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eeocT
mscular{nystmphy has been considered a primary myopathy with
causatiVve factors ;therent w1thin the muscle flber ‘itself. Recent
eudence hwever,suggests that same fo:.ms of dystrophy have a neurogenic
orlgit_l. | | | . ‘ _
"Ihe‘observations on the possible involyenent of the neurar‘uscular =
trans:mtter in the dystrophic process have been contradictory. As shown
m th.'LS sttx'iy,the conditions under which the expe.rm\ents are carried out _
have important effects on ‘the paraneter.bemg measured.
The ‘present study has ‘been carried out -in order to determine
whether changes are observed in the rate of spontaneous transmtte.r release
) The frequency of m:iniature endplate potentlals (m.e p.p.s) has been |
determined in the extensor dlgltorun longus (EDL) and soleus (SOL) muscles
.of normal and dystrophlc mlce at vanous ages. The results show that in the
normal animal the frequencies in the two miscles are very sn.mllar after
. birth. ‘I‘he frequency oontmues to mcrease \J\_H the EDL while the -frequency_
in the soleus seems to reach an, adult 1eve1 much earlier.‘b_ystrophy ‘was ot
~found to aff'ect‘ the frequency in the soleus muscle but in the dystrophlc EDL
the frequency is significantly lower relative to control values. Since
this effect occurs after the- clinicalsynptars are manlfested it is concluded
thatthechangeobservedlsaseeoxﬂaryphemrenon ’Ihlsdoesmtmver
rule out the poss:LbJJ.ity of a neurogenlc defect in the et.J.ology of murine 7
mascular dystrophy It is postulated that the observed changes reflect an
alteraticn of the endplate region




CHAPTER I .
. . —*‘——_—" : .
I‘ntxoducti'on,

—

1. Muscular dystmghx descr:.ptlon and classification

Muscular dystrophy refers to a group of hereditary disorders >
with the followmg characteristics: weakness and wasting of striated o Y
nmsqle,w:l.th a progressa.ve ¢linical course. . |
Marny pathologlsts have based a hJ.StOlOglC d;Lagnos:.s of Muscula.r‘ |
Dystrophy (M. D) on Erb's (1884) prlmlpal patholog:.c criteria for -
distinguishing the disease {revieved by Walton,1973a) . These consisted N
of (1) i:ounding of muscle fibers in t’fansve.rse sections with hypert;.rophy o
of same fibers a.nd atrophy of others; (2) random variation in fiber size
and shape; (3) central m:.gratlon of saroolenml nuclei in many fJ.bers, S i
(4) fiber splitting; (5) extensive mfllt_rata.on of fat and oonnect:.ve v a
ti.ésm More recent evidence (reviewed by Pearce and Walton,1962;Bell
and Conen, 1968) has mdlcated that the primary pathologlc process in M.D.
involves necrosis w:.th active degene.rauon of muscle flbers to which!
"there is seoondar;r regenerative response of varymg extent.
This histopatllological deécr_iptién for all varieties of M.D.
may,however ,be also given for chronically denervated muscle fibers
(Walbon 1973a). The terrm.nal stages of a lérr;' sta.ndirx; myppathic process
a.nd a long standmg dene::vatlon atrophy are v:_rtually impossible to
| distinguith (Walton,1973a).

Walton and Nattrass (1954) attempted to classify the pure
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dystmphles into three major ’cype.‘a 'I'hese J.ncluded theoDudlene Limb
girdle and Fascioscapulohumeral varieties. The analysis of clinical
. an§i genet:.c .data were the basis for this classification. Because ‘of
| 1t's dlstmct clinical charactern.stics,Dystro;iua Myotonica is excluded
" fram the pure dystrol:iues The hlstopat}'ology of myotonic dystrophy
closely resembles the pure dystrophles except for the clinical myoborna
' whicll'lenis susplcmn to a possible neu.mnal mvolvement (Walton,1973b)

. The early hmtopathologlcal approach used by cl:.mc:.ans fell
short of an accurate dlagnosnls The techmque of s:.ngle 1:10psy used in
acun.rJ.ng tissue for analy515 has an mportant dlsadvant:age in that 1t
" gan only demonstrate that akmonnalltles are present in-a.small part
of the muscle fram whlch the blopsy was taken (Walton, 19734} Multlple
bmps:.es on human subjects are  discouraged for obvious reasons.

Other parameters have been useful m establa.sh.mg an accurate
diagnosis of muscle dlseases while adding to the contm\f'ersy that exists
over the class:.flcatlon of partlcular types of dystropl'ues These
paranete.rs include neuralogic examinations,serum enzyme studles,spmal o
fluid e.xammatlon electranyography, nerve conduction studies and muscle
blopsy for varmus studies mcludmg hlstology hlstodﬂn.‘LStry,electmn
rru.c:roscopy and biochemistry (Engel 1967) .

These paranete.rs have offered con.fl.lctz.rg ev:.dence as to the
?:lass:.flcat:.on of the pure dystrophies, and in establishing the patho-
genesm of M. D '

The problem of mvestlgatlrg human nmscle disease is the

A




dl.fflCl.llty in obtammg suff:.c:.ent materlal by muscle blopsy,and in _ _~ 

exammatlon of nem:ologlcal function, A study of the patln—
.175 of this dlsease in human patlemts wculd be most time consum.ng
not to me_ntlon the expense and amaety involyved. R |

2. Ammal myopathles useful models . ‘ A .

. . . "-.._,—

Develop*\e.nt,él studies oni known carrle.rs of genetically determ:.ﬂéd
muscle dlseases would be’ most useful in atte‘nptmg to eluc:Ldate the ‘
underlying etlology,as well as observmg the tarpo at whlc:h the dlsease
process affects t'.he muscle.’ )

Animerl oongemtal rryopath.les (rev:.ewed by Hadlow, 1973) have
provided the opporttmlty of studymg disease processes that would ‘have

‘ been otherwise impossible with human pa%ents A nunte.r of ge.neta.c
mutants, for exanple have been ohserved in several spec:.es with c].J.nJ.cal
] * correlates to the human- dyst.roghleﬁ A varlety of J_nhented Musc:ular
WStro;ines in animals have been reportTd 1nc1ud1ng the mouse
'(Michelson et al,1955;Meier and Southard 1979) , chlcken(As:mmdson and
. Jullan,1956) aryanqt.er (Hanburger et al,1962).

In 1955 M.th:alscm descnmd an heredltary myopathy in the house
mouse of Ear HarbOur mbred stram 129; the hereditary anamaly des:.gnated
by the symbol "dy". This partlcular\ mutant has sgme advantages over the -
other mherlted animal myopathies resanblmg humnan Muscular l:yst.ro;hy
Sare animal nodelslbast resanble specific hupan dystrophic types on the
basis of cl:.mcal expressmn or other carrelates, 'I‘hm the myopathy

described in the chicken (Asmundson and Jullan,1956)may reserrble




Fascmscapllohuneral dystrophy or the m.mbg:!rdle variety due to ‘the
'Ereferred involvement of the pectoral muscle group. ‘The myopaﬂqr in
| the mouse,on the other hand,xjesmbles human myotonica dystrophia
in it's clinical symptoms as well as several other parameters. (Miéhelson )
et al,1955; McCamas and Méssaw,lssq)_. : | S
More recently,a r;ewly dlsoove'\fe&l'xaredltary rryopathy has been
' found on an mbred strain of mice (WK/REJ) mth symptans resembling
myotonlc dystrophy As with the 129 dy st_ram the myopathy is caused
by an auboscmal recesswe rm.ltatlon (Meier and Southard,1970). The nn;t:ant
gene is described as a varlant of the 129 stram w1th the new allele |
designated dy2J docordmg to the genetic rmenclature t::r mice.

- The pathology that this new syndrame presents 1s much milder
than the earlier rnyopéthy descrlbed for the mouse . The anset of the disease
mthmpartlculq.rstralnisseenmuchlaterwhencarpaxedmththe )
129 strain and t.he progressmn is less severe. ThlS accounts for the
fact that both affected males and fenales are able to breed The actual
'hlstopathologlcal fmdmgs a.re(u mular to those found in the dy/dy
mutants (Michelson et a ,1955) . These oonmsbed in whole or in part <of:
(1) loss of striétion; 2) c“oagulation. necrosi.s; (3)regenerative activity;
. (4)varmt.10n in flber size; (S)mternal rowing of miclei.

The hlstopathology seen in this animal myopathy closely parallels N

tha't seen in the huwisease process. A more camprehensive understanding -
of the pathogenesis of this diseasé can now be attempted using this -

animal model.
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- target for the dystrophic abnomality. An analyeis of the ontogeny

3. Etioloéy of muscular dystrophy

Since Erb (Ié84) showed that irl cases of erogressive muscular
dystrophy there are patholog1cal changes in skeletal muscle,unaccan
panled by cbvious morphologlcal abnormalities in the anterior horn cells
of the spinal oord,it has generally been accepted that muscular dys—
trophy is a prmary myopathy. By primary myopathy 1t is- neant a dJ.SOI.'—
der due bo a prior pathologlcal“’or biochemucal abmnnal:.ty ansmg w1th—
in the muscle flbers thenselves .

It is also generally accepted that an, 1nterdeperﬂence of nerve |

" and muscle exists. The alteratlons of muscle which results from neur-

ectomy, injury, chemical nerve blocks and other techniques used to block
effects fram the nerve to its SpeC:LflC miscle have been docu;pnted N~
(Gutmann 1963; Guth, 1968). The question ‘that is currently being asked
15 whether a possible neurogenic ccrrponent exists in the pathogenes.us
of musqular dystrophy. '

Buller,Ecoles and Eccles(lBGOa) presented ev1denoe for the role
of neuroned during _tlie riod of muscle ch.fferent:.at.ton in the:.r nerve

cress-union studies. In heir experiments the normal physmlog:.cal

' 'c:haracteristics of muscles were determined by the type of innervation -'

J.mposed upon them.
The ooncept of a neurotrophlc J.nfluence was' investigated as to-
its relevance to the phys:.ologlcal behavior of fast and slow muscles

(Milhorat,l%?) . It appears that a specific fiber type 15 selected as a

f
|
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of nuscles from dystrophic chJ.ckens reveals an impai_ment in the
.maturatlon of white muscle (Cosmos,1965) whlle the red nuscles appear
unaffected (Cosmos, 1967) In dystrophlc mice (dy/dy) ev:.dence has
accumilated also mdlcatmg that slow mascles are less susceptible -
to dystrophy (Brust 1966 Harris,1971 Law and Atwood 1972a). .It is not

| known, however ,whether this d:.fference arises frcm the dlfferent trophic
effects of the n'otor nerve.

