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Certain tissues have long "besn reeo, tiised to 

exhibit apparently ncnaal uttvottents whan isolated 

from the oaOy* Originally this was attributed to th* 

presence of nervous tissue, but Oaekell and Kngelmarm 

towards th© end of the ninete cen, establislied 

that cardiac imiacle possessed the po?;er of spontaneous 

rliythiaic activity* It is now gmerelly accepted that 

the heart beat is j^-ogcnic aiid not nenrogcnic in 

origin* Ciliary laover^ent has always bee . regarded mm 

autonos^us aM in I32k drew attention to th« 

fact that the behaviour' of cilia wider various conditions 

WBB similar to that of eai^diac nmscle*

-Phe natural occurrence and intense bio i 

activity of the cat©chol amines and aoot^lciioline 

led to several workers to suggest that tziey might 

act as flocal hormones* ccntrolling tlssixa activity 

at tHe site of production* rvidence hae ae lated 

that i>eetylcJioline f in addition to its function as a 

nervous transmitter, is responsible for the 

of spontaneous tissue movements*



In 1952, Kordi>, Bfilbring and Buz*n aede a comprehensive 
etody of the control of the ciliary activity on the 
epithelium fchieh lined the frog's oesophagus and the 
rabbit fe trachea* They iv-.orted the prose«oo of the 
 nzy.uc-3 canoemed with the synthesis and bre*Uo«& of 
soetylclioline, and they demonstrated that both 
aeetylcaoline and eoeriae in low eonoentz^tions 
ctiaulated activity, whereas in high ceoeqntmtl
these seae drugs depreseed the activity* Both atropine 
and tuboeurarine w&ve found to depress the activity* 
Beeeatly Bin (.U:>7) reported that she had been unable 
to repeat the observations of Kordii; et al* on 
asstylchoiine ssd taboeurarine* and she suggested 
that the previous re suite were due to artefacts arising 
out of the esffCTlBSJrtsl, procedure*

As the earlier authors had stated that ae a result 
of their observations they considered the ciliary 
activity to be controlled by aaetylcholiiie it was 
tnour^ht necessary to undertake further experiments 
on the effect of tuboeurarine and acetylcholine f sad 
to try to account for the differences in the results 
obtained by Kordi et al, and those obtains* by Hill.
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A preparation of the frog's oesophagus was 
a very strict experuaentoi procedure was adhered to 

to avoid tii© possibility of artefacts arising* Under 
such conditions it mis found that when t&e seiabrane was
bathed with a bicarbonate i&nger 1 ® solution tubocurarlse

>* 
in a concentration of 10"*° g/ol causea a sailed decrease

*-6 
la activity and acetylCiiollne in a eonosntrstlon of 10 g/ml
a marked increase* , - jults thus cozjf imaed tna
: .x-vious i'intlircs or Ko^iilc et al« Oa reiovestigating the 

%'nich Bill iiad ua^u it was noticed that in the
jority of her experiments *-ne laembrane had been batiiod 

a Ilinger*^ so- .^a Cjul^ior^d with pJbosphatc*
f t^i03?efope» carried out using this Binder*® solution 

to "be .,uv,, the iaeuioi'r..j.o r-^d it was found tbat 

w&& in fact without sigaifioant effect. Farther 
sliowed tir-at on th© sau,o p* ... . ... n tabocursrine

without efioot in the phosphate iUnger» and tnen oaueed 
a decrease ia activity wliea toe ^inger was cha to 

eaateining bicarbonate instead of phosphate* 

^,. ^aents ahoised that the effect was not due to 

in pll, but waa pvolMibly due to a r^liieticm in
Ca ions caused by the couple : of these lona with 
the phosphate*



farther «TY*e**aente wwi ear*l«d out on ciliated 

epithelium by B81bring» Burn and 3be in 1953 

using the gill plates of uytil^ - -.ais, mi e^ i^ 

of a aejpve free tisstie. W «»*ed both the for^ee 

en-:" rate of the ciliary beat end observed trie effect 

of ac . .. ...r.c, 'jQ.:.rine f atropine and t ^ae

on these two activities. tThey concluded from tfceir 

*re»ults that these oiliE were also controlled by 

aety Ichoi in©. ?hey were able to de«ei3»trete tlie 

presence of © "true* eholiaeateraee in tie ae f "but 

tHe one wealc lials in their chain of evidence c^noeraod. 

tlie fonaetion of tcetylcholine* Though they fotand quite 

large amotmtB of acotylcholine in the eill plates they 

were only eble to find a very low choline a» ; " ;;-e 

activity mdch would h©v@ been quite unable to maintain 

the high tissue level of aoe%yleholine»

The choline acotylaee activity of the gill plates 

has new been reinvestigated, l^y the use of aore accurate 

and reliable aetaods a far iiiglier activity has been 

found, A partially purified preparation of the

showed a twenty fold increase in activity over that



observed* The production of 

was measured over a wide range or temperature. It w&s

re nd that a steady rate or production occurred over 

the ncrrsal environmental temperature range*

eoperiaente or Bfclbrlng et al« were carried out at 37°0 

and It was round that et this temperature the rate or 

synthesis was beginning to rail. Father experiments 

showed that whereas the @n*y«e was I airly ©table at 2C 

It was rapidly inactive, ted et 37°C«

Goeeelin (1959) hes reeeatly reported that both 

5**^dro2^tr5Tptamin0 and 5^ydi^xytryptophan stimulated 

the ciliary activity on the gill plates of Mytllu* He 

also reported the preeenee of a 5^hydrox/tr(/ptopban 

deearboxyla&e* A& Bleechko and Rope (1957) failed to 

detect any araine oxldase activity in the gill plates it 

was decided to repeat their otre v-tlone using S-hydroxy- 

tryptejKtae as ft aubetreta since thin had not previously 

been used*

The results showed that jaoaogeagteg of Lytilus gill 

plates were able to oxidise 5-hydJ^xytryptaBiae but not 

tr t- nc f tyraalne or ^"plMin letri > ine» 21ae reaction 

not effected by we re ilia » a >ot*at sfttoe oxiOsse



inhibitor, but was completely stapled by cyanide * 

dtsenmtiong inwwjeated that the msyae was not an amine 

oxidasc but a pht :clr.r.e« Further to this idea it was
*

foiy&i tiiat 5*4^7drio3£'ti^ptophon was axao oxidised* 

Sxpariiieata on the choline ee< tylece oyetem 

tha synthesis of acetylcholine by acetQ&e-driea p

prepared ll-o^ ii atria v/erc c£i*r»io.I c^'t in 

iiuibrin^; ai:id Bui'ii* tthe^r f •." ' t acet^lc 

could be B^mthesised by tlie eoetone powders in the 

pr«s«ase of* 8d«a»Bin©trIpIioephste f citrate and fboiled 

brain aetiwtor» f They cbscr-ve,- that if ac 
wss added to the reag^ats at tlie beginiaag of the 

Qxperlment e daorea^cd rate of scathes is resulted* 
ci . xd out further axperiaente in v they 

•qe tone-dried povdor* vftUleh had : .1 
rabbit atria whicii aad c:-C' Ju to beat after 

6tuap€»(ied in an isolated organ bath for meny hours 
llsey round thet these povdere wei*o oiil;-- capable of

.line in very small aaounta f 
-f-L "•c-i "4j;.i &t the etai^ 01 the 

i-^.^**^cnt an Incpcnoe in the ^^nthetic rate was 

Otose .• / farther ^servetiaa w^le by Mlbrin^
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Burn mas that ir small amounts or aetst^ic-acline were 

i to s bath containing tria which had ceaeed 
to ~,v.t t then ti:e heat wes often restarted* A aecrae 

to tliis . ..-ration wru Bade "by Burn aim ,:<ana (1936) 
who stowed that if a rafctolt atria pre i sitJa 

va^i iaiact .. •: a cocXsu .*ii^il tile oeet etO|-.;^a f then 
stimulation of tiio vagi restarted the beet*

Tiio experiments Q&B da..'j.-ieu out wei*@ designed to 
repeat the obsoanrationa of BfllbriAg and Burn using 
aedern tecaiii--/.: ,.- ••. A \ to at leapt "^o , .lain to© uauoual 
0l>serTaticn.- that u.^^i' ocae conditloas aeetyloholine 

depressed» and un^cr other cooditios&a nigaiented the rate 
of a^n -. J-zporimants were also carried out to 
o&asure the ac^t^rlcliolinc content of noisaal atria 9 and 
a trio wliieli had ceased to bert from exhaustion. Observations 

we^'c made on tiia effect of temperature on the rate of 
:;_/nt' -. of ac^tylclioline, aii<2 particular at ; :ioa vmB 

paid to tliat temperature raoge at wiiich atria csaaed to 
test when tae^ were eooled*



results obtained showed that the synthesis of 

linc was dc;c.^at on the aTRiXatoiiity ±t 

ecet;/l co-ensy»e A» This ejapfeasised the* 4-ulat that 

In any stu^i^s on choline acetylase it is essential 

that the availability of acet^l oo-ens*'ffle A do ^ aot 

beoooe rate limiting*

*«nen acctv ic^oline vas added to an incubation 

turated with ecetyl co-enayiBe * no significant 

u observed, i^urtiter eacperiaKata showedf however, 

that if* the ac-^tyl so-taiz^e /  concentration was yacteced 

then the addition or acev*~^l^*c &**> caused e decrease 

in s^?nthesis  Acetone-dried powders fror. ezheusted 

«trip wei*e ishown to have the same c ecc : e 

ectiviti )n^dried pcmderc from normal e trie» and 

the adaition of ecetylauc-Ui.,. tc the incubation mixture 

caused inhibition when the acctyl cc-ensyne / concentration 

wee low.

The eceto-co-A-kinase activity oT acetone powders from 

normal and extaoeiea atria wee aeaeured. The activity 

in the exhausted ctric WEB ffctmd to be only 33?l of 

the nonoal* ITiis was the t to eccooint for the low rate



of synthesis o!>eer*ed by Bfllbrin& and liafw with exhausted 

atria as 1 had x* I upon this .. ie to c „•-. c 

the formation of acctyl co~ ae A* ts wero

carried out in ;::,_. t,--o eccto-co-^A-;;; ;•-:; ^r%;iic*it In
^

the e^hausteu atria relied upon to eatal^-" t%ie
f

formation of acetir l-co-. ...... oc -A§ tiie POL . jl only

e v-rv lov, rr:;c of , Jis

aciaition of acct^j^a^oj.^ii.e "&o

reenltecl in an .laerea&ea s^thesis. If the renction
oixture was 6 ^ aa^nted with acetO"-co-A-i;iiiaij0 a greater
rrte of E. ^18 otoserv^d and - the addition of
acct%rlc**ojjjic c: .a & a^ci^as© in

of the auetyloholine content of l>oth nornal and
atria were made and the results indie?. a 50$ reduction
in the? exhausted atria.

SxperiLtcmt© on the cholloe aeet^lase activity over a 

wide rr?nge of temper*^r^ showed that tae activity dropped 
very re; ..." belotv 20°c; in tiuj r?m0e v, „ atris stopped 

ting when :: cooled*
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Bxpe*i«ente were carried out on rabbit hearts to 

record the incidence of ventricular fibrillation 

indtioad electrically and toe relationship between

fibrillation, the eamesftion of* the

the

r-x2 f Burn and Gunning \.1^>7) aM XMrki (1958) 

oade observations on isolated rabbit hearts pei<fused

USlnrr fi noui:flnd

?ibi*UUfsttion - 

fibrillation - 

reatorod after the

ree««led the

f ibrillatlTig at ^

|5-,vr.^?»nt-t r-,

u

coueent

ml iv\ytjir»r4 v-o.s 

1 metrical stimulus* 

- ...Arh remained

of the perfusioa

fluid* showed !•:

in the Ne ion brillation,

wherc-aa a decrease in the Ha** Ion ooneimta5ttnn 

fibrillation lesa likely* 'Z •.<... i\;,- i'veo•.<... i\;,- i'veo plotting 

. ' ie coBposition ahowed 

one or 4 ~o unusual peal^ especially when the Ca4* 

ion eoaeentrBtion wtte *ferie£. In 1^3 Goodford fdtaid that

hearts which re.

revert to s. ncr

,ed if. 
rtoytne

n, f 37°u would of tan 

cooled tu 32"C, and ha
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s*gg«»tea thotafc 37°S» which wes the teape ^s used 

b. the pre-rious workers, tne no art wa@ ^n a etstc of 

partial anoxia.
Gbfterrationo iiava ,iow oaca j^ade on the persistence 

of fibrillation at 32°C and 27°3* ^he results &&QM th« 
mmmm tvsaa ad pi*eTiwusijr round* i>ut tnc.- rosaj '.;• r^r* ^ 

acre rational appearaoea* ^ha ra&u.J.tr. nra ciicnu, ,.., with 
m view to the Tact that &noxtii «ill ooth afi'eot the length. 
of the refrectory period, and the x*ate of ries of the action
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CHAPTER I

the beginaing of the eighteenth century it 

ace . -t tiie wf^meat© of the heart 

and viscera were due to the continuous influx of 

lcnl:.,r"! spirits* carried to them by the nerves. 

well kaomi phenomenon of the heart beating after Its 

aswml was attributed to a residue of 'sniiaal spirits f 

regaining la it* Iherc wore one or tiro diss^ters to 

this opinion* Marve;-- (1573-4,66?} had eug^ested tiiat 

the heart beat was product in reepoa^ie to distension 

of the auricular and ventricM •: i' aauaele bar the blood. 

2^noriru7 tl^s fact tUat the heart is s aau-cular etracture 

Descartes (1596-1650) had evolved the ineeni:us theory 

based on the cleeeical conception of the 'innate heat 9 

or tli© h&art* tte blood 0.ntc.rinc ,; the heart 

iaeedlately vaporised and tiie resulting 

and increase of pressure wore rooj oneible for the 

dilation of the heart and the passage of the vapour to 

the Itrags and tue rest of the body* It wee Borelll 

(1600-1678) who was tl^ first to raalis® thct the 

Sniaal spirits* must be corpoi^el in nature and. 

suggested *Xt ®»y arise by organic neceacity, the heart



-e-

«ove as certain automata isove. Or possibly tba 
aoveraent may come froa a wiwtftry effort of whAsb 
we ha*« ceaasd to be conscious beeaa&e It h»s been 
*apeated ao oftm and ec cwimst^Titl^, f (onotna by

f 1901)» 
Thoacio WiJOis U^21-1666) had a few ycare earlier
tnl that the motions of the hcert and viscera 

were out of control of the */iii p because, imlifee 
vol^mtaiv moveiaent wliich was produced "by faniaal 
apirita 9 raanuTecturcd in the ccr^brom, the heert and 
viseeral aovoaoats were produced by 'aaiaal spirits* 
flenwd in the o^rateHott^ Dai»ing the ei^tecnth 
century this idea that tfea impulaes controlling 
involtintsry aoveiasat liad e different sott 
ttese controlling Toiuntary moveiuent wea 
extenftad^ Pawaoat aiaon^ the aogtssfs responsible 
this idoo were Petit (l67k-1750) t Winslow (1 ^ 7C ) 
and tttytt (1724*1766)* Hhey gwrflually built tip the 
first coaiprchanelve picture of the autoeoeic



/t the same tiase as theae other woriccrs, Halle* 

(170' -1777) ww wording along different lines* Is

Uie earlier work of 3tena«n (163' ̂ 1686) and

other workers that the contraction of a muscle 

was not necessarily dependent on the presence of 

nerve© f but ml>t result as a respoase to cliemical 

or aechaxiical stimuli* In his attributing the 

1 irritability 1 of muscrular tisane to the possession 

of an inherent force, he becasje one of the first to 

euvr: :_ cot tiiat heart- aoveiaeats were isyogenlc in origin* 

8* believed t/iat the iaovementB of the heart and 

intestines were entirely due to this force 'vis 

f l also showed tfe&t the twoe was so&iething 

living, and t]i«t it often broke out into Dovczaent

no external stimulus srueh as could be recognised 

y us was acting9 * (Oioted by Foster* 19C1). It had 

previously be«n euggestod that soiac constitiiGiits of 

the "blood might inTluanoe tiie heart beat, and that tli« 

contantu of the intestines were rceponsible for tlielr 

moT©mentti« Heller "beliered that the stimulus from 

blood oonatit .t» acted directly on th« is^ele» ami 

not on tha nerve «adir*g» aa pr@vion« woricei^s had



Although it was well known taet tlie lieart of tlie frog 

could beet in isolation when no blood was flowing tlirougli 

it, this theory was to BTirvive tmtil well into tlie

nlnetet century*

thus by the beginning of the nineteenth century 

the idea that tlie nonaal ©oveaents of the viscera we3?e 

due to a continooias influx of

been replaced by the i&eory tiiat . a to 

stimuli r locally on the nei»vcs or directly on 

the etuacular structure* Heart jauscle f whicli could still 

09 on beating in the ab«enef* of blond, WPS credited 

with the power of itutometlo li^thniie contr? ctions*

In the middle of the nineteenth century the discovery 

of 8H&&& (l&m)f lAdfdlg (Ic^e) and Bidder (1S52) of 

grotme of ^ta^lioa eells in th« sinus f the inter-n&tirleiilsr 

eeptuffi and the jtmctional region between the t ,u 

and i ^ieles of the heart* caused a revival of the 

Heurogenic theory* It was first expounded in this new 

form *rr VolksaMKU The well knonn eacperiBentr of

led to a close comparison of the 

'lanlwi of the heart ana or the respiratory

aoireisants by Hoe ca thai (1875)* Hemak's ganglia in the



•lima w«re a^ppoeed to send out iapulse* to tiie cardi&c 

Boscle at regular interval© In tlie same vey tisat t&e 

cells or the reapircirW **«aatffe in tte medulla sent 
liipuleee to tfte respiratory na*©cle®» 2fce first 
ligature between steis aad au. ,,... _ ,•-.-.• .^<I 
atttaftstill of tae aur .j ventricle 
the paasage of tiieae liapuleea* ^& v 
restarted by the sec ami ligature in the
ventrie isr gi-oove 8in0e tills ligature stimuli tea the 

lose easily excl table oells ®£ Bl*iderfs
Jio&ri Deat wa& du« -to tuc uuu<x*at,4.civ of tlie ganglia 

aad tiie blood mei^ly seized as a autrloat medium

Boiabt nas f'irst tlaroim on this t&ebx^r by
Bew*^iaitli (1676) 
free apex or th©

heart could be made to beat rlv / by tii^ passage 
of e constant cur, • * 
(1675) «&®w*& tokt a similar effect eould be produoM by a 
nutrleat fluM under preseiire* Ste iatportaneo of tension
In the T^iitz*lcle walla was e^itiaslso -I by Ludwlg 

(1 ": l) and by ftMtfeell (1350-:



jftof^JHt'

Tlic upholders of the iieurogealc theory claimed that 
t*ueh stimuli bore no relation to those under natural 
coalitions* but wre forced to admit that cardiac muscle 

must be capable of responding to c constant
by a series of : ~aal contractions. For this 
3?^ ... j,:i it was suggested t&at th% sinus ^smglis seat 
out a continuous impulse wtiicli was r«l©^«& to tlie 
ventricle by Bidder's &r la acting ^s a co-ordinating

obs«3Pipation that la ike dylr -r»t the ventricle

beat at a different rate fros the auricles 
caused by this eo«oMlnatin£ aeeJaaniam blooming 

vliBofgmnls^d and tiie noi'mal delay between the auricular 
and ventricular eon tract! one were due to the
tlia iarpalse thron h the ^englion cells* Oesfcsell 
AiMonstrated c, jively tnat ti^e impulses originating 
in the sintia oouM not be oontinuous since ftltering 
the excitability of the ventricle of the frog's heart 
by wawiing it or cooling it had no effect cm its 
rate of beat "but only altered the aopljltttde of beat* 
If the impulses had been continuous ai^S the muscle 
reepcnded clisoontinuoti8ly» then altering: tiie excitability 
of the vsntrlcle would have altered both the rate ae 

well as the force of beat. Cta&tell stated that fThe



ccmtrretiona of the heart as a whole are
"by disc: " :.. : • ' ^ proeeed rttythraloally

e ' ' •• :>r £•- 'la to the auricle-: r.a-".

ventricles *•

tills stage l.r» the argtssent various sttfinHPdt 

ilcell and lagslasfliit Imgan tc • ..Me a "body 

fs- - of the Hyegenie theory of the 
<m$e was so conclusive th^t in spite 
M.OJI tlte theory stw^ltr^c today* In 

showed that the ti
in If97(a) certain purt® of the !ar.:;-e veias§ would 

• -^--thsiicclly In isolation although no & 
cells frev *R -^resent. Oe«l»ll (" ._) f in his

