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Muscular dystrophy (MD) may give rise to a very variable
disease pattern (6) . The locomotive disturbances of the animals
are more or less pronounced or are completely lacking. Many
other diseases in pigs may manifest themselves by similar symp­
toms. For this reason it is of great value to have an objective
method for diagnosing MD. It is also essential to have a good
criterion of the development of the disease in treatment experi­
ments. Earlier, a good agreement was found between the plasma
level of glutamic-oxaloacetic transaminase and the findings at
histological examination of biopsy specimens or at autopsy ( 7) ,

but variations of this relation have also been reported (3 ).

In the experiment reported here one more comparative inve­
stigation has been made of the plasma-GOT level in pigs given
a MD-provoking diet and the morphological condition in their
muscles. The latter examination was made partly as biopsies,
partly as complete postmortem examinations.

MATERIAL AND METHODS

The animals used in the experiment were pigs of the Swedish
Land Breed, females as well as castrated males, which weighed

1) Supported by grants from Jordbrukets forskningsrad, Svenska
Lantmannens Riksforbund and Sveriges Slakterdforbuud.
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20-25 kg . They were bought from farms known to be free from
contagious diseases. Each pig was given 100,000 LV. of vitamin
A and 250,000 LV. of vitamin D2 as an intramuscular injection
at the beginning of the experiment. Litter mates were as far as
possible distributed equally among the groups, since variations
are observed in the disposition for MD in different litters (4) .

The diet consisted of grains to which 3 % cottonseed oil was
added. The grain, consisting of oats and barley in equal parts,
was heated at 100°C for 24 hours under continuous flow of air,
which lowered its vitamin-E level from initially 30-50 mg. to
about 5 mg. per kg dry weight (8). In a similar manner the
amount of tocopherol of the oil was reduced from 800-900 mg.
to 30-40 mg. per kg . (4) . Just before feeding, the grain and the
oil were thoroughly mixed in a food mixer. The animals had free
access to water.

Determinations of glutamic-oxaloacetic transaminase (GOT)
by the method of Reitmann and Frankel and ornithine-carbamyl
transferase (OCT) by Reichard's method were made in blood
plasma as described in a previous paper (9) . Normal limits of
GOT are 0-59 units and of OCT 1-11 units in pigs. The plasma
level of GOT was determined at brief intervals and OCT was
examined every time GOT was elevated.

Biopsy specimens of the skeletal muscles of the pigs were
taken from the longissimus dorsi under trichloroethylene nar­
cosis. Two specimens, measuring 2X1XO.5 em., were taken at
the same time. One was immediately fixed in absolute ethyl
alcohol and the other one an hour later in 10 % formalin solution.

Complete postmortem examination was made in 25 of the 36
pi gs. Four of them had died spontaneously. The others were
killed by intravenous injection of 6 % solution of pentobarbitone
sodium and the autopsies were performed on bodies that were
still warm. Material for histological examination was taken from
skeletal muscles (the longissimus dorsi, the semimembranosus,
the rectus abdominis, the triceps brachii [caput longum], and
diaphragm), heart muscle (right and left ventricle), liver and
kidney. This material was fixed in the same manner as the biopsy
specimens.

The material for histological examination was cut in a frozen
state as well as embedded in paraffin and sectioned, and was
stained with Scharlach Rot and with haemalum-eosin, In order
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to demonstrate glycogen the material, which was fixed in absolute
ethyl alcohol, was stained with Best's carmine stain.

The division into groups was made on day 12, when half the
pigs had reacted with GOT elevations. The distribution was done
so that each group consisted of an equal number of reacting and
nonreacting animals. The pigs were treated as follows. Group I:
0.06 mg . of selenium (part of which, corresponding to 200 p.C,
was given as Se75-tagged salt) on day 14. Group II : 3 mg. of
cx-tocopheryl acetate + 0.06 mg. of selenium on day 13. Group III:
6 mg. of «-tocopheryl acetate + 0.06 mg. of selenium on day 13.
Group IV : No treatment. All the doses refer to 1 kg . of body­
weight. The treatment was given as an intramuscular injection.
(The results concerning the elimination rate of selenium in pigs
will be published separately, as will the results of the treatment
[2, 8]).

