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Diagnostic parameters as an addition to routine enzymes used in the diagnosis
of white muscle diseases in lambs: adenosine deaminase
Summary
The aim of the study was to investigate the importance of ADA serum and its isoenzyme activity in diagnosing
white muscle disease in lambs. The animal material used in the study was forty seven Akkaraman lambs - twenty
seven of which had clinical signs of white muscle disease (white muscle disease group) and twenty healthy lambs
(control group). Blood samples were taken and Se levels, CK, LDH, AST, ADA and ADA izoenzyme activity
were determined. Following this, the animals in the white muscle disease group received 1 mg sodium selenit
+ 60 mg vitamin E intramuscularly as a single dose. Fourteen days following sodyum selenit + vitamin E
application blood samples were again taken and the same analysis repeated. Apart from ADA2 activity, other
enzyme activities were significantly high (p<0.001), and serum Se concentrations were significantly low (p<0.001)
in animals of the white muscle disease group compared to the control group. When the parameters obtained
from the white muscle disease group were compared before and after treatment it was indicated that all enzyme
parameters decreased significantly (p<0.001) after treatment. On the other hand, serum Se concentration
increased (p<0.01) after treatment in the diseased group. The results confirm that determining ADA serum and
its isoenzymes, together with CK, LDH and AST values seems to be useful in diagnosing white muscle disease.
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White muscle disease (WMD) is an enzootic nutritional disorder, which is characterized by degenarations in muscles, heart and liver, and mostly seen at
3-8 weeks after birth (2, 3, 5, 15). In its etiology,
selenium (Se) deficiency and/or vitamin E reported to
play role, and it is seen in all over the world (2, 5, 9,
13, 15). The disease develope in animals eating forage
grown on Se-deficient soils or it may be causing by
antagonistic effects of various metals (silver, copper,
cobalt, cadmium, mercury) (5). Furthermore, if sheep,
fed with rations deficient in Se and vitamin E during
long winter season and giving birth to lambs, WMD
may also occur in these lambs or sheep (2, 3, 5, 9).
Additionally, placental transport deficiency or Se
metabolism disorders may also cause the diseases
development even if rations are sufficient with regard
to Se (4).
The diagnosis of WMD is based on clinical, pathological and laboratory findings. Clinical findings of
the disease are; stiffly moving, recumbency, short and
vertical step, fall down to back extremities during
*) This study (Project Number: 2002-VF-001) was supported by Chairmanship of Scientific Research Projects, University of Yuzuncu Yil, Van, Turkey.

