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An in vive nggva-musclg‘pnpauuon’uf the

posterior latissimus d:zsi muscle .(PLB‘) hu:b&n used

extensively to study contractile, pharmacological and

elecrrophysiological chafacteristics of avian muscles

ahfeceed by hereditary muscular dystrophy. ~The use of the

preparation 1s limited since there is mo cogipnient artery,

for cannulation to assess the acute effects of substances .
ot potential ‘therapeutic value. A preparatfon that Appel‘rs

to meet this requiremént, the extensor digitorum communis ®

(EDC) muscle Ppreparation, 1s developed in the present

study. The mechanical and histochemical characteristics of

i j* -
the EDC mugele comfhre favorably to those reporteffifor

dormal and dystrophic avian muscle in the PLD preparationm.
The gene for muscular dystroplhy in chickens is

thought to be autosomal recessive but personal nb;ervu:ionl

and communications with some workers 1n¥he area suggest X

that thes gene is expressed Wiffatently in males and

females® The mechanical characteristics of the EDC muscle

have been examined in old and young groups (old = greater

t.{un 6 months; young = 6-9 weeks) of normal and ‘dy:trnphic

ERTeRain WIEN BeEpaEt: £y) 86%, - REWUIES sHowed thmt sgd=

related sex differences were apparent for mechanical

parameters known to distinguish normal and c¢ystrophic

birds; that is ability to rise fESW the supime position,

~ -
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wing apposition score, post—tetanic potentiation, ~twitch= ¢
\ tetanus ratic and post-tetanic contracture. The sex -
differeices obwarved; 10, yousy Wzds tadicate that the
femaies were more feverely affected by the disesse than

Were the male

¢ JIn the older birde the contractile

fesponses - of the EDC in males showed classic signs of

\ dystriphy while females were often not significantly
B d‘xff.ex;n: from normal.’ If the imheritance pattern s truly
sutosomal recessive.then perhaps there is an endogenous
2. ‘"protective" factor in the mature female. It is suggested
that the lowered plasma choluiernl‘ in the egg lby‘l;xg hei”
could account for the observed sex differences. Defects
have been reported in a yariety of membrames in human and
~ pnimal muscular dystrophies. Simce eHOTebEeTsLirn; Kupwn: e /,
decrains ‘mesbiane FLELHity dhd winee incrasues 10 plasas
cholesterol have been reported im dystrophic chickens, a
avanstts, Aicoest tn, pisvan clvol_esnrol/f\onld perhaps

improve the dystrophic condition. L A
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criteria used to define human dystrophies, no;.il; :ﬁ;
hamster, - the mouse and the chicken, have been extensively
studied. Although no animal myopathy is a "perfect" model
of any human dystrophy, considering the difficulty
encountered in distinguishing the.vnqiouu human disorders
1t ie-perhaps unreasonable to expett that one ‘extsts.
Certain features of the animal models are consistent with
many aspects of the human dystrophies (Mendell et.al.,
1979).  The morphological changes in the muscle fibres:of
;ha-dynttophlc hamster are not.marked but this animal

appearsto be a superior model for studying the

cardiomyopathy that figures promimently, ylrtifulu;lyxin
fhe etainal stetes; fo pariasts with awasular,dystrophy
(Hunter,1980), Murine dystrophy is characterized by-
extensive necrosis of the muscle fibres clolely‘reia-hling
" that fn the human disorders. The profound neural ¥
avolvement in the dystrophic mouse model, as evidenced by
ination of the spinal roots (Bradley and J;n:élon,

3; Jdaros and Bradley, 1978) and impaired impulse
transmission (Rasminsky, 1978; Rasminsky, 1980), is
‘perhaps a fundamental difference between nurine muscular
dystrophy and human muscular dystrophy. On the cElsE hanis
the ﬁresénc; of d:[ac:l in systems other than the
neuromuscular system indicates there 1o a multioystem
defect in this model; Bultisystem defects have glso b baan
reported in several of the human dystrophies.

3 N
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1.3 The Genetically Dystrophic Chicken

I~ 1,301 Cllnic;l features of -awian dystrophy.
Nuicular ‘dystrophy of the:domestic.ihicken ves First
reported by Asmundson.and Julian 1in 1956. The mutatioam
“orfginated in commerclal lines of New Hampshire chickens,

selectively bred to produce birds with large pectoral

_musclés:  These birds were unable to right themselves when
- ; .

placed on their backs and there was excessive resistance to
passive apposition of the wings behind thé back at the
elbow joints : The inability of dystrophie birds to rise

from the supine positon 15 a reliable assay of dystrophy

and ‘can statistically discriminate normal and dystrophic
birds in. preclinical stages as zarlyval 10 days posthatch
(Wilson et al., 1979). In addition, the dystrophic birds
h;ve a broad ho;{y, short thick limb bones'and manifest an
initial muscle hypertrophy followed, in some birds, by
se;era atrophy (Jylian and Asmundson, 1963). The disease

1s progressive in chickens but it does not substantially

‘shorten.the life span of affected birds.

1.3.2 1Inheritance pattern of avian dystrophy.

. .Tradftionally, muscular dystrophy of the domestic fowl has

1 recessive gene,

been attributed to a simple autoso

..however, it may be codominant since there is some

penetrance of the gene in heterozygotes (Julian and




The pedigree of the dys

a1, 19799,




Chicken

‘Pedigree of the Dyatrophie:

~“Line 307 _:
high fat and
early atrophy

Li.neu/' <
413 and. 455
-dystrophic N.

‘Commercial
N.H. Flocks

Line 301
N.H. Dystrophic

for/ early
- J'onset

- Line:304°
éarly hypertrophy




s Asmundson, 1963). The gehe is not.sex Ainked “but 6
possibly expressed differently m\ Salie snd Fanalon] (Jullup
3 . Qpd Asmundson, 1963; Wilson et ~a1\ 1979).  This

distinction has not bgen syltama:i\ ally evnluuud. <
! b i

. C :
1.3.3 The pedigree of the\dyﬂtxnyhic chicken:. The

|
original mutant, line 301, was a somevhul’. heterogeneous

“mixture of birds, some “tl:dl undergolng early muscle

hypertrophy and some birds undergolng early muscle ltrophy

(Julian and Asmundson, 1963). Subsequen: selection for
R birds with high fat content and early atrophy of the
pectoral muscles producedjthe 1iné 307 birds ‘and selection

for early: onset ofwsymptoms lf_compaﬂi:d by pectoral

o ‘hypez:zuphy gave rise to the line 304 birds (see Figure 1).
- unu from line 304 were outcrossed to mormal New. Hampshire
bi{d' and progens from the F2 generation were legregn:ed to -
prodice ‘idnes of homozygous dystrophic birds  (lines 413 and

455) and lines of genmetically matched-controls (lines 412

and 454) (see Figure 1). It was hoped that in addition to

creating lines of dystrophic birds with genetically matched
i &on:qus, :he out-crossing of the original line would
“diminish or eliminate thése characteristics pote;;lllly due
i - to "background" genes and 1limit the phemotypic expréssion

£ e . of -the gene to those characteristics determined by the

‘dystrophic gene. 'The receat emergence of limes 412 and 413

v has prompted ‘4 plethora of studies re-evaluating the nature

of the phenotypic expression of he gene. Lines 412 apd”




|

413 lre now oxtenllvlly usgd in x:lg-lrch lines 454 and 455

("illnn et al., \\?79)- The

\

birds wr\1ch were hnmozygnua dyktrophic from among\the |

offspring ‘of the original line 301 New Hampshire b’
x Q\ //}

|
outérossed -t nwrmul Whi:e Leghorn-birds- /f/ea Figure 1).
Naznnl White L ghorn chickens are gemerally eed as

B controlu for ‘the' Storrl birdl. Randall and Nllion (1950)

haye recently shovq that certain Melissilal” blo:hemicnl
and physiological n\\nli:ututions of the dystrophic

Phenotype differ in the various lines of dystrophic

‘.chickens (Randall and
: i ;L

ilson, 1980).:

“1.3.4 Gross pathological changes. ' The

/physical characteristics ofxlme‘ dystrophic muscle differ
markedly from normal, even. edrly in the disease. . Affected

muscles are firm, Hough, opaghe (normal avian muscles. are

_‘somewhat ‘tfanslucent) and relatiyely resistant to the blade

of a scalpel. When removed from the-body, normal muscle is
i 4 4 i

pl‘ll_hla &nd, if folded,” retains its shape. By contrast,

“dystrophic muscles are "rubbery" and fail to retain.a

folded shape (Juliun and. Asmundson, 1963).

Auhougn,che majority of the skeletal muscle mass |

15 tavolved in.advanced stages of the dlsease, initially

(Julian’and: Asmundson,, 1963).

there is lelective involvement of the "white" muscles

In the older lfmes of dystrophic chickens a wide
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variation fn fibre size was apparent; muscles exhibited"

both hypertrophic fibres and atrophic fibres in cross-

“section but few fibres of normal gize (Julianm and

'As-undmi, 1963; McMurtry e al., 1972). Crowe and Baskim

(1979) reported a large perceatage of hypertrophled fibres
in 1ige 413 birds; few atrophied fibres were eviden!. o
Splitting of hypertrophied fibres (thought to be a
compensatory r}.yogﬁ n'ﬂinrua_e the surface area and

improve the oxygen sion of the hypertrophied fibres '

thus -facilitating aerobic metabolism) and large regions of

% . -
‘actively degenerating fibres are features of the disease,

comaon to all major lines of dystrophdc chickens (Julian

and Asmundson, 1963; McMurtry et.al., 1972; Libelius et

al.j 1979)..% 4

1.3.5 Changes in the interstitial tissues. Normal
muscle fibres are tightly packed 'and adopt irregular

polygonal shapes in cross-section. The loose packing and

.
elliptfcal shape of dystrophic fibres inm cross-section

results from the loss of contractile'material and the. «

mark$d increase in the comnective ti

lurroundlng Ay

-dndividual dystrophic Eibres in line 301 (Jull n and

Asoundson, 1963), llne 5 304 and 307 (McMur y z: al.,

1972) and line 413 (Crowe and Baskin, -1979) chickenl. The

- ;
origin of the increase in conmective tissues has mot yet "
been-elucidated. Fat infiltration and replacesent of

d.guu.un, dystrophte. Iuncle fidres. by adipose tissue has
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been demonstrated in all majorlines of dystrophic chickens

(3ultan and Astundson, 1963; Cosmos, 19705 McMurtry et al. |
1972; Crowe and Baskin, 1979).. The origin of these J
adipocytes in reglons of muscle vacated by mecrotic fibres’

1 wlnown, "It Had Besi supgented ENET GLERAT Ehasd wre

not true adipocytes but phagocytes capable of storing fat

or there is a failure of fat metabolism in necrotic cells

3 o il i

. 1.3.6 Microscopiié pathology of the cell

~organelles. Growe and Baskin (1979)sreported a decrease in .

_the total volume of cell organelles and an increase im the

amount of empty cytoplasm th line 413 chickens. The tétal
volume of myofibrillar material was shown to decrease in
the same birds (Crowe and Baskin, 1979). . The loss of "

myofibrillar protein and cell organelles—appears to be a

.result’ of active lysosomal destruction of materials in D

degenerating fibres.

. Central nucleation, a },mminunz abjormality of . |
the muscle £ibre reported dn a variety of human and animal
dyscrophies; 5 o eluon; deature wf nn:ha1/fhxckén nuscle

and, as such, is not a reliable marker of avian dystrophy
)

'(Julian and Asmundson, 1963). Other aberrations in the

nuclei of dystrophic chickens are apparent; a -slight

increase in the volume fraction of nuclei and a large

increase in the cross—sectional atea  of ind{vidial nuclei

have been demonstrated inm lime 413 chickens’(Crowe and




Baskin, 1979). McMurtry et al. (1972) found an increase 'im
Ehe Gotal mumbet of mwclet.dn saverd) of the older lines of
dyeRrophic chickens using ;:exeemauu techniqués. . This
Encfennns vaw primarily evident in the peripheral nuclei
(defined as those'nuclei vhlch‘[onch‘ihelsnrcolammu),
Recently, Yorita et al. (1980) showed an incregst in the
total number 6f nuclei injline 413 h;:ds, and in
particular, an increase in the numbér of satellite cell
(dormant mypblasts) nuclei; satell!;a ¢ells are situated at
the penph'u_y of muscle cells. 7 ] i g
el ‘lhcreaseg in the number nndqdecreas55 in the size =
of mitochondria resulting in an overall: increase im the . -
surface 'to volume (S/V) ratio have been reported in ::he,
pectoralis (Crowe and Bagkin, 1979) and the PLD (Bqringer,’

1978) muscles of line 413 chickens. This may be a shatnE
compensatory r;séonsg.:a muscle fibre hypertrophy; s the

fibre diameter increases the conditions for aerobic

|
metabolism are progressively less Tavorable. i

1.3.] Microscopic.patholegy of the sarcotubular
system. 'Eafliest reports on the ulgrastructure ;f
dystrophic lTi:ken museles did not examine the sarcotubula‘t
systems, phobably becduse of Lechnological llmltutlons.
Shafiq et.al. (1972) reported dilation and y;n11fera 1un of

the sarcoplasmic reticulum (SR). of line 304 birds, however,

a subséquent study (Malouf and -Sommer, 1976) used an l /

extracellular marker to show that SR vesicle pebnasartons




¢ onwzved an tncre se in I'.he s/

':or!ent-tlon at: ‘“v

znbuln ptnllieration mly

REE:

often contlnlnazed wlth vesinlel frmn the tr.nlve!le

. su.unn' .ud‘proufennon ain:hq‘t—lu\:n‘lql -na m_:: of ‘the

SRiwhich cauged the Ventculattons sedn” in the “dystrophic

aidbeie

of line 305 blrdl

g :h; pector:lvl in line 413 birds, Cr\:we and- B-lkin (1979)

é’a‘*z 408 the t-tubules.

v‘uhi:h neem‘ed to be! c&uléd in pu: by guauou and

vacnelizu:!on in the lon ttudinul direction., i dec 3]

Ehe S/v “ratfo o the “sr. wu aceompani.ed by lose of

tri

Itl‘llcture. Berinxer i

.muu set of :achnlqu' n the n.n of 1ine 413 birds

found 1ncre;|es 1n the S/V k :ib o! the’ t tub\ll

decreuses in the s/v Fak1e ot th‘z sui *The chnngns were

s narked in the FLD than in the peuonlu

‘dgctnnn n the number af intrlmembrlne

gnntclec. thu\lght co repuunt a dac:ene ‘1n the nuuber

the m:mhz.nu

of both 'the ;-

Bules (Crowe and Baskix,

1975) and I’.he 1.8 (Beringer, 19785 créve and s‘anl{xﬁ.‘ 1978) -

:ubnles v(t-t\lbule!). .That. enquiry dgnou-:z-tad that fe-was

U'ln! tEteologie analysis ‘of

se in

1978) used a

/hannela ot fum:tionul.enzymel, hn been repof::d 1n 5

5t dyl:xoghxc (tine 413) ::'hlck:nl. In the case of‘the e

:ubuu-nm does ot L necesiarily reprautn: reduction of

‘the uncuonu ¢apacity of aiunit area’ of membrane’ since -

':he xnereuea ‘surface density of the t=tubule. nem‘bx‘lneu

unlt voln-e uf muscle (C,awa 4nd, Baskin; 1979). The fe

a cumpgnur_ny ‘response to.

