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HAPTER 2

(P

STRUCTURE OF THE PECTCORALIS MAJOR OF THE PIGLON

In the first chapter it wes pointed ocut that the

pectoralis mejor of the pigeon is a mixed type of muscle.

Mixed muscles are comuonly found in most of the higher
vertebrates including men. Though the structural and biochem -
ical properties of red and &hite muscles have been sxtensively
studied, very little of such work has been done on red and
white fibres of mixed muscles, This is primarily because the
refined histochemical procedureé and micromethods for guanti-
tative and qualitative determination of the chemical consti-
tuents of cells have been developed only recently., loreover,
thers h2s been a tendency asmong anztomists and physiologists
to equate the red and white fibres of a mixed rmscle with
those of the red and white muscles, with the result that the
former have remzined neglecied and to a considerable extent

obscure. Cn the other hand, since the red and white fibres of

wizxed muscles coexist in a single structural and functional [(Wu“ ke,
i t
{ y (4

system under identical conditions and the differences hetween "

!

1o ;
them could be brought out with better advantage and should thus)

form excellent material for studying the diversities of the f
4

muscular tissue., Therefore, the need for extensive studies on

red and white fibres of mixed muscles needs no ‘special ! @
{

emphasis,

My interest in the mixed muscle has been chiefly



16

enhanced by the fact, as will be evident from the later part

of this work, that the most important flight muscle, the

g

> . . .
pectoralis majorj@n majority of blrdg)ls a mixed muscle and

7

the study of its two component types of fibres is pertinent

;G Ve b s*m\é,w; r;) 7 . .
tofget an insight into) the mechanism as well 2s energetics
of flight. Adain, the pigeon pectoralis in which the two
types of fibres, namely red and whitgjare extremely special-

7

. w 1k e o X . \
ised, and sharply defined divergent types with no intermediate

forms, seemed to me worthy of special consideration.
Mz terial and Methods

Several pigeons, laboratory bred as well as wild,
were used., The pigeon was decapitated and smsll pieces of
miscle were cut out from the pectoralis major and fixed in
various fixotives, to study the structural details and
distribution of glycogen, fat and mitochondria in the two

types of fibres.

Histological structuress

For studying the structural details of the two
types of fibres, some muscle pieces were fixed in Z€nker's
fluid ( Guyer,1930) and after embedding in paraffin, sections
were cut at 10 J and stained with haematoxylin., Other pieces,
fixed in 10 % neutralised formalin for 24 hours, were washed
in running water forfﬁfhour and embedded in 25 % gelati% \ L=
et d dew e d éa Z

C
after passing through graded gelatin solutiong%écéording to

the method of)Clark (1947). The gelatin blocks were hardened
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in formalin for 24 hours and frozen sedltions - l.s. as well
28 t.8. - were cut a2t 15‘g « Unstzined sections mounted in

. as .
distilled water were studied under phase contrast microscope,
A

Tats

For the dem&?tration of fat, muscle pieces fixed in
Baker's Calcium-Formel { 1 gm of calcium chloride per 100 c.c.
of 10 % formalin ) and postechromated for 18 hours at room
temperéture and 24 hours at 600 C in potassium dichromate
solution ( Baker, 1946) vere embedded in gelatin and sectioned
according to the method of Clark (1947). Sections were floated
in 1 % gelatin overjﬁﬁcroslide and after draining off the ..
excess solution, the mounted sections were exposed to formalin
vapour in Couplin jarb to effect perfect adhesion of the
sections on the microslides,. The sections were stained with

Sudan Black B and mounted in glycerine jelly.

i tochondrias

MitYochondria were dem§§trated according to the
methed of Altmann (1890). Thin strips of muscle(péece@ were
stretched on & filter papef and fixed irn Altmann's fluid
( equal parts of 1 % osmic 2c¢cid and 2.5 % potassium dichromate).
The paraffin-embedded sections were cut at 3 p and stained '
with Aniline~-Fuschin (20 % Acid Fuschin in saturated solution
of aniline) onislide hea@éé to sieaming and differentiated v
with alcoholic picric acid ( water 65, alcohol saturated with

picric acid 35) on%Slide heated to steaming. Sections were



rapidly dehydrated and after clearing in xylol were mounted
in Gum demar. Since bacteria are also stained by this method,
throughout the process all the precautions as proposed by
Gray (1954) were taken to avoid the settling of bacteria on

the sections.

