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Lactate dehydrogenase isoenzyme pattern in the eye muscles
Deviation in myopia

I. L. KAHAN AND K. JUHASZ
From the Department of Ophthalmology, University Medical School, Szeged

Striated skeletal muscles consist of varying pro-
portions of red and white fibres. These serve differ-
ent functions according to their metabolic charac-
teristics. Tonic contractions are mainly the function
of the red muscle fibres, and rapid twitch move-
ments that of the white. Their type of metabolism
may be defined in terms of their lactate dehydro-
genase (LDH) isoenzyme pattern. LDH isoenzymes
in red muscle consist mainly of heart (H) type
subunits, leading to aerobic metabolic paths,
whereas those in white muscle are mostly of the
muscle (M) type favouring only anaerobic routes.

Materials and methods

The LDH isoenzyme pattern in 46 extraocular muscle
samples was determined. The samples were removed
during surgery for squint on 40 otherwise healthy
patients aged 6 to I5 years. The samples were grouped
according to the refraction of the associated eye, the
eye muscle from which they were removed, and the
type of surgery (Table I). The histology of various
parts of the samples was examined and all those in
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which tendon or perimysium predominated over muscle
fibres were excluded. Lipids in the sections were

visualized by oil-red-O or Sudan-black staining. LDH
activity was measured by the reduction of the coenzyme

NAD to NADH bound to LDH activity coupled with
the transformation of leucotetrazolium into violet
formazan. The solutions of reagents were the same as

those used to stain gel-electrophoretic columns
(Schrauwen, I966).
The LDH isoenzymes were separated by acrylamide-

gel electrophoresis, by the method of Davis (I964), on

gel columns in pH 8-6 M tris buffer at 400 V and 5 mA.
Duplicate analyses were performed, and the isoenzymes
were stained according to Schrauwen (I966) under
optimal conditions detennined by pilot experiments.
The proportions of the isoenzymes were determined by
scanning with a Chromoscan (Joyce-Loebl) densito-
meter. The proportions of the H and M type subunits
were calculated from the percentage of the five iso-
enzymes, taking into account the subunit content of
each isoenzyme, according to the following:
sum of H subunits, H = LDH1 +± LDH2 + LDH3
+ i LDH4;

sum of M subunits, M = LDH5 + i LDH4 +± LDH3
+ i LDH2-
For cornparing the isoenzyme values and subunit

Table I Extraocular muscle samples investigated, grouped according to diagnosis, refraction, and origin
l~ ~ ~ ~ ~~Ae N.o

Diagnosis

Esotropia, alternating

Age
(years)

4-6

4-14

6-14Esotropia

5-13

Exotropia, alternating 6-I2

No. of
samples

8

Refraction Origin of sample

Emmetropia Medial rectus

Surgery

Recession

6 Emmetropia Lateral rectus Advancement

II* Hypermetropia Medial rectus Recession

6* Hypermetropia Lateral rectus Advancement

7 Myopia
(<-6-oD)

Medial rectus Advancement

Exotropia, monocular amblyopia 6-26 8 Myopia Lateral rectus Recession
(between -6-o and
-I2*oD)

Five with uniocular amblyopia
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FIG. I Cryostat section of human
extraocular eye muscle sample.
Orbital layer of muscle to left.
Sudan black x 6oo

ratios in the muscles from eyes with different refractions
the one sample t test was used.

Results
In sections of extraocular muscles from emmetropic
eyes the orbital layer (away from the globe) stained
heavily with oil-red-O or Sudan-black while that
adjacent to the globe stained scarcely at all (Fig. i).

In both the medial and lateral rectus muscles
of emmetropic and hypermetropic eyes the LDH5-
and LDH4-type isoenzymes predominated, whereas
in both the medial and lateral rectus muscles of
myopic eyes the LDH1 and LDH2 isoenzymes were
predominant (Fig. 2). Sample distributions of LDH
isoenzymes and their proportions of subunits in
medial rectus samples are shown in Table II. The
proportion of M subunits in the LDH content of
horizontal muscles of emmetropic and hyper-
metropic eyes was higher than that of H subunits,
while in myopic eyes the proportion of H subunits
was higher (Figs 3 and 4).
There was no significant difference between the

LDH isoenzyme content of the medial and lateral
rectus muscles of emmetropic eyes, or between that
of corresponding muscles of emmetropic and hyper-
metropic eyes. On the other hand, the difference
between the LDH isoenzymes, and therefore
between the proportion of subunits, of emmetropic
and myopic eyes was significant (Table III).

