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3J¡ il ,|fr.n ¡F

t ¡¡¡rvt¡t of tår lttrrrüu¡rr t ¡rtfif to srmoul rnô

¡¡olrûûffi| r¡ruelg of gnÅårrlr r¡ul þlltr€¡ lr nô1. Ûl'r
ta6luürr r dtrq¡rltoü of nrûlroår of rwmmüLonr ty¡m

of tnjurlcr crunå Þf Ërg ef Èotb ¡¡hgl!¡ r¡dl preblur

of torl,n l¡ol¡ttono tht blologlcrl pre¡n¡tl¡l of roturrl
tüln: rü. r1¡o dllclrlld.

Ên ¡¡Fanta of ôeltns¡l,c roeb¡¡¡Lml lrt nrrvqnû.

!,blrt lnclndr tbr :t*ucùrrl of th. nnllrn st'üü ltld-
plrÈr ü¡É tha tyüütt t¡tyotrvrá ùn nnrrr¡r(n¡¡¡r tfl¡ül'rllQn.
ltlrstr of süruls ðmsvrtlm æ mllra ltÜltù¡l n¡rol.
rrr rlro dücrLÞlô.

tt üI¡artrütü |rstlm of th. tbrrll lEt¡ludil r
FUrilrætð¡flml iñrrttrErt¿oË of tclnr tmlrü.å frm Èho

ml,,ürrLrn $håf,qf,f f¡¡r$qtf rnû th. ost'opnl gg@å

ügËl¡æürrtttrllrrtüyoffrcllltrterfûtttl¡gt'l,ot
rt thr rnrtmrrculrs Jrnctlm.

$þlnËq¡q[ t};snÇr$ tstn cn Þ¡ mprrrt¡ô tåtc tur¡

r|tbxl, t¡rcùlær ï|'tth rlrsrrtü Utlcbtr of ?or0oo ¡Eå

l[0r o0o. t'bt lffi rt ü1rr nlgbt, tllctlen rllc
I)g|rilt6 br.ü)llÊtc r¡A Me rcùlvlt¡t.

tc/tbtn8ÈrülDroûugrr[l.lffi.l'r*Elrt'.tlrl
Iü¡üuür ln rErrrtårBl||Ä rrtr üA !'lÞbltl È[l ålr.st
î¡¡eæ6¡ttfetlûn. *ãtr 1r ücllorrd tY lgt1firnrf¡ar bülåy*

crütfr rt¡ Ërfü¡trc l.rrrgnlrriüfr ¡¡ütll| trrçrotly lhor

rrgrfrl nû.rr,u!| or¡lll¡tlñl lf,tb rltcnrtr ¡nrf'odr of

rnniltr rd hurrrpnür drilrb ilñttl lsil t'ilPltlrtoly
rrrdt of s|ltarl orlglu ilr|3lrtld nttl¡ nslrá rtrgu: o!

cütlorrtcr¡fü frl.lsrl.
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Erparlnents ln t Ttl,Ctt tTre vacffiotor refLa¡¡ pattmry

it f.ntôrnÞtod Þl¡ acut6 norîvc cactlon or ênrg bloclcrdc

ruggctt tJr|rt botl¡ tüf,nÊ act partly Þy b¡rore<¡eptor

stlnrlatlon andr/or deprel¡lon of tt¡e brafn ¡ton
vagoæt{rr carttrt.

Both toxl'n fractlona proôuae coron¿raz vasoconltrL€lf-

lon a¡d a decrea¡o ln heart rate and aw¡1llü¡de of,

contractlon !n the tgslatsd. perñ.raed gtrlnea plg heart.

CIsto,Pttt, F.(aråqllil to¡lln (n¡culotoxtrn) I !*rlol¡ håt

staLl¡r ¡ùrarnacotoglcal propcrtf.cc to t'etrodotoxln a¡¡d

la¡¡ftærln, eâu3ol hypotrnalon, bradyerrdta a¡rd

rerplntoly paralyola Ln anacatt¡etlsed r¡ts ar¡l rabbltt.
Íl¡¡ l¡n¡oton¡lo¡ cU bs tryorart ly rütersod trråth

I-adrcn¡ltn¡ or 1.{¡ondrenrllno.
Scsplratory f,al.lurc 1r duc to bloe*¡ðc o{ mtor

EÊrvt tltGDB! o lfbc toorLn blocic¡ tr¡a¡nlr¡lor¡ ln rat añ
toaé telatlc naruð r¡¡d at lqnr eonccnt¡at{ong ap¡narr to
h¡vr nor¡tønjrncnrlrr blocl<lng act.lvlty ' At blghrr
eoncontratl.ons tbo ¡¡u¡clc @rr¡3 rlÍl bcem¡ trnerei.trbh.

å¡Inatr ern b¡ 41¡¡ett¡tsð ¡ftcr e nrglaelly lrtbrl
dote b!¡ rrttf,letrrl vrntltrtlor¡ rlcnc' P3syl,ðd tlrl¡ 1¡

som¡¡ocd brfor¡ hfpo¡¡fa bacmaf l|lvtlîô¡
Fac1l!.trtory drug rstlon trr| bo.n lt¡rôlrd ln tho

¡ù¡ra¡¡tc ncrr¡s.{ll,aÞhrag¡! anå tzl¡o cbronlca.lly drnarvrtsd

d.Laphragn of tbñ rat. 'lÍhÊ t¡Èt¡r prepgrül,oa hg btcn

r¡rad ln an lttrqlË t0 ttl¡iy po.t¡yarptta rffcE3r of thr
gryoundt. '

tha d$¡gr urrår ùrtsrbyd¡o-4..r1¡cnaatrdlln üd
¡ t.rlÉr of hfirerf¡anlllnlun cøeoun¿r lnct'tldltng



t

rürophoalpn, all prodrrca twltcl¡ poütntLatt on and

llþntrnoout üætvtty lï tlrc lnncrvrtrd Þrcpürrtlon.
th¡rc sffe¡¡ür !r. dâprttled bry tæparlturc rcûuctlon,

lou ea# lolutlons or lrl-gÞ t4'Ç" lolutr'ont.
lft¡c åCh cætrtcËLon of tlrc ülaorrlatcü dlrphragn

war ¡ntontLatcð by 1oç coll€critratlons of all dnrgr

exccpt 3-trydror¡phcrryrltrtetTrylamnLumt tt¡6 Àch

dcpolarlzrtJon ï¡ac llstlarly af,feetd. Potor¡thtlo¡r wa¡

rullprorlcd by rü.s.d l¡valr of c¡# or Hg#.
IntoractÍom bcürnen ttra f¡ollttatory dnrEr rndl

rucctnylciboLLno arc dalorLbd.
AltÌrougtr poltqmaptls aetlon 1¡ ltkrly to bc r

contrlJrutt ng factor ln tghs to¡clrant¡n of aetl'on of, ttra¡c

faolll,tatory dnlEa r tbs reeults ¡t¡gg€tt Urrt f¡cllLtatlo¡r
f.s lergely a prorYnaPtlc st¡qnt.
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(0¿rrl
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'rïqt üÍt to îmî ttl rr rË Í mÐtt¡ rÐ alF
lü6p ,rntlrt ünür Â{ ¡¡4¡T¡¡ & ?¡q;TTqãû ¡fm3lpr*t

Tlïll*ü or ;lryütm 'ÎÜEr 
Üt$ '¡Rryllq Ër rtrrtrffi

.L fÕ !Ðrq ün oî '|rlül Fr ¡tlT;nôTt¡B ¿ü¡r rrÍ ÜF¡t1p
æ rulry rüRñ &r to Dffi ffi ry er4¡!r6ç ¡¡rq ;¡q

çTgr Ë;il}ll ü ËTl|ffi lïrql üilt ¡tçr rrÜræD ¡
rrîüIærmr Ðqrü m It mr|ilÑtr¡t rr Dü)rila

ofir I llt*tÎl{fretan (ætrq r|l eú¡ü ilrr$f ¡nr
¡üErq!, ütî Io ldrsrmx nt to sff|r¡úrr r¡n#lûâ¡fr rffi
rr¡nx¡¡¡o ;m $Í ATIïlrr räütpËÑü ün nr ¡r¡otÕ
lÜnbnrçr* nnr rq¡ lt urrÜ|lilrnslttÇ tqa æ{t frÍ¡ünûñ¡

r1rçer !ilrq ütq I oüü}¡l¡rf? tq Ð9ua rïrâ¡r( nm

ilrr¡.| ,r(t rltTr .ßn¡nof ËtmÍneo müq m¡q lnnrt¡frrrrf
tt¡il ..l¡rr& F nrnrr¡ 'rrl rtc ,lq Ir{lTTSü

;ffür¡¡ trså¡t rr ræ¡odr¡ ÐÜr( rårq rTll'{s Nî tô
rmï)orr rrulrr¡re lql W rllr¡onp alFuu rq¡

f



t

I s¡l¡l lltsr to qrrrl ry rlm¡n thrnf¡ to
DÍ¡ 8.8. trmrn lor lrrf rðvtcr rnd r¡nttttnf
üßüürtt¡st tbtouf,hôlt tbr sftlnq of tblr tb.rlr
rnÅ Dr. 'lt.I.l. I¡rå fsr btr t¡lurþll srltlalnr of
tt¡ reBloEl cl¡ nrln ffit¡1.

tr u rllc gsrtrftf ùû Ë1. X. Ifilry.t lor
ä¡r fnn¡l¡tlr t¡ptry ct tbr flErl ôtrtt cl iiht
üÌhBrîttPûr
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ttrt tre ctrbrtrtt !EIlrl

rfttl¡.p9'Êîrq. l.

lbm lrü rcr¡ tårn tæO rpæir ln tbe ¡Ëylu Cnl6rrl'r.
Corrlrr rn(tm¡r uå lrllyttrh' xlrtlag r rolltrlf or
solmlrl tsnr ur rll rrlær of l¡hir t¡vr¡trbnt. ffrqD,
ntleb 1r tbr lanrt æ thr ruolntl'anr¡r lcrll to bmr drftaltr
tl,rrr¡r t¡¡rrll. tll ol tàr &ldrrir r8a rqu¡tLc r¡¡ô rort lrt
n¡i,s1 rltå rprlc[rr rrl rtlrt rt rll lrtttsder rai trer t¡tl
llttonl to tbr rblnnl lü1.

!ù. brrts onfdrslrE to¡r¡ rrl tb. Dot¡p rnð tb. l¡ült.
fbt ¡nt¡p Lrr r tubülü lnQtr ml rd of rñlsb lr ale||.d r¡t
rttrsttð tr¡ ttr rüùftarter ttr oth¡r rtlth r craÈ¡¡l rmtb
nllab tr nær[y mrroudd tç r rlnt of tct¡t¡l¡." tfr
rrftn l,r r trm-rrlnlatr nûl'rllfr ¡lntrlcrt lon rltt ¡
grl¡Ëlnm¡ uÊr¡lt¡r oftla ïttt nrgtnrt tsrÈrølm. 'llbl,l I
rhgn thr ellgttlortlm rrl'thla tùr ¡itylu. llrttrr ü¡trtlr
of tùr rþrtq¡ r¡¡d æotoft of ü¡ lrrlour clgrc crn br found
la rorlr Þf tbtrtr (ltüal r lr¡Eil (rtÖOl r leutbcett (19tÕl 't¡ct¡ {ftüü, , l¡üIt (ft¡!l r r¡lt €tllr¡ú rnü lout}aott {ltôtl .

fmgrt Ëb.t r gr.rt dlrrrllt¡r ot to¡n raü rár¡trtloEr
tbr çr ulgrr r¡ð ütrtl,rætrr trtun übt6tb ll aürnctrrlrtLe
of rll clrl,ûr¡t¡¡r lr tbr Dcat rafm of nntoc¡ntrr rl¡utr
rtaïfrülru tùtrrb fuatlm totb L l drtler rrebraLn rnô ¡
r.rll of er¡Ënrlnfr p¡rt¡'
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t¡rÞlt l. lrrooclc alurÍllcrËlsn rtttbts tbl ¡üylu Glldrrlr.

Gl¡r¡r lffiret l-o. rtrr¡nx¡r
(lnme¡, r¡crrrlrl Lo. tc¡¡nrglìt¡l

CrtDilTT {Golatrl plroù-lllr
lo¡rrr h¡núoaonlltnrrl

Glurr ftãnüOf

r tgt.lruff¡f,
t r|[tu r !¡ffl¡tfrbl

o. tt*¡mglll
O. I¡lËlrilmfl
9. rrrtrttoßtß
o. L¡mlmll¡
o. lltlÊIrc]ül¡
o. ll'twofrunr

o. cutmullt
0. ûtr¡nilrDE¡rr
o. fficrlll
o. tgAmlffir¡
o. r¡l¡oûünltt

frrraoellît
tär nrrtoc¡rrt rrato ln rln tr* tlrr rlormt

{Ln{rrrr u¡r te l.lt x o.lt r for !r[lr*!!!t rulfln¡ tbr
clr¡rill,GrtLort o! antoc¡nt tll¡il 1r cc¡llr ülüt lrrûtt
bmtc tn)d brLag crtr¡CIr|,¡.d bü ilrlll (ltt{l , büt lor thr
¡n¡Xnorr. of tbl,r rtutr tå¡æ sra Lr dlllrruÈtrt ð lnto tro
finetl'anl t¡Prlr

(rl tü. n¡¡a-tn!ætonr or rlÈilooal,dt, ttülü rrl¡ b.
rlthm rûclvr (rboDrfocn¡l or rynfngl*r (mrerl .
îtr fior¡tlæ oÍ both ot Èl¡rrt rtbt¡¡nr lr to ntragl,r rEü
hold tbr ¡xry.

(bl thr tatrotortr or ltmsr¡lt l rrhtah tajæt r tulc
r¡tsitl t¡tp ühr Drrf. !lh. trct türt tbir tårt¡ 1r er¡nDl.
of crnrlnt tntsrf¡ rnô cn â.rtb L¡ hurnr rryllrl,nr rù1t ttr
çnf{¡rfi hrvr hc¡¡ tbr mbræt of ooartð¡rrþlr sbrlsrl,
¡ihrnrcologl,crl rnå cllntcrl rtl.lnct.

nr. a-rtcø!¡rtl occur l¡ tr¡t.tt aoßsutntlon l¡¡
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n¡ll outpoucblngt or brttrrhr ln tbr ectod.rtrl tlrrul¡
of tlrr t.ntrcl.. E¡eh ncrtoclnt drvrlo¡n fror r nrcuoh
rltbln tb¡ Oolgl e¡¡nntnr of r cntdoblut erll or nü¡toc¡:t.
(ebr¡rrn rnd ?llnryr 1959¡ Butr 19611 llrutÈrrlrrahr 196ll
ttrú¡rn rad' thtlr, 1966r lrnttr 19661 . 'l!h¡ nturc nrutoc¡llrÈ
flnrlly ocetrphr rcrt sf tl¡t c¡llr ¡nrhLag the nucltul to onl
rldr of tlrr rlrort rtrueÈunl¡u cytoplul. Itrtn¡ht
dlt!¡rutirt. lrn tbr cr¡rulrr ¡rËr1r rnd rpfntr rnü ttyhtr
dærlop rcanrdLng to tb¡ n¡rtoclztt t!8..

!!trr thrrûll},r tuÞ. nblcl¡ fonr thr lnJrctor nrabraLn
tr eothd ngrulrrly lartðt thr nertoc¡nt ce¡rruh. thr
rtl¡ulur nquLrld for ditohrrgr o! tbr Èbr¡rd tt not eorglrÈr-
ly unôrrltood. In rcr Cnt drrh dlra!¡rrga uy ocsur rttrr
rrcbrnl,art rtlnr¡lrÈlon of r trlgg* h¡tr or onldoctl rÌ¡lch
¡rotnrdm trc tbr er¡nuh (l0ngrton rr¡ö lor¡theottr 19ó01

Ir8rr 19601 , horllr Ln othrn Èbr ¡)a.t.n€r ol r cnldosll
brr not bü¡ dnonrtnt¡d (lrnd, f961) rnü ln tùur othrr
nrcbrak¡r n¡rt br o¡nrttlyt. fl¡rlt oq¡lô tncludr ehclerl
(Ioü¡111 rnd to¡n, lg{tbl r fqÍtlcr retlvr (f,.lngrton rnd
louÈlroott, 1960, or n¡urll (r.rntc rnd lfood, 1164) co'ntrolr,
but cqrelurlvr rvldanac lrvwrlnE ray onr of tbcr nacb¡nlrtf
lr lreklng.

Ttr thnrd rrùlchr tn tlrr lnJætonr urutlly totr.rlo¡
r¡rlr¡l rfl. of brrbr o¡r ltr rurttc¡, dlrehrrgu lrc tbr
cr¡nulr by rvrnton (Dlclrr¡r md Skmrr 19ó61 nobfon' 1t531 .
llhlr l¡lnr thrt tbr ttp of tär rhrfù lr foxrrð þr r eonrt¡nt-
ly rcnrnü front of, o¡¡rnrrd brrbr rl¡leh, Ln rono l¡nel,er'
provtdc. ln l"nJretor r*rhrnLrn rrlth ruftlcLert torec t¡
plnrtnto f,t¡h rErlrr rnd hun¡n ¡kl,n (L¡nc, 1968rt Ru¡mllr
1ÐÉ71 lob¡on, 195t), !!h¡ dtrchargrd tl¡rud lr ueually nr¡eh

longrr thrn rould be rr¡rottd lrq oblrnnttqr of thr lnt¡ct
nntocFt. &l¡ht nlcrolcopy rtudl,o (llcktar 1.9531 on

CorvnrE9lr ytrldlr. rugEcrtrd thrt thr n¡r¡arrrry vohmc
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{lcnrrr lq lllu¡tntlot¡ of nntoslrlt ôLrebrrge .
l. ttrd$chrrgrô cr¡ruh ¡hwlng tbrced aolhd f.nrLdr.
l. Evcrrlon of thr¡tû, C. Dlrehægnd natocyrÈ rbovtng
apt¡' cra¡nulc, butt ¡nd ülrsbrrgrd thnrô rlÈb rptnl rorr
of b¡rll.
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lnertmr oost33rû Þf rrtnrtrl,a rrrl'lt¡g of tbr t¡hprá
ïñlßb been¡ hfdrrtr{ ert¡¡ lvlptn. !o¡r.Y.rr ffi
fntrrntlng rlroùrn rleroroqry ü!¡ tlc*ü üû tlir.r (1t|61

hr. rb¡In tbrt, ttr undLrclrr¡¡t thnü lr rstr¡rlly Dlrrtrd
l,t¡to I l|ürä lhrg' Íhlab ufolür æ âl'¡särf¡n to Èronr r
ro6frbr t¡Dü.å üù. ïitå ttr rnr mrüror ltrll tlgn3¡ tr

lltrnrtr¡rtrr tbr dtrclrrgn of ¡ tlptrcrl ltilo€Blü. It 1r

ûot 8l¡¡r rhthrr ttr tmt¡ t¡ tüt¡gt û Èhror$ t'br {lrcbrrg.t
tEÞ. or erartrû oa trhr dtralrr¡l¡g tbr.¡û ¡¡ tÈ ærrtr tbtrr

ÞrtÊg dæerlt|| rl*l t[r tntroùlm ¡rtb. !!b. lrtt.r
r.qùrûlr nnlû trr¡ to Ë. tt rÞ3r lllrly r¡ ntl rl tà'
Fr. rûl¡gtl,Yr rer et lntæüüßtng tÊhr totln.

ta lntonritm c tbr rttr nt tul qathrrl¡ fn thr
ertafrrt¡ tr rvrl,L¡blr. lhr ¡6c rr¡l Þ. protucr| rrltÞt¡ Èhr

enlüoblrrt rnû l¡rooilxtfrt t l¡¡te tbr arrtoc¡nt rt rn lül¡t
rùrflr of trrlc¡nrat orr g llur (f$ffl r¡noulrtfl forl

I!üËuü, lt eonlå Èr nroihsrå rt lür lor. allrtlüÈ rltr rnü

l¡trr l¡ær¡nrrtrt t¡t¡r tbr rrünn arrtoc¡nt. ![b. loilr
;sÍg.tttm ll r9r¡ æ€.Pt¡þþ g¡nol¡llf rrts tbr ¡lrtlvr
f¡D.n rbflttf of tÞ¡ arrtoc¡rrt or¡rulr uû tùl dllfurlæ
¡nflþlg ü.oelrtjl ulth Ga¡¡rtrr cf tbr bf$ mf¡ootrr rrt$t
tctar tra Sbl&¡¡¡g lìrrü'}Çñl. cqaÛjlrpìf'r ¡lSAtå rsû

thTtrltr $Yrqlþ ¡nr cril¡lld.nð'

loÍr tbrü ævmt!¡ qlrclü of 6lüü1| brTl Þüü rqnrtrô
t¡¡ Þ. þrnfrl to ¡¡ü¡n ff{soüfn tbr nrt dmgrronr t¡p¡¡ rg
tþrt ¡àtftb rp or¡nblr sf tntrotlry ünil þ nrrtoc¡nt
dtrdbrrgr tnto tlbr üt¡r tber¡ t3¡ I lO rqnrtr of rrvr¡r
rtttrrlc ttfrtùr ¡nü ðrtù lottorrtE¡ tn¡¡¡ttm ot r ¡Érc¡mr
t¡).otð"}rlnfullnlrrterrrl¡r1Í}rrnlùÍrnoüùr3tI'ltb
rñlrrl ttD.. of ahrry) Êr|útl1.

fteto¡1orllf r¡ttrr üqfmtr lrvr b.* ürmrtrrt.d tt¡
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tlrlcLat rtbleh ¡ra not r.¡¡roûlLbl¡ for rtl'nglngr I'n buntn¡'
It rbould, honvtr, br ro¡¡bepû thrt th¡ n.nrtogylÈ 1r

prlnrtXy r ¡cehrnlç for crpturlng nrlt cn¡ltrrcu or ftrh
f,or tood rnd l,n lolt a¡tactal Èb¡ ngtocyrtr rp rtther
tncr¡nbl. of ¡r¡r.tnÈtnt hrnrn lhtn sr cont¡l'n r tgocLn l¡ur-
l¡rr to r¡n ln thr rÞuntt lnJrctrd. !llb. tollorlng eccount

l,r r brftf drrcrL¡ÊLon of thr t¡¡nl of lnJurfi¡ nrltrln¡d
rnd thr r¡nclrl rqnrtrðIy tnvulYld.

Gluf ¡ Àntho¡oa
O. ìgtl,nrrl,e. Ân¡or¡u ðo not rrprumü rn !.l¡nrtrtÈ gror¡P

rrbra conrtdcslng lnJurlÚ to hr¡nnl. lftlctr rt. confl'nrd

ln nort cl..t to autr¡¡.or¡l bllrtrtr or rlrhtl, lllgbt, to
rodürt. p¡tn rnd ttchLng. onc of, übr norc rrrlour I'nJurtü,
thr ro-celltd , r¡nngr dlvur I dLtetll I r ocqurt tlrroughout tbr
I¡dltrrrltrol¡r r¡rô 1r alulrü by tbr lntoÛr. SrrnftL¡ llrqr¡¡.q
rhlot¡ rttrch¡s lt¡If, to ttrr rpong.. lflr.tr rtlnglngr prult
ln thc grnrrll qn¡Êan d¡crlbrd rnå lt. r¡turlly lollorrd by

nocrorh of tbt rkln rnü ulerntlon rrtrlch nry lüvl ¡rrrrnont
rctrrlng.

'|vürl 
othrr r¡ncl.l llrtrd by Erlrtlrd (19591 rad

Cl¡I¡¡rð rnd Eot¡thcott (19651 rn cr¡nblr of lnlllcÈlnE rlld
but rortlr¡r ¡)rl.nârl rtlngn. ll¡l rn6ll¡ ËþSLSg[t hor¡¡ll'
hr¡ not þ.¡ut lrptLcrtcd l,n rtlnglng¡ ln¡t t t' rry bl tort'a !'f
.lt.sr rlv (tt¡ r¡nal,6 Lr e¡¡nre¡¡tly cook d r¡rd ¡rtra þr ran
DrcÍtl,e nrtl,çrrrl . &Èneta of thl.r r¡tac{.¡ rr¡ lrtbrl go

Ëord. (rgtlnr 1160! rnô rlc¡ (lrrb¡r rnd tr¡rkr, 19631 til¡t
tl¡r lrtbrl ¡rro¡nrtlc u. dcftrey.d by h.ltLng rbovr 6toC'

toth ruÈhoil ruÍfgr|È th¡t thr r¡trrtrl ir r grotrln but lt¡
loc¡tlon ïtthla the rnlOn¡ ll u¡rknOrn. llba ln(nona

Csnôrrl¡ctLr gf$[g13 hr| bora rhora to eontrln ¡ n.urotoüln
nhtch prolongr n.rül rctl.ot¡ ¡tot.ntl'rll lo thrt I t¡pr of
ôr¡nlrrtrlng block lr ¡xoftrerd (Strrplro, l968rrbt llrrpfro
rnð &tll¡b¡llr 19691 XrrrÌ¡ul¡tr þon ud Strrplro, 196t) '
Crtyffih ¡¡r vrqf turc.Ptlblr to Èhl,r toxl.n ¡bl€h 1r not
rr¡nrtrd to br lrnlul Ëo ltû.
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Ialurtu rttnb üntrlt' frn rtnrlon þt¡

tht arlelsæst o¡rtlt rhrlrta a! sepþ rrl ottn grrrù¡r
tbrü c¡n br rqlfrt¡rá ætrlf lf rrohglarl trr¡rr. 'l!ãt
¡9uû fu vrry ßæqËlbtrr tp lafætto¿ rÊt h1ll¡¡ {r rlcr.
fotù tbr rlt¡ ütt{ü rtoïrrt lfvtng o.ürf urû altoc¡nt
tlro¡br,r¡r trn Gbr lollp tütüBtrl b¡çr b¡¡E r¡¡qnrtd u
tiär rynt Islþtrtþtr ht no oçslnrlvr evLÜrlor t¡ rvrt lrblr.

@
tavrtrt r¡nolrl rp erlrÞtr of ogrl¡g *tÊ llrlosr,

urrtfl¡r sltbtt rEû rttn¡f¡f frl¡l ln llll¡ [tl,å rtntrla
rttætr taclnttEg rÞdnlarl ¡nlnr ctlllrr lrrrr rnû {tr:r:botr
brvr rlro b.rl¡ r: Dottri. |ütl tür.r rgpnrlblr ¡ft ü.æst¡Ct
Èd' Ct.¡¡aå rnü lmtþbt (ft6tl rnt lortäsott lt9¡tl lad
troludr rßrn of rll ordrg ccqÊ tlr Ëprt¡nrünr.

€lt¡lsrllt, tbr ror, lryprtmt ÍrflD rrt rltMfbrÚ
oû t¡br t r¡rr ![n$t] ¡ftcb h¡lr b.* trytls¡tdl tn hürü
rÈt¡r¡iE r Ht u ¡nt brlr no& brc ;crltlrrl¡r ttåtllld rr
L¡Ëhl[. ltfln¡,li, tbr tort[$ilæ r¡¡¡-¿t.¡¡¡:r, lr r coloatrl
felr t¡¡ *i,& ttn fLort cr lnru¡tqlËorr f,r æ¡ bffi$Y
rf¡rstrllreld grft' ttltb s'tt¡r l¡dlvldnrlr roålflrd to lan
t¡ht¡rf tntr.l.Ü tetlrlc¡ocldrl, t¡ôlnf !oÚl. In¡t¡orcotilll
på rtsucùug llrrln¡ rrlr Eá frrrt. rapoärtlrt borllm.
fUo r¡ralrr rç unrtl¡r fiacrllrâ, ttl Indo-ltolttc úonr

f'b, ll{ I!¡fgþfu rrbtsä brr r rrl,¡ tctlsl.r r¡t thr
rtlntls fornr thç$fr iìç,rqll'|. ütoù bg rny. Gurrnt
opt¡lonr borrtlr t b Ëbrt, ?. ,Fifl$qlF{ rnð !¡-.¡þt¡l|¡ rr
thr rrr r¡nclcr ü¡ü ücüt rüoütd br nlrtr.å tc rt !ùnf¡¡t
f+errf$ (t.dl. Lerr ln trrrsr, IttÕl . Dmcrl¡Êiru of Þtrr¡
rttnEl¡fr ar¡r b. tomö [¡ utlots tf *urlrll (lt¡f] r Glrl¡nå
rlr! amttooùt (ftotl rnt trltr.l (l¡¡Ot r !¡h. rtl¡gr ¡tr
roc¡rrtrrr to r*rrrrly ¡nl,trr.ll rlû rr. rãontlalrå br¡ nllnr
r1æg thr rr¡r of ¡ætrßt ïttå tbr tüt¡nl.. Go|¡tlct rrttt r
ü¡11 rfnef,rm ;r¡l rrürlt tr äg etbls rttratr ht r*trarlrr
rttrglnlr Þf l¡rgm Mtllt rrgl rlto ¡lrcencr rlnlallrr Dltlfl¿
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¡utclt tp¡tß rnd ¿ltf,lcutt or ¡nl,nf,trl grpl'3¡tLonl.
A eonrl.ôcrr'blc I'o1lllr of, roÜ.¡rch on Dbvtrllr toxfn

har b.on ¡xrbltrhrd by Ilrnr rod blr cmrlcil rlp r.ttort thrt
toüln llb¡¿t¡d fra lrolrt¡dr rr¡hrd nurtocylÈr lr r protrln
cc¡llrx rrhteb lr lrtbrl to r11 rulÈk¡clluhr rnl¡rlr È¡rtrd.
t|¡r to¡¡ln ðrcnu¡¡ th¡ ¡ctlv¡ tnnr¡nrt of l,onrr u¡fc|rlly
¡nturlul, ¡g¡lnlt llrctrochnlerl Írrdlrr¡tr thur rrðuolng
or mûltyl,ng tbr cr¡naLty ol Ël¡u¡¡ lnd orgrn¡ to ¡mr¡¡tr
blocloetric ¡ntrnthlr (Lrnrr 19671 . ftrr pro¡nrÈt.¡ o!

ThXprlb toxln vlll br d¡rerlbld nor. fully lttlr.
EIur r 8r¡v¡horor

lllb.ar of rll ord¡rl ¡3crtÊ thr lÈ¡urncdurtr l¡lvr
bt n Lnvolvrð tn bturn rÈlnÍlngr. ¡d.nÈlftertlon of th¡
rgnnt rüponrlbt¡ h¡ oft¡6 Pre".â âllflcr¡lt g llûy' Jrlly-
tl¡b ¡ra ¡tnctle¡ltry tnnr¡¡rr.nt laâ otb.r. lt. ür¡-1l ¡rll'
DLftlcultlr¡ rlro trl.. br€r¡r. Gnm nútl olt¡r rat.r to
ði,ft¡pnt r¡ncter ln ðlftrrmÈ flgloú. ln ¡rbrurtlvr r¡rrr.y
of ¡ll rtcord¡d tt!.nglnlr rttrl,ìn¡ü¡d to tÛr¡ tottthotol l¡ tb¡
treltlc r.gLon tr fot¡aâ ln Clrlrnð rnü Sout¡hcott (19Ótl rnê

It l¡ only rrlm¡rt brt. to r¡ntlon tbe Frt tr¡prtrnt r¡ncl'tr.

O. trn:ro?toF.rtr ttrlr Eron¡P fr ulually fonnd ln ta¡nrlt
rtgtonr .nd l.?rrrl r¡nelr¡ cr¡r lnlltEt ¡cte.rc rtlnglngr.
lll¡ur lnoludl lLctvloÐqtr,r cqtnaurcl'rrþL r¡rdl &*;¡, c.lt¡lllrtr
(Arxrt rd, t9ã91 €lrlrnd rnd lloutåcott, lÐ631 t¡¡rnlr' 19ó0r '
Stfngt by botrlr r¡nel,ü lrr rodrrrtcly to lrvcrcly Inf.nlh¡lt

Plsr}çg$rr¡yrlre¡roùerrtnl¡tc¡ofrrrrtrldrprrlllon.
S¡ctd,o rlfrcÈr dur to C!çUqr lnc¡ledr nlul.l, n¡rcr¡l¡r ¡ntnr
rucoLd h¡pæ6c¡Ë1,æ tbrousont üh. rupl¡tory treoÈr

rlr¡llrrËoay o?Pra¡lloa lad, tn r¡vcr' elltl' lorl of
conrcttmartl (8r¡sthoottr lÐ6t' .

9. Gnbqrlunr. trn d b.crutr ol tbrlr Gubotô r¡¡br¡lh tbor
Jrllyf,l¡b u¡ lor¡nd ln tropLa¡l rnd rubtroplcrl rrtlr¡. 'l!h'

ordrr lnsluðu CbtroFrr ffæ\prf (Soutbcottr 1950t rnd
gefÃgf[U¿ gg$$lg!gt, thr only enidrrlrnr Èo rhlch lrtrl
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trr¡r¡n rtlngfngr cr¡r br ¡nrttlvoly attrl'hrtrd. tl¡¡ tsinr
!.rolrtrd fr* tlrgr r¡ncf¡r lr. ll6in¡ tbc p¡t ¡ntrnt, rnlgl
torlnr hnÊri'tl¡ l¡nct¡er¡r of Cþlronrx, lblcb rra rlrort
lnvltlÞtr tn thr nt¡rr rry Lrtul. uD to 2O <¡ rarot. rad

rrlgh 2.5 to ! hg. 
'our 

¡ndrll.r rt tt¡. collr.rl ol tbr
urbmllr givr rlr¡ to levlrrl tlrtrctllr tbr nub¡t rsd
lrngth dr¡rcndi.ng 6 tbc rlr of, tbr JrltlÉllh. lhr
t.Bùrclaa rry rarcb r lrngtb oÍ I to 10 ratt.r !n thr norrirl
unco¡trleÈrd rtrtr, r.Draa.t¡ttng rora tbrn IOO r¡tr.l of
trntralr ln r r¡Èurr lp.Éhrn. trrn a (19661 ruggorül tl¡lt,
on Èbr br¡ll of t6trctl rlrr urrnlng ln .vm dtrtrlbuÈton
of ncrtoclntr, Ghlr,onrf fl'cErrt, *olùtA Dolr.l. 10O to 20O

tl¡r¡ rt Duch vï¡nor u gÞSgg¡!3llgL cß4ìôrlcrrFur r¡rû thur 1¡

tlldy to b. ¡uort drngnrogr. l!b. tno r¡nc|.l togrthrr hrvr
b¡n LryrllceÈrô ln æ.r rtrty ü¡thr rnð rrny rcr. inon-

l¡thrl ¡ttnglngn ln ân¡tnltrn troplcrl uttlrl'
llon-l¡thrl rtlnglngl rar ¡rtntul rlt¿lr nultlplr lLn¡r

o! nrllng. !¡rttbrrltur oür tbr srut of tbr¡c rrilr e¡rrhr
r tgnvrrlr blr ¡rtÈrrn €orr.ütoüûtag to tb. clorely r¡ncrd
türtr€ulrr rLngl of nl¡tocln¡Èf. .|!br ncrtocyrt thr¡rdl
pü.tgt¡ ttrougb to tbt drr:rl,r (lü,ng¡ton lnd tor¡tbcotÈ' 19601 .

ttLngr tron lrrgnr r¡relüaa rry €¡ü¡. r¡ülvr otdl¡' dlr.p

mcrorlr rnô rlor h¡llng ïlth ¡ntrrrn nÈ lclrl. I.rÈbal rtlngl
producr Lntrnrl Prln ¡nd th.n ruddm ce11rp6 grrerdrd by r
brtrt .Drtr c¡! vlolüt Wl.tchlng. to¡t srtn rnrLnrtlonl
rcr.rl ¡n¡lron¡ry orünrr rlgbt crrdl'¡e dl'rümrlonr grn.rrl
'nrnout eægrrtlon r¡ô rlarl rnâ mprurnrl cørglrtlolr.
!¡6ú,crlly, dcrtb rtgr:al to ¡¡lult træ euâlra rrrLÈ but
rlgnt o! grnrr¡li¡¡d clrdlovrraulrr eollr¡nr corblnrå rlËh
r.tDl,r¡tory trllgr. rry br ¡çldrnü t! d.¡få t'r aot gpl,d.
tÈudl'¡r by lrrnc (xt66l , EouÈlx¡ott (1t631r Gl¡lrnd rad
toutbcoËt (1965¡ rnd llsfrlll rnû toDr (19{!r rnð b} fi¡rtbrr
ðrtcrlbe thr r¡ngtoll of þÈt¡rl rnü non-lrtlrrl rtlggÍngl.

t r¡eonô tfæl of rülnEtng rttrlbutoô to thr Cubc¡dullr
Lr thr ro*ellltå ttrrutrrnüJlt or ?¡¡n À rÈtnglng rl ðllcrlþld
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bt¡ toutbßott ll3ttl uü lrnrr (ltC6r. ttfu ¡xoüou rlnor
10ôrl rfttet¡ lttltr dr ltÈ¡lü r sürltrrrÞh ðrlryr þr rtrn
nr€l. Ðrn r¡¡û vürt'tt¡¡ ïltå rublrçmt tuærr¡r' I n¡ll
eæyUrlá rrùn lr rrln'rtrll to br tùr or¡nrl"rr rlqrÐrlblr
(trru6r llfÕr ltf|tl . tltltü otb6 Gr¡'l'tt.fü rs; erl¡¡bt.
oÍ latllgffry nt¡tt!.|'¡r r|¡ar rÈle¡!¡;r (ClrtrÊa ü¡a
lqtbocùt' lt¡tl .

Iarutl¡ntLs of crltrrl¡¡ ünñrr tr ttfttotl.t brorurr
of tbr [rü¡rt of tht tnnil rnû ttr ttorrf,n ln tbr l¡¡lrrl.
¡þ$I,. vlnort rrtÊtl¡r er rotrlrrttr nàlob bñr rltt* rlnglr
or ¡rtnl ûstt uü glrndrr oaldrrLrn çnn 1r grcs|rÈlå
rfttt r lnltttrd. of rtcror[¡elúc ür¡¡tosÍrtl ülturtrû rlmg
th. tßtrctrtr rað ln to¡. rtrot¡r on lùr ÞoQ¡ rurtrcr ¡r
î.11. tlhulr r¡ Dobtrü mt b|¡ fr¡ar (ltf?) r rq)ll l¡ttlürt
to pg¡1rynt g6utn c¡¡fdrrlr¡ ü5il ny tbæraû!,crtlf br
vtttrËrü bf

{rl Gt¡lf of reüdÉE¡ üùûtr¡ùGu t!Ü an-er¡nulrr
follttÊö

(bt torr of rsûl.rll mrtl'ùnotr
(sl ttrtorùlæ of rnr nlrt¡ últlor
{âl l¡olurlc of o6ÈüËr et lntoc¡ntr not nomll¡r

tnnstl*fng rr tntrdorr
(tl Ín¡1l¡rls ol rt¡piarl aontntr st I'nrtun

ûrlÈðolnùt,
It tr frnæt¡nt tbm tùrt llvræl¡nttü of r rtcl.r rùtcb
otutrtt iat¡rf Þf rtLn¡l¡g ûætå D. rrår oûr tår tml'c rrÈ.tlrl
ûtqü 1r rsturlÐ fnl¡ctr{. !!bl.r Ft¡t cr¡ be r¡prntrtrâ
rùa lt 1r r.rrüd tbrt rËr Þleleglerlll¡ rcttvr cn¡tmEib
bffi brü lfiatttt.ü ll r*füttr of ttolr æl.drrltnr. lt¡rr
l¡cluár t-h¡lürc¡ûr¡ptnlar (¡-.ffl r ¡f,rtto¡lrrly cæcrntntlð
ln nr¡t¡r¡!¡rÈ-cntrtnlnt lrrrr ef tst¡cl'r (f¡rrrrllr ltf?t
Írlthr llf0r 1tö11¡ trtrlrt[rLnoaln b¡d¡s,tdlr (trtrntnrl r

hnrrllr rnd ¡nr-bnttrïlbrtrl,nr (tru¡r, l,9ftþl lll¡tr 1t311
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rlrlrb rnô trochr t9¡8) r¡ð hlrtdnr-rclr.lnf ßÞltüo.l
(Eü¡,rdf, ltÍ?¡ Trlùr ft6lr Ürnftr ff$). lltb tbr ¡nllblr
tfÊllttiç o! tr-,lF thur eryoüntr lre rall'Þrl¡t te þr vüil
ocgømtrr th"f thrir ¡¡rüü€. lE tntr¡¡lr stra¡lr ¡tr..lßtr
oÞvlonr {LfflcËlÈlrl.