3

the tortoise heart -.-:••••.;;• -."a tea the spontaneous 

activity of ic ~ '-?a strips of ventricle t is® lie. 

smg^ested that the occurrence of ganglion oolls in 
the post efiffiJ^1 excitable reide^s of -the heart » in the 

end. the f.rir-r.lo-v Ocular Jusictlon was purely 

' totis and a conae^tieiiee of the mode of 

ef the l^&art fey the outgrowth end specialisation of 
the auricles tm& r^?if rl«lee ftoa the eabF"« 

:. t* He postulated that in ad&itlon to ^aglia these



region* mmt contain lass specialised tissue 

the power of spontaneous rhythmical activity a*

exhibited by the embryonic heart before t&a development 

of its nerva si^pl^» Ite normal wve of contraction 

originated in the sinus tauscl© and was conducted rapidly 

by the more specialized auricular and ventricular muscle, 

but in tfc0 aiiric^lo-ventrlcuiai' region, there ires a delay 

One to its slower pms*g$ through the region of loss 

specialised jmiscle»
fhe densonstration of the re ve reel of the heart boat 

in this skate and tortoise was stapoog evidc.icc in support 

of eoiuVuctlo:, by jafuscular rather tnen nai*rous tioaue, 

Oaskell dc^oiiBti'aioa tiiat iiea?voin3 connections were not 

for the passage of the contraction wave

euricle to ventricle and that the efficiency with 

this took place depended on the eiaount of intact

tissue between the auricle and ventricle. The 

effect of the second otaimiue ligature w&m attributed 

to 8 insulation of the eurlcolo-vcntricular ring* The 

worJc of ajlttittM (1876) t ^archsnd (16?8) aM later Kaiser 

(1894) which showed that r^iaoval of Bidder's ganglia 

prevented conduction of the contraction wave and reduced



the excitability of the region me attributed to

the «M*le Owue. a fcell (1900) eJa*nd that
a single stimulus applied to the nrusele of the aurietilo~
ve.,. ^ HnT eottl-i give rise to a series of

or ventricle samele was

prtelG&d a ' "• con traction oceur2*edf ana stiraulatii» 

of Bidder's gaaglie had no effect, l%e presence of 
gpnr e^lls w»« ftttrltwtted to the va^al nerve Btipply
f>f the heart •• -.- ^.r> 'triown to have an inhioltory effect

the

and ^pilaaim «S£3d aaphitious and reptilian 
in ., riments* desltell's e3pla«ation of 
?t t>©at me not at first applied to

it ras thought tMt s break in

continuity oeeuiwd "betwetm the auricles aiaa ventricles 

in the macmsl* In 1693t feewevePt Kent showed tl^at
'"" mr-- and a complex system of 

toWBCiJinr: fir-? 1 --^ ooaasetou the -mn. alian auricle© and 

ventricles « - ?7 tie th© work of Wooldrldpi (1683), 

Figei-r - , ) enA of r'omiliaa ( ) ^io«y®d tlmt 
the rhytha of the marsr " n heart wr?s es,:.e ,. j 

RB that or ^" "blooded heart*
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Further support for ths mjregeoie theory was 
provided by iiiirilllam ift 1887 w&© showed that th0
nn5fttt*»tio?i of fibrill-errr contractions in the dog's 
ventricle 157 a needle thrust a© fbtnd by Trronecker end 

(18&*) r --i not be used in support of the
tiieory *• ^aziglia wei^s ahseaat fxwm this 0p&t« 
^ the nbnervRtiesn l>y langle^r «tM 

that -very large doses of nicotine diet not 
the heart eonfir&ed tl» supposition thet tlie

not responsible for the heart l^at* In 1B90 
^mo shewed that the mt« of eonflrwtlon in the 

haart ;/ .; le of - "•'• • .' chid: embryo was much less 
than previous figor^i obtained for frog ventricle ssoscle* 
Three years later in 1893 ri cite ring showed that 
eabr^wiic chick heart started to teat before it 
its nervous supply* Finally, the work of His (IV-93) 
and -ngelmann (l£97b) stipported CtoteH fs eonelusioiMi 
that the varying ffeytlimicity of the heart was due t$ 
the aortaliolorlcal a^anmgBant of* the muscle tissues 
and not to the presence of nervous elements*

Siaas opposition to the l^rogenic theoi1^ arose 
from the description by Carlson (1905) of the ncurogenic 
heart of 1 iiaulue, but it vss argued tliat the heart
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Ventricular fibrillation was first described 

^ricksen in 18lj£, and since then it hits been the 

subject of much research* Dewes (1^52) pointed out 

in a review article on experimental cardiac arrhythmias 

The literature on the subject is fall of theories about 

the mechanics of cardiac arrhythmias, but hard facts 

are hard to find** Two competing ideas have been put 

forward to faxpiain fibrillation* The feireus movement* 

theory* originally put forward by Sarrey (1934) which 

involved either a regular circuit of travel by the 

excitatory ispulae with re-entry occurring in a narrowly 

confined specific pathway, or alternatively entirely 

random fflov^mentsj and the f ec topic forms* theory suggested 

by Scherf and Terranora in 1 » and Frinsoetal* Qoz&ay* 

Brill, Oblath and Krmyer in 1952 9 whereby the normal 

pacemaker lost dominance and repetitive disorganized

arose fr<^i an eo topic focus.
l>r: his hypothesis on the following observatione. 

Bs xiQt@d that the ventricles of large hearts would f ibrillnte 

easily and continuously, but tr^e ventricles of email hearts 

often retained to e regular rhythm. He studied pieces of 

tissue removed fros fibrillating ventricles and observed



that the tloe duri , w the piece continued to 

fifcrillate wee related to Its size* Large asssss of 

tissue fifcrillated longer than s&all ones* though this 
was s0t the onl relevant factor. Bullcy places fibrillated 

much longer i...'.~A iicirix), stripe or the SSBS weight* so 

that the shape of the piece wae important.

If a ring two centimetres wide was cut from the 
bese of the fibrillating ventricle of a turtle heart, 

the ring continued to fibrillate. The fibrillation 
etill continued if a ceeond cut waa asO* rounu this 
eirllruicr to form a figure of eight, the incision not 
being eoapletel; carried erotaid the ring* ' third cut wae 

aa4e across the iethmus so as to open tike figure of eight 
into one large ring* "/*& soon as this narrowing vss 
co«5>leted it woe found that the incoordinated fibrillary 
eottteBCtione had resolved tl:iemselvea Into a nnmber of 

eontrection wavea rtiich followed each other successively 
ana ropeateclly around and around the ring* all 

progressing in the sasm direction*"

Qarrey noticed the spontaneous sppearanee of 

conduction tloofea la parts of these rings, so that 

somstiises the impulse travelled on tiie outside at a 

given point and then later on the inside of the ring*



Gerrey »!JBO obsenmd that theae bloels® affected the
contraction we-ves in one direction only; those
in the opposite direction paa&ed the region of bXook ©ad
eetitlnued their progreas arouaa tae rin^*
concluded that eueh fcloefea wyuM pf«ir<aist the
wfive fr^>i2 ronnla;:: its usual course, so that the noraal
ooordinated aeticaa of the -roatrioular cells nould ^lv®
piece to the ccsifttelon coiiBplcuous in f ibrillary

He aaid "The blocks proMhly result in 
in,^*»like elrouita with i^sultiag '^eirei 

c<mtr«etiono ' wMc , :>; c fandimsen tally essential to the 
i itorillary pr^oe^ws'1 * Porter in W3k &&& on ^mfcez* 
evidence proposed e siniilar Idea*

the poseiMlity of an ectopie
a few siaple exp rlmente. He induced fibrillation by 

electrical etiolation* and then with a ligature or 
he separated a siaell piece of rauscle fro© the oe.in 
fibrilleting mese. He observed th&t ti^ sm«ll idecc 
stopped fibznilGtlna: aM reraei^ied quiescent even if it 
contained the area whzoii nad beoa electrically 
C^rrey etated ti^.t the electrical stiumlation had not 

produced a loeel ehenge which nredisposed the suisclc to 
fibrillation.



Tliis theory of the 'circua i^oveiaant 1 was developed 
TDgr ttttMft Lewis. Lewie, Fell aM Stroud (1318-1920} 
Mqpped out the eouree of the excitation wave in the 
fluttering atrte of dogs by using paired electrical 
contacts with ;. . .a tfeey deterained the direction at 
the wave* 2&ey ware able to show t the course 
lay around the orifice of the groat veins, and that 
SJstBitliary 'centrifugal werwe* of excitation were 
tlirown olT from this main wave to the reaainfier of 
toe auricles* % establishing that the v central wave 1 
went around the venae earns they obtn v 
for the fclreiis aevaastit* in vivo* In 1^1, ...>, 
Prary aa& Ilieseu obtaioeu clinical cvidenee en patients 
witii auricular flutter and fibrillation* £he^ recorded 
electrocardionraphB in each of three p-Lsnes perpendicular 
to eaeh otifter sad steved that the axis of electrical 
activity in the atria revolved* This revolving was 
aloost uniform in the patients with flutter but not 
in patients with fibrillation* £hey aoet easily
their results by assrating that the circular impulse was 
regular during flutter, but that it sometimes 

path during fibrillation*



and Carter (1930) easperisented 0n dogs 
en apparatus which would deliver stimuli to the 

auricles at any predetermined time during the cardiac 
cycle. 'Ihey observed that thle stimulus caused the 
auricles to fibrillate if it was applied shortly after 
the refractory period f and at © time when the vagus was 
aleo being stimulated. /, vagoaiactic action was also 

to be related to fibrillation by Hoauja aaa Hoff 
* They applied email pieces of filter~peper 

soaked in li 1,000 acetyl-f*~methylcholine to the surface 
of tbtt auricles and observed that fibrillr^ was easily 
produced. If it did not occur spontaneously* electrical 
w mechanical stimulation always caused fibrillation* 
fhe fibrillation would lest until after the acetyl-f<~ 
gethyTafrsrtlrm was reaoved.

Seherf (1947) found that en injection of aeonitine 
into the ati»ia produced a tachycardia lasting 40*60 
minutes. However» this tacliycBrdia showed aarked 
differeaeee froa the elcctrlcelly in ••". effects. 
& observed that when a ligature wee parsed round the 
atrie» and tightened so that it separated the site of 
aeonitine infection fro^i the rest of the muscle, the 
tachycardia ceased* Cooling the infection site also 
had the aaae effect* Because of these observations v>chorf
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could not reconcile his results with the 'circus 

aovwaent1 hypothec is. Be suggested that the action of 

aconitine was te provide a heterotople focus froa 

which the tachycardia was initiated*

Prlnsaetal et al* (1952) also failed to find evidence 

to support the 'circus mowwaat* theory* f&ey carried 

out experiments in which they blocked the predicted 

course of the circus impulse either "by burning? cutting* 

or freezing the muscle} in every case fibrillation 

continued in tne rest of the atrial tissue* Even if 

the entire right auricle and venae cavae were removed 

the fibrillation induced by aconitine in the left 

auricle continued» and they concluded that such 

observations 'conclusively prove that auricular fibrillation 

is not perpetuated by a circus or re-entrant phenomenon*.

Much of the work of Prinametal was directed to proving 

that there was not a circus jsoveaent round the great 

veinst and he pointed out that Lewie could not follow 

the excitation wave completely around the venae cavae* 

However, Prinsmetal did not necessarily eliminate the 

possibility of other re-entrant phenomenon. Prlnzmetal 

et al. clso studied the question whether there were



or many foci involved during fibrillation* Using high 

speed cinema togmphy and electrocardiograph^ toey 

strtcci that f gh it is possible for two 02* mare 

foci to exist e taneously la the t les* at a 
given Instant only one dominates sad all the others 

remain latent'.

In suaaarizlng It iaay be said .. 'both th& 'circus 
movement * theory and the ectopic focus theory osn ajs>lala 
isany or tuc experimental obs^rvntloas v&icn IA 
made* However, to obtain e true picture of fibrillation 
It is neceseery to try and discover what changes have 
occurred, in cardiac smecle which predispose it to 

flbrlllate* This approach ass attracted far more attention over 
tile past f*ew year®, es it h©s been siore and jsasre realized 
that any physiologies! phonoiaenoaci suat evezitually be 
attributed to a biochemical proeesft*

Hie development of this new approach to fibrillation 
was recently reviewed by Burn (195&)* :^ original 
obsc:-vr:lions v;ei-e made by Burnf Veughan IlliomG and 

*sl«er (1955) on the heart-lung preparation of the dog* 
Electrodes were applied to the tip of the rlgtit atria* 
They found that an Infusion of aeet^lebsliae depressed 

auriculo-ventric <lar conduction, end also that stimulation



of the right aurlcl© caused fibrillation whicu
alter the eeaaation af the stimulation, "but stopped when
tae infusion of see t^lclio line tf»a •. j£d. The;- also

caused /*i^ii*c . " : n to o at
rates and evia^- produaed \ifkich. suggested that the
action of th« eaerine wms to itllow ae^t^lcholine to

JUi -..^ .. :-^pa2*ation , I V.r.lkcrf - )• 
saa ^errooz (1953) sliov/cd that aceti"" *" .10 

reduced Hie disration of tb© aotlo.-. potential * 
WSB later reported "by Hoifte^n ?^nd Bnekli-r ^ 
end lb^ J'.:^c,/a and k. .1 (l_. » M'ieae laat 
aoted Uiei tt^. effect was i. " ^onised by atropine.

HoHi832d (1957) observed that «/hon tJxe rate of loss oi1 
potaeaiiam fi^oE isolated z^obMt a trie rc^.ehsa. ® certain 
critical value, then the atria begaa to flbrillete. 
Armitage, Burn aiic. wuaniiig ^i^;>7a) fovUd that potassium 
waa lost Troo ribrillatiog ventricle muecle, eiid that 
. .... .- ..ictioa cculd be arreBtc^d if the potetssinn coneentratlon
in tfc£ perfusion fluid irao rr 1*

Holland e.ia ^u*7i (1957) xsade further observations on 
the isolated rsb'.. ntria; they were unable to produce 

s^i llatioa v&iieii the atria were euspezided In noraml



*, the rct?yeit:n 

waa redtteed to l*Jj mil eM asetyleholine wa@ added to the
>>"'

f then electrical stimulation closed theee atria to

fitelllate* The fibrillation continoa* after the

stimulus , but
potassium conoenti^tlon,

als a

iucreee:ng 

of the ac:tylcholine

the addition -•:'

ana (1955)

loss of

the ^

the

a froi? etualen of 

of the ttirtla lieart t&at
rt the

" -;:' •:. 1. It there !':-•:>•• sec .va probable 

that electrical stimulation affoeted the potasalua flux 

In uch a way as to y«dtiee th® duration of th« action

,. tential, .. ., , . . ..i wa0 •traogthezM»d "b^ the
-is of Harris aad R»ttcp ( •'>) wljo showed that 

t' ' '-.'"ni of oqetyAcxiol:i:"-"5 ' •. - ^'"blo th© potASKUUil 

efflux fro® t&e slims ^feaoatis of the turtle heart 5 ©ad 

by tlic TOPIC of . •& (i } wl^ ehowaft that a*e\._ ... . 

Insreaaad the rate of loes of potassium from -^inee-r 

atrle. It ap«aped «@ if the flbrillei- ••-t;- • of

acetylohollne was mediated fcy an offeot on the ionic 

potassium flux and thus on the rcfraetoa^r period*
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Ventrlcles 1 re e lightly dlfftoMBtly to auricles 
but the eauae* of fibrillation appears to closely

of auricles* Thtm Anaitage, Burn and Chinning (1959a, b) 
th**t reiaimr the T>ota«aium eaftfie»tr?*tion in a perfuaed 

urt reduced the ease frith vMc.i ribrill^tlon was produced* 
i*opineand eaerine were* howeyer^ without effect on 

T«intrlculcr fibrillation^ bat thle would be expected since
»nd Smsklin^ (1953) sh*a»ect that wliilst a€setylcholin»

reduced toe duration of the atrial at potcn- -, f it
did not alter the duration of the ventricle action potential.

Aroit*ge f Burn and Running conflmed the observations 
of Kefcar end Hoolc&r (1935 )» whe ah— ed thrt the e«»M!eBt*»tlon 
of p in ^ie perfasion i ving the heci, 
-I r creased for «oae minutes after the camaeaeeoent of 
ventrleular fibrillation*

%3iese reeulta indicated tlmt ventrlculesr fibrillation 
reaeabled auricular fibrlliatao/i, uiiiee changea iriiich reduced 
tr,e auratj.oa oi' • .-'. i.*d ioa potential eleo caused the 
ventriole to fibrillate*

Ventriculoi' fibrillation my be readily produced 
the dog heart-lung prepare tion. Unfortunately an 

JUsraecliatc fall in u*a arterial D!OO ••.^sur-j occurs» 

leading to the failure of the coronary flow and the death



of t&a )pgcpeyrtion> fl»i* «*y of aaintaining the 
flex?? is to o blood ptwswe IP.

un^ • ' » A isore si..,. 
is u.' penfuso tae hwart tlrr/a- 1* the 

ls by t1 ^etiattd af I^apaadorff (Io95)« X*A thia 
aethod tlie .. ...-, a i*luid i« eixp^lioe to th« sort* at 
» c - ' ' •assure*

Bojpu» ^Hinniii^ and V/alker """' )» fie a result of 
en inrnsti-^ti^ ~r * trial fibrillstiosi in tlie

botrecn f i mai the moveiaent of ions «ero«» tte 
cell iuejabr^ae» A^u*^.t>e vx^^u; mv .r.x>mitcige 9 Bai*2A and

initiated i^ntricular fibrillation 
in : -tted pr.. •:. -^ ... it liearts b^ ^p^lyiixg electrical 
5^isu-u^» ;4:iey studied groupss or hearts at tlr&t \mder 
eoatrol QODditlon^t i:*^. tfr&a tu^cr >* afferent e. imental 
eon.-.~ . :ms; the: .. i^-i Tor each £#oup thft proportion 
of ." ts w!.. , .,« fc -- round tliat trh^n 

oa oor^MHtmtion in tlie p- r-i*fi- id
s ^ti *a without 

t:.. ._ :;,.^,.; . .: L i% eleetrical etiisulation; whea 
the oonoentp?^ tion of ;-o tn bains ions «*& M^b fl%i*illation 
did aot occiu' at ali» tBbey also found tiiat fibrlUatioa
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eould b« arrested by malaiag th© potassium ion 
c '.ration of t&@ perfuaion ; '*

'i!h0y investigated tfes effects or e*^..c *-e culcltsn 
ion, and andixua ion oonMntratxon;--* . " ^ f- that

. . ..lc :^..i.;3 of cftlc.. .. - to .. . .. . .... ,vaa
^g^ In -t ;:• nonml Ca*^ ions cone ion (k*k 

a ^J.^^ maaagi^ft of fibr.il^ai,xca« Suaii
had alrtiaij lacwa mede by dftafeacli, 

...'11 : . }• .At ... . ,.ial tliroo '.-.,. .>
half Mvaftl ^id a Quarter • i icm

Inoidencu •"-•'-•^lly got leas* s at OBS 
tl.ie proportion of liectrti* fi*b2»illating rose 

Fu, :..... r»sd; . > in cc ^s ion coaiemi .. . . .
.r" ""' ' - . the at^ence of calcixim 

s did Act fibPillat® at all* - i=- .. =,*. ... the
ion <sflattggtp»tiou to one hair caused all tha hearts 

to .fibrillai » :.-., v ; sug^acrtod that the ©lee,./ ,al 
stlifflulation was not an essential prrt uf the pro :tan 
of fibrillation, asd thnt the j?ib»llletioa v«as 
cc . vaetl r^ith a ?. ._ .jaiioe on ion 
K!*" ion tr i



of ehea&es am ion conomrtration* Be # 
sateriully the saaa as Afditage et al«» tliat induct-^ 
la potn88iu£ ion oon0ttitf*ation @nd sodium ion 

an iaoraese in calcium ioua conce.
tioii to oo«mr* He fo-und tfcet ti'ie ^ rst of 

celciu*a loon aould be aeat*, ^J.L.U, 
i^ne to the perfuuion riaid* H^ el^o 

that . ....... «.*»fi:. . . .. . . illation*

the af:ect of clmngea la calcium ioa concentretlo/u
et fel» i*aa obseirred a ^@0

ti^ere «as a gr^dosl •:. ia
' neerts fit>^ilisti.ig aa tlia 

tx*etion Wfte fedaeed. He airi n^t o'bserre any increase
uffl ioa

though lie did «e«a«a
sligJxtlj Mglie2» (33/«} at one sixtaaatk ^±^x i,^an at 
oaa sigfcth



0aodford {:/ ) investigated t&e «a i of

OK i&e mc4,aaiw* 01 v&ntj

the same metiioda a* Aioitege he round t&at metabolic 

1. . ui*i> cautiea rioi'iilav^oa to pe 

tlmt or giuoon^ would precipitate 

In Liie cov-4.';,,e (jf iixs wo^c lia obear-'/eu uiat w®m> m

VQB a. ttMitinuou* fiteilletion at 37°Cf
til. ^ , at ion «fta arrested «» oooling to 3^0* At that

atiiaulatioa a*u no I

was
to 57° ; » it 414 &o anoe mor^. ^ooOf^jm aag^atetl tuat

on

thy amount

flui4f 
than tue aa^ynt ayaila^le in bl^Hi* £u.2K»o 'tae oxygen

at J7°^ tiasui »t 32°o it
that t&t occuj.»i^a«t: of filMPiliGiuiua aw J7°C

an iasttfficisnt bupply of oxyg«ii at tjtat



-26-

. ra.x-L (1352) i;rid *a reasonably strong uoay of 
evidence exists t»«, ^*«u tuAwjati yi ua 
SDJtacXe causes el ulch rrcxiitipaee to tiie
of ; ,.fca : , . . ,. it or th& ob®&FV! .IQ of 
aud or - ..,&&, pai*t of ta..» t/ieBis ie c« .*aed with

.J.JUWXWU r^ •*• • :i-a^uaw» oexovv J7°C 
"bet een this iacid^ice and
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CHAPTER III

fh* "best kaown action of aeetjrlolioll&a on tfcs heart 

ia an Laiiibltoiv oa* oa rate ana a- -Ode of loeat. It 

IB pesfcape sai*ppialng> therefora, tiiat a**t*teiK>.Unc has
r:> the aubetaaee roapoaaibla for aalntainln,;

romkl acotyloaox^r^ present in Doth, tiie etria 
T«atricioa er th« iitttrt* and tiae rtret deaonatpetloa 

tim Jaeart eould actually synthesize «oe tylcho Una 
ide X>7 Mttftk (1934)* Later, Coffilin« (l^b) ahoirod 

that aoat loholiiMk s^titlieaiu ooour^. both In the atria 
and tto» ¥*&tricle8» It wo*

tiiat aoc^-leholin* might "be pe»ponai"ble for 
B»int*aniii;; tiie i»a»t teat* AMon and i^uMMirsk^dld

} arid /•Moii (1945) found an. ae«tyl«iiolirie ppecureor 
in the heart wl liberated free r Xlna when 
aaidincd and warscd. thay pos tula tea tiiat thia was 
In aoaa trsy coiutaaKaaA in tiaint&lnin^ cardiac rhythm.

