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Th1a etudy e'xammed some phys1olog1c and phar‘macologm

x

"propert ies of ‘normal .and .dystr,ophm chicken muscle. :"'.'The

’

muscle did not exhibit denervation _at,rophy.’

gga,' - ’ . y

pathogenesis of nuscular dystrophy is udknogn, and; deverailu

,

competing‘ hypotheses haﬁe been proposed. ‘As recent

may ‘be linked to a muscle
’ <§( @ t d, \’a ' .
membrane defect, theae atudles aré“ of Interest 1n aaaessmg

the ‘fﬁnctlon‘al étate of ‘dystrophic muscle membxa,nes.

evidence suggests that 1t

[ : . ' e

" “The contractile responses to intra-arterial" injections .

of acetylchollne, carbachol potasuum chlorlde, caffeine

and neostigmine.vere exanuned 1n.1nnervated end denervated

M 1

in vivo extensor‘digitorum communis (EDG) muscle

preparations from normal and dystrophic chickens. In
additioh, the"electr'ophysiologic properties of'this

" ?
preparatm\were characterued in normal and dystrophlc

muscles. The pharmacolog1c responses to serotonin and
S
noradrenalm were assessed in in

vitro ischiatic artery

P

preparations of the chicken. ' e

g A
i A\ - ‘.4

Sensltlvlty to ace.,t:ylchollne ‘was reduced in dyatr0ph1c:

» ‘

muscle, although l:hls appears to be asq@crated with'

'gnhanced hydrolysis of acetylcholine in dystrophic‘mqsclwe.

‘e
.

The development of extrajunctional acetylcholine sen~ /

t : . .

sitivity.in denervated dystrophic.muscle was also reduc'ed//

/
A /

when compared té normal muscle. Denervated dystrophic

. . .
v /
A

In the disease
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‘ ._.grOup, ,the duratxon of)the 1ntrace11ular acftlon potential '
.. was, incr'eas\ed. The results also suggested that the J ‘
" . s * & o . ) X ' 4 ' e,
. ':dys,tfoph:ic',is ‘1 t1c artery vhs less senntlvg to serotonm
N : . e . ] Y ‘.r“‘ ‘J
.. than was normal muscle" . o . U ’
- - f 0 . . VN ' . 4 * :
x‘: » ? 3 ’ ! '. " M - N : N - » 1 ‘
Thls stuéiy supporta the hypothesis. that. the functional O
! o . A . . ." o, . o ' o
. . . - .n. L. '.‘. o W R ;0 . \. . L . . « .. . -
; 'state of the ‘dyst.r.o_p.hzc'mus“c-le me_mbrane ig -al»{ere’d in the -
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_ : U . ' et N
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1.1 thkgrqund‘f_ b 3“" :ﬁ§5' .

"pub11shed by Bell 'ﬂh&33° (0gg, 1971)-~ Meryon (1852)

L ' CHAPTER I A

"INTRODUCTION

[
S

1.1.1 The human musnular-dysfrophies., The mnaculqr-
.. - s

Y
dynt;ophiES are a group of genetic diseases of unknown
K i

~ pathogenesis which' are characterized by progreaaive muscle

cell degeneration and .muscle wveakness. The first br1ef
'nt.

fc11n1ca1 descr1pt10n of muscular dystrophy in man ‘was

.

detalled several Cases, in one k1nsh1p, of a heredx;ary

{\muscle d1sease‘restr1cted to- males, a disordef now éalled

Dughenne-muscular'dystrophy.‘ He commented that the lack of

L

either central or'periphEral nervous aystem involvement o

gl

"suggeated the dlsease was a prlmary myopathy and not.

secondary to an underlying neuropathy. Duchenne (1868)
prov1ded the classlc descx1ptlon of mseudohypertrophlc
muscnlar_para}ygls; emphanlzlng the enlarged nusclea {sne
Figur 1), partj&ularly those of the-ca;f,,and'presence nf
mental retardation in h{s affected patient' 'Aroundlthe

turn of the century: ‘a number of reports were publ1shed

descrlbing varlous muscular dyatroPhxes, 11mb-gxrd1e
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AFigure 1.1 Duchenne's. original case of pseudohypertr

Lo o muscular dystrophy.
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Note thé,pé&vﬂc lordosis and

enlarged calf muscles (figure reprinted from Tylers
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(Leyden, I876)‘ scapulohumeral (Erb, 1884), ocular

[3

i

(Hutch1nson, 1879) d1stal (Gowers, 1902) ‘and myotonlc.

.

(Ste1nert 1909), each w1th a character1st1c pattern of

[y

-'inheritance,fage of‘opset, rate of progressdon-and3 e

.
.-1'

.

,distribution‘of'affected museles. o S

. "*

. o -

Further advances in the study of . muscular dystrophy

\‘»‘

resulted from the development and ref1nement of such
d1agnost1c tests-as the measurement of creatine kinase’

levels in the serum (Ebashl, Toykura, Momo1 & Suglta,

R

1959), sensitive‘EMGfrecordings (Adrian & Bronk, 1929) and

muscle h1stochemlstry whlch, accBrdlng to Dubow1tz, ", ..has
probably contributed more to our understand1ng.of Y
neuromusfular d1sorders in the past 10 yeaﬁf than a;
conventlonah hlstology 1n the prev1ous hundred..._' :
(Dubow1tn: 1974) ’Furthermore, the recogn1t1on of several

N \) A

)

: ~an1mal models of dystrophy greatly fac111tated research

\

.

‘efforts. Although muscular dystrophy has been descr1bed 1n

R da

. on studies‘vith"animal models,.ln partlcular, the“,

'and*hamster models yave'been extensively examined. : .

the ch1cken, mouse, hamster, sheep, dog, turkey, duck, m1nk

"and cow.(Harris‘& %Tater;,l980); only.thejmouse,-chfcken' ::'

M -

.
.2

Th1s rev1ew is not intended as an exhaustlve survey ‘of

the extens1ve body of 11terature 1n the area of muscular o

-dystrophy-research. MaJor theorles, advanced over the past

\

twenty f1ve years to eiplaln the etlology of the muscular

.dystrophles, w1ll be consldered.. Emphas1s will be placed

>
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) work‘reported.here._‘

'ﬁj”(straxn 129/RE)

nd1sease (MLchef/on et al., 1955)

//Butler & Cosmos, 1977) and early death

. the need for

dyscrophlc ch1cken model as the review

” v ¢

L

¢

A . ..
] Te

47F ,/ :
6‘7/ descrlbed by M1chelson, Russell and Harman (1955) was

was - expresaed in an 1nbred stra1n -of Bar Harbour mice

the d1sorder 1nc1ude autonomal recessive 1nher1tance.

(MLchelaon et al., 1955) myotonra (Silverman & Atwdod

N

-y
'Ato which this contrlbutes to the pathngenesls of the

»
> \

dlaease is- st111 unclear (Parry & Desyprla, 1983) A

N .

gecond mouse’ mutant ldy d) was descrlbed by~He1er and

. AN
Southard (1970). This appears to be a varlant oj\the

orlg1na1 mutant (dy v) w1th a, mllder course and w1th h

&-Cosﬁbﬁ, 1977). The ﬂxzj”pngl'ip'ndh widely used as

;hese-micevhfe capable of spontaneous bréeding,;dbviating

vgfy'tranaplants which were required to

1;f;2_ Mdriﬁe'dyatfophy. The dyatroph1c‘mouae

In addition,

the flrst an1ma1‘modgl of qﬁk&:lar dystrophy.‘ The.mutapt

"hlndllmbs, are the most connplcuous clinical s1gns of . the

’ 19808) preferent1al involvement Of the fast twiteh fibrés

.dystrophy (Bradley & Jenk1nson, 1973) although the degreéf

K

Raralys1s_ﬁnd ataxla, partlcularly of thé

Other charapter1ht1cs of‘i

.
\
/

~amye11nat10n of the per;pheral nerves. occurs in murlne //

: prefereﬂgial involvement of‘the 8 low tw;tch fibres (Butlef

b 53 [
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-littermafgs are .

'~(195§).= The'diﬁeaée

:pléced in the subine position (Enfrikin, Patterson, Weidoff

. k .“,_ - . ) 6

¢ [ b ’ : . B . , . ‘

reproduce the old dy mutant. Heterozygous and homozygous -
e ’ ’ . } A

ufed”ag controls .-

L S - o

o . ¢ . - .
£ . . < -~

1{1,3 AVian'&yhtréphj{ Muscular dystrophyréf the

domesﬁic fowl was firat.described b& Asmundson and JuLianv

“ . S . E].'».ny . .
occurred as a spontaneous mutation in

an inbred line 6f,meat-pr6dubing New Hampshire cghickens
which were selected'fpr heavy pgétofgf-muqcfes; The ~

éaEliesp symptom of ‘avian dyétrophy is the progressive

inébility_of'affeqééd chickens to right'thqmaelﬁes when

-

E'Wildéﬁ;'l978)., The disease is.dharaq@e;ized by

A e

progressive muscle necrosis and fat'feplacement (Julian &

Aamundéoﬁ, 1963), preferential involvement of twitch fibres

and sparing of slow tonic fibres (Cosmos, 1966} Cosmos &

i

L]

Juiiaﬁl 1956), myotonia (Holliday, Van Meter, Julian &

. Asmundson, 1965)=and a rélatively normai'lifespan (Wilson,

Randall, Patterson &-Entrikin, 1979). A second major line

6ﬁ dystré?hié,chickenh was p;oduced'yhg?/memberp of the
oriéipal mut;tion vere crpséed with.thte légﬁorn bhickens'
to produce the Storr'a'iine'(Coamds, Butler,. Mazliah &
Allard, 1980). Genetically unréia{gd\whife leghorn
chic}ené.#ré coﬁmoniy used as the cont?ol for3§ﬂiafmo&e1.

This represefits a limitation of the Storr™s model-of avian

aystrophy, paréicularly'with respect to biochemical

Ve °

-

i

~

.Butler, 1967), autosomal recessive fnheritanceA(Asmundsdn & .

B RN

e b w e e
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studles, ‘as Rushbrook Yuan & Strscher'(1982) Haue shown !

LY ’ o !

that dlfferences in myosin 1soenzymes between normal and. °*

T
¢
.\l
&
L tin; e

. dystrophic chlcken muscles are actually stra1n d1fferences. ' .

The use of,genet1cally-matched lines of normal and \ N

dystrophic New Hampshire chickens, however, minimizes this

. . . B
& problem. . : Lo ‘

: . * : i . . Y s .
[ v . . . ¢ ’ .

- e : : N

o ‘ o 1.1.4 Hamster dystrophy The dystrophic hamster

. model was flrst descrlbed 1n an inbred colony of Syrlan}

-y - ‘

hamsters by Homburger, Baker, Nixon & Whr;ney (1962). The

| \ .

e e T4

- . .. guthdts remarked upon the polymyopathlc nature of .the .
. ‘ -~ \ X K 4 5
: . _— disease, w1th both‘cardlsc and skeIétsl muscle show1ng ,
'y - . \ - .
ll_ .+ ' Bevere necrotlc changes. Slnce thas or1g1nal report, the

' . dystroph1c hamster has been»used to study the mechsnlsms‘of

o [N

. S myopsthy'ln both cardiac ‘and akeletal muscle (Homburger,

;

e ~.1979). Early c11n1ca1 d1agnoals of the dlsease is made by" , ]

.
g S laiagic =i = ~.--‘

‘.

v
»

measurement of plasma creatlne klnaae levels, biopsy, early -
. 5 a3 i

fatigue (Homburger, Nixon, Eppenburger'&'Baker, 1966) or "

i
1

the presence of ﬁocal areas of myolysxs on the lower

surface of the tongue (Handler, Russfﬁeld & Homburger,

+

‘.1975)y: Hamster dystrophy is characterized by autosomal , _ FA'

N . N B

) . . . e . . s o ¢

recessive 1nheritance, progre331v§_necrosxs of cardiac and . 1
1y “ o . 3 . ‘N,

. N N . ]

D

“r  gkeletal muscle fibres and'premature death (Homhurger,.' o

ity

1979). —Several lines of dystrophic hamaters are maintained

v E]

v .

and ﬁeneticallﬁ'relaﬁed controls are available. :

R . . ' !J,,
PRI ; lr \:“'1‘ ‘-J.;'l""
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unfortunetely, in

- w1thJall types of muscular dystrophy

.‘dystrOPhy.they vere

K motor neuron hypothesis,

1.2 thhtemuorary.Byothesés

. M . - ! ’

1.2.1 Myogenic ve. neurogenic.

ﬁarly'cliniciaha
'described‘uuecular.dystrophy asva'pfimary myopathf;'

[

recognlzlng that although the cllnlcal presentat1on of

dleeaee resedbled splnal motor: atrophy, there was no

eqrdence to suggest eq underlylng neuropathy. Thls idea

“prevailed for approx1matel¥ 70 years despite reports of a
high - 1nc1dence of mental retardatlon in patients with both

r " R . . f\ .

=

myotonic and Ducheune muspular dyatrophies (Walton &

Gardner-Médwin, 1974),

;-

o 2
,Duhowitz.(1969) commented on this

finding and, coupled with his obeervations-that dystrophic
o - .

muscle~f1bres degenerate in groups, suggested that’
A Ala g ‘

dystrOPhy developed as a result of a primary heuropathy;

At an early stage the controversy was cast}’ perhaps

"myogenic" versus 'neurogenic" terms.

"DespiteJthe applieetion of new techniques to test this
In 1970,

hypothesis, the issue remains unresolved.

éccmas. Sicau& Currie introduced~incremental stimulation

of the nerve, a technique. for estxmatlng the number of

motor units- 1n/; muscle. These were reduced in patients

The absence.of

‘patholog1c change in the motor neurona‘auggested that in

"gick™ rather than dead (McComas,

Sica
& Cadpbell, 1971)." This hypothesis, known as the "sick"

sparked a lively debate about- the
1 * . . . . .

-

>
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- (Parry, McHanwell & Haés, 1982; Bateson &{Pgrry; 1983) .-
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A

~ e, . )
;ature of the brimary deféct in mugculé# dystrophy, iTpe
 inc;emeﬂ§a1.stimulation_técﬁniqug‘Has been harshly
Eriéicised.(Fgasby & Brown, 1974; Parry, Mainw&od & Chan,
1977) and isdﬁoé now commonly used. Parry and his L

-~

collegues, howewér; using both horseradish peroxidase

-

lébeliiné and ventral root splitting,'dgmons;rated‘a

Ca

. . . ' 4 L. -
reduction in the number of motor units in dystrophic mice ' -

"

l
‘Tissue transplant studies have been frequently used~to

»

support both myogenic and neurogenic théories of muscular

dys§rophy.; Using the hinced muscle technique,. Salafsky

-4

,(1971) and Hironaka & Miyata (1975) transplanted normal

. moyse muscle mince ihnto dystrophic hosts and dystrophic

muscle mince into normal hosts. Each transplant developed

the characteristics of the host, suggesting that a

>

neu&ogénic or at least a non-muscle factor influenced the

development of dystrophy.
Cosmos (1973), ‘hawever, employed similar techniques
with dystrophic chickens.hnq showed tﬁatﬂthe donor.muscle

retained its characteristics: Normal regenerates in- ?

dystrophic chickens did incorporate pbnonmal'cells with

 time but, following the myoéenic ﬁypothesié,‘this was N .

attributéd‘to the' failing envirogﬁgdt of the dystfophié
“host. Mo;eovef, normal muscle grafted into young f
ldystrophic{mice.impfoyeé the structure and function .of the-
dystrOpHic-mupcle.(Laird & Tipmef; i965; Law &;qu} 1979).

Iy
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, ) Recently; however, Hironaka, Ikari, Miyata, Morimoto &
4 kY

., Tsunoo Ei984a3,noked that whgie m@slle_tiansﬁiantslof neo-

: ‘ nétalﬂchicken mustlé tétumed th; pﬁeﬂotyp{t chhr&tteristics
'ot the hést;’,TheséifindingL, qbgggimgntéry to the”neutt;

L :één#c hypothesis;‘weréli; accafdance with-aarlier ;mﬂtyo:

Lo sfud1ea suggest1ng that dystroph1c‘neural tubes transélanted

- ot

F 1nto normal chlck’embryos 1nduced dystrophlc changes 1n\the

",.\ [ [

‘ normal'muscles (Rathbone, Stewart & Vetrano, 1975). Yet it

is also known tﬁat limb=bud transplants between normal and ‘
'dystrophic chick embryos, however, develop the phenotype of
‘the’ donors support1ng the idea that the defect is myogenlc.
1; qugln (qukhatt, Yee & W1lson, 1975' Linkhart, Yee,

4 . ’ .

Nieberg & Wilson, 1976).» ' .

One problem inherent in the transplant studies is that

muscle introduced into a dyatrophic.ﬁbst_encounters an en-
' LR ’ Y -
vironment where synergist and antagonist muscles are degen-

k)

. erating. THis may result in improper muscle stretch and con-,

. . ~ .
sequent growth abnormalities., "To circumvent this difficul-
. ¥ ‘ S
5\ .
ty, parabiotic pairs of mice, “in which the ‘normal and dys-

‘trophic muscles are:croas-reinnénviﬁed, have been studied.

4
<

These studies have failed to Eupport the neprogeﬁic hypo-—"
' r. .
thesis; the phenotype of the muscle is not altered by the
C. [N

1nn¢rvat10n (Douglas, 1975“ Law, Coamgs, Butler & McComas,

¥

1976; Law, 1977). | -

N

'_' . . r’ [ P~ . N
‘One elegant approach, whidh :oVercomes the problems of
. ‘thé‘tranbplant studieé,‘exgmiﬁes mouse- chimeras derived
from the aggregation of normal &nd dyatroﬁﬁic embryos.

Tk
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.."dyatr‘qphic' nuscle and

£

o . o

‘These gliimeras have genetic characteristics of both mnormal
“and dystrophic mice. Using an isoenzyme marker to tag
~genetically normal and dystrophic

cells , Peterson (1974) - ' -

s i~
4
<

' "h‘as"_demonst‘rated the ab_si;nce o.f‘dis.eas'e'in genetically , ’ 'L:'"

its presence in genetically normal

‘“musc'le. Ome expllanat ion for ‘the. absence -pf digease in - :
) ' . :' . 'S‘,., . . . . ) . . ‘
genetically dystrophic muscle is found in the work.of Law ., = * .~
(1982).. He has shown. that normal linb—~bud mesenchyme . - s

“transplanted into dystrophic muscle sucessfully 'cgmp.etes.'

.X. - : .. :

tissue and dramatically improves muscle s

-

with the host
o .o S : . .
structure and, .in the

function. Poss ibly, . norm al ‘mesenchyme

.

mouse chimera survives in preférence to the dystrophic s

. ¥ X .
18 1mportant to. note that this does not

tissue but it-
; . . . l

B O 3

.expla‘ih the presence Qf dystrophic feat ures in genetically KD

) - '

BN

L

.. P ’ . . ‘w ! k . . .
normal muscle. o i . . S |
. . . - - ° - N

,
Al

Tissue culture techniques have bheen used to assess the
" involvement of nerve and muscle in the pathogenesis of . T

dystrophy.

21 {1 R G o

The results of these studies support the N
Data

v A .
myogenic hypothesis. from these experiments'ghow that

LA [

-
s

. S ' ' y ] r . AR
cultured dystrophic mugele fails to respond to.the trophlc.

' -

et s e W
h

. . K. :
i—nfluence of either normal sc1at1c nerve- extract (thnson{,

-, ‘ e . a

Bailey’ & Wenger, 1981) or extract prepared from normalq

. ~

.t'symputheti.c ganglia (Kobayshr Tsukagoshl & Shlmtzu, 1982) -«

B D T

» -
~

Others have ‘studled the rate of axonal transpo.rt in .

L]
.. ' —_

normal and dystrophm per1phera1 nerves to {elucid'a'te the .
- fy . R . \

'nature of the, prlmnry defect in muscular dystrophy. ‘Here _
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.'(Boegman E Wood - 1981) Rece_,ntly, 'howevet ﬁehrens, o

- axonal tran,sport in'one patient with _m,y‘otonic dystrbphy.

- (1977) found that the activity pattern in'the brachial "

: spinal cord of dy_stroph‘ic chick -'e'mbrx_os. was red.ucéd. when, =

'

. s
) ‘.nv i » Z o n ¢ ;
\ it ' . - .
.,\,1:, N T N \." N
. e . . , 12
too the results have Been equivocal.  Although some studies .
. . - r . .

report altered anterograde ‘axqnal transport in the SRR, .

-~

.

'dystroPhic Idouse (Bradley & Jaros, 1973; Komiya & Austin, "

1974 ;. B:'imijoir}_ & Schreiber.,n' ;&9‘8-2) s, ahterc:gra;i:e‘_lprfd ; B » J j '
retrograde axoplasmfé transport are not abhorr'nal‘v'ir\l -t.h‘e. ;
Inerves of e:l.t.her the dystrophlc chlcke\n (DeSantn, Ho}.kman ‘ }
& (Lu_.n;_wongse . 197 7; D1G1-ambe~r adlno,‘ -Coure_u; & ‘B arnard, 1979 s Zj " g )

. ~, L '
~'StromskaA, Ochs & holler; 1981) or the dist"r'ophic hamster

-~

N

po

. % L A T v WAL e ARV R At i

Torrealba, Court ,+ Soza & Ramlrez (1983) reported reduced

4

, ' PR T g’ :
The foregoing discussion considered the involvement

of the peripheral nerVous system in*d}ptroph*)". ‘Researchers

R ]

havé algso examined the* central nervous system of normal and '
I . . . .
) "' 'l - » '. hd : y - |
dystrophic chickens. Using recording techniques, Stokes -
. - -

1
comkpared to the pattern rec-orde,d in the no‘rmal s,pmal cord

. -
L]
1 . ~ A .

The numHer of neurons in ‘the ‘bxa‘hlal splnal' dord Jof both

F

- Ty s . ' 5;
"‘dystr0ph1c chlckens‘(s’ushetla, Se,raydhrlan & Abbot‘t, 1980) CH
\ - S ~ . v (‘;
and ch1ck etpbryos (Murﬁhy, 1982) J.s 1ncreased *When éompared \ Voo d
to n‘ormat chxokens. Thea'e flndmgs ‘are e\v1dent1y still in; .t
/ e b0 - > _it_
< - * . S oA B¢
: H
dupute a8 another study report:s ho dlfferenc'e in wotor - S |
- - ’ ; B o L3

3 (I - - £

i
.

I3
1]
"
~>
b
PR
‘.,,;

neuron survival betwveen normal and dyati‘OphJ.c oh1c‘kens

(Oppenhelm, Roae & Stokes, 1982). S s -
) Although the .neu;‘o,génl.c‘ hypothesls anoﬁe "ftom very~ : LT
a - : ’ - )‘. h -— T .. ’ \ 7- ! 4.‘ © '
IAA .~ “ . \ . ) . ot 4 { . \ Y s .
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. Th:.s approach has recently been employed by Wllklnson

»

- pituitaries of . bo‘th dystrophlc hamstera and dystrophlc L Lxz ’

. commo’nl,y assocxated‘ with human myotonitc d‘yst,rophy'-(ﬂa‘ﬁper,. o
. o . [ ‘

. muscular.dysttophy remains unclear. N
L e 1 . [ SR RS SR A
: W . o :

s . . a
:  the n_eurogen'i«c‘hy.p‘othesisfof muscul.ar dystro“ph'y'é.h'as not * 7 L

-~ The pumbers

" dite's (Wi-lk“inﬂson &'Manche‘st'er, 1983) are reduced in braih -

. future experlments pmp“blntmg- changes to.

-(1984) who rEportEd altered gonadotropm release f'rom the

Amlce.f Abnormallt:.es of the reproductLve system are'

early stud1es reportlng a hlgh 1nc1dence of mental ‘ A

- Caet o

. retardation in dystrophy patl”ents,"f"ew studles have -

PR .

i

examined the brains of dysty ophlc anlmals. Frosthoelm,

Baudry & Bennett (19_81) reported ‘increaaed calcium

accumulatlon by bram mltochondna from dystrophlc mice,

..-'

¢ . -

of“both beta-adx‘.'en.erg'lc b1nd_}ng sltes

. .
~ e

(Wi‘_lxkinson &"Khlan, -1982) ‘and .a& .,4Apha2 adrenerglc blndlng "

oo b : L
homogenates fron; mlce wJ.th muscular dyatrophy, although the
* v PR ~
authors suggest that these dlfferences may be attrlbuted to
L4 ."

dlff'ef:ences 1n general health and'-body weA:Lght rat‘her.'than'

disease. “These st-lfdies coneidered whole brain homogenates;.

specific brain.

B
it
.‘ . .

reglone and nuc1e1 shouL(l serve to clarlfy these flndlnge.
p %

.

s, ,::. LY . ¥

T
Wt

- . g
. >4\'f- . L

1979)- Y.,‘ . _“ N . . Lt .,:/\‘ . .
T'he\;:..ole of Ghe nervous -systemt in the pathogenesis of-
X c. -, ' . ".A . L . ‘ : ) PR

¥ e ’ dot

been discredited and recent studles cont1nue to’ support . g

4 v

. a
. \ . L Yooy RS N bl

_.thla :Ldea ;*"By conttaat, other reports, equally credlble' '

.

. L) ". \ T
T W
indicate that th‘e defect is myogenlc.\ A defect common ‘to. ol
.
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‘both nerve and*muscle therefore seems reasonable.” As”
k‘;{bwl.ed'ge about the natureiof the intimate relationship

between muscle and nerve is expanded, the reasons for th'e‘.

controversy should become .apparent.

‘1 . - . .‘ /:\-' ) __ .. ) ; 'A“ L
1.2.2 !'The -vca‘scular h.yp‘ot'hesi's'.-. Desmos’ (1961)

flrst propoeed that the pl:lmary defect 1&1 muscular‘

-«
4

Y dystrophy or1g1n&te}d in the vascular system. Based upon
hls bbs.ei'va&:1qx'\s_ t’ﬁat‘ the .tong‘ue-to—ar_m‘:':lrcdllat:'lon times.
werebslowed 1n both 'Duc_ﬁepne pat‘i:elnts ‘and carriers, he
'proposed thatﬂ chro:iic anobxia I.:i!'i'gg:e‘red;‘nius'cvfe nec;'o'sis.

+ K
- . l ’

'Hathaway, Engel 4nd Zellweger (1970) expanded thisg idea .

- propos:.ng\.,bhat the ,characterlstu foci' of degenef&ting

‘
3

f1br¢s 1n Ducd‘xenne dysbrophy resembled a muscle 1nfarct.

ni\ . N

They demonstrated ~zt:hat: muacle 1&8101‘18 s1m:|.lar to those seen"
™ ' . . -’ . L

- £ K 4

!
1n Duchenne muscular dys‘trophy are produced in norma~1

. RO Pt

rabbi‘f:"musc'lé by. injecting Se)bhadex beads. ;nto the artery -

supplyxng the muscle (Hathawa »_t‘ﬂ., 1970). . '
. oo e

}S1m11ar obaervatlons have followed Afteriel l’iéeti’on
\ .
coup‘led wlth 1n3ect1ona”df vasoconstrlctors, either

',\y =N serotonln (5 HT)\or*noradrenalln (NA) ,. produces leslon's'

(" s1m1/13r to’ thoae seen in dystrophy (Engel & Derreé, 1975)
Parker 89{ Mendell (1974) showed» lﬂ:a’t 1mipram1ne, a 5-HT -
d\ptake 1nh1b’—xtor{ dlso p-roduced muscle dam;ge. Further— '
-‘more., f.u'nctlonal alteratz.on; of vaacular adrenerg1c

e ,.'.“ ~ . —_

vreceptors m the blood veasela aupplylng skeletal* muscle
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are present 1n dystrOphy patlents (Mechler, Mastaglla,
2 0 ‘-.

Hagg1th & Gardner Medwxn,\1980 Mechler & Mastag11a J981)

— Support for this hypothesrs 1s also found\;n ahrmal X

stuoies. In the’ dystroph1c chzqken, chronic 5-HT h; .
R\'ﬂﬁk o injections exacerbate*zhe onset’ of cLanlcaf 81gns@of "'34\”'

b R dystrdphy and 5-HT antagon1sts slgn1f1cantlyzdelay the

.,‘ ._’_..

R ‘onset of the d1seaae (Hudeckl, Poll1na, Bhargava & Hudeck1, ,

P
bt . . - h """4"“ ‘ M

s . ,‘,1980). Moreover, Hunter an& Elbrlnk (1983)ashowed

e -

't:4inoreesed contract111ty 1n;resoonse tova-yar1ety df,
agogrsts in'ieoiateﬂ'stripolof.aorta from dfstroohio:‘:
harsters. o |

astuqies supporting'the vascutar ﬁypothesio,'hOQEVer,
have been:critioised. Munsat, Hudgson and Johnson (T977)‘
questloned toe degree to whlch 1schem1c musecle” leslons- ot

il )

resemble those in mUSCuLar dystrophy.' In add1tlon,

compromlsed blood flow to the skeletal muscles of patlents

1

with musCUlar dystrophy has not been demonstrated (Bradley,
. h' ,'i —
N O'Brlen, Walder, Murchlson, Johnsonr& Newell{ 19757
, -t 4
T Lelnonen, Juntunen, Somer & Rapola, 197Q) Furthermore),"

there 1s no ev1dence for &ncreased serum levels of blogenlc
s

B o N
a. e " NI .. lk‘

1972). *

amines in dystrnphy patlents (Mendell, Murg?y & Engel,;

s
. D ‘ . ) e . . -
Morphologic investigations of the blood vessels iE‘L v
. A ,.' , L ' ) B . 2 A J v A

y--dystrophic muscle have not -been supportive.of the vascular

hypothesis. AE}hooéh abnormal capillary structure is

) . ted

4 .+ present in muscle from patients with Duchenne dydtrophy?
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of disease states (Leinonen*e_til_., 1979; Fidzianska,

'_'k;_"Goehe‘l , Kosswig. & Burgh, 1984), Moreover,sthe number of
.‘capillaries per mrlscle fibre is actually increased. in
(U ) ' N .
dystrophlc nous e muscle (Burch Prewitt & Law, 1981

o ‘Athe'rton, Cabric'& James, 198%) . o ._ ‘ -

There is still controversy regardlng the role of -
DI - ',

. ‘-‘ -
fn(

« ~ o purported vascular abnormalr‘tles 1n the pathogenesuz of

.C
PR

‘capable. of Aproducing muscle fibre. necro‘s 15, -howe’ver,

L7 ._.-.'.

E a1m11ar abnormalluea have been reported for a w1de range

muscu_l‘gr_ dystrophy.' It is clear that vascular lesions-are .

muscles respond to a hoqt of challenges w1th necrosu. "Fo¥

] ‘example, alcohol 1sm (Martln, Slavm & Lev1, 1982),
L T AR . . . )
.,B;m'alnutr.it ion (Dastur, lﬂanghanl, Osuntoku'n, Souvr'e'gder &

vk, - - - '.‘.\ ': . '\.’| N : S : :

Kondo,"‘l.'982'), ‘excessive -strength tréining‘ exercise

RS '-(Salmi-‘p‘eh_‘&_’..\vlilh‘kb,‘ 1983),: pharmacologlc siihstani:es sich as

1Y

- corticos‘teroids (Braunsteln & DeG1rolam1, 1981) and

-

‘ Id’enervatlon (Stracher, McGowan, Hedrych & Shaflq, 1979) all -

‘prodpc,e muscle f1brre necr031a. e
-Furthermore, mavny reports. 'suggest"‘“t’hab .gnugg:ul ar

-

A - ! [

4 .

