2: Clinical parameters of sheep affected with hypozincernia
Diseased
Parameters Control Rams Ewes Lambs
BRody temperature (°C) 39.67+0.48* 39.7240.76° 39.51+0.88° 39.8+0.83
Respiratory rate (min) 24.0£1.8 33644520 35.82+6.71° 63.73£10.25
Heart rate (min) 76.89+6.4° 08.71+4.62° 102.24+8.4¢ 130.21+10.51°

Values are meantstandard error of mean; values with different letters mean the presence of significant differences (p<0.05)
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Table 3: Hematologieal vahies of nonmal control amd hypomncente sheep

Diseased
Parameters Corntrol Fans Enares Lawbs
REC count =10* 74509 5211159 502+1.12% 454111
Hb iz dL™" 10,7241 41 231+1.00 242+1.21 750 4
POV (%) 352444 5 2751240 22411 A* 2841 B2
MICY (11) 55T 528+4.2] HM1lt53A1 RN
MCHC (zdL™) 30754 5 02T EE 31 2444 21 30.2:4 20
TLZ = 1 7124121 T4+l 12 5] B T4x] e
Lymphooytes 47412 11 46 2+ 53 48 2+ 11 47 %1 21
Hentrophils 49 1245 11 42 442 4 48 32> 4852
Momooytes 312e1.00 300+1.4 321091 32128
Ecsinophils l5dtl.2> 1.52+]1.4 laZl = 1.5l
Basophils 0 45+0.45 0.47+0 43 0.45+0.43- 0470 48
Vahies are meantstandard ervor of mean; values with different latters mean the presence of sizmficart differences (p=0035)
Table 4: Indices of clothng fietows mecontol and bypomincenic sheep

Diseased
Parameters Contral Fams Enares Lanbs
Fli<100 47338 351440718 FAD2 B 10T 2
MV (1) 8260 B 11412 4% 10411 o= 11532
PO (%) 1561 2 119847 30 4+3.2> 12.7+9.4%
Ct (nu) 35£0.51" 581 52+l 5441 22
Priisec) 1021 5 17523 155140 175+2.4%
‘pptisec) S04 4t 40 5+2610 42 S o 42 544 6

Vahes are meantstandard arvor of mean; values with different letters mean the presence of sigmificart différences (p=005)

Fig 1: A sheep affected with zinc deficiency, alopecia in
di fferent parts of the skin

Fig 2 Theneck of a sheep affected with minc deficiency.
Mote the alopeciaand abnomnnality of skin

3]

contral normal sheep. Thiz difference was statistically
significant (p<0.05). Thiz count was significantly lower in
larnbsthan in ramsand ewes. The platelet volume, platelet
distribution width clotting time, prothrombin time and
activated partial thromboplastin time walues were
significantly higher (p<0.05) in dizeased sheep than in
normal control sheep. Mo difference was encountered
hetween these walues in warious groups of dizeased
sheep.

Serum values of minemls, proteins and enzymes in
control and diseaszed sheep are presented in Table 5. Zinc,
total protein, calciuwm, allaline phosphatase and fibrinogen
values were signifi cantly lower (p<0.05) in diseased cheep
than in control sheep. Among the various groups of
dizeaszed sheep, Zinc level was the lowe st in lambs than in
rams and ewes. The AST and ALT levels were
significantly greater (p<0.05) in sick sheep than in normal
control sheep.

Hiztopathology of the skin biopsies revealed
parakeratosiz, moderate acanthosiz and  sometimes
hypetkeratosiz. Furthermore, there were poor wool
growth, intrmcellular  edema, pssudoepitheliomatous
byperplazia and heavy infiltration of mononuclear cells
(plasma cells, lymphocytes and mophages) in the derrnis
(Fig. 3and 4,

In the present study, loss of appetite was the main
clinical sign exhibited by zinc deficient sheep. Reduced
appetite has been also reported in buffalo calves affected
with zine deficiency (Al-Baad et @ |, 20067, In humans with
zinc deficiency the reduced appetite has been attributed
to reduced ability to taste (hypogeusia) and smell foods
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Table 5: 5 erum vahes of soame mmesals, proteins and exeyrnes in nomnal conbol and hypozencenne sheep