Such Ktaaa r: t rroa the fact that aeetyleholiae 
alao baa a ati&ul&nt action on tixe fc*ar-t in aartai/ 
Thus SacHs C1337) and aothborger end 8ada» (1936} atovod 
that low ecmoantr^tiona of «oetylcliOliis« or eai^banhol



-2S-

Stiwilated the isolated atria of th@ mVbit* 3 

and £aa:ini (1940) dcjaoasu.rat.&u a double action of

- ,;* the isolated guinea-pig heart-* In
high concentre t ions f greater * . .. 3 x 10**% ,- - . 53 

c- heei't, but lower concent j?: cm 9 ' It.

A nu^iter ox* workei^ aav© oss^arrea tlmt 

has a stimulant effect after atropiae.

in 19U5 observed t&e c. ,, , dos.«e of
iia® r> -Ag fros 1 mg to 4 sg on tto dog j 

dene rvat ion and atropmisatioa*

tloat the tacli^0a3?dia which developed could aot fc® caused

fey Gdrenailne released from the adrenal gl&nds eiaee 

the < :-t iivoe observed 4 to 7 ec^ 

because reniioTai of the

response, thej suggested that the ecetylciiol.ine might

be at. . ... .g

Hoffsaaoa, Kiddle ton e/xd Taleaolls: ^l>U3)t -mil {'. ' ) 

ant- /..am

»aEtr;elian hearts alee c,., _ T ..J this stimulant action 

after air „ . . , r.o.fftwaan et al« suggested that 

e- >ltae r be acting by stimulating ehromaffln 

eel IB in t>xe iieart. In E -^t of tais .;: : -^aa.-.Vf"'a et al« 

found that tlie effect of aeetylcholine blocked b



aiootine or diMthyl * &.-';t>v.-?ll» on the other 

taa&9 shotted that eeetylcholine or xuea to stimulate 

after sufficient nicotine had been giwm to paralyse 

outonofflic ganglia. Be therefore ©onaMered that 

eeetylc. - .ma was acting directly on carfare sitiGel^* 

Letter* ' oda (1932) utinc isolated rabfcit atria 

e "-red that the sii^.lrat action of ^eet^lcholin.© and 

nicotine^ seen after atropine h!sa 0001; given, was abolistei 

by bWtt»HtiK>rii\jfiu He also suggc. i that the action wae 

due to tli© stiraulatioa of ganglia or chx«o«affin tissaa 

in the a trie which lioei^tecl en adrenaliiae-HJc© aubetiuuie* 

In X9U9 Bom and Vcaa© were able to ehow that isolated 

rabbit stria in w. , - "beat had bee A arrested bj 
paludrine c ' : "be restarted la^ Hie addition or aoct,yloiioline 

to tlie bath* Vene (19^6) 2^ad previously found, that 
twRsoylehollne and nicotine would not start the beat* 

However, oholine, • -saetl line and carbachol 

i^re found to restart tke beat, if tiic acotylonoline were 

actin^j by tlie release of adrenaline fi*ojs chronal'fiii cells 

in the heart y it woold be likely tHat nicotine should 

restart the boat. In fact it did not wia.ch mtggested 

that sc >line wee acting dip T on the a trial 

ia v.
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on n&bbtt at pis. Bfc .air and Burn

*loru isolated ptri'- served to bartf aad It 
«&@ found that they could be restarted by xhe addition 
of* ae?t?.r1«5?v»line te tnn b^th. *fh©f*^ results we?»e eonfis^

1 W<*8t«rnann {,: --rted f&i' >i vat 
with meet .^.y>T.-r,c, ana aloo with Xar0@ at- • te 

of prcvplonyi and bat:^ryleliolin©. They foxstit that these

03* ;, indic^ . " - :• a r: 
of ae- '" "" " lne« .' " nntf, '•".'•*,•? ' "'?)

Liliolln© syatheslslng powea? vi restarted exhausted 
with that of ptri« which hf*d not baen w?stf«T»t«5A 

with " of fr :c.-. -. » A x»v. ,.p 
fo«:n-* "hr-twff^r. trie -^o^^r to syntheelse ac " " " ^e» 

and the ability ^^ th« atria te> contrect* *Si0 results

heart were closely linked to tiie r . of c,c .... »iae4

ha«trt ciausad « contntotloa when « certain ooneentx*ation. was
.'1 . ^» ^hen the hwrrt WWR "b^^t-inr nonMilljr 

ine D,V -*iii0 ^ist be at an or near



optima level* so that the addition of scetjicnolla© 

depressed the "beat* It the level or synthesis was below 
normal, ae in the exhausted atria, then addition or 

ec - *olina had a stimulant i*
. • 3line la ra::-l ;.;v i<: •" • -:yed ii? thf* n-r.:-^rt by 

cholixtt&t erases « Their presence in the &eart wa^ shown 
by Plettnter and Hlntner (I930) f Ant^iBftl, nimibr^fth a^a 

Olick {1^39} ®n<i OM and Shorcpeon .- )* '.- 1 inhi -J tlott 
of -r o ear 3 by an antic - rKjntcpiase ®«eh as eserlne 
would bo sheeted to siodir^ tlie b©at f If aeetylchollne 
«erc s*r*sv.oriRlblc f*oi* fflf>tntp.lnlng It* Buiti and. 

(l .. j>; :tt e^orlne in r tioas of
nsuelly f?lry»-,: ti'.e 3Wi.t«* of beat In 

Atvln uhleh had been beating Tor1 tvelir*
ncyeiisaSt ecnultivlt^ to ffl^ill ddsee of eee?in**

' .CC-P wul ^y (195^) a c. ..?:.-:. tinted a 
r>Gou{io«cnolincetep»ae activity in atria 

been Bating In Loofee^ solution fos* t^^lT 
It seemed likel;*, therefoiw, that the rcti«m

the "ccetiu£ 1:.. ' '. " zholine
* of wor'-r --»

In c... : - *. with the isolated few»rt of %na esculenta
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attached to a Straub canmila found that the amplitude 

of "beat diminished after about ten minutes if the same 

Tyrode solution remained in contact with the heart. He 

also found that this effect was abolished "by atropine. 

Smncan suggested that the heart was producing acetyl- 

choline or some similar choline ester without 

stimulation of the vagal nerves. Genuit (19W-) 

perfused ra"b"bit hearts in order to estimate the amount 

of acetylcholine liberated during vagal stimulation. 

He found that the control fluid obtained when the 

vagi had not "been stimulated caused a contraction 

of the leech muscle, "but he thought this was due to a 

'resting secretion* of the vagal nerve endings. 

Spadolini and Giachetti (1953) made observations on the 

heRrt of Buffo vulgaris similar to those of Runcan and 

attributed the effects to endogenous formation of 

acetylcholine "by the heart. Burn and Walker (195U) 

described experiments carried out on the heart-lung 

preparation of the dog which indicated that acetylcholine 

was liberated without stimulation of the vagal nervew. 

The addition of eserine or neostigmine to the "blood 

caused a decrease in heart rate which could "be abolished
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by etropine. . .^u indicated that thei-c- wac a 

continuous output or ac

using ti. -.irfuoe; ; t heart

od perfueion fluid, ^ui^tlicjp ftxperlaents 
I,ay (1.. • .. ...^vec that ti. . , ... ^ .

"by tiie pcrf • " ' ' od 13^ the 
or c^&t* - .i'ivJua^ v ' " "* . •'-:.> «w ro 
the? no«sal rate c^.^^^^ « * r*^ and a half times ..^^^ 
In ov ^_ «

In » Marshal^ © jts i d
""•- , *, -•"»* ^ '.;. - T -.»*•• ', "; 1~ •", ' t f"* ' •" '- - r't. C-T**"*' i'" A-^k>^> W- —, J. -!.*»• ^*. V^ C^ V .> V^/' w**V>.- >-»:> ^» --• i W ': --** ^^-^ ,,<i

_.. ... -it.rinixxg the heart Tscet. . found that when
•l» were

the tr .. .. . -- tncreaeod*

and we -c P&gat,-;, r.cw«i» the etria &o tu,t -is

x^_ ;pen»tt:3?r;s ii -^ -tvlcholino i.. e^--1 - 'r,t. TV-MOT-- of 10
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to 10*"^ fi/al was a&tad to the fluid
tte atria. 19Kia It appeared that the link batwsea 
pateoafcer and tte attttrounding tiaana* which ted team 
broieon by cooling* could be rcotored by aeetyloucline 
Bum aa& ^au (1957) uaiag ieolatci rabbit atria witii 
tte vasal nertee intact »iM»«d that ptria ax^aataa by 
low taapaialnnu would atart boating whan tte va^al

atiauiotea. ipot and Vanghim Williams
foiaKi t,,^t r ine oyntlieoia was 

in the neighbcmrhood of* tte paoaeator

A aowi oottplete invent i^tioa or the aoetyleholi 
alai^i aacrhiiniaii ia rabbit etria haa now been 

and together with ottidiea on the acetylcholine 
tant of robbit atria ftoraa a part of this thesis.



CHAPTER IV

Although c~lle ana. cillery mechanisms were first 

observed and coobeated GO, by de Beide in 1663 (aagatrfln, 

If51) ana by I*e«PS«la* (16^2-1723 ) f quoted by Bobell,

j), It w*e not until Pmfeln^e ana Yalentin (1 

described their occurrenoe in various vertebrate species 

that ciliary ovetteat beeasje tte subject of serious 

I^ysiological study, 3harpey (1835) end l tiller (18/|0) 

gave accounts of ciliary n&wsaat rviiich indicated that 

during the eighteenth and carl;j nineteenth centuries a

deal of work had been doae on cilia In inyertebrates 

the Protista* but this was largely descriptive sad 

no very coherent ideas of the atehaaisis aafl control of 

ciliary activity had bssn advanced^ Harsmsirg is 

quoted as describing the aeveaeate of Infuaorien cilia 

as being due to mioote muscles attr ehed to the bulbous 

fcaaea of the cilia» and Velcntin described the granular 

striae la certain ciliated colls and e.. ithella's o.s 

jsaseular flbr«s> responsible for ciliary movement* 

Orent in 1835, after otucl^ng the ctenophore Berof 

believed that ^mtcr wse p3H0*d in and out of the 

cilia which v c c thouLht to be hollow» and were



thoa analogous to the tube feet or 

Sfcarpey (1835 )t however, considered this v±m very 

unlikely sinee ciliary activity could continue long 

efter dccth» aiia in isolated c * 3harp0y*s o&n view 

wee that i ilar material probably fonae*i part of 

the cix^c, c: .,.• >.s view is iiucii more ia e^t%;yi«unt 

with the modern view that the c ilium is a can tree tile 

structure not unlike e emecle fibre*

It was very ©^rly i ',s«a that cilia ware not 

under LUIXCW s^rvoue ccmtrol« As Holler (IBiiO) obecrved 

f Those subctcnces which have a pertlciOer action 

on the nervous system, ne^jely the narcotics, have not 

the slightest i -.,-noe on toe ci: ^otioii# which 

is thus a^stiaguiaa^a as & peculiar ^t^ri^a^turt not 

on nervo^i ^^erg^f* In 1855 

that fThe cilia are Kaoim to have

independent of the nervous system*' Hev elo8s f dxiring 

the niaeteentli century J • v r -:•_:, , .. • sted toat 

at least in so&e iavertebi\^ — «- — u ,,w-^ under 

nei^vous control* /T *th^ (1897) _ -ted that the 

intraeellulsr fibrlllar ByGteiiiB apparent in many ciliated 

cells were nervous in function thau^- no connect iot^ -AT 

the uerves could be demonstrated*



the evidence for SOB* aeasws of nervous 

control in invertebrates is strong* n nc cilia 

play it very much aore Important role in them than 

in \ ^brate species thia is he: ..._ _ .£» 

Bab&t (1913} aur;;;estcd that the periods of quieeeeaee 

in the activity of cilia os. to© gills of Isu&elaibro.nciis 

indicated some system of nerrons control* Qopeland 

C' v ) 6lth<m^i be found no definite evidence, 

obtained clear : c&tions of nervous eo^trol in the 
pedal cilia of c.-.-; •• ..- ..-..-/»-, ^ ,>i •••:.-,^r.. Grew an& 

Sehmitt (1925) d©Bcx*ibe4 & - m of fibres in uolluscan 

gille w they considered ,le for the 

co-ordlnatioii of tho beat. tQtee effects of electrical 

stimulation we <; i*;vGt-Li0Gted by

G6 till in (1920) dc&ionatre/ted that th© aiffififfiiing plates 

of BeroS could be controlled by impulses conducted 

by the nerve net* M inter* sting effect which ^ 

noticed \ : r> u*at tr 

the inhibition caused by electrical stimulation* Hervous 

control of the foot cilia of the anaibrstnch mollusc 

ISelibe ?,ao suggested by /yersborg (1923) who described 

a group of ganglion cells end fibres extending to tos base
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or the eilieted cells, ffee only description of 

ei '.Q media' ay n©rv© fibres ect ,7 terminating 

in the c "'• . . cell,; v.r. . ;..e-~ e by Carter (' ~, 192B) 

in the leirvae of the nudlbraneh Vellger* .lectrical 

stimulation stopped ciliary mowaent. However, in 1923 

•erton demonstrated that electrical et ;n of nerres 

to the snail f s lip c 1 activate previously quieecent 

cilia*

to the ease of vertebrate cilia there 1« f*«r less 

ev.- aco for any nervous infltwoise over ciliary move^^nt* 

In a very ctr : experiment vcn Br€eiG0 (1^1?) deaonstrated 

the autoi%o@y or Ute c^juia of t^e frog f& oeso * lie

a plee© of th® epithelium, rotated it through 90°

end replaced it* ^bo cilia continued to beat aomelly at 

rifi^it snglec to the @ cilia*

Ho ii, ;lcal eviuuoee iias been obtain^ for the 

existent of nerv® endinns in vertebrate ciliated t issue » 

though it has been re d that nervous stiiaulation 

c< affect the rate of ciliary beat* Rozans^y (1926) 

reported taat too ra'us of ciliary caovemcait in the dog 

trachea could be accelerated by vagal stimulation, but 

It seetsed unlikely that this was a natural phenomenon



since in 19O8, Icmmel had demon® tm ted thf»t

of bo Hi vagi in the dog hau no effect on c

in the trachea* McBonaia, -ire f ami i^a&ne&an (1926)
showed, howerer, that etiaulation of sympathetic

in th© fsog accelerate the r?»t* of

in the buccal c8Yityf v.-iv;.-,--. _ . ... e

caused inhibition* Beo (1^2?) also describee! aeeeleamtoi* 

effects uii oiliary aoY«s@nt in t&e 

to nervous etJUsulaiioru Fluttaer an«l Hou (1931) 
01a.:.l^p e: - ^ t they ai . .....a to aireet

s^ .atlaii of the ciliated epithelium and eridently did 
not beiicvo in any nervouu errects.

Thr ^viy7i5jice suggests that ciliary moTeaent ia not 

depentlent on nepv© impulses* but that in certain casea 
it may be aoclified in feapons© to ae3?vous atisaall* 

is thus a close parallel with w^ ̂ cart beat wlulch ia 

also mycgenic in origin but which oay be gvuc'kened in 

peapoase to etinflation by sympathetic fibres or slowed 

by
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CHAPTER V

i? CJlliniw

Cilia arc oxtaPtnsAy &sasi~4,ivc, to cnan^es la 

environment, amongst the most ioportnnt are changes 

in inorganic ions. In pH f in temperature, in the 

availability of oxygen, and the effects of mechanical 

stimulation*

The effects of different ions on ciliary activity 

Investigated by a nuaber of workers, notably LlHie 

(19O2, 1206) and Harwell (19C5). The atigetions 

were oontinued by Gray (1920, I922a, b and 1923)* 

that o solution containing only on*- rf* the four ions, 

Bt*, K*, Ce4"1*, and Mir4^ wes extwaaely toscic to the cllie 

on tr.e ^11"! plates of rytllus edulis. .'::c;r ?r.:.w-': ^?.v :r--- 

die: ' f tae cells, evea &i ^u.v j^n values* 

Solutions containing two ions were __ detrimental, and 

selnticno eont _ ./ee ions sn. 3SQS in 

a cc ^itlvely healthy state for i ^cng as seventy-two 

hourr. But it was only wiea ©11 four ions were present 

that the tissue regained nonaal and heelthy as In sea- 

water. *5xe<5sa nsccneaiUB resul,.. arrest of the 

Ic .1 cilir, but this effect could be reversed by raising



the potassium concentration* Botaoetsa w&a fcmnd to 

be WM&tial for the teat of the lateral ellie t ;,ut not 

for the others* ;^oes» ;;.ota:-.^.. ~. "-.. ,. ••:.•:.,_ c- 

of the froato-aatersjl cilia w;iile the others were - - ~:?ected t 

though the beat of the lateral cil.tr Y/BS eotaetuaes quickened. 

