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CHAPTER 8

A HISTOCHEMICAL STUDY OF THE SLOW AND FAST
CONTRACTING LEG MUSCLES OF THE COCKROACH,
PERIPLANETA AMERICANA

Some information on certain physiological and histo-
ibgical aspects of the slow and fas®t contracting muscle fibres
of the leg muscles of the cockroach are available from the
works of Betch and Dresdon (1956) and Smit (1958). The slow
contracting muscle fibres are smaller in diameter and contain
more fat than the fast contracting muscle fibres., It is also
known that the former possess a stronger capacity to reduce
methylene blue than the latter (Smit, 1958). The occurrence
of such distinetly different types of muscles situated side
by side is not recorded among the leg muscles of other insecits.

The slow muscle, the tergo-trochanterzl muscle is pale red in

colour while the fast muscle is white in colour, This contrast
in colour isimore conspicuous in the muséles of the male than
those in the female, The terms 'red' and 'Whité' muscles are
commonly used for muscles-whose fibres differ in colour as for
example the red and white muscles of fish or rabbit (Ogafa,1960)
rgg_and white or broad and narrow fibres in the breast muscle
of the pigeon and bat (George et al, 1955, 1958) and the red
and white muscles in insects (Edwards and Ruska, 1955). In
this connection the slow and fast contracting leg muscles of
the cockroach could be called red and white muscles respect-
ively. The cockroach being more of a runner than a flier,

the leg muscles are equally well developed as the thoracic
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muscles and it is known (Chapter 6) that the thoracic muscles
as well as the leg muscles contain a considerably large amount
of the enzyme lipase (Chapters 7) as well as oxidative enzymes
(Barron and Tanhm?sian, 1948). The latter authors also showed
that under identical conditions the cockroach muscle is as
activé metabolically as the pigeon breast muscle. In the
light of these findingé it was thought desirable to investi-
gate the localization of some enzymes and the distribution

of the fuel reserves histochemically in these two types of

musc;es.
Material and Methods

The cockroaches used in this study were locally
collected and kept in the laboratory under uniform conditions.
Since female cockroaches are known to be metabolically less
active, only male cock}oaches were uged, To obtain better
results the most deveioped coxal part of the metathoracic
leg was used. Due to the small size of the,muscle and to
avoid injury to the muscles while separating them, fresh
frozen sections of the whole coxa were cut according to the
method of George and Scaria (1958a) and used for the enzyme

work.,
Lipase:

The "Tween method? of Gomori using "Tween 80" asg the
subgtrate was employed for the histochemical study of lipase.
Fresh frozen sectiions cut asg described above were mounted on

clean dry slides and allowed $o0 dry for 15 minutes in vacuum
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over calcium chloride to ensure adhesion and afterwards
fixed in 6% cold (4°C.) neutral formalin for % to 4 hours.
After fixing, the sections were washed in tap water for

30 minufes and afterwards ripsed thoroughly in distilled
water before transferring them to the incubation medium
prepared as described in chapter 1. Sections boiled for 10
minutes in water to inactivagte the enzyme prior to incubat-
ion were taken as control. The incubation period of 6 to 8
hours was found %o be the optimum to give good results.

Further procedure was as mentioned in Chapter 1.

Alksline phosphatase:

The histochemical study of alkaline phosphatase was
carried out adopting the revised method of Gomori, sodium
glycerophosphate being used as the substraté at pH 9.2 .
Fresh frozen sections mounted on clean dry slides without
any adhesive ﬁere dried in vacuum for 15 minutes and fixed
in 10% neutral formalin at 4°C. for 1 hour. After fixing,
‘the sections were washed in running water for the same period,
rinsed in distilled water and kept in {the incubation medium
for 24 hours at 37°C. Sections kept in boiling water for 10
minutes before the incubation and incubated along with the
samples were used as conirol, Processing of the incubated
sections through cobalt nitrate and yellow ammonium sulphide
was done as desceribed in chapter 1. The sections were not

counter stained.

Acid phosphatase:

Gomori's reviged method (Glick, 1949) using sodium
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glycerophosphate at pH 5.1 as substirate was employed to
demongtrate the acid phosphatase activity in the fresh
frozen sections of the red and white muscles of the cock-
roach leg. The incubation mixture prepared as described
by Glick (1949) was diluted in 1:2 ratio with distilled
water and filtered before incubation. The sections werse
incubated for 6 hours at 37°C. Inactiyated sections by
keeping them in boiling water for 10 minutes were the
controls, After the incubation, the gsections were dipped
in 2% acetic acid and washed well with distilled water
before treating with dilute yellow ammbnium sulphide solution,

Sections were not counterstained.

