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CHAPTER 3

-

HISTOCHEMISTIRY OF MUSCLE LIPASE

Y - -
PR N = .

The occurrence of lipase in the skeletal and cardiac
musclew of vertebrates was reported in the earlier chapters.
The present study was undertaken to demonstrate the presence
of the enzyme in the muscle by histochemical methods.

A wvariety of techniques are available for the histoche-
mical demonstration of esterases in tissues . The differences
in these methods are largely due to substrates. The choice o°f
substrates is important, because of the apecificity of the
substrates exhibited by many esterases which enables one
to distinguish one esterase from Q.nether. Since there is a
certain degree of overlapping of substrate specificity
between the nonspec;i.fié esterases and lipase the choice of
a suitablé water soluble 'substrate for lipase presented
great difficulties in the past, In such cases advantage was
taken of the observation that certain chemicals inhibit one
or other of the enzymes while the remaining is either un-

- affected or activated, A thoz;ough discussion on the merits
and demerits of the various methods is available in recent '
literature on the subject (?earse,1954- Gomori, 19533 Zacks
and Welsh, 1953). Gomori( 1945) devised a method for 11paae
in which -he used the "Tweens" as substrate. Later he pointed
out that the saturated "Tweens" are general éubstratés for
lipase- esterase and recommended for -true lipase "Tween 80"
which contain unsaturated fatty acid. This®Tween'method for

lipase which has undergone several modifications at the hands
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of Gomori himself and many others form the basis for the
present study. The principle of this method is that the fatty
acids liberated as a resulis of ‘c:he enzymic activity of lipase
is converted to insoluble calecium soap by the calcium ions pre-
sent in the incubation medim. The calcium soap thus formed

is subsequently converted to Ieéd soap and ultimately to

lead sulphide by treatment with *'lead nitrate and ammonium
sulphide respectively. On microscopic examination of the
sections the lead sulphide is seen as brownish black deposits

at the sites of enzymic activity.

Material and Methods
Te¢ansverse sections of the pectoralis major mascle of
the kite (Milvus migrens), the green parakeet (Peittacula
kramari), the brown dove (8treptopelia senegalgﬁsisj';“‘“ the
bat (Hipposideros gpeoris)and the breast and heart musole

of the blue rock pigeon ( Columba 1ivia)were studied. The
pancreas of the pigeon was used for comparisom and confire
mation of the resulis, |

The incubstion medium contained 2 ml. 10% GaCly , 2 ml.
5% "Tween 80" (Atlas), 5 ml, bicarbonate buffer (Sheath,1951)
of PH 8.4 and 40 ml. distilled water. The mixture was incubated
everhight at 40°C to precipitate the free fatty acids, filtered
through No. 1 Whatman filter paper to remove the precipitate
and a crystal of thymol was added as ‘preservative ,
Preparation of the Segtions )

A critical review of the ﬁrious methods which have
been iruse for enzyme stud;ieé" is presented by Pearse {§ 1954 ),

{’: 4
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Gémori originally used pé,xaffin sections of acetone fixed
tissues. Later literature shows the use of frozen sections of
formalin fixed tissues by v:a.rious authprs (Mark, 1950; Seligmen
et al, 1951), In the present studies acetone fixing and subs-
equent paraffiz:z smbedding yielded negative resuits which ;vas
due either to the denaturation of the enzyme by acetone or

ite inactivation by heat at 58°C which was the melting

point of the paraffin wex used. In order to verify this,
parallel experiments were run with sections of the pancreas;
the results were megative in either case, It was also obser-
ved that even with the use of paraffin wax of low melting
point the resulis were found to be negative and was therefore
concluded that the -~inactivation of lipase was largely due to
its denaturation by acetone, This is in agreement with Mark
(1950) who observed that acetone fixation destroys a large
‘amount of lipase, This view is further substantiated by the
observation that the acejl:,on\e powder of the pigeon breast
muscle is almost completely: inactive, with respect to lipolytic
activity (Chapter 5),.

Fixation of tissues in buffered or neutral formelin in
cold has been in use for hisfé;ehemioél study of enzymes.
Seligman et al found that under the above conditions am
appreciable amount of enzyme i‘s_ left undestroyed. In pancreas
at least 757 of lipase was retained . Following the recommen-
dation by Pearse (1954) " As a;gstartiné point for further re-
search on the "I'veen’methods a standard 16-hour fixation in

6% neutral formalin at 4* should be used", I used 6% cold
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neutral formaliﬁ as fixative, But instead of cutting frozen
sections of tissues after formslin fixation what I did was
to cut fresh frozen sections of tissues and to fix them in
formalin after mounting on slides, This procedure is more
advantageous in that the ;bimé taken“‘ to remove the -formé.iin
after fixation is considerably reduced.