The experments of Salafsky (1971) have suggested that rtotor
ﬁeurons of d_ystmphic mice (dy/dy) are abnormal in their ability to .
support muscle growth and maintain functional contacts with the muscle
fibers. Using the techniques of Studitsky (reviewed by Carlson,1968,
© 1973} he showed that minced muscle from a normal mature domr falled
to regenerate 1n a dystrophxc host,while muscle from a dyst.rophlc
donor developed almost normal Capabllltles in the nonnal host. This
flndmg was supported by Hn_rcnaka ard M.lyata (1973) who used the entire
extensor digitorum 1ongus (EDL) muscle frcm normal and dystromlc (dy/dy)
mice transplantmg them into areas vacated by the removal of EDL mmcle
either in dystrophic or nornal littermates. Electrophysz.ologlcal responses
fram dystrophlc transplants mto normal hosts paralleled those seen
in normal \moperated EDL nuscles,wh:.le normal or dystrophlc transplants
into dystrophlc hosts dlsplayed respons<aS similar to <unoperated
dystrophlc EDL muscles Contrary to the above findings,Cosmos (1973) and
Laird and Tmmer (1965,1966) using s.unllar heterotransplanted minced

muscle techniques reported the retention of donor charactgerlstlcs '



in foreign hosts. _
' The results of experiments by Law and Atwood (1972b) show that

dystrophic muscles o not respond to qrqss—reirﬁw.ervation in the same
_ way as do normal mscles, Contractim_ t:;.mes ‘and fiber cable constants
were not significantly altered in dystrophic soleus muscles cross-
reinnervated with the nerve originally Anriervating the flexor digitofmn .
‘longus muscle. Normal soleus muscles reinnervated in this fashion display
contraction times and fiber cable constants approaching the flexor
digitorum longus muscle. The camlenentary evidence presented by

Salafsky (1971) and Hironaka and Miyata (19'73) suggests that the dystropluc
mouse lacks the trophic factors found in the mrmal lJ.tte.mates

 The observations made by ficomas and Mrozek (1967) point to

the possable myolvgrmt of the mtor 1nnervatlon in the pathoge.nesa.s~

of muscular dystrophy. They reported that same dysf.ro;:hic mouse (dy)
" muscles appeared to be fuﬁcticnally denervated. The fibers responded
to direct stimilation but not to indirect stiiualtion. McComas et al

~ (1971b) later reported a reduction in the nmber of motor units in
- patients afflicted with Dystzophla !*!yotoni‘ca,l.d.rrbgirdle and ;E‘ascio-
scapulohumeral Varietiesl. Decreased w: unit counts are also
' cha.racterlst:l.c of prmary neurogenic diseases as well as chronic -
dene;vatmn (bchmas et al 197la). Ballantyne and Hahsen (1974)
using a new metrnd-fo_r estimating the number of mtor units, present |
contrary findings to McComas's earlier observations. 'Iheyfound no

‘significan‘t difference between the motor unit counts from normal patients

A
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and those afflicted with thé_'Fascioscaéuldumeral and Linbgirdle types

of dystrophy. They did concede that motor unit counts were markedly
reduced in rnYotopic dystrophy‘as cited earlier by McCamas et al (1971b)

| _l{arri-s‘ et al (1972) estiltlatéd‘ﬂ)at there is a reduction in the.

_ nmlt;e.r of myelinated.nerve fil:;ers in the dystrophic mouse (dY) . This ..

is ﬁotrsurprising in view of the evidence 'of notor um.t irvolvement.
Papetropoulous and Bradley {1972) . however reported that anterlor hom -
cells are present in normal numbers in murine dystrq:hy It would seem

' that this,in itself, would be ‘contrary to a firm neurogenic hypothes:.s '
for the pathogenesm of muscular dystrophy. It may be possmble, as -
suggested by Bradley (1973) that a dying back type of neuropathy
(Cavanagh,1964) exists in these ammals where a decrease in the number

of axons may be observed while no obvious differences may be seen in

the spinal cord. Thus the first changes that are likely to occur will be
in' the furthermost lj.rﬁits of the nerve fiber axon. This is the site of ‘

. cam\encanent of the "dylng back" pmcess the amtmucal dissolutican of the
axon proceedmg with greater or lesser speed, - accordmg to the

jlrxiz.v:.dual condition toward the nerve cell body Cavanagh (1964) descrn.bed
e:cperinental intoxications due to orgamptpsphorous campours which |

closely mimic human neurclogical diseases of the "dying back" type.

-




4. Nature of the trophic - influence

A ccntroversy e.xlsts as to whether . the tI'OphJ.c influence in the .
motor nerves is a 5pec1fic protem um:elated t:o neurarruscular trans—
mlSSlOI'l or is related to the release pa.rameters of acetylc:holme (ACh)
at the endplate,or to changes in the activlty of the muscle and a
possible feedback affect on the nerve. 'I'hese are currently be:Lng mvest:.—-
gated ‘with possuble relevance to the cnset of muscular dystrophy-.

' The role of mtpulse act:.w:.ty of the nerve in detemu.nJ.ng t'ne
‘cantractile parameters of str:.at.ed muscle has been danonstrated by _
Buller,Eccles and Eccles (1960b) ; Salmons and Vrbcva (1969) ; Fischbach and
" Robbins (1969) ;Lo and Rosenthal (1972) ;Lgno and Westgaxrd(1974). Fischbach
and Rabbins (1969) dam_nstratéd alterations in the éqleus muscle after a
.period of disuse with no change in innervation. It mpld,'séan then ;that
.control of contractile mechanism deperds in part on impulse activity.The
: tlITE course of contraction and relaxation in'the isametric tw1tcn of a
-rabbit soleus n_mscle'becmes more z:apid following tenctamy and spinal cord

section. Salmons and Vibova (1969) showed that this increase in speed of
| contractién could be prevented by chronic direct electrical stimulation

of the muscle at frequencies of 5-i0/second Direct stinmlation of the

fast contractmg rabbit and cat muscles at frequenc1es of lO/sec had a
'slow.mg effect on the ‘time course of contraction and relaxatlon Lo and
'Westgaard (1974) dermonstrated that denervated soleus muscles stimulated

at a rate resembling phasic act1v1ty of fast muscles {100Hz) acquired

several properties characteristic of fast muscles whereas ruscles stimulated

at 10Hz remained slow. E&cles et al-(1958) xeported that the frequency of’



10
tohic mpulses recorded fram axons J.nnervatmg slow oontract:.ng
nuscle fibers were much slower .than the frequency of phas:.c: impulses
recorded fran axonsg innervating fast twitch muscle fibers.
It is well known that nerves have an mportant role in the
regulation of cholinesterase (AChE) acta.v:.ty of skeletal rmscle. ‘Mlen
. the motct: nerve is cut,the AChE actl\rity decreases (Guth, Albers, and
Bro.m 1964). In normal muscle only the endplate reglon is sen51t1ve to
~ the ACh transnu.tter (Mlled1,1960) but followmg depervation the whole
surface of the nuscle beoanes sensitive (Mlledl,l%o Axellson and
Thesleff,1959) Relnnervatlon of a denervated muscle restores cholm— '
. esterase ectivz.ty (Guth and Bm-m,1965) and -normal endplate Af::h sens1t1vity
(NﬁArdle ard Al!:u.xquerque,lQ?B). Explanations of how motor nerves exart
‘regulatory influences on muscle have been put forward. -
- Thesleff (1960) suggested that small amounts of ACh released from
nerve endings at neuronuscular jurx:tions have a desensitizing effect on
the area outside the endplate reglon Although Drachman (1972) reports.
that ACh 1s responsrble for AChE actJ.vity at both endplate and mn—eruiplate
reglons he does propose that some non-cholinergic mfluenoe may be oper-
ating as well. Mlledl (1960) contends -that a spec1al t.rophlc substahoe
.independent of muscle activity is rel’eased- fram the nerve endmgs and is
responsible for keeping the rest ‘'of the nusole fiber insensitive to t.he
A transmitter. The possi.bility that ‘muscle activity is an important factor
in maintaining focal endplate sensitivit.y has also been considered. Jones -
and Vrbova (1971) and Imo and Rosenthal (1972) showed that when denervated
muscleswere directly stimulated during the first few days of denervation,
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the'.Onseil'; of hyéersens_itivity ;vas".delayed...Jahsen et al (19'_13_). aiso_
demonstrated the importance _of muscle activity for synapse formation by
a foreign nerve. They ‘found that after blockmg motor nerve in@lse .to
the rat soleus muscle by local anesthesia, J.ndn.vidual muscle flbers be-’
came mnervated by a transplantid rnotor nerve. Such cross—mnervata.on
of a denervated’ soleus was largely reduced by dJ.recL electrical stimulat-
ion of the muscle. ' |

The onset of derﬂervation. changes appears to be mrfeléted in tJ.I!‘e
with the onset of degeneration of the nerve terminals and the time course
of the onset of this process déperxis on the length of the peripheral
nerve stunp (Mlledl and Slater,1969). Findings in which derxervation -changes
.were seen to occur earller in the muscles attached to a short stump of
nerve than muscles connected to a longer nerve stump (Mlledl and Slater,
1969;Harris and Thesleff,1972) indicate that inactivity alone cannot
expla:.n the development of denervation hypersen51t1v1ty o

Colchlcme which blocks axonal transport has been reported to
mimic‘ sane of the effectgl of denervation’ on manmalian sk_eletal muscles
(Bofmann and Thesleff,1972;Albuquerque et al;1972;Cangiano,1973).These
effects include increased extrajunctional ACh sensitivity and a fall in
muscle fiber resting membrane potential. Colchicine (in discrete amounts). _
does not interfere with nerve impulse conduction,neurcmscular transmiss-
ion or muscle tension evoked by stimulation of the nerve (Hofmann et al, |
1973) . It seems,therefore,that denarvatlon—llke changes may be mduced
in the presence of normal nuscle actJ.v:.ty This "is supported by the work

- of 'Igiro (1974) 'where colchicine was found: to raise,the ACh sensitivity

A




- in both innervated and derlervated stimulated fibers to about the same

VA ' ot

- extent.
'Ihesleff (1960) has suggested that spontaneous m:.niature end—

late potmt:.als (m.e.p.p.s) are sufficient to J:revent the spread of ACh

' sens:.tn.v:.ty Ig&no and Rosenthal (1972) reported normal frequency and’

amplltude of m.e.p.p.s Stlll present in nerve m:pulse blocked nuscles

that had beccme hypersensita.ve The presence of the nerve itself has

" also been observed as having a troph:Lc influence on the muscle flber with-

cut requiring choliner'gic“ transmission (Steinbach et al,1973). The passage

of piotei.n from tihe motor nerve elﬁipgs to the nmscle has been shown au't'o-'

s
radiographically (Korr et al,1967;Bradley,1973). Lentz " (1971) has shown

I

that a dlffusable substance given off by the nerve :.nduces enzyme act:.vuy

inm

I

in the nuscle. This again adds to a possible involvement of a non-

N N .
-"é‘ MR Lo
= PP

cholinergic troﬁuc Substance. - . -
The experm'ents which uncove.red the evidence. for a neurotrophic
mfluence on skeletal muscle have been applied to studies attenptmg
| to fird a poss:.ble neurogmlc ocmpcnent in the pathogenesis of mlsctlslar
dystrophy. . ‘The results,however,are varlable. |
Salafsky et al (1973) reported altered neural protems in the spinal
cord, spinal roots and perlpheral nerves along w1th an absence of myelm—
ated. fibers in both the dorsal and ve.ntral roots of dyst.rophlc mice in
both the 1294y and C57B1/6Jdy>> strains. Radioactive labelling of the spinal
cord has also shown abnormal axoplasmic flow patterns in the sc:.atlc nerve

