CHAPTER 3

THE STRUCTURE OF THR PECTORALIS MAJOR MUSCLE OF THE PIGHCON
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IN DISUSE ATROPEY

The two types of fibres in the pectoralis major

migcle of the pigeon have been gshown to be fundamentally‘difih
713

erent and the reactions of these fibres in muscular atrophy is,

therefore, of special interest. The situdy of developmental .
abnormaiities and pathological mélformations resulting from
natural and experimentally induced Sauseg,.has been an impori-
ant tool in the study of the normal and has contributed much
to the great advances in embryology and morrhology. In the
cade of the pigeon breast muscqutherefore)a study, élucida-
ting how far the major differences in the two types of fibres
are maintained and what changes théy undergo under experiment-

ally induced pathological conditions, is attenpted in this

chapter,

According %o Adams, Denny-Brown and Pearson (1954},

the differences betweenthe pigmen%ed and pale muscle fibres™t
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in 2 mixed type of muscle are no more evident at the end of
two months after denervation., All muscle fibres contain some
fat granules and pigment as in the foetus. Xnoll and Hauer

{1892) ghowed that the great differences between the " pale
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large" and the "dark smell® fibres vanish byﬁthirty»fifﬁh day
after denervation. The present work deals with the structursl

changes in the two types of fibres in disuse atrophy.

31



Materizl and Methods

0f the two pigeons utilised in the present work one
{pigeon ﬁo‘i) was kept along with a female in a rectangular
cage ( 18" X 24% X 18% ) for about two years. Due to the.smrll
size of the cage, the birds could only move about on the floor
and flight was impossible, The only possible movement of the
wings was{@hé% for)the ad justment of feathers and a few flaps
in the morning and occasionally at other timss of the day,
app%rently forlwarming upt. During the entire period of capti-
vityy they weré fed regulérly w%%h their ﬁornal diet, were
normel in every rGSpect)and HhEp even reared,ugLseveral broods
of young emss, At the end of two years of captivity, the male
vas sacrificed and the structure of its peetoralis'studi@d
from sections { t.s. as well as l,s. ) of fresh frozen muscle
pisseg and of ﬁ:ﬁ?é“gj?ﬁxed in Z@nker- Formol and embedded in
paraffin, Fresh frozen sections were étudied unstained, whereas
the paraffin sections were stained with Ehrlich's Haematoxylin

and Van Gieson's Picro-~fFuschin,

Another male pigeon (pigeon no.2) had its right
shoulder joint fixed in a plaster cast, which restricted to a
very great extent the movement of the humerus a2t that joini,
though a few extremely slight movements were still possible.
Horecver, since the plaster cast was put all around the joint
in the form of a broad circular ring, the wing could not be
flexed completely, with the result that,  the upper arm remsined

& slightly extended p081tioﬁa The pigeon was kept in this
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manner in z large cage zlong with some ether normol pigeons,

on a normel diet¢~£n~%he~begining, it had some difficulties

in balancing itself for a few davs, but soon got accustomed

to it, It was observed to flap the laft wing, with ease, quite

et
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often for belanci ing while running sbout in the cage and 1

o
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movements of courtship, offence and defence, At the end o

#

b d . .
three months the animal was decapitated and tae nectov lls

Was
ma.jor of both sides were cut out., The left pectoradalis was

[

used as,control and the muscle pieces cut out from this

muscle { left pectoralis ) were studied in the same mamner

as those from the right pectoralis. For immediate inspection
fresh frozen sections were used, whereas frozen sections of

muscle plsces,; from different regions of the muscle, fixed
in Baker's Calcium-Tormol and embedddd in gelatin {Clark,

1947), were stained,with Ehrlichis Haematoyylin and =Eosin,

Sudan Black B and Bosin and 0il Red 0 and Haematoxylin.

Observations

In the normal pigeon pectoralis, the red and white
fibres, due 1o their sharp and clear cut differsnces and
definite pattern of arrangementy could be easily distinguished
in stained or unstained histological preparations of fixed or

unfixed muscle, Throughout the present uork the sections of
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the normal pectoralis were ubed @s an uqeful guide,

In 4ke pigeon no.1 the pectoralis muscle of sach



side was extremely reduced in size and paler in colour and

ons, the narrow fibres appeared

fots

likswise, in fresh frozen sect

aler and less granulated compared to those in normal pigeons,

ke

but the grenmulation in the vhite fibres, Jjust as in normal

cries was negligible or nil,
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Figse 301 & 3.2+ T.S5. of the psctoralis of the pégeon no.l
{ Two arrows in fig. 3.1. indicate clumps of nuclei of de~
generzted muscle fibres, surrounded by dense aggregate

of connctive tissue ) x (g0

Figures 3.1 to 3.5 present the structure of the
pectoralis of pigeon no.l1l, showing the signs of atrophy.
Both types of fibres were affected. All the red fibres yere

. R . . . . dy
extremely reduced in diameter, Among the white fibres few
. A b w%’ *L’F»wl*
fibees here and there were reduced hut 1ittle, white majority
. _/"J (A3 -
of"ﬁhem-showed(yarylng extent of} reduction in size, with the
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Fige 3.3 L.S, of the pectoralis of #ae pigeon no.l stained with
Hoemmtoxylin - Jan ' Gieson XI1%¥o
result that in any preparation,white fibres of all sizes from
broadest to narrowest could be found., The striations were
clear in all the Tibres however reduced and none of the fibres

showed any sign of segmentation.

