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The LDH isoenzyme pattern was investigated in biopsy material of 
muscles o f children suffering from progressive muscular dystrophy and other 
neurogenic muscular disorders. An absence or pronounced activity loss of 
LDH 6 was observable in most o f the cases. The proportion of subunits was 
the same in the diseased and the control muscles. Comparing the measured 
isoenzyme patterns with those expected from a random coupling of the sub­
units, a lower percentage of LDH 6 and a higher one of LDH 4 was detected. 
The cause of the absence of LDH 6 is not a disturbance of M subunit synthesis 
but the post-translational inhibition of the tetramer forming process o f the 
synthetised M subunits.

The pattern of LDH isoenzymes has 
been investigated in diseases of the 
skeletal muscles by several authors [8,
12, 14,19]. The slowest migrating frac­
tion, LDH 5, was found to be absent 
or to show a considerable loss of activ­
ity. It has been concluded that this is 
an aspecific sign of muscle diseases 
[12, 14, 19], but some authors regard 
it as a diagnostic characteristic of 
some muscular disorders [8]. The ori­
gin of the phenomenon has not been 
clarified.

The enzyme LDH (E. C. 1.1.1.27) is 
formed by the coupling of two different 
protein chains as subunits. The iso­
enzyme molecules consist of four 
chains of the two different types of 
subunit, H and M [17].The mechanism 
of the process has been clarified by 
Millar by isolating LDH monomers 
(H and M), dimers (two homologue

types, HH and MM, and a heterolo­
gous one, HM) and tetramers from the 
cells synthetising LDH [17]. The tet­
ramers are the well-known isoenzymes 
LDH 1 =  HHHH; LDH 2 =  HHHM ; 
LDH 3 =  HHMM ; LDH 4 =  HMMM; 
and LDH 5 =  MM MM. Millar’s con­
clusion was that the isoenzymes are 
in the first step formed by connecting 
with the same or the other subunit, 
and these dimers form tetramers with 
the possible three typas of dimer 
[17].

Several authors studied the regula­
tion of the LDH pattern by synthetis­
ing the subunits; their coupling fol­
lows randomly according to the actual 
subunit pattern. So the pattern of the 
isozymes follows the binomial distri­
bution [5, 15, 18]. All these investiga­
tions were made in vitro. In experi­
ments in vivo a non-binomial distribu-
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tion was found in both normal and 
pathological cases [4, 7, 23]. This sug­
gests that the LDH pattern is regul­
ated by some post-translational mo­
difying effects.

The isoenzymes which are rich in M 
subunits (LDH 4,5) are characteristic 
of the glycolytic white fibres, while the 
types rich in H subunits are found in 
higher amounts in the oxidative red 
fibres. There is some functional dif­
ference between the isozymes. The 
types migrating more quickly at elec­
trophoresis catalyse the lactate-pyru­
vate reaction under aerobic circum­
stances, while the slower ones catalyse 
the pyruvate-lactate reaction and per­
mit the reoxidation of the reduced co­
enzymes originating from anaerobic 
glycolysis [13].

The absence of LDH 5 in the muscle 
diseases cannot originate from the 
subunit-selective outflow of the en­
zyme, because the molecular weight of 
the two subunit types is the same [5,8, 
14, 18]. In this case — taking into con­
sideration the shorter half-life of the 
M subunits — at least traces of LDH 5 
ought to be found in the serum. Still, 
LDH 5 could not been detected in the 
serum of patients suffering from mus­
cle diseases [21].

Thus, the absence of LDH 5 may 
only be due to a disturbance of M 
subunit synthesis or an inhibition of 
the tetramer forming process of the 
synthetised M subunits [8, 14, 19].

In the present work the subunit pro­
portion has been investigated in dif­
ferent muscle diseases to clarify the 
effects responsible for the specific 
LDH isozyme pattern.

M a t e r ia l  a n d  M e t h o d s

The material studied was obtained by 
needle biopsy of the gastrocnemius muscle 
o f 8 children suffering from progressive 
muscular dystrophy (DMP), one each with 
polyomyelitis, Werdnig-Hoffmann disease, 
fried  reich ataxia, familiar cardiomyo­
pathy, and 3 having some unclarified neuro­
genic muscular disorder. From  the material 
a homogenate was prepared with cooled 
distilled water at a concentration of 30 
m g/m l and centrifuged at 10 000 g for 30 
min. LDH  activity in the clear supernatant 
was determined by an optical method. 
A t the substrate concentration employed 
the isoenzymes having different subunit 
structure participated in the reaction with 
the same activity (22). The individual iso­
enzym es were separated b y  electrophoresis 
on 5.5% polyacryamide gel (6). The per­
centage distribution of the isoenzymes was 
determined in a K-Z densitometer-integra­
tor. Knowing their subunit structure, the 
proportion of H  and M subunits was cal­
culated (2).