Egrroür ætrtåln¡ blgl mlrcsl,rr ¡rl$tr btologtürtfÏ
rstltt eçnoündr ù¡lr rtro Þ.ü ¡)rTfns.ô r¡ü Þrrr baa tbr
rtbt.cù of con;tdrrrblr tnvrrtt¡rtlon, rlÈhon$l tb.lr finotlcet
fn thr ütrrt bm not alo.lllrtlf brrlr rloln ts br tbrt ol
14&ilr þrÈtn (ItúO! rnð trrb.r rnû ¡¡rl¡ (f|ft! brrr
ùtrtn.ô r¡¡ ctnßt of th¡ rsroar fbqs|Pçtl þuqll rùlab t¡
tcte to tordt rnü rl'o¡r rü|iÞh o'rila t|;l.Ë - 10.0, [6-
ü¡fïrrÞlr r¡d lnrsttrntrå þ¡l try¡rl,n ar by h¡¡ttn¡ rbÑ. tteC.
*tf¡ .ú¡¡ct, rt¡s paofrcr¡ rn tnuß. tüpmr¡ l¡ rtÐltr.
toth rutbog rrslÐflt ttrt tbr rrt*t¡l fr rltärr r Drot.t'n or
¡ ¡¡rtl tolËut¡ cloLly ¡rootrtrd ïtth r ¡roürtn t¡t tblÍ
brrr Eo tãlosrrtlc æ ttr locrttm rtthl¡ thr lürml
tbrDtro h¡r Lrotrt¡ril r brrla DsoËrfn of rol¡mlrr Tll¡Ët
IOTOOO - IlireOO frn rü ffilton. üt'rr rÈ of tbr r¡rrgta
gggeffg¡åf slqrqttlr t'blr lrtælrl, nblsl ¡¡rnffn.t orurtlßt
rt ¡ lorl åt t pg.luú flfD.rf:r go rßt þr Snnrfonlå¡ rgt,len

¡ntnttrtr ln orr tlsa.l¡ Ëlufür l,¡¡tn ¡ùrolçßgrd t!¡ü.r¡
potmttrlr of uD te rlt'rrrt a.$mdr üurrtlm {Sr¡tfro raå
Llllrhrtt, 19É91 trnhrùl tLåL" Ittll. fbl ylrld frn
r rtngl. lüEor¡a l,r rnft{clrnt tol Prr¡t¡rr. 6lrrrr ¡0OO Lg ot
orrylltà" Alt rotlrlty lr lort rÍÞtr brrtlEg ¡t t00og for
thlrü¡r ttn{!,g or rãþr¡. f3.nùrt1g6 rt ltoe rrltù t* pronur
tor tl,r hmrrl. *t tüll l,r Eol-dl¡l1rrÞlr rnå rlílnt.t lt I
ri,¡gl¡ ryntrtcrt prh oü Þotb t t !11Ësrtlo6 rnl lo¡
r*abragr colilËt. h lùt¡rLtlltloa to srrlÉt¡þ tt' ¡lroûmr¡
r ¡¡)mtlc prnltAlr rbtob fr crmtullf rælrcrt Þ1l llr*¡ott
Frrat1¡lr rEå ùlt¡. It lr tbcr¡¡tü tt¡t tb. tnltl¡l rt¡|.ü
Itr¡r. [r frr te rqlrtlttçr al$t tfrlEt ütf¡t thr tlrscld
Þrnlyrlr rrn¡lt¡ f¡n DrolongrÈlon of tbr nervr rctl'æ



16

!Ðtüttrl (&rptro, ItC¡lÐt. 'l!!¡l rotlü of tbr te:ln 1r

trr¡ç¡çtl.Ll¡ tnt 1r rÉt¡Soülr¡ü b¡r gtlclr løt rrbtoä rr¡t
rnt w rtlblllrtng lslr rffirl düüt.. tlnñ tbr rstltr
rrtrrlrl tr ltDrr¡¡Ètt r rln¡lr ¡olrfrt rnû 1r üÈgrly
Èãts to tlr Gfn trÊ.r rhl€ù te¡r tbr dlrt o! tbr IDIñf
lt mil f.r|ûßrþL tårt 1t rrr rr¡rÖnt sp*þþrq[t vËil¡
htrrürr l¡btr ù¡. l'|t tc br âÜolrtrrtd ttffitttrr

f,fl et tþ orya¡¡ôr lurt åtrcug¡{ trvl b.* lrslrtrü
tror tillul rrtn¡rEr ol rltbrr nholr r¡llrll or: trt¡tlslrc ro
tñrt ttalt t.l¡ttmüft to trur c¡ltrst¡Ë üËln lr udeilü.
,il. rr¡l Þt rctürl üåil cryoa¡atl tgt oübail ¡;r rl¡ort
s¡ttrl¡ly 

'r¡¡aù 
|¡ ¡¡¡r¡al beü tlllutl. Otba ¡pr}rrr

brúü rttrrÈri to ¡rqlrr| tsll¡ sc¡rølr ttðt üc tr.. fl'il
sætul,rrtton Èf lctrf! tlrnr oqmatrr tätr b¡r Þ.ü
rcÈlæld Þ¡r

(rl ¡t¡rrrcrt ..Drfltlsa et tår trnrtoq|'rtr fril otùrr
Llrrur eantlt¡ntr

tÞl r lros€l urfs¡eur to rnrlr rltlfag
(ol esr¡rs¡3ft tt.æ, t*trc¡ ¡¡'3ttl.

tbl,r rùhodL rttob rrr origtnrll¡r
.trr¡rlH lgl tLllü¡n (Itt¡l fbr tt la{:m. tltl.:rt$tFr ItOf&,
{nr¡Clvu rrÊorrtlor cl thl rbtr r¡rlrrl l¡¡ ff ürlrtÜl lr m¡
rltcr. lËr rr|ultmt tnognrtr lr ¡n¡rt throryh ¡¡d.â
rlrr¡ uárr ruËtrü rEü ttr r¡t.3l,rll. tn¡lnl thrm¡h Èbr

fl¡rl nrl (0.Lt:l mrlrtr e! lrrts{frtl ft¡. ùlrnr
i|brtr r¡rû tlr¡olr.t tlrrur cantlÈn¡eÈr. €*trlfr¡¡ttea
r¡t rrràllg rrr t}; rmd ts lçrrrtr 8t tùr nrrt'cqfiÈrr
f rodtftertlm tt ütü r¡tho¿ lû, Ila. rnú Foffr (ltt8l lcr
ef¡ffþ ¡ubrtltrÈrr rntolyrtr rt {oE fof thfrforl rurrtla
¡r ùtr lÂlttrl ltt¡r* l¡llrar hsb{trl¡, ltßCs¡r rnû lrurr
(l¡ft) stl I {¡llr3 rrtto| lor Lrolrùt¡¡ ot Ë¡rrtoqfiÈr frc
GbLrn' ,fltslrrtt.

þtreü¡.rfr of fr('trßr{ rlrtðclütr lr rehtrvrû bf
rüilltln of ülrttlt a urt t or dl,lntr ætâ or È¡r (mltll,p,
lt$fl I ffit¡¡l¡¡ùlsn rað urEtrlfrr¡ntÅea (f¡¡r r¡C Sodf,rr ltí81

nIT



17

ol grlndlng rftcr lueaclrl.vr vtrhrt ln O.9É frcl (lnacrn

!9-$.., 1963, .

,(þl sqFtçalc rq!,lkl,nr¡'. ft¡lr tng¡nlour n¡tbod l,a do¡crtb.d

by lrrnu (1967, . PrO¡lr¡ô lrun¡n a¡¡rlon l.r rprord rcrou
ül¡t rotrth of r co!þetlng chgbrr and lc¡rgÈhr o! trntrelo
rrt lrl,d u¡nn t!¡¡ lurfrer. ttr È¡ntrcle !.r ¡tptchoð
rllghtly ro tbrt t t rdhrn. rnô cþctrt cllly rtl'nr¡lrtcô Èo

¡roügcr nortocyrt, dLrch¡Í$cr O¡rty nrtur¡ LnJoctop ¡¡¡¡rtptl
tbr nsbr¡n. to rcl¡r¡r to¡¡ln on thc lnt¡rnrl rurf¡co for
eollcctlon. Cbtrgncr floçktçl, Çtl,rontrlnpr ggÉIåi},lgt rnd

c|v|f¡?+ cpn$tr,Èr r11 ¡aerpt tlrr rmLon lt ¡ lood obJret rnd

dllchrrgrne¡toclr.tr'obvlourlytbÖncthodtrt¡dl.ourrnd
$ro ytrld tr ü¡r11, h¡t thr ¡xÈnct¡ obÈrtnld rro extrcnrly
vrlurblr Ln llt.rllng rnô ea¡nrlng the rctl'vlty of Èlr¡ur
¡xtrtatr ,

(cl Frntlelr rx$rrgtl. D¡Èr¡ctr of trcrtrelrr lrg¡ Cbtronrfr

flrch¡rl hrvr b..n 9p¡n¡¡ð b¡r grlnôtnE trat¡cnlrr tLrlur Ln

buffrr ætutlon rnd c.ültrtfu.gntlon. t'hr ru¡nrnrtrnÈ hrr br¡n

¡nrlftrð by vrrloul ebrgtogg¡ibta t.Gbglqr¡rr uô tbl
bLologlerl 9ro¡nrtl6 of thr vrrlour rxtr¡ctr h¡r¡r b¡n
coqnr.d rttb ||r¡rl,ü of tnl,lh.ür tcln. lthr urr of trntrell
ertrrcÈt tn tlrll lnrtr¡rc¡ 1¡ sonrLdrrlû to b. v¡llð brcrulc
of tbt conrldrnþlr body o! rvldrnc. to ¡trgl.rt Èb¡t tbül
clorrly r.rlbþ gþ¡lronrF retrole åntgl rtr¡¡ont'l Êo erudr

¡rÈnotr r¡rð trilhrdr tostn ¡rr tå¡ntlcrl rad Èhur corrllrtr
n!tr rlth cllnl,crt d6erlptlonr o! hrn¡n rtlnglnÍrr (lrlr¡n
rnô lu.rnrrr 1969¡l . Ghro¡ltogg¡ihta rnrlyrlr o! both cruôr

txÈr¡ctr rnd 'rllJcrü' toorln produe¡ thl ln tro rcÈlYr

soryþ¡¡ntr Ln r¡¡rrol3lnt.ly tlrr rl¡¡ ¡¡roport'tonr (Croar r¡rd

Ilc¡r 19?O) rnð no ¡vldrner of lav plrcuhr rrlgbt
Þtologtorlly r<¡ttvr ccgounûr (5-Ë!, trtnrl'n¡r 'tc'l I rlllch
rr. pr.rütt ln Èhe grnrrrl tlrn¡ o! rrny cnld¡rlrnr, lr¡r
br¡n fou¡rd (tr¡n¡r t¡¡d tìlrnlrr 1969rl '



I6

¡lhttrt tår th¡rm tælmtguü dücrlH rbær rrl
ua&t¡btttlf rp¡nclor to tlbr prr¡nntfoa of 'rlplr rnlgll
tüËgcÈt thry rry $oè br eqltrtrl¡r rrp¡¡ntrtlvr ot
gmul,nr cnLdrrlrn yr3¡Cr Urlng fr¡Eg' (19671 arltrr{r
tbr ¡n¡lùþ dlgävrntrgr¡ o! rrsù lttboü ern br o¡¡tll¡¡d.
fpðtftortl,o¡ of ruil tü ntry of nrbrtrneu trc [ü-
cr¡nulm æurrÊfl lr r grobl.r ðontlürd prtlrrily to ttr
u¡r of tstrclt strretl. ?o br trtlûr tbr rrr¡nnr. to
¡esh rrtrüttt nrlt br aorrrtrrÈd rltb rltbrr thr rrrpæ'.
to r l¡noru ¡¡ua. tcrnn grr¡nntl,u or üo ¡n ratu¡l rtlnElnîl
by tbr t¡rc1,6 coüG.¡m.d. thl lom o! urtlvl con.tltnæfr
lr r ¡ntmttrt problr of rlt r.tbod.. llbl rrtg¡ ¡rbfllry
of gny of tbrr. t6gt¡¡ lry flrt r d{¡Èortt6¡¡ o! cqlamt
rrtior ry$ to thr stat of rrwlng¡ r cilDmGt(rl
saplrt.llr. lroorfrrlr l¡lolYlgt n:rtoalnt hol¡ülen rr¡
¡n¡i,bly Þtl ßtÉqtttltr üo ruob rlturtl.oa bærup of thr
Drølong¡¡d ¡rqnrrttü Gqf¡g.ü ¡r|$l ¡tÛrtag trcbl,quu er
pr¡ntrtlø of Èætrsh ætratl. tbl r¡tùot rlro rrllnrr
tårt Frr.rÞtltüy cñrng6 r¡rslÈ{n¡ tn brlrrgn of tsln do

Bêü o€Gnr. !!bl l¡clurto of tbr €€ütaûtl of LErtnr¡
nrrtnc¡lrrÈr slâ ml¡t br r F¿ftfla¡ fr¡rtor Lf, tbrr¡ rrl
rcËs¡lly terl,c prætnor cçDmÊù Íbi'eb ôlttrr trn tbl
nrttlr. etüilr fr ùhll hr¡ not b.c drmrtñt.d lt r.l¡l
rqürlly ¡nnlålr thrt tbr vsn, la lÈr fln¡l ferrr ir
¡xrrnt ån t¡br cûttþblrß srll r¡d 1r lnsludrd ln tår
nr¡toclût rü ra ür1¡r rtrgr ol ltr drvrlcr¡:at.

tlnsr *sh r.tåsð of prr¡rnttoa bil üm dlrrdnntrgrl
thr nrln ùJættvr rbmlü b. to deffar r¡ r*tneü ûleh
ðngllortrtr tn tbr qrrLmtrl ra,lnlr tb¡ r¡UÊcr r.?ort.ô
ln erru of rsturt rËtnglngr. l!ã. only tslar prr¡tu¡ä bfr

ttor r¡Ëbcdr rrhl,ch ärvr b.G Lnvrrtl¡nt d tD d¡trll rrr
tþr¡ frn pþrnt'dr, ¡þvr¡ltr rnË gbåtrgf& Ílrphql,,|..
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@. lortn rxtr¡ctrd f,rn flìvrrllr norÈocyrtr
tr lrthrl to rll lultlcrlluhr rnlnll rblah brvl brtr
trrtlð. Ëut¡¡r rtl,ngln¡p rrl d¡erlbeü by Rur¡l! (19661

and Clrlrnd rnd tor¡thoott (1965).
,tfhr crud¡ torln lt non-dlrltnrblr rnd hgol¡tlc.

rtr rctlvlÈy Lr l¡rhrdly drcr'rl'd bt'¡ h'rtl'ng to 6ooc tor
1ã nl,nut.r or by rùtmpttd ¡rtrrctlm ï¡ltb lsrton¡ or ¡ùblr.
chrc¡togrr¡ihte rÈudl'u o! crudr lr¡orù¡rlr:rd tcl'n hrv¡
dlon¡tgtrd tbr gr¡¡6ct of gluügle rOld rnd lrrlt¡r
gurnÈ|Êl¡r of e¡utlnl, e!¡lÈ¡lnrr gl¡ælnrr rlrnlnr,
h¡dror¡prolla¡r huctn¡. lrolruclnl rnd llntno (Hnr rnd

Dodgr, 1g5g! . trlr¡¡tro¡*ronrlr o! ùhr rrr¡ lrtrrct l.PrrrÈo.
for¡r pqrttdot oü. o! rrhlch eontrln¡ ll¡srt, ¡1I thr
blolotlcrl rctlvlty (I¡n¡, tÐól, 1968b1 "

InJtctlsr ol tlre crud¡ tsln lnto crurÈrc6 clut.!
ð¡rtb bf crrdLre ¡rgrt {n dlutoþ (I¡¡rr, 1967) . tllsc
rtr¡nnû to Èhr torln rttth lncr¡r¡¡d retlvlty' traorr and

1ooll lrrttrtlon tolloïfôr r!Èlr aor. rlnut¡r, bÜ rtr¡¡l'tr
dtererttd rt¡'clr toac hrdl,ng to flreelô ¡n¡lyrl'rr
nrplntory drpruLonr clnnoll,t, rnoxic eonvr¡lrionr tnd

dcrtb, Dolt rorta ¡xulnrtlon rhoul th. Lungr to b.
blrnchrd, th¡ hurt Lr eontr¡ct¡d rnd übrre l¡ hrcorrhrgl'c
ord¡¡ lnto tbr ¡nrltonol crvlty (t¡nl, 19601 '
Ï: ,lltrr c¡ute of drrÈh lr cuôfeivucr¡lrr eollrPa. (Ërlt'lngr,

Irrlcn rnd Ltar, 1ÐÉ?l O¡rrloÈt rnê Iü., 1969¡ lülr 1967t

I¡gor¡ rnd t¡nr, 196t, . å,ttlr Lntrrvrnor¡r rdrtnlrtntl'o¡r o!
Èbr tqtn ln reÈ¡ r thr flr¡t .l.etrocüdl.ogrrrpblc rÞnonrllty
lr rn {nvcrl,or¡ ¡lrrâ/er nduetlør of tht I nvl rccÐprnt¡d by

bntyurrdlr. At lor dor¡ lrvol¡.ttN. g-f lntl¡¡yrt lr
lmgrthrnrð r¡¡d rt blghæ dolr¡ tbr ¡lorrd hlrrt ôrvrlo¡r
Èrgfnrl vmtrlculg ¡lrtt.rnt rllebllag ¡tçqlÐlrl
trchyerrðlr or llbrt llrtlon. ? rrvu rrr rcêucrd rnd Ql'tl
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üo¡1rlüil ¡r. notchcd or bLth,rrert.d. flrc b¡potrnrtrr
r.tpør!.. obllryrd rfÈ.r torln ¡ô{nLrta¡Èlon lr probrbl,y

I tlsoad¡ry rlfæt r.Ëltlag tr* thr ôL¡rsat ogdl,rs
retf.ont of tlrr totr.n.

1¡5r EC6 ehrng.t ru!Ígtft Intrrforcnct vttb vanÈrL8ülrr

rr¡nlerl¡rtloa rnd atrlov.ntrLculr¡ conducÈloa ¡n;rlÞly !¡l
r g.n.frtf,rd drpolrrlntlon of crLl nnbn¡¡r dhrr to
tnhlbttlen of lctlvc tr.ßr¡)ort ol lonr. llbil eoeerpt 1r

ru¡¡nrt.d þü tbr obrcrvrtlon tbrt l.rus pot$rtu¡ tr
rlgntttersÈly rt3vlt¡d rnd grs¡r roålm dr¡rm¡¡ð rfl.l
tsln rû¡tal,rtrltLon (f,¡lttngl tå$., 1t6?l . Ilrl (1968r)

rl.o rqnrtr tbrt Pbv:¡llr üorrln tnblbttr À|fl-¡p {¡ tbr
gtlt rpltbrll,rn o! får trnd e¡rb' lfÌrtr a¡nrtrmt l¡tûr
furth¡r ru¡¡nrt to thr c66crgÊ tbrt thr to*ln lnÈrrt*lr
rl,th rachanlaü of retlvr tnnqlort.

to:lR. BntLl rrcstly no drtrl'l¡d rtuty
of tlrr rodr o! rctlon of gþåg¡gg, toxln brt bræ ¡nrblflrrd.
ld.ür.r (tn |tot¡t}csÈù rnd ßl.ng¡ton' 19391 not ü ttr¡t
tnlrctlon of tmtrcl. crtpctr lnto rlor rnd æln¡ plgl
proûrccd rlrrtrrt*t ¡1,n11¡r te tåarr ln bura rtlngln{rr.
trr rlro rqrort.d thrt tberl ottnetl Y.rl b.tr!1rt.is rni
thrt to!ßtctty ürr. dl.tropi by Þoltlng.

f,gtllrll.rr rlncr 19C8. rtutl,lr O! gh*Igng Èeüln bÑl
ducrl,Þrd rrvrnl r¡Inct¡ of ravaüenrtlon. 'lt[I]rd' tor|,n.
.rÈr.€tr lrm rrrhrd ncrËoc¡rrtr rnl t¡ntrclr rrtnctl blïe
rll brrn u¡d ln th¡¡ lnçutLgrtLon¡ l3d üo llplflernt
ðltfrrarcu Ln pro¡nrtt.r hlv. brru rqþrt.å. ffhe olLnl,srl
plctur of duttr lrn $ä{rqFü¡, rtt¡glagr Gorrrlrt¡¡ ñ11
rttl¡ ftndlngt tn rx¡nrlnmtrl ¡nlnrlr rtÈrr inür¡vl¡ten¡r
LnJ¡cttæ of to¡tln ê¡ßtrùctl {trcærn rnð 'ltt¡rn6r 196911

erdrr¡r gþ.-!¡., 19691 , |[hö crult of drÍ¡b h¡l brn fsunô to
br ruplrrtory lrr.lt of cmt¡L orlgÉ,nr groalrtd ï|tb
grktd rLgnr o! crrdtotori€lty (lr¡nrn rnd ?n¡nlrr 1969rr

19?Or¡ turarr rnð tlr¡mrn, l,Ð6Ðl . I)ro¡nrtlü of thr
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bgolfrin hrvr b.ü lnvmÈlçt.å ry Ira rn{ €ronr (f|ftr}
rnð &rd¡rn rnd Imd.aüÐ {1tÚÐ} ütü tbr &¡r¡toararotl'c
prc¡nrtlo øf tutrelr rrtnotr ur Ëæorlbrd bü' Ir.û rnt
cronr (tltfbl . It br. b.ü rbora th¡t chlr.o¡f touta 1r

rntl¡mic rat tr5¡; r.lpÉaf.r hrv¡ ba6 lnvutlgntd Èt
lrrt¡r rnü lrrr {196t} r llrBlr, IlaÍ rEô Ln (ftÚOl ' Iltû
raü Croar (1t6iÞ, r Im (lt?Ol rnt &ðrrn ILJIL. l1t6Ðl .

fto bthrl r¡cl¡æotr brvr b.ü lqnnt A frn
chlFeqs tô¡ßrn lrqnrrtlonr !ry t Dbrdu cbrcrtogrqtby
(C¡¡oar rnd t(¡æ, 1969, l9?CI1 . !!l¡. tætrøþ 33tar$t raû
tht .nllked' tüla aont¡lnrd tbr nnr rst|vr co¡nantr
dn rppro*trnrtrly t¡br rrg Dsoportlon" lotb €ilü¡eüratr
(nolcErrlu rrlgütr ?O'OOO rnd lS0rOOOl Pollür cudlotsle
¡¡¡o¡nrtLr¡r lronrrr ontry tår lorrr Fl trrntlm 1r brml¡tlo.
lbr ¡ùrnrcologlcal ¡ue¡nrttu ol thr tp fnoÈl'onr hrvr
b.¡¡ tu¡rttgrttd (t¡¡g¡ t¡d fu¡lrrr 1970¡) . llrny of
tb¡¡¡ úlndtngr r5¡ ðlrcuürô ln d.t¡lt ln tbr |ßBttl
mctf.æ of t'br tbrrfl.
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lqf I PS-!,Ot?l.-llèqÜ-¡.g-t-.q.f ,gOI, IJ

1,.T, F.,ß q D g F ?,J .Lt

ocl¡nçf rfssloürr teylr (Fr?r¡psb1:.Sr ?rmLopÇl '
tbr 'blur rl¡Ert ootø¡xilr r ll tmnê ln rhrltrnd cout¡l
nürrr of ortrrn rnt routbrra tnttnllr, ilr¡nnr r¡û rcr
Itr.rr of tte bôlrn Os.rn (Clrl'uC raü tætMtr 1t6¡1 .

tàr r¡ælrr Lr ¡¡rtrL rrr|rm rprü6 of tbr r¡rr rrrlly
ms¡¡Cfu¡S 2O - 2!ðf rnd c¡¡ þr rrøo¡nl¡¡ü hl tbr brs¡¡
r¡¡ð yrllor br¡rûrr ;u¡nrlrylor.ô ïttb blu. clral¡r nhlah
6qç.s ltr boify rEð rnr. l¡! thr rnlrrl tr álrturbrd or
uË|.o, tþr brnâr d¡rl¡o rEd ttr rl¡¡¡ bæ6¡¡ r rtrllln¡l
trld¡rsut bltrr. O. !çülqlpa¡r bu Þ..s rqnarlbh for
tlrrm bura lrtrlttl6 rnû r nnbrt of cr..r Öt tqnrrry
¡rgl¡nlrl t¡Dtorll1rr tbe vtaÈlrr trç¡ b..t bLtta rblla
brnûIj,¡f r¡rrotgu rtrr¡drd f¡ tlâ¡t roc[ ¡tooh.

rlbt ecto¡gr ¡rlugr to tùr ¡tl¡lln þLlulcrr r û|Yl3l.
g3oqD eqlrfuln¡ rt¡xslr¡t{y OO,€OO }nm r¡nclrr of
ntlcb Ot hrrr d,tbtr þm tryltrl,ert.å tl¡ hr¡¡ ¡ntroatËgr or
¡n [ãorl¡ to ¡ornrl r to*18. tltr oh¡rllle¡tton rrtÈhln
tñ. Iüïlu 1r rbü ln lrblr 2r ü.trtl| of rnrtc¡r rnt

lrblr 3. ?rmnnfo r¡l.r¡rttLr¡rtlot tfl,th tbr ¡ihylun llollurcr.
lg&u¡El

I
l-r-

Iteßlrron crtmtrÐ cpll}Iûtrnt reuæDqlf, r¡nlÜ¡nnl

dmte¡rct rar á¡crtb¡l b!¡ lorrrÉrÍl.r n¡Èbu, toùtl rad

lrunüær (1t6tl , tbt rrtürltlt oÍ tb. {rn¡erotr l¡nolil rrr
cmt{urd to thrrr ûlurur OutroDoür lrlrqpotr urd
cütrl€Dodrr ü¡t brúorr åtrarud^ng tùr .ttaÊtl ot
O. |rcnlgrlrr tfftn ln det¡il ùt lr r¡¡no¡rirtr to dlræ¡
brtrft¡t rorr otrbc tql,o nllurol. !!ül.r rsoeunÈ lr latrndrd
oltly lt r rgrr{f rnü rËr. d.t¡|!.ú åfiau¡;lmr rr¡l br fount
ln nnü¡ll {1t6tl r ürlrt¡rd (1t6tl I clrlrnd raü touthcott
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(1965) and Sarlw (19691 and ln rpeclf,lc r¡f,cgr¡co¡ lLrtod
throughouù tt¡e lectLon'

Ç14¡r r Ë$Irqqpdr (¡rr¡rf.Ubnnshl,?þrl . Tht l el¡¡¡ conrlrtr
of nollurct ïltb bllrtlnlly rynrtrlerl boûl¡r tbrt ur
lrtcrlly cc¡)r.l..d rnd rnelonû bl¡ rbrll'r rbleb ârvclop
at tro vrlvr¡. Lrnrlllbnnehl lr. ftltcr trrdrn ntth r
btghXy drvrrlopril Etfl ryrÈ¡r ln rlrleh røre of etll¡ €r.ltr
a¡ttr r¡urnntt to €¡t¡1f tood ¡nrttclrr tûürrdt tbr ¡mth.
tlhr Lngr¡tlon s! tgotlc rloroorgr¡rlnr by thlr mtbod Ef
frrdlng lr nr¡onrtbh fer tlrr to*Lnlr eollættvrly
dr¡crl.brd r. ¡[rrllt'tc rb¡llflrh goLronlr rl¡lab rrr
rttrLh¡trd to r3e.nl r¡nct¡¡' Ovtr trürty r¡rci¡¡ htve
b¡ry¡ Lnglicrtcd ln ¡nratfrÈls rhrllflrh ¡¡otr*LnEr (Bumrllr
f965) lncludÍ.ng thr ËulllL fVtffqe crltfP,gnl.rnuÇ, rnd
t"br Àluhrn butt r eltn. Ê!ti[&l sL.S¡ntrurr frn rhle]t
¡xttoxln lr .¡Gtrlet.d. lbtr Èortn rnd lÈr orlgln vlll b.
dmcrlbcd htcr, ãl¡o r¡tbod of ¡ceunul¡tloû¡ and

concutr¡tLæ of tbur Èulnr Ll unknora.
lrro oÈbcr t¡rynr of polronln¡ rttrlþutrâ to

I¡rnrllibnnchr rr:r dr¡crlbrd by lu¡¡cll ( f965) ' lFhlll lrl
rrfrrrtd to ¡r fal gn¡trolnËntl'nrl rhrllftrh ¡nl'roalng.
eauæd by l,ngtrtl,sn gf r noll,urc ct¡ntrl,nlng brctrrl'rl
D,rthog.nr (ær rlto Clrla¡rü lad ScnrtåEoÈt. 1965¡ reð {b}
ellcrgl,c rhtllf,trh ¡nLroal,nEp ehrnst¡rl,¡rd bï an rllgglc
rcr¡xlnr. up to rrnrrrl hq¡rr rttrr inguËlon. Eylgüül lry
naf. frm r|rln ruh¡r rnd hcdrabrr to rrr¡lLratory¡ dlltrtllr
vmttLng tnd, ln n¡r sllelr ðcth. tlr nrturc o! tbr
¡¡nrltL¡lng protrl,n 1r unlmtrn.

lhr glrnt clrn, I¡r{C|[{Êr Tl.qtl, hu rlro þ.(xr
rc¡nrtrd to br r hr¡nful r¡nctgr lüfpotlûly droral,ng ünülqf
dLvrrr þr rrpl'dly ctrori'ng ltr vrlvrr oû I lrrnå or foot.
Ëonv.s, thrr lr ao nrl wldæer Èbrt lueh rn lnctdmÈ
ha¡ occurrcd (Cl¡lrad rnd loutbcott, 1963) .
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ctt|r.¡ GalsFooodr. þllure¡ ln tl¡ll grouP pot.orl r hlrð
bc¡rlng tcntrcl,g rnü r¡yo.. !h6 rbcll 1l rceretcd ln a
rLnglr plccc and t¡ ururlly eollcd. €r|trO¡ndr nry bc

crnnlvoror¡t or nay fæ'd on tt'gto.
Íh¡ ætt iitr¡¡g.rour Eroup an thc ctnnlvoror¡r Conidrr

or tco!il¡ ¡hcllr' r*ãlch hrvc dcvelo¡nd I vcnil r¡¡rarrtur
üs frellLtrto ctpturo o! thrlr llr.y. lltrry rrq tound ln

tropLerl rnd nrb-tropterl ..rt rad ¡rl oftæ Grnroa

bh¡bltrntr of corrl n¡fr. fÍl¡l Colrtdrl rr. r'tþrtrd to
b. r.ttþnrlblr'tor rþvra d6tbr rnd rrny aoa-l¡tbrl
rtinglngr l,n hr¡nar (Iohn, 19631 RlEl rnd frlrtlrd. 1968, '
tpæ|rr vtrtcb rr. Þot.atlrlty drngnrour Ès bun¡¡r laaludr
C. Erocrrrrþ$Q, 9:.-¡!E!3JE9!., $s-!gll¡È, C. cltu¡r ltrd

€. oþrcurur (Itrtrt¡rd, 1Ð5t¡ fohnr lrrrné¡rl r¡rd lllrnlrr 196O1

fhy'ür rnä tnd6n, 19621 &d¡rn rnt hrdkinr lt63l tu¡rll,
19651 hd.tn, I¡rtt rnd xoGolrr 196?l . trrlrÈ.rå (19591 rnd

¡lobn !L-¡f. (f96O! r1¡o rl¡nrt €. t¡rûjllr l. I drngrrour

t¡¡¡cl.t ¡¡rt ¡¡llrt¡ ¡nd lnd.rn (196t1 ulrt un¡bl. to pro&rcr

tute ¡flrcËr by lntrr¡rrrf.Èoglal lnJrctLon of v¡n6¡ åuct

.rÈsræt tnto rlcr ot ilÈt¡ Indrrn !S-!t. (1t6?l ruflg..t
tbrt oüty Ëlrr pLrclvorol¡ Gætrdm en ar¡nblr of groánclng

lrrl,our tnlnry ln r¡n rltbolgb lt v¡nltgoüt r¡ncl¡
(9. sr¡¡.reþur rnå e., Ilytünrl lry cr11¡ loerl SLlrur d¡rgr
rÈ thr rltr of blratl.m.

ltrl vroil ¡¡¡¡)rntul csnlLltr of r rureuhr Yrbc bulbt

I longr aoLlrd vü¡Ð dset rnô r chlülnoul rrdulr tooth. !!¡¡
bülÞ rstt ll r ltorrgn rnd 9ro¡rrlrlvr otgnn lor tbr vone
ntlcb lr grotnood ry tbr crll¡ of tbr ðt¡et. von ll
trrntrl,Ètrd to ülrr prry þr tÞr nôr¡lr tootb. llrr enrôr
yraor lr vt rcour rnû grrnulrr rsd contrlnr ¡xotllnr tlpld
and ¡nlyt¡eel¡rridr {n¿rl¡r tF ¡1.,1t6?} . Chrcltogn¡iütlc
rËudlu h¡vr r!¡o rhoun thr ¡rll3tc. ol th. gtnùrrnery
rnonlur eapounâr f-rothyl¡ryrtdlnlr¡1, horrrtno rnê gnr-
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butyrobctrl,Bc (¡þhn, 19631 rndiln *-.1L. , 19671 . Àl no

1o¡ of v¡non ¡ctlvity Ll n¡nrtrd rfùrr dlrl,ylilr lt'
¡l¡rt bc urunrd th¡t ttrr quat.rnrqf rænlr¡l cq¡nnndr rr.
tltbrr contrLn¡d rrtttrtn the vrnc grrnuh. or bouttd Èo ¡cnc

nar-dlrlytrbl,r Y.nü cæ¡nnmÈ. Ëorttng of th¡ Yrlnoß ¡ltlrl,
In¡t dor. noÈ rrovlr tå¡ toxlciËY.

Àlthouglr tho vrno¡r of thr rrny r¡nelil of conldro

nry ð1Í f,tx o Lg lr lthrly Èlr¡ü tåo¡r ðrnggour Èo r¡¡¡ l¡rvl
I cogon nOdo of retlon. InJretlonr of VCnoû .xtrlcÈr
frs C. r.ËFir.tur or çr--g¡g¡[!i&g!, lnto ¡lEr proðucr ¡furllrr
rffratrl Èhr nlc¡ brcc¡ ¡t¡¡¡le' vlth r.rPl'rltory
ðtftteulËf¡ rnd sonrn¡lrlon¡ pncrðlng ruplntory ÊrLlun
rbd ðarth. Dotl¡ to*lna ¡roducr r riv.ralblr dlEllnr of thl
nurch r.tDonl. to dlnet rnd lnêlrcct rtl¡ulrtl'on Ln thc
lrolrt¡d phrolc ntrye-ðtr¡ihrrgn pr.¡)rrrtlon. th block I'r
not rclLrv¡d by rlcrine (0.2 Fg/r.Ll butr tn tho ctlc of
C, rtrlqtu.r Èoxin, lt rry br ruruow¡trd by lncnulng thc
LnÈcnrlty of botb dl,pct rnd tnð{r.st rtl¡ulrtlæ (rû¡yE.

¡¡¡ð Endcan, 19621 End¡rn 9S-!å', 19671 . Iü 1r ðlftlcult
to explaLn hou ¡¡r lncrcate {n the str¡ngttt of n.rvo
It{nulrtlon could brcrk through tt¡r block unhr¡ thl¡
rff,actlvcly groduccd r dlr.ct ¡u¡clr lÈL¡r¡lrtton b¡r

conðuEtt on of thc curcnt ¡tt¡tlo along tt¡r oxt¡rLor of, thr
ll6tVO.

lfbr toxlc n¡nlf.¡t¡t|on. rugrgort thrt thr nrLn rctlon
of tbc v6nil ir an lntorf,araacG wlth thc procl..¡t !¡rðlng
to contnctlon of ¡kolotll nr¡tcl.. tt¡|,¡ lry br rehlcvrü by

dLroet firnlyrlt of thr nurcle (gndarn !g-g}.. 1967) ,

Beurorurculrr Þloekrda (Xobn 3g-$., 1960) or lntcrfcrlnct
ytttr ¡nr!¡ùcrtl ncr1o eonductlon (nu¡cll, 1965) . fhc
rtaxLr and nrpL¡tory ¡¡¡nlyt{¡ obt.rvod ln ml,ee ¡f,ter
inJtctLon of 9ggl, toxln cor¡ld bc ocplaln¡d by rueb ea

lctlon, yhltt th¡ convul¡lonl Ery rotult fro6 thc cenÈrel
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rnesLl nblcb ror¡ld follry nrplntoqy PrnL¡nLr.
fob$ (1t6tl I horry.rr 6ou not ltelr¡dr tb. Dolltblltty of
r ûlncÈ rltret 6 Ëba s¡rtr¡l aarvot¡l lyltl.

¡t, tt lntrrerttng to notr ül¡r rLrllrrlty brtnen t'h¡
n.trr. or ru.alr bloch Proôrerd bt, ggßSf. tcLa rnð thrt
d¡rcrlbeú bfr nrrlrl,t rnd rrdr (IÐt?l lor th¡ ¡¡¡Ítrr llrh
tr¡rtnr È¡trodoto¡¡|,a. à¡rpltorÈr,oB o! t trodotorln to rn
t rolrtd nt ¡lhrrnle nrrrr-dlr¡Èn¡n tr.DrrrÈ1on proùrcrd
r ðr¡m¡¡tlor¡ of tbr mrcr¡lrr r.l¡onæ to botb dlnet rnd

[nêlrtet ttl,¡ulrtlon nhfah n¡ nmf!¡ctrd by rtarlnl.
lffi¡r.r. cv.n efÈrr cn¡rlrtr ¡rnlyllr' dlnct rtlnrlrtlon
at grntrr lntrnrl't¡r rortlr.r ¡lroðnerd r Getrratl'on' tlbr
v.t¡il o! Èb. Conld¡ nry þ. nlrt¡ô to trtrodoto¡i'n but
rodtfl.d by th. prlr.nc. of ratlvr ¡xotrln or gurÈ.rnrqy '

rmltn cqPoundr.
teyr¡l otb6 g¡¡tto¡lodr rg hnora to b. v.norout or

¡ntronour (nu¡¡rll' 19691 . lthlll lacludr l.ÇPt!¡p.r ìËthpttlcr
(À¡rno rnd ltoh, 19601 rnü &gbgpll ¡pgÅSl {ttn¡p, 1960}.

tlrrt¡rr|nr lr r.¡Prt ü to b. tbr glor sç¡ro6.at ol Èh.

¡llvrr¡r Dol,rog. of Þotb r¡rrel,6. lnoÈblr gurtlrnlr1l
rrclrlrn cqnund, uroclnyloþl,tnr (h¡nltl.arl tr found ln
trv,.nl gertrogodr (tn¡n¡¡r raü Olftrlrr 19ã71 ïl¡ltÈ¡hrr,
f9óCI1 . htr.rl,nr Lr r tr¡rgllm rËlrt¡t1¡t rsd r lqroluttlng
neurülltÉ'trllr blochLng rgrcrt rbout mr-ftfÈlt u ttoùaat u
rucr¡ls!¡k¡hollnr'
Ctupl -CrliÈr¡lo¡odr, tlhl¡ cltrr lncludu thr Octopoô¡ rnd

Èlrr Daer¡ndr (rgutdl . bt lrtcrelty eymrtrl,crl uollutcl
rlrLr¡h po..Ctt a rrll-drvrlo¡nd hod ¡urrcn¡¡rdld Þry nobl'lo
rnd prrhrnrdlc trntrcl¡1. fhr nrrvouf ltr'tr tr gretly
crnÈ¡ll,¡cd rnd thr cycr rp lerg. r¡¡d cn¡rhx.