. -‘An’uras, Brown, Io,nasesé’e”&'lcreen, 1984 ; Bodensteiner &
A . ‘ ‘1( , &

unreasonable to, exPect the pr:.mary muscle defect to be

. expressed in vascud.ar smooth muscle. The presence of .

R ‘,

e N . . . N . < . A
o, . . .

but smooth fuscle (Nowak Ionasescu & Anura, 1982; -Nowak,

o - dystrophy may :anolve not only skeletal and callrdiac_musci’e

L Gr—unow, 1984) and perhaps non-muscle tlssuesl as well (Bee ;

e \ '
- . S sect1on 1 2, 5) Based on current knowledge it would not be

e
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abnormalities in vascular smooth.muscle from either
dystrophic pstients'dr-distrophie animals does not -

necessarily support the.vascular theory of muscular,

dfstrophj.

' i;Z.Q- The membrane defect theory. The membrane .

)

"defeet theofy evolved ‘rather slomly.”'Originaliy,,the

Y'Y

evidenpe linklng'muecular'dystEOphj‘td altered memhrane

" function was not cémpelling. Observatlons that elevated

o

'"levels of- enzymes characterlstlcally found 1n muscle were.:

oy

the muscle membrane might be:abnormally permeable. : .

_The flrst study 11nk1ng abnormal membrane functlon to

‘Duchenne dystrophy was - reported by Slbley andﬁLehn1nger

I - <

. (1949). They showed that serum aldolase-leveks from'

: <
-patlents with Duchenne dystrophy were substantlslly

elevated when compared to normal._ The 3Lgn1f1cance of

I

'.these‘findings was, hoﬁeVer, first recogn1zeﬂ by Schaplrs,.

/ .

_Dreyfrus ‘and Schaplra (1953) who reported elevated/%erum

;.aldolase levels in. all the Duchenne dystrophy patlents they

exam;ned. . S .." T . '

' Ihesexstudies weﬁe‘the'impetus_fon many suhsequent
. ) L . . : - K ot
reports of elevated'"muscle" enzyme lesels in the serum of .

‘

L dystrophy pstlents.' The levels of lactate dehydrogenase;

(Wieme & Herpol 1962) cre&txne.k;nase CEbashl et gl.,

'1959) and other enzymes (Munsst Baloh,.Pearson'& Fowler,

.
. )

present 1n'the serum ogrdystrophy patlents suggested that"

et
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‘d%fectgtheory'that thetinherited defect'might'involveJan

Adystrophlc chlcken (Farrell Eyerman & Tureen, 1966,
":'Barnard & Barnard 1979 L1u, Barnard & Barnard, 1980) -the‘

dystrophlc mOuse (Stamp & Lesker, 1967) and the dystrophxclv

hamster (Homburger‘eb al., 1966 Barnard & Barnard 1979
i \ . ) " .
Liu EE al., 1980). ! oo ‘

.These:results suggésted tontopopents of;the.membrane :

.

abnormally "leaky" sarcolemma. The'evidencevfor the

.memprsne‘defect7theofy.in the human dystrophies has been

'reviewed (Rowland, 1980; LQcy, 1980; Jones‘& Witkowski,

‘ 1983) hence only recent studies -on humans  and -animals will

N
v

be emphasized‘here. L .:": : o

The data in support of the membrane defect theory .

suggest that the sarcolemma is elther phys1ca11y d1srupted

. or abnormally permeable (Rowland 1@80) The concept of

phys1ca1 dlsruptlon of the sarcolemma is: supported by the:

e R

presence of "delta lesions (plasma membrﬁneldlsruptlon) in
‘the sarcolemmaA3§ the non-necrotic muscle’fibres of

e patients with Ducheune dystrophy (Hokrl & Engel, 19753

Wakayama, Bonllls & ‘Schotland, 1983). In the mbuse modef

. however, delta 1es1ons were present only in dy1ng muscle

‘cells (Shivers & Atk1nson, '1984). .“ .'\ .

Other structural changes are present in the plasma-
A\l T, . '\ N M .

membranes of patients vith musemrwrldyatrqphy;’ Using, .

e IS ST
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'(Boniila, Fischbeck & Schotland, 1981). .Capaldi, Dunn,

1978) are readily incorporated into the muscle fibres of

DMD pat1enta. Hbrseradi'sh peroxidase is also imcorborated

S /\ S0 U I
freeze—fracture téchniqués, the number of intra~membrane.. -

particles (integral membrane proteins) has -been shown to be,

Y

altered in both the -protoplasmic (P) and external (E) Faces .

of dystrophic muscle membranes (Shotton; 1982)., This

'd.ecre'ase in the number of integral membrane proteins may be:

" an early”sign of a membrane sbnormality which préceeds the

3,

formation of focal membrane lesions. Furthermore, the

- .. number of caveolae, which may be associated with the t— . -

tubule network, are increased in dystrophic human muscle

v

Sewry & Dubowit‘z‘4(1984) "have shown that lect in binding to

i dysti'opl';ic plasma membranes is reduced and suggest that a

structural abnormality may account for this difference.
Lax:ge ‘molecules ‘which do not penetrate n&fmal musclg

are readily 1ncorporated 1nto dystrophlc muscles, Lo

P} M

supporting the notion of a membrane defect 1n muscular

c_iys‘trophy. Molecules such as h’orseradlsh perox1dase (Mork1

- & Engél, 1975) and procion yellow (Bradley & Fulthorpe,

'1nto the muscle fibres of dystro;ﬁlc chickens (L:Lbell.us,

-

Jlrmanovm, IDundquist, Theslheff &'Barnard, 1979) and
dystraphic mice (Libelius, Ji;rma;mova, I;ulidquist‘& Thg'sleff,
1978). These changes are consistent with eit;her ph').'si'callivi.
diAsruption' or abnormal p'er.;me‘abilil';y of the membrane.

Several studies, however, have demonstrated that -

1
v

A
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dystrophic muscle shows some selectivity with respect to
Ve . . ,

both the incorporation and the escape of molecules. The

. . T

failure of dystrophic chicken muscles to take up manganes.e

R

«

(Pettegrew, Minshew & Feit, 1984) and the absence of some

small 6ytoplaamic muscle enzymes in the serum of Duchenne

dysttophy patlents (Rowland Layzer & Kagen, 196'8) suggests
-~ that dyetrophlc muscle ‘is’ abnoz"mally permeable. |
T}-Ae observatu;n that the ionic content of dystrophic
A | . B ‘mugcles is. altered supports the hypoth.esls that: a membrane ' ' *
,defect ex1st:s in ~the mugcular dystro(pl_xles. The ‘ o
intréci:lliﬁhf conct;.ntzlati;)ns of botl; sodium and chlorid;
are incrc:zased in dystrophic chicl'ce'n musgcle (M':'Lsra, Smith,

Chang, Sparks, Cameron, Beall, Hérrist, Nichols, Fanguy &
! } )

" Hazelwood, 1980). Intracellular sodium levels .are also -

3 increased in dystrophic mouse nuscle (Atwood & Kwam, 1978

Ward & Warehﬁm; 1984)". Charlton, Sliverman and Atwood

—t

’( ' (1981) and Ward and Wareham (1984) have shown redlced - . 4
. \ ‘ .

intracellular -potassium levels in dystrophic mouse muscle.

w

N
These reports are comsistent with altered membrane

o -

conductance in dystrophic muscle. =

T L

O a4 o Wit il

Sroybles,

s Y

. ) ‘ i, . .
Given that an el ectrolyte imbalance exists across-

LR PR Y

- dystrophic muscle membranes, abnormalities in .the , -

electrical properties of dystrophic muscle nembranes would

O R e L

Y
e et st 13 i, PR o RPN 1 VYR WAL
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not be unexpected. Indeed;, this. Iapﬁears to be the case.

AN
cinds 'M’wx.m:-;x; [

- .The passive and -active membrane characteristics are altered

J

in ip vitro nerve-muscle prefarations of dlystr'}phl.c chicken
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muscle (Warnick, Lebeda & Albuquerque, 1979) and dystrophic

mouse muscle (Kerr & Sperelakis, 1983). Differences "in the

. -y Y
a f

 ———

_ electrical properties of -cul-tured dystrophic n;ujcle

3

s

membranes have been reported (Merickel Gray, Chauvin §&

] ','y;-rw«‘n‘-l,_‘:‘ -
" Te

Ap'pel 1981) although these results have not been
reproduced usmg d1fferent techn1ques (Rothman & Blschoff
198-3' Tahmoush Askansas, Nelson & Engel, 1983) .

" The reported presence of a mémbrane defect in the .-

.

sarcolemma led some 1nves;1gators to examine other muscle’
membr anes such as the t—tubule system and the sarcoplasmic

reticulum (SR). ) T-tubule vacuolization and p'roliferafioﬁ

is present in dystrophic chicken muscle (Malouf & Sommer,
1976 ; Nonaksa & Sugita, 198l; Kidd & Yasumura, 1982) but not
in dystrophic mouse muscle (Silverman & Atwood, 1980b).

Phospholipid levels are altered id the sarcolemma and the

x

T e

Gt ek

t-tubules 'o'f dystrophic' avian muscle (Sumnicht & Sabbadini, * .
- 1982) and in whole muscle from both dystrophic mice (Pearce

(%

& Kakulas, 1980) and patients with Duchenne dystrophy B
(Peirce, Johnsen, Wysocki & Kakulas, 1981) ., Cholester.ol"

. - » levels ‘are 1ncreased in the SR of dystroph1c chlcken muscle -

(Hsu & Kaldor, 1971' Kawagot o & Baskm, 1983) and 1n N

sarcolenma of patlents with DMD (Flbchbeck Bonilla & .

”~ 3

Schotland, 1983). Un1que 11p_1ds, present in the muscle‘l
menbr anes of.dystro;;h‘ic chickgne,' have:b‘een 'r;po:ted f)y |
‘Rundu et al. (1982) and by .i(’este.;.. and .Pr'iv.it‘e'rd (1?_84).
Thgse a‘ltei'ations may be l_in.ke..d t‘o u;embrane dys funct ior; in

N
- ¢

. : o v e w4 e e st et
e et e R Aty N N



:beeh'universally repdrted'for dystrophic muacle. The

" transport of calcium by the cglcium-ATPasg in SR vesicles

.abnormalities pfecede‘tH&:SR defects. The amount of

UL SR

. A S P 22

'dyﬁtrophy'aa phospholipid—to—cholesberol'rafioe are

.

important in regulating membrane fluidity (Oldfield &

" v

_ Cﬂapﬁnn, 1972; Madden, Chapman & Quinn, 1979).

. As: caleium is critical in regulating muscle

-¢oht£action,-the membranes of the SR from dystrophic muscle

-have been examined. Altered SR function, however, has not -

1

~ -

is increased inm the dystrophic chick embryo (Ettienne &
anger, 1978) and decreased in'thg adult (Etienne & Singer,

.

o e

1978; Scalés & Sabbadini, 1979;'HannaJ Kawamoto, McNawee &

‘ - Bagkin, 1981; Kosk-Kosicka, Scales, Kurzmack & Inesi, 1982;

Kawamot o & Baskin, 1983) although the developmental studies

of Kosk—-Kosicka Eﬁlﬂls (1982)-suggest that muscle

« - -

calecium ATP&se;.hovever, s similar in normal and ' .-
d;}trophic SR from chicken, fiouse and human muscles. (Dux &

Martonosi, 1§83)'and calcium-deﬁéndent'ATPase activity is

normal in mice withf%uscdlar dystrophy (Mrak & Fleischer,

1982; Volpe, Mraﬁ;'costebib & Fleischer, 1984). These
. . . S . " o : .
discrepancies beEweeq{leV&rh;prlea may be .related to the
- e ° - ’ “r“ i - '\\ W w r
difficulty in obtaihing.?dcﬁntamdna;ed SR fractions
: J; : -

(Rowland, 1980)-.. L T e

2
. LK)

. ' 4 - .
. Much of our knowledge about' the ﬁdnc;xon'of normal
. . . ) 4 AL b

.

- membrane’s has cohg from thé yfudy of'erythrocytgs. Given

- » -r

that erythrocytes hdve beef well characterizéd and™ are
h R - e N R
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.readily accegpibLe,/ngehrchers investigating the membrane

defect theory have extenslvely examlned these cells.‘ Roses /’ff

and Appel (1973) first observed defects in the erythrocyte

protein kinase of patients with myotonic dystrophy amd

soggeeted that the‘primary lesion in muscular dystrophly was

a generalized membrane defect. Other studies investigating .7

the red blood cell suport this view. The ion permeability

of the erythrocyte membrane is altered both in ch1ckens
wlth muscular dystrophy (Watanabe & Yamash1ta, 1981) and in

patlents with Duchenne dysgrophy (sha'afi, Rodan; Hintz,

Fernandez & Rodan, 1975). Concanavalin A binding sites

(which may be involved in.the modulation of membrane

.fluidity) are decreased on the erythrocytes of both
dystrophic chickens {(Beppu, Nakajima, Niwhiyama, Uono &

Hirano, 1983) and dystrophy patients.(Uono,tBeppw,

Nakajima, Nishiyama & Hirano, 1981). Other studies of red S

cell fluidity in dystrophic chickens have shown that the

microyiscoaity of erythrocyte membranes is increased in
;hickens with muacufar‘dystrophy‘(Shafﬁfi gi.gl., 1975).
Thfs ﬁay be due to the elevated cholesterol content of
these tisauee”fstewart, Werstiuh, Vickers & Rathbone,
1977). The studiec of Sha'afi ~£ al. (1975) and. Stewart et
;1. (1977), hovever, havelbeen'criticised by workers who
failed to rep11cate the1r reaults in a 11ne of dystrophxc

chickens with genetlcally-metched controls (Ecksteln,

Randall & McNamee,‘l979; Kuhn & Logan, 1983),
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Functional. abmnormalities of the erythrocytes from both.

aﬁiﬁals and Shtients with lmuscular dystrophy.have also been
- . L .

‘

- reported. ﬁembfane protein phosphbrylation'ié.abnormal in
Ehegerythrocytés of the dystrophic hamster (Johnson, 1984)

and_in patients“with dystrophy (MaBryfsoRbses, 1981).
. -" . -’. !0“ .

Basal ehzyyé activitiesﬂin.the erythrocyte membranes 'of

sttrophic chickens are reduced (thén, Hintz, Sha'afi &
¢ . . . ; . .
Rodan, 1974). Although“défeéts in the red blood cells of

. both patients and.anima}s with d;strophy have been well

‘ c;aracterizédylghese Abﬂormalites have nof_been'linkediﬁs a

functional defieit in dystrophy. Neither anemia nor

decreased red cell survival times have been reported to be

.o
-

associated with dystrophy. _ a

Researchers investigating the membrane defect theory -

. < N v e
have examined the membranes of vayigus formed glements 3

‘ : R owe . P
blood, particularly with regard to”
. . ..

Yarom, Meyer, More, Liebergall and Eldor (1983) reported_ .

platelet abmormalities in the human muscular dystrophies

.

although other studies suggest platelet function is normal o
(Bolhius, Goldhoorn. & DeGroot, 1982; Nicholsaon, McLeod &

Sugars, 1984)~ As platelets have an appreciable ability to
, ‘ : ' %\*____’— -
contract, further studies would seem warranted.
The number of recent studies of membranes in muscular

dystrophy are a tribute to the excitement generated by the

membrane defect theory. Although some of thevsupportive v )
» .
data have been questioned, it is clear that a membrane-

f
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e defect mlght be fatal for “cells _arises:’ frqm the work of

[ . o L8 A [} . »

R P LY,
' M AR A

’

.

-defect is present ln.the muscle»aud'erythrocytea of hoth

patients and auimals.uith_dyhtrobhy; What is less.

apparent, however,’is whether theae abnormalities are .

« .

closely. 11nked to the gene for muscular dystrophy Y TiBsue
s’ -

culture work developmentalfstudies and the inveatighaion
!

of young animals should help resolve this questlon.
The preaence of a membrane defect 1n the sarcolemma *
-;l . . ~ * H

and poselbly in other membranes of dystrophlc muscle does

.. ™ '
-not, in 1Lse1f éxplaih muscle cell necrpsls in the L

\
Y v . - »

muscular dystrophles.‘ One explanatlon of how the membrane\4

- Lo LI -~
. ' -

. .

&everal 1§boratories‘ihvestigaﬁ1ng.the role of ca1c1umc1n-‘

» . . . ' . .

muscular dystrophy. The suggestion that eleyate&'intna-" ‘
cellular calcium‘levels were'ihvolréd‘in the pathogenésls

- -

I-

of muscular dyatrophy was flrst méde by Morkl and Engel

)
(L975). This 1&ea-was déVeloped by Wrogemann and Pena
R}

g

'(1976) who propoaed a general‘calc1um overload hypotheSLa.

N " . - g

t'o accopnt_for mupcle &gll necrosis in a.Narlety of musmle
* /- N c N . N
. i - . ' e .
disorders. In its originaf form, theLcalcium overload -
. . D P
hypothqs1s held that “the: genet1c abnormal1trﬁs Eresent in a

- . Wt
[

var1ety of muacular dystrophles lead to ‘a. sarcolemmal

\\ l..". ‘I

defect wh1ch permlts the influx of 1a1c1um. This exéea@
> " . : )
calcium would be taken up by the mftochgngrla andsy PR N

¢

eventually, damage them thus leading to an overall decrease
. . 1 . . A i . ~

. . —-.,_p‘ ‘ - Vot R i .',.'
in the amount of energy avallable to the cell. This % .
) ] M AN . ) N

, . LA
decrease in energy iS(fol}éwed by inadeqpqteycalciumf
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extru&1on, increased intrhéellula{ calcium, hyper-

contractlon of affected regLOns of the muscle"’ flbres and

”

ultlmately, muscle cell necfos1p (Wrogemann & Pena, 1976)

This hypothes1s ls'ét&ractive because it proposesa a.general

mechanism of cell necrosxs wh1ch not only: expla1ns how
;,. * . [

.several dlstlnctly d1fferent genetlc defects produce'

"slmllar symptoms (1e. the muscular dystroph1es of man*and

> . .
X

.animal), but how other st1mu11 produce cell necros1s (1@:
. ', A . 4
overuse, vitﬂmin E d?ficienéy, ischemia). The\original,

theory has. recently been modified to include not gnly‘

‘calcium— mediated hypefcontrac;ion bdgvealcium~activateél
. . s, R o , B . A . ‘
proteases and phospliolipases as links between eleyated

Vot . L o Tt -~ !

calcium levels ‘and muscle cellihecrosis 4Nylen & Wrogemann,,
. . . P e

i /',
>-1983). .

+

<

B . a .
There is a considerable body of evidence from both human

' and aniﬁh1~studiea to Jupport this view, Intraqell&lar

' calc1um levels are elevated 1n Duchenne ayatrophy patLents
“and. in other condltlons charac;erlzed by muscle cell
o . ..‘ . 1 « ' )
necrosis (Bodenst'einer & Engel, 1978; Emery & Burt, 1980;

‘ 1]
Berto;ihi, Bhattacharya, Palmieri, Chesney, Pifer & Baker,

¥

1982), Recently, Bertor1n1, Corne11o, Bhattacharya, Dones,

e

* Dworzak and Brambati (1984) demon&trated‘an ipcrease in the

Ll

)

-

Duchenne mumqulhr dyatrophy, suggestlng that the excessive
ca1c1um accumulat1on preceded muscle ce11 necroalaa

'.'- . ' -y L
Alterat;onpﬂinfthé m1tochondnih of dystrophic muscle

. B i . ‘4 LY -~

intracellular calcium concentration in fetuseq t risk for,

ot
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;. ot e have been reported.f»These data support ‘the ca1c1um . -

* v
< [P B

e oL oveFload hypothe31s. The‘fragll1ty of muscle m1tochondr1a ' Lot
) . - _ N L S . :

- ~. " 18 1increased 1n Dpchenne dystrophy patlents (Scholte &‘

i= - Busch 11980)" Defectrve\oxldatlve phosphorylatlonaresult— A .
'f.-'- . T < o M

R ° rng from 1ncreaséd m1tochondr1a1“caio1um is present in both

. \
‘ oL

' tﬁe wsrdlac qnd mkeletal muscles of the dystrophlc hamster

< - -

o

N -
e air o gy e L e e T M

even gy

-

Rl

TS (Wrogemann, Jacobson g &lanchaer, 1973‘ Proschek & Jasmln, v

4

)

¥y .

»

r ™

1982) and, - the‘&ystrophzc m6hs@ (Nqun & Wrogemann, 1983)

L
\ .L - 3, -

g The ca1c1umwantagon19t vernpamll prevents cardlo—

- 3

" -l . - - .
. ]

¥ -,

,mownle_& Jasm1n, 1980). Dxltiszqm decreases the‘elevateﬂ

1ptrace11u1ar calcium levels 1n'both skeletal snd cardiac

1% .
dystrophlc hamster muscle (Bhattacharya, Palmzerx,

‘Bertorini &-Nutt1ng, 1982). Hudeck1,—Poll1na and Hefﬁn%r
. 1

ast

.
. F

(I984). have shown improved functional ab111ty in dystroPhlc
chickqhs:treated‘with calcium. antagonigts® P

AN o R
: : . j e <. : ’ A .
-+ Local'regions of~ hypercontraction are a coéslstent
N o . . L ~ R . Y.
. N . "

. . . X . . t .o Sy -
finding in the muscles of both'paﬁients with dystrophy
(Cullen & Fulthorpe, 1975). and" dystroph1c mice (Law, Saito

& Fleischer, 1983). Felt/ Stsuver ~Domke and Shay (1982)
Py . N

hdve shown that fragmentatlon of normal muscle produces a
. “
-mass of myofllamentm wh11e homogenlzstlon of Bystrophlc

1 .
& N . o '. 2 =

nuscle ylelds rows of 1ntact sarcomerea, posslﬂly due to

(2 -

defecgtive relaxation. These findings have been linked to .

excess!calcium in dystrophic tissues.
S . - R . . LY .

A Ingreaséd Iysesomalﬂsctivity is present -in dystrophic

3

myoPathy in the hamster model of dystrophy (Slack,ABoegman, o

>
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- mouse muscle (Lao _£ ~i;,'1983)'end in dystrqphic chickeu
muscle (Baxter & Suelter, 1983) -and ac1d phosphatase levla

.are elevated’in dystrpph}p'av1ap muscle’ (Baxter'& SueLter,

. . - A .
1984). Calciumlactivdted neutral protease activity is
1ncredsed in human dystroph1c muscles (Kar & Pearson, J977)

‘and in dystroph1q hamster and uouse mpscleﬂTNeerunJun &“
;.bubowitz:‘.197§).> d. IR ' -
- S L . v e
Experiﬁents in which musgcle calcium eoncentrations .
‘have been manlpulated alao support the ce1c1;m overload )

v’

hypothesls._ The delta 1e31ons charécterlstlc of pre- .

:necrot1c mﬁscle f1bres from patlents w1th Duchenne A
R PR . ‘e
dystrophx may be reproduced 1n anlmals by»t eatment with
y- N
membrane,actlve;agents, nogably the‘calcrum lonophore

rd

-

-, N”A23187'(Pestronk Rarhad Drachman & Price, 1982) R

- 4 e

[N P o v

:_: " Flnally, Leonard “and’ Salpe;gr (1982) showed that Prolonged

b . g
T ~ [N M N ¥
. agon1st attivatsdion of ,the nggrnmégcular Junctlon 1nd9cea :

- L. “ SN v, .

" éxtensive damage 1n.dystroph1€,mouse muecle unless the
. o --. e _l
. muscle is protected“ by,remov1ng calc1um from The bathlng

S

. . -
. S medium. ' . : .-
. C e . . . LRp S L d » .
- [} (%
’Although wany studies suPport-the membrane defeot

- M § . -

."

-

- ¥ T theory, conf11ct1ng results, part1cuiar1y in. stud1es whlch
. )

] " \ e
examiné ent:amuscular tlssueé lead sode researchers to

" .\ . rl.-

:,suggest that the observed membrawe defects are oecondary ®
- - .~ b -~ P ' N

- 'ohanges and nqt the dlrect result of the. defactlve gene for

mUSCular dyatroPhy (Luey, 1980; Rothman & Bischoff, 1983;

N
- | 4 ‘£

Nlchplson\et _l., 1984; Pettegr t al., 1984),
! Lz B - — 7~ o~
- v S 3 v
' ' , . -
- . s 'I‘ -
L Y h,"
F v \ - A B -
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)‘DEGelopmental studiep on animal models]@hd-the‘

~
e iio ke date
4

investigation,of ﬁinimally‘affedted muscle fibres aﬁd‘
-~ ‘\‘ Y

..+ extramuscular tissues -from both youngranlmals and humans

)shou1d~help to resolve thlﬂ controversy. -

<, . 2 ' " "’ L "‘ - C .
. 'v rs A
[ - - e - .. “ o ~ K . ‘-y.. "
SN2, 4 AﬁﬂmatUratlonal defett The suggestion that ¢
- ra -'\.
muscular dystrmphy 1q a fallurg of muscde maturatlon has
“ : ‘ . .
e - . been advanced b&~aeVeral promlnent research groups.. Cosmos,-g"'“ Y
"and mer co- workera have propose& that the d1fferent1at1bn !
. s .
A

of embryonlc muscle f1bres into adult tyitch flbres is ’ o :

. . e

-

.impaired,in-avian dystrophy, dystrophic muscle retaining

- .

fetal ﬁuscle characteristics. Embfybhic avian muscle has

13

. ','hlgh levels of ox1dat1ve enzymes, low 1evela of glycolyt1c

, _ . enzymes and slow myosin ATP-ase} all these pr0pert1eq_ane
. . ‘. . N . . ‘ ' . N r . ' . ’ I‘ :‘
/.. characteristic of bothadystrophic avian twiteh muscles sand . ‘ -

. o
.
et ? . .r

e normal avian embryonlc muscles (Cosmos, 1956; Cosmos & C ' e

Butler, 1967). With the onset_of activity, embryonic o ,,”f'.

twitch muscle fibres;differentia%e into'Ehe characteristic
. . : . 3 4
‘adult isoenzyme pattern; aqu1r1ng fast my051n ATP-ase and
, e

‘glycolytlc enzymés (Cosmoa, 1966; Cosmos & Butler, 1967) ‘ ﬁ:”

‘ .
PrgPonents of this.view suggest that dystrophlc thtch

. “'
_mugile f1bres cannot respond to the neural slgnal to sthch

SRR P e S o Bl g e £ e

i from fetal muscle characterlstlcs to an adult proflle.

Dystrophicftoniq fibres are spared ;he didd‘se because they "1 oo

]

R e

are.never required to make this transition,

. A .).'
In the dystrophic chicken, cross-reinnervatign of a

3

. .
. . . N . ¢

,
sass

- X }rl,
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... <sfast . twiteh muscle, the posterior latissimus dorsi (PLD),
P I S L - L . _
with' the ' 'merve of a tonic muscle, the anterior latlaq{?ds
. : ; e ’

K e . .

ST ' ’ . AP . <
dorsi,(ALD), shows that a majorlty-of the fxbrea in the

T ‘:,*f:n; ~crdss—re1nnervated "PLD adapt the characterlstlcs of a tonLc
musele and fa11 to express the dlseaae (Cosmos, Butler, Cs

. 2
_qullard & Mazlieh,'L979). These data Bu’pp;ort\the}1ypothesia"r

.:‘LF B

. ; .

. of a'maturational defect, ' , ,
. RO : '~.f
- Recent data suggest that the hypothesls propoaed by

Coemos and her colleguee needs to be exphnded._‘The tesults Mo

e
4'..

. ":;; . .
~¢ of Barmnard, Lyles and Plzzey (1982) suggest that the -

i

ver1ous avian flbre types are dlfferentlally affected by

.S o dyetrophy, however, some tw1tch flbres may not show 81gns i

of the dlaease. Furthermore, tonic .muscle fibres may be

-

";ffected byhdyctEBphy. Several reports suggest that, in

a1€éf chickens, the ALD shows slgns of the disease (Barnard

na

& Barnerd, 1979 Kundu-et al., 1982) It is possibl#d,

however, that the altered propertles of?the ALD resulted

N .. . p . s ¥ ) . . °, - ‘ V.-’ -t - = N
F e LT Trom,bat leaat!rn part, the degeﬁergtlng_synerglst and.

' - - Y
antagonlst muscles., S .

by Ry

s b e

Recently, Vrbova‘hEB;viewed Duchenne muscular -

Ll
“ s .-, -

S 'dystrophy as a dlsturbance of narve—muscle interacti ion,

{
o . . . .,
S ’ <, . . a. .
o : . leadlng to a'fallure of muscle maturatlen and, ultlmately,

-2,
s

' . ‘ :to muscle degenerat1on (Vrbova, 1953) She argues that
_% B >~._: .”‘ durzng normal muscle dgvelopment the neuronal pattern of
L. Y
i .activity changes'in‘the nedbnate so that the low frequehcy‘
| continual ac;ivftizpresent in the immature-organismlis

‘.‘. R . . ‘).

2y

e

‘ ) C e ey
L " . | (L}
Soe
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"causes

‘Ea

‘neonatal dystrophic mouse muscl

~_1ncreased 1ntrace11u1ar calclum and

T I T PR S R, 2 . . .o
w‘-\h«-.\- > ey /.,;\- ,»wax,\ CPAN fai S Fagy ".u-:..‘-"'-..’—'rr vl ety e DT PRI IR

B N\ )
reelaped} in.magufe'thtih fibres, by high freduenci
ef#neient aétiqityl? This increased activity is thought to .
be responsible for é@ﬁelbpﬁe;t of the SR and for the
iecreasedfspeeds;of-eontraction and relaxegéon‘observed.in.
matu?e fyiﬁchxf?bresﬁ:'. .
' \’«

Several lines of evidence support this notion.

Denervation of neonatal ' muscle followed by.reinnervation
a oy S
selective degeneration of the fast twitch fibres
: o e 4

(Luthert, Vrbova & Ward, )980); perhaps thiq'ie due to the.

’ et

inability of the immature muscle to respond to the activity

pattern of an onerﬁanimal (Vrﬁova; 1953). Theoprepence of
. : ° IR e
embryonicAcharacteristics in adult dystrophic,muscle, the

y
decreased contract1on and relaxatlon t1mes and the reduced

calcium- uptake by the SR auggest ‘that dystrophlc muscle

fails to mature.. In add1t1on” low frequency stxmulat1on of

reduces muscle necrosis

(Luthert et &1., 1980).
< ..‘:“" '.‘.‘.“_(’

Bdsed on‘these'obse;yhtions, Vrbova proposes ‘that '

muscle wasting . in muscular dyg;;ophy-is~cﬁ§bed by the
. 4 ' e . .

slower rate of, matufatioh‘of dystrophic.musele. This leads
h !

to 1nappropr1ate .matching between muscle and/;erve and

subsequent abnorm311t1es in the developmenc of the~SR

e

ulplmately,

(Vrbova, 1983) This hypothesia-is compatible with the
findings: of Coamos and her co workersr

Dther,data suRRorting Vrbova's york come" from
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Karpati's group. They have shown that ﬁenervafionjor

- cordotomy of young dystrophic héms;e; muacles prevent

muscle necrosis (kafpati, Carpehter & Prescott, 1982)..