Lithium ion© were fowl* to slow the fce&t* fieftltas «BS not 

only neoeceery for the aalntonfiaee of ooi^otic 

but it was also awe effective than ?my other ion for 

maintaining the beet* Oalcivus was found to be essential 

for the beat of the frontal cilia but wee not essential 

fcr the others except at low pii values; its lade resulted 

in an inerMMd eeneitivity to a^c i ions* t£h® effect 

of lack of calcium and potasslxm could uv allcriatea by 

raising Hie ^f and. this w*s elrjo effective in coxmteractiag 

the effect of lithium. ±n solutions containiiit, tertr*rtea 

*r& citrates the bivalent metals macneaiom and eel cius were 

probably Dot present in the ionic state end the cilia 

behcred ae thon^ these jaatals w»re abe^it* Tiie ciliated 

eelle were found to be iAMH8ii^v^ to tue following

t l""t 30.." ana cli^OOO ee long as thetf j?
equilibrium of the cations IB% ^t Ca^ and 

was maintained* Siailer revalts hJ*ve been obtained with



I •"'W,,.:.—

heart jiMjjiaiaUoaa by mnon (1912), u^i (191^) and 

tohn and Pick (1920)*
Ciliary noveaent is TL_, uenaitlve to chaages in 

pR. . 7 (I922a) abated that in i,. cilia v 

exposed to an - • aoluti:;ii oaae to rest by grrdual 

slowing of the whole beat* the amplitude of the beat 

not being affected* lie said that the cessation of 

•PTOBcnt in an acid ... . . trae to c&angea \. 

took place tncide the coll, end not at its ear-face. He

evidence «nlch euggeated that the preaenee of acid 

the o«H»ey8ion of ebaate?^! energy into kinetic 

&e activity in liytilua we "inae between 

pH yaluea of 5*0 to 9*5 with a m^isi^ui;. £«te at 9*0* Llic 

cilia were also brought to rest if the oasotic pressure 

of the external meditus eaoeeAed & certain value.

•Hie effect of tanpt on try aonruamt wma

first JUifestiaated by -r :.l jc -:.v" Talentin (1S3U) aad it
\

has &OUA confiriaed by aon: trorl&rB that cilia are 

particularly sensitive to ohimgea in ta«i>erature (&reyf 

1923j IM11» 1D57). A riae of 10°c will usually produce a 

big increase in the rate of beat. *n& seat is normally 

errested i?t 2^C. Theee ejects laay be compared with 

that of waning or cooling the aim* Mglan of the heart 

(Oaakell, 1862). Gray (192U) called attention to the



between ia® t&ei:ft£u$e ooeffiole&t
tho f*og elntm rci o&10uCL»t«d by 3nyaer (1307} and his

figures for the cilic of % . /Xco t: r^^oc 
feent - ' tftlned ^yoBOGL-'vo , . those 

deocrll>ed for tiie MWt«
Gray C^^Sli) ae&eure^ the oxsrg&^ uG&Biimpt*^A o

/tllT5f!* lift' i . ~t in !..„ ;

rJ.;"c ;". 5 " ' In tlio pi* 
r* tiie ciliary ^^wv-.^ . , .. .

the orvrrrri - motion Tell* lli^..^,.,..^. ^

1 totn tlio osysen oiR3«taB|: . end 
tl» wito or -'.::rt* / r. " - '" •' had been re - 
in 1312 by "rwjns foz» tJae Iseart*

'IE IB cr.troncl^ i . to

u
'". spreDu of
i^allsecl tha ijs^rtonce of tr^la£: to ifcterpret the

r! r- . "ilos of eilif.tca tinst^s 
believed th^t the r . . ' . w ;f :^ 
toc> " 3i a aenre net taadcr the cliiatefi 

- -^ the frog palate t s^oee an inci&iea 
below tola sembmne nhicfc s^et^ted tlie epithelltim



almost stopped the ppopa^tlon of the *mve* f&mi 

is little evidence in siagpport of tails theoryt but 

the eensitivity to mechanical stimulation is extremely 

important whan the transport of particle® is taJten as 

an Index of ciliary activity*

Lucas (1932) even claimed, that in the absenee rf 

asetianlcBl stimulation the cilia of the frogfs oesophagus 

were normally quiescent, &&&> he described the iorasdlate 
burst of activity which followed the application of 

lamp black froia an atomiser* It has already been 

asutioned that cardiac muscle Is activated by mechanical 
stimulation and tension*

McDcmald, Letsups «nd T^nneman (1929) were the 

1 to make a real investigation of the effects of 

the Vatonomic* drugs on ciliary nKrrement* Using 

the cilif? of the buccal cavity of the frog they showed 

that adrenaline and ephedrine accelerated the transport 

of particles by the cilia* whereas pllocarpine had 

an inhibitory effect, Atropiae hau a laixed action; 

whereas the effect on the cilia usually etiisailatory, 

particle movement was slowed due to a depression of 

mucus secretion* Fohle (1931) observed the inhibitory 

effect of atropine, and also noticed a ouri us



rercal of the effect of adr vnalinef at 

I6°c a slowing effect was obtained, whereas at 29°C 

adrenaline accelerated the iaoye»ent. These results 

Mr* later confirmed "by Shelley (1953) who foiind tiiat 

at an intermediate temperature of 22~r.l;°c aci enaline 

had no effect. lattner and Hou (1931) made an 

«xbfcU£tlYo study of the ciliary epithelium of the frog's

o^sophagoo, and observed that acetylcholine in
—^ w aeaatntretictis of 10 » and 10 '* g/ml had a pronotanced

•tlmula effect t also chcline in a concentration 

of 10~^ g/«l had a weaic effect* Pllocarpine aM 

ei»eeoline w«re effective stimulants, while eeerltie 

though appearing to have no action of its own, 

fooad to potentiate the effect of acetyleholine*
«»6»

Atropine 10 ^ g/ml aholishdd all these effects including 

a wea& stlaiulating effect of adrenaline 1Q~5 g/al*

IJlerle and Moore (193^) --•• "ted a dctriaeatal 

effect of adrenaline on tiie cilia ci the guinea-pig 

turbinate, bat observed a slight stimulating action 

for ephedrine, Howerer, in 19^ 9 Lierle and Evera 

demonstrated a slowing effect of ephedrine on nasal eille<



Boyu (j } obsorrcd a slowing affect
on the cilia of the frog's oesophagus, but Proetz. (1939)
Btrtr* th*»t pJBphefam1"n h«3 nn effect on 

v - •- , ' ') re "... .. ,iic ;. 
the *cti- % frog elite,

Bl«ieh and lOUir.(1950) obattnred that penicillin
the accalemtni* affects of ecetylciioline an

-..- on a.- : .. .: ;:.-.: •::.-..." in its p

f - aXona had no effect, and an 

effect* Penicillin alone had a oli-v * accelerating

*3.1 thase actlrms -5mT»e r5boli«sh«fl by atropine* 

In , Xor » Btllbr . extensive 

of the effects of drugs on the cilia of t&e frog's 

oesophagus and tba rabbit's trachoa. Ihey deaonntrctad 

t - --"^afmee of aoetyl^hol'ne, and the ensyaaa ftholine 

t -•" :ollnest; • . '"''^' obcorvaa t'-itt in 

V ' •• ' ' 'iis low caaeentr- ' * ia «f aaeriae Icro 

than 2 r. 10~*+ g/al iao#@a«od the rate of transport 

of prrtl-l^n over the cilia tad atirfcioc t wfalgaaa higher

:s decreaeed the re Aeetylcroline 10*"5 g/ml 

increased the rate *?here?- etpo-'ier-^ ccncontrp.tio.ns dec: 

it* /troplne and d-tubocurarine decreased the rate of 

transport in both preparetiona at a concentretion of



10 «/nl« *' ''•'- 1^-- e •"" Ut £"" ' 3 

effect on the rabbit traebea* AH these cts 
were swerslble. NopF^t^nttiine end hlstanlne were
«•-" t, AS the € . . . allied no gan._ a 
cells and very few nerve- fibres ti^o 6" PB €• uded 
Uiftt the acetylholine was of ncn-oerv ir end 

ra ft c ting et» a local hora«»i0 in r^peeoting the 
\ :c niOvc-;.ifci~.t of the cilia. 

Hill ( ' o taxable to irm the eft" of

ar*d rr|l>bit f s trr-ohea» and she sixggested that Jie
roe of j. et al« were due tc arte:
fro^ tlicir ex; mcntr.1 tcchn * l^ter, B»irn end

Bay (1953) repeated and ccnfisr.ad sooe of the obserystloa®
of Kordik ct al* * r»^rt of thir thocis if? sfwoeTrnr'

a r - .". .'• ct of L _ . .
tutxxr o on the fro£f e " is Tender varying
eatperimental oond.itioxia*

r "1 ic s^ill ^latea of Kytilna fidulia are nerre-*Tee 
ciliated ctructuroe ena we TV- . for '^rthor wot^c by 
Bfilbrlng, Burn and Shelley (1?!,")* 'c " ' oline wae 
ahom to be present in gill plate extracts, both, by 
biological aseay eaS by paper shpomp.togpaphjr^ 

Cholineoterase wao found to be present» and they



alao retorted the presence of the ens^rae choline 

ac&t; je, thou t ,e activity was so low that 

doubt was cast upon tills "by Jrtebb (1957)» The action 

Of aoetylcholine, eserlne, and d^tubocurarine oa the 

rate of ciliary beat measured both by rate of particle 

transport end with the use of & stroboacope was found 

to be Giiallar to that seem In the frog's oesophagus and 

rabbit's tzrchea. Atroplne» however9 was fouikl to act like 

rcetylc.ioline when given alone, although It diminish** the 

rate when the two eubstane&a w©i*e appiiea together, A 

suggested explanation of this effect t?as that if atroplne 

blocks the action of acetylcholine by competing for 

the same re««ptor3, it Is conceivable that in seaa 

tissues 9 a trap me when given alone slglit have an 

ac ine like action* The effect of adrenaline was 

aleo t d» and was found to accelerate the rate of 

ciliary aoveaent, though only in rather hi|g* eenssntrations. 

la 1957 $sy proaucv yicience of a hlstamine-li&e substance 

la e. cts ol tne gill plates of Mytilus. Qosselin (1959) 

lias reported that the cilie of the gill plates are 

accelerated by 5-hydro3Qrtryptsmlnet and that thie effect 

is potentiated by
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Method

The method used was similar to that described 

by Armitage, Burn and 0-unning (I957a)« Habbits of 

either sex weighing between 1*5 to 3*0 Kg were 

decapitated, tfcie heart was rapidly removed end. 

waahea in oold oxygenated MeKwen'a solution* tne 

surrounding pericardium and fat were carefully cut 

away to expose t&e atria, ^te aorta was connulated 

taking precautions to eee that aeit^ior air bubbles nor 

the cannule were blocking the coronary ve&sela* The 

apparatus used was based on the idea of Langendorff 

(1895) and is diagvottstaticslly repyegenteci in Fig«l*

ine temperature of the fluid perfusing the heart 

nmm maintained, constant despite variations in coronary 

flow by uaing the device of Saxby (1956).

The perfusion fluid on rea«hliic the ounrmla 

able either to paes through the aorta into tlie

ary system, or through the side arm oy-p••••, -./I:\v 

heart. Tliis fluid was then returned to tfee * ~^i* 

by an air lift* Some of the fluid in the side a«fi 

was not returned to the reservoir but was allowed to pass 

t&PBUgh a hypodeiwic needle iTom whicn it spi*o^/ca over 

the heart at a rate of approximately 5 ml/min. This
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v,ce arrange,:, to teep toe right 
particularly well iuoiatoned in oixaer to preserve

lie art ^aa &urroiand«& by a . . .cal perspex
from w^uoi* ti^u ^i»ont c be detae&ad in

to rac^Iitatv the insertioAi of th£ K.C,G» iw,,,.o s this
dawo^ita from changiag the

« -•- - - . •.-,;&rt t so ti^it thw «lr because sattimt«d with 
feate*- vapour. By euitebl^ @dju&taj^g tlie position of a 
Ic&p situeteu. near tlie perspex Jacket it waa possible 
to aicifitai ,. tlie tea|»r!?tup© in0ide the perepex jacicet

aperstup«- u^ the riuid «aterJUig • th* 
teap^r^atore or tiie pei^oaion fluid 

cone tent by peasiag it, aljter it had left tJ^a 
t&EWgk a 0011 eoataiaad in ft wat0p-*>ftth th«r»e«trticrlly 
controlled to ^0*^°C. ^&e pres at wiUoii tae

was 
using a *.ari*lott« Ijottle for tlie

% using a second M^rriotte bottle placed at th* 
level above tuc ueart and attached to t&e heating 

coil by a T-piece a different solution could be perfused



through the h*a*t* Ihen such a change wefi made, tb« 
fluid passing tlirou^i the eiae aim was jaot returned to 
the reservoir until 200 ml &a& pa&eeu through and 
toft teen discarded* Since the voluse of tubing

«n th« reservoir &p& tlie caiuiula wee 100 ml, this
that the new perrusloa fluiu md oompletel^ 

filled the apparatus.
ixie noMiai pei€ueion f luiti uaad «ae that ct escribed 

Me *mi Uv3^) &&& he^ the roliowlog oaQpoeitiQn:- 
(nil) HfiOl 3ja f ^31 5*6t OeClg i:»^ f ^aift^ 0*92, 

, a«5t glucoeo 11*1, end sucrose 13*1*
solution wms UbowHighly saturated with

coiiae»trfctioui»

or decrcMieea in tiie ap^qpriate ftssoimte to obtain the 
test solutions required. In the oj^crijw»t» «tere 
tli® Sa 1 ior^ eooosatratiaii waa reduced to | normal 9 the

., a^a la twined b^ adding an cquiiiioIaJt1
of sucrose*

Zh» ventricles »c .timulsted b^ platinum electrodes, 
piercing the mil of the left ventricle at the 

end ta@ Qi^ex* near the oaee aidway between the
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origins of the rlj&t end left coronary arteries. When 

atlmulatic • not "being applied " . ••'<.-,,. 

used as leads to an electrocardiograph (Cosaor aodel

• A mechanical record wee obtained on a aaolced 

^ a thread attached to t&e slectroAe in the apex 

or toe left ventricle. Th& atiauli were ecu**re ware 

pulcee of 0*75 asec duration and approxiiaetely l to 

2 aA in strength* Stipuletion was begun at a rate of 

about $&Q/ml&9 and. the rate was ^pfNjtiftlly Increased 

until fibrillation was observe*!* Hie maximal rate was 

l»20O/iiin* Hearts «rere stimulated for 5 »in»

liieii the stimulation was estopped, each heart was 

observed to see whether it would revert to a normal 

rhythm* Hearts reverting within 15 ain sere recorded 

as 'not ri"brllla-lng» f wiule hearts not reverting 

within this ti&a were recorded as 'f ibrillating. *

Sie hearts were first perfused for 30 min witli 

the normal solution» this was then changed to the 

solution under tesx., and at the sad of a further 30 mia 

stimuleticai was applied*



TABUS 1

Proportion of hearts flbrillating and Ion

CO!

•*
T* 

-i '

soncontva 
tioa
aK

11.2

t*. -f §•0

2.8

1.1*

~*-jQ 
37

j-'r-oportlon

0/8

•J-,

1-^/13

*»n/io

I 32°
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Iser*c outage

0

53

90

100

tion

^/a

3/9

6/9

;

POI*eo2llagfc

25

33

67



Baeults

Obeervetions were ma&e at the normal K* Ion 

concentration of 5*6 mlit ©no at concentrations of 

ofta*halff and one quarter of this at 32°C. Tb* 

results are given in Table 1, together with the 

result© at 37°e obtained by E§rJtt (1956)* £he general 

trend was the aase at 32°C as at 37°c, the proportion 

of hearts which fibrillated increased aa the K* 

ion concentration fell* /t each concentretion, 

hosrevert the proportion of hearts which fibriliated 

lias jnuch lesa at 32°c than at 37°c. The difference

waa particularly noticeable when the K* ion 

concentration was l.U ml, beceuae at 37°c many 

hearts fibriliated spontaneously without stimulation, 

while at 32°c only 6 out of 9 f ibrillatedf and then 

only after stimulation.

A series of six hearts wer> examined at 27°C; 

at taie temperature it waa fouad that eirea when th© K* 

ion concentration was only l.ii mil Ksne of the hearts 

f ibrillat©d» An even acre interesting observation was



TABU I

Proportion of heart* ft la ting and Cft

ion coaoentration

concentration 
oM

8*8

k.k

2.2 1

1.1

|~ 37°
I
1 Proportion

12/12

I ii r, /• > r-\ -**J/ '••-•

7A5

3/8

(I 
v»<:73 ft 6/21

Percentage

100

53

«7

37

30

32°

Property

5/6

3/6

3/8

1/6

-

Percentage

33

50

23

16

-

-
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that at 27°C the beat wae sore regular in l.U 

ion concentration than in 5.6 ®S« This is illustrated 

in 

arifi tijyi ji G * n

the K4* ion concentration was tept at 5*6 

and the Ca ion concentration varied, the proportion 

of hearts which fiferi listed followed @ aneh more 

rwssoiiable course at J2eC than was found ®t 

by /roitage eati ius colleagues, and by Kfrki* The 

proportion of hearts which fitoilletea w&a more or 

less parallel to t&0 Ca*^ ion ecmeentrmtion, rising 

to SJ^ when it was k times nonsal» and falling to 

l6t when it wa© i times normal* The results are 

shown in Table 2 and Pig. 3.

When the K* ion and Oa4"*" ion concentrations 

kept normal* and the Ha* ion concentration was reduced 

to half, it was found that at 37°C the percentage of 

hearts uliich flbrlllated rose from 53 to 100» In

® at 32°Q t when a similar reduction in Ha*

ion concentration was made, the tcaicity being 

«aintaln«d bj aMing sucrose, U o«t of 6 hearts 

f ibrillated* the percentage rising from 25 to 6J+



K+ion concentration 5«6mM 27*C

K+ion concentration l«4mM
27'C

2. S.C»G* recorded from ventricle of rmbbit
effect of 5.6

at



Observations vere also made on the amplitude and 

pete of best of the heart, At 32^0 the amplitude 

was larger and often an Increase in rate wee observed 

laoth wtwm the !'* ion or Ha* ion conseatrstion was

reduced, and also when the Ca ion cooeeutrstian was 

increased.

t 37°c when the hearts ware perfused with 

solution containing 1*4 mM. K* ions it was nasally 

observed that the amplitude stesdily increased together 

with a slight increase in rate until eventually the 

heart went into spontaneous fibril let ion,

The further oy serve ti on was me&e that at 32°Q 

it was sore difficult to cau^e tlie heart to go into 

fibrillation on electrical stimulation than at 37°C« 

this waa particularly noticeable in 1*1 mM Ca^"* 

ions, ^ome hearts could be subjected to currants 

as large as 10 &£ without fibrillation occurring.
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Discussion

The results obtained give general support to the 
conclusions already reaped by Kirki (1958) that a 
reduction of K* ions, and of Ha4" ions ftevours

+-f
fibrillation while a decrease of Oa ions @alfies 
fibrillation less lively*

The curve relating the proportion of hearts 
fibrlllating to the Ce** ion concentration vftlch
Kirki (1956) obtained* thcu^ free from the two peaks 
describee! by irmitage et al* (1957s) was of curious 
shape and suggested tlxat more than one factor was 
involved* Ti c reseat obeenrmtloiss at 32°C have lost 
this complexity and they show tli©t the effect of varying 
the eoneefstrrtlnn of Ca** ions effects the proporticai 
of hearts which flbrillate in a roughly linear manner* 

Th@ observation thut the hearts could not be made 
to fibrlllate at 27°6 even whea the K* icm concentration 
was reduced to l*lt mM IB in aareeffient with results 
recently published by Covino anfi Beevars (195S) who 
fotuacl that rabbit hearts would &ot fibrlllet® at 
temperatures below 27^0 • However, they coiisidered 
that this phenomenon was species dependent since- they 
found that fibrillation would occur at low temperatures 

in the dog heart*
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Vaughaa #i 11lams (1959) has suggested that an
In the rate of riee of the action potential 

will favour fibrillation* whereas a decrease In the 
rate of riee will E*e*n that tiie liability to fibrillate 
will be reduced* Factors which cause an increase in 
the rate of rlae of the action potential are among 
others am increase in the Ga** Ion cone ntretion, a 
d*«raa&e in the K* ion concentration, which £ sc 
increases the reating potential am high ta^aratora* 
Factors which caita* a dccrea&e In the rete of rlaa are 
decreased Oa** ion ocaiceatratlDn, iaer«aaed K* ion 
cojicontrstlon, low ttai^eratur®, and anoxia* However* 
the heart will be isorc likely to fibril late if the 
refractory period is e&ortened (Birn, 1956)« fteo 
factors which will shorten the refractory period 
are anoxia or cyanide* Thus anoxia will have a 
diphasic effect since it both causes a decrease in 
the rate of rise of the action potential, aad also a 
shortening of the refrsctory period* trader condition* 
of partial anoxia fibrillation will be strongly favoured 
whereas In complete anoxia no fibrillation will occur 
as observed by Ooodford (1950)*
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diphasic effect is probably the cause of 

the unusual Ca** ion curves of A wattage et el* and 

of Kgrfci* At 32°c the factor of anoxia la at a

and the tendency to fibrillate will be related

to the ionic concentration or the perfusioa 

fluid* ^his id borne out by the experimental results 

obtained* The reduction in temperature will decrease 

the likelihood of fibrillation cce^nag, and ie 

probaoxy the predominant factor ©t 27° w^usn it 

was found that e^en in very low X* ion concentrations 

it w@^ not possible to produce fibrillation*
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Observations have bean oade on ventrieuler 

fibrillation induced by electrical stimulation in the 

isolated rabbit hesrt» In extension of the finding 

that fibrillation we* arrested by cooling from 37°G 

to 32°C» The observations now aade suggest that at 

37°0 the isolated rabbit heart perfused with HeSwea'a

solution is on t&e edge of anoxia, but that at 32°C\
supply is adequate* At the lower* tciiperaturc

the proportion of ha&pte fibrilleting at any given K* 

ion coaowtration was reduced* so that while the 

proportion of iiearts fibri Hating; rose aa the K* 

ion concentration fell, yet even with one quarter the 

norrael concentration the proportion waa not higher 

than 67^» %e relation of Ca^* ion coneen t ration 

to the proportion of hearts fibriliating chaz&ged from 

biphaeio at 37°G to alaost linear at 32°c t the 

proportion increasing aa ^he Ca4^" ion concentration

. It was confirmea that a reduction in the 

^ ion concentrotioa also raises the proportion of 

which fibril late.
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CBIAFTS8 VII

In the atria of the rabbit heart 

Introduction

Studies on the isolated atria of the rabbit heart 

lore shown that in various circumstances the contractions 

are arrested* and can then be restarted by the addition 

of acetyleaollne* Sius Bfilbring and Bunt (1949) described 

experiments on isolated rabbit atria and on the elioline 

aeetylase system present in ttea* 3&ey showed that when 

isolated atria were allowed to contract for itany hours, 

the beet finally stopped and then could be restarted by 

the addition of aeetyleholine* %ey found that the 

ability to aynthesise aeetyleholine of an ecetone- 

dried pofffter prepared from atria wes greatly reduced 

when the atria L • \ ceased to beat. They stalled the 

effect of adding aeetyleholine to the incubation mixture* 

%hA& this mixture contained an acetone powder from fresh 

etrla f aeetyleholine reduced the synthesis} irfienf 

hov/ever* the mixture contained an acetone poMer from 

etna which lied oeased to beai,, then the very low 

level of synthesis was increaaed.