[r¡nr¡¡ tnJurl.¡ rry þ¡ ctul¡d by pcbrnlcll €ontrct
rlth thr rrn¡ of r lggl r¡nelg or by r bit¡ lrn tl¡r
bolr-llhr Jrrr rr¡d ad¡i,nÍrtnÈloa ol r rrllvrry vs€l¡
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tcrrogl lncl,ôrntr lntplvl,ng OctOpu¡ bltcr ln lnnrr¡l lr'
dcrcrLbtd by Flccklr ¡¡rd €otton (ftf$l I Istlshml (lttt,
xt64l , tophlnr (1tt4l rnd clrlrnt rn6 gr¡r¡tlrrrutt (ltôtl .

t!'hc vrnn tr ¡xeûuslü rnâ !.srrG.d br th. lrr$l
¡nrtrrlor r¡llvuy glrnúr rltrntcd tn tl¡r doprl nglon ol
tbr bo{, tlngl¡ ûuctr fror ¡eh glud ccbinl üo fog
I eüon ûuot, nbt eh oPlnl lnto übr blêGll ervtty rt th'
br¡. of thl aldulr. tgtlva cil¡xn¡nôr rrtlob brvr þ'atl

ldrntlf,trd Ln tür ¡nrtrrLor ¡tlvrry glrnðr of Èhe

oct€nod¡ Ln¡¡ludr ¡¡l,6¡rr D.r)tldü rnd proÈd"erorær
¡rtrri.rlt. fû tnütaÈtO,a o! tha nn$r of eoqnundr tr
gtvu tn lrblr 3. ¡lÉtrl¡¡ (rsrebrttnl lr rn
rndrcr¡ngtldr vltb tbl uino t¡tl'Ë llqu'ao'

r
Ë-Dyt-Pro-tar-lyl *å¡f Fh r- Ilr-oly-Lu-lLÈ-ta¡'

Iü l| r ¡ nrftrt bnþt âllvl rgrnt rad rrbtþltl rtræg
rtl¡nlrnt roÈlona oa .Iùrrrrrqtt¡r nooËh rstelt.
Cq¡hrloto*ta nß¡tuc.r ¡lgl¡nl.r, egdl¡r¡ gaÜlt r¡¡â

l¡hll¡.lttsa of prptgÈlsn ln rcr cE*urtrr'.lslo 3çrrlrmtr
b¡r rÊtrttÈl (19öOl hrvr rþ116 thrt orpbrlotôIln tl h¡rt,
lr,btlr rtrd türatlvrtlt Ð tsfflln, rað prr$rfgrf rtsdlrr
lntisrtt tþrt lt rrt b¡ r ¡l1¡eoProÈda. 9. qrtPqlgrul t'fita
(rronlotclnl rftrcËl âa¡lt{r rn{ mrolr rctlvltt¡ LÊ tb.
lrolrttt n.¡'l{ürclr ¡rr¡nntlæ (;|¡sü. Gúraerelrr
t¡tchrll, 6rY raâ ldrnrù' lgl'fr lrrthrrl.rr lgÍtr tn¡rn
rnd llurnrrr r9?obl , 1Ë tbe tatrst lalrrl tlt torL¡ t)tâüsß..
gÐû.rrlL¡rd rhrl.trr rurch ¡lnlyrLrr äY?oË'ürlÑ tnü' tu
ruttlcl,mtty lßgn ðlilr düth dsr to rc¡¡É3¡tary lr¡¡ltnll.
ltr rlt¡ctr of, rr¡utðtæin rr. ül.Gulr¡d ln frÐtl f,n tù.
l¡rlrlltr rtcüloa ol thr tbtlü.

ttþr rrynrl¡rntr of lrt¡rn rså ttrnrr (r97Qb' hrvr
rh*a tbrt r:slotsin Dolrcl¡¡ r.mr61 ¡xo¡nrtlÕr |¡
Güra ;tth botå tbr ¡nrffrr ll¡h ¡nlrær t Ëredoteüln' rnd
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ühr clu ¡nl,ronr nxltqtn. 'lfh. rhtlultl¡r rnô dttf.r.nc.t
¡rr b¡¡t ûtlerlbrd by nnnrl¡lng thr rctLmr of, thl tbr..
tæl,nl.

rID tNfrrox¡fæ

Irtrodotsln (!!'¡t! lr found ln thr o('rrla, Il'vtrr
rkl¡¡ rn6 l.ntutlau o! rcvtnl rp'lci,¡r of lrÈrodont rnô

othrr flrbü. ttrlltß tr rn ¡¡l.no ¡rrhyilroqulnuollnr
åülvrttvr vttl¡ tbr r¡rlrLcrl forrr¡lr cuEt?oar3. tlbr

Itruetunl forn¡lr u glvr¡ by €oþ !gg'(f96t) l¡ ¡bsrn
tn tl,¡nrl !. thr bl,rtery of trtrodotcln rrrg.. lnto
folhlor¡ rnd lt 1r rrlrrrrô Èo ta Gtrtncrl rndlctn. ll urly
r¡ tOO t.C. ¡lllû todlry r cmrLðrnbl¡ aubrr ol frtrllÈl'r¡
nrult frc t*¡r lng¡rtlon ol ¡n|longnu r¡lrcþrr tn ,ilr¡nn

for lnrtrne¡r r¡prcl'rrtlly lOO ä¡rtÞr occur lreb ltìrrr
(tulrlt, 1t6?1 . tlf,tß l,l rlro lor¡¡ô tn th¡ .ggf rsð rhLn o!
th. Crltforn|e nlrtr lrrlabF tqppm. Íl¡r nrrt Èoxlnr tlnt
r.¡prt.d by lfidtty r¡û tlllott tn 1934 ¡nô nrmd
trrleàrtülsr hü rlnsr bcü !rund to b. lðctlcrl to !'l!lf.
ÍrÈhod¡ of ¡rr¡nrrtlon rf. d.rcrtbrd by lokoo (19tO, ,

€oto !g,Jt. (rt6tl rnd ooto, t(trhlc lfrkrl¡:rht r¡16 xltrtr
(1965).

N¡rlÈoorin (ffit lr obtrtnrd lrc l.rterll r9lcl'm of
nollure lncludlng tbo ttulrrn þtrttrr alr¡r, !!t[gg!Ê!,
gt¡¡Al¡gl rnû thr rullrl, tF¡Èlfui qlltfprn.{rnqr, but thr
rollu¡e Lt not tbr prlrrry tortn tortGllr Nüuål'ü by tmrr
rnd lrlnr (19t?) tnd tm¡r, lh¡&n, lþfotô rnð Stoblrr
(f|t?l rugg.rÈrd th¡t tbl tml,n üL trü¡rtrrp{ te tl¡o
¡hrllitrh fro¡ nleroorgnnlnr tn tb. l¡l ÍltlÍr rad tb¡r
ü¡ü ruHlrgurnt LnvutlgntLonr ruggqtrd tbr dlnoflrgrllrtr'
egnÎ¡Lu¡l¡ß çrÈrqptrlrr rr tlrr llk¡ly tÐrtn lcrsrcr tor
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Ë@ ttr pro&stfm of r tüln' lndlrtln¡nl'rb-
rblc trç urltoxlnr lrn rnnl'o sultunr ot
b¡t sonfl¡r.ð ttrtl ruqHnrtloa (Eurhrr llrrubfiotÈOr
þ¡¡r¡gblln ¡nü lrolrrolLr 19601 . fh. frt"arry togrc' of tl¡r
clrn tcl,n hu rttll tÐ b. tüütlflrâ. 3r¡ßtt'orts lr r
bgle cc¡nunô, tjbl n¡rlrt crl tonutr of th¡ ülh$rroçhlorldr
ralt rr crnnr?t?o{.2Ëcl. Ihr rtruct¡nl lormlr b¡r no't

b.ü am¡¡lrtrly utlbll¡b:Ë. Erohntqfü of .IÈ¡¡6tlon r¡¡û
¡nrrlflcrtion of SfN rr¡ dclcrl'brd by teùrntl rF |}. (I9S?!

rnú tcibrntr (tÐ60,.
t|rculotqLn (n'It lr ärrlv¡û frar staroÈr o! thr

¡nrtrrtor nltvrr¡r glrndr of O. r¡onlgful. tro otb.¡ r¡rclrrr
of ar¡¡hrlonol tnr bo*r n¡nrtrd to ¡n¡lr.rt r rtrl'lrr üorln
(tlroa Çt ,11,. 19641 . li drtrtLt r¡br,lcrt rnrlyrlr bu nst
b.ü rrd¡r þüt, tnttlrt rtuðlü lndtert¡ tb¡t rronloùo*ln
bu r nol.rc¡Iu urtgùt ef thr ll¡l r¡râl! ¡r f[X rnð t'lEl ¡nd

brhr,vrr tlrfl¡3ty g¡¡ lrtlon *cibrngr chrCrtO¡nr¡iby oß

årblrltt¡ Ilß-ÍO (¡¡oto ti.ll., 1965¡ ¡lc¡l¡rntr !L-ü., 19t?r

la..Ir¡ uû luralrr un¡l@llrlr'dl' llolo¡rtorl 9ro¡nrtler
of tbr tl¡rm to¡rl,¡rr ut rlro nry ¡lrl1rr.

It 1,. f¡rcl¡rttng tlrrt rrlrtld t814. lr. ¡tasot ln
srg¡nl,rnr .¡ vr.tlÍ ûtffrr6t ¡¡ ¡roteroul ¡gllurarr
flrh¡ rad q¡hlbtral raå ¡Ym ro¡l lutrt¡uln¡ thrt
ntrtlvrlf ftr ¡¡b¡g of ¡ny gt€Nrp Doltül thr to*ln.
rhrt ccbtnrtloar of rvolutlotrÐ'l :yathrlc¡ nrulùrâ tn
tbtr rtnngr dlrt'rtbutlon rnt rrhrt, ¡nrriblr rolr tlhr torln
plrt¡r ta tb. tt tr of tt¡ dl¡othErllrtr r8. Ills?l*tag
quratlüt *lrlcbr fo¡Èun¡trly' rsr lmlrvlEt Èo tbtr ItÛrr?Qfr

tultorl¡¡ trtroüotsln rad r¡eulotsln rr. rmr¡g Èhr

ært potnÈ r¡L¡rl to,xlu. ltùrf¡ lra a6r. tb¡¡ lOOrgOO

tt¡¡r g ¡ntmt ü eocllnr ln btectltrf, r¡o*rl coa&oÈlsrr
¡üË r üorrt o! 16¡ thrn l00ng t¡ ruffLelret t'o Llll I ;ogli¡
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gBly q'BPtilrtLe tnrt¡rat 1l rrnllrþlr lor burrn vlctl¡r,
rnd rortrllty l¡ blfh. r¡rpro*lgtrly 60 ¡nr c¡nù lor
t.trodototln ¡nþonlngl (lurlrll, lt67) . IneLðrntl
t¡yplvlng burrn ¡nfronlagr rt. ôuertbrd b!'/ tner rEd

Xryrr (fgf?) r trlltrnd (1964! rnå Cl¡lrnû rnd Íoutbcott
(f9651 . ln salllraÈ rw[6 of th. gürrtrl Pro3.stl'¡¡ s!
trtrodoto¡rln r¡rû m¡tÈorln hr¡ bren coqrllld by fro (19661 '
fþr¡m toFL$ltv. llb. tclnr r11 ¡froùel rlrl,lrr rltr6ü. s¡
lnÈg¡rrttoû¡arl ot f,ntr¡ürßoua I'nJlcttoa. lüet b.Gil.
rglÈrtrd rnd rtgtcr rnû thr tfiþrl tPlrf oqt rnd b.cil.
grlflyrrô. enrrtl nrrculrr rrrhr¡lr rnð lrbour¡â
rarpl¿tl,onl rra fotlorrd by eonruLrlonl rnd prpigtor¡l
ur.tt. !!¡¡ bcrt lnqurnÈly <¡ootlnulr to bcrü for lo¡r
tln rttrr ruPLntl,onr G.¡1..

ltrt üor.-.lort¡llty curvr 1¡ lrt;¡¡ly rtrr9, rrlrln¡l
crlc¡lrttæ sf * DgO êLfÍleult. lltrlv.r, Ll rtrndrrtlrrá
Èrchalqur¡ lr. u¡rd tsab drËr rry b. urrlul ln tbr
lûrnttllertlon of tb¡r¡ t*lnl (Iror 19661 . Crr¡ibr

¡xr¡nrcð tro¡ do¡r r.ræl tf.¡l to dutb drt¡ lor ¡¡xl'tgoßta

ttott..t r tlgnlfler¡tly dtft¡r¡nt rto¡¡r tror Èbo6 9rr¡nrr6
f,sr ÈrtrodÉtüln or llcr¡loto¡stn (ßoao¡u, Iaou¡, Iogucht rnt
trrrhl¡nto, 19681 trcrn rnd tltrurrr l9?0bl .

ttfrctr oa Sþ¡ in?crÈÞrtl¡rfl,rptl¡I. ,|!'lHf,¡ ffif, rnd

tfif rll proûrcr r hIEþt ûllvl nr¡nnr. ut)on rùr{nl'¡tntl,on
to tb¡ rarerthrtt¡ed rnLnl. trn r¡cb cll. thr frll trn

btood Þr.ttur. rll¡nlrl to nrult rrlnly fra grn¡rrll'rd
rnreðllrtrtl,on u llttlr or no chrngr ln ¡nrlrl pr.lruro

tr obærwrd .vrm rttrc dotlr lñlelr nducl ¡tt.rlrl ¡xülurr
by $O ¡nr cot. Strttrrlyr hr¡rt rrt. ¡¡t r¡nrlfreÈrd by

ÍIX or tfix (Nro, 1967, rlthargh eorynnbll do¡u of
n¡fi¡lotsLn r.Au€.d tlrr b6rt ¡t¡ by lt - ¡O ¡nr crnÈ

{îrc¡n ¡nû lurnrrr 19?0bl . tålnlrÈntlør of
ert.ebolrnl,nrr ruÈorrd tbr blood pnrlure to control
lrvrlr 1n rll €lrll.
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tft¡r rgct c¡ur¡ ol Èbc htt otarNrlon 1r aot elalr.
Inttlrlly, thi¡ rrr rËtrlbutrd to dr¡xl¡lon Ef t¡hr

raðutrlrtî yrroüotor Ctntrlr but arorr-¡nrttrrton rx¡llrl"r¡¡¡tr
bf f,ror 8un¡hlr tr(l¡lnhrur rnd 8l,rgl¡n (f9671 , ln úlah thr
h¡å of ra rn¡¡rthrtl¡rá &g or crt cor¡ld b. Drrfr¡¡¡d
t.Dtfrtrly trc¡ thr Þofirr rhfiiô thrt n.lth.r trtrodoùorLn
nsr atrlto¡ln ¡roduerd I lr¡¡ntmrLvr gr¡nar. 1! ¡llrf,ulrd
la th. h.rd llon.. EgntrnrLon 1r ¡¡robrbly ¡rodu€.d by

bloak o! ¡prlfh.rll v¡¡gtftÈor nor1r.¡ rn/or tÌ¡¡ rplnrl
\'lrflotor rrall.

tll thrc¡ toxln¡ dlcroe¡t r¡rpintory uplftudo ud
¡'ltt. l¡tr ehrngg lr. tlplcrlly lgr tþrn 2O ¡nr crnt
rnd ¡¡llltuðr ehangct arc ðr¡nrdrnü on Ëhr dorr of Èsl'n
rùl¡lrÈarcd. RreordltrEr o! ¡ihnnlc n.r¡er rnd
üfiÍhnEnrtlo retlvlty rbor tbrt tbr phrrnle ne¡¡l
contlnwrl to condr¡ct In¡nt¡ of tr¡n¡lt.t rfùor dle¡ibrrg[¡Ètc
acÈlvlty h¡ c¡ancd (Chqgrg, trlng rná Tragr 19681 tgcrn
rnd Îr¡rnlrr 19?Ob, . Sr¡¡ltqln d{ffrrr træ tl¡¡ otl¡lr üro

to*lar tn thrt :nrlt dolu lry Prod¡re¡ rcrglntory
dr¡xrulon rnd grnrnl rhrlrtrl :ureh grorlür.¡¡ rtÈhout

¡rod¡ctng b¡¡nttnlLon. Dor.l of el,tbrr ,IlfX or fÏE rbtch
proôner dnl¡rl r¡plntorl âr¡flrrlon ¡l¡o ctutt r !r11
tn blood pr.tlur.. fblrl ðl'ffrrmc.l nry r¡fheÈ r
gntrr trlcctLvl,ty of rGtlot¡ on lÐltLs rctor nrrnnr by

nxiÈoxin.
Itfrctq on thp c¡nÈr¡l nrrwlu ¡v.lÈrq. 'l!bl croll-P.rfurlon
c¡rrtrrntr of f,ro rt rl. (196?l rhorrð tbrt tlrr lrJor
rtlrotr of Ëttrodotctn rtrô ar¡lÈorln on thr crrdlovrrcul¡r
rnd rerplgtory tytt:¡ rrl ¡lrl¡ilrrgl. lo¡çvü¡ tt lr
!{krly tbrt cg¡¡tqtusü uht€h txt.r.rl rucb ¡ntrnt n.rv.
blocktng rctlvltt¡ rsulâ l¡rvr lolt as¡tnl rffrctr l,f thql'
rn rbtr to cro¡l tùr blood-bnln brrLrr. tlbl erntnlly-
rrðLrtrð rltle rnd h¡¡ntbrnfc Aro¡nrtlrl of llEX
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duonrtntr tbrt, rt lnrt lor. lr.ll of thr br¡ln rn
reeutlblr. lrrLtoxtn dou not rct It ln ¡¡tlc or I
l¡ltptlrrgtc rg.nt (Iro, 196t, rnû lt Lr nst hnor¡r 1!
¡rculoùtrln ¡nrlrtt.l tblr¡ ¡tro![rtl,ll, ¡ltbouû rqnrtr
tbrt vlctl¡r brvr Yul,t d rltrr þltu by O. rFs¡lqrur
¡ugtg.rt r Dorltblr stlc rtlrct.

ftr tlrrm Èqfnr lll Proùrcr
roy.gl,blr eon&rat|sn block Ln lrol¡trd nrwr (I¡ro rnä

Itrbt¡rur, t9631 thon t!..gf.r 196{l lr¡3¡r rnð lurnrrr
19?Obl . l$t¡ rtuôþ¡ on lGf, rlro lhg¡¡d ¡ ðrcr¡gr ln
conduetlñ Ycloctty tn nt .nü tord rclrtLe BtÍrtlr rlth
cont.quttt brordælag of thr enpounô ratlon ¡lot.ûtl¡l dur

to trgutntlrl chrngu ln col¡ôrctl,on voloclty tn á{ttcr.ot
tlbrc grouDû. fthu¡ chrnger ¡¡- not r.Þort.d tor aonr
blockrdo rrlth !!trf, or t![ß.

f,¡pl,tcrttoo of r¡y' of Èb¡ to¡3lnf to r nlrvr-tt¡lel.
pr.¡¡rntton raülltl l¡ r drerltll [n tbr rrpll'tudr of tbr
n.rt -.vt¡ßrd rurculrr rg¡nnll. Irrgr ðoror or prolongrd

trrrtr¡rt r[¡o ¡¡o6¡rl tbr ruletr¡ nt¡nl¡¡onalv. to dlrret
rtt¡¡¡!¡Ètoa (nrrtrlt rnð frdr, I95?¡ tlor 19ó61 tplrn
rnd tr¡r¡rrr 19?0bl . Cc¡ntmdr luch u ô-tuboer¡r¡rinl,
drcu¡thonlur. rcttltlcbotLnc rnd rntLabollnlrtrrum brv¡
no offiêt, en tbr ru¡nnll Ëo tbl èsln. toth n ¡r'Ír rnd

¡u¡cþ þlochr occur rrltlro¡t dr¡nlerL¡ttlon. Iavr¡tlîntloa
of thr blockrd. tn r Ê.r:.'ü¡rclr lrtlnntlon Þ¡l

latr¡erllulrr rrcordLng ravlrll r rtr¡rlæ dlcr.rlr ln th¡
rl,n o! Èhr ad-plrtr ¡ntrntlel rlÈtr ao rttrct or thr
rlnLrtu". .o6-plrtt ¡ntrntl¡l (1.r.9.p.1 (Xro rnü X[hlyru,
X965r trrtc rnd llll¡ô1, 19661 Dlrl'hunty rnð Olgl, lt?O!.
ftlr rculd ürgg.lt tbrt {ùr block ocstrrl in tbr lotor
lxon rnd not ln tbr 3¡{-plrÈl rlcr¡Êoltr SrrLto¡:ln ny
clur. r rrdußtlon Ln l.o.prp. rryrlltuð¡ rttlr trong

.rt¡oßrr. (Iro, 19661 . lonl of tb. tcLnr Por¡.l. ü¡y
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rntlcboll.n6Èr¡¡6 rotlvlty (nurlr!!, 19671 l.D. Ctronl,

¡rarron¡l cmunlcrttonl'
Ircþr¡rl¡¡¡ of .retf.or¡ of thr Sprlnl. ALl tlrt cf,t¡Etr ot
thc tø31nr ¡ay groblbly br ax¡rlrlnrd tn trrrr o! th¡lr
da¡rrur¡nt retl,On On narvl rnd lufell retlor¡ ¡ntAnthlr.
lllgtrt, dlftcrc¡e¡¡ tn pro¡rrrtlcl ;ry b. crplrlncd by

rt¡1¡ctural âlffrr.n€c. ln Èhr rolrer¡lu rllultlnE tn
dlfttrantlrl r.l.etLvlty of, taÈ1o4. ltr¡ retlon of botb

tatrodotül,n gd ¡xl,torl'n ll to ¡lravaot thr ¡glyr
tgntlmt iacg¡r. ln tonlc ¡to¡il.rbLlLty tù|eh rllor.
tt¡r deaghltt tmrrd ffic.nt of rodlrn Lg6l during Èhl

rotlon pot.ntl,rl (fro rnd ftrhL¡nn, 1965t Klor 1967).

ftt gtrtrlrrd ¡Þt¡.¡lun c¡urr.nt rrñtcrb drvologr !or. rlorly
{t totrlly unaf!¡etcð. er¡nrllra!¡ bü Xporlr ll¡ultolnr
ânô¡rron rnd l¡rrhr.ht (xÐ6?) ln rblch Ll+ rrr n¡bltltutcd
lor it+ Ln tbr .rürrnrl Lêlrr hrvr rþnn tbrt tt¡¡ lnltl¡l
drorruc ln ton conducÈrnc¡ l¡ nsü lrt-l¡nal,flc.
¡¡tbrrntt rrùtch dr¡nrd On Cr+rÞ rovn ntr for ücltrÈlglnt
l¡orrvrr, lr. not rfftotd þz trtrdots¡l.n or a¡¡:ltoüLn.
tãr rÍt.ct of Dr€ulotfrln qr Lon !1ux6 bg ¡nt to be

drt¡¡rlnrd.
rlr.Èrodototßt¡ f¡ l.n¡ttccttv. t! r¡pLl¡û |nÈnerll¡¡lu-

[y (frrrhgþlr tnd¡r¡sn tnâ loorl, ItC?l thr¡r lnûlcrtlng
tl¡rÈ lt ratr on th¡ .rtatnrl rurfrcl cf thr r*eltrbll
nnbrurr ¡n¡tbly by grrrrcttng tbr tpnrl.nt o¡nalagr
of thr crly abrn¡¡rh. fllrr gruos. of gurnldtnlun
grou¡f ln ll!f, rnd &ß {trro, 19t61 rnd thr rbtLlty ot
gU¡nldl,nr to Prll tl¡rou¡rü tlrr r¡rbr¡¡r. rodlur elrr¡rn¡lr
lrrr 1¡6 to Èlrr nrgge¡tl'on tb¡t tln tælnr rct by
rffrctivrly'pluggring' Ëhrrl eb¡nn¡lr' lsïtv'r¡
cx¡rrl¡¡lrÈr by lrrrïr¡blr [oorl rnd lortæ (f966) rl,tb
t.trodoto¡cLa drrLvrtLvu hrvr lhorn tt¡rt thr grlrr¡rcc of
r gnnnl,dlnl,ur group Lr not n.e.rllrlly rufflclrnt for Èl¡l
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:olrcr¡lt to bc ¡ntrnt. IÈ ll ¡nrrlblr thrt tbr
gnrnldlnhu ¡rong rrgnlro r ¡nrtlcglrr r¡ntLrl rllrtLon-
rbl,p rttb æcondrry btaûtng fraup. tor rucb r 'Plug' Èo

b¡ rÍtrctlvr.
torltlvr âtrcrtyl rnd llrronrl trrtl ru¡¡uÈ thrt

rrq¡lotffiln lry rlro cotrln r gnnnl,dLnlu ¡lrûrpr but
r¡rr. r¡netllc Ë¡rt¡ lrt n.elrnqf to cmtln Èhlr
(I.1. Jrrvirr D.rtstrl cnulcrtlonl .

?qrÅn rgrclftstÈv. t!b. lnÈrlntag dlrÈrlþ¡lË{ü o! tÌ¡¡¡r
Èoglar throtrghonÈ vrrlær r¡lpl group. hg llprQ¡ b¡n
r¡nülqrrd. r polnt of ftrüãrr lntrnrt trr tbrt lÐ.
t¡la|¡r ¡3r r¡rhtrat to th. r¡fftctr o! qrr sr othrr of
tb¡ to*lnf . llrr n¡rt. SHSgþ!, gProlr, tr unrtÍrstrô by

d¡¡nr of tttroáotorln ¡rülsh la. rcrc tbr¡r ?OOO tl¡¡l thr
trog l¡tbtl do6 (flo ¡nd l\¡lrrrrn, 196?l . lotb trÈrodmt
rnd &g¿ebl Ërrt'rt u. {r:rtrnly rrll'rtrnt to bloah by
33Xr dutr¡rtbtd lrrtoÞ! n rrt. rcgul'nr t.trodotffiin
ooncratntlenr ¡rrrrtrr t'hrn lOO Flt (10O tl,nr Èbl bloqhlng
&lr of rrxltsl,a) to ¡roûual block. thr r¡uon for rucb
rgLrtrr¡er 1¡ net Inornt rctloü lpt¡ntlrl¡ ln botb [.rt l
rr. tll+ rpücuf tnd rhstron rtcrotcø9¡r st nct rnt trogr

B.av. lr¡r rrvuhd no rtgaltlcrat rÈruetunl llttrrrncc.
tttrr r*Lrtr¡rrn o! r¡nclrr rtrirtrnEr Èo lrsulotoxln hrl not

¡nt br*r lnvrrtlst.d.
tra tbr pncrdlng rceounÈ lt 1r

oÞrlour tbrt, rrculotcln rhrrrr ntry pro¡nrttü rltb
tatro&t€*ln rnå nrltorln. l\¡rtbrr rtudl,m of tbr
clrrirtry rnd Dbyrloleglcrl rftrcür of r¡culotqt'a rr.
n.c.rrr{f to drt¡rrlnr bcr frr thl. rl"rllrrlty lrt.tdr r¡rl
to inv.rtlgrt rny ütttlrme¡t nbleh rry b. tour¡ð.
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rnçl6Dg

(!ôf.r"EGttor tt aPlgIl[Bf g

Ll,v¡ tÞætäGtrrt of $þ[gggg flgelrrt w$t ca$gÈt l!
Iorth Qrr¡oc¡rlard çlterr ln rld-tr&lr by Dr. .f'[. B¡r.H
anå nrtnt¡i¡ed in ls¡ mtor contri,as¡r rt rpproxLnrtcly toe

for 3 to ¡¿ bütrr. ttry rr¡r th.ü cr¡rf¡lly llftd frltr
tbc ¡¡r ratcr by gr¡rplng tlrs apcr of, tbe unbrcll¡ rûd tä.
tcntaclcr nre eut off at r¡eb paörlltn and allmd to f¿lL
Lnto ¡ coütl¡lncr of ttqutd Eltryca. tþ trntlßl.f Ë¡l
tå.ü fntgÈttû to tb. Irbo¡rtory tB tbtr @trla.r
frr¿rooffry of tå¡ rntnlr Þrfo6 fpgtry r,gpre¡t to
rrftar ñ¡ttlctüt Cfr¿*r$gl to r ncgtlglblt ærnt bcer¡n
nurton¡rrtr trolrtd tror thr tçntrslc uÊr't larEply
uaåtrsùægd {tr1.9. 3}.

Ll.ve f¡!.c14Ël of &!æg¿ n¡Butfirqt Ioyle . GoLl.ct ü
ln Vlcterlra eoæt¡,t ntrslr rîllrl abtrt¡d frn *rn ot

thc ¡xlbttc. r¡¡ltlrllfr thr üfn.lr GrG l¡fu¡trt'ñð I'r aa

¡gegtu unttL r¡qat¡at, .¡ä fc{ &tly æ mrll enbf.
&nrrrr oü rrçG:rl occæLü thry üLtt åffi ttr ær ntg
nr cbrqEnð' r?Pr¡rptly M to tbr p3¡raa€râ o! a pollutrnt.
çm¡çrltlrr t¡hc r¡l,lrrlr rcre },¿llüd Læålrtrly by inciriæ
of th¡ cætral gengltou a3å thå ¡nrtælor r*Ilvrr¡' glrn&
çßr ¡cævrû rnd rtond fil ll$ûfd altrogna.

ÞRE¡^LN.À!F ror ot !roxIIS

rqrlr
Çg¡{c. }ortn g:tgElt. llbr¡rd tætælr n¡ rl'rerd tn r Ë
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llqgrr3ttürtocyrt¡l.lehtrdfrmtro¡r¡¡g.tEqrrcxtortlch.
Tlrg¡ lr¡ ¡lcrobuls nrlÈlgo¡ùror'l r Èrntrchr eontrln ¡rvrgl
ot¡b.r tlrlrr (D¡¡mur 196?) . tlto upPar Plctur. drorr tbr

r¡ndl¡chügrd ce¡rulrt rolt alrrc Ln thLr rtrtÜ t'n tlc f,ro¡rn

trntrcl¡. Tb. levtr plctun rhorr r dlrchrrg.d erprulc vlttl
tå¡ tsng lrrb lntlet.
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¡u€ror. ¡olutlon. ¡lob¡c¡ (f953) fou¡d thtt nøtocyrt
dl¡e.b¡rE. tn Coq?Rrêgtlr w¡l r.dlre.d by lucrolc. lIho

prultlng rur¡nnrl¡rû ue¡ rtralncd through a flne' gtafnlesr

rtr€l ntth to rævê coArrre pertlculate rnatter anó thcn

ccntrif,ugod f,or $ sl.nutcr to prcclplteta thc n D¡tocryrltl.

Alt opo¡atto¡¡l n¡rc cerricd ol¡t rt 5oC. Xt rn¡ hoped thrt
the to¡¡lc ütert¡l rærrld bc rct¡tncd wftt¡ln tlre r¡nðlecharged

nômatocyttar houcver ¡nott tü¡Lelty wa! found ln ths lutrler-
natant. Grlndlng tlre prcctplt¡td m¡rttlr ln r glam
homogen!.tor or ¡onle dtrlntegrrtlon dlð aot lncr¡lrr thr
toxlclty of thlr fnstlon. Polllbly thc frlrllng rú
tt¡rrrtrlt c¡utcd ctb¡¡Egt a tn nrnrtoryrt ¡nrurblllùy rrmltlry
ln lcalcrgo of ùqlnr rlthouglr tulr¡ ultttnc¡ sf to¡¡Ln cnrtrtd¡

tlrc qrtrgt ¡rn¡rtocryllt (prrbrpl ln cgl,doblr¡t eoll¡ rt rn
crrly etegr of nä¡toq¡raù êtvrlo¡mnt) canaot br r*cluÁld.

lflre f,lrdtnE tlrat tbo tæ1c netcrlal n¡ prcrent ln
the aupernetant ratlror than tn tho prcclpltatcd nrnrtoqfttl
af,ter ttrl¡ proecdun ¡ncant th¡t furth* å¡nåtoeyrt l¡ol¡tlon
vrs of, ltttlr ült¡ Conrcqurntlyr tb. g!ãgng t'oxln

f,r¡atlon¡ ured ln thor¡ rx¡rrlmntr hava b.cn ô6lvcd
prodonlnantly fron vl¡olc tontlclc cxtraetl. ÍÌrl¡ rrpProreh

t s co¡rrtdorod to ba valld for tov.r¡¡l rca¡oü¡tl
(el tlrr pharnaeologlcal pro¡rcrtlcr of, cnrda tcntaele

e¡rtracts, Ss¡¡hadox C-?5 slr¡rtcr ¡nd ¡rn¡¡lon rrllkedf to¡ri.n

ïrere identlcal ln all e¡rpcrlm¡¡'gt. I¡¡ addlt1on, th. rlgnr
wÏ¡Leh are de¡crlbcd 1n cl.Lrrlcal reportc of hr¡n¡n Sþ*.qonqñ

rtlngl,nga are very ¡lntlar to tåotc obrcrvd ln anaertlr¡tlr¡d
a¡rlnals after Lnjeetlon of Èrntaele e¡¡tr¡ct¡-

(bl no blologlcally actLve, Low rrclceular watgbt

cqrcundr, yhteh coutrd orlgtartr frour t.nrnl ù¡otrsulrr
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tlrruer, urr. fæ¡å. If tb¡rl s'rre pre.eBt tn tþ cruô3

strrst thr¡r roulð br rævd by scBü¡de¡ 8-75 c.bronato-

gr¡pËy or ôLrl¡nlr. I¡ltåcr of tãor procrðnrcr prodtrscd

ü üItr¡tet ïlth propertlcr dllf,crcnt froe fåc cnde l*trtct'
(cl t¡r Èsl¡ ir l¡trüly Pot lt t¡r ft¡ rctionl

O.t ¡1 sf r typLcrl tætrcl¡ ottrtelÈ rl¡ rnfficl'æt to ll11
r ¡og Ftllcr *tl'r rr¡t thrt rn!'/ Ëütrrl¡ltÍng r'ubrtrosu

uould bc prrrnt lE n¡guglblr guentltta rft.r tùr
dllgtlon rcqutr.cd to rcaslr qcrtrætrI doær (ururlly lür
thå! ¿0 fmulc r¡nlt¡t!. ¡roðtflcetloa of tÞc retLon of tbc

to¡ln by otüor tl¡rua co¡ltltr¡.atl vrrt thu¡ unllhcly.
(dl ertl'æ erchange Sc¡ihrdr* eb nrtogrePhy of

tc¡trcln rxtrræa or 'rllkrúr þrln proðuerd tàe ¡elr trc
rctlçr coæotrrartr ta rppnrtlrtolf tbr rä. proportlrÐllr

a

||br tå¡ l¡tt!,rl trrltt of qnrtmt¡, lcm t¡atrch
r¡stgetr ¡çrt Þrrtlrlly Fürtfl.d ÈrT æ1udsn ellc tograpby

oD grpürúü e-?5 rt 5oC. l!ãr rLutl¡g httrr nr 1gg t1rll -
$f¿r63fnrtùyl) ¡Lnonttr*¡ l|llfrl rrl¡tr, Pt 6.t fi.r¡l,
tt6?'. tb. lrtb¡ltty of, tå¡ rlutd frætlø rLr t.tt.d by

laJætlæ l|lto tb htrnt trtl r¡tar of 8ûE lLsl. l}.rf,

l¿tl¡aX.it¡l ip?saËad lE fractlan¡ elstd frsl th¡ eolunn a

fer ¡¡1 ¡fter tl¡c vuld roltæ {øorrccpæån4t Co r ß[æulrr
wntgbt grÊ¡rtßr th¡n borlæ ¡.rul alh¡nln!,'

I¡vcctl.gatlom by cronc a¡rd l(æn (1969) 1¡ t"bmr

lrbontcrlrr dmn¡tr¡t¡d tb¡rt tàs ca¡& tsrLa coult ÞG

rrÞgrt.d, Þ!2 aclt¡¡lsl dbrustogrrPby on $¡fürex C-2OO'

lnts he lrthrl silDoerat¡ rltä ðLfflrilg eUr:ræoloEl'cll
prrop.rtl,rt. For lrter rctt oa tbc pto?trtlc o! tbc tro
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fraqtloas tho follæing nlrthod of toxin prcparatioa ¡ra¡

r¡3Êd. A erudc extrrct ea¡ Prepared by grlnð1Dg thc

tontacle in a rcrtar vtth ltçrid nitrogrca adl add"lng

rali¡¡ br¡ff,cr ln tbe paeportioa of I nl per {CIOog tcnt¡sh.
åfter €aatrLfr¡gntian rt SOOO¡ Ëor 15 ninster a 3 nl ralplr
of rqrcrl¡rt¡Et urt¡ ¡rrllovcd .¡d apgficd to r Sepbedex (þ3O0

t¡olu¡a. tll¡c el.utlng tn¡f,fcr vr¡ 5ld lrlr-El, 15Oü lac1,

pü g.o. t[]bc !l('r rato, lt r¡¡ oparrtlug prclrurc of
14 cn EAo, rat ¡¡PproxLnatsly 5 nl pcr l¡our. I 5 al
fractlons rrlera collected. À11 preparatlon and chrcnato-

graphy 1ra¡ parfor¡ned at 5oc and colunn fractionr $cre

¡toreô at -ZooC.
Flgutl I rhnu th.t tF nl¡,-&fiacd lctù¿l f,r¡ctloa¡

reprreted oa Sephrdox O-2O0. Eoth f,ractlo¡¡ pogalred

crrdlotsxlc propertLcr' ho¡rrvtr oüty tIþ ?OTOOO lfl frrctle¡
n¡ h¡eæl¡Êlc. lor plreruaeologt'crl tarutlgntlorr oaly

ttre poak¡ of the¡a frrctlon¡, eornËtponðlng to clstl'on

r¡oluse¡ f ron ?5 to 9O nl and lO5 - 115 nl, rrarÊ utcd'

lll¡e are¡ under tl¡c tethallty c,urlye for the tr¡o fractLonr

cut¡i¡tôntly ruggeltcd th¿t th¡ cardloto¡ic frastion

üff ISO'OOO) n¡ tbc nrJor cmçolcat. 'lf,bi¡ n¡I¡' bmnl¡str,

br ú¡Ü to tb ¡åiltrblllty o,f th. toül,n rt 5oc ¡læo thr
hrælpin took Longer th6 tå¡ eardioto¡<in to ¡nar thßotlgb

tlre eolum¡¡.
flLllcad. toxLn" Ítrt¡ r¡¡e obtrinod fron Dr. J.E. 8¿ne; fnð

nr prop¡¡cd r¡ dererlbad ¡arllcr and tn Ea¡:¡tcl (1967Ì '
üAl}¡tr#lllü,ilr

61an& fron dlffcrçnt anlnrls contalnod wlûoly

dlfferlng a6rnt¡ of toxln pcr rg gland tl'gue¡ ia partlnilr
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lågurr 5 t 8r¡¡rrrtlon ot nraul,oto*ln frm tn rqutoul rxtrrct

of, Q. .lnguls¡ur cllvrry 9r1¡nô by ürphrd¡r g-15 eolrnn

ahra¡togrrrplry. tlroulotorln (hrtehrd rr*l tr mtl l'Prrrt'ä

fron rn r¡ltrrsl,otrlt rÞrorbing cont'lrlnrnt (o 
- 

0l ' flaxlto¡rln

{u¡rlrrtcbrl rr¡rl Ürr rsn t'brough thr cohnn on thr follorlng

dry undrr tåratlcrl oonðiÈloûr. I nl f rretlor¡¡ lrc nunbücü

frs th¡ erntn of tå¡ blu' ð'xtnn voLd tolr'nr ltrhlr'
volð nolunr rrr 95 nlr f,tov n!' ¿0 nl ¡rrr honr'
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tt r|¡ nottd tlrat rnlnrlr ln poor eæðlt¡.oa frrçrntly
cqtrt¡rû vlrtu¿llï rs Èo¡ln. cocrqurntly thr prærnt

rtgúy n¡ €lrrlCd out oË lË cÉtrat ¡rd. frc thr poor¡ô

g1rûü of 11 lair¡lr. 3.2g tlrluc nr àoæg¡lalr¡d tn 30 rl
dlrttlled ËtGr .nd thG &brlr cautrlfugcd dfint. ||fbe ntg
tolr¡b1c þ*f! Iat Pattl¡llf Snrlflcd by Scpüråa C-15 eolw
cbrurtognph¡l, tþ¡ clnting þ¡¡ffrr ru 5dr lrtr - s!,
15{HI¡e1,Fll8.O.Ißt}¡rlactivltyn¡:lutotf,rctÈr
colun ln ¡ üLrcr¡tü PGrtß rrht cb eorttLand eppnrllatcly 7O|'

of ttrr lcth¡ltty of, thc orlgrnrl oxtnst' tnd coarqucEtly

a¡¡t rû¡)rarellt tbl naJor or oûly lath¡l coqnanat.

It ¡ar po*rible by tlrtr proq€ú¡ra to rcparate tho

lcührl frectlæ, råleb doü not ab¡orb ta tho ultravlolct
nglonr fIlr r Gottullrnt lùleb rbrorþ¡ at 27{ n¡

(Slna .t rl. , 1tó{}. llr rtuû¡' Þy Stæa .t .rl. rü r1æ

eoryllcrt.å br tb fæt tårt lc.totr stræt¡ of, tÈ¡ glrndr

rtÍrÊ uæd l¡ rtartl.ag ratrrl¡l. rt bü ffi bG.n ùon tÈrt

ttre toxln 1¡ only prrttally roltrblo ln æctqtc.
llgurc 5 lll¡¡rtratr¡ tbc ncpl¡atloa of næsLotoxh

f¡e thr nltgslolrt-rbrorblag uaterlal Þy gcpùader G-15

cbrontoggphy. lfu clutl.on volqnc of ¡arltoxln !s alro

¡hora for con¡nri¡ol¡.

I sstI or
^¡{PLEË

I'cthalltY. t'þ

-

nr dotcrsinoü
Ece¡ure sf tl¡c
wa¡ detrrnlad
doûG rürLclr var

lntravercu ÐsO for !h$æ. teúa nrylcl
ta 25g rlca, uring tþ ttblc¡ of rrtl (l9$ll'
ta;taÞlltty of the toxl'n, \ûtt8ver, tù tI¡
drily Ldlably prlor to ntt. lt¡G nilttil
lothrl to a g1Ë¡l of rl - 3 rLen rttllÌ t'[
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rLnutsf rt¡ takcs a¡ tlro ftfi¡t€ unltt (tl.U.l' Str unlt 1¡

u¡ed ln ¡11 øçerlnentr a¡d offcrr aæc Ðr¡tl of urc;rlng
tðrl¡ .lrttvXt¡l oa trrlout grrpurtlonr.