Chronic denervation atﬁequatés, but does no} prevenf,
muscle cell necrbsis,in~dystrophic chicken muscle (Ashmore,
Lee, Summers & Hitchcock, 1984). 1In a follow-up study

- ’

Karpati and his collegues demonstrated that’ continual

denervation prevented muscle necrosis while subsequent

reinnervation permitted the.development of necrotic quacle

fibres in the dystrophic hamster (Karpati, Armani,

’

Carpenter & Prescott, 1983a). .Lee; Ashmore & Hitchcoék

(1984) have reported similar results in dyetrOphiEAghicken

l muscle. . . . - ‘ ) . ‘.. ‘
i L ’Denervati§n both removes the trophic influence of the-~
o g o ‘ nerve anq renders the mu;cle'inactive. Igmobilization of a .
E limb reduces the muscle idtiiity but leaves ‘the trophic . -—
r H
i influencelintact. A recent study suggests that it is-
i : .
{ -activity and not this trophic influence which_is

. responsible for the necrosis in dystrophy. Wirtz and

Y

Loermans (1983) have shown that limb immobilization
prevented the development of.necrqtic lesions in dyétrophic' .

.mouse muscle, Future experiments using this technique . oo

L

AR ST T Sl

should yield importantlinformation abdqt'the role of muscle

r,

{ activity in dystrophic cell ngcrosia; - or
v‘lg : Karpati and his collegues proposed that chronic growth

X \ hormone deficiency would retain dystrophic muséle in an :
i | o - L i

o Bk 3 . o
. ¥ oA N ‘“‘;Ue - ': i
y : = . '
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imqﬁlure state. They showed that & deficiency in growth
hormone both retarded -growth and reduced muscle mecrosis in
dystrophic ﬁamsters'(Karpati, Jacob, Carpenter & Prescott,

1983b). No;abiy,‘ZAtz; Betti E.Levy.(1981) reported a . o
benign course of Duchenne dystroph& in a patient withquth

’

Duchenhe &ystrophy and congenital growth horméne A -

deficiency, although chronic treatment with a growth 4 o

“ hormone inhibitor failed to have a beneficial effect on

~ . . L T
: ,or

patients with Duchenne dystrophy (Collips;lkelémeng.Chen,
5Castro-Mﬁgapa, Angula & Derenoncourt, 1984). CoL

Rarpati and his c0rwdrkerg conclude from their
) N ."‘ .
findings that denervated or growth hormone-~deficient

dystrophic muscles exist in an immature state,.a state R
. o, . B .

‘which negates the effect of the gene altEraqionAlqading to

] ' L ‘necroais (Kaéégti et al.,.1983a; Karpati Eilélﬁ, 1983b).' l_ . '

2 - fhese'daté may alsé be interpreted to éppﬁorf tEe ~on
- “ hypothesis advanced by Vrbova. Perhaps both d;nervétién

and immobilization prevent or attenuate the development of '

dystrophy by eliminating the innapropriate muscle

2o A g\ n HpRTRT, TOD

activation. - The role of growth hormone in the causation of

e

necrosis, however, remains unclear.

,,.\...._..H_.
- v,

-Dystrophic muscle shares many of the biochemical

= vn o

) properties of neonatal muscle., Some metabolic enzymes.

which normally undergo fetal-to-adult iaoiyme trans- ° f
« formation are present in their fetal or neonatal forms in

human dystrophic muscle (Fitzsimmons & Hoh, 198]; Takagi, . \ o
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Ishiura, Nonaka'& Sugita, -1982; Romerb—ﬂurréra_& ﬁie@ka, ‘ T
1982), High l@velé of specific embryonic acetyl— ,?
‘N ‘ .. _ 0 . _ ) i
cholinesterase (AChE) isozymes characteristic of normal g
F - - embryonic twitch muscle are present in the mature twitch -~ '

fibres of dystropﬁic chickens (Wilson, ﬁinkhart, Walker &
Nieberg, 1973; Patterson & Wilson, 1976). The presence of —— '*

- ' neonatal myosins has also been réported in dystrophic avian

[

twitch muqclé (Bandman, 1984). R |

'
~
-

The extent to which adult dystfophic muscle resembles

: . . ) » - C
immature normal muscle, however, has recently been

questioneh (Reichman & Pette, 1984), Using new

histochemical techniques Miike (1983) concluded that the

-immature fibres in.dyétrophic‘muacle were actuﬁlly

regenerating fibres not developmentally arrested, immature.’

';> - 'fibreé. The continued presence of fetal and neonatal
- .chqfacferisti?a in &ystrobhic muﬁcle'may be due either to %
] . : . i
ﬂghe massive regenefgtion qccurriqé in dyétrophic muscle or: , i
 to inhibition of the trangftion to the adult state in | é
© diseased muscle (Fitzsipmbnq & Hoh,-1981§ Béndma{, 1984). . é

v . Despite these criticisms a great deal of evidence supports - '

Vrbova's work. Further expgrimép?g?.concerningﬂ muscle
development and the formation .of nerve;muscle contacts in

dystrophf should cfitically test this hypothesis.
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4membrene defect theory, most pharmacologlc studles of both
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A grow1ng body of evidemnce’ supports the view that ..

.membrene defects, espec1a11y 1n the muscld cell membranes,

°
14

are present in the muscuiei dystrophies. Whether these

- <

'defects are expreased as maturational defects 1n the SR, as -

.
-~ ) .

Vrbova (1983) be11eveg, or whether they are present 1n the

mature sarcolemma, asg’ Wrogemann and Pena (1976) be11eve, is

.
4 . -

however,'controver51a};- The presence -of lesions in the

neural and Vascuiar tissuea-of“dystroﬁhicaanimals need not.
implicate these tissuee ae the'prfmary locus of the disease

ag changes in many systems may be’occurring concurrehtly as

the disease progresses. Thia-ra readily apparent'in human .

myotonic muscular dystrophy where patients show a variety.

°
» >

of systemic effects such as cataracts, frontal baldness, .

intellectual impairment and testicular atrophy (Harper,

. 1979) which may be expressed to varying degrees (Pryse-

Philiipe, Johnsen & Larsen, 1982). It is epparent,v~

.

"L however, that ih avian.déhtrophy,.asein Duchenne dystrophy,

muscle is the priqary target of the disease process.
Although the pharmacologlc propertles of dystroph1c o

muscle membranea would be of 1ntereat 1n assess1ng the

patients and anlmals w1th muscular dystrophy have exam1hed

a

T s

the effectiveness of various forms of chronic drug therapy. .

-
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Very few stﬁdies'have'egémingd the pharmacologic'propeftiedﬁ

of normal and dysgrophic muscle, either in vivo or in
. . * g -

-

vitro. Information about the ph&siologic and pharmacglogic

'éharactefistics'of normal and dystrophic qdacleifrdm young

I

chickens should yield‘impbrqant infbrmation about the

funct1ona1 state of muscle membranes in avian muscular
LY 4 .m
v

'dyetrOphy. .The use of _young ch1ckens 1n the study of avian

dysfrOphy.1s prefegmble as 1nc1p1ent ahnormalltieazare more

-

likely to be asgpc1ated w1th the primary defec; in muscular
& < o,
dystrophy than are delayed oneb; Changqs in older afimals

,may be.secondary to the effects of ipng-;erm chronic muscle

disease. The in vivo extensot digitorum communis (EDC)
nerve-muscle preparation has been developed in this

=

laboratory (Howlett, Redfern, Umanee & Hoekman,‘1980;

a

Howlett & Hoekman, 1983a). 'Thebpreparation is,suitasle for

the physiologic measurement ofiarug responses to close

y

,intra-arterial }njedtions of agents acting at the '

to examine the acute mechanical responses of normal and

dystrophic muscle to.injected pharmacologic agents. By -

.

heuromuacular'junction (Hoek?an, Umanee, Howlett & Rédférn,

[y

" 1980) and lends 1tse1f to electrophyslolog1c studles

v

(Howlett;& Hoekman, 1981). Furthermore, the’ eaay

oy

accesa1b111ty~of the radial nerve facilitates denervation

3

n

experxments (Howlett & Hoekman, 1983b). .

.

ThehEDC preparation has been used in the present work

-
o

\.....I e ' ".’.
usxng suit able pharmacolog1c probes, - functlonal d1fferenq@s

.
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in the membranes of the sarcolemma, the sarcoplasmic

W

reticulum and the neuromﬁscular junctipn may be revealed.
Changes fn‘the electrophysiologic properties of

dystrophic muscle might indicate a functional abnormality

in the @arcolemma. hThese”ptudies‘would pfovide direct
information ;egarding the integf{ty of neuromuscular
éransmiasion ana inqirec;'information‘aboug the conductgncé
hY " Lt \ ¢ '
properties of the meébrane.‘ Electrophysiologic measure-
. ) : : ‘
ments of m&se4f.;cténﬁ potentials and resting membrane

potentials in normal and dystrophic muscle have been
. . '."“' - v . ‘e
conducted i this study. ’

. e H A}

7 The ability of Eyﬁtnophic mﬁgplg to develop the.

characteristic changes associated with denervation might be.

> LI

altered if a membrane defect weri;prpgent. Therefore, some

U
physiologic and pharmacologic properties of denervated

normal and dystrophic EDC muscle have been'ethined to

Ll . [N T

determine the reaﬁonse of these muscles to the removal of

the trophic influence of the merve.

Functional differences betwéen vascular smooth muscle

“from normalfgnd dystrophic chickens might implicate another

¢

muscle membrane system in avian d}strophy. Furthermore, -
: v F

. this study would be informative as vascular smooth muscle

.has been implicated .in the pathogenesiq of muscular

2

dystrophy. To investigate the involvement of vascular

smooth muscle.in avian dystrophy, the bhgrpacologic-'

responses of normal and dystrophic ischiatic arteries have

»

et
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" - "been compared.. i
! © A S ) .
The research,-therefore, was conducted as followg. (1), e
, o« ' , EEE .ot ..
.1

Il

In vivo intra-arterial injection techpiques.vere developed

_- R Eaf the EDC mustle preparation. (2) The contracti}é o s

_responses to injected drugs-were characterized for normal. (lnxh‘

-and dystrophic hmsple. (3) :These responses were élsd
. 4 - . s s

: : : L - L ' ‘ .
PO .. .. compared in denervated and sham-operated muscles from both -

no‘rmal‘_'a'n& 'dystrophic chickens. - (4) Tﬁé rg;lt'i'hg_ﬁémbrapé fo '
hotentihlh and the-action poteutgais were récordéd from
.no‘ru.lal and dystlro‘ph'ic EDC muscle cell-g ﬂ mg_ .(5)"The
pharmacologic reap(‘mses_o'f.-is_ol,ate& véacuiar smﬁoth musc_le ) . iy
' from}normal and dys'tr«oph‘ic c'hic:ker,ls we're_cqmpm;ed.ﬂ (6)
. All these results were coﬁpared lfe.'tw.en chickens wh‘i’ch were .'j"
closely matched f;r_agg aﬁdzsex; ‘ t | \_. ) .. e
. , | .
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™ Chapter II
"\‘. . i . [I
- P v ° ‘.'( : .‘ L
- MATERIALS AND METHODS Y
.’{' ’ ,
oo et . . T
'2.)," General Methods .
. -7 X .).. 1 ' ". .
- : f':“.' : ‘.

EN s
: * . PR v

2.1,1 Chlick’ens.' Dystrophic New Hampshire chickens

(Line 413)/ahd- their fenetically matched controls (Line

-

412) from.lines dev.eI.Oped"by the Departmen't;'.'of.Avian

Sciences, University of California at Davis, were reared

locally at-the Memorial University Vivarium. Breeding

flocks of vbot.:,h normal and dygt‘vr'Ophic' chickens were found to

produce fertile eggs; the fertility rate was sligﬁtly lower

“for the dystroPhic‘flo'ck. " The chickens vere housed "on the

A
floor in large enclosed pens. Food (Masterfeeds Ch1ck

Starter #16533) and water _were prov1ded ad 11b1t:um.

i'.
2.1.2 Clinica} assesfment, ‘ Chick'ens were trans—

ported from t:he animal care fac11 1ty to the laboratory

.x ¢ o 1{

~where _thgy vere weighed apd their- sex'determlned. " If the

L}

sex wvas not readily appé'rent,‘"verification‘was‘.madé by

‘autopsy at the end of the experiment. The ‘chlickens were

.. * . .._l
_8screened for dynt:rophy uslng the exhaustlon .score t:est S

al., 1978), the chlcken was placed on 1ts back

(Entrlkl et a

. o . .
o ‘ . . )

i
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by the experimenter,” released and allowed to right itself

. . : v N : ! .
ag many times as possible in sucession. The numbertof d
' J o 0 s .. e
sucessful "flips" was recorded as the exhaustlon score.
. - P )
B : .-
! o ' .
. . o : . ~
S .. .
.o e . . . - : ( .
."‘~;~.‘ ' . ) .. . ..

2,2 ’The‘EDthuscle-RadieAfNerve-lg Vixol}regaretion‘

— -

< . .

-2, 2 d General surgery Normal and dystrophlc
‘& -

”~

chlckens, aged 55~ 60 dgyv vere anaesthetlzed by intra-

venous (IV) injection of elther urethane (1 2 g/kg) or, in

a limited number of experlments, chloralose (80 mg/kg). A '

'tracheostomy vas performed and the jugular vein was

¢ #e

‘ :cannulated with PE-50~tub1ng (1.b. 0.58 mm, 0.D. Q.965 mm;

b

Intramedic Polyethylene Tubing, Becton Dickinson & Co.) to-

establish a route for infusion of fluids, drugs and.

anes:hetic supplemente. :The neck ‘skin was then eutured;

In—some exberihenﬁa'blood preaehre wes_recorded through an
Aarteridl cannula (PE;SO fubihg):&h the ischiatic.artery;'

the cannule was attached to a hressure transducer (Gould

Statham PZQ.?Hysio}ogiéaL Pressure Tr;esdgper). R .g;\\\

The extensor digitorum communis muscle preparation was

isolated according to the techniques of Howlett and Hoekman

ﬁl983a). The fe(thers were removed from the dorsel aaﬁect
L]

of one wing aﬁd an 1nc1310n was made in the sk1n overlying

the EDg/muscle (see F1gure 2. 1) The dlstuL tendon was

ainlt - : ' . PR e Ty
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‘Figure 2.1 Dorsal .aspect of the .wing'-bf;-the:.. fovl, Gallus. . -

domesticus, indi¢ating the -‘pésviti,on of the extensor

digitolruin co‘mmu.nis muscle (figuré repriﬁted with. = \ .
RS K . . . . . N ‘o o
,_.?*'".-permission of Commgnwealth S_cie‘)nt'_ific and Industrial

. .
~

Research Organization from Sullivan, G.E.: Anatomy - N '.‘/ :
and embryology of the wing muscﬁla!:ure’of the .Fowl . R

v

S *(Gallus). Australian Journal of Zoology; _ﬂ:-459‘—518_,. | —‘\
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Extensor Digitorum Communis Muscle




B pei=

v e ————————————— -
i .

1rai;‘(Burge:‘and Lorenz, 1960),

hAbbott'i:elandﬂLtd.), a é7—gauge needle (0.5 inch Yale"

¥
¢

‘expohed and the restihg lehgth of the<muec1e‘(10) was
. measured with the wing in the flexed position, The tendon
" was then~se;ered,fr0m its insertion.on. the middle (III)
. bl _ o . T

'digitt(see‘Figure 2.1). The muécle was fixed to the

transducer hook wlth a square knot, the free end of the

tendon was: uaed .to form half the knot w1th a length of 2 0

e
r

Bllk eerv1ng as the other half Steel plnS were drlven wa' '77;

'Ithrough the elbow and wrlst -joints to secure the w1ng in"

the muscle bath The portlonvqf_the;radlal nerve overlytng'

'the'humerue“dhs exposed and snared.with a loose ligature

'tak1ng care- not to 1n3ure the associated blood vessels. A

10 gauge b10pay needle was 1nserted into the abdominal air
sacs to prov1de unidirectional Ventilatipn with humidiﬁied.

Y

2.2.2 Arterial cannhlhtion;.”A cannula was fash-

: io@ed’trom a 23-gauge'ﬁutterffy Infusion Set (Venisysteme, L

Hypoderﬁic Needle: Becton, Dickfnson & .Co.), PE-10tubing

- (I.D. 0.28 um, 0:D. 0.61 mm; Intramedic Polyethlyene . R

-

Tubing, Becton, 3ickinsbn & Co.) and PE-20 twubing (I.D.
0.38umm, o.n..;.09"mm). The. tubing on the infusion set was

- peeled off'and cut to a length of 2.5 cum.. Thelends of a l

v 4

ﬁ:cm length of PE-20 tublng were. flared wlth a’ match and one

‘end vas sllpped onto. the exposed butterfly needle,A the -

or131na1 tubing, now 2.5 cm in length, was ‘s\lipped.back

e

A e e e 1

e e

T A e s T



'over ‘the PE -20,, t‘ubing to secure the needle in pdisi'tlioﬁ.

=

With small forceps and pl:Lers the 27~gauge needle was
fcarefully removed from the plast-1.c hub',"-lnserted into the
barrel of the 23 gauge butterfly needle and giued in | |
posltlorr wrth‘ S-mlnute epoxye. The assembly of thls canrrula

is illustrated " 1n F:Lgu.re 2 24, The end of ‘a length of PE-

i i ¢

oo 10 tublng (approxlmately 20 'cm) was flared w1th a match and

B

i

. sllpped over "the end of the cannula, nov 27-gauge (see
Flgure 2. ZB) A 50 m;.crolltre Hanmilt.on microsyringe
, (M1cr011ter #705 Hamilton' Co.), filled vith phya{olbgic'al"i

sallne was: 1nserted into the hub of the cannula and 20

“.microlitres were lfjeeted into the cannpla (see Flgure

, 2.23‘) ,? The PE-10 tubing w.aa'cut nt the meniscus’ to p.rod_uce..

0

‘a cannula w1t:h a callbrated 20 mlcrolltre dead space. The
' o .

cannula was then f111ed with hepannlzed ,aalme (2, 000

unlts of heparin per 11tre of physiological saline) and

- re'adir- for use.-

‘The ven.li:ral‘ aspect of the wing was denuded of feathers

and a 4-5 c¢w skin incision was made folloving the codrse of

“the.ulnar artery (see Figure 2.3) which'wag clearly visible

't:hroﬁg.h. the skin, .The brachial artery and its bifurcation -

"into the ulnar dnd radial arteries were exposed by

separating the biceps mﬁyffe’:nd. the triceps muscle. - The
" connective tissue was removie‘d‘ fromthe ulnar artery in t,he
#

regl.on of the blfureatmn and the vessel vas snared w1th a

e .n,..
-

‘ looae lxgature of 5-0 s11k. Similarly, the artery was
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Figure 2.2 The-cannula-used for intra-arterial injection

.

of drugs into the extensor digitorum communis.mus_i.cle.

()

B

Pho'tggraph of the assembled cannula and a5

Parts réquired to assemble the ¢annula: ra 21-

"o

gauge ne,e.dlie’ (1); a 23-gauge Butt.erfly infuei.‘oﬁ '

set (2); PE-20 tubing (3); remainder of the 23-,

gauge But terfly infusion set (4). The cali-

bration bar is 1 cm.

\

.t

microlitre Hamilton microsyringe. 'Calibr

bar isa 1 cm, ' o a .
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F'igure 2,3.

procedure for cannula

small incision in the ulnar artery to the point where’
the brachial artery bifurcates into the ulnar and '
radial branches. It is then secured in this position

with a length of 5-0 s8ilk.

Ventral .asp‘e;:t ‘of the wing i,lluétrati'ng the

.o
v

e

v

ey

-—

tion of the ulnar artery. The

\

i

-

cannula (PE-10 tubing) is gently ai‘lvang:ed through a

ke

N

T bt
N »"’:"4":‘,:"'{"‘.1 .
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Brachial artery
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‘snared by a pair of ligatures at a point approximately 3 cm
‘that the tip came to rest within 1 mn of the bifurcation

‘point (see Figl.i:"e 2.3, page 48). The remaining two o .

dislocation of the ca.nnula.. Fllnal‘ly,' the ak:Ln 1nc131on was

.éutqre'd with 5~-0 eilk.

“and two 1nclnona, Just long enough to accommodate a N

- brackets- over the ends of -the steel plns protrudlng from

from the bifutt_:a.ti‘on' and the distai end of the 'art’er)\' vas )

tied with a.'a.t[uare knot. , A small incisidh?vwa-s- made in the
vessel and-the cannula was advanced,through the incision 8o .

9 "

ligatures oﬁere t1ed .to. secure fthe cannula; th‘e cannula . e (
v"" hd ' e ' ’ My
tub:.ng was tied in.a loop to prevent Lnadvertent " \ o

PR e N

—

ERrY

L

i 2.2,3 Immobilization of the pre.p'aljat:i.on in en_.

electrically shielded .cage. The equiprﬁent __use,d in this

study ié illustrated in‘figufe-2.4. The feathers ere

1

removed from the regl.on overlymg the thor c1c -vérfebrae

°

vertebral clamp, were made on e1ther slde of t he ve:tebral

o, C o,

crests. The chlcken W as. squended by thiscclamp in a _ ,‘.' _4”

modified stereotaxic, apparatus. The wing was immobilized ‘

by hooking t'hen‘ '::ufved "ends of fwo "h‘orseshoe-shap‘ed"
@

i
v

. R ‘
the wrist and elbow joints and clampmg these brackets to -

the proxlmal and. distal ends of the plexlglass muscle bath. .,

To .1naure 1mmo"blll.ty t ension vas exerted onAthelf_oreavrm'-by,

rod which also served to attach the wing m the);ath.

SEREE ) S or b

tlghtemng an externally mounted wmg nut on the threaded o ' ‘
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Tt Figure 2.4 Experimental apparatus.
’A:‘ . 4 ) ’ i ) ‘ R
ES \ . o‘
" . . . I T ’
(A) Faraday cage. §§
: (B) Modified stereotakic apparafuh with vertebral
o *  clamp to suspend chicken.
L" - ’ -
' o " (c) Plexiglass muscle chamber, ' '
by ) . ) ] .
“ (D) Isometric force transducer .
"(E)" Bipolar stimulating electrode. _
. N 4 Al
' (F) Stimulus isolaticn unmit. ,
. ., (6) Thermoregulated lamp (g) thermosensitive probe.
a ~(H) Large scale mechanical micromanipulator for gross
* adjustments of the microelectrode position.
+'- - (I) Probe for-the microelectrode pre~amplifier.

"“(J) Hydraulit micromanipulator for fine adjustments

™) A
.of the microelectrode position,
ro. ' -
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. . * . -
Bigoler platinum iridium stimulating electrodes were

positioned beneath the radial nerve and were shielded from
oY

the underlying tissues by a thin strip of parafilm, In

some experiments a bipolar plafiuum'electrode (NE-ZOO X 100‘
t Y f

mm, Rhodas Med19a1 InetruiEnts Inc.) was placed in contact
. 7/

with the muscle to record the surface electromyogram (EMG)
. r'.

The vertebral clamp serveH as a reference electrode for the
electrical responses. The immobilized.preparation is

, . ‘ }

illustrated in Figure 2.5? N *

The nerve was covered with gauze .soaked in mineral c¢il

and the.entire wing was immetsed in mineral 0il warmed to
— \
34 °C with a thermoregulated heat lamp, this temperature

corresponded to the recorded temperature of subcutaneous

-
4

. )
huscles in the contralateral wing. The ch1cken wag warmed
. -

Y

with a heat lamp and covered with a "space_blaqketﬂ.to

reduce heat loss; - core Eemperature_yap.monitored with an

ordl temperature:probe, In many ekperiments the blood

e ’ ’

pressure was monitered to assess any drug-related changes.
o : v . '

.. ', . .
in thﬁs parameter. At the conclusion of, the experiment,

the EDC muscle was removed from the chicken and weighed to

.
[y

yield muscle wet weight. The muscles were allowed:to dry
at room temperat@re for 3 weeks and weighed again to _

- measure muscle dry weight.

!

'2,2.4 Mechanical and electrical circuits. The

isometric contractile responses of the EDC were recorded

s
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<;\\ ' (C). Isometric force transducer. - . o ? Co.
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Figure 2:5.4Position”of fhg ving in the experimental.
' apparatus (reprinted with permisgion of Academic Press

from How[ett,'S.Eﬁ‘and Hoekman, T.B.: . jex'differences

“in the ﬁhenotypic expressioﬁ“of avian dystrophy.

3 Experimental. Neurology, 81: 50-63, 1983).
: (a) Plexiglass muscle chamber.

0 ' :
(B) Vertebral clamp.

g .

. (D) 1Radia1 nerve with bipolar stimulating electrode. - .

(E) Extensor digitorum communis muscle. : w
\\\ . N . " ’ . . ' ' ) f l
. (F) ™"Horseshoe-shaped" brackets used to immobilize’
w4t . . . ' ‘ aly
L 2+ the wing. -
S .
e .
8 e
i—~‘ o v' .
; - < Co -
N -\ * R ; o
4 ¥ T
- AT . s '
. .. L . . v L.
> . . X
. - @ ’ ~.

. . \ S
. . . . ' . o,
‘ . . . o
o . o s . . R
¢ . o . o s .7
: ‘

e ST LY

o s AL 47 an wn e s

T

>

T

S

—"xl

.
it

Seimhirod

o A,

R




54



-/"
55

o

. using a force-displacement transducer (Grass model'FTQBC):

modified with a right~angle|attachuent_lever to accommodate

sthe hook on the EDC tendon (see F1gure 2.5, page ). The

R

: output of the transducer was amp11f1ed by a DC preamp11f1er‘.‘~-

. with an 1ntegra1 transducer}br1dge 1nput c1rcu1t (ga1n = ]-

~
.

IOK) and d1sp1ayed s1mu1taneously on a -.chart recorder

: (Gould Brush 220) and on a storage oscxlloscope (Tektron1x

5111) The EMG was recorded d1fferent1a11y ‘between the
.\t" “

surface e1ectrode 1n contact w1th the muscle and ground (at

-

the vertebral clamp); this signal was d1rected_through an

AC coupled preamplifier (gain = 1-10 K) and monitored on

the oscilloscope.. The mechanical and electrical responses

. of the muscle were recorded intermittently on magnetic tape

. for later analyses (3 3/4 incﬁes per second) using.a four
channel FM tape recorder (HewlettéPackard Mdde1.3964—A).

; The radial nerve uas°atimulated by the'output‘of two
puise generators ﬂfektrouix'PG-SOS)_couirolled oy a custom
made digital pulse counter. The pulse counter enabled the
delivery of a-designated number of:stiﬁuli ac twoj
;iudependeutgrates; automaticafly alcernating between the’
two‘pulse generators., The output.of both pulse geuerators

was coupled to the muscle through'a stimulus isolation unit

.(W-P Instruments NP-1).

t

2,2.5 Exberimentaljprotocol. At the start of the

experiment the muscle length was adjusted with a_rack-and-.

-

-

-~ S e T
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A

. \” , " .'
pinion drive mounted to the forcé-transducer to determine

( the length required to generate peak twitch tension, lys in

s

the intact chicken. Several experiments were conducted in

vhiéﬁ the length-tenaibn relationship was determined for-

»

ﬁB;maI and dystrophic muscles to assess any disease-related-

changes in this parameter.

“and the voltage which was

The ‘optimal conditions for

. stimulation, the -preferred polarity for.phe»stimuius‘bdlée '

252 ﬂupramaxiﬁal‘for-thé twitch

+

. " response, were also determined,. Fiﬁally;- the.baselzng

resting tension was set to zero using the balance bridéé

ﬁnd.a.ZOG Hz):SO pulse tetanus was delivered to take the _

"glack" out of the mechanical connections. If any

deviation in the baseline

" the baseline.'was reset -to
- P )

repeéﬁed until’ no further

Y "the experiment the muscle

was observed after'the'tetapus
zero and and the procedure
shifts were evident. -Throughout

was stimulated by one pulsge

‘:geqérator at a frequency of 0.2 Hz.with atpulse'duration of

0.2 msec.

/4

i

.Q. ) . ‘-'\'

. . - .'. \ . R . -
2,2,6 Intra-arterjgl.injection techndque.. .The pre-

paration was stimulated for approximately one hour to allow

”~

.

’ . a
the establishment of 'a stable baseline twitch response.

Drugs were drawn up in a 50 microlitre Hamilton syringe.

Tﬁf syringe was inserted into the ,hub of the cannula and,

{mmediately following a twitch response, .50 microlitrea of

, drug were injecfed regulting in'an injected bolus of 30

. ‘ ' ‘

A
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B
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’.fér‘acetylcholine (ACh), potassium .chloride (K€1), caffeine
"administered to one chicken,3an'interval of at least ome
":hour was allowed to elapse after recovery from the laat

'In the experiments with deostigmine (NEO), a bolus of drug

‘experimental injection series. .The effects of all agents

L T N T S RN AT whv, L N IR U ¢ P L L Y

'.'r.‘;.. , 57
migrdiitrea;l‘The 20;microlitte§ of drué-remaining in the
cannh;a dtad space were drawn back up in the syringe and
ditcarded{ The cannula was thtn flustéd‘with a small

amount of héparini;pd saline. When the baseline response-

4

“was re-established for at least five minutes, the next dose

1
B

was administered. Dose-response curves were constructed

.f(bﬁﬁjlﬂnd“carbachﬁl (CARB). Drug concentrations were. .

"administered in random order. If two drugs were S

".,,'/ AN . B
1nJect10n before the First admlnlstratlon of another drug

(12 Wicrograms/30 microlitre Bolus) was injected

immediately preceding a 200 Hz tetanus; the resulta were

compared to a control 200 Hz tetanus from the s ame chlcken.

“

Drug dllutlons were made freah dally (ACh and CARB) - or

. weekly (KCl, CAF NEO) from frozen stock solutions. All

-drugs were made up in physiological saline and were kept on

ice during the experiment. Control injections of cold

heparinized éaline, physioloéical saline, 1M sodium

chloride and 1M mannitol were given prior to the

n.

—

. N .
on arterial blood pressure were noted,

2,2.7 Measurements. The_physical characteristics

e P D U - N '
e L iedema et e e
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i

o o . .

of the chickens used in these.experiments were noted. The

\

-,.‘ . . " s
exhaustion' score, age (days), chicken body weight (kg),

muscle wet weighti(g)lénd muscle dry weight (g) were

Ck . . o
‘recorded for each chicken used in this studyk In addition,

) l ' ) . " ‘3.:‘ .‘: .
the ratio of wet weight to dry weight, the ratio of the

chipken_Body wéigﬁt to muscle wet weight .(kg/g), the.
'mfximum muscle twitch (P) (Newtons/g muacle.weﬁ.ﬁgight)'and

'ﬁaxidum‘muscle tetanus (PO)‘(Néwtona/g muscle wét~w¢ight).}-

a

\

were computed for each subject.