ATPase:

Pearse and Reis method (Pearse, 1954) was used to
demonstrate ATPase activity in the two types of muscles,
using adenosine triphosphate (ATP) as substrate at pH 7.4 .
Sections were incubated for 3 hours. The following 3 controls
were used, Sections kept in alksline phosphatase medium a%
pH 9.2 and 7.4 and sections boiled for 10 minutes before

incubation.

Succinic dshydrogenase:

Histochemical localization of succinic dehydrogenase
was demonstrated using neotetrazolium as the electron acceptor.
The incubstion mixture was prepzsred as described by George and
Talesara (1961). The conventional way of incubating sectioﬁs

without mounting on the slides was not suitabls for this tissue.
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Hence the frozen sections were placed on dry clean slides

and dried quickly in a vacuum in 5 minutes to get the sections
adhered on the slides. The sections were then incubated as
described in an earlier chapter. After in incubation period

of 3 minutes the sections were washed well in phospﬁate buffer
and fixed in 10% cold neutrai formalin for 1 hour. The sections
were mounted in glycerine jelly after washing away the formalin.
Sections similarly treated in substrate blank medium were taken

as control.

Cytochrome oxidasge:

The classical G-Nadi reaction for cytochrome oxidase
(Pearse, 1954) was employed on the fresh frozen sections as

prepared for the demongtration of succine dehydrogenase.

Glycogen:

Periodic acid Schiff technique was adopted for
staining glycogen, Paraffin sections coated with celloidin
were used, Sections incubated in saliva for 30 minutes and

stained glong with the samples were taken as control.

Results
Lipase:

'The dark brown precipitate was found to be more in
the fibres of the slow muscle than that in the fast muscle.
It was also observed that the precipitate in the slow muscle
was comparatively larger and more in number than that of the

fast muscle (Fig.1). There were muscle faciculi having

precipitates of intermediate siges.
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Fig. loo Fig. 2
Fig. | - Photomicrograph of the

slow and fast contracting leg

muscles of the cockroach, treated contracting leg muscles
for the localization of lipase. of the cockroach, treated

e 1 for acid phosphatase.

Fig. 2 - Photomicrograph
of the slow and fast

Fig. 3

_ _ - n _
Fig. 3 - Higher magnifica. n of slow contracting muscle

fibres from Fig. 2. Ncte e high activity of acid phospha-
tase in the nuclei as well s in the sarcoplasm.
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Fig. 5 - Photomicrograph of the slow and fast contracting
leg muscles of the cockroach, treated histocheraically to
demonstrate the disposixion of succinic dehydrogenase. The
difarmazan granules are more in number in the slow muscle
fibres than those in the fast muscle fibres.



Alkaline phosphatasge:

The intensity of the dark brown colour developed

due to the activity of alkaline phosphatase was found more
in the red slow nmuscle than in the white fast muscle., Muscles

with intermediate colouration also was observed.

Acid phosphatise:

The activity of this enzyme was also found to be more
in the slow muscle than in the fast one. The nuclei in both
cases were intensely stained while the sarcoplasmic part of
the slow muscle was more coloured than the almost colourless
fast muscle (Figs. 2, 3 aﬁd 4). TFaciculi with intermediate

staining als0 were observed.
ATPase:

As in the case of the other two phosphatases, ATPase
activity also was found to be more in the slow red muscle

than that in the fast white muscle.,

Succinic dehydrogenase:

The concentration of SDH was considerably more in the
red slow muscle than that in the white fast one. The slow
muscle showed a large number of deep blue diformazan granules
whereas the white fast muscle possessed only comparatively
" less number of these granules (Fig.5). The intermediate type
of muscle showed a more conspicuous activity in the case of

SDH with more granules than in the fast muscles,
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Cytochrome oxidase:

Cytochrome oxidase also showed the same pattern of
distribution of the granules as was obtained in the case of
sucecinic dehydrogenase. The activity of this enzyme also
was more in the red slow muscle.

Glycogen:

The fibres of the red slow muscle got stained very
deeply for glycogen while the white fast muscle fibres gave
only a very feeble staining. Intermediate fypes were found

for glycogen staining also.
Discussion

The results of the histochemical observations indicate
that the red slow muscle of the cockroach leg is equipped with
a better engyme compliment and the related substrates than
the white muscle. It has already been observed (Smit, 1958)
that the slow muscle fibres have a higher fat content and a
higher meiabolic rate than the fast muscle fibres. The gtruct-
ural and certain physiological diffe-rences observed by Betch
and Dresdon(1956) and 8mit (1958) can well be correlated
with the functional activity of these muscles. The results
of the quantitaiive study of the activity of lipase and
succinic dehydrogenase in these mugcles. (Chapter 7) revealed
that the slow muscle is metabolically more active than the
fast contracting muscles and also the slow muscles possess
more potential capacity to utilize more fat for energy

during activity.