; ‘results’in'a 125, x 1n¢relse in the' mmbu of pnuclu pet




o S e

. Tfissue. Uneqnivocul duumxnumu of

o : : s Lot S Sy e

muséle fibre hypertzophy, ‘to-preserve’the relationship’

betyeen :xttucellular spnce .na the’ vnlume of mﬂucle

e numhat of &y

faframenbrase p ticles in the sk proved difficult. The

‘number of intramembrane particles per: uilt volume of muscle,

f.p ears, dumuuur Ieducad in the free S'R‘, however:

- the junction.l SR, th e pnnned site ot acnu c-lc.hm

releaue.lnd rea cunuuuon, the nunbex of pl:ziclel pe:

- unit volume of mn-cu is unchlnged (Betlnger, l978' Crowve

and. Baskln, 1979) -IE; nnlcium xelel!se and chlciu

'ne extenc

nque,s:uuon are. actonplllhad to th‘

the SR, these !unctinhu mly be. cnmpruml ed - in dyut!ophic

m'u’.cfe. an the nther hund, 1f junctional SR

cllciulh

re pnnlible for release nnd/ur reaccumulation o

these functions are’ rohahly ot dramatically altered in
8 ;
“.dystrophic ehicken mu:clg.
*Injection nf thev extracellular nmrkut,

rated, thlt r.he r.he

hnnanduh peroxxdue, huA “déhor

ma:ked vacunlisntlun (the tcrmnunn nf regiona cf -c:tv- 7

“fibre daganeuuon ui:hin l:he myofibril) of dystrophic

of t-tubule cndocytolin (l.ibeli\u, et

muscle 1s 4 reaul

‘al., 1979):. They proposed’ that J.yno oal enzymu, whien

"Have ‘beéén reported tor be-lncreuled idn dys:zoy‘hi: mlncll

(Bitd, 1975),. are 1ncorpu:nt=d 1\1:0 the Elhra by t-l:uh le

i "gnd‘ocyto‘sils; snblequxﬂz .cnu:m of 1ysuom=s witth the;

‘muséle f.kb:e caused the dzgenenuon.




S e e - 1.3.8 - Bistochemical profile of the dystrophic

£ -ét-n muscle fibre.. Sincgu:he’elfdlnit Feporte that the

so-uued "uhne“ muclu of the dyl rophlc :hlcken were

llverely ntfeazed by the disease Hhile ‘the "dark“ nuaclen
were seemingly lplr:d (Juliln and. Asmundlnn, xssz), the

pheromenon’ has -been extensively investigated: Augupn to

iquan 1€y: these rn:hex subjective: observ-lionp have ‘been’’’

,h;mpered by ‘the inlbillty ‘of tasanrchezs to lgree npnn o

2 qypes (Burke and Teal x-, 1974).

“ Mt e In :he ldult -vinn ‘nd nphibhln -kel

g S mudcles; tvo rhyuiologicllly diltinct mulclg FERT zype.

‘extot,: the tonié (red; #low, beta;

dxrk) lnd tha phaalc

(white, faat . alpiia, zvltch) flhres. They havel bgen

characterized on, the basts. of many . dlff:renceu oE which Cthé i

‘fox1ovxng are of. pziu-ry impur:an:e. (x) Tun(c ‘musele "

febres aie. mu1:xp1y 1nnerva:ed. they have' more - ‘thai’ one

'qd.pl.:e per ibre whereas -those in, phl!ic muscle are’ g

fm:nlly lnnetvn:ed hnvin; lingls end‘ ].Ate per: flbre.

_(2) phauLc m

cle fibru( nspopd to attwulatinn with an o e

:tinn pcten:iul while ma(ure :nnlc nuscle fxbre- ptndune a’ii

“graded po:en:1u1~’(3) tha ‘time course of Che phasie

;conttuc:icn 1. short :qlatlve torithit nf ‘the tonte

nontruc:-lon, (/o) tonll: muncle fibrel ‘are’ ‘emall’in

idiame

3 :nn:lin many: mitochondria and ponsesl a prnfuse

blnod aupply vhue phllic fihr:u arélarge dinm-tu, ric'h

In glycoly:lc but ot oxidatlve enzynel and’ are less




béen repsted in ayian and .-pmbun -upcle-. *

4
L
:

“and .ub equent

days 6-12, a.'u' explanation of how. this accurs to emae L

e
relelle o( 1y-nu--1 cmynu qhtch uop reduml-n: contacts:

I

extemsively vncnluucd. uan.u.n lu.cleﬂ. loiex rare

i xuu.;u referred to.-

exceptions, contain no tonic £ibre
o

a1

and slow in mammals are focaliy une‘xuua and .n »

produce an. astion potentiall ~ Fast uulclz £4b3

s ‘are large-.
in dx.meter. Enu contr-;:zlng and rich in glycqlyrde enzymes .

siov con-

‘whue slow. muscle fibres are small in diamete

zr-nting and hi \us bundant auppueh 9E: nhe gnzynel 1nvolved

An o‘xid‘ltlva neubnu-m. mffuent a thoxs have zlpor:ad
: 1 ~

vuyin.' mumbers of intermediate fibre types

:h rleteristiel paqi:u!u to. both fast'and: sloy fibre

(Burks -m'l fibres Heve dlgn i

airis, 197’-). In:nrnldilt

In the chick cnbtyn, .u;n-en: of the -yuhl-_

fusion to:form myotubes can'occir without fhe

1nf1uenc= of the mEve but Eunhu devalapmen: (is. differ-

_anlil:iu

intn dpecific fibte r.ypel‘) depel\ds upel\ th- flbxe-

zscelv;ng snceasful 1nnerv-t1an. Contnc: with the Muscle

fait’ts Sade Ly the growing n

ve. u_rm.nnl. betwee _'

edough uety].d-ounc (ACh): 15~ rala.lad onto the Susels

membrane’ (-Mch is -en-ir_ive to iAch atl uvn) by the first :

nerve to make connc:, an -l:tinn pounuu will be g ar-t-

ed. ﬂ.n initl 1 action potenti.l is :houghc to cause :the




Several conl’.n;r.s may be fn!med on. oné Fibre, pnaucx“; &b

oultiply inngrvétud ‘tonte fibre. - This hype:nea‘ ‘on.the

Bt . tormation of I\:tvz-musl:le contacts ‘has. been .ugge-:ea,hy '

" yrbova; ChEAvE, and Jnnea (1978), :

1t has  besh “Buggested: thatvehis’ pracenu 1is

impa!tud in some’way A7’ dyst rophy and thus dyaf.rophlc

ns glotie fetal’ muscle chnrﬂcteriatics.‘ Cosmou

n\lBCle ret

muscle had hlgh levels ofihe enzyme

asnopira;d. wit

oxidative meubelilm and Low:levals, of Eh

'enz‘ymu ¥

'usocuud with glycolytic me b'onnm. Thuy mau nlned

o :hn: :h: neunl sighal-‘to’ diffu’entlnta,\ that 1§ to:

Hi{ch from»fe:u aexobic o .dul: lnaetnbt: ei\zyme E:

oy
H
7

pronlu. - vas raqnired hy the prospectlve oh sie f1bre

cn’ly

o o0 hat; tl\a ahulty of pnasx nuscles to

1mpairéd, “since lnnlc museles vere mever

fibu typeﬂ, i phenotyyic |vgns

2 nerve " o dunren:ute fagc.

of l:he disease S:udlel dn which

ere never expzeued

'howed 'zhu ench nuscle

denar), reguxdle b the genotypg of ‘the host (Ca!mol,v

& 197A).

T




" muscle was unable to respond to. the neural dictate to

. differentiate fdst fibre types. Cros

_can often be uged to distinguish pr

dystrophic gemotype were capsble of differentiating,

‘regulating a®d maintaining ‘sordal muscle; _dystrophic

reinnervation of the
Phasic posterior latissimus dorsi (PLD) muscle with the
nerve of the tomic anteridr latisimus dorsi (ALD) muscle

in the cross

showed thit & majority of the £ibre

ralnnetvl(ad PLD h-d -adopted I.he characterfstics of.a temic

mnl:la and failed to expres she phenotypic. chafacteristice

of ay.:,nphy.(ca,.. et oali, 1979). .

Recently, . Kikuchi et.als (1980) mixed equal

of minced mormal and‘dystrophic

:umtp].lnted the minces into normal and dystrophic hosts.

Heguinration. of thes ic fibre

unun prod\n:td a

pattern vith nucled from eath genotype expressing their

iy

{nberent phenotype. ~Some fibres-gppesred to vary gr

along their leagth in the iatemeity of stafn for am.

oxidetive enzyme; it was concluded that these werd hybrid

£1ibres resulting fromyhe #usion of myéblas

arising from

both normal and dystrophic muclet,

1:329° Hu'cle gnzy-e .bnunuun.' n.-n.

cre :Lne phonphoklnue (CPK) 1levels

e \lIu.lly

'ar dyl:raphlel -and.

'dtan-:ic.lly inéreased in human ‘muscu.
= p . .

clinical cadunof the,

disease. Elevued levels: of CPK, prlnu-nbly due to & AL

"leakage" from damaged l\ucle nnn-. h-v. been xeputtld ‘u




y ; = e
‘1ine 304 dystrophic chickens (Holliday et al., 1965) and fn'
the mewer lime 413 birds (Wilsom et al., 1979). Ts
contrast, CPK-levels vere rediced {n the muscles -of

aystrophic chickens (Mahler., 1979; Stevart et al., 1981).

Examination of CPK iscenzymes in 4y-u-oph1e chicken muscle

has uhovn that the- fetal muscle profile predo.ln-:el' ;he

MB and BB isoenzymes which vere nor

11y not present in
adult muscle, vere found 1in -ppxecllble qulnllliel in ldull
dystrophic (1ine 455) chicken muscle (Mahler, 1979).  In
addition, levels of. the MM iloanl)ml‘= aractdristically
‘found 'in normal adult muscle were reduced in the daystrophie
chicken’ (Mahler, 1979). ,sc’e_u.n et ‘al.. (1'981) reported
deiresied Buscie CPK and concomitant increases in serum CPK’
for the Storrs llne of dystrophic ehickens. Prior to

[ hatching and at ome week ex ovo, CPK. activityvas sinflar

‘in normal and dyuraphic birde; suscle levels of M

1loen:yle increased with age while MM levels d:cr:ued with

age. Although Co mos et al. (1979) have suggested that

affected muscles 1n the dystrophic chicken never leave the
Fetal stage,  Stewart et al. (1981) proposed that 13

uuvuy regresses to the fetal stage o older birds.

Serus pyruvate kinase (PK), levels {ncrecled in

plrpllel vith the rate of appearsnce 1n‘'plasss of CPK'in

4
line 413 b!.rdl (Llll ¢! al., 1980). 'q\l observed isoenzyme

o Doin tha plllml vas. mot the Anbryoni: forn of PX M2) but ‘the

i unzy\n normally found in mature muscle (Hl). Th!u

" stuly suggests that the the musclesdoes indeed mature £rom




B

i

. regenerating muscle ha

"(LDH) in the mun:lel of dystrophic (szorn) chickens  wis

+«found to be uduced (Kaplan and’ Cahn, 1962). Thls was due

‘miscle in the fetal state. .This suggestion is comsistent

2 en } it a0
the fetal stage. :It 1s intérestimg.to -note that

heen repnr:ed to give multiple (333

ubemynen (MM, MB:and B8) and the llngle tsoenzyme (1) nf

PK (un et al., 1980).

- The relative ammlnr. of lnctnte delydrogenase.

to the lnlluu of levels of the "M" {soenzyme, which
nvtmnlly predominltet in adult fast of these findlng- . 2 s

‘? q;'e alterations in muscle leognryde profiles 'and the'

pharent shift from glycolytie to oxidative metabolism in

dyst¥ophic muscle may be interpreted as characteristic of .

@nerating muscle rather than as the retention of the

vith the feported proliferatisn of satellite cells in - .

dyltrnphlc miscip which is actively \mdergnlng dlganurltlon
‘twitch'mugele; to increase ‘during muscle waturation.

‘KAplan and Cahn (1962) d'emonunr.'ud that the 1no=nzyme

: found both ix dystrophic muscle and tn nnx‘mll slow tontc.

muucle is the "H" or fetal vaﬂ::y. A ainila!‘ x:ductiun of j

LDE in demervated miscle sugge

fed :hu‘,:ne ‘effect may-nst’

‘be' spéeific to the disease process but .rather is'due fo'

géneralized nuscle damage (Dawson and Kaplan, 1965). % I

The felative proportions of the myosin

dsoenzymes

designated K1, ‘M2 and ¥3 'inorder of’

zlec:rnphntezic mobility, ' were similar “in normal (line

H.Z) lud dyltrcphlc (liu 413) chickens up to. 3 weeks




’avu (Obtnata et al., 0). At thrée. weeks

. whiel vere tnftgally lov. Lo neuly hatched chicks, cnnunuad'

Fo tueresss 1n doraal birds but ‘began to fall dramatically
£n the dystrophic birds. By comparisom, .the M2 and M3
lscenzymes found in‘ abundance ii the neonate, declined inm

both groups until 3 weeks post hatch; level

continued to

&‘ decline in the 'norgal chickens and to increase in the -

dystrophic birds. Similar reports of fetal myosin:

' predominlnce in himsn dystrophy have been uunny cited in
:he ‘liteature (Fltz!imnnu and Bnh 1981). Nevu:heleu,
the biochemical evidence:that the prinary erfect of avian
dystrophy 1s.to "fixzate" the muscles In the

undifferentiated embryonic -state is mot concluaive.

. | cardinet et al. (1972) shoved that glycolyeic

“enzyme activictes; specifically phosphorylase,

phosphoglyceromutase, ‘aldolase, gzyunuuhyda 3-pho lphn::

d 0 5 LDB lnd gl,‘ oph p\u e dehyd wit‘h
_th: nntnble exception of’ hexukinnse. were decre&uad in
‘dy-:rophlc (um.:w;) chiékén pectoralis muscles.  Enzyme.
adtivity levels associated. with oxidative metabolism; such’
as isocitrate dehydrogln u, malate dehyd:ogu.n and
'g1u:am1c nxnloacul:e :unumnue, were teported to be
1nctﬂaed 1n the rlysgtnp_hic pentpralis mnl:lel (Cardinpet et
a1 1972). 'c“-u:énc differences between glyc-oiy:u
enzyme levell of ‘noraal ind dystrnphic lateral adductor:

‘ muscles were not repofted. ' One explnn-tluq of these
¢ yere g , o

‘#ipdings 14 that the alteratfons ia muscle isoenzyme
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profiles and the apparent: !hift from |1ycolyt1c to

nxidntiv: met-bnlisn in dystrophic’ mulcle mly ‘be

interpreted -as characteristic of regenen:xgg madile wakhuns
ki _" than &5 the retention of thé muscle inm the feial state.

