CHAPTER 1

HISTOCHEMICAL CHANGES IN GLYCOGEN AND PHOSPHORYLASE IN THE
PIGEON PECTCORALIS DURING DISUSE ATROPHY

It has been shown earlier that when the pigeon
breast muscle is subjected to disuse atrophy, several physio-
logical changes take place in the muscle and blood (George
and Vallyathan, 1962). These changes include striking differ-
ences particularly during the initial period of atrophy,,
in the fat and water contents and in the lipase activity,
thereby indicating a severe disturbance in the lipid meta-
bolism of the muscle. The observation of a sharp increzase
in the 1lipid content 24 hours after subjecting the muscle
to disuse, is tempting to suggest that fat is being formed
in the muscle from other metabolites, It is already known
that there is destruction of muscle protein during‘muscular
atrophy (Fisher and Remsay, 1946). Hines and Knowlton (1935)
and Lazere et g1.(1943) working with mammalian material
showed that there is a decrease in glycogen concentration

following denervation of the muscle. However, changes in

»”

the activity of muscle phosphorylase observed by many investi-

gators do not parallel closely the concomitikant changes in
glycogen concentration. Arson and Volk (1957) reported slight
decrease in phosphorylase activity during the first week of
atrophy followed by a rapid decrease later. Humoller et al,
(1951) recorded steady increase in phosphorylase activity

beginning immediately after denervation of the muscle .
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Recently Huls and Leonard (1961) have observed a slight increase
in phosphorylase activity 5 days after denervation and then a
decrease reaching the lowest level by 20th day. In contrast to
these findingsMatsui and Kuriaki (1959) observed increasing
phosphorylass activity upto 20 days after denervation of the
muscle.

Since the avallable data on the glycogen and phosphory-
lase levels in the muscle under disuse are conflicting, a
detailed histochemicsal study of glycogen and phosphorylase in
the>pigeon pectoralls muscle was carried out in order to obtain
a clearer picture of their locslization and also to correlate |
the finding with quantitative data. Pigeon pectoralis was
selected since it is known that it iéimetabolically active
muscle consisting of two types of fibres (red and white) speciali-

zed for aerobic and anaerocbic metabolism respectively.
Material and Methods

Adult healthy pigeons weighing 290-320 gm maintained
on a standard diet of mixed grains were used. A plaster cast
was gpplied at the shoulder joint after restraining the wings
in a back to back position as described by George and Vallyathan
(1962). At the end of the required period the pigeon was killed
by decapitation and pieces of the breast muscle were cut out
for investigation.
Glycogen: Pieces of muscle were dropped in qold (- 4°C) alcoholic
picroformol and fixed for 24 hours. After washing in alcohol

and further clearing, they were embedded in paraffin wax.



Sectiens of the embedded tissue were cut (5"3P3 and Stainsd'fg
glycogen employing the periodic acid Schiff (PAS) technique f

(Pearse, 1960). Sections treated with 3aliva for 30 miﬂut@a ‘a£ j
37°C served as control. e |
Phosphorylasez Histochemical demonstration of phaspherylase‘
aﬂtivity was carried out according to the methe& nf Erﬁnﬁe and

Palkama (1962) using glucose~l-phosphate as the substrate A

;ﬁ,jpiec& of breast muscle was quickly excised and frczan an ﬁh&””ﬁ

stage ef a freezinw microtome. Sections 15 te 86 p thick wﬁ
‘* cnt and drcppsﬁ directly into the lncubatisn medium ané incu ‘3@&? ;