The preparations used for therapy were vitamin E as a water
suspension of «-tocopheryl acetate (16 .67 mg. per mI.), and sele­
nium as a water solution of sodium selenite, Na2SeOg • 5 H20
(0 .66 mg. per ml. corresponding to 0.2 mg. of Se) .

RESULTS

The results are summarized in tables 1-3.
In no case did macroscopical examination of the skeletal

muscles show any certain, observable changes. While on the
whole, no gross changes were seen at autopsy of the killed pigs,
circulatory failure with transudations to the body cavities domi­
nated in those pigs that had died spontaneously. In some pigs
there was a slight to moderate parasite invasion by Ascaris suum
and Metastrongylus elongatus, and in a few cases the presence
of parasites may have had a debilitating effect on the individual.

At the histological examination of the skeletal muscles waxy
muscular degeneration in different stages was observed, and not
seldom were these stages seen in the same slice. The acute form
was characterized by a swelling and homogenization of the sarco­
plasm into a hyaline mass, in which an irregular or discoidal
fragmentation could as a rule be seen (Figs. 1 and 2) .

In some cases fatty degeneration and dystrophic calcification
belonged to the picture. In the subacute state a diminishing of
the volume of the muscle fibre and an infiltration with phago­
cytes and fibroblasts were seen. In this stage the hyaline sub-
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Fig. 1. Waxy muscular degeneration in the form of hyalinization
of some cross-cut muscle fibres . The diaphragm. Pig. no . 7. Haemalum­

eosin.
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Fig. 2. Waxy muscular degeneration with fragmentation and resorp­
tion of hyalinized muscle fibres, The semimembranosus. Pig. no. 7.

Haemalum-eosin.
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Fig. 3. Waxy muscular degeneration wi-th fragmentation and resorp­
tion of hyalinized muscle fibres together with proliferation of sarco­

lemma nuclei. The rectus ahdominis, Pig no . 24, Haemalum-eosin,

stance was still observed (Fig. 3). When this was resorbed a
healing stage was seen, which was characterized by a proliferation
of sarcolemma nuclei and a development into a regeneration of
the muscle fibre.

In solitary pigs the liver showed changes of the kind that
occurs in liver dystrophy (hepatosis diaetetica) with centro­
lobular liver necroses of different size (5).

The amount of glycogen in the different organs showed, as
a rule only small variations. The centrolobular necroses in the
liver, however, contained very scanty glycogen, contrary to the
intact liver tissue. In the skeletal muscles a reduced glycogen
level could be established with certainty in one pig only (no. 30),
whose musculature showed pronounced waxy degeneration.

DISCUSSION

As seen in Table 1 there is not complete conformity between
the plasma-GOT level and the status of skeletal muscles at the
time of taking biopsy specimens. However, an absolute agreement
could not be expected. Pathological changes may be present in
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such a small part of the musculatur, that they will not give rise
to the release of sufficient GOT to cause an elevated plasma
level of the enzyme. The biopsy specimens constitute only a very
small part of the skeletal muscles, whereas the amount of GOT
in plasma reflects the state in the whole musculature.

Biopsy specimens were taken from the longissimus dorsi,
because, from a technical viewpoint, this muscle is most suitable
for operation. Histological examination of biopsy specimens
taken at the same time from the longissimus dorsi, the semi­
membranosus and the triceps brachii has earlier proved to give
corresponding results (7). Likewise, in the material examined
here the tendency was the same. The numbers of autopsies with
MD in these three muscles were 11, 13 and 12 respectively. A
higher frequency of MD was, however, observed in the diaphragm
and the rectus abdominis, with 16 and 15 cases respectively.
These muscles, which in relation to other muscles have a high
activity, show a high frequency of affection in other kinds of
muscular dystrophy as well (1) . To a certain degree, the above­
mentioned lack of agreement between the transaminase level and
histological findings in biopsy specimens might be associated
with the varying frequency of MD in different muscles.