!ãc lrttiltty of rr¡¡nl,stst¡ ta 33 - 25g ricr nr
&trnt¡¡ú by tnJ.cttæ of o.l 11 of rrtcrlrl rttb r
hilton tW rtc¡olttr. rf¡rt¡gt ,.*to tbr I'¡trtrl trtl ¡tl¡'
or by lntr.¡)orltonell InJætlon s! tho tori.n dtlutcd ter

I ü vlth dlrtlllcd rater. tlrc nlnln¡l &ac vhl,eh n¡
lcthal rlthiu tca mlnute¡ çan dcf,tncd ¡¡ 1 tl.U. It ral
lor¡ad th¡t Èh€ tatrlvcnoul nou¡a snlt ra. con¡trrable to

tho i.atra¡nrl,toaorl nout¡ ual,t, r' d¡ftæd by rerkorl rltb
grito¡¡i! r¡¡fl trt¡odoæxi¡ þcb.åt¡, 1960 ¡ Íao, 1966) (gtc

r1:o ¡ra¡ltl lreùlos).

te%¡ly.|l?. t&c nctåed dercrlbrd by Croæc ¡rnd trcen t1!169,

urs Ëreå to ðctarli¡r thl hecnel¡Êlc actlçlty of Gbtfontr

toxh. lrtrl¡ 1r bared on obrcrvrtloa of tbc tlle to

eoqrlcto blaælyrk at 25o€, tbo cd golnt b.rry J$dg.t br
¡¡rfr ttrla rar¡rl.cr of O.t lf ú.ñl rddrt to l rl of rrbbl't
på crtl rurpcnrlæ (r¡rysox. 3 r lO? €cl1¡ pcr nXl at

Fll ?.1 r¡ü tùc oùrc¡lrd ttl to l¡ælyrLr nr ctçærtrt
to relttLve dllut,lo¡ by ru*¡ qf ¡ cellÞrrtLqr sq¡ae. 'l!þr

rccLprocal of tbi¡ v¡lue m¡t ttplled by lOO0 ra¡ u¡ed ar r¡¡
arbltrar¡' estl'n¿tr of tlrr hatrcl¡tlc actlvlty'

l&c effcctr of thc toxtnr oB vulou¡ pbyltologlcrl
pryaret6a¡ ïrrrG tcrt¡d urlry trlr Uorlrnd rabbltl (2 - Stgl

or Fl¡trr r¡t¡ teSO - !OOg¡. tfb. nbÈttr ïÇrê ¡n¡crtbctlt ü
by tntravrnour lnJcctlon oÍ. 2t* urctbam into tho carglarl

err vrln or, ln Lrter c4rcrLrcntr, by 2ú ureth¡nê
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$¡p*¡læËt d rrltb cbloralo¡a (Iorn¡r, Utþr rd hlto,1968L
Î¡tt ürrt e¡r¡rtbrltl¡rd rt tb aO - S0ngftg prntobrrbttrl
f.alrnttð lEtrapcrftoærll¡r. ru¡rylæt ð lf amr¡ry b¡l

¡l¡ll &r;r rdnlnt rt rrú thmlryñ r blpodrnlc ncdlc trpcå

lato r Lrts¡¡rl trll tcla.
ArËlrl¡l pnrruæ n¡ nuur"rt b¡r erthetæl¡rtloa of,

tür rtgrht ca¡otld artcry lp retl r3fl ¡¡Þbltr or' Ln roç
r¡bbft crqrcrLmtr, $rc rngÈt f¡nor¡t rrtcrry. llght ¡trlrl
ptËr¡r¡tc rnt üËcs¡ated t! both aninrl¡ by parrl¡g q polfrtihæ¡

ea5aüt¡ ftlra thc left Jugutar vsl.n to tlrs læcl of, thc rLgbt

atritu. ![þe pro¡a¡¡rel grtrG ænltored rltb Statban P23Db

(ar.tertatl ¡nd ?23tt (rtgbt atrfrll Prælurr¡ tra¡¡ðucer¡
eoanrcteð to a 3ec}¡.a ty¡l S d¡aogpph ¡¡eo3fur.

Iê.å I clcct¡¡ocrrðLogrrpbr ulre ræorürá botå ülroetly
lld vla a crrråiotrclrs*tcr tÈlcb gâL ¡ dlnct rcarsn of,

bcart ratG, tbe cqrãtGr balng trLggrcreü fræ tbs R lilïrÊ.

IcrdL¡ electrodel tÊrrl ul¡d'
Scrgfratory ratr anâ doptb ul¡r. rcsorded wltü a

cslloldrl €r¡åoû-Lr¡-n¡bbcr Fæutograph plancô Jurt brlw
ürr xfpbt¡terttn. lbe pnauægre¡ù f,ogrd r vrrlrþla
r¡rLrtrnea a¡n in a fb¡rtrtæ brt&c clrcul't, tàt outprt

of nlrieb nr dllplrytd oD & pcn rceolrtrr.
Plarnr clrctrolyl.| rrt'Ê drtcr¡lscd ln bcparlnlsd

rr4llcr rlÈh an EStr¡ fl"em püotætçtr.
8crctr¡l rxporbeatr lnrìolrd tþ rnltortag of

rleatrlerl ect|vt ty ta ths pbaæl'c ne¡ac rná thc dtrpbggn

of, r¡r¡tth¡tt:oð rrbbLt¡. tb phreslc acpc n| oQlod lå
tlrc acch rrÉ placoð u¡ru a prLr of pletlnur clcetsodcr I I
eoor¡rntrlc æcdle clæt¡eda ræordd diapfrragüttLc rctlvLty.
loth rigaalr rrrÊ anpltftcd tlttlt 'l!¡ilrtænlx Tlpc 112
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pr.rqrlltl¡rr ( flltrnd brlø I Er rnd rbovr I tßl]¡l rnd
dtrplrynd on I trktroal¡ß lYP. ã01 durl bru orollloleo¡)..
?br dirglry rcr ¡Ûrotogrrrphrð on rovlng ftln ¡t, 15 r¡tnl,/nln
rltb a &nont Orelllognph-Rrcorð o.Lrl.

t r¡rlrr of rqrclrrnËr rlÈb th¡ 9båI9¡9. tüln.
lrotrtcd by Nr¡ihrd¡r O-2OO cl¡rcrtogrrpby lnvolvrd tl¡¡
Lnvtrtlgptlg¡r of b5o¡r.a.DÈor r.tl.Ë.. ln thr ¡¡È rttrr
rcut. rrcÈlor¡ of thr rortlo md cl¡oüld buo- lrtü
chlorretgtor n rln¡l. !y curful ðLr¡retLon o! tbr o¡rvl'crl
pglon rlth thr r1ü of r l¡tntlytng lw¡n, Èbr ru¡nrlor
lrrXnrgtrlr r.Gnrrot lrr1ng¡llr rortl,c dr¡reror ¡nd Yrgul
n.rvtl rnd th. tyr¡¡rtlr¡tls t¡r¡n}, rrr. r.Gtlgnr.d' togrthlr
rlÈb tht nrr¡r rtt¡!,ng Ln tl¡r errotfd þitr¡rc¡tlon (XrlrErr
rnd ttrælllrnr l96t) .

,lfãr tlfrct of cn¡d¡ Chl$On¡* toÈrclr .Itnat on Èh.

r.laur of rnrsreÈlrn ¡ubrtrncu tror th¡ rhtn vrt t..t.d
urlng ¡ tôbntgur llnl,lrr to tbrt of losh¡ o 811v¡ r¡rð
Rotcnthal {196f } . Àrr alr pock.t T¡r to¡mrd undrr thc dornl
rkin of rn enrorthrtL¡cd rltr tlrr a¡rla¡l ru hu¡rg ugrlðr
ðø¡r by ttr loür ¡)rr¡ lr¡d ruccurlvc 5 al rr¡hl'ngr of brtblns
¡olutl,on ïtr. lntrod¡crð lnÈo thl rlr ¡nckrt. lorlnr
rgufinþnt to a¡proxLnrt¡fy flvr lrtl¡rl dol6 lt glvrn
lntr¡vrnor¡rlYr rar lnJrctrd lntnðrrr¡lly lnto thr gouch

rtÈcr thr fl,nÈ eontrol rnlh. ||[trr rar9l¡l rrro ureyrd on

rn lrolrtrð gULnlr glg lt¡m Prlpr¡tLo¡r egalnrt r ltrndrrd
hl,rtuLnr do..-rll¡¡otrtc cllrrel. !!br rnl¡¡I vrr ftnrlly klllrð
by lajeatLon of tt¡r tqin fnto t*rr tlll t¡11ü.

I f¡r. r''FnD ônd¡¡,x Dnt?l'nÀÎIOI¡

?hq$¡Le nrr.v¡-ütr¡hTqn sr?¡!¡ntloa (¡ülbrtngr fta6) . lfltc
r¡t brldlr¡hn¡n ¡llt rount 6 on r ¡nrl¡t * holârr ln r 20 rl
orgrut hrtb rnd tbr n.rvl 9lrcrû ov.r tro pl'rtlnrn lÈhulrtlng
rhaürod¡r. tttnrlrtlm e¡f thr prr¡nnÈLott rrr by rtrPnnrr-
llrt ¡nrltrr o! O.lt nrtc üur¡tlon rt r rr!. of 1l ¡rrr llnutr.
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trcrtrts t¡d.teb to¡lon rnr r.rr¡rð vlth r ltrtån B-t
tnnrô¡qlnt ortl rDâ r.Oordrd m r t clnrn {negfrfh r'sordtr'
trtb tqlrrrtnrc n il - lgoE"

3gO - tSOg rltr ïttl rar¡rtb¡tlnt
yLtb 'tg - thgrßg pætobrrbttrl r¡lô tl¡r lolt brtôLrlibns
rü ä¡6.nntrû tç ænlrlæ of tb¡ lÈreilc älfipr¡ I'E tbr ¡¡6|¡.
ffErr po*o¡nntlv. nrtntanrnor for I - tl {ryf' to rllor tihr

nrrrr to figa.rttù ülrr enl;rt nr k111.ô !¡lz r þlsr m thr
h.rd, r¡¡¡¡nEnlnrtldr rnü thr ûnrrvrtrü dLr¡ihtrs reuntrd ln
¡ 2O 11 orgnn bltb, t|dtülc ttrrloa t|YaoP.(l Èr ttr rurolr
ln rrrpørr. to dngr or rlætsl'ei¡! rùl¡ul¡tlop nr rrsordrd

çlttr e tÈe$¡n F-l trrnr&Elng crlt connrEtrü ts r t¡ollr¡l
üfËo¡rrtù rtcordlr.

fatllþts nr.rçr. lih. rff¡cÈ s! ¡¡eulota*Ln m tord rnd rlt
retrùls Ê.t\ñr| n. lnvgtl$rt.d. tlold a¡¡ar| rrr dr¡hrrtbrd
rttb r ¡nþ of flnl n¡rû16 trlot te rtsorâl¡gl rlt nrcvl

¡rærd ûlfttoult üo dgbcth ro tbl rrtrtlv¡¡t fla¡ Þ'ron'rl
brrEchnrulrd.|!h.a..rr.rrrrtl..glrüdürttlruprrrrrl,rrl'
¡nntmr cf O * I lrtø ûerrülo|r raô tb¡ r{rEloÈ ¡ntottrl| r'êtÐrü'd

rrÀth Slrttan rlrctrodil plred 1,5 - l.0cr rlaog thl nlrvl.
flr rlgnrl rrr rryltftrð rltb r trlrtrmlr 12t ¡rru¡rtlflrr rnô

étrflr¡ná oû I !*trmlr 56{ orclllolGopt'

s¡å¡ü nla llru+. { - 5Or rlg¡ratr lrc t¡br åLrt¡l |.atlor o!
lrhr Llmr ülst ær¡nÈrll ta orgrn þrtbl. Cbrngr¡ in tærlon
ranlÈ|¡g fr6¡ rdålt[oa of üruçl or tü14 ¡llrl :¡rrugd
n[-fimtrlorlly þl r rtnln gauÍ. tnnrür¡oü conEæt'lü to
r Dü noord¡r. lrth tqlrrrtun an¡ rrl¡trlnrd rt tl - SOoC

to n&sr r¡ontrnranr rctLvlt¡r.

*tlmr ftp trfcþr tdtuleen' 196t'. ¡t ic ü¡¡nt (¡! È8rcbrr

rrr ernaul¡ürü rt both lrdr rnô reunt d ta r tqnrrturr
a6nÈroltrd orgrn brùb. Tbe B¡ryrr ernan¡lr lrr ûfrÊactrd to a
v6tLor1, ¡il65¡trd orptlrrrr tub. (r.r bos.l, tbr tr¡cbfl nr
Ëtttrû ïltb brtblng rolutl.cn rnd thr 1ær1 rdlsrtrt rÓ tbrt lt

EÈ
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og¡¡!ð be prô On tht gfrrfrrÈrü lclh' !!¡¡t lsluÈionl l¡r.
rððrd to Èhr brth rnd thl ebrngrr [n tluld l¡ntr ln Èhr

srptllrrf tubr (rr9r¡rorting eonrtrlstl,on or r.lr¡rtloa of
tht tnabrrl rrr. aotld 2.t rlnutlr rftrr rdôltlon.
narp$t.. tlr. nrnn¡nd rgrLnrt r hlrtuLnr dorc-r.r¡)oÛrt.
Gürv¡r f¡th trg.t¡Èurar ¡¡t ttoC rnð t?oG ¡llr. sl.d.

$rtulm,,rrl¡rqr frn,rrtlççllr. lhf¡ ¡l1 L¡.uard þ thr
trohnlqur of rotbrolrltâ (ltótt . trrltoncl tlt¡lå a¡llr fra
3OOg ptt rtr. collæt.d bY llurhLng thr ¡nrttærl orvLty
rrltb 10 rl ¡rüor¡ùrtl bnttlr, EË ?.3. tttrr cratrlfu¡rtfon
tlr¡ arltt rrr. l..ulp.[trâ tn 2 rl h¡tftr. I rl of thr
rut¡nnrlon Ët ldâ¡d to 2 nt buftrnd $þlggg!t, t.ntrcl.
¡*trrot (rpDror. 2OOO ll.t.l rnc lner¡brtrd lor lo rlnut¡¡ rt
3ooe. ¡I bhãtß contrl,nrd s¡llr rnð bulflr only. Attlr
lncubrtlør tl¡r o¡l1¡ ülr. nrbrd trlcl ln phyrtologterl
.¡ltn , ly¡¡d rtth O.l I trÊl rt ?OoC tor t0 rlnutu r¡¡d

n.|lü¡rll,¡td b{o8. ¡tr!¡ of rlrlôurl l¡trtutn. on ¡nlln¡
ptg tlrün. f,lltulan cætü¡A o! thr eontrol Ürr trlrrn u
1O0É rnd th. soats¡È of thr tr|t 6qrþ .r¡)3.rl.d r¡ r
D.rc¡ntrtt of tbtr. tlhl r¡rrel,tlctÈy of thr hi.rt¡lnl-
l¡fre¡d oontr¡ctl,oû¡ nr d¡t¡¡lnrå bf block{n¡ tbr r.rltonl'
rlth t.8 x tO-8r ðtPhrnhfd¡üInl.

ftFtutd qst&.?, alF þSrü. lr¡rtr trc lOO - {5Og guLnr

Dtg¡ ¡¡r. utf,t. lbr rnlr¡lr n¡¡ rn¡.rtb.tlpû ¡rttb r S$|[

COy'liü O, :lxturr (lrtcb¡ll, trra¡¡r ¡r¡ô ldnrd¡r 19681 or
rtbtrr tùr l¡gtr rr¡¡ rr¡tûly rloryld, Èlrr rortr amnslrtld
r¡rð tbr pr.fnntto 36¡¡!rô in tbr ¡nrlullon r?¡)rtrtur
(t¡tsb.ll, 196?1 . l[h. tlrr frn o!¡¡nlng of, tb¡ thorrela
ervlty to tbr b.f,ln¡¡rnt of ¡nrftrrlon If| ¡ - { lln.
!¡r|.n r...avel,r r¡lt3 G¡þl.ð ngtd obrng¡ o! tluld
oer¡nrtßlon rbaû r¡qulnð. lfbl ¡nrfirrton ¡fa.1ur. r'll
Ctg [Èrf.

f,trrt nt. rnd lrotonl,o conÈnotl,oa rrn rrrüur.d rlth
r dlffrrt¡ütll Ènatto¡rnr. tll¡ll eor¡rlrtrô o! tbnr ll0 oh
eolt. uLtb r t rolt loo E¡ rtgn¡l rupplt¡ü Èo tbr e¡ntr. ooll.
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Y.rtlsrl røvrr¡t Ot r f¡rrl,tr aor. ceitnlly proôrc¡d la
out¡nt rsroll t!¡r ost.r eolll. lon rrtlr tbr eollt rrrl
rm¡nt|(l ln r tgr¡¡g bloclß nrrronndLng r tsh¡lrr .rt{Falon
rt thr bmr of th. b.rrt sl¡r¡b.t. f r¡[$È¡ð firrltr oo¡¡
(!.tg! ru rtt^¡sù.d to thr rpg of l¡hr b¡rtr tÞr trrti'arl
3lürl6t of tbl,r corr provldlag t füü{rr oú :¡toerrdl'rl
øætrtctlm" !!hr ru¡nnr. of, Ëhl¡ drvlal nr ll'ar¡r æÜs

thc rragn utrd rn{ r ¡nn drflrctlon of 6.3n nr rEulvrlæt
to l-n nolrte!¡t of thr êofcr trrot¡ralc GortürsÈlm hrl brs
¡¡t.ð b¡r vrrlon¡t urÐrt¡rl ¡r r narÍ¡re of vratrloulrr funstl,On

(tu rnð l¡lv|llrr 19Sül Srcbrrlrhf 19611 frylrr rnd hrryr
ltg¡' . llh. b6¡t ehl¡þtr rnü tra¡rdsclr gr lll,u.t¡t.ü
dlrgnnrtlcallY tn flgiun t6.

ttrfi¡rlo,n flutd ntrrrð thr corærr¡r cLrsulrtt'En fru
tbr lertr rnû Derf.d vl'¡ t'hr crtrærrl¡ vdnr to tbr rlght r1ôr

of t¡hr h.ut trc rñlcb lt qttL.{. Coronrr¡¡ fls rrr
orlculrt il l¡l cqnr.IÜloa of thr aurbrr o! dro¡n plf lill.¡
n¡¡urtâ b¡l r ðrcD Êc¡¡¡t.r plrccð rt th. ürtlrt træ thl
brrrt cbnbarr to rl D.r rlil¡ta.

h!¡n¡tr trn thr dt fferutlrt tranrÍoln r ¡¡rd tl¡r drop

strnt.r na. rlì@rd¡d ü I tætËra tlU¡r R' ôynofrr¡ù ricos&r'
å11 grqlürtlæt r.re Prrtb.d tor r ffinty nlnutr

.$úllbiltloo ;rrtod rnd rqrrl.mrtr rtn¡ ttrrn conduatrd ovlr
tär ûotlgrylEg ÐO rfnutt . tfÈrr thr ld.ttel. rçrtltbntl'm
¡nrtod tùr ¡nrnrtrll ¡l¡rr¡r¡{ rslnrd csrrtrnÈ for
r¡¡rartrrtrlt Èuo boûrrt. ttr ræorttn¡ ùærô no rtPr.GlrÞlr
bryr lùnr tblft r.DrüGtlng ouurtl üo6tÍ|dtlon or illrr¡tlo
of thr hrrrt onra ttlr ¡nrlol.

rrr ltlt|a.{ tbrscgb r rf¡ürrrü El"ür tilüer l,n thr ¡rerfurton
rgtrvolr tft¡¡fi¡ rnd tLrhr, !t*tl . I! ril. rx¡nrlmtr
1* ôütrrn (rreroa$, tbr¡nrslr) lfir rddrð to th. þrthtnl
rolutlon ll r Sortiblr rrübodt of retnslag ordrnr tn tÞ. bÖltt.
t¡¡n6r, lü rp¡nrpd to þrT. ttttl. or ao rÍfret ¡¡d ro nr
illttrd tn l¡trr rr¡nrlgntr. trsOrËto reLd {O.hil, rr¡
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rdllcð to ttt rolutlonr f,or rxpcrl¡cntl l,nyolvtng

crtü€hot¡nl,nrr (trteh.ll, lnnra rnû !ffirálr 1t681 .

lttr lrvrl of ucorblc rotá hrd ae obrlrvrblc rtt¡et on the

¡nrnit.g mltur.d. tlrr tqrrrrttn of thl ¡rrrfuüt. Ël
!? .o ! o. !oc.

êrutr Qlr+¡c torln nr: ül;ld.d l,nto 0. t rl rr¡nul.r
rnd rtorrt rt -l$oC fo tbrt urlt lrotr coulü Þ¡ ührr.d
rad utrû rt ray Onl tlnr. lotr tba tcfa-rll¡pq[lr ürtår
¡t¡rrnt. rqülr ïrlr. tblrüü må dllutr¡ü tor .rcb Lrnl r
¡¡gulrrd. lfht t¡otütcy ol thr¡r rxù,r¡etl *tr chretrrô rærrrl
tLler thrsughq¡t ttrr 6rler Èo .nü¡t:e thlt tb¡ dor. of torln
raal¡rd eo!¡ltlat. 8r¡ürtu €*¡OO fnetlonl ü¡t. chrckrd

for lothrltty lmdlrtrty brlort ulc.
|[trr tqtln ru¡¡lc nr rürd to t¡hl ¡nrturlon flulå lt

r Dol¡t lnrt $r*flrl to tbr Þort. ll tlrn nl no
pelrrs¡nlrtt ou tb6r ¡lrr onlf oûr. coatrct brÈnrn thr hlrrt
rnå tå¡ ts¡r{nr rcel.rælttionr b{trlvlr, rmrld hrv¡ hrd lltth
sffrct ¡r dt lutrd Gblronr¡¡ t6lnr rrr rxtrmoly lrbtþ rt
3zoc.

år tåc ilf¡lontr to ÊþåæBs toxln, at thr lrtrcl ullü.
rrr trerrrfst r¡rd tlrfrrtsrr dlô not uelr r rtrrdy ltltl¡
uodåflertLon of tbr Èsln r'tl¡o¡lL buÊ drr¡gt co¡lå only þr
tnvrrtlgrÈcd by ncuura¡mt o! tbr cburgu ln crrdftc Þl3l-
n¡trrr groducrd by èhr to¡tln ln thr prgo¡re. of r lt.ldy
nrtoutt. to tb. ¡nrttculu ürug b¡tng ut.d. llhr ðoll lrvrh
o! crteeholnf.ncr rnd otårr drug¡ Ëro Èhcr.lorc cbor¡¡ ln
praltntnrry rrprrlrætr u r.Pr...ûttng thr rlatlun dorr
emttttßrt vfth r tt.rê¡r nr¡56¡6 of r¡uonr,blr lrgnltudr.
Iht dor¡¡ of r!¡ùa ¡nä botr blochtng druEr Ylr. rinln¡n
blostrlng dorc.

In rll rr¡nrtrmtr ttrl ebrngrr ln e¡3dtro ¡¡¡ruttarl
rr; rrpg¡od ¡¡ Ptrgaßt¡grtt. fÞ6r gÛrr srleulrtad ulLng
Ëhr control Lrvtl, gne.r t - 3 nl,nuter Pütor Èo rddiÈlon of
otthor tbo t*tn er tb¡ nrodttrtsr al lOO*. ll&r ¡rrcrntrgr
ehrngrcr tn tlø, rttt rnû eryltltudr dr¡c to Chtrqo!¡+. tosl'n ln
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thr prcroncc o! c varodllatlng agrnt rn crlculrtrd urlng

thr rt¡ûy rtrtl þv¡lr oþÈrlnrá ln tbl pall.Ûre' of thr
vrrodlt¡tor L 10Of.

p¡çlhlrpd 8lþb1.t trt'. tÍhl uctbodr of d¡ la ¡¡ndr, lrton rnd

tfaud (f9681 and dc 1¡ Lar¡ü¡, Cuncll anð Wi¡tcrlü (1966) ulr'
ulcð. ltrc rrbblt rer rnaultbctlr¡û tlltå r lluothln¡t ItOt O,

nlxturr a¡rd th¡ ccntr¡l Ö¡rr ¡rtary slnnulat¡û rt t.b' Þ¡r of
thc cü. tO - 20 nl br¡nrlni:rd ralt'nc ï¡! tlrrû¡|od Þ¡r

ryrl.ngc rnd Èhc .a¡ ræ$Y.d aad plrecd tn¡i.ðc r glrlr coLl

n¡rlntalnrd rt Èhr ¡nrfrrlon tx¡rraturc of !?oe. Prrtbrlo*r

rrrt cou.ûtc¡å lmrdlrtrly ¡nd Üel tccpt rt I conrtüìt' rrË'
vlth a pcrlrtaltle guq¡t.

Drr¡nretlonr of thr eratrel trr volR or ütialz I,Ürr

$oletcd rinLlerly. t - 4cn eagnmtr of vrln or rrË'l1 an¡rl

cannulrtoð rÈ bøGb aür rnt ¡nr&lrd ln tå¡ dlpctLoa st
blood flw. ltlr lrthod lrolatrd thr¡ tlulö ¡nrrlng thrgqgb

tÌrr vu¡rl lu¡¡¡ fron thr bUlk of tl¡r brtb f,lsl'd. ñr
rbtcncr of Ir¡ts b¡tyrur tbl lrnqr rnd tbr rrterl'or n¡
tcft.d by parfrulor¡ of ¡ t1u ælutloü thmrgñ tbl vrrrll rt
tbe cnd of the rrPrrLneit.

PcrfirrLæ ltr.türr. rrl nütlrr.d uttb r ltrthu P¡tDþ

tnn¡duecr c€rü¡þd to r l¡ctn¡n nt rüfaogrrph rlcordrr ' llsr
rrtr ln thr rrtole e¡r rnû ¡u ut r1¡l ¡nr ? . f ¡lrtlnutr rad

tho tvcrlg. ¡rerftrrlon Pr.6urü Ëre *Sn tg (cr! ¡nd

{2.5n trt (rrtrrl'} . tlloar gt. ln thr vlln ¡¡¡ 2 ¡Vr|rutr
r¡¡d thc rvan$r ¡nrfurlæ pr.lll¡r. Tl¡f loü ry.

Rrbbl,t eortr,. Íb. r.tùod dllcrtbrô þy ftrebgoÈt rnd

lhrdrrkr¡ (19ã3t nl lrltd. *}. thonclc rortl rar roond
undor lluEtÌ¡rnrr [ror O, anmrtbllLr rnd plre¡d ln r dl'rb

of brthtlg roluÈlon. åfÈ¡¡' Êrtr¡Lng .¡ßellt tat rnå cgqâ.ctùr

tl.'ur thr rsrte rrl cut rloag r sXoü rp!'ral to ylrl.d r Ëp
rggroxlnrtölf 2 m rldr raô rrvrnl cr¡rtl"ntrtr lolrg' A

2 - {en r¡Ínæt ïrat nount.d Ln r 2O nl brth raå elloaad te
rgutltÞntr for rl¡lrortrrtrlï l.!| bourl. Irotonle soÊÈlrcrt-

ion¡ ¡¡lrt re¡g¡d ln thr prlrtrcr of, r eon.trnÈ 1o16 (3'ttl
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rltb r ûtftrrattrl trurlorrrr rodtlld fron türü urcd

l! tår llolrt¡d h*rrt qt rLntl.

TI rûtLE€t!t otÐx rscolDtre
Scrrgt cqnrtmül nqEfræ tù¡ nrru¡mt o! tù.

rrlù¡r¡c potccttrt of &rrvrt¡å rtÈ åtrÍùnç nrelr
b¡lo6r rg| rlÈr3 rá{ltler of ftqgr. tsl,r nr rrtfu*rd þr
lrtfflllntry ñcoüütlg ïttb r glrt rtaropl¡nttr clretrstr.

Ilc-srl¡et¡uú¡r rugr nË. lru t.St glrrr tnbt¡g
(rtcryet. ehy ltÐl d llltrê ültt il lEl tdrt rrù¡crü
p¡r6ruúìr. !þ¡ ry¡ggü Vflur ter tlp ¡r$rtræe nr
t rrgot¡¡ (æ 6 - 8O ryoUnl r¡¡{ ttp pototl'¡lr ¡r3l
1lr¡ ttrß l0d fülrlrftr ft6t!. llht rla¡orlætr* trr
atttÊhtü b1l ¡ lc¡rErx bol&r' Èo r Sfrytr ri'ømnfpulator
r¡i nr r¡oætcd th¡æ¡Þ r rerl¡¡Cr ¡tætædr to r
¡mrryttttrr {¡gO ær fqlut rel¡tr¡cc}. trrrçltlftrr
æt¡nrt n¡ frd l|Ûþ ¡ !.ntrocl¡ 5ú{ orcllroæopc rd ¡

fr ürogrrfh rrlaorü.r.
f arllùrrtrå rtlltrcl.t recur Þ¡tns tå. tEðlflrrnt

þatt rl.ûtæå d .rstb prilftt.t ætá rEürürnrt of tlr
*rn rocntlrl Èr rstt¡e l¡ tl¡ rDad¡i ¡ntrntlontrt'
!,ãc patrattrl dtflrrosr. :ttü åË tà¡ cq¡¡ut urr lltrÐ¡

I| I ålr*t rnrBür of *rnr DoÈËt 'rl. Lúlåqt ntll
ntr to tåt r¡rnrt rflll¡clt.

t6r üf¡EUrç nrclr nr ptruil ta r ¡lllcoar tuhr
bf¡cL lf¡oeonll' *fè ørr* tùr H. oú tb !¡ rt osF
Þrtlr. trtà tqtrrtn¡r, slrtl oth¡a|,¡r lttt¡|, n:
rr¡$+¡rt rt tt - !Oo€. ãr rcrrrf flc lrt tåWt tt¡
qpt- nr 3 rvrlrnb' hlt tbtr ænld De lmrrsrl ts
I rvr¿ntr for lr¡ùost et r dlug. lñ. brlÛ¡ leln nr
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csatpllrd b¡t ! ruatLon omrflæ tr¡þ.. fb €ùt:l¡ rr
ertl¡¡tr of tÞrttn nqufrrô for cl*ra¡sr et r drug' r
dyr dllutl,au rtäo'ü nr næð. f,calrl rrylo lO.2 rU
nür trhr fro t.bc ¡rt¡ &¡dtrg ü rytytng eyeh rnd

ðtlutrd tn I r1 far optlerl dærlty nrmrrnæt rdth ¡
8h!eu 8P-6OO rpr¡trqihotc¡trr rgftÐt ¡ ¡ntrl,rnt rol¡tlon
blrrt. Gollçrrlon of opttcal furl.ty relurr to qtl
r¡æctretlocr æ I rtr¡ûr¡t r;lnrtr lÈærü tùrt th
d¡c¡n¡r tn dyo eotøtntntlon nr r¡ryñl*lntrly
rrpaarntlrl. ñr ttr to balf, ctcrn¡cl {t*} nt
l8 - 3O æooadrr tlg ürr rptrrr¡:lr¡trly t.5 rlmtrr.
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å PnrunæIOOICÀI¡ Sl[llÞY OÛ IIIE |fCt¡rIIl8

T8OTAIED IRô¡I lE M

tftrc &boônnr, or bü J¡llyfl'lh, hlvt bca
lrylt c¡t¡û !n nar¡r tnjurlrt to nn ln Íortl¡crn åultral[¡n
w¡tort. lf\rro l¡rceLt:, efúrynx flp.eh6ft an¿ SåggPg$gå
qadrlgatqår brvo becn rarponrlbtr for rpproxlnatrly rl"tty
de¡ttr¡ and rnny notrG non-lctlrel, ettngt Dgt. Fatrlltår¡
brvc uaually b¡¡n rr¡rortrd brtrflün trovrùcr rnå Frbnrery

ïb.n thr Jrflyfl;b ¿nhrblt thr ürllor csr¡trl rr¡t rl.
In hlr reoosnt of tbrlr tils .!¡Gst.r, Elrnrl (f9ó61 ü¡grg.ltt
tlrat Sl{9ç 1l ær¡ drnEcrout thtn Çt,¡g qt¡gôrftrgh,çl

bacru6 of ltr largar rlac rnCt grrcatar nr¡nbor ol n¡mrt'o<ryrttl.

Botlr spcclee, homvcr, art crpablo of lnfltctlry dangeranl

and e¡çtrølY pel-nful rtlnge
t'¡lttr thr lnsroillry dcvelo¡nnt of lortbarn å¡¡tarlfr

to toqrl,rn a¡ô lndr¡¡trrrr lt lr llJßrly tb¡¡t tå¡ I'nalðang' €f
rtlngt¡f,r rlll rllt, tJ¡ur las¡¡rrttrt tþ¡ r!*rråy c*lrtlry
horftb b¡:lrð.

urèfl r.o.ütlyr äo ddltld rttrûlrl ot $htfg*.
llrsls¡rl t6tn h¡d hcn dl. loruvcrr o'rÜtr tl¡r P¡rt tr}¡rrræ
y(¡¡Ef, rq¡o1f¡ fron r nu¡bor of ¡ç¡¡'lgr¡ bava êa¡erlbeü

rler¡[ a¡¡nctr of tÌç to*in ånå 1Ð rctLon¡. lfhâ ala Of

t¡r rx¡nrl,nnÈ¡ ¡rbleh er. dnr€rl"brd tE tbc fotXurtngr r.oütor

bås þs.t¡ to lmn¡tlgrtr tbr ¡,Û¡arrreologleel pro¡nrtlcl ot

tår 9þ*æ, t8rla frrctlo¡¡r rùlcb hrr'. br.E nrerr¡ô. Ir
orû.r to rnnt n futrly tbc rflretr of thr tütn tr þoÊ¡¡

lntrct, r¡tn¡l¡ a1á Lrol¡tad organr ' a Gonllô¡rebl¡ rüfli
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of, prq)rntton¡ rad trehnl'gucl h¡r bl¡n rnplrycd. flrc
rrtultr h¡vt bcrn errangcd ¡o tlrrt ex¡nrtuant¡ wltÏ¡ lntrct
anlml¡, lncludLn¡ ruB¡. toaclct t'y t¡¡tr rd anro¡thsttr¡A
r¡¡1¡¡rl rr¡rrrlnaatr, arc ducrlJû¡d fl.nt. 8Ínnl llp.st¡
of tb¡ r¡rpoßr.t ebrlrvrd rül tåln lü¡dll{ futïh¡r tn
rr¡l.rtrntr ïLth trrolrtrü ûsgra prcl'rrltlotrl.

'ltrhr nr¡ronrrl of crprrlucntal rnlnalr to lnJectlonr
of to¡tln straetr alorcly re¡ablo tl¡o¡c doscrlbcd ln
cllntcal relrortt of SåËggtr atinglng¡ l,a hun¡ll. Dtlùth

¡¡ag due to rerplntory lrrest of crntrú orlgln, u¡oclrtrd
r¡1tå narlcoð ttgnr of Eardlon¡cul¡r Êúlurl.

ÀIthou{Þ mt Inolüftd {a thtr rrport, lÐ rtuålrr
of thr phrnreoleglcrl Prop.sür¡ of Cþl¡¡oUrflq.ur

gurûqåqrt$l tü{¡¡ h¡vr rlro btü¡ nrdc (fræaur ¡¡d !!urncr,

!n prqngtlon!. tflratc hrvc no't ræ¡rlcd rryt rlg¡lflornt
dLffrrcnær fron cblrg¡rc¡¡ tûßln.
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IEET'LT¡

Bünttrntt wlth rlt.n1 Cbtronc* tcLn proparltlonr
erc d¡lcrtÞd 1n tl¡lr ¡cctlon. lFtre f,raatlonr obtrineð þt
Scphadox O-20O clrromtogrraphy ere rsf¡rrrd to nost

conveniently at the rcardlotoxln' a¡É tlre 'haeiæIyElnr.
Ths cardlotoxln (M.l¡. 1501000) t'r lcthl¡l but not

heomlytlcr the hae¡nolyaln (t{.w. 70rO00} poasosset

haermlytlc and lrthal actlvlty and causes glcln necro¡la

upon lntraôsr¡nal lnJectlon. t[ha rcrude rtoxl,n lncluder
eu¡rcrnatant fraet,lons of ccntrlñrged tentaele Cxtractt üt
uell a¡ sa!ûplcl prepard by $cphaðen e-75 chromtogrlphy

of tlrese f,r¡ctlor¡¡. O-75 cl¡rorn¡tog¡raphy dld not' altcr tlro

proprrtlcc of, tl¡e nontrlfirgrd e:rtract-

r.¡ETt¡Atr ErrEcTs op qluBpütEt( roxl¡[

l{lcc ær}¡lbltcd rlnllar eluptmr aftcr fntravenous

lnJectlon of letT¡el ðos¡¡ of, crude toocln, rnillßedr tüÍ¡¡
or eit}rcr of tlre SopÏradrx e-200 fractiotts. lftre anlmala

became lottrarglc and atrxlc, reopiratlone appeared forced

and lrregulatr, ar¡d before d.âÈÏ¡ t}re anlmela eonvulsecr

brlefly, but oftgn qulte vlolcntly. At autopry the haart

rras uaually beatlng fecbly anð lrrcgulerly and tÏ¡or€ vral

n¡rlcEd v€noua sngorgÊmnt. ftrc lungl r,Ëro redðlrh'onngo
Ln colour.

Mlce rarely d!.ed earlLer thrn rlxty seconds after a

Iethal inJectlon anå deathe Later t!¡an thLrty mlnutes were

unr¡Eual. fl¡e tLnre to death after lnJoctton of haenolyaln

vras longer than that observed after any of the other toxln
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üsÈrastl, D0¡. rortrllty eurvu tor rll .fttlæl u¡rt
rrtrurly rtrr¡r.

t1¡. tff¡€t'l of Id{¡¡l üonr €t tqin oÛt

rnrtltbrtlld rrtr r¡û rrbÞLt¡ folLffid r ¡lnt'lar
prttrrn to tlro¡c tü.n ln nler, oxoopt tbrt tbc

anm¡,tl¡ctt.zod rnlnrtl dtô noû' comrulr¡. Àutopty tlnÄlngr

rcra rlrg rl¡rllrr.

L'EIEAI¡ EOXII I¡E\fBLB

Cg*atç Èoq$a. t'br çlrntl,ty of Crt¡d. tula rrçrlrrü to kt'll
r rrbbtt b1l tatravlÞuü !.nJcctl.on Íat cxttanly Tralaþ[.'
rrngtng frø 10 * 160 tl.U. mo thprtett ttua to d¡rtb
rd¡¡Ë 90 racondr, tåc lmgort uar 6 nlgutar. 2 - 4 ll.U.

sår th¡ nt lltbrL ðorrr tþ. tln to drrtb vrrl.û tra
2 - 1,0 ünut¡1.

Haqqglvtåp. nåbb[Ël df¡ü 5 - 12 utnute¡ eftcr âo¡er ranglng

fra lO - 15 N.U. tnJrcted t¡to tbc nrgl¡¡l o¡r vc''B

(4 rabblf¡) I ratt ô|.d S - dg nlnr¡tg rft r t'nJreü{on of
2 - 9 n.II. trÈo tt¡r lat¡¡¡l trtl vrld (i 3¡tll r Doltl
r6rt laJrctcô æ.r r rtrndr3ü Èra lromd ¡nrtoð. mÞttl
3¡ævtrlng fr6¡ nilr-l¡tt¡rl 6or¡r brd r ôr¡xü¡¡ü rrt¡rhl
pr,l¡rurQ for rm¡ 20 nlnutc¡ aftcr the lnJcctlonr þut l¡ta
ôaathl rfÈ,ar !0 - {O tüttnrtct wtre not tten'

crrall0tsln. nrbbltt dr.d 3 * $ rlnuter rftrr dor.l of

carðl,etclü gry1ng fræ I - I2 tl.U. (4 rrbblt¡) I rrt¡
ð!,.¿ 5 - 40 rlnut¡r rfËla lnJretlon of 0.3 - 3.S t{.ll' (g

$tr). tll trJrctlmr ¡¡rt ránLntrtca¡t ovrr r ltrg!¡üô
t ü r.e(DÉd t¡clôô. ,l!'br r.|¡utrtl ltr. qrnlltrtlvrly êlffrr.nt
tn tlrc tno rplei.cr Ln thrt rynætonr ptrlLrtod !n t''lrc rat
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rftar latr-l.thrl domr tor t0 - {0 rlnuto, tlblrrtl,
under the ¡rn elro¡rtrnerl, tb. r¡bblt ¡b6lnû oqrlrtr
t.€otarÏ rftar t - I slnut¡t.

srtfir8 ot !o:r¡¡l oü åmE3ffiÍtttD åIT¡lf,IS

À rlrilrr prtt s! of rffratr ïlrr oF.rrrô rft¡r
l¡trrvæur lnJrctlon of, rryr ol tür tüllr P¡r9lr¡tloür
1gÈo srtr æ rrbbltl. control vrluc¡ fc rll n¡rurn¡ùr
rra rbort la 'lfrblc {.

trbt {. control lærlr of ¡¡hr¡r!'eloglcrl ¡nrnt'rr 1¡

nÞ1tr rnd rrt¡.

syrtcll€ DlrltolLc Blgbt rtstrl t rrt' xilptrrtosy
prrÜauil pralü¡rt xlralmra arÈr- -alb, -idst '(ffisi iøzql htn{) ('tnd}

Rrt r61!0
(13l

r¿r$
t10l

rrË¡
(3¡l

er!4
(101

0.¡!o.a
(3r)

-o.l+0.7
(101

t73tto
(rrl

3Oot¡
(10)

?t3
(3rl

3Ð$
(101nrbþtt

tlgiunr lbitrn rn 3 8.!.11. Íbr n¡ü¡r of, obmrvrtloßr 1l
rbom ln ¡¡¡rrntl¡¡lûl.

ttat. brnrr b.en celqtrtrô frø thr nnrltr of cxp'crlrntr
çlt*r tår 6-200 frrctlou only, hrt rrråtngr trol rll
rry.rtratr f¡lI t ttÏ¡ll¡ tb.l. tlE¡lllo

Effretlvr dol¡r of 9Þl¡gggã to¡¡ln tnvgLrbly ceu¡A

r bt¡ihrri,e etrrryp ln ertrrl.el prcr¡nrt t n botå ¡trÈblt rg!
r.tt. flthla tO ¡cgfill lfÈ.r lnjættlfi of suúr tcl¡r
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Ft.qurr?¡,IÍtrcEf,f,ectof9}'15ogeËhaernolys!.nontrtort'rl
prqtrt¡tc (h¡tched rr€a) , rlgbt atrial prsssurs (Û--"o) '
heart rat3 (¡--{} atrô resplratory rat€ ß -û} ln ilt

¡ndrrbbtt.Íhoratrôc€tvtd4}l.U.at3trÖtlna,
r.€o\rtrll sat coüPl.ete af,tcr 30 nlnutcc' Ítrs raË l¡ad an

cpLsoðc of, ventrl,erlar tac,bycarðia at 14 ntnuta¡ (arrtrrr) ¡

tt¡e botrt rato ln tJ¡s rabblt ahoned mrked lrrog¡ularltlG¡

fræ 3 - 5 nl.nutss.

