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des {Glese, D &M}* P
wmd the susele fibers of the second sugele, |

e wag stimulated by plaching with & fine fweesers, the second
mueele contracted ss in the nogmal fashion, and the Fizst wmsele
sonbracted gfter o short thee delays

wedere and ressonsble ﬁym@iﬁm san be obe
tned, Toe use of glass Eublng drawn to & tip dimmeter of less
thon one wicron and filled with & 3 melar poi

sasiue chiovide

wtentisls appearing between the inside and sutside of nevve
mascle fibews (Ling and %mmﬁg wﬁ%h & sheletsl musele fiber



brame with the inglde vepetive with respect fo the
outeide, When the wesbrans is depolerized beyond o threshold
level of sbout 30 milliwlte, the nmesbrese "byesk
depolavization proceads Topeners
vewerese ite polarity spd becowes sbout 30

snepusly to its resting level.
gkeletal musele flber to depe

TIME IN MILLISECONDS

IN MILLIVOLTS

POTENTIAL

MEMBRANE

Typical form of the action potential found iv

skeletal ausele fiber.
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The fibers of the sedatic werw of the {wog heve & lower vesting
potentialy o lower thweshold and o faster time course fox depolsy-
ization m owary than oy sheletal muscles The entive proe
eceps e vompleted in less than %m williseoond, The tim
considerably in the sviesl kingdom. Fox exsmple, in

ﬁ&mwmﬁ.wﬁ for about one

¢ elamw

iae muecle, the nusele romaing

The zesting potentisl described above iz presvnably salntals
by the neyve and susele i’ﬁﬁmm az lomg as The
serive and it hos been sl &

entiisl in temns of only

RT | ( P LK T P [Nf]m + Per [l ot } 2.1
P LK Joot + Pur [Nalur + R LCFT, /T

Pic*,  Paat » M./pc,*@m the pemseadbility coefficients of
the £ , Ha and €1 lons, vespectively, sod io and out
mﬁam to the inside and mew of %’Mw respentively.

The three ions play & major role in the prosevss which gepete
ates setion potentisle. There are other lons present in the

Yiguids that bath the nerwe apd seevle fibervs, but they do not
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the sesbrape poteptisl o n approcisble extent, Hodghin
apd Huxley (1952 a, by ¢, &) showed bow the conductances of the
three ione varied as the wltage scrose the wesbrone wap varled.
They were slso sble to derive g diffevential eguation, which could

thodsy fvos which the shepe of an

be selved using pumericsl m
zebion potentlisl couid be ealeuisted,
in good agreement with the superimentsll
L. Howewer, their zesults ape based entirely
gxperinents periovmed with the glaok suen of the sgul
which has & ddameter of about 1 mm. The seme type of Lhwestiges
47 een e 4 pyve fibors, or on suscle
mmm% due to the difficulties in perfonviog

The theoxy of the resting and sction potemtlsls, which sppeax
snd wostle fiber mesbywnes valee seversl important
r zapidly

BLTOSE B

What coupes the sewbisne conductanves to wap
reshold mmmml hay baen mﬁ%eﬁ"«‘ How dees the

gide pf the ””imﬁ

gated to some degree and L% is wﬁmx.&m@ that 1ivie

sapable of actively treensporxting (or pumping) lons gexoss vell
geinst aven very lavge suncentystion pradients. The

haetives The goavers




which deiver the menbrane toward its resting condition, The
experinents of lodghin and fusley (1952 2, b, ¢, &) show thet
sodiue love enter the squid awes during depolevization and

he £low of sedien inwerd 1s blocked
and pobassive fons flow ouls the originel digw

bution of charge. Diffusion then allovs the yegting vondition

oxsne to be resstoblished. The permesbilities of the
tons threugh the fiber mombrone changs drasti ;f-e%;w as &

repolavisetion soeurs whon &
sl Lo reestablish

fonction of the potestial sovsss the wmesbrane. 4lso, t&mm i

be considevables lmatore:

is elfootos Howewer, LT Lg mt unressone

able to eemsider that the cowples woleculs:
prigses the fiber membrane aay bave the w
ization of mesbranes hee been sugsested by Nathme
dny stimsloe veseh
choling, dues the thresh
The receplor protein is postulated te be locat:
inside purface of the fiber mesbyape of within the o

aate explanstion fo

ol (1581)«
rane releases an ester, agebyls

old potentisl hes

hen regets with o Yyecepltor protein® which

4 edtheyr the

been resched,

The slteved protein is sesponsible forx the incresse in sodiue
permeability, 4n importand sert of this theory i thet the
wpale sgud libydes with

# gretyleholine aud veceptor protein. This mesms thot the

acetyleholine-veceptoy croplex 18 in
£
coneentvation of scetylcholine oser the sechrene is the na ajor
factor whilch detersines the mewby odinn perseability. 1f
the free @mm@mm% iz pempved (in thie case hydrolyeed by