Diseased

Parameters Contiol Fanw Enares Lambs

Znipg mL™" B2 112 FaA1E5 4 359245 4 A1L5 4
Total protein iz AL™') 7084121 A21+1 27 SOR+] 3 55108
ASTI(UOL™M J|IH S 4led gt a8 91 B 51ea e
ALTML™ 195754 2225351 274421 CIEE
Calenam (mgf100 mL) 11 540,85 944052 8.54+] 21k 2440 A
Alkalive phosphatase (TTL7") 25010 Bae LANE AR 00k T BxE
Fibrinogen(mg dL7") e 102 Sl0e8 71" 2HE+l] T 057430

Vahes are meantstandard arvor of mean; values with different letters mean the presence of sigmificart différences (p=005)

Fig 3: Cross section of the dkin lesion of a sheep
affected with minc deficiency. Motethe presence of
parakeratosis, hypeteeratosis and acanthosiz. H
and E stain

Fig 4: Cross section of the dkin lesion of a sheep
affected with zinc deficdency. Mote epidermal
hyperplasia with marked hyper-keratosis. The
parakeratotic hypetkeratods and acanthosiz form
the thickened adherent scale (amow) H and E
stain

(hyposmia) (Berger, 2002, Grodner et o, 2004 It has
heen shown that changes in appetite are associated with
changes in the concentration of amino acd derived
newnotransmitters in the brain,
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Zine deficient rats have been noted to change their
dietary preferences, avoiding carbobydrates and seeling
protein and Bt (Kennedy ef @, 1998 Thiz might be
explained by the lack of key enzymes required for
carbohydrate metabolizm because of reduced expression
of zinc dependent meesenger RMNA needed to synthesize
these enzymes (K ennedy af ol , 1998} Asin humans, minc
deficiency in animals may reduce appetite by impaiting the
taste. A well known fact is that the sense of taste is
mediated through the slivary zinc  dependent
polypeptide, gustin. Low salivary minc concentration leads
to a reduction oftaste and reduced appetite (Drolze af ol |
1993 The reduced appetite in zinc deficient animals could
he the reason for paleness of mucous membranes,
depression of growth mte and the lowered body weight.
This suggestion is supported by the finding that feeding
3000 ppm mine, added as minc oxide, enhances growth and
health of nursery pigs (Hahn and Baleer, 1993, Hill et e |
2000; Carlzon efed., 19997

In this study, the finding of abnormal skn was
cormon and this result is expectable since parakeratods,
thickening, hardening and cracking of slin 15 a common
sign of zine deprivation in bman and in all animal species
(Fadostits et @, 2000, Berger, 200%). Alopecia was the
second most frequent sign in sheep with minc deficiency.
This finding iz in accordance with those of others in
calves (Radostits et @, 2000; Machen of of, 1994,
sharma and Joshi, 2005, Can et o, 1999, buffalo calves
(A4l-Saad et o, 2006) and in humans (Prasad, 1985, 1983,
Gaveau et af., 1987). The finding of wool eating in mnc
deficient sheep is in accordance with the finding of others
that alopecia and the wool eating habit in sheep were
aszociated with reduction in serum copper and minc levels
(akgul et @, 2000). Zinc has been found to be crucal to
proper skeletal growth during embryonic developrent
(Berger, 20020 This could explain the ocourrence of the
gkeletal disturbances that havebeen seenin zine deficient
sheep in this study. The respiratory and heart mtes were
significantly higher (p<0.05)in zinc deficient sheep than
in normal control sheep. These mtes were sgnificantly
higher (p=0.05% in lambsz than in fmams and ewes. These
differences could be due to the fact that zinc iz a
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component of the enzyme carbonic anhydrase, which is
located m the red blood cells and parietal cells of the
stomach and 1s related to the transport of respiratory
carbon dioxide and the secretion of hydrochloric acid by
the gastric mucosa (Radostits et al., 2000).

Results of the hematological examination indicated
that the values of total RBC count, Hb concentration and
PCV in zinc deficient sheep were significantly lower
(p=0.05) than those of normal control sheep. Significant
differences were not found in these wvalues
deficient rams, ewes and lambs. The anemia of the zinc
deficient sheep was of the normocytic normochromic
type. These results were similar to those reported in
hypozincemic buffalo calves (Al-Saad et al., 2006) and
could be explained on the basis that zinc deficiency
leads to immpairment of cell replication and protein
synthesis and thus the generation of blood cells
(Payne, 1989). Sigmficant
encountered m the rest of the hematological parameters in
normal control and hypozincemic sheep.

