‘;‘Vallyathan, 1962) have shown an alteraﬁ metabolic state of

CHAPTER 2

HIST@CHEKICA& OBSERVATIONS ON SUCCINIC ﬁEﬁYBRQGEﬁA&E IN
PIGEON PECTORALIS DURING DISﬂSE ATRQPHY

It has been reported by earlier investigatgrsf ‘
(George and Naik, 1960; George and Vallyathan, 1962) that

tha;pigecnKbreast muscle under disuse atraphy;shaw$ ﬁéﬁ$iéar“

' ‘§1é+structural'and physéological changes‘with‘théf§r¢‘
‘:of atraphy (Chapter 1). Studies conﬁuetaﬁ cn tha fat cenm

1ipase activity and water content of the muscla (Gecrge anﬁ

‘ tha musele. Histochemical 1nvestigatimns on glycegan ané
phospherylase (Chapter 1) have indicated a shift in the nﬁrm__

metabolic pattern of the muscle from oxidative to glycelytieg%
These observations have stimulated the present histoe&é&icax[fl f
study on succinic dehydrogenase in atrcph:lc b‘ra’a‘st muscle.

‘Suceinic dehydrogenase was chosen for the studies because

 of its significant role in the metabolism of carbéhydrates
and fats, Moreover the data on the activity of succinic

dehydrogenase in muscular atrophy are controversial, 4 :eauegf -

tion in the enzyme activity was reported in the rat muscle
after 14 days of denervation (Humoller, 1956; Schmidt and
Schlief, 1956; Nachuias and Padykula, 1958; Romanul et al.,
1965; Smith, 1965 ). On the other hand Dréfu et al. (19535;i2 “°
'" ¢§aker (1968), Sibrik and O'Doherty (1965) did not observe

h any change in the succinic dehydrogenase activity éuring

muscular atrophy in humans and mice.



f * Thﬁ piace was always taken from the same regien ané ”hraug

 ":the antire depth of the muscle, sinee it has bean shawn

The present investigstion was carried cut'wigh,&
view to obtain a better understanding of the metabolic shift; ¢

 crep0rteé in the previous chapter.

Material and Method ;
Fully grown pigeons weighing 3@0@320 ge waré;ﬁse&;i
A plaster cast was applied at the middle of the humerus
;with the wings kept in a back to backwpositien(ﬁecrgé*&né“" 

‘bVallyathan, 1962). Pigeons were killed by decapitatien af,_“,f
1 ﬂay to 80 days of immobilization and a piece of breast |
mmaele was 1mmediatoly cut out and blettsé free ef ﬁlﬂ$§¢‘>7 

that the relative distribution of white fibres (Georga anﬁ(_
Naik, 1959), and consequently enzyme levels (George ané |
'Talssara, 196C) differ in different parts of the muscle.

For the histochemical demonﬁtratianﬁgfrsucciniey ]:“*

2 :,dahydroganase the muscle was allowed to freeze'cemplatel? fff
on the stage of'é freezing microtome . $eékions bf'lS p ,  ’

thick were put in cold phosphate buffgr, pﬁ’?.ﬁ.‘Aftér 15

 minutes, they were transfarred to freshly praparea iﬁ¢ﬁﬁ§ti5ﬁ5fi
 medium containing the following ingredients.

’Cold pha&phate buffer(C.1M.pH 7.6) -»--~——--~2 6 ml

Sodiom  succinate (0.5M, neatralizad)'~—+~«-~a.6 ml
 Aluminium chloride(4mMye--oeoecooocmocecena0.6 ml
;f ﬁagnssium tulphate(ﬁmﬁ}----—;; ----------- ;e~56¢65@“‘:

Sodium biearbaaata(o EM)mmmmmmmmmmmmececeee==0.3 ml

Sodium cyanide (0, Gaﬁ.neutralizoé} ------ emee=0.5 ml
| --=--1.0 @l

‘ﬁathylena blue (Emg/ml)‘—-~




After incubation at 37°¢. under anaercbic £oéﬂita
iens for 10 minutes, sections were rinaea in phosphate -
‘;buffer and fixed ia cold neutral 10% formalin for 1§ minutes,’ 
‘then rinsed in distilled water and mounted in glycerine, - ”‘

jelly.