Line, both of which ave




7
m«mmm&y inert in depolarization veactions), the sodive cone
duetapee is blocked simce the prepoviion of alteved reseptor
proteins falle sharply. Potassiusm crdpses the mewbraue down 2
concentyation gradisnt to veestablish the newbrave potential and
thus pexmits the mesbrane to returs to its vesting mm‘ﬁ.wﬁm
it 4z interssting to zote that the Myﬁwiwm of acetyleboli




tiguous with that already depe ds Tho

will be propogated m&m@ 2 smicle op perve Fibey without deg

ment.  For & &m& gheletsl mppils fibes, &
ot twe meters pey seconds PR :

on of an sction potentisl aleong s fibevr is cslled cons

from one fiber

duction, The propogation of an sction potentisl
- Piber or gell is called trensedission.

e Fibers ave typicslly counected in 3 network guch that
renesdited throughout the nevwus systesm. 1Ihe

junction betwesn the axoiy of one neudvn and T :
comnecting neuven in the network iz celled 2 synapse. AL the
dendrite in wost cases do mot actually

synapoe, the axon snd the

the other, Thde last ﬁﬁ}'@‘a

ternad & DONDREs
Cue might sssume that & propegsted sction polential xesching
rve ending weuld be sbls to depolavive the post eyneptic




membyane and thereby produte a pLom
oecur in the Jdeadrite. This
whbserved. For mz;;<fx» glestricsl tramsdssion hos been

ssion iz & lack of @m&&% acrees the jusetion (

+ 1961 ps 598 78}, Howewey, & Jdiffervent type of transal
is wove commonity found ‘gﬁgmwﬁmmm@w@ﬁmw
ending end 2 musele fiber is called the end plate region.
eidersble indizect evidence indiestes that 2 chemical age
reloased st the nerve ending when o pLoug
srrives. It is m@m&&jmxmﬁ that the m@mn& the polar]
post syneptic membrane of the dendrite of, in the case of wmseles,
the azent depolarizes the musele fibey membyape.
paantity of the &@%ﬁ& iz released, the
is sufficient
.ﬂmmﬁwiﬁag @m";.gg%a@ membiranes. A enzyee; be
logated 3@#& inside the post eynaptic soubrane, &@%iﬁﬂ the

" it fragpments allowing the membrane to
Sinpe the asgent must 43f%us
sion 48 characterviszed by & ti
. the delaey is about one

 aeIpEs & g8p, this type
helf millis

wwww%ﬁxixﬁg

end plate seubzane of muscle

is capable of depolariging the
fibers. Further, chemiesl stalndng techmique




b

- aeetykbolinesterase Lo present io the post eynaptic regions of
inted pul sexlier, the splitting of

dinesterase ke obe of the fastest enzyme

pole of the @%Wﬁ.,;;;;_‘;:;-..5-‘__.1.: aysten ha

Lariza The gontinued spplica~
Seing the tvesseission of action Wmﬂ*

Hate vieinity of the moter nerve sndings,
dengity of which duinisbes rapidly
end plate region (iledi 19608,

There are, howevey, soversl instsvces in which the ch
reseptors do pot appest te be localised. fne iz the chyomieally |

sted muscle dn which the surface sres depolavized by acetyl-
ieressss with tise i an ocutwsydly divection fvon the
e reglon {Miledd 1960a). onduetion can be bloeked
nemieal vhich blocks the action of seelyleholinestorase
In gome susele ewpes ne: ', seetyleholine,
sitivity to

pevmusly, results fo 2 voduetion in sen



il
slestrical depolarization {Irwin and Wella, 19858}, dome vecent
experinments, described im the nest gection, hove been poerfommed
nation of these esperiments

possible dus

with  conbradieting veselis, An exml

may help to vesolwe the contyvwezey ovey the

setion potentisls,



| used, Howsver,

12

Ve Bwperisental Design

& nmumber of abSempis have becn nade to pretyest a
e fibey in such ¢ way se %o aliow esternelly sppifed d&m&am
izing agunts bto decrease the festing sobtentisl. Howewe
tregtoents lnvolve such chemdesl spemie ss detergents and sneke

s 1961}, It is suggested that

vieved by Rechmansobhn
barzier to esternal depp
t the applied asents may Yhen enter the cell.
ge the ell. Yo produce depolarisati

evey; slse da

_ Lo ‘ anpther nethod commonly
che wusele atrophies when this provedure is useds

experizents of Oche and Mukherjes {1959) showed that
pelcholine con depolavize the senbysne all -
the fxvg savtorius musele. Kate end Miledt (1961) repeated the
PR Hukbaries with the result that
""ﬁwmm appears to affect omly the ¢

ety of Dche aund

poetyls

Here is sn Instuswe of two difforent s



Ochs, Amnie and Mokl
is ’W bas a %ﬂmm& rizing sotic

s %@-@%ﬁ #ltered neaby
shiy existe betwsen depolavizetion of & nesele
mewbranecand the mmjﬁﬁ@*ﬁ‘%%éﬁf]ﬁwmi respensas When gu action
p@&amﬁiﬁl is ﬁ&ﬂﬁ&u%;@ a&mﬁ% & mwesele ﬁibﬁxg the filer contracts.