']

The nuclei stood out preminently in all the prepara~

Fis

tions and were oval or rounded in shape { £ig.3.5 j« On
observing under oil~immersion the nuclei appeared granulated
and with prominent nucleolus, Soms elongated nuclei, beaded ai
two ends with an intervening narrow portioq)gave the indicat~
ion of an amitotic nuclear division. But fron the present work
it is difficult to say vhether there ﬁas any definite increase
in the nunber of nuclei or not, Thé red fibres appeared as
tubes filled with nuclei, In the white fibres some nuclei were
seen away from the periphe&yg while others were at their

original position {figs. 3.4 and 3,5).
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d 3.5 &
marksd in figures 3.2 and 3,3 respectively.Haematoxylin-VanGisson

X430

Pigs. 3.4 an nlarged microphotographs of the portion .
A definite increase in the amount of commective
tissue in the perimysium was seen. In ceriain reglons thick
bands of connective tissue extended iﬂpeﬁween the fasciculi
(figg.3.1 and 3.,2). In figure 3.1, towards the left at the
bottom, two large clumps of nuclei (indicated by arrovs)
resembling those of muscle fibreﬁ)are seen in the midst of
a thick aggregate of connective tissue, suggesting the possi -
ble replacement of muscular tissue by connective ltissues

by

Large aggregates of fat cells, as are usually associated with

C\ A

the degenerative changes in fibres of denervated muscquwexe

7\ . :
howeggr not observed in the muscle,
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In & pigeon no.2, the right pectoralis was somewhat
more reduced in size than the left oney which was used as
control. Histological observations showed that throughout the
latter muscle the fibres were normzl in every respect. On the
other hand, white fibres in the right pectoraglis showed signg
of atrophy which st different depths of the muscle varied in
magnitude, Figure 3.6 shows portions of two fasciculi from the
region proximal to the ventral fzce of the mscle, where the
effect of atrophy was very slight. Both types of fibres appedred
- similar to those in the control éxcept that in many of the

7
broad tibres some of the nuclei had migrated away from the periphery,
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Fig.d.6 T.S.passing through the portion of the muscle grcxin[}l
to the ventrgl face. Ihrlich Haematoxylin = Eosin. xuzo.

Fig,3.7 T.S.passing through the deeper region = at about mid-

depth of the muscle. Bhrlich's Haematoxylin - Kosin,

( of the four white fibres seen in the fig.3.7, the oney

in advanced state of atrophy 1s shown by arrow ). x430
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Figure 3.7 represents a typical portion in the
deeper layér -~ a2t about mid-depth of the muscle. All broad
fibres show varying reduction in size. Three broad fibres at
the bottom of the figure a;e'émaller in'diamater(éompéﬁga to)
those in figure 3.6, whilei?hé,ﬁgpgr part of the figure a
white fibre can be seen very much reduced in size and flattened
out against the border of the fasciculus, Migration of nuclei
avay from the periphery of Whiie fibres-was a prominent feature
in this region. Size of the red fibres was unaffected and,
except for an occasional fibre, most of them had nuclei in the

normal position. ) - <
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Fig. 3.8 T,S.passing through the portion of the muscle proximal
to the doxsal face of the muscle. Ehrlich's Haematoxylin
- 0il Red 0. ( white f}éfes are indicated.by. arrows )
) " - kA3 . P .
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o Figure S.B:presents‘ﬁhe'picture of a still deeper
layer of muscle., Here all the white fibres show great reduction
in size, Those on the periphery of the fasciculil (indicated by

- aa 7 -
arrows) can be seen(jn the form oi)flattened out ribbons, while



those in the middle of the fasciculi ( mnot shown in the figure)
were not flattened but instead deep1§ indented, angular and
much reduced. Still the red fibres whowed, almost no sign of
atrophy - they were still normal in size ?nd in the position
of their nuclei. In this region as well asténother still 3
proximsl to the dorsal face of the muscle, at seférgl b£§255
white fibres had disappeared altogether, leaving little or ‘
no remmant of the muscle fibre with the result that the borders
of the fasciculi were broken up and gaps formed in the regions
where the white fibres degenerated. Whether the fibres were
replaced by connective tissue or not, however, could not be

gescertained,

Figure 3.6 clearly shows the differences in the
structural details of the two types of fibres as in the normal
miscle., In the red narrow fibres, the Cohnheim's areas were
very prominent and irrégular, whereas in the white fibres they
were less conspicuous and formed =z regular pattern. Almost the
same differences in the structure of the two types of fibres
remsined at any depth of the mscle even where the white fibres

PUEAZLS §
were in advanced state of atrophy.