- of dyst.rophlc dy mice (Bradley and Jaros,1973; Kmu.ya and AustJ.n 1974; .
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" Jablecki and Brimijoin,1974).
Denervation effec:ts on muscle meniorane stabillty are well kmm
(Ha.-r_ris and 'Ihesleff,l972;Nichd."Le and Albuquerque,1971). Harris and Ward
( 1974) iﬁvestigated dystrog;ﬁic mice’ (dy) for 'I'I'X-_resistaﬁt”action p'otentials‘ :
and extraj'tlnct;.icnal ACh activity,bofh reported as consequences of surgical—
denervation (Harris and Thesleff, 1971}. No evidence for "I'I'X—resisfc\.ant |
action potentlals or extraijctlonal ACh sensitiv1ty was found
~ The denervation effect on AChE activity previously described may
-also be campared to the observétions of 'erx:'iplatethE in dystrophic mice.Glaser
stal (1967) havealready reported a marked redpétion_ in available AChE
in aystrophic n'oﬁSe‘;(dY) muscle. Jedrezejezyk ét al (19_73)repbrted a
decrease in synaptic AChE in skeletal muscle l-;f dystrophic chickens.
Because of té? correlation that may be drawn fram dene.r?ation studies
(Guth et a},1964:1965) (the cc-:mcep't of a deranged neural factor affecting .
AChE activity was put forward. The mechanisms howsver may be dependent
on the type of dyst.ropl'ly affectmg a partlcular ammal model A more
carprehensa.ve study by Lmkhart et al (1975) attenpted to eluc1date
the etiology of the altered AChE activity in dystrophlc avian muscle
The expe.rm‘ental approach mvolv:.ng prmord:.al limb transplantatlon
between genetlcally dlffere.nt elrbryos demnstrated that the decreased
" AChE act1v1ty in dystrophic chlckené is caused by an mltlal biochemical
abnormallty in the limb and 1ts muscle rather than on its innervating
nerve. The possibiltiy of the nuscle fiber 1tself influencing the axon _‘

mnérvatmg it may also be suggested in light of the work by Duchene

k‘m'
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'etl al (1975)' They fourﬁ' that ther"amnal'sprbuting normally induced by
: botulmum toxin is supressed by the prese.nce of an extra implanted nerve
which has establlshed new functlonmg synapses. This is evidence for
a possmle regulatory mfluence of the rruscle fJ.be.r exerted on 1t8
mnervatmg axon.

Because of the mpllcatmns of a possible neural involvement
'in the .onset of the dystrophic process,a study of neuromuscular functlonl
in .dystroph\ic animals would be useful. | |

il
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5 The Neuramscular Junctlon

The neu::amscular junction has been found to be both functlonally
and morphologically involved in thedystroph‘ic process. MacDermot
(1961)and more recently Gilbert et al (1973) have shown,on histological‘

examinatlon ﬁ:.hat the nerve and motor endplates are affected in myotomc |
| dystrophy as well as in the mouse. It has also been reported that there
A is a reductlm in the number of vesicles in the presynaptlc nerve
terrrunal of dystrophic mice (dy) (Ragab,1971).

In 1950,Fatt and Katz,wh:.le recordmg mtracel%tary ‘from the
frog neurcxmscular synapse detected small potentials of fa:.rly oonstant
amplitude and appearmg at @andcm intervals. These potentlals called
miniature endplate potentials (m.e.p.p.s) were found ") correspond |
to -basic units of transmitter release (del Castll-lo and Katz,195_6) .

They have been recorded at all neuramuscular junctions from skeletal
miscle, smooth muscle;in vertebrates or invertebrates (Boyd and Martin,
1956a; Takeuchi , 1958; Hubbard, 1970) . . | | |

The miniature potentials for vertebrate neummscular junctions
are exc1tatory.that is,they are recorded as depolarizations of the
post synaptlc membrane. Pharmacological analysis was used by Fatt and Katz
(1951,1952) to ascertain that these potentlals were mdeed produced
‘by packets of transmltter. The assmptlon that m.e.p.p.s reflect the

presynaptic release of transmitter is supported by the finding that the
freqeency of miniature potentials is depe.ndent on the presynaptic and -

not postsynaptic depolarization (delCastillo and Katz,1954;Liley,1956h).

PR |




| \_.% I_..-o

-'\)_

. " 16
N . .
. \\\ ‘

. . \
Conslstent with thls 1dea, is the evidenc#e prov:.ded by. degeneratlon
experiments. M.e.p.p.s. disappear if the nerve tenm.nal is ‘allowed to
degenerate and reappear with reJ.nnervatlon at the rat neuramscular _
junctlorb (Liley,1956a; McArdle and Al.buquerque 1973). The chemlcal
transmitter- responsxble for these postsynaptic depolarizations has been
collected (Dale et al, 1936) and has shown to be aoetylclwlme (ACh).
Inhlbltory agents have been found to spec:.flcally af fec\t transmitter
action (curare) or release (botulinum toxin)(Fatt and’ Kat-},-.. 1952;
reviewed by Hubbard and Quastel, 1973).

Conrad and Glaser (1962) while inveetigating neur_mué ar

fatigue in’ dystrophic mice, implied that an alteration in ne cular

transmission may be present, indepe:ﬂent; of any primary nuscular dys
function. They extended this thesis further in their later observation
(1964) ‘of a marked reductlon in the frequency of m.e.p.p.s. in
dystrophlc mice (dy) . McComas and Mossawy (1965) did not. find any
change in m.e.p.p. frequency in. dystr?phlc mice (dy) but did report
a decrease in the amplltude of m.e.p.p.s.

The abnormal pl’lannaoologlcal response fram dystrophlc

reported by Baker et al. (1960, 1963) suggests a functional denervation.

The supersensitivity to neostigmine and resistance to d-tubocurarine in .

" dystrophic mice reported By Baker et al (1960) is also a characteristic
of denervated muscle (Adams,'DeImy-Bram and Pearson, 1953)..
_ The experimental evidence to date indicates that a possible

alteration in the cholinergic mechanism is present -in the dystrophic
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process. Whether this alteration,is due w'm-MOmalit'y at the
motor end plate,and not secondary to diseased musgle or nerve,is «
currently the subject of intensive l,nvestlga%lon. Consideration of
factors affecting cholinerglc transnigeioh- at tl-le rieqrmuscul'ér
junction is lnecessary in any- attempt at correlating transmitter release
with a trophic influence. | o -

. . R ‘ . -
6.Factors 'affecting the ¥Frequency of,iﬁ;e.p.p.s.

Various factors w111 influence the rate at which transmitter
is spontaneously dlscha.rged fram nerve terminals. Because of m.e. p p.
' presynaptlc orlgm,thelr frequency can only reflect presynaptlc
events (katz,1962) . Agents that mfluence f_he nerve axon,or its.axon
terminals,will also affect the amount of transnitter released~, .

a)Membrane potentials

. \‘ - .
Changes in the_nﬂnbrane' potential of axons or their te#minals

will have a direct affect on the miniature potentlal fr:equency (del

. COStlllO and Ka&z 1954;Quaskel and Cook,1973) Depolarlzmg the nerve

supplying the end plates will result in an increased frequency (Llley o
1956a,1956b; Quastel and Cocke,1973) ' '

' Alterat;ons in the ionic 'concentratlons of extracellular
‘solutions: bathing nerve-miscle preparaplons w1ll 1nd1_rectly, affect
the frequem\:y of m.e.p.p.s. Increasing the concentration of extracellular
potassium (K ) will result; in a depolarization of thg terminal axons
and a eubsequentl int-:reaserm the frequeney of m.e.p(;.s. (Liley,1956b,

Boyd aJﬂ,Martih,1956,0kada 1973;reviewed by Hubbard, 1970) .\‘

L
A




Ot;ﬁer factors will also affect the frequency of _dis'eharge‘ ,‘ @
'possibly. by produci\r;é_}' same local depolari'zati'on‘ and thereby increasing ‘
the instability of the nerve'endings. Thﬁs,localiied trauma to the nerve
' endmgs produced either by pulling.on the motor nerve or stretchmg the
muscle fiber w1ll result 1n an increased’ frequcy of me. p.p.s(Fatt and

. Katz,l952'Boyd and Martin, 1956'Llley,l956a) although 'I‘urka'nls (1973a)
did not cbserve any increase in m.e.p.p. frequency while recording from
stretched J;at dlaghraqm preparatlons Local damage to the enrd plates o
in the msertlon of mcroelectrefies will also result in an increase
in ‘the frequency of dlsd:arv%‘(:‘att and Katz 1952) as w111 lack of oxygen
' (Krnjew.c and Mlledr,1958 sHubbard ard ILgyning,1966).Liley (1956a) |
suggests a re51stance to short term anoxia while Boyd and Martin (1956&)
lh_ave reported a rapld decline in restmg mert;rane potential as well
as an mcrease in the'fr‘equency of m:e.[;.-p.s. )
b) Ienic hiedia .
 The ooncentra{tions of certain’ions will affect the frequency
of m.e.p.p.s. The affects of depolarization ‘of nerve termingls’are
re 1n the presence of raised [MgH] or-ld-.ered [CaH] (Liley,l956b).
\An ir indrease in [Mg ] in ralsed potassium solution will decrease the
frequency of m.e.p. p.s. (Hul:bard.,l%l) as well as decreasing the
amplitude of the-e.p.p. {Boyd and Marti.h,lQS&b).A.depression of m.e.p.i).
frequency is observed with a decreased [Ca*'] (Boyd and Martin,1956a;
Liley,1956b as is a decreasg in the amplitude of the e.p.p. (Boyd and

blartj}1,19§.6b) - An effect on both quantal content and miniature frequency

. -




19
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in parallel would nﬂ:.cate an action “upon the pmcess whlch couples re-
'lease to pola.rization (Hubbard,, leas’and Quastel, 1969) A model pmposed
by Gage and QuastéJ, (1.966) suggests that Calcium (Ca ) affects trans—
rru.tter release by changing the concentration m the presynaptlc membrane
of a ccmplex (Cax) to which the rate of trans:nltter release is directly
proportlmal Hubbard (1961) pmposed that both a Ca SenSlthE ard a
CgH J.nsen51t1.ve mechanism control the frequency dlscharge
smcemeppscould st:.llberecordedmthe absenoeofCa or;inthe
" presence of high ooncentraticms of( Mg N
Changes in the ‘H+ ion concentration alsh affect the release -of - -
transmitter. {Hubbard et al,lQGBa)_. The a'ction of H' jons is thought to L
be exerted as a substitution’ for the Ca' ' ion (Hubbard,1968a) -althouéh | e
recent evidence by Cohen and Vanderkloot (1974) has suggested that the H' | . ,
ions elevate the’ penteablllty of CI” (PC1) in the rat diaghragm and affects i
a depolarlzatlon of_ the term:.nal thereby raising m.e.p.p. frequency.