86

The biochemical and physiological differencgs
between the red and white muscle fibrés of the vertebrates
have been investigated by several workers and it was revealed
that the red muscle fibres contraeted’slowly and tonically
while the white muscle fibres contracted rapidly and strongly.
It is also know that the red muscle fibres are usually smaller
in size, contain more mitochondria an@ more respiratory enzymes
than the white muscle fibres which are comparatively larger
iq gige, 8ince the slow red muscles afe continususly contra-
¢ting, their physiological features may be cloéely related %o
their higher activity of oxidation. Tﬁis seemns 10 be true in
the case of the slow contracting leg @uscle of the cockroach
which showed higher activity for succ;nic dehydrogenase and
cytochrome oxidase. Mitochondria being know as the store
houses of the oxidizing enzymes the granules stained in the
muscle fibres when treated for these enzymes may be the
mitochondria present in them, And the concentration of
oxidizing enzymes in any tissue depends upon the mitochondrial
content of the same. It is evident from the above contention
that the slow contracting red muscles. in the cockroach leg

possess more mitochondria than the white fast muscle.

The occurrence of alkaline phosphatase in the flight
muscles of birds and bat (George, Nair and Scaria, 1958}
George, Susheela and Scaria, 1958b) have been histochemically
demonstrated and found that the narrow red fibres contain more

of this enzyme than the broad white fibres. The red fibrillar



87
muscle of the beetle stained more for this enzyme than the
leg muscle of the same. In the case of the cockroach leg

muscles, the slow contracting red muécle stained more darkly

for alkaline phosphatase than the faﬁt white musele fibres.

The higher concentration of acid phosphatase and
ASPase in the slow contracting red m@scle fibres is of
gpecial interest. The evidences so far available on the
présence of these enzymes show that tﬁese two enzymes are
found more concentrated in the broad ﬁhite fibres of the
muscles where the fuel resource ‘is moﬁtly glycogen (George
and Pishawiker, 1959, 196f'). They have shown that acid
phosphatase is found in larger quanti%y in tﬁe broad white
fibres of the pigeon breast muscle. Similarly they have also
shown that ATPase (actomyosin ATPase @ecause mitochondrial
ATPage because mitocgondrial ATPase, %ctivated by Mg.ions
is more in the narrow fibres where th? density of the mito-
chondrial content is very high) is more in the broad fipres
of the pigeon (George and Pishawikar,;1959). In lower verte-
brates such as fishes and reptiles, the red muscle contains
more ATPase, more phosphates and more glycogen (Hotta, 1954,
Rodrigues 1959) than those in the whife muscle. In the case
of the beetle muscles the fibrillar fiight mugcles stained
more intensely for these engymes than the non-fibrillar leg

muscles (Chapter 3).

From the experimental observations, it was found

that glycogen stains positively and more deeply in the slow
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contracting leg muscle than that in tﬁe fast coniracting
white muscle., In vertebrates the forﬁation of lactic acid
is more rapid in the excised white muscle than in the red
miscle (Needham, 1926). If this indicates a difference in
the rate of distruction of glycogen tﬁen the lightervstaining
for glycogen in the fast muscle of the cockroach could be
interpreted as due to its more rapid disappearance during
the preparation of the tissue, Quantitative estimation of
glycogen in the lower vertebrates havé been done and the
results obtained show that the red muscle contains more

glycogen than the white muscle (Hotta; 19543 Rodrigues 1959).

In all }he histochemical obser&ations, apart from
the two distinc% types of muscles therb were present
faciculi which gave an appearance of the intermediste type,
in colouration and size of the musclse iibres. The recording
of the myogram of these muécles by Beeﬁﬁ,and Dresdon (1956)
revealed that the frequenty of contracﬁions was of intermed-
iate type, between that of the fast ané that of the slow type
muscles. The myograms obtained after injecting ryanodine
showed that the fast muscles were affeétea rapidly whereas
the slow muscles were affected slowly; The intermedigte
type of muscles lost its fast element}and behaved more or
less as the slow muscle. Thése facts and the observation
of the present histochemical study of ﬁhe slow and fast
contracting leg muscles of the cockroach suggesgfziere exist
muscles which show features which are combinations of the slow
and fast types of muscles. However, fﬁrther evidence is

required to establish the exact catagory of these muscles.