In 1956 f Burn «zi& Hand showed that when Isolated 

a trie had been cooled tmtil they had ceased to beet, 

tten the beat coaM be restarted by stimulating the vagi* 

$hej suggested that owing to the cooling iasufflelmt 

acetylcholine was being synthesized to maintain the 

contractions, and unuer these condition© stimulation 

or the vegi released scetylcholine end restarted the beat,

ti«i pheaomeiM^ observed by Mlbriag aau Burn hare 

bean re-invest! gated using n&re modern techniques, and 

the effect of teaper»tur© on the eholine aeetyleee 

activity of rabbit stria has been studied* ^tiiaetioaa 

have been aade af the ac^tsrlefeollae content or rabbit 

atria under various conditions.
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Methods

/cetonc powers of rabbit atria were prepared 

in the following tray, babbits of either eex of weight 

between 1.5 to 3»Q Kg were rtes«*;itated. Hie heart 

was rejn</Vf- stria dissected aimy from the 

real of the tissue. Hie atria were minced and immediately 

dropped into a lar$e vcltuae (appro*. 300 ml) of cold 

dr;r ee-'tone f-X5°c) contained in f» sorter. The acetone 

was r ly poured off into c> . . cr filter funnel. 

The tissue was ground, a furti;i.;r volume of acetone 

edt'edt end then poured off* This operation of g

washing wes rereateA until ell the rjfct^rifcl had 

been trr^'-foTred to the filter paper in the form of 

a fine ponder, After drying on the filter paper for 

5 lain the powder was transfer""--* to a desiccator and 

evacuated over ^2^5* Aftsr standing at l*°0 for 2lj hr the

I r v..*»r, re moved, wei^iiad and e 'ed l^C ;'ag/ial> in 

cyst^Jne saline solution (6 ag ncut. olised cy; «.:• 

h^roehloride/ml 0."^ TTaCl).

The solution was stored at -15°C (for a ^iniatta 

period of 2l\ hr), The solution was thawed and eentrifuged
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for 5 am Just prior to use. 

Go—€%iasyate

co-enzyme A was prepared by a method used by 

Hebb (personal com^uzUcation) and is a laodific version 

o* Uiiet ueucrib&a uy a&oo ^i;^X>)» She procedure wee 

rs follows*

10 lb« of brewer's yeast fres,- from the vats were 

€ to 6.5 1. of boiling tap-water, so that the

addition* 2h© mixture was allowed to reiapi^ * t 95°c 

for 10 &in and was then coolad to 20°C. It 

centnfuged* ^miaoniua sulphate 5^0 a/1* W®B added to

Hie supernatauL 4^— Ui« ui^bujL-t; -~~ '-xtrected with pbeac 

using oae part of phenol to eight ... _ of supernatant.

,.-._ -, iol solution was prepared by aciding l*k ml of 

boiling water to 1 leg phenol crystals).

2ne mixture was kept JUA UA« «^&rk for ^ wo 12 hr« 

2he phenol layer was removed and the rhenol extract 

stored ®t roo& temperature for 12 hr» She phenol 

extract was next shaken with an equal volume of ether 

(an ... v.LwtJLc) and t±& |lienol-©ther mixture extracted 

five ti^^r ith 60 ml aliquots of distilled ;vnter. The



water extract (lo-- ^rer) '#es removed after each 

addition and filt^*,.-,* though glae** wool* 13ie aqueous 

extract was brou^it to pll 1*7 with ii!l-!2i"0- f &n& 

centrifuged. 10 vol. (500-700 i " i x,) of ice-cold - 

ace ton* were added to the aupafMtaat ond etored overnight 

at 0 to 2°C. The aeetone wee poured off and BTI equal 

voltaa» of e poured on to the precipitate. Hie ©ther 

wm0 veao^atf a freah volume of ether was then added aud 

also removed*

%« preeipitate wes dissolved in $0 ml distilled 

water and neutralised with KGH to pH 6.5 to 6.7- The 

vtaultlog eolation was washed five tirao^ "•'- tn 250 . ;- 

aliquote of1 water-nsaturated collidine, centri?" ic after 

each addition* The solution was washed with pure 

collidxne to remove water tateea up during the wnshinizs* 

Ttee oollidine was removed and the solution washed twice 
with 30 vol. dry eth-r in r ;;e :.;-aretiA.v ;f^nneU Hie 

lower layer wc.e collected and filtered througti a 

Whataea l^b.l filter.

The ether w«e removed by pla the solution in a 

water bath at 6f>°c mad blowing riiurogen ^s through it.



fhe restating solution was stored at -15°C until required.
The activity of the preparation v,ad assayed using 

the method described by S> " , (13*1.8). 
ffll

composed of the followingThe iacxibation 
reagents i

co-enayae A

choline chloride

st«ecet

eserine 

water

1^00 miits/ml

ml 
0.05

\4% O.OU 
0*08

10 nig/nl 

30 mg/ml

2.5
1 isg/al

0.12

Nad 0.10
0*23

0.90 ml

Dilutions with distilled water we**© made of tha co-ensyme A 
preparation in the experiments using different coneenti^tions 
of eo-enzyme A. 0^05 ial co-enzyme A (UOC units/ml) « $ units 
co-enzyme //n^ acetone powder. The aeetyl phosphate vae 
obtained cc ^-cially and suspended in distilled water.
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!the pboBi:..io-traniJ-r..c^t^la;..e v;/.s alco obtained commercially 

and wgts suspended in 0.02 M KHOO^* All dlstili-^ water 

used, for making up solutions vmn obtained by running tap 

w«ter through Permutit resin *n.d ti;en distilling the 

result-ant water in an all glass still*

The reagents were pipetted into suitable glass tubes 

and incubated for 15 sin to initiate the formation of 

acetyl eo-ensy®e A> ©t the required tejupereture.

,*fter "'" din 0*1 ml of the ensym© preparation was 

added 9 the tubes were corked and the incubation allowed to 

proceed for 1 hr. Control tubes were set up which contained 

the pre-incubateti reagents and 0.1 ml of boiled enzyme. 

These controls were used for asking up the standard 

•e^t^lcholine solutions.

After exactly 1 hr the reaction was stopped by 

adding 6 jropo B*D«H. Universal ir&icator, and 0.2 ml 
ft -BC1 •*• 1.0 ml ̂ r phosphate buffer.

14 ©1 frog Hinger f s solution was added to each tube 

and the content© boiled for 1 min. After cooling the 

valuae w@g amde up to 10 lal with frog Hiager f s solution 

otored at ~15°C until required.
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The ocetylcholine content was assayed on the frog 

rectus muscle ^-reparation* The standard ecetylcholine 

solutions were j up in tha control solutions * 

.(&)

io co^p-Vi^ " :- activity of

« **ollowlnc incubation mixture

In the

noriual ar>- exhausted

elate *

al

KC1

-=llne chloride 

co-enssjme A

3C

20

O.Oli 

0*05 

0*20

Na-clt^te

-e c e ta t e 1 * 

1-cy, • - 1 (neutrelisea) 30 t '

** i. » .

0.25;

oft

Total

0*08 

C * 0 8 

0.10 

0,06 

0*06 

0*10 

0*2?

1*QO ol

* She co-ensyae Ji conftentration differed in individual

experiments ma stated but w^o in the range 0-UOC units/al. 

*» P*L*;.. rercre to pigeon liver e^:-:«.. te prepared by using

the method of Kaplan ajaa Lipaana (l.'U3) with the exception
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thfit tbf) extract was prepared in 0«02 M KHCO, instead 

of CUC£ „. ,• la aome e^tr^ents no pigeon liver
engys*e was added and the volume v-'su i^aae up to 1.0 ml 
with distillocl water, There was no pr©-incubetiont 

and the incubation wa© allo^'ed to prooeed for 1 lir. 

preparation of extracts for aseay» aad the assay 
the sasse as previously described.

aettod used was similar to that described by 
Lipaaan and Stittlc (1945)* ^e aeetohydroxasate formed 
was measured la an I * »L« p&o toe lee trie colorimeter u&ing
a gr^eii uGfil (540 m|LL ) filter*

i t

wea?a i^eaoved from rabbit heart® 
after killing and were suspended in an isolated organ 
b&tli containing well ooqr@@nated double aextj«os© OOJCG 
solution at y*0?,. 
(a) BMMMiT atJKia* iheso wera al- ... , to beat for l£ hr. »' * ••BBWBHBB^^Mi^WB^'l^^BBBi^WM'w^^w

the Lock© solution being changed 30 nain after the atria 

had been set up*
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At the end of l£ hr. the atria were quickly cut 

down and dropped into ice-cold 0.3 A! sucrose solution
«»Rcontaining 10 ^ M eserine.

Ob) Pooled atria. ?hese were allowed to beat for 1^ hr,

the Locke solution being changed after 30 min. At

the end of the l£ hr. they were slowly oooled to

15°C.

The atria remained at 15°C for 5 min, they were 

then quickly cut down and dropped into the ice-cold 

sucrose solution.

Experiments were also carried out where the atria 

ware set up at 30°C and then after 15 min they were 

oooled very slowly to 18°C. They v/ere allowed to 

"beat at 18°C for 1 hr and then were cooled to 15°C 

to arrest the "beat. After I hr at 15°C they were 

extracted and assayed in the normal way. 

(c) Exhausted atria* These were allowed to beat in 

the Locke solution at 30°C until they stopped. The 

Locke solution was changed every hour. (They v/ere

cooled to room temperature, approx. 15°C, overnight 

and were re warmed to 30°C in the morning.
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Iinmediately they stopped beating they were dropped 

into the ice-cold sucrose solution.

The ctrta were weighed and then hoi lised for 

in eii nil lr :. .ojjr-niser Uuu mg tissue/ial 

sucrose)* The hoi^^^^ic v/t- •'hen centrifuged for 

10 sin at 2,000 g in a refrigerated centrifuge at -2°G. 

The su;:crrA t'tr.nt v/a& decanted off. (At no tiiae after 

removing the r.trip. .fron the bath wao the teapefsture 

allowed to rise above 0CC)»

The free acetylcholine c* ,t or the supernatant 

wee assayed ittflwdiately on the frog rectus muscle 

preparation using t , • ^f i ; tec*«nique (/Jimed 

and Tailor, 1957)• 0.5 &1 of tl^ — .rnatant was. kept 

for nitrogen determination and the remainder was brought 

to pH k w- th dilute acid end heated in E boiling water 

bath i'or 10 min. After cooling the solution was 

neutralised with HeOR and the total acetylcholine assayed on 

the sui erf rictus muscle.

0.5 ml of the r - «tant was di gee ted for 1 hr with 

2*0 mlacid; digcsti^u mixture. 0.5 ml eserinized sucrose



was used for the blank. The aeid digest was 

quantitatively to a 10 ml volume trie flask ami made up 

to 10 .i. '--•-. distilled water*

333* nitrogen content was aeasurod using the 

Micro Kjeltlalil Apparatus (Uarkhau* 1942).

The results w«i»e expresses «G ?t.c- AOh/mg H present 

in tae homogenate»



3

Effect of Co A •OMentrrtion 
at 37°C

r* • « ,.»«V*>> »"• i - r - :-, "

units/,,.,... . .. . . .. .-.ei»

o.cc

0*625

1.25

2.5C

5*oo

Bxp»l

<20

150

222

26?

r^, - - -,'
*-.-•..'-»

Hxp«2

100

222

317

375

-

Sxp.3

58

_

-

-

U58
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Itesulta

Since the synthesis of aeetyleholine 1® fcaown to 

take T>lsee in two stages the first stage being tiie 

formation of aeetyl co-. .,ie /., experiments were carried

out to determine the • " ot of v&z»i; ' i in the 

concentration or co-^^y:^ ' ra:1 hemeacetyl co-ensyae A 

on the synthesis of gcetycltoline b^ acetone powders 

fj»oia rr sh atria. The results ere shown In Table 3» 

In all t ipee experiments tins rate of synthesis rose as 

the aaonat of co-snzyme A «& .ricpeaufccu The synthesis 

of aeetylcholine which oceiirred when no co-enzyae A 

wr-x; c prc ; to e. 3 co-ensyme A 

p- - at iji tiie a trial acetone

Ctoervatlons were made to see if the finding of
toing aad Bui^i (' ' < at adding acctylcholine to 

the incubation mixture cr.nsed a aeci»ease in

eoulci "be confirmed by th€ methods Described h«*rr>, ftie 

flrr.t results fallod to demonctr'ate a*>y effect as shown 

in Table iu In one experiment there was a decrease off 

3$ ancl in t. ' -3r an increase of 9^t neither being 

significant*



Sffeet of addition of & line to the 

ittoufeatlon mixture when 5 unite/jag 

Co-ensyme A was present* Toup*37°c

/lcholin» 
added per g*
acetone r?^ ^

263 119

131



TJUH-K 5

rcleiiun or Co-ongyao A concentration to 

the inhibitory action of aoetyiclioline an. 

eiioline acetylase activity 

T. « 37°C

Co.A 
(unlta/B^ powder)

3.CO

5*oo

2.30
2.30

1.25

1.25

0,625

0.625

.Gii added 
•*-£L'S PO-'K^

0

275

w*

275
I.*, ........ ......

-

^'/i>

0

275

ACli synthesized
? :
/ - 4

233
2-5

267

250

2*2

142

150

75

Ciumge

-

-3.5^

*

~S.5$

-36^

-
-50^



Aa these experiments had been carried oat using 
optiiaal amounts of eo-enzy^e A, it was decided to 

out the next eaperiaents in the presence of gaaller amounts 
of co-ensyiae A* Trie amount of eo-eaaayise jl in each 
experiment trae reteeed by half of that in the previous 
experijaent and tuo effect on synthesis of adding 
275 f^g aeetyleholiae/g pokier «a3 determined. The 
peeuite ere shown in Trble 5 rnd clearly indicate that 
ialiibition oe«t«?s under sub-op ti^tl concent rations of eo~ 
ensy. .c /...

results of five, w^v^jujente to determine the 
effect of teaapercture on the format ion of aeetylcholine 

ciioline eC', \ise present in acetoae-dried powder© 
reteit atria ere given in !tel>le 6» In order to

compare t&a expcrlmentG, tlie figures were calculated
owith rofefface to the activity at 33 C which was taken

SB 100, end the resulting values erie shorn in Table 7» 

The mean result® showed that at 21°o toe activity 

1*3$ of that at 33°c f but that at 17°c it had fallal 

to 21% and at 13°c to 9^* <Etai® the fail in activity

was steep below 21°C«



TABLE 6

•ffect of teapsrttww on the synthesis of

AMt.vle.iolino to rabbit atria 

VJ4£ures sftow the oa^r-.t s^ntheeiso.!

leap. °C

13

17

21

25

29

33

37

w

•*.! ,-P.2

«. *"

DO

125 86

131 137

175 2C6

2^C 231

300

323

^-xp»3 ^Kp»U Exp«5

36 1? 31

73 6? 1*4

13d 61 luu

169 119 13^

2CB - 150 187

350 1%. 23*3

-

*



TAHL» 7

Ghollne a«et . laoc cctivn 

to that at 33°- ta

3ed In relation

~- 100

0tD(9l2|3. C S&p.l f'v3&*2

I?. ^ P..OJ..P "* £*«£

17 -. *">1 £jif — <---L.O

21 52.5

.•'"if fi" »" ;' ' •" '"l "» 
, ' *!*";• - * ">'• T«-_..- ^f^'*~- ^-JmJ

29 73.^ 59.2

33 -•- J 100

37 126

U 136

K^.3 ,x,.4 ,^.5

10.9 9.8 1J.O

22.3 19.5 18.5

i.G 1*2.0

1*8.3 8U3 58.0

82.3 77.3 78.6

100 100 lc~

*

*

Meu

9.0

20.5

1^2.6

56.4

76.6

100

126

136
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From these results the Q, Q was calculated for 

each rise of temperature, and the values are shown 

in Table 8, together with values for rabbit brain 

calculated from figures previously published (Milton, 1958) 

Normal values for the Q1Q of biological reactions are 

from approximately 1.0 to 2.5 and this held for choline 

acetylase activity between 37° to Ij-loC. Below 37°C, 

however, the Q increased in value at a much faster

level than is usually encountered, being 5.2 between 

17° and 21°C, and 5.9 between 13° and 17°C. The values 

for choline acetylase in atria were very similar to 

those obtained for brain at corresponding temperatures. 

Effect of acetylcholine on synthesis in cooled atria

In their paper Bfllbring and Burn (1949) observed that 

atria v/hich had beaten for many hours until they stopped 

could be restarted by the addition of small amounts of 

acetylcholine. They also observed that the synthesis 

of acetylcholine by acetone-dried powders prepared from 

atria which had ceased to beat was very low. When, 

however, such powders were incubated together with 

small amounts of acetylcholine, the synthesis was 

increased. This was in contrast to the effect of



TABU 8

or cxioline acctylase rroa rabbit a trie, coa^pared 

with figoree obtained for choline acctylase from

rabbit brain

rapture

13 ~ 17°C

17 - 21°C

21 - 25°C

25 - <3°C

29 - 33°C

33 - 37°C

37 - I&°C

Atria Taagparatara Brain

5.9

5.2 17 - 22°C 5.2

3.3 22 - 27°C 3.5

3.5

3.2 32 - 37°C 2.5

3.1

2*7
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on powaere fros uojsmi atria '.....,-o 

inhibition occurred. Beeently Burn and Sand (1959) 

have shown that if atria are arrested by cooling they 

£*ay be r-:-ctM^lx,d b>, ^tt ;-,latiii the vagus, Aft attest 

was therefor aaae to see if a reversal or tiie action 

of acetylcholiae could be demonstrated in acetoi^ powders 

prepared from eti*ia which had been arrested by cooling.

^he firet experiments were cerriad out j^r. amounts 

<*£ co-^azytae A wnicii varied from 0 to 2»5 uaita/ag 

powder, and uynthesis was ooupared in the presence of 

30O ur rcet/lcliollne/g lender with ^^thesis in its abeeaee* 

Tae results are ©hov.n in Table 9* It will be seen that 

the added sectyleiiOline had an inhibitory effect which 

deer aoed &c the co-eusyae A eoncentrgtion increased. 

