Function and Metabolism of Velopharyngeal Muscle in Normal and Cleft
Palate Patients :

A. Altorjay, L. Altorjay”, K. Sass®, I. Sohar®

Department of Surgery, Postgraduate Med. Univ., Budapest, (1) Department of Pediatric
Surgery; (2) Department of Neurology; (3) Department of Biochemistry, A. Szent-Gydrgyi
Medical University, Szeged, Hungary.

Abstract

Activity of various enzymes and myofibrillar protein distribution were measured in biopsy material
taken from velopharyngeal muscles of 30 infants with cleft palates and 20 infants with normal
palates.

The results show that activity of dehydrogenases and transferases is lower in cleft palate than in
normal muscle. Cathepsin D and L activities were also decreased, but calpain activity was elevated.
LDH and MDH isoenzyme distribution were shifted to anaerobic metabolic pathways.

On the basis of our results cleft palate muscles seem to be genetically hypoplasic, inactive and with
decreased metabolism. The large individual differences in the metabolism of certain cleft palate
muscles and their deviations in the function of the already reconstructed cleft palate velum suggest

that there is a cause and effect relation between them.
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During recent years a number of reviews have been pub-
lished on the evaluation of functional consequences (velopha-
ryngeal closure, speaking, hearing, etc.) of cleft palate surgery
[12, 13, 14, 21]. It is well known that soft palate is of primary
importance in the functioning of velopharyngeal closure.
According to mentioned authors function of the reconstructed
velum did not recover in 15-20% of the cases. Some of the
most important reasons are: (i) decreased flexibility, (ii) shor-
tening of the soft palate due to scars, (iii) neurovascular
disturbances, (iv) insufficient postoperative logopaedical and
orthodontical treatment.

Our cleft palate team observed that in case of identical clefts,
using the same surgical method, following "per primam"
healing considered anatomically ideal, the later functional
results were different. Trying to find factors responsible for
the above differences we measured enzyme activities,
isoenzyme distributions or protein pattern in normal and cleft
palate muscles. Activity of enzymes specific for various types
of skeletal muscles [17] and of proteases proved to be good
marker for muscle protein degradation were determined.

Objective of our studies was to find out, whether there was
any difference in protein metabolism and energy transforma-
tion indicated by activity of dehydrogenases, transferases and
endopeptidases in normal and cleft palate muscles.

Distribution of LDH and MDH isoenzymes as well as of the
myofibrillar proteins was also studied in respect of differen-
tiational and functional deviations in muscle of patients.

Materials and Methods

Our investigations were carried out on biopsy samples
(mean weight of 50 mg) taken from cleft palate muscle of 30
infants during reconstruction from places shown in Fig. 1.
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Average age of the infants was 20 months. For control we
used muscles obtained from normal soft palate of 20 children
(average age: 20 months). Sampling was carried out within
3-5 minutes following the clinical deaths of infants from the
same places as shown in Fig. 1.