~This !uggen:lnn u :nnlilr_egt with the upaned

pxnllierntlon‘ of satellite cells in dystrophic iscle: which

s .lctive].y under going degauersllop and ljeggnarltiyn.

oy

Recently, Woodward ..7: al.’ (1979) found 1n¢r'hilel

ln hexokln&se lctivi!y An bol’.h the peéctoralis (fast- twlu:h)

S g Lhe thigh (-1ou

_n1c) muscles in Storrs birdn.v

phosphogluconate .de'hydxcgen--e have been shown in’the

' pectoralis muscles. of 1lime 413 chickens (King et al,, 1981)

g iand'inlthe pectoralis and o) a linited extent An the: thigh

. museles of Storrs del (Park ‘et a1%, '1979).  These enzymes i

DR (hexoklnln:, Pt Hosphat 'a;n : [and 6=

phoophogluconne dahydtog:nASE) are associated with :ne. ol

penlnlg Bhosphate path iy, a pathway which: produces pentose

’phnphu:u for.nuclelc’ ncu synthesls and llADPH for

rsﬂ\lctive biolyn:helil (e fatty.acid ynthelil).
chuuul letlvity of. chase en117 may teflect.increaséd

biosyntheric ucn.vuy 15 brbererdihiad pusg

(King' et al.
19813 el .

<10 Ace:ylcheunestuue dtlttibution i

o dyurophlc muselel | Wileon st al. (1968) Firit: Teporred

overproduction; of ~the enzy: -:!ty,lchnllneltgxn_ae ('Achz), %




u the fast. much muscles of =h1:kenl vhh heredltlry Y -
f 2
Ruscalar dy-ttoyhy. suuequn: .uue- tevealed that the *

pattern of AChE seen in dyl(royhie mus¢le was similar to .

\Shet £ound 1a-Subrybrisnuscias sp=uu 4117, ¥ilson et - . %)

al: (1970) noted high levels of ACKE," the p\-;.enu of -low

\-oncular weight ACHE Iso dnd extr

/‘ i\-uzuton OF 'AChE., .In" older; birds" the uvel;

e were dramatically 1“"..94 in the pl

D:l\ervltlon cxpe:i-eﬂl’.l h-u shown' nu: nerv:—v

muscla int) ncuon r-veulbly regul tes AChE levels 1n the

-\lucle. Sevdring the nerve causes a marked increase fn.

extrajunctionaI\ACKE activity ovéer the entire muscle fibie; -°

i in’normal muscle

e AChE 1s restricted to within a 50 ua.

radius of ‘the end pn‘ee hereas in dystrophic muscle ng '

Achz uu.:u roughly zsu um ‘from the ‘end plates: (Patter on

atd  Wilson, 1976a; : Patterson and Wilsor, 1976b). ~° *-. ~ .

Jedrzejezyk et al. (1973) fovad that the end. plate levsls
of AChE (the bound

yHaptic fraction) were reduced in - si 3k |
dystrophic chicken muscle -heuu levels:of the‘lolnblz

llrcnplalnlc fraction were ilcrellad. Recent

eh.rlczerxnuon of the |p-c1fu iueuy- 8" Of /ACKE that

. constifute ‘the solyple aid/insolable n-uuon. support -

- !heae Ilndlngl (Lyln et AX., 1950).

It fe: -yp.nm that AChE acuvuy 1- under neurll s

(.l eemtrel.’ Wilson e:.nl. (1975) have suggested. :h-: 1




i
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 that cni:uud norm.l and dystrophic ‘muscles were equally

e brase, 1n€errupu the nerve "trophic™ influcnce that .
represses the preésénce ‘of embryonic ACKE distribution.. A
recent report, 'hmuv:r, stiowed that AChE levels were
toledelly lover cthen namnl v dystrophic embryonic musele;

fhe enzyme’ Yevile rénafnid, Low uatfl 2 weéks dx fvo at

which potnt the

Fevels rose dumu:ge.uy to peak at roighly

‘d-months (Lyles et al-’,-1980)% s SO b

Limb .bud trnnlpllnt‘tiun expe:imen:s perforned

prxu: to muscie ‘differeatiation and un:g:nw[h ]uppoz&[he PR

tdéa that the primary lesiom {n museular dystFophy is . . Bt

mycganic in origin. The nerves of dystrophic chickens were.

“shown to. be capable of tegulating gnd madntaining nom-l o
uuaclel“converaely dystrophic nusclu CLtab ) R
znnsplm:ed 1nco normal hosfs exhibu an AChE rrofite

identical to tha'

found in the musclés of genotypically ~

dystrophic birda (Lh\khuc et al

1975, inkhart er al. "0 a0k

',6).

- Reuntly, John-un et al., (1981) "demonstrated

avle, to develop mornal: AGHE mctivity iuplying. that

" dystrophic muscle has the basic capaclty. to synthesize’
AtihE. Subieq\lent addftion of & ne\lronll fraction to t.h;
“~éulture mediun c;und an lncteue Ln the ACKE .cnvx:y of
the norsal husgle’ but_ had no:effect’ on the dystrophic
nusele; the dystrophic v:\ulcle either fatled'to tespond to

‘the, truphic influence of/:he netve or failed. £ relay the

sppropriate "metabolic message'.




Indireot evidénce that the prinary lesion is'a .
faflite of the niscie ta respond to” the regulstory
gﬂ.ugnc;l'af the merve cou;n f;un the study of “axonal
Ermepott,'a process thought £4;play andmportent, role in
S t t!uphlc funcnon. DeSantis et{_al. (1976) found that

2 retrograde L qz-nipoxzwxygbil, ‘herseradish

" rperoxidase, was similar ‘i normal and dystzophic:birds. B

Another study looked at the fast and slow: compnnenn of

¢ anterograde. and retrograde axonal traniport 6f ACHE . . B

1s0enzymes und could find no.difference in the £low rates

of normai.and dystrophic nerves (DiGiamberdino et al.,

1979).. A recent report compared the rate of axoplasmic

tilnsporl of substances in the-radfal nerve in mormal and’

dyl{!nghh birds and non’c\ured with earlier work, mo

(L el difference in flow” rate was noted (Stromska et al.,’ 1,951).

s Tt is tmpoftant-to .note .that this does not preclude

‘quslitative difféerences in the nature 6f. the substinced

“transported i\{::mal and dystrophic nerves. : 0
&

Wi (1973)

rst ‘found that .plasma

levels of AChE were d

matically elevated .in dystrophiq
L "1 chickens, ‘particularly in'the older birds. Lyles et al.

-°(1980) concur with ‘these results and suggest that éxcess

5 § y 2
muscle AChE - is.actively elinihatéd into plasma; since AChE

dsnormally bownd to the post—synaptic membrane it probably

“does mot leak out of "hole

§Ln the membrane, ‘a. ‘mechamisn

:hn/h{- been. pzopoud o, explats the tleviated plassa  CPK

fwi o V.0 and PR geen 1in avian dystrophy. The levels of
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psendocholinesterase or ‘butrylcholinesterase:(BChE)
isoenzynes are increased in the muscle but not in the
plasma (Wilson et al., 1973;. Lylés et al., 1980). ‘Since
ABRE and BChE levels are controlled by similar machln!unu.
it is.'surprising that plasms BOHE'1e ot Lncreased in avian
dystrophy. . Lyles et al.(I980) suggest that excess muscle
BChE 1s either nog: eliminated into plasma in the same way

as AChE or that the addition of excess auscle BChE has no.

,;ler'e‘figct on the circulating endogenous’ levels of AChE.
1.3.11 Myotonia in dystrophic chicken muscle.
Holliday et al. (1965) first described abmormalities in
-‘muscle electrical activity, detectable by EMG, in
dystrophic (1ine 301) chicken museles. They repérted’ that
Yupaling fdet twitch dystrophie auscle fibres with'a, -

recording electrode produced a spontaneous "ayotouic”

discharge, 5-15 seconds in duration, 1o birds as young as
16 days ex ovo; the severity of these abnormalities

" imcreased with age.. Slow-tonic miscles exhibited nearly
normal EMC characteristics, even in advanced stages of the
distase. The helghtened mechanical exeitability. sndUche
failure of neuroadscular blockade with d-tubgeurarfhe to
antsgonize this activity suggests that the dystrophic .
chicken fibre- is myotonic. Repetitive myotonmic volleys i
response to achinical stimvlation have also been
denonstrated in the biceps muscle at 17 days ex ovo

“(Linkhart et al., 1976) and in the PLD miscle at 25-38 days




e o g

ex ovo (Entrikin and Bryamt, 1977) in jime 413 bird
o e e ¥

1.3.12° Contractile characteristics: of dystrophie

»
chicken m\lscle. ; The in vivo mechanical résponses of a

museld .fuc:.d by avian nu.:u).. dy-::ophy, tHe. PLD’ mulnle

Lot ling 304 beids  have heeh dete:mined (noekman. x914. £ S

. smuu— results hnve recently bun .

rlyar.x'aphic PLD'when compaud to the norm-l PLD‘ :he t!tlnlc




= L

reduced dur!ng the twitch and duun; :hn u:-mu, probably

dye to an increase 1n che sertes elastic compiiln w'h'u:

the Qaduced tate of ‘rise of the twitch ‘in ennjun:tivn vith

a normal cnn:n:uen time for that response is uemngly

“an ﬁl‘c.!:', ahnrl!e

T3l 13 Eleetrophyuinlagy of dyll’.xo

muscle,

“The e1.cnophyuologau1 character

ATy 1979) it was shown'that these
RS : AR
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\ E  frequency, nupxx:ude and tisme course were mirtored ia-the’

wer ltne 413 birds. ln addition,- the mean qulnl:ll nize

.vas decreased; the mg.'

q lntll content 1ncza.ued ard‘'the. %

facllltn[icn of (ranu-itl’.nr release sevenly a:temuted in
Iine §13°birds: | By 13 wedks of age the mepp Etequen:y was:

reduced Affzctively to zero for both 1tness: Warnick et al.

-.'«l; mmalm P ATE M

(1979) luggeltad thln the deptelllnn of ttlnllltl’.lr release

’could be the relult of either-. decrqlqed ‘odlllll condnctance

£ 'or defects ln the pachantem Epr c:lu!un zr.n.1oc.eton or”

bo:h.n

sobtained fol' ‘the lnlcle membrane cll!e

pxopertles Iuch as the. faput resistince, the meabrane
re-lltlnce, Vhe e canstant, And: the sembrane cnplcitlnce

“were attenuated ‘in. lime 304° blzdl (Alhuqua:que and leni:k,

1971), huweval.‘, exlninlllun of the cable’ properuu in :he

Kol n:v(r line 413 showed:‘that they were not ltgnlflcuntly

diffctent o noraal (Warntck et al.  1979)s By

definition, 1nctealed £ibre diameter incr €s_selected

membrane cable properties:’ ‘The presence of many fibres.

undergaxng compensntoty hypertrnphy and thug ittingly

belng selected" for 1mp-1£menn coul: vnccoun: for e ?

. observed 1ncre¢-e Ancable prnpertlel fn the 1ime-304 birds

= "t . (Warnick et .1., 1979). Miscle ubu hyp:r:roph’ unne:

i totllly

count for the observed altered l:lble P‘Koplrtles

den nll’.xated ln llna 913 birdl (laav secllon l 3 4).‘ It ha




plr:ic\lllr the lodl\m condu::nnu)».l cuntribnt: to :he

) llte:ed cable properties” (Warntck siiats xp79). . In o Pl

ddition, the outcro 1ng of l:he llne 304, bird‘i to produce

flxna 412 and line 413. ey hnve changed" the: nature, of fhe. %ok
N ST

exptewﬂion of th' dllall

h 1nd£rect stimulation- ‘of dy-:roph1c~

Altho<
muscl '151:1511 produced. a :lon‘yntential, tepetitlve

Y cumen:inz re-pun

l‘tim\llltion ;J.sclud a, =venr.uu11y

i -renultlug R an u\d)plne pnr.ent B (=pp). The rate of ./ - B

rlse of Fhe ‘iotion pntentill van “stgnificantly, d:crelleﬂ. SR

: Thele find!.ngl are cunﬂ ltunt wi:h ‘the ldca ‘that’ lodium

\‘conducepnce and/of cnlclum ttansloca! on mechunltml hiva

been ‘n ‘some vxy compronlled a8 a functlnn ai ‘the - dtgease s
1

aeess. g - P ALy W 3

s Sy e e e e Yaintek e ui.‘(i979) compared the

e -.1aéeib§hynxu1ag;c.1 characteristics of ‘the-old lime

-nd 3010 wi:h tha newer lingl 412; lnd 413 utlng an in’

g T pteplrltlcn of‘the 'The decny of, :ha Lcklnn B

‘potentl 17 to an’ Terp w1:w i.pe:izzvc .:xmux.:1on waginoted -

PR £ 1 hnl:h llnas 306

g 1me Lourge. of th: uctlon.

: Putnntial wa

dltered unly for 11n= A13.

‘. membtane pﬂtentlul (RHP). nvern)mot And I'.he Lhreshold for’

e geherating an action po:en::u1ruere_;nc:enne@,zn ehi dewar,

elloqlng, a“decre




1n ‘membrane rellltlnce. Althnugh lxtrljunctionll

Bce:ylchpllne lenﬂ.tlvl!y (l:e gection 1.3. 10) lnd

Py mcreused membrune resistance (Lebeda nnd Albuquerque,

1975)  dna- 1mp.1red &

upport ‘the view: that dyl@rophic chitcken muscles are even

functd, 11y ,;lentrvAtAd. Ditectly elici:ed u:tinn

potentials ‘and ‘M % mor qu-11:a:1v=xy ditferant in

unode:oxi 3

11k 706 and ‘11ne’ 304 birds résistant action
o o 5 e

1n aither nom.l or

potentials were never recorded

dy-t:ophic-aenéxvaced tisuué.; The Loig facrange xn

#7: ‘|membrane resistance u.y be exylained as due to the cobined

efec:s of hu:l‘e id £ibre diameter’ und llterullon 111 1on1c.