at 3036 for 16 minutes. After incubation %h@ ssctimns war$~r” 1

:/}fin 40% alcehol, brought to water and stained with Graﬁ’3 iek:f 

'solution for 1 to 3 minutes ﬁninaubataé sactianﬁ treatea’wi,

iodine and mounted in glycerine jelly formed th@ contrel. L

Results

The hbrmal pigeon muscle is shown to ilié“ﬁ
&istiﬁcﬁ differences between the two type of fibres.fThe braaﬁ
white fibres show high concentrations. gf phaspharylaﬂe and
glycegen, but the narrow red fibres contain very little glyeag&
“'aﬁﬁ phespharyl&se activity(Figs. 1 and 2), In &trophy éistinet o
histochemical differences between the twa types of fibres appearad
‘cnly after 7 days. , k,
Glycogen: 1In 7 day atrophy the ‘majority of the red fibres were o
found to be more PAS positive, and Whiteffibra$ 1€5$,8G,~than_ |
their normal counterparts (Fig. 3). The red fiérgsistaigea;[if  .




Magnification in all cases 400X. Incubation time for phos
pborylase in all cases 15 minutes. Fig. 1. Normal pigeon
breast muscle stained for glycogen using the periodic acid
Schiff technique (experimental control). Note the higher con-

centration of glycogen in the broad white fibres.

Fig- 2. Normal pigeon breast muscle stained for the demon -

stration of phospjnorylase with Eranko and Palkama technique

(experimental control ). Darkly stained(U.ue) broad white TfTibres
show greater enzyme ativity than the narrow fibres showing a

negative reaction.



© varisbly. Later by the 14th and 21st days of atrophy, these
changes became sharper and the concentratiocn of gl?éogeniaPF@&réd
to be higher in the red fibres (Figs. 5 and 7). By the 30th‘§ ~5 ";3
of atrophy, however the white fibres were regaining their .

glycogen load while the glycogen in the majority'of thﬁyrﬁﬁ‘ f_ﬁ ;;f
fibres was found to be depleted (Fig. 11). -
«icsyherylaaa- Phosphorylase activity in th& ccntrel $eation

vealed by the reaction of the iodine with the freshly
: glycageﬂ, appeared dark blue in the white fibraa ‘but sligh“"
violet (magenta} in the red fibres (Fig. 2) En 7 day& atro§hyfé

 the red fibres showed a much deeper m&genta colour, whareas e

 wihit$ fibres were blue (?ig. 4). ﬁmaﬂg the red fimres:saaa ve
found to stain blue, some vi&lst, anﬁ others not at all.

l4th &ay,~tha majority of the white flbres laat their

“7:aetivity but the red ones acquired a higher and uni£ rm, ve

of enzyme activity (Fig. 6). By the end of 21 days the whit

| fihre&;rsgainea their normal enzyme level butfthe;radyfibr
 showed a lower level of activity (Fig. 8). In 30 aztwall as §_;
da§~3trephy, the white fibres were found tc have as high ené§§a _k,
;’activ1ty as the controls (Figs. 10 and 12) The: majnritg af -

" red fibres by this time showed a uniform staining higher than “
~in the contrels, but a few of the white as well as the red

fibres appeared to be devoid of the enzyme. Such fibres were[alsﬁfjw

present in sections stained for leCQgen‘ fhephite fibr&s‘laékihg}’J

5in enzyme activity and glycogan, with ecntinued atrophy, Were o

'fauﬁﬁ to be graduallf accumulating fat in them anéfr,p,a4‘



Fig. 3. Glycogen in 7 days atrophy. Broad fibres contain
little glycogen whereas the narrow ones show higher concen-

tration compared to the normal muscle.

Fig. 4. Phosphorylase after 7 days atrophy. Note some of the

narrow fibres show enzyme activity (stained violet).
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Fig. 5. Glycogen after 14 days atrophy. The broad white fibres
are completely periodic acid Schiff negative and the narrow

ones show a uniform staining.

Fig.6. Phosphorylase after 14 days atrophy. Some broad fibres
show no enzyme activity while others do. Majority of the

narrow fibres show a uniform staining reaction
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Fig. 7. Glycogen after 21 days atrophy. Broad fibres are
periodic acid Schiff negative. Few narrow fibres show in-

creased staining while a few are periodic acid Schiff negative.

