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ABSTRACT

Blood and serum samples were collected from 25 aduit sheep (9-24 month old) in Kalubia
governorate. The animals were suffered from stiffness, weakness, trembling in limbs, incoordination
and inability to stand. Five apparently healthy adult sheep were used as control. Examination of two
ration samples (offered to affected and non affected animals) proved to be balanced. Ration was free
from rancidity and aflatoxin, while ochratoxin was detected in the ration which had been eaten by
sheep showed clinical sings. Such ration was deficient in phosphorus, calcium, magnesium and
copper, while the molybdenum level was high when compared with the ration given to healthy
animals. The values of total RBCS. PCV, Hb, MCH and MCHC were significantly low in the
affected sheep compared to that of the control. Analysis of serum microelements revealed significant
decrease in copper, iron and zine levels. Estimation of serum minerals revealed decreased calcium,
phosphorus, magnesium, sodium and potassiom levels. Serum triglycerides, glucose cholesterol, total
protein and albumin were significantly decreased while serum globulin was not changed. A
significant increase was found in the activities of AST, ALT. ALP, LDH and cortisol in diseased
sheep when compared to control. Macroscopic examination revealed enlarged and congested liver.
Some cases showed whitish foci and petechial hemorrhages on the liver surface. The lungs showed
congestion and kidneys were swollen and pale. Atrophy of the spleen was seen in some cases, while
others showed hemorrhage. The intestine was congested and revealed ulcerated mucosa.
Microscopically the liver showed focal hepatic hemorrhage, cloudy swelling, and hypertrophic
kupffer cells, associated with sinusoidal leucocytosis besides with fibrous tissue proliferation in
portal tract surrounding dilated bile duct containing necrotic debris. The kidneys showed necrotic
renal tubular epithelium. The lungs showed focal acquired atelectasis and compensatory focal alveolar
emphysema, in addition to intralobular bronchiole containing necrotic debris in addition to showing
hyperplasia of bronchial epithelium. The spleen showed focal splenic hemorrhage and lymphocytic
necrosis and depletion. The intestine showed necrosis of intestinal villi associated with massive
leukocytic infiltration and mucosal edema. Focal cerebral hemoirhage and focal gliosis were seen in
the brain sections.

Finally all the investigated parameters, in the ochratoxicosis affected animals, revealed decreased
dietary mineral level, specially calcium, phosphorus and copper. Such deficiencies were suggested to
be the real cause of the problem. Based on the results of the diseased sheep are partially induced by
ochratoxicosis and mediated by copper, calcium, phosphorus and magnesium, deficiencies and
elevated molybdenum and ferric.

INTRODUCTION

Ochratoxin is a common feed contaminant,
which may tmpair animal health and lead to
accumulation of residues in the edible tissue of

ochratoxicosis ranged from death (acute
toxicity), immunosuppression, hepatotoxicosis,
nephrotoxicosis and neurotoxicosis (3).

Mineral deficiency, in adult sheep, appears as

slaughtered animals (1). Mycotoxins depress T
and B lymphocytic activity, suppress antibody
production, and reduce complement and
interferon activity, besides the impairment of
macrophage function (2). The signs of

a cause of failure of some animals to make
satisfactory weight-gain, in spite of the presence
of balanced feed and abundant water with
absence of signs of any primary disease,
meanwhile the other sheep appear in satisfactory
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health body condition (4).Nutritional surveys in
different areas of Egypt have revealed deficiency
in soil-trace elements and consequently in the
grazing fodder . Thus, deficiency signs due to
subnormal intake of phosphorus, calcium,
copper, zinc. cobalt and selenium have been
observed in certain areas (5). Ochratoxin is
among the most abundant food contaminating
mycotoxin in the world (6). Approximately 25%
of world annual crops are affected by
mycotoxins (7). Economic losses from
mycotoxicosis in agriculture are due to the
effects on livestock productivity (morbidity),
losses in crops as well as costs, besides of
regulatory programs directed toward mycotoxins
which have been estimated by billions of dollars

(8).

The present study was planned to diagnose
the probable cause of neuromuscular disturbance
among adult sheep via histopathological studies
of some organs and detection of the mean levels

of some biochemical parameters, and
hematological profile.

MATERIAL AND METHODS
Animals

Determination of some biochemical analysis
were conducted on 25 sheep (9-24 month old)
belonging to Kalubia Governorate. They were
suffering from enteritis, depression,
unsatisfactory body-weight-gain and difficult
movement (neuromuscular disturbance). Other
five apparently healthy sheep represented the
control group.

