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Abstract

The abnormal distribution of energy-rich phosphates in dystrophic muscle gave rise to com-
pare the sarcoplasmic and mitochondrial creatine kinase (EC 2.7.3.2) activity in healthy and
dystrophic muscle. In adult three month old dystrophic mice (129 ReJ, dy/dy) both the sar-
coplasmic and mitochondrial creatine kinase activity in the muscles of the lower hind legs was
only about 30 % compared to healthy controls (dY/dY).

As judged by histological parameters, immobilization of the hind legs of dystrophic mice
during the second week of life is known to slow down the progression of the disease. There-
fore we examined the effect of early immobilization on the creatine kinase activity. It could
be shown that in adult dystrophic mice the creatine kinase activity in muscles from the left
hind leg that has been immobilized during the second week of life was about 1.5-fold higher
then the activity in the muscles from the right hind leg that has not been immobilized. It is
concluded that the abnormal distribution of energy-rich phosphates in dystrophic muscle is
not specifically linked to a decrease of either the sarcoplasmic or mitochondrial creatine
kinase activity. In addition to histological parameters, it could now also be shown by a bi-
ochemical parameter of muscular dystrophy that progression of the disease can be slowed
down by a restricted use of the muscles in an early stage of life.
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Introduction

Muscular dystrophy is a heterogeneous group of hereditary diseases in both humans
and animals with muscular weakness due to fiber necrosis as a common feature. Lit-
tle is known about the primary biochemical changes that initiate a cascade resulting
in muscle damage, with features as: fibrosis, changed membrane permeability, fatty
infiltration.

As a relative new feature Wirtz et al. (1987) were able to show an abnormal distri-
bution of energy-rich phosphates in the dystrophic muscle of mice by using the ‘in
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vivo 31P NMR’ technique. This feature focusses the attention to the enzyme crea-
tine kinase (CK; EC 2.7.3.2) which plays a central role in the metabolism of energy-
rich phosphates within the muscle. The enzyme is located at places where ATP is
produced or consumed. When located in the mitochondria CK catalyzes the transfer
of energy-rich phosphates to the phosphate-carrier creatine in order to form creatine
phosphate. Located at the ATP-using sides (e.g. myofibril, Calcium-pump), CK is
involved in the formation of ATP by a transfer of the energy-rich phosphate group
from creatine phosphate to ADP. In total there is a creatine phosphate shuttle which
serves as an initial short-term energy source for the muscle. CK has different iso-
forms at the different locations within the muscle. The mitochondrial CK has been
separated from the sarcoplasmic CK by electrophoresis (e.g. Blum et al., 1981).

In the first part of this study we have compared the sarcoplasmic and mitochon-
drial creatine kinase activity in the hind leg muscles of adult healthy and dystrophic
mice. In the second part of this study we have examined whether immobilization of
the hind leg during the second week of life has any effect on the CK-activity in the
muscles of adult dystrophic mice. Wirtz et al. (1986), using histological parameters
to describe the severeness of the disease, have found that early immobilization of
the hind leg of the dystrophic mice during their second week of life slows down the
progression of the disease.

Materials and methods
Animals

Thirteen dystrophic mice (dy/dy) and 8 healthy control animals (dY/dY) of the Har-
bor strain 129 ReJ were used. Six of the dystrophic mice participated in the early
immobilization experiment in which the left hind leg of the mice had been immobi-
lized during the second week of life as described elsewhere (Wirtz et al., 1986). Mus-
cle samples were taken when the mice were about 3 months old (98 d, SD 20).

Preparation of the samples

After the animals were killed by an overdose of ether, the muscles of the lower hind
legs were dissected. In the immobilization experiment muscles of the left and right
lower hind leg were separately prepared for the determination of CK-activity. Sam-
ple preparation was performed at 0 °C. The aim is to separate mitochondrial CK
from sarcoplasmic CK.

Muscle tissue was carefully cutted to small pieces using a scalpel and, after adding
SETH-medium (250 mM sucrose, 2 mM EDTA, 10 mM Tris-buffer, 50 U ml-!
heparin) homogenized with a potter Elvehjem homogenizer (clearance 40 yum). The
amount of SETH added was 10 times the weight of the muscle tissue. Careful
homogenizing was necessary in order to prevent destruction of the mitochondria
and to avoid mixing mitochondrial CK with sarcoplasmic CK (Grace et al., 1983).

The mixture was centrifuged for 10 minutes, 600 x g at 0 °C. The pellet was dis-
carded. Supernatant (1), with sarcoplasma and mitochondria was centrifuged dur-
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ing 15 minutes, 14000 x g at 0 °C in order to separate mitochondria (lysosomes and
microsomes) in pellet (2) from sarcoplasma in supernatant (3). The pellet (2) was
washed four times: pellet was resuspended in 5 volumes (w w-!) SETH and cen-
trifuged (15 minutes, 14000 x g, 0 °C). Supernatants were discarded. Finally the
pellet was suspended in 5 volumes (w w-!) SETH and, together with supernatants
(1 and 3) stored at —20 °C, until CK-activity was measured.

CK-activity measurements

The activity of creatine kinase was measured with creatine phosphate. The ATP
formed reacted in the hexokinase reaction and the product glucose-6-phosphate in
the glucose-6-phosphate dehydrogenase reaction. The production of NADPH was
measured as an increase in extinction with isothermic spectrophotometry at 340 nm
and 30 °C. The procedure was carried out as prescribed for the CK-reagents from
Technicon (manual method).