In histochemistry the preparation of the sections is of
uﬁnoat*importance for obtaining good results., I could do no
better than quote Pearse (1954), " The effect of fixation onn
enzymes continues to be oi‘ inc;eaéiﬁg‘ importance as histd -
«chemical techniques for demonstrating them increase in numbez's.
“Theoretically the best way of showing enzyme activity by Histo -
chemical means would a.p;oea.r to be by the use of fresh frozen
sections of tissue blocks. There are formidable objections to
both in practice, however, éépe_éially to the former , Even |
with the col& knife method it is technically impossible to obtain
good fresh frozen gection lof’ the majority of tissues, and even
if these are obtained or if thin tissue blocks are substituted
there remains a further objection, Particularly if incubation
with the substrate is prolonged I have observed that loss of

enzyme and of other protein a.nci non-protein materials into
the incubating medium is much greater than in fixed material.
This leads not only to false localization of enzyme (due to
diffusion in the section ) but also to widespread deposition

on the section of the proé.uots éf enzymic activity in the medium
and to general filthiness of the sections due to partial disso -
lution of its components." My experience with the freezing

microtome was that it is very difficult to mount good thin
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sections on the slide without- transferring them from the knife
into water., This procedure is not desirable because much of
the soluble enzymes are 11kely to be lost in water dur:mg
this process, But a very simple and quick mejhhod which does
not need a colé. room or elaborate instruments, as described
below, was found to overcome this difficuliy and yield highly
satisfactory results. Tissues from animals .:are cut out
immediately after killing and placed over ice in the deep
freeze of a refrigerator. The tissues freeze hard in less tham |
half an hour., Without remo;iz:;g them from the deep freeze they :
are trimmed and thin sections cut with the aid if a cold ‘
sharp razor blade. If the blade is completely dry, the sections
do not stick to it.‘ The sections thus cut are transferred
to a slide over albumin, where due to the melting of the ice
the sections get spread out., One can be certain that “b,y this
method no enzyme will be lost. Perhaps the only serious draw -
back in this method is that it will be difficult to determime
exactly the thickness of the sections and to get sections of
uniform thickness throughout. But this method couid be employed
admirably ifor qualitative nistochemical work on enzymes. The
sectz.ona thus prepared may be fixed in cold formalin. However
this precaution does not guarantee exact localization of the
enzyme since the possibility oil‘ diffusion of the products of
enzymic activity still remaina; It was observed that in the
case of the muscle 13.na.ae, aatisfactory results could be
obtained only with sections 40 = BO/M thick. Opagqueness of the

sections due to ammonium. sulphide can be removed by keeping
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tlie sections for a fow seconds in a @oplin jar of 707 alcohol
mixed with a few drops of 1‘1262 . Incidentally it may be ment -
ioned that the above me‘_t.ho.d of cu%ting sectione was convenie -
ntly used for manometric studies of tissue metabolism and to
develop a new technique fot the amalysis of tissue components
by paper chromatography (George, Pishawikar and Scaria, 1958).

o r

.Erocedure ) ,

~ -Sections of tissues from animals whish were "bled,to de-es,:..
ath were out &3 described above and mounted on albuminised slides
allowed to dry at room temperature till adhesion was complete,
They were then fixed for 16 hours in cold formalin (4°C)
neutralised with phosphate, washed in running water’ £iitered
through cotton for 1 hour, rinsed with distilled water and
incubated for 8-12 hours, The rest.of the procedure was esse-

ntially the same as descriigd by, Pearse (1954), The sections

. - &

were not counterstained,

YU

Control .

The enzyme was inoubated by -keeping the slides in boiling
water for about 10 mimutes. - .