walking, unable to stand on back limbs, dog like
sitting and unable to stand at all. There are some
diseases which show similar clinical findings. Therefore, it is hard to diagnose WMD only on the clinical
bases (2, 5, 15). In studies concerning WMD have been
shown correlation between clinical signs, pathological findings and serum enzyme activities (4, 6). However, in clinical diagnosis and pathological examination in all animals are impossible. Therefore, beneficial effect of histopathological examination is limited
(5, 6). On the other hand, in the laboratory diagnosis
of the disease, reduction in the Se and glutathione peroxydase level (6, 14), reduction (6) or unchange (13)
in the vitamin E level, increase of the creatine kinase
(CK), aspartate amino transpherase (AST), lactade
dehydrogenase (LDH) and alanine aminotranspherase
(ALT) have been reported (4, 6, 13, 14, 18). Furthermore, in the diagnosis and prognosis of subclinical and
clinical WMD, determination of muscle originated
enzymes (CK, AST, LDH) reported to be more practical and reliable (6, 13, 15, 18). In addition to above
muscle originated enzymes, adenosine deaminase
(ADA, EC 3.5.4.4) has also been reported to be present in the muscle (17, 21, 22, 24, 25). But, it is not
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clear whether its activities are affected due to degenerations occurred in skeletal muscles such as WMD,
and it is not known whether it can or cant be used as
an extra criteria in the diagnosis of this disease.
ADA is an enzyme in the purine nucleoside salvage
pathway which catalyses hydrolytic deamination of
either adenosine or 2-deoxyadenosine to produce
respectively inosine and deoxyinosine (22, 25). In
mammals, ADA is present in all organs including
myocardium, muscles and liver (21, 24, 25). It has also
been detected in cytoplasm, mitochondria and nucleus
of the cells (25). ADA activity in the myocardium
reported to be twice higher than in the m. soleus and
3.5 times higher than in m. quadriceps in rats (17).
Therefore, in the present study, in addition to
practical, reliable and well known muscled originated
enzymes (CK, AST, LDH) which were used in the
diagnosis and prognosis of WMD, determination of
serum ADA and ADA isoenzymes has any impact on
the diagnosis of the disease were aimed to investigate.
Material and methods
Animal materials. This study was performed in a group
of 27 lambs (white muscle group) showing clinical signs of
white muscle diseases. These lambs were chosen from herds
(a total 250 lambs) which did not receive vitamin E and/or
Se for prevention. For control; 20 lambs from the same
location were also used, but these control animals received
vitamin E and/or Se as preventive medicine according to
their owners long before they used in this study. All
animals used in this study were aged between 1-3 mounths
and were in Akkaraman breed.
Study design and treatment. Firstly; from all lambs,
blood samples were taken through v. jugularis to the tubes
which contained no anticoagulant. Then, white muscle
diseased group received 1 mg sodium selenite plus 60 mg
vitamin E (Eselen®-Vetaº/Turkey) only once intramuscularly. Blood samples were again taken from white muscle
diseased group 14 days after drug application, but not from
control group. All obtained blood samples were centrifuged at 3000 rpm/minute for 10 minutes to obtained
serum samples. The serum samples were stored at 20°C
until they used for analysis.
Analysis of biochemical parameters. The serum
samples were analysed for Se concentrations using atomic
absorption spectrophotometer (Solar AA Spectrometers®Thermo Elk. Co. /UK) according to the method reported
by Galgon and Frank (16). Serum CK (Randox CK-110),
LDH (Randox LD-401) and AST (Randox AS-521) levels
was determined spectrophotometrically (Boehringer-Mannhein Photometer 5010, Mainhein-Germany) using
commercial kits. The serum total ADA activity was also
determined spectrophotometrically and described by
Giusti and Galanti (8). To distinguish between ADA1 and
ADA2 forms, the ADA activity was measured using same
technique with and without erythro-9-(2-hydroxy-3-nonyl)
adenine (EHNA). EHNA is a potent inhibitor only of the
ADA1 isoenzymes and a concentration of 200 µmol/L was
used in the reaction solution (23). In EHNAs presence, only

ADA2 iso-enzyme is active. The ADA1 activity is then calculated by subtracting the ADA2 isoenzyme activity from
the total ADA activity as reported by Ungerer et all. (23).
Statistical analysis. For statistical analysis, paired t test
was used to determine the difference between the values
obtained before and after treatment. For this purpose, SPSS
packet program was used (20).

Results and discussion
White muscle disease is a nutritional disease seen
in all over the world and cause reduction in the output,
therefore, important economic waste occur (2, 5, 15).
Vitamin E and/or Se deficiency in the animal ration
known to play role in development. Although preventive precautions can be taken to overcome this
problem, other problems such as placental transport
deficiencies or abnormalities in the Se metabolism in
the placenta reported to play role in the development
of the disorder (4). Therefore, requirement of a safe
and easy diagnosis is becoming much more important
for this disorder.
In the present study, Se concentration and some
enzyme activity values for white muscle disease and
control group are given in tab. 1. In diseased group,
serum Se concentration obtained before treatment were
significantly lower (p < 0.001) compared to the values
obtained from control group. Furthermore, Se concentration in diseased group were also significantly increased (p < 0.001) after treatment compared to the
values obtained before treatment. Hovewer, when the
values obtained after treatment which got from the
Tab. 1. Serum Se concentration and enzyme activity levels in
lambs with white muscle disease and control groups
P arameters

_C ontrol G roup
x ± S X (n = 2 0 )
(X Min-X Max)

White M_uscle D iseased G roup
x ± S X (n = 2 7 )
(X Min-X Max)
B efore Treatment
2 .4 7 a

A fter Treatment

S e (ng/ml)

1 0 6 .0 ± 2 .3 3
( 8 0 .8 - 1 2 2 .2 )

5 3 .9 ±
( 3 2 .8 - 7 2 .1 )

9 6 .2 ± 1 .0 9 * c
( 8 6 .3 - 1 0 4 .4 )

C K (IU /L)

2 7 .2 5 ± 2 .8 5
(1 3 -6 0 )

3 3 5 1 .5 3 ± 5 5 2 .9 7 a
(8 5 0 -1 4 9 7 0 )

5 1 .4 6 ± 2 .0 9 * b
(3 2 -7 2 )

LD H (IU /L)

3 4 1 .4 0 ± 1 8 .6 1
(2 1 3 -4 7 5 )

3 5 2 5 .0 6 ± 2 4 5 .5 0 a
(1 3 5 0 -5 3 1 0 )