Glycogens

For the demé?tration of glycogen, thin strips of
muscle were fixed in Rossmannfs fluid ( alcchol saturated
with picric acid 90 3 formalin 10 ) maintained at 0° C. The
fixed muscle pieces were dehydrated in series of alcoholic

grades and cleared in.itpludl. In both ke cases, previously

chilled reagents were used, Af{er embedding in paraffin,(iﬂé. ppads

as well l.s. of muscle pisces were cut. The sections,
stretched by floating on warm 70 % alcdhél, were mounted
directly on a clean microslide and were .allowed to dry at
room temperature, No adhesive was used for attaching the
sections to slideé. After removing paraffin from the sections
b 2
in 2 normal manner, all the slides were transferred %ﬁla jar
of absolute alcoholo:%éW'slides t0o be used as : controlswere
brought down to water'throughigraded series of alcoholsand
incubated in two changes of saliva for 30 minutes at room
tempers ture, to moke the sections free from glycogen. Control

slides were then dehydrated and after transferring them back

to absolute alcchol, control as well as sample slides were

18

coated with celloidin, Sections were stained with Best Carmine, e

dehydrsted and mounted in Gum damar in cthe usual mannét.

£
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Blood capillaries:

iﬁypodermic needle attached to a glass syringe
containingha solution of India ink was introduced into the
bedy cavity of an anes the tised pigeog;‘through a slit mmde
near the posterior mergin of the siernum and the ink was
injected into the left ventricle of the heart. After allowing
the ink to circulate for a short time, the skin ofer the

pectoralis major was removed and the entire pigeon was immersed

in 10 % neutral formalin for an hour, at the end of which
small pieces of pectoralis were cut out and transferred in
fresh formelin sclution and fixed for 24 hours., luscle pieces
were embedded in gelatin and sections, &:é. as well as(;;ée

were cut according to the method of Clark (1947).

Results

Histological structure:

=

igure 2,1 shows the two types of fibres as they

3

js]

appear in fresh frozen sections, The granuvlar inclusions are

¢

clearly visible in the narrow Sibres whereas broad fibres are
W
o S « P .
devold of them. Few granules seen in the broad fibres are

those displaced from the narrow fibres.

-—

Figure 2.2 shows the haematoxylin stained transverse
sgsctions fixed in Zénkerts fluid. All the broad Bibres are
intensely stained dark, giving 2 mosaic appearance. Some of

j,
)Y

the narrow fibres are faintly (o hardlﬁ stained, Note the
L.

R
reduction in diameter of the fibres in this figure (fig.2.2)

PR 21
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Fig.2.1 Wicrophotograph of t.s. Fig.2,2 Microphotograph of t.s.
of untreated pectoralis of . of the fixeod muscle, Haematoc-
the pigeon . xylin
x 180 » 180

in comparision to that in figure 2,1, Even after making allow=

¢

[2AN . .
ance oI shrinkage due to fixation, dehydration and paraffin

smbedding>it can be surmised that the original dismeter of the

P ST PRI
muscle fibres in figure 2.2 must be(gomparatively}smaller than
. " :
that in figure 2,1, Figure 2.1 represents the section of the
14
pectoralis of a wild pigeon, whereas figure QGBA that of a

bod . . . also . oas
laboratory one. From this observatlonjwhlch waaﬂverxfled foi'g

other observations made on ihe several fresh frozen sections
of the pectoralis of thd wild and the laboratory-bred pigeons,
it can be said that in comparision to wild pigeons, laboratory-

bred pigeons have fibres with smallef diameter, buv it
0\,3,._;3&\3-( . \"\)(\.‘-“- -
appears thaT in both tke cases, the relative difference between