[N R 'cenaue:-nnen (Lehedu and Alhuquerque. 1975)

s 1 417 Pzablehn with existing in vivo avian

sisele prepu:nt(on!. Pravious vork!done ‘on in vivo |

'dyl:ruphic avian mulclg has waed the’ rxn prepltl:ion s

(ﬁoekuun', 1976) Altl\ongh th!.u przpnrntion has contributed

'l\lhltlnt 'uy :a nur knovledge of the nechntul

'chlrlcr_erlltic! of' dyn!rophlc chicken mnlcl!, the!z lre

ptic trauuunen have been !eport:d 4

ia dystrophic ehicken »u-cl.,: thére is 11::xg evidédea. to -




g BRI e

B at(etlll (:A) 1nje:t1an of mictulitre quantitlgl of i drugs

~ potential tharlp:\ltic value: ' In -ddltlon, lurglzll ucus

& Letinlky (1;79) reported that al:erl(ionl 1o the

prtplrltlcn'. The. " uperf1c1u1 -u-:anxc41 1ocu:1on, casy

extensor’ digtlnrum 11 mulcle bnled npnn Avlilable nvinn

‘to! AS!!!! the pl\armncnlog1cll prnpur:l s of the preparltlen

and: to ev: \lute the: uute _effects of substances

of o SRS Ul

“to the PLD ‘involves major trnuln to-several nverlying 3

m«ucle-, often” r:lnlting 1n bleeding lnd a gene!al

du:rene 1n :he vilbill:y of /the pup.ucion.

rden:1f1c.:1nn of a suitable in’ vivo’

S o ‘an effort to =11mxun:e Ehese constrnints. 3 i

nsw‘ .rve—mu-cle prep-zu:len was sought: "Biyen and

ht-tcchemi:ll and eleutruphyﬁialagical propertleﬁ of thle '

dyl:rophlc digic exténsor ‘miscie,’;the extensor digi:otnm

II. cunfox\leﬂ o thole pl‘evloualy reported for olher

surgical Acce

to muscle tendops and-'the: zelu(ively

dtacrete iblood: supply of the digit extensor niscles’ aade:

them luillble fo! ll'.\!dy- Uﬂequivocll 1dentlflcltion of the'

lnltomy hooku pruvaﬂ impo!sible- nuef 0 EXacxep-ncieu in

the nom nclature of .vann‘

ing muscles fe'is mot po

'to as ert thlr:the mulcle tepnrted in the vreuant st dy is

the exbenyoridlpiboptp 1T Absciss The Auseie sxantped; i}

: the extefisor digitorum communis




2.3 5 o
(EDC) nusr.le (see F(gura'l) -ccordin; to the nl\llng nylte-

+ devi.ed'by Sulivan; (1961). Ptellmin ry exuminltlon of the

‘;4.3 The' dn

ZbC'nerve- usclepreparation.

The EDC muacla (-ee Figure.2) originl:al m the. elbow jolnt

" and-in¥etts ‘on Me middle dlglt (III) Bending a cnllaterll

:endan tol the fi:u digit (II) I: n !.nnarvu:ed \sy the

r-dlal metve. The blond lupply 16 via che radial artery

- which Iria:n frnm the hifurcntion of 'tl\e brnr_hlll artery.

into’ the ulnar ‘and radial h:nnches.' There are’ tive mljnt

Advan(lgzi r.e :hu prepuuion' (l) lnlertlon of a cInnull

Anto che ulnar artery -nd advln:lman: of5:he tlp to th:

’EDC with Lhe ninlmum wlahout c1me~’(27 che superficial

. é £ e :1dcation of the muscle’ allovs zelAtively non-trlumntic

“surgleal ncceis, (3), Long £xés, tendnns at bGth ends of the’

‘muscle permit easy ramoval of tl\e m\u:le for-in vitro

Lcomparison studiesi (4)-the peripheral location of. the EDG

‘ makes. it suitable’to set ip bilateral p:ey-:n:ioia; «(5) the”

lccesllble ‘radial erve can be teldily cut to examine the

“long- tbrn i’ iecu ui denerv.uon vt

“Tne alms of :hh résearch,

The aime 0f this

vresearch v:re Lhreefold

: ) o ggscr;ug the 'néw
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-of hirdl, a )’0““8.

x-uny ‘mature. grou




P

Chapter 2

Materials -and Methods'




Birds were :z. lgor:ad arad the

nnlmll care l.cllity ‘to. the labordtory . where “they iare

stermiued. T If Ehe. sex was fot " i

readily nppnren: :he casé fer some. ofy the ' the.

4 i

younger bs:d-, verLfLe

gxperluent.

uunt!nn -cor

“for dyu:rophy uaips :he exhluution score’ L:': (Bacrikin et

..1.,, 1975). Vniug hnth handl the hird was pltced on. 1:.' :

- back,” :zlanled and; -1lowed to right

in,-un;g..ion ‘pelliblevt

>

dystrophy, tﬁe

e uudy (chou et

Eoran:u-, lha
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tion’score. There. {8 no

pposition of the wings behind the

. back in ‘the mormal bird;

apposition of the ufngs behind the

" dystrophitc bird,




a2



2.3 surgery

‘Preparatory. sutgery. Young (6-12 weeks) and

ickens

-nd nnu :heuc supplemen:

‘ togethers

234

Expo-ure of the xnc nd the ucu.u netve.

The ielthexl vete' x‘euoved from he. d.nrnll
















‘the elbow and wrist joints to secure the wing in the muscle
bath (see Figure 6). ~The portiom of the radial merve.
ove 1&1-; :ig humerus was exposed ‘and snared vith a loose

u;uuu (n:e !‘lgure 69 A 10-gauge bup-y ‘meedle was

u-n:gd Antc zhe lhdemlnnl 1: _sacs to' provud

VIS ~1 obuiutlornf th preplru!io‘n.:'ﬂn g TR W

athers were re-oved fm- the rexlon overlying the

‘ihoucu Vertebrae asd twe-imetsion t 1“. enough to

lccollodlle a 'erteh!ll ell'p,(iarl llde on either lld- of

-t 8 vl’.hl 'lrtlbtll czel:l. ﬂ\e bird wa

The wing vas

1n 4 modified ‘stereotaxtc’ apparatus

j.u bill:.d b hookill' ‘the’ cnrved endl o( two "ho

-hap:d" bnck-: oveT the cnd 1 of the ;c p!.nl pnc:nd!.n. ¢

rro- :ha wrhr. md

lhou joints (: e ng:e 6) -nd el-npxng

‘theie Jbrackets Lo ‘the’ pnxh.l .nd distal ends of a

ple:igll.- chamber: (see. Figure 7). To insure 4 obility

tenﬂon vas uuud on the forears by u.nuxng an

-~ externally mounted- ‘wing mut on ne threaded rod" 'uhuh also

urved as the p:oxinl site of -ttlehlen( of :he win' to

the chanber (see Frauze 7. Ak B

:upnxu- puunun ltidluu -nm-uung elutrodel vere ..

» -uioud bene,tn the radial nerve dvere -ueu ¢ from"

i

: "
CR-




Figure 7. Scale dr

immobilization of t

point (a) for wri

t.and point (§) for elbow, . . -

awing of plexiglass chamber for - -

“ T 7. N
he wing. ' "Horseshoe” bracket.







fn_contact vg:h_ the surface of the muscle to ruord -thg.

‘muscle IHG. The vcrlebul .clamp lervld as & rlhlkncl

- Ilzctreda for the alectric-l rel ons

S

- '_ - 2.3.5. Core temperature and vital -1“.. The n;n'. ; %
' s ceured wx:h gauze. loakcd in -Lnetll n11 lnd the nnun vy
n.nx was 1 marsed 15 mmnl ‘611 warbed, to 3% vl:h 8’ o]

‘:henqrg ulated hul Ll-y. n. bu‘d va pllced on &g

heating pad and ecvexed with a ace ‘blasket" u ‘reduce

heat: losss . core: temperature vu -anuona vlth s oral

' probe. T

the éxperimént the EKG w
: xperis khe' B

monitored.

4 Sl 3
2.4 Mechanical ‘and’ Electric

“Circuins’ R D

~2.4.1 R ordin[ clrc\li:l. Th. ilonettl:

.npunad hy a DC pr-npuhn vnh an 1“;5:

transducer

sru.- taput ctrestie Gatn:n 1-10K) 4nd- dfsplayed




Teke nnix 5111 sto g6 Geciilossones The, mm' was recorded ;

F ‘vbetvee :he nlrface ele:trode and 'ground: (At the vertebrll

llnp)} thin |1gnnl vas directed thrwgh an'AC :oupled

preamplliier (glin - l-m K) nml monitored ‘6o the .’

’u- il].ulr.ope. “The nechunic 1 mr ‘electricdl responsas of

;znerun!a =on:r911ed By's custom ‘made aigital pules !

connter' The pul!e couht!t ennbled the dellvury of a

del!gnlled nunher of s:imuli it two lndepanden: Iates

ucomucauy alternating ‘betveen the two pulse ;enexuuts.

: The output. of both puln gepeucota vgs coupled to the

nuscle through a- W-P Inatfumeits NE-1

wait. o

aum. ated by the Sutput uf two Tekt ronix 26-505 pulse .’

tiaulus hol;ntin.n B




‘the zn:u‘: bize. 'nu apu.u-:ouuuon. for .u-nuuon

vgxe alaodeterntied (the: preferred. polarity for the -
‘et izeTvie pilee ead the vo.\n.e vhlch was 25%: nnyr-:-xl-ul
. For the tvitch respouse)- Pinally, - thé baseline resting

tension was set to zero u'-x'n.. the balance bzsdi.’ and a 300

Bz 50 pnlle tetanus vas d:livered to tll. tht "glack™ out

‘stimlated by ohe ‘pulse generator at a frequency of 042 Hz
with-a pul

duration of 0.2 msec.' At'S -nu:".' Latervals.,

Cafter. dellvenu. 60 pulses) the pnl-e counter avﬂ.:ch-d the : °

stim lul control t.o the. l!cnnd pulse gnlrltox and !he

nultle

timlated to. contract u:.umuy by a 50 __mllu

train at\freqncy_o( 100,200,300, 40,  500°6r 600 He
with'a pul

durstion of ‘mseci;

frequencies were
ldelivered in'a randos

foreach experiment., When

_the 50 pulse train was completed; each muscle bcln' ‘e-nd

Af a1 fx-qunc:u, ;n; .:1.-1... control lvin:hed back’ to

the fixst

ul




Stimulstdon of ‘the muscle'folloving the: protacol

of tyltches and tetami’ - . 7

wd \Frot these data nvexal or.im plrlnetarl cun Be meuured u

conpnted and amly;x; pu-fomd with 1alpect to age; sex

and

timulus. frequency. e S e

P
4 ‘ o % ¥ A
i 2.6:1 m: :etlnlc pe:.n _tion aad- :w!.tl:l\/tetnmu . ™
ratlo- "From i data re:orﬂed dtru:tly o ‘thy :\u:t
i Vrecnrrlet at s lov lpeed (25 nm/lnin] during ele Axpaxim:nt

s Figus

a) the Eollovinl naunum.nu were nad!. The -

5 ratlu of :he :mplituda of the’ fizu ‘twiteh- af:er a tetanus

to the lnylltnde of the 1 st tthnh befou “the

an index ‘of the dcgr:l e podgt— tuunlc pa:en:uuen (pT?)

this

nmer was_ exnntned across freq\lenci.el ‘for all Sy 3|

muscles: The amplitude of the twicch (¢} and the n:umu

B A 5 (Po), were me.luud at each freqnncy, twi:ch/let

L ':ams (P/Pn) were calnular_ed ior each. fr:quem:y of

s tiunllllon.

’,2-6 - Tultcl\ tnn:rlu’.ion time nnd half-tellxltion

time. . Records of the :vi:'

data‘on’ magne:lc tape vere
replayed on :he cnu: recorder.at normal tape lpeed and. ¢

v'_'fau chart speed (125 m./su) .11““3 pracisl mealnremen! {










py e o of ‘the time to peak conmtragtion' (T¢) and timé to half-

‘relaxation (1/2 Tr) in milliseconds (see Figure 9).

plateau, tetanus halfire .x.i1£n cxme'.nd»poa:a:e:.nxc

contracture. These ‘measurTements vere made us

llmultnnhous expanllon of: the tefantc time" course and the

con:omi:ant ‘EMG activity (lee ?1g||re 10y which’ fxetiteated

correlation of | :he exec:rxul and" mel:hanlcll events in the

_muscle. (This, was® usnally “done by pll 1ng back tlped

iecurﬂl at 15/32 1nch per lecnnd nnd xecord1ng :he

renpunse on ‘the r.hat: recordu at fllt lpeed (125 mm,

The latenr. per‘iud vas defined as 'he I’.lme “from the first.

R _atinulus -ruf et to l:he onset of tansinn developmen: in,

the nmlcle. The dun:1un of “the netlva state pl-tuu was

neblured uuzn;‘ he me‘hod -of ‘Ritchie (1956), the latedt

petiod vu suberu:ed from the :{me trom ﬂxe 1an

rtifl:t nd the onset of the 1n1ual dec-y of tenalon in;

i ST fe) cle ‘following termin l:‘inn ‘of terante a:lpula:iun at

f-ruaxuunn

0"z, Using: the same. record, the time (ko ha

(177 ') “For the cotanus was -é'alcua':aa, Flnnlly,

expanded :iue seale ot the’ tetani ln : dylcrnphic

tetantel

FrépatasCons. 111u r.:ed tne phenpmenun of poa

a lignificlnt llomntr(c

" (PTC) (su FLgurEzll)

“céntractu

eiazét d

'y dy-::ophic nulclz lans ufr.er the Ll

:tctlnln sE1i ulution had To" normulite this

Hc“- were

'relpnnle s avsetae nf dlii: ent s1zes’th
m H

B -2.6.3 Latent period;-duratien of the sctive state




U Pigurel 9. M

a4 twitch half-relaxationtimé (b):

witch contraction







: y;guée 10

and muscl m .cr.ivity far megsure

\
peri d, @) dur‘:ion .
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first measured in millivolts at each frequemcy and vere

" expr

d 28 percentages of the maximum twitch amplitude.

(in nillivnlza) lor :lch exp:r!.lunl .
1.

2.6.4 Maximal rate of rise of tetanic temsisn.

The maximal Fate of rige of temsion for each tetanus in &

series was deferained, vith. s pagsive.RC diffsrentiator. and

axprlllld as.a pe!centlge of the height; in millivolts, of

the hrgu: c_etln &'in the series (% Po/n

2.6.5 or

5 tension/muscle.wet weight. To test-

the accuracy ‘of the transducer and to obtain a conversion.

factor to convert millivolts dlfleegln@{ (recorded direcely

v .on the chart ‘Qtnrder) into gramé-tension (a more

conventional means pE “avalusting wuscle’ strength), ‘&

calibration curve. (aV vs. g) was calculated-£0r known

\ weights across the.entire range of gain

ettings used on

the amplifier in these ekperiments (see Figure-12).  The

iinearity of these curv

eyident 13 that 1d mo ca

was the correl

tfon noatﬁl:len: for' regtellinn -nnlyca

n 0.99. Sihce the correlation between

« theoretical and. observed values was so high and since all

- the lines passed through theorigin the regression equation

reduced to the’ form'y = mx. - Thu

the ‘value m was applied

fon factor ;nlbling v, lllel of x im -lllivol(u

to. be dltactly convetttd !o vlluul nf y 1n Itlnl. 16 this:

gner,. the amplitude’ ol zhe saxfmun twitch and the ‘maximum










s 2

LEer—

values for ‘the gr

related £5di

'deupxcguan, the. znv-ﬂﬂ’ml
‘. 'into fifth

tetanus for each experiment were expressed in. gram

tenllon. Th 8 were IurIllixed

absolute.yalues iu gr

for different sire muscles by dividing the temsion (inm

grams) by the wet weight of the muscle (in grams) producing

tension gemerated per gram of muscle.