Purtlier obae-anratiooB were, therefore, sade in tho presence 

of large amounts of co-enzyoe A (5 tmite/Qg)» ^ey aaoned 

that t^ft ayniAeais by por.aer prepared froia atria which 

had been stopped by cooling wea praetieally unaffected 

by ecetyleholine, tiie result© being very similar to those 

in Table lu la the next experiments the ajiount of co-enzy»e / 

was kept constant but low st 0*65 unita/as powder, while 

the aeetylchcliae added was varied* rT&e result© are given



TABU; 9
* an*» * w«bw wo v«»ii w«k w^* in in •••^ "™^* • • •» •• ••»» • •• •« «• ••• •-• - —

iniiibitory action of aeel o on a

choline ae ase 99
etoppe<

T.

Co. A ACli aciQ.ed 
(uaits/mg powder) ^3®dar

0 0
0 300

0.625 o
I 0.625 300i

1.25 0

1.25 300*
2 m, ^^ O
«* W ^^ '••* ^J

2.50 300

paparetion r?o& atria
i by cooling*
- 37®C

KTn sv ad Change

100
50 -505

aaa
175 -*21$

317

275 -13/^

375
325 -13?



tABXX 10

He lot ion between amount ot acetylcholine added 

inhibition of synthesis in atria stopped "by cooling, 

(Co-eazya« A 0*625 units/Big. ). Insufcation at 37°C

Aootyleholine added Aeetyleholine syntheeised

_ os» g* ponder

0 158 

12.3 15^ -2.6

31*2

125*0 54 * -65*3



in Table 10 and show quite clearly that no re al of 

the inhibitory effect cf a '..ine on synthesis had 

occuwed.

In the abore experiments the incubations were 

carried out at 37°C, xperinents were, therefore, carried 

ovl. in \v: " powder from & I atria woe incubated, at 

15°U instead of st 37°c. /L- ~n rcetylchollne caused 

inhibition of synthesis in a co-ensyiie / deficient system.

of . noraal end cooled atria

-As the choline acetylene activity dropped so rapidly 

below 2G°u it was decided to oetiiaate the aoetylcholine 

content or normal atrie and atrie which had been arrested 

b.-/ cooling*

She ncriual ntlda w«re set up in Locks' a solution at 

30°C and after 1^ ors tiie acetylci'ioj.-^ae content was

cooled atria were Initially set up at

and after 1^ hrs they were gradually cooled to 15°C«

.3 at 15°C for 5 is in the r line content 

was measured.

Preliiainery experiments using an acid-^lechol 

extraction procedure suggested tnat - was not a decrease 

ti. . ". -ic content when the atria \?ere cooled*



6*09
9^*0

9£*0 

95*0 
S£*0

0£*0 
0€*0

*05
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2MB was contrary to expectation* /s a r-s^lt it 

was decided to i -r*e the total, the ftv Hie 

bound Fcet^leiiQllne content of normal and cooled 

atria* 23ie results of these experiments are given 
in T*ble 11.

It will be seen that the totel amount of 

aeetylcholine had increased slightly in the cooled 

atria* However* in the cooled atria the aaount of 

free aeetylcholine was lower than in the normal atria* 

She increase in the total amount was due entirely to 

an increase in the amount of bound aeetyleholine. 

In tiie atria which had been at 18°C for 1 hr y then 
at 15°C for 1 hr, the tot^l acet^/lciioline content woe 

el i htly reduced fr-jo 'lorroel. Inhere w»s a aarteed 

reduction in the amount of free acctylcnoline, with 

an increase in the amount of bound aeetylcholine.

/cetone-dried powders were prepared fros atria 

wliioh had ee*&ed to : fter oeing suspended in 

Loolce solution for ~ny houi»s* *^he eholine acctylase 

activity was Beasurcci and coaqpared with that obtained 

fron nonaal atria* The results showed that no decline



TABLE 12

Aoeto-Co-A kinase activity of acetone ponders 

prepared from normal and exhausted atria* (She 

results are expressed as colorimeter

obtained "by using U ZLQ sec toil® povdar ia w» 
ooluticr^ For method see Lipaarsi & Tut tie f

Hormai atria I^zhausted atria 

0.5C 0*15 

0*55 0.30 
0»50 0*10

average tialuc 0,516 0*183
ratio of values 100/55



in activity had occurred* In the presence of* phoapho- 

Irons-; , laae and aeetyl phosphate* and in the 

absence ot added co~enayas /,, still occurred 

i- - - - - e;< ,genous 00-eozyjaa A was still present.

w^tylcholine was added to an incubation 

site. ~eh was deficient in co-enayae A» inhibition 

or synthesis occur. , i founu. v.i'^i rionaal atria* 

Ihe&e iv DUit.a are at variance with the obserrations 

ot Bttlbrin^ and Burn who showed that acetylcholine 

£,„ - was low when they ueed. acetone r^otatleps from 

exhausted atria* ^h©y also s:\ov. c-i i..-,^- -....itio-i of 

aoet^xc^:^Xine caused this low rate of s. .sis to be 
increased* Howerer in their ezperioents the acetyl 

co-en^yase A Tma forced from citrate, edencoln

brain activator. * /.^yae ^as added, eo 

the reaction was cat&iysea ••„, f;ceto-s3O-/— 

kinase present in the a trial acetone pov,^^. £xp rimente 
were, t... . .. ^rt, carried out to estimate the tceto-

co*/>-kinase present in acetone powders prepared from 

atria gm? from atria which had c--:. .-v... to beat* 

results which are given in Table 12 , r rt that 

the eniey&e activity hcd d*w_....od eonsi, , .../ in the

acetone powders prepared from exhausted atria*



Synthetic ability of aoetone powder from exhausted 

etna, using endogenous and aottaa nceto-t;o-/-:inaoe

-A-kinaee MS& added Ohs nt •'-.;•/:•

(1) Sndo^QKtious «« 35
* 15 l&

w 15 W
(2) .iidogenoua * 2?

w 15 33

w 15 3',



(oeo

ft result of these observations the 

ability of, azui the effect of added a-.. ,, ...line onf 
ass tone pothers froaa exhausted atria was studied using 
A*T*P» f citrate* asata^a aou 
Methods;.

the formation of acetyl co-ensyos A> and lanes
was dependent oa tlie aceto*«o*A-.'-...-.;"i.- .'..

acetone powders 9 fciien tlie sy 3is oT 
aoctylcaoline was low, aiia undap these e and! t ions tits 
additiim of ftmall aaooftts of aeetylc ..o to tiie incubation 
mixture caused an increase in & ^sia* as found by 
Bfllbring aud Mriu Xf> lau»«p 
was euppleaented with aoeto-co- - 
f . . .-liver e&zym&t * tiien an iacreassd rate or

was obserrod, aM tm addition of 
caused a decrease in synthesis. The results are given
in 13

i^ •«. -rt -f" *»** "vvj''«i-AvSfit4.

to

^ -e tiie ability to . .^-•:-. ^. 

reduo©il in sxtousted atrial powers it 

th@ amount of acetylcholine w. 

atria*

was

decided 

In

normal and
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The results are shown in Table lk» 2&is table 

shows the amount of acetylehaline extracted from the 

atria "both in the Tree «nd bound form. In order to 

aake a direct cofflp«rison of oboenmtions betweea 

of widely different weigilts t the amount of 

eholine is also given ^Trs-pesaM #& ntr aeetylcholine 

per n:; niti»o£;en present in t.. iOgenate*

These results allowed that the total amount of 

aeetylci^oline had fallen by 50^ in the exhausted atria. 

Of this reduction, by far the r*e»test drop had 

occurred, in the bound acetylc : -.iiich hr 

by 67%, whereas the free acetyleholine only showed a 

drop of



Discussion

In four different conditions ecetylcholine has 

been found to restart the conlrocti as of atria« Marshall 

and Vaughan ^illiams (1956) found taat when atria were 

coolt-u* toe contractions eeased at a temperature below 

20 C. la moat experiments they were able to record 

gction potentials at the p&eeaatere, and when these were 

present, they f that the addition of aeetylcholxne 

caused contractions to begin again. Marshall (1957) 

foxind that the process of cooline caused a fall in the

transmerabrane potential arid thrt c nctiuns ce
^> 

when it became lese than 6 ¥• tibe snowed th&t the

addition of acetylcholine caused a rise in the 

potential and that tlie restart ins of the contractions 

was due to this rise*

Burn and Rand U25&) showed tlnst ntrio stopped fcy 

cooliu;j could be restarted by the stimulation of the 

vagi* which was preetunably due to the release of

ace tylcholine*

^s preri ' j ssentione<i» an esrliui observation 

wee thot of BOlbring and Born (19U9) ^ho allowed atria 

to contract in an isolated organ batii until they stopped*
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showed that aeetylcholine restarted the beat, 
and tills result waa eonfiraad by Ecltz and 'leste

OocdTord (1939) del * intr iar
OA w...: .,. w-ii.-. " ad that .vhen 

contractions eto^-^ it lied fallen to a point st ishich 

the , -OMVferene pc ,.,,ial eoaM not 2i&Tc been 
tiacui 60 ffiV« The restartiiig uf the c j 
ecctylchollne could therefore be attributed to e rise 
in the ^©sibraae potential*

I..-, -ae and Bui"»n (195^5 round that atrisl contractions
hy e, and tiiLt c--.,cin i

ld ret tart t*i©m» «!2ien the contraoti'^ns T.-CI^- arrested 

guinidine /s^iaitag© (1957) found tliat they could also 

p^jst*:.. . ... again by - .,c2in^ the ext,:. l potassium

cc ation to ons-halT« This indicated that the 

ax^tsat "by «iu.uiidinv vm^ due to e. fsll in. the jMatorane 

potential and made it likely that the restarting by 

aeet^l. - -a waa duo to the ri^-e in the iseistrane 

potential*

Thus in conditions of atrinl arrest there is 

good reason to believe that the action of acetylcholine 

in restarting the heat was due to tlit rise in membrane 

pc ial which it caused* The a trio are known to



contain a ev ., capable or synthesizing acetyleholine 
(womtine, X9M>)* The eoetylcnoline so foraed could 
here as one of Its Functions the aaintaaaae* of a 
nonaal tz»ans*4Baatox*ne pote»tial« Since the formation 
of ee* tyleholine occura in two stages it is neeeesftxy 
in any invoatigation to realise that the formation 
of aeetyl cso-enzy&e A which occur® in the firet 
pecction, haa a profound effect on the aeoond reaction 
where the acetyl group iis transtfaroad f^oa aeatyl 
co-eazyme A to choline, and is catalysed by trie ensyaii 
clicline acetylaae* llie former 11 on of eeetylcholine occurs 
es follows?
Reaction I,

/ % . ^ ^ .^*, . ecetp-co-A-feinase(a; Acetate + A^ * co»en«y»e A zz^^ _ «I^^L.^^ acctyl-

(b) Citrate •*• ATF * co-ensynft A

eo^ .',,...-. "; 4- *4liF + Pi.
, v A(c) '-.co ty" .kjphete -f co-ensysie A

aeatyl co^HUQnoe A * Pi»
lenotion II.

^_ „, ehclinc ro^t^^ns? , ojtyl co-enzyae A 4 choxine — r -rear — "••• -1" '-'• -^* Icholine

A.



In the first experiaente the affect or the co-onayae A
coac ntration in tne incubation mixture was studied* Sine* 

excess of the enzyme piiospho-trEas-^cetylatie was present 
the aaetyl co-ea«jr»e A concentration was aw*exi®ately 

pro? optional to the aiaount or eo-eazjoae A present* The 
r- :;:,;l-o shewed v. ry c~ " 1 •:.. endenee of acetylcholine 

eyntiwGis on acetyl co-©na;me / coneentrstion» with a 
eaatinual increase In cynthesis as the co-enzyme A 
concentration was rmieed until tue system was compl ./ 
saturated* lii^se results are T&ry eimllsr to t, o 
reported by Saallman (1956) for the acetylonoline 
L_ iesis by ciioliae ac . .aee prepared from rabbit 

brain*
r%^ eriect or a;.ui cutylciioliiie to the incubation 

atxture was next studied* It was found that under 

optixsel conditions the addition of ac 2 had 
no effect on the rate of synthesis. Howerer, in the 

ri^ieat» of Bfllbring ami Burn this observation 
carried out under sub«-optimisl conrtitions| this is 

illustrated by tae fact that ®at rate of 

ayntiieeiB wro 75 W t tone powder/hr f 
whei*ee£ tiit hi^iiest rate recontew. iiujt?e using an identical



source of c lie acetylase was k3i M-g /Ufec , ja 

asetone powder/h?* It was, therefore, decided to 

Observe the effect of adding aeettfieaoji K to incubation 

mixtures containing reduced amounts of co-eozyae A, 

fc»d 1. i cc-ena/iae A* ^he results trowed quite 

clearly that whereas the ad ori of ne had 

no effect on a &y@i,@£i saturateu wit^ acciyj co-onayiae At 

inhibition occurred which became progressively greater 

as "Uie yl co-eiiayas A coiwentra was reduced.

An smismation of tiieee 3 can toe put forward 

if it is assumed that the synthesis of aestyleuoj—iie 

occurs on ective sites present in the protein molecules 

of the choline acetylsse* one of these sites ©cetyl 

co—ensyas Aw be at 3d; It wo'-aa ne with 

oholiae attached to anotiier site and so fon« acetyicholine. 

$he acetylcrtolin0 so for®sd would either TWimf».i.n «tt.r.ched 

to the enzyme or be relc- -,c. « L_ tiye site 

wac occupied by acetyl co-cr. 3 A or by aoet^-lcholine 

would de end on the concentrations of theee substances. 

Ihen scetyl co-«H2yae * was In excess> as under optimal 

c lions f the e. t of £u . _ . - would 

be negligible* However, when only small amounts of
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eo-en*jr»e A were avei =3, then en e .z*iwi 

would be reached between aeatyl co-enssyme A and 

ocet^leholine* In order to aaintiuri thifc equilibrium

the e«: oil of ccctylcholrlne would in eWeet mean 

that less acetyleholine would be

The effect of temper* on the 

the cuolint cctylaae eataly^au react!- 1 that
*

the activity declined with decrease in ,,,^ .,.; ture in 

a vci';/ similar wa# to that prt vi .e 

chcline ecetylaee present in r i brr.an (wilt-^n,

interesting pc^nt is t/i*t aereas the activity at 

21°C was still ebout L&% of that at 33°C, it fell very

rr L.y below 21°c; being down to 2C>< at 17°^, and 

i to lUr at 13°G. aus in the tempers ture range

atria **a»a to beat the cnoline scetylaee activity 

greatly affected by temperature* Whereas in tha

10range fr<*» 33° to 21° tha Q, n was 3.3» in the range

21° to 17°: it wi?8 5-2, a;id froa 17° ^o 13° i* v >«9. 

Iteaa ar« Tery high CU C values, in f^ct uuoh higi*^*- taaa 

those reported for eliolUieaterRfse (\Vileon ana c^bib,



These observations ', the view that the arras t of 

the r»tr- -i . • : 11- is viuc- to ; * -..- x*$4ww»a or exioJ 

acetylase activity, , y a result of which insufficient 

ece , - JG is .forasd to iaa^ e t r»an»jiem>r«ii» 

ritial nbovo 60 nv.

tnat .: -

ria will oh had lNN§n 8top^a*i by cooling ita activity 

ffoetodf end tb« addition of ncot.

tha intubation nlxtupe oausad a deepaaea in a^- sla 

ac ts\zvi .:. 5 --o. t • : - c-.d--> - rroa nrcmal atria* Burn 

and ^ryvi (1958) hat; suggestod tliat the preparation might 

"b . the preparation of ig and Burn ( )

by exhm?, i where the additiori of

a »»2«igi^ ver*^ lew,' r.---te to b« 

These results gjavo n<^ <ndicntlnn nf* cnch 

a phe non*
In view of these results It v,cu-' dec.; .<v. 'o estioate 

the aaoiuit of ocetyj.s;^ij..-i^ --. «.x>th normal 8 trie and in 

atrie which had cee--*^ f <- "nft«t nn eoolinp/. Cont?*i*y

tO Crp^' itipl .:•• •- J.':- •.-.;. l9

cooled ^tria in ff»ct cor --ra ar ' ~ • line than 

the noraml atria* iieswve-r, uaoticquent experiments 

ahoweci that the position wea i^re complex tiian appeared



estimations of tot^X ^.-^nts of nr * 

were homogenised in sucrorv nnd then centrifugal• As 

far P s r . ic T"ere ouch thr.t the 

hOJRc tion r of the 

tiicinv • t • -. or th; voftftoanrir a* The c< ' '.fivr-' 

WPB cuch th&.t the cell debris and nuclei were brcmn&t 

down "but the mil Me rear:, in the atwernatent* 

Betirir' .a we v *e th«n made f»f the re 
or tJv- t -'\*--.". ' -.•-; "^'oi.vr.e f-'eser.t in the resulting 

superrxatent, <*nd f ^^.-mt -,f ^cetylcJioline released 

. . c. to\ind f , _ e Bsl'- ic and 

when the t was boiled under ncid

The results nov, c J ' ->t the .- '.cnt of 

ffree f aeetylchcline ims re^duced o, coolin,,, ...rrkedly 

BO r ed cooli . in 

"* 'ie content ' 7 -". f

hsve be^T1. Itany SU. ,_ t-l'-n^ t;,hr f r

of the acetylcholine of nervov.3 le is not in a freely

• - - in r to 

the ti-sue; and that this bindin •?».> i ivolvc 
kind of sub-cellular particle such sc the mitochondrion 

(BoAlan f 19^2; Brodkin end ott f 19^3)*
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Feld'berg'e (19^5) analysis of the problosj it
that the ester enters the bound e as it Is produced

llamy (1956) r;n,l Hebb and itoitt '• ) 313 1 

that wiviiia wiic cell the cgto-r is In close or>rtial 

association with the aasyjae of syiit^sis, that i^; \vith 

oholine aoetylaae. Habb end rhii ??• *'! 

o;i f- -on tion of '- .^-r> thr.t t?v.^ i 

disti'i'bMtion of acetyleiioline ^p.r: ai^ilar to ' of 

cliollne acet^/lase. They also suir^eBt^d ^hat "both tha 

anzyiae and af: .oline sre pr free and partly 

1 ". to so:ae pai*t of t'^e Buh-c •?? strBictuiie,

It 1«8 Tor ttoae rca&ons lh?t uatir^tiori-r, of f -"•"::; 

and fbound 1 acetylcliollne in the atpia were ^ade, with 

the ilea that c . . ; .. with the . >ae 

Of **! - f 8c ,lne into the fi»'e . The 
reaultB showed r:;^* v-th f fkrve f ' f T>r»t».r>a f 

axle ted in the atria, and thet ^- -^ooling t>.^ nr--i*ont of 

f free f re , 10 was red" ' . ;d f

:. '"Me coiMMR>t of : fepence * -line 

release would fit i/i bet-'-.-f ...ith e^»eriuent- 

eince ihe atrie stopped when eoole" whci. fh.^ ^ r«-nt of 

irv* In the ti o was £ h»



Other pO£&ibilities exist* one of these is that 

the large affiouats of acet oline present in the atria 

ere not contained with the maintenance of the beat* 

Phllpott (unpublished observations) found that there 

was a high online iseetylase activity in the region of 

the pacemaker, and it could be that it is only the 

eJttline acetylase in this region that is concerned 

with the maintenance of tne beat*

Howerer, whatever mav toe the true state or affaire 

the following t¥*o facts have been ol>served* *ix»stiy 

that in the temperature range where atria stop beating 

the eholine acetylase activity falls off rapidly, and 

aeeondly that on cooling atria the e^ount of free 

ace t^/lc.oline falls*

Some very puzzling r suits were obtained by Bttlbring 

and Burn (,1949) which showed that the synthesis of 

aeetylcholine r/n;j low in acetone powders obtained froa 

atria which had oeased to beat and that when such 

powders were incubated with saall aawunts of acetylcholine 

the synthesis was increased*
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results obtained in the ppaweont experiment 

showed that both the choline aoetylase activity and the 

swunt of eci imagine A was of the 8*0* oxter in acetone 

powders **sa tatfcmnal ana erftsiittari atric. this 

could be expected since preparations or both choline 

ftftetylase and co-ettzy&e A are fairly stable* The 

vesulte showed th€t under optimal conditions the 

choline aeetpMa* MM*** in the aaae way whether from 

normal or exhausted, atria« and also that in co-^nsyme A 

deficient aystemc the addition of acetv Iciioline caused a 

decrease in oynthesis in both case**

In the ejqpBKUMB&a of Bft-fbring and Burn no amxyae waa 

•Mad to catalyse the formation of acetyl co-enzyme At 

and so the ae tw 1 co^aaaanae A forced laast hare been 

catalyzed by an enzyme present in the atria 1 acetone powder* 

This iiiiijiii vas presuaauly a<jeto-co-A-kinaee. When the 

activity of this enzyme waa aeaswed in aeetisne tMmders 

prepared from normal and exhausted atria it 

that the act vity of the enayme in the exhausted atria 

only 35$ of tact found In normal atria* Kxperiiamts 

carried out in which the aeeto-co-^-kittese contained 

in the exhausted atria was the sole source c* ,nzyise to
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catalyse the formation or acstyl co-easyae A* Unaer 

these conditions a Tory low rate of synthesis of 

•cetylchcline was observed as found Igr Bfllbring and 

Burn. ITiis experiment aloo fsiatsft t» t*e Met tnat 

the exhausted a trie 'in vivo* were not capable of 

synthesizing aeetyteteline at a hi h rate* The addition 

of aceto-co-lcinase to the reaction mixture in the fom 

of * 14PM& liTer miBiMt* arosii m faspsisi in rate of 
synthesis, thus confirming tte inability of the etrial 

acetone pervder to synthesize sufficient acctyl-co-ensyna A* 

lost startling finding was that wlien

aceto*co—A-klnaee to powders from exhausted atria, an 

increase In sjmftotsis occurred as was desoribed by 
BSlbring and Burn* If, liowaver, the innrtbetion mixture 

was suppleaaatad with aceto-c:--/- :in?:;e, taen the noroal 

inhibitory action of added acetylclioline was observed.