the mechanleal response should decwvase sharply.
effoctivenses of 2 depolarizing substance in blockd

tun be mespured copvenlently on muscl
wuscle’s nechenicsl rvesponse o divect slsctricel stimslation,
The vez of electricel stiaoulation sssures that the

Katz and iiledi (1901 cbserved the twitel
misele as & functien of time of pressuce of 50h ang found 2
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the depth of which was veisted to the swount of
8Ch added to the solubion
iniedal
esulis op mechanical xesponse with 5Ch paralleled thely wegulis
& @ﬁ&ﬁ%@iﬁﬁ@%ﬁm,ﬁﬁ wirdeh ﬁﬁ@%@%@ or mmm&%maﬁ&ﬁm of Iasctors,

bathing the suseles Howewey, the susele

rud ol benelon walue. Thely

alvgys rotovered Co the

produted 2 difference between Bate and Miledits rosults god those

of Gchs, et.al. can be nade by seasuring the sechapical sesponge

ting whether o not 2 malne

sartorive muscle and g
AR handeal response occurs when B0h is odded
to the solution bathing the wusele. Howevel, & mumber of differs

eoces in procedure omployed by the two groups of lavestigstors

sre o be voted {(Ses Tz

and Mukheriee (1239)
nnds and 3 kheries (19607 Eatz end Wiledd (19815

1. Sthalated af 13 sec. 1s ﬁﬁmﬁlﬁﬁ@@ at 1 wip.

8800, buffared Zs ﬁi’”’fﬁ“‘ﬁ t‘fﬁ untatiored
solution

<

#e deasured mxmﬁ ERSDONES 4y Vespuved Lwikch pesponse
wmmm'*ﬂ ispmetyically

S+ Used fvog but did met S+ Used fwog Rena Temporavia
speelfy speeics |

Ba  Uped 5 ms. stisulus pulse

S« pd 2ot wentismed 3»  pH not septior

e pulse

Stimulated over entive
mgﬁﬁ&m ‘ikh : iple

Gs Usned 0.2 mse sbinul
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it iz the purpese of this thesis Lo lovestigate sxperimenw
tally the conflicting results repovted by Ochs, el.ale (1950 and
1960) and Katz and Miledi (1261). Pecause of the availability of

equipsent and fov sessobs of sonvenisice, the experisental cone

ditions used in the figet emperiments weve chosen sisilar fo thoge
of Katy and Miledd (1281). Two major diffsvences

s Dowever, age

the use of the fvog Jans Fislens and the use of the so-called

wassive electrodes to stiowlabe the estive musscle. 1T 45 expected
that a change in ome ox wore of the items listed &n Teble I will
vesult in 2 chenge from the wesult of fate end Miledits to that
of Gehs gt al. The chan
tepsion 25 & function of time to 5 pexmenent reduction iz casy to
observe, The follewing sections descyibe in deteil the cuperizens

e fxon ¢ Cramelent dip iu suscle twiteb

tal spparatus, the cxperisentsl procedures, and the vesulis

ebtalved, The fipal section discusese these re

potentisis.

uiis i relation

nt theesxiss of conduetion and franssiseion of action
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¥. Deseriptiom of Apparatus

Fige 3

in operation, the ewel
hooke of the bholder by means of stainless stesl

attaphed to the
Holes weze drilled ia

vings epprowimately 2 wm in dlasetex,
small sections of bone te which the muscle tondons were attached,

Hiehrome wire, 0,006" in diesster, was threaded Lhrough the

bone snd the ting snd tied seegyely. The atiaciments weze

inspected wuder e lov power micvoscspe be lausuxe that & sbrosg
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comnsetion waz obtalned, The lower hook was adjustabls to provide

v the muscle between the plates of

& means of positioning ﬂ%@?ﬁkf
the mass electredes. The upper hook wes an integral part of the
photoelectric styain gause. The streln povge was mounted on the
woveble platforn engbling adjustment of the static tomsion of the
mugcls o be made,

Twg different types of slectzodes were used fo stizulate the
muscle. The most often bype used was the short msss slectrode,
which consisted of two rectangulsr gold plates mounted in a
plastic block with thelr lerge (relstive to the mwecels dlmensions)
parallel faces and sepavsted by a distence sufficient to allow
¢ mate eloctyode shown in Fig, 4

wle, Th

 free movevent of the sus

sovered only twowrthirds of the suecle. The mass elesltyvode shown

in Figs 5 covered the entire langth pf the mpecle and was vsed to
cheek the efficiency of the othey alectrode, However, the results
of twiteh tension observetions were the same for both

mass slentrodse,.