The samples were homogenized with 50 volumes of 0.1%
Triton-X 100 solution containing 2% KCl in an Ultra-Turrax
(Janke-Kunkel, Germany) twice for 10 seconds and then
centrifuged at 16000 g for 20 minutes. Soluble protein content
and enzyme activity were measured in the supernatant, while
the sediment was used for the separation of myofibrillar
proteins. Each step of the preparation was carried out at 4°C.
The activity of the following enzymes was determined: Lac-
tate dehydrogenase EC 1.1.1.27 (LDH), Malate dehydroge-
nase EC 1.1.1.37 (MDH), Isocitrate dehydrogenase EC 1.1.1.
42 (ICDH), Creatine kinase EC 2.7.3.2 (CPK), Glutamate-ox-
aloacetate transaminase EC 2.6.1.1 (GOT), Glutamate-pyru-
vate transaminase EC 2.6.1.2 (GPT), Cathepsin L. EC
3.4.22.15(CL), Cathepsin DEC3.4.23.5 (CD), Ca™" activated
neutral proteinase EC 3.4.22.17 (CANP or Calpain). The
activity of LDH, MDH, ICDH, CPK, GOT, GPT enzymes was
determined according to Bergmeyer [2]. Activity measure-
ments of lysosomal cathepsin D and L were carried out with
methods described by Barrett [1] and Kirschke [11], respec-
tively, while activity of extralysosomal 1 mM Ca™*-activated
neatral proteinase (CANP or Calpain) was determined by
method of Dayton [3]. LDH and MDH isoenzymes were
separated on 5.5% polyacrylamide gel electrophoresis as de-
scribed by Dietz and Lubrato [4]. The different subunits were
stained with tetrazolium blue and evaluated with Kipp and
Zonen densitometer (The Netherlands). For measurement of
protein content the microbiuret method was applied [9].
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Isolation and purification of structural proteins were made
with the method of Takacs [18]. The myofibrils were solu-
bilized in 10 volumes of a mercaptoethanol and 10% sucrose
solution. Myofibrillar proteins were separated on polyacryla-
mide gel (7.5%) containing 0.1% SDS by electrophoresis
according to Weber and Osborn [20]. Myofibrillar protein
patterns is illustrated on densitometric scans and numerical
value of area under the curve was determined with a Kipp-
Zonen densitometer-integrator.

The experimental results shown in the Figures are expressed
as mathematical average of measurement values with stan-
dard deviation. Statistical evaluation of the results was made
with Student’ test. Mark "x" in the Figures denotes differences
atahighlevel of significalce (p <0.01) Enzyme activity values
referred to 1 mg soluble protein.

Results

Enzyme activity of all the three dehydrogenase enzymes (U
= umole min’) in cleft palate muscles was significantly lower
than in normal soft palate muscles (Fig. 2). ,

Decrease in enzyme activity was 57% at MDH and 42% at
LDH or ICDH. LDH/MDH and LDH/ICDH activity ratios
elevated from 0.63 (in normal) to 0.85 in cleft palate muscle.
No difference in distribution of LDH isoenzymes could be
found in normal and cleft palate muscles (Fig. 3). Considering

Figure 1. Location of needle biopsy.

H and M subunits, both cleft palate and healthy soft palate
muscles proved to be fast glycolytic with similar H/M ratio
(normal: 0.69, cleft palate: 0.65).

Percentage distribution of MDH isoenzymes in both mus-
cles showed arelative excess of mitochondrial subunit, in the
cleft palate muscle the M/C ratio was significantly lower (Fig.
4).

Analysing the activity values of the three transferase
enzymes (CPK, GOT, GPT) it can be assumed (Fig. 5), that
there was a significant decrease in the activity of transami-
nases in cleft palate muscles. GOT and GPT activities were
about 35 and 20% lower. On the other hand, 14% decrease in
activity of CPK in cleft palate muscle did not prove to be
significant.

Comparing the values of endopeptidases studied in cleft
palate to that of the normal, activity values measured in the
later were considered 100% and the cleft palate values were
given in percentage of the normal value.

Activity of lysosomal cathepsin L and D was 60% and 40%
lower in cleft palate muscle than in normal, respectively,
while that of extralysosomal CANP activity was about 16%
higher (not significant).

Examining the densitograms of myofibrillar proteins iso-
lated from normal (Fig. 7) and from patient with cleft palate:
Sz. E. (Fig. 8), M.Z. (Fig. 8) - the similarities between the
densitograms 7 and 8 can be easily noticed, but there are
striking differences in the densitogram 9.

In Table 1 the percentage composition of individual myofi-
brillar components is illustrated in normal and cleft palate
muscles. In the first two columns average values can be found,
while in the other three columns the individual values of Figs.
7, 8, and 9 are shown.