The following parameters were measqggd'to construct

dose-resﬁoﬁse curves to ACh, KCl, CAF and CARB. The

amplitude of the muscle contracture response was measured

(see Figure 2.6a). "The muscle contracture. was defined as
' A ‘ '

[T .
A . . - PR . .
the drug-induced increase in baseline temsion occurring in

the absence of nerve stimulation. These data were
- o~ -
expressed as muscle contracture force (Newtons) exerted per

gram'df‘qypcle‘wét weight.l The degree to which an injected

A drug potentiated (Figure 2.6b) or depressed (Figure 2.6c)

the muscle twitch was aiaq measured. - These results were

‘exbressed'as fﬁtios of the post-injection twitch amplitude

over the pre-injection twitch amplitude. Fiﬂally,'the
o i

effects of NEO on a 200 Hz tetanus were measured. . The

degree of post-tetanic potentigtibn, expressed aé post-—

+

_tetanic twitch amplitude over pre-tetanic twitch amplitude,

was recorded. - L

-

S

LI
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‘

“}' Figure 2.6 Pharmacoldgic reipopsea'pf~the in:vivo extensor

.

digitorum communis muscle preparation.- The data .

" presented were recbrded\jrom normal, iqdirectly

stimulated muscle.

7.

(A) Muscle contractufe'résanse.

(ﬁ) Tbitchipoténtiation.

(¢) Twitch depression (note that ; muscle contracture
response is also illustrated in this.data’

" record). ‘ | _ . ' v

"

The vertical and horizontal calibration bars are 0.98

Newtons and 24 seconds, respectively.

.
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A_ Muscle Contracture

B. Twitch Potentiation

C Twitch Depression




R
A

. into four g%oups: normal female chick

2,2,8 Statistics. As the effects of av'éﬁ

mugcular dystrophy on the co;tractflé ch;técterij%ﬁcs'of
muscle -have been shown to .vary between sexes (Howlett and
Hoekman7—¥983); the sex of the:chickens‘waa considered in
the data an@lys?s. Accordingly, the chickens were é}ﬁ;ded
lfemaie chi;kenh (DF)) noraal male cﬁick?na (NM) and

dystrﬁpHiC‘male chickens (DM). - Two-way analysis of

, variance between the four groups, with-sex and disease as
- PRI} B . . ;

‘Jthe.tvo;mgid'factors, was conducted on all measures

recorded in the present study. The results were expressed

as the mean plus or minus the standard error of the mean.

.

In this fashion,.the significance of differences in the

physical characterigtics between the four treatment groupd”

was determined. All dose-response curves for which the

maximum response could be readily-determined (ACh

contractures, CARB contractures and CARB twitch depression)
. . ‘ /

were normalized_as the percentage of the maximum requphe.

- The EDsj value (the dose producing 50% of the maximum

response) was cal?ulatea fof the contracture data and thél
IDsy ;alue (the dose ptodubiﬁg 502 of thenﬁaQimuQTrespbnse
iqﬁibition) was calculated for the twitch,éeprﬁssion data.
Diff;:;nces between.grpups were assessed ;sing analysis of
variance. Regrgssioﬁ analysis wa? pe;formed.pn the linear

portion (20% to 80%) of the norgélized dose-response curve

for each experiment and differences in the. slopes -between

61

ens (NF), dystrophic
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— _
‘groups were determiﬁeaAusing analysis of variance. For
those curves for which the Edgy response could not be
L, \ b '”"'nt'.
measyped, the y-intercepts of the regression liées were’
comparpd between groups.  The significance of differences

between groups for the'othé; dose-response curves was

@

assessed using line

lines. : The ddae-response

“Egnducted'on the slopes

-.the square root transfo

4

-

d the y-intercepts of thes

method of Winer (1971);

e

urves for the CAF and KCl

.

‘regression .analysis and analysis of variance was conducted .~

‘on the traanormed“data. 'Ihé data obtained for the post-,

tetanic potentiation recorded in response to‘injécted

neostigmine were pooled (nale- and female) ‘and the normal

.

gnd'dysﬁfophic groups were comf%red uéiﬁg a t-test.

ALl
4

analyses were performed. using standard microprocessor

‘program packages.

The 1eve1iof'§ignjficance-éelected for .

the study was p<0.05

S

-

2.3 Denervation Experiments.

o

. 2.3.10 Denervation. Three "days

4

‘r

[y

priofjto exp

and anesthetized with halothane (3% in 952 0,/5% €0,
. . . ‘ﬂ‘ '

‘2

A

er~

for .

. ~ .
imentation the chickens were transported to the laboratory

Prant b it Vi g el e 8
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induction and 1% in 95% 0,/5% CO, for maintenance); After

|
removing the feathers and cleansing the field, a small skin

&

! £ .
incision was de just beside the radial nerve where it
PR , .

¢

crossed the humerus using aseptic technique. The.nerve was .

-

"carefully dissented away from the associated blood vessel . |

T
.

and a 3 mm segment of nerve was removeds The skin was then :

sutured and the wound was treated with topical antibiotics

v, P
- . . K .

(neomycin, bacitracin and polymyxin B) “&nd, lidocaine.
Control chickens were treated in exactly the same manner-

. i . [} . .
except that the nerve vds not severed.’ The chickens were

then allowed 'to recover from either the denétyation or the

<

sham operation for three days. 1In all cases the success of S

.

" the denervation was evidenced by .the droE'of‘the pipibn o X
. . i . & . ‘ . P ’ ) g
feathers ipsilateral to the denervated side. BT s ‘
4 30

ié‘, 1 1

»
v

4!3.2 Genera{ surgery and experimentél ﬁgo;écola
The general surgery was performed three gﬁys after either

. . _ o
denervation or a control operation in the same manner as

described in section 2.2.1 with thé'folfowing.exceptions.

For direct stimulation, the fascia éo&ering the muscles was °

1

slit at two-points and a pair of platinum plgteveléctrpdes

ta

. o . ' ,
were slipped inside the fascia to contact the length of the .. - -

‘ I t Lo .
muscle, one electrode on each side of the muscle. .

The arterial cannulation was performed as described in’ St

~

section 2.2.2 and the preparation immobilized (section T s
2.2.3). The recording circuits, the afimulating circuits "0 o i,

4
tt“c’ &




M-n?w—-:

' procédures for the electiophzsioloiy experiments resemble

' tho\e'describedhin section 2.2,1 except that the thick

. were fabricited fﬁon,capillnry tubes (W-P Instruments lInc.,

L gL e e r_x-:;(lmm(a:'—(‘ B T B R Y e e s weomewe - . e tey s

N : : ‘ - 64
and the experimental protocol were outlined in sections

®2.2.4 and 2,2.5. The intra-arterial injection techmigque

outlined in-section 2.2.6 was used in these studies. 'The
‘ b4

responses to ACh, KCl and CAF in addition to the physical

characteristics of the. chickens were examined and these

vere ﬁegsqred as described (section 2.2.7). The g

statistical approach has also been outlined (section
. - ¥ I
2.2.8). Two-vay analysis of variance was conducted on

-

theseﬁdata. however, the main factors in this @nalysis'were
- | =~ . .

disease and denervation..

[ o

The chickens were separated into
: o &

two groups,‘a male group and a female group, and ‘analysis

- .l' -
vas performed on these groups individually. -t

‘
[

2.4 Electfgphyéiology

General surgery, The generai surgical = ..
e .

42.4.;

4

fascia covering the’EpC nuscle was cut to eXpoée the muscle

" a g - ,

sur face and facilitate récordipg.' The prepgrétion was

1
1

1mmobi;ized as desdribed:in section'252.3;.

.
- ¢ . -
. L . . "
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N .
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‘# 1B1lOOF—4), pulled to

. a vertical pibetté pull

700—quand filled with

O
mounted in an electrode

microelectrode pre—ampli
M—707). The indifferent
bird at the vertebral cl
through a pre—amplifier

simultaneocusly on the os
The respomnses were also

i;ches perxr secoﬁd) foxr 1
deriv#tive of the action
custom—made differentiat

stimulating circuits wer

section 2-2.@.

2.4. 3 Experimen

o

cording, the muscle twit
muscle relaxant dantrole
dantrolene sodium was gx
Pharmaceuticals. Twenty
in the following solutih

1

ml of H,O0. A blocking Jad

through the IV jugular ¢

Instrument s Model 355) a*

Using a hydraulic p
o

AL L Dot A T et i o v -
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50-12-1) the electrode tip was placed in contact with the
¥ _ ‘ 4
surface of the muscle {(equipment is "illustrated in Figure

[}

2.4, page 5 1).. The DC offset potential was adjusted and ¢

the capacitance compensdted on the preamplifier'. The

Vo electrode was tested; only electrodes with tip.resistances
. . ) e

b L

of 5-15 megaohms were used in this sl:udy'. The eiéctrode,
was i:hgn advanced through the first 2-3 ,c‘ells.to avoid any‘
potentially damaged cells., Only clean penetration.ﬁ vere
. ein’clu'd,ed in this study; a clean pe_netrat.‘ion was one in ‘
which there was an abrupt drop in resting membrane
‘ poteptial as the electrode entered the'cell and the

—rgcorde.d resting membrane potentia'l was stable. In this

.

~ .manner, a total of 30-40 cells were sampled ‘per chicken.

:.2“"4.4 He,asu'rementa:i'rh.é exhaﬁﬁtion scores ‘and the
c'h‘ick‘et_l‘body weights were recgrded fpr the chiékens used m
'th‘isiportion of the study, Aithough accurate figurgs 'were.
unavailable, the age *range~of‘ :t,he;s'ub'jects was from 6-8
weéks. "ﬁose-r{euponae ‘curves we‘ré éonqtfucted for dantro-
-lene sodium concentration .(mg/kg) versus the percent twitch
blocicad’e. The ‘fol‘ldwing mea,aurements ‘wer; made from the
6s;illosc0pe trate of the action pot~en,tials recorded in -
r.hi~s' s:udy": the re;i:iﬁg,membrane potential (mil)‘. _the acvtionﬂl
<potentiai am'plitutie (mV), the overshoot {mV) and the ac;tioix

potent i al duratioh at half the maximal amplitude "(ms) (see

., . . .
ot . ~ *

"Figure 2,7). The first derivative or rate of rise of /the - Lo

SN
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Figure 2.7 Action potential record (A) and the"data
analysis procedure (B).. The data presented were

.recorded vith an intrnc_ellular electrode in a normal

.« . -

EDC nmuscle. K o

‘(A) Photograph of a representative action potential:

.action potential (i); rate ‘of rise (first

o

‘derivative) of the action potential (ii),

. T ! .
(B) ‘?arametersf’of the action potential measured, in

the present exlper.ime_nt:: ‘action .potential (i);-

action potential rate of tiq (ii). - 7
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-estimate of each action'potential characteristic vas

.prdhrgms. The significance level for the pregeng

. o, 69
action potential (volta/s) was also measured (see Figure
2.7) using 'a differentiator (C= 0.0005 F, R = 100 K), /-

2.4.,5 Statistics. The chickens were separ_ate.d

*

‘into four groups, normal female chickens, dystrophic female

éhickens‘, normal male chickens and dystrol;ﬁic ‘male

- - . [ g

chickend. All wvalues were expres s ed as the uiean‘ p"lus or

‘minus the standard error.of the mean. The physical : o

- #
- . - \,
chakracterxsncs of the chickens were analyzed uging two-way

analysis of variance, with sex and diseasé as main factors .

' .

'Regreuion analysis was performed on the linear portion of

[

the dantrolene sodium dose-response curves for each chicken

end the differences in the slopes between the four

treatment groups were assessed using analysis of variaace.

'

The‘IDso values were calcu_lated for. t.h'ese curves. For

illustrative purposes, the action potential characteristics

)
vere expressed as frequency distributions.. Next, an

obtained by pooling the data for each experiment and

arriving at one estimate of each parameter for each .

ph‘icken. These dats were divided into .four groups (NF, DF,

. a
N .

‘NM, DM) and differences between groups were exauirj.nqd sing

. I . .
tyo-way analysis of variance with sex and disease as fain

I . a

factors. All tests were perfo’rmed using 8tandard computerﬁ

13 . .
3

-

experiment was p<0.05. - | . S
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‘ 2.5  Smooth Muscle In Vitro Experiments

P

. ' 4
2.5.1 General preparation.- Normal and dystrophic .

or

male chickens served as subjects in the present st‘udy.
‘i‘,oll'o.wing cervical dislocation, the_ ischiatic arteAry was
removed and dissected free of overlying connective tissues.

'

Using techniques described by Hooker, Calkins and Fleisch
(1‘97'7),'. the arteri;s-‘were cut .into 2.5 mm rings and ‘
mounted 'in an isolated tigsue bath for isometri‘c recording
at a pre-load tensjon of 2 grams (see Figure 2.8), 1In

\ sevevral eip;:rimenta the pre—load'tension was varied between
0.5‘Aanld'4.0.grams to determine the opiatimal pre-load value .

. : .

. of 2 grams. The tissues vere equilibr?ted for a minimum of

1.5 hours at 4'6°C in a gassed (952 04, 52, 002) bathing

medium of‘ the follow'ing composition (n;H):> NaCl 118; lgCl"_l

14.6; caCly 2.7; chiz 1.2; KH,P0, 1.2; NaHCO; 25; glucose

11 (Knight and McGregor, 1974). -

RS

. R o
2.5.2 Experimental protocol, Two responses to an .
. W . [ :
M or NA 10°% M were

(Y

EC concentrat.i.won of either S-HT 10~
100 P . ) M

» !

q, - .o . ;o
obtained and then ‘two cumulative concentration-response

curves were constructed by ‘step-wise.addition of the
agonist, either 5-HT or NA, after each _responsé had

pléteaued (see Figure 2.9)., The concentration-response

curve to 5-HT vas repeated after a 30 minute pre-exposure

Y wment o s o
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Figure 2.8 Experimental apparatus for the isolated
) vaac'ullar smooth muscle experiments.
) {
(A) Isotonic tra‘naduce’r. . | ;
5 . ', R i
(B) Metal rod used to suspend tissues. H
' (C)  Support clamp for metal rod. ;
(D) AeratiQn,_ 5%. €0y, 95% 0,. , j
(E) Glass muscle jchamber surrounded by a jacket
el ;
filled with warm (41°C) water,
¥ (F) Bath drainage outlet.’ ' <
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Cumul ative concentration—-response curve

obtained for the ischiatic artery of a normal chickens

.
.

-

. (A) Concentration—response curve for 5-HT.

(BQ' Concentr ation-response curve for NA.

.
.

v

f

3

The vertic'aI' and horizopt al cal iBrét’ion b'-a "are 4.0

\

grams and 3.0 miﬁutes, respectively.
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tetrodotoxln (10~ 7 to 10 5 H) To determine the «.. ' ' R '\

A\ o ' 75

7 -~

" to either cocaine (1072 M) or, in a limited number of
.experiments, to flgxoxet:ir.u:'(lo'6 M) to block neuronal

uptake (Ul) of S—HT. In-the case of NA, concentration-

w

response curves were collected after a 30 minute pre= .

b
exposure to gropranqlql{(1077 M), to block beta-

gdrenocepgorTme&iated effeéts,leoc&iné, to block Uy and
beta-esfrhdiol,(IO-s M), to bléck extraneuronal uptakeﬁ
(Uzl. Then each cdn;en;ration-respoqse curve was repeaged
in the‘presencé of either fluoxetine or cocaine aﬁter a 30

minute pre-exposure to a range of concentrations of either

ketanaerln, to block the actior of 5-HT at 5 “HT,-receptors

'or prazosin, to block the action of NA at alphal—

adrenocepfors. It had pieviously begn demonstrated that the
concentratlonn of Ul’ 02 and beta-adrenoceptor antagonists
uséd_produchd opéiyal inhibilion of the appr&priaée system.

- The tissues were wabhed heveral'ﬁiqes over a 30-40
minute rec;very period beforé obtaining further
concénlration-reaponae curves. In most’ experiments, - ‘\
cBncentration-re#ponae curves to the agonist alone vere A
collected for one normal and one dystrophic tissue to
asse;s any t1me-dependent changes 1n vascular reactxvxty.
To test the poaslb111ty that ;he responsesd to S-HT‘were'

indirectly mediated via a synapse, concentration-response

curvea to 5-HT were obtained 1n the prgaence of

npec1f1c1ty of the response, a concentrationJieaponse curve
’ » .l N . / - .
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S
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for 5—~HT vas constructed in the presence of prazosin (10-74
to- 1076 n) and a concentration-reaponse curve for NA was

conducted in the presence of ketanserin (1077 M). At the

i

2

: _ . |
conclusion of the experiment the tissues were allowed to . i
|

v

‘dry and the dry weight was measured on an.electrobalance.

N -

In a limited number of experimen_ts the wet weights of large

segment’s of arteries from the contralateral leg.were .
. . . A

-

recorded;Athea‘e vessels were dried and re~weighed to yield.
. . -
wet/dxry ratios, .
;
»2:5.3 MHeasurements and lstatistica. Data from the

concentration’-respon-se curves were expresse'd as percentages

<

I (R (3 g

of the mgximum response e,:ither in the presen?e of cocaine

s, o A okt ¢ i ®

(_for the 5-HT data) or in the presence of both cocain_e and

.

propranalol (for the NA data). These data were pooled

across chickens and the mean and standard error of the mean -

were calculated.for the range of concéntrations tested. R

Since ketanserin and prazosin are competetive antagonists,
the EC5g ratiog vere computed (1e. the ratios of the ECSO o L
value in the presence of the antagonlst plua cocaine .
d1v_1ded by the EC5g value in the presence of‘cocame T

. ' » . . :
alone) . Following the methods of Tallarida and Jacob.
(1979) , Schild pleta vere constructed for these data and /
the pAy values for both ketanserin and prazosin were Co
PO : ' % . . : ' K
‘l‘. ' 1

R . . Vg, [ . .
The grams-tens ion per mg dti\':.weight was calculated for’
‘ it

.

calcul ated.

\ 1 ¢ \
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, . N i v(’y
;
. . .
. ,
A ]
" . ' 4] '
. . ' " . .
. . : - r
R : Lo ) .
e v
T MOYY RN A AT T 1 PR SRR R E AR



AT Y SR T O S A PUNG S S

/ 77
the maximum respoﬁse to both 5~HT and to NA. In a’limited

. . . < -
number of experiments, ratfos of vet weight over dry weight '

were calculated to test for differences between tissues

o

from noi‘mal_ and dystrophic chickens. These data were

expressed as the mean plus or minus the standard error of

the mean and differences- were assessed using a t—test. The

data analysis .in the present experiments was perfoi'med

B ' / y".' .',. .

either with a pharmacologic computer package designed by c

Tallarida and Murray (1981) or with standard amalysis of

“«

) /var'iance p‘rograma. The_significancé level accepted in theg g

.present experiment was p<0.05. ©

s

2.6 Drugs and Reagents ) B T
( . °

| a

The manufacuturers and specifications of all drugs and

chemical reagents used in the present study are summarized

below. The anesthetics employed welte urethane (ethyl "~
carbamate, -'§i.gma Chemical C‘O.).g alpha-chloraloe.e (Sigma)
and halothane (somnothane, Canadialn Hoechst Ltd:) .
The: drixg&,_'use:i inlthlz.é.set’uc‘@bere ﬁ‘cety{clholine‘
chloride (Sigma), "carbac'hél-(carbgmylchc;line, BDH) , '
: - .

potassium chloride (Fischer Scientific Co.), c(affe-i'ne

sodium blenzoate (Sigma), neostigmine bromide (Sigma), -

dantrolehe sodiun (a gift of Norwi.ch"Pharinac.euticalﬁ),
. N ) ) - . .

I L Y L
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fluoxet1ne (a gift of E11 L111y Co ), ketansean tartate (a

.. ‘ »

[

..:ﬁ-, . (S1gma) cocaine hydrochlorlde (BDH) serotonln oxalate.

(Bigmu) novadrenal1n hydrochlorlde (Slgmal. prazoa1n

'1i}ﬂfﬁj ' hydrochlorlde (a glft of Pfxzer Canada), beta-estradlol ‘”ffu~

)

SN (S1gma) tettodotoxln (c1trate free,.Cafblochem) and

e 11 ' hepar1n (heparln aodlum 1nJect10n, 1 000 USP. un1ts/m1

Y

‘ ;‘ Organon Canada Ltd ) :_15Efli 13f{i,7_:i;' K
v ;‘“f'j}ngilﬁ,fl The chem1caI reag;n;s used 1n ;he-prenent atudy nern
A . . }nnd1nm Fhlbr1de (BPH, AnglaR'gtade),»pqtasa1um}phlor1de .
) (Bnke;‘Chénjcai 903;;Bé?e?iAnaly;gd7Grﬁdgj.:nndiun_
. ;»l - f.iin}} “.Bicnrbdnaté-(BakEr;.Bakef'Knalf;ed Gradé). mngneéiun‘
.~_;;"{‘;j\l:fn‘: ' chlorlde (Hg012—6 H,0, Baker, Baker Analyzed Grade)
" ; - ‘i;:..' glucose (BDH AnalaR grade). ca1c1um chlorlde (dxhydrate,' N
.t‘ ..J:: Baker, Baker Analyzed Grade), potassxum phosphate dLbaslcn

: ‘ ¢
'hﬁ333’ T . (Fzsher), sod1um hydroxlde (S1gma7 and mannitol (Flsher)

wh

78 ' .I’: :.; : v-‘
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- “:H;f g1ft of Janssen Pharmaceut1cals), propranolol hydrochlor1deg:}”3 -
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RESULTS .. . ~ R
. : o . e T .. e
¥ .“ " I‘- / I -~ 1 .
A LL "f{:,3ﬁi"fqucle_yharﬁacdidgyf e ~w..fﬂf'-.-ﬂ;:;f:pm'”$ v
A S e Lt e A : Lot
\‘ . ‘ - . . . ’_‘. - ) . o o ) .
: ] v~ 3,1%1 - Physical data. The‘physrcal'parametets

“_’."T R T meaaured in- thls study, expressed as the ‘mean plus or mlnus

.the ﬂbandard‘error of the mean, are summarlzed 1n Table I v ot

)
e

S Results 1nd1cated that the ab111ty to rise from the supine

-T ' o .f pOsltxon' was: s1gn1f1cant1y reduced in: dystrophlc chlckens.oﬁ

‘ }1 : ; (0. 1 + 0.1 for female chlckens ana 0 2 + 0 2 for male \
i ‘ ﬁ' L 'f . Ch1ckens) when compared to normal chlckens (16 5 + L. 0 for
1 ~, o - , _

;.; -ﬂ}‘._i\ female chlckens and 13 9. + 0 6 for male chlckens) ﬁoﬁ' ;U\
: g i s1gn1f1canp'effecp of sex was nofed i “
5 h Although the age of the'chlckans did mot” dlffer '
ibetWeen study grogps, tife g;Le_chlckens were s1gnff1cantty‘
. SIS

heavier chan.tﬁe femgle chickens'(l}OQZ +,0.028'kg'for 4. -

normal male chzckens and 0 967 for dystrOphlc male chlckens

-

(" o we. 0,717 + 0. 032 kg for normal fepale chickens and 0.761 +

P o e IS o i i AR T Y e
ORE— v

. 0.032 kg for dyatroph1c'£emale chickens). Thls was true of ~

A ‘ P

both dlseased and control groups.

The muscle wet welghts were sign1f1cant1y 1ncreased in

o the dystroph1c group (o. 219 + 0 010 ¢ for female chlckens :
¢ . . . ;. v .

P

O R Y

Yt =
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TABLE 1

Physical Characteristics of Normal and Dystrophic

The Effects of Sex and Disease

Chickens:

Parameter? NF DF NM DM

flip score® 16.5 = 1.0 0.1 + 0.1 13.9 + 0.6 D2 # B.1

age (days) 59.5 + 0.9 59.8 + 1.2 60.7 + 0.8 60.5 + 1,2

chicken wt.P 0.717 + 0.032 0.761 + 0.032 1.022 + 0.028 0.967 + 0.028

musﬁti)wet we.P2€ 0,190 + 0.010 0.219 + 0.010 0.273 + 0.010 0.320 + 0.020

muscii)dry we.PsC 0,051 + 0.003 0.062 + 0.004 0.072 + 0.003 0.076 + 0.004

wet/§§; ratio 3.79 + 0.07 3.60 + 0.10 3.79 & 0.15 3.82 + 0.08

muscle wet wt.(g)€ 0.263 *+ 0.007 0.296 + 0.010 0.263 + 0.007 0.326 + 0.015
/chk. wt.(kg)

twitch tension® 2.46 + 0.16 2.99 + 0.18 2,47 + 0,17 3.12 + 0.30

tetangglginsionc 15.63 + 1.73 19.11 + 1.90 15.66 + 0.67 19.67 + 2,27

(N/g)
number of chickens 13 13 13 13

a all results are expressed as X + SEM,
b the effect of factor 1 (sex) is significant
¢ the effect of factor 2 (disease) is significant
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and 0.320 + 0. 02'0 .g for male, chickens) when compared to the

' A
control group (0 190 .+ 0.010 g for female chlckene and
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0. 237 0. 010 8 for. male chickens). The effect of sex was L

also s:.gnxflcant on th:.s maasure 1nd1cat1ng that thg musclg

wet weight in female chickens waa less than that n{ the : o
. “‘- .'-.. . .. - . . wet . . -, . .
' male 'chlckens. ) These s1gn1‘flca'nt differences were:

v

» ' 'preéerved in che dry we:l.ght measurementa, dystrophlc o

muscles were heav1er than ,‘normal musdles and those from

) : . N . - .
- . . . It
* male chickens wer-e_-—-h'eav:l.e; than thm..f.x:o.m_f.emal_e_chmkensm_m ————

' , S s ' ' -
(0.051 + 0.003 's for tmyscles from normal female chickens,
. ; ST . >

e . ’ 0,062 + 0.004 g for~musdf§es from &‘ystroph_ic'female

1;’ o chickens, 0.072 1 0003 g for muscles f‘r,om ~n'ormg1 male
chickens and 0.076 + 0".004,f.or-those' from dystrophic male

chickens). . The wet:dry rgtios,' however, did not differ
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~-s1gn1f1cant:1y between groupa.
- The ratio of muscle wet weight (g) to chlck‘en body

G Y
welght (kg) was 1ncreased in the dystroph:.c grOup when
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compared to the normal group (0 263 * 0 007 g/kg for normal

e

» _ ‘ female chickens, 0.296 + 0.010 g/kg for the dys_t:rophlc

i -~ female chitkens, 0.263 + 0.607 g/kg for the.normal male
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' chickens -and '0.323. + 0.015 g/kg for dystrophic male B -
chickens). The effect of sex was not significant.bn" this

medsure, ol S e .
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"The maxifum twil;ch' tension (New‘tons).per gram of

muscle ('Wet:we,i'ghg) vas’ significantly increased in ‘both

dystrophic groupa ('2.99'._.1‘0..18.-‘}{/.3 for dysti‘o_phic female - -
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' n‘ormal',female‘chickens and 2.47 #
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“chickens and 3'..1'2 ':.0'.30 N/g for dysttophic .mele chickens) °

when compared to the normal groups (2.46 * 0.16, N/g for
‘v'-‘ A
0 17 'N/g for norzal male_

A parallel increase in the \tetauxc tens:.on (N)

o

chickens).
per gram ‘of muacle é(wet we1ght) was, noted 1n the. dystrophw
group (19, 11 * 1 90 N/g for dystrophlc female chlckens and

19.67 + 2 37 N/g for dystroph1c male chxckens) when -

compared to,the éontrol group (15 63° * 1 73 N/g for t:he

'notmal female chickens.and 15 66 + 0. 67 N/g for the normal

| .

¢

'diffejrent . ..
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male,_chlcke_ns). The effect of sex on the’ ab1l1ty of'muscle
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to develop tension, however, was not significant.-
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3.1.2 Cont:r’ol experiments. ' 'The results of sewveral

’

control ‘experiments are reported here. There were no
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L apparent: dlfferences between normal and dystrophlc groups oo

‘x

in e1t:her lo or t:he l‘ength-tensxon curves measuxed for

“ ar . *
this muscle. Injections of cold saline, heparini zed .
N : ) . . » '

N . . . 4
saline, 1 M sodium chloride and 1 M mannitol had no dotab‘le_
- \ v - " .

e ffect On the muscle contractile response. Reb‘eated ‘dose-

s

response curves within a subject were not quantit atively

Intra-arterie'I injections of ACh and CARB
produced e subatant:ia.l'l’/drop ‘i.n blood pressure in addition
. , - .

to theirl effects on muscle. Intra-venous injections of

/ 4 ‘\ .. .

these .agentsn which ;’;roduced‘1argeldecr'eaaes in"'blood

p’ressure, however‘/, fa11ed to affect muscle contractile

reaponaes (see Figure- 3'1), Both intra-venous and .1ntra-‘
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depress,zon in. reaponae to ACh vas markedly reduced in

: ‘vs. 1.160 + 0.004 for the dystrophlc "female chickens and

-#’increased in dose-response curves from both dystrophic .

| g
" - -
. . B .
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' o 85 _
‘arterial in:iect ions of CAF and RCl had insignificant . N

effects on blood pressure (gee Figure 3.1). _' )
: Lo ~, . . e
3.1.3 . Acetylcholine responses. The results of the
. _ 1 { .

R \ : !
i'ntra-arterial injection st;’:dies for innervated muscle are
111ustrated graphn:ally as dose-— reaponae curves (see ' :

Flgures 3 2 to 3, 10) As shown in F:.gure 3 2, ‘twitch

: -

dystrophic muscle. This difference was’ present in
\ , . . ;

———f o

dystrophic muscle from both female (Figure 3.2A) and male

(Flgure 3. 2B) ch1clceus. The results of analysis of

1)
variance on the slopea of theue 11nes ahowed that. there.

Layasihe _,..u:t...;..,._...a‘-nl-.\.‘. P
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‘were no significantl differences between groups. Analysis

of variance on the y—intercepts of these lines, however,

demonstrated that the effect of disease was significant on

N e 13T

this measure (0.790 + 0,073 for.the normal female chickens

a

4

- VP AL . )

0 879 + 0.05]1 for the normal male chickens va. 1.060 o
0.033 for the dystrophic male chicke’na). These data

demonstrate that the y-intercept of the regression lipe is

2
groups. In other words, the dose-response curves for .

dystrophic muscle were shifted to the fight. No

R

significant effect of sex was noted., In a few experiments,
an extended dose range was administered t&dyatrophic " : ;

muscle, These data are presented in Figure 3.3.and .
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illustrate that substantial twitch~depression occurred in

_the normal group and 185 2 hd 36 0~ for the dystroph1c group.

ﬁthat the normal ‘muscle appeared sI1ghtly more sensltlve to. e

~measufes. N P

fthah.dystrophic muscles and‘that~QKE?male’eHiokens'werép
T sllghtly more sens1t1ve ‘to the‘drug than the female
‘chickens (5 78 + 0, 52¢ g/30]11 for the normal female ,5-' .

chickens vs. ?.96

3 { )

a
H

dystrophic muscle at high concentrations of ACh. The IDsgq
. : N S

values for these ourVes-were estimated to be 21.7 * 3.5 for v

These daéa also suggest that the dose response curves-

5.obta1ned for dystrophlc muscle were shlfted to the r1ght.,

Analysls of the ACh contracture responses in normal -

- ~

_ and dystrophlc muscles (Flgure 3. 4A & B page 91) suggested

., \ Y
- -

' ACh.than the dystroph1c muscle. There were no s}gnrflcant

e .t @

-dlfferences between groups, hgwever, for“the slopes"of the

1regresslon lines of‘these curves. Ne1ther the effect of

N
“ . 1

' sex nor the'effect50f'disease were slgniflcant ‘on -these - | .