In this study, the platelet count was significantly
lower (p<0.03) in diseased sheep than in normal control
sheep. Additionally, this count was significantly lower
in lambs than in rams and ewes. These findings
are in accordance with those of (Gordon et al, 1982,
Tubek er al, 2007) who found that a low zinc diet
caused poor platelet aggregation and mcreased bleeding
tendency in adult males. The indices of other clotting
factors (platelet volume, platelet distribution width,
clotting time, prothrombin time and the activated partial
thromboplastin time) were sigmficantly higher (p<0.05) in
zinc deficient sheep than in normal control sheep. These
results are in accordance with the findings of others with
either human or bovine thrombin that 0.01-0.1 mM Zn™
induced significant reductions of clotting times in a
concentration-dependent manner (Marx and Eldor, 1985).
The procoagulant effect of Zn' occurred in the presence
of Ca™ but was inhibited by metal chelating agents.
Higher levels of Zn™ (>>0.2 mM final concentration) were
required to accelerate thrombin-induced clot formation in
the presence of citrate or oxalate. The presence of as little
as 0.006 mM Zn" in an incubating mixture of thrombin and
antithrombin-IIT has been found to severely reduce the
inhibitory activity of antithrombin-TIT towards thrombin
(Marx and Eldor, 1985). In another study, it was found that
7Zn'* at concentrations =1 microM increase the inhibition
of coagulation factors Xla (FXla) by protease nexin-2
(PN-2)amyloid beta-protein precursor (Van Nostrand,
1995).

In this study, the serum values of zinc, total protein,
calcium, alkalme phosphatase and fibrinogen were

n zine

differences were not
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significantly lower (p<0.05) in zinc deficient sheep than in
normal control sheep. This finding indicated clearly that
the condition i sick sheep 1s hypozincemia. Zinc level
was significantly lower (p<0.05) in lambs than m rams and
ewes. These results were similar to those reported in
humans, cattle and buffalo calves (Machen ef al., 1996,
Can et al., 1999, Parade, 1981; Kirchessner et al., 1975,
Stockham and Scott, 2002). The level of aspartate
aminotransferase was higher significantly (p<0.05) in
sick sheep as compared to normal control sheep. A
similar finding has been reported in buffalo calves
(Al-Saad et al, 2006). Aspartate amino-transferase is
known to be a cytoplasmic and mitochondrial enzyme that
catalyzes a reversible reaction mvolved in the deammation
of aspartate to form oxaloacetate, which can enter the
Kreb's cycle (Stockham and Scott, 2002). A ligh serum
level of the enzyme occur in disorders or conditions that
wwvolve hepatocyte or muscle damage (Stockham and
Scott, 2002).

Thus, it could be assumed that the increased level of
the enzyme in this study could be due to hypoxia due to
anemia. The serum level of alanine aminotransferase was
significantly higher (p<0.05) in zinc deficient sheep than
in normal control sheep. This result differs from that
reported in buffalo calves (Al-Saad et al., 2006) in which
no significant difference in the level of the enzyme
was encountered in sick and normal buffalo calves.
However, the result 1s sumilar to that reported by others
(Akgul et al., 2000).

Microscopic lesions of the skin of zine deficient
sheep described m this study were typical of zine
deficiency (Samady et «l., 2000, Walling et al, 1989,
Nakano ef al., 2003, Wilson et al., 2006, Al-Saad ef af.,
2006). Parakeratosis and in some cases hyperkeratosis are
the main lesions. These pathological changes have been
attributed to the involvement of zinc with cell replication
in the skin (Wrightt and Spears, 2004). Furthermore,
copper, zing, selenium and molybdenum are involved in
many biochemical processes supporting life. The most
important of these processes are cellular respiratory,
cellular utilization of oxygen, DNA and RNA
reproduction, mamtenance of cell membrane mtegrity and
sequestration of free radicals (Wrightt and Spears, 2004).

CONCLUSION

Hypozincemia were affected sheep and exhibited
different clinical signs, a significant changes were noticed
between diseased and control sheep in hematological and
biochemical values with differences indicated i blood
clotting indices.
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