Fig. 8. Phosphorylase after 21 days atrophy. Broad fibres

darkly stained and the narrow ones lightly.
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Fig. 9. Glycogen after 30 days atrophy. Note the reappear-

ance of the periodic acid Schiff positive staining in the

broad fibres. Narrow fibres present different grades of
staining reaction.

Fig. 10. Phosphorylase after 30 days of atrophy. Varying

enzyme concentration in both the types of fibres.



Fig. 11. Glycogen after 60 days atrophy. Broad fibres per-
iodic Schiff positive but less iIntense reaction than normal.

Narrow ones uniformly stained.

Fig. 12. Phosphorylase after 60 days atrophy. Broad fibres
and some of the narrow ones stained dark while some narrow

ones show no enzyme activity.



cannsctive tissue. Such fibres were reduced in size or faandnt
be oblong or oval in shape. Finally these white fib
 :grated completely. On the other han&, very few ofsthe

 changed in this way. However, in certain regiéns &ﬁ"eﬂ,*

fasciculus containing both types of fibres was found te*'@
replaced by fat and connective tissue, le&ving a few rad fib"s; :~

‘intact There was no phosphorylase sctivity in the canm@ctive .

Discussion

The importance of glycogen as an energy source an& th&ﬂ7s

rale ef enzyme phosphorylase in the initial reversible reactian
. effecting the synthesis and breakdown of the 1,4-g1ycosiﬁic'
linkages 1is well recognized (ﬁgtten and Steﬁten, 1960)‘,ﬁ$nee’
chenges in phosphorylase activity can be considered 55??931@
éhanges in glycogen metabolism. In the pigeon breast‘ﬁaéélé' H
higher phosphorylase activity was demonstrated in the bm}a& ‘i
~ fibres than in the narrow red fibres histochaﬁica11? by~§ﬁ§__ tz
: éné Pearse(1960) and quantitatively by Vallyathan and Geergéi§7 “‘f3
(1963). -
Polysaccharides newly synthesised enaymicallyvfr¢$f ‘5i¥ﬁ
glucose-l-phosphate in histochemical preparatiena hav& been
shown to differ in their physicochemical naturéifrom the ngtive':
glycogen. Polyssccarides formed by amylophosphorylase activi£§' f;f
stains blue with iodine, while that formed by combined amyls~‘
‘pBQSphorylase and the branching enzyme stains violet or purple

(Sasaxo and Takeuchi, 1963} Iﬁ the presant stu&y(the pigeon



o _ana other branchlng enzyme activity.

breast muscle, it was found that the white fibf&s'stainé&" qﬁj  
dark blue and the red ones slightly purple in colour. Duriggf  ‘;r

atrophy, however, the red fibres showed a more 1ntease.pur§1&

~ staining. Sasako and Takeuchi (1963) observed in the‘h_
muscle that the narrowe¢r red fibres were stained blue w&

iodine while the broad white ones purple. The difference observ i

in the staining reasction between the human gl&tea& ané~pigaoazk‘

'réast muscle fibres cannot be explained witheut eﬂmp
iaistadias,‘~ ‘ .
k From the changas in the glycogen anﬁ pHGSpherylase .
: daring atrophy, it is clear that there is drastic change in the .

alism af the red and white fibres, which havs bean 3heﬁn“

to be aéapteﬁ for aerobic and anaerobic metabclism rasy&c 1v
in the normal bird (George and Talesara, 1@62) However, the
& incraase in enzyme activity in the red fibres during tha ceurse’

of atrophy presented a composite picture of am&lopho&pharylas&

: Tha quantitative data on the whole mascle show thaﬁ
after an initial decrease there is an increase infglycagen ané,;;la
phosghorylase levels during disuse ztrophy. Leonard (195?} ané
Hnls and Leonard (1957) observed that muscle phesphsrylaae ;‘f‘,