~ -
™ <

. . . ’ -

. The effects of sex}ahd“disease:bnjthe EDgq values,
however, were sighifioamt (see Table Ilf. These results °
suggested‘that hormallmhscleslwere myrersehsitﬁve to ACh

hd —

.-d’

<
@

0.34 g/30u 1 for the dystrophlc female

l+"

l+‘

chickeus and 3.51 0 65 1 g/30111 for ‘the notmal malea

! 2

chiékensdvs,'6;7lp: 0 61y g/301rl\£or the dystrophic male

»

,Achickens)}[ L Co - .T ‘ JL-

s . ) k\.r.»-e"’-\

ul

3.1.4 Carhaghol‘responses, The twltch depresslon S

P

/;_ o

» - .
o e e et s = = 7
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"TABLE 11 T
’ )EDSO AND IDSO Values- of Normal a;h Dfstfoﬁﬁic Musclé ‘
. . R . ]
o . ) _— - EDSO Valueé:x R -> .'EDgo Values

. e . T ’ . K L] . . . 4
"Paramete_r_a ' ‘NR .- QF ’ NM,Q' DM

— l. ) — ' :

-"ACh contractureP’ & 5.78 + 0.52 . 7.96 + 0.34 3.51 0.65 6.71 + 0.61

‘ (ug/30 ul) o

CARB contracture . 16,9 + 3.4 - 9.6 + 1,2 . '11.3 + 1.4 11.0 + 1,0

(ug/30 ul) L o I " ’ o
IDgy Values . o ' IDSO Vélﬁes

 ACH twitch depres-%  21.7 +73.5  185:2 + 36.0

-gion ('g/30 ul) - ' o o ‘

CARB twitch depres~  10.7 *.1.6 12,0 + 1.7 1200 + 2.7 1i.4 + 1.9,

sion (pug/30 pu1l). » s I . : . .
:numbef of chickedé:f o .,7~- _ 3 -'7A: v ‘ 7 N f 7 ,5

a all results a;e expressed as X + éEﬁ : . )

b the effect of factor 1 (sex) is s1gn1f1cant o T e

¢ the effect of factor 2 (disease) is significant A

d

this value was estimated from the results of several experlments in
~which the dose ‘range for ACh was gxtended to estimate. the complete -curve.
Data .from male and female ch1ckens have been pooled t-test - showed that
effect of dlsease ‘was significant. : ‘ '
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. .page 105)."

~
2

produced in response to CARB (Flgure 3.5,% page 93 ) was’ of

similar magnltude in both normal and dystrophlc muscle.
. v

This wasg. true of muscles from female (Figure-3. SA) and male‘ :.

-(Flgure 3. SB) chlckensb ‘No slgnﬁflcant effects of either

sex or d1sease were evident on the slopesaof the”regression‘

N o~

" liﬁes.ﬁ Slmllarly, the ID50 values for the twltch response

El

‘were not slgn1f1cantly different between groups (Table II,,

.
A

The muscle*coniracturés'produced in response to
”njected'CARB were-siﬁilar iﬁ'nor@alhand'dystrophic
chlckews (Flgure 3.6, page95) this was true of muscle.

contractuﬁe responses from both female (F1gure 3 6A) and

male (Flgure 3. SB) chlekens.L Aualys1s of variance on the
slopesjand the ED50 values-(oee ieble‘iI;—pege'IOS) of,
these lines showed that no signifieant effects of either’

-l

sex or disease were observed on these parameters.

3.1.5 Potnasium chloride respohses. The data

111ustrat1ng the twitch depresslon produced in response to

1ntra arter1al 1nJeJ%10ns of KC1 has been presented in

'Frgure 3.7 (page 97 e Sllght twltch potent1at1on at low.

\

‘-'doses followed by twitch depre331on at- higher doaes was

’observed for both the female (Flgure 3 7A).and the maleA

]
4

(Flgure 3. 7B) dystroPth groups. On the oéher hand tw1tch

potent1at1on was observed at dll doses in the normal group

. ¥
L3

(see F1gure 3.7A for. data from female ch1ckens and Flgure

106 -
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'l_0.15‘for the dystrophie female chickoos.

" did not differ signiffcantly‘between groups.

.3.10, page 103),

R = o

\

3, 7B for data from male chlckens) Anélyais:of'variancé

showed that the slope of the regress1on 11ne was altered in.
b4

‘the dystrophlc group when compared to the normal group.

The values were 0. 037 + 0.12 £or the normal male chlckens

(3

ve. -0, 435 +'0 09 for the dystrophlc male chlckens and -

b.039,1 0.11 for the normal female chlckens VS .. ~0 435 + o
Ehe_y—;ntercept'

. £ ) . ‘ .

The effect of

sex was not. significant, on this parameter.

There Were no significant éffects of disease on either :.

the slopéq‘or-fmé y-intercepts of the regression lines for. y
the KC1 contfacturo response,(Figute 3.8, page 99). The

ﬁffect of sex on this parameter was not significant (see

Figure 3.8A for'dato from femalk chickens and-Figﬁre 3.8B

for.dato from male chickens). ’ ¢ -
,3.1.6 Caffeine Tesponses. Analysis_of ‘the twitch'.

. n ) . , - . -~ 4 ) -, ‘ . r .
potentiation -produced by CAF demonstrated mno.significant:

differendes between n mal and dystrophic muscleo (Figuro

3.9, Page 101)

,
dlfferencea 1n the responaes of female chlckens (F1gure

0 . .f

Sim larly, the;e were no sxgnlflcant

‘3.9A) when compared tp those*of malg phlckgns (F1gure'g

Although the caffelne contracture tesponoes appeared

v, l

‘to be allghtly enhanced .in the dystroph1c group’(see Flgur&.

]

this trend was not statistically

°

A %)
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A

u " - gignificant. Analysis of variance on the slopes and.the y-

N

* inte‘rcepts\o—f‘the' reg'iessi'én lines showed no significant o
| . effe;:ts of elther dlsease or sex (see Flgure 3;-10A"for data \'
4 . : . I . = i
.. = ;
. ' from female ch1ckens and 3 . 10B for, data from. male . o
2N ;! . ’ . . e . Co B $
! . chlckens)_'. N S 1 . o |
-\ 4 S : I
vt o .° \/2 . /- L L e
L. - e 3.1.7- 'Neostigmine.vresponses. A 11m1ted amount of - -
. . . ‘ . : 3 ' L . o 3
) data was obtalned for the response ofi_normal and dystrophlic o
) 3 .
' chlcken muscle to injected n'eostlgmlne. ..»FOllOWang “a
, ) . tetanus, post— tetan:.c l:w1tch depresuon was o‘bser.ved for e
. 7 s
Ce T Ee the normal groupy the post-twitch/pre—twitch ratio was . 11
! - . - - ’ « - i
0. 622 + 0. 063. By contra‘st, a slight post-t etanic’i twitc-h " 1
. o Wi R
o . potentlatlon was: mbserved fo\‘r the dystrophlc group; the | :
post tw1tch/pre twitch rat:.o was 1 008 4+ 0.063. »,'J.:}mls,ff"fl :
r: J dlf‘,f‘,eren'ce was significant in the present study. =~ .2 ‘ o T ,
. E ' -4
3 i
3 ' S
v . S
d - 3
i . 3 . ' 3 ] H .
3.2 Denervated Muscle , S T e e T
- -l i - - £ H
* M : L . - . 3
. hal ':-‘\ O ) ’ ,n P
i . ) N . .. - ..-.-,;. 'f‘-‘."";.‘ . " . ‘.'. N . .
AR 3/2,1 Physical deta. The physical characteristics
L : . ~: ' et e e o, v " oo ..A
’ . - of the female chlc,kena in_ both, 1nnervated -and denea:vated - o
'groups are. aummanzed in Table III. Similar resul s for -
T . . . . . : . I
M ’ Voo - ) i
: the nmale cl_xi.ckens are tnbulated in Table IV, ‘Results - .
'~ indicate that, for all groups, the exhaustion scores were
~.significantly reduced for the dystrophic chickens. . The'. U
v . ‘ .
4 n . . . 1
- - 3 [
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TABLE III

Physical Characteristics of Normal and Dystrophic Chickens:

Denervation Effects on the Female Group

Innervated Denervated
Parameter? NF DF NF DF
flip score® 20.1 + 2,2 0.5 + 0.3 16.4 + 1.6 0.7 + 0.5
age (days) 56.0 + 0.6 57.0 + 1.7 56.9 + 0.6 57.4 + 0.6
chicken wt.© 0.626 + 0.053 0.669 + 0.072 0.656 + 0.045 0.682 + 0.059
(kg)
muscle wet wt.© 0.171 + 0.013 0.215 + 0.024 0.151 + 0.009 0.212 + 0.021
(g)
muscle dry wt.© 0.049 + 0.004 0.059 + 0.005 0.040 + 0.009 0.064 + 0,008
(g)
wet/dry ratio 3.65 = 0.10 3.80 + 0.10 3.85 + 0.14 3.54 + 0.10
muscle wet wt.(g)® 0.275 + 0.012 0.325 + 0.023 0.232 + 0.019 0.313 + 0.060
/chk. wt.(kgg
twitch tension 4.24 + 0.88 4.92 + 0.53 1.71 + 0.42 2,64 + 0.25
(N/g) b
tetanic tension 16.28 + 2.81 15.19 + 3.24 4,88 + 0,86 7.67 + 0.97
(N/g)
number of chickens 6 6 6 6

a all results are expressed as X + SEM.

b the effect of factor 1 (denervation) is significant
¢ the effect of factor 2 (disease) is significant

601



TABLE IV
Physical Characteristics of Normal and Dystrophic Chickens:

Denervation Effects on the Male Group

Innervated Denervated
Parameter? NM DM NM DM
flip score® 17.0 + 1.7 ¥.3 2 5.8 17.4 + 2.1 0.1 + 0.1
age (days) 58:8 » 1.6 58.3 & 1.7 568 & 1.3 58.7 # 3.0
chicken wt.€ 0.676 + 0.018 0.723 + 0.058 0.703 + 0.031 0.882 + 0.046
(kg) & 2 [ L&
muscle wet wt.© 0.221 + 0.029 0.248 * 0.023 0.157 + 0.011 0.257 + 0.019
(g)
muscle dry wt.© 0.064 + 0.005 0.072 + 0.004 0.046 + 0.008 0.067 + 0.015
(g)
wet/dry ratiob 3.83 + 0.09 3.76 + 0.08 3.56 + 0.08 367 + 0.06
muscle wet wt.(g)b 0.325 + 0.039 0.342 + 0.016 0.221 + 0.007 0.298 + 0.013
/chk. wt.(kgg
twitch tension 3.36 + 0.38 3.17 + 0.36 2,20 ¥ 0.23 1.77 + 0.28
(N/g)
tetanic tensionb 12.74 & 1.23 11.14 + 2.98 4.86 + 0.48 5.09 + 1.52
(N/g)
number of chickens 6 6 6 6

a all results are expressed as X + SEM.
b the effect of factor 1 (denervation) is significant
¢ the effect of factor 2 (disease) is significant

011
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were:

. chickens.
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P

S,

!.nnexj,y_ated grdup ,a'nd 0.882 + 0.046 for the .denervated

’ . X ' _‘445\? . !

5 ) 1§
. Te— . .
exhaustion scores for the normal:female chickens were 20.1 .
] . ’ : s : BN -

* 2.'2 for the innervatedf'gr‘oup'and 16.4/2-;5.1.6 fo?:-the
denerva‘:ed group and the values for the dystrophitc femaie
chickem_-were 0.5 +.0.3 for the -innervated group. and 07 _+_
0.5 for the i:i'enervgfed gr'oﬁ‘b:'.x COﬁpafﬁale results were

T o » '-.,a '\'

The effect of ‘sex was not’

EYT R [
t

obtained for the male group...

3

s1gn1f1cant on. th:.s measure ‘for any group! examlned.

Y
i f . .
! s v (2%

No s:.gniflcant: d1fferencea it the ch1cken ages were . .
app'qre‘nt ‘between groups, howev:er, t he dyet:roph:.c male

. \ . v, \ i . B . \

‘chickens welj,e~s,i=gnifica-nt‘1y heavier than' the nor;mel male

, s .
The body weights for the normal male chickens

-

0 031 kg for the denervat:ed group,‘ the body welghts for the

dyatrophlc male chlckens were 0 723 + 0 058 kg for the

1

group. 'No slgnlflcant differencés on this measure were

i

detected for the femele group.

N The wet weights of muscles from dystrophlc chlckens

s .

“were _s»ignj.ficantly greate)‘r than those from normal chickens4

PR
ety

The wet weights for the normal-female group weré.O.l':'-l s

.0..013 g.for imnervated muscle and 0.151::';0-' 0.009 g for
denervated muacle, the valuea for the dystrophlc female
group were 0 215 * 0, 024 g for 1nnervated muscle and 0.212

+ 0. 021 g for denervated muscle. S1m11ar results were

3
M

_obta:.i;ed f‘or the dystrophqt mple chickens. An increase in
Y . . . .

muscle dry weight, wjhicﬁ' coryesponded to the increase in.

" 0.676 + 0. 018 kg for the lnnervated group and 0.703 +
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muscle wet weight, was evident for the dystrophic muscl‘ei‘s.-
These data suggest that significant denervation atrophy K

"does not.occur in’dysftrophiéfmuscle.}, When the denervated -

~-

muscle: weighﬁs“were,,expre.ssed as a 'percetitv of the 'control e
e ) ‘

muscle welght, atrophy of the normal muscle was evident LT

4 -

,h ovgeve_r ’

‘muscle.

chlckens va., 0 99 + 0. 09 for the dystrophlc \female chlckena

a‘l'

‘no algn1f1cant atrophy occurred in the dystropluc

The values were 0. 88 * 0 06 for t:he nprmal female

r

o

’

»and 0. 71‘_+ 0 05 for. the normal male chlckens vs.' 1. 07 +
0. 08 for the dya\b}ophm male chickens. ' h ‘ j'
\ . . The dry we1ghts of muscle from the normal ‘female group R

i were 0,049 _t 0.004 ‘g for innervated_muscle and 0.040 i :

'0.009 g for denervated nuscle ax‘xd' the .dry weights for Che . o

LI ' : .. '. ‘-. ' .':
~ _dystrophic group were 0.059 + 0.005 g for innervated muscle
L . o . 2 o

" and’ 0.064.+ 0.008 g for d‘e_nérvatedﬂmu'scle‘.' As.noted for.

-

v ve

the muscle wet weights, com'parable re.s'u'lts on this.measere'

]

were _obtained fe‘t thef‘:'male chickens, It should be noted

that no s1gn1f1cant dlfferences between groupa

however,

S A e e B e 8 a2 ¥ 1 K

were noted for the muscle wet dry ratlos (see Table III

M

page 109, for female ch1cken data and ’fable IV page 110,

.- -

for male chl.ckemdab'ra) .

. . A . ) o o .
When the values ‘obtained for the wet weight of ’

PRI

denerilate_d muscle were ‘ex'i:)ressed a8 percent of' the cont':rdlu

muecle we1ght: Lt: was apparent that although a decreaee was - v';v

\)bserved for the denervated normal group, no decrease in

muscle wet weight was'obaerved for. Ehe denervated
* . . S . . / ' ' T

- ’ . Y A

A J—"

e K R K -'—:-.:J !
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'muscle wet ilnve:.ght: (N/g) was niarkedly decreased in the

normal female group were 4.24 + 0,88 N/g for mrvated

o e _:‘ .. ‘ ' . . N ll3

dystrophic group.. This failure to atrophy in response to

denervatmn was: observed ‘in dystrophlc muscles from both

'the female (Table I-II page 109) and male (Table IV, p, 110

) gi‘oups.{ .
As indicated in Table .IIT (page 109), ‘the muscle wet

welght (g) per chlcken body wexght (kg) was 31gn1f1cant1y ‘

ﬁ.ncreased in dystroph1c female chlckens from both study
‘groups. The- values for normal ch1cke.ns were 0.275 + 0.012-°

h h‘g/kg foi-\“-ﬁhe innervated group and 0.232 ¥ 0.019 g/kg for

the denervated group and the values for the dystroph1c

ch1ckens wére 0.325 + 0. 023 g/kg for the 1nnervated" group ’

.and Q‘.313 i 0.060 g/kg for the denerval_:ed group.  By\

“esntrast, gable IV (page.110) illustrates that the mscle

wet weight (g) per .chicken body weight (kg) was

signifi‘éﬁ'gbl‘};:\"'c]:creased in the male denervated group when,

*

co;ifp'aredf to the.c‘ontrol group. :‘-'.I‘he muscle wet weight per ’

Al

chxcken&body weight ratio for the normal male group was

0. 325 + 0.039 g/kg for 1nnervated muscle and 0.221 + 0.007
G

g/kg for denervated muscle, the values for the dystrophlc

= A%

'ale group were 0. 342 + 0 016 g/kg for 1nnervated muscle
0. 298 *+ 0.013 g/kg for denervated mu&'cle.

‘The amount of tw1tch t:ena:.on generated per ‘gram of
B

denervat ed” muacle when compared to 1nnervat:ed muscle. /The

" valaes for the tw1tch ‘tension: per gram of muscle ‘for the

B
o ] .
. ? . +

A

et T At -

e gt e ey e s

g

ot g
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nuscle-and 1.7_1 +0.42 N/g. fog denerfvated muscle; simi].ar ,;’*w

"for imnervated muscle .and.2.64 + 0.25\N/g for denervated

A}

"muscle (seé Table III, page: 109 ) . ~Signifi'cant decreases 1in -
. . . " D .

the tens'ion‘ generating capacity of'musclAeriroym the
Ad"er.;erv'a"ted mal'e"g‘r.oup were re'corded.~(fl".ab,1'e 1.:V, page 1‘1‘0).
" These ‘diff.erénge,s were .inlcle;penden'-t.. of disease. T L
In a similar ynhanne“r‘, the tetanic’ féﬁsic;n -pet_‘ g-ram'of

.

.. muscle wet "veiéh.,t (N/g) was markedly 'd'ecre,a‘s-’ed in
'devq-ervated.mgsc‘le.' The, val ues for the normal female group

were 16. 28 + 2.81 N/g for innervated musé¢le and 4.88 +0.86

N/g -ft;i:‘-._ldenervated muscle and values for the dystrophic

v, [ .

female gr.‘&u‘p were 15.19 + 3.24 N/g for inn‘ei"vatedhmdacle

e and 7.67'_.:,,_4-_15’;‘0‘.“'9-7\' N/g for denegfi‘atedmusﬁc‘le (see T‘abile III,
page 109 ). Compaﬂ_ihaﬂble decreases .were observed in.the

o, -

denervat ed male group&'(.j!.'able v, p_a_ge"]_;o ). No 'signi'fican't

., '
“ .

"'e'ffe_c_f.;,s.‘of disease -were né'ﬁ-.gd;

7
IR

‘ments performed in this section were th Qe_as those
~conducted inrsectfon 3.1.2, except that the™l_  measurements
" and 'tvh'e length-tension curves were not examimned in these P
: Ll . - ) .
. : v

_ muscles.” Results of ‘these control epxperiuienté.'were gimilar

‘t_'o those obtained for, inslir'ec_tly-stiinulat-ed‘m_uééle.‘ .

' i
. 41’5 “, - o - . N N N . 'I' F N N o
Y " . . ‘ e . . :
3.2:3 Acetylcholine responses. Theé results of the .
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int~&a-‘-artef:’.al injection studies for both innervated (.sham

operated) and denervated muscle ‘have been divided into two

groups, a male g‘{dup and a female group, and analyzed \

L ' ' sepa;;at'ely. The results are illust_r.at'ed graphically as

dose~response curves (see Figures 3.11 to 3.20).

- L

1nnervateql muscle was greater in hormal muscle than in

. Figure.3/11 illustrates the twitch depression recorded
in fesponse.to-ifitra—arterial ACh injection in innervated - . B '
and denervated, normal and dygtrophic muscle from female g 3
| .. - . . o _ :
' chickens. Similar results, for the male chickens ‘are : o
,summariz_ed .in ‘Figure ‘3.1'2. Results indicat'e Ehat .as shown: A 1
\- N " previously, the magnltude of twitch depressxon in
. \ . : R . s 2= . N i
) s
:
i

dystrophic muscle. - Following— denervation the dose-response

curves were shifted to the left’ (Figure 3.11). Analysis of-

ce performed od the regresslon lines 1nd1cates that
denervatior had a algnlflcant effect on both the slope and )

4 . .t

the y—intercep The y l\ntercept was 1ncreased in dose-

response curves fro dener&ed muscle. The méan values of

- . . ' ’ \
the y— intercepts for -the. ‘no'rmal~ female gfoup were 0.862 +
o - 0.091 for innervated muscle and ‘1.6‘2‘3'\:_ 0.219 for

denervated muscle ,and the values for the dystrophic femal

'

L Rt S i, A s a2 2T

‘group were 0.979 + 0.089 for innervated muscle and 1.039 hd

-
s

0.025. for demervated muscle, Similar results were obtained
i ... . .. for the male group. The magnitude of the slope of the
regr{es'si‘p.p'/l.ine was aleo increased as a consequence of I :

V’_,,:«—/‘-“’de/nervatio‘n.' 'Thejvva‘lugs, for ,thg‘slope obtained for the .
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‘were - 0‘.001‘7./'3-_ 0.0002 for the ..i'nnervated group and -0.239

- m.u,scl‘es‘ (‘sgé Figure 3~.13‘, page 12'.1 Y. - Analysis of variance

" on-the slope of the regression. lines indicates a

' dyetrobhic responses; the slope was increased for the

.. innervated muscle vs. v1.27'.7"_t 9.3 for the dystrophic.

LYFPIRTTL TR, U AT e = . -
L_ . Pl v ‘e
. \ - AT -
) v
t‘-\ L} " -
N
. - ' i
N . f ’ ;
. v
Lo 5 ’ - 136 ,
s . . 3

normal female chickens were -0.0058 + 0.0013 for the

inner,;vated. gfoup"an‘d -0.681 + 0.067 for the denervated

. . . . R R T -
group; values of the slope for the dystrophic female groups *

i-_'d."OBO for the dénefva}:ed group. Similaf te_'éults were .. -
obtained for the male group (Figure 3.11," p'alge.'_'l_l] )'.2, ’

& Ha

Analysis of the ACh. contracture- responses” obtained ' r

for inmervated .and d'e:ne'ry'a,ted muscle from normal and "
dystrbi:hj.é--fe_maig chickens showed that the dose-response - '
. . . ‘

curves were shifted to the .left -in both normal and - s
dystrophic denervated muscles when compared to control

™.

S

significant eff_éct of dehervation on both normal and

denervated group. The values for the slope of the
. : ' ¢

£

-

regression line for the female £;oup were 9..-38':_ 3,5 for
‘the normal innervated muscle vs. 188.7 + 35.7 for the

normal denervated muscle and 3.% + 0.5 for the dystrophic

'den'er’v'ated muscle. . v VY 3 . L
' . S ' - S C g
The gffect of denervation on the ED5,"values obtained

- ”~

for the female group was significant (see Table V),

sugg‘ést:iﬁg'tha,t.the'dose-regponsé curves obtained in .’
denervated muscle were shifted to the ll‘eft,. . The EDgg
values for ACh in normal muscles from female chickens were

it ih e a1 e 2+ e s Y 5
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| ACh contractyre®’S’ 2,83 + 0.69 8,22 + 1.66 © 0.:28 .0
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2.82»1 0.69 ug/30 ul:'fo:"’t_h'e innervated group and 0,284 _4_--.

0.058 1g/30 1 for the denervited group; values for

S d)"strofihic.: uu.;_éc].es~ from .f"emele‘chickens were 8.22 + -1 '66 ug

‘for .the' denervated group. The effect of dxsease on the

/30yl for the innervated-gro'unp, a-na*q 364 + 0.012 p g/30 w1
) . . i,

ED50 values was significant f'or the female group suggesting

) -l
that the dyetrophlc muacles were less sensitive to’ ACh than

the normal muscles. A s1m11ar Bhlf-t ‘in the sensxtlvxty olf

denervated 'muscle to ACh, as measured by the'ﬁpso ratio, ‘

was observed in the male group (see Table V). One : ';

\

’ ",diffe'rence between the’ male’ and female chickens on this

~

br

-t

measgure was that the effect of disease was stat1st1cally

slgn1f1cant for the femsle group bun” not for the male -

. group. Th_ere"w.as, however,_'_a tendency for the, dyst:_rophic =

.n‘mf_s'clea"_ldf the 't;iale groiup to be less sensitive to ACh..
3.2.4 Potassium chloride responses, The resulfs.

-

presented - for ’the_-innervated group are the results :qbtsirled"

el

using 'in'di're.c:t‘ ;timiulévt'ion:(aeetsection 3.1.5) es .
incomplete :‘iose-Are_sponseh curves were obtained for' ’.dir'e‘c.t'l'y"‘
stimulated muscle, | -
l 'I‘he muscle .twitch' re,sponses. t‘:'o.ir}‘jecte.d KCl are '-t

\

‘illds'/trated in Figure-.S.lS psge.125, for the—female! group

'snd _i'.n Figure 3.16, page 127, for the male group. .The

results for the innervated group have been previously

.discuase'd (Iaec,tion 3.1.5). In brief, theael results -showed

e
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..~. that, for both.male and female groupé t:he normal‘muécle

¢ e
thtch was 31gn1f1cqpt1y potentlated ag.doses whlch . wr

7 PLAY '

: depressed the dystrophlc muscle.tw1tch 'TThg resuL;glfbr.wif

R )

'vthe~dene:vated group, hoWever, suggest that the marked

v ' 0y

, . " : . m
‘.twitch-potentiation in response to KCl.that was apparent”in
"-innervated normal muscle was absent in denervated normal

;nuscleg':By”comtr;3§$k49énenvati@n had mo significant' .effect -

-

’_éﬂ;the KCl-induced twitch debressiod séen in tﬁe'innetVatéd/

'

dystrophic muacle._ Tﬁé‘results of analy319 of var1ance ‘om

'1he regresa1on lines showed that although the slopes .were

? 7:’

P

algn1f1cant1y reduced for all denervated groupe.,<Thk- ¥

values of y-lntercept obtained. for thegfemale gqpup were.-

1.85 -+ 0 04 for the innervated normal muscles vs L. 39 +

0.06 for the denervated normal muscle&‘dnd 1.54 * 0.04,for

the 1nnervated dystroPhlc muscles and 1. 42 ha 0. 05 Eor the

denervated dystrophic muscles. Slmxlar ;esults‘were.g

opta}ned for the male group. Néhsighificant effects. of

. . N
recorded on these measurrs..

. . . oo i , .
he results for the muscle contr@cture, in response to

‘injected KCl, are‘illustratgd in Figure 3.17, pagel29,

\

The data for the inﬂerygtgd group were previously discussed

(see section 3.1.5%1 As noied.in'section'S.lsﬁ “there were

¥

'no algn1f1cantsdlfferences between -the normal and

. A ' N
dyatrophlc cont:ﬂcture responses (see Flgures 3. 17 a & c).

Moreover, analysla of variance on the data.for the
¢ -« ' ) ) I

‘ Pnchanged by denervatlon, the y-lntercepts vere. Y

[N
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denervated group showed that ‘t'here_ were no 'sig‘nificafxt

- ‘diff'eren'ces between groups on this measure (see Figure 3.17

bzd). I'leault\s:f‘or the male and fe;llal.e chickens were
8 i.lﬁ‘i‘la’r.. . ‘ | | |
e 4 .
’ 3..'_2.5..' Caffé._i:ne' i':esl;onées. Th'e 't:wit.ch p_o‘ten‘t:ial:'i'on
'in‘relgpgnse to'inje,ét'.e.zd caffeine for inhervat'e‘d_ and
s . deﬁe:lrv.att‘éd muscle frém normal - and dystrophic female
. r" chickens yis -iilgstrated in f’iga;u're 3.18, ps‘.g'e 131 . - No
signifi_can"f diﬁf;rgrg;ces between :é;oups were shown for
g eithver th’e slopes\. or the y-intercepts of the regression
¢ \

, "k"linea. The ‘results of analysis of variance on theese data

{
J
. £ ad o iy - o
- N for the male group (see Figure 3,19, page 133') show that no

-~ . - ’ . - . - - .
. significant effects of either .disease or denervation are

* . o
apparent on the measures of slope and y-intercept.

The contracture'regponsés i'.n the presence of caffeit_t.e,
_fof all groups, are 'fllug'trated in Figure 3.20, page 135,

Results of regression anaylsis and subsequent analysis of
. R _ e
variance indicate that there were no significant

' : N ro e :

o . e | . ’ -
differences between groups on these measyres, despite a
oo - . ot - o : :

tfend" towards increased caffeine contractures in all
- dystrophic muscles.
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3.3 Electrophysiologyr -~ - R

3.3.1 Phys1cal Data. 'i‘he dystroﬁhic »éh’icken‘s used

in this study.exhlbned the characterutlc 1nab111ty to a
rise from the suplne po-s:Ltlon (see Table ’VI) The
exhaustlon score in the dystrophlc group (1 0 + 0 8 for .
dystrophlc female chlckene and 0.7 + 0. 6 for dystrophlc
male chxckens) was slgnlflcantly reduced when c0mpated- to
that obtained in the nor:pal group (.17..9l + ‘1.2 for t‘wrm'al
female chickens and 18.6 1'0.7 for' normal male c'h'ilcke'ns).'
Detaj.led age data Wei:é not cm].lé‘éi:ed for .th'e ,chi'ckerlléi Qse;d

in this portion .of the study, all the birds being within

the 6—8 week age Trange. - Nq'sign_ifi_.cant~'differ'encee"in‘l‘

chicken weight were observed in this group.

-

3.3.2 ‘Dantrolene sodium. Complete muscle tw:.tch

‘blockade by dantrolene sodl.um was not" achieved in this

study, howevér, dantrolene((fb'locked about 80 percent' of the

' muscle twltch for both normal and dystroph1c muscles. The

.

percentage of. musc,le tqitch blockade produc‘ed versus the
dose of dantrol'ene“aodium ‘ia'ill'ustrat.ed in Figure 3.21,
As i.rlldic-‘alit'ed in the legend, t~he ED'5‘0 éalues did mnot difft'ar.
sigr;:i:f.ic;antly bétwéenlglroups 'suggestit;'g that the

sensitivity of normal and dystrophic muscle to this

“

conpound was similar. This ob.servation was true for e

~
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- T C TABLE VI L

¢

R : . Physical Characteristics o.f' Normal ‘and- ]jy_s_tfoph?',c. C‘hicke_n’s'":' a
- R . - v Electrophysiology Group- . .1, -
- Parameter® R | I I - WM . - . DM
) flip score? - 17.9 % 1.2 1.0 + 0.8 -~ 18.6 + 0.7 ~ 0.7 + 0.6
s . . . - . - : . .
chicken wt. .  0.61L + 0.144 0.554 + 0.045 0.675 +.0.096 0.611 % 0,054
- (kg) . - A - s - - g
number of chickens T P AR 7 S
_ L ' o i
a’ all results are expressed as X * SEM.
b the effect of factor 2 (disease) is significant ‘
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- Figure 3.21 ’Djan"tr'-elené soc‘li"um dosé-response curve
expressed as dose of dantrolene sodlum (mg/kg) ve.
percent tw:.tch blocka,de for normal (aol:Ld lxne, closed

s -

aymbola) and‘dystrophlc (dotted 11ne, open symbols)

.

musclea. N = 5 chlckens per group.