4 2 9 .2 3 ± 6 .6 8 * b
(3 8 8 -5 2 7 )

A S T (IU /L)

4 3 .4 0 ± 3 .1 4
(2 0 -6 3 )

2 7 3 .5 6 ± 1 2 .8 7 a
(1 0 5 -4 4 2 )

3 4 .5 0 ± 1 .8 4 *
(1 8 -6 5 )

A D A (IU /L)

7 .8 3 ± 0 .5 9
( 2 .8 5 - 1 4 .1 3 )

1 6 .3 6 ± 0 .2 3 a
( 1 3 .5 2 - 1 8 .7 5 )

1 4 .4 0 ± 0 .1 6 * b
( 1 2 .6 2 - 1 5 .8 3 )

A D A 1 (IU /L)

7 .3 1 ± 0 .4 7
( 3 .2 2 - 1 3 .7 5 )

1 5 .6 3 ± 0 .2 1 a
( 1 3 .2 8 - 1 8 .2 5 )

1 3 .9 3 ± 0 .1 5 * b
( 1 2 .3 5 - 1 5 .6 4 )

A D A 2 (IU /L)

0 .5 2 ± 0 .0 9
( 0 - 1 .6 7 )

0 .7 3 ± 0 .0 5
( 0 - 1 .1 5 )

0 .4 7 ± 0 .0 3 *
( 0 - 0 .6 8 )