In  the case of random coupling of the 
subunits, the expected isozyme distribution 
can be calculated with the help of the for­
m ula

LDH,_6 =  ^ 11" Mn' r =

where H  and M are the proportions of the 
subunits, n is the number of H  subunits in 
the isoenzyme, and r the number of all 
subunits in the isoenzyme.

B y  comparing the result to  those ob­
tained in the course of measurements, it 
was possible to decide the presence or the 
absence of somepost-translational modifica­
tions.

As a control, biopsy material from the 
oblique external abdominal muscle of 
healthy children operated upon for in­
guinal hernia, was studied.
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R e s u l t s

Tot al LDH activity in the muscle of 
sick children generally exceeded the 
control level (Tables I, II, III). The 
highest value was found in some DMP 
cases, while in others the activity was 
hardly higher than in normal individ­
uals. Scattering was higher in the 
neurogenic muscle disorders, some­
times with an activity identical to the 
control or lower than it. The isozyme 
pattern in the normal cases showed a 
small alteration depending on age 
(Table I). It was pronounced in the de­
crease of LDH 1,2 and in the increase 
in activity of isozymes of slower mi­
gration.

The mean values are presented for 
summarizing the main tendencies. 
Their statistical evaluation was not 
possible in view of the different symp­
toms, the different age of the children 
and the different stage and severity of 
the illness. The isozyme patterns ex­
pected from the calculated ratio of 
subunits and the measured one are 
freely comparable.

In the control cases, the proportion 
of LDH 5 was slightly higher than 
expected (Table I). In 5 cases of the 
neurogenic muscular disorders there 
was a complete absence of LDH 5. 
The ratio of the subunits did not differ 
from the ratio observed in the con­
trols, the proportion of M subunits 
was even a little higher than in healt hy 
muscles (Table II). The proportion of 
LDH 5 was lower than the predicted 
level, in 3 cases pronouncedly and in 
2 other cases minimally. In all 5 cases

the proportion of LDH 4 was higher 
than expected.

In the DMP children LDH 5 was 
totally absent except for one case 
(Table III). The M subunit proportion 
was not lower than in the controls, 
in some cases it was even higher. 
The proportion of LDH 5 was essen­
tially lower, that of LDH 4 markedly 
higher, than calculated by the subunit 
pattern.

No correlation was observed be­
tween the age or the duration of the 
disease and the degree of the observed 
alterations in the LDH isozyme pat­
tern.

D is c u s s io n

The differential diagnostic value of 
LDH isoenzymes in muscular disease 
is doubtful [12, 14, 19], but the 
phenomenon described may lead to a 
better understanding of the bioche­
mical events. The selectivity of the 
increase in permeability and the 
following enzyme outflow, described 
by Richterich et al [21], cannot be 
the cause of the absence of LDH 5, 
hence the molecular weight of the 
subunits is the same [5, 20, 25].

On the basis of the functional dif­
ferences occurring among the LDH 
isozymes one may explain the shift of 
muscle metabolism towards oxidative 
metabolism: this would lead to an 
LDH 1,2 predominancy, a heart-type 
pattern, yet such a distribution was 
not detected in any of the cases [2, 10, 
13].

The genetically determined or ac­
quired defect of M subunit synthesis,
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T a b le  I

The pattern of LDH isozymes and subunits

Sex, A ge, y r
LD H  activ ity  

mU/mg v/w

M easured L D H  isozyme pattern

1 9 3 4 5

m 1 11.10 52.52 32.84 8.92 8.53 0.0
m 1.5 20.03 31.45 31.43 17.56 14.92 4.62
m 2 20.75 2 2 .6 8 27.16 27.68 19.66 2.77
m 2.5 18.24 2 0 .2 2 43.97 25.19 9.36 1.27
m  3.5 20.03 26.73 35.35 18.94 16.55 2.39
m 8 16.45 15.02 23.59 31.57 26.29 3.52