-

- ' 3 N

(A) Dose-response curve for the female group.‘ The
meaﬁ IDsb_value for the normal feétlél;hickéns is
1.49 * 0.45 mg/-l;.g and the‘.mean fdr~the dystrophic
female chickens is 1.09 + 0.22 mg/kg.

(B) Dose-response curve for the male group. The mean

IDsgg value for the normal male chickens is 1.26 *

. L

0.08 and the mean for the ‘dystrophic male

<y, R
I P IR DY

f

T A ( Ylh vt A A P

W s ‘ chickens is 1.25 * 0.25 mg/kﬂg. o
“ - 1 !
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muscles from both female (Figure 3.21A) and male (Figure .

2005
w .

o N,

“These "failurés" occurred in fibres that were classified as

. . ol T
3.218) chickens, ’ : N
Despite this apparently similer sensltl.vxty; to (@‘ 5 } ‘J , )
d antrolene, the number of times a supra-maximal nerve 4 ‘ '«‘1 .{

. . ) N K. N
stimulus féiled,'t:o gen}erate an a'ct;ien potential was greater \I,Q ‘;“C
in dystrophic muscle than in normal® muscle. Moreover;. '.\,H o“
i ; !,,‘

: P
. i

R

"clean" electrode penetrations with resting membrane

e

potentiais within-the normal range. A profound increase in.

<

.

the number of failures has been demonstrated in older
dystrophic chickens (Hoekman, personal communication). -

/ . . re
. , .
. st N

1.3.3 Actlon potentlal characteristics. Figure

J

P

st ol e A i s e s s s

P PRI -~ Sy

3 22 111ustates represent atwe 1ntrace11ular actlon
potentlals from boch normal muscle (Flgure 3. 22A1) and

dyatrophlc muscle (F].gure 3. 2231) The rates of rise of

s

these .action potentuls ‘are also presented in this

e

'photograph (Figure 3.22Aii and Bn) o '
For 111ustrat1ve purpoaes, frequency dlstrlbuuons

have been constructed for aelected action potent1a1

: , §-
chatac;erist ica.ui,easgred_ in thiswstudy“. ' These“dai:a' are \ :

| .pre‘heni:e_d.‘in Figures 3.23 ‘to 3.26.  No ‘differenlc‘es i)et:w_een

. the regting membrane petentials recordee Efé:lux;":noi:_rnél and g l
dysthp;riic muec‘le fgib:'es".were apparent (see. Figu:r:e 3:.I23_A.,. '
page 149 fo; data frc;m fen!:‘alle ;c.kiicken.e and_uF‘igure' 3,238,

page 149 for datia from male chickens). ‘Simila‘rly,‘aig- ; ‘ .
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Figure 3.23 - Frequency distribution of resting membrane

’

potentials (mV) recofdeq from norﬁal and.dystrophic

nuscle fibres.  Note that 30-40 muscle fibres were
sampled from each of 7 chickens. '
(A) .Female group. ‘ o N o o
. w . p . \ -/"
(B) . Male group. T .
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: ,‘Figure 3,25 Frequency ‘disgribution of the action potential ..
N ' . 3. . . ) .o ‘ Coe oL ' .
PR PR P . ‘ B Lo A
= ‘amplitude (mV) recorded from normal and dystrophic :
. . muscle fibres. Note that 30-40 muscle fibres were
sampled from each of 7 chickens.' ‘
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R nificant differences between groups were not evident for
either the action potential rate of rise (see Figure 3.244,

page l51'for,Hata from female chickens dnd Figure 3.24B,
. page 151 for data from male chiékens) or the action . 'q.
. potential amplitude (see Figﬁre 3.25A, page153% .for data
. . 1A .

P
e e
" rom female chickens .and .Figure 3.25B, pagel153 for data

from male chickens). By contrast, the action potential

_dugétion,at'half the maximum amplitude (see Figure 3.26,

| . . : .
page 155 ) appeared to be increased in dystrophic muscle

8 o ' - N G
wvhen compared to normal muscle; this was true of muscles

from both female and male chickens (see Figure 3.26A for

. . }
data from female chickens and Figure 3.26B for data from

male chickens). ;
. v .. .
Thede data have beén quantified -and the means plus or

‘minus the standard error of the mean, in addition to the

-

results of .the analysis of variance, are dummarized in

.
Table VII. The duration of the action potential at- half
the maximum amplitude was significantly increased in muscle

from both dystrophic female chickens (0.5hli 0.01 ms) Qnd.

dystrophic male chickens (0,57 + 0.04 ms) when compared to

muscles from their normal counterparts (0.40 + 0.02 ms for
the normal female chickens and 0.39 + 0.01 ms for the
normal male chickens). Significant differences between’

groups were not observed for the other parameters measured

N ..

in this study (see Table VII).‘

4 [y

\)

\“m__(ww"”.. it el st 1

L e et A AL Ry A e T S b ‘30 s, wiaThe

=y J



filr- dppegas e oo o -

£

LA

i
e

b
?

i

i

.

{.
I3
s
i

i
2
[N
%l
' . N
4

B

)

Y

2

§

Parameter?®’

s R e L) L e S e

Estimates for thé Action Potential Characteristics !

|

TABLE VII

Female Chickens

-+ Normal -

Dystrophic -

reafing membrane
potential (mV)

rate of rise
(V/sec)

action potential
overshoot (mV)

"‘action poténtialb
duration (ms)

~action potential’
amplitude (mV) .

-

' 580.8 + 42.3 '551.9 + 30.8

number of chiqkena

a

b

' 79.3 + 2.3

0.40 + 0.02 \\0.54 + 0.01

105.5 + 2.6

25.6 + 2.3

all results are—expreqsed as X b Sﬁﬁ.'
the effect of factor 2 (disease) is significant

¢

-

A

84.8 + 1.7

1103.3 + 2.5 -
’_,
'16.6 + 3.7

.7

L STl o AT AL Bt 1 T St S A B S

L]

I
I
|
-
1
o
Male Chickens
-Normal Dystuobhic .
83.8 + 1.7. - 84.6 + 1.5
0.39 +-0.01 - 0.57 0.04
583.7 + 59.6  542.3 + 19.2
. N Il bey - -
100.7 + 5.5 97.9 + 3.5
. [
' I
18.4 +.3.7 12.9 + 3.2 .
7
\ s
. . 'L-v
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3.4 Smooth Muscle

4
_ —_— — a—

°

3.4.1 .Physic;1 data. Ma;; chickens,.ﬁéfwee6(638
: weéks of Qge, were u;ed in tﬁé preaeﬂt sﬁud§. The .
'djétrOphic Chickensvéemﬁﬁsfrated the characteristic
'H’.'.l;: O ~iqabi11fy to rise ffém Ehg supine position.

.3.4.2 Control Experiments. The resulfskfrom,a
number of control experiments are réported in this section,
Repeaté; concentration-response curves to the agonis; alone

.(either"S;HT or NA) showed no time-dependent changes in
;itherlcontt§cfility or .sensitivity. The agonist effects
were selective; prazosin did not block the response to 5~Hf
and ketanserin did not block the respons; to NA.
,Tetrodothin blbck;d nq?ther the response to NA nor the
fésponse.to'S-HT,.suggesting thgt these responses weré not
ﬁediated by nerve fibfes_depending on fast sodium channels.
The additién of fluoxetine did not affect the response to
:S—HT, hoﬁevef, thiélreéponse was potentiated by éocﬁiug.
J'Consequent1§,|gngaine was ﬁsed to.hlock feuptakp kUl) for
~both the NA'and.the 5-HT hxperimgnés{ The a ition of
béta-éstradiolhtdwﬁfszf_gftraﬁeuronél upfake (Uz)‘hdd no

" apparent effect onm the concentration-response curves

constructed for either 5-HT or NA; beta-estradiol was not

i ) . ‘ . s
PR

S\‘ l‘h
A wly
R T OO NS

TV SR

T e Y et A ki
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routinely used in these studies.

‘response ‘curves.

".not differ between normal and dystrophic chickens.

'normal arteries (0.62.+ 0.02 mg and 0.69 + 0.02,mg for

"2.80 :'0.10 g for the dyqtrophic'tiesuesj,

© 189

Coca1ne and propranoLol
re— -

(to block beta-receptor stlmulatlon) were used for the'

concentrat1on response curves obtalned w1th NA and cocalne

s

i

alone was used to construct the the 5-HT concentration-

A

" The wet:dry ratios of ischiatic artery segmenté did
The

mean rotio for normal tissues was.3.4p + Q.14 and for .

dystrophlc tlssues was 3.34 + 0.30.
2 . S e

. .
‘ - - ate .

.3.4.3 Pharmacologic responses. The muscle dry o

weights (@g), tension generated in response to an ECjg

concentration of agonist (g) andvthe'ratio of these

‘measures (g tension generated per ‘mg t1ssue dry ve1ght) for

¥
both agonlsts are presented in Table VIII

In all cases

the dystrophic arteries were significantly heavier than the

normal tissues vs. 0.74 # 0.03 mg and 0. 821+ 0.02 ug for

dystrophic tlesues) The dystroph1c arter{es generated

\
slgn1f1cant1y 1ess4tenslon in: response to 5-HT than did the

normal tissues (3.13 :‘0.1% g for-the normal tissues vs.

.

This difference

was not s1gn1f1cant for the experlments where NA was the

2

/

.

agon1st (2 90 + 0.18 g for the normal - t1ssues ve. 3.09 + .
n?‘ ‘
0.17 g for the‘dystrogh;c«t1ssues). Wheo tension

dévelopment was normalized for the muscle weight, the

P s

e b L o
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S gt

+
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c_ the mean of .the. muscle dry we1ghts for 1nd1v1dua1.r1ng prepara%1on.

T T N TIPS v . — . T e
. e s o , "
;:‘1:': (. . /
’} * .
3 i - .
9 o
, TABLE VIII : .-
~ ' : St o ' :
' Physical Characteristics of Normal and Dystrophic
“ Chicken Ischiatic Arteﬁy
‘ . 5-HT Group NA Group
. ’ - R q‘ ] e L. . .
. Parameter? "  Normal " Dystrophic” Normal
o % # . .
- - .5 muscle "dry wt.C. 0.62- + 0.02 0.74 * O.Q}b . 0.69 + 0.02
' (mg) ; s - | S
_ -temsion (g)/agon1st 3.13 + 0.12 2.80.:'0,10b ©2.90 +0.18
- dose, Ecloo B - .
tension/muscle 5.28 + 0.27  3.96 + 0.19% ¢ :%4.41 + 0.35
. wt. (g/mg) . .. ’ ' - . .
2 . . ‘ : ' R v . .A
3 N . 39 39 . 23 21 ‘ ’
' o_t . . IS - T.
éﬁﬁ . -a +all Tresults are expreesed as X + SEH. - . AT ) -
£t b elgn1f1cantly different §rom normal, .p< 0.05. E _—

< a B
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' compared,wi;h the control cu:}e; this parallel shift

'\ketansgrin. By contrast, Figur 2,28 suggests that there
was no difference in the Qenait::::;\sfknormal and ’

161

dystrophic tissue gegerated,aigq}ficantly less tension in
8 ' ’ . '

'responqe to.S-HT than did the normal tissue (5.28 + 0:27
g/mg fof tﬁe normaf tissues V8. 3,96 :_0:19 g/mg for the

dystrophic tis'gues). A reduction in the tension-

generating capacity of dystrophic arteries was not observed
in response to NA. To summarize, the dystrophic ischiatic

9rtery weighed more than the normal vessel and, in the case

3

of 5%HT, the vessel génergted;lgsé tension. = | K
: . . \ »

n

* The results of the present athdy demonstrated that, in
the‘chicZen ischiatic artery preparation, ketanserin acted

as.a coppetetive antagonist for. 5-HT ‘and prazosin behaved

«

ag .8 competetive antagonist for NA.

This was true of both
normal and dystrophic tissues, —Theae;data are illustrated

. . I
in Figure 3.27 (for the responses to 5-HT) and Figure 3.28
‘ \- . ) ’ !

(for the responses to NA). Figure 3.27 shows that the

eoncentratiod-response curve for 5-HT obtained from the

dystrophic ischiagtic. artery was shifted to the right when

-appeared to be pre;E?vei\Ed tissues treated with

dystrophic muscle to NA. : o - . s
"Thege data are further supported by the analysis of
. v ." ' R P
EC5p values calculated from the dose-response curves: of

- normal and dystrophic tissues, The responses to 5-HT are

{preséntgd in-Taﬁle IX. The meln‘Ecso value for the control
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Figure 3.27 The concentration-response
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percent maximum response (normalized response) vs. the
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curves. for the

concentration of serotonin illustrating the com-
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not all the concentrations of ketanserin used have
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in. the' presence of ketanserin were‘calculatéd




. i ‘
f : / . 1 .
\' .. R * . . . . . . - :
. c L : : i
- i ' 1
. {
.«
. . .
, \ : ] ° ‘5
b . R Y :
- K tv . 1
- / ) - e =
. . ,
o—0 control ‘
. o---0 1077 M ketanserin !
' | a—-s 107 M ketanserin ;
i
‘ |
X
’ e—-o control
. ) »---s 107 M ketanserin
- a—--a * 10°° M ketanserin
- K ’;;: ’
I . .
[ A 1 N
( -4 . -8 _
. ' - 3 C ’ /" v
* Log Concentration 8-HT (M)
‘ . . \)\ 'I . >
' N L \\ ¢ v
/ - \ o LX)
. . " ) .
¥ ¢ , . IREUE . . ‘ ‘ 4
& € ~ N . : \
N ' s ! .
,' ¢ L% - ¥




CETCRE L L T

1Y

() M o
PR THARTIE Rt s N et e TR e YT ARG 8" L LA TR T WY AT G W e 8 U ST Y e e, dreeod s - e Caem e P )
.
.
1 3 .
-~
L] - .
.
AN
. "
.
— ¢
.
. °
v
.
.
.
.
s

Figure 3.28 “ The concentration-response curves for the

percent maximum response (normalized response) vs. the

concentration of noradrenalin illustrating the

competitive antagonism of prazosin. The responaes-

<

obteined in the presence of prazosin were calsulated

relative to the control maximum responhe. Note that
LT .

not all the concentrations of prazosin used have been
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illustrated,
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TABLE IX

5-HT vs. Ketanéerin - 'Ecso Values and Dose Ratios

Condition?® ) Normal

. T

control 0.98 x 10°" + 0.04 x 1077  Dose. Ratio -
< ' ° (16)

5 x 1078  2.32x 1077 +. 0,56 x 1077 2.06

_ketanserin i Tlo) )

1 x0Ty 2,21 x 1077 + 0.20 2 1077 2.47

ketanserin - e Ta) o :

5 x 10778 6.52 x 1077+ 1.43 x 1077 6.67

ket anserin T4) '
-6 1076 + le . .

1.x 107°M .37 x 10°° + 0,37 x 10 . 14 .45

ket angerin . Ts) ' '

Condition® Dystrophic

controlP 1.87 x 1077+ 0,15 x 1077 Dose Ratio

. Tre) . d .

sx 1078 3.00 x 1077+ 0.23 x 1077 1.80

ket anserin - ' 1a) :

1x 1077MP  8.02'x 1077 + 0.21 x 1077 | 3.88

ket anserin - 1a)

5x 1077y 7.88 x 1077 + 0.8 x 1077  5.04

ket anserin A &) :

1x 106 281 x 1070+ 0.60 x 1076 15.44°

ket anserin Ta) T

“

a all values are expresned as X + SEM, the number of
chickens’ per group 13 ahown in purentheaes below each
regult.

b seignificantly different from normal, p< 0.05. .
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curvé'c;btained in responée to -§éHT wag 0.98 x '10'7'1 0.04 x
10”7 M for .the normal ' tissue and the mean for the o
‘dya'trophic tissue was 1.87‘ x 1077 * 0.'15 x lq—7 M. This
diffe;encé'was ‘statistically significgnt (see Table 11X, "
" page 166). These results aug'geatéd that the dystrophic
.tissue was less sensitive than the normal tias_qe t.:o 5-HT.
This ehift in sensitivity was apparently preserved in the
'ketansgrifx—block’ed tissues (see T'able IX, page 166),
although t:h.e difference was statist.ically significant only
at 1 x 1077 ¥ ketanserin. L ) ' ‘
The EC50 valué_a for NA u"e sumﬁarized in 'I;able X. As

illustrated in this table, there was no significant

* ) . ) -

. dif ference ir‘x the sensitivity of normal and dystrophic
. t;usues to NA'. The mean ECSO value‘ for normal _tisé‘he ‘Yas
1.56 x 10~ +0.17x 10 <6 M and the mean for dystrophic
tigsue vas 1.5‘6 x 10-6 +0.27x 10-6 M. In addition,. no -“_
significant.d‘ivffgrences between the ECsg values of normal
~and dystrophic tigsues were apparent for the prazosin-
blocked preparations (see Table X).

From these’ dat? the ECgy ratios were computed and

S\éhild plots were constructed for ketanserin vse. 5-HT and
¢ . v .
for prazosin vs. NA using four. concentrations of the

appropriate antagonist (see Tables IX and X). LineJr
. . regression analysis was per formed on these data and the pA,
““:'4. . . . - - . \———- .

values obtained from the x-intercept of these lines. The

results of this analysis are tabulated in Table XI.
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 TABLE X

A NA vs, Prazosin — ECSO Values and Dose Ratios

Condition?

Eorméi

¢

/

1076 + 0.17 x 1078

[

control 1.56 + Dose Ratio
' (25)

5x10°%M  2.84 x 107% + 0.37 x 1076 2.28
prazosin €))
1108 . 3.78 x 1076 + 0.96 x 107 3.03
prazos1n ¢:))
5 x 10 8n 5.79 x 1076 + 0,69 x 1078 6.37
prazosxn N |

: 6 | 6
1x10°7w " 6.15 x 1076 + 2,25 x 1076 10.10
prazosia (2) ' o
Condition? Dystrophic.

[

control l.iﬁ,r 10-6 +0.27 x 1076 'bose‘Raqio
: : (25) -

5x107% 2,86 x 1078 4+ ¢n51 x 1076 1.73

prazosin S (3) k

1 x 198y 2.87 x 1076 + .55 x 1078 2.79

prazosin - ()

5 x 1078y 8.80 x 1076 + 2.51'x 10'6 5.82.

prazosin ! (D) u;m-

1 x1077w 4550 % 1076 + 4.00 x 10‘6 8 .47

prazosin ' (2)

a8 all values are expxeased as x + SENM, ‘the number of
@hlckens 'per group is shown in parenthesee below each

reault.
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e . 3 ' L : : TABLE XI.
. [ -
. v e . ’ - T Ketanserin and Prazosin - pA, Values

-
N
t

i S - PRAZOSIN ' :

£ P;rameteraa. ‘Normal ) Dystrophic
.o . equation - y = -0.644 x + 5.45 . y = -0.743 x + 6.11
‘ correlation  r = -0.999 IS ; r = -0,988
A . coefficient . -, - 5 N
¥ pA, S " 8.47 ~ " 8.22 S

-
o

. KETANSERIN

Y . - Parameter? - Normal | Lo . Dystrophic °

equation . y = -0.842 x + 6.12'QEB_ : y = -0.800'x + 5.85 ' -

»
»

éorrelafi&nv r = -0,991 - o r = —Q‘930

coefficient
- pA, | 7.27 , 7.32

N . . .-
H

a all values are expressed as X + SEM.
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Results shewe& that there were no eifferences'ie t he -
calculated pA2 for normal and dystrophic tisagues; thfe was
trqe of beth antagonlsts. The pAz values vere 7. 27 for
keteneerin,in normal tiasues;'7.32-§or ketaq;étlp in
‘dyatrephic tisaues; 8.47 for,prezoaiﬂ in normal cibeues and

'8.22 for prazosin in-diatrophic tiasues. The regression L'

coeff1c1ents indicated that the data po1nts were a good flt - ‘ o

to a stralght line. . The slopes of both 11nes, however.

vere less than than unity suggeatxng that the antagoniam iq

this preparation may be complex.
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Chapter IV
) '{ ‘ .. l
s o ) e ’
/ . DISCUSSION '* .

- The results of the 'present study are consistent with'-

the hypothesis that functional alterations of muscle

membranes are present in dystrophic avian musclel- The
L ' - '
;esults-fufther suggest that membrane alterations might be

“ ¢

“ﬁresent in the smooth muscle aajwéll as the skeletal muscle
of dystrophic chickens,

‘Although the finding that ACh sensitivity is reduced
in'dystrophic'muscle.doea not aupport_a'particuiar theory

. ‘ . ¢ ’ r
of muscular dystrophy, these data suggest that some

4;evioualy reported abnormalities of dystrophic m;scle may
be a consequence of enhanced ACh hydrolysis at the.

dystrophic neuromuscular jumction. .

lJ

R

o - )
. . i
~.4.1.1 Physical characteristics. +The dystrophic

ghickens used in the present study were unable to rise from

the supine position, a classic aign:of avian dystrophy

' (Bntrikin et al., 1978). All the.chickens were within the -

. ' 3 -
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pame age range. Age was an important consideration in this

study as muscul'ar dystrophy '-‘is'?" progressive diseaseﬁ.' )
Dyst rophy—related changes in the muscles of adult ) e

dystrophic chickens may not be épparent in younger

-

chickens.

The female chickens were smaller in stature than “the
‘male chickens and their muscles we‘r:e‘ smaller than those of
male chicl-cena.‘ This was true of both normal and dystrophic
groués. As muscle siz; and bod}f sizé (ie, growth and
muscle stretch) may affect. the expresaion of avian
~dystrophy (Karpati et al., 19_83b;‘ Frankeny, Holly &
_Ashmore', 1983)‘. and, as the expression of avian dyst;.'ophy
differs in malle and female chickens (Wilson et al., 1979;
Howlett & Hoekman, 1948‘33‘), sex vas consic.iered in the

assessment of the responses to intra-arterial injection.

- -~ 'The wet and dry weights of the A\Xstrophic EDC muscles

’
PR

.

were increased when compared to normal muscles, a'finding !

®

consistent with hypertrophy. The wet:dry ratios were

oy Tt
Yt PRt L,

similar for normal and dystrophic muscle, sug‘gesting the

L2 yeeay

difference in weights was not due to water accumulation.
This is an imp‘ortant cousider ation as water accumulation

4 .
has beern described in the muscles of older dystrophic

T et e s Y

chickens (Chang, Misra, Beall, Fanguy and Hazelwood, 1981)

and water deprivation retards the progression of avian

dystrophy (Emtrikin, Patterson,.}_muritsen"& Wilson, 1983).

The ratio of the muscle weight to chicken body weight

[}
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e
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" in dystrophy is a. compensgatory relap'onse to an initial loss
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was incréased m both dystrophxc groups. This data concurs
with the results of Pizzey -and Barnard (1983a) who reported

an increase in the. nusc'le w»el.ght to,body weight rat}o for

‘the' dystrophic pectoralis muscle. This measure, howe'ver,‘

’ . - -

is decreased in the fast twitch muscles of older dystrophic
(.:lhickens (Hoekman, 1976; szzey & Barnard, 19838) The
Histologic. studies of Pizzey and Barnard (l983b) have ﬁhown
initial hypertrophy of the affected nuscle f1bres of

dystrophic chickens., - Eventually, regenera'txon can no -

£

longer keep ‘pace with the cell death and muscle f1brie

necrosis and atrOpliy proceed rapidly after day 60 ex. ovo

(Pizzey & Barnard, 1983b). Muscle fi:hW hypertroply is \
tY ‘.’ s 'Jd'ég . /l
prouunent in dystrophu: EDC muscles from young chickens and

a

probably accounts for the incredsed weight of dystrophlc
EDC muscles (Howlett 1982). Lo )

The stimuli responsible for hypertrophy of dystrophic

musé‘le' fibres are unknown. Hironaka, Ikari and Miyatp

(1984b) observed a reduction in the number of dystrophic

avian muscle fibres although individual muscle fibres were

hypert rophied., They suggest that muscle f£ibre hypertrophy "

o

of nugcle fibres during development. It is also possible

I
)

that: the myotom,a, charactenatu of th;s model of
dystrophy, (Holuday, g_t_ al,, 1965) :prod‘}ces an 1n1t1al
exercise~ 1nduced muscle f1bre hypertrophyi{(ﬂowletc &

Hoekmag, 1983a). Altegnatsly, pasnlve musc‘i’e stretch i
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also known to be a powerful. stlmulus’for mugcle flbre g

..'.hypertrophy (Gutmann, Sch1aff1no & Haqzlzkova, 1971)

'unequal degeneration of aynergxst ,and antagonlst muscles

.
’ . -

may xnduce compensatory hypertrophy in the remammg

L f1bres. The effect of paul.ve stretch on the pathogenesxs
.'o_f avian dystrophy.u current],.y.belng J.nvestn.gated (Lee et

al., '1984) and, coupled with examination of the effect of -
. . LY N ey -

chronic stimulation, should expand ‘our knowledge of the

nature of hypertrophy in. the muscul@ar dystrophies.

l-l v . » )
e L ’ The maximum twitch and tetanic tensions generated per.
gram of . dystrophic EDC muscle were incre,@ed when compared
k2 .
o . - v

to those generated by normal muscle. These data support

the notion that functional mu\scle‘ hypertr.ophy occurs im

Lo ~y‘oung (56 63 days) dy troph1c chlckena. . ~ L

By contrast, Hironaka et al. (T984b) studied cluckene

of a's imilar"a‘ge‘ (60-65 days) and shoved that twitch and -~ L
tetan,ic ‘tens ion development was deéreased’ in 'd'ystrophic )

exten.sor carpi radi'a'lis musclea although th‘e tetanic

' tensmn deve10pment ‘was 1lncreased for elngle dystrophic

._A_'&‘i.Ke..r

e .

N muscle f1bres.’_, Th1s dxsc@pancy may reflect a differenceli

in the €lastid elepents of the two muscles, A.lterlnately,
. . . . \ L c,
the dystrophic¢ process may proceed more rapidly in the ) .

, extensoi' ,carpi radialis muscle tha‘n' in the EDC muecie and .

. ' only hypertrophled muscle f1bres vere selected for ' ' a °
: . oo .

. . - 1ndw1dua1 fibre tiension measurement.
-‘ A“ . ' ¢ ‘ o
. ‘ The cqntractile characteristics~of the EDC muscles of

'

a

e -

A
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older (six months) cthickens differ significantiy from thoae' -

uof‘younger chickens."Dystrophic EDC.musoles‘fﬁom older
L ‘chickens. exhibit substantlally reduced twltch and tetanic

tensrons per.gram of muscle (Howlett & Hoekman, 1983a).

3

It ‘is known that. the physlolog1c output -of a

a

. Y ." N .
" tdystrophlc nuscle éepends upon a number of factors. The ' e ?
¢ B , . R R : ) N
o e . , . S ! .
' progressgives/ nature of the disease dictates that comparisons B .-

. T ., , v 7 , .
, be made between normal and dystrophic chickens of- e L

"
»

comparable age. " At the age examined’ 1n the present study v

(56 -~ 63 days), hypertrophy of dysbrophlc muscle fibrles
LY « -

: results 1n an 1ncreased tenalon output Thls is probably an:

early, transient change.as the eventual result of avian - o
R . C Lo ~ A . ' : .
dystrophy is tp ‘greatly reduce muscle tension output. e

o - *
y * ot \ B

~ <

ax

v
L

.

. : - 4.1.2 Acetylchollne and, carbachol responses. The

\
ce

data obtalned in. the present study suggest that the

sensitivity to 1nJected ACh was reduced in dystrophlc

°lmu3c1e, a finding of .some interest. Twitch depression . i .

ERVR NI

-(aeﬁolarizing blockade) in response to injeeted ACh was

.

* ‘minimal in.dystrophic chickens at doses which produced‘

P AT
AL i ety

. substantial twitch depression in normal muscles. By

©

contrast, twitch depression in response to carbachol, an

ACh receptor agonist which is not readily hydrolyzed by

s g i
’
R e U

acetylcholinesterase (AChE), was similar, in normal and
' .

S dystrophic muscle. The threshold for twitch depression in . »

R T BT

response-to both ACh and to carbachol was 3 — 6'ug7301{1' .- ,

:
L}
. . M . - .
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for ndrmalvmu;clé. The thrgshold for twitch depession in
dystrophic musgle was 3 - 6 pg/30'yl for carbachol and 30 -

60 u g/30 u1 for ACh. . . - S e
-~ . » !" N N

One inptenpretation of these results i's thaf AChE and
£ m , _ S .

p@euﬁocholinesterase, khown to .be preseht~id unu%ually

- large quant1t1es in the reg1on of the motor end plates *of

!

dystrophlc chick'en muscles (W1lson, Kaplan, Merhoff & Horl,

1970“ W1lson; Llnkhart & Nleberg, 1973) 1nact1vated Ach’
“-  and reduced its actlon at the neqromuscular Junct1on.‘.-

ThlB suggestlon is supported by both the ACh and . the

s
A4 3

carbachol contracture data;':Thﬁ EDSO,valdes for the'ACh

- A e

contracture responses suggest that normal muscles were more

sensgitive than dystrophlc muscles to }nJected ACh The
EDSO values for the parbachol contracture_ responges,’ .

N

however, show that ‘normal. and dystrophic muscles were -
. N ‘e - .

equally sensitive to tarbachol. 'Moreover, ACh sensitivity

“in dystrophic mMuscle whslréduéed'at low doses but achieved

the same mhximum responge. These observations suppqrt the

>
. ot
.

notlon that ACh was hydrolyzed by AChE to-a greater extent

° ©

* in dystrophlc muscle thaa in normal muscle, reducing its .

- interaction w1th ACh receptors at the neuromugcuLar

junction.

. N & B . “ '
There are qeveral podaible'pr?b%;ma‘with‘this

1nterpretat10n. Jédrzejczyk, Wieckowski,,Rymasiewsa'and

Barnard (1973) have demonstrated that the amount of AGhE is
’ '
reduced wh11e the'amouﬁt ‘of pseudocholrneateraae is

¥
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increased in the synaptic cleft of the neuromuscular . o .
‘ . . —_ J S . ) . . -

junction of .dystrophic, chrickens. Thi,s-l{ztudy, however, ‘used : I

: . /b’b?:h the Storr's ,an;l' the New Hampshire (Lifie 304) / \ .
" .. - . , ’ ’ \ Vi : . '. . . . \ 'd.
co " dystrophic chickens; no- genetically-matched ‘control N

ch\ickenmaf.e available for these lines of dystrophic. ] o

’,ch‘ic‘k.ena and this qomplic'ates the aasemment\of .

- v\l

S "differencéa" between normal and dystrophic chickens S
* (Rushbrook et al.,. 1982)- - IR P I . '
.o A:;vo‘ther. .ijec!:‘io;l;might be that ‘elevated levels of .-

o pla's'n}:a AChE are 'prgs'ent' in tixe dystrophic chicken, (}Lyl es, !