Explanations: a  before treatment, statistical importance between control and white muscle diseased group p < 0.001; b 
after treatment, statistical importance between control and white
muscle diseased group p < 0.001; c  after treatment, statistical
importance between control and white muscle diseased group
p < 0.01; *statistical importance of white muscle diseased group
before and after treatment p < 0.001
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diseased group compared to the values obtained from
control group; Se level were still lower (p < 0.01).
Blood Se concentration below 50 ng/ml is reported to
be the sign of Se deficiency, 50-100 ng/ml is critical
values, and over 100 ng/ml reported to be normal
values for Se (15). In the present study, control group
values were in normal borders as reported above
literature (15). On the other hand, values obtained from
white muscle diseased group before treatment were in
the critical level (15). But, after treatment Se concentrations in the white muscle diseased group approached
to the reference values (15) for healthy animals.
In the present study, CK, LDH and AST enzyme
activities obtained from diseased group before treatment were significantly (p < 0.001) higher than the
same values obtained from control group. After Se plus
vitamin E treatment of the diseased animals, above
enzyme activities reduced and approached to control
group values (tab. 1). When the values obtained from
diseased group after treatment compared to the values
obtained from control group; CK and LDH levels were
still higher (p < 0.01). But, AST levels of the diseased
group obtained after treatment were not statistically
different compared to the control values (tab. 1).
These findings were in agreement with the several researchers findings with regard to CK, LDH and AST
(13-15). Similarly, Sekin et al. (18) reported CK, LDH
and AST values in clinical white muscle diseased
lambs as 2797.00 ± 953.89 IU/L, 2260.90 ± 435.32
IU/L and 908.10 ± 301.30 IU/L, respectively before
treatment and 7 days after treatment as 45.10 ± 5.56
IU/L, 587.90 ± 18.60 IU/L and 36.80 ± 3.29 IU/L,
respectively.
Due to muscle and liver degeneration in this disorder, CK, AST and LDH activities have been reported
to increase in white muscle disease by several workers (6, 13, 14, 18). Among these enzymes, especially
CK well known to be specific for heart and skeletal
muscles, and due to the severity of damage in the
muscle cell membranes its concentrations in the blood
reported to increase. But its half-life is between 2-4
hours. Therefore, its plasma levels characteristically
drop quickly unless there is continued myodegeneration (6, 15). The other muscle damage indicator is AST.
But, it also represent not only muscle damage but also
liver damage. Therefore, it isnt as reliable as CK for
the diagnosis of white muscle disease (6, 15). Similarly, LDH reported to be very specific for nutritional
myopathie. But when it compared to other enzymes;
its sensibility low and its activity reported to increase
liver diseases as well (6). On the other hand, Fry et al.
(6) reported that CK, ALT, LDH and AST combinations can safely be used in the diagnosis of nutritional
myopathie. Furthermore, increase in the CK, AST and
LDH reported to be related directly with the muscle
degeneration degrees (4, 6).
ADA reported to be present in the myocardium,
muscles and liver. Its presence in the muscles is rela-
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ted to muscle fibres (17, 21, 24). Martinez et al. (12)
reported two tipe of ADA having 31.000 and 180.000
kDa molecular weight in cattle skeletal muscles. The
ADA having low molecular weight were found more
often than the other one and although it is present in
a very low concentrations, it is reported to be very
active enzyme (12). In contrast, Ungerer et al. (22)
reported that ADA having 35.000 kDa molecular
weight not 31.000 kDa is the ADA 1 isoenzyme.
In the present study, total serum ADA enzyme activity were 16.36 ± 0.23 IU/L, ADA1 were 15.63 ± 0.21
IU/L and ADA2 were 0.73 ± 0.05 IU/L before treatment in the white muscle diseased group. On the other
hand, the same values after treatment respectively were
14.40 ± 0.16 IU/L, 13.93 ± 0.15 IU/L and 0.47 ± 0.03
IU/L. When these values were analysed statistically,
values obtained before treatment except ADA2 were
significantly higher (p < 0.001) compared to the same
values obtained from control animals. Furthermore,
when values obtained before treatment and after treatment compared; all values including ADA2 observed
to significantly decrease (p < 0.001) after treatment
compared to the same values obtained before treatment.
Increase ADA and ADA1 activity before treatment and
decrease the same parameters after treatment were
synchronous with the CK, LDH and AST enzyme
activities before and after treatment (tab. 1).
ADA1 activity compared to ADA2 reported to be
much higher in mammals (12, 22). As a matter of fact,
in this study ADA2 isoenzyme activity in white muscle
diseased group in this study were not different compared to the values obtained from control animals before
treatment. Furthermore, ADA2 isoenzyme activity
were very low compared to ADA1 values (tab. 1).
Therefore, increase in total ADA activity most probably was due to increase in ADA1 isoenzyme activity.
According to these results, in the diagnosis of white
muscle disease, total ADA and ADA1 activities can
be sum up as diagnostic indicator. On the other hand,
determination of ADA2 isoenzyme activity can be evaluated as not important in the diagnosis of the disease.
In the diagnosis of heart failure and liver diseases,
total ADA enzyme activity together with the other cell
damage parameters have been used successfully (25).
In acute liver diseases, increase in ADA activity reported to be due to damaged cell and tissues as a result
of liver cell necrosis. Furthermore, increase in ADA
activity reported to be the sign of the severity of cell
necrosis and this increase reported to occur especially
in the ADA1 isoenzyme activity (10, 11). Similarly,
acute and chronic experimental carbon tetrachloride
toxication in dogs, AST, ALT, ALP and ADA enzyme
activities reported to increase, and increase in this
enzyme activity found to be in parallel with the liver cell
damage histopatologically (1). In the present study, CK,
LDH and AST values found to be high in white muscle
diseased group which are well known to occur due to
muscles damage. Furthermore, in this study total ADA
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and ADA1 activities also increased in the same
animals parallel to the CK, LDH and AST (tab. 1).
Therefore, increase in ADA and ADA1 activities were
most probably causing by muscle cell damage. In
contrast to our findings and other workers (4, 6, 13,
14, 18) results, Rodriquez and Gonzalez (16) have
reported decrease in LDH and CK activities in lambs
with enzootic muscular dystrophy. But, the same
workers reported increase in ADA activity in the same
animals.
Sinci et al. (19) used solutions with sodium selenite
and without sodium selenite in the treatment of guinea
pigs with experimentally made normothermic is
chemia. They observed healing ratio of mechanical
cardiac functions and compared malondialdehit
(MDA) and ADA values as ischemic tissue degeneration indicator. Animals received solutions containing
sodium selenite had lower ADA and MDA level, but
heart rate, contractile force and other mean heart
values found to be higher compared to the other
group. According to above study, addition of selenium
to reperfusion solutions helped to cardiac functions in
a good manner which also showed decrease in postischemic myocardial injury in these guinea pigs. In the
present study, 1 mg sodium selenite plus 60 mg vitamin E were used to treat diseased animals. Clinical
recovery and decrease in the ADA activity after treatment were also seen in the present study as reported
by Sinci et all. (19).
In the present study, ADA and its isoenzyme activities except ADA2, serum CK, LDH and AST enzyme
activities in white muscle diseased lambs increased
synchronously before treatment and decreased after
treatment. It was also found that, increase in total ADA
activity were due to increase in ADA1 activity. As
a result, observed increase in ADA level may be due
to this enzyme release from damaged tissues, and in
the diagnosis of white muscle disease, serum total ADA
and its isoenzyme activities believed to used extra
parameters to the well known laboratory tests such as
CK, LDH and AST.
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