types of

%‘1@@ ’i‘;‘* &&Mm masn @i@ﬂ%m% gﬁ*%’,w fé» RGBS B
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Three stimulators, designed st the Bilophyaical Research
Leboratory of the Undwersity of Iliinois by Dr. €. Lelighmer and
spnstiucted in the labors

BTy veve eoployed to supply the sliecw
trpdes with sufficient currvent snd voliape to stimslote the musele

e with

mazdnally. (ue stimmlotor is @ constant currvent sow

e

switch gelsck

2 suryents rTenging frem 0.0% sup to 1,99 zp in

steps of 0.01 asp. Constent curpent in sesured 38 long s5 the
x¢ 30 wolts, The second stisulator is

load voltagze dose not exoe
event pouree, but provides & continuous

vy 100 slerosmps bo
10 volte, The thizd stimulator is & constent veltage sowrce whth

it militamps at wlteges up te

o continucus gutpul Srowm O to 30 wits at curvents up o 3 sups.
The blook Stagran of the hish curvent consbunt curgent stimalatoyr
g shoun In Plg. &,

TO ELECTRODES INPUT PULSE

\ 74

HIGH -CURRENT POWER | |GATE | [D.cC. DIFFE. ZENER DIODE
> B3 &
D.C. SUPPLY AMP. | lamP] | aMP, REFERENGE

N
A

FEEDBACK

N
Cd

N

CATHODE
RESISTOR
SWITCH

Fige 8« Block dlagrem of high cerzest stimulator {HCS) .

The power amplifier consiets of 1§ 6LG5 power pentodes. The




i
curyent is desived; additional tubes were switehed inmte the cire
enits Simulispeously; resistors in porailel are switched in the
eathode civeuil, to gingle SDG5 owver garvied move than 200 wma.
The cathode vesistbor switching elgeu
desired load current produces

ad apninet g sevey diode reference

it i arrapged so ihat the

10 wolte acvess the cathede yesiste

pposite polarvity by & two stege
iwlifier end aprlied to the pyide of the 4005%s.
r tubes o cuk-off wntil

time iy opene

ditts o

The gote funetione fo bius the pow

s pulse of <30 veolts ssplitude is spplied at whiel
and allows the d.e. wilbage fver the dics ezvor aspiifier to be

applied to the 6005 pride. The gate vemalive open a2 long as the

input voltase vemsine st -5 volts. Thos, the duration of the

s the durstion of the output pulse. The
the cathode

irput pulse detemmin

ampiitude of the putput depends only upen wasiatox

- wvalue.,

The smaller constent surrent stisoelater eperates 1o a similay

mupmor {(Ses Pig. 7).

INPUT PHA SE GATE OUTPUT ' TO
_ 3 >
PULSE INVERTER TRANSISTOR ELECTRODE

‘| ZENER EMITTER

REFERENCE RESISTOR
SWITCH

Pigs e Bleck dspram of lov curvent stimulater {LE8),

iremeistors were used throughout since low currents and witages

sister idel330 & silicon

red {a gpecial voterels tumw



@®H
tompulo® Bypele The output transistors are blased to cutesff
guch that when 2 pulse Le applied to the input, it ie izverted and

ppiied to the gate, The gate closes snd sllows the seusr zefers

=l

ence {o set the blas lewel, Curyent im the load imcveases until

the veltage sctoss the ernittey vesistor reache

veltege. The output stage consists of twe transistors arvanged
t gain and linear

in s Darlington conmeotion to sive bigh curre

sutput,
The constent woltage st

dater opevates in o diffewant
wannet. The basle curcnit copsists of 2 line
and g ﬁ&tﬁﬂﬁﬁ'£ﬁ1§@%%W'ﬂwﬁﬁﬁﬁ (Sea Figs 8)s Fesdback fmom the

3¢ amplifier stage

output to the input degrcases the outpul fopedance. The catbnde

fzllowst stage gonelsts of 16 6487 pawer.pentodee ip parellel to

PULSE D.cC. CATHODE TO

N/
A\
v
W

INPUT AMP. FOLLOWER | Y ELECTRODE

FEEDBACK

Figs 8« Block deagren of constant voltsze stimolater (0VE).

gebicve 2 high curvemt mm?a@iﬁy arad 1@% output impedances When
- ale ately 9

tmmdwa ave used m%m load is appooud
e of the stisulater is less then § obs

obme, The cutput impeda

and tha overall vm%ﬁmg& gain fe abovt wnity.