% 2:646 s:.;x-nxc.x .-.1,.1.. All graphs and

h;-:ogr- s _are presented as the mean plus or minus . the

. standard ‘error-of |€he mean. The effects of-dystrophy; sex

and any possible interaction effects were examined using a

standard two-vay analysis of varidnce computer pregram for

'a-2'X 2 factorial design; the reaults of this ‘analysis are

sussarized in ‘Appendix 1. The 1evul of ‘slgnificance

lele:ted for zht- -rudy was ‘p<0. os. Significant effects

se_are denoted by a plus (+) siga and.

'-1;xﬁk1c-q: effects of sex are denoted by two plus: (++)

signs. . 3 : 3 = : X

2.7 Histology i =y ¥ S 5 by P

3 .' X B [

2.7.1 sps ‘and myosin ATPase reactions. ‘Normal snd

dyurupye chickens of both-sexes were axsaiguinated. by "

‘quickly excised

-auu:cd on cork and rapidly frozen 1n

1-npan;.ne0=no1.4 in 11quid-aftzogen
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14 ‘micron sections -M -oun:ed on:o11d were -

air dtind for 1-2 Imurl for the lueclnlt: dehydro;anll.

(SDH) reacticn; alternate sections were ‘stored overmight im*

the refrige

ator for ;the myosip ATPase (ATPase) u-cunn,:

All SDH. reaotions. vére ‘run. n:notdlng to the methods of

Barka :nd Aiderson (1968) as modifisd by Cosmos .neL,lutler'

(19(,7) for -vun mukicle ‘and -myosin ATPase réactlods - .-

folloved the p:oced\u—gl of ‘Guth and S 3 (1971) as

s -odlf!ed by Cnlqol e

Y. (1979, e

"'2.7.2  ACHE stain. For, the demonstiat¥on of sotor
'and plates on whole -vx.n muscle uuue the author -ndzued

the

tain for .euyxcmuu-:euu (Acu) in the :auuug

lonx EDC lnd BLD: m-u:lu were

manner (Silver, 1314

Temoved as-destribed above. - Whole mncl,a preparltlon were

tigd by the tendons with 4-0 811k to plexiglass frames and -

slightlystretched. . The zn'-ug. was rinsed in cold

fixed in buffered formalin for 5-10- unuu-. rinsed

Jbuffer and i abited 14 che at aining neuu- -! 37°

¢ 'for approximately 2 houtu.. Then the tissue was rinsed
‘aeveral times in water and L5 reaction developed fn 1%
. ammonium' suiphide for less than 1. minute. Finally, the

“muscles were dehydrl:ed in alcohol, cleared in xylene and"

amined under d!l‘e:tlng mlcrnlcup:.




S N b
Chapter'3 ...

- Results,
: g

“Clinical Signs

i make thil‘ u-uueuon b.:-orceu.

In'a ditlnn,‘cheu vas










5 fnteraction of sex and disease vere mot sighificant.

Findings for the old birds (see Pigure 13b)

indicated that while the results for:the femsles wére

were able fo rise 18.3 + 1. 6. n-e. and dystrophics,were

q ablé torise 1o 74708 Fimaphs [ the dystrophic ; 1:- “were

3.1.3% Wing apposition,” The passive ability to

e i ; »
appose the ‘the elbow joints behind the back vas severely
";;:e;xﬁ.:-d (9<0.01) xn~d‘y:‘ua§hu chickens of either sex.,

/ ‘% for both .g- ‘§roups exdmined in-this study. Results for -

the yonn; gronp shoved ‘that theze was never any passive

g

zu(-nnu ta thu movel ent in nuzml chickan- (wing

apposition equa

0.cm ng.:dh-- ‘of the sex of the’ bud),

the degree of 'pp}: ition 1 dystrophic males w o 7.

', em and { dylttophic fe\ulel was 7.9 41,2 en (teg F1gur=

[14a) . zue ts, dhe te ‘sex lnlerlt HARGE, not gt

for the old. srosp huwnd chat! lxe a1
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“of disease wi

sex vas siginficant (3

- : T e g
! dystrophic male;:NF. = normal féi
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i 105 cnyies lho!n in Figure uh)

signif1cant (p<0,01); When

_‘considered (see Figure 15)

In this case thl

3“

% (_uquu 19
birds.

Pn-t-nllnlc pa:eucuuon. <




“dystrophiic (D) ©.The effect w

the ‘ybang birds (1) and v













the jold bLzdi (N

« théeffeetiof dlsea
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*(p<0:05), | The ‘Interaction efféct of sex and d1s
‘1gn1f1cant at 1008z (p<o 05)+ -

s when both: 1n:=uc:un effeu:u vara exlmin:d

£ . ' 1nd1vidua11y it' was lﬁylrel\: chat, in' the young ;rnup the

fenaics exhibitad a larger'degree. of RTP; 11nk=d to the’

oiiec: of disedse,’ than did the u.lu (ng Fignre 1&)

"/whereas ‘fn"the old -group the males showed a ger dilalae-

_relaled PTP than did ‘the females (see Figute 19)%

3.2.2 /'Tuléch/tétatus . fatiol:  The mean P/Po’s have

“been 'plotted agalnst freq

¢y of stimulation for:both the -

igure

 young group (see Figure 20) and the’old group (see
21). " "7 s NG

“In tUl younger grnup the effect of disease was

3 .depu oion of Lh‘ ‘value.of ‘the" PlPomthia effact was 5

ulgnificlnt at a fzaquenqy of 100 Hz (p<0.05)" Sox 444 s
Kave n<u13n£!1cnnt 1nr1uunca onithe P/Po at any fraquency
for the younger biraai, ik 5

i i i“INe: sex of, the hird had.mo -xgn:fzc-nt aftet o
the older ‘group, however, the eff:ct of dyutrophy was

significdntly related to a' reduced 2[?0 at 100.Hz, 200 Hz

300. s and 400 He (pR0OVOS). L b T L it

(4 ke enly - Anteraction effect lpplrent in ‘the: P/Po

data was: gbaerved. for :he Young group &t 400 Hz(5<0n os).

Comxdere_d separately (Bee Pigure 21). the ‘interaction .

T 3 shovs that dystrophy depressed ‘the P/Po'in young females

While enhaheing 1€ fn-males. This trend is apfarent,




‘

The effect of 'th

diseasaon the post—tetanic potentiation for normal'(N) and . .T7:
‘dystrophic. (D) birds of the youn s
‘was stg t at ‘p<0.05. @='nale; . O













.:mu;.nnn for the young ‘group (N

b Lo weldn lndN-S v

far' £, muu). + = the effect of dilanle uu .Lgmncmm 5
(p<0,05).
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Flg e '22. The eff:ct of !he 1nteisction of sex

dllelué Len’ the twltch/:e:nnup ratio fcr norm-; (n) lnd
‘dyltrophlc (n) blrdo of the young growp: 1 % e ;ffect







LA v 3 -
slthough not signific

22).

L

ant, at~all frequencies (see.Figure

b L \ . 4 -
3.2.3 Tvitch contraction time. Data. for the Tec

for the young group are illustrsted _ﬁ’ figure 23a. The

observed Tc for normal

sales was 21.0 + 0.4 .msec and for

dystrophic maled wes 21.8"+ 0.9 msec. The value for por

females was 22.0.+ 1.7 méec whereas that observed for.

“dystrophic females was 16.0 + 0.7 moec.”™ There wa

significant effect of sex (p<0.05); a significant effect of'

and a significant interaction (see l"lgn’ra

o
The old group was relatively homogeneous across

and 21.5 +
normal and

~
£ 1.6 msec

sex or the

e (see Figure 23b); -the contraction

o, £or ‘motaxl sud dystrophis males were zb.z'i 1.3 msec
1.6 msec respectively while the values for the
dystrophic females were 22.6 * 2.0 msgc.and 22.1
r:lpe::iv:ly.‘ The effeots of either disease or

interaction of the two were not significant.

3.2.4 Twitch time Eo™half—relaxation: The twiteh

1/2 Tr vas.pot shown to be affected by dystrophy, sex or

the interaction of these variables for two age groups

examined in this study. The valie obtained for young

normal males was.15.7 + 1.2 msec; for young dystrophic 2

males was 15.8
\\




Figure 23.. nu tvu:h conzncuuv times lor the1yonu

;z‘oup (N = 6 for male

old group (b) (N %10 lcr m.lal tnd N=7 fal' ,fenllal). +

Si G a ke affect of - d’. ase vas stgniflcant (p<o os), ++ = the

effel‘.t o! sex was llgnifi(zlnt (y(o 05).‘ NH - ﬁnrlll male;

DM = dyltraphic Ralé; NP = nordal ‘female; DF = dystrophic
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T for the young hitdn ()

Figuze ZA. The eff:ct Jof tha 1ntnra:tion uf ax lnd

d.lle.l!e on, the tvxr_ch conLtlcr_lon :lme for nurmal (H) lnrl

) dyl:rophic ¢l bde..- The efiel:: was n1gn.1f1c-nr (p<o ox)

d not aigniﬂcut ‘for the uld .

hirda (o).

‘e = male; o fmnle. [
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. 18,2 % 2.5 as “-and for ‘young ‘dystrophici-femdles was 16.0

0.7

ec (see Figute 25a). - Olderbirds exhibired 1/2 Tr- ?
timés |115ht1y longer than those observed £4z: the -yoing
.group; the times fur o0ld normal.

2‘/5-4—1 m

o1d noraal and dy::rovhic fe

and 19.34 1.4 msec uape:tivcly .na/fo:

les' were 18 T+ Z 7 msec lnd

el 1.0 msec (lee Figure 258)..

There, e:e. no e!fe ts

3.2:5 lr.nen':’p'und

ltttthn:uhl:%lo sex, uuue or their int raction om ﬂ

lltent'

riod of the muscle.  The latent periods. for 7n\|ng

-nlel vere fonnd ito bc 5 l + 0. 5 msec fo: thg norllll llld

'5.5.% 0.3 'msec for :n.a,-:‘ropu: 3 flndln s for ’oung

!.ullgl showed a néln lnlent pe!lad oi 6 0% 0 6 m‘

ec for:
normals and 5.6+ 0.2 msse for. dyltrophiu (see Figure ..’

26a). . Forrelpondtng “values 1n the old g:oup”w.n recorded

v }ignllel and’ 5.5 n :3 “meee Eor dyl:rnpth females ( e
Figure 26b): .. .ol

3.2i6 Duration of the active stete pl;u‘.u. * 'The..

duration of ‘the.. platean \:f active state im young birds lus
g ot affected hy u:hu-‘ dueua. sex. or :h- lntuncuon of

lhlsc flctorl Thl mesn vll\u obl:xvld for I’.he nal’-l!

.males was 15:3 +°0. 7 msec lnd nu: tnr the diltrophtc .-u. g




‘Figure 25. me tvitch hut-uu cation ti

CgFoup. (N = s #oc Al

old group (N 0 Enr males n;d lﬂ - 7 for falale

“='normal nale, DM = dy-:uphu ale; NF =
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Figure '26.

: young group (u 246 for Hales and s for fen

The duration of the Latent periods for the

e8) k.) and

" the.old group (n =10 for mnle- and N = 7 for famud) (B).

NH ="normal’ mali

D = dyltrophlc le; NFi= nanu female;

DF = dzslﬁ"opﬁlc female.




YOUNG:

807"

NF' DF °

NM DM
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females were 18.4 + 2.4 msec and

respectively (dee Figure 27a).

o 1 .
Q h In the. old group dise
q 2y | G LY
significantly shorten the duratiom of the active state Rt

i 3 ! i 3
. Plateau (p<0.05);  tests/for éffécts due to sex and. the

¢
“interaction ci Sex and dil

e were not; l&lnlficu:tj The
‘Anffect of dlu‘ne vas. more PronounEed n the older. mad

(2416 +.2.9 noee m- the normals versis 16.2 +~1N'

the dyn:rupl\iu) &

for the normlli ve s 17.‘8 + 1. 0 meec’ tor Eha

il

Thﬁle results are shown in l’l[\lte 27!;.

4
|

g 3.2.7. Tetanu ':né to n‘.u-uxniinn. “ln the

‘young group the tetanus 1/2 Tr for.a 100 Hz tetanus was

found'to be 13.5 + 1.2'msec for the normal males; 14. 7%
\% v4 for the dystrophic -.1:-, 16.6.+°3.2 for the nox-ll
fé.uu\.nu 14.8 % 1.6 for che dyl:nphie females: (-

1;nre 21 ) }:_f : 3




/hl _Figure 27. . The ‘duration of thecactive state plateau for

" the ‘young (N.= 10 for males and N

‘groups. . # = the effect ‘of d:

)

H(p<0.05). \N¥-= nornalm
normal femalej DF < dystrophic. fem:
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‘fanlls- (lae Plgute 30).

110
*The PIC has been
s

3.2.8 Post-tetanic comtracture;

plotted ‘against frequenty-as the percentuga‘oi the maxdaum

:Hitc‘h observed in each experiment for the ynung (see

‘Figure 29) amd the 014 (see Figure 30) groups.

The éffect of -dystrophy, ingreased magnitude of
¢he PTG, was found to be siguificant in the younger-birds
at all f'uquencizl, The mihl af!eets of e'ez and ‘the

interaction’of seéx and dystrophy were significant at all

. frequencies except at 300 e When. thesé findings were

“examined in nnother vay (see Figire 31, young !uulel were i

shown to be substantially more arfecied by’ thie’ d1scase .
practes rhans the'males; the rrQ v.a_mncn greater in the
fehale dystrophies than in -eithe\; the male dystrophics of
the normals.’ % )

‘Data for.the. older birds showed a highly

significant (p<0.01) disease-related emhancement of the PTC

at all frequencies. The. effects of sex and thé interaction

of sex and dystiophy were ‘ot signiflclnt at any fréquency,

despite a trend in the data at.the lower frequencies for

ter dlseua ~related effect’ than the

nales to show's gres

,3.2.9 Maximal rate of rise of tetanic (Anlion.