Barnard & Svi'l

man, 1980). He“.nce,‘ ACh *could be hydrolyzed

1

priof to its arrival at .the neuromuscular junction. The

muscle response time to injected drugs, however, is

ot

virtually instantaneous minimizing AChE-;drug,interacti'on’,‘ " '
- . 'effects. Mpreover, increased plasma AChE would be e'xpeq[t;!e.d -

. "~ to affect the duration, not the onset, of the response.. o

. [

Furthermore, AChE represepts only 5% of the total chicken

b - o . ) . , ' .
/,_\ . plasmaz‘.cholineatera‘se (Lyles et al., 1980).. , = )

~ Data from this laborat.:ory nonetheless suggest that ACh
.4._ : . \ ' R .
‘is. more rapidly hydrolysed at the dystrophic neuromuscular

e

junction than .at the normal neuromuscular junction.
. L4 . « .
. ' / . - [ B
Hoekman has shown that the indirectly-elicited dystrophic
N ! n ' »

ie L4 ) - ' ' ,
muscle twitch 18'{)10cked by curare at lower doses than the

/

normal muscle .twitch (Hoekman, manuscript in preparation). v
; : : ; P PTQP .

R Y

L . Ait:.hough ".the' difference in curare sen.sitiyi.ty in normal "and

dyst‘rOphfc mugscle suggests a reduction in the number of ACh “

P
e §
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 recgptors, the number of .ACh teceptOTs‘is siﬁilaf'in nd;mal

) to carbachol was slﬂ11ar in. normal and dystrophxc muscles._t

,suggest that&the sensitivity to neost13m1ne Ls-redﬁce& in

¢

and dystrophic avian .muscle (Porter & Baénard,

’

1976).

Moreover, the present study has shown thét“the sensitivity
LB

ln-addltlon, pre11m1nary results reported in this study

1)

the dysttoph c chicken mﬁscles.

observatlons auggest that

Taken togegker, these~

'

elevated AChE 19 present xn the

fegiongof the neeromuscular junction.

of the)present stuEy ,do not rule out‘alteréﬁ recéptof

blndxng character1st1cs in dystroﬁhlc muacle, 1t appears

' 11ke1y that enhaﬂced hydrolysls of releaaed ACh by

.
W

« neuromuscular transmission.

'sepondary to the altered ACHE.

Junctxonal‘AChE Vas~respons1ble for the difference in
curare e;nsitivity ?f'ndrmel and dystrophid mdscle;‘

It is difficult to assess how this propoeed inerease
in‘ACH.hydrolyeis'centributesnto the pathogenes}s yf‘avihn
qYSttophyc Such changes as.enhanced‘ACh.see;ithitgl

(Hogkman et al., '1980) that might be attributed to the

primary defect in aviah dystrophy may, in{faet, be ?

..

[ . * . C - (s

population-of "functionally" dengr;ated fibres in

. °

dystrophic nuscles by reducing the margin of safety for

Some: evidence for this hypothesis exists. The

amplitude and dur&tien of ACh contractures is increased in

older dystrophic chickens of both the Storrs and the New,

’ 1

0,

~Although the resuttsi

Abnormal ‘AChE may create a.

S femie WA AT 0t
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" Hampshire lines (‘Hoekman

. 1nnetvated) flbre populatxon, whlch/ is 1ncreaeed by about

LS

et al., '1980). "‘f‘urthermore,.,
P i , . 3
extraJunct\onal——ACh naen51t1v1ty has been reported in the

tw1tch fibres of o-l-éet dystroph1c chzckens (Warn:.c%et al.,
N\ . N .
1979). As denervat1on causes normal muscle to.develop

h *

'ext:ra]unctlt.onal ACh sens:.t:wlty and to reapond to 1n_]ected

N
Q vt

ACh with a sustuned muscle contracture (Vrbova, Gordon anad

Jgnes, ,1978), ;:he increase ,ﬂlF}ACh sensltlvx,ty in older
I S - :

N B : .
. ) : -

d/yst'rophic chickens may to éom,e extent,'.refléct dener’vat'ion

o
H

supersenunvzt;y.. In. addl.tlon, ACh hydtolysu in vivo may -
)'

contr1bute to the neuromuscular fulure whl.ch has been

.eported for the dyat:rophl.c chxcken (Albuquerque & Warnlck
1971,‘-Warn1ck E..t.ﬂ" 1979; Howlet:t, present atudy) It

-,

. by
is also conceivable,. however, that the toni.c (multiply

.

102 in dystrophlc avian fast tw1tch muacles (Barnard et ¢

;.1982) 1s”~lat least part:.ally reaponnble “for the'

az-.

’ 1ncreased ACh sens:.t:wu:y in older dystropluc muscles.

vt Y

Interest:.ngly, smrlar alteranons in ACh sen51t1v1ty

) . &

o have been repogted for. dystrophlc mouse muscle. Muscles

from ‘older dystrophic m1ce are more aensltlve to

.

neosngnnne and less sensitive to cuyrare than normal mouse: ‘'

LI 4

"musc\le, althoagh t:he sens'{tivity to these agents is ait‘nil'er.

in younger mice (Baker, Wzlson, Oldendorf & Blahd, 19,66).
/ . Y I
™his suggénts that older dystrophm mousge muscle is

8upereene1t1ve to acetylcholme. . .

.

Just as the musclea of young chickens are less ' v

s fe

e LI é:

»

. 3
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sensitive to ACh than normal muscle, Hgfris and Ribchester : B
(1979) have shown similar ACh séﬂ§it10ity.iﬁ’young,nofmql o * ;
. R and dystrophic m%dé. Tipsue.culturéfstddiés.onddevelopiﬁ&"l- 1\ 2L
., & "mice myotubes and satellite cells show that 1251-4Lpha i i
1 ' . o ’ r': .. P -. . . ;
— Jbungarotoxin binding is reduced in dystrophic myoctubes * ;
- ‘ (Cossu, Eusebi & Molinaro, 1984) and that dystrophic mouse - .- i
“satellite cells are unresponsive to ACh (Eusebi & Moliraro; " °
S .1984). ' These data indicate that ACh sensitivity’in young ;.
P o i \ R o . AR
) dystrophic mouse muscle is either similar to normal or - e
- N - . - - B ¢ », ‘ o ‘ \ T s :
. reduced. : 5 ;
. 8 ) ) o &
. -From= the agailabre literature however, it is ;”L
: dfffiéult, using the mouse.model, to link .this altered ACh. "
sensitivity to abnormal AChE leqelh. Recent gtudies have - .'g
. ., e s - "
_ shown that the molecular forms of AChE are altered, §
moreover ,, the amount of AChE is probably reduced in young i
. . : o 1
dystrophic mouse muscles (Skau & Brimijoin, 1981; El
) o . . ' B _ . ) g
/ . Lindenbaum & Livett, 1983). More studies must be conducted:’ L5
. N T ' .\ ' ) v . "‘ .i
: to determine the nature of the altered ACh semsitivity in M
3 A . . . i
! dystrophic mouse muscle. RN ) 3
¥ A ~ \l
jg' . 4.1.3 Potassium semsitivity. The intra-arterial é
{- : : ' o . o i
e injection . of potassium ioms intd skeletal muscle is knogﬂx i
v ' ’ ! . |
: to. potentiste the _muscle twitch response by increasing the ) !
3 ¢ - N “.‘ . . . ! : ' : .. ’ ’
_ ) duration of the active state plateau (Goffart &' Ritchie,
A . 1952).° At higher concentrations injected potdssium will :
. ~;; - . . . - " B . . ;
. depolarize the muscle membrane, producing twitch depression ;
- P R o . v . . .. - . J‘ )
o X Y o c ' : \
1 A ' ' ' ' . : .
s ' T
SR 1 1
L]
L‘;-‘:, ey - d, = kl‘r T - 0—--»—1
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, e andrmuacle contracture (Hodgk1n & Horowlcz, 1960 Lorkov1c,

1983)., The results of the present study auggest that e
T although the contracture~respbnaes are of similar magnitudé

| .

1n normal and dystrophﬁc muscle, tw1tch depreselon occurs L
oo : ! ) R

: o . : 3
. el rin dystrophdq muacle at\potass1um concentrat;oni'whlch . "
;

produce tw1tch pofentiation in normal muq&le.' t ' :

RN ff; -;“I, g The tw1tch data ate somewhat d1ff1cu1t to 1nterpret.

ﬁ'f; v oL If srmple mechan1cal fa11ure of the dystrOph1c muscle was.;

oc;prr1qg, reau1t1ng 1n an 1nab111:y to prolong the plateau

. N s
» P . * v .

N A . of active'state;~th18 drfference~shou1d also have beenA ‘ R

- * » [y e / . . .. .
a i . . " | . P

apparent in, the caffelne tv1tch data for the dystrophlc,. AN -

'group. Alternately, if the‘fa11ure vere electr1ca1" . ':." SRR

s S depolarlzatlon of the muscle membrane’ would account for the - L

. L. . } ’ RN - {/ A . H .
b the lower threshold for . tw1tch depress1on in dya:rophlc . A
- , ’ : . : > . s

/i Ao qusqle. E1ectrophya1dloglc evidence reportgd here1n, ’

. [ . Ll . [ ' , . . )#.‘A

R

“however,'auggests thaﬁ-thefe is a‘slighf téndency for the
dystrophic muscle membrane to be hyperpolarized. v
The mechanism of potassium twitch potentiation -might ‘

“be as follows: at low potassium doses, increased

extracellular potassium might be expected to stimulate tHe ~ ’

: . co Na+-K+ pump producing hyperpolarization. It 1s/known that

5 o=

post— actlf&ty hyperpolarxzatxon of non-myellnated mammalian
‘nerve fibres is responsibye for the production of action

5 /' ; ~ potentials with prolonged duration (Ritchie & Straub,
T ‘ 1957) . A similar effect in muscle would thereﬁy prolong
,'the,duration bf the muﬁcle‘action potential, incfeaaiph the

-
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Mg

.duration of the active state plateau and ultimately . .

~produeing twitch ‘potentiation (Sandow, Taﬁyloi: & Preiser,

‘1980) mlght’ atlmulate the Na -K ‘Pump, perhaps maxlmally.

' of elevated extracellular potaealum on exc1table membranes

A .-
4

1965) . . o :
: S S o ' e it

! It is. hypot—heuzed that the 1ncreased Lntracellular

L . 1 )
sodl.um present “in dystrophlc av1an muscle((Mlsra et al.,,

Qo
If this' situation obta:l.ns,_only the depolarlzlng effect: of"
,pot:asszlum would be poasxble, thua twltch depressmn would

be'recorded.-‘ . Although one m:l.ght normally expect the effect,
e .

to. be dépolanza.t:.on, It&has- beén de‘monstrated that low
‘doses of potasslum produce relaxat ion of vascular smooth

muscle accompanled by membrane hyperpolarlzatlon (’rev:.ewed .
by Haddy, 1983). Theae responaes are Ouabun-sensltlve ‘and -
‘are t hought to be the - result of potasslum at;mulatlon of

;

the electrogemc Na -K pump (Haddy, 1983) , B DRI S

Hence, the_ fa1lure of lov doses of potasslum to
potentxate the dysttophxc muscle twitch may be related to AY
0 ¢
t‘ne stimulation of the Na -K pump by high levels‘ of

intracellular sodlum‘. In dystrophlc muscle, the effect of
. . . \

low doses of potassium would be to -depolarize the mus‘el.e

. “-\v

~

mendbr-ane.

/ -

. .

4,1.4 caffeine aens.itivity. Early i-epdxjta showed
that' the effect of caffeine on skeletal muscle was to~”
activate the contractile apparatus ‘without eppi‘eci&blin

.
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. alten.ng the t1me course of the action potent1a1 (Sandow,
' was s‘ho'wn I:o 1ncrease the actlve state plateau duratlon and

' high':cdneentrat.ions caffeine producés a transient baseline
1A

Lo e,
B . R

‘ ¢
Based on the1r stud:,es wlth muscle b:l.refrlngence patterns,

. 57y B TP T

Taylor,' Isaacson & Segu:.n, 1964). Speclflcally, caffeine

. ]
potentiate the muscle twitch €Sandow _e_g_ﬂk., 196_5-). In -

[
. f

’

-:contracture (Sandow, 1965) The broposed site-"or sites. of‘ 5

act1on of caffeme- were the t- tubules and the SR (Sandow,.'_‘ Lt

' e T . ‘ , ..

1965; Luttgau'& Oeti'ker, 1968) n',. , -,

;".\ - . , T
[S

It Bas been’ thought for many years that caffe1ne

. \ iy - ] s

1nducea ca1c1um release from the SR by 2 mechanism which 1s :

surface membrane potent1a1 Lndependent (Endo, 1977)

e ! \

although gome recent studles questlon this nterpretat i.on.

: Poledna and Horad (1983) suggested that caffel.ne suppresaed -

ca1c1um reuptake by the SR Lnr:reasuxg sarcoplasmlc

calc1um‘. Anwyl Btuton and HcLoughlln (884)‘5howed that ‘

low levels of potasslum depolarlzatxon ugmented caffe:.ne:

contracture’s, whereas tigh levels depressed. caf.feine
} ‘ - )

E : i

‘contractures- and proposed that caffeine acted on cthe. ) /

sarcolemma to mqdify the muscle activation and

N
'

e, . . LN <N C
inactivation. Despite this controversy, evidence sup- .

. ; . S \ i o )
porting the notion that caffeine acts on the SR to cause "
a B | ' -~

caleium-release is still compel ling. N\Su and Hasselbach -

.
LY
SN 1

.

A " o S

(1984) showed that.caffeine p'rociuced\‘tra‘nsient’, dose~

n

I

Gany A e w2 A AT % Aor et a g Fe

dependent calciim release from isolated SR ves‘lcles and

R T U

S N T PR # e S T

e T e S et 0 £ s LT T bt e A efira ™y
. .
. N .

—"

|
Ie

: ) . . I " - . . . . * QS -
. . : suggeated that the membrane response resulted J'from the .

|
I S

. .
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""overload hypothesis, This'hypofheéis predicts that

.
/

.
]
acpivatxon of a caffelne sensLtlve ca1c1um gate ou the SR .
b .
o]
n

. e

lét'c analysia of its action suggests that. caffeine.
' o0 .

increases the-éffinity‘of calcium for binding sites on the

Y

&

i

S? (Yamamoto & Kasa1, 1982); these sites mdy be the so-
. - (-] a. ’ ! .
crlle& "frihger 9@16ihm~sites (Frank, 1980) producing - . -
- .- -'lJ ) . - '4 ". .
#alcfum-aaéivéted calciqm release from the SR. " Yoshioka

) ;nd,sbﬁlyo'(lbaﬁ) suggested sthat caffeiﬁe increéses the

passive " pe ggblllty of the sarcoplaamlc retlcﬁlum to "

-

S La1c1um. Qﬁ?ﬂv . '  K..' ) S o : /-

1)

At presenc, ‘the mechanism of action of. caffe1ne ig’ not
1

~clearly defineq but its effects on skeletal mugclq may

'involve actions at more than one site. Regardless of the

“
",

precise mechanism of action, caffeine increases the ™,

i,

sarcoplasmic calcium concentratibm. . . 5\“ﬁg
The results of the present study suggest there are no

. X . .
RS S - e ' - .. .

significant differences in. the sensitivity of normal and

dystrophic muscle to intra-arterial injections of b&ffqine.

-

Twitch potentiation in response to caffeine injection was
equal in normal -and dystrophic muscle. Similarly, caffeine

contractures were not different in normal and dystrophic

i
o

muscle. )

These results do not appeaf,to support thé‘caléium

’

dystrophic muscle would be more sensitive to caffeine than

‘normal muscle. It is likely that the site or Qité& of

caffeine—induced calcium release are functional in normal

. M '
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and dystrophic avian muscle. S , |
L . | . . ., N - M . o
vt N 7 L ’ ’ .
. .

4.1.5 Dantrolene sodium sensitivity. ‘Dantrolene

.s'odium is a movel skeletal muscle relaxé_nt whi.c\? depresses’
mus-c'lie‘ contraction without interfering with either’l‘ . ' g
neuy'.jomugc’ulai- tr,ansmlission' or muscle réstiqg and action | o ' f
potentials .(:rev'%eved'byo;'Britt,'l984)'. The pr;i.ma.ﬁy';;ite.;f r
: ’ ot : : . \ . L

J acfion Iéfv dantr'ollen_e“ sodium is at th‘"ﬁ:SR,, 'whe‘re. the drug 'is " i
!t:'hou~ght tho inhibit ;ai‘cium relea,sé (Ho‘rgan & Bryant, 1977; 4 e *
\ : I;:smedt & Hai;at;t, 1?785. A.secondary -action of dantrolene 112
's‘odium,'b.lockt;dé of the._"tr‘i.ggér" calcium_-,€haa been ’ %
proposed by Morga‘n. and Bryant (1977).' As coﬁia“l'—etevblockagte‘ ' ':

of the muscle F.wit:chwig ‘gt achieved"ui;:l;l dantrolene ‘i

sodium, some workers have proposed that muscle mitochondria
. l . . - N " : .

LA UV
A3

may supply s‘om/ia-of_the calcium req‘uiréd for nuscle

contraction (Bowman, Houston, Khan & Rodger,.1979).

Y

- [N ' -
The data obtained in the prejent study demonstrate

that no appreciable dif ferénce in"sensitivity to .dantrolene. . .

%
T

¥

sodium exists between normal and &ystrophic nuscle.

AT,

<]

l
o

.
T W LN S I IOV TIONPS SO Y]

Blockade of -about 80 % of the muscle twitch recorded
. both qu;ﬁal and dystrobhié m‘usple was noted in the present

al:u:iy. If dystrophic cﬁit_:ken tpuscle'inde,ed g:ont'ains

Iy
e gL i
e - .

elevated levels of inttacellixlgr calcium, one might have
expected to ,observe either reduced senbitivity to

N y 3 ' - v .l 3 . .A .
-dantrolene sodium or a reduction in the ability of this

c'ompou_m.i. to block the muscle twitch. These results .fail to

e
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support the calciuq over lo'ad hypotheéis of muscular

I &

dystrophy. ’ . ' ' . g 4

If ,the calcium Sverload hypoth'eais‘,were'ténable,_

dantrolene sodmm would geem to. have béen _an excellent

Shirel,

theraputlc choice for the treatment of muscular dyatrophy.,_ T
"It is .notev;orthy t.\hat'LchroPnlc. a#mlplstrathn 2&danit;olgne
}\ o o Eodiuin ta dystlr'ophic‘c‘hickens' pr.oduced éomé decréaae in o
muscle f1bre necrosxa but no 1mprovement in the rxghtlng
ability. of affected ‘chickens (Coamos & Butler, 1980). . ‘.-

L)

4.2 Denervation Studies ™ . " . - -

- RN .
» B

4,2.1 The effects of (denerv"atipn’. The effefts of
chronic denervation-on the physiologic, pharmacologic and o

’ 2]

‘morphologl.c propertl.es of gkeletal muscle tw:.t:ch fibres

a
TSR R eATRY
ok ALk

st

',have been well characterlzed (revxewed by Vrbova, Gordon &

SEgpeE
.
et

POLTIRCL R
2

o Jones, 1978 and McArdle, 1983) . The most obvmus T
} : : . A I
' structural change in the short term is muscle fibre

-y

P

-atr,ophy. ‘This is followed, in’ the 1'ong term, by , ' .

3 ’ . N P Y
3 abnorma11t1es of cell organelles, nuscle cell degeneratlon
] ' 2 : 4

.. and flbrosls (Vrbova et a.1., 1978) - ' T ' S

The electrOphysmlogm ptopertles- of the muscle
'menbr anes are alao altered by~ denervacmn., Depolarization «~

'of the muscle membrane is an early consequence of

Y LN

denervation (Albuquerque & McIsaac, 1970) and may result
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1
i

- i : o . .
1-: . : o - 5 . - Lo . R ’

Cs ' . 'from either 1ncreased Na permeablllty, inhibit_io'n of the -°

7o 'Na"'-K pump, or both (MeArdle, 1983) 'l‘hxs change is -

o R
i tesponelble for muacle f1br1.11at10n (Denny-Brown,& e

Y ..
e e

Pennybacher, 1938), resultlng from epontaneoua fluctuat1ona

v
. . . ¢ ' . ° - . . »

. ©.in the membrane potenti-al. Eventually, muuature end-plate

- . potentlals cease (Blrks, Ratz &, M1led1, l‘960)."'~ The rate ‘9“",-""’"

. cor oo- Lt L

rige of the denervated muscle act»l.'on pot'ent'iallis"’ d’éc_r_eas_ed o I B

————e

(Redfern & Thealeff 51971) and the passlve electrg:c D‘ ; l’“,z-'
propertles of t‘ne rest:.ng ce11 membrane are: altered

(Albuquerque, Wernlck,& Sansone, 1971).-’“5.-‘-.;.‘ o,

. " “e . t
- ._ . , e

R - One of the mo at npt‘.‘able membrkne changea whlch occure

B LY N . ° '
° L © pof é;. .b‘,'n » R . RN
S w %

in response CO denervatlon ig " an 1ncreased sen,s;.t;ur%ty o~ .

; i . 2 euin,

"ACh. Brown (1937) showed that 1nJected ACh produced a -
'-contracture in chron1ca11y-denervated musc*le at- c‘.o,ncen-,'

'k © " trations 1000 times more dilute than those req*u'i"r'ed to . e
‘ - produce -a regponse in n'ormaI‘ lnuscle. Iontophoreup .. __
. (Axelsson & Thesleff, 1959) and b1nd1ng studlea ST

- - ' (Fr‘al'nblr'ough 1970) have demonstrated the presence ‘of a'

p' ) . S 1 '
: large number of extraJunctlonal ACh receptore ‘on denervated

muscle memb'ranes. The appearanoe{of these receptors has ' " ) ;1 B 0N

TR . been correlated with the 1ncreaaed eens‘-ltlva.ty of ‘the -.. = ..~ = “
muscle to {njected ACh. . . O S ’ B o
B R \ ‘The similarity between dene'rvat‘ed and dy-strophic

musclea has lead to speculatlon ebOut the role of t'he nerve .

" [l
-~

“in the. pathogenes1s of ,mu_geular' dystrophy., Indeed th_e (
proponents of the néurogenic hypothes'.is .o'f-muscut’l-ar B . BT '

‘ .
. . .
3 L B
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ﬁyatrophy support the notion that muscle cell necrosxs is’

s secondary to a leslon'1n the nervous’ eystem. The

’ K

. B} valldatlon of th1s\hypotheaxs 19 compllcated by the fact .

,that the preclge events respohs1b1e for partlcular

C 8 denervatlon-assoclated changes are still in quesblon. Some:

:w‘;'l‘,' changes are apparentf& a result of dlsuse and may be

o RN m1m1cked by muscle 1mmob1112at10n, other changes may result a L

L v T from the removal of a troph1c substance released by the
. ‘ ¢ ! - .8 ~ ! . '
b o o nerve. . ' ‘

IR . The present flndlngg 3uggest that dystrophlc muscle.

. . Sk .

'%'responds to the removgl of both activity and’ %
' . s

faqtors in & novel manner. The development o £~

trophrc

'l

extrajunctional ACh semsitivity in 'denervated dystrophic

muscle is altered and dystrophic muscle failed to eﬁ?ibit

LY

- significant denervation atrophy. Further examination of

the stimuli responsible for the atypical denervation,

g ' : ) respdnse.ih'dystrobhic muscle may yield imp&rtant clues” - . :

# . - " regarding the roles of activity and trophic regulation din-:
- . ; ; . Sl

( ; ) . » "n' " . " .‘ . . . ‘ ‘. ‘. .
£ . BRI normal muscle. A : i . e -

) .o S : . o
: 42.2 ‘Phyéical-characteriéticsﬁ ' The ‘wet and dry

PRI
x

” , - weighte of the dyatroph1c muacles were 313n1f1cant1y o .
. 4 -+ N '
¢ . . [N 4 s
e i . greater than normal although the wet: dry ratloa were !
. o .
o AP similar’ fof normal and dystrophic muscles._ As npoted in. .. .

Sl © .section #¢1.1, it was felt that the increased weight
. " * ' ' Q"/‘ l. . . *
;.7 . reported for the dystrophic control group was a consequence R Yo >

- toe . ) . ' . ’ ¥
Tt ’ . . ! ' ' ' . N
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~of muscle fibre hypertrophy r}ther than fncrea;ed‘tissue

.‘wa;e;.‘ . - R ‘
Notably, although &egeryation atrophy-occurred in

2

. . normal muscle, no muscle atrophy was apparent in dya;}ophif

“muscle. This virtual absence»of denervafion atrophy in. -

K v .

‘ dystroph1c chicken. muscle has not been prev10usly reported

a

for the dystrophlc,ph1cken. *In fact, Lee et al. (1984)

S reppnted.that normal patagialis muscles did ﬁot aEfophy'in

. réspohsg:to depervation whereas dystrophic patagialis

fuscles did.
— The reasons for this discrepancy are ynclear. One
;might apeculafe that the dystrophic EDC muscle was.

o ‘ o o .

ﬂstfetched?as a consequence of denervation, while the normal

—

fi EDC was not; stretch is though?-to be feaponsible-for the

lack of atrophy of the denervated chick anterior latlsslmus
dorsx muscle (Feng, . Yang & Wu,. 1962). It is dlfflcult, ;

however, to 1nterpret the lgck of denervatlon atwthy

£

" reported by Lee t al. (1984) in the normal patag1a11s
. M ’) :

muscle. o ’ oo e .

Not unexpectedly, the mu&cle twitpﬁh.

d tétamic

by

Atensions per gram of muscle were greatly‘ ‘;}_

céd in the
denervated nuscles of both normal and dyatroph1c chlckena.

A reductlon in the tenslon-generatlng capacxty of

0 -

denervated muscle has been reported (Lew18, 1972).‘.tﬁe

" reduced tension generating capacity is nelatqd'to'thé loss
) ’ o . . ) ' -;.‘.‘ : O L
of contractile protqlﬁ';n these muscles.
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% - i' '_‘ .‘ 4.2.3. Acetylcholine~gensitiv tyi As‘ﬁrevibus}y

s o : o -
R P . . S, e . ot ad :
BV S \ o . ‘described, the ACh sensitivity of demerviated muscles is -

known -to be substantially increased. The nuscle S e

-éontractur% data énd\the EDsg g results presented.in,this " e

A ]

A

study suggeat that 1ncreaaed ACh aen81t1v1ty was- preaent in ¢ .

E' e both the normal and dystrophlc EDC muscles three days after L -;f

o

denervdtion. Furthermore, these data suggest §¢at the

,denervated dysttophlc muscles are slightly less. aensltlve

AN .
I to ACh;thgd;normallienervqted muscles. . The makimum

] éonttéctufé'resbqnée, normalized for the weight of the
v , - . . i
' mgécle;%was much—iarger';n the ﬁeral dene}vateﬁ_groﬁﬁ than

: in the dysg;ophfé.Qgﬁérvated gfdu;."Thig-waé true of boﬁh ‘
Lo - 'male';nd<£émale gréhés; - - o !

(Y | N N -

It is poaéible that denervated dystropﬁic muscle isa ’
,ﬁ . L gimply inEapable‘of'generﬁting-latge amoﬁnts of tension yet'

v

.

E

. " the ability of denervated dystrophic muscle to develop both = °

Lo el e

9 . o
twitch and tetgnic tension appears equal to that of

denervatel ﬁormélsﬁusclef These 'data may indicate that the

- Bl

. ‘¢oupling of ‘ACh receptors to the contractile apparatus is

altered in dystrophic denervated muscle,
° :'.. ' . . X ) S ! ) N . ' . . . ‘. e o
) Thecresults.for the twitch ratios in innervated myscle

vy
) . . PR )

-1
.

concur with those reported in section 4.1.2, ‘The ‘results -

[y
+

for the normal mustle: are not surprising. 'One would not

L HTES P Bl i g e R g T R e
v N -
-

expect torecord ACh-induced twitch depression from

L directly-stimulated muscle., The intense, direct curreat’ o T

) . : * . ' f : . .
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,required to diiectly étimulate,the EDC sﬁould overcome any

- focal depolarlzatlon blockade.. Moonver, the contracture
oy . . .
response data suggest that depolarlzatrbn blockade should

A

be greater ‘in - .the normal group - than ip the dystrophic

- A group. V1ewed in twls llght, the tw1tch data for the

| S S - i ®
» : . denervated dystrophlc muscle are‘dlfflcult tp,}nterptet.

-These data-clearly show tyiteﬁ depression of directly

"

R o . ‘stimulated dystrophic musblé;)fﬁfthougﬂ no simple'ekﬁle;?

. P ) o -,
nation for~these,data«can'be offefed at this-time, altered
coupllng of the ACh receptors to the contract11e apparatus
is comsistent with thls result. Intracellular record1ng of

the rekponae ‘to ACh‘wouLd be helpful in assessxng th}s

hypothesls. I oo -

4 2.4, Caffe1ne sen31t1v1ty Denervat1on d1d not

Qe o2k o

effect . -the ab111ty of LnJected caffeine to potentxate the

muscle twitch response. This ‘was true of normal and

: T X ° .

; S ;dystrOphic aenErvated muscles, from both male and female
, ‘ . s . v -ﬂ

*groups. Similarly, theucaffelne contracture responses of

Ty w T Tt

. . _both[normal and dystrophlc deCervated'muscle did nbt-dlﬁfer

< ¢ . - . . ' ;""
“appreciably from those recorded in innervated muscle. s

-

These results are of interest as they suggest calciﬁm

releaee is simileffﬁn the“denervateu‘uu;clee ofwnoggal hh43
. Adyptrophic chiekena}"goniequently, &iﬁfereuee; uetween i
'nprle anu‘dystrbphic deuervated muscle ard(yulikely ten tﬂ:'
- .. inuolve the muécle'centt;eti}e machinery. ‘

- .

a
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Changes iﬁ'the'responsiveneas of denervated muscle ‘to

- . ' . »

caffeine havé’b%en'réported.' Long-term (hgveral weeks)

denervation studies have shoﬁh that hdffeine sensitivfty

1ncreases in denervated normal muscle (Gutmann &. Sandow,

1965) Thié change is probably relate% to the fact that'

. the volume of SR is 1ncreased 1n denervated muscLee‘w
(Pellagano & Franz1n1, 1963) It would be of 1nterest to.

.assess the. caffeine eepsgblv1ty of- normal and dystrophlc

o ’ muscle in a long-term denervation study. L

. . N A oo *a

o. "7 e * RN

4.2.5 Potassium senaitiyi;y.p Iﬁéipffect of
. . inc;eased'external pota;éiqm'oq ghévtpiﬁéﬁ Pﬁzzo‘wés to
. ' o ' iﬁcre;se-twitch depressioﬂ, an effect that @ifferé@ vepy
little between control apd denervated dpstrophic mﬁeplg.:
. ‘ - .

#- .

The results for normal muscle, by contrast, indicaté.thaf
N S S the pronounced twitch poteﬁtiation observed for‘thé control
group was v1rtua11y~absent in the denervated group.

