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OBSeRVATIONS ON THz FIBREL: ... ARCHITECTURE OF THE ZhCTORATIS

- N e N [N

MAJOR 1USCLE OF THE »IGLON

It will be realised from the dats so far presented
that a basic understanding of the nature and disposition of

the twe digtinet fibr@l o components ¢f the pectoralis major

muscle as a whole is called for. The present study, therefore,

is an attempt to provide a comprehensive picture of the pattern
os . . o s . e

of fibr€l .~ distribution and the nature of the metabolide load

in the different regions of the muscle.
Iz terisal and iethods

In order to obiain uniformly well developed

pectoralis mnjor muscle, only fully grown wild pigeons, either

P4
shot or trapped from a single 1oca1it$ were used(ﬁhroughout for

the present studyl
Mo pping the
[ﬁistribution of the two types of fibres in the muscles

Due to the bipectinate arrangement of the fasciculi,
it was found convenient to divide the muscle into twelve
reglons, each one extending to 10 mm. in length along a hypo -

thetical 1ingf‘drawn midway between the origin of the muscle

fagsciculi and the centrally placed tendon ( as shown in fig.4.1).

2
From each of these regions at the level of the(afore said}line,
fresh frozen transverse sections were cut on a2 freezing micro-
tome. Subsequently, the sections were itreated in the following

mnner, Transferring a fresh frozen section into distilled
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water or even saline or isctonic sucrose solution resulted
in uneven curling up of the section ang,owing to the large

size of the muscle pisce handled, some difficulties encount-

[s N

ered in the begining in obtzining o good entire section,~
were completely avoided by transferring the sectilon directly
into chilled 50 % glycerol and mounting on a microslide in

the glycerol solution. In the preparations thus madg)the
ad tsw»g X 7

arrangement of the flbres in the sectlon no@ever lurve, was
faithfully maintained with no distortions taking place. The
glycerol impregnated sections were thus found to be ideai

to manipulate. oreover, the sections left in glycerol
solution maintainéd at OOC?{ can remain for more than a week
without any perceptible deffect and thus could be utilised

for future observations,

The desired region of the mounted section was
prcjected on the screen of a microphotographic camers at a
magnification of X47 and the photographic printing paper exposed
directly to the image. 'Wormal! tromide papers were found
suitable. Using the sliding veinier on the stage of the micro-
scope, continuous photographic records of tbe distribution of
the broad fibres were made. From such records, by the method
of random sampling, the mean value of the number of broad
fibres peyr Squere millimeter was delermined for every milli-
meter depth of the muscle, A.survey of all the twelve regions
was thus completed and a graph plotied illustrating the conti-
ruous distribution of broad fibres per syuare millimeter at

“«

: : cqn s s .
a distence of every five millimeter along the line 0 - 120 (fig
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Fig.s4.1 Dorsal view of the pectoralis mejor riuscle of the pigeon
showing the hypothetical Iime 0 -~ 120 along which the

distribution of broad fibrés is recorded in figure 4,2,
The squares A and B indicate the regions of the nuscle

vsed for studying the variation in metabolite load and

the structure at different depths of the muscle. -

The lines demarcating the areas containing 30~ 50, 80=70,70-90,
90=10C, 100~ 120 and 120-140 and 120~150 broad fibres per sguare
millimeter were drawn. The entire procedure was repeated ou
the pectoralis of three pigeons. The results obtained are
summarised in a graphical representation: as shown in figure
4e2e Since the individual variations in the pectoralis of
different pigeons are ccnsiderable, the lines demarcating

different areas in the figure are not claimed to be absolute,

¢
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but they do show the generalised pattern of the distribution

of the broad fibres in the pectoralis mojor muscle of the pigeou.

For counting the broad as well as the narrow fibres
in one and the sames region, the same procedure was adopted,
except that the image of the section projected on the screen
was magnified %o about 100 times and that the sections froim

the different typical regions of the muscle were uscde.

Bstimetion of fot and glvcogen at different depths of the mmscle:

Tor the sake of conveniencq}the region of the muscle

(rmrked A in figure 4.1%{ on the posterior_most end of the keel
wgs used throughout, Iﬁ this region the thickness of the muscle
is only 2bout 10 millimeters snd the varization in the distri-

bution of the Lroad fibres at the different depths of the muscle

13l

s gradual. From this ragioﬁ A, a piece of about 10 cubic
rmiliimeters in size was cut out for the estimstion of glycogsen
and a somewhat bigger piece for the estimation of fat.. From

& region B lateralLéyanother piece was cut out and transferred

H

to the decp freeze chamber of the refrigerator and used late
22 for studying the distribution of broad fibres in this

region by the method already described.