¢) -Osmotic préssure

An increase in Qmptic preséure of the'bathing solution will
result in an mcrease in m.e.p.p; frequency ,(Fatt and Katz,1952;Boyd and
Martin,1956a; Hubbard et al,1969). The effect of increasing osmotic pressure
does not appreciably affect the quantal content of the e.p.p. (Hubbard,Jones
and Landau,1968b) md:.catmg a rather dlfferent mechanism operating when
cavpared to the effect of depolarization of the nerve terminals. -

d) T_enﬁature | | | |
'I'he effect of tenperature on the frequency of m.e.p.p.s has

'been well docunented (Fatt and Katz,1952 Boyd and Martm 1956a; Llley,19156a

A
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7_'reviewed‘by _Hubbard,lQ?O) . An increase in the temperature of a solutioe
bathmg a nerve—nuscle preparat:.on results in an increase of nu.m.ature .
potentlal frequency. Scme authors (Fatt ard Katz,1952;Liley,1956a) have
 used a positive QlO value to describe the relation of tﬂtperature and
m.e.p.p. frequency More recent work by Hubba.rd (1970) has presented a

more camplex functmn 'in descrzbmg thlS relatlonshlp

7.Staternent of the prablem-

" Because of the evidence suggesting a neurotrophic influence in
r_he etiology of muscular dystrophy,one of the : sirr@leet indices .indic_atihg
"neural inmivenent may be the rate of neuromuscular transmitter release
or the frequency of m.e.p.p.s. _ 7

_ The questions bemq presented m this study are the followmg

1)In view of the tenuous evidence of an altered neurotransmitter
release (Conrad a.nd Glaser,1964 McCcmas andessawy,l%S) are changes
ocbserved in the rate of transmitter \release under controlled CO]'ﬂltlonS"

2)If there are any changes,do these occur prior to the fJ.rst clmlcal
manlfestatlons of the disease? ? ‘ ‘

3)And in the lJ.ght of the evidence implicating a prefferred mvolvarent
of specific muscles,would any changes in the rate of transmitter release
be found in both fast and slm.contraetieg mscles? To answer this question
muscles were chosen to .fit two cLiteria: i)The muscles are to be situated
in the hind limb and below the knee,since inspection of dystrophic
animals s.uggests. that these muscles are most severely affected. The mizcles

have to be generally accepted as being truly fast and slow;such muscles

A
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are EDL and soleus respectively. Hiétoéhanical-ungscle fiber typing
indicate that soleus is a miscle composed mostly of-.Type I fibers and
that EDL is a muscle .ccmpose'd of é larée, pmportmn of Type II fibe.rs‘ .
with a ndnbrity’popuiation of Type I and intermediate.fibers tStein
and .Padykula.1962) . ' . |




CHAPTER IT

M

Methods .

1.Animal model

Obse'r'vations‘were made’ fom normal and.dystrophic mice from
the CS'JBL/Gde2J str;’:lj.n (Jadkson LaboratoriegyBar -Harbor Maine) The
e_xpermental desu;n demanded reoordmg frun normal and dYStrophlc mice
 at prescribed age pe_rlods These were; 10-20 days, 20-30 days 30~40 days,
40-50 days and over 1__00 days. Dystrophic mice from both hamozygous and
| heterdzygous matings were used;however, the mice used for the early .
experimental groﬁp (20-30 days) were obtained only fran_hmbzygous
r_natings | _ ™~ | | |

The affected nu.ce,both males ard fanales first showed the
¢linical signs of dystrophy at approxmately 25 days after birth. The _ |
' clasping of the hind feet was evident after‘agltatmg the young animals.
At 1eés't three animals were used for a particular age group. 'Ihere was
- some dJ.ff:Lculty in obta.m:_ng a suff1c1e.nt number of dYStI‘Opth mice,
eSPec1ally young groups.

Contrary to what has appeared in the literature (Meier and ~
Southard, 1970) concerm.ng the v1ab111ty of breedmg oolomes,problans
arose in sustaining our own dystrophlc colony. Either dystrop_hlc pairs
were unable to reproduce ,camplications arose -at term in pregnant females

or the litter failed to wean. All these factors contributed in reducing

:
’\
3,
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the number of dystrophic mice available.

2. Preparation of hucroelectmdes

Several procedures were tried in the filling of mcroelectrodes,
however the one described by Aer.a.n (1956) was preferred.
' Glass tubing (Corning borosilicate 7740;1.5 mm 0.D.,L.0mm I. 0.}
was placed in an electrode puller (Narlshlge Sc1ent1f1c) and electmdes

drawn to a tip diameter of less than 1. The electrodes were ‘then placed

.m a beaker of methanol which was allowed to boil under reduced pressure.

The electrodes were then placed in a beaker of distilled water for
approxlmately three hours and then equlllbrated in a beaker of 3M KCL,
for twenty—four hours. Electrodes kept in 3M KCl for several days were

found to be satisfactory for recording purposes.

3. Prepa,rati'on of solutions
ALl solubions used in the experiments were isotonic with mouse
plasma. They were freshly prepared using deionized‘distilled.uater and
Flsher Certified Reagents. To avoid prec1p1tatlon of Ca ,thg last
constituent added was CaCl ; the solutions bemg stirred contmmusly
All solutions employed we.re blcarbonate buffered w:l.th 5% CCJ2 being used
to obtamthedes:.red pH (7. 4) |
The pH values of the solutions were measured with a Beckman pH
| meter immediately after gassmg the solutions. In three experments pH
was monitcred before, du.rmg,and after the experiment. In the three cases
pH values dJ.d not change 51gn1f1calntly ‘

P
In most of the experments a 95% 02/5%C0 gas mlxture was used,

Elacrstae toan
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.while in the hypoxic experin‘ents 95% N, was substituted. The
ccmp051tlon of the. solutlons are shown in Table 1. |

4. Preparatlon of the nuscles

i) in vitro experlments

| The mice were sacrificed by nuchral .fracture and placed in a’
dlssectlcn bath containing RJ.nger that was cont.muously ‘gassed with 95%
‘o /5% co2 The hind legs were skmned and overlylng muscles carefully
dlssected away, exposmg the soleus (SOL) nmscle on one leg and the

‘extensor dlgltomm Llongus (EDL) on the othe_r leg Surglcal thread was

tled a.round the tendons and the excised muscles were transferred to the '7

recording bath. In the recording bath the’ threads were adjustexi and
secured to platinum hooks. Care was taken in adjustmg the length of the
muscle to that in situ. _

| - Seve.ral experiments wé.re Aperforn'ed on muscles in wh‘ich the
tendons were 1eft attached to the hmd 1egs The entme legs were then
excised and transferred to the recordmg bath and pmned in paraffln

WaX.

11) in vivo experiments

The mice were anesthetlzed with sodium pentobarbital (Abbot
1aboratories) at a dosage of _'IO mg,/kg. body weight. Thgy ‘were ‘then
placed in a dissecting bath and an incisidn made 'into one leg. Overlying

5’ mu'scles we_re carefully reflected ‘:‘avoiding uxmecessa.ry tralﬁla ori

hemorrhaging.




TARLE I

Ccmpositiqn of solutions (mM)

25 -

Solution vat |k Jea™t et | a1 |ueo Glucose
Normal Ringer (146 |4.75 | 1.5 {0.23 [127.48 |25 (11
High Mg'' Ringer |126 [4.75 | 1.5 |10.0 [127.48 | 25 11
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The ani:mal was then transferred to the reoordmg bath where
" the hmd quart:ers were suhnerged in Ringer. Addltlonal maintenance
dosage:s of anesthetle were occas:.onally‘ required dunng the course of

- an experiment. The animals were- not placed on a nespiratox". No

'respiratory mnpllcat_mns were’ cbserved durmg the course of a record.mg |

sess ion.

5 Descrlptn.on of the apparab.xs

The expermental set-up was essentlally as sho.«m in Fig. 1. The

perspex bath, in which the melsed legs or animals were mounted, was
sil_nila‘r,i‘.n principle to _t.hat used by Boyd and Mart.n.n (1956a) . " An outer
jacket surrounded the recording bath and kept the temperature of the
solution ponstant. The temperature Iof the solution was monitored by
means of a thermistor connected to a Telethermmeter (¥S1, Yellowsprings)
‘and maintained at e.lther 22 +.20 or 37 +.2°C. |

A solid state electrareter/anpllfler (Cook, Long and Owens,1971)
was lu.éed to amplify the signal. ' The reo:)rding circuit has a h:l.gh‘ input
 resistance (iolocmé') that prevents.atbenuation of thelz_fecorded
pOtential (Schoenfeld, 1964} . Because ef the electrical interfe.tenoe
(nolse) presented by the recordmg circuit, the bath and ampl:.fler
were enclosed in a grounded cage. CoaXJ.al cable was also used to
minimize electrlcal noise.

Potentlals were observed on a dual beam 'I‘ektrom.x 502A _
‘oscilloscope with the osmlloscope ampllflers AC coupled for m.e.p.p.
reoorda.ng and DC ocoupled for rest.mg membrane record.mg |

_ A Haozlett/Packard FM take recorder (Model 3960) was used to

h ]




Fig. 1 |
- Photograph of apparat\is ‘assenbly
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Fig. 2 - . ,
Schematié representai:idn of

“muscle bath
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sf;o.re'data,until such time,when it was retrie‘ved ard'photographea by
\"niaans of a continuous recording camera (Nihon = Kohden,model PC2A) .

_ The gicjlss mici‘oelectrodes ’ iarex.;e lheld in a microelectrode
holder (International Rectifier,model EHIR) and attached to the.

adjustable vernier of the mici:o—-nanipulator-(Prior)‘; ‘ "‘h : o

Dissection and -placement of the microelect.rodgs was facilitated

. by using a stereo microscope (Nikon,model SMZ-2). *
6. Efficiency of focal recording : - ' . -

Mappmg of superf1c1al endplates was done on representatlve
(E:DL) and (SOL) muscles. Several of these nuscles fram both dystrophlc
and normal mice were subjected to cholinesterase stammg {Gamori, 1952) R ;

The patte.rn of superflcml endplates for both normal EDL and SOL e

muscles were campared w1th the dystropkuc muscles. No obvious dlfferences
were seen.hc:wever,mre quantltatlve studles were done on the 129 dy/dy
dystrophlc maise (Glase.r ard Seashore, 1967) in which a marked reductlon
in the amount of cholmeste.rase activity was fcund when’ ocmpared to
normal mice.The pattern of the superficial endplates (Fig. 3 ) 'derlyed'
frém the staining technique increased the certainty of focal recording.
Focal recording was assumed when the rise time of the m.e.p.p.'s
was less than lmsec. and the amplltude greater than those m.e.p. p 's
observed frr:m the adjacent ‘penetrations . of the same muscle fiber,

7. Ebcpermmtal procedure

Before any recording was attenpted the muscles were allcmed to

equilibrate in the Ringer for approx.lmately,thlrty minutes. In all-

\
\ .
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Fig. 3
Clnlinssterasé sﬂ‘v_n (after Gormori, 1952) showing
superficial end plate maps of, normal soleus-A;

normal EUL—B:‘dystrogi_'lic soleus—C;dystrophic EDL-D.

