CHAPTER 5
CELLULAR ORGANIZ&TION AND DISTRIBUTION OF FAT AND SUCCINIC
DEHYDROGENASE ACTIVITY IN THE PECTORALIS MAJOR AND
PECTORALIS MINOR OF CERTAIN REPBESENT&TIVE BATS

The occuégnce in the flight muscles of birds of two o
distinct types of fibres and their intermediate forms has already
been'discusged in the prev;ogs chapters. Since the morpho}ogical»
heterogeneity has an important bearing on the physiology of mggcle
function, it was interesting to study the cellular organization
of the flight muscles of bats, another group of animals which
‘has successfully taken to air. Birds exhibit different modes of
flight, whereas bats as a group_ appear to be more uniform in

their mode of flight. Comparative study of the fibre composition
of the flight muscles of birds and bats would therefore be helpful
in elqc;dating“the<cau§§¢§£§§ct relationship between the mode of
flight and fibre composition, =~~~

__ The presence of only ope type of fibre was reported by_

Bullard (1912) in the flight muscles of bats. George and Jyoti
noted #he presen@@ii..olez one .ic,yp? 9? ié?reﬁg.i.ﬁsmve& George
and Naik (1957) showed the presence of two distinct types of
£ibres as in the pigeon pectorslis in the breast muscles of
another species of bats, Hipposideros speoris. An intermediate
type of fibre has been noted in the pectoralis of some of the birds
(Chapter 2 and 3) and in certain skeletal muscles of mammals
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(George and Susheela, ;961; Stein and Padykula, 1962; and
Chinoy and George, 1964). In the present study a characterization
of the fibre types in thé pectoralis major and pectoralils minor
muscles of certain~representative»bats, is attempted.
MATERIALS AND METHODS ‘
The following species of bats were used for the

investigation: , o o

Hipposideros speoris

Sctophilus _gggg; ‘

Pigistrellu cexlonicu

igistrellu mimus
The bats were collected in the field, brought alive to the

1aboratory and were decapitated. A&iece of the pectoralis major
muscle was removed from the central region of the muscle as vas
done in the study of the pigeon pectoralis muscle py4§éo§ge“§g§
Naik (1959). & plece was also excised from the pectoralis minor
mqscle. Bach ﬁgscle piece wgguéu;cgly f{oggnApn thgngtggg_of a
freezing microtome and sections gpout«1§mfo‘ggp“ph;gk‘qgrq cut.
For the demonstration of fat, fresh frozen sections were
stained with Suden Black~B in 70% alcohol. Some sections were
stained in Fettrotn7ﬁ in 70% alcohol for the demonstration of
neutral 1ipids.. The sections were mounted in glycerine jelly

and observations were made.

For the localization of succinic dehydrogenase (SDH) acti—
vity, the sections were quickly transferred to phosphate buffer,
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pH 7.6 for five minutes to remove the endogenous substrates
and then to the incubation medium. The incubation medium used,
&s well as the procedure followed, was the same as that of George
and Talesara (1961). ,

The diameter of the fibres was measured by means of an
odghlar micrometer scale. Over hundred fibres were measured in
each case and the aversage values_ére presented. The numbers of
different types of fibres, in variqus qpit_reg;ong of‘a_segtion“
were counted by means of a fibroscope and their percentages were
calculated. |

RESULTS

The results obtained are presented in Table 1. and
Table 2. _ _ o ] o

Téble 1. presents data obtained on the pectoralis major
musclé of the different species of bats studied. Based on the
fibre diameter, the SDH activity énd’the fat content, the diffe¥-
+®ent species of bats studied c&uld be classifieduinto three groups:
Group 1. (R.:W.) haviﬁg red and vhite fibres;/drohp 2. (R. I.)
having red and intermediate fibres and Group 3. (BR) having only
the red type of fibre%. The fibrg‘cpmp§si§ion_qf‘phe muscles in
the different groups (given in parenthe;is) are in the order of

“predominance of the fibre types. S

A similar chayacterization of the:mqscle types was made
with regard to fﬁe‘pectoralis mipq:’mggclgs_gf the bats mentioned
in Table 1. and Table 2. The pectoralis minor muscles of various

1.)

bats could be classed into three groups: Group l. (R. W.
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having red, white and intermediate types; Group 2. (R. I. W
X

.)
having red, intermediate and white types and Group 3. (R. I.)
having red and intermediate types of fibres. It may be noted

that though group 1 and 2 contain all the three types of fibres,

the order of predominance of these types is different.