- activity is reduced to a minimum after 20 daysw@p'aystrcghic     : 
and denervatad:ékeletal muscle, although,the?~(i§613 alse
reported é slight increase in enzyme activity after 5 days of
denervation. In a Qu&nt%%tive study of phesphcryi&éé;ig tpe i4  5 ?

pigeon breast muscle (Vallyathan, 1964) theieﬁz?g§g1a§éiﬁwagg'

found to decrease gradually to a minimum by the 7th ﬁay.‘



~(7metabolism sf the muscle during the earlier dayﬂ of strephy

~ metabolites which are being transformed at a rapid raté“k~‘vT"hé*'?"

 Thereafter, by the end of 60 days it had risen ebnsidera5193 
though sot to the control level. |
i Fallowing éenervation, the mascle glyccgen in et
~ has been shown to decrease more rapidly than the ﬁiss
(Lazere et al., 1943). Vallyathan (1964) also faund a de
in glycogen during disuse atrophy. The increase in glycegen

~in the narrow red fibres seen in the presentfstudy g£ter th

h §ay,'carraspenés to the higher values abﬁaiﬁed by
 than (19643 duriﬁg the 14th and 21st days of atreghy. |
In studies reported earlier (Gaorge and Vallyathan,

_leéE)gwas ~suggested that there is a disturbanca in tha lipid

“fanﬁ that the increase in muscle fat at the onset ef atrophy

may be possibly due to a de novo synthesis of fat from ch@:g>

histochemical findings reported show that thare are cartaiﬁ a'

; “striaiﬁg changes in the patter¢n of metabeliam 1n the tvo typ
75:‘of fibres. The broad white fibres adapted for glycelytiﬁ

metabolism undervent degeneration much more quickly thaﬁ thaf 

red enas and showed considersble reduction in glycogen anﬁ _3* 

phosphorylase. On the other band, the red fibres, adaptea f¢y1’?‘f
an cxiéative metabolism, accumulate phnsghorylase and glyccgan +fj
during the course of atrophy. | “~” '

If 1t 1s assumed that the rise in glyccgen level ia‘ffff
j;;the red fibres is to resist thg initial effects of aﬁr5p§y, ff::;i

 the question arises why there;was no such iﬂer&a&§ iQ the whi_




fibres, which are specially adapted for glycolytic metabeli&g;;gfff
~Gearge and Vallyathan (1962) have pointed out that there was, ‘ ff{

| no complete inactivation of the muscle when the wiﬂgs W&:re .

subjected to plaster cast. At all stages of disuse, a $b5k
ing movement in the wings could be seen. Therefore ana p0 
is that in the white fibres the glycolytic process is so fast

~and sustained that there is a continous drain of glyeaga‘

, Ancther possibility is that in these fibres the amount
cellular fat is so little that there is no possibility of |
utilizing fat, or glycogen build up from fat. On thefaﬁharfhaadi 

“in the red fibres a high glycegen Jevel could he built up frﬁm
'fthe éense intracellular fat reserves. This could be aehiavad
‘by increased lip@lysis of fat to fatty acids and glycaral, anﬁ }
the conversion of the latter to glucose and finally to glycegenx
The concentration of petxasium observed during atrophy {Ghapter7~f‘
4) further give support to such a hypothesis, since ;tyis‘;ﬂ¢
 known that an increase in potassium is parallel to the,ihﬁfé%$ 
 of glycogen (Fenn, 1938). Fatty acids may beVQXidisedkfor ‘ 7£
energy by increased oxidation in the mdsele. That 1i§ase ‘
activity is increased in muscle during this period has alreaﬁy,,
“been shown (George and Vallyathan, 1962). It should tharafo:e-

be of interest to know whether the oxidative activity is aisgs,z,};
inc?@aée&:during this period. But a study in thié regard ha§ "fJ 

 shown that the muscle in vitro is capable of oxidising fattyfi'“' .
~acids during this period (Chapter 5). '