Sampling
1. Blood

Blood samples collected from the jugular
vein of each animal were divided to two
portions. The first blood sample was mixed with
EDTA for hematological examination (92). The
second blood sample were left (o coagulate, and
clear serurn was separated for estimation of total
protein (10), albumin (11}, ALT and AST (12),
LDH (13) and ALP (14), besides glucose (I5)
cortisol (16), calcium (17), inorganic phosphorus
(18), magnesium (I19), sodium and potassium
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(20), cholesterol (21), triglycerides (22) and
copper, iron, zinc and molybdenum (23).

2. Ration and water

Ration samples were collected from the
manger and ration-store, for detection of
aflatoxin and ochratoxin (24). Peroxide number,
oxidative rancidity and acid number were
evaluated (24). They were analyzed chemically
for humidity %, ash%, crude protein % and ether
extract % (24).

3. Pathological examination

Tissue specimens were collected from the
liver, kidneys, brain, intestine, spleen and lungs,
immediately after slaughtering and directly fixed
in 10% neutral buffered formalin. Five micron
thick serial paraffin sections were prepared,
stained with hematoxylin and eosin (25) and -
examined microscopically.

4. Statistical analysis

The obtained data were analyzed using (-
student test (26).

RESULTS and DISCUSSION

Signs

The main clinical signs, observed on the
affected sheep from a Kalubia Governorate
Farm, were stiffness, weakness, incoordination
trembling of the limbs, inability to stand,
diarrhea, anorexia and poor growth. Some cases
showed diarrhea and pneumonia. Several

previous studied showed similar clinical signs
(27-29).

Ration analysis:

Analysis of both collected ration samples
revealed balanced crude protein and total fat
content. Both rations were free from rancidity,
aflatoxin Bi- B2~ Gy - G2, but ochratoxin was
detected (50 ppb). On the other hand Ca, P, Mg
and Cu- contents were low while Fe and Mo-
levels were higher in the ration offered to the
affected sheep than that of the healthy ones
(Table I).
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Table 1. Ration composition offered to diseased and apparently healthy animals.
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Diet ingredients

Diseased animals

Healthy animals

Crude protein % 14.7 16.2
Total fat % 3.1 3.2
Total Ca % 0.34 0.84
Total P % 0.25 0.71

Total Mag % 0.27 0.35
Total Cu % 0.03 0.08~0.18
Total Fe % 0.20 04-0.11
Total Zn % 52 5.1

Total molybdenum % 0.9 0.49
Acid No 3.1 5.2
Aflatoxin G1 - ve -ve
G2 -ve - ve

Bl - ve - ve

B2 - ve - ve

Ochratoxin 50 ppb - ve

ppb = Part Per Billion.

Hematological analysis

mean values of the total

and differential

Table 2 shows the hemogram of the
apparently healthy and affected sheep. The
mean values of the RBCs count, Hb, PCV,
MCH and MCHC were significantly decreased
in the affected sheep when compared with the
healthy ones. Those results pointed out
coexistence of clinical marginal anemia with
clinical Iaboratory mineral deficiency. The

leukocytic counts in the apparently healthy and
diseased sheep revealed a significant
leukopenia in the latter. The total leukocytic
count was significantly decreased when
compared with the healthy ones. Such a
decrease in the total leukocytic count may be
attributed to anorexia and imtnunodepression
(30).

Table 2. Hemogram in both healthy and diseased sheep.

Healthy animals

Diseased animals

Parameters (n=5) (n=25)
RBC (* 10°mm) 6.3+0.23 4.1 £0.12%*
Hb (g/dl) 84+0.13 7.9 £0.55*
PCV (%) 31.6+0.72 30.17x 1.5
MCV (fl) 52.5+ 041 53x09
MCH (pg) 14 £0.17 11.58 +0.3*
MCHC (g/dl) 2736012 22 +0.6*
WRBCs (x 10* mm) 73104 4.7 +0.3*
= o Neutrophil % 31+1.2 34+1.8
== - Eosinophil % 5.13+04 50x02
£33 S Lymphocyte % 58134 52.0+3.6
= ﬁ © X Monocyte % 6.0x0.2 8.4x03
e~ Basophil 0 0

* Significant when compared with the control at P < 0.01 using student test.
** Significant when compared with the control at P < 0.001 using student test.
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Biochemical exanimation

The mean values of activities of serum AST,
ALT, ALP and LDH in the healthy and affected
sheep are presented in Table 3. They were
significantly increased in the diseased sheep.
The mean values of serum total protein, glucose,
cholesterol and triacylglycerol were decreased in
the diseased sheep Table 3. The significant
decrease in the serum total protein and albumin
levels in the diseased is probably due to the
stress of diarrhea and its impact on the hepatic
parenchyma resulting in a failure of protein
synthesis (9). Hepatic damage was monitored by
the significant increase in the AST, ALT, ALP
and LDH activities in the diseased sheep.
Moreover, the decrease in the total serum protein
and albumin may be attributed to increased
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levels of cortisol in the diseased animals which
causes catabolism of protein leading to negative
nitrogen balance and increased urinary
elimination of nitrogen. Elevated liver enzymes
in the blood of sheep fed copper deficient diet,
indicating hepatic dysfunction (31). The
decreased serum glucose level in the diseased
animals may be due to copper deficiency (32).
The significant decrease in the total serum
cholesterol and triacylglycerol levels in the
diseased sheep, than the control ones, may
reflect either reduced food intake or early hepatic
damage. Similar results reduction in serum
cholesterol level was recorded in copper
deficient animals (33). The high values of serum
cortisol may be attributed to hypocuprosis via
influencing the adrenal cortex.