The muscle piece cut out from region 4, was mounted
on the stage of 2 freezing microtome so as to obtain horizone
tal sections, It was frozen hard, the outermost epimysium was
peeled off with a pointed forceps or sliced off by a superfi-

cial stroke of the microtome knif%)and one millimeter thick.



slices of the muscle were serially cut. Sincey all these
horizontally cut sections were of uniform and known thickness,
each could be said to represent the nature of the muscle tissue
at 2 known depth. The thickness of the mections were not act
vally -measured sinée the microtome used was 2 brand new
'cartorius! model and o1l the possible precasutions, such 28
é&oiding the fluctuations in the temperature, wvere taken so
s to obtein sections of uniforn and accurste thickness. Zach
frozen section was immediately transferred to a weighing X
bostle and dehydrated., The sections to be used for the esti-
mztion of glycogen were.dehydrated in a vacuum-desicator, -
vacuumed 2t cne atmosphere pressure and mmintained ot OOCG,
hereas Tor fat axtraction sections wers dehydrated in an

air-oven at 80009, and finally in vacuuin.

The dehvdrated sections were weighed and their
glycogen content was estimated according to the me thod of
Kemp et al (1954)., ¥or the quantity of the muscle used for
estimetion ( abount 20-30 mg. per dry weight.) 1t was found
necessary to dilute the glycogen extract in the deproteinising
solution to 10 mi. The colour developed was measured on the
Backman Spectrophotometer { DU model ) at B20 p. For the
estimation of fat the dehvdrated material was ground and sfler
weighing, transferred to a fat extraction thimble. The fat
was extracted with 1:1 e‘mazm.:.-etaer mixture. About'?ﬂ’o-loo g

of dehydrated muscle was used for each estimation.
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The estimation of glvcogen in the two types of Tibres:

nigeon were cut out and dropped in previously chilled 80 %
methanol and left undisturted at = 10° ¢ for 24 hours. The

ibres from the muiscle, thus preserved, were teased out in

H:

-

et%ﬁoT under 2 binocular disscecticn microscope with wateh-
makerts forcepse The two tvpes of Tibres were isolated and
raneéerred into %wo separate containers containing methanrol
and fitted with air tight glass lids and stored in refrégew
rator,ﬁSa" iclent numher of fibres(@hicb?%ould)yield about

2 - B mg, in dry weight ﬁgyé isolated and collected for each
estimation, These Ffibres were then removed from the methanol
solution, dehydrated in vacuum and weéighed on a microbalance,

Glycogen was estirmated as already mentioned, by the micre-

method of Kemp et al (1954).
Results

In each ruscle Tasciculus the broad fibres are mainly

concentrated towards the periphery. This pattern is maintained

throughout the mmscle.%%he regions of the muscle vhere ther

»

are larger numbers of broad fibres,or lesser nuubers of narrow

al .
n, area i th

fibres, the fasciculi have a smaller cross sectio
troad fibres closely packed zlong their borders without amny

P .
intervening narrow fibres. fhe reﬂlons where the narrow

iy I sundert | R T

fibres are (corparatively) more, the fasciculi(are withilarger
A

cross sectional ares, The number of broad fibreg per square

nillimeter in the different regions of the miscle is showm

49



a0

in e 4,2, The relntion of the number of broad fibres to

\H)

g

(ﬁhﬂt of)*ha narrow ones per square millimeter is shown in

ot

[ﬁhese the nmumber cf broad fibres, as well

J

fibres per square millimeter in any region of

figure 4,3, Trom both
as the narrow

the muscle, could be approximately determined,
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Pig, 4,2 Cross sectional view of the pectoralis m=ajor along
the line 0-120 drawn in figure 4,1. The figures
inside the chart show the number of broad fibres
per saouare millimeter, '
DaFey Dorsal face of the muscles V.F., Ventral face
ot .the .muscle.

7

' (4
The variation in the metasbolite load and the number

of broad fibres per square millimeter a2t different depths of
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the muscle is indicnted in table no.1, while in figure 4.3 ¢
same date iﬁmutlllsed to show the reistion between the struc-
ture of the mugcle and the metaboliﬁg.loada The nurnmber of
narrow fibres for the corresponding number of broad fibres

was calculated by using the formula of regression line

v = =B 75x 890.01 in figure 4.3 and the ratlo of the area

ok
by

ococunied by the bread fibres to that of the narrow fibres in
» A

.2

a square millimeter was determined

o'

v using the meam volue of
the diameter of these fTibres. The diameter of the broad fibres
is 69 % 14,00 ja (1000) and that of the narrow fibres-

et
30,11*6.56 p (2000). The figures glven in gﬁgbgets indicate

+the nuuber of Tidbres measursd from the fresh frozen sections

token from the verious regions of the muscla.
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Fige 49 Relation netween he nquer of bro ﬂ f1bresLaﬂa the

nunber of narrow m1breéLpeL square millimeter of
the muscle,



The nurmber of br
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breast muscls
£
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wers used. The

six sets of re=

Table 1
Libres Qer square nillimeter and the
t and glycogen at different depthis of the
the nigeon
the muscle marked A and B in Tigure 4.1

figures indicate the average values of

Depths of Mumber of broad fibres DPercentoge per dry
the muecle NeT SQUATE . weight of the muscle
. + 3.0, +3,.D.
{SJ a2 x u.z."lf“ . "
from Jne
ventral Tace) Glycogen Fat
H |8 1 1] 5
O - 2 90:‘.:14 5065}‘30;28 105289!1994
2 - & 63+ 8 3. %75%0,05 12,095%1,06
4~ B 48 %3 3102013 14,56352%¥1,75
6 - 8 b1t 4 3640910,18 13,250%0, 57
8 - 10 72%9 3.08820,24 11,743¥0.87
1 i 3.
The vzlues of the glycogen content of the brozd and

o

nzrrow Fibres,

s ed in methan
e br

The na

{ Bach

uethancl removes

and gsome of the
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calculated on the dry weight of the muscle pre=-

ol arg as fellows:

oad Ffibres 10.,240% 0,093 per cent
ryrow fibres R.464% 0,311 per cent

value is the mean of three readings )

meh of the fat (mainly from the parrow fibres)

aminoe acids.



