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CHAPTER 6

SOME HISTOLOGICAL AND HISTOCHEMICAL OBSERVATICNS ON THE

STRUCTURE OF THE PECTORALIS MAJOR MUSCLE OF BIRDS

in the eariier part of this work I have recorded
some observations on the structure of the péctoralis miscle
in a few birds and suggested the possibility of some relation-
ship between the structure of the muscle and the mode of
flight., Following this line of investigation,a comparative
s tudy of the diameter of the fibres of this miscle in birds
exhibiting different modes of flight was made and the present
discourse deals with ceriain structural péculimwties of the

pectoralis in relation to function in some birds,
Mpterial and Methods

This work was undertaken simultaneously with the
work on the diameter of the muscle fibres in the pectoralis,
presented in the previous chaptegband the observations prese-

nted here are based on birds used in the former work.

Genersl observations on the structure of ithe muscle
. Prem .
were made from fresh frozen sections as well as, frozen secilens

of muscle pieces fixed in 10% neutralised formalin,

Studies on the disiribution of fat, glyccgen and
mitochondria in the pectoralis were confined emiy to the dove,
5 f
net neadd

parakeet, kingfisher, kite, and fowl.which were procured alive,

The animgls were decapliated and smpll pieces of muscle were
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cut out and fixed in appropriate Tixstives. For the demon-
stration of fat, the method of Baker (1946L described in .
chepter 2, was employed,using Sudan Black Be For the demon-
stretion of glycogen,thin strips of ruscle fiXed in Rossman's
fluid { ait ~10°C) were ewbedded in paraffin and sections were
stained with Best Carmine, Some sections were also stained by
PAS technique’as described by Pearse (1954), The control

7
ections were incubated in saliva, Prior to staining all

W

sections, control =zs well as sample, were coated with celloidin,
Altmannt's method was adopted for the demonstration of

rmitochondria.
Observations

Histological observations showed that in all active-

1y flying birdg, the nectoralis meier is mainly composed of

red fibres. In wmost of the birds exhibiting shooting or {lapp=-

2
(,\,\-\(A‘({ !

ing type of fligh;,—the pectoralis contains some fibres with o~
. . L
lighter shade of red, andt%etweeﬁﬂiight to dark fibres, all | 7 ameenq
the intermediate types of fibres are found. The notable
exception to this is the dove, whégg)lik@ %afthe pigeoé’ied
9
and white fibres &re quite distinct and without any intermed-
iate type of fibres, In the mixed type of pectoralis ol these
birds, the lighter fibres are usually confined oudy to the
small superficial layer of the muscle) the main bulk of the
mscle inf?eeper region is totally devoid of them. But in
some birdg)like the cattle egret, kingfisher, and do%eJthe

pectoralis contains lighter fibres distributed throughout



67

the substance of the muscle, though in the superficial leyer
they are comparatively more in number, The distribution pattern

. .0 . ez 8
bres in dove is most stiriking and resembles essels

of white Ti
tially that of the pigeon (fig.6.l1).Zxcept in the dove, where
the difference in dismeter between the red and white fibres
is sharp, in mixed type of pectoralis an absolute relstion
between size and colour of fibres is difficult to establish,
Okservations on the peotoralis‘of several birds give the
impression thet broader fibers iend to be lighter in colougj
Tut occasionally in transverse section some of the narrow
fibres show lighter colour. In contrast to the birds with
mized tvpe of pectoralis, in some birds, like the bee-eater
and swalloq,the muscle fibres are unaformly dark throughout.

the—asesedo
sy EreRey -

Fig.6.1 T.8, of the dove pectoralis. Haemstoxylin.
i The broad and narrow fibres, like those S£
in the pigeon pectoralis,zre stained differ-
entially with Haematexylin ) X430
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L

Figs. 6.2 & 643 L.S, and T.S. of the kite pectoralis@upenficial
Sudan Black B layer)
*® 1700

in the kite z2nd vulture, the pectoralis major can

be divided into superficial and deeper parts according to the
nature of the muscle fibres, The superficial part which forms
the main bulk of the muscle contains only dark fibres, whereas:
the deeper layer contains only light fibres, but the diameter

- - 9 . PN
n the two regions donot show any significant

[t

of the fibres

difference. The separation between these two parts is complete

LA R e - e
in' vulture but incomplete in kite. The pectoralis of hawk

L
Al

. L . . s . .
liffers Trom thet of kite and’ vulture in that it is the mixed

typey with light and dark fibres distributed throughout the

T

substence of the nuscle. -
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ectoralis (deep.  layer)
udan Black B, Xi7oe