Inrespect of average values no significant difference can be
observed in the quantitative composition of myofibrillar pro-
teins in normal or cleft palate muscles. On the other hand,
there are striking individual differences in the values of cleft
palate muscles not only in the activity of enzymes (Table 2),
but also in the percentage distribution of myofibrillar proteins.
This latter value is especially apparent in case of myosin light
chains and that of troponin complex. This was why we found
it necessary to analyse the obtained experimental results
individually. .

As not all the 50 densitograms can be shown here, w
present only three examples in details: the values of normal
child and two cleft palate patients, whose values were very
different from each other both in their enzyme activities and
in densitograms (see values of Sz.E. and M.Z.).

On the basis of the above values it can be established that
values of samples taken from normal palate and from that of
Sz.E. are almost identical in respect of myofibrillar pattern
and percentage value. While in case of M.Z. there is a signi-
ficant change even compared with the cleft palate average.
Here 47% decrease in amount of myosin light chains, 34% in
the troponin complex and 51% in amount of tropomyosin
could be found in comparison to the cleft palate average. TN-I,
U, and U, proteins were missing and between the M-o and
M-B chains a peptide could be seen almost identical with the
chain in quantity (indicated in Fig. 9). When these values are
compared with the measured enzyme activities (Table 2.) it
can be established that the activity values and the myosin light
chains and the differences within the quantitative composti-
tion of the troponin complex correlate with each other, since
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Figure 2. LDH, MDH and ICDH enzyme activity values in normal and cleft palate muscles.
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Figure 3. Percentage distribution of LDH isoenzymes in normal and clefi palate muscles.
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Figure 5. Activity values of three transferase enzymes in normal and cleft palate muscle.
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Table 1. Percentage distribution of certain myofibrillar protein components in normal and cleft palate muscles.
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Myofibrillar Normal Cleft Normal Sz.E. M.Z.
protein average% palate KJ.See See See
average% Fig.7 Fig. 8 Fig.9
Myosin LC-3 342+0.15 4.01£1.12 3.33 4.06 2.10
Myosin LC-2 8.08+£0.75 8.95+2.05 7.50 8.0 4.63
Troponin-C 5.56 +0.49 4.05+1.21 6.13 6.84 2.81
Troponin-I 2.13 £0.61 1.75+0.58 1.44 2.92 -
Myosin LC-1 5.22+0.48 3.09+1.44 5.76 5.45 1.82
Unknown-1 1.66 +0.04 1.27+047 1.67 1.65 -
Unknown-2 4.13+0.42 3.29+0.99 3.71 3.49 0.28
Tropomyosin 3.93+0.15 3.33+£1.01 4.09 3.93 1.54
Troponin-T 3.11+0.25 3.09+1.27 3.26 234 3.09
Actin 13.80+0.34 13.80+1.29 13.80 12.80 15.30
o-actinin 3.93+0.61 4.11+£0.69 3.10 4.56 1.26
Unknown-3 2.16+0.30 1.85+0.71 1.82 292 0.70
Unknown-4 3.01+041 2.73+1.06 3.03 2.15 -
C-protein 2.85+£0.27 1.98 +0.69 2.73 4.56 0.98
M protein chain o 6.01+£0.61 8.57+1.95 5.83 7.16 12.30
M protein chain 8 9.49 £ 1.75 12.30 £ 3.05 10.40 7.67 18.80
Myosin heavy chain 21.51+0.54 21.80+0.99 21.70 19.51 25.00
Unknown-5 0 0 0 0 9.41
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Figure 6. Endopeptidase activity values in normal and cleft palate muscles.
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Figure 7. Densitogram of myofibrillar proteins obtained from normal muscle.

in case of M.Z. also the enzyme activity values are signifi-
cantly lower than in the cleft palate average.

Among the 30 examined infants with cleft palate out of
M.Z.’s values there was one more infant (V.I.) whose value
was much lower than the cleft palate average.