These data. are of partlcular 1ntetest as the proposed

mechan1sm for thtch poteut1at1on in responee to 1nJectqd

Yy

PR ' ~KCl is the sfimulation'of the Na -K<lpump; As iﬁhibitionﬁ

>~
e ey

- .
»

. of the Na'+--K+ pump-has.beéﬁ réported for-denetvated mugzle

o

‘(the evidence for ‘this has been tev1eved by McArdle, 1983)

pump stlmulatlon is un11ke1y to occur 1n these muscles.
_ A This wbulp accognt'for»thf absehce pf tqi;ch'poﬁentia;ioﬁ
A : . . .. . :
' in‘norma}'denervated“muscle)' |

Denervatipn.also reducés the restipg ;éhbrané

ap . . . . :
s ' 2 . . . . . I

o
f
3
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potential, re&ucing the threehold'fbr twitch“depressioh. f

. The membrane depolarlzat1on at: th1s stage 13 generally: not

great (Deshpande, Watnlek

Guth & Albuquerque, 1980), Whlch

. : NERE
"probably accounts forfthe'absence of eny quant1tat1ve

‘change in muscle sensitivity to potassium as assessed by

LT . y o
the contracture response,

4.3 Electrophysiology.

.wg

4.3.1 Physical‘characterihtics.- The chickene'usedl‘

e

-

)

!

in thla section of the atudy showed typ1ca1 a1gns of av1an

dystrophy, 1nc1ud1ng a decreased ab111ty to rlse from the

supine poaition.

v m

- 4.3.2 Action potential characteristics.' Differ-

ences between normal and dthrOpth ch1ckens were present

’
v 2

for selected character1et1cs of the action potentlals

recorded from the EDC muacle.. There was' a tendency-towétde'

&

hyperpolarization of the resting membrane potential in the'

dystrophic group, however,

£

this was not significant at the
level chosen for .the present,stpdy.' Hyperpolarization of

the dyetrobhic avian muscle membrane'hae been reported for o

dystroph1c (L1ne 413) avian mustle in v1tto for ch1ckens

aged 4 - 40 weeks'(Warn1ck,

et l., 1979) and for ch1ckene

——— Gmm—

v

ATonae

A
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‘aged 6 weeks (Kofehaga,'1980).v For another’liné-éf

d}scréphic chickens (Line 455).Gunther,and Létinsky (1982) oL

e =

Areported a. sllght depolar1zat10n of the dystrophlc avian .“ e,

<

“muscle membrane in ch1ckens aged 5 - 15 weeks. It is

B difficult; however, to assess the B;gq}flcaqce ﬁf_pboleq L

'

‘ oo RO CoL ‘ R
"data for such wide age ranges due to the progressive .nature” “.i..
L ' . - : : ) _.. .‘ -, ‘“ »A ST w.‘. - -
..+ ... of the disease. . Hyperpolarization of dystrophic muscle . -~ = = -

g L ) R o e
membranes 'is perhaps not unexpected as -elevated N -
S S . s L o — B C
intracellular sodium concentrations have been demonstrated

e - A L e S
in ‘dystrophic avian muscle (Misra et al., 1980); intreased’

intracéllular sodium would stimulate the électrogedic Naf-

K* pump causihg.a'glight‘membranefhyperpdlarization at'rést*

(kitéhie.& Straub, 1957). - | .

. “In the present study,.the rate of rlse and amplitude

of the actlon potentlals recbrded from dystrophlc muscle

.flbres were.slmllar'to those recorded'from pormal muscle;

- There was a tendency towards a rediced overshoot in the .
dystrophic fibr%s. Theaq'findingsiéoncur with the data of
Warnick et -al. (1979) on an in vitro preparation of the - N

_posterior latissimus dorsi muscle.‘v R

‘f}_ ﬂtr . " The only alteratlon 1n the act;on potent1als recnrded
" from dystroph1c mwscle 1h bhls study ;as a detectable ’ o
1ncrease in the action potentlal durat1on ‘at - half ‘the
'maalmum amp11tude. This.gbservatlon has not been'm;de

preV1ou81y for dyqtfopﬁic avian muséle.. One might have -

predicted a reduction in the duration .of action potentials

Mi
w




L et U NPT Lo,

1
E\
L
:
3
T
3
§
{
N
1
i
f

e O TR

. , | o L 195

recorded from :né large diameter dystrophic muscle fibres;

_ hypertrophied muscle fibres were probably sampled more

readily-?hhn the small population of atrophic and split

1 . . . -

fibres. . ‘ . . "

—

An'increase-in the durafion of the muscle action

potentlal haa been,reported for the dystrophlc mouse,.“

i hoéever. Kerr and Sperelakls '(1983) have descrlbed

-1ncreased action potent1a1 durat1on 1n dystrOphxc mouse

A

:muscle and Sa1to, Ohkura, Kashxma, Katanasako and Tanaka-;'

'(1982) demonstrated 1ncreaaed duratlon of the cardiac .

action: potént1a1 in the heart of thg dystrophlc mouse.

The 1nereaeed actlon potentlal duratlon mlght be

« [y

related'to a number of factors.. The possible basis forCthe

'

" increased action potential duration in dystrophic fibred” is
"a prolongation of sodium channel Opening. This appears

‘ {
un11ke1y since prolonged godium channel’ Open1ng would also

be expected to 1ncrease the amplltude of ‘the action

potent1a1° the present study found no ev1dence for .

increased action potential amplltude.J Alternat1ve1y, the

indreased action potential duration may be due to increased'

membrane capacltance, this has been reported for dystrophic
ch1%ken muscle (Lebeda & Albuquerque, 1975; Korenaga,
1980).. ‘ ‘ S - o

Proliferatiqn of fhe t4tubu1e network in dystrophic

\

~ch1cken muscle probably ai7ounts for the 1ncreased membrane.ﬁ

'capac1tance (Crowe & Bask1n, 1978). Increased membrane

-a

o

’
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s capacitance sshould attenuate both the rising and falling
phases of the action.potentfél'yet the rate of rise is not

-

qppfeciabiy decreased in dystrophic EDC muscle fibres,” The
. increased fibre diameter and the increased membrane

‘céPaci;ancq likely act in oppos}te directions.ﬂ.This

. RN

‘ ’ For mouse muscle hpwevef, the action potential

e .

v ¢ N .

.. “duration is incféased in dystrophy (Kerr & Sperelakis,
©1983) andcmembtaneacaﬁabitance‘ié decreased (Dangain &
Vrbova, 1983). ‘The action potentiél~duration is increased
) i ) &

in mammaiian s1ow twitch fibres when compared to fast

©

twitch fibres (Floreﬁdo, Reger & Law, 1983); -possibly the

presence of slow twith< immature or regenerating fibres in

.- dystrophic muscle (Cosmos, 1966; Cosmos & Butler, 1967) is

sufficient to account for the increased action potential
.. duration. Yet this is unlikely as most dystrophic fibres -

sampled in the present”study had long duration ‘action
2y N ? . ‘

potentials; slow twitch, immature and regenerating fibres
: 2 s - . o . ‘ 2 .

comprise a small proportion of the total number of muscle

fibres in dystrophic chickens of this age'(?iézey &

Barnard, 1983b). ‘ R . S

Perhaps.the most piausiBLe‘explanation for the

imeregsed ‘action potential duratiom in dystrophic muscle -

[l

fibres is that the potassium channels are_altefed in some.
way in dystrophic avian muscle fibres. There is some’

¢
°

‘support’ for this notion as reduced potassium conductance:

¢

196

results in a net increase in the action potential -duration., .. . -
. N . . N N ' . ' .

Iyl
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- - . .

_Jhas béen reported in dystrophic mouse fibresj(SeIlin &

Sperelakls, 1978) although Lebeda and Albuquerque (1975)

.

s reported normal potassium conductance in dysmrophlc ch1cken

1
'muscle. Leheda and Albuquerque (1975) however, exam1ned'

. ! .
the old Line 304 dystroph1c chlckens. The electro-

phya1orog1c propertles of the newer L1ne 413 dystrophlcl

"chlckens are, however, apprec1ab1y dlfferept (Warn1ck et

1979). - ] '_ o ',-/

1.

—_—

 The increased duration of Ehe,dysdrophic muscle
action potential should increase the duration of the active

P
4

'State plateau and, ultimately, the duration of the muscle
LA . .

twitch (Sahddﬁéggvgl., 1965). It is i#tzresting that
. ' N . ' |
L LN : Lo .
neither the time “courge of the muscle jwitch nor the

B

 duration of the active state plateau are altered in évian, o

2 ' '

dystrophy (Hoekman, 1976; Howlett & Hoekman, 1983a). One

2y e ° . ' . '
‘explanation for this apparent paradox is to posit altered
S ' L. B .
excitation-cdntraction coupling in dystrophic muscle.

P

"Rééor;ed membrane abnormalities of both the t-tubules _ '?f%f’/

(Sumnicht & Sabbadini, 1982) and the sarcoplasmic reticulum
(Hsu & Kaldor, 1971; Kauamoto & Baskin, 1983) are

copsLstent with abnormal excitation-contraction’ @oupllng.
~produce. an ,attenuated muscle twitech suggest's that =~ . ..J
‘alterations in the electrophysiologic properties of the

0 . [} - . . R . e .. . -(l
sur face'membrane of the dystrophic avian muscle fibre are

not. coh&igﬁent with the contractile response.
. . I .
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The increased duration of the dystrophic mhsc}e action

potential and its’ failure to prolong the ﬁndirecfly-

~E1i§ited muscle twitch support the hypothgsis that a

-

LR 2]

membrane. defect is present in the sarcolemma of dystrophic

avian muscle fibres.
Y . .
{ ‘ R .
\ o2
. P « . A . .
4.4  Smooth muscle ' T ) R

The preséﬁE study coibares~aoﬁe'physiologic and

pharmacologic properties of vascular smooth muscle from

- normal and dystrophie chickens, o8 i
The dry wéightq_of ischiatic'artexy segments from

dystrophic chickens were greater than those from normal

°

i, chickens, but the wet:dry raties were similar in both

.

groups. Increased connective tissue, fat infiltration and

L]

‘significant populations of both atrophic and hypertrophic

£ibres,'howev

LN .
gut of paéien

er, are present in the smooth muscle of ,the

ts with muscular dystrophy-(Pruzanski‘k“ﬂuvos,
/‘\

- 1967; Nowak et al.,, 1982). Although it is possible that

the ingréased

tiesue weight is due to increased muscle

protein, the absence of increased muscle contractility.

9.
. suggests that

the inéreased

N
non-contractile. protein and fat aécount for
tissue weight., oo

“The‘fesults of this study showed that the response of

.o
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' s

dystrophic tissues to an- ECygp concentration of 5-HT was

less than that of normal tissues. The respoﬁses of normal
and dystrophic éi;sué‘tq.aﬁ EC)pg éoncent£a£ion of NA, .
héwe&ér, ﬁere,simflar., Althodgﬁ,these difﬁifemces might -
';efiect gnxabnormaiity_of the‘S-HT,recepEﬁE,‘tﬁi;liE"not4

the only interpretation possible. As the maximum tension
Y . . . “ . R P
generated by normal muscle 'in response to NA is less than
that produced in response to 5-HT, perhaps dysgropﬁic

fiasues are simply\incépable of generating hikh levglé of

_temsion.” This may account for the diminished gastro- .
\ n N .
intestinal motility which has been reported in the smooth

[
LY

. . ., ‘ .
muscle of patients with a variety of muscular dystrophies

-~

' - . ‘!}’\' .
(Nowak et al., 1982; Nowak et al.,, 1984; Bodensteiner &

Grunow, 1984).

*

Tﬁg concentration-response cﬁpVea for 5-HT were shifted,

, . 3
‘to the right in the dystrophic group when compared to the

1

normal group. Moreover, the Ecso values obtained for

dystrophic tissues were significantly greater than those
obtgimed for normal tissues. Thié.suggéa&p that dystrophie

¥ vessels were less sensit'ive to 5-HT than were normal

vesasels. The apparent pAzivaluea'for ketanserin were

-

similar in ‘normal énd dystrophic tissties, indicating
] N ) ‘

decrease in agonist affinity was not accompanied by a
r - .
change in antagonist binding in dystrophic preparations.

By contrast, the sensitivity to NA was similar in

vJ:

13 B . v
\ . 3 . . .
R . Il . L] v
.

normalAandidgstrOphiq:vespels; The reduced sensitivity in



2
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response to 5-HT could Ee a consequence of either a

‘ .

‘:eduEtion in the number of 5-HT receptors or a defect in -

the coupling of these redeptors to the contractile

g ]
apparatiis.

It is not surprising to. find alterationsmin the ‘number

v
> r

or the function.of receptors in dystrophic tissue.

Abnérmal receptor populations have been described in both

animal - and human muscular dystrophy. Patients with'

' mybtonic dystrophy have a relative insulin insensitivity

. 2 : . . )
(Moxley, Griggs & Goldblatt, 1980). A decreased number of

!/

.ingulin binding sites has been reported in the muscles.of

patients with Duchenne muscular dystrophy (DePierro, Laurp,
Testa, Ferretti, DeMartinis & Deilatonio, 1982). ..

Furthermore, an incréwesed number of glucocorticoid binding

' sites are presént in the cytosol of both dystfdphic mouse

muscle (Dubois & Almon, 1984) and dystroPhic chicken mupcle

i

(Dubois & Almon, 1982) when compared with normals.

Functional .alterations in ‘the vascular adrenergic recep!
. . . . ]

of myotonic a}strbpﬁy'patients have also b{én reported-

-

(Mechler & hastaglia, 1981).

. Hunter and Elbrink (1983)”rep6rted'no change in the"

" sensitivity of the dystrophic hamster.abrtq to a vafi‘ly of~

I3
1 .

aéonists (including 5-HT) when compared to. the aorta of
4 . ' ' ‘ . .
normal hamsters., They also reported that the. tension

‘generated per gram of muscle was increased in dystrophic

tissues in reéponse to‘gll'agonisté; the wet weights of the
St -',‘ ! ’ . -

'

N -

4
?
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PN . strlps of dystrophlc hamster aonta were substamtlally
v

decreased when compared to normal. SR ' . :

5 ... The dlscrepancles between the resnlts of’the present
3 'study and those of Hunter and Elbrlnk (1983) may slmpl}
blreflect dlfferences between the hamster and the chlcken } .
models of dystrophyt. It is also posslble QOwever, thst-theL‘ | '{:
inereased contractitity an& decreased weight“o&:the . A
-ég ' dystrophic hamster aorta are secondary changes 1n‘response ‘
) to the cardlomyopathy whlch is.a. promlnent fe;ture of ' N

hamster dystrophy (Homburger, 1979) Jasmln and Proschek

(1982) have shown cardxomyopathy in ?he héart of, dystrophlc V‘
L : | .
. ) . hamsters at the age used by Hunter and Elbrlnk (1983).

A vascular theory of muscular dystrophy predlcts‘
1ncreased sen31t1v1ty to both catecholamlnea and ‘
- . 7+ indolamines in dystropHic tissues, the ‘results.of: the

" present study fail to. confirm this hypothesia.'rThé

a

‘dystrophic ischietic artery-is }ess eensitive to 5-HT then

‘the mormal vessel and both normal and dystroph1c vessels.

are equally‘aenslt1ve to NA. Other studles have also
fniledlpoleonfirm a qascular_psthogenesrs of museular A N
v " dystrophy.  Burch et al. (1981) and Atherton é&lgi; (1982)
‘Jnaed morphombtric'teeﬁhiques to.oemonstrst;_blood‘vessel
Y oroliferatioh in the neorotic musciesxof dystrophio mjce;~
LT - These‘findingé'sdggest’that blooé}floo to‘dystrOphio‘
muscles may, in fact, be‘inereesed instead'of-oecreasedz. \

\
% e These findings show that the chdnges in vascular

w " om
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- smooth muscle which exist in.avian dystrophy are not B
e . consistent with the hypothesis that muscle fibre necrosis
L " in muscular dystrophy is secondary to muscle igschemia. The N
.results do suggest that smooth muscle abnormalities are Y
. . preaéyt in the avian model of muscular dystrophy. . Tﬁqse f
-.abnormalities of samqoth muscle functiom are. comsistent with C f
g ] ‘ the.noti&n that a membrane defect is present in thg: f
o " ._muscular dystrophies. =, . ' T . // }
- A L . i
» - v . '\‘ ’ ‘ ’
\ ° ;
. i
5 - _ 4
. 12 . ’ R A - :
. . % k
' 4;5(~Genera1 Discussion , :
. ) ’ s . j
;- . i ‘IJ " ’ l. . . ) 4 :%'
i ” - ’ £
’“ P o v ' ' .l
. : The data presented in this thesis suggest that a
. . R . > : Y L ’ . . I e v,
: L number of differences exist between normal, and dystrophic . "
avian musplel Although they'¢o not unequivocdlly support .Q
0 ' : one theory of muscular dystrophy, they do suggest that a 5
T ' defect of the sarcolemma is present in muscle from young-. 2
dy{trophic chickens. - L f
‘Support for the membrane defect‘theory was' é
o ' ' demonstrated using seveyal different approaches. ' In ' ’ 3
i . ‘ ) : : .
. . e . L. s 3 Lt I3 ‘ . ,
. . particullar, the altered durdtion of the action potential . &
suggests that thefdyetrophib muscle membrane is _ - Ce g
. S . . ' . “;
' . . . e e . s ]
functionally impaired. This'impairment may be linked to T
L o
. altered membrane conductance. Furthermore, the response -of . .ﬁ
.\ .+ dystrophic muscle to demervation differs from the response : '%
. N : 4

T -

. . . .
R e L e e g .
: B ART FET
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.af normal muscle. The development of extrajunctional ACh
— . . . R

sensitivity is apparently-diminished in dystrophic,muscle.

3

; when compared -to normal muscle, ‘Moreover, dystrqphic‘

¢ o

Aﬂmuscle fails, in the short—term, to exhibit denervation

,atrophy. ’ - 1

203,
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‘The results of the present study further suggest.that
' the.m;mbrsne defect' is8 not neces;sr1ly restr1cted.to
skeletslznuscle.‘ Functronal.abnorma11t1es in the vascular:
fsmooth,muscle of:dystrophic chichens werc‘dempnstrated-in
the present study. Abnormédltles_ofytlssues'other than.
‘skeletsl muscle suggest.to ébﬁe lnvestlgst;rs-that the

. . o [

primary genetic defect in muscular dystrophy resides ‘in

¥ |

some tissue other than skeletal muscle. The neurogeni63

n

vascular theorles of musCular dystrophy lend credence to

hd

thls view., The results of the present study, however,

. \ .

suggest that muscular dystrophy is expressed both in

>

. skeletal muscle and in vascular smooth muscle. ,The data

.are not consistent w1th the hypothesls that muscular
dystrophy is secondary to a prlmary leslon in the vascular
. systeﬁ. Perhaps‘other reported;sbnormslities of the o

vnsculsr system resultﬂpot from a- primary vascular lesion,

K

but rsther sre a direct. manlfeststlon of the d1sease 1n

vsscular smoothjmuscle. , *r“ ‘ C
Not all the dsts renorted in this thesis‘are

-

'supportlve of a partlcular theory ofi muscular dystrophy.

Hany tepdrted "d1ffenences" between normal and dystrephlc

’

chickena may be secondaryjto‘anther;abnormal1ty} The

*
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‘results of the ACh and carbachol studies, caution against
interpreting denerv'etion-lifce changea'in aystrophic muscle

as ev1dence for a neurogenlc cause of muscular’ dybtrophy.
- i

Several of the reported changes may also b;.) explamed on

the basu of enhanced ACh'hydrolyels- in vivo at the-

»

°dystroph1c muscle produced by KCl ‘may be related to the

pnump /stxmulatxon producedgby elevated 1ntrace11u1ar sodxum'

!
|
‘ . . levels. The*latter suggestion could: be tested by

con'eiderlng the e\fiect_ of ouabain on the muscle. menbr anes
of the dystrophic chicken.
/ . . ’ .. - -

/ jE— - - Se,ve.r:'all of the i.nve‘stigat.ions conducted i_n. this . study
R ‘ . were d,esign_ed esseee the role ot ca'_l;cium ini the di's'ea»lse._'
- ‘Wlille'r'esulte of these ;t.udies failed 'to-'.sup'port:'the‘
N : Calclum overload hypothes1s they do not dlsprove it. The
‘ o
" ch1ef obJectlon is that the technlques employed here may

not have been'sensltlve en'ough to detect_: early changes in

LY

cfilc;’.um,‘handling.' This limitation- arises from the in wvivo

o

N
to manxpulate the env:Lronm nt surroundi’ng the muscle is

11m1ted in this preperat on, the in vivo injfectiory' .

technlque does permlt ana ysle of whole ‘muscle funct1on in

an 1nnervated well perfused preparation. _The exam1nat10’nv

of small muscle fibre bundles 1n v1tro would complement t:he

a e .
o

’ results of the present study.v Marklngo these f,lbres for

. . «histologic enalys-ls‘ would permi..'t correlation of abnormal

neuro’muscular junction. , Mo’reo\/er, the tw1tch blockade or )

injectibn tecnnique. thle The ab:.l:.ty of ‘the 1nvest1gator

“iwa?
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_’/ physiologic and pharmacologic properties with muscle fibre .
: ; morpholdgy. ’ ' . - ‘ < .- - X
. . Although the” abnormallues»reported 1n the preaent , ‘ o
’ . 1nvest 1gatlon are :prese‘nt in ‘young chlckens, deve10pmenta1 oo
T studies on neonatal chlcks and chlck embryoe would be Sy
. ’ : infor‘yze. ‘ These studles would help to aséess whether _ .
LT ’ : I e
- {
the changes are. closely 11nked r.b the dysrrophlc gene or RO C
, are aecondary to- somne pther underlylng defect. , . 'x e . §
! - R ) “ ] - - . . . o v g
. * - }
' : ‘ }
— 4.6 Summary T ‘ UV A : . i
v . " r e o .3 z
. * ¥ a . - N i
¥ @ . . . e 3
: . e ) o . . S st Lo e
From the data obtained im the present stidy several . , ‘s
. [ 53 N s Lo | . o Y
i points should be emphasized: R R y
| . 1) The in' vivo EDC preparation -is w_ell-au'it’ed to assess N ) ;"
the responses of normal and dystrophic muscle to intra- T §
. ‘ ‘ﬁ 5 . A - ~. " R ‘ .5
\ - arterial injections of parmacologic agents. ' ' S
{ - l“ v . . :‘.‘_.. W i X T . .- . T - T v -: B . " "-,.lf.
, " 2). Changes in ACh sgensitivity which may previously have ' o
been attributed to denervation in dystrophic muscle are }
1 . . . . : L. <. .
perhaps a consequence of enhanced AChE activity. ' .
SV : . . g . : . ]
¥ - - X PR coe ' -
3) Dystrophic avian.miscle responds normally to acute
v "injections of compounds’ which alter ,célc_'inm handling in
., R v . ‘ N,
V\ f B - M . ' ' [ . .
| ‘ | A . :
. T + [] .
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skeletal nuscle. Further 1nvest1gat10ns are requlred to '

- assess the ‘:anolvement of calclum in the pathogenesu of .
"avian’ dystrophy.’ . . :
S .
*4) » The results presented here support the hypothesxs that
LT ' a membr ane defect: 15 present in dyat’rophxc avum muscle'. oo
e - membranes.. . o ".p: . oy
4) . The data-further. 'suggest' hat muscular dystroph.y ‘is ‘
' expr'éss'__e.d'in the v‘t.ts_'c'ular smooth muscle.of the dystrophlc
¢hicken. - L ¥ ‘.,._.' e
. "o M "i ' " 2%
4.7 Future Experiments .
1 . R
¢ ' - - i
’ . The results raise several issues for future:
. co,njsid\erat'ion. The abnormal response of . dys trophlc muscle
. ©+ ' to.demervation cannot be readlly explained. ‘To this end,
‘it would be of i.nterest‘:l to record the membrane
& . depolarization produced in response to iontophoret ically .
apphed ACh in denervated 'noruia‘]'...and dystroi)hic muscle. -
0 : :“ o /‘
L The sxmllarity of the responses of normal and )
" N ' "dyétrophic muscle to“both{ caffeine and dantrolene suggests .

- - i

that gross ~t:hangez; in calcium handling are not an early

feature of'chic.ken'dystmph'y. Studies of calcium ﬁan&linh
. \ LT I .
‘ : : .,
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: F : in olal:ed fibre bundles from the muscles of young and old :

B dystrophlc chxckens would be’ ﬁelpful 1n thlB regard. '

¢ .- The presence of 'abnormalx‘gl-es in the vascular smooth . S ﬁ

" -~musc'ie of the dyalt.n.;oph:.c chicken .-is ;:onautent vith the‘ ' ) 3
. "‘, . not:.on that smooth mascle is affected by avian dystrc;phy.

-a, ‘ The‘”’extent to wl'uch smogth muscle abnormalu;;.ee are present‘ . K I £

in'avi‘an dyst;'o'i;h'y’ should be assesféd in other smoo’th"

muscle prreparatigns.

.."
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4
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apectrum of muscle inyolvement -in ‘avian 4dystrophy.

diseased chickens would also be helpful in assessing the

E_x'aminqtion of the gardiac muscle of

s

. ;
. r -
5 S .
. © 1
. = 2 o
4 K - S 1 A
4. Yo D P =
o, . r E
. + 3 + ¥
f
R . . o §
e ~ r S &
= . » i [ f o
S . 2 g
. B A 2 i
p 5 R » ., - o . » 5 . » » N . LF (0
' - = . s d .
o s - . R B R . .
= S GE . " \
- N . .
i .
. . J . .
LR ‘m Y
- . - . . . e R . ‘ ‘ - . .
< ' .
.
) R O .. S, el ! .
3 ?
4 b o .
. J .
= . . - O © : » B . . ’
PR = - " . .
. R .
f
: e ™ “B -
\ - . ., . "
v . e. . . g p .
- h . Al -
e P e e .
9 . L [y e i q O
. . t -
. ) . , R ’ W f S
. .
3 i
t . . "o § A ¥ . B k
" 1 L) 0 .
- bl
- - .
" . N 5 . 1 . ]
1 ) . N R
, .
i
. ' . . . L) ' , . .
. c e [ 0 - o
g - N . ' - 3
- ', “or B
g . ) 5 N w ®
- . r
. B
r o o r o .
x : , , . ¥, ; :
o I ' - RS
3 0 AR
. N 018 . an ¥ B
y . . ' . . &
o A 0 M
. d
4 - . . -
- 0 ; L - . B ; é . o
0§ N
. . . . .
1 'l 0 A N N
. . ' 2
: 5 . . - e 9 ' .
E v h f ] % . f
. i . 5 . —_—
. . 4 . g
. g f . .
n b 3 &
3 .
R R . B
[ . 4 . i . 3 K . ! .C . U
. . -
% . .t 0 . .
. . 3 0 0 . .
B o . V't -3 9 g H .
’ . . . M g N x ’
] . L}
' y 4 L a ! i
= . 800 P ™ v )
" ' (] M N A N L3 -
0 .
N - 7 f
v . , 2 O N [
-~ ' . hd . 0
. ~
@ u
. . - »
'
:
o
ha
.

i,

G A
5 e
e ~%-p‘rw..wq_¢' s e

'3

nead
l‘:"l-.) 'n«"w) S PN T T SN

- - .
oo u m,.\- Cv



Rk LA

vATP

o e B T A VAL

3

e

&

.. muscles after denervat;io'n: Exp. Neurol. 26: 1183-202.
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Dear Ms. 'Howlett: ’ o . ' o o e oL s : .
The permission you requested in your letter of November 30 is not required. ; e

The diagram to which you refer was first published in It book by Duchenne in &

1861 ~= De L'Electrisation’ localisée et de son ngication la pathologfe . N

‘et 3 la thérapeutique. . A o o JS
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A7, ¥E, 'CSIRO ° o ' _ bemg thf . ‘ i
e COPY”ght holder-of the mater1a1 descmbed below R SR I‘
S VR Figure 1 (page 466) of the article entitled " Anat:omy ‘and

embryclogy of. the wing musculature.of the domestic fowl (C¥llus) "

R ‘ . .
- o '““ i ‘.'A‘tistral'ian Journal of Zooleg'y’, Volume 10, 1962 s L . '
N ki
L ‘, do heweby permit the 1nc1us1on of the descﬁbed m-atemal o ,
“the thes1s/report ent}ﬂed S B - ' “ '*
" Physiolog}e: .and Phamacologic Properties of Normal ands Dystrophic oL < |
. . PRI T Avian Muscle 1
5 #= \,_ . ' - : 2 : —| » S ‘
T wr1tten b_y Susan E. Howlett o and subm1tted\\o. ‘ R ' .
| pa'FTa] fu]fﬂ]ment of the requ1 rements for the degree “of " - | . o i
_Doctor of Philosophy -~ -, at Memorial University- ,\
. of Newfoundland, ° - - ¥ , ‘ o \r;;
~I further. permit tﬁe Néfiona] Libra%y‘é‘ff(:anada‘to
.m1crof11m th1s thes1s, 1nc1ud1ng the matema] to. wh1ch I retam o

copyright, ‘and to 1end or seH copies of the fﬂm

% . Full acknowledgment to. the source is. required. ; ' -
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T STGNATURE : ?f'],ﬂ—ab(,,,

s oo oo Rditor-in-Chief o D
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1. .T.B. Hoekman , being .a co-author of the‘material described"
. below: &
Figure 1 (page 53) of t:he article entitled " .Sex
§ . differences in the phenotypic expression of avian e
G :dYStroph)' " . )
v :v“ o ‘ . ‘ I, Lo 0] ] )
Experimental NeurologzL Volume 81, 1983 .
3 ::" L) ‘ .
do hereby permit.the mc]us‘mn of. the descmbed material in the thesis -
. ‘entitled: |
o = o . . " Phyéiolgéic and Pharmacologic Properties .of, Normal
and Dystrophic Avian Muscle "
wm’tten'by 3 Susan E. Howlett and submitted in partial
1\" fu]ﬁﬂment of the requ1rements for the degree of ngr of Philosaphy
at Memoma'l Un1vers1ty of Newfoundland. \
. I -further permit the national library of Canada to mi crofilm
’thi‘s thesis and to lend or sell copies of the Him.
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November 30, 1984 - o ER S . <.

".Academic Press, Inc. ‘ O . o L * 3
111 5th Ave., ' ' 5,
New York, N.Y. - ; ) e SN . k)
10003 U.S.A. . . N . 3
To whom it my concern, o "_ ' . -, I . T

"I am wnting to request permusion to use a diagram, for which you hold ¥
. the copyrlght, in the methods section of my PhD thesis, The diagram in- ) ) ' q
. question_ appeared on page. 53 in Volume 81 (1983) of the journal Eerrxmental A |
: Neurologx, in a_paper entitled '"Sex differences in the phenotypic expression ' - ?
of avian dyatrophy"’ by S.E. Howlett and T.B. Hoeknan. = If you are willing to . .
. grant permisgsion please sign ‘the enclosed form dnd return {l: to.me at: your . ! I\":
earliest posa1b1e convenlence. : a : L
Thank you/Tor your attenuon. . ' ‘ N ) S

. ' - Smcgrely R

Susan Howlett

- S P ' "PERMISSION C‘RANTED o
S . ' : . B @ :provided that: «
. ‘ ' T you obtain the permission of the author($);

the material to be used has appeared In our

pubii cation without credit or, .

, . . . ,, . acknOWIedgemem to anoiher sousce; proper !
‘oo o ' S credit is given to’our publication(s)

R te Daten ('ﬂ’ B ' é_ -
. I : ﬁartha»Strassberger % f,

; TN ' IR . . Rights and Permissions
<y ' ; :ACADEMIC PRESS

S ~Orlando, Florida 32887 o
‘ . **ghould commercial publication result, please -

contact Academic Press again. 1
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