2bew results were very difficult to understand, 

but it seeaed possible that the following explanation 

might aewort for thea* The only difference between the 

acetone powders obtained from normal and exhausted atria 

WPS thst in the pD«tw« froift exhausted atria the aeeto-co- 

^-:inise was greatly diminished. Tills would result in 

a wery low rate of aeetyl eo«-en«yme A format ion.



anallaan (1958) ete*»d that to* cyntheelo of

acet,vlcnolin,:wie dependent on the availability of 

acetyl co-ensji»e A in a non-linear relationship* 

Sbe synthesis of acetylcnoiine occurred at a very 

low rate until a eertsin threshold concentration of 

co- JKJ A was resehed. Above this threshold 

concentration the rate of sc Xcliollne synthesis was
JHfcT31^*L V -'if* •>-'»r*<~ , - ~M rt A tfnr1f*T* 't'Hf* Afir* i"r*«»^* £"*••• i •»ir*i n r-% ^
jp^» JNr **»^%. »fc^y -*~ A *v» -^ %^ • . - - > - • ^jTHI t T/ A vA»^^ di^^** v~v/ ^^^* Vx^^-t * ^^/^ f, jf / • ... -,

deficient conditions occurring in experiments with 

acstoae powders from exhausted atria f the acetyl co~ 

enzyme-^ concentrrtioa . t not riae above the 

threshold value and the jpete of synthesis v ould be 

very low* Vfoe ; f however, acetylchc^line was added 

to the incubation mixture» the added acetylcholine 

miglit have occupied the synthetic sites of the 

choline acetylaa© laoleculee, and as a result there 

was aliaost no synthesis* !Mdei» these conditions 

•cetyl co-enzyme A ac. ,a tintil the caaeentration 

rose above the thresiiold value* "^ien the threshold 

ralue was exceeded synthesis continued at an increased 

rste with tha normal competition betwssn aeetyl co- 

A and acetylc oline for 1. active sites.
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The increased rate of synthesis in the presence of 
ecetylciioliae would thus be explained*

Hie results of the determinations of the ec 

eont*nt of satoBusted atria showed that the total amount 
of aoetylefcoline had dropped to 50yS or the noriaal atria 

value* The results also showed that the andwnt of 

pcet/lcuoline u very considerably reduced 

• This is in agreeaent with the enxyme studies 9 
since the deeremec in synthetic ability i?ould prevent 

the high level of ^feewafl* eeetr;lc Holine being Maintained* 

fliers was also a decrensc in the amount of 'free* 

acet Ic oline. it could be that tiie 'bond' 

aootylchollne was gradually released to **alntain the 

*fy«e f acetyleholine concentration. ventually owing 

to the decrease in 'bound 1 act.vr3,c, oline duo to 

ijspaircd syntoet^c ability tuc 9 bound* acctylclioline 

would be unable to maintain the 'free* acetyleholine* 

When the 'free* acetylcLoline concentration, fell so 

low as ta be unable to maintain the transmembrane 

potential t&e atrie would stor l:c?-'-ing* Under tosss 

conditions the addition of aectylcholine would restart 

the beat*

In conclusion it may be ssld that more evidence has 
now be n produced which «v rts the hypothesis tiiat 

one of the functions of the production of aeetylchollne



in the a trie is to main to in the traaswMfcrane potential.

try
The synthesis or acet^lcholine by rabbit atria 

has been studied* experiments using acetone-dried 

powders show that the synthesis Is very dependent 

cm the availability of acetyl co-enzyme A. In 

•••tyl co-enzyme A deficient systems the addition 

or acetylchollne causes inhibition* Temperature studies 

nave been made on the enzyme which show a Tery rapid 

decrease in activity between 21°-13°C*

In exhausted atria a decreased aceto-co-A-kinase 

activity has been observed and it is suggested that 

this is the cause of the low synthetic ability of 

exhausted atria previously reported*

Studies on the acetylcholine content of atria 

show that in both atria stopped by cooling, and in 

those stopped through exhaustion the amount of free 

acetyleholine is reduced.

An explanation is given of the various effects

observed*
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CEAPT&K VIII 

The fiction of tubocurarine on the
*

Introduction

Conflicting evidence has arisen from studies on 

the effect of tuboeur^rine on ciliary activity in the 

frog*s oesophagus. rordiit, Bfilbring and Burn (1952) 

found that tubocurarine in a concentration of 10 

inhibited ciliary activity. However, Hill (1957) 

described experiments in which tubocurarine had no 

effect on ciliary movement even in concentrations as 

great es 2 mg/ml* Hill suggested that the results of 

Kordik et el« were artefacts arising fro® their 

experimental methods. A3 a result of Hill f s observations 

Burn and Say (' } made a further .i 4 ;uy of the action 

of tubceurarine. They found that tutocur^rine in a 

concentre tioa of 10"44 g/ml decreased tne ciliary activity 

in seven consecutive experiments, and in six of these 

the ciliery activity returned to its initial value 

wfcen the tubocurerlne was removed. "Hiey also shoved 

that it was possible to identify unknoisti solutions 

of tubocurarine and to distinguish thes from Ringer's 

solution by their effect on ciliary activity.
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The problem woe to repeat the •jqperlments of 

et al, using tubocurcrine in a concentre t ion

of 10" s/ml t aad to try and explain the different

observations recorded by Kordik et al. and by Hill,
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Methods

the preparation of the frog's oesophagus 

similar to that described b;r Iu v i rr l -^ ( ); 

there were, hov -•*»,• few moairicatlons in the 

dissection*

Th? frog wss decapitated r«aovln<r the upper jaw

".. iinct the eye sockets. T.; ie lo^er 3ew WCG 

left intact. 1*he r -1 cord wae destroyed end tne 

frcg V:Dr; placed dorsal surfcce uppermost on e small 

c^r!c just. The s^in was slit along the laid dorsal line 

end the spinrl cori and aorrrl I>o3y wall removed as 

far back PO tne sacral hump* The forelegs were reaovca 

together with ell 'but the central section of the pectoral 

rlrdle. The oesophagus was then cut dowi the mid dorsal 

line r.-- . the cut continued a short dial Into the 

stosmch wall* The oesophafr'-5 ^-^'.'•-pinned ^UL a^ a 

roughly rectanguler sheet, t>elng kept tcut "by pins* It 

w?s Ttept as lerel ae possible "by placing pieces of cotton 

wool sonfeed In Hingerf s solution underneath it. In 

frogs the ovrriea and oviducts were usually

as these were lieble to get In the way. In 

some experiments the whole of the hindquarters and 

the viscera were removed.



rate of ciliary actiTtty was me^surc^ by 

rving particle EioTem@nt» The preToaration was

placed ittaicte a ^ ;. box s»li**il&r to th&tj[

TwCIHi Ui*Gj;>i-CCL QJLk 1u the &&£&r£LU€ t,iir>QUgh A Gilt

cm fcfse ifcsasuFsd* 'Jfoia »e.s Tacilitatcci by ruling

*iel lines on the ,.i.I C«> cm 

•. V. . .-.^ticlae asj they trev^Il^a 

inoD. To N E void errors ^ pai^-^j.uii j. 
fitted ?>bovc the lines end «rhich had si^llsr 1 

0.3 can apart ruled oil its ,„ cc« *Ihc pai-tides used

- •<$ poppy sc^'ds which woulci peas through a sieve of 
1*C mesh but were retained by ane of 60 nesL. ^«e. 0.423 
to C«635 niia in fiiaaeter).

fllie . . jx box end all the soli. ^s need w«p« 
placed tr " >ut t/iU r«iiOie of each e:q:cri£-.ent ii- a 
water bsth ther^o^tstlcnl^ •^-••^lle'd et ^^C.

To -" . -*£ s strict b ^ .-e of events was 

; :. to. '•"••• -"" : rinsec- " :<f s

solution and, exactly 5 wij* lelea? 1O i
IndlvMiUlUy timed* nisln r;ftmjftP.f!ft nf

cent:! .. until a »t««dy rate cf tr>- .-opt T-.
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the membrane was then rinsed with Hinger'c solution 
containing the drug under test and exactly 5 din later 
tfe* particle transport tlae was measured* A further 
application of Hinger'a aolutlon plus arug could then 
be made or the neabrane rinsed with drug-free linger fs 
aolutlon and again particle t, 5t tioe aeabured. 
This alternation of doees of icingcr'a solution with 
Ringer* a solution plus arug could oe eoatiauua for as 
long as was required*

.1^ prepare tioue ubually reaMiiae4 active Tor about 
2i4 hr, but JMftsiUNMMMita feere i§a4e caUy ou newl^ set 
up preparations* rarticj.es railing &eai* the cat edges 
or ia the ceatrt, of tne preparation near the glottis 

not xiiclaued JUi uiu i*e&ulta»
varo also ca^rieu uut u an isolated 

i^^ersecl In Hi£iger*& solution* under these 
aottUj.tj.ont> ii*e iaaobrane was coiapicttj^y dioaeeted froa 
the i*et»t of -Uie X'rog ajoci pJuitied out oa a pi^ac; of
~A ixiuu UAJ.C** ^uJs/uzene* **u.te ^v.:t> plece-d

^i box and completely iiui^r^ed in Hiiiger*^ solution, 
in tiiese e^periiient^ with a totally ii^.eraed pi^paretion 
part^cl^e of L. ^ o-f ^ ; (^*^3 ioa in diaiseter) 
ware used as t y ae^x of tea floated to the surface 
of the -linger* lutioiu



The average time for each set of 10 particles

was calculated in cm/min to give the rate of particle 

transport.

Five types of Kinger's solution we*e used. A 

bicarbonate uinger as used by Korulic et el.; a 

p hate Ringer described by Hill, and tlir^e otlier 

solution;, al^o usea e* Hill ^personal comimin3.cation).

Tn© composition of the Ixinger 1 ^ solutions m«re ae

(1) Bicarbonate Blags*. (oM)« KaCi 119» KOI 1.9, 

CaClg 1.1, JSaliCO^ 2.4.

(2) Phosphate Hinger. (sM). IlaCl 115, KCI 2.O,
**"* «fe /"^ *1 1 > V\t * *f^"f"* i"- iflhjt ^yi **» • : "4" " ^ ^ *** F**N V1* '^ ^' f^ r^/ f"^ Vsflv«J»Q X.C , UUiiwix^t* '*JU, tr.A A<« JJ&v U WC ^..W

to pH 7«>0.

(3) (E*)» ^aCl 113, KCI 2.0, CaCl2 1.6. 

(k) (mM). KaCl 115, KCI 2.0, CaCl2 1.6, HaHC03 10.0*

BaOl 115t KCI 2.0, CeGl^ !•£, K&HCO* 10.0 f
** «ir

with 5^



15

Bats of particle transport by cilie of frog 

oesophagus

Initial 
rate

1.0?

1.16

1.39

1.9S

2.29

Mean 1.50

Rate in presence 
of tufooeurarine

10 g/ml

0.62

0.92

1*03

1.46

1.66

1.18

Rate after removal 
of tuboeurarine

0.91

1.17

1.78

1.85

2.29

1.60



TAttB 16
—6 Sffoct of acetyiaiollne 10 g/al on rate of

t :le tn

Initial Reto in preaeace Rate after Sate in
rate of ,&Ch rciaoiral of presence

;G*i of
ACh

0*27 0*40 

1*21* 1*52 1.01
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Beaulte

8»in; the bicarbonate Ringer f s solution the 

effect of tubocurarine ICT*2 g/ml was observed. la all 

exper iiaente» wiieUicr -^ s tue normal prepaidtion or 

the totally immersed preparation* a decrease in the 

rate of particle transport was ofcaerved after the 

addition of tuboeurarine. After the tuboeurarine had 

been removea to© rate returned to that obeerred initially. 

The results of experiments are shown In Table 15* A 

typical experimental record is shown in Fig*i|.

If the initial rate is taken as 100 then the 

relative rates before* during tue t.aeice of tubocurerine* 

and after its removal may be directly compared* The 

aean rate during the preseance of tuboeurarine wee 75 per 

cent of the initial rate, ©nd after removing the 

tuboeurarine it returned to 101 per cent.

Hill was unable to dememstret© the stimulating action 

of acetylcholine in low concentrations and two experiments 

were therefore cerrled out using concentrations of 

10~c g/ml* ^he results f which show this stimulating 

action quite clearly are given in Table 16*



*' 17

Rate of petiole trr • ' " .ysjin) showing «te«n0ft 
of effect of tiiboeursrine usiug pfao«piiate Hinder

Initial ^ste Li ^a0e Sate after
of t^ pir^ of tul>ocurerlne

-."•O

1.57 

2.35 ^
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results obtain*! shoved the inhibitory effect 

of tubocurerine and the eti effect of 

ace t^/i cue line on ciliary activity, The failure cf Hill 

to observe these effects wes therefore pussling and so 

an attoapt was to try and discover the differences 

observed. It hod been sug£;. 1 that artefacts had 

anser. in Kon, Ik 1 - er: erioents aue to the presence of 

counter currents and the accumulation of mucus• Hill 

used a membrane totally imisiersed in Singerf s solution 

v. . was claimed to prevent artefacts arising* However» 

experjuauai,& UGI, totally imeraed j;. -^tioa still 

showed the inhibitory action of tuboeurarine*

A further study of Kill's paper showea one difference 

fc , had previously been overlooked* This was that 

woerufcu; r.ordik et al« had used a Hinger'e solution 

containing bicarbonate» Hill used a Hinder f s solution 

coiitaining phosphate in the majority of her experiments * 

As this appeared to be the only real c:,,r::>-<:--iee between 

tae exr rimentsl procedures, observation, 3i'e made 

on the effect of tuboourarine tising this phosphate 

solution. 'Ine results of the first two experiments ere 

shown in Table !?• In both these cxperinents tubocure.rine



Rate 
cm/min

2-4O

2-2O

2-OO

I-8O
t 
w

25

t 
w

t
W

t
w

5O 75
mm.

t 

W

IOO

Sx*iwnle of* the inhibitory effect at
;e 10"6 £»/sal on rate of particle

, . jrt«

w .•* nembrnne tmthed with M car Donate 
Eiagez*t 6 solution

aeabrane
3
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mmin ts uuiiuciiw ration, of 10 fc a/'iul nau ao &ig£*irieani efrect

xperiaenta wer^ next carried out In whien both 

the Hinger's solutio -; were used for tests on the asm®

preparation. In the first c *ent the bicarbonate 

;uaiger s n eolation - usea iru.iisi.iy ra«» uioocureriiis 

was obser-vcci to exert en inhibitory effect; uiu iijiger's 

solution waa tium eisaqgea to that coataiain 

and after equilibration it w©s found tnat the 

tuboc:.- • a'.-. ;. ao lon;.^r 

in t'h- v.conci experiment tlie i^nos^nate Kiriger's solution 

was used initially and tubocura^ine was ooberved to nave 

no effect; oii cixan. to bica^ te fiiiiger^s wolation

^ graph of this experiiuent is ^hovm in Fig* 5*

ase results Siiowed tiiat aJLjCfc-i^eucos 

using d- *snt types of Riiiger t e eolutioa* A*^ a 

it WB.& %iec-ucu vu c.ai'jt'^ uul- i"u»"u.*.wi" c^.^«j.'auii«»i,vt5. to try 

and explain ^~ tliCB6 diff^r^xt «f-."^ftta were

pH of tii£ ^ ,; td r-iii^c;ri3 aolutioa is&& •Of

~; solution



Rate 
cm/min

2-OO

I-8O

1-60

I-4O

1-20

O

t t t t t t

w w w w

Phosphate Ringer

25

C 
O

O
It t t t t t
|w w t t w w 

—Bicarbonate Ringer-

____|______I______L_
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with Ringer's solution 
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7»6 and 8*3 owing to the absence of e buffering

sc,. It sn< be noted, however5 , tiiat the pH 

of fro£*a blood is about 6,0* Tubocurai»ine in 

ooooeatrations or icf^ g/ai ana :•-• round not 

to alter the pH of either solution*

were carried out ' ; bicapbonate 

solution v/liicii had been brought to pli 7«O» 

Hie cilia aliowea a aoriael activity, and were still

active 20 JIT «:ftcr being net ti^, 'Aubocupepine
<»& 10 g/al BAOwed a jaarlced .itoiv action*

.^lieji tae pH oi ! tae pLoc, ..; •. o '".n^er'a aoiution 

was reiecjci to 8^0 > viaible p£*ecipitstiori of calcium 

te oee\i2*red« The cilia wei'e GO deppeaaad

?» in tii«ir rnte of beat uaing tlila 

•oxution, that no iseaBUi*e.r:veAt@ were possible.

observations give no indication that

in pH were peaponeiblc for the d.,. . &nt 

Its* h wever, tht? e calciua p: citation 

vu*t a j^eaucca Ca*'f ion concentration due
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to eaXciulk binding v.lth the :

^e^pon&ible* In connection w

observation it was fo^mr? t~r.t Ca*4 ion

bicarbonate . ....op f & solution caused an incrcac-e la

activity at i&e atari followed by slowing coupled with

^ubooupsrine sliowed no significant 

under thess conditions*

other solutions uacd by Hill (|>ersosial 

oa) %©re also teet•:-'.'.. j'u ell cesee 

tubocur&rine causes a decrease in rate of 

particle transport as shown in Table 18, a:od in 

tt;c of the e^per. is the traneport of particles 

was ari'fMited altogether*
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Discussion

e results obtains^ ^onfiriaed the finding of 

ilk, BaTt -a (1952) that d-tubocurerin» 

in e cone ' ^ i of ICT -/:al caused inhibition of 

the activity of the cilia on the frog 1 ® oesophagus. 

Farther investi#R.ticnc shore-d* howeverf tnc.t this 

effect depended on the cc ition of the P r»*s 

solution used., innibition wae o"b8«nr«d in the 

presence of a bicarbon*to Hinger*s solution, but 

when phosphate ^*«s r nt in the ^inizpr's solution 

this inhibitor,:/ effect of tuboci;^-- -.-• : no longer 

observedj however > the inhlDitory action of tubocurarlne 

wee restored in the esiae preperation when the phosphate 

T>incer f s solution wgs replaced bj bi ,/ ..igcr f o 

solution.

Alt (1930) foua-; tnat tne r " r-^ob nate 

interfered with tissue respiration, r̂ hu;, , ^en t/ie 

1-, of the respiration oi4 Jddney and ilver 

slices by cyanide was IK. *-d from 96^ to ll/> wnen 

"blcrr?'-^-- t*- oui'i'c-i- • _;j-£ceu, : puu te b'Offer. 

Alt sug, ' 1 .fd tfe&t tills result might bo -ie to tiie 

bind in// or Ca^* ions b^r the pii -ate. nation 

apply to the cilia z m ft 0»"*"* ion free
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Ringer f e , ' ' *n wm& used, after an initial rise in 

rate, a rapid depression folio • tsboc-ai'anne 
vj»f! f^vtrr* to have no significant effect.