Discussion

The two different layers of the extraocular eye

muscles that our study demonstrated agree with the
findings of Scott and Collins (I973) of two func-
tionally distinct compartments, the inner fibres
securing the rapid (twitch) movements and the
outer (orbital) the tonic contractions. We suggest
that the former, adjacent to the globe and without
appreciable lipid content, represent the white

........... ..

+ ~~~~~~~~~~~~~~......... ....
..........

lS'; * ...

FIG. 2 LDH
isoenzyme patterns
of (a) medial rectus
of myopic eye, and
(b) medial rectus
muscle of
hypermetropic eye

+
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Table II Distribution of LDH isoenzymes and their subunit pattern in medial rectus muscle samples

LDH isoenzymes (per cent) Subunit (per cent)
Refraction

LDH1 LDH2 LDH3 LDH4 LDH5 M H

Emmetropia 6-8 I2 0 I9'0 2I 0 411 69-3 30°7
73 I3-0 I8 o 21-7 40-0 68.5 31-5

Hypermetropia - 46.8 27-2 26-o 69-7 30°3
48.8 20 2 31I0 7o05 29-5

Myopia 38.5 28-5 2I o I2-0 26-5 73 5
37o 28 6 2I0 I3'4 27-6 72 4

Medial rectus muscle Loteral rectus muscle
40- Emmetropi c

30- T -

20 --

6)

40 - Myop ic

30

20T

0
LDH I 2 3 4 5 2 3 4 5

FIG. 3 LDH isoenzyme distribution (per cent) in medial
and lateral rectus muscle samples of emmetropic,
hypermetropic, and myopic eyes. See Table Ifor number
of samples

muscle component and the latter, the lipid-rich
orbital fibres, the red muscle component of the
extraocular muscle.

This view is supported by the difference in the
LDH isoenzyme pattern of the emmetropic-
hypermetropic and the myopic extraocular eye
muscles. The predominance of H subunits is
consistent with an absent or decreased demand for
rapid movements. White muscles are known to
atrophy with inactivity, whereas red muscles do not.
The effects of inactivity may be supposed to occur
in the extraocular eye muscles in myopia. The
excursions of the eye are reduced and myopes,

unless their myopia is fully corrected, do not see
remote objects; convergence-impulse consequent
on accommodation is rare. All these factors may
result in partial atrophy of the white muscle
fibres (Briskey, Cassens, and Marsh, I970).
Moreover, progressive inadequacy of the capillary
network, characteristic of the myopic choroid and
retina, may also affect extraocular structures,
including the eye muscles. The red muscle layer,
with its richer capillary network, may survive, but
the less vascular white muscle layer may succumb,
leading to a predominance of undamaged red muscle
fibres and H subunits.
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FIG. 4 LDH, H andM subunits (per cent) in medial
and lateral rectus muscle samples from emmetropic,
hypermetropic, and myopic eyes. See Table I for number
of samples
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Table III Statistical differences between LDH and subunit values in medial rectus samples of emmetropic
eyes and other muscle samples of eyes with various refractions (one sample t test; P< °5 =significant,
P> o0o5 =not significant)

Medial rectus, emmetropic eye (8 samples)
Sample and refraction (no. of samples)

LDH1 LDH2 LDH3 LDH4 LDH5 H M

Lateral rectus, emmetropia (6) NS NS NS NS NS NS NS
Medial rectus, hypermetropia (ii) NS NS NS NS NS NS NS
Lateral rectus, hypermetropia (6) NS NS NS NS NS NS NS
Lateral rectus, hypermetropia, amblyopia(() NS NS NS NS NS NS NS
Medial rectus, hypermetropia, amblyopia (5) NS NS NS NS NS NS NS
Medial rectus, myopia (7) NS S NS S S S S
Lateral rectus, myopia (8) NS S NS NS S S S

S = Significant NS = Not significant

Summary
The lactate dehydrogenase isoenzyme patterns in
46 extraocular eye muscle sanples removed at
surgery for squint were determined by acrylamide-
gel electrophoresis and reduction of NAD coupled
with formazan reaction. Muscle type subunits

predominated in the isoenzymes of the medial and
lateral rectus muscles of emmetropic and hyper-
metropic eyes, whereas heart type subunits pre-
dominated in those of myopic eyes.

We thank K. Boda for mathematical analyses and
E. Jojart for technical assistance.
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