In the fowl and partridge, all muscle fibres are nale

’. e

in colour, even though there is a great veriotion in the diameter

of th

[41]

fibres. Gt of two specimens of partridge dissected, in

"

. — - SN
onz speeimenmnin~the deeper layer of the pectoralis{a small p atdl -

~ e

towards the anterior region ¥hoied a tinge of red, the micro-
scopic examination of which showed the presence of narrow dark

fibres znd the licht onss.
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7.8, of the parskeet pectoralis-Sudan Black B-
{superficial layer) xigo
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Flge6.6 T.8. of the dove pectorzlis-Sudan Black B~ XIT700

The colour of the muscle fibres is mainly due to the

o
H
D
m
(o]
3
(@]
[t
(o]
i
,-.*.
£

e respiratory pigment myoglobin and grznular in-

clusions { mitochondria and fat globules ). When stained with
glchules appear dark whereas the

mitochondria are siained lightly. All the dark fibres in the

pectoralis of birds contain heavy gronular inclusions arr%?ed

in longitudinal streaks iﬁ@etween {Kollikerts) muscle colums{fig,

642}, tms rendering the latter very conspicuous {figs.6.3,645

bres in the pectoralis of the kite are no

-t

and 646), and the f

-

fote

exception to this {figs. 6.2 and 5.3). The contradicting obser-

£

vations by George and Jvoti {1958z} and George end Telk{1956) hawel

that *the fibres in the pectoralis of kite are devoid of heavy

grenular inclusions, weye primerily duve to the fzcet that their
chservations on the granul~r inclusions were confined to the

tecsed ocut muscle fibres, stained wivh Aceto~-leorbol Sudan IIIL.
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loes not reveal =211 the fag, and, mereover, large
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amounts of interstitisl connecti

-q

e tissue and fat in the h
nectorkbygel kite, renderf the cbservation of sarcoplasmic
The mmscle golurms are less conspicvous in the iight fibres

of the wixed type of pectoralis. bue to decrease in the

x
Ly

o~y T o o 2 2 S U S ~ b -~
gremelar Ceposition, the trestauent of Buden Black © leaves

B m = s A rag A - :a.s 3 o~ weyae P 33
Tibres of the dove {11q,6g65y nractically unstained,

Fige6.7 T,9, of ﬁhe fowl pectoralis -~ Sudan ﬁlack B - x1700

Cheservations on the sections sitained with 3Sudan

Black B and the preparsition mzde by Altmannts method show

that the dark Fibres of the pectorslis of birds contain 1336
e . ot e A . . X
number of mltOCﬁondrla<yalle they are corgaratzvely less in
. .n n .- .
the light fzores.,ihs fibres of the fowl and pariridge
gy

pectoralis end the white fibres in the pectoralis ofwaove

)
mitochondriz are hardly detectebhls under the microscope

Paul 2nd Sperling (1952) in the cyclophicrase preparation
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of the fowl brezst muscle observed few or no mitochondria.
The eleciron microscope “hotogroph of this muscle by Dennett

and Porter (1953l)however, showe some sarcosomes guite clearly.

Pig.€.8 T.8.0f the parskeet pecto;alis_u Test Cormine and
Hoemstoxylin - A4L30

f
suverficial part cf the pectoralis of the kite, glycogen 18

.

unitormly distributed in all the fibres. Similarly, Iin the \

R NN . } >
i il . i + ) i i¢ OJM T o ,', '
pectoralis of parakee§)vherezﬁem light fibres which are gresen?

in the superficial layer, ditfer from the derk fibres only 1/;
i

1s uncerinin,



Tige 0.9 T.5. of the kingfisher pectoralis
- Zeriedie oecid - Schiff 4 Ilsemalum x13o
-
i

In the dove nectoralis the glycogen is conceniro-

e smeunts in the hroad fibres vhereas In the narrow
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In mixed tyove of ruscle, the msin differency betieen

the lirht ond dark fibres are of the mitochondrisl density and

-y

the fibre\ diameter., Paul and 8periing (1952) hsve shown taat
the riltochondrisl dsnsity bhears a dirvect rvelation with
' ¢gyolophorase activityt, the reduction in the a

.

succinic dehydrogenase vwith Increesse in fibre ¢i

9
NS Q. - Y e NN X | ! - ‘.= . . - PESE-= 1
mired smscles of the rat | Facamias and Tadykula, 1906), the

differencesin dicomster helween the dark and lisht fibres
increase, the assgoclated differences in their structural and
rhysiological moke up?\“’?'%’og, increnseg ihe broad white i
of the pectoralis of the dove contain nesligible amount of
mitochondria wiereas the navrow Fibres sre loaded with them,

Similar observeiions have bheen rmde on the pectoralis of TR

of the pigeon and dove the dehvdrogenases cciivity 1s very
aigh couwpared to the broad white fibres, in which 1t is almo-
st negligible, { George and Scaria, 1928).