. by come
bining s Tektronix type 161 polse generster snd two Tektronim
type 182 weve form zemeoratovs. The type 161 %@@ﬁﬁ'ﬁﬁﬁﬁwammm is
s type 162,

triggered by z nagstive sawtosth fro 2 oubput
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P twulator can be sdjusted e sccur st any polat .
on the sawbooth, 4 pulse availadle from Ghe
beginuing of the sowtooth Lrigpers
second type 162 generstor azlle

pulges in a4 brein.

PUSH GATE SAWTOOTH PULSE OUT

—3— No.l62 > No. i62 > No.I&! >
BUTTON PULSE + TO STIMULATOR

SYNCH PULSE.

g i’ﬁm B

The tension developed by the wusele iz seasured b
BA=78 photoslectric strain W manufactured by C
snd Company B0 4 1ied sgainst an
internal w@rmgg can be galibrated scourstely, bean of light is
sounted side by side and
{8me Fig. 16}
tnal 5y lds 1ight fo owe 2eil
as it subbtracts light from the m:iww cell when the spring is
digplaced by an applied ﬁw‘W* . The light sourde iz & miniasture
i ant lamp €M¢ A23-Chicage Mindature mm Works)s The

used to energize & palyr of

- ghout 250 cpa. The
avsile ig 225 grems. For the



ronge of twiteh tewsions encounb:
wugele, the slzetwiesl output ig
enough to drive the osellluvsipe divestly without the need for
presmpiification. The spring consgtant for Che strain gavge is

4 Hewlett«Pachard type 130+8E escilloscope is used to observe
nicsl date sioce bigh sensitivity is
(10 mvfem)s 411 oseillomcope Graces ave
t reeord of the

thig is high

LIGHT GATE :

(SE ‘CONNECTED
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v this work ie the freg,
Fona Pholens and the payticuler muscle used le the sarkovius, a
w~;g,§$at,mm$¢§m‘@ﬁ’@ relatively denstant cposs spotion lying
- the wentyal {front} side of the thigh, It is att
end to the inside and bagh of fhe proximel end of
bone {fust below the knse jelnt), The otheyr end iz sttsched to
entral side of the pelvis, The resson foy choesiug this
arison of the vesults can be made wit

The sartorive swsele hes a single
which g a2 braseh of the isel
lowsy balf of the w The attechment of thic nezve {2 motoy
nerye) to the mus
The prepavation of the muscle for an expeviment imcludes
exchelng the muscle from the frog and sttaching stainless steel
ringe. The digsection is sccomplished using small eve 8CLESOEB.

ele is populatly called the motor end plabe.
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Care wos taken net to injure the muscle in any way and bandling

' The frog is indtially

cmen Ls then out bo yemove the legs from
ut in 2°¢ frop Ringerts

of the susele was kept bo
desapitated and the abd
the body. The leps ave then ismediately
solution and kept cold during the entive dissection procedure.
¥ ones to vhich the susele tendons sre abteched o
remoyved with the supele {(Ses ?&ﬁ;’m 12,

e abtbseh to the mow is mounting method is
age of mmﬁw the
tendons or the musele fibers which can oswur vith
Holes ave dvilled into the bone md 00
through the holes o tie o 7 swe dlamster stelnlow
o the bene. The pin




the stieulve ig luoveasid in o stepwwige feshiom setil the
leveloped Senslon shows e Durther ifsovesse with ivorcase in
shdmaine, phue whoee valve be hisher then thet mooulised
for savdmon doveloped teneion 1v 2alled supe

thet G2 we and 10 wn Wmm pesuit in a lovpe 4ffevenes
wmamioame dovaiopo oty Ke m L1084 depeyibes this chavaotors

flines

sy w411 B Seswed g short pulse,
run 8 m% 2%,

The ol of the bething
it M

solotions was chocked by & Bodhman ol
W L0 wes motopsary So change the i of & selution,

hpdepehloria aold oy sodive dydrowide wes @iluted with sooe of
solution o 0,1 solar

el pelfliclent vorstidty added o




’%%3.%3? EI‘%:%
Bingerte #1 N
£ 8L : $+2 gm

Wﬂm 2*im*ﬁ 026 g

Thie solution was bulfsved to p% T2 by
mﬁ@img a m&fﬁ%mﬁ@mm susntity of %¢&£ Hplay

Dehe and Mulhoyjes ﬁi@ﬁ@?
“imgﬁf‘ ¥z -
s 4 ; 8177 gm
G144 gm

Kats wnd Wileds (1961)

fia 61 Be76 g
£ ¢l 815 gm
Gatl, 2,0 04285 gm

Table 2.