As observed in the previous chapter, the red fibres

of the pigeon breast muscle, have greater affinity for 8uden
e eem \.,./
S cu o
dyes, inlike the wvhite fibresi In the present investigation,

the red fibres towards the deeper layers of the right pectoralis
of pigecn no.2 showed more fatity inclusions, the lipoid

globules being more numeroug,/than these in the superficial
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layers or in the normsl muscle, Pigure 3.8 showsnlipoi&

inclusions in the red fibreq&pré&imentlxﬁ whereas in the white
fibres,even in the advanced state of degeneratioq}no such in-

clusions are seen.

- [

Fig, 3.9 T.S.passing through' the deeper region of the muscle,
Sudan Black B - Eosin (white fibres indicated by arrows)xi43zo
3410 LeS.pascsing through the deeper region of the muscle
showing fat deposition arfound branches of a blood
vessel, Haematoxylin « Eosin. x 180

e

Figure 3.9)which also is of the deeper layer of the
::muscle, shows the relative affinity of the two types of fibres
distinetly., All along the bottom and left margin of the figure
aggregates of fat cells are seen. Between intensely stained
fat cells and the darkly stained red fibres are three flattened
white fibres ( indicated by arrows ) with a2lmost no deposition

” T g e TN .
of Sudan Black B, It sbould;@gygjgg,be noted,” that the higher



deposition of fat is mainly in the' intercolumnar' cytoplasm
of the red fibres and that this deéositian shoul& not be
confused with the replacement of .7 the musocular tissue Ly
fat cells, as %%\usually happens in certein degenerative

of the muscular tissue. Nowhere in the present work
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the replacement of muscle fibres by fat cells was obscrved.

5]

¥o dwbt in the deeper layers of the muscle, large aggregates
of fat cells were present in the perimysium (fig. 3.9) and
isclated fat cslls were present in the endomysium {viwible
near the upver border of fig. 3.9). Wherever the large aggre-
gstes of fat cells wers present they were m2inly in the
vicinity of large blood vessels., Figure 3,10 shows such depo-

sition around severzl branches of & blood vessel,
Discussion

Tmoll and Jausr {1292) reported that the great

differsnces hetwesn the 'pale lerge! and 'dark swzll' fibres

-

of the pigeon after denervation, no longer existed. Present

‘“{:' - > . - »
mainly that of colour and lipoild 1nclusaon§9are well maintained,

In ikg pigeon no.l,vhere the animal was caged, in a
limited space for 2 long period, inactivity produced atrophy

in both F=e types of fibres in the same mennar, Since the white
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vere originally broader than the narrow ones at all T

' Fraa
tages in the process of atrophy, they shculd be Qiggér in
f']
diameter than the red fibres(yhich too should reduce in size

[£2]

in a like manner,
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On the other hand in the pigeon no,gjwhere the acti=
vity of the pectoralis was limited due to control of movements
at the shoulder joint, changes due to atrophy were much more

profound in the white fibres thon in the red ones, which seem
to be less
.@ S

to ;ventral face of the muscle were comparatively less affected

uceptible 1o atrophy, The vhite fibres proximal
kY Y

1]

than those of the deeper portion of the muscle, This suggests
that under the present experimental conditions, the activity
of the muscle in the dBeper region has been more restricted
than in the superficial part { proximl to the ventral face)
of the mscle, This experiment, doubtless, reveals that the
bres are mere suceptible to atrophy then the red ones,
but Howewer-no definite reason for it can be given because of
the lack of . - date from similsr experiments under altered
conditions, The mode of zction of some factors invelved in the
conditions of the present experiment zlso needi%e checked, ¥or
instano%,fhe movement at the shoulder Joint was totally
e g

eliminated and since the plaster cast ren@gred the upper arm
to be in a slightly abducted position, the rmscle was obliged
to rempin sligatly stretched and not in its usual resting
position, The present findings nevertheless clearly indicaile
the possibility of existence of some bhasic difference, still
unknown, possibly in the physico-chemical properties of the

two types of fibres in the muscle,
Summary

ls Observations on the effect of disuse atrophy on
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the nectoralis maior muscle of the pigeon is reported.
??_L}“K“ Ca q;( v

2. The pectoralis major of a pigeon captiveted in a

small cage for twe years, showed the effect of atrophy on
both the redymarrow and whitey broad types of fibres. Another
pigeon in which muscular atrophy was produced by fixing a pl~
aster cast on the shoulder joint, showed at the end of three
months high degree of atrophy in the white broad fibres

vhereas the red narvow ones remsined unaffected.