» ' .
Sit;.es‘of cholinesterase .activity appear as dark dots

on mdMual fibers which collectively; form a line
traversing the whole muscle. The lines. are elliptical
since the preparation is depressed.by a cover slip.
The ;rn:scles are arranged with their proximal tendons |

towards the bottam of the page. All muscles are from A

animals in the sane age group (>100 days).
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experiments Jche. Binger was continuocusly gassed with the appropriate
gas m.i.xture. ' |
While the muscles were equlllbratmg,each mlcmelectrode was
duecked for tlp resistance by medns of a voltage divider network
incorporated mto the amplifier. The tip. potential observed between the
microelectrode and the reference ele;:;c.ro;ie (pasteur pipette filled with
.Agar/RJ'nger:with a 3M KCL, bridge) could be édjuéted by neans of a
_ ccxfpensat‘.ing potg.ntiareter also incorpo_rated into fhe amplifier.
Electrodes with resistances between 10 and 15 megohms and tip potentials
of less than Smv were used for intracellular recording. |
The electrode input capacitance was neutralized by means of a _

" voltage feedback circuit. The carpensat:.m was adjusted to ensure the
' minimm of distortion. in frequency respmse The time constant of the
circuit (<20usec) was quite suitable for the recording of the m.e.p.p.'s.
The procedure of measuring input res:.stance tip poﬁ:lal ,and neutralizing
input capacitance was followed for every new electrode introduced into
an experiment. ) . .

 Endplates were chosen at random, although all penetrations
followed a map of the superficial endplates as determined with the
staining pmoedure Membrane potentials were recorded,even when m..e.p.p.'s
weré not observed. Intracellular recording was assumed when an, immediate
fall in potential was noticed with the oscilloscope input DC coupled. .

| Recording was dane at '37°Ci .2°%. Addition 6f Ringer to the bath

~ was accarplished with a S&nl.syrjnge. ’Iherecozd{mg bath accamodated

..
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25 mls. of solutlon which was changed frequently durmg the experment.
The whole e.xper:ime.nt lasted approxm\ately three hours during whlch
time 20~40 endplates were sampled from both EDL and SOL nuscles

8. Statlstlcal ar1aly51s of results

All data from the experimnts were collected manually,the
m.e. p p.s being counted with the aid of an enla.rger. Statlst.lcal
| analysis was perfomed w:.th the aid of a Wang calculator (M:)del 600}
using prrzprograrrmad tapes.
' Mean values in the text and in illustrations have been presented
with the standard errors of the means. Significanoe of differences
between the means have been calculated us:mg the unpaired t-test.

An analy51s of variance was pe.rformed on the data to test
the interrelationships between the variables; Significance of differences

have been calculated using the F-test,again on a preprogrammed tape.

Qianr
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CHAP1ER III
'Results

1. Crltlcal survey of experimental methods

Since the frequency of m.e. p p.s can be influenced by a varlety
of factors,it was important to test that any changes observed are in |
‘fact genuine effects of the veriables being considered. These wei‘e-age, '
type of muscle (fast and slow) and the condition of the ammal (nommal
and dystrophic). Several expernmts were the.refore perfomed to determine

the accuracy of these dbservations.

a)Effect of tenperature and hypoxia

The effects of mcreased tanperature and hypoma cn the frequenc,y
of m.e.p.p.s were determmed in one set of exper:unents usmg soleus
ruscles fram nommal mice approxunately 100 days old. Recordlngs were
made fram both in vivo and in vitro preparations that were subj_ected
to bathing solutions at 22° and 37°%C. The effect of ;xypoxia on ‘in vivo
" preparations was measured by ccmparing the mean frequency of m.e.p.p.s
fran randan junctians before during and after treatment w:.th the
substltuted 959151\1/5%C02 gas m:.xture The data fram these experlments
are surmanzed in Table II.

The mean ftequency observed in the in vitro nn;}sele prepérat.igns
at 22°C was hlgher when campared with the in vivo preparat.l.ons The -

in vivo preparations at 37° also shows a much higher mean frequency

of miniature discharge than at 22 . The effects of substituting

P
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“TABLE II
Effect of temperature and hypoxia

on m.e.p.p. frequency in soleus (>100 days')

e

(hypoxic)

- : \
'Experimental : M.e.p.p. frequency .
. Conditions (sec. ™) -
22° in vivo 1.34:0.24 (14/2) -
22° in vitro 2.31+0.33 ( 5/1)
37° in vivo" 8.79+1.13 (19/2)
37° in vivo L o
(hypoxic) ) 12. 5_5 +1.69 (19/2)
37° in vivo 9.96 +1.01 (11/2) .
37° in vitro 12.36£1.10  (30/5)
37° in vitro > 100 ( 4/1) o
:L;-

Mean +# S.E.M.
Parenﬂeées = n'mber of fiberé / and nurber of hi:scles.
" *_ The recordings at 37° in vivo were fram 2 soleus muscles.
‘M.e pP.p.s were recorded fmrn dlffermt endplates in Ringer
gassec'l with 95%02/5%002, and then in 95%N,/5%007 and again '

in‘mmal. ringer gassed with 95%0,/5%C0;.




LAl

S

.35

954N,/58C0,, in the hypoxic treatment did not result in any significant

change in mean frequency when compared those mean frqquenciéé l

‘ cbserved in ringer gassed with 95%02/5 02 The mean frequency from
junctlms at 37°C (in v1tro) in hyfoxic bathmg‘ solutions was the h:.ghest

. .Qf any of the recordmgs. Frequenmes of well :over 100/sec:. were

_recorded fram this group and represented a significa'nj: increase when

campared to the frequeﬁcieé frcm in vitro preparations in'ox.yge.nated

ringer. | ' | |

b)The effect of -J'.ncreaSed'M_g

' The increase of m.e.p.p. frequency that is cbserved at higher
temperatures nﬁy be due to présynapfic depolarization similar to an

anoxs.c effect (Hubbard and I»;ziynmg,1966) To détennine whether depolarizi.ng

_ influences were present in.this study, a series of experments were
, perfomed using a bathing soli_:tmn contalmng an mcreased cmcentratim
of magnesium chloride. It is known that increasi.ng_rriagﬁeéiun concentration
" affects the voltége and calciumsensative fractioﬁ responsible for ... .:
variations in m.e. plp. frequéncy (Hubbard,1961) . while the calcium remained
.mmchanged (1.5mM/L), the nagnemun concentraticn was altered fram the usual
0.23mM/L to lOn'M/L

Neurcnuscular junctlons were sampled fram both the soleus and
EDL muscle preparatlons at 22° ard 37°C. The effect of magnesium was
measured by camparing the frequency of m.e.p.p.s in the same fiber before,
resulté from 13 experiments on the soleus preparation are sum\arizéq 1r’1 '

al = z-.’ .. " ' i
Table 111.The results from 12 expenrgenudgn the EDL preparation : !

,--,L . .
M

during and after treatment with the magnesium containing solution. The




. are_sumarized in ‘Table'IV. “The increased Mg'iaauﬁng solution decreased

the frequency of mm.ature potentials dlsplayed in Flg 4. It may be noted .
that- the observed frequencies were not always the same before and after the
period in which 10mM MgClz was subst.ltuted (Table IV). The frequenc1es -
fram the normal muscles in normal rmger (3) were carpamd with those -
frequencies obtained from the test solutions (B). The effect of ralsed

T Mg solutlm in (B) may be expressed as the percent depress:.on in mean
frequency frcm the mean value in (A). The depression of discharge rate for
the soleus preparation at 22°C and 37°C was 53% ,';Jhile for the EDL prep-
‘aration at both 22°C and37°C was 44% It is worth mtmg that the sixth .
,junction mc]pded for the EDL at 37°C (Table IV) has a much higher initial
frequency than any of the prevmus frequeficies tabulated. This J.ncreased
frequency may be fran a depolar:.zed junction since the depress:.on frcm the
original dlscharge rate ;Ln normal rmger was 88%. Colum (C) in both Tables'
mandIVsrws the frequency recovery in normal ringer. The difference in
recovex? béetween EDL and soleus reflects the different di ffusion distances
w1thJ.n these rm.;scles. | |

2)Resting merbrane g:.vtentlal :

Restmg menbrane potentials were recorded fmn all mscle fJ.bers ‘
penetrated in both normal and dystrophic groups. Membrane potent_:lal values |
aretabulatedforbothgrmIpsmTablesVandVI. | |

No Slgnlflcant d;fference in mean resting manbrane potentlal (mean RMP)
wasobservedwhennonnal (10-20 day) mLarﬂsoleusgroupswerecarmred
Table V. Thereafter, the mean RMP for normal soleus ‘was s:.gnlflcantly

lower than the mean RMP for the respec_t:.v'e EDL groups.
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, Effect of Mg on Frequency of m.e.p.p.s

TABLE IIT .

37

Soleus 22°C

ke :
Junction Discharge rates (per secord) Frequency ratio | _
| A B o 'B/A
1 1.25  0.52  0.67 0,42
2 0.69  0.24 ~ 0.46 0[35-
3 1.08  0.48  0.54 0.44
4 0.64 0.26  0.32 0,41
5 © 179 0.59  1.29 10.33
6 - 2.00 0.47 0.75 0.24
7 0.85 0.79 . 1.04 0.93
" Mean and S.E. 0.45+0.08
soleus 37°C
Junction
1 13.47  4.89-  7.91 - 0.36
2 4.37 1.50 5.38 0.34
3 6.00 5.77  8.11. 0.96
4 8.56 2.33 2.9l 0.27
5 9.62 7.78  6.81 0.81
6 2.47  0.53  1.50 0.21
’ Mean and S.E. 0.49+0.13

*, Colum C. indicates that although recovery is not yet camplete,

it is underway.

: -

PSRN



Effect of Mg on Frequency of m.e.p.p,s
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EDL 22°C | . |
Junction _ Discharge rates (per second) = Freguency ratio
o : A B ¢ B/A
1 1.26 0.58  1.04 0.46
2 4.14 3.15 3.1 0.76
'3 2.42 1.26 2.43 0.52
4 0.58 0.28  0.56 0.48
5, © .0.64 0.41  0.80 0.64
6 1.46 0.72 0.73 0.49
Mean and S.E. 0.560.04
EDL 22°C.
Junction |
1 ' 22.33 16.50 10.38 0.74
2 14.29 8.00 12.00 . 0.56
3 15.55 9.38 11.89 0.60
4 2.53 1.27  2.82 0.50
5 5.07 3.67  4.60 0.72
6 68.20 15.07 23.78 0.22
Mean and S.E. 0.560.08

* ,' Colum C indicates that although recovery is not yet cmpletg,

it is underway.