%mﬁ chenicals added ﬂw_%%ﬁni&&mm~wﬁ d%ﬁﬁ&&&@ﬁ

i to male o concentration of
¢ Eresh prior e the
mtity of this latter

‘ﬁﬁfﬁi* Thiz solution was slways prepare
sent. Gufficient qus

Oohe, et.al, {1960) slso found that wnder the
their expsrinent, the depolsrizing actien
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by pretreabment of the wesele with delubocura: Chlovide (DIC).
periments veported heve; UIC was ebtalned as & selution
g Pigfeed. This solubion, when weed in the expevisent, was

For the e
£3
added dirvectly oo
guantity was used to make a Finsl concentyation of 20 microgvems

the seluticn bathing the muscle., sufficlent

of DIC per millilitar,



B
&

ViXe BResules

The firet ewpeviments were designed to duplicate the vesults
of Rats and Miledd (1961). The woin festures sre pow Listed for
comparigon with Table 1. The mechauical Tesponse of the suscle

epgured lsemetrically. The muscle was stimulated at 1 wlsute
Riugerts solution (43}, the pii of which wes measured and found to
be 7.40. The short mass eclectrodse wers used for sleetriesl

srvals. The emeised susele was hatbed in s unby

spaeies of frog used was Rams Liplens
in the initial pheses of the experiment, the stisslu
g Lrum ooty cusvent. 48

ugs incressed in 10 ma. steps startin
expected, the peak tension slismbed wapldly st firzst then leveled
h the peelc tension could be s

off rsther shovplyve. sagh th
siowly by vaising the current pulse &g &mrgmw e i&mmmm levels,

8ll fvesh musclos testeds Yo obtein a stimulus sufficient to
stimulste the mupcle sdeguately @ﬁ@@&;ﬁg& wos added to the hathing
splution, Kate sud Miledd (1861 p. 404) stated they used & stime
wlus “with s ten times grester shoek ioténeity." & 300 ma. pulse
wak vaed in all csses presented beve. This ewwlitude ip mob
eritical and was chesen for convesiense in cosparing results with
those of fatz amé Mileodi,




sEF

In order to imﬁwﬁﬁtzw@:mm the resvlts of mouseles wsed in the
various experimests, the ratio of fuiteh fo tenslen v tetamns
tenston wes deternined. The tebaous temsion of 3 fresh wuscle

was measured only st the beglmnine of an sspevivent. The musele
was stimulated with o sevies of pulses of 0.2 ms, durstisn each

and 30 we, swplitude, The pulses weve applied st g rate of 100

pex second for a fourth of o secenmds Since only abeut 5 pulses

weve needed fo obtain 2 ppod messuresent,; the wuscles were not

£atdpued,

sion wvabie for 2 fresh susele using
ntuly 043, Yhen 5Ch was added
witebing of the suscle,

The twitch ¥o tetanus ton

500 ma. stimmlus pulse is spprowim

sad & vocovery te 4 value
4 using the above

2 dip in the pesk twitch tenmcion retio

of sbout 0.35. The reoowty was alveys fou

Eakse 2n § frd
B g

the dats of Oche and Mok ’ ‘ ’
an dokgial ol of 7.8, was allowed to stand for

» deys prior to sx ewperiment. The pH was then fownd te be

St e e br iy SN ik
. SETEDeTe

8.0 a value which yemglned stsble for lomg serieds of time,
The present experiment was repested exsetly ss the previous one
exeept that the 2 Ringer's solution wes used instead of the

¢3 Kingerts selution. The twiteh o tetenus watis for s fresh

& approvimately 0.5 hen $Ch ves edded te the bathi

&
solution, the twiteh reeponse decreesed. The sesk twifeh fansien

Wi« ‘gﬁm SUrve ﬁfmﬂ’: g@ﬁﬁh Mtﬁ; ﬁ;ﬁ: gngmwmmtﬁ é«@ #}f%‘ i



susele net vecovar its tension cspability in the
ke to wesh the $Ch fyem the

et enly f:ii.,--'? the

prepance X EChL; bt vepeatod atbes
muscle in & fxesh Ringes's solution for su hour and o hall did
not produce any significent recevery. Fige 16 compaves the

w by both groupe

ragponges given in Plg. 13 wigh the yesults giw

of investigators,

4 change in the effect of 5Ch o twiteh temsion was found

hanglog sireltanecusly two itesms in the 1ist given in Table

e BHowesver, the secsselity of chang Eiug two ﬁ&ﬁﬁ%ﬁ%ﬁﬁ& lws vel te

be established. Im exdex to heep the solution s alose w thels
eriginal composition as possidle, the pH wes varied by mesns of
appropriate quantitise of sodius hydioxide o hydwechloric aeid
{Both 0.1 solar).