In contrast to the examination of biopsy specimens, a com­
parison between GOT values and the presence of MD at autopsy
shows a good conformity (Table 2) . However, there was one
exception (pig no. 36). The non-conformity in this case may
depend on the fact that this pig was killed so soon after the be­
ginning of the experiment that a slight MD was not reflected in
elevated GOT values. Judging from the GOT elevations, 3 pigs
had been affected with MD. However, GOT had returned to a
normal level after treatment, whereas a histologically demon­
strable MD was present at the autopsy performed 2 to 15 days
later. Experiments with infusion of GOT have demonstrated that
the circulating enzyme disappears after 1 to 5 days (9). The
results in the autopsy material strongly indicate that MD is
present when GOT is elevated and OCT normal.

The material of liver dystrophy is too smal to allow any con­
clusions. Of the 3 cases in which the diagnosis was verified at
autopsy, 2 had raised levels of both GOT and OCT.
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SUMMARY

A comparative investigation of the amount of plasma glutamic­
oxaloacetic transaminase (GOT) and the morphology of the skeletal
muscles has been made in pigs which were fed ,a muscular-dystrophy­
provoking diet. A quaUtatively good correlation was seen on com­
paring the enzyme level and autopsy findings. However, slight mus­
cular changes may probably appear without being ,r efle cted in elevated
transaminase values. A less good agreemenc was observed between
GOT values and histological findings dn biopsy specimens from the
longissimus dorsi. Yet, {rom the autopsy material it was found that
this muscle was not the most adequate measure of MD in pigs,



T
a
b
l
e
t
.

P
L
as
m
a-
G
O
T

le
ve
l
an

d
m
u
sc
u
la
r
d
y
st
ro
p
h
y

in
p
ig
s
at

b
io
p
si
es

an
d

au
to
ps
ie
s.

N
o
rm

al
li
m
it
s
of

G
O
T

ar
e

0
-5
9

u
n
it
s.

P
re
se
n
ce

o
f
w
ax

y
m
u
sc
u
la
r
de

ge
ne

ra
ti
on

is
m
ar
k
ed

w
it
h
+
,
w
h
il
e

-
in
d
ic
at
es

n
o

d
eg

en
er
at
io
n

in
m
u
sc
le
-b
io
p
sy

sp
ec
im

en
s.
+
t

de
no

te
s
w
ax

y
m
u
sc
u
la
r
d
eg

en
er
at
io
n

d
ia
g
n
o
se
d

at
au

to
p
sy

an
d
-
t

th
at

no
su
ch

d
eg

en
er
at
io
n

w
as

p
re
se
n
t.

1)
in
d
ic
at
es

th
at

th
e

an
im

al
h
ad

d
ie
d
sp
o
n
ta
n
eo

us
ly
.
T
h
e
o
th
er

pi
gs

th
at

w
er
e
ex

am
in
ed

p
o
st

m
or
-t
em

w
er
e

ki
ll
ed

by
in
tr
av

en
o
u
s
in
je
ct
io
n
o
f
p
en

to
b
ar
b
it
o
n
e-
so
d
d
u
m

so
lu
ti
o
n.

F
o
r
d
iv
is
io
n
in
to

g
ro
u
p
s
an

d
tr
ea
tm

en
t,

se
e
th
e
te
xt
.

0
....

P
la
sm

a
-

G
O
T

le
ve

l
0

l\:
l

I:
l.