7
The parcentlgc of .the maximum tetanus occuring per msec or

the. rate of “rise of temsion )mu\'h n plotted uguxnn

frequency ai ntlm\xlntlon for :he yu'ung (see Figure ‘32) and -

‘i'the old Cania; nguu 33) bifds., “
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Figure 29. The magnitude of the post—tetanic contracture
v

the frequency of stimulation for the young birds (N = 6
for males and N = 5 for females). ' + = the effect of

disesse was signiffcant (p<0.05); ++ = the ‘effect.of sex
vas significant (p<0.05). ® - norfal males; "A=

a;-:gophic sules; O= mormal Femiles; A= dystrophic
females. ¢ B
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1000,

490

200

FREQUENCY. (H




| Figure 30
vs. Erequency of stimulation

males and N.= 7 for femal

. The magndPud

)l

was signiffcant (p<0.05).

dystrophic males; O = normai female

fenales.

for the’ nlrl b'hdﬁ

(=

ko :he effect. of dise se

.- normal ;A=

dystrophic
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“The effect ‘ofi the interaction of séx du

disease on fhe post-tetanic, codtracture for nox AN and

i aystrophic. (D) bifds. of the youns'grou

gnificant
















© - FREQUENCY: (HD)
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In the-young group the effeu of dlaaau, i

d-p:ennun of the - rate. of rlue af tunan. wis uigntfiunt

at all frequencies (p003) axclpt 4008z fase Figite 32).

Qnantitative dlffeunce' related to e(ther sex lor-the

1nteru:tlon of-sex and disease vere fot” B!gnlfieant.

VThe effects of ux, dlsenae or :heir Anteraczion

vere

'3.20,10  Twiteh<grams. tanuionlm\lscle WeE nxgﬁ:.

+ Figure ‘3baiiifistrated. that the =f£ecn oFd1 cage

’:n. in'teractidy nf sex and uuau ot

l‘pgr gramiof mu.ue vgc-wu,m; }nr,g ‘ewlten were nnl

sfgnificant for,thu yoqng group. “Values™ ahuxneu vere

9:4°33.1 8/8: for mo¥

1 males, 251 3 + b 2 Enr

S dystrophie males, 363.9 475 3/g for’ nernnl f:mllzs and

+7 5.4l8 for dysc:ophic

273, emale

" (p(O 05)

For tl\e eld sToW: :hue wai' s slgl\ifielnt U

tteniation of - ine: _abiliey :of Khe mpgeleits

gpirate t:ucion (sée Figure: 34b);: & lmount of unsiun g

gonerates parigram of m

usele we Jwedght was oo’ 9.3 1.3 6

/g for.the ,mnu mllen, 79 4 £:20.1 8/ for : aymcpuc

w 1eu, 182437415640 glg for narmll femnlea ‘and - 73.9 4+ 12. 4

T'eui

-8l fot dyn:rophlc fem.1e he ;ffacn of sgx'

i the’ Ln:euccion of sex and didease wexe ot

P4
ugnifﬂ.cm: -

islexoT

e csn! inn generul’.ad. e




Figire 34. The twiteh tension per gram of muscle ~for.the
(N ='6'for nalas and. N+ 5 for' Femsles) (a)7and theiold (X:

= 10'fog ‘males and N = 7 for females): (b) groupss. ¥ 7 e

effect of dlsease vas, significant st p¢0,05: NN % normal

. male; DM = dyserophile dale; HF-m normal female; DF s
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“iateraition effect.
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3.2411 Tetanus-grams tension/muscle wet weight.
Yor the young birds the effects ofchoth.sex and disease
were not.significant (sée Figure 35a); muscles froc normal
and dyscrophic males genérated 2.02 + 0.3 kg/g and 1.59 &
“0.19 kg/g in u.-panu i EAtiRE reRpectivaly AR Wusel8d
from normal and dystrophic females gemerated 1.92 % 0.21.

Xl/g lnd 2.47 + 0.22 kg/g-tension in response ln ‘a_tetanus

respectively. . Ihere i ho-ev;x._- nilntltann:_ <

“When considered alane,,the {nteraction

-Mau -hnved :hn the yunn. dyltruphin £ les generated

atte cenaton per gram of' ‘muscle chen did the young

dystroplic ‘males, whereas the_ sitnapton was reversed in the -

_mormals (see Figure 36).

+ As indicated by, Pigure 35b, the amount of teasion

nunnd per grim bf - mugsle 1o birdl £rom the old group

was’ sigatficantly. red\uced from 1. ns +0.21 kg/g ta nornals

to 0.71 #+ 0.07 kglg in dyscrophfes where

onding’ vlln s for females were 0. 90 0.18 kg /g for -

a otss +




Figure 35. :The.tetanic teusion per gra

" young (N = 6 for males and N = 5 fu'r't'emn'l‘a'i):-(”l‘) and the

125

‘of muséle for ghe .

- 'g1ld (N = 10 for males and N'= 7.for females)™(b) groupsii + .

= thé . effect of disease wab significant at p<0.05. NM =
Wormalimale; DM = dystrophic male; NF = normal female; DF .

dystrophic female.. ° % v ; % :
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"Figure 36, .. The

e on the tetantc ::nllon'&enernl‘ad per gram of muscle

3
£of normal () lnd dyll!ophl: (D) birds. The effect was.

significant for the ynnn; (§5) h(rdl (p<o 05) ‘and vas not

b y 5 ll‘pifh:.nt Enr lhe old (0) birds.

@ male; 0= fe
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3 ‘muscle asid Fegure 38b dfsplays the alkall pré-incubarion of

g

129.

representation of the results of the stain'.for succinate

dehydrogenase (SDH) are presented in Figure 37a for normal

EDC, -Figure.37b for.dystrophic EDC,-Figure 37c for nor

PLD and Figure 37d for ayg:ropﬁié PLD.. No attempt was
o quantitate the histochemical analysis; rathér
exiaination of the EDC muscle 4nd subsequent colplrllou

Hith similar ‘material from the PLD was p:rfarned to - K -

d:zernint ‘the relative; propvrtlnns of, fast:asd" s low fib:al

on'

puraly subjective Level. \lSth rclpnct to prior’ work

».donl in n:hgr mnlcle!.

thle tha uurhll PLD ‘Had vzry

{11::1= snx nctlvity,

the- normll BDC hld a nbtnhl! number ol

The'. avurlll level of SDH

flbre- With some sDH .c:1v1:y.,

n::ivl:y incré ad in both muscles in-‘dystrophic . bixdl.

- Variation in fibie sixe was a pronxnnn: feature of

dyltrqphlc tissuel

\3.2 " Myosin ATPase stain. - The results of ‘the

myosin ATP.

e statnare prelenzed 1o’ Figure 38.- Figute 38a
-Allustrates the acid pra-facubation foF the mprmal EDG:
*ines naxu.x EDC muscle.., Again, statistical .n.1y.1- of the

T
fibr Cypes was not done;.attempts vere made to correllt:'

ound in” zh‘e EDC muscle ‘no :anlc flbres B

. vere. prassat tis nu!cl-.. Applrsn:ly ‘the. SDH .:-1nxng




Succinate dehyd

3 (e) mormal PLD







nérmal’ EDC;

ncubation
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3.3.3 Acetylnholineuternsé s:.in. Photographs of
the whole muscle stain for AGhE dxe shown for nomal Epc.
(Pigurs 39a) and dystiophic EDC: (Figure 39%), and for

normal RLD (Figure 39¢) ‘and” dys;tophlc LY (Figiire 39d). oo o %

;In “ddition, {fibres frnn severaliof :hes p:epurl:ianl

ety “pup nnd EDC: uu-e1e=.‘ A no:lble prnliferatiun ni end pllte!

nphic EpC |nd PLD mnucl

was, ohaarvad 1n dy
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.- As, stnted ln \:he l.m:roduc:l.nn, tl\& nlms of thi:

% ln.l ﬂi!tochguic-l Chnrlc:eri:a: on_of :ha In Vivo E

Huve Huscl! rupu;nuun‘

ot equivnxunz 1n th1| rag.:d,

they ‘are’ comi aruble.
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There are certain advantages to studylng a muscle

pteparatlon with a heterogeneous fibre population.. It 1s

; 4 notable that muscle! affected by dystrephy in the humxn are I
hg:eroggnoué onposites Of slow Rd) THET tWitel fibres.

Eprthermore, Randall et al. (1980) have shown that the

o expression of certain characteristics of the avian'disesse

(1e. lactate dehydrugenase lctivity, EMG activity, muscle wan b i

f1bte dlamater and”tital nyiu content) fay be eipteiled :oi

.. .. ‘varying degrees in ‘the uame-muscles $iom diffnrént linea

oo bafes and,a 1ndeed, wirnin diffexent fast twitch muscles in

the same blrd. Hoelﬂnan- et al (1932) have evaluated the B St

mechanical propertiessof dystrophic muscle in ‘three
! different lines of birds using two differént muscles and

: shown” that the expression of dystrophy in the mechanical

properties of fhe muscle differs both between the various
lines of birds and hetween different musﬁl:s within the B

< same line. Since some of these chxngeu may be relutgd to

the composltion of the population of fibres present in

Particulai ‘muscles, the use of the EDC.preparation mdy

allcw the 1nvestigatlon ¢E 3ilntive; dhanges occurring In
fast.and slow twiteh fibreo within the seme.miscle.

. v isale Ace:yléhnlinasterase hlscocheminbry. ‘?he
stain sfor ACKE on whole mupcle mbunts. mnde 1t possible to

distinguish pa.::enn of ihnervatdon com ul\ to-either twi;(_:h

or tnnic muscle with the use ofa dis:ecr_lng microﬁc‘up




‘timei " Both the’

PLD is alsc evident in the EDCH this distindtisn is
particularly striking when compared to the appéarance of

the endplates using the same stain |

I}[Wl‘ml! mounts of the

ALD.

The primary reason for a:cenptlng thds -uin was

to decarmine :he

atomical, 1<mu.os of ki endplltet in o

the EDC mulcle 4n vivo .an

:h“s

uun.u the recording of

mini.ture endpllte Pot. n:iull (mepp ) 0n= umlt-txon of !

thil preparu:lcn is :hn: the ragiun- cont lnlng ma:or

'en_dpllcas An’ the EDC-are’ located on:the:relatively &

inaccegsible ventral aapect of the Jnm'lkcle near the

' Periphery. 'Recording. of mepps is very difficult in such a

prepsrltion. :

b.2- Mer.llnnlcal Churlcteristica of tl\e In Vivn EDC Nsrve-

Althuugh t.hs nechlnlnll reipcnl'hl of the'

miscles -:uuded fn cne present study were PG

lecord1ng £ ‘sex, certnln of :hue,

upermx for th m (scehmn et .1.. 1952). .
' o, *

Gzl Twuch cuucucm.n ‘time and half- uhxu 'on







e .av awyy’
GOFIXOTRI-FToN: un._.-.nu‘

2070 F 91707 .20°0 F 4100 €170 ¥ 26:0  20%0 ¥ 1270

‘ A o e it sy 2 A-\nmv “am 3em
g L. 6170 F 6671 . 80%0'F L1°0 ¥ L6°T  £0%0 F 1570 oTonm/uoTauDY BFuTIRL
i R e 5 . . i ; ;
! ; L S i % by . - (8/8) cam 3w
i TOStYT ¥ 6UU9Z0 0:€TF U6 9008 F 2izIE  st0T ¥ 9t1L1 © et .i.:.:!.au woayaa, S
5°0 F 6°ST-- .- CEtU T oatet I & §
9°1°F £°81  0"F g0 ¥ sttr 0T Foeruz g
: e e o : 3 - ¥
- 203 a1 7 oaa e dma R ek
' “otwdowzsxa . 4l U0 Uaveaon : okt i !
. b .. o * -; .. g
u.ﬁ.u:x a1a ‘anv- oad o:.ma:mz anv' i, S %
.—<:=cz LO thu;&an A<0H2<=UM: mzk a0 =avu¢<nxca 2 g .,,




N oo_

6T F ooog -

sparq uc u.a-::-

(u23¥ma l.i«x-l )

21n3de13u0:

iopininicaeed:

vuorawrIupagd




Y

143°
twitch half-rélaxation times were reported to be of similar
magnitude in the PLD muscles of nérmal (line 200) and

dystrophic (line 30%) chickens (Hoekman, 1976). Table 3 :

s ‘indicates that similar repults were obtaimed for the PLD

" ang 'EDC muscles of ‘line 412 and 413 birds.

*'4.2.‘1 Tvltch and: :eunui - grams cennlnn/muunl:

wet vaights Hoekmat

(1976) nported that I‘.he :wi:ch &

:enaiun per gram ‘of. muln:le wet velght genexnted by e -

“dyscrsphic (line 304) LD was .1gnxf1e.u1y 1:!: r.han that
genera ed by the normal 2LD (1ine 200),  The tetantc .-
e”‘uou generatsd bt of muscle wet weight oy the. .

dynnpm\eung zoi) PLD was not significantly ¢ifferent

ftom that ganernted by ‘the nprrul (ifne 200) PLB, 10 fact

% :lu dyatrnphiu PLD g:n:rn:egl more . t:nslun pe! gl’lm nf _ <

muscle thnn did the normal PLD. §1mllat tes\lltl vere.
nblerved for the PLD. ﬂf 1ine klZ (normhl) and - line 413

(dyl:rophlc) birds (see Table ) althnugh r.hene fesults

wem not, n:-tutiuuy ngnxﬁcun: u ‘p(O 05. In :he EDC‘

musl:le of the nnrmnl (line 412) And dys:!cphlc (llne h13)-

’bird- this trend ‘in the dnu was pkeurved bu: the

magnitnde of t\l: dlffarencg wls redu:ed =ven furthat (Tnble

mu nuta'hrle difference between the PLD andithe

znc 15 thu: zKe umun ganeruted p!r gram of - mucle we:

weighr_ is gxea\:er ln the EDC" far bnth :wilch nnd :etlnic

stinulatton. 'nua suggu:n Ehat the snc 1s.a strnnger
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~augmented by’

% 1.‘12 and’ 413 birds

. the serfes elastic’elements of :ha -u.cl-

“The.only notable différences 't
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muscle having a greater effective cross-sectional area than"

the PLD thus:forming more cross bridges per unit ared.

4.2.3 Twitch/tetsnus ratio.. The twitch to
tetanus ratfo was previously shown to be significantly
reducéd in'the dyltrophlq (line 304)_pdD muscle (noekun.

1976); the chn.e vas. due to a decn-ud tvitch tenaxon,_‘

-ugh:ly 1ucreued tatlnic unucn. Ihe

‘tuttens tetumu ratio in the PLD “id the nnc .u-cu- of 11z .