RABBIT



(A)
10

mmHg 0
+10

cmH'O 0

19

100

mmHg O

+1

cmH2O -10

Fiqure B: The effect of haemolysin (A) and cardiotoxin (B)
rterial pressure (upPer), right
) and respirations (Iower).
e rat was moribund at 19 minutes;

20 21 min22

200 (B)

20 21 22 m¡n

o

given at zero time on a
atrial pressure (middle
Haemolysin (B M.U. ) : th
after a period of gasping respirations, all parameters
improved, although the animal was apnoeic for 2 minutes.
Ca?diotoxin (0.6 lvl.ü.) : the animal had been bilaterally
vagotcbmized. Here the rise in arterial pressure r^tas coinci-
dent with the return of respiratory activity.
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'¡¡ll¡cnôt tocln or crrûlotöfln tbr ¡rtcrlel pnr¡uro ro¡.
by 35 - 60 Ëlg. â r!"üllar rlr¡ of 2O - 3O üt, ov.r I
60 rccor¡it ¡nrlodr wrt oþLrvcó rft r lnJrdlon ot
brrbly.ln.

*hr rtrc la blood Pr.rtur. rrl follEmû þ a rrplô
f¡lI ov.tr tba n *C fry nlmtrr. !fbl. frllr td¡ld¡ yar

u¡urlly grt.at a 1¡ thc rat thrn tà. ¡'rbÛ¡ltr nl
r¡¡ooLrt û ï1ü¡ tb¡ trv¡lo¡n¡! of Þrrdycltdlr, Grtdlre
tnrgulerltl,cr rd r rlrr tn rlgttt rtrtrl PLtürraÕ
Durlng tbl¡ ¡¡rrloaf tå¡n vrr rlrry¡ lÐ. aea.l.ntlon
of tbo røplratoRf ntr follorrrô bf' r npld ðlntrutÍo
ln rrrplnÈory qúltlrôr rEÅ rpnoa of vulrblr &¡rrtloa.
I¡ norù lnrtr¡ctr, r d¡utlc rtrn ln lrt¡rlrl ¡¡rrllun,
oft¡n to rÞort. tba €g6trol þv¡tr, 6t lr.oclrtdl ïltb th.
lLrtt ¡nrloü of, rpffitl. ltr6¡rfÈrrrr thl rrtrrlrl Fra¡n¡¡t.
d¡e¡¡rrtá onr¡o nlrtr tn ror¡ r¡lnlr trÏrl rceaå frll la
¡rtcrlll prrtürrt pr.ecôad tt¡c t¡rnln¡l epnocr ln stb¡n
¡ ¡rlcr of vl,olr¡¡t l¡3el¡uaa orelllrtlo¡t occugcô b¡fq6r
ð*tb. fXple.l rxprrlrotr rrr llh¡lttrt dl ln llgrr.a 7

(brælyrlnl üå t {srrdl€,too¡fa} I portÍmr of rleordæ
G¡ar lllurtgtlry tür grcßr. orclllrtl6t lrl rbgn¡ Ln

tl¡urc 8.
t'b¡ tinr rc¡lr of crnt¡ Yarfrd fru rnlnl to rnLlrl,

þut ttr¡ ¡nttrrn rrr rlrryr il.nllrr ualur ¡ vtrll' trstr dol¡
of tflta rrt glvra¡ rt a d.rtb ccgt¡rnd alt¡rlng tl¡. llrrt
falf la rrt¡rlrl Pnrlür1.

Itbr rþotrocr¡ütotg¡lhtE c¡bragü ùr¡rvrâ lft r tå.
t¡Jrotl.on of crrdr tclnr rrlt¡raår tü|¡, or ¡lül¡rr ol tbl
¡æbrds O.¿OO trrcùlour toltrourû rlntlæ ¡nttrr'nr I'n botb

nt¡ rnú rrbbltr. En'åf¡euül¡ nr lru ïltbl¡ ffi nt'nut'



20 secCONTROL

30sec

14O sec

240sec

315 sec

60 sec

'l9O sec

285 sec

mV H
335 sec

sec

fLcr¡rc l0r Elnctrocardl ographt.c elrangcr follot*lng

lnJcctlon of qruða toxln. tFha llrct panal thow¡ a sCgnlnt l

of Ecc bcf,ore LnJactton, hcart rtte ?60 ¡nr nlnute. th¡rt
l¡ an lncrer¡cd T-P lntorvrl a¡rd bnóyclrdlr 20 rccondr

gort-i,nJcatl,on. t.¡¡y. cslügæ.nt 1r r.¡n rftar 30

lCcoeáto åt 60 ¡r€onû. th.r. 1r 3 I tr ttrlðv.¡trlcular
þ¡o€,1ß. Ettm;¡ 14O r¡rð 19O lrcondr rupl¿tlonr bcor¡¡

lrrtg¡uler rnô gülPlng. At 31$ ¡oeor¡üo th. trcert thor'å

Lrrcg¡ular a..ry bloakl tTrs anl¡n¡l ce¡¡ld to brertlio at

32O ¡scor¡Él¡.
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of tffil! tnjtctloû. 8Ð ? rrvr rnfarg¡ú¡gt rrr n¡¡ftrût

thLr rra .rp.drlly nrrlrü rfts laJrctlonr of tb. e¡tËl
tsrlü. 8-ll rrgrnt dr¡ntrrtoa rnr ooüor¡ftf ôlr¡vrð
2 - 3 nln¡trr tfBæ adnl¡r:lttntlûa of r¡hr 3r¡ibråot tl..l00

fnotlar. lhltüfttrr trlctl rbqroû I *rvr trvrrrlon,
oonÅuEtlsn drlrf, vrntrlel¡r t¡¡fûUcrrülr r¡¡l l¡t¡nltt¡Ûtt
rtrtgn¡¡¡tr&rqtü bloofi, rgrgn*rr ror ¡lttrnr rtar ürrr-
tlnr lstrr:¡¡crnü ï¿tb rt¡rrr er lrrr s¡gtrfrr prrloür o!
rtrlovüür[ælrr bloa*t bcrst rrÈ. nl oss¡¡|lærlly
obr*w¡ü ¡¡ {6s¡lålc ¡¡rdt lnoreuc rÛtc¡¡l tt-anl brtorr
üortb.

lyprcrl E6 tnelryr ¡rr¡ rtr*a ltl ftrgUrr 10. t'b.r.
ür. oËûrfâ¡å fsfl r,r¡ rnrarthtll¡.¡rô nÞbt,t Þrtorl rü
rftrr trjroüfæ of r frtbrl dom of on¡ü t*la¡

fenr of tlro tsxlnr rlt t¡û nrplntorar rrtc or

rqùltuü. untlt rfLt tbr flgt tffrrtnrlvc Ircfod tüm
r¡t r1r1 ¡Fülnrr¡ rü ûrlllng¡. Dl¡rla8 tålr ¡nrro'ü tb'r'
ffit la 16r¡¡r trn rg¡ltratorl¡ ntc follanrd þr r rrFfô
dg:gr¡ ln rryrllln*ðc, nrÄ :¡lmlr of vrrlrbta ü¡ratlmf
ttrr Gtrø rrndra of rpmer retd ltù ÞÈ¡¡ rP.cllr $rr
!O - 1t0 mooEå¡. à; tb. bl€eð Þat rsrlr brgra to rlrr
tc nmrl tmlr, tb. rüPlartËrlr rrtr rrtud to omt¡ol
¡¡$nr ar rÞovr. gl¡¡1rr ¡nrtoür of r¡plgtøXr dc¡rC¡!æ
oA r¡!ülftat tecoagüül¡ô crelb Prtltura sralllrtlon. O'ü

rrbþft lrl¡lcltr brd rcccfvrd r dotc of hrmlyrta rcecvrroå

rftrr tläree fu¡ûf, ( fû0 pændrl prrfndr of r¡rmr
tnt¡rlpgrd ïtt¡r f¡clodr of httnrfrnocr. trÂ oübrr rnlrrlr
a¡¡¡)* Ër to¡tgrrû lgr pæfoür of rlorr fiüFlrg rerpl¡tlar



llq!¡Fe.,flr Phr¡r¡ls nâ¡îr/t¡ ar¡ll ôlaphregnatic rctl,vlty
follortng lnJcetlon of crude lb$gËI toxln. upper trrcr
rbo*¡ reeo¡d fron nyograph necdlo tn tÏ¡o dlaphngrn, lomr
tnco lhorl phrenLc t.rylulrer. Prml l, control
rcrpi¡ratlo¡rl Pen¡l 3, lscar¡d ¡ùnulc ectlvlt¡' rft¡r
¡ m-l¡tårl ta¡¡ln lnJo€tloûrr Prn¡l 3r lrrrqrular ffrrptnt
rcrpl,nülo¡ aftor ¡ lrttrú êort¡ Penülr { rnd i,
c:ragigrerateô actlvlty aatoclatad Tlth tlow, guplrrg
raaplrattontr. panrl 5 ¡horn thc ternLnal galp, whlclr
yð3 f,ollorr¡d þr elccttloal ¡11ææ. TlEl nrrh¡rr
O.O2 taeüË¡.
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tbrn dlrtb.
În s¡¡clnmtr ïlüt ttrr crudlÇ tct[' lÞrt pulodr

of r¡mcr rürt loastLnor ob¡ravd ar tü¡ bto6d Prllnrra
Lncrcrrcd follOwtn¡ t hyllottm!.Vt cpl,rodr. Sucf¡ ¡¡crlodr
of epnora $3ro &øv.r oþrcrveô rftrr laþetlon of
n¡mofyrl¡ or cr¡ülOtos3tn. I trr]lt arf,þlr ef r¡tr lh0md

pt1¡,ruß1r oadrml. lfbtr rnr o¡ly Obrcrvtð la thc rft rnå

cüulú û(Fur rttrr röl¡iltarùloü of, urxz of t¡br tsrl¡
utfleùt.

hupfratory eharyer rfter th¡ erudlt tsxLn rlart
Ëurtb¡r |üvrrtJgated by ænlto¡!¡fl rlnr¡ltrnaot¡rly thr
rl¡at¡i c¡l rctlvlty 1¡ tåc phrc¡lc asrvt rnð tb¡
dlr$h3rgr nrtstr. Ftgnrr¡ Il rbwr tåt atrultl of r tlælorl
sfrrfmt. Dlå.l f lltultrrt r tb. t¡lertrlsrL retlvlty
rüo€l,rt dt fttb sr ao¡rrl nrglntlm. trüplrrtloE
lr¡üA lor rpprciratrly tOO ü.ct th. silptratoty Prurr
rn¡ ltO nrro, PtÐl t Jh*rrr tùr lneprrrË rgglretorlt
ntc tút¡r r uæ-lrtrbrl dora Of tcl,E. 'llhl ôrrrrtLoa of
lnrptretÍon rrar undrengcðr tùr LnE¡lurô nÈ¡ üel ¿u. tü
r d¡ertaro Ln ttrc grpl,retory Par¡ll. Sr$rftqr¡cnt P¡Htl
tt}ut¡rtr tbr ¡ffcctr of, r Lthal ds¡¡ ol tsl¡. Olrptryr
{¡r t¡t I l¡agËheËr.ãç of l¡¡pl.nü|.æ Lr rborn la Þu¡l 4.

At, thl¡ ùl"n rrrplrttlol tplnrsüå to br otlnly dtl-
ptrngrntte ad, u lllu¡trrtril tn tÏ¡. uyograph. tlúrc
rlt rt¡ ãugn sNÈcd forsE of cootnetion. Frnol $

itluttrrt6 tbr t rni.nrt güP brtorc r¡üÐ.r rü ûrrtb.
tfbrrrc ræorür rhor tüåt traut*t¡tcutrer tnn¡rlm!'æ rrHla¡d
rffrcÊl.vr r¡ntll detlib. ttrhfr rllrt æaflrnü by plaotng

rtlnrlrtlry ¡lrstrtd¡r fi tb. n¡lrrt. ?plÈ q$t}|q, Íbln lt
rü FqÜrl,bLa tô alt0!.t r vlgurug {fr¡ihngrrtf¡¡ tril,tclh.
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It ü clG¡r tbrt tå. rilptntory ceatr. r¡nrtnrü crprbla

of tntttltl¡q ã¡rPtr¡tory ltgsrlr ugttl iü. t ñrln¡l
rirp!.rrtlon.

rllGsm or fi!¡rlx ot và8olttlos Rñl,Ex PmBIIåS¡

thr çfftto8 ral¡tl ü tCI ribttbr thr rrtrrlrl
pru3rr'r ololllrtl,mr út!ü r3¡ I €n¡trnt f¡rtn¡p Ot

û¡tb ü¡'ü ôu. rlUrly to fluotrrrt!.oar I'n cerdlrc fr¡¡ratlo¡

r$tt¡tt r êonttrnt beclcgrüüÌA ôf vülo€6iltrletlon or tô
toü. mgrü coqrlex r¡cchanlsn. !!t¡c oÜclllatfonr tuggalt r
dl¡orðsreð feodþrc¡ß sytt6, .gl rrlr¡ tt¡3 Pollfbf[fy
tå¡¡t l¡b¡ t6¡tn ber þroulht about e ðlrturbrnco of
vrmtor 3lcLt¡r' ceurçnr¡tly' ot¡nrtrr¡ÙEl n¡¡t
d.rfgn û to t lt tbr pomt'loilÅtv thrt *fggggg to*t¡
lnt¡rf.tr. rrltb lfl Büt, of übr vrtmrtor r¡llaß p¡thïlry.

In Eott of th¡¡lr Otp¡g'tffirt! l¡bc qrrütot¡¡rlo ead

hr.æf¡Ê¿c flrsatt oat prlÞtrcd by Sephadu O-¡OO

cihrnrtogrr¡ihy b¡vr þaen u!êd. Whorc Cru6o toÉn
c¡rt3acltl bavc bcr¡ ad¡tnl¡t*oð, tJ¡e¡r relult¡ are alro
drrsrlþ€d.

Ef,fratr qE¡ FqFoþl,å.osqlllülen rrfl¡xcr. Crrortl'd oce'lulLm

retlcxo. tnre rl|o[ürd bXl cl+nçtng oe or botlr of tlrc
€¡rroù,ld r¡trrt€r for 30 ltcoßdt. 8('tb th¡ ceroÈlð

rrtrut.¡ çû thr ¡rÑlt, oanlÄ þr of¡ryrd il th. tænl
rrtrry hA þü¡n €rüutrtaat. trtL Èh¡ rrt' bilÛtt.rr onlY

tdlrr loft rrtôry w¡e alrqttd rt tht rlg!¡t cgotld hrô

bocn eå¡nrlatd for blood Pr.tsura rccordlng.
lftr cff,cct¡ of ümnnlynln rgt er¡¡ütoto¡l.n a tùlr

rnfls ËrC ðrtcrstpå aftcr lor d('trn, ro thrt porl0da

of rct¡tlvaly ¡tabl. hypotcnslor¡ laattnE d - 5 nlnutcr
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tfir. rvrll¡blc rft¡r tbc lrrtt'laf bfnr¡ts¡¡lvc rtlpqalr'
rtttryrür ïürc nrðr üo rllelt tÌ¡r ttltu rrbrn tt¡r rrt¡rlrl

¡¡3úrrrr. ln trha ¡ltÈ vralcd fr6n 4? - ?0 ü!E, ril¡)lgtloül
rrrt û ftü ft - óS PG rt¡¡rta rnl tb. ùrrr!' nt¡r rrrl'ü
fl¡oú160.38oprrnllutc.tü*rrnotpolrlÞI¡ef,t¡r
.ttlilr t#fa to cllelt r prertor rolpont' Èo otrotlô

ocsln¡lo¡rr rl,tborylr l..mntrs+un3 blt¡rùntr
(1 - Zyilftitl glvra lndfr'¡r:fy fft t lu€b rt'trqrtr €rul'd

rn lncrallt ln thr ürtülú ¡rr.rrrur of a¡ryro*lrrtely

?o dg. tronårcn¡rllnr glvrn alor to d¡rtjb %r lüüffrcülv¡'
b¡nvrr, polrtbly bcerur¡ of tba gelarall¡cd ctrelrtorl'
t¡llun.

ü¡ th rabþtt tår e¡roù,ld occlurlon r¡!I.¡( lrlt
n$rtlïr tor tt - lo ü{&rtil rftrr I Ëñ-ltûb¡l üo¡o of

cttùrr tffi$¡. Dut to th¡ ¡hort, ù¡rrttæ of qrçtar afB¡r

û¡ crËlotstn, tb. ¡st rlet prc|rutl brð r.tu¡Ðd to r
n tr aorul lrrd boton tår srrottd e€€l¡ilrtð ratlr¡r grr

tart¡ô.
F.sluto oi tbr rtillttvtty of €rrotlË o€olu¡lloür

l'.ttü.t to !¡Irpo¡rül¡, I lc¡itrrl of .ñ).rt'ü8Èt rll €6Ñcû'd

ln ïhlclr raÞLtr uÜúl votllaürô vttb e ¡,alrr ruplrrtÐry

Xn¡fp türorgüor¡t tl¡c qnrlmùrl ¡nrtoü. CPontrnrour

3'¡tplfrti,ül r6sc cugtltcs:ñ ï[th é-tubocunrt"u (0'lry¡tg|

glrnu r¡ taqalftd.
toû-lttbll ðomr of €r|bdtotetl prsûlerÄ cl¡raæl

tñle¡il urtr. rt¡ltrr t¡r tholÜ ob¡crrrû 1a tbr !ûa"Tütlfrt't
gbþl,t. tt r.Gonå r!,¡ ln frt|ü}lrl ppfll;¡ñl rrr ôr'ñt'ô
æ1r rftü r prolon¡nû ¡rctsd of blpoùurrlon (acrly

I nlnrtrl!, r,btô uurf'ð Prcrr¡nrbly producr r rufflclo*

êrErcr o! bypo*l,r to settc Gbær.crptorl ð.|plt ttô
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¡ortnÈcn¡nse of, ¡nrlnonar¡' vgtl'latl.m.
ÊrrcùlÄ osetusloa nfh¡¡r s¡lé æt Þl dlcLtrd

for ¡nrtodr of { - I ünrt t rfÈG arrûlotocln lnJrctlon
rltlhwgh tyrt tlts ltrcrtu¡r ¡nt 90 - 1lO nüg. Str¡rynrrlon

of f?b. r.tlGt rrl ûËù tc¡rurda¡t on t Prlor apt rodc of

blryptcmloa rùlelh nty b¡vr âGPrÊtl.td tho Yatorctor eânttre'

Ffñ*ÌJ$ ruff&nï. nllrt nl or*vùsrf vrgiütoql' s.ôls'ü
tù¡ grttry t.llú¡attry rrto tã þoth trtl raå ¡rþbL'tr.

tnJrotloar øf orr¡dr torLnr sgdlot'ø¡ln or brttþlyrln
rftcr vügpt€ryt pr¡oûuæd tlgt lrr lptt¡rru of rGrtrltË to
thore prwÍsurly ü,crcrtbdl ütßccPt that ât rc tltm räs ttrcrs

a rlggtflêant lnsrc¡¡e tn rcr¡ú,r¡tÐry rtta, ÀrÈrr1¡.1

Bt.ttur€ êrê|tlrttæ¡ ðrvclop¡Å lD tb. ulu¡l uligr rfüougb

tå¡ clcar-{ut illrtl.onrbt¡n þrt¡l¡O rl¡¡oar raå th. ¡}¡¡træ
cptroðrr rat lort' rr lryt b¡ lor¡ la fLgnrr Ð r¡m¡
tcttnr pçordrû trl¡r rrtutel pm¡||üt¡ lælr'r, rf,rl€b

tnr oolffild.trû, t*tül th¡ rrtr¡rn o! rüpirrtory actlvlty.

c!¡¡g?.tÅð ¡l#nrr.4tFÇ.w¡tlo¡ ,ün ,thr" ¡nÈ. tb. ru¡lrrler
frryrynaf, ll36u3r.rrt f¡ryary¡rf, torttc dr¡rillæ rrÉ vegnrr

nrv.l rd th. qq¡l¡t¡¡¡tte trrmlß rtr' æstlot'¿' tÛÛrth'r

rtth tlrr ns,Tt¡r rrlrtng 1¡ tb. crroü,f.d btfurrcrttn 1|r tùt
cgrtrrlrtrnl srrottd to tåß rttcrlll crnnulttlon. lll¡t
rrt rfå1 prcl;urc ln ¡udtr ratß alwayl æcccðeå 200 @
tn¡t rrr ratþ.¡r rrnstrþle, and envcn tbc stlnt¡lrtloa elulcd

by tn¡¡ortfon of tbo rlght rtrtal eann¡f¡ cqrlð rolult l'¡
a protæ¡cd ¡¡erloé tlü htt¡otrarlü. OL rrt ü1.ô ln tbl,r

ffiy, eltmr¡gh at rutopry th¡r¡ $¡ no ældmsr ùo ruçgrrt
th¡¡t trhs crnar¡lr h¡d ¡nrforatrdl cltb¡r thü Yütn or tha

Itrlr¡¡¡. âfftthâr r¡t ruÍût¡' d r praetpltot¡¡ trll tn

rrt¡rlrl Xlrül¡t¡flr tellwlry lrrrt[n of t¡br rtrLrl smnr¡,lrl
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$r.r ¡ 40 t.ggül lt|3l,oå, rüt r1r1 fr.||r¡p frll fron
195m Sg to tfu¡ Eg. åt tål; Polnt tåc ¡nlnrt rtôft¡nd

br.¡tbtr¡E úot 9O roaondl. Colnr¡tü.ûù utth tlrr rrturD o!
r(¡tgtgËory actlvtty tlrr prcr¡urÕ rot3 agaln¡ rnd r l.rl'aa
of rlgw p¡¡ttu¡ orelll¡tleür preccdcd ðlatt¡ {0 rlnutr¡
Irt r. Erob rtrc ln rrt¡r$l pa3rrur. rrrr trlgg6¡ð oft
Þf¡ r p.rlot ef epmr. It rq¡ld l1n tù¡t, rtt'bot¡3 th¡
þr¡ff¡rlnl rctloü of parlphrrel baro- md clræ'crcrptorr
p6'.taurc o¡clllatl[oü, t t¡ld¡ r.tdlÞl. tüo6 lnôu<lod þ
tlrc to*1¡¡1, ea¡¡ ocgt¡r. Ðüerruto of tå¡ ]¡¡südl of atrl'al
crnnulrtl,o thl¡ wâ3 ültt d lrm tl¡lr lcrlr¡ of
erc¡rort.m'Èt.

å}tb6n¡Eib tb¡ ntl w.r. bfprrturlvo eftar barorcorpû,sr

d¡nrrrrÈtæ tbr lnJretloa ef clt!¡cr crrûloùsin or

hrmlyrln ptroünorð a û¡rtü¡r la6¡r¡c ln a¡tcrlal prerü¡r.
b1l fO - l0lu Ë8. '|tï¡lt nr follolod by r rlffir tñan ulu¡l
lrlt {a pro6ur'o .Dd r ¡nrlod of apæca, rûlel¡ r¡n¡

tuccttdaô by æl ¡¡r tï9 Prollure o¡€tllrtloü¡. Al ny þ¡

3.{m f,ror Élgnrn ll, d¡n¡rvrtton rtfui¡¡â ttbc rarPl'rttory
r¡t3 træ tlra €ü¡trol vrluc of ?4 pGr nlnute (tabfo ¡Ûl to

3{ I Í (8.8.n., I ratr). tlht hrart rrte lfal not rlgrnl'flcut-
ly rltcrod. Crtdlas æd rorpLretory dllltsr¡ltlrr ðcvrlo¡nd

!n tfr. ururl vay aftcr lnJaetlon of, cltlrcr toxln, rrclpt
for tl¡c ab¡cnec olf ralpLratory rtl,nrlrtler prlor to a¡lmtt'
Eomvcr, unllþ rrtr Yltb þ¡tor.clptor lnn rtt¡t{o¡ lntr6tr
thc pr;l¡or rctpo¡r. to rBnoca ð1ð ruü ocsur u¡ttl
rerpfratloüt hrû rttulnüd. !!h1¡ e¡l t 66nttraù ff¡dfry
rrtth þotb tcL¡¡.
Ef#rsÈ of bF!ççSqpFlun. If tÏ¡. artctrl Prc.3ura otci.llrt-
t mr u. år¡Õ to lrctort rddtrtLmrl to flucü¡¡atlon la elrûlrs
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fir¡rstlon, tlren i,ntorf,orsncc wltlt any part of, thO valomoto¡l

r¡fl¡¡¡ pathny rhould rcütrcc or rÞollrb ¡uslr crelllatloülr
ltha grnglton-l¡lpclclnf, drug, bcxan¡thonlrs, wr lnj¡cÈcd
tnte grÞblt¡ rrl{ r¡tr t'E ôlvld¡ô ðou of l.lry,/lry, nntll
tb. rrt¡rlrtr Prall¡¡rr hrdl frllra to r rt rÄtt lærlr rd
tt ¡n¡ ao lærger ponl,bl¡ to lllslt r Gr¡otlâ oaeLurtoa

r.fl.ú. ttru¡l¡y r tûËål tl¡lr of lOry ¡Tq vú g!.vrn o!5.r I
20 aLnutc pcrtod. t!!¡Ë artrrlr¡l Protcçrc ln ÈÏ¡¡ rat ra¡
rduccd to 91 t 6m Ëg (8.8.t1.. 9 ratrl.

Injcctlon of cardloto¡ln or h¡ælyrln rtt¡r
graflltælc þloehrð¡ Þrolgþ3 rÞout th¡ u¡url pnrror
r.tDoatc, lùlfib rvrtrgað ó€rr ¡f rþoTr tba €fitrol l¡vrl.
fi¡.Û:.rtt r, tb. lrtlr,.rl pnrüra. t¡llr pr.rllrrr orslllb¡
rtrl rtthtr rntlrrly rÞrat or ülr. llw, rnll I'n nrgnlh¡dta

(¡0 - 3h Egl, r¡rå unralrtrå to pcrlodr of tlttrtcr.
n tptratory aad rl¡etroonrülegrlpblc Õùrng.l lollorcå tltc
ufurl pettrrn. €lollty rtnülar ratultl rrn oþtala¡ö ïttb
nÞþttr ïbteb hrdl r¡crlvrd alt¡rtr of tb¡ 8r¡rbrda 9-200

tooetil or e¡nrdc toxln rltrr grngffmfc bloclrdr tdtb
ho¡r¡rt*roûltrn.

'llh¡rc rcrultr ürgEãtt tbat t!¡c lnttlal promor

r3aÞoarc 1r ôr¡¡ tp I dlpct çålocoiltclctlo¡, eltltough

tt¡cb e r.tpon¡c ooulû rlro bo nodtrtrô bY crt €bolenlnc

r.¡.rt., ln r nam¡r rl¡Llæ to th¡t of tår ladlrrctly
rcülnE qryatlrufntlcl, Qærnlnr rnd n.¡lhrqrlrtbyhrlnr.

Eff¡e? of pb.EppF{qraz!3f*t. Íl¡¡ pocrlÞtllty of eataclrolrnLm

nlralr r¿r. tGrtrd Ln ntt and rrùþ1Èr prctnrtoå wttlt

nng¡ory¡s¡ra¡lnc hyattocT¡forld¡ (¡ - 1ütnrql. tlr anlnelr

rocrl.vsd tbr al¡¡h¡ adrencrgl,a bloctlng rgmt lntrrvrnoullt,
Èro hol¡n b.tor. thr rárt¡ütürtlon of ¡lfù¡r crrrl,loto¡¡ln
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or hræI1rln. Íhe¡a ðoaea complotely tahlbltcd Èbr

crrottd occlu¡tron refl¡X And tJ¡c ra¡Poúe to nondran¡lla¡.
llbc artrrl,aL Þrot¡ur¡ wil r¡åuc¡d tcl tl? + 7nl Hg (8.8.ll.,
6 ntr) r¡d ?0 - th gg ({ rebbl'tt}. ügbt rtrlal
prütaura. bltrE a¡t r¡ü rcr¡xlnt'onry rrta rlr. ¡¡¡rt

elgrrltteüÊly eltæcd tn cttblr l¡rrcl;1.
åltcr phcrnrXlbcnsrnt nc tha lnttiul pr¡rlor. rotPolto

to cltl¡or torln ¡¡er lnerol¡cd ln bottr e¡nclcr t !t vr.¡ alro
¡u¡ttln¡d fOr lor,rgar after beth toxln¡ la tho rat. Àt !s
tJml vlro prt¡¡ure orelllrtlo¡r¡ lcôso In tJ¡c nþblt tl¡r
fnttlel pr.rtot rcrlxtnr. rrr teltst .d $r a nplð frll tn
rst Elrt pr.¡ülrr rftrr botb toül&.. tlht r nr lolfüJtð bry

r ¡nrlod of tpære of t0 - t0 rcsodl duretlsr. ãl
r6pt3¡t"1oü rr¡t¡ncd, tlrc artort¡l Pratturo 3o'ta egetn to
rllEhtly hlgbcr ttlra thr control lrv¡l, rd tl¡en rlouLy

rotur¡¡d to norm¡l. |tihr hypotcnrtrvo eplrode urr alueyr

il¡oelatcd st tå ¡ lbrrp lnrt üraa¡ltory rtrt ln rtght rtrtrl
Ila.rrrrr., tuflïr¡tl,nt tbrt thr bypot¡nrlon rrr dut üo r
trç¡onry !ú1 ln c¡udtrc out¡ut. Aftrr l¡thrl do¡er of
¡lthrr torü¡ tlre rrþÞlt dltû üurfng td¡t'¡ flrrt hlpot nrlvr
pcrtod, rrltlrout rhorlng r¡ry fr¡rtber prctfi¡rc orclllltlons.

lbo lrtt¡rl üo¡r of ha¡ælyeln ln the rrbbLÈ wr¡ r¡l¡ô
fro¡n t0 - l5 l{.û, to 50 - 60 !{.U. rfü.r ¡rntnrtmat rlth
pl¡mgryibcû¡rnLna. lfl¡tra Tlt t rhl,l¡r, l¡ut tr¡ll strcnr &ltr
tcnÄcncy ln tbr ttt.
gffg:Lcr.f þr.û,vllqp. tratrar¡lm.r: lnJrctto¡¡ of brrÈyltul
toayletr (Ihg/1rfl mto rrtt ror l0 - 30 nlnutrr brforr
toxln lnJrctlon dld not att*rt t¡. tnttlal pnæor rl¡I¡Eû.c
to ¡lth¡r of th¡ g.fb¡A¡* e-¿0O tülllr gfçtot¡¡¡lou rndl rr¡

lner¡t¡t ln rlgÈt ¡trt¡l Þiln¡rr follørrô tihi,t tl.Il6t..
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fbô rrt of ûcelln¡ of utrrt rl Pr.lãra. urr dolr
ðca6!rnt, lnû th¡p rna. Do prtlûrn orelllrttql¡
uroclrtrd rrlÛt tlrr r¡nocls ¡nrlodr.
8.4Íigt of" EgpeFrno$L. tntrüf.¡ffnrr lnJrctlon of pro¡nraolol

rt r tcvrl of g.fngZtg diê not ap¡)car to rff¡et thc

ar¡pon¡a of thr rat to Cht rffifi harmlylln o'r ea¡åloûcln.
gffi.r, o.gf\4 prognælol nt'trraly rlrry.ô üh'r rrtrrtr.l
pr.rüü. orolllrtlæ¡. llbfl nry rlllect tbr loarl
rnmrtt¡rtlc reÈloa of trl¡lr dotr lærl, of, tbr brtr
rdrumglE Þloctlnç agnnt, (8t¡rr¡l¡,r, 196?1.

PIÀS!ß EIIB$!ßOD$IB I¡t\tEI¡8

Ílro Ec8 ab¡prualLttcl whlclr typlcally l¡aludd ? nvr
¡l¡vrttrm lstlo¡nd þr Lmrlr¡lon, bradyerrdle rndl conduatlo

dolry eü¡!-ct bc cqrfrird þy hlpqt¡, a rrlcrre of K+, cr
Þoth.

coüa.quatlyr þlooô üqrl,cr rl|r. trtßü trn r¡þbltr
r¡rlt rrtr rh!.d!r h¡ll rcsrÍvd En¡ûc $þåËggg toris Þrton
rrrpÍrltory l¡3clt. lll¡ær rrt t vlrlrblr ¡rctrnt st
haanolyrl,r of ltro ha¡nrlnizcd sulqrlel, $thlclh cg¡¡lû be

eorrelated wl,tÏ¡ ttro plaar¡e K* lsr¡ol. lcrnlnal X+ lrvelr
r*nged fron 5.8 uqolosfl- þo 19.2 ltplel/l. Io slgnlftc.rrt
cl¡rngr tn ptunr ltr* r¡u notaÄ.

tsr cr¡tr¡¡rqr urr$ng qbrc¡ry¡d rttrr bn¡nn

.¡rircnoõatl66r nt¡r h ür¡a to rtloatr of valoaetLvc ruÞrtrÛGrf

ÞV tlra tox|rr. tlrþe gæetblttty of blatat¡ro rclcr¡c frø
tt¡s skln wrr lnvectlgat û bflr lnJrctlen of thfqpgç¡c toclr
lnÈo r ¡t rktra gorclr. Colrtrol rnfl t rt ulrrbln¡r ürr.
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obÊ¡¿Ðd lrn tù. ltg[,r¡ pcrû lr ülrosfþ¡ô |¡ tb. lLth¡(I¡.
âtl !Ëû ra*¡lg prolued rtlgbt t.r¡¡ü.¡ 1r tlbo guln¡
plg tl¡¡n ¡rrry tF¡prr¡ttü, trhleh eürtd Þr bloolrd by

Estst rdåttlol of üt¡ihrabydrü|¡sr ft|r û¡gillrttd th¡t
È1rtrntÐ rrr ¡¡r.r.ót (f - 3Sl pæ rf l, btrt ln P
fryrrlnüG nt tü. htrtãln €ilntæ' lEsrlrl.û Ð¡

trr¡tmE ïlüt thl tal¡¡'

rEmÉ"r8 0l cËIaorux 1þXr3 0t rtorå!8D oncA!

PnIPàNå!TOTS

trv¡rrt rtpa€tl of, ttrr rorpct . of r¡u¡rtbrt!'sod
¡¡ltnrl¡ to tå. tcln Ëro ætarå ñrrtlhar by thc ulr et
!¡olrtrdl or{tra pr¡prr*l,o6lr p.rñ¡¡.d hðtt r¡l þ1ooû

v.rr.l ¡*r¡nrrtloür pfi'vlfial l¡rrtblr tnlorntt ol¡ €ü tbr
.lfrr¡tt flf th. torln on thr egdlwe¡sr,rl.ar ryrtnt tt¡
.tfr€ß of tl¡r þIf¡ sn ræotb rilelr nr ob¡ælê la
ûrolrG¡å ¡rn¡rnt'lou o! ¡nrlm¡ pl¡ t'Lær rd tncihm.

loûh c¡r¡d¡ oÊ¡rcù¡ rnil olr¡ur?¡lrt!ù.d atsrßùl
nrr¡ urlå tn Ëbtl nrlrr of qnrlm'Èr to l¡ålct¡ rbrûrhr¡

¡nrt o! tb. r.tXl€t¡ta nr dnr ts t¡trr ¡mcacr ot
¡ihrmeologtcrlly ¡ctlvr nrbtrncr of lov ntrcul¡r rr1¡ht.
ât ü¡egcrtrû prcvlq¡rly' thr rrrrrn¡ rbt Gb fol.lm cbl,fqn q

rtJ,¡rffagr la bnnil eanfå ¡nrrlÞty br r¡l¡ù..[ tâ tÞ.
f,nJrcùt ce or rrlttr of b*ßmLn tn thr rlÉlr tt Drt'û

üreül¡lE t rlth rtl¡gÛågr¡ æul',ã b. ôl¡ tgl tü. pruacr ol
i@ or rcrüyl¡ibslln¡.

lrqur of tbl tg&ulË'nû' of rrrptrrtor¡r lrllunr I
aücr of arpertsntr rorr aerrtcd a¡t to t¡rt tbc ¡flrAtr
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of, crud. rÍd fnllhdr ts¡¡ln m tbr dLeplrngn pre¡rrrttlæ.
Dof.r of tcrln qulvnhut to lg lt.U..ril l¡crcrrrd tår
nrtlry trnrt(ü sf tbr prrprrati& for e¡rytoxl.ntrly trn
nllutrr. lflratltft¡r, tlrarc rüü t rLtEttt ðcellnc ln ürltclb
t.nrls follcdng ütræt or l¡rd,lrrct rthul¿tlon. ttrlr
rftcst eanld rsû h rsv.rtcd by rrrhlng, lx¡t dtð not altar
tlrq rerX¡ourc of thr prc¡uratåon to luecl.nylcttoll,n¡ or
d-tr¡ÞocrrrlrLns.

*fron€+ texln dlô not aff,ect t'he reepon¡e of tåc
drn¡rvrtrcl d,lrphngn to rerùylehotln r nûr rrl tb. rltr of
rpoûrtrmur flÞrtllrtl'oa of tùc dtr¡tùre¡n rltæ¡d. lllro

tc¡¡l,a rDIr.rrt to lre* enlz rpccitlc rntlciholl,nrrgle ¡ffcct,.

6rrrr LIe uÃDr

Both crudc a¡rd 'nÍlkodr torlnr conglstently Produced
a slow contracùlcrr¡ of tlro gulnat ptg t'la¡m. A ¡¡co¡¡d 6o¡r
of toxl.r eft¡r rnrhlng Ëh¡ ¡lrnplsrtJ.on for 15 rlnut¡r producrå

r n¡cih rnllrr oætnctlo¡ rnd lt nr Ënçrratly Lqlorrlþlr
to obtatn a tl¡lrqd r.¡[ron¡G. g¡qrolure of, tha preprr¡tlon to
thc tor,ln nrrhrêly nduocd lt¡ ¡cnsttlvlty to 5-hyóroorytayp-

trntnc or hlrtenlH. trrrgr ðol¡¡ of too¡l,n (¡ - 3 li.u./nLl
uora noceatary to Broducc a eætractlon.

GT¡I¡TEÀ PIG ¡NTCEEì

2 - ! ¡l.g. ttiL EG enrûr tod.n pr.oducrd rlm eonrtrletlon¡
of th¡ trolrtcd tradl¡ca. 'lll¡cat rrürt ¡nrMn ngmÍtr¡de rrd
could bc obt¡¡!.neô oaly onsc or trllca ln äry Pra¡üatLon.
ftey a¡rpeared to bc blocked by dlBhc¡rbydtrrmrtu (2 x rO{g,/nf},
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br¡t Èh¡ dtftict¡lty of obür:tntng repretrð r.l!¡onrcr to
t!¡r toxln rrdc ttlay €tqtarlmntl inporl'þlr.

sISAAtI¡fg REIÃ,rgE lqllÀs- CELIß

Dofcl of eruðr toxtn renglng lron I - 5 H.U.,/81

broqEbt about tqL hl,rtant,ne relor¡¡ fron nrtt €tll
prtÍr¡rrttlon¡. Eg6v.trr nieroseopic enrnfnrtton of tha

nrrt 6al,l3 rhetrlü thrt htrtrnlna ralatrr æuld þ¡

corr¡lrtrd rttüb c.ll drnrgrr rugg..tlng thrt th. !,6*fn ny
proùrea r non..¡r.slfte ðt.rnrptlon oú EcLl iltúlrlDtlr fl,rhla

ea¡ld rlto ücoor¡nt for tb¡ actl,on of tlrc toxln on thc r¡t
diephngn and tJ¡e lrnsotb tnrãelo pr€p¡ntlong.

PsnrusÊt) g{'rxF{JPIG- üBAeg

8f,f,cetr of, Chlronex toxln on tho untrcatcð heart.

ûre c6ntr6l valuc¡ for coronrry flOw, h¡art gt€ l!å
eryrlttudc sere co¡¡L¡t nt tlrroughout thc larlat of

ex¡nrlilDtl. Coronary flow hrd a nGtn rrta Of 10.5 3 0'5 ul
pcr nlnuto (1S.n. of 56 oþ¡crvlrtlenl ) rnd ntl¡l tre¡rt rtÈ'e

wil 21{ + 4 beat¡ p€r ñlaute (1S.f . ôf 56 obrerrretJ.on¡).