1f suffivient B wos added to Ringerts solution &)

> phi level fwowm 8.0 to 6.5 A this pi,

possibls to redupe th

usrecs This result, shown in Fige 5

regovery of the auscle
e to Ratx snd Miledi's vesult emcept for s longer
latent pexied and & deeper depression of the twitch bemsion,

£

& vabio for & Eresh

interestingly emouvgh, the fwiteh Lo totan

muscle in this wmedified solution wes spprosinately 38, sim
to the value for solution #7.
the reverse experiment wes sles povforwed, Lee., Nel was

eonditlons, the muedle wss still sble te secover whea SCh wes

i wag 7.8 Under these

Med to Ringer's solutiom #3

sided to the solutions also, the twiteh o tetanus ratio was

fely Ol fow & fresh susele. fppavestly, the muscls

apponing

does nok roeever when both a h@@ﬁ@hﬁﬁﬁﬁﬁAm?&ﬂww&ﬁ-ﬂfw';?*ﬁ
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32
solution e used and the pf L& appromimately 2.0. 7The twitch to
tetamus ratio is aloe higher upder these eircumstences,

Ine ot of expexbments omaine €0 be performed. What will
happen to the pesk twiteh tension if g muscle bothed im Rinperte
#3 end 5Ch i switched to & bath containing Ringerts #7 end 5Ch
and 1f gefficient tive 38 allowed for the muscle to retover in
Ringer's §3 before changing soluiions? iz, 16 shows the resulk.

The wmusele tension did pot decresse to thoss lovels obsgrved

when only Ringer's #2 with 5Ch vas used in o compavable tise

interval, The tension wes not observed for e wery lena period

“

after the solutions weve switched sinee if wae dosived to deters
mine whether the templen would decrosse in & gomparable Sime
age in tension was observed just

intotwal. However, #n incke
smatl

after the solutions weve switolhnd. Aftey thig relatively
iocresse, the tenmsion pradusily decressed during the pericd of

ghecrvation,
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Vili. BMesovssion

Frow the rerelts of the previous section, we can gee thar
:

buffar eslution resulted 4w g redustion of tension, With this
Enswledpe, the movbrans events during depélurizatios can be
examined movs eritieally,

One of the most prominment cbjectiens te the acetylecboline
theory of confuetion has bsen the fetluve of externslly applied
seatyleholine to depelarize fiber menbranes except at the synaptic

veglome. Hence, the scetyleholise system has besn postulated to

5

ke & specisl reehanion pressut only ot Eynapses, The use of

detergents and enske wanoms to pretrost neyve fldews will sliow

extersally applied depolarising substences te depolarize the
fiber and he
barrier to depols:

ment of the fiber is subposed te remowvs Phis barrier. The use of

noe bleth conduction. To ezplein thess resulte, &

2ing agents has been postulated and pretreate

& bisarbonate Bingerts solution with o high p# also allows depolape
izing agents to cawse depolavization. Appavestly the barrier, if
one aetually ewmists; will allow depolarizing sgente to pass if
given the epewepriste chemiesl OV sl . ,

It is desived to sttempt an ewplasution of the crpevimental
findings sseuwing the barrier to be the fider membrane itself,
A reasonable pletuve cem be obtained by use of the acetyleholine

thesry of conduction. One postulated structure for the membrane
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s double layer of lipeid material with protein lined pores
a@@&&mﬁﬁg ﬁ@%ﬁ@ﬂiﬂﬁl@? (ﬁﬁm@ﬁy ps 2763 The aetion

of snske

1%*%&# The vse of b g&a P and bleas %mmm fons inm the bathing
molecales mmw, P 232}24 kol would fpelude denoc

1 agents.
THSADES Sou x gpessonably m&wl&immi o5
the basis of the sbove %ﬁﬁﬁﬂrﬁm %xiﬁ,m (1960 found

al hetwsss ?M cubtine of the nerve sud the
sole from the fwog (of the order of weeks)s It
n thety, when 2 nerve supplying o sueele is cuty the
musele atyophies: The replon peay the endepiste probably detexvis
orates first resulting io incwessed permeshility in these res
ghonsw-bopoe o spresding of the aves in which @fm:wzmi applicas

thon of depolavising apents is effective, The fact that endsplate




Miledi (1964}, dHore, u sartorius mmsele L& cu trangversely into
twe pleces in g live fyog and the wound i

‘ , L Eo wseles and
oe wliieh hos the propesty of being
wuresegsular Yravsrission without any wexbrane
rizabion. Del Caetillo and Kate (1937) bave Investigated

£ cuvave and foumd that, vhenm ou

rerially to the end plate region of the frop savtorius musele,

bion potentlal zesching the epd of e wotor merve feils

plate zegion. 7Thig zesults in 2 blook of
that covere itself
Toey dnjected cursre

rare s applied

polazize the end

wuronnecular tvengaission. They gles found
will not depoladize the ond plate zeglonm.
inte the muscle fiber just wadernesth the end plate

no offent om Trovemizeion.