150 teduce(i,‘ but. mot llgnlflcantly

,(see., Table 3). This is predicuble since the uaucueu FES

twiteh tenston is not as uveta»_!n _the line us birds

45 in the line 304 birds. 5 : . =

4.2.4 Latent: puua. _The latent .period: of ‘the..

muscle s the time £ro- stimulstion to the omset nf muscle

shortening. . Since the stizulus was d.!lverld lndlreccly' in

the present study, the latent period facludes Both the

nerve conduction and 1sston time from’ the

‘potnt of -u-uuinu th addition to ‘the time to strecch out

Thla pnrinetet

»
Vll nol ‘examined 1n elrlizr sl’.udlel uling blrdn from ‘the

normaliline 200 and, the aynnphxc 1111! 3p4. As

illuit lted l.n Table 3, !here is.no lignifielnt dlffer:nc:

between the litént periods ruuxdad An no:ml and. ' -

dylttophic birds l’or\ éither the PLD or the EDC Iulcle:.

t the latent period -for
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“the EDC-is lodger thanm that £or the PLD. - The effect of the
long "r:en-donl on both end; of the EDC muscle m"euu;g :hg,-'
‘series elastic conplisnce; could account. in part for the
tneredsed men:‘p'uua sbeerved in that mus"cu. despite

:hg/hc: that‘ the stimulutlng electrodes were located at a

)wlnt won r.he nerve further from the m le ln the ‘EDC

preplralion than. in the PLD lerttinn.

5 Duxntion of :he detive .:au pluu;\u and:
2 i

pah L tetnmls hale teluxltion time. The durution of the activg

L unte pln:nau xeflects :he true cne coutse nf the mnximal
conlructlle activntlon proceas and 1a :huught to repnsent
‘the anount of time a nnturntlna concentration of- daletun’ xn :

T lvailuble to. tnteract With the myofihmehu (sandow. & |
lru't, 1965). < The: onset of actLve state.-is very rapid,

AR this s £ollowed: by a'plateay phase and a alouer decay.

phnﬂe (Gasser & Rlll 19245 mili, 1950' Hlll 1951). An

ascim:e of the rate of decay can be oh\:lined by neunring

- i ‘e ebe :u.e o haif rei‘ixltion for a :e:emu- the deeny phlse

N prabihly unecu :h= nu of cafeium relccumuln:lon by the

The tine coutse of the u:tive ;

sarcoplasnic. reticulum.:

state: ‘and’ concomitant muucle twitc‘h are. 111uutn£ed in

Flgure do. Al(hongb ¢he

.ximl :ensi 03" This u bec-uae the muule Bust

SR aktates

shorten againu 1 L

déries;aldnerc: elenents betore At

Jcan ‘do - external work. ‘Whem ‘this’ ;n:gzpu‘lgshnfunini has




. Figure 40. The time course

" contomitint muscle twitch.
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llt\\u\lgh I:hil difllrlnce Xl Hot stati

been accomplished, the active state has already begun to’
decay and the muscle relaxes (see Figure 40).

* Tablé 3.indicates that the duration of tke 'active
staté platesu is significantly reduced in the PLD of ‘ltne *
413 birds when compared to lime 412 birds; s trend ln_'lhe

same direction is séen in the EDC of line il! birds

uuny -ixnificlnt s

'l‘l\e Leunul tiln to hllf-relaxlllon vll also ligniﬂ.clntly

" resccumulation or a decreas
.

3:.1.:.:1“ in the EDC n\u:le is In:h 1horter in the -moraal

aypaent 4 Ehe mu rnhxltion i £me ok

‘relaxation t,l.e 1s decreased in the

rediced in thl PLD muscles of linz 413 chlcknn +»This Illl

duration ot the phtuu pf nc:lve -n:e .nd the t!:e to

half-relaxation fox o tibidug were mgt l;lnrel{ in'1ine 200

and line 304 birds. = 2
" The observed ddcrnins B0 fhe active srive .pi'un_n'

duration could result from either more active -caleium

- in thé amount of é'.mm'

:uuu& from the sarcoplasaic, nﬂ'culu-. The sa6s That

_caleium {s more rapidly reaccumulated by the lurco;laantc

‘reticulum 1. consistent lll[h the obluvn!lcn tluc half-

lucha (the P1D)
that. exhibits the largest.decrease 1nua_uuve state

plateau d&nuon. 0n'the other hnnd, there s qvicence.

“that 1n[:ucell\|llr nllci\m levgll ltl decreued ln some

ttophlc mmu (Cosnses 19.6b). :

1: is 1-porunx :n nnz! that the time £o h-l -




LD (un 200) mu!cle (Hnekman 1976).

EDC chan in- efther the nermal or {he dystzophte m»'(au ;

Table 3. “Possibly the system for calcium lequesnltioq 1..

.ulnldy operuting at its mux;mum 1=ve1 In the EDC.

§ Rate’of rhe oF patanit tenaien. L The wate

cenlion is diuctly relaced o - the Velnclty of lhurcening

and {avergely rela:ed to the series elutic compnmu oi

the vnuscl! (Katz)* 1939' Hlll, 1951) A reducad velncity of

nho:teninx, per] nflectlng a nlowing of the m)’olin

“ATRage co\nld Accotnt for, the decreased nte of Tiseof

tension uen ln dyﬁttnphlc i:lu. Ihe obser ation that’

“the, rnl:a o Tise lof tenston in ‘the notasl’ EDC u slower:

than that in'sdg nnrml m was: prediéted; since, the lung

t!m‘lone lt e&ther end of !he E'DC 'hould iﬂl:!llﬂ!k-[hl serinl

‘ F\lr!hal’m"q, :he EDC 19

ulcle than the PLD slnce
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‘r;éiuion,: fhe _obsérvarion’ £hal. the twiteh timeicourse.is. of

ncrml aunuo.. seens. 1nnonsln:enh Rocknan (197°6)

suggented that 1t ene

e pluuu durn:x on. vere
reduced;! fiv puk :vu:h unuon vauld oqcur at the sa:e

tie tn’ na!mal *sisc1énn i vould i dyutophic muula.

& nlbeit ata l‘edul:ed !e\\!lon. ,Since a uduc fon in che :

e durl[ion of ” t'l!: active

tate pla:uu hu nm.abeen 3

;v,Az‘i

Pu:-tnzanlc poren ‘htivn. 5

'I‘he Applitltion

icauses - poten fation ot .uhuqnenc tvltch stxmuu (Huxhea,

! 1953). " While, PTP has] hun dsmnnstntad m any suscle el

whxcl\ 1: srbecn sought’, - the otigin of thts phlnenennn Ex

l ubju:: of currant anea:igltion. Ix hu '(uen

many’ uftzzeu: me:hanilm (Sundaut, 1963, sun.{.u: i

195;:). In the unleun the underlyihg baﬂs o{ the:

Ranv!c!.

presumlhly r.he hypupuu




ilation s muc]\ greutr than that ta the large :

the potenn.!l dtffexenqe between (he

myellnated Eihres ‘

v. dst node and the herve tetmlnal ts'0f FuEricient

| magiitude, . tepetitlve activity 1 -ensue. (Standaert,

®1e 1s'p:1hr11j& & miscuTir. -

“In Ehe gxstmcnem!\n ¥

1‘963)'.

:ivg ntimulation. Thls

hyperpolnﬂ.zea in tupolue to' Tepe

approache :

the active sta

'lhe ntgnit\lde of ynst-tetent ey.ciamon in

JIN) mu clz haa been wn ‘to. be 1ncrealed

8 dyltrapl\ln (11'

b erv!d in no nnl (lint 200) muscl!.

whien ccmpu‘ed o tha

In' Che Una 411 un\'l 613' bu‘da the PT

*(Hoekman; 19 76)1
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Since pronounced hypérpolarizatfon of ‘the

dystrophic muscle membrane inm Téspomse t§ repetitive

stimulation haé been reported in“vitFo (Albuquerque and B
Warnick, 1971), it s likely that'thé_PTP observed in
dystrophic muscle reflects a post-tetanic hyperpolarization

of the muscle membrame causing incre

ed u::lon potential
duration and potestiation of Iuhsequen: tuitches.

Decrgnsed 1nnueuu1u caleium aeque!trptian as iuggested

T by Winegrad® (1968); could'play a-role in these. processes.

Anpehér: péasibiliry 1. €hat :he mcnaud Proportion o

slow twitch muu:lu fibten in dy ttophlc nuscle regnu <

‘an increase 1n the PTR; since Andirect nusele. stifula 1ou

was used in’the present experlnen:, 1nvn1vamsnt of the

motor nerve and neutomuncul-r junction cannot be excluded.

4.2.8 'Post=~tetanic .contracture. The post-tet

contracture (PTC).{s the amount of tension,remaining inia
‘muscle after tetanic stimul, tion if rélaxation ts assumed

"to be a loglrll:hmlc fuln:l:!.nn of time and the early pntr_ os

the reupoue s extragal-:ed to zero :ennon. While: the

qphannmennn bas baen’ repnr:ed révions Ly “(Hoeknan, 1976);°
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2y %

_composition and “the gros

in the EDC. .

" The origin of the PTC is not known. The most
‘probable explanation for the y).'.no“non ts that'it results
from the myotonia of dyl:rophic chicken -ulclz. Répnti(.ive
(myotonic) action potentials u dyltrnphh: chiicken nuscle
h-va been de‘onl!ll[cd as a relu]t of ‘nlele stimulation V
(Holliday et ali; 1965), and are - ol:en ‘moted ‘on the EUC
trace during “xperimentation (Eovle:t, unpubu-ned

_ruulu). It is u..o pouul- :h-

the um“( -4 nug

slow. tvucn fibre

“to tne PTC.

In su

ry, the EDC and the PLD appear; to: be -

simtlar muscles. There are duf'enncu between th:n but

most’of these.can be explained in. terms of the f1bre trpe

morphology uf tne two nulell

_'Since ‘the EDC contaia 1.:“: proportion ol slow twiteh

(ibre' :hln doul the PLD, ton of :he Jdll,

pu:ud. at a slover rate in this ais 1l The eo‘plril ns

ind lhe ‘EDC are .

| BOE -the dincuon, of
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4.3 Sex Difhrl{u:kl in Here!itnry Avian Muscular Dyltxophy

Although the gene for muscular dystfophy -of the

domestie fowl is 1 recessive ( E and Jilien,

19565 Julian and: A

undson, 1963; Wilson et a1y 1979), i 5 A

has gemerally been noted that’ the’ exprelllon of the gene g

extst 10 the pn.no:ypxe

‘and hn)u, pooun;

data’ for both lexel may’ lncralle the chances of Ilking a

Type I error on tests of ‘signif

A systematic Anvuuguan of these sex -

differences has never. been reported, so the exilzence of - -

A < Uguek dufeuucu remains speculative. Few studies have

_even -n:-vud ¥o' Gaparate Bizds én.the basis of-sex. ~One

nuay thac.d1d showed that on .uuu clinical assays-of = - ot

<0050 dystrophy males were moze levgrely affected by the discese :

" than females; however the authors nnua €0 dtacuss etther |

'<1s7sa’

Chou eL- ll.
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from the supine position earlier and at a faster rate than

did females. The righting ability of males dropped to_ zero
between 40-50 days ex ovo, while at day 100 the females

still retained some abdility to . right themselves. These

findings torrelate well with those reported in the present
study. The young dystréphic sroup (see Figure:13a) Showed

a uzked dacruu in-the -bult-y ;p ri-e tn- the lupin.

'poll:ion for’ both,

avian dyl(rophy which has been repor in all 1ines o

‘genetically dystéibphic chickens (WiTdon.at al.,.1979).

P It is not likely that the tnpatred righeiag .
. ‘ability 1s related to relative ‘-u.eu strength since

< dramatic declines in this parameter ‘are apparent be:on :

in muscle-strength are ‘seén Coee

345, 35a .& 35b). Al(hou.h th. lyetlllc defect

responlible for impaired fighting -buuy ds no( kuovn FYSes

has been sugge

red that t‘be ynun.u of the dyllrcphlc

» ’ :hlck:n

observed effect. .




( . dsa
4.3.2 Wing apposition score. The degree to which
the wings can be elevated beyonmd the horizontal plame, the
“so-called wing apposition score, has been shown to. be
compromised in dystrophic chic‘kenl (Chou- et al., 1975).
When these effects were nepnrated on, the baais of sex, the

data of Chou et al. (1975) are: .gun ip agrdemant with the

iﬂdings zeporkad in the! pre!en: study; dystrophic males

were more severely atfected by ‘the dtsease n..m the [,

dys[tephi: femAleu. While the abiliey to appoue,

he uingk

detetiornted wuh .gg 1n ‘the mllus, this m-n’.fen:.tlnn QOf

the diseuse did notiapp ‘tol nive ,:muu-ed iurthaz ¥ith

,nge in the feémales (iee Plgures 14a & ub). The \u'].gin of:

the ‘decreased ﬂexxbuuy of ‘the wings in dystrophic
chickens is 'unknown' pnliibly “Inéreased conncetive uuaue

decreauu the: elas:ll:i:y of -the nuncln or" hypartrophy of

‘certain muscle groups hinders pnsaive muuele movenant. The

nyotonis may also play s yole aince the contractures are

sensitive to percussion'and other m¢chanical manipulation.

k 3.3 H:chlnil:ul cl\uu:uun::

The presence of
sex differencu o nech

cal uuys of dyutraphy has pever

T e

‘., In :he ptasent uudy, for those, me:hlnical &

(3 dyszzophy :hu most’ ulubly sapnru!ed normal ‘and.

{drstrophic birds; the; youns EEmules vere affected. by the

6 the same’ om0

disease a guuu extent than were the

hg Tales.? The gengtul gffec:\of ‘ageiwas'.to drunntlc 1
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fncresse the severity of the effects on disease indices fs
the older meles whereas their values were not ‘appreciably
affected by age in the femeles. Specifically data showed
marked age-related increases in the magnitude of the, PTP
for the dystrophic males that clearly were not observed for
the dystrophic females (see Figures 16 & 17). . ‘The twiteh

' toltetanus ratios recorded for tHe.youns dystrophics were

-decreased 1n magnitude for"

the females but not for the

‘mles (nee ngur. '20) ; n the-older- birdl th= twit

fenales (!ee Pigur: 21). The' “disea

of the PTC was substantial! £or the youag female' and

for, the young males (see Figure 29). 'In the Glder” group
there was a marked enhsncenent of the PIC for the males

whereas the PTC d1d not "worsén" in the dystrophic females

i

(see Figure 30y, i

There were ﬁignlficlnt interactiou eff:ntu of sex

e for both the extech contraction time and the

tgtnnia tension, generated pex. gnm of muscle for the young

There was: . nignifi:ant decreue in. théncgntrastiok

tise (Bee Figure '234) for young dystrophic females when,

conp Ted to age-matched:mal This' finding was rather’

'-unexpecred -uce :onttac:lon times. h-ve been uper:ed to be-

lvx:hxn the normAl range for dyalrophln .vian muscu. Thi

is 'not conslstent Uith the observations that ﬂbth the

‘tviten tension per gram of muscle (su Flguxe 348) and the
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duration of the active state plateau (see Figure 278) vere

sinilar 1o both the normal snd stfophic females of the

young group. At present mo llnpl_z explanation for the
decrease in the contraction times can be offered. - One
possibility is that the dur¥fion of the active state

plateau 1s actuslly reduced for.the young dystrophic

1les. Figure 27a. indicate

in that direction ‘whereas the active state plateau duration

actually sppears ncreased for the’young dystrophic

Althaugh 4 decreu ed;duration of'the gctive state. plnu-u~

i =nn-uzen: with

the youny fuuu. this 1a contingent upon little of mo .

aximal

decrease in the-rate of rise of temsica. ‘Siace nu
rate of rise of tension is reduced 1 the young group for

both sexes (-ee Figure 32), 1t is not clear whether ‘the

‘reduction in ‘the dctive state -platéauw duration for the

Young £

les fs sufficient to.sccount for the @hortemed
‘twitch comtraction time. - : . :

The sex of the bird had no sppareat’ yenttig ugon
the tultch teselon generated pex gramiof Lulcl.n (see
Figures 3435 34b), the' duration of the active’stats
“plateau (see Figures 27a & 27b) or the rate of rise of

tension (see. Figures 32 & 33) although these parameters

siginificantly decre: ed with age as a fuaction of diseds

(Finaily, there were no elfe:tt .::mm-m.e

diuase on the muscle Tatent perlod Code Tigures 26a &

165), the twitch half-relaxation tige (i¥e n;uru 25a &

daéruged l:wit_nh contraction time for

n Gbvious .trend 4n the data




ausiie. wiil be hrleny conudered 10 this sections A
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25b) or the tetanus half-relaxation time (see Figures 28a &

28b). : ‘ >

4.4 The Effects of Age on the Hachanlcal ChalnctEriﬁtlu
of Normal and Dystrophic ‘Huscle
v i qualitatacive désessient of the effécts of ‘age

‘on. the! mechanxcal propernu o£ notmal’ and dys:rophxc

The, following eff:cts vere ered.. iThe duration

[of the lutenl: pericd was ‘inereased in old muncles from

asraal, and dystrophie” Mrda. This was probably 4 tesult of.