Results

In the first part of this study we have compared the sarcoplasmic and mitochondrial
creatine kinase activity in the hind leg muscles of adult healthy and dystrophic mice.
The values are shown in Table 1. In adult three month old dystrophic mice both the
sarcoplasmic and mitochondrial creatine kinase activity in the muscles of the lower
hind legs was only about 30 % compared to healthy controls. In this study the con-
tribution of mitochondrial CK to the total CK-activity is estimated to be about
0.03 %.

In the second part of this study we have examined whether immobilization of the
hind leg during the second week of life has any effect on the CK-activity in the mus-
cles of adult dystrophic mice. The individual values for 6 mice are shown in Table
2. Data show that as a result of early immobilization the decrease in the activity in

Table 1. Creatine kinase activity (U ml-1)2 in hind leg muscles of adult 3 month old mice; Student’s ¢-
test.

Sarcoplasmic + Sarcoplasmic Mitochondrial¢
mitochondrial

Control (n=28) 3860 448b 0.17

SD 60 62 0.07

Dystrophic (n=7) 126 130 0.04

SD 21 21 0.02

Decrease 67 % 71 % 74 %

P-value (0.025) 0.01) (0.001)

a U = units enzyme activity (amount of enzyme [mg], converting 1 umol substrate per minute, under
constant pH and temperature).

b Student’s s-test, P = 0.1, non-significant.

¢ Dystrophic: n = 6, instead of 7.
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Table 2. Creatine kinase activity in left (L) and right (R) hind leg muscles of adult 3 month old mice
(U ml-1); Student’s t-test, paired. The left hind leg has been immobilized during the second week of
life.

Dystrophic Sarcoplasmic + Sarcoplasmic Mitochondrial
mice (n=6) mitochondrial

L R L R L R
1 154.3 121.2 128.0 107.1 - —
2 141.5 78.8 1254 77.2 0.065 0.020
3 123.8 87.8 109.3 90.0 0.028 0.012
4 155.3 141.5 183.3 138.3 0.098 0.028
5 151.1 110.9 132.8 98.1 0.106 0.036
6 186.5 170.4 205.8 157.6 0.097 0.052
P-value (0.005) (0.005) (0.005)
Mean 152 118 147 111 0.08 0.03
SD 19 34 38 30 0.03 0.01

the left hind leg is significantly less compared to the contralateral hind leg. This ef-
fect is shown in both sarcoplasmic and mitochondrial CK-activity.

Discussion

In this study the sarcoplasmic and mitochondrial CK-activity of dystrophic muscle
was about 30 % of the CK-activity in the muscles of healthy controls. Comparable
results are found in other studies. Petell et al. (1984) found a 55-60 % decrease of
CK-activity in mouse muscular dystrophy. In human studies a decrease in CK-
activity in muscular dystrophy of 20 % (Chi et al., 1987) and 50-60 % (Scholte et
al., 1980) is found.

It is assumed that the decrease in CK-activity is related to the severeness of the
muscle damage. Not only CK, but the activity of many other muscle enzymes is
decreased. Especially the glycogenolytic enzymes are decreased in activity 35-50 %
(Petell et al., 1984) or even 90 % (Garber et al., 1980) measured in mice.

The contribution of mitochondrial CK-activity to total CK-activity in this study
is about 0.03 %. In human studies Apple & Rogers (1986) found that the percentage
of mitochondrial CK activity in human muscle is <1 %. Walliman & Eppenberger
(1985) measured a 5 % mitochondrial CK-activity and Bessman & Carpenter (1985)
>>5 9,

This study shows that there is no specific link between the decrease of total CK-
activity and the sarcoplasmic or mitochondrial iso-enzyme. This may indicate an
overall deterioration of the creatine-phosphate shuttle or a decrease in other en-
zymes and compounds needed for muscle function.

The second experiment further supports that due to early immobilization, the CK-
activity in dystrophic muscles is found to decrease in a lesser extend. Early immobili-
zation and denervation of dystrophic muscles in mice (129 Rel) is seen to reduce
muscle damage (Wirtz et al., 1986; Jaros & Johnstone, 1983). A greater number of
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functional muscle fibers was observed, and the mice were able to make better use
of their remobilized hind leg compared to the contralateral hind leg as a result of
the early immobilization. Immobilization has a muscle sparing action in murine dys-
trophy.

It could be possible that the contralateral muscles are additionally damaged dur-
ing immobilization as a result of the extra load. However the microscopic picture
of the c¢ontralateral muscles did not differ from dystrophic muscles of mice, which
were not immobilized (Wirtz et al., 1986).

The use of the muscle seems to stimulate the progression of the disease. This is
consistent with the hypothesis of Wrogemann et al. (1979): a membrane defect
causes leaking of calcium into the cell causing high sarcoplasmic calcium concentra-
tions and mitochondrial dysfunction, due to increasing calcium concentrations wi-
thin the mitochondria. The high calcium concentrations cause hypercontractions
leading to energy depletion and cell death. The use of the muscle seems to accelerate
this process.

Besides histological studies, muscle CK-activity can be used as parameter for the
progression of muscular dystrophy.
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