Tb.ta yrluar arl conlllrtrnt wltb tl¡o¡¡ of othor €r¡ßcrt
(Ìtôttf,¡ll, 196S1. lfh. h.l,gbt of, tho r.co3ü.ú rnplltudr
tr:rcÕ t a pro¡rrtLorr¡l to thc pcak aqllltudô of tho lrotonlo

contractlgn. lft¡l¡ pt¡'anntcr 1,3 colwg|¡lcnt to nsarurc and

rtrpôarr to bs llnearly related to ot¡t¡r lndleec of,

vcntrlanl¡r f,unctlon (OPts, f965). À nt¡ vlluo of 21.0

! 0.5m drflôctlon (¿S.n. of 56 obrervrtlorrr) ¡n¡ obtllnd-
fbr lnJrctlon of r rtrrglerrd dore (0'03 t{.U.} of ctuå.

to¡¡tn or carölotq6ln lnto thc coronaryr pCrfutlfir olroult
Þrerght aÞout rsvar¡lblc changre¡ ln tbc threo paranßterl
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bttng muu¡á. lfb¡ra 'lll ¡a tnrûlrtr åroprl¡ ln
eogïm¡ry flær pt¡ to rpgroxlrrt ly 5O pcr o¡nt of coatrol'

l6yall. lbt¡ ptralttüd ovor th¡ f,lr¡t nln¡to rnó srr
follornd þr I rlor¡¡r rotura tô tå¡ sontrol loYrl ov¡r tJ¡a

nant I - 1 ¡tnr¡t¡r. lbt d¡ercerO ln coror¡¡ry flor rnr
recqrnld by r rllght brrdyer¡rdlt r t tb. b.rEt ¡t.
ü¡crrurü ett r Èl¡r llrrt I - t r:[ntt'.l rrl tha¡ a.üran d

to ætrtrol bvrlr uÍtl¡t,¡l l0 rl,nr¡te¡ of tanln rdrl'nlrt¡ltloû.
å Ðrk û rductton 1n rryrlltuôr ulr alro oÞl.t1.d t tåtl
foltør*od r 31rl1tr tln6 coutr¡e to tlre rato chtl¡gl¡.

In contr¡rt ¡{tå tb¡ otJ¡cr cxÈrasta, lErs dorcr of
gþrggæå hruolyrln lbæcd lltül¡ ¡ffret on tJ¡l l¡olrtrð
b¡rrE ¡Er¡f¡tlon. Ioae of tb. pgrtt rt r¡t p&rerd by

*rr. thra n prr cnt rftot lnjrstlsn of trlrr rt¡drrü
O.O3 ü.û. åola.

røú of tbc t¡xln f,recÈl.or¡l proðuard r rl$úfl,cant
ov.rall Contractlon or rola¡atlO¡r of tl¡c hCart. |l'lro

cf!¡ct¡ of tb. tb¡rc fr¡ctlonr rs. lllurtnt.d tn flgurr
13 r¡¡|. 13. InJrctlonr of ùortn rl.r. tctrntat d bgr p.rlodl

of 10 - 15 nlnuto¡ fåranEbout tb3 eourla of rll rx¡nrlHÈtl'
coron¡ry flr rnd h¡art r¡t et¡rngü tËr. roProüuelJ¡l¡ botb

ïltbln tx¡rrlnþtr rd b¡tn.n qnrlnnt!,r' b|¡t rrylttn|ûl
6brügtt Ër. rubj¡ct to ¡on vrrþüloü. In ltgrurl 1!. th.
rn¡¡liÈuðc cibrng¡ar Ln r.lponta to tù. ttflt rg! rlconå

ôortr ef a¡r¡dr toxla a¡t lürnttcrl tnrt tcl¡c tblrd dom hü
h¡d ltttþ rffcet. trn m¡t ¡ry¡arlnntl. hoil¡var, tl¡l
dcgree of vælrtton $et ¡'a¡l tlr¡¡¡¡ tbll.

Þgrl -r¡rnpnÇg rrlr?$*.o¡rþlrlr'

&¡ drFndcasr of obrngrr ln aoronrr¡r flw' h'r¡ï'
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rrtG anÉl enplltude on tTr¡ llrvcl of tonln wtf lnvoltlgatrd
f,or the crude toxln a¡rd both thc Scphadcx O-200 fractloil.
tlrc perar¡tagc chengc tn coromry flou rrar ealculet'cd u.lal
tt¡o eontrol l¡vol wcr 2 - 3 rloutcr prlor to adðltton of
üo¡¡l.n rnó üt nfnlnun ilt. of flow obtrlEd wltl¡ln I slnuür

rftcr th. rddltlon of tbr to*1,n. nlt rnû lqtlltr¡ür
cn¡ryrr urrl srleulrtrG rlnttrrly .rc.Fù thrt thr rl¡rl*l
rrtt rad rrplltud. ùtrln¡d ¡rLthta t llarrter of thr rdåltLon

st tb¡ Èoartn nr ur.ô. lflbl¡ t A.Èrll,r tb. ¡rrccnürgr

lrÞlr !. Effroù oÍ O.O3, O.t rú 1.0 li.B. ôo:rl o! gþåIggüfæ
to¡¡fnr on tht lrolrtrð btll:te flgÊr*,cr rhoÚû u. g I'Eotl.
Tho nunb¡t of obsollt¡tLor¡c 1e ¡bovrn tn ¡nrcnttrofÊã.
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Ebrãlrr tn th. l¡bnt cr¡ûtrc Þrarntatr rft¡r O.0¡, 0.3

rûð l.Ê ä.û. of rrruât tffifl¡¡ orrülo'tos¡la oa brmtyrlar
dor¡ rflrrlþora ürt¡ rat t'lhilt'rlrt d 1n flgnrrrr ¡a rü t'ä.

Dd.. ol tcln urrr. rdå.¿ a;t ¡rro tl¡r trn ll.grun li.
lftr¡ ðor¡-rGlponto cnr.üt of eharyl ln corou¡tT tlw

agat n;t loq¡ dolr o! cruüc t€litt¡ lr dguolð ovæ thr rangr

of aoncrntr¡ttorrr onplo¡¡rdr tlrr deeroare Ln hrart nte nr
rcl¡tLvrly conrtant. Àn¡)llt¡râo rc¡I¡oal. to lor ðolc¡ of
to¡Gln r¡t rlrllrr to tbtt obÈrtncd uttå csr.on¡rri¡ ftou. blrt

rt hlgûnr l¡vrlr tb¡r¡ sr m t¡*¡ney fsr tår ou.rvr to
flrttær tn¡tn¿ rryflfuår dæll!.å ts n¡ro. l!þlL .!f.ctr
rn tlhiltnt ô tn ftq¡uro ll. It era br no frl tbr
¡t¡nåard trror vrluo (flgn¡r 1{} tl¡rt tùc ahrngc ln
ag¡lltudo Lr nrbJrct to tncrrutut v¡rlatlqr rtltl¡ lncrrnrln¡
lcvcts of, torf.n. Dot€l of to¡tn rrp to 0'3 ll.g. cvohod

rctfirr¡lþh cbxrgnl.l¡ cormrqf !los, h¡rrt ntr rd
rryllltuúr ef mtnoùi,on. ât or rbwr tblr dørllr tbrr¡
fürtfût Þran prrtlrlty or Wl¡trlt¡ lrrrrgllbl¡.

lllrr rerpæra tô srrüÅsüsçlt ¡nrfu¡lm nr rl¡llrrt
cllrangcr ln coronrr¡r flow utút pcbrpr lyür nrc trrnrlæt.
but rnpllþ¡ü. r¡rd ratc rrrpor¡tt utro tdo¡rtlErl. (r¡a Trþlr tt!
Ih¡ offret¡ of dorcl sD to I lt.ü. tla. ururlly rrvlrllbtr '
rttüorrgb rt thtrr læd ooatnctl,aa up|'ltr¡år mr Lrrw*rl'bly
dr¡)rrrËal l¡ rm ¡rr¡nrrtl(lñl.

!är rtrndt¡rrl døt tO.Ot I.Eol ot hrælyris hJl llttlr
rtfrst 96 tÈa ¡nrturlü ä¡lrt. Xorrr.tr ll th¡ ôo6 srf
tlo61r¡¡ür pfolOrf,pd rftæCl oü Éo3oulry flOr r¡¡[ eontÍlgt-
lon rn¡¡ltÈedr r¡rultrd {rco flgru¡¡ lg}. goLt of, I t{.0.

l¡wçlrþly erur¡d r aoronrrï' vlloeoaltrtctlon rrl¡r.c.h lartrdt
{ - ã rlnUtatr ryltù r emgrûnat d¡cnrm ln €orÊtr¡atloa
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aryrtlÈrrdr ¡r vo¡trler¡lar oo¡tnctto¡lr brcrn nrl¡¡r rnd

flnrlly 6¡¡¡d. lbtr rfflst Yrr trr.v.rtlbl..
Ít¡r ¡tlrstr of rtl tbr tcln llrrprnttor rrr

ænrlrtrü, vltb thorl ob¡rrurif !a tbr latrot r¡riHl. tnfl
úolg of crr¡ü¡ ta3la or a¡lltoto;ln ¡roäucr g¡'rü¡ter

drsrear¡¡ tn tlta thrcc arrttlË PurnÊt€ar tl¡rn qulvrl¡¡È
doru of hrælyltnr altlrnrglr all ara cr¡nblr of produclEl

vsntrlctrlar aryrtol. tn largæ ðo¡el. trt orn b¡ r¡¡¡¡ fren

tå¡rr rrrrultt thrt th. orsalo tæln rer¡lonr. *rrrrpdr Èo

r ooüln¡t¡lc c! tb. .tûroÊr of tår er¡êLotortn rlú thr
hrUlylln. l[lrr crr:üloto*tn produeer ühc r¡PLð, ttrnrfst
ehrrrynr î¡hlch prrôorlnrtr rftu n1l dorl¡r of, erudr !ülrr,
nb.r.g th¡ lrrrvr6lþ1r rluotr of thr àreælyrln
rcrl¡üll rrc laamüln¡ll¡ rvtdrnt r¡ th¡ ôorr of ta¡¡t¡ lr
tEcnrrd.

tt tr ¡nrltblc tbrt tbr ooronr¡r vlto€ot¡ltrlctloa
producrå þ!¡ th. þrf¡ arY rüutt ta la. drErm of htæoxlr

lt Èbr l¡olrtrå h.lrÈ. |[hlt 1l tu¡n coulå crs¡c tb¡
ômrvoû d¡errrrm 1A æntnsLfon rryrlltuâr. tl¡t rln¡ntr
rrr. thrgfo¡ç æaducÈd ln lbtch tb. h.rrt ff ¡rrñ¡nå
måor Effitttat Ílow ntårr th¡l¡ cc¡:trnt p3..aua.

coadltloÊI. tihr ¡nqt lrrl noo*{l!g fyatü IIr. tbr ¡'r
rt ttttt upû lå ts¡ !rctrrtrð rrÞbtt {rrr fgr¡ilrttlo¡..
flü tetc trr lO rl Prr nlaut¡.

Þora. qf O.o3 ør O.! [1.ü. of tbr €rrülotqln
lnarra¡rü corø¡rrl¡ ¡nrltrrlom Þrtlü¡r. ts tó0 - l?0 ptr crnt

of tä¡ aoaùrol velu¡ (4b EE! ' flr¡ L¡¡er.Ú. rer rhottllrrü
rg| ¡nrfi¡rl96 P3¡ü¡3. rltua¡rô to mrul rlt'bln a - 6

nt'mtm. D¡srlü¡l 1¡ bnrB rrt rrlrtr rlrllrr to tåoro

obrAvrú ¡nælo*rly. ftrr rnpltür¡da of eontp€ttol nl
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rlso ðccreemd, althol¡gh tåe dscroasc rrar only 50 prr ccnü

of tåat o'br¡rtrcå ln the consta¡¡t Br.lsuro $perü¡ûtlr
f}¡ê rbottcr tts of arltotrilrt to tha torln u¡å6 cttûttant

flqr eo¡dltLont uåy rc€ouât for tt¡lr dfff¡ræcc.
lhc n¡rkcû ¡blllty of tbr tostr to r.d¡¡cl Gofq¡¡ry

flry proqrtrd .¡¡ lãv.rtl¡ntlm of th. lÍL{r!¡ of r3t.ar!
vr|oåll¡tûr rgmGr G thlr rarlr6a.. crr¡d. tüln rxt¡rirctr
rcrc ulaü ln rll of tå.t. cplrlnarÌbl.

Ef,f,eeÈr st toxln f¡ tb¡ o! ertral¡olulnal.

Itroa rÄs.n¡¡ltr (Û.1 rry,y'r\rr þalåamrl.ln. (O.tr ltgÂf)
or lropnr¡¡¡llrn (O.1 lrg/.ÃLl vec a&cd to tbr ¡nrfurlng f,luld'
rervrral Cihangfer wcrl ob¡rrrrod. Coroûlr:f f,lon rf¡r tncrrtttd,
t!¡e rcct nlrk d rlac bel¡¡g produccd by lroprrnrlln rthtct¡

lncrca¡¡é ftow þ f60 P.t €mt ef th¡ eoatrol lrvrll
edm¡rlln¡ nr Lr¡l ¡tfrotl,vr rul mradna¡ff¡r srr l.mt
rffroÈlv¡r H¡llrÈ 8rt ïtr ta€t.r¡rd to tå. an r¡¡Èmt Þfi

6sb æneor¡n¡ rg| rryll.tt¡da of oonügg.Èloa nr lnc6roê
cqurlly bl¡r rûrurltn¡ anå lrc¡rranllln¡. foradrcn¡llne hfl
llttlr augmntlng cff,act on arrylltude rad ln aon¡

preBaratlonr fåo aqllltud¡ ms decrcued. lfl¡c rff¡ctr of
qat¡ebolrnfnil rr. coo¡lrtcst wttJ¡ tho¡r oþtalr.ð by othar

rs¡rhrrr (S.tê¡lI !3-åL., 1168l Olf,rt lD it ll.' I!1671'

ft. r..pffir. to O,l lryhl rôr.ß¡Itñ. 1r ttlu.¡rtrtdl
ta ftgru¡ t6r aår.nrlla. r.| rddeå rt t.ro tln 1|¡ üGb

Glta. t¡oa ücb of tùr artacþl¡rlml, tl¡¡ rrrtilur raÛ¡¡6L

rrr obtatncd aftcr üfo tr!ruter lnrfrrtl'æ rrÉ r¡nt'¡rad

con¡trnt ovôr thc ne¡rt tcn nl.nutlr. lllrll prrntttrd tln
to:¡tn to be adÄeô af,ter træ nlnute¡ and tbc cor¡rse of ltt
rcßlm tft b. fotlotnd tn tbo Prol.nÉ¡¡ Ot tt¡r crtcc¡bohnl$.
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8l$nrr_ló¡ Eftro:t ol r rtrnårrð doa¡ of crud. türla ln thr

¡rrrrtn€. of, O.1 Pgiarl- rdrorlln¡. âár.a.llnc t¡ rdálâ lt
rarÐ tlrcr torln tl rððct rt ttrQ tt|t1EÌw. Parcanúlg€ ell|lEral

aftsr aôdttlon of to¡rl.n [n tlre prttenc. o! adrcnaltnc ¡r¡
salculatad usfng the beatrt ratc, amplltudc a¡rd coronary

flo¡r v¡¡lu.s ebservd 2 nl'nutec rfter addltton of adrc¡¡lln¡
r¡ loo ¡nr ecat vrluol. [ 

-g0.03 
tl.[I. torln, nor-nal

¡nrfirrntcr g*O O't u¡,/nl rdlrrnrl.|'a¡ rddrd to ¡lrfirrlon
f,1¡¡ld lt ¡.¡ro tlt¡f *f O.O3 ll.U. tsl,n tn prl¡nCr ol
råt'|nrll,û.r A - AO.I3 il.U. to¡d.n ln ¡rot.nsc of aårrqffna. :
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Cgüñrot r.a¡loarül t ¡ t¡trr abrocr of ertrelrolrrlr'l Ìüro

oÞtelEd bcforc rd ¡ftor ùhlr procoüurl.

t.h.lffrctofssffiläto¡¡lntnth.grrrraorof
rå8.8¡11¡r lr lllr¡rt¡rt¡ð ta fl¡ur. 16. lfbr ctbronortrogl'e

¡¡¡Ir6lt tC th. rtrd¡rû tffl,n üo¡¡ ([.Ot |.Ûrl ußrr
€catsol opgältlonr nr lrrll räå tt nr læ ¡Þ¡lbtr to
rey rrtrrùtrrr rdrtntlm hrå r rlgnlflcrnt rfLct' on tblr
sbtngi.. Eþlllllltl, tdrü¡tlln¡ b¡d e rub¡tutl,rl lafluæcl
oûr tþ. cbraf,ü 1n æro¡ry fla* rd eontgotlo¡ erplltuár

$ùlch follw to¡gla ¡dnlr¡lrtrltlæ. ft¡¡ ¡trrlrrd to¡rla

do¡¡ råntnfæ¡3rd tn thc ¡trcllsq. cf rdrsrrf|¡n proðuclá

Bo tlgntft€rat Glb¡¡g. !n tù¡ ary¡lltud¡ rnfl rvrn ftvr
tlnr t¡b¡ æ¡nl üoü et toxûn hró lltÈl. .f!.st. lltho

cüGrryr tloy ül tht Praümr¡. ol rårorrli. nr ðrc¡¡'.ô
æly rli,ghÈly ry tbt wrnrl t81t¡ ðo¡¡ r¡A ttvc ü1rr tblr
f¡vttr (0.t! t1.$|.) ¡6r ilqufrj! to epproralr ttrr tlæ chrngCr

oÞrcrveô tn tùr mttrol.
llloxtn ¡ðaf,,nlrtr¡rd tn th. pr¡l.l¡sû of O.l, ¡W/rt

lrop3¡Erll¡¡ proôuorå tlrtl¡s ¡ffcgt¡r DrlGtollt ta ocronrry

flou lory tþr ttrür*rð to*l,n dore 1r|r lnrlgrnLftornt rnd evra

rt ftrv¡ tln thlr dol. tbr drcrr¡rtr nr æly üc$t oñt-

thtrû of tå¡t Ñrrlnrô ln r rtrd¡:dl æatrol Ëolü' Ch¡qÛl

ln reÈc rß rqrlltrrde l{|r. rlnflür to tlrolo ôlrrvqd ln tü¡
pr.acD€a of rúrun¡ll¡¡. rdnlntrÈrrttoa of tlr¡ to¡¡ån la td¡c

pr.r.m. of aotrðga¡!tr¡r ¡¡rOðud rt'rllrr atfi¡ltl'

Err.st of ,SSEPgf,Ë, lg*n tL tl¡c. P.rorlS€1gf rlPhî ot-P,'tr

fr prrfbrlotr o! ert¡¡tùoluü'r¡ü Ftllf.ü tb' r'llnar'
to ttre toxlnr oc¡¡rrin¡ntl a¡ro eonductcð to üctr¡¡lns tbr
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cf,t.où cf, tortt¡ ü-l b¡rrt ln WhLcÛr .lth.r thr rl¡ihr or

biÈü r¡tr.a.rgLe rcc¡Êo¡il rrrrrr bloeltrð ey fUlltofrlllnt or

Bro¡lrrnolol n¡¡raÈtv.ly.
FhmtoluLm (r ¡rflnfl rn ¡Eü¡lr¡uttol (L - Z 7l/*l

þoüt ûæ¡rg.d tån hr¡r!, nÈr rll'¡htty rill bró llttlr or

!o atf.d il cosoû.ry flnr. fryfl[lgå. of æütgotlü'
bg¡¡ürr, ü¡tírå a lloy traltr¡ gqtla tbr pæloô of pgfnrlolrr

þut rnturnrå to ru¡nl 1ærl'¡ r*lrrn ¡ræ'nrl nrtrl.rnt ftstâ
vrr¡ r¡ttold.

ftc rffrct of tb¡ tocln on corsnår!¡ flqr. b.rrt rrta
rad rryùttud. of cottrlrattoa Yl¡ asü .tgnt'tt€rnÈly æðltlrå
by nbet¡to¡rrrn¡ rt th¡ lry.l rrlld. Propnmlol bra re

rffc6!, * qültt¡¡{¡ e8 rrt a.rxtoülrl tÐ thr tosln, ÞBt

GÞ¡ drr¡rr¡rc ln øron¡ty !1Or sl €üllltãt'ty tlau€.ô þy

r rrtll rñunt Íbür tå. tü'¡Ê nt lnj.ct¡ú fa tb. ps.t$ft'r

of th. b.tr Þlec¡&ttry agrant'

Effrstl ot to¡¡tn tn tt¡r Prcrncr ot

5 -lrLâroselE rvet¡nlns .

&. ráÉttfæ ?t, 2 ¡n/*
Èo tlrr ¡rrfnrlæ flutô preûuert I'rcn¡rlr la ooronrry tlæ,
hr¡¡rt rrtc enû rnplttrst of contrlctlfli' Coranrr¡¡ fl'w nr
tnsroaraå by 34 par otnt, ho¡rt rrÈ. 16r lnsrc¡cä by lt ¡¡rr

esnt r¡16 ¡nplltuá3 of eo¡¡traêtlon tvy I Xt s €ürt (r11

tasrart.a .ar nr¡r of fanr oÞ¡lrv¡ttonr) ' ![bl r.lpoallr
nrctbrdl I n*inü r¡l,thla t rtnrüu rnÄ thüt rinlnú
(üÐlrtr[t dt t tü. aÑ lo ún¡t¡r.

Gatærrytlær¡ÉbrrrBrrt.t.Ütr'olll.rtoFn$rpnm
tsLa ta t¡br p¡r¡lü¡cr of Í-ü trrr. not rt gnLflclftly
ûlflrrot f¡n trhere obtrlnrü rl @trotr tD th. rbluor et
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t-lt!ìf tür tæfa ¡gPSülå üo hrvr r grrrt r rttrst æ

æftt¡år L! thr ¡rüffi o! tt üt! thri $t tb¡ ænt¡ol
.llgrttøa þot tb. âlllo¡gcr nr aoû, ¡rlltr $br pn¡ltr
Ëa turrl'¡d tn 'llrblc 6-

frìl$ g. frtrylt ftt tb. tb¡e b.rrü' Prnãd.sl
rftar 0.03 ll.U. qhll"rFFfi tfi¿r la tbe Fr.rürfl rgl rbrsæ
of 1 Fçünt f-ül!. f.rultr Ët tbt nra of trÐ qt).8lruÈ¡.

coatrol
Control rfÈ¡r tüf!
2 frå,l 5-s
tS rd t*lE

eÍrÈ, trtr
(brrÐ,/rfal

tryrllÞå. et
cætrtsÈlon

(rl
coroÉrr!'tlort

trr/rrn¡

?.{
a.o
t.9
s.t

t?r
rso
¡00
180

1l
1?. ã

t¡
l?

rg¡reï pÍ., *!ËpEtF' t#î-l+.ïhl..pr!!!Pq'l Pf *ærlP. r*a

fdJffitla rd fü? rn bæb potmt coroarrl'/

v¡rrdllrtrÐür {r.üd, lN3tt ftr !t-!L. r lgttl loxlr 1tó8}.

tllt rrrt tüú to þr ærrr lftrsttvo ta thlr rcslm of
rr¡rrtnütl. tar cbrry.t 18 ss80ür3y tlcr' ['rñt' rltr rd
rryùltudr gr!ðnsüå by 0.{ pnltt rdrEprtr rr. rügrn la
fl,$¡ar l?. 0.8 ¡lS/rl AlD hrt rtrtlrrl¡' mrll rtt¡stl oo

ft¡rt gtr tf¡r¡rü¡¡| lty 10 Plr 6mù, tü ðt a Ôr*vrtlmrl
rnÄ rætltüfi e! oggtgoùtq¡¡ (tnsrqr.t Þry 1å ¡nr o6tl.
tlþr rt!*ù oü tlt 6 Gco¡rxl florrr horrrr¡r' 'Ill ænrlt¡riþfll
tbr tl,or yr l¡¡erlartâ trm tü. n¡n oqlttol lcvrl of 8.1 rl

I
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Ffqlqe f?,¡ Effact of a ¡ta¡¡dard dosr of cn¡de to¡¡ln 1¡r thc

Dr.t.t¡ci of 0.{ ¡U./nI ¡ôcnoclna. AárnÐrlne lr rddad rt
a.ro tÅnr t¡rln 1r rdd¡ð rt uror. Pcrclatrgr shrryal
rfter rdd,Ltt,orr of tcrl,¡ ln th¡ Pr.t æ. of rd¡nolla. ¡¡t1
crlaulrtrd urlry th¡ bmrt rrt¡' ulçrllÈuûr raû Goronrry

flow vrlunr obtürvâd 4 rnlrn¡te¡ aftcr addltlon of adcnorta.

ea 100 par cent valuer. E-80.03 lil.U, ssudc Çþåfglrgg
toxln, nor¡n¡l perfinatcf 0-O 0.4 uglnl rdu¡o¡l¡¡ rddad

tO ¡nrfurl,æ flul'ð rt saro ttmr O*O O.03 ll.U. tqrta tA
Frra.qsr of rËr¡orl¡rr
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trrrr nln¡t. t¡t 1Ú.¡ ú Frr nlautt.
Fotb ¡duorl¡o rg! fSP proåuecd a¡r tuttl¡l trlil|.Êt

drcrtr¡r ln hout ntl rr¡! rrylffttrd. of EæÈrlstiot. fb1r

rfftct tr úor5 lor rdrnorlg 1¡ Êl¡Un tr?. tt etr.t of
r..trnûrr to rü¡¡orf,¡r rd ffD r*r rlærr tùü tor t¡¡ €tb.a

vgoûlhtoat, t¡ffry t - ,l ü¡t¡tff tO r¡reb r nrlnn lrvtl.
€¡tränç tülñ ln th¡er a¡¡rlmtr r¡r tb.ntor¡ rdå.ô

I ltnrtm rftæ tlrr vuodllator. tä¡ rfftet of tùr torl¡
t¡ th¡ paetsnc. o! rdrao¡tne 1¡ lllultratd !n llgup 1?.

lllrr r¡ductlon tr¡ ooronæy ltor and brrrt rat¡ r¡l aot

tlgntf!.ernt}y ¡lter.af by tå. Fr.Ú.n€. of .ttb.Ú rdraorl,ar

or A|fP rftùouô ttr {¡srrrg tn r*rlftl|d. nr rrûtrc.ô ln
þûtb €lltlr lä tba frrrrrm rrf t!!f tbr rductlon I'n

rryltltuår rtt r Èhr tstn a¡l 1l pG €Gtl rrltù3gÈ å!P

tbr raär¡æt.on rËl lS p¡r c6t. 'lBntl, râwrlnr lú AÍP

crn prrtlrtly rntrEonlsr thr urgatlvr lnoû,ropt c rlf,cct of
ttrr tsLn, Þr¡t rrr relrtlvctry tnrffcctlve antagonltt¡ of
tbe n¡grülv¡ .'hr@ûtaopta eftrst rd th. @roËrty

vúooð¡ttrlctlm.
tr¡¡¡¡rttgrtlot of tbr ctf¡gt¡ e! tü. tsla Írrcül'mr

oar vtrsulr¡: ruoûb n¡rch rta rrtdrá Þ!f tbr arr of rrvrnl
lrol'trt¡d Þlood v..ttl prr¡nnt'I"otll¡

PrrFgttD nt¡Df! Ern

Injrstloo of, Cblræm¡ aa¡rcl,loù*|n lnto t*rr ¡nrfurtm
fyrt r prôduord r onrtrlotnr affst on tb. au ltucul¡tun.
llhr cgnrtrtcùton nt ddr.drpdrnt Þrtrnrn C.l I.g. lDå

!l ll.U. Dorar gr.ft6 türt¡ !i ll.S. pæoûuard nû qnllrtra llfræ.
B.rgot¡t ts r fl¡¡f, dile of cutl,oû,æln urt r.!¡roütrelÞIr,

provtú.á .utflc|¡nt, ü¡¡ nr lrül Þctn¡6 6Í¡ltl. D.tålrtoË
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pr.ü¡uro rorq!¡cd 30h Hg !n lÐ PrfPrntlor¡ at thl
p.rh et tÞt 3rtülo@ûfll r.l¡tnt r tùlr tr rpPrüLntltl'
t¡br rn g t[¡ Fer¡ß rr¡rpû!.l to nnËrullnr. fi¡r to¡1n

ür.gar. fl n¡ç prolæt ü tàür æctrot t.tpfl¡¡l to
btatal¡a or nlr Atui:¡*tÐr

h.tf of ar¡ülotcLn uF to trt ll.ü. hrû n rlgl,ft€rEù
rttæt, ä tbr nomdras¡¡lnr ûO¡C.,üln¡¡)mra gr¡ryf. Ürltl¡¡r
tå. rlfür-üfoakfq rflüÊ' füutofEUr (1 ¡flnf l, nÉ)r tbl
Þrür.Þloonlry ð8üt, proprmt¡lt (f0 ¡0trlll, brd rry dt.€t
ü tàt tgt¡ rll¡¡6afa.

Iürcùlon cf ôorrr of $þ[¡güÉ bræryrln grrütrr
tt¡ã O.ú ll.t, proóud r G(natrlctloü Ot tba llt Yollltl.
n ûpoür.t t¡uû¡å to Þ. r¡rl focloqeû tbrn ttrorc oUmrvrd

rttg' lta €.¡{laùffif$ rnü tba rrffrlil r{il¡too¡r. nr enly

l0 - Õ0 nrr €$t of tb. P.rh crrtlatsll rtrü)iltl. Dot l
of brrntyrtn flr{¡rtrcl' tårl 0.$ ll.ð. dr¡xruaf tha r.r¡nüL
of Gh. grr¡ngtl,æ to ¡orrårorltr lnt tba blrtsfn
rrrlþur âlå mt rplnrr tû Þ. rlfloÈ¡å'

Rrbbl.t Etr â¡tl¡lv.
tnJrttton o! cltbg srÈ{r¡tüü!.s or brmlyrtn lnto

th¡ ¡nrfi¡¡lo¡¡ lyrltrn srr totlnüü Þy r tO recnlÉ d.try ,'¡
¡nrfiulc¡¡ to rlt'or tln lor ðltfsråol of th. tã:[n tùsgtl¡ü

tü. tñBtrr. lüül ¡nrfurton ulr tt û rrltor: ü 1l o¡üer tc
Koorû tü rrr¡narr tp f:,br tcrfl. Cætrol qnrlnntr ärá

rhor¡ tùrt tbr r¡rtr oürl to wrårr¡rlln¡ Üü loù rtlrctrt
by tbr t0 ræ:onå ûrlrY patl'od.

l'l¡c ¡rtrry rtr coürtrletd þ| dor.r of ert.ûlotstn
graat.a tbrn 0.1 ll"U. tlrlLn¡n na¡¡o¡¡ta t?ln f¡¡ octn¡rflt
rt ðorrll ol S t1.0. t tülr nr L.. tbrs t¡lt of tùa nrtr¡l
noütrm¡lin oûaltülcùlæ. ttra orrðtotcln hlü no
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ob¡cn¡elrle cfftct on tår relpo¡rr¡ of tba pra¡nratlo¡ to
nor¡d¡enrllne.

fl¡c hrmly¡ta prodgerå r soaltrlctlon of tbl rrt ¡1t

1¡ do6f ggrtar thrß 0.I ll.Il. fþr pr¡mua ff
rpl¡'olÉlrtaly tbrr :rnr g tlra crrdlotOucln rer¡]o¡la. Dot.l
of baoælyrln t¡r ¡¡¡e¡tr of I ll.[1. dlprUr.ô thß ralPonae

of thr pr.grtrtlon to nogðr¡¡rllr Þy ¡ vrrlrbt'l t*lrtt¡

RrblrlÈ Err Veln.

Invgttgfrtloas o! tJ¡¡ rclpo¡¡l. of tbr lrolatd er¡

valn to tb. tml'n ¡..r. blnd¡rad b,y tl¡¡ rqttd drvrlo¡n¡nt of

trcüypù¡ylrrlt îrhi,f.h o(surr.d ln ttrlr PreX¡rartlo¡l. Dolrl of

c:¡rrl,i,otqtn þatnan 0'1 il.0. f¡¡ô 10 tl.U. Pro6ur¡ad r
aon¡trlÊtloa of tt¡r vrln, büfÜvlr tbr rffrct eÍ arrûLotdl¡¡

on blrt¡lna oa ffirdrürrlt nr S.¡¡xt¡r.t 6oul¿ not br

dct¡r¡¡lnd btcrua. re.pon¡.a Gould not b. ðupltct.d.
Doset of hamlylln fron 0.1 t{.U. to l0O !1.t. produc¡d ao

oþ¡a¡nrable affrct.

nrBËIt AOAf!å

âftet a l¡tcnslr of rüÊ ¡lnutes 0.0t * 1'0 t{'U' Plr
nl cardlotsln proôucrd slor ravcrllblr eontrrctt on¡ of, t'be

b¡ltcrl lortls ttrlp. tfl¡¡ rlrPotuÜ of, tå. pr.prartlon to

þnðr.Erlln¡ öa blltrrlü rrr unrff.€t¡d by any of tlr'
do.ü o! €rrttotmln ul.ô.

0.1 !1.U. P.f rX hrmlyatn ptoûuêd r rLrLlg drleylä

contrrctlon g! thc rabblt aortr prtpantlon. åftrr spol¡re
to tblr l'v¡l ef t¡¡rælyrlnr tbc lrn¡lttvlty o! tb.
pr.I[r¡tÅon to ætrár.nrll¡¡ Îf,r r.auëd on¡ bunåf¡ð lolol
bl,¡tt¡tnr r.il|ùtrYtty nr ðrapareð þ1l r a[lßt llprst¡
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DIf¡ctgslox

t'h. tlrllrrtty of thr pb¡Inrcologlcrt rfleetr
proürcrú br Èmtrelr r,*tgæ, rnd rmtæ rrilLûr tcla
ruçgütr tbrt th¡ ¡¡r torLc prlnal,plU lat pgrrnt La

þøùb ¡rr.prrrtlent. Íb|. rlrv lr rup¡nrtrö by ürl ¡orh b¡t

Groar raÄ K¡rrn (ft?O) tn rhtclr ttrr r¡¡r trc frrettonr hlYC

br¡¡¡ €Þtrttpð fron 6olr of th6c toxln Frc¡¡rrttloru by

Grtloû¡ atc}rang. srpùraécx et¡rmrt€qirrPÌ¡Y. Ílrc poülbll|ty
tå¡t Sephaól¡< sfrronatogrrphy ltgbt rltrtnÊ phrrnacologi'crlly

aetlvr r¡¡brtatc*3 of lor ælccul¡r wrlght bri b..B æv.rd
Þy tdrr ur¡ of rnlon 'Lilhaô' tærln rnå t¡ntrol¡ ¡*tnct
r¡hlctb b¡ll æt b.tn 6hrürtogrrpbrd. tub¡tt¡¡o¡e ¡l¡cb ¡r
ã.åy{rory¿rypürfn rnå t ttrrt's, rrhlcih ra. prrac¡ü la
¡ny r¡noLer of Cnl,ågLr, rFp.g to þ. rltl¡rr ahrcnt or

prclcnt 1n ltrrlgrnlflcant amr¡tt.
tlhrrc tr aon¡1ê¡raÞlr öttdêacÖ to nrgga¡t thrt Èb'

t6¡Lc prlnctplr¡ an ¡lrgt ln ln nrtun. lltrcy ra' ûxtrcly
got |¡t, blgb mlrcnler rrtgbt aoryor¡¡r¿¡ ¡ùlcb rrr blgbly

liblLr rt rafl Èq¡orirtl¡flr. Is rddltlæ, rntl,¡¡g 1ålcl¡

otfrtt ton ú¡grsrc of prot.€t16[ r{tlnlt lrthrl, brælytlc
rdl dl¡rrtonrsrsrblc rffratl b¡vl b¡rn proûucd (xorn, 1Ð701

Dr¡ct r * 3¡., 1968l. tlhG actlvlty of, tbG haæolyrt'n hrl
bcrn rhofút¡ to þ¡ dcpendrnt on BË rná trqrolltlts¡r rndt

f,r¡rthcr ¡tudler havl rborn Èbåt tbo b¡r¡olyrtn or¡¡ b'
cthreûltÆgrrrÈd on bott¡ artlon lnÄ rntoû r*cùrngr r'flil'
rullrrttry thrt lt hrl ür lto.lcctrlo potlt !.lr nüstrrllty
(crgnrradXrrn,1969¡.Ioothrr€hrtotcorporr¡l¡tt¡ot¡lô
rrlllblt, rll of tb¡re Pñtfi.*t.r, although Lt r.a¡lnl poülþl'
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thrt tlrr þtologlcal retlvtty of th¡ corrpound could bl due

to ¡ proüt!¡{Ntlc group attae}rtd to tba nrln protlln rclraull.
fh6 t*ln ll re91d1y lctJ¡rl ont ¡ùran lnJreüld ðlrtct-

ly lnto th¡ þlood elrsuletlor¡l lrny ttnr¡ tbr intrlvc¡¡ul
trùhrl dorr u. rqr¡¿rrð for lntn¡nrLtemrl or

rubeutrnrour rdlrlntrtgtloû to ba llth¡l. It 1. lterllbl.
tl¡rt d6tlr rft6 rdilLntttsatto$ of t*hr to::ln b'y tht6
røutrp Lr ðr¡¡alôcut upoü¡ tlrc lntroductlon of, thl toxån lnto
tba blood clrculrtLon ln tbr reglon of, flc lnJletloa.

lfl¡e te¡¡ln pre¡nratlor¡r rùlc¡h h¡vr bLn lrolrt¡d fra
Cblron¡x tlecl¡rrl brvr r nurb.r of prs¡nrtt.rl ln ßücllræ
fh¡y æ. rll ersêfoüslc rnd dütb follat.ng lnjlatlæ
r¡rpa¡rt to b¡ üu¡ ts rUplntory rfrüt rnt crrêlsvrlcr¡lar
ftltr¡r¡. fr¡pl¡tory rrrüt i¡ crntr¡l ln ortgln' m It
rholñ¡ þy tbl rr¡rultr tllu¡tratrdl ln flgrur¡ 11 r¡rd tåo

fLnålng t!¡¡t lttü¡lrtfon of tür phrlalc n¡rve po.t ¡ottrn
produeod e rtronf, åle¡ihre$nrtle twl'tcib.

Tl¡. l'nttlrt btrP.rt illvr ro¡na'r ob¡r¡nr¡d lu
ültrattJ¡cttlrd a¡tr¡h tr ¡lroduceû by r ôlrrst vt oeoil¡t'rlet*
l.ôn. Tbr brl¡f ôuntton of thtl ac¡tlon on thr lral¡tod
b.rrt rd ttr lrotrtrd þlcüat rl.lll IrroX'¡rrtlonr lu{Erltl
thrt th¡ rfflat æ tba ryrüul,o ctrer¡lrtton lry rlro bl
tn¡¡tirat.

fftrr tb. lûlttal hy¡¡rrt¡iltvl ¡nrlodr tJ¡rn l,r r
ragld lrll tn blood Prrr.ruur follo¡rld þ¡' onr or Dr.
pr.r.urc orotllrtLoüt. Íblr r.rtx¡nr. hr¡ alro þlæ rc¡nrtrd
blt Ëndrnn !år!.., (1969) ¡ltrr tnJrctlon of to¡¡ta tron
ua¡had lr¡¡lrto¿Yrtr lnto a¡ur¡th¡ttcrd r¡rtll. Inltl¡lIy, tb.
fell 1n btood prËtturcr rcr rttrlh¡t.d to th¡ dlrcet rffrct
of {¿lra tærln on tlre hcart, lr*nvsr, lnva¡tlEetion of tåo
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rf!ætr oú ftr ¡reUg e-¡go tgctls¡ gn '|lr.olotor
¡llsrr tqÐ.rt t tÈ¡t tü. t6tÜ ny furüt 3!t'!y tb:
cr¡ü¡,.ærræbr ¡¡çlgm by b*runcrrytor rtlnlrttor rn/ar
&f¡||riü of Ð brît¡ ttr ürretpr attt|. !Èr ptìÐfäüt

btoot p3rgtnr'r sa111rtt"6. r.ü ütrrr rtt¡trt¡ltlot sf
tùr torl¡¡ ruq¡ct ¡ tl,ro¡il¡rrt f¡Gpf r¡ntr ¡ucl g

cælå o¿lclrl rft* t¡trrTrnnsr rltü Yræþr ¡rflrmr.
ãilu., iÈÈr ËrÞoÐn:f,o|¡ råtcl follm tL. l¡¿tt^rl

r¡t¡rlrl ?s|.3lsr r1¡r nf toæLt ftu r ssl'rrtlor ot

broryw rif.nf:tlü' d¡tut ¡6n1t rrùsr ül¡æt tr
tñ., uû e trll |.¡¡ crrûtra out¡nt. *ä¡ dr¡*mt r$o.r
¡6¡rld Glurr rtLnlrtlon of pcrrgürs-r rgl crct¡¡L chrm¡-

ã5¡ptoür, lnË tbrJ tæsn . tb ctfirrrt rætor 9üt-

flw. årÈffit¡t Parræa¡ Tn'tü tüæ ctll
prtltrtlm cf nrft¡rtlcr sd ¡ !|ætlü t¡ cüæ-
lrcapÞt ûrlrcl .stfftrX F!.tÉül rülü tù$ fta¡ra¡r ær
rgrrlr. üu¡ blood pürtñã¡ oæll¡rttfl. soð|á soat't$r

n¡ttl .ttù.r tbr t.r¡È 0r tt ctrl aüræ to fuætfm
rf,ñctlvrlY.

rllð¡s ter tùr lrwllmt sf ñrr Füt ef tÈr

brrunc*tor 3rllil üG tr rnnplirt bf tf¡ ùr'El'æfæ Û't
tàr erroü|,ð osal.¡¡t* ü¡fla n¡ áry6¡r¡ü rt'r tl¡' tr
ïmeærtrtrrstl8ùr ùr ret|åræ¡rll¡¡ nr ffirtrrbl.. llã'fu

nr sbr¡rlå t¡¡ bott rrtr rrl s.Þttr .ft¡r d.tþr t¡h
cr¡ül,offill or th t*l¡ltn' ñ¡ tltf.ry 1| prËfælrrff
rl¡rrut ta tñ. r#lt. rtr¡r t.b ¡rflrr canlõ æt btr

rllclËr{ rt r ttrr tåü tþc r¡talrr r*r¡¡g¡ nr l¡¡rly
æg¡l. æ, tt ¡lflrr ermt Lrü b.en rqlpp¡¡¡t by

b¡petJærLq r1æ.
û¡ ooanræ of r¡*rr1r1 ptlrn|¡r orcfllrttm¡
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rftor bltro- r¡ü clrrc-rcccpter åmcrv:tlon ll corUl¡lont
wttlr thr ruEgoltrct noêr of raÈlon of Cþl.rp,gtf torln on Èl¡¡

aædlovueulrr ryrtær l['br llrrÈ trll lrr bfooð FËllauË1,

rùlclbr 1¡ tÈr¡¡ ûJnrürÈrn 1¡|tt¡ vE¡elð ü.rÊlt rolrly
frgf r lrll t¡ crrtlrs o8tlstr llr ¡1lorrr tbra nl]l¡lü' rd
tbr pr6tur. orclll,rtl,oal $¡ra t a ¡*rrr sltb tlrr prrtodr ot
rpn¡¡r¡ rethÊr ü¡att ûrt of ¡ibga rr Lü tbt t'üt¡æ rnl¡rl.
P¡rt¡¡h*rl qhær:trcrr¡ltor rùlürl¡tlon ûur to Ð¡¡nrsrpnlr
r¡)¡¡.gr to nlg tbr þtood pr.t.ur. brfop rtlnlrtlü ot
tå¡ r6ptptoal¡ cntrr ldt to nrtlüutton of r.rptr¡tloûl.
lürn.a, üha¡ tb¡rc ch.maaoaptorl rra d¡rrvrtaal tb¡ bl,ood

Irr.rur. rlr. rü tùa rltl¡rn o! nrpl,ntl'onr ¡r¡
qæcihronl.¡td.