0
:::
l

0
"
0

D
ay

...
0::

1
3

7
10

12
14

15
16

17
19

21
22

23
26

28
29

33
36

I
6

28
17

16
28

69
14
0

21
4

+
t

34
27

23
70

19
00

54
0

79
2

25
00

+
+
fl
)

1'0
41

41
20

39
51

78
80

67 +
t

30
46

33
41

52
0

88
0

20
7

49
0

38
0

+
+
t

12
22

27
22

43
73

44
43

44
51

51
+

-
1

23
33

17
23

47
82

88
91

12
9

11
4

+
t

14
29

28
2
()

19
20

31
39

31
27

29
28

39
34 -
t

22
33

33
23

74
14

0
74

13
0

84
11
3

13
8

11
6

91
87

+
+
t

17
33

29
21
0

27
29

33
33

35
44

36
47

52
11
5

14
1

+
t

20
28

25
16

25
61

22
0

17
0

74
66

55
74

76
14
6

15
6

+
t

II
18

36
36

28
25

28
41 -
t

35
33

35
29

70
·

76
11
6

+
t

16
28

22
19

22
33

25
23 -
t

33
23

23
17

57
95

11
5

23 +
t

13
29

25
19

33
33

52
29

22
22 -
t

32
33

35
68

21
5

58
4

30
4

68
31

31
+

+
+
t



-g-
31

2!
1
--
27

-
:r
n
--

4
7

IT
IT

"2'
!T

23
"

::r.
r

3
3

Z
T

+
-

-
t

26
31

36
44

14
0

53
6

20
2

44
16

22
31

35
54 +
t

5
28

27
23

57
25

0
29
0

62
18

31
43

27
35

83
+

21
28

16
41

46
60

29
20

30
44

58
76

19
3

+
+

25
35

22
17

28
78

1M
40

20
19

28
23

52
11
0

+
4

28
39

17
38

68
11
3

32
28

18
19

19
23

36
+

II
I

1
25

27
19

25
20

28
16

15
14

18
16

20
20

-
-

9
38

28
44

33
33

44
28

27
19

33
35

31
57

+
+

19
25

18
16

41
12

2
78

43
15

14
18

35
78

-
-

-
28

54
57

17
3

53
6

38
0

80
39

19
49

49
39

31
+

+
+

+
IV

36
36

23
33 +
t

29
36

35
72

21
0

+
t1

)

3
25

20
19

41
76

13
5

+
tt
)

31
38

51
93

78
8

61
6

38
0

+
24

23
20

18
55

15
4

42
8

38
0

86
7

+
+
t1

)

27
39

49
36

46
97

18
0

20
8

28
2

45
2

+
+
t

7
39

46
25

51
59

71
10
0

14
0

21
4

20
8

26
6

22
0

+
+
t

....
11

23
30

31
25

23
16

18
5

14
31

61
16
3

70
29

l\:
l ....

+
-

15
23

25
19

31
28

28
23

36
65

61
14
0

25
8

52
0

+
2

31
28

19
60

13
5

15
6

24
2

25
0

54
0

61
6

26
6

11
6

62
'

+
+



122

Tab I e 2. Histological examination of muscles taken at biopsies and
The histological changes of the skeletal muscles are graduated quantitatively.
degeneration. 1) indicates that the animal had died spontaneously. The other pigs

barbitone-sodium solution.
I

BIOPSY POST-MORTEM EXAMINATION

0 Waxy muscular I Waxy muscular degeneration
::: I

Po 0 degeneration The long. dorsi I The semimembr .
:::l :::

;.,e l>IJ

acut e I Ihealing '" acute I IhealingI acu te I I'"' c: 0 0

I 6 7 0 0 0 15 0 0 0 0 0 0
341 ) 7 ++ 0 0 15 0 0 0 + 0 0
10 7 0 0 0

14 0 0 0 17 + + 0 + ++ +
30 7 ++ 0 0 17 0 0 + + ++ ++-fl-
12 7 + 0 0 22 0 0 0 0 0 0
23 1 0 0 0 22 0 0 0 0 0 +
14 7 0 0 0 29 0 0 0 0 0 0
22 7 + 0 0 29 + + 0 + ++ 0
17 1 0 0 0 36 + + + + ++ ++
20 7 0 0 0 36 + + + + + 0