DISCUSSION _ ‘

The present study shows that all the three types of fibres
the red, white and intermediate which exist in the flight muscles
of birds are also represented in the flight muscles of bats.

The specialization of the two characteristic types eg.
red gg) and white (W) of the fibres in birds is met with in the
pectoralis of the Wpigeon typq? as represented by the Blue Rock
Pigeon (Columba livia), Cattle Egret (Bubulcus ibis), Purple
Moorhen (Porphyrio porphyrio), Hoopoe (Upupa epops) etc., which
are good fliers. A similaf type of fibre organization is found in
the pectoralis major of Higposidero speorls among the bats, which
have been studied (Fig. 1). Here the muscle consists predominantly
of narrow red, fat-loaded fibres which are adapted for an aerobic
metabolism and a considerably fewer number of broad, white and
glycogen-loaded fibres adapted for an anaerobic metabolism._}n
the pectoralis major of Hipposideros sgegri as in the pigeon
pectoralis a higher fat content (Fig. 2) and SDH activity was
noted (+++) in the red flbres, where as the white fibres showed -
the minimum fat content and.SDH agt;v;ty (+).~§y ?h;s, is revealed
a biochemical diversity side by s;&é wiph;éﬁgofphq;qg;pal«Qiyggs;tzﬂ’
between the two tjpes of fibres (the difference between the diameters
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of the red and white fibres being quite conspicuous, about 15p).
It may be noted that among the bats studied Higgosiderés

speoris was the only species which showed such austriking diffe-
rence in diameter ‘between the two types of fibres.

Group 2. as represented by Pteropus giganteu ’ Sctophilus
heathi also possess two types of‘fibres~1n theipﬂpgptopg@;s
major muscles ﬁFigs, 3 to»é).mﬁpwevgri in the present group
unlike in group 1 the fibres other than the red ones contain
considerably more fat and SDH (++). These f;prqs are therefore
considered to be intermediate in nature. Such a distribution of
fibres (red and intermediate)f;s methwith;;n”tpa_“S?gr;}ngﬂ?ype“

among birds such as Rdsy\ngto:_(Sturgg§ roseus), Common Myna

dcridotheres tristis), House Crow (Corvus splendens) etc.

(Chapter'z). Though a biochemical difference<was thus evident.

tiog could however be made with respactmto the diameter qf the

fibres,

P - . B R T T I - e AT ——

In Group 3. as Tepfesented by Pipistrellus ceylonicus and
Pipistrellus mimus, only one type, the red, narrow fibres are
present throughout the pectoralis major muscle (Figs. 7 to 10).
The fibre diameter was alsc the least recorded émopgwyhemgegwﬁibres
of the bats studied. Both the fat content and SDH activity were
high §+++). This-fibre arqhiteeture'compares with that nﬁticed in
the "Sparrow type" among birds, suchai? Hummié%ird (Archilochus

colubris), Sparrow (Passer domesticus), Crimsonbreasted Barbet

(Megalaima haemacephala) etc,, which are capable of swift flight.



The bats represented in this group belong to Microghiroptera
and are the smallest in body size among all the bats examined
in the present study. They are also swift fliers as the birds
mentioned above. ’ ) \
While coﬁparigg the pectofalis major muscle of the bats
with the avian pectoralis two points_stan@_out glgar;y;»First;y,
none of the bats possess a~pgétoralis majgrﬁmuécleugompoged qf
all the three types of fibres, the red, white and intermediate
as seen in the "Fowl type" (W. 1. R 'axfxd "Duck type® (R. I. W.)
of Sirds (Chapter 2). ItAmay‘be'po;pted out that_thgge §;rds :
which possess all the three types of fipres gpe”gehgrqlly_pbq;_
or non-fliers. The absence of such a muscle type among the bats
is obviously because all bals are good fllers. Secondly, a mustle
type composed exclusively of the intermediate fibres as seen in
the "Kite type" (I) of bird§ was_alggﬂnoplgqqqgntgfad.g@qng“thg_
bats studied. This muscle type is characteristic of birds indul
ging in soaring and gliding mode‘of flight iChapter‘?). If this
-type of muscle 1s correlated with.the soaring and-g;idipg_que
of flight, its absence in the bats is ugderstandable since they
do not exhibit this mode of flight.
In contrast toAtbe>pgctoraigs major mugplg,”tpevpegtoralis
mipqr muscle of the bats showed the presence of é\_l}._ the three
fibre types occurring together in some of the species. In the
pectoralis minor tb:eé grOUQS“gou}d‘be“d@sqiggu;ghedi_qroup 1. .