Results and Discussion
Except in the case of ‘éoznztrols all the preparations
showed brownish black precipii:ateé indicating lipase activity.
Naturally the greatest activity is manifested in the sections

of pancreas (”Fig‘ 1)by a thick deposition of the precipitate,
—— ) . s — = i

|
"% | Fige 1 - Photomicrograph of a section
| of the pancreas of pigeon showing

° "-disposition of lipase
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The heart muscle (Fig 2) comes Next in the order of activity,
This is in conformity with the results obtained in quantitative
determinations which showed that the heart muscle contain a

higher cbncentration of the lipesse than the breast muscle.

fJFig.z - Photomicrograph of -a
~ ‘section of the heart of pigeon
¢+ ‘showing disposition of lipase

A

e

The ‘distribution of lipase in the pectoralis major muscle
of the four birds is interestingf Fig. 3 shows ﬁhe/éross—éec#ion
of a part of the breast muscle Sf ﬁigeon in which fhe/two types

of fibres,a narrow and a broad variety as described by George

and Naik (1958a and '58b) are elearly discermible. The dark
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Fig.3

Thotomicrographs of (Fig.3) a transverse and (Fig.4) an obligque
section of the pectoralis majér muscle of the, pigeon showing
the dispositiom of lipase. ,B,,broad fibres; N, Narrow fibres
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spots in the photograph represent the brownish black preei -
pitate of lead sulphide., It can be seen that the precipitate
is abundant in the fat loéded narrow fibres, where as the
glycogen loaded broad fibres contain very little., Control
sections do not show any pregipitate., It ie"therefére
inferred that in the pigeon breast muséle the lipase occurs
mostly in the narrow fibres.iﬁovever, the occurrence of a few
grains of the precipitate in $he broad fi ,"3§§s not convincing
evidence that they are formed in the same fibres; study of

a large number of sections iﬁdieates that these granules in
the broad fibres are the result of diffusion of products of
hyérolysis from the marrow fibres. Fig.4, showing an oblique
;bection of the muscle giving' the loﬁéitudinal aspect of “the
two types of fibres, ahowswlarge areas of broad fibres devoid
of these precipitates. This supports the view that lipase is
confined, by and large, to the narrow fibres, -and very little,
if any, occurs in the broad fibres. In both kite and parakeet
the pectoralis major consists of fibres which are more or less
uniform with regard to their fat content (Naik, Ph.D. thesis)
and it is seen that the lipase alsokenjoyéia uni%orﬁ distri .
bution throughout the faseiculus-(?igs. 5 and 6). On the other
hand in the dove the pectoralis major consists of two distinct
types of fibres, a broad white variety with clear cytoplasm
and a narrow red variety with lot of lipoid inclusions, a
condition véry similar to that in the pigeon. In the case of
the dove too as,can be seen from the photograpﬁ (Fig.7) only

the narrow fibres contain the precipitate in abuﬁ&ance:
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Fig.7 . TFig.8
Photomicrogréphs showing the disposition of lipase in the

ectoralis major muscle of (Fig.5) kite (Fig.6) parakeet
iFig.‘?S dove and (Fig.8) bat. . . :

T ’

The few grains of the precipitate found scattered here and
there in the broad fibres, without doubt, are due tq the
diffusion of the producté of hng.rolysia from the narrow
fibres, as could be seen from gz,a.n njexa.mination of a number of
sections, Fig. 8 presents fhe Eﬁhé‘tomicrograph of a transverse
section of the pectoralis ga;io_?u_ﬁasqle of the vat in which
two types of fibres, a broad and a narrow veriety, are dist -

inguishable. Lipase is confined to pﬁe narrovf fibres just as

L
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in the case of the pigeon breast muscle. In pigeon it has been
shown that the two types of fibrea are diétinctly different
in their biochemical nature, the narrow fat loaded ones having
& large number of‘mitechondriéfin them and the broad glycogen
loaded ones having few or néne; é;uce in the bat the lipasé
is confined only. to the nmarrow fibres it:appears possible
that here also a difference in the fuel content with the
accompanying adeptive featuies such as the content of myoglobin
and mitochondria too exists in‘ﬁhe broad and narrow fibres
Just as in the case of the pigeon. This proposition made by
mgnearlier was proved to be cd;réct'by later work (George and
Neik, 1957b) “_ o »
Anothér\im@ortant fact;théf:haé emerged from the present
study is regarding the naturé of’the fat splitting enzyme in
the muscle., Mention was maég iﬁw%be beginning about the confu -
sion in nomenclature of the fat splitting enzymes, Since the
substrate used in the present‘sfudy is one specific for true
‘1ipase and the results obtained are comparable to that of
pancreas, it confirms the vﬁew’thgt the muscle enzyme is a

true lipase and not an esterase,