II 18 7 0 0 0 14 0 0 0 0 0 0
35 1 0 0 0 14 0 0 0 + 0 0
16 7 0 0 0

14 0 0 0 16 0 0 0 0 0 0
33 1 0 0 0

14 0 0 0 16 0 0 0 0 0 0
13 1 0 0 0

14 0 0 0 21 0 0 0 0 0 0
32 7 ++ 0 0

14 + 0 0 21 0 0 0 0 0 0
8 7 + 0 ,0

14 0 0 0 28 0 0 0 0 0 0
26 7 0 0 0

14 0 0 0
21 0 0 0 28 0 0 0 0 0 0

5 1 0 0 0
14 + 0 0
21 0 0 0
28 0 0 0

21 1 0 0 0
14 0 0 0
21 + 0 0
28 + 0 0

25 1 0 0 0
14 0 + 0
21 0 0 ()

28 0 0 0



POST-MORTEM EXAM INATION

Waxy muscular degeneration

125

The rectus abdom. The triceps brachii The diaphragm
Other find ings

.acute I Ihealing I ac ut e I Ihealing I acute I Ihealing

+ 0 0 + 0 0 + + 0

+ + + + 0 + 0 0 ++ + 0 Diatetl c hep atosis
Para s itic bronch itis
Asca riasi s

+ + + + 0 0 + + ++ Pa ra sitic b ronchitis

+ + 0 0 + + ++ + 0 Ascariasis

+++ + + ++ ++ ++ + ++ + 0

+ 0 0 ++ + ++ + + ++ Parasi tic bronchitis

+ 0 0 ++ + + ++ + +
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Tab I e 3. Plasma OCT level and presence of liver dystrophy (hepa­
tosis diaetetica) at post-mortem examination. Only those pigs that

deviated from the normal status are included in this table.
Normal limits of OCT are 1-11 units. The presence of hepatosis
diaetetica is marked with +, while - indicates no liver dystrophy.
1) indicates that the animal had died spontaneously. The other pigs
that were examined post-mortem were killed by intravenous injection

of pentobarbitone-sodium.
For division into groups and treatment, see the text.

Post-mortem

Group examination
Pig no. Day Plasma-OCT levelno.

I
HepatosisDay diaetetica

I 6 15 +
22 14 13,5

16 11,5 29
341 ) 7 40,0

10 41,0
12 46,5
14 70,5
15 107,0 15 +

IV 2 21 18,6
23 15,4
26 14,3

11 28 11,0
241 ) 17 18,5 17
291 ) 10 34,4 12 +
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autopsies. The biopsy specimens are taken from the longissimus dorsi.
+++ indicates extensive, ++ moderate, + slight, and (} no waxy muscular
lhat were exam ined po-st mortem were killed by intravenous injecti on of pento-
or division into groups and treatment, see the text.

POST-MORTEM EXAMINATION

Waxy muscular degeneration

I I
Other findings

The r ectus abdom . The triceps brachii The diaphragm

acute sub- Ihealing I acut e sub- Ihealing I acute sub- Ihealingacute acute ac u te

+ + o o o o + + + Diatetic hepatosls

+++ + e 0 + ++ 0 + ++ Dlatetlc h epatosls
Parasitic bronchitis

0 0 o e 0 0 0
Focal chronic

+ + Interstitial n ephritis

+ + ++ o ++ ++ + + +
0 o 0 0 0 0 0 0 0

+ + + 0 + ++ + + +
0 o 0 0 0 (} o 0 0
+ o 0 0 n o o o 0
0 0 0 o o 0 o o 0
o n o n 0 0 0 o 0

n 0 n n 0 0 o 0 0

+ 0 0 o o 0 + 0 ++ Ascarias is
Focal chronic

0 0 0 0 0 0 0 0 0 Interstitial n ephritis

Ascariasis ; Parasitic
o o 0 + o () + + 0 bronchitis

0 0 0 0 0 0 0 o 0

o 0 o 0 o 0 + 0 0 Ascariasis : Parasitic
bron ch itis

0 o e 0 n 0 0 0 0
Ascariasi s

Chron ic purulent

0 o e e 0
bronchopneumon ia

+ + + +
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Table 2 (continued).