b binding o the swlecules in the
¢ that sy respunsible for the wzmmiﬁ:ﬁi&;s sroperties

s dn the end plate vepion

curaye 4id aot block tvensmigsedon, it ves concluded that these
astive pltes ooouy

emiy on the sutside susface of the we



, gatiog the auecle with
tuded that the surears hae o genorelized effvet

that is mot restricted to the exndeplate vegion {under the conw

ditions of thelr cmpericente). Howsver, cutare €34 not bloek

£ conduction is gorrect, cufare would block the sction of inters
nal aeetvleboline end heno : (me sther possibdility
iz that ihe penbyepe hw ide and ocube

nie  In this eses, the presence of

3 sctive sitss on both the ins

i does ast Yesult in the penctration
the outslde surfase. Hence,

v intevior af the

er iz probably sot the sesbrane itself,
| the seetyleholine syste £ .

and Ratz (1957} 4id not abserve

arare wae injected iote the frog sariorius
and Seyues (1958} dnjested pux

3 of the sguld with no effect desplte the bigh cone
are weed. Curdously emough, del Castilie and
and Keynes (1956} both used upbe

& speeial effort to

puscle.
a%m grant auo
@mmm&mm of oum
Kate {1957} and Hodghkin
it solutions snd the latter ayoup made
keop the pil of their solutions close to 74 These ave the sgue

. ed for extexs

Efered

eonditions under which negetive vesults wete obtaln




Can adjustment of the bathing solutions yiseld results
similar te the case of extemally epplicd substauces for the case
of injected substances? Grundfest, et.al. (1952) reported that
injected curare was very effective in prodecing g cond
block, Unfortumstely, the detsils QM;agmymﬁiﬁiﬂm.aﬁ’ﬁh@&x,haﬁﬁw
Thege Peosulis mean 8 conditionsl

wetion

ing solution were not published,

onduction, then the barsler to substences affecting conduction

thet 1z present wnder wbuffesed sonditions must be pregent on
both sides of the fiber wewbrane, S$imte extemall

the site of the aeotyleholine system of the cell must be inside
the eells Purther, when ini ’
the barzrier, sonduction e

wist be botween the ineids barrier

sholine storsse area in the eall
and the fiber mewbrane,

The action of depolavising substances at the end plate zegien
The ability of the

» seapond fo exteraslly applied substance

envitonment ig such fhat the barrier is fupe
saces ladicstes the lack of any by
Tion ean be glven for the presence MZ & sesi-permesbie barviey

wagele ond plate vegion
m when the chembeal
poeable to these

tier thege., What explana-

car s be diseussedy

gubst:

2 wasels

over & lavge portiom of the inside and subsid
fiber ‘
adapted Yo gpecest extomal substences.

s But not gt the mnd wmm rogdon? The region is

z to the acetyl-
leased from the




&3,
wne to the post synaptic

newe ending diffuses 500 to 700 angets

veglon zesulting in & eonducted setion potemtisl, If the scetyle

cheline syofen wee used ouly for sonduotion snd elootrical cure
e in the

mgmission war to teke place, The vegion ie

rents uged for transmissiong one would nof srpeer g he

bevrier wvhers ¥

choline gnd hemoe 2 chome
k) would be 2
mope probable means of transoitting an setion pefential from o

adepted For veception of external seetyl
leal tesnend

nerve ending to the muscle fiber.

The nature of the borvier hos not bosn dlscussed since Rry

livele information Lz krown shout if, Aleo, the application of

these vesults fo swooth musele and cordise musele have not been
disguseed, Cardlac muscle presents a probles o wiy theory of

s coudse of the cardise action

condustion heceuss of the teng v
potential and ite imherent thyfhmieity. The %igh value of twitch
2le iz bethed fo blicarbonate

is
sgete setlon potentisl, 2

- be meeded,

Lo tetamue ratie found when & wum

buffered selutions is net easily seslsived. If the rause

due to a change in the sheps of the m
modi Flogtion of the agetyieholive theory mey




o
ra

ol weeie has beon
shown fo affest the vooults obtolsnd when depolarieing substances
- applicd externslly to sheletsl wmusele fibera, The use of

Blgh pll end bleartonate buffesed salt solutlons vesults in o
. in %%&ﬁﬂ%-ﬁﬁmmﬁﬂﬂ“%@@%‘ﬂ&fﬁiﬂ@iﬁ%@i&m& is
O the wﬁhﬂx‘%@wﬂ? only & tramsient dip

1 salt soludions

in temelon fe obsevved vhon low i and wabeffere
ame uged and sueclwrleboline is sdded,

Varisus experiments fnwlving the sestricheiine thuory of
nd trameniselon vepe diseusesd. 1P wse concluded
pplarisdng subetances present on

that there 1z a barrier to &
both sides of the meabrane. Alee, 1f the geet
is setually prevent slons the Plber, it suet be logsted butupen

fiber sembisne. Purther,

vicholine system

the Bgeviey snd the tnside surface of the

» complets theory of conduction snd tvenseiseion of setion

potentials must inelude the effepts ef ionle comeentrvation,
ineluding effect of the hedrogen lom on the neres op msscle fiber,
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