Discussiocn
. it ig Imown that in mweny active misclesy the -muscle

lighter in colour, compzred to those in the interior. In such
muscleg)even in the individusl fasciculus, the light fi

are situated towsrds the periphery. In the pigeon breast

< o

from the light and darlk fibres of the other muscles in tha
they sherply differentisted into two distinct types without
intermediate forms. 1t has 2lready heen shown that the broad
fibres are guycogem~1omue@)having negligible amountsof mito-
chondri%)whereas the nzrrow f£ibres are fat- 10aded heving high

Y

o e e At ot i
mitochondrial content &nd poor in glycogen.

In z single moscle, uneven distribution of meitabol-
2 s

ites ha@V'een\lchbJs:ygs readised. To reduce such localised

~

~

variaticns to ths minimum, customerily large picces of muscle

are utilised for the estimation of metabolites. Present work
l

4

ghows that in a mecle like oectorzlls mejor of pigeon having
I8 A

heterogenous cellular elements, variations in metabolit

dhe different regions of the same mugscle and even in a single
. . a./LQ, R l;z wels
fasciculus &z quite large. Feedless ito say that wket applies

Led

Gis o 4
to glycogen and fat eqgually applies to other chemical consti-

tuentg,sauh as lipase ( George and Scaria,l1957 ), dehydroge-
nases { George and Scaria,1958 ), ATP, creatine phosphate and
Unpublished

scme of the free amino acids ( George and PlSh&Wlkar‘},
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. N o o .
in which two types of fibemes differ,
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Fig, 4.4 Vaeriation in the percentage of glycogen and fat in
relation to the ratio of the area occupled by the
broad fibres to that of the narrow fibres per Sg.Ml.,
at different depths of the muscle. The portion of
the rmscle morked A and B in figure 4.1 were used,

A general belief that the mscle fibres towards the
neriphery of the mscle are more active than those in the
1'e
o
interior and due to higher activity they increase in diameter,
N

97
) . . .
ot hold good{rbgeast}ln the case of the pectoralis

+
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aoces
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of the pigeon. Undoubitedly the red fibres of the pigeon
breast muscle, due to their remarkably well developed enzyme
yetems, play a major role in effecting the sustained contrac-
tion of the muscle. In the white fibres on the oher hand, the
oxidative processes ére net &eveloped or developed only to a
negligible extent, in that the dehydrogenase activity in these
fibre/,as shovn by histochemical methods, is gegligible or nil

.,'}\S?/—*/D«
( George and Scaria, 1958 ). Allc%ﬁg same, the white fibres

are not inactive elédments of the pigeon breast muscle. In the
normal anim=l they show no sign of atrophy. A glycerinafed
white Tibre of pigeon breast muscle contracts inthesame mnner
as a glycerinated red fibre of the same muscle on the addition
of ATP. The study on the reactions of these two types of fibres
to @iﬁerimentally induced disuse atrophy as hasﬁgééﬁké;ieéif>
neted in the previous chapter has yielded significant results?

vhich suggests the possibility of some differences in the

4

. i
mechanical properties of the two types of fibres in which

o P

case some physical factor msy underlie the distribution

pattern of the two types of fibres in the muscle

Denny~Brown (1929), has shown that a single nerve
in the breast muscle of tbevpigeon pan innervate bot@;/ﬁhe
red as well as the narrow fibres, Since the activity of these
muscle Tibres must be conditioned by the fundamentally diffe -
rent chemical systems in them, it is Aifficult to believe
that the amount and the mode of activity performed hy these

two types of fibres is the same. In what exac@”manner the



white fibres contribute to ﬁae‘activity of the muscle is far
from c¢lear ané?as a prelude to such an understanding, an
extensive study of these fibres is essential. For such a study
figure 4.2 can be an useful giide. Eoreovegéthé method used

in the present work to study the variation in the metabolite
10ad in relation to the variation in the fibre. ..@ make up

of the muscle,” can Ye used for studying the distribution of
various constituentg,éuch as enzymes,amine acids, and minerals

/

in the ruscle,
Sunmary

1, The relative distribution patdern of the red and
vwhite muscle fibres in the breast muscle of the pigeon is

Pas ﬁn-\l\’cé\ A R
studied. '

2, There exists a direct relation between the
< >
distribution of metabolites and %hatzof)the two types of

fibres in the different regions of the muscle.

3¢ Quentitative estimation of glycogen in the two
types of fibres, confirms the higher concentration of

glvcogen in the white fibres,