Discussion

Summarizing our experiences it can be stated that in the cleft
palate muscles, with the exception of CPK and CANP, there
was a significant decrease in the examined enzyme activities
compared to that of the normal. LDH/MDH, LDH/ICDH and
mMDH/cMDH ratios demonstrate a decrease of aerobic pro-
cesses and a relative excess of glycolytic metabolism in the
cleft palate. Both dehydrogenases and transaminases changed
their activity similarly to that observed in other muscle dam-
ages, e.g. immobilization [6, 17], tenotomy, denervation [8,
10, 19] and dystrophies [5, 15, 22]. The activity of these
enzymes also decreased partly, due to altered enzyme syn-
thesis and increased catabolism.

Table 2. Enzyme activities in normal and cleft palate muscles.

No differencies can be found, however, in cleft palate
muscle compared to normal in the distribution of LDH and
MDH isoenzymes, unlike immobilization and muscle dystro-
phies where significant change can be seen in the distribution
of these isoenzymes as a sign of the undergoing dedifferen-
tiation [17].

Decreased values of lysosomal endopeptidase activities in
cleft palate were different compared with other muscle dam-
ages. Proteinase activity was elevated at the alteration period,
but it turned to normal or to lower activity values at economic
metabolic level. This theory was verified by lower metabolic
enzyme activities. .

All these facts prove that in cleft palate muscles there is
lower level of metabolism than in normal velopharyngeal
muscles. Activation of proteases takes place from a reserve
enzyme pool which is not supplied adequately in the state of
considerable energy deficiency. Consequently such an en-
ergy-deficient state is assumed to be in cleft palate muscles
the existence of which can be probed by the low activity
values of LDH, MDH and ICDH. Cleft palate muscles adapt

Enzyme activity Normal Cleft palate Normal K.J. Sz.E. MZ.
LDH (mU/mg protein) 453 £ 86 266 + 101 449.9 363.4 164.3
GOT (U/mg protein) 37+49 22+6.5 36.9 24.6 18.6
Cathepsin L (U/mg protein) 184+ 36 122+30.4 164.6 142.4 90.4
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Figure 8. Densitogram of myofibrillar proteins isolated from Sz. E. cleft palate muscle.

Figure 9. Densitogram of myofibrillar proteins obtained from M Z. cleft palate muscle.

-183 -




Function and Metabolism of Velopharyngeal Muscle

to that level of protein breakdown which correspond to the
already decreased metabolic processes.

On the basis of these values the conclusion can be drawn
that cleft palate muscles are genetically hypoplasic, inactive
muscles, disabled in their function because of the lack of
closure in middle line in aponeurosis and most probably this
explains their decreased blood supply as well (Fig. 10).

The quantitative myofibrillar protein composition does not
show significantly differs between normal and cleft palate
muscles. From this comparison it is evident that there is no
difference between the differentiation of normal and cleft
palate muscles, since both muscles are of fast glycolytic type.
The myosin/actin ratio is nearly identical. On the other hand,
in some cases there were high individual differences in the
amount of myosin light chains and troponin complex and they
correlated with the different enzyme activity values of the
same samples.

Thus, attention must be drawn to the high individual dif-
ferences in the metabolism of cleft palate muscles in different
patients. There is no doubt that after surgical reconstruction

the restored function of the muscle will produce increased
metabolic capacity, butits degree can not be independent from
the original state which might be one of the factors explaining
the differences in later functional results after cleft palate
reconstruction. In the cases of the mentioned two infants
(M.Z. and V.1.), where together with the extremely low activ-
ity values there was serious decrease in the quantity of certain
structural proteins and the probably genetic lack of 3 proteins,
it was highly probable that the later functional result was
independent from the success of the chosen surgical method
and the logopaedic post-care. After 5 years of follow up we
can say that the children who had lower metabolic enzyme
activities in cleft palate muscle at reconstruction are not able
to speak as good as others having had enzyme activity near to
normal.

Address correspondence to:

L. Sohar, Department of Biochemistry, A. Szent-Gyorgyi
Medical University, P.O. Box 415, 6701 Szeged, Hungary
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Figure 10. Diagram of development of normal and cleft palate muscles.
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