1nueused connecn.ve tissue; inctreased connective tissue

.has been reported i dgetng human muscle (Tomlinson et al.,

1969).  This tends to lncrelse the ue:ieu elastic compliance

"of the muscle and’ this increase the -latent period: Tn' "

uadikxon, the nefve-Would be longer.in older birds so the

conductioi time.would be prolonged. - The duratiopn of the
active state plateau. increaled with age; -particularly for

normal musele; :hln uugges:. elnhar ‘that there! is. more

w1 franonvad1ap1s 1n’:7th adecld; s Ebe calctum . - .

reaccumulation lyal’.em isvless efficien

‘Vlﬂ'ugeihg nuscle or

thal there was an age-ﬂepend:nt tnerease in the duratiom of
the .ctlon potential. "There .vas'a general: nge—related

slowing of both the twitch and the tetnnlc half= relaxnnon

_imes in normdl dnd dxstrhphIC‘muasleA $ince the half-

'
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relaxation times for twitch and tetanic stimuli were also

e in durationm

increased it seems.possible that the incre
of .the active state ﬁ:aultu from a decreale ln the rate nf
calcium renccumul.uon by the lnrcoplnemlu reticulum. i'lu o
tension generatad per gram of wmuscle. for either a twitch or .
a tetanus vas reduced in oldef muscle in 'bo:n normal and

dystrophic birds. s Redllcl:ion in miscle nrength hu .1.0' -

been reported for. alduly humans . (Campbell et. 11., 1973) .

and problhly raflecf.l the 1 nf mllclu fibre

parzicul.rly :)w-e £ the fast tvttch lelety.

P

.5, A Possible Expla

£4on for, the'Sex Differcnces

Obsérved in the Phenotypic Expression of Hereditary Avian

Muscular Dystrophy = . v 4 ] -

4.5.1 " A generalized membrane defect’in muscu: ar

dynttuphy? Xeunz deveIopm:n:l 1n the neu ‘of muscular

defett dngentt 11y aflectlng,lll‘ Cor:

"The

dyltrophle- Rffectl an enzyne, ntruc:u:ll protein. or o!hez

‘7 n:nbrlnc conn:ltuient that x .uln in. a menbiane

-bnumlx:y, :hi- -bnbmguty

;ha Illn:le luu{




K ; 1980). -In lddltlnh idefects ia’ che activity ot neubrlﬁ

i #
s i been demcnitrated (see Ruwllnd, 1980)..
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centres around whether muscular dystrophy, o a primary
neuropathy or a primary. nyopathy, rather whether the

| attatence of a non—speciflc membrane defect in dystrophic
Clwwien Could cesust) Tor Aisat L the dat

Clipital abuormalities in such diverse tissues as
giy:hrocy:el. nervous tisgue, liver and ectodérmal . .

de:lvlnives liave been reported for 'some of the himan

4 4 dylcrophleu. in vlrticullr £or /Duckcane dyl:rophy (Rowland;'

bound enzymes (e sodxn--potulllun Ary.-:, ldenyl

‘cyclqle, AChE,  protein kinnna and caletun ATP--a) have

imilar “findings

_have been reported in the genetically dystrophic chicken.

+ - Alterations in the actiyity of membrane bound enzymes in
the muscle (adenyl cyclasé, sodium=potassium ATPase), iiver

« (adenyl é¢yclase, iodium-potassiun ATPase) and erythrocyte

(adenyl cyclase) membranes: of dyetraphlc biids have been
damonatrated (Rodun et all, 1974, Rodan et al., 1979y, “Ia”

7addition;, several ur:nleumn

enzynes (Ovens, . 1979) have

b:en uhown to . be ultered in dyu!rophlc chicken muscle.:
Thal: muscular ‘dystrophy prlncip-lly \‘lnlfal:e ltlelf as’a

lmtcl! d’.lorder 18 ranl\nn.ble, altet-tionu 1n the delicl:l

nictcanvironn:n: of the nulcle n:nbzlne or membtlne of chu ¥
7

llr:nyll mic. reticulum cau!.d teadily u:e:!-n wuh the

f!lnc:lonlng of ‘the muscle where ».1muaz alteratiéns 1in

the ngnbrnne structure. of nntic systems lnch

myelin

would flﬂ. to’ clula such no:ahle afflcl’.u.
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- (Stamler ‘et -1.. 1956)

2 L8z
4.5.2 Why does dystrophy fail to progress inm

female dyatrophic chickens? There are a number of

x-
related physiological differences that are predictable
based on previous work. The hypothesis advanced in the
present study is that the failure of the disease to

i . = g
progress in mature female chickens may be due to the

sive loss of cholesterol associated with egg-laying im
the bea, . . 3 - g

Evidence for sex/differences in.cholesterol

levels in avian species orlginl(el‘ in the atherosclerosis
literatare. ~Chickens are a‘good model of sxperimental {
atherosclerosis; ' they -d‘lvalop' hypercholesterolemia and:
artefial plagues readily vheén maintained on -:hlgh-
cholesterol diet.. As a consequence, vazfations {n the

chol

terol levels of male and female uhukgn- hdve been'’

pell documented. Matire femalés on'a ‘mormal diet appesred

to have lower serum-cholesterol levels than age-matched

les (Stamler et al., 1954).  The egg-laying hens
regularly "cleared" large quantities of cholesterol from

their bodies via egg-laying. ~Oviduct ligation -of ‘mature

heéns resulted in serum cholesterol levels similar to thos
seen in roosters. of the same -age; this was probably caused

by ruburpunn and tccdrculltlon of the yolk :holeuezol

tho‘liullei lqirl-lly‘lppé;f=d "Qaz.."‘:n.;

|
|
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cholesterol gradually rise in females to peak when

egg-laying comiences at approximately 4 months of agé

(Lorenz et al., 1938).

4.5.3 Altered mémbrade cholesterol as a primiy
defect in muséular dystrophy. - There:are a number of méans:

whereby cholesterol’ ‘can dlter the prnpe:ties 6f membrares

L tw ways that aze cnniier_ent wil:h the !ympr.oms ‘of i, o

{mascular’ dyscrophy : Chnlguterol 18 Known' to: be . prxnuy

de:emlnm: of membrnnE fL\lldicy (Oldfleld ‘and’ Qhapman,

. v,97z) Tee has been. utnbu.hea thaE" dha iges {n menhnme

; huescemlhn altex’the

c:lvlty of verinua membiane~

_Bound' enzymes .

trsneport .protein: (Paiias. et .1.,-.1975)

RS T addltiqn to’ reduclng the’ ygmubiuty of! memb:unes to'.

© 'some molzculu and monuv‘alent cauons ,(Pnpahadjopaulos,

1973). Recently, Madden et “al. (1979). déwonstrated, that:

the enzyme. activity “of calci‘um’ Argaae'zn the. sarcoplasnic '
~nucu1um decraazed as the cholesterol: phosphuliyid ratio

of nh memhtane Inerenaeds Fux:hgmote. :Ms effect was

i

ravetsible apon. extracllon of the eholesteroly: |

Thgre are seveti\l thao:ien vhlch attémpt to

intrinsic memb:sne enzyie produce r.he miscle fibre

mecrosis:

©that” inhibluon of mambrane ‘pumps; in pn-ucnlu the-

S lodium.—pa:asstnm.ATPase, P, nducgs osimotid mbalnnca Hibhin

-uecxa:ed with dystrophy. one euch ,cheory holds s
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the cell and subsequent cnll 1,.1. (Papahadjopoule

.1973). -

Cullgn ‘and Fulthorpe (1975) -u.ge-l’. that thz Al!tred -

permeability of the sarcole: allows calcium influx; the
calcivm causes a locally hypércon;r.cted sarcomere that

"rips" the ‘adjacent sarcomeres 1n1:1-:1n. necrosts.

“Anotiter ‘calcivm’ theory suggests: that exc...xv. nllcinu

lnere led

Lica e Tntti ceaune lciva uptake by, ithe. -s:acnondrt

I a process that steals emergy from essential cell functions

.~ (Wrogemann and Pena, 1976).

Hsu @and Kaldor (1971) examined the lipld hk

: cenponentt of: t:-.me

ed tlrcopll -ll: re!lcnlum ftun

ay.:;ophxc ch(ckln- and noted abnbraniities da ke !

fre - iz v boupostiLon of.th sbrancs. ‘Spaciflcllly, they found

elevatéd,

sbrane cholesterol and xtlglycurlde l-vulu, the'

-6 lvo¢£:10n of triglynerldel conpr 1

i the Meabragss v

similar in f\‘lcttonl from nor\lll and dyltrophie Yi:dl- The

to:nl pholpholipll levghe remained the same but the.

relative contributions of individual phospholipids to ‘that

total- ¥

altered. In additfon, Hsu and Keldor (1971)

‘eportéd poor uptake of calcium by. fragmented dystrophic

sarcoplasmic reticulus. - The cholesterol:phospholipid .’
was {nér.l-cd in dyl:rophl: sarcoplasaic reticulum -

fragments and the amount: of 11pid per ‘=g protein g

& : 1-==e.;ed. The lug.e-tlon was made that rcduced caleiin
’\pp:.ke by dystrnphtc 52 reoplalnic re:lnulun re. lted from’

‘Since it h.

that fon.
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. of cholesterol into membranes cam alter the “permeability .

characteristics of the wembrane, it 1s’also pu’.me that

the chnlc.t:rol 1s' responsible for :h. lltetlltonl 1u

lllcnpllln{c reticulus function (lothueu and !ukeln-xn,

s it ¢ sha’afd et al. .(1975) réported higher membrane
microviscosity im the ---b}{ne- of muscle, liver. anmd
5 erythrocytes 1n: ;Anetlcnlly dystrophic chickens. This.:

inereale wi plrlicull!ly marked F2S luu:le. Slnn.

(tes dacz

‘phosphélipids (Oldfield and Chnp 2l 1972);

facteds

1o the vise -uy of daystrophic.

.uxpu.u;. !:k-tein et al. (1979); ‘however, reported no:

decra branes in the

inthe’ flutdity of erythrocyte

£ % . chicken, 'This may be a-subtle difference between thé

o 5 Storrs and the Line 413 dystrophic.birds; Sha’aff et al

(1975) used Storrs birds whereas Eckstein et al. (1979)

examined the Line 413 lg;'ul., SR

" This change in-the cholesterol content of '

p dyltrophlc tisstes appea

s to u. an early manif tatton of

§ s:.vut et'al

(1977) reported n-

: uru .
ltv:x lnd Inlcle cho‘ll-toro! levell were .llnllll‘.lntly

exunud ‘in dyl(ropbif. bu-d- when celvltll{ to ;he:.r nor s




.
‘ 5
dystrophic pu:onu., a fast twiteh’ m\ule, bt not:.in the'-

slower thigh n-cle, the fa f. twitch mugcles are - i

preferentially destroyed by’ r.ha disease ptoc}ell-
TR ;s y e
yed membrane

It 1s notlikely that the imere
ves its 2 axuu effect of

cholgsterpl in dystrophic ti
increased serui cholesterol. Souru- of \nholu(nrol are

%3 'l'hn ‘hudy spes

8. 'ﬂlere are deubtltll

rupon-nh for the :eguhu.cn of

. % s R
i:holal:!rol but these lre‘ llrg'ely unknovn- Th- lnonloql

ne xupnnslble for® avian dy-truphy A!onld exert its

L ﬁ 5. i lxgrl:ilt And chol. terol. -!ndnnnee 5 i

V. tholesterol levels ()ur:ln ec’ali, 1977; Wood et .1 -1977).

nu'-'ay etal. (1962) showed that differences:in serus

! eholelterbl veu oﬁ-er

116 lnd dyltrophlu wi

erdm . cholllttrnl

lterations 1n

ukely n.: the

battery. Tramsient
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T Ner
n dystrophies {Duchenne, fascioscapulohumeral

girdle) upon imstitution of an-éxercise regimen BN i

. "~ (vignos .im'l Watkins, 1966), In additton, it Was been shown 1 3
< ﬂut exeuue alone can 1-prnn :he :igh(n. nbiu:y -nd

- ln!let the serun CPI levell in chickenl 'ith her:di!lry

f1bres; exercts

cennotbe ruled out. Reeall tHat Madden

.. .shoved that the decreased-calcium ATPua -cuvxey obaervgd

copla llc rul.cullll vellcle- Ihlt vere incub ted in

" highchilesterolvis. o effert ihat vap FRveERlbie 1pon

removal of the cholesterol from the medium.

.the hyp‘u:h’u is

“Conclugionss zn,.u..'.ry.

of lupport

feporred
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From the results obtained in the present. l:ndy

the fnllnwing polnt- can’ be made.
; 5 i x,

1) The dev in ‘xva nerve—ln-cle prepurnion of the D¢

nul:le i-

. respect. to.

phatsacological responses.




*"1n- the malgs ‘and faila to progress in ‘the females.

5) A body of evidence exLlr.l that luppurtl tlu idea that

‘,the failure: of the d:l.n se’to Progieen 1n fema

the dnnltic dgcrelse 1n seruh chnlelterol as ocisted Hlth

'egg uying 1n che hen. ;
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