åftbough tbrr; oçcrlrntr do not eqlo&¡rLvcly

êltfrr;ntlrtt Þrtw¡en barorcergrter rtln¡latlon anú dcptrcll-
Lon of tbr wrætor cotrs, tbs lügc rLra of thr to¡¡Ln

ælrrnrlc favqrrl r ¡nrl¡¡ä¡arl rcüloû.
I¡t¡rfgrær ìYttb tbr rffrret r¡lr oÍ tår ntlu rrc

åy bfoc¡ndr of girqltonle Èr¡nrnfflloû (b¡¡¡rntbo¡lunl,
rågncr¡1€ n r!y. tr|nlrLtrton {b6tytr1un} or tbr elphr

adrcncrgtc rca¡Êor hhrnørybauulnrl rltbæ güütly
ðlü,nlsbrd or abollsb¡d tlrr btood Prctrn¡re orcLthtlo,n¡'
thtt *oulö þ¡ oc¡¡rct¡ô bicau¡r thr oBport¡f, lff¡etl of

blro- uA chm.morptor rt¡.n¡,l.rttOn uorlð þr lnrtfretlvr
uú tb. ø*{tovrlcul¡r rtrlPoüra rurlå r.rult rl,{tly frn
tf,gtl.üt v¡loqmltriatlæ rd cuêtrs dt¡lr.llfü.

illb¡ elrrr.s¡t r.tttloilhlp bcÈr*rn trb¡ rrtrrtrl
prüttur¡ orelllrtlonr rnd thc pcr!.odr of, apæn. r¡hlctr lrlr
loon rfter ttrc Srptrrdr¡r €-2O0 tæla f,rlstlq¡;, ¡ra¡ obreutrtt

Íh.n r crudr t6¡f¡ pr.fp¡¡tfm nr c¡ld. lfh¡¡ r[{¡btly
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dl'ffrr¡nt nt t of qu¡t of l¡,hr rffratr of tbl trlD tslnr
ruEgrr.tr tbrÈ tl¡rlr Gdlûd lnJætloa ä¡rt¡¡f rnvm lon
rÉI1 cr¡ltt ryrytd dtr to laüærctlon; bctrrrn tbæ
rflret¡.

IÊ tr a6ß DorrtÞlr to u..r tbc ¡'llrtivr lærtrao;
of thcrc freÈon ln ôctrrnlnlrg th. hr¡nr¡ rtltr'oilt to t!¡c
torln. Eorutorr tÌrr grtåt ôærlotrmcat of v¡rcotnr
nflcxer ln Hn, bscru¡r of h.lr artxlt ¡)oltuta, mlld
t dle¡tr tbrt' huemcrptæ rtlnú¡tlon Plr!¡r ra llrFffit¡Et
prrt, ln tb. rsttæ of tb¡ üo*1¡r. Slraü (p¡rmrf
oæntctlml bm æt ô thrt vtctln of cb*{9Er{ rtll¡r
frrEnratly tnllyr Jurt prlor to dtath. llhll rty
oorrrrpod t¡t thü rtturtlon ltr thü lrpcrlnntrl ¡nllal.

ü. llrdtng Ërrt tår tqln tr hrælfÊlc efl¡fl'rfl
t'bc obc.rv¡tlon of ?lrfn¡r rc¡prtrü lrlt Sqrtlhno't't rd
Klngttôr¡ (f 9gg). t¡tüttçrttær þgl ¡(ræ rnÄ €rær tfÐ6Ðl¡

hrvr llhtrn Èbrt tbr brmlyrtn 1r lrblh rt roÐ t.rynrüõ!|.
&r ntr ef brcrlyrlr rl tüú üe b. ûr¡¡rdot m
tqrraln¡r¡r Dü rd th¡ dl.lnütm of tb¡ st8.qt. Blmlftle
retlvlþr ¡ar lnblÞlt6d ry ñrsßoL æ Pl¡rn a¡rð accrlgrtdl
b1l bra¡¡arr ct¡olrrt rol or lrcltbln hrÂ ¡o cffcat. fl¡r
rr*aqÊlÞ|ltty of rrd orllr to brælyrlr mr for¡trå to vrrl¡
fru oH rprclrr to rætbcr. Of tür r¡*clr¡ tart¡ðr $ulËn
pl.g .rytbsoc¡Ê'o¡ $trl I¡ut rorl'tlvr raå buns rgÄ nt
rrltbroc¡Ë,rr :¡tt ¡cn¡ltlvc.

tlr b¡.DffÊts rtgt,Lvlty t r rn int¡grrf P¡rÈ of ttr¡r
eaü,lvltyr st the rñoll rEfiln, rltåor¡fh tb¡ rlroglrt¡ü tlrr
1o glur t' *..-.¿ le tå. r¡mrl¡brtl¡râ mrnt
errglr,tnn,Ër n¡ æt contlttcntly bfgb rmlçh to b. ernnlty
rrlrt ü rlt¡brr to d.rtb or to th. Ersülre lrflqularitlc¡.
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I¡trrvucrf"¡r tùrrrclpfr br¡ æt bcr t¡ærlb¡ð l! h¡¡
rftrr cLl*ug¡ rttryl.ryr d lt 1¡ u¡lllrr1 tËrt trlr
codtttor r¡t tbr r¡rsclrtrû ÈnrtEslr wIü trnl¡ E¡-

oùrrrüû. |k ùüE o! tblt ¡ltæt rry Þ. ü. tr .ðü
ct¡{¡l to l"lrÊtLvrtl,æ of tb äræf¡trt¡ rÈ lody tQ¡'rlt¡n
b¡r prrnr¡ l¡ cl¡ùrrr &rtL rr¡r lollar ro rylålr¡ tbrt
}ræl1rft är llÈtlr ot lo tt¡. to oæ.

tt l¡ ¡r3¡rlÞLl t¡rt othr rultutrttæ¡ of tù¡ toü{ü

rff¡ br arnpt ry rltgltim t¡ *rn ernr¡lllty.
eeit r¡ rltæt eo¡ld Þr rupoutblr lor lùr ¡ntE .¡| Ürfftg
rryætæd b¡r rtctb of, Fqtlwr rtl,ryllEr. Ilotüd.n
rsgurlrtLan rt a.at¡r radtrçr t! tù. rLtn 9æfucrr ptl
([utr u¡ rnt¡sry, rffal r c¡Ln{pr Lr cçllrür
e|trr¡rllty ny Þ. rupolrtbte tor €d.n. Ilrrrtlgttlfr.
of tlr ümtæ¡atle rsttrltf bt Lrc uË G!ilÜ (ltÕSl

t¡ûlcrb rÊb$b, tl rrtr uü fff¡¡r Þ1!F, rmrwlr 1r lùr
rrslt of r üLsrct rt!¡ct a Èàr etllr of tL¡ q¡lðrnú'r d
&nlr. ff¡|¡oqù tå5r l.r o*tll¡¡il dnglr ïùtL tù¡aÛolfr
d,tf!¡ ttr r¡r* ol ággr' tbr¡r rp?.rrr üo È. *1¡ r rllå
¡¡rcnlu !úFot¡r r¡ornt tù¡ l¡¡ln' ![bl r¡tl,q'r g¡gert

tlrt tb t*ta æt ütrrctlt/ ou tlr crll 5þ'lt ln r
¡mr rlrtlrr Þ ttrt, Ût Ð proüc*r lmllaþ, rræl,tt"q
t¡ ¡rpLû ü¡al¡þ oú tb eell* t¡Ëlllttrdrg 5¡t t-¡!
ntrgotl|tr Lrt ro .tt ct Ð tùÛ ürçrr.op¡t ct tùt le¡ic.
Dç¡3trr*r¡¡ rrttà tù. tütr fn¡tlm læ&cct ¡f ¡rftr¡æ
{f-¡$O @ ¡ù¡¡¡rt t}rt 3pt¡l tbr lrmfPfi
Doûr..m *sr,teæroùlc rctf,ritY'

*¡¡ pætsr.¿ f.rtt d Þ1oûð rmrrt erryrntlnr ä¡tl
bra nrra æ tù$È tü¡ @ rft Gtr of gù¡ilg
torl! Þtry*trt16. sl,t Þr æld furthr. lltM*
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trhe hmrt prallrratloa 1¡ ron¡strrl' alülfletrl in nrturc
(Oplc, f965t tåo rc¡r¡lt¡ nbmd ¡ rcåaot¡tbl¡ eorrclrtlon
wif:lr tlrore obrcnrod ln tåo lgt¿eÈ rrrin¡l ' Brrdys¡rêl¡
follq*ud, r rlntl¡r tl.n courtc tD botl¡ prcpagtLq¡r a¡d

blgh trcvalr ef twtn rctnrlttd Ln lrregulrr rhttùnr |n both

lrtr€t and lælatcå borrtl. 'lfb¡ reductloo ln rn5rlltud¡ oü

contraetton Lr t!¡c trolatcå hsut t ¡ cæ¡l'lùrnt ¡rltb Èl¡.

drcrcr¡g tn ea¡¡dltac or,rtlr¡t Íhtcl¡ oesurt Ln th¡ r*rolc ¡atnrl.
ltr¡N eorenery vtloconstrlct'ton, domoutnted þr

dscr¡$rd earmrr¡z flow or lnsnr¡ed eoroerry ¡nrfirrlon
pr.¡ñ¡re, rúb1ch ir producti Uy CÌrlry¡s tælE tn tb¡
lrolrtd h¡rt, 1¡ ef, cmrtdrr¡þlr tntcrclto If tblr ocq¡al

t n tlrr !¡t¡ct, ent¡rl 1t roul.ê coÉln¡ $¿ül thr poor vlæl¡J

rrtgrû anÄ Urdcqu¡rtr vcntllrtt on to enu¡c fry¡toxlc clrangol

ln thr ryoca¡.¿lun. In tbü lrolrt¡d bclÊr tbr eorurrry

vlroêo$trlctlon groduerô by tho ltr¡¡ûuð doro of t'õrtn
(0.03 t{.U.} tr too brlcf to Grul. a rlgmlflca¡t ðrgrrrc of

hypælrt b.¡Ëvrr, lt dorc¡ sipr¡ablr to tüor¡ rl¡Lelr pr
lrtb¡l la tbr rüfrL ralnrl. th¡ am¡trt.aù'.æ lr rcrl
prolong.dl a¡d coulâ rcr¡sn¡bly l,nfluæar tbc raÊ¡ rna

aqrlltudr ctbrryo.
It 1r lnÊ,ril¡tlnt to ætc tb¡rt rll of, tlrÚr offectr

ocanrr ln thc l¡olrtrd h.rrü, ln th. rbr¡aee of aannl gætrolr

thl¡ L¡ 1n rErcrnnt wfÈt¡ tJrr concopt tbat tà. to*l'l hrr ¡
û1r¡ct cerdloto¡tt'e rffr¡cÈ tn th¡ tnt¡ct lûltlúr

lfb¡ vatoûllrtor drugr rr3ro qfo¡r¡| ln rn ettlrytt to
aor¡ntcnet tbt toüle r¡l¡looar r¡ü f¡ ¡rrü'snlrr to taùÛca

tbr æronrr¡r 6os.tr1ctlæ. €orenrry flor 1r fnorcr¡.dt Þt'

crt.€botutmr rlthcr þr a dLret offret or¡ tlr¡ c{aeür¡?

vstt.lr or !5l r gænárry rifrct üur to atlnrl¡tton of
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sædl're ú.t¡botLrü (eron¡tein g!$.f tt6?¡ Rom¡ r0ô8)l

rdemrl¡r rnd A|lP pro&rer Goroü¡ry vgqdllrtrtlæ þ' a

ülrrEt cff,ret on citb¡r thc rr¡ætor narntcl or thr vcrld
rnll (nm !!J}' , IÐ6¡r. llbl ræthr¡ln of reùlc of

ãWns hãt not bccn elarlf,|,¡É (larr' !túg).
âll of, tl¡gr copoufrlr lasprrrð oormlrï tlOu tû tàa

control tt tuåtLon tnrt only tlr. crt¡cibolrni,nil ürrt¡gÉ[¡lsað

thr flor nt c,bragu productô by tJrr tql'a.
fh. d.{¡rm¡t t'n coronar¡' flow prodhrcad by $htr?ÍuF

tæ{t lr rcrt lfh¡ly to br r êlrce;t egalürlctor ¡ff¡ct on

tbr eormry vrllrlr. l¡a tntfflctlvreir¡r of, adolortnr

rg| å!P tn rnt¡ggtlllng tl¡. 6g¡oÉrry eonrtrtqtLoa ny bc

dur to a dilfcptt ¡ttr of rdlon of tbcrl e6ryænat r¡¡t
ghårpç¡ tn¡rlnr adcnoaL¡r lnd Àt? producr ðllrtrtlsr et
1ùr epf¡lrry lrvrl {nøo !.t.,r},., 1962t Rodl, 1t68} 1d¡1L

Chl.rcner tclrfn rsÄ tb. ort¡c¡botrnln 3 nay bot}r act ¡t tho
ffi

rrt¡rl"rl qg rrtælolrr I¡Vrl. Tbl t4.tn, hmvrr, docl

mt ü)fnrr to rff.ct .lth.ú ¡l$b¡ or brta rdrmrrEle
rrorptort ll ¡rtsr þfoa¡¡rdr of tbo¡r groûuæd no rlEÛ¡lflarnt
qàrry. lË tha tonln rllPoãaer

ll¡r c¡r¡¡r ef tb. t Et.ltc tn eontr¡cÈlon ary¡llürdr ril
b*rB ntr pro&rcd b!'¡ tb. t*lD crnnot br vclt ðofln¡å

fro¡ th.lt oqnrtnrgtr. tlltl¡ tr,rgr tcütn ôolu hyÍrsl,r tr
ltfrfy tol æ¡rtrlhrt tol t'br¡r éhr¡¡gtft þut tlmlr oeqrr¡tglga

rG toy tffi[n doær rrbsr¡ €eroarry vr¡ocsnrtrlctlon l¡ tOe

brlrf to ¡poûua¡ r[¡nLtl,srnÈ hy¡nactr r;gulrlr tbr pru.nËl

of rætùs flstor. It lry br ru¡grtt¡ü tb¡t tbl ¡yttc
propcrtl¡r of th tcla, rhlrlb ü. ooillðoarð to Þl

r¡r¡¡æ¡tÞ¡ for tl¡c bmælylls, drrn¡tonrr¡rorlr rgl ¡nrrlbly
tåa rstlü o0 tbr tr¡e¡bte rnÅ ll.trn grallrrrtionr, rly el¡o
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affeet î*re ao¡rdr¡ctlng lyetom of tJ¡c hout a¡¡ô vcntrlcular
sontractll,lty. lllblr sorrld c*¡rlrl'n tbr n¡ultr sbr¡rvcd

rftcr rdrnlnl.rtgtfon of rll übo tqxln prlpr¡ttmr ul$r
tlrt uarpti.on o! tbr c¡rd,loùorfc f¡rstlon fr6n t fürdg
C-|OQ et¡rmrtognr¡iby ¡lbtsb t r arltb¡r barmlytf¡¡ aotr

dqr.lrtonrêr:of!.c. lt¡r dr of rctloa of, tùr crrdtotuln
on haart ret¡¡'ürÄ aryrlltrrdr qf coatgetloa n¡rÈ ro¡nrln

unrr¡rlaln ¿ lt tt¡¡ Pr.r.Êt tin¡. !|br l'ryrwr¡3¡t 1¡

erylttrrdr of cootnettü proðucoå br¡¡ råcnorlntr àEP rsÄ

tbe erttelrolrsl¡¡r fn tho Fr.ate€n sf tlrr to*la rltggÛ.tl

tbtt tb.|l|. coryrounôr ray lqrro¡vl tb. nteþolls rtrtr¡ of

thr lnto*l,c¡trú hort.
ExpartnrÈr þr l(t.n {19?0}, ln vlbloh l.l yøhW

¡drü¡rlfn tÊ¡ givcn lntravcnor¡rly to anrctthatlsrd rrt¡
lm¡dtrtcly af,t r tl¡c adnl,nlçt¡atlon of ¡ tßt¡osa lstbal
do¡¡ of to¡sln. 6¡ld not d¡m¡trets r4r pretretlv¡ rffrst
èuo to fJrr ¡rrcrctrßa of ttrc crtreboltltaa. IOnVg, tlrl'a
flaåfng lt aoü totrlly uAnerctr¿ ü corg[|ra!¡ vltocürtrl'et-
loa lr o6ly oct¡ of r nuñrr of, clfrctr of tl¡¡ tql'u rhl'ch

nry cdt¡t to rcrult Ln a lrthal outeo¡n.

Àlthough tl¡c qlorlna*,¡ lttb Çþ{rp'pr¡¡, tort¡
Ixrpr¡:¡tlon¡ brv¡ ô¡¡erlþcü tbr v¡rlanr cùenglr rblct¡ 1üð

to dtrtb ln thr rnm¡tå¡tt¡rð tnlnrl, rr yrt llttls Drogü'rl
hü þ.üa nd. tsn¡rl' thf, dJrrrto¡nat of rn rttrctlv¡ trËt-
nnt for btrnra vteÈlnr' Etfill tlrouEb rn rntlvrnln brr bcra

proðucrô, ltl urc ln tl¡e trgtn¡¡rÈ of !¡ttral rtlngtrgr gult

bt rcrtrlctcð Èry tt¡¡ dLfft ctrlty of rerclrt ng Ûlgtt n

rutfielently rrrly for aåntal¡tratf.on to bc of rny v¡¡Iut'

Tl¡o enti.v¡nln rpplrrs to bc rff¡Et1vr !n reðuela¡ the

denr¡tæ¡otlr rrrocLatrð ïttb r¡nn-trrtür.l rttüf,lryr l¡
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mr. lif.!. lrlfrtilr Inrmrl mrnl,srtl'n! hlt lt
ruSrr tf sru tnrtd t¡ tco rn¡f te ûrrr n¡t
$crr,ttÜl ilelnllfl.

rt tlll rtrftr, l3 Ëtå rfftt t[rt tùr ¡m|utln
ç! ¡fitqfqn ilf.¡¡ thr g¡lf nr. ffi¡|t rt ¡¡rtti¡l
bn frtrl.lùtn.
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tort urg'lil€|loxsl

Octopur ueu!.orut hat Þecn rarponrLblc for a nunbcr

of ea¡c¡ of tenporary pagtyrfu ¡¡aong peoplc wlro have

handlad the anl¡arl on At¡¡trallan beaehes. Vlctimr have

de¡crlbsd ¡tmllar r¡mptomr, nl¡lelr lnclude wedcnel¡, llult¿
and rerplretory diff,iculty. ![hres f¡talitic¡ hrve occurr¡d

a¡rd dcr¡lll h.t be¡a gcrl,þcd to rcrpintory f,rl'tun dur to

flrseld B¡l¡1t7.1r.
.|}lre rpceler of oeÈopur aPPC¡rs to bc nodsntety

abu¡drnt ln å¡r¡trallüt eorttrl ntrrr {hrttng th¡ rrmr
Ë¡ttt, tt l¡ nOt, hg¡¡tvar, a rerlour ha¡arrü to fiLl¡6Ð
¡taec Lt f3 nst tggrïètttvG, rnd har ¡¡ vÛtar ranll 'bÊttkr,
t*¡tcb rould nal¡c tnJoetton of vênoe lnto a human vlctLm

dlfÍlcult. A¡ vlctLna rre urually unrurre of tt¡e

€nv6nosatlon unttl tyøPtoal dlvclo¡r, l.t lr po¡Lblr tbrt
bltr¡ ooeugfry u¡årrrrt6 rry gP lrâHttlc.ü ¡¡ thr ?tncf,

coulû vüh out of r rürllcr rcu¡lä. 'l[tc vær I'r :lcrrtrü
ly tL¡ lrrg¡ portlrlor ¡llvrr1z gtr¡dr of thr oetopur rná

1¡ urcd üo lunobtlllc tht rnrll errDr thrt arc ltr Pñ!Y.

?retl¡nlnary rtudf.el on the propGrtlct of tlu toxl'n

havc bccn publlúcd by $lnon t!3L., (196{l and thc alu of

ttrr prcrâat .tuôy b¿¡ þcrn to lnvcrtigeÈe furthcr thr
blologte¡l ProÞæthr of tbr to*l¡1. tt Þrag¡ rvtü¡nt
ertry tàtr rorl thrt ¡¡sslsloxla l. gbrnæotrogloelly

stry rlrttrr to trtro&torla rnå r¡rttoxtl ril f¡ rrvr¡'¡l
lxpcrtnatr rrrponnr to lrauloto¡ln hrvr büü conprreü

vlth rGlpot¡rtr to tbrra eo:poundl.
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Follwtng lEtrtvoomr lnJætLon of nculotdln
¡¡t,ec bcer¡r agltrtrð' lt¡l[c, l[ô tùt þt¡d tt¡þl rplrlnd

out ürd bceaæ purltrd. tr|plttttoül ï.rt þbonr¡¡t r¡ð

c.arcd aft¡r 6O - 9{l lcl¡oldrt tÞcrc tttlt brlcf bat vlolrßt
tcnln¡I coarnrl¡lom. At auto¡rly thc h!¡rt Üü founå to br

bcrttng lgegulrr1y. Dcathl ln alcc af,tcr tetrodotorLa

folfu¡rcd l¡ tðrnticrl prtt.lB to tbor¡ ¡tü rftrr
nâculotorL¡'

!år rrlrtlolrhLp brtrun t!¡ rlrtn l¡tlrl &r.
Þy lntrrvcnour trj¡ctlol lnlð tà. tltsrP.fltæ¡rl rFuL

unLtf a¡ erleulattå l{r rprtrrr ïlth otjhcr learotctu rr¡r

l¡c rcrE frm flgnrc 18, !n rùteh tbc logarlth of thc

lotravonor¡r &rs lr plotted agalatt tbr reclprocal of thr

titm te dcrth ¡fÈrr tntrcpcritaçü! i¡Jætloa' htr for

botb rrsufotæf.r rnË trt¡odotfftn rrr .åon. ¡f tht
tntrrperLtmrl færG snltr (tl.u.l rr ärf,ls.û ü tä. üolr

rÊqFlr¡ü t|' hlll e þl¡rt. ta 10 rl'n¡t¡r rltcr l-p lnlætlol
(xür, 196ó) , tåla rp¡rrortnntrly 1.8 lntr¡vcnon¡ tl'u' ¡flt
equLvtlaat to 1 tntraperltoacrl l.lt. bta ln tlrc Pr'ËlGnt

str¡d!¡ ¡r,re eirprGü€d ln teru¡ of, tå6 lntravonous unlt'
It can be aeen tå¡t tåc ttæ to de¡¡tÌ¡ data for

na¡nrloto¡¡Iû a[d tctrp&ts¡.in. il.lultr¡tcü is f,igura 18'

g¡ coi¡cidgrt. tå¡rca¡ lonoru at 41. ' (19681 lrave rþ6
tbrt thû ttl. to d¡rtcr drt¿ for rrrlts¡¡it¡ yialð a
¡tgntftaently ál.ffercnt ltop. fr€l tàc tctro&tortn dltt'
lll¡rraf,ore, t¡ thl¡ rrtpêct , n¡eulotorLn tpP'art to rcrcûlc
tctr.odotoxL¡r norc elorcly tlran raxl'toxLn'
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tlmn l8¡ Srtrrtlonrbtp of &rr rnd tlnr to ülr¡th rltar
n¡culotoxtn rnå tctt¡odotoxl.a. tùe logrrtthl of, doro
(lntravrrnur ll.t. ) tr plottcd rgrlnrt th¡ rcclproeel of
the tlne to &rtlr (nlautrr!, follantnE lntrapcrlton¡rl
lnJrcttoa. tl¡culotoxLn (A -A I ¡ têtrodotsx!.n ( O - Ol .
6 - I mlce rcrr ulrd at orch dorr loycl.
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Àrtrrl,rX. rnü v.aoul pr.l;uül. rrlplrrtorlt ntc
end drpËb rnü chatrocrrdtoErrgür TÜrr rteorürd.
tnr¡rtþ3tlf.d gþbl,tr provsû ts bc vclï r;arltlw to tà¡
toxLnl lntrrvslout dol¡¡ of 3 - I ll.Ü.Ag nrra ¡ufflclrnt
Èo crul. h¡potcnrlon. brrdyearûtr rnå rer¡rtratory
ðcpnrlåorr. R¡tr Frrc lrrr mnrlùivr¡ l¡trrv¡æur dorlr
of rpçrsxrn¡ttly 15 ll.ürl}f, T.¡¡ rrqui,Hd to proåue:

rtnllrr Snrrtat .ffcetl.
tlb¡æ no¡r-lctlul doær lorrr¡d thr lptolle

rrtertrl prG¡rurü by up to llfty ptr ccnt rf,tbln thrc.
ülûuter of lnJcctlon' vanour Prollura rì¡! urually un-

ehrngcô tû þth rpoclcr rlthough ¡oal r¡t¡ ¡borcê a

rltgbt inercr¡c tn rigbt atrlrl p¡cllurrr ar thr rrt¡rhl
p3artup f¡11. tr¡tr6 Þanrlurr nr aot rlt6rå. lfl¡.

b¡¡rt rats rtl nü¡o¡d ovrr tb¡ mrr prrtoû rDú lgC tr¡o'r
rrrû rüshrngGû oærpt tor thc bnôyemôi,t.

trrtr oecerlonrtrly thoçcd r tranrl.cnt Lncr¡are ln

rntpl¿toty rrylltuds rftrr torln l¡J¡etloa, bortYcr tùfu

rrr ¡lprtllwd, ¡nd in both rprelcr rarplntory arplltuâe

dccllncd éurlag thc porlod of h¡çotærton. llre rarplrrtot1
de¡lrculon Il¡ ßal tnnltenü than ùh¡ err'Ëlovrrçr¡lrr
rftcctr.

tbr atrrngo grotnerd by non-trrthrl &n¡ of

nasulstoxln tn rrÞÞttr rnd rrtr rn tlþn¡lrtld ln tabll ?'

Crr{lovr¡eulg ¡ff,ostr pr3rf,rtcd for lO - t0 nln$cr ln
tl¡c rabbtt æd rllghtly torger ln thc rat.

Íhc to*ln rpÞ¡rroá to bevc * qmrlatlvc ef,f,¡ot.

rLnca ¡ ¡rasnd do¡ of rtntlar nrgnltuða r&lnlrtsred to
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laþLr ?. tlrxlpn¡a cbrngu l,n c¡¡6lovmEuLrr mt
prpl¡atory ptrrn t.3¡ rtt"hla { ntffilr rftrr l,ntrrvcnorl
lnJecùtoa of non-lnthtl dorcr of nreulotoxl,n lnto rabbltr
rad ratt. Vllurl rtt * 8.8.tf,. r n l¡ tho n¡rnbcr of
crpcrtncnt¡.

Co¡trol t¡3t6

Ssrln

Control lS8+8

lorln 95+?

ãyntollc
blood prG¡¡url

(* ¡gl

Rarplntlo[
rate

(nla-lt

t6+3

68+l

Iæat
ntr

(ntn'l1

300+l?

¡r0$0

398+?

tortl3

5qt¡
nlbbtr
(a-51 5E$

n¡t
(n¡5) 62+2

a rabb!.t afttr all tyuptør had lub¡lûcd rÊl utually
rufflctcnt to ctu¡a rarpLraüory faLlurc (rce al¡o Slnon

g!-.ÊI. , l9g{}. À loconð do¡c of l{ - {0 tl.U.ft'g toxl"n

broughÈ about rrrplratorl arrcrt ln thc rct tn I - 4 ninut.l.
ltrr ratc and anplitndr of r¡plrrtlo¡t rrr dlc¡grd
{nråt rtrly rlttr lnJretlon of a lrth¡l &rr of toxfn. lûln
ûcrtt¡ rlrr Þrolorycd oirnrr lcY¡¡l nl.nutrrr sotplt¡tton¡
brsenr vGrlf llow, prolongod rnd Eerpl,ng anô oestrlomtly r
pcrtod of, epnocr procedrd a fln¡l rnrplntot1l cffort. fhc

¡rt¡rtel p¡rÊtlltf. ðsqrG¡¡cü r¡ tbgr cbrnger grogrcgcd

anå ¡nqç{ fron 3O - 5O n tg rhca nrplgtlonr otlltrðr
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Venou¡ Þæ¡rure lncroa¡ed ¡¡ ¡rt¡¡rl¡l prtslurr f rll r ülü

tl¡a E6¡¡ rhomd nark€ô bradycarðl¿ rnd !D rav¡ anlrgunt'
Tl¡c obrêrvrtlon th¿t b¡potenrl,ou rftg n¡eulotortn

lnJrctlon 1ã botb thc nbbtü rd tbe nt rlnyr .ßcon¡lrnllô

oi prcerdrü rltplstory drprollon lugEcrt¡ r clorer
¡intlarl.ty vlth tetrodotoxf,n Û¡rn vlth ¡exitoxln (Xao rnå

8lrht¡rana, 1965),

In botb rabblt¡ r¡¡ð rat¡ b¡çot'snrl'on duc üs a

non-lrtb¿l dorc of toxln uac tcqrorcrlLy revarlod by

aÄ¡nrllnø or noradrcnlllnc' Êc¡rertnrntl w¡ro dcrlgncd

ro th¡ü a tcrt dore of crt.{¡holrnlnr nr glvrn brfor¡ rnd

rttcr I Dotrlctbrl CP¡¡ of to¡cln.

tra tb¡ rrt I, S yv/nl tr*ûoarår¡n¡lla¡ blt¡rÈ8rt¡
¡l|rd thß ryttollc gt¡rlal pnuus¡ to rpgrcxr¡rt¡ly
200 ¡g Fg, rltbcrut cbil¡glng hcret nt¡ or v.noul p¡rllua.'
À rtnllar dolt adntnl,rt6cd 5 nlnutrt ¡ftGr lS lt.Ü./tg
nrculotolr.n r1¡o ralrcd tbe tyttolle arterl¡l Frol¡rrat to

2OO nn tgr altlrough t'hc rrterLal Ertlture baå bc¡n reðlcrd

by nrsulotp¡cLs. Ecart art. ¿nâ ve¡ou¡ p33raur. rtrc
rgrtn unclrrngrá'

tt¡ rrtrrlrt pr|rlut'! url ls€tlrr¡.d Þy r rlrllrr
rÐount by l-rdnnrltnr bltrltrrt. (f ¡eftø) rlthout chrngr

ln htrt't t|ttc but utrtlr r tltgÈt lncrc¡m ln vraour PsGtltltllr

A.fter trratn¡r¡t rlth nåeuLotorltr, adronrlLnr lnerc¡rod tbr
dcaregró rrùlrlrl prlllur. to tbt tlnrl lrVcl, þüt tn tbtr
|n¡tr¡rcr thcn rt¡ I rtgfnlftcant lnsr¡¡¡l. ltil hmrt 3rtc'
conperablr scporln¡ntr, ln rhlch tcü¡odotoxln gr
1¡brtltutrû for !f¡!(, paoduccd vtry rlnLl¡r rolt¡ltl'
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SaÞbltr reapoadad tÕ dotcl of l.S yøthø nondranrllnr r¡ü
I pø/Xø adrcnalLnc ln tbr aene way. ãhe¡c rcrultc ean b¡
eon¡nrcd rltb tbe¡o of, sro rnô hhrnan (196¡).

Slnec tbr tc¡¡atarl frll ln rrtcrtal prcuur¡ lr
p¡clplteur rnð tr llhely to sontrlùutr to tt trtrl out-
Gffi, Eorrdnarllar tt.t ff/htl nr gritra to nùùltr
ütrrLnE thr prrlod of rerplratorl¡ ü¡Pretalon nùtab prcecdct

tarnlnrl apnoct. Bmvar, thlr did not ¡rrcvont tbo tcrtlnrl
fall ln rrtcrlrl prcaturê.

tllrc r¡lplrntot1r dcprnmlon proüuerd by r¡culoto¡nùn

rrar firrthcr eranLned by nonLtorlng thq elretrlcel aetlvtty
ln ttre pbrcalc na!'!te ¡nd tbs ôlaphragn mulelc ln the nÞblt.
Íhe rcrultr of onr ¡uch experLnent ¡ro ¡hown Ln llgurc 19.

Ít¡c anrcltbetl¡ed r¡rtnrl brd r rcrplretory retr o!

5O prr nisutr üryfl rn rrterlal trtãDtürr¡ of llQ ru trg.

trnrpl,gtion l¡ttö $OO Ft.G rnâ th. rerplretory Pr¡il. ull
?oO uæe. lftcr rrctrlotæl,a (f r.Ü.,¿tgl ' tlr rrt'æhl
ÞBatnrra ru rcduccd to 6O nn tg aúd thc rclpl¡tory ratc
to !5 pcr minuto. Dhpbragnuatlc aetlvtty tartcd 1.1

sacond¡ and the ferplratory P¡u¡e aat 500 n¡ec. llb6

anln¡} appoered to bo adequatoly vcnt!.Iateå, anô durlng

tb¡ nr¡rt 15 nlnutc tbc rrtrrlrl prtl¡tr¡¡ rol. to

105 m [g rnd tbc rrrplntotlt ntr rltu¡nrü to tho

coatrol trml. A rleoad 1-r Íajl€tlon ol 5 lt.U'ltfl ll!ÍI
rar glvcn at thlr tlur. lt'hlr prodrrocd a trlt La rrtorlrl
prerturc of 45 nßr trg and rarptntlonr ïG¡tl reùreeå to

apprgrluately !O pcr r¡lnrÊo. ll¡c dl¡phngn ¡lroved alnort
contlnuour rlcctrfcal rctlvl,ty, ¡lthough botib rnpLttudc

and lrquürcy of tho mr elc ¡rotontlal| srre ronctü¡t
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F f,".rte tg r Íha cffect of maculotoxln on the eleetrLeal

rctlvlty of the phrenlc nerrrc end dtaphrlgn' Pan¡r 1,

part of a control resplratLon; P¿nel 2' a prol'onged

respíratlonaf,ter5tl'U',/kgmacuLotoxin;Panel3'
diminÍghed dlaphragmrtle rstivlty after a furtlrer 7 !l'u' lhgt

Prnrl 4, lneroared phrenie aetlvtty r¡trioh h¡d little cffcct

on tbc ðlcphragrra; tba ffil rhovr cloerl.yl P¡rrcl 5, thc onrct

of fallure of phrcntc rrollcyr¡ Danrl. 6, clcEtrlcal rl.laagr

at death. lDina narkcr O'O2 ¡ceond¡'
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r.rductd (¡e¡ f,igrurt 19, Ps¡rel 3)' !!her¡ rrl t coaarrrcnÈ

lnsrçtrc ln ¡ryl!'tuüo of phrcnir¡ v1¡llc!¡f' lE¡ruvæ' tht
rnløal turvtvcd, anú a fLnal ds¡e of 7 !t.O.7ltg rar
ÐcÊrsarï to abollrh ralplr¡tton¡t apnoGr oceuroå thtr¡
nlnutor aftcr thfr laJectloa. Inttl'rllyr bre¡thlnE bccrm

lcrgcly inttrso¡trl ¡nd r dcellne ln th¡ rnplltuds of tbc

nyolraph outgut çar obrltrvaû. &e phrrnXc vtllcXrr Lnorrrraâ

ln rnplltu{r, rltbugt ttrry proôrart orly r rlppþ fta th.
nlngraph trlËrr. lt¡¡lly, tbc phranlc lryulær r1ro

üLmlnl¡hsd ta frequensy rnð rryll'tu& ur¡til at darrth tËrrr
lrat 61Êctrlcal 1ll¡ner. Íl¡cle rffeqtr are lllurtrrtcð lü
f,[gurc 19, prncþ 3 - 5. eftrr rcrplretlon¡ 6çllod r
t.t nt6 ¡tlnulur rgpltcd te tlrc phmntc ntrv. p¡oðued r
vrrl¡ üt¡phngnrtla aontsrstlon.

f¡ tùr ernm of ðortb rftcr nreulotorln cilvcarmrtto¡

rpprrrrr to bc ¡¡rpt31tgty pgrlyrår, rt.o€lrû.d vttb
profonnt b¡ryotrnllo¡r rttaq)tr ïlrrl r¡är üo nrurcftrtr
rrtt rnä rrÞbttr by po¡ltLv¡ prerü¡3r tutllrtl,on rttb ¡
Drhr rerplretioa Pun¡1.

It rar porrl'blo to revf,vc rnl.r¡lr only aftcr
narglnally letbal' do¡lr of HtEr trr !!nK' rnd then oaly lf
tbc punp urr ltrrt¡d bcf,og prpirrtory d.prrallo¡ ÞrEr¡¡

loVrrl¡ AAtnLf úl,sh tnrn bfmtblng bUt glrr¡OÈlg, fAê

rñtch hrd a tyttolfa bleod Prû¡nË of lclr tùra {9 r üg'

hrd r poot Progpo¡Í¡. tn lonc salGl, ùrtarlal prertufr

f,nercared to ap¡lroxln¡tely 60 nn Eg and the E0Ë rGturn&

to c nGar nomnl pattcrn ù¡rt¡g artlf,1cl¡l vcntll¡tLon, h¡t
Ípot¡trncour r[plratloa dtd not, occur avcn af,tcr vertllrtlon
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of the antn¡[ for up to tTÐ hours. tfbea ru¡¡sal¡fcl,
rrttftetrl venttlatlon had to be contlaucð for rorc th.ã
an àp¡rr aft r tbc retu¡¡ of, .Poatr¡r¡oul nrplntory
rfforÈr Ln otùr to lrllltale tbe r¡l¡rl. &f.r 11æ

ü,¡eo!¡¡rï of tå¡ prralrrndl nræulrtr¡¡¡. 1r Gor¡l.rtü¡t rtltù
tÈc rlor ¡ctur¡ of rstlvlty ta thc trlolrtrd ât$pgn
p¡sËparattoa afttr €x¡lolus to ¡¡st¡lotoÎln.

ât concoûtretlon¡ cqgrl to or grnatcr thü
0.15 li.g. Inr rl. rrculotoxLa bæught abogt eonçrlrto

bl.ss{r¡Ae of tåo i¡*¡lrtêå DhrcrrLe ne¡re-dLaphngn ¡traPantl'sn.
t!!¡r rurelr rrnri.n¡d rspot¡trr to dlrect ¡tlnl¡tlon rltß
trrr¡rrf¡tittt n¡ blosk¡i, ht thr tb¡rràpL.ð n¡ Rl¡d' I
I - 1O te16 læt¡ræ tn rttnlrtlry rultrryc b.fns rrq¡¡trd
for &t¡Lofrrrt of nxllnr tslLæ. Ictgu &rcr or
püofsçrü t¡¡rtru¡t süür3.ü tåc n¡st; lre|'t$t¡"
Shsrtty brfo¡t tng¡t*rl,6¡ fr[Ld tbr pgnrxrtloc n¡
ebLr to rurt¡ln r 1O rced tott¡e¡. !*b ntr of ærct of
bloe}rdr nr ldcpctrdürt of the f,rqncæy of ær5Ü rtf"mlrt-
loa o¡æ tbr reng¡o 6 - 6O ¡nr llrlntr.