A

the dizmeter of the two types of fibres remnins the same, is€.,

in the laboratory-~bred pigeon both the types of fibres are

propertionately reduced in diameter,

20
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Fige2.,9 High power microphoto~ Fig.2.4 Eigh power microphotc-
grazh of narrow fibres.- t.s. graph of a broad fibre. - t.s.
Hasmatoxylin Hoematoxylin

X 1700 . . x¥t100

The interstitial cytoplasm in the narrow fibfes forms
a wide and irregular network extending iﬁ@etween the muscle
colums, This Tintercolummar' cytoplasm contzins coarse inclu-
sions with the resuli that in transverse sections of these
fibres (fig.2.3) the areas of Cohmheim¥ appear very prominent
but irregular. on the other hand, in thé broad fibres the
'intercolummar! cytoplasm is less coarse and forms narrow
iegular mesh and hence in t.s. figure 2.4 the areas of

Cohnheim appear narrow and regular.

* In current literature there is some confusion about the
identity of Colmheim's areas o® fields. This subject has been
amply reviewed by Bennett and Porter (1953) and Tiggs (1955).
They explain Cohnheim's areas as follows: The cytoplasmic nete
work in muscle fibres extends between the bundles of myofibrils
= such bundles of myofibrils go to fyrm {Kollikerts) rmuscle
columns, In c.s. these muscle columms appear as areas of
Cohnheim, I am in full agreement with their interpretation of
the classical works of Cohnheim (1865) and XKolliker (1866).



Fig.2.5 Phase éontrast micrpphotograph of l.s. showing the
two types of fibres of the pigeon pectoralis - unstained -
*1200
The coarse inclusions in the narrow fibres are
chiefly mitoch%@ria and fat globules, due to which cross
striations in these fibres appear poorly defined (fig.2.5).
The broad fibfe§jbeing devoid of such inclusions,‘show

cross striations quite clearly (fig.2.5).

Fats

——

Knoll(1891), Denny-Brown (1929) and George and
Jyoti (1955a) observed gfeater fat inclusions in narrow fibres
{comparggwf3>the broad ones of the pigeon pectoralis. These
obServations were based on thé sections of formalin*fixed
material stained with osmic acid, Scharlach R or Sudan III
( Knoll, 1891; Denny-Brown, 1929) or teased out fresh muscle
fibres, stained with Acetocarbel Sudan III ( George and Jyoti,
1955a), Exceptigémic acid, all these stains colour only neutral

fats, whereas staining with osmic acid has several limitations

22
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snd is not always specific for fat ( Lison,1936; Cain,1950).

Moreove{)thbuéh'fixation of tissue in formalin is adequate

énough to preserve neutral fats, it is unsatisfactory for

the preservation of phospholipids. In the present work Baker's
methed (1946) was employed for presérvation of fat. Calcium
chloride in calcium=formol prevents the emulsification of
phospholipidg}thus the latter is prevented from diffu?ing

in the fixative)whereas postchromation with potassium

. R @
dichreomate renders fat resistent tc some extent to even some

of the fat solvents like alcohol ( Baker, 1944,'46 and '56).

d
/ l =

Fig.e 2,6 T.S. of a fasciculus from the pectoralis of pigeon
Sudan Black B
X120

With Sudan Black By I-bands, mitochondria and fat
were demé%trated in mﬁscular tissue by Demsey, Wislocki and
. Singer (1946)&i§§ker (1944,145), With the method used in the
present work mo fat could be démﬁ?trated in the broad fibres.
In nsrrow fibres the fat droplets were coloured deep blue=
black and arranged in longitudinal streaks along the long axis
of the muscle fibres, btut they appeared to bear no relation
with any transverse band of muscle fiﬁre. The mitochondria®

were stained light grey.
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S. of the narrow f the pigeon pec
8. of the broad fibre of the pigeon pectoralis
~ Aniline Fuschin - Picric acid

' %1200

TR

L.
2.8 L.

From the preparations made to demonstrate
mitodhondriq* it was observed that the narrow red fibres are

loaded with mitochondria (fig.2.7), which %%%'are arranged

* Retzins (1890) suggested the name sarcosomes for the granular
bodies, réarlietrdescribed by Henle (1841) and Kolliker %1857)

as lying between the myofibrils of muscle fibres, to disting-

uish them from fat droplets. Chappell and Perry (1953) proposed

the usage of the term sarcosomes, in its original Sense as a
general term to describe the lipoprotein granules, which lie
between the myofibrils, But the larger lipoprotein gramules of 5
muscle, if qualitatively similar to those from the other tissues|
like liver, this term could include also mitodh@gria. The

granvles in the pigeon breast muscle since found to be. very

similar to the mitochondria of liver and kidney in their

behaviour with the Krebsrcycle intermediztes, were referred

to by them ( Chappell and Perry, 1953) as mitochondria,., Recently

the term sarcosomes has been used by Cleland and Slater (1953 ).

to describe these bigger granules in muscle fibres., Kityakara .

and Harman (1953), however, have used the term sarcosomes to

describe the smaller granules found in the pigeon breast muscle
homogenates, which they consider distinet from mitochondria.

In the present work the term mitochondria will be used in the

same sense as has been suggested by Chappell and Perry (1953).

>
ot
i



in lopgitudinal streaks like fat globules, but unlike the
lattgi the ﬁ{fochoﬁdfia"éréﬂ&ﬁrclose association with myow
fibriis,'probaﬁly st the level of A-bandziin the broad fibres
the mitochondrial content is negligible or Hil®(fig.2.8),
though the presence in these fibres of granulesﬁtoo small

to be resolved under light microscope is not ruled out.

Sections stained to demostrate glycogen show
intense staining in the broad fibres, whereaa the narrow
fibres are stained light (. figs. 2.9,2.10 )« In control

sections treated with saliva,the muscle fibres remained
- M %&__Q,

unstained. Glycogem, y@géﬂ@emonstrgﬁeq by paraffin meihod,
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Fige2,11 7,5, of the pigeon yectoralis injected with India ink
to demonstrate blood capiliaries X430 .

meny times appear polariseé towards one margin of the cell, but

with adequate precautions it could be minimised, as can besn

seen from figures 2,9 and 2,10, Glycogen appears to be uniform-

ly distributed throughout the substance of the mmscle fibres.

Pigure 2,11 shows the distribution of capillaries

of the fasciculus, the' : free border which is not in contact &

>

AT

as seen in cross section., In the fibres lying on the periphery 2
with any muscle fibre does not adjoin any blood capillary and <

since the broad fibres are mostly situated on the periphery /

. s A e x (A e . . ¢
of the fasciculus inspite of their bigger size, is surrcunded %
by a few capillaries, on the average not more than those

surrounding the narrow fibre. .

-

Discussion

The coarseness of the sarcoplasm is much more
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pfonounced in the fibres of the avian flight muscles than in
those of the mammalian muscles. In structural details the red
fibres in the pectoralis of the ﬁigeoq, represent the typically
characteristic muscle fibre of avian flight muscles,while,on
the other band, the white fibres resemble to a certain extent

fibres of the mammalian muacle,

.Differential staining of the two types of fibres -
with haematoxylin presents a complex problem, Denny=Brown
(1929) observed that when trested with hoematoxylin the narrow
dark fibres take up more stain than the broad ones, while my
results are Lgxiiepggnféaiy The differences in fixing fluids
or perhaps in the composition)of the staining solutions might
account for these divergent results. But nothing can be said
with certainty because no information'is available about the
fixing fluid or the staining solution used by Denny-Brown (1929),
However, it does point to the fact that even after déhydra%ion ‘
in alcchol and the treatment with paraffin and xylol,some
chemical difference in the two +types of fibres does persist.

Differential staining might be a direct result of the differ=

ences in the strmectural proteins of the two types of fibres,

Since Knoll and Haur (1892) first described the dis-} Wﬁﬂwyz
appearance of fat in the pigeon breast muscle in starvation S e aon
and which was later confirmed by Bell (1911}, the fat globules;
in muscle fibres were taken as reserve storé, Denny=-DBrown
stimilated to fatigue: the gastrocnemius and soleus offgét -

s 4 1 b .
with the blood supply to the muscle cut off,icould find no
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evidenc§_o§ ?isappearance of fat globules°4Simila? conclusion
WHs(ar;{§;é:at)earlier by Bell (1911). There iéigﬁcreasing
evidence ai~§£ssen$wshaw%ng that 2t can be utilised directly
in the muscle { Krogh and Lindhard, 1920; Gemill,1940,1942 ;
Weis-TFogh, 1952), George and Jyoti (19552) demonstrated the
disapﬁearance of fat globules in the narrow fibres of the
pigeon breast miscle after flight, George and Scaria (1958)
histochemically demonstrated high lipase activity in the red
fibres of the pigeon breast muscle. These findings suggest
that the fatty acid oxidative system is well developed in the
nerrow red fibres of the pigeon. breast muscle and that the
fat depositidon in these fibres,apart from being a reserve
store, can also serve as enefgyf%ourc;fgé%éng long and sustained

activity.

Chappell and Perry (1953) reported that in the
breast muscle of the pigeon the mitochondria constitute about
20 % of the total nitrogen of the muscle. The present work
shows that the broad fibres which make up not less than one-
fifth the volume of the muscle ére poor in mitochondria.
Evidently, the main bulk of the mitochondria obtained by
Chappell and Perry (1953) mst have come from the narrow
fibres, Studies on the cyclophorase preparation of skeletal
miscle by Paul and Sperling (1956),- show that there exists
a correlation bétween granulé count and oxidative activity.
Chappell and Perry (1953) correlated the low oxidative
activity of the rabbit muscle suspension with low graniule

content and suggested that this tissue ( rabbit muscle)
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mst be largely anaerobic in function. From these it can be :said
that in the red fibres of the pigeoun breast musclg,oxidative
processes sre well developeé)whereas in broad fibres they are

poorly developed.

The white fibre§>with high glycogen store and insig-
nificant aﬁount of Tat seem to rely wholly on their glycogen
store for the production of energy, which clearly means that
ir a single muscle two types of cells)gig;)glycogenaloaded and
the fat«loaded7eaes have been developed for storing the
respective fuels, so that é}féan efficiently utilise both, It
is indicated'that they differ in their enzyme systems, partiu
cularly those invélved in the building up and subsequent

utilisation of the two types of metabolites, This assumption

finds support in the fact that the two types of fibres mﬁrkg@;y
Mgy

differhin their mitochondrizl content.

« Lenaen .
Due to ﬁhembigger sizgjthe surface area per unit

volume of broad fibre is considersbly less than that in rarrow
. , YN g TR ~
fivres. \All the more) when the pumber of cepillaries surround-
ing a broad fibre is about the same as those : dround the
. : 3
narrow oney it can be concluded that the narrow fibre(pompared

to the broad one)is supplied with oxyger at higher rate,

From all these cbservations it is evident that the

, , b
Pigeon Dbreast muscle is mede up of two distinet components, the-

P
morphological characteristics of which seem to correlate with
function. With poor mitochondrial content associated with high

glycogen load, lack of ryoglobin and smeller surface ares, the
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.

white broad fibres seem to be largely for functioniug anae-
robically. On the other hand, high mitochondrial content,

o
together with large store of fat, presenve of myocglobin and

greater svrface area afforded in the narrow fibres suggest
d o

that ther possess a well organise <idative mechanism,
BUMLATY

Two types of fibrege the red narrvow and vwhite

pestoralis major nuscle of the pigecn. are

desoribed with respect to their microscopic siructure, fat,

glycogen and mitochondrial. inclusions and Dblood suprly.