Table 3. Serum biochemical profile of healthy and diseased sheep.

Parameters

Healthy animais

Diseased animals

(n = 5) {(n = 25)
ASTIU/L 35+£08 46 £ 0, 2%
ALTIU/L 15+0.9 30 £ 0.9**
ALPIU/L 89+06 115 £ 1.33%*
LDH IU/L 150+£9.2 670 £ 7.6%*
Cortisol mg/d} 5.7x0.14 8.7x0.1*%
Total protein gf 76+0.2 0.4 £02%
Albumin g/dl 3.9+0.17 2.11 +0.13*
Globulin g/d} 37+0.16 43+02
Glucose mg/dl 69x1.2 45.5 £ 01.04*
Cholesterol mg/dl 124 + 1.02 W +2.1*
Triglyceride mg/dl 94 + 0.9 84 £ 0.44*

* Significant when compared with the control at P < 0.01 using student tesl.
*#* Significant when compared with the control at P < 0.001 using student test.

The significant decrease in the serum
calcium, phosphorus, magnesium, sodium and
potassium levels (Table 4) in the diseased
animals could be attributed to their low
concentration in the offered ration together
with presence of diarrhea which decreased the
intestinal absorption of most nutrient (4}. The
serum copper, zinc and iron were highly
significantly decreased (P<0.001) in the
diseased sheep while the serum-molybdenum-
level was significantly increased when
compared with the healthy ones. The
significantly decreased serum coppet level in

the diseased animals may be attributed to the
high concentration of molybdenum in the
ration which reduces the availability of dietary
copper due to formation of insoluble cupric-
thiomolybdate complex in the rumen (34).
This antagonistic relationship between copper
and molybdenum was previously recorded
(35). The encountered decrease in the serum
zinc and iron levels may be attributed to
interference with their absorption from the
gastrointestinal tract, besides anorexia (4).
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Table 4. Some macro- and microelements in both the healthy and diseased sheep.

Parameters

Healthy animals

Diseased animals

(n=5) (n = 25)
Copper pg/dl 60326 490.8 + 3.1**
Zinc pg/dl 80.08 £ 6.1 59 £4, | **
Iron pg/dl 873 +4.1 63+ 1.3*
Molybdenum pg/dl 68 £3.1 90.6 + 4.8%*
Calcium mg/dl 10203 8.4« 13*
Phosphorus mg/dl 54+0.9 32£0.01%*
Magnesium mg/dl 2802 20+£03*
Sodium mg/L 143.5+ 6.1 136 £ 5.7*
Potassium mg/L 5.0+0.19 3.9+0.8*

* Significant when compared with the control at P < 0.01 using the student test.
** Significant when compared with the control at P < 0.001 using the student test.

Pathological examination
a. Macroscopically

. The liver of some diseased sheep was
enlarged, soft, pale and its capsule showed
petechial hemorrhages. These changes were
previously cited (28,29). Meanwhile the
examined kidneys were enlarged and petechial
hemorrhages were prominent which agreed with
findings of (28,36). The lungs of some diseased
sheep were congested and enlarged. The lungs,
in other cases, were soft in consistency and pale.
Its visceral pleura was studded with petechial
hemorrhages. The spleen was atrophied and
sometimes hemorrhagic. The small intestine was
congested and frequently showed ulcerated
mucosa. The brain was soft in consistency,
congested and presented multiple petechial
hemorrhages in the cerebrum and cerebellum .
The previous PM findings were recorded by
several authers (28, 29, 36).