§§¢‘E‘Ji') as represented by Higgosidérbs spesris (Figs. 11 & 12)

- . T e -
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and Pteropus giganteus (Fig. 13), composed of red, white and
intermediate types of f;brgs ;9 descgndigg ppdeg ogﬂprgdom;qggce:
Group 2. (R. I. W.) as represented by Sctophilus heathi (Figs. 14 &
15) though have the same three types of fibres are distinct from
the former in that the intermediate fibres predominate oker the
white. Group 3. (R. I.) represented by Pigigtre}}a_spec;gsv(Figs. iéux
19) have only two types of fibres, the red and intermediate.
Considgring the f;ight\mugcle of bats as a yhplept@g
following points may also be nqtqd;_l. The pectoralis major
and minor muscles of the same species did not show the same tybe
of fibre composition. 2. In all the species of bats studied, the
red type of fibres predominated in both the pectoralis major and
minor; Such a predominance of red fibres was noted also in the
Pectoralis of birds which are good fliers, thereby indicating
that both the pectoralis major and pectoralis minor muscles of
bats are well adapted for the sustained activity of the muscle.
3. Among the bats studied, Pipistrellus species showed the minimum
number of fibre types in both the §ectora11s major (R) and

pectoralis minor (R, I.) muscles.

The present study has shown that the pectoralis major
and pectoralis minor muscles gf:bgtg havg ggrta%p_ggsemplggqes to
the flight muscles of the active fliers among birds. The red
fibres both in the pectoralis major and minor 6f the bats possess
high concentrations of mltochondria,“SDH activity and fat which
are evenly distributed throughout the fibre unlike in some of the
poor fliers among birds such as the Jungle Babbler (Turdoides
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striatus) and Crow-Pheasant (Centropus sinensis), where these
were distributed more towards the periphery of the fibres only.
It is evident that there has been a considerable degree of
parallelism in the evolution of the flight muscles in these

two diverse group of animals.
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Figures 1 to 10.

Photomicrographs of the T. S. of the
pectoralis major muscles of some bats showing the
locallzation of succinic dehydrogenase activity (SDH)
" and of fat,

Figures 11 to 19.

Photomicrographs of the T. S. of the
pectoralis minor muscles of some bats showing the
localization of succinic dehydrogenase activity (SDH)
and of fat, A

W ess White fibre type
1 coe Intermediate fibre type
R +««¢ Red fibre type



Fig. 1 Fig. 2

Hipposideros qupris_(SDH) X 216. Hlpposideros speoris (Fat) X 432.
(Pectoralis major) (Pectoralis major)
Fig. 3. Fig. 4.
Ptepopus giganteus (SDH) X 432. Pteropus giganteus (Fat) X 432

(Pectoralis major (Pectoralis major)



Fig. 5. ) Fig. 6.
Sctophilus heathi (SDH) X 672. Sctophilus heathi (Fat) X 672.

(Pectoralis major) (Pectoralis major)

Fig. 7. Fig. 8.
Pipistrellus ceylonicus (SDH) X 672. Pipistrellus cevlonicus (Fat) X 672.

(Pectoralis major) (Pectoralis major)
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) Fig?. 0. ) Fig. 10.
Plpistrellus mimus (S_DH; X 288. Plpistrellus mimus (Fat) X 672.
(Pectoralis major (Pectoralis major

. . Fig. 11. . ) Fig. 12.
Hipposideros speorjs (SDH) X 432. Hipposideros speorls (Fat) X 432.
(Pectoralis minor) (Pectoralis minor)



Fig. 13. Fig. 14.

Pteropus giganteus (Fat) X 432. Sctophilus heath! (SDH) X 432.
(Pectoralis minor) (Pectoralis minor)
Fig. 15. Fig. 16.
Sctophilus heathl (Fat) X 432. Piplstrellus ceylonicus (SDH) X 672

(Pectoralis minor) (Pectoralis minor)



Fig. 17. Fig. 18.
Pipistrellus ceylonicus (Fat) X 672. Piplstrellus mImus (SDH) X 672.

(Pectoralis minor) (Pectoralis minor)

Fig. 19.
Piplstrellus mImus (Fat) X 672.
(Pectoralis minor)