Fig.4

Effect of Mg on m.e.p.p. frequency at
same endplate,A-C fram Normal soleus

muscle. Frequency discharge of m.€.p.p.s

in normal ringer (0.23 nM,-MgClz) shown in, -

A;in 10 mM MCL, ringer,B;return to normal
ringer,C.CaCl, in all three cases was 1.5

mM. _All recordings were done at 37°C.

*



T

lsec



‘ . N r
‘ TN -
) 40
TABLE V
Resting Membrane Potential for normal Soleus and EDL
. miscles at various ages. -
Muscle  Age (days) . Mean R.M.P. _ S.E.M. P {from student's
_ A . ‘t-test)’
SOL .. 10-20 57.01 (117) 0.8 . NS
L - 10-20 58.05 (146) 0.51 - -
. { . . .
| soL . 20-30 ' 60.58 (108)  0.55 < 0.01
EDL 20~30 62.72 (155) 0.39" '
‘ ' /
SOL C . 30-40 65.10 (125) 0.48 \ < 0.01,
EDL 30-40 68.13 (129)  0.62 :
soL © 40-50 ,  6€6.68 (157) . 0:44 < 0.0l J
EDL - 40-50 68.59 (184) 0.47 : -
SoL > 100 . 63.93 (101) 0.54 < 0.001
FDL > 100 . 69.21 (155) 0.34 _
TARIE VI ... . | |
Resting Membrane Potential for aggﬁg_c‘aphlc
' Soleus and EDL muscles at various agés.
Muscle . Age (days} _ Mean R.M.P. S.E.-M. P (from student'_a
. t-test) \
. i o -
SOL ~20-30 57.51 (123) 0.61 <.0,01
EDL 20-30 59.89 (102) 0.74°
SOL g 30-40 61.70 (88) 0.67 < 0.01
EDL . 30-40 66.47 (94) 0.76
SOL : 40-50. - 65.09 (69) -  0.96 N.S.
© EDL 40-50 68.01 (52) 1.11
SOL > 100 62.92 (250) 0438 * N.S.
EDL | > 100 - - 63.90 (247) 0.42

Figures in pérentheses=nmbe.r of muscle fibers

| A

P= significénce difference
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- are shown in Figure 5 .

© in Figures 10,1_],and-_12, To test:

analysis of variance was done.

When mean RMPs for dystrof)liic mus'c:les are compared - (TABLE VI) -
the soleus values in the two youngest age groups 'are s:.gmflcantly

lower than mean RMPs of the EDL groups. For the last two age groups

however,no dif ces between EDL and soleus values were found in fact
the mean RMP fo the (>100 day) EDL h.ad decreased from that value re-
oorded for the (49-50 day) EDL group. The mean RMP value -recorded for

the (>100 day) dys phlc EDL was 51gn1f1cantly reduced when campared

"with the normal EDL ‘of the same age group

3. M.e.p.p. Frequency in Noxrmal and Dystrophic Mice

Patterns of di harge rate from three endplates of the same muscle
so shown are.miniature potentlals fran normal

and dystropi‘lic fibers with a varlet’x of time courses. A complete analy51s

_ of m.e. P-P- time course wag not performed on the present data.

The results from iments on normal and dystrophic EDL and
soleus rruscles at various ag groups are su%rma.rlzed in TABLEVIL Ccmpar
isions of the mean ‘frequencies f" r normal and dystrophlc groups are shown
e interdependcmce of the variables an
F-ratics for the variaoce quotients

axestmnm'l‘ABIEVIII

Analys:.s of the frequency stribution for each age group was done.

Frequency histograms for normal and trophic EDL _and soleus rmuscles at

w-voriozzs ages ai:e shown in Figures 6,7,8,and 9. It may be. noted that in

both normal soleus and EDL groups the dx:itj.ributions are noticably skewed
to the left in the youhger' age groups. The older age groupsgy (above 30-40

days) show a relatively normal distribution. The dystrophic soleus muscle




Fig. 5
Examplle“‘of intracellule\trfm.e.p.p;s frcm- normal and .
dystro:phic erwdéiates at‘\137°C. Various frquencies
observed from different endplates of a normal EDL
muscle,A-C. Intracglluleir‘reoordings from single
‘endplates,using a fast time base; normal ‘EDL-D, |

dystrophic EDL-E,nofmal soleus-F,dystrophic soleus-G.
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TABLE VII
. M.e.p.p. Frequencies fram EDL and SOL of Normal

and Dystrophic Mice at various ages.

Muscle Age (days) Mean M.e.p.p. —'1" SLE.M: P (fram student's

frequency (sec ™) t-test)
N SOL 1 10-20 - 4.61 (5875  10.98 N.S.
N EDL 10-20 7.48 (47/5) .18 .
N SOL 20-30 11.12 (39/4) 71.90 N.S.
N EDL 20-30 11.97 (28/4) *1.60
N SOL 30-40 9.91 (65/5) .17 < 0.001
N EDL - 30-40 14.20° (50/6) -0.99
N'soL - 40-50 12,77 (63/4) hao o <00
N EDL 40-50 17.94 (36/4) -1.90 ' K
‘N SOL > 100 © . 12.36 (30/5) 31.10 < 0.001
N EDL " > 100 19.12 (44/6) *1.58
Dy SOL ' 20-30 10.11 (66/5) 71.46 N.S.
Dy EDL 2030 10.07 (2874) - 25,09 |
Dy SOL  30-40 11.74 (5¥/5) 30.98 < 0.005
Dy EDL 30-40 16.79 (34/4) *1.69
Dy SOL 40-50 14.65 (17/3) .23 . N.S.
Dy EDL 40-50° 16.18 (16/3) 2.90
Dy SOL ¢ > 100 14.36 (7%/10) 08 T NS
Dy EDL > 100 13.81 (62/10) ~1.39 ‘

Figures in parentheses = number of muscle fibers
) / number of muscles
p = significance difference '
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also  shows a skewed pattern in the early age groups (Flg.'! ) while the
(>1 oo day) gmup has-a- normal distribution . The d:.strzbutlon expressed
far the dystrophic soleus (40-50 day) reflects the small sample obtained
‘ for this group. The dystrophic EDL muscle demonstrat:es a: skewed distri-
bution in the ('20—30 day) group sampled,a normal dlstnbutlon in the
(30-40 day) and (40-50 day) groups but reqresses to a distribution that
is skewed to the left in the - (>100- day) grotp. . e
Mean frequenc:.es of miniature pqtentmls for both normal and
dystrophic muscles tended to increase wﬂ:h age The mean fr¢quencies
of the normal soleus and EDL muscles at the. youngest age groups sampled
.are observed to be rather smnlar. As the age mcreases,a significant
difference between the groups may be observed (Fig.10) with the mean
frequency for the EDL r'r_ﬁJscles ma.rkedly higher than the soleus muscles
at’ the same age. Il | | |
When the mean frequencies of the normal and dystrophic soleus
les/are canpa.red-(Fi:g.ll) no sigeificant differences-are observed
in any of t_be age groups sampled. No significant difference is cbserved
in mean frequencies fmm normal and dystrophic EDL muscles uetil the
last age greup (=100 days) . In this group the dystroph:.c EDL mean frequency
(13.8171.39) was 91gn_1f1cantly lower than the normal EDL (19.12— 1.58) (Fig. 12)
To test whether interrelations existed between the three variebles
(A—normal and dystro;hm mmcles.B-EDL and soleus r_mscles;c-age groups) ,

an analysis of varmnce was done




Fig.®6

" Frequency histogram of Normal

Sc.Jleus at va.fious age ‘gro'ups. )
Ordinate: Observations exﬁufessed as
percent of tﬁe number of fibers sampled.
Absiccae: Frequency of m.e.p:p. 's in

seconds™!,
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Frequency- histogram of Dystrophic
Solqus at various age groups.

Ordinate: Observations expressed as |
percent.of.the number of fibers sampled.
Absiccae: Frequency of m.e.p.p.'s in
secorﬁsfl. | |
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. o Fig.8

Frequehcy histogram of Normal

E.D.L. at ¥arious age groups.

Ordinate: Observations expressed as
f:erq:ent of the number of fibers sampled.’
Absiccae: Frequency of m.e.p.p.'s in

, seconds™L, |
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© Fig.10 . .

' Mean.frequencies of m.e.p.p.s * S.E.M:
. l‘ N .

for normal EDL and soleus muscles —~

expressed as a function of age.
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Mean frequencies of m.e.p.p.S * S.E.M.
| | R

for normal and dystrophic soleus

- muscles expressed ‘as a function of age.
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Fig.i2
a ——

Mean fregfuencies of m.e.p.p.s * S.E.M.
=t %?;hml and dystrophic EI){nuscles

/\ , expressed as a function of age.
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The méan frequencies that were recorded and the subséquent
differences fouﬁd were influenced by the type'of muscle sampled (B)
and the.aée group (C)jzitn\whiCh it was taken. This is supported by-
the level of significance obtained by fhe variance quotients or F-ratios
for these two sources of variability..When considering the influences

of any of the variables on one another,no interaction was found.

L3



TABLE VIII

Analysis of Variance

53

' . . ! . a
source of variability : F ratio

Significance
among N and Diruscles ~ -A  F = 0.082 N.S.
Among EDL and SOL muscles  -B F =12.028 s.
AMONg age groups ) /f{}\\. F = 6.217 S.
‘Interaction z}‘l x B \-/F = 2.580 N.S.
: Ipteraction 7 S AaxcC F. = 2.046 N.S
Igteraction BxC F = 1.395 N.S.
Interaction A XxBXC F = 1.106 N.S
+ = Normal

§ = Dystrophic.