Mean 17.76 28.10 32.36 21.64 15.89 2.43

T a b le  I I
The pattern of LDH isoenzym es and subunits in the muscles

Sex Age Diagnosis
LD H  

ac tiv ity  
m U /m g v/w

M easured LDH isozyme p a tte rn

1 2 3 4 5

f newborn cardiomyopathy 83.72 7.53 18.25 31.19 43.14 0.0
m 6wk Werdnig-

Hoffmann 26.56 26.75 16.65 28.71 28.00 0.0
m 2 yr neurogenic 

muscle disease 21.82 35.80 36.19 20.38 7.59 0.0
f 2 yr neurogenic 

muscle disease 64.89 4.91 18.0 28.57 30.61 17.87
m 7 yr neurogenic 

muscle disease 76.12 0.0 10.23 30.25 38.91 20.57
f 8.5 yr Poliomyelitis 3.92 32.08 34.13 25.14 8.65 0.0
m 13 yr ataxia

Friedreich 69.78 14.00 22.40 48.24 14.75 0.0

Mean 49.54 17.4 22.26 30.35 24.52 5.49

suggested by several authors, was 
based on the M subunit consisting only 
of LDH 5 [12, 14, 19]. In our material 
the M subunit content in the diseased 
muscle was not lower than in the con­
trols of the same age group, indicating 
that the cause of the absence of LDH 
5 was not at the level of subunit syn­
thesis.

The random coupling of subunits 
has been shown in vitro [5], and some 
authors accepted it to be the case in 
vivo, too [5, 15, 18]. There are some 
results obtained in animal muscles 
where the LDH pattern did not cor­
respond to the binomial distribution 
either in normal or in pathological 
cases [4, 16, 23]. There was a slight
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in  th e  m uscles o f co n tro l ch ild ren

Subunit pattern Predicted LDH isozyme pattern

II M 1 2 3 4 5

8 3 .7 1 1 6 .2 9 4 9 .1 0 3 8 .2 2 1 1 .1 5 1.4 0 .0

6 7 .5 3 3 2 .4 7 2 0 .7 9 3 9 .2 9 2 8 .8 4 9 .2 1 .11

6 0  38 3 9 .6 2 13  2 3 4 .7 3 4 .1 5 14 .9 2 .4

6 7 .9 9 32 .01 2 0 .1 3 8 .5 2 2 7 .6 9 8 .8 6 1 .0 6

6 6 .8 4 3 3 .1 6 1 8 .9 3 9 .3 4 2 9 .3 9 .5 1 .2

5 5 .0 6 4 4 .9 4 9 .1 5 2 9 .8 8 3 6 .7 1 19 .9 4 .0 7

6 6 .9 2 3 3 .0 8 2 1 .8 7 3 6 .6 6 2 7 .9 7 1 0 .6 3 1 .6 4

o f ch ild ren  suffering  from  neurogen ic m uscu la r d isorders

Subunit pattern Predicted LDH isozyme pattem

H M 1 2 3 4 5

4 7 .5 8 5 2 .4 2 5 .1 2 2 2 .5 8 3 7 .3 2 27 .41 7 .5 5

6 0 .5 8 3 9 .4 2 1 3 .4 6 3 5 .0 5 3 4 .2 0 14 .84 2 .4 1

7 5 .0 2 2 4 .9 8 3 1 .6 7 4 2 .1 8 2 1 .0 7 4 .6 7 0 .3 8

4 0 .3 2 5 9 .6 8 2 .6 4 1 5 .6 4 3 4 .7 2 34 .2 6 1 2 .8

3 2 .5 2 6 7 .4 8 1.11 9 .2 8 2 8 .8 9 39 .9 7 2 0 .7
7 2 .4 2 7 .6 2 7 .4 7 4 1 .8 9 2 3 .9 5 6 .0 8 0 .5 8

5 8 .6 4 1 .4 11 .7 9 33 .3 2 3 5 .3 16 .6 3 2 .9 3

5 5 .2 9 4 4 .7 1 1 3 .3 2 2 8 .5 6 3 0 .7 8 2 0 .5 5 6 .7 5

deviation from the binomial pattern 
also in our own normal controls; 
mostly the isozyme LDH 1 character­
istic of the embryonic development of 
muscle [3, 24] showed a higher than 
the calculated percentage. The iso­
zyme pattern found by Pearson and 
Kar in normal adult muscles showed a 
highor percentage of LDH 5 than that

expected from the subunit pattern 
[19]. This observation indicated the 
presence of some post-translational 
modifying effect which may promote 
the conversion of the isozyme pattern 
beside the genetic control of subunit 
synthesis [3, 9, 24].