Results

The succinic dehydrogenase activity in thaf  d

?"f‘fi(narrow) whita(broad) fibres of the normal pigeea ‘breas‘

muscle is shown in fig.l . The red fibres;shewfcnnsiéerably;_f‘

'high succinic dehydrogenase activity than the white:fiﬁres;“' ”

~ No consyicuaus change could be detected in the histcchemieax
  praparat1uns daring the sarly days of atrophy. ﬁewever, by
?th' day after immobilization of the wings the red fibres ‘
generally showed a reduction in enzyme activity, thougﬁ a v
few fibres exhibited an activity even greater than tha narmal;f

As regards the white fibres, there wsas a slighﬁ 1ncrease 1n' ﬁ;

enzyme activity when compared with controls, It is pass&ble .
’that this increase in enzyme activity was du® to an increase |
in the number of mitochondria (Fig.3). The narrow fibres
‘;éreund such broad fibres were always found to possess high
enzyme activity., By the 14th day of atrophy hiStechemical
diversity amcﬂg narrow fibres with regard to the anzyma
activity becama sharper. The enzyme level, however, continued
to increase still further in the broad fibres(Fig.2). By '
 “tha 3rd wesk , the differanca abserveﬂ among the narrsw
fibres bagan to disappear anﬁ the darkly staiaed narrov

| fibres were few, while the braaé fibres still shawed increaaad :
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Fig. 1. Succinic dehydrogenase activity in normal pigeon

breast muscle (cross section). Note marked deposition of

diformazan in narrow, red fibres. X 720.

Fig. 2. Succinic dehydrogenase activity in 14 day atrophied
muscle (cross section). Note differences among narrow, red
fibres; some are darkly stained while others are as in normal
muscle. Broad fibres also show higher enzyme ativity than in

the normal muscle. X 720.
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Fig. 3. Succinic dehydrogenase activity in muscle after
21 days atrophy. Note broad, white fibres with increased

diformazan deposition . X 720.

Fig. 4. Succinic dehydrogenase activity in muscle after

30 days atrophy. Differences among fibres are less. X 400



Fig. 5. Succinic dehydrogenase activity in 60-day atrophied
muscle(cross section). Differences among narrow, red fibres
have disappeared. Note the degenerated broad white Fibre.
X 720. Incubation time for the demonstration of succinic

dehydrogenase activity in all cases 10 minutes.
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'“‘atrcphy. Changes in the shape of braaﬁ fibras wera much mor

f'ﬁdopositS”of rarmazan (Fig. 3). Hopwever, on the 30th da? tho“
number of the narrow fibres showing increased enzyme activity_ ;
was less when compared to the early days of atrephy, ané

:;thw intensity of the enzyme reaction on the whole had alse

k‘declined(Fig.é) In broad fibres too by this time a daclile
in the enzyme activity in contrast to the early eiay's uf
atrophy was seen, and some began to change thsir shape,

iﬁdicative ef degeneration which occurs arter 14 days ef"

pranaunced after 60 days of atrophy(Fig.5 anﬁ 6); Narrow
’fihres at this time presented unifoem stainiag,but ef less -
;j'inteaﬁity. It should be mentioned that, during tha incubatieﬁ' ‘
ﬁ periaé, no succinic dehydrogenase activity parceptibl& in |

£ sz)§ o
the connective tissue, which increased during lateiag%raphy.

Discussion

The high concentration of oxidizing enzymes amd

lipase in the red fibres of the normal pigeon breast muscl&y

' suggest the presence of highly organized cyclophorase systew

including all the enzymes of the Krebs cycle , well equippad,“
for fat metsbolism(George and Talesera, 1961,1962§,1962b).