' i

significance level = 0.05




CHAPTER IV

Discussion

l validity of the technique

It is very noticeable that the frequenc:.es recorded in this study
are considerably higher than those reported in the literature. This may
be due to. speeies difference since in most cases the values; previously
reported have been cbtained from the rat. Bﬁt another factor that must be
con51dered is the tarperature at which the experiments were performed
Hubbaxd (1970) has. desmnstrated a ve.ry rarked effect of temperature on the
spontaneous trans:mt_ter release in _several species. This camplex tempera-

ture effect on the'fa'te of m.e.p.p.s is seen over the range of 7-39°C-with

-

‘the frequenc1es cbserved between 30—-39°C being the most accelerated. TABIE

shows the varlatlon in m.e.p.p. frequencies that were obtalned in several
studies together with the species and the temperature at v.h:.ch the rword—
ings were made. _

The validity of the recoring technique _.(in‘vi't;_ro,37°C) used in
deteimining c;'la.nges in neurampscular tranémission of dystrophic mii:e rests
on a series of experiments datonstratmg the effects of hypoxia and ralsed
Mg concentration: on m.e P- pgtfrequency '

With an in vivo preparatlon it would seem unlikely that hypoxia

oould occur smoe O2 is being supplied endogenously via the circulation

and ‘exogenously by the bathing. solution. When the exogenous O, is removed,

only a sllght mc::ease in mean frequency is observed. Under .in vitro con-

ditions it has been shown that frequencies in excess of 100/sec. may be

[ N
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e emd T __‘-_-_:_“_L_': °.“-

@ :all preparations are in vitra

|

g =Mean *S.E.M. where it has been provided

TABLE IX
M.e.p.p. -frequency in various mammaliart prepérations and
the effects of temperature
.Pi:eparatior? . Temperature . FreQuawyB Reference
(© (sec™)
~ Human intercostal 32 0.26£0.07 Elmquist,Johns,
' and Thesleff
M (1960)
Hupan palmaris lonqus- =~ 20-24 0.39+0.26 ‘Haynes. (1971)
Cat teniussimus 37 1.5 - Boyd and Martin
' ; (1956)
. Rat diaphragm 37-38 4.6 Hubbard (1961)
‘ 18-22 1.0 Diamond and
N | Miledi (1962}
20-22 1.85+0.68 Turkanis (1973)
34-35 1.22£0.32 Turkanis +(1973)
Mouse diaphiragm 22-27 10.8 Conrad and
. . o Glaser (1964)
Mouse biceps 22-23 1 0.74%0.27 Duchene and
. ' S Stefani (1971)
Mouse gracilis . 28-36 12.5 1.0 McComas and
. | - Mossawy (1965)
Mouse soleus 22 1.19#2.0 Present study
37 112.36%1.10 Present study
Mouse EDL 22 - 1.75%0.55 _ Present study
37 19.12+41.58 Present study
<




observed during hypoxla{ (Hubbard and 1¢yn1ng,1966) Boyd and Martin {19562)
have shown that the frequency of m.e.p.p.s mcreases durmg hypox1a
Since the bathing solution was contmuously oxygenated in our study,
hypoxia should not have been a factor influencing the frequencies recorded.
Hubbard and Idyning (1966) have also shown that the hypoxia-
i.r\duced frequency J;.s.iargely abolished by Mg'H'. }irr‘ﬁeyic_ and Mlledl (1959)
attributed th.e increase frequency seen m anoxic conditions to presynaptic
depolarlzatlon If the mcreased frecquency observed at 37°C were due-to
depolarlzatlon of the presymaptlc terminals, then a raised 1eve1 of Mg
would be expected to produce a greater reductlon of ‘m.e. p p- frequency
at '37°C then at 22°C The data presented here (TABLES III and 'IV) suggest
that the.reduction of m.e.p.p- frequency in both EDL and soleus mascles
in the presence of 10mM Mgf+ is just as great at 37°C as at 22°C. The
reduction m frequency amounted to ‘a;pfoxi.mately 42%. Hubbard (1961)
concluded that only about 30—40% of the resting m.e.p. p frequency was
Ca and Mg sensitive,whereas the increased frequency mduced in the
presence of 20mM KC1 could be canpletely mhlblted by remorval of Ca
Further ev:.dexwe of this effect was supplled by Landau (1969) using focal
depola.rization of the pres;ﬁtlc termmal He de::onst;;ated that ﬁléM Mg
reduced the effect of a given.depolarization on m.e.p-p. frequercy The -
depression of 42% of m.e.p.p. frequency by 10md Mq in our study mdlcate
" that the ffequencies measured at 37°C were indeed: representatlve of a true
restihg rate of transmitter release. A much greater reduction would have

been anticipated if there existed a depolarization—irxiuced camponent.
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To further vali;ia'te the results obtained it may be noted that
there is no s:.gmflcant dlffierence bet:ween mean m.e.p. p frequency of
soleus muscles -in vitro(TABLE VII) and that obsexved in vivo at 37°C
('I‘ABLE 11), which represents the optimal conditions for this type of
recordmg {Hoekman, Dretchen and Standaert, 1974) mreover,nd' correlatlon'
could be found between the rest:.ng membrane potentlals of muscle flbers
and the frequency of m.e P- p.s recorded fram their respectlve erdplates.
The assumptlon that may be made is that the muscle membrane potential
may be used as an index of the condltlon of the preparation. It follows
then, that the lcw resting membrane potentlals due- to anoxic conditions , -ij
may reflect the same condition presynaptically. Con51sjt;ently low resting
membrane potentials may be expected for muscle fibers exhibiting high‘
frequencies . A wide variation, hOhEVEI was observed in m.e.p.p-
freque.nc:.es for individual muscles and no oorrelatlon was found . between
these frequencies and the membrane potentials fram thelr reSpectlve fibers.
" Thus ,although there may have been a small degree of hypOxJ.a in our in
vitro experinients,it was msuff1c1ent to cause a ' marked ‘increase in
m.e.p.p. frequency. RO |

2. Resting membrane pote.ntlals in normal and dystrophic muscles

The values of membrane pote.ntlals reporbed in our study for normal
e:ﬂ dystrophic EDL and soleus muscles campare fairly well with those re-—
ported mthe literature. Harris ard Luff (1970) have shown that the soleus
merbrane potentials were s'ignificantly Jower that the EDL values in devel-

cping mice. They also observed that resting membrane potential (R.M.P.)
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. appears to be a function df the age of the animal. These two findings
were coan_rmed in this present study. McComas and. Mrozek (1967) ,and
Harris (1971) reported that dystrophlc flbers were smwewhat more de— .
polarlzed than' normal fibers. This was also’ found to be the case here
(TABLES V and VI). Reduced merbrane potentlals are also characteristic .

- of human forms of dystrophy (HOfman Alston and Rowe,1967; ;Ludin, 1970) .

On the ba515 of R.M.P. it appears that although the dystrophlc ,soleus
muscles are depolarlzed relatlve to norrnal rruscles the degree of
depolarlzatlon is not as great as dystrophlcb EDL.relatrve to control
muscles. This is especially evident when: the most mature age group
(>100 day) is oonsrdered

The pr:mary cause of the low resting membrane potential in
mscular dystrophy is not known. 1t is known that intracellular miscle K
is lower in dystrophic muscles than in normal muscles (Baker et al,1958;
Young et al,1959;Hoh and Radulovacki,1973). It has- also been reported

_‘that serum K is hig'he.r in dysgrophic animals (Hazelwood and Ginski,1968) ."
Hazelwood and Ginski (1968) point out that these two mechanisms operating
" alone or together are mcapable of causing a large enough fall in petentials,
and suggest that there is also a change in membrane permeability to one
or all of the ions (Na ,K ,and C17). Zlerler (1958,1961) has dermstrated
that membranes of dystrophlc mice do exhlblt enhanced penreablllty to K

a.nc.I aldolase.
Electrolyte composition of fast-twitch and slow-twitch muscles

<

are distinctly different,the former having a significantly higher con-

centraticn of K and lower oonoent.ratlon of Na carpared with the latter
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(Hoh and Salafsky 1971) Hoh and Radulovackl (1973) have also shown that
whlle bot.h dyst.mphlc slow-twitch and fast-twitch muscles had lower K"
and higher Na *and c1” campared with correspcmdmg normal muscles, 't.he
changes in électrolyte Gl:mpOSlthn of dyst.roph:.c slow-thtch muscles
were less marked than in fast—tw1tch muscles. These findings support the
hypothesis fthat slow-twitch muscles are less severely ‘affected by the .
dystrophic process than fast—tmtch mascles {Brust,1966; Larw and Atwood,

. F- 4
rate constant of K efflux in dystrophic EDL muscle was s:.gnlflcantly

1972a) . Lipicky and Hess (1974) recently reported that the mean apparent

‘greate.r that that oftheEDLccmtrolth_lemdxangewasfmnﬂmme rate

constant for- dystrorpiuc soleus relative to contmls Calculation of the I<

permeability (PK) frcm the:.r oWn effilux data whlch takes into ccx151derat_10n A

the ratio of surface to volure ratio,and the resting mazbrane potentlalg_'
reported by Harr:.s (1971) , suggests that PK in the dysttoplnc EDL muscle. is
not different from CCl'ltI'Ol and that PK in the soleus muscle is less ‘than
that of écntrol values. It is difficult to draw definite conclusions

from the1r results since the membrane potent;.ial values were from another
investigation. It may be as Hazelwood and Ginski (1968) squeSted that other
ions are also involved, however to date, no ev1dence is available on the
ccxﬂwta.nces of these ions in dyst.rophlc nuscle..

3, M.e.p.p. frequency in developing mice

Slae-mtch and fast—tw1tch nuscles also show differences in neuro—

n‘uscular transmissian. McArdle and’ Albuquerque (1973) mVe reported sig-

nificantly higher mean m.e.p.p. frequemcymtheEDmesclewhenompared

.totheaeanfreqtmrcyinthesoleusrruscleofmerat This is also the

e
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‘case m the mouse as mdlcated by our results {TABLE VII)

. Muscles: show trends in ontogeny (Buller Eocles and Eccles 1960b,
' -Close,1965 Cosmos and Butler,l%'?) as do nerves t.hat innervate’ them
(Nystrcm,1968) It appears at birth in rnany spec1es that all muscles
have the general characterlstlcs of slow oont_ractmg muscles. Buller,

Eccles and Eocles (1960a) showed that all the hind limb miscles they

exammed cont_racted rat.he.r slowly in the newborn kitten and as the animal

matured, the fast muscles cquickened to achleve their adult contraction
speed. In the mouse,Close {1965) showed that the force—veloc1ty relatlon-

ships of the soleus remained constant frcm birth, vmereas,that of the EDL

showed a change to higher velocxty of contraction. Enzyme proflles of

fast and slow muscles of the chick (Cosmos and Butler,1967) ,plg (Cooper

et al 1971) and rabbit (Parry personal ccmmnlcatlon) all show a change

in"post natal’ development The oxidative enzymes in bbth fast and slow

muscles are hfgh at b).rth Durmg the maturatlcn of fast muscle a rise :u}

ymes co:.nc:.des with a corxtmmus decline in the actJ.v1ty

glycolytic enz

of o;:iciative enzynes. The 'soleus muscle,on the other hand continues
{

to show a high actlv:.ty of oxidative enzymes with weak glycolytic

activity through post natal develognent.

The results presented in our study indicate that neurcmuscular

transmission, as exemplified by m.e.p-p- frequency also does not dlffer '

in the very young mice. In the earliest -groups

is no s1gn1f1cant difference between’ the frequ&ncms observed for the two

muscles. As the animal matures,m-aever,the frequency in t:he EDL muscle

examined (TABLE VII) ,there

. ;
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.gradually becomes greater than that in the ,soleu's.. Diamond and Miledi

-(1962) reported that m.e.p.p- frequencies in rat diaphragm increased

by a factor of 100 between the l7th day in utero a.nd the 22nd post natal :

- day. To date no mvestlgatlons have been performed on the development

of neuramuscular transmission in fast twitch and slow twitch muscles
of t.he rat.