The LDH 5 deficit in the diseased 
muscles agrees well with the higher
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T a b le  I I I
The pattern of LD H  isoenzymes and subunits

Sex Age, yr
LD H  activity 
niU/mg v/w

Measured LDH isozyme pattern

1 2 3 4 5

m 2 5 3 6 .0 3 .9 1 8 .2 5 38 .91 3 8 .6 0 .0

m 5 1 0 2 .4 9 .1 3 2 0 .8 6 4 0 .4 3 2 9 .5 6 0 .0

m 6 9 1 2 .0 3 .97 1 0 .2 9 4 4 .0 3 3 5 .6 9 0 .0

m 0 .5 1 7 7 .7 37 .4 4 43 .1 7 .9 9 1 0 .0 3 0 .9 8

m 0 .5 2 1 4 .0 2 1 .1 8 3 2 .5 1 12 .90 3 2 .7 1 0 .0

m 7 4 .0 1 3 9 .2 6 3 0 .5 7 2 9 .9 2 0 .0 0 .0

m 9 1 7 9 .0 3 1 6 .0 4 2 7 .6 5 33 .9 2 2 .4 3 0 .0

f 11 9 7 .0 5 .2 4 1 2 .7 3 2 5 .6 5 3 8 .7 0 17.41

Mean 2 7 8 .1 4 17 .02 2 5 .2 5 2 9 .2 3 2 6 .0 5 2 .3

percentage of LDH 4, because the 
synthetised M subunits seem to have 
the possibility to form tetramers only 
as LDH 4 isozyme. The dissociation 
and reassociation of the subunits is 
influenced by the molecular micro­
environment [16, 18]. So it seems that 
the alteration of the ionic-permeabil­
ity characteristics in the muscle [11] 
does not permit the coupling of homo­
logue MM dimers to form LDH 5, and 
these dimers form with heterologous 
HM dimers LDH isozymes [17].

The role of the changes in ionic 
strength and charge characteristics is 
supported by the observat ion of Katz 
and Kalow [14] who in dystrophic 
muscles could not find the slowest mi­
grating positive isozyme of isocitrate- 
dehydrogenase (ICDH).

Fine et al. suggested that the cause 
of the non-hinomial distribution is an 
inhomogeneity of the cells under study

[9]. The LDH 1,2 predominance in the 
red fibres, and the LDH 4,5 prepon­
derance in the white fibres may lead 
to an absence of LDH 5 and to a 
higher percentage of LDH 4 by the 
inhomogeneous mathematical distri­
bution.

Our results indicate a disturbance 
of the tetramer forming process in 
muscular diseases. It is more pro­
nounced in DMP than in neurogenic 
disorders, but its differential diagnos­
tic value must be verified in further 
cases.

As the complete evolution of the 
skeletal musculature coincides with 
the higher importance of anaerobic 
metabolic pathways [3, 24], the func­
tional role of LDH 5 becomes contin­
uously more significant and its ab­
sence more crucial; this may parallel 
the progressive character of the dis­
ease.
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in the muscles of children suffering from DMP

Subunit p a tte rn Predicted L D H  isozyme p a ttem

H M 1 2 3 4 5

4 6 .6 8 5 3 .3 2 4 .7 4 2 1 .6 9 3 7 .1 6 2 8 .3 8 .0 8

5 2 .3 7 4 7 .6 3 7 .5 2 2 7 .3 6 3 7 .3 3 2 2 .6 3 5 .4 4

47 .11 5 2 .8 9 4 .9 2 22.11 2 4 .8 2 27 .8 8 7 .8 2

7 6 .3 3 2 3 .6 7 3 3 .9 4 42.1 1 9 .5 8 4 .0 4 0 .3 1

6 0 .8 4 3 9 .1 9 1 3 .7 35 .2 7 3 4 .0 5 14.61 2 .3 5

7 7 .1 4 2 2 .8 6 3 5 .4 4 1 .9 7 1 8 .6 5 3 .69 0 .0

6 9 .3 2 4 0 .6 8 1 2 .3 8 3 3 .9 6 3 4 .9 3 15.97 2 .7 3

3 7 .2 9 6 2 .7 1 1 .9 3 13 .00 3 2 .8 1 3 6 .7 8 1 5 .4 6

5 7 .1 3 4 2 .7 7 1 4 .3 2 2 9 .6 8 2 9 .9 2 1 9 .2 4 5 .2 7
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