With incrcase in fie dianecter of the fibres the
rate of ciffusion of goses between Vlood capiliaries and the

2

been) corpensateld fory were the bleood capillaries surrocunding

R . o MNuinesbos . . "
the broad fibres be” more inm-nuwxber than those surrounding the

narrow fibres. But even in the pectoralis of pigeon, the



the number of blood capillariecs surrounding the broad fibres

is sbhout *the same as those around the narrow Fibres,

From the above, it can be concluded that the narrow
fibtre is adapted for incressed oxidative npdeesses. It has also
been shown that depending on the size of the bird and the mode
of flight the aversge diameter of the pectoralis muscle fibres

of *the birdschas to be of some optimum value. S0y it is

dismeter of some Tibres has to
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sugges te

n the dizsmeter of others. But

i

ve compenseted for by increase
whether this system gives an advantiage to mixed miscles over
others having only one type of fibres is questiona ble., Unless
the inhersnt oxygen requirement in Light fibres is Q?ggk@g@ "
to some additionsl mechonical advantege esséciated with
increase in dicmeter, it is difficult to undsrstand how these
fibres can cope up with the darl fibreslin which the oxidative

processes are better developed.

The works of Greem ( 1951 ) and George and Jyobi

-

{1955 a and D) have shown that  in the pectoralis of bir ds,

fat is oxidised directly during long and sustained activity

and that the fat in muscle is now to be locked upon as a
reservey store which can be utilised for the production of
enerzy. George and Scarias (1958) histoc Lemlcallzfzemons»raﬁed e
higher lipase activity in the narrow fibres than In the broad
'Jre%,’in the pectoralis of the pigeon and éove. It appears
that the processes leading to the synthesis and oxidation of

fat are better developed in the narrow fibres than the broad

75



ones, On the other hand it has been shown that there is o
higher concentration of glycogeun in the broad white fibres

ﬁhani%he‘narrow red fibres of the pectoralis oif the pigeon,
[ ?A(Aﬁ\%’"

: pems X . o
LSame—is QEGRCOndlthnKln the pectoralis of the dove. In

\

other birds with mixed *type of pectoralis no definite

H

elation between the size of the fibres and glycogen content
could be found, Nachmias and Padycula (1958} reported that
iﬁm%iceps of albino rats the glycogen tefids to be more
abundant in the large fibres but thdéy could not find a
positive corsistent correlation between the size of the fibres
and the glycogen content. In most of the mixed ruscles there
is a great deal of overlapﬁing between the dark and light
fibres and thus apart from the labile nature ot the musdle
glycogen, the difficulty in identifying the dark and light
fibres in sections treated with various reagents during the

process of staining, mokes the correlation between the dist=

76

ribution of glycogen and fibre diametexr, difficult to estabiish,

-
(

M\&waﬁﬁ
This work brings forward once again the general

e
relationghip that exists bDetween siructure and funcition in
aniral tissues, In'fowl and pariridge the peciorali§,which is
1ittle used, contains fibres poor‘in mitochondria, On the other
haznd, in all the active birds the pectoralis is primarily mede

up of dark Tibres rich in mitochondris,

The division of the pectoralis in the kite and vulture
presentsan interesting problem, The complete or incomplete

separation of the pectoralis major into superficial and deeper
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layers has been noted in several birds ( risher,1946;

sher =nd Goodwman, 19556; Jollie,1957).~It is not known

b
‘.Jo

wne ther, histologicall;,ﬁhese layers { described by the latter
it}

workers) resemble those in the sectoralis of kite. Fisher

\1916) from his work on t“e 1ocomot0“ spparatus of wultures,
suggested the possibility &ﬁ< this layer £o~-e o factor in the
forvord motion of the wing, %o raise the snterior end of the wing

*

and increase the angle of incidence when the bird is faining
¥he altitude, Since the sper ficial layer is physiologically
more active than the decper layer, it is quite possible that
Xthese two layers of the pectoralis O,AI te and vulture differ

their mode of action.
Surmary

structural differences based on fat, glycogen and
mitochondrial content in the muscle fibres of the pectora
mpjor of some birds have been reported and an altempt la

{
been made to correlate these differences with fibre dlamﬁter