4. Effects of dystrophy on m.e.p.p. frequeng

It is somewhat unfortunate that direct comparisons of the results )

reported here cannot be made with other investigptions. As previously
stated the choice of muscle as well as the varidbles directly influencing
m.e.p.p. frequency -are important oonsiéerations when attempting '
correlations. |

Conrad and Glaser (1964) had pfevicusly reported a decreased

‘m.e.p.p- frequency in dystrophic (dy) mouse diaphragm. The results,

however are difficult to interpret for at least two reasons. First,the
nuscle used wds the diaphragm;a preparatim that is the most preferred
for this type of recor.dmg but which is relatively unaffected by the
dlsease process until the later stages. Seoorﬂly,altlnugh their
experments were conducted at ‘room temperature (20-23- C) the frequencies
reoorded were.rather high (mean—ll/sec ). This suggests that their '

X

preparation may have been slightly depolarized. McCamas and Mossawy

(1965) usmg temperatures between 28 and 36°C reported m.e.p.p. frequencies

in the same range as reported in our study. It must be noted, however,

that it is in the temperature range in which their recordings were nade

= T {ah n Ti i neri
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where the most acoelerated change in m.e.p.p. frequency 1s observed

(Hubbard ,1970) . They were unable to shcm any change in this frequmcy

" in the gracilis muscle of dystrophlc mice. If the grac.llls miscle was
‘comprised of a significant populatn.on of slow ‘contracting flbers then

‘according to the results presented here,no change in frequency would

be expected. .
| " One Qf the problems t.{mat arises oonsiseently in attempting tf) :
interpret and correlate nesults is the precise relationship between .
histochemical muscle typing and the kno.m physiological propertles
N

of the muscle concerned (Close,1967). Susheela et al (1968) suggested

that in/&nadystrophy slow (Type I) muscle f].bers were relatively

more severely affected than fast('I‘ype 11) muscle fibers as a result

~of the dyst_rophic process. Susheela et al (1968) based their conclusions

on .stx.ﬂies of mascle fiber diameter and same hlstocherrucal properties

of muscle f;_be/rj_\ in exper:.rrental rruscles(soleus,gastrocnemus,ani triceps).

The biochemical experiments were carried out on pectoral and abdominal

mscles representing fast and slow muscles respectlvely As Harris (1971)

pomts out, there are two major difficulties in interpretation of these

x:esults All evidence of posture and movement in the dystrophic animal

- suggests that the pectoral muscle groups are hardly involved in the

disease. Secondly, the miscles chosen by Susheela et al (1968) for bio-

chemical analysis are not cammonly used in miscle physmlogy It may be

that there are con31derable differences. between the rruscles of the

abdmm and pectoral girdle and the hind lmb mruscles




5. Eb(plamtlon of the obmﬂed chlkge in m.e.p.p. frequency .

Several factors may be rcsponsmle for the reduced frequ?,ncy
v observed in dystrophlc EDL. Thedmscles are’certainly in'a ch.mnlc state
°

a

of disuse in the M animals. This however can probably-a"be dlscount-
Y B ’%Q
od as a possmle factor since, at “least in the soleus Robb:Lns -and Fisch-

ﬁ

“bach (1971 have shown that immobilization of the lower limb had no effegt
on m.&.p.p-. 'frequency. One possible explanation may lie in the finding
of an altered Jltrastructure of the endplates in dystrophic animals. As
meftioned earlier, a reduction in the nm\ber and glze of synaptic ve51cles
as well as the number and complexity of.post junctlonafJfolds has been
seen in the dytrophic mouse: (dy) (Ragab, 1971 ;Patcher et al,1973). GlleIN
et al (1973) have reported similar f£indings m the dy2J strain; however
the majority ef endplates exam:srgd in dystrophic animals were from muscle
,.flbers which were of/normal diameter and contained no obvmus degeneratlve
features Ragab (1971) also observed alteratlons in the ultrastructure
‘ of presynaptic tennmals on apparently healthy flbers vuthm a dystrophic
muscle. He ooncluded that the neural defect was a primary one. 'I‘he same
gnc;lusionJ cannot be made fram the results fran our study since the re—
duction in m.e.p.p. fr cy occured at a time when the. dystr@iuc Sy~
toms were already qulte ma.hxfest This suggests that the dyst_roptuc factor
is not assocmted wlth the synaptic /‘\ole or the release process. This
' \does not. however rule out the possibility of a'neurptrophic defect in
N rmrme dystrophy Because of ‘the altered rates of plasmic flow reported

in dystrophlc ;mce (Bradley and Jaros 1973;Kemiya and ‘Austin, 1974) a.

L
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decreased rate of delivery of ‘a trophic influence from the nerve to the
muscle may be present. The first effect mlw be mrphologlcal
changes at the endplate. The reduction in the number of vesicles and the
'altered postsynaptlc structure could be reflected in the decreased fre-
quency of m.e. p-p- s. | L

Gilbert et al (1973) dcscrlbod the abnormalltles seen in the
ultrastructure of dystrophlc mouse rruscle (dy ) as prjmary at the end-
" plate and not secondary to -diseased nerve-or muscle since no abnormalltles
were found . elther postsynaptlcally or in, the axon ‘with its myelin up to
its termination. The dying back type of neuropathy suggested by Bradley

(1973) would seem a p%ausi.'ble explanation of the observations described
~ ;

1

_in our stl:dy
The postulated difference in sensitivity beteween fasf\a?ﬂ slow
nuscles may be explamed by the observatlons o# a difference in the size

and structure of the plates in the various fiber types. For example

Coers (1955} and Dla$ 1974) reported that the rabbit soleus (slow) muscle s
contained motor endpla s which had mean surface areas significantly

larger than those in the gastrocnemlas and flexor digitorum’ longus muscles
which are chiefly fast muscles * However, ultast:ructural studies on __g)e -
mouse, (Ogata,1964) rat, (Padykula and Gauthier, 1967) and man (r!qrata and Ogata,
1969) indicate at least qualltatwely that the_motor endplates of the_slcm

red flber are smaller tﬁan those of the fast twitch flbe.rs. It would have

heen eXxpected that smallgp_rﬁplate reglonska.re more susceptible to changgs " ’

in the synaptic, oontact at neuramuscular junctions than large endplates.
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These investigations t.hep make it difficult to explain the cbserved
reduétidx_ in m.c.p.p. froquency that occured in the EDLE muscle group,

asl a result of dim"mished oontacﬁ with the sarcolamal mambrane. More
.morphologlcal data is needed on endplate ultraftructure from SpOlelC
muscle fiber types with t.he:Lr correlative mysmloglcal data. This should
be most useful on very youy mice before the signs of dystrophy are
Capparent. : - : -

€. conclusions and future directions '

Many investigators (McCamas and Mrozek,1967; Mcchms et al,1971b;
,Harrls and Wilson, 1971) have suggested ‘that the functional d'cnervat;on,
gvident in muscular dystropmr,results from a defect in the motorneuon
and that this defect is primaryain_ murine ‘dystrophy. Law and Atwood
(1972) have cauﬁiqmd against the drawing of camparisons bemegn the
functional demervation in dystrophic mouse muscle and surgical denervation.

Although we did not make any actual measurements of mepp
frcque_ncms in dystrophlc mice of 10-20 days it secams rather unlikely
that the frequency would dlffer f£rom normal animals at this age, then assume

‘normal values for the next three age groups 'obsewed, finally re-attaining
‘t.hé dystrophic condition in the animals of "100 days. We therefore
belleve that the duanges observed in neuranuscular transmission are
secondary to the clinical expressmn ‘of the disease. The absence of
charges in frequency of m.e.p.ps at the SOL end plate may support the
claims of a preferred involvement of fast muscles.

A reappraisal of the évidc_znoe implicating a primary neurogenic
camponent in the etiology of muscular dyst_rOptﬁ is noeded in view of the

finding that the etiology in the two strains of dystrophic mice may be

R T
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different. Parsons (1974) reported that the work done on both murine
models (i.e. dy/dy and|dy /dy strains) has been done on 'che false
. assunption thatrallelic‘nmtant genes have the same phemtyplc_ express:.ons;
Parsons (1974) fmdmgs suggest that the primary lesien of the dy/dy
dystrophlc mutant lies in the muscle cell. The chimaera mouse study by
Peterson 1974) . Encluded that the cause of murine muscular dystrophy
in the dyéJ' strain lay outsidé_ of the skeletal mscle cell. Thus the
;- :
mirine dystIOphic models may in fact resemble different forms of human
.nwopathies with different cuasative factors.
' The muscle transplantatlon experiments (Salafskx 1971;

Hironaka and Miyata, 1973) have been considered important evidence 1ﬁ
favor of the neurcgenic hypothesis. The major criticism expressed about |
" these éxperiments has been i:he uncertainty as to which mL.JSCle actuallg
regenerates, donor or host? Neerunjun and Dubowitz (1975) have
recently answered this quest'_10n, .using radioactive n\arkérs. . They have
evidence which indicates that the tranSplanted muscles were foxmed fram
- muscle cells derived from within the donor tissue. The trophic mfluence
* of the nerve has been suggested as being reSpon51ble for determining ;he |
state of the regenerated transplanted muscle (Salafsky,1971) ; Neerunjun:
and Dubowitz,1975) . | | |

whether the changes observed in murine dy;strophy are due to
a primary lesion in the mtorne.rve axon, or to alte_ratlons at the end .
plate caused by a primary myopathy, ‘a.deflmte etn.ology can not as yet
‘be resolved. A camful consideration of the neurogemc postulat.e
warrants continued mvest-_xgat.wn with ea.rly developmental studies on

clearly defined models.
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1. The mean frequancéﬁs of miniaturé end p;ate\poﬁentigls
for both nommal and dystropmc muscles tended to increase with age. ‘ \"\ |
| 2 In the normal animal the’ frequenCJ_es in the EDL and soleus ‘
muscles are very smular_ soon after birth. The frequency oontlnues to
.increase in the EDL to reach a level of 19.12/sec. in 100 days while
the frequency in the soleus séens to reach an adult level of 12.36/sec.
mch earlier (20-30 days). o S
3. Dyst'rophy does not affect the frequency'in the soleus’
mLBcle but in the adult EDL { - - 100 days) the value 1is sigﬁificantly ‘
reduced when campared to 1ts control counterpart.
4. Since the effect occurs at a.time when the clinical

mamfestat_lons of the disease are already evident, it is postulated

that the changes are a secondary phenanemn

l :
5 No SLgn:Lflcant dlfference in mean resting membrane potentxal

(nean RMP) was cbserved when the youngest age groups for EDL and soleus
muscles were campared. Thereafter, the mean RP for normal soleus was
significantly lower than EDL values.
6 When the dystrcph.lc EDL arlmd soleus values for ‘mean RMP were’
mr{pared, no 51gn.1f1cant difference was obse_rVed in the older age qroups.
7. Mean RMP values for dystrophlc EDL ( »100 days) were

signiZicantly 1ower when cempared with.the normal EDL of the same age.
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