BIOPSY POST-MORTEM EXAMINATION

0 I Waxy muscular I Waxy muscular degeneration
c degeneration Ie, 0 The long. dorsi The semimembr.
::l c
0 be

>. >... ell

acute I Ihealing ell

acute I ' hea ling I acute I I he alc: Cl 0

4 7 0 0 0
14 0 0 0
21 + 0 0
28 0 0 0

III 1 1 0 0 0
14 0 0 0
28 0 0 0

9 1 0 0 0
14 0 0 0
2.1 + 0 0
28 + 0 0

19 1 0 0 0
14 0 0 0
21 0 0 0
28 0 0 0

28 7 ++ 0 0
14 + + ++
21 + 0 0
28 + 0 0

IV 36 7 0 0 0 + 0 0
291 ) 1 0 0 0 12 + 0 0 ++ 0 0
31 ) 1 0 0 0

14 + 0 0 14 + 0 0 0 0 0
31 1 0 0 0 14 0 + + + 0 0
241 ) 7 0 0 0

14 ++ + 0 17 +++ + 0 + + 0
27 1 0 0 0

14 + 0 0 21 + 0 0 + + +
7 1 0 0 0

14 0 0 0
21 + + ++ 28 ++ ++ ++ 0 0 0

11 1 0 0 0
14 0 0 0
21 + 0 0
28 0 0 0

15 1 0 0 0
14 0 0 0
21 ++ ++ 0
28 0 0 0

2 7 0 0 0
14 0 0 0
21 ++ ++ 0
28 0 ++ +



127

ZUSAMMENFASSUNG

Korrelation zwischen dem Plasma-Gehalt an Glutamin-Oxalessigsiiure­
Transaminase und der Morphologie der Skelettmuskulatur der Ferkeln .

Vergleichende Untersuchungen zwischen dem Plasrna-Gehalt an
Glutamin-Oxalessigsaure-Transaminase (GOT) und der Morphologie
der Skelettmuskulatur, wurden an Ferkeln die hei einer Muskel­
dystropie erzeugender Diat gehalten wurden, durchgeftihrt. Beim Ver­
gleich zwischen den Befunde vom Enzym-Gehalte und den Obduk­
tionen, wurde eine qualrtativ gute Korrelation Jestgestellt. Wahrschein­
Iich konnen auch mildere Muskelschadigungen entstehen ohne dass
diese in erhohten Transaminase-Werten zum Ausdruek komrnen, Eine
weniger gute Dbereinstimmung mit bezugauf die GOT-Werten und die
histologischen Befunde bel den Biopsien vom M. longissimus dorsi
wurde beobachtet, Aus dem Obdukeionsmatertal hat sich inzwisehen
erwiesen, dass dieser Muskel ndche die besten Werte fiir die Fest­
stellung der Muskeldystrophie der Schweinen liefert.

SAMMANFATTNING
Korrelation mellan blodplasmas halt av glutaminoxaliittiksyretransa:­
minas (GOT) och skeleltmuskulaturens morfologiska status hos grisar.

En [amfcrande undersokning av plasmas Innehall av glutamin­
oxalattiksyretransaminas (GOT) och skelettmuskulaturens morfologi
har utforts pit gr-isar, sam utfordrats med en muskeldystrofiframkal­
lande diet. En kvalitativt god korrelation sags vid [arnforelse mellan
enzymhalt oeh obduktionsfynd. Sannolikt kan dock lindrtga muskel­
forandl'ingar upptrada utan att deUa aterspeglas i fOrhojda. transami­
nasvarden. En mindre god overensstammelse iakttogs avseende GOT­
varden och histologiska ,fynd i biopsier fran M. longissimus dorsi. Det
framgiek emellertid av obdulctionsmaterialet .att derma rnuskel inte ar
den basta vardemataren pa MD hos grIsar.

(Received September 26. 1962).