 On the other hand the white fibres have a‘highly orgahiéeaff 
glycolytic system for the metabolism of carbahyﬁr&tes(ﬁeargﬁ ‘
and Talessra, 1962; Vallyathan and George, 1963).The exiatance f

of these contrasting systems side by side is not cangenial 1;7

for quﬁgitative biochemical studies on these fibres SQQarqt*""

so as to acertain the characteristic change$‘t&kingyﬁla¢é5l;fx "

in then, Therefsre histochemical techniques were found toi‘
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be very useful in assessing the characteristic nature of -
the different bilochemical and physiological changes that
occur in the two types of fibres during atrophy. In a recent
study, George and Vallyathan (1962)observed during atrophy
of the pigeon breast muscle a great increase in lipase acti-
vity, an increase in the fat and water contents and a corres-
ponding low lipase level in blood during the first week after
immobilization of the wings. From this they concluded that
there 1s a severe disturbance in lipid metabolism in the
metabéiism in the muscle during atrophy . One possible
explanation for the increase in lipld in the muscle could
be that it is due to a lowered level of oxidative metabolism.
Evidence for this is provided in the present study?%he sharp
fall in succinic dehydrogenase activity in the muscle during
this period. An explsnation for this might be that the muscle
metabolizes carbohydrates in preference to fat . It is well
known that succinic dehydrogenase plays an important role
in the oxidative metabolism of fats, and the level of this
enzyme 1is enhanced when the muscle is electrical%y stimulated
(Vallyathan and George, 1964). _
Studies on the capacity for fatty acid (butyrate)
oxidation and on the respiratory quotient of the homogenate
of the pigeon breast muscle undergoing atrophy, have shown
that the muscle is inceapable of oxidizing fatty acid in vitro
(Chapter 5).These studies have also shown that the respiratory
guotient of the muscle during atrcphy is above 1, indicating

2 high conversion rate of carbohydrates into fats. These
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observations lend further support to the hypothesis that fat
accumulates in the muscle since it is not utilized and
suggested the possibility of a shift in the metabolism, It
is likely that the normal pigeon breast muscle, witﬂ its high
capacity for oxidative m&tabolism utilizing predominantly
fat, shifﬁ?glycolytic metabolism during atrophy. Since
evidence for this suggestion is also available from the:
previous study (Chapter:zl) where it was shown that the narrow,
red, fat utilizing fibres in the pigeon breast muscle‘ acquire
increased concentrations of phosphorylase and glycogen during
atropny. According to Villar-Palasi and Larner (1960) energy
could be obtained from the degradation of glycogen té hexose
phosphate by phosphorylase. On the other hand the broad, white,
glycogen utilizing fibres of normal pigeon breasst muscle
were found to be almost devoid of glycogen and phophorylase
during étrophy(Chapter 1). But not all red fibres and all
white fibres were so. In the same fé}iculus, while some
fibres showed high enzyme activity, in others of the same
type practically no enzyme activity could be detected (Chapter 1).
The same was true in the case of succinic dehydrogenasefin
the present investigation. It would be of interest to know
what actually is responsible for such differentiation smong
fibres of which otherwise are of the same iype. One reason
might be the altered blood flow resulting from immobilization.
With regard to succinic dehydrogenase, the broad
glycogen utilizing fibres showed an increase in activity,

and the number of the mitochondria also seemed to increase .
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Recent studies by Smith (1965) on rat denervated musecle also
have shown an increase in the mitochondrial content of the
white fibres. It is possible that this inerease in succinic
dehydrogenase activity in the broadg, white fibres is to meet
the additional demands of the oxidative phase of carbohydrate
metabolism in such fibres during atrophy. This might also
explain the shivering action of the muscle seen in the

experimental pigeons after the immobilization of the wings.