Attention has been drsrem to the z^int that, the 

rate ' ' article -' A '• n r* 

tJUxt. this may be a^T^tea by *• •• . . .:>.ration. Korai£ 9 

Btllbrlng wrtf- Burn (1952) Investigated the action of 

ti... - ,.- on QRlivery eecrt • -i in the cat and 

f' ' "' ' it had ler-is than 1% of the pare rip; 

sct^;:,i u- ati^jjLjfiu* Iii.cvertficr •.^,-i. .>u xae cilia of the 

frog's oesophagus ---bocnrar.tae PCC rrtho?* roor** no tent 

tlian .r ,ie in inhibiting ciliary tr. . ort« It may 

else be r< ' " .g.t Btllbring, Burn and Shelley (" 5 

observed that tu'bocurariae ©lo^ved the rate of the cillery 

beat, e- observed by r= 3tr»obn:"..^op0 f OP the edge of an 

isolated gill rilament of Mytiluc eu.ullt? .-at.^ea £., a 

flow of see water, under thess circtuuetanceB icueus

play no pert IB, modifying the eii'ects

Hill (1957) oUiteci, as a result of her observetions, 

f : :? ciliary activity wac unL;.i'fectica by tuDoourarine 

it x© iiigii^y i-ipirobable that tnis drug will proauce 

ciliary depression when given clinically to produce



,, . . .... .&sift» 9 In view
results obtained OJT i-..ordik ot al* ena by Burn 

D«i^- ^^ WWUJL, ^c WiwSw rwcorut;^ xi^re» tills statemen 
tot- oubjoct to doubt* l\irtlier&ior& 9 ~che conditions 
in aJLper,, . :,s witii lac 

to a lacast a :
"'••" '' : *' *

is completely
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invest i&uuioxis 02 •**, effect of tufcocurarine 
on the treriE/ort of perticles fcy U"*& cilia of the 
Trog'to c , , ....ai co^ifir^^d ••# ' • £ finger's 
solution c iiilai> bi -I, t/ . c

t> j. ^ Ai^ »«w- i Ui-c^i t o.^* ft '

.^>-.. .....:=,*•, ini , r ^w^.,;hate le

Wi

u- 'oiio^ in action & ... j to "be clue to changes
iii cti.j..«j*.iia* -LUU ^v>»ic«i*c,jL'u wauii c^ '-.'i
Tjresent in t*ie finger's solution.



CHAPTER IX

Introduction

It has previously been d«aon£trated (BUlbring, 

end Shelley, 1953) that the ciliary soveaeat on the gill 

. of Mytilus ©dulls is controlled by acetylciioline. 

large eaiounta of jlinc v/ere found present 

in the t-.tiwue (-r ^g/g) together with an active ouolinesterase 

systemf only e feeble indication of the presence of a 

cixoline acctylase ; ^ 3EJ was obtr ... . In 1957 Ilebb stated 

in a review on cholino aoot^lase *Th© evidence for the 

presence of choline acet^lx..- - .^c^t oc aiSLy.s-Ga if it 

were ~^ tliat the authors have established beyond doubt that 

GCtfti-'lcl*oline is preticnt la tiie tissue* The rate of 

synthesis they found* however, would be quite inadequate 

to maintain the observed tissue level of aeetileholine..,.. 

Oae explanation which could account for their results is 

that the ^ytilus enzyme say be inactive at 37°C» 

te -ature ot which their moaeurooents were aade* f Recently 

it has been found (M-lton, 195©) ta^c the er4>line ecetylase
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obtained fro® the brain of tv*s*e» a oarine fish, which 

is another exanple of an animal living at a cold 

temperature, is meet active at 25°C» and is rapidly 

inactivated at 37°C*

llhe chollne acetylase system has now been re invest! gated

Methods

plates of Mytilus edulis were dissected 

under sea water at 4°C. !£hey were rinsed twice with cold 

sea water to remove extraneous mucus which has en 

.^liibiting effect on acctylcholine synthesis* The excess 

sea water was removed and the gill plates were rinsed 

once with cold, dry acetone (at -11°C)« They were then 

tonediately dropped into a large volume of cold, dry 

acetone (100 ml acetone/g tissue )• The acetone was 

decanted off, and the gill plates were ground in a 

mortar, washed with a lerg© volume of cold acetone and 

the acetone rapidly poured off through a Buchner funnel. 

Hie operation of grinding and washing was repeated several 

times, until all the aaterial had been transferred to 

the filtei>$aper in the form of a fine powder. After 

drying on the filter-fmper for 5 minf the powder was
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transferred to a desiccator and evacuated over *2®5* 

.After standing at 4°u for 2k hrf the powder was remoTed 

from the desiccator, weighed and suspended, UO eg/ml, 

in cysteine saline solution (6 lag neutralised cysteine 

hydrocolorido/isl 0«9?l fcCl),

"Ihe sol i was stored at -15°C (for a ainiiaua 

period of MS hr)« the eolutiun * i L tiu 1 

e«itrifuged for 15 lain ^ust prior to ~,~*

were made to purify the ensyme 

the proeedure described "by "umagai and Etoeahi (19U5) 

with elir,ht aiodlf ice lions. In the first stage an

jne-*lried powder was used instead of freese-dried 

aatoncl. The last stage was offiiii< - in the

cnultijaate stage tiie residue waa aa&le u^ iii cystein- 

scline solution and dialyaed for 2k hr against cysteine
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i: ition medium was composed of the 
following reagents $

A

cuuline cjiloriae

1*00 units/nil

Q

phosphate 10 m^/sal 
l-cysteiiaeHCl (neutralised) 30 og/ml

eserlne sulphate 
iwter

1 ag/ol U^ NeCl

Total

0,05 

0.0*4-

0.08

0*34 

0.12 

0.1C 

0.10 

0.13

0.80 ml

eo-eazyme ^ was p -d as dee era, bed in Chapter VI j. 

The acctyl phosphate was obtained, coiaeereially and 

suspended in dis tilled water. Tlie phospiio-trans- 

ecetylase was also obtained coiniu icially and was suspended

dietillco ;:-•£! or usea ror making up 

©olutione wes obtained by ronnini tap water through 

resin* and then distilling this water in an 

glaas still,

in 0.02 M KHCO-2*
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reagents we~-c pipetted into suitable glass 

tubes and incubated for 15 Bin at the required 

testerstupo, to initiate the fcassation of acetyl co- 

ens. _

/f tor 15 sain 0*2 ml or the ensyae preparation was 

edded* the tubes were corked and the incubation allowed 

to proceed for 1 hr* Control tubes were set ur whioli 

contr , ..;. _ i*;-incubated r • _ C--.IL > .^iu C.2 jul of 

boiled enzyme* These controls were usea for ia&^izig 

up standard acetvlcholine solutions*

/f Ur exactly 1 hr the reaction was stopped by adding
T9T

6 drops of B.B.H. Universal indicator and 0»2 ml T He 1.

' ^rog Ringer was added to each tube and the

oiled for 1 ain» After cooling, the volume was 

made up to 10 isl witfc frog Kingcr aad stored at -15°C.

the ac, tylcliolint ^untent was assayed on the frog 

reetus muscle preparation* The standard 

eolutians were made up in tlie control



TABLE 19

it o on the B; .s 

acetylehollns

,«*»

^ o_ ^aop« C

12

17

22

27

32

37

?tg -Adv'g acGtonc powder/hp

67

73

31

130

HiO

123
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BesultS

rate of synthesis of ecetylelioline was studied 
over a wide range of t«»perature« A sus^iaary c. to* 
ret, : of two experiments is shorn in Table

The figu,> i :i : .ere is little c 
la uo© rat© of synthesis at the normal cnvirtKUMBtal 
temperature of Stilus (12 to 20°c) f tut that the rate

;e at 37°c, pr«BOBf»bly as e result of inactive tion 
of the

With a sample of the ensyne purified as described 
a rate of eynthccis of 300 jig AGto/g& material/hr was 
obt

effect of temperature on the enzyme itself was 

studied* The enzyme preparation was pre-incubated for 

1 hr both at 20°G and at 37°C. The treated, enzyme was 

then iiicubat c .mi the reagents at 30 C in the noroal 

way* and the amount of acetylcholine synthesized was 

essayed* ^:ie results of this pre-lncubatlon are shown 

in Table 20. The results of ejqperiment showed quite 

clearly tnat LUG e, ration was relatively stable

at 20°C, but that it •pidly iJiactivatcd at 37



TABUI 20 

Slie effect of ppe^lncutoation of the

no pre~incubatiC2i 100

prc-iaculJBtioB at 26°c Tor 1 ia? 95 
prc-lnculmtion at 37°C foi* 1 hr 25
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Discussion

In Gtuu^xn, the formation of ecet Iciiolxne, it is 

neeeseer;' to use a method which ie well defined and 

which will allow the aaxifijua formation of aeetylcholine 

with the Miinimua formation of other a» It is 

especially important to prevent the formation of acyl co- 

enzyme / compounds other then acctyl co-enzyme A* and 

also of analogues of eboline and ecetylcholine. The 

method used by B&lbring, Burn and Sfcelley (1953) 

suffered froia the ujmauvaut&^e of containing such 

tmspecific reagents ae fboiled brain eetivator, f sod 

pigeon liver e e*

The system which has been used in the present 

experiments is based on the following two reactions:
(1) acetylphos; hate * co-enzyme A P^o°Pho-teuis-acotylBB^

^--"• r-'jr " -r -~~ ' ~" ;T " •'- " ~ »•••""•—•••"••'•*••»

ccetyl eo-/ -f ?0. «
. % choline acetylase A - . ,.(2) dcetyl co-/ * clioline ».. . . m . .r..-^' acetylehclin*

^ nn»i.rr_va IIIWBH^MM ••

•f CO-A*

It ic essential thrt a system is used which can 

ensure a conti«8uw» and sufficient supply of acetyl co- 

ensyse A under all conditions» and that this formation 

of tr 1 co-enzyme /. does not become rate-limiting 

especially at low temperatures. Sxperiiaenta showed that
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the system need here fulfilled the neeeseary eozgitiona*
B«y excluding citrate , - ., •* Tmw t T?T trr jlw^faft t-* 

and pigeon liver enzyme the formation of other aeyl 
co-ens ,e / eompoxjnciB wen prevented, as also was the 
eynt&esis of organic ecida, which have been shown to 
inhibit aeetyleholizie synthesis (Kbrey, de BragBaca and

, 1951), The formation of analogues of oholint

also prevented* In 16 9 Bri .- isolated a toxic 

substance from Mytilua wnich was aaid to be

hydroxide
OH

This substance^ an cmalogue of cboline, has been 

prepared, and when added in ecu- 1 amounts with clioline 

caused a 2C0S decrease in aeetylcjioline synthesis* r g 

the preparation of the acetone powder of the gill plates, 

the organic acius ana aeny other oostpouade which are 

present in homogeaates of the cHl platee were rei^nred. 

*These considerstionB Indicate that the aysteia used 

possessed the qualities necessary for the maximum 

Tormetion of seetyxciioliue froai aoetyl co-enzyme A 

end choline, with the miniaaaa foraetion of other products.
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results obtained showed that the gill plate* 
or Stilus eduliB contain an enzyme which when partially
purifJLed was capable of t, v ..eei?ins? aeetyleholln^ in

r: as large as 30C :*£/^: i^- / •*» 
The I'£,-.;ITL; also showed tliet a steady rate oT

aas occ\irred over the environmental 
The optiir<al te»ei»tiirs w^e in the

r '• 32°c f which i» the eeuae l that goo tad
"by Poishc . ,x^57 t'or the eiioline acetylaae
in squidj ,-v*.. ^s another example of a mollusc*

It ^^_ .»ct titoti^h the ca»«fike i© fairly stable 
at low tespereturee, it i© rapidly inactiruted at higher 
tc-.;.,ra^^ , :- ••-.-' •-;•-• iiieii aaABfila.«n clioliae 

t^'lare is reaching ~»T^--- .... .theeis (Uilton f 195^)»
In co:idusiont therefc ., ":« gill p, Mytilus 

e ' s cc ' " " "' ' -line sunthesising enzyme end 
this Irct piece of evidence put-- Ix ;- aoabz the 
concliTsions arrived at "by BCLhring, Burn and 3hell«y 
thet the ciliary activity on the gill rlates is intimately 
connected with ©•



work has shown that ciliary movement in the 

.rill plates or stilus *duli£» i« controlled "by .:^ *.;ie ; , 

This substance was shown to be present in the gill pis tea 

t_ r with the enzyme f true f cholincst erase* "Ehe 

evi ence for the presence of c Ine-aeotylase systwa 

waBf however, wealu

Experiments, show that seetyleholine can be 

eyntheslsed in appreciable aiacTi&tB over the environiaental 

te pcratur© re ge« The eacperiiaenta also show that whereaa 

the eaacxae is stable at the environmental t ., .orature, it 

is rapidly inactivated at higher temperatures*

*n attempt has been made to purify the enzyme*

G.A-1. «iiiti. Oil of S*"!^ /virCXl^tP >DttAJ&im2 JITII^ K A a iittits i ri ft

Introduction

There is considerable avidea«e that 5-i^ , ptamine 

is widely , . ,:%ibuted a^on^ uoliu^. .: , .-or and

froia the gill plates of . stilus cdulis. More 

recently Qosselin (1953) hca reported $~v_ .tryptamine 

in th« giJU. plates, anu has observed that both



i&ereaee In tha mt« of ciliary movement* tEhere is, 
Jbowever, very little known about the enssnes concerned 
with the breaMown of 5~hydpoxytxvpta£<ine and histaiaia© 
In Uytilus giH plates, Biaochko and HftvfcJUi& (19 
were unable to find any amlne oxideee activity iri 
Stilus f tliough mo-re recently ., -:o arid. Hope 
found f .-.o oxidase in tiie dilative g", : in 
the anterior i»etx'sct.or musoie of the oy^etiB* '^iiey 
v/e-^e tina'tle to show any activity in the ^*iH plates*

o (19iil) reported tl<at the c _ , ..pis 
otTietog.ls did not contain a Matamiitase*

The majority of trie •..;. . ^.,, • ,. p^^viously 
cax»rl©d out on aiaine oxidase activity had used either

or tr;*ptaiainet as
It was •', :fore decided to use S-hydrox 

ae a subotrat^ r«r uie giix ^x^ t-a, ana 
also hietaffiiiie vMch hsd ao previously oeen tested on 
the e£ll plates*



Method

"

gill plates of Mytilus edulis were dissected 
out at roo& temperature and weighed* S&ay were h~raogenlsed 
with an eqtial weight of dlatilled water at 4°«. 
the rrQtaoffgal sation was completed they ware dialysed 
against distilled water at 1|°0 for 2 nr, trie distilled 
water be .. chwn^ed evsry half hour. tOaay w«re then 
di?ily0ed r nst ¥w pl30spiiate truf^erp pH 7*U for e further 
2 hrf "5 the buffer every lialf liour« Thi^y were 
left dlalysing againet phosphate "buffar at 1*°C 
overnight. Tue hcaaogcnate wrs resiovcd from the dlalysing 
tubes and the final VOIUBMI measured, ana was stored ia 
the de®p-rr36se at -15°u until i 'red.

1 4 fin nf ^S¥lSEVffl5_fi ftflti. V? ^ ;S -"''^* * • • .••'•"

The «M^saic activity w?, , 
The main corapsrt/nent of the manometer flask contained 
l«c fiil of the c!ialys€c! Jioao;.:cnr:tc. Tim aide bulb contained 
0*2 isl of an IL solution of tlie substance unuer test, or 
0»2 ml of ais tilled water* '^iie inner tube contained a 
filter* paper ana 0*3 al li-DCSi. !iiie gas phase was 0^ 
and the temperature waa 2f>°C. /\f tei« 15 sin eqviillbration, 
the contents of th® side bulbs were tipped into the aain



re . .. * «£& followed fcy tafcing readings at

0» S» 1C, 15 and 30 min c-fter tipping and then every 

hair ixour until the end of the- o-':po risen t*>

ensymic activity wie ©stressed as g 0^, 
ie ul Op taken up per nig fresh weight of tissue

per Ir-ur, The q 0^ ***£• celeclated from the initial 

30 Din period, wfcen the rate of the reaction 

approximately constant*

Results 
Histiiaiim tion

No oxynen uptrke rp.rs pbEervea wnen 

ES a B\ib8trcite*
(b) s-- ,

/ll results are shown In Table 21*
MIn the first exp^?riroent tha o^:y?:e?i uptake usxng

was observed* The

showed a 000^. oxygen . ke* A© a result t.r.c 
of StersiliUl v'-'.jr*h Is nr. amlne or- " e inhibitor 

WPS tised in the next expert --at,, In thie experincnt 
the control ttibe contained 0«21| lal hosaogeiiate in tlie 
sain flask * 0.3 sal vmter, with 0.3 ml of 
in the side arc and the c ak 2»l^ ml hoaogeaete 

4 0.3 m and
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000*0
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0,3 nl 0 5-HT in the side ar.a» Scull ibrstio-i, 

allowed to r ^«d for 30 mla ,i*e ** • T-:: 

*e*iu.tv» siiciieu. uo difference of osygen uptake between 

the -f*inn*-r* containing L&»ilid a&l those without

Hare -I.
IIr ueed in tlie third e3q>eriJ2ent and

this coi^vjuw I«JL,/ stopped the ox^^a uptake. In the 

fourtli experiment the three amines were examined f nai^ 

t' -ne» tyyamlne and lettj^laalne! none of 

t^. -3n uptake*

'Ihe r'ebuxt, r- suggested that the enayiae wee, not 

an araine oxidt _ f but -vpr. a type of phenol*«&e though 

e 3 for 5-HT a® it did not o: e 3-phenyl- 

etl^laraine* r ier to tiiis in the next experiment 

"botii 5-OT and 5-4xydroxyti?^ptophan were used, and 
control© wei*e 6€t n-n containing phost>hf5te buffer Instead 

Of the boaogenatc, /-n c _ jn uptake occ . . „ •:.". 

5-KT end 5-: ox^trypto :.-.nr • i in the f laslce contr ' ig 

the honogenate» out no o^^en upt&ke occurred in the 

flasfes containiiig phoapliate buffes** 5his experim«it 

shoved that both I and S-hydPoxytr^rptophan could be 

used as aubetrrte* ^he easy nt alao showed that



the ^section VBB not oa auto-oxidation*

In the fij^al exp riment a sample of the hoaogenat* 

which had "been in a boiliog water beih for 20 oia 

examined usinr 5-HT as frobstx»ste. ITo oxygen upta&e

was - -, ,-.;v .....

the results obtained showed quite eoacluBiTely that

oxidized b;r Iwmoffemetes of

f - ;3 t ft-id phosphate buff 

place of tiie aoiwiu. **o*aog«nata t end wMcli resulted in 

no oxyjen uptake precluded a non-enzymie rf»p-ction*

A^ the . .. .not in:iiOi.t-3d by Jttrsilidl but 

vaa - " I^r stopped by •. ide, tot: er ? was 

not k v*-v*v t^iijae-oxldaeot but was probably a phenola&e,

idea was supported by tae observation that

1,7 o ?ic as ^-^lien^'Ietai^j. ::.., ...i- j ^ ;iot ozidizcd* 

1h« pcaults also showed t;iat neither tr^ptoiaine or 

was oxidised*



res Its show for the first time that "both

c/tryp tophan can be$-hydroxytrypt«jaitte and
oxidised by the gill x.-lateo of Kytilus ©dulls,

is of lu: recent obsei^rGtlone by

Or tiv. t j -' 3e cc ' '.e on cillery

Ca

tii.;

^oro

to bo dt

a normal n-Ine .

s'-i the

in the ap^. . at

. Preliminary

u.- ens^rae is probably 
pz*esent in othar* nr-'-nnr, of i^ytilur* ^hich r»lso ^ont 

an ... .... . • ...„ .'..: '* Jelksh (. ; ",

thc.t 3- -• " s is a a "

in uoma invertebrates,
ths ncsorxs of* t"\i«* the«l» is

the mode

is ;':ii1

e to

of action of



-130-

Suomary

preaeaae or an enzyzae whlcii will o: iuize
ptoplian and 3^hydrox^tryptamlzi0 lifts 

observed in the gill plates of Mytllus ©dulls* Th®
la not i. HarsilicI, but la by cysnicic, 

suggest, t.^t It Is not en emlne oxidaoe but e 
.fa^u. Ho hastemlneae activity ooald be detected 

In the gill plates*
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