b.Microscopically

Mycotoxins encompass a wide spectrum of
different components which affect target organs
and systems, notably, the liver and kidneys,
besides the nervous and immune systems
(37).The liver of the obligatory slaughtered
diseased sheep showed focal hemorrhages
(Fig.1). The lesions of mycotoxicosis depend on
the toxin level, and ranged from poor
performance to general hemorrhagic syndrome
(29,38). Other cases showed hypertrophic
kupffer cells associated with sinusoidal

leucocytosus (Fig. 2). The portal tracts showed
fibrous tissue proliferation surrounding dilated
bile duct containing necrotic debris (Fig. 3).
These changes are reported in previous studies
(1,28,29,36). The proliferated fibrous connective
tissue in the portal triads is diagnostic and may
be due to the direct effect of ochratoxin.
Moreover the examined kidneys revealed
necrotic renal tubular epithelium and dilated
bowman's space (Fig. 4). Similar findings were
previously described by (28,29,36,39,40).
Coagulative nerosis of the renal tubular
epithelium with pyknotic neuclei, were observed
in the diseased animals (Fig.5). Such lesions is
characteristic for ochratoxin related
nephrotoxicosis (41,42). Other examined case
showed focal tubular necrosis with mononuclear
leukocytic infiltration (Fig.6). Nephrntis s
evidenced by necrosis of renal tubule
(1,28,29,39). The lungs showed focally acquired
atelectasis with compensatory focal alveolar
emphysema (Fig.7) (29,43,44). In other cases the
Intralobular  bronchiole containing necrotic
debris and showing hyperplasia of bronchial
epithelium (Fig.8). Similar lesions were
previously reported (40). Meanwhile the
examined spleen showed focal splenic
hemorthage (Fig. 9). Another examined case
revealed lymphocytic necrosis and depletion
from the white pulp (Figs. 10 & 11).
Lymphocytic depietion was. probably due to
immunosuppressive  effect of mycotoxins
(1,28,29). Mycotoxin reduced the efficacy of the
acquired immunity and the diminished effect of
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mycotoxin-cell-mediated-immunity may be a
reflection of the amphipathic effect of the toxin
45).

Intestine: Some examined cases showed
necrotic villi and edematous lamina propria with
leukocytic infiltration (Fig. 12). Other cases
showed marked necrosis of the intestinal vilii
associated with massive leukocytic infiltration
(Fig. 13). Meanwhile necrosis of the crypts of
Licberkuhn was associated with leukocytic
infiltration (Fig. 14). Finally, mucosal edema
and necrotic villi were detected (Fig. 15). Similar
necrosis of the intestinal villi, and crypts of
Lieberkuhn with massive leukocytic infiltration
were previously recorded (28,36,40).
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Brain: The examined brain of the diseased
sheep showed congested cerebral blood vessels
and small focal cerebral hemorrhage (Figs. 16 &
17). Other examined cases showed focal gliosis
(Fig. 18). Finally the examined brain showed
neuronal degeneration and neuronophagia (Fig.
19). The previous lesions were recorded by
(29,44).

It could be concluded that the signs and
lesions, encountered in the diseased sheep, are
partially induced by ochratoxin and mediated by
deficiency of copper, calcium, phosphorus and
magnesium with elevated molybdenum and iron.

Figs. 1-3. Photomicrograph of the liver of diseased sheep showed

!- Focal hemorrhage. (H & E x 200).

2- Hypertrophic kupffer cells associated with sinusoidal leucocytosis (H & E x 200).
3- portal tract with fibrous tissue proliferation surrounding dilated bile duct containing necrotic debris. (H

& E x 100).



Figs. 4-6. Photomicrograph of the kidney of diseased sheep showed

4- Necrotic renal tubular epithelium and dilated bowman's space ,(H & E x 200).

5- Coagulative nerosis of the renal tubular epithelium with pyknotic neuclei, (H & E x 200).
6- Focal tubular necrosis with mononuclear leukocytic infiltration (H & E x 200).

Figs. 7, 8. Photomicrograph of the lung of diseased sheep showed

7-Focal acquired atelectasis and compensatory focal alveolar emphysema ,(H & E x 100).

8-Intralobular bronchiole containing necrotic debris and showing hyperplasia of bronchial epithelium. (H & E x
100).
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Figs. 9-11. Photomicrograph of the spleen of diseased sheep showed
9-Focal hemorrhage (H & E x 200).

10- Lymphocytic necrosis and depletion (H & Ex 200).
11- Lymphocytic depletion from the white pulp. (H & E x 200).

Figs. 12-15, Photomicrograph of the intestine of diseased sheep showed

12-Necrotic villi and edematous [amina propria with leukocytic infiltration (H & E x 100).
13-Marked necrosis of intestinal villi associated with massive leukocytic infiltration (H & E x 100).
4)-Necrotic crypts of Lieberkuhn associated with teukocytic infiltration (H & E x 200).

15): Mucosal edema and necrotic villi (H& E x 100).
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Figs. 16-19. Photomicrograph of the brain of diseased sheep showed

16-Congested cerebral blood vessels. (H & Ex 200).
i 7-Small focal cerebral hemorrhage. (H & E x200).

18- Focal gliosis. (H & E x 200).

19-Neuronal degeneration and neuronophagia,. (H & E x 200).
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