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CHAPTER 6

EFFECT OF DENERVATION ON THE RED AND WHITE FIBRES OF
THE PECTORALIS MUSCIE OF THE PIGEON

Recent studies on the biochemical properties of
the red and white fibres of the plgeon breast mus¢le have
shown that these cell types are not mere morphological entities
but differ fundamentally in structure and metabolism (George
and Naik, 1959; George and Talesara, 1961, 1962a, 1962b).
The red flbres have besn found to be adapted for an aerébie
metabolism capable of metabolizing fat as their energy fuel
and the white fibres for an anaerobic metabolism utilizing
glycogen. In such a mixed muscle composed of highly specialized
cell types, the changes brought about by induced atrophy of
the muscle, such as immobilization or denervation, should be
of considerable interest for a basic understanding of the
processes involved in muscular atrophy.

Histological and histochemical studies (George and
Naik, 1959§ Chapters 1 and 2) on the breast muscle of the
pigeon subjected'to disuse aﬁrophy have shown that the white
fibres are more susceptible to atrophy than the red ones.
The red fibres become adapted to an increased glycolytic
metabolism by acéuiring more glycogen and phosphorylase and
simultaneously losing succinic dehydrogenase activity. The
white fibres, on the other hand, showed increased oxidative
metabolism and lowered glycolytic metabolism (Chapters 1 and 2).
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Biochemical investigations on the 1ipid levels and lipase
activity in the muscle and blood (George and Vallyathan, 1962)
and the capacity of the muscle for fatty acid oxidation and
ReQ., studies (Chapter 5) revealed a shift in the overall
metabolism of the muscle from aerobic to anaerobic with increased
lipogenesis. 4 ) o

. However, the abave studies were carried out on pigeons
with immobilized wings and so slight muscular movements were
possible, which reduced the extent of atrophy. It was therefore
thpught necessary to conduct the present histochemical invest-
igation on the_localization of glycogen, fat, phosphorylase,
succinic dehydrogenase (8DH), pentose cycle dehydrogenases,
p~hydroxyhutyric dehydrogenase, acid and aikaline phosphatases,
lipase and esterase on the denervated breast muscle of the
pigeon. : - /

Materisl and Methods

Twenty fplly grown adult healthy pigeons of either
sex weighing ffom 300 to 320 g. were used. Sixteen of these
were used for the denervation studies and four as controls.
The pigeons were anagsthetized by covering the head with a
mask containing cotton wool soaked in ether. After one minute
of ether administration, an incision was made at the base of
the neck, and the brachial plexus of one side was transected
by the removal of about 1 em. of the plexus at the level of
the clavicle. The denervated pigeons wefe then left with the

others, which were used as controls. They were fed on a normal
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,;?égrain. At the énd of the scheduled experimental periocd,

the bird was decapitated and pieces of the breast muscle

were immediately excised and blotted to remove the blood,

After collecting the muscle samples, the animals were examined
to record the state of the transected nerve. In none of the
cases was there any sign of reinmnervation of the muscle,

since the nerve was excised after full extension of the wing
thus enabling complete separationcsof the cut ends. The isolated
muscle pieces were frozen by plunging them into liéuid air

for about two minutes. These were then transferred to a
cryostat at —2000@ and stored in protective containers till

the time of use., Sections of 6p thickness were cut, fixed

to coverslips, and finger thaved and air dried for three
minutes>for”the ﬁoliowing histochemical observations.

GLYCOGEN: For the demonstrat}on of glycogen, sections were
fixed in Rossman's fluid at 4°C. for 10 minutes. After fixation,
they were passed through ethanol grades and stained, employing
the P.A.S. technique(Pearse, 1960). Sections treated in saliva
for 30 minutes at 37°C. served as controls.

FAT: Sections were fixed in Baker% calcium formolifor one

hour, washed in distilled water, and stained with Sudan black B
in 70% ethanol. - ‘

PHOSPHORYLASE: Histochemical demonstration of phosphorylase
activity was carried out according to the method of Eranko

and Palkama(1961) using glucose-l-phosphate as the substrate,

The sections were incubated at 30°%C. for 15 minutes, rinsed
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in 40% alcohol, and stained with Gram's iodine for one minute.
Unincubated sections and sections incsibated in the medium

without substrate formed the controls.

PENTOSE CYCLE DEHYDROGENASE: Glucosefﬁ~phosphate dehydrogenase

and 6-phosphogluconate dehydrogenase were demonstrated according to
the procedures of Pearse(1960) using nitro BT as the hydrogen

acceptor.

P

SUCCINIC DEHYDROGENASE (SDH): Succinic dehydrogenase activity
was demonétraﬁed»accdrding.to the method of George and Talesara
(1961), using nitro BT as the hydrogen acceptor. -
p—HXDROXYBUTYRIC DEHYDROGERASEz The enzyme was localized by the
procedurs of Pearse(1960) meking use of nitro BT.

LIPASE: Ieocalization of lipase activity was carried out by

the method of Bokdawala and George(1964) using Tween 85 as
substrate and alizarin red &8 for staining the calcium

soap -formed. B t’ -
TWEEN 2C~ESTERASE: This enzyme was studied by the method of
Gomori(1952) using Tween 20 as the substrate.
ACID AND ALKALINE PHOSPHATASES: For acid and alkaline phos-
phatases the procedure of Gomori(1952) was employed with
sodium p—glycerophosphate as the substrate at pH 5.2 and

2.2 respectively.

Results
The control experiments were all conducted on the
normal pigeon breast muscle. It was found that in the dener-

vated pigeons, besides atrophy of the denervated muscle,
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the contralateral muscle also underwent certa;n atrophic changes,
which could perhaps be attributed to the inectivity of the
muscle brought about by the loss of synchronous flapping of
the wings as a result of denervation. As a criterion for
atrophy, the weight loss and the fibre dismeter of the muscle
were studied, It was observed that during the experimental
intervals of the longitudinal study, there was a progressive
loss of weight which was found to be dus to the loss of muscle
masse. In the control animals, the weight of the pectoralis
muscle is mearly 8% of the total body weight while in the
experimental animals the weight noted after 30 days of dener-
vation was 4.2% of the total body weight, The diameter was
also considerably reduced in both types of fibres after 30
days of denervation(Table 1)«

NORMAL MUSCIE: In normal pigeon breast muscle, the metabolites
and enzymes studied show definite pattern in their localiz-
ation. The white fibres, which are glycogen~loaded, shovw a
higher phosphorylase activity than the red fibres which are
fatwloaded, All the dehydrogenases are very active in the red
fibres and less so in the white fibres, ILipase is chiefly
localized in the mitochondria of the red fibres whereas
Tween 20 esterase is restricted to the cytoplasm of both the
types of fibres, The activity for acid and alkaline phosphatases
was found to be very low.

In the normal pigeon breast muscle sections, satis-
factory histochemical dehonstration of the enzymes under ine

vestigation is achieved within a specific time of incubations
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TABIE 1.

Diameter of the red and white fibres in normal and denervated

pectoralis muscle of pigeon.
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The data presented are the average fibre diameters
of ssmples of muscles taken from four animals in each case.
Sections fixed in calcium formol were used for measuring the

fibre diameter,
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phosphorylase is demonstrated in 10 min,; pentcse cycle de-~
hydrogenése in 1.30éhr.; succinic dehydrogenase in 10 min.s
P=hydroxybutyric dehydrogenase in 1 hr,j Tween 20 esterase
in 8 hrej lipase in 20 hr,; However, for a proper comparison,
the control and experimental sectlons were incubated and
stained together for the seme length of time under identical
conditions., The control experiments carried out on the normal
muscle, therefore, depict a picture of intensive activity
for some of the enzymes and low activity for others(Figs.
1-4). In the case of some enzymes the experimental sections
reqﬁired longer incubation whereas in others a shorter period
was necessary for a satis=factory demonstration of enzymatic

activity,

- -

DENERVATED MUSCIE: The changes in the muscle caused by dener-
vation were prog#essive ﬁ;th the length of atrophy. There

~ was an enormous proliferation of connective tissue and a
consequent reduction in the muscle mass., The majority of
muscle fibres‘were found to be degenerated after 30 days
of atrophy. It was also noted that many. of the red as well
as white flbres were filled with fat during the early days.
The changes in glyccggg content and phosphorylase activity
varied slightly, as observed in disuse atrophy. Earlier
stages of atrophy appeared to bring about visible changes
in the sarcoplasmic reticuloem and mitochondrie which were

observed to be swollen and to lose their usual structure.

GLYCOGEN: Seven days after denervation there vas an increase
of glycogen in the red fibres and a decrsase in the white

fibres. After 14 days, some of the red fibres were also



68

Fig. 1. Photomicrograph of the transverse section of pecto-
ralis muscle of a normal pigeon stained with Sudan black B
for the demonstration of fat. The red fibres(R) are more
sudanophilic than the white fibres (W) and their mitochondria

are deeply stained. XI,200.

Fig. 2. Photograph of a transverse section of the normal
pectoralis muscle showing the histochemical localization

of glucose-6-phosphate dehydrogenase activity. Note the

low enzymatic activity due to insufficient incuDation(4bmin.).

X 1,010. Compare with Figure 9.
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Fig. 3. Normal pigeon pectoralis muscle showing the distri-
bution pattern of jl-hydroxybutyric dehydrogenase. A relatively
low activity of this enzyme is seen in the red (R) as well

as white(W) fibres, as a result of short period of incu-

bation (45 min*.). X 1,010. Compare with Figure 11.

<

) - |
Fig .4. Normal pigeon pectoralis muscle treated to show

the localization pattern of Tween 20 esterase. The red
fiDres(R) show more activity than the white fibres(W).
The fTormation of large precipitates is attributed to the
longer duration of incubation (24 hr.) carried out in

accordance with the requirements of the sample sections

(Fig. 14). X 1,010.



found to be devoid of glycogen(Fig. 5). By the 21 and 30tP
days, & majority of the red fibres had lost practically'all' 
their glycogen. Connective tissue, however, showed a'grgéaa1'\7"'

increase in glycogen content during this period.

FAT: During atrophy both types of fibre became less sadanau o
philic when compared with the normal fibres. A few red as wtll

as white fibros, but more of the former, were found te bs

77»{19:&&& with considerably more fat(Fig.l7). Th«rc,waa,ul;a,,
F‘fdn increase in intramuscular fat which wés more towards th&;V

region of tha blood vessels(Figs;?,and 8).

,PHGSPH@RYL&%E: In the 1n1t1a1 §eried after dcnervatiea, th&r
was an 1ncrnsse of phospherylase in most of the roﬁ fihres .
while in some others the enzyme activity was abscnt(?ig;ﬁ),yf: .
After seven days it was observed that the degenerating whiﬁ;t -
fibres lost their enzyme activity. The presence ef'anzymtf;  , .
 activity after 30 days was seen only in a few of the r;ﬁ*tfﬁ7i*"*°
- ﬁna white fibres but the intensity of the reaction was eoam“:‘ 
siderably less. The red blood cells and arterial walls also
; sngwsd enzymic activity.

 PENTOSE CYCLE DEHYDROGENASE: Both the dehydrogenases of the,‘ |
‘ pontesg~cyc1e testcd were highly active duriﬁg~atrephy. After ‘.ff.

scvan'ﬁays there was a uniform increase in activity iﬁ’thc7f‘ik 
red fibreg, but during the 1atur days of atrophy the white f5;

~fibres also showed an 1ncraasefin the enzyme activity(?ig‘9)¢7‘

Amang thc rca fibras there w' ‘fav which stninad vary

dark fer both thagenzymes aft’: ,aven days. It was alse ebsorv"
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Fig.5. Photomicrograph of a P.A.S.-stained transverse sect-
ipn of denervated pectoralis muscle 14 days after denervation.
Majority of the white fibres(W) and some of the red ones(R)
are P.A.S.-negative. Reduction in the fibre diameter is
evident. X 400.

Fig. 6. Photomicrograph of a transverse section of the dener-
vated pectoralis muscle 7 days after denervation treated for
phosphorylase activity. Some of the white fibres (W) are found
to be devoid of the enzyme activity. Majority of the red fibres
(R) show an intense positive reaction. Incubation time,

15 min., X 260.
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Fig. 7. Photomicrograph of a transverse section of pectoralis

murcle 21 days after denervation, showing the deposition of
fat in the inter- and intra-fibrillar spaces. Note the densely

fat-loaded red fibres and the non-sudanophilic degenerating
white fibre(DW) seen above the large deposit of fat(F) present
(DFO**? th=-~~1bresS- partially degenerated red fibre

Mg.- 8. Photomicrograph of a transverse section of pectoralis
muscle 30 days after denervation stained for fat showing a
less affected area. X 1,010.



Fig. 9. Photomicrograph of a transverse section of pectoralis
muscle 30 days after denervation showing the histochemical
distribution of glucose-6-phosphate dehydrogenase activity.
The white fibre undergoing degeneration (indicated by the
arrow) show high enzyme activity. The connective tissue also
show slight positive reaction. Note the higher enzyme activity
in both the types of fibre. Compare with Fig. 2. Incubation
time, 45 min., X 1,010.

Fig. 10. Photomicrograph of a transverse section of pectoralis
muscle 30 days after denervation showing the localization
pattern of 6-phosphogluconic dehydrogenase activity. Note the
fragments of a white fibre (indicated by arrow) . Some of the
red fibres are strongly reactive. Connective tissue(C) also
show positive reaction. Incubation time, 45 min., X1,C1C.



‘that the degenerating white fibres pessessed very high con=
centrationé of the enzymos(?ig.le).The connective tissue nass!f  §
and the artarial walls also showed a pssitiva reaetian ror -

 both the enzymes.

- p-EYDROXYBUTYRIC DEHYDROGENASE: The pattern of this enzyme
activity was similar to that of the pentose cycle éehyéraa

~,,gcaasos{F£§‘11). There was an overall increase in the onzyan
iffactivity through&ut the experimental period. In the dngans;, ‘
*V~ing fibres a,very sherp increase was noted whieh was much lighsr

than that observed for the pentcso cycle enzymes. The 3area~i;!  w
E loanal rtgiens of the fibres were deeply &tainta azﬁ th& ”

eenncetiva tissaa and bloed vossels also shewod a faiat

poaitivc reaction.

' SUCCINIC DEHYDROGENASE (SDH): The activity of this enzyme
during atrophy decreased eoﬁsiderably in the muscle. After

14 days the red fibres presented a mosaic aypearanco~wit§ 1[f

*f*";ff',zr.gara to the level of enzyme activity. The white fibres
generally showed an increase in enzyme activity. The divorsity

in the enzyme activity among the red fibres porsistcd avan_:
;; g££ar 30 deys of denervation (Fig. 12). :
:{.iP&SEt Throughout the experimental poriod there vas & dwr‘“’ :
in lipese activity (Fig. 13). ..

TREEH 20 ESTERASE: Despite thc slizht increase in activity

within the first seven days, tharazwas a rcé&ction in the gngya ;
level in the later periods (Fig“ , ¢ -
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- g Photomicrograph of a transverse section of pectoralis
muscle 7 days after denervation showing an overall increase of
B-hydroxybutyric dehydrogenase activity in both the types of
fibres as compared with the normal(Fig.-3).The reduction in
diameter of the fibrea®is not yet discernible. Incubation time.
45 min., X 1,Ci1C. ' ’

Fig. 12. Photomicrograph of a transverse section of pectoralis
muscle 30 days after denervation showing the variation in the
level of succinic dehydrogenase activity among the narrow TfTibres,
oome of the red fibres are darkly stained, some show moderate
activity while others hardly any activity at all. Incubation
time, 1 hr., X 260.
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Fig. 13. Photomicrograph of a transverse section of pectoralis
muscle 21 days after denervation demonstrating considerable
decrease in lipase activity. Incubation time, 24 hr.

X 1,010.

Fig. 14. Photomicrograph of a transverse section of pectralis
muscle 21 days after denervation showing the low activity of
Tween 20 esterase even after prolonged incubation(24hr.).

X 1,010.
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Fig. 15. Photomicrograph of a transverse section of pectoralis
muscle 30 days after denervation showing acid phosphatase acti-
vity. Red fibres(R), and blood capillaries show high enzyme
activity. Note the partially degenerated white fibre(DW;. Conn-
ective tissue(C) shows a negative reaction. Incubation time |,

5 hrs. X 1,010.

Fig. 16. Photomicrograph of a transverse section of pectoralis
muscle 14 days after denervation showing the level of alkaline
phosphatase activity. An overall diminution iIn enzyme activity
is seen. The red fTibres(R), however, show relatively higher
level of enzyme activity than the white ones(W). Incubation
time, 26 hr., X 1010.
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Fig. 17. Photomicrograph of a transverse section of pectoralis
muscle 30 days after denervation showing the inter- and intra-
fibrillar accumulation of fat(F). Note that some of the red
fibres are darkly stained for fat. X 400-*

xig. 18. Photomicrograph of a transverse section of pectoralis
muscle 21 days after denervation revealing the nature of specific
sites of high acid thos phatase activity in the degeneratln%
muscle flbres(DF) ote the darkly stained fibres around the
gngtamidélggace of connective tissue(C). Incubation time

r. :
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ACID PHOSPHATASE: On the seventh the activity of this enzym

vas very 19?; A higher enzyme activity was'nétiéca‘xn the
'red fibres than in the white ones after 14 and 21 éays of

"  &anarvat1en' During this period, connective tissuc and :

“ﬁ4°8’ﬂﬁrating fibres showed 1nzeas1va activity(Fig.18). Aftd'&

30 days, only a negligible umeunt of the enzym' aativity _
: ceulﬁ be detected in the connective tiasue(Fig.ls).f |

” AL£ALIHE PE@B&&!ASE' This enzyme was ebsarv&é to b. pr@s}
in low conscntratiens during atrophy of the musele. Hawever,
thc red fibres showed a higher level of the enzyme acti?ityi
~than.tho white ones(Fig.16). Connective tissue showed a n&ga~ ~' 

ti’u reaction throughout the experimental periad‘

Discussion

The present observations made on the denervah§d§“ My
breast muscle of the pigeon revealed significaﬁt différoaéa$1f
in the metabelism of the two types6f fibres as compared o
‘;thoso in the control animals. These changas could be mainly_
attributed to the degree of susceptibility to strophy of the
two types of fibre. Earlier studics(Chapter 1) have shaw&
 that during immobilization atrophy of the breast muscle ‘
in pigeons the white fibres Sk@wad degenerative changes
more rapidly than the red ones. They also showed that thera“  ;f
was a shift in the metabolic pattern of the red fibres by ‘  ‘“
, aeqnir1ng more glycogen and phesphorylasa . Similar results    m'
 ”w1th rugard ta the pattern af ehanges in glycagan ané‘phasu  7  ;

ph@rylase wers alsa cbtainad in the 9resant stady. an_va
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the changes observed in both types of fibre in denervated
muscle were much sharper than in disuse atrophy. The white
fibres did not regain their glycogen load and phosphorylase
activity after 30 days, as in disuse atrophy. These differ-
ences may be ascribed to the slight muscular movements which
were péssible in the animals 1n'plaster casts but\not in the
densrvated animals. -

buring atrophy it is known that there is an accumu-
lation of fat in the muscle (George and Vallyathan, 1962;
Helander, 19603 Humoller, Hatch, and McIntyre, 1952), although
it is not precisely understood how this fat accumulates.
Perhaps it could be due to a diminished rate of utilization
or a synthasis de novo by the muscle. The recent investigations
(Chepter 5) have given proof that during immobilization
atrophy there was a lowered capacity for fatty acld oxidation
with a ppssibility of fatty acids being synthesized in the
muscle. From the present investigation it is seen that during
atrophy, generally there is little fat in the muscle cells,
as indicated by the weak staining. On the other hand, consi-
derable accumulatiom of fat were seen in the interfascilcular
spaces of the muscle. A few red fibres, however, were seen
to be loaded with fat., Thg activity of the pentose cycle
dehydrogenases was found to be considerably Ilncreased during
atrophy. Since the sections used in these observatilons were
serial sections it was clear that the red fibres showing a
high fat content also possessed high concentrations of the
pentose cycle dehyrogenases., That the NADPH required for
synthesis of fatty acids 1s supplied through the oxidative
pathway of the pentose cyecle is well known (Siperstein, 1968).
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Evidence providea by the &tudies of Rossi, Zatti, and Green-
baum (1963) and Zatti, Rossi and Tartarini (1962) in the
denervated rat muscle and of Fennell and West (1963) and
McCaman (i963) in mouse dystrophic muscle indicate that
there is a marked increase 1in the activity of the pentose
eycle dehydrogenases, It may therefore be inferred that in
atrophic muscle there is an inereased synthesls of fat, and
this fat, which is not-utilized by the muscle (Chapter 5)
accunulates in the muscle cells as well as in the intercellular
spaces, There is a possibility that this fat finds its way
out of the musecle cell, since it is known that in musecular
atrophy the permeability of the cell membrane to various
substances is increased. _

’ In the present and earlier studies (Chapter 2) a
decrease in the activity of SDH during atrophy was observed
in the red fat metabdélizing fibres. The lowered 1e§el of this
enzyme, which has a cardinal role in oxidative metabolism,
is indicative of an impairéd oxidative metabolism during
atrophy. However, it was noticed that pmbydroxybutyric de-
hydrogenase activity &f the denervated muscle was strikingly
enhanced. This finding is consonant with the histochemical
observations of Sibrik and O'Doherky(1963) on the dystrophic
mouse muscle. The increase in pPwhydroxybutyric dehydrogenase
could not be attributed to an increased fat metabolism, as
suggested by these authors, since in the present investigation

there was a very low activity &f succinic dehydrogenase. It



is quite likely that this increase in B-hydroxybutyric de-
hydrogenase 1s due to an increased lipogenesis, since it

is known that the enzymes taking part in the oxidation of
fatty acids can also catalyse the reversible reactions
leading to the synthesis of fatty acids. Moreover, the
early studles also showed that fatty aclds are not oxidized
in vitro by atrophied muscle homogenate (Chapter §). Never-
theless, the possibility .of fatty acids in vivolin at least
some of the fibres cannot be ruled out entirely since an
increase in the concentrations of both the above enzymes
was observed in a few of the red and white fibres,

The results obtalned for lipase activity reveal
considerable decrease of this enzyme during atrophy. At the
same time an increase in the Tween 20 esterase was observed
in the early days of atrophy. George and Vallyathan (1962),
using biochemical analysis, reported an increased activity
of the enzyme lipase 1n atrophied pigeon breast muscle
using tributyrin as the substrate. This discrepancy between
the biochemical data and the present histochemical findings
may well be due to the substrate specificity of "true"lipase,
It was reported @eorge and Ambadkar (1963) and Bokdawala
and George (1964) that Tween 85 is.a specific substrate for
true lipase. Recently, Bokdawala and George (1964) using
Tween 85, demonstrated histocheﬁically that lipase is
localized in the mitochondria. In biochemical analysis,
the substrate tributyrin, which is a triglyceride of short
chain fatty acid, is acted upon by both, by true lipase as

82
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wvell as by non-specific esterases. The present resultnfor
estease activity are in good agreement with those of Fennell
and West (1963) who obtained a similar increase in enzyme
activity in mouse»dyafrophic muscle.

In himan muscular dystrophy, Bourne and Golarz !
(1959) observed increasing concentrations of phosphatase
activity in the connective tissue. Fennell and West (1963)
Romanul and Hogan (1965) obtained a strong reaction for acid
phosphatase in the atrophied fibres and in the interfibillar
connective tissue. Intensive acid phosphatase reaction sites,
which were restricted to specific areas in some fgsciculi
with both types of fibres, are seen to undergo atrophy.
However, the individual white fibres undergoing degenseration
did not show an increase of this enzyme. It mey be stated
that the increased activity of acid phophatase durling the
earlier perlods of atrophy may be in accordance with the
increased rate of catgbolie activity 1in the degenerating
mugcle. As regards alkaline phosphatase, Beckett and Bourne
(1957) showed that in human dystrophic muscle there is an
increése in the enzyme in some atrophied fibres and in the
connective tissue surrounding them. A positive reaction for
this enzyme was also reported by Smith (1965) in a few muscle
fibres of the denervated rat tibiazlis, In the presentktudy,
however, enzymatic activity in the atrophled fibres as well
as in the connective tissues surrounding them was found

to be low.
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shows
The present finding that some of the hydrolytiec

enzymes and the NADP-linked dehyfirogenases are active in con-
nective tissue. Bourne and Gélarz (1959) suggested that the
fundamental defect in progressive muscular dystrophy might
be due to the inecreases in concentrations of these enzymes
in the conhective tissue. They gave three possible inter=-
pretations of their results, of which one seems to be most
pdausibde . They suggested that the fundesmental defect might
be in the membrane of the muscle fibre and the diffusion of
substrates outinto the surrounding milieu might result in
the adaptive synthesis of enzymes to hydrolize them in the
connective tissue(Golarz and Bourne, 1963).

From the present &tudy it is evident that as a
result of denervation there is a drastic change in the intra-
cellular metabolismbf the two types of muscle fibre. It was
noticed that the majority of the red filbres are adapted to
glycolytic metabolism and the muscle as awwhole to increased
fat synthesis, The present result results are in agreement
with those of Bass and Hudlick{1961) who reported that during
denervation atrophy there i1s a high rate of glucose and
oxygen consumption, indicating aniincrease in the liberation
of chemical eneréy. They ﬁéve further suggested that this
energy is used either for lipid synthesis or for synthesis
of other compounds, since the mechanism for utilization of
chemical energy is impaired.

In the earlier experiments on atrophy in the pigeon
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induced by plaster casts (Chapter land 2) itwas reported that
the white fibres undergo structural changes and degenerate
more rapidly than the red ones. In the present investigation
these observations have been confirmed. Furthermore, it is
found that with complete inactivation of the muscle, the red
fibres also undergo rapid atrophy but with one major differ-
ence. At the onset of atrophy itself there is structural
breakdown accompanied by biochemical changesiin the white
fibres whereas in the red fibres the changes taking place
are chiefly biochemical and structural integrity beccmes
lost towards the final stages of ,atrophy. These blochemical
changes are how shown to be brought about by a shift in meta-
bolism from aerobic to anaerobic in the red fibres and vice
versa in the white ones. Such a metabolic shift with the high
rate of catabolism could be regarded as a factor promoting

thelr degeneration.