Irnromcsr¡lrr bloeù¡úe at GbürÉt¡rl*¡d þy r loog

!¡trt p.ffod rbm üTlts.b !Ërlo¡ dæfåü¡ü 9¡r1' llttlr,
foll3¡¡ð b1l r np{ð dælt¡r 1¡ tcn¡1oa Èt.t ûo1lmû l*
rqpoaæthl tt"EG €oEIllGr flgrurÈ 2O tllu¡trrtcr tùr sn¡ct

of blosht&. fæ .nd ftrbt¡nne {¡965, obrsñçd r llrLlrr
latacy YàÉl n¡gurLeg thG 6ec11nc tn c@lrta potrntlrl
¡fter tarlt$¡(la trc¡tnent. Fccovery Trr¡ Prolongcdr lt n¡
¡¡ren¡¡art¡ to n¡h p4fnratlon¡ for uprrardr of 9O nLnutcr
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trolrtr{ ttt ¡ùnalo ürp¡.{trnürrgr pnprgttoq rltcr
rgulvrlmt s¡6 oi ntoulotorlr rnt tctt'odotoxln rt
lloc - !f.Ëoe. Santlogrrltùnlo c€otålnrttrr ¡Ont trttrù
ten¡Lon - l8.lg.
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to ¿nofd re¡lðual affçctr of rctainað toxla. toeenrc o!

thlr rftect nlnl,nrm do¡e¡ con¡lrteat rftb cqrlatr blsettd¡
ttere alrr¡n utcd. t'ho nta of, dovelo¡not of blocÈrür

rhoued tha ram rtcr¡r dpg a¡eææy groclrtd tttl
lrth¡lity iB tb intrst r¡l,r¡1.

8otå E¡r¡rrlotffila rnð tctro&to¡ln rr¡r mÜ'

¡f!¡cttvr lr acrr'mt cutr¡ blocttng rgrntr at btgù

tnprnturo tbrn rt lor t tpcraturt. ?lgurc 2O illurtrrter
tha effsct of terycret¡r¡m on rqutvalqnt &rar of äf, rd
t!|ÍL lo¡rtn do¡e¡ that r¡tÍrt alrcrt rd.tbtrt cffeet rt 2toC

c¡ruod caqrlete blogþed€ 1ã 16 - 1? nLnutq¡ rt 35.5og.

In ¡ furtbcr ¡çrier of cnpcrLnnt¡ I't ¡¡r fgu¡d tb¡¡t

cqul.vatcnt dortr of, both t€xlßt (caltÞntd q¡ þr¡t3 u¡¡tt¡l

crut¡d û.a¡mrsnlg blottl¡ft rt r rililrr slt¡, lùÜ¡ botlr

lrtcnqr ¡r¡¡| ü1r. to hdf drcry of t¡arlon lc¡a cgt[¡r3'rú.

geacrnatcd dtp¡ùrlqP
åcctyleþglt¡3 dolo-re¡Im¡Ô cur'lye¡ r¡rro Pl"ott'd fgr

tåo ebmnicrlry dcnr'rrrtrð ret dt'rphregn {tr.me rd ,|!þr¡m'

1969b1 rnå rcxc rcprrtrð rftrf tå¡ rddrtim sú nc¡lptoÚlr
t0 th. ttgã brtå. Dcræ of llãf, rrrylag f¡un 9.t - l'O I'9"
p6 r1 prc&srå ao ül¡r¡Gt ¡tfsst ffi tä¡ dl*b¡g' ncLt'h¡r

rr¡¡ tår ae*Ëylcbollnc &lo-ttrPoülc eurnË altcrcû by tÞr

prcrcace of ù,br toxLa. tltc toad rcctul rbdoalnua PlTlPrat-

isn rag ¡lnttarly urnffocted by nrsulotoxl¡. llre¡e trc
pr¡X¡rr¡tt{¡û¡r lae rl.¡o åa¡ca¡l'tlv¡ Èo tGtrefu'to¡ln '¡å
n¡tÈsxla Û¡rnrn ad !lr*aer' l969bl Iæ. 1Ð661"

Sclattc asrvc PraParatlon
å¡ uE¡ for¡nd prevlourly (stnon $-$' , 19641

nrsulotoxln eanrod a rGlcr¡iJale bloc}¡de of tåc dn¡ä¡rtbd



Fiqu¡ie 2I¡ Bf,fect of, 0.02 I{.U.,/nl n¡culotô¡rln on

desheathed toad rctrtic noruc. l¡ Control aetloa
potcntlal (ar). 2,3, .l¡ AP 40, 6o rnd 90 ntnute¡ ¡fter
t{t[ß. At gCI ntnuter tbc pcrlod betutcn tl¡o rtlnulu¡
¡rtefact and the peelc of tha AP had lncreascd by 50*r

the wldtb of, thc AP had alro lncrea¡ed by 50%.

hfarbout of !{lfJ( was conmenced l¡a¡¡adlataly aftctr 4.
5,6¡ 20 a¡¡d 40 nlnute va¡h. 6l¡ l"dentlcal with thc control.
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to¡d ecLatic trervê. Dotcr of, O.O2 tf,.U. per nl san¡rod

ridcnlng of thÈ coü¡Pou¡¡d rctl,on Elot€atLal anô I dêcrGatt

l¡ eondh¡ctioa Ycloötty prlor to traa¡mlcrlon bloek (rec

tlgurc ¡1). Rrt ¡ci¡ÈLc aarv6 r¡rt rtrllrrly blochcð by

nænlotoxln. lltc rat ælatlc ntrrrÊ nr dlfflcul't to

dçtbettb, to thc rtrl¡tf"vtly fLnc PGro$trl brrsch rrr eled

ln thc¡e øçcrlncatt.

C$la?e ,pis.Ilrtn
ffæuLotsxl.n er¡r¡ed r rltg t eætrrstlo¡ of, thc

t lcrn prüpürtLæ" lthtr rf,fcct rr¡ bIæt¡d by ålFhaa-

bydrutnc (lg-?g/¡11 Urt gqr unrff,tetcd þr ctropf¡p or

lyærgle acld dletbylenldc' It tr po1lblc th¡t tlra gXroú

extraet contrl,n¡d rore hlrtasLne rrhleb v¡¡ aot corylctely

reperated by ssphrdcx chronrtogra¡hy. ltlbe prereaeo of
g,25 Ë.U. pGr |l nrsrlotorlß ðtd not aftcct tJ¡c

reatyl.cholt¡¡-t¡À¡e¡d co¡tgstLoa of, tbt thun glvÊr r
rtd¡ eo¡æntrati.oû lllùfor

?pffg¡$ qulnce nta bPrr,t

Itær¡lotæL¡ (1Û ü.1¡.1 rr¡ tnþctlð l¡to tÞe

parfnrLoa ryftcn Jurt Ptælrrr te th¡&ñ¡rrt. IbLl p¡"oM
r nrrtod rcür¡ctton tn ooroalr¡r fltrr ntÊ rd e eoLacl&nt

Lncrsr¡s la horrt rrtc ã?or Èår fl'rlt þ rceoldr" f,olluü
by r retu¡-a ef, bot*r Ptrütcn to cætrol 1ærlr ¡ftcr m
ulnnts. I¡oto,nlc e€atrcstloü rylttude læraüed ovar thr
f,|r¡t nlnuüe ru! tben decgarod to about tt Par eaat of t'h
€ont¡t¡l valsr for t - 3 rL¡utm rlth r tlør rstn¡! to ¡o*r¡1

or¡lr th¡ foltrorlag 5 ntautæ. Dolç¡ lc¡¡ th¡n 5 ll'll' rl$l
rttbæt .Êy obæprÞl¡ ¡ff,æt oa tå' hGl¡t'

!!ro srrüLæ cf,fcct¡ of nrsnloto¡ln *rc probrbly
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llÈr phrrræologryr Ef tbc torln ûf gs-lælggg
r¡ dancrlboü hara Lr eonrlstent ¡tttå ths cglier rc¡rcrtr

of slpoe aÈ el. t19641 æû Í¡etherte {1965}. In the

prcrøt lnvertigatLol, honver' tht sultr of cbrc¡to-
gtÎFil¡tc rtuåL¡r of ralivrrr g1üå s*tüætr u¡!ry 8.?ürå.I

G-25, tlñfgG:t thrt ttc tdl.e rútætr aæ fu to oüly olrt

caæou¡¡, lhrcal .¡rrllrrr püp.tl by tl"æa !!,.,.8L' {fFf}
rut Sutbcrl¡rü rnd Isnr (1t6tl repor{' th¡t thorc ¡¡c trc
ehronatographlcrlly dlatl¡rct tæLtÐ. tbe elucld¡tion of

tht¡ potat srt arel't furtå'cr ttildltt.
|ftre pürnacologloal" proprrtte¡ of nsul0toxln

rcreúls liho.. sf tatttdotoxLn a¡¡d ¡rrt torrlß ln tb¡t
ðætb rttar .ütnrËilrt,toû 1r ða Þ nrplrrtorf? prr¡lyrl'r
rGærpüld by peofod þpotærlæ. I¡¡ .üttLoa, th.
plcøuLer ntght of FII tr rþ11¡¡r to thrt of $!Í8, ar rhon

Ð e+eùrá¡x tiä¡ætagnilåy, anû all tbnc torl'm b¡t¡vl
i&¡tLcrlly on ållÞcrlttr fiß-50 c¡tl's cæhrago ræln'
hcufotmt¡ Psrprr¡ttor¡ rùtch brvr b..û erltbçatad a¡
txruo ¡¡!¡lt¡t rhsrr qurntttrtlroly rülhr rffætl to

t.tËüotod,n ¡üen osryæa¿ I"a r vrrlrty of pbrnaeoLeglcel

teltt. tle oocura..nea of hlpotcnrlæ rË dsrcr ju¡t
¡¡¡ff,lalst to pruducr rcrpllatofy úcplt|rioo ruçgc¡tt

that tbc toxtn Eny b. ütñl elocoly rclrt¡û to totrod¡¡tffit!

ttâtr to ;axltcrxla (lß.e rd ¡ilhl'yrmr 19651"

ãr frilurc oû t-rglrrtLon rf,t a liûhrl &rar of

rrpuLotæ¡i¡ n¡ abrrætrråzcð þr a k¡rr of dlapùrrgpett'e

rattvlt¡r ihteå pneadcd tåc tallürG of pùrcnle elflnr

rpl.lrlrr. l¡or r ¡ùort tt$ thcæ æturtly l.nerer¡od la
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rrylttg{r, E(' 6oubt &r to t}o rf,t¡ct of h¡4portr on tår
tcaÞlr¡tory cËütr.. Xorwcr. the I'næcaro Ln pbrcatc

aetlvtty r¿! at no t!.nt eonp$ablc to that tcm aftcr täe

r&t¡trt¡rtloa ef r ns¡¡romltcrulrr blocllag agruot rucb u
grllutEr or d-tuboc$realnt. lhc rlqulncc of tbc cftætl
ìdrtcth 16rd to rcrplrrtory f,aLlr¡r¡ ney rcfl.Gt tàr ntc at

råleh tL ü[l,E i.¡ aall'Ld to Yrrlor¡¡ tkluu b!' tht
clrtnrlatioa. tll¡u¡ tbr rclrtlvely grert€r Y¡rtcnl¡rlty
of thc dl.pàrrga Ery tìctslt tn bloct¡úe of th¡ flno,
iatn¡nrcul¡r ncr''rrg r¡ßont bef,orc thl¡ lr ¡vldcnt tn th;

Shrc*lamr|nrtrtrnh.ånl'c¡ntraleffcetraaÛrlrolilrrly
to b. ðc1a¡ed by dlffurlo¡ acro¡! tlrc blooö-bnLa brr:rler.

Crh tg !S_-ü. (f96St brvc dlleurrrd rucb rúfcetr tn rcgu{
to r,gpltrtorï trllsg rttrr t tsodoto;tl potrrollry.

¡¡r prnotæltû b¡ryotretts ùrrrv¡ü ¡ft¡r rÕi¡l'rtr¡rt-
loa of nrcuiotoxla t¡ I'llel¡r to rclult trcr gurall¡rô
vræêtlatrtlor r¡thcr thån r f,¿Il ta cardtac g¡rÈ¡nt.

Llttla or æ ehrngc in ¡mlle P¡B¡lErta ia oÈec¡r¡ed svon

eftcr do¡e¡ råtcb ftürct tbl ¿rtcrlrL prorurc þr
5O prr esnt, aadtåc l¡olrtod bcert proprErtlon l¡
r{rllrËly umffectcd cxcopt at blgb &rcr of toxln.
Vuodlletltton r.y 36llt frrsr block¡ãr ol pcrl¡ùrnl
tr¡ætor rrarrcr ¡n{/or tta rptnrl vr¡ætor tü¡'¡ tr
propolcd by ßro ?_t ¡tr. t1t6?) for tctrsdotort¡ r!ð
ñrlto¡¡lr"

tlhr taek of rffoct t¡f ræ|ulotülâ oü llthcr tfu
aLeotl,als or ffiæarllLe aectylclolLsc nccptorr I ll ¡!ørn

by o*pcrlnnnt¡ vl,th tJ¡c &srrvrtrd dlapùragn' tord r¡Gtut

rÞffiln1¡ rnú gplne plg tlæn ¡tr.ü¡rartlonrr rr¡lPcctlvlly,
furÐr êæertr.t r ttr rlnllrtty of nculotoxia te
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totroüotootl.n and ¡arLtoria. Ioc¡l anacrth¡tlc ðægr

ru€b ¡t p¡g(Ê.læ, rd¡teb bloel rro¡ul tg¡nlglon ru¡

Gl¡¡rG h¡poÊlnrlon, elro brva rntlchollrcrglc cffrctl'
Icærcltrtts by crttfictrl vcatl.lrttoñ of an

latodcatd rsl¡aX. r-lqu!'rnrd tbrt th¡ rnlsrX l¡lvc r
nagglnrlly lltt$ dorç. tÈ¡t ts¡t|lrùtott bü tnrtltntcd
brfo¡rglrrËûÛ|'tþrnecvl'dentrrûðtùrtltbtprotoqnü
for ¡æ tt¡l ¡rfter the rotura of rpont¿Eeout rarplgtory
rcvGûÊt¡tl. Àftbpryb tþa enæ¡thrtt'¡rð anln¿I crnæt b'
eo¡farca rtth Llil. tlrl,¡ ftndlry rgrcel uttå tls cllnlcrl
obßrtrtEtoæ tb¡t p¡¡rtfrf rcrplgtorXr pr¡rlyrt¡ sI¡ lgt
tor W trr tlgÈt þrn or æ3..

At thll ttr no rpccifto utlðoto l¡ avrtlùlc fos

tbc ncuptorrü. rclrted tÛ ætro&ffii¡, rltùoqb
protor-tged arttftcLel ro*plntlæ lry lcrd to cryl|t
rGcorrÊ¡y t! vtettrr rào bavc ¡ccolvrd nr¡gtnally lethal

dotcl gf toxln' åttr4rt¡ to F¡o&¡ee ln¡ne rctponü¡¡ to

g. ,îfFutæuÇ tüi,¡ 1r r¡r¡rb (nlt¡¡rrd |nð I.rü|¡' 19691

hm to frr brla tnm{Frtrftlr
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ülBomc{rlol,-

tãa lft.ü:rhn r$îlll' æ tüCltxgil.c r¡årl'Ir l¡
Ë lrtcürå to Þe r l¡trLlß r¡ tn*, æ nrl¡l tg¡lr;.
.|!ä¡ mútr¡ ¡¡cærcr¡¡¡r Juntlor b¡r Þrr¡ tb nûbr.ct

of 6¡rn¡l,rr @ rd rltàou¡L ¡ ¡mrrt rmË'
àr¡ Þ.ü 1*r¡rû rbolrt' tù¡ rtnetn¡n of tår tut'1æ rul
tår ¡roæ!ð lñolvrû 1¡ n¡rc¡¡cn¡frr trElrtlll'c,
lryr frrlrl,lr bæ.r ytt to br er¡r¡d. !!hl rlr of tÞr

¡Efr.ùt ffiiq¡ 1r to ¡Ë€?få. r brc*¡rold !Ûü tË'
rrynrtrub to b. áÜarfËcdl la tàlr reüfnn æû i¡
th¡ rnbffah¡û ¡ltl¡Gr t, 2. t |rtl ? {... fmrcilfr {} rndl

to ¡reüd¡ r r.füæ a(nrg. to th ßqr rrpretr cf
tùü toglc.

*r$ tlr ¡t¡rsÛn¡r of tb. nrcræf¡r J¡rc*fæ
brr ÞrG tb ürbJæt at |,lurrtlgnttæ¡ þy nü!, ;oü'I.81.

|!tr clcettq nle¡crcef¡ry rdLn oC ttr@
(19591 n¡r bt Gârillrltrê for r drtrll¡ô dacrr¡Êlæ of
tü. trætlær rt¡tlo Þy næ (1t59' uå Gout¡a¡* (19!¡g

d 1:l60t rsr elæ lrrú¡rnrBlçc.
ïb¡ llrrlt,rl Ëg¡ oÅ-plrtr t'r lO - 3O rtc*ur

t¡ ðll¡tra r¡| l,r oæolr¡ Ot rü æ t¡ld¡rl' l¡
l¡¡v¡çt¡g tëME c.Lt rd l tÐ ol æûl'tt â mro¡rlrn.
&r n¡rv¡ æ ð1v1,ü t!ûo revrrrl f¡,n !fle *&t
trrda¡t¡ 1¡ ¡fl¡¡lpù[a guttrn, ¡üúl3rf dr¡rurlæ ltl
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thr r¡rslr flbn n¡rfrs. ttc tærü,stl utc bCrM
rn uut¡sll¡rtrÉ h¡È rtt re{!d3.Er* !r ¡enn cltl
(trlogttel. ft tb. rr1.-r¡rel !¡¡t¡rf¡g tb
lrasrlrmte srr'n 1r ilrpl¡r tn:Êold'ó to lcr tùr
¡gHt¡r.rf all¡l.r¡t8a, I æqrl,c lftrü3lt¡ü. rabl€h L
rcprrrtrll ftot tå¡ udrrlyfry ryoflJrrll¡ ry r tblcL 1¡¡'¡r

of trrffpl¡.1. ts¡ En ¡þrln 61¡ffi ttr ¡earl
ætlln of tbl ¡ys¡Êlc tüügÈ hû doæ æt B¡ntr*r
tb¡ ]rÈlllEllf foua. Iarra rd lrolr rdtrrü ra'r

r.Í)rrrt d ÈË' th. ry'tüÊ,rc clrftr r ltxlt grP ftlt ü ttttb

I ffphoür þffi *rrn¡ rnt6trl.

ßtùcrfb fer ffi[c of lryuln l¡ ruvr r¡l
r¡tct. t; rlætrl.c¡. mßs*r of qnnelc efry
(rr*r rs rlhtl, lt¡5t bür rbp tbrt tlrsr lr ¡
ülrcorrÈfnlt¡t 1l tn¡mlnlc rt tù¡ nrm¡qf¡r
Jwtfc- b rrrly qlfff$r of DÜ,L¡ trl&rr¡ d
vcgt, tlti[l rytrA lùlt rort¡r'l'dLoùfnr tr€¡, ny rst
ü I ärtsl rå1r:æ d thl,r t¡r lls b.t cæffrÄ
(tc ntscsr r¡r Írtr, lt6úl rrranr' llú?1.

Iþtûr üürlr¡l flbrø ürlc b.üÈ rlwrn to cstr:ln ÞoÈh

rch rú tbr ærynr, &lltüi uþrler frlen¡rtn' l'96t1

rrcdst *bü tt! lEatMit. f,C.l l¡ ünEfrù to br rtot'ê
tn ruDatsrsrëqÉ€ (4OÐl vtüt€lt¡ l"r t¡Ð tælrfarl p¡læ
sf t¡b tFt (Xoclþ, f't2'. tlhü prcrynrpùlc 3åltrt of
ãob 1r tt:lggnrcat Þt cl,¡etrlql tqnrlrcr rcecibl¡|g tbc

ûoùffi æxr tern[n¡ll. 1|*ãe Srocolr rcquLrer tüc prerü!Ér
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of celctun lon¡, po33lbly aa coqroncatl of a crrrler
nclnnl¡m rdrleh ir t mrolvcd t a tJ¡c r¡1rg of qurntal

paeþtt of, trrnmlttâr (f¡ts tnô tlllcdl, 19e8'' Dccro'l¡

of td¡r mrrrrl 6t¡rarf Cr++ eo¡ßætratlon prodr'r'car r
ðccrarc lD thß æu¡¡t of rct robr¡.¿ by r nå3lta lryul¡..
lrn tnsrerc tn tha ort tarf t{g++ eonooatratl'oq prod¡ø
tbr rar 6ff,oct, poryfÞty ftt to eoqrattttæ ïtt}¡ C"**

tn täo cerrLrr fyæü (erf Cr¡tllle eut Eagbarl', 1954r

O'thsr factorl factudlag tbe rtorryC aaó r¡mtåcrlr

of, åch, æbllt s¡ttron of the træml,tt€8 r¡|ð porrtiva

fc¡ü¡tctr ¡cùlæ¡ of tËb ulm tbs nrv¡ tæurnrl ny rIæ
tnflr¡¡¡3g ¡¡gb r.!.trr {frrcur¡, 196?}r Xo€lls (I9ü}
¡trygcltf tb¡t tb' rch r¡l¡r¡¡d þrI¡ th' ntrÍ' rctlon
potc¡tfal' ny neü ¡acqn¡rnücrfly to trlgla rcl¡rc of
great¡E' rnûl¡Ér o! âcb for nrurm¡re¡r¡l.r trln¡'nl¡tts.

út r rclrur f1r¡a th¡ nær trnlnrl. lgh üttfu¡¡e
rcroü the r¡zar¡Ê,le etcft üü sûtt l rttln r ttst¡rF;¡læt'flc

rceq!'torlocrt¡d,.nthportrynrprtlcrdrrr.l!|¡1.
r.rettsil Lr rcqnalcð Þy r lrrgrr, nü'apêlfl's lnsrrrlo
ls pcrn¡rbllXty to mtt cetlær, llbt rubmçrct dnr
tapotari¡rtton tcð-plat¡ potsnt'lrll t¡ ¡rroducaå þr æ
l¡6rå f,l¡¡ of, trr+ rd 1r t1¡LtGd la rt¡r þr I
rl.æIten¡ant ürtr¡¡rð ærc¡t' of, ßf (trËt!' ft66l. 't!b'

enü-.plrta potaatl¡l 1¡ r graüoô rttrtüËr ¡ùlcb 1|

ôrprdcnt on thc ep¡¡n't of trCh rcl¡¡rså. If tblr 1r

¡uffl.clent to au¡a ¡¡ r3úrtnå ðapolart s¿tlon of 3O - 6t[f r
a srÍclc aetloa po,tørtfâl 1¡ prodtrsaô. t!h! astLqr Pot'.Ûùfrl
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rssulùa f,ræ a aegueatlal rl¡o ln na+ eonductanc¡ tårn

K+ condustrnco *lrlcl¡ s¡¡&at¡ r trar¡rient Ínsca¡c 1¡¡

potcatl,al to epproxlaataly +4ff1¡' $ttlr a rrplð retr¡m

to tbo r€¡tlng lgvel.
î]ba acttro¡¡ of, Àch at tÏ¡e m.r¡clc orlúrans i.8

rapldly t rzl.n¡trd by byðrolyrLa by tåo enzyn

aeetylcbllne¡torale (AC'hË!, låletr bæ bacn rbown þr
hl¡tocbælërL ûctbods to be btghly conccntr¡td aË tb8

neurqmuscr¡lar Junctlon especlally on tlro ¡nctrynaptlc
¡urfacc (Barrastt, 1962¡ (h¡tb, 1968) '

It t,s rGasoalÞte to atÜI¡m3 tått tbt (lrtalytlc rit
of ÀcbE æð t¡ê blnÀlng rlte of, tÏ¡e phyrtolqlcal nch

rcço¡ltor ara tlk€ly tp h¡ve tot¡ ærcß feat¡¡rcl.
($¡¡ngê¡pß, Podl¡rkl a¡ó tþr¡nlcr (1969) ô1¡a¡¡r th
gorellrlltty tJret ACbE nl!¡ poÊf{ltt rcgrulrtory ¡1t3t,
dl.stLnct fræ tb¡ actlv¡ centtre, wtrl'et¡ cq¡ld Plåy t

¡{r¡r;tologlcrl Ëolc a. tch rcccptor tltcl. Íl¡år b1çntåmls

!a ru¡ported ÈY thq ob¡s¡¡nrtlqn th¡t, âCbE 1¡ rblc to big|
ãCb sr¡¡n iùs¡ tbs erteratle etto t¡ þtocÈed blf eparL¡t'

'fl¡c¡c uorl¡crl qtbart re thrt rucb an blç¡o'tb¡ltr

doct ao,t €!ßclr¡de tbr¡ poartlrtllty that protrlr otbsr thr¡

ld¡a âßbS ar¡h¡nl,tr ny eont-rll¡¡te to tbô Àgh aneromleøl¡r
r¡c6Iltort, agl thay furtþcr rugg.tt thrt tl¡¡rc rry b¡¡

s¡¡esrâ! clag¡s of ACb rsccptor ;t tcr o! r¡ftrlcb tl¡e

regulatory aLtar of åChE ¡E*y bc ons'

3æ n¡¡clc coaf'racù'toD to occ|¡r' t'bo effæt of
rùrlac c¡ccl,tetlæ ñ¡¡t bc eod¡rc"Ëaë ¡'nrlardr frou tbc

¡urfacc rrdbnnc of, tþ,¡ n¡¡elc r¡cll t¡¡ thG rcüln'ü/oal!
eqtre¿"ÈlIr ryrton ln tl¡e ecntr¡. 1[bll a*cltrtlon-
contaa€tlot æupllry |.r acl¡Lcrred trhrorgh tb¡ lrrætubrfar
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!y¡t¡¡Ë, en lntracellular nstwk of ftn t¡¡bt¡lGt ut¡tdb

fo¡rr all tLGctrlcel rrtcn¡tqr of, tt¡c ü¡rfro. n ûr'gct
tlrus rcduc!.ng ttre dlsttncê batween thc polatc of
electrleal and mchanochenLcal retPo¡¡se (Franzlr¡l

Aræfrong a¡d Porter, 1964¡ lluxf¿1' agl Taylor¡ 1958;

Ebr¡ht.. 1965).
#cl tclðt]l. frc tbll tTsta lttto ths ¡ercopla¡n

r¡| æbrcqtû6! rtrctfonr !¡volvtry tbr hUdroffnir of
À!p rltl,mtcty 1ü¡å ta ær lntrreeù1trr bffiãl ryøl'n
anð aetln fllaøcntl produqlng oontractlon tfor ref€reiræG.

se€ EuxX"y, 19641.

Àlteratl0r¡s ln ttre external concentratl0ns of,

dlv¡Ient crtton¡ my rccllfy t'be ¡nsts¡rnaptåc Broceatol

rt ræ¡r.t ¡trg$. lbÕ rlaå of th¡ rad'¡ùeÈe potentåal

lr ôr¡nq|æÈ o!, tt¡. aÊer¡rl csgêü¡trrÈlog of botå

cr++ ana ¡g#i rng.crt{ú t n oltbtr of the¡c catlons

hrvc a ¡tâbltlzlng off,8et on tl¡e Postsynaptie ureùranÊr

ttn¡s rdgclng tJre ¡enslttvtty of ttre er¡l-plate to ACtt.

Àg æntloneÕ alrqve, ca# ls eleo lnvolvcd ln tac

excltetlon.contråctloû¡ corpltng lnæbnalln. .tieubra¡o

dr¡nlrrlzrtton doa. noû, produce r rcbr¡ical r.rponrte !'¡
r¡rl¡tr.t r¡tcL t¡ trhr rþ¡¡¡ær of ea# (¡l3¡n|r f96{} r

b¿gþ cxtarnel læcl¡ of ilg++ rntagÐ¡lzâ th rctlæ of

er++ in eæ1tat1on.''eootrastlon corrpll'ry.

fl¡o cib¡ontc rcet¡,6 0f ertrttæ a¡.fft le¡da to

tærral ¡t¡retr¡rr¡I tÉ fr¡nctl.onl chrnpr la tlrc rlgllctrl
iltltGl't.
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stn¡ctr¡nl' cä¡nco¡
D.û,¡11Gû t¡ycrtlgrÈ,ten¡ of tbr ær¡ihologlcal ef,fretr

of 6gns.rratloa os tTre namllelr ællrælrcr¡lar Junctlon arÉ

;hclstal uut¡cla bevc b€st n¡ds Èry üfledl rnô $latar {1968.

19?Ol a¡¡cl Psllegrlno ar¡ð Franzl¡t (1963). '

Xn the rat ¡úr'renl.c nente'dlaghragn preparatLon,

tran¡nt¡slæ f,ellr¡rc oesurr rbruptly ¡t all c¡d-plates.
Trltr¡r¡ 1r rccqnatrd þr r ecrl¡Èl,oa of r¡natrnæua

d,¡tr,Bn mil-fÈrt¡ potütlrlr rd, r¡¡'lllrc dmrvrt¡d
u¡¡hf¡¡lrn nrlch, tûcrc t: * rllgnlfl.aast rcættæ of
tblr tetlvitl¡ rt a Latcr ¡trgt.

For I - 12 horrrc after lcctlon r¡f tåe lut¡'lte, narrly
cll encl-¡llatca appcar norual. Íhic latent perlod Ls

follo*ed þr a plrr8e drrrLngr whlcÌ¡ all tÏ¡e endglate¡ ln
th¡ r¡¡cL¡ und¡rg¡¡ ¡ pro€'Êtg of, þrcalcdq¡n¡ ef,ter l8 - 20

bourt all a¡4nrr grogly abærnl ag| noarly all h¡vc

c¡*s¡d to fancttæ.
Il tl¡r f,tr|t fcw drln eftcr dcmrnratlon tl¡r rñm

tGrd,nrl undlorgocs t procêr¡ of fragæntatÍon rnð tÏ¡c

9cl¡san¡¡ cell q¡toplagn fllll tlþ st¡nâptt'c groove'

eft¿ctlvely raplaclrg tt¡a arcr¡. fhG S<ihg,¡na call
¡rLthdrm s,rGr tbe ncrt 3 - 4 wI¡ r!Ë tba tl)rsr

¡r¡¡rlerrly occgpfd !ry tb¡ am rgl ü¡c S6þr¡aa c¡ll 1r

tranrrrrd þr ær'laquo flÞrllr' s1æaprt1c gÊ¡ttGrr t'd to
ðlrqlp¡¡r atrtg l¡aË dlllnùqratloa, hût th. ryrr¡Êl'c

û.ltå¡ of th¡ tubærgaf appantas r.taln f,or at !æst
f,Lvc æ¡rtå1.

qþ¡g5llf 14 sqtt'F*v{t.I Fg ð¡ffi1$Igþp$tgr-

f6h prdtsr *rtr &¡nlrrl¡rtlæ 1¡ tm.rvrt¡û



110

mtsaL only r¡hcn e¡¡ilLcô to the end-pbta nglo (Icl¡
tbårr O.lrr of ftþre langth! (Axcllsm ad 'Íhsrlcff , 1939).

¡¡,ftff dsAA¡vetlo, hstftfrCr, tb. actylcboli¡re raN¡¡!Èlvr

lr.r of tÞr nrnalfla lrrfclc fl,brr rübtans rprcaår fron

tec üd-plats rcgÍ.oa u¡ttl at 6 - I days lt unlforuly
coyort tbc enttrl flþrc ¡urfac¡ (exolrlæ .Ed ll'hgrl.¡tfr
f 9591. ,llhil alle)$ fgh t8 proêr¡c¡ a gradcû de¡nlerlaatlon
oyer tbe s¡t[ro lcngrÈh cÉ tb¡ n¡¡cl¡ flþg rad ro l¡ltlrts
¡ æn€ttoû unrccoqnnfrË by eoql¡rcÊ'cl rtP6¡¡o¡
þ¡.ryrfrt rd Tä.rlff,, f'96O1. Ûh.ror lùr PrePaflatlon

of r¡¡ .ßClü pctættrt rlong r nrtclt flþr¡ cr¡¡r¡t ¡
tsan¡lant <¡o¡¡treetlon (tyltcb), tbô rgtPo$t! to thc

¡rrnf,;trat dqrofrrtzrtloa Producrd by âCb tn d'cn¡rtratsd

n¡rclr L¡ e sro prol,oaqÐ¿ Lncr¡r¡r ls t¡a¡læ.
ill*rr r¡a¡æ¡r fær tbc tp"."¿ of åCb rr¡arLttvftf fr

d¡rçlt¡d n¡¡¡¡fr rn æü, n¡dlr¡tseË. 8t¡¡dl.r by lbæLff
(I9åO) brvr thffi tå¡È, trtrtnnt of ml',rn ¡trlrtal
ilr\rt-,t'r¡-e1o r¡.cr¡ utËb bot*¡119¡n ttrls, ¡rbl6¡[ ¡frvotf
p*:rryl'ãlptlc rcl'ea¡e of eCb wttb¡t eru¡lat rrl' obøerrrrblr

rtrustr¡r¡l cihrages, proðuco¡ glnllrr eff¡¡et¡ to thoge

oþ¡eneð aft¡r ebronls do¡o,rvatJoa. Íbrt t¡ al¡o
rvl,dcnæ tb¡¡t facto¡¡ othrr tåas tbc preventlo¡r of lÇb
pler¡¡ rry bt lstrolv¡fl (fos rlfcr¡¡æ¡ ¡¡e Ôrtb, 195Ê).

s¡ rbl,llty to proa¡c¡ rch-rocqrÈlr' rl't'l rxt Þc ld¡æet
tr¡, rll ùrcrs of tl¡c nn¡clc n¡ùrano¡ ¡nrrlbly ac n¡urrl
ln:fluracr nornatfy rcrtrlctr t{¡L¡ to tçbr l6û|.ltr
nrro¡¡nÄlngr of ?åc n¡u:m¡s6r¡"tr Jnætloa (Xrts ea¿

tltladl, 19641.
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rk¡lrÈal n¡¡cl.a

'i&. r3ttl¡g nÉrræ ¡nÈættal, of ths ¡l¡Ictrl
nr¡cle cell le docreaaod by dsûrarrratlonr ex¡rrlrunta
urtth tt¡c rat dfr¡ñregn nussle havc ahova tbrt tbe mù¿lnr
¡ntentLal. clraryer fren ?4 ! frrlt (¿ S.ß. of, 69 ob¡rrvatLætl
to 6?.8 ! O.TEñ| (¿ 8.tr. of 37 sbrarvatlon¡ l (rrccn¡¡ rd
.|frrrrar, tr¡¡r¡bllrhÊd) .

åch producct a grsd ðcpolrrt¡¡ti.æ ll drar.rYrt¡û

urrlclo ttttt ch lËr¡l;t,l for Eæ tÍæ aftcr tbo nr¡cL hrr
trcluad. tf,be tCb-l¡åuc¡âd çü,rt¡:tcltr¡ra of tt¡e ðcosrvatoô

nt dlaptrngu bae a tln eoüt3c of la¡¡ tbrü 90 ;ceonû¡

(Frcæaa a¡¡fi fr¡r¡err 196S) I con¡trnt 1æolr of dra¡r
da¡nlarLz¡tlon brvc þsrn où¡gr7¡d for I - t0 ¡Lsuüs¡
(tmgorn anÄ llìrrHr, rragrrblfrb.å}. fÍhl rcrto¡ for tlrr
b¡çvlty of tùr âCb-|¡üüc.ä oog!¡ccttoü b¡ ¡l¡ù' to b.
qrfrlûd, l'î¡t tT¡c æcùrntm tl¡ l"nvolvr thc rettguctratls
o! cr*r 3¡lrcrrrð by tt {æolrrli,nttq, È1r t?b arrcoürl¡¡dc
rqaùtcrlur c¡rc tùryÛù tlr¡ Ss¡rr rmLar dr¡nlrrJ.atü.

Aftar dæc¡-vatlonr tl¡r n¡scl'l ftbr¡c rml^a'
êlccû,rl.crl'ly act'tåb¡o ad a nrfflclcatly lrrgË
ðæ¡rflql¡rÐ sraüË !É!lI' trlggrr e ¡tra¡n¡irûrtf r€ûtcs

¡nü¡6.trl. !b. tàr*rlû srrn eo'tsttrl' .t rtill{S

tilEt,t¡ÈL$ ocEl¡tr¡ 1r rst, rlt¡r.d by ömnrrt'tæ (fæf¡¡on
rd t'b.tl'lf,f, Ittg).

leollo¡rtry d.gtEårrt'.oû of tår æto'r ürr¡¡ .Potttnü¡t
¡etlæ ¡nteattlrlr la¡r br d¡tcct¡d f¡ r rñ11 ¡lrsr¡¡t¡gp of
dcmrw¡t¡dl rroill ftÞrr¡ t!hcl¡'.ff. lfl63r læs r¡Á
,!tæ, ury¡¡ff¡b¡öI t'ù.r. æ1t(.4 rñ¡ cürrætrrfæû lE'Z
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a ragn¡lrrr fiGEu.nr;y arlå alrrnry¡ rt¡¡t frm rlorrly rlrlng
pr€fr€rt€nt1ätr. lt¡crtaf,f (f963' tqgut¡ tbrt oÐ of th.
Gilurcl of flbrl,tl¡tlon peÈcntlat't 1r en rlt¡rrtlon 1¡
tl¡c ¡¡où,alr¡lr¡lrl coudh¡etancc of, tås nracL eell rdram.
tfha dccrG¡¡t t a mbrafrl Etotø¡tl.al tl ¡¡lto llkaly t'o

æntribntê to f,lbrl.llatlæ.

ror tbG fl.rtt 1O drryrr af,t¡r d.ffi\¡rt¡oû tùû l'arrel

of æd-ptrtÊ åCbE tþtrr I nrlc€d dæ¡ulc. |lfbsrr¡¡rtÈltr,

¡ sl.sn decreaeo ln AchE actlvtty 1¡ obscnrdr rfthñ¡gù
realr bl¡tochsl€tl rcåctlonr can ba datscted up to etgfbt

¡¡rtþs aftcr ðetË\tatloû (Erånt(E a¡rd Soråvllnaa, 196?1.

tlb ræpæ¡c of the c{orælc¡lly dæawrtcü ¡¡nclr
to nsy drugrr 1r qurfttrÈLvcly ¡l'nl'l'ar to tlrat of thc

lm.rvatcil cd-plete (ltc!.¡æn a¡d llbesl¡ff, 1959).

Acrtl,l,&1lna, carÞachol atd tstræthylatænlur
(EgA) produec doce-dcpandcrË de¡nX¡rl.z¡tåoos and ætrac"t-
lonr J,¡ do¡rorvatd n¡¡lclt. lta stlld,le¡ sf Elqvlrt and

$r6sLff, (1960) and t.ræ¡n ¡d lrrrrr (f96Þ) bavs lbol¡û

that d-ûr¡bocr¡nrtno (d-SCl coq>d'l.tl.nly l.úllrlts the

rc.ppre of tbe dccrcnraùcd dlaphragË n¡scle to åßlr,

earbaeãol åað !!â, ln conecntrrtlæs t{hlet¡ crauge parttrl
arr eoqrl{ttc ñu¡trollulcrrl.æ bloc¡ç¡de of, tl¡e lnnarr¡atd
ppse.Ls. gcrí¡¡ls an¿ VyemËff (f96?1. børurern relrortod

tbËt dæstatad m¡ct.e !.r less ccntl'tÍYu to d''!f,Cr *nd

I.cort¡ and Koükôr (1967, found tå¡rt' ð-{[C proùrced a

cætracËure of tåe dang¡r¡tt€d anterLor tlbla! rr¡¡c1c of
thg rat.
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E¡-r¡tcrlpn¡s by Freema a¡A Ttr¡rn¡r (1961b, bava ¡bm

tl¡it rcðucÈloa of i¡¡tarn¡I CrS or !¡g++ soncrurtratlon to

on.ûæth Elrßl bnå ¡o rlgnf"finant r¡ftc{lt' çr tbo åCh-

tnduød <ront3lactlon L¡il tzbc furwet¡ó rrt' dle¡ihtrt{prr

ffiguü ttr tbG leral of rltåæ cet,t'êl. hææor, rsût¡cd

th. mgrnlt¡rd. of tàÊ lfb so¡¡tr¡ctl'6q. rd ln thc c¡¡¡o of

Ce++, grrttrt[y lncrc5¡d tbc tt6 to h¡¡lf rtltulttlon.
çho dscrcasd tanriør de¡¡¡olopd la trlgh ca# q,

ËE 
+ rolutlo¡¡r ¡¡ry bG dur to tbc rd6n rtrbtLlrtry

.ffætt of tt¡e¡6 tæs¡ tlre pro].qrattoa of tbo cøtrectlc
by lænaard cN++ EI/ bê a fi¡ncti(n of, tlrs rblllty sf tår
rarcopfurfc r!û.l6gl¡¡n ür ¡gtcún¡Grtt r ct++ r¡d¡r
€4tlltfo|¡. ef co|ltlurtEg drçrl¡¡rl8ttlon r¡¡rl rn Lrcrearoð

ca++ grtêlnaù.

lEttRolæsgurÀE dntrcllor

ths øçerlrel¡ts to ba dclcrlbcd ln tbt¡ ¡actlm of,

tbÊ tãstt r eoncsra tl¡c ectlont Ûf freLll'tetory ûnrgl at

ths na¡ræ¡¡c¡¡lrr Jt¡nrltioa.
D rg-l¡duccð f¡cLlLtatloa of tlt lt¡d1recÈly êlt'ctt é

nq8clc $.ltdb uay, !,n tlræry, result fræ aa rctioa of tår¡

dr¡q at a n¡nþor of polatr. 'l[h¡Ê faellltrtory d:nrg nay

acÈ,prsrxmaptt'callyþzcffæL.l.vEly|.nczcagt't¡gtheâæunt
of, ACh raLrased þy the $srva try¡sl¡c (Waær, 1960r

Standa¡rt anