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Abst rac t of  a the s i s  presented in par tial fulf ilment of the 

requirements of the Degree of Doc tor of Philosophy . 

AN ANATOMICAL STUDY OF ADAPTIVE PROCE S SE S  IN MUSCLE 

b y  N AL L A T HAMBY S I V A C H E L VA N  

The mechanisms involved i n  the adaptab i l i ty of muscle to 

func t ional changes have b een tested using sheep as the 

exper imental animal . 

( 1 )  A quant itat ive study of  the antenatal and postnatal 

development of  skele tal muscle was under taken using the 

semi tendinosus muscle of e ighteen f etuses f rom 60 days 

ge stat ion to b irth and of  fif teen sheep from birth to 

adulthood . The muscle was also used as an experimental 

model to test antena tal antic ipa tion of postnatal muscle 

func tions . The alkal i-stabile myo s in ATPase technique was 

used to ident ify and quant ify the h i stochemical ATPase low 

(AL) and ATPase high (AH) f ibres and to follow both f ibre 

and fasc icular growth within the mus cle . Histochemical 

changes occurr ing wi thin the developing fibres were also 

recognjz ed . 

Pre sumptive AL f ibres had centrally occupying nuclei up to 

80 days . A smaller secondary f ibre populat ion formed the 

presumpt ive AH fibres during this period of developmen t .  

From eighty days of gestation onward s , two distinct f ibre 

types could b e  observed histochemically in the muscle . The 

AL fibre stained pale while the AH f ibre stained dark . 

Areas of variable f ibre t ype population dens ity were 

distinc t within the muscle in all stage s studied from 80 
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days of  gestation. The highe st popula t i on densi ty of  

ATPas e  low f ibres was observed in the craniomedial aspect 

of the muscle (AL dense area ) . The lowest  AL f ibre 

popula tion density was seen in the caudola teral a spec t of  the 

mus c l e  ( the AL sparse area ) .  The AL f ib re percentage wi thin 

the AL dense area of the muscle inc reased from about 10% to abou t 

30% f rom 80 days of  gestat ion to adul thood wherea s in the AL 

sparse area the AL f ibre type populat ion density r emained a t  

about 4% throughout th is period . 

Simultaneous electromyographic s tud ies using the semitendino sus 

muscle  of three adul t sheep sugges ted tha t the AL dense area 

is preferentially used for po sture and during quie t  co-ordina ted 

ac t ivity ,  while the AL spars e  area is r ec rui ted only 

in termittently when the hip and stifle j o ints are less  

co -ordina ted in movement .  By  using angiographic s tudies on 

the muscle , many large and c losely spaced blood vessels were 

seen to run in the AL dense area . Thus ,  a metabolic and 

nu tritional prerequisite for the mechanically disadvantageous 

di sposition of  the AL f ibres in the deep par t of  a muscle with 

a he terogeneou s f ibre type d istribution has been suggested . 

A pos tural and propulsive involvement of  the muscle and an 

increase in percentage of AL fibres a long with increasing 

body weight suggests a functional adaptatory change . 

The part of this change occurring antenatally is  expected 

to be the result of genetic  antic ipation . 

A marked r educ tion in perimys ial connective tissue occurred 

an tenatally bu t no significant change s  occurred pos tnatally. 

The change involving endomysial conne c t ive tissue , on the 
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other hand , was less  marked throughout the development . 

Al so , the number of  f ibres per fasc icle was constant both 

antenatally and postnatally . The perimys ial enclosed fasc icles 

increased in number antenatally but remained cons tant 

postnatally. Thi s  sugge sts a role for the connec tive 

tissue framework of a muscle in cons training the growth 

in number of fascicles and f ibres . 

( 2 )  The func t ion o f  one hind limb of  the sheep was modif ied 

to study the growth changes in the musculoskeletal sys tem . 

Seven lambs treated with one hind limb bound to the body 

with the hip fully f lexed and the st ifle and hock fully 

extended were reared from the day af ter birth to about 

three months of  age , together with two untreated contro l s . 

A carcass dissection s tudy was made of the treated and 

control lamb s .  Changes which occurred in the semi tend ino sus 

mu.sc le wer e  studied using histochemistry and electron 

microscopy . 

All the supporting l imb s of the treated lamb s showed growth 

related changes induced by the treatment , suggesting a 

d iagonal support of  body we ight . The semitendinosus muscle 

of  the bound l imb was heavier than that of  the controls and 

that of the support ing l imb , while the quadr iceps muscle 

was heavier on the supporting side and l ighter on the 

bound side . These re sul ts f rom the semi tendinosus 

and quadr iceps muscles support the v iew that stretch is 

an important requirement of muscle hyper trophy . The 

semitendino sus muscle , s t re tched over two j oint s ,  

hypertrophies to a grea ter extent than a muscle like the 

semimembrano sus , stretched over one j o int . The size 

increase o f  other muscles  such a s  the extensors of the 

st ifle j o int of the supporting hind limb may also have 

b een due to  stretch . A trend was ob served for the f emur 
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and tibia  to be more minera lised and thi cker , but shor ter , 

on the supporting than on the bound side of  the body . 

The histochemical study of the semitendinosus musc le 

indica ted that both AL and AH f ibres are induced to grow 

by the stre tch st imulus . An inc rease in the AL fibre type 

population as a percen tage of  the regiona l f ibre popula t ion 

in the deep part of the semi tendino sus mus c le suggests that 

chronic abnormal usage of a muscle can produce an adap tive 

response . Thus ,  thi s  exaggerates a s imilar effect 

ob servab le dur ing norma l growth of an an imal because of 

its increase in body weight . During the growth of  a mus c le 

under immobi lized bu t s tre tched conditions , the shape , the 

amount of  connective tissue and the s ize of fascicle and 

fibre components appear to main tain isome tric proport ions . 

Elec tron microscopicall y ,  no abnormalities in the arrangement 

of the subcel lular component s  and in the proportions of  

myofibrillar , sarcop la smic and mitochondria l e lements 

within the fibres of  the hyper trophied semi tendinosus 

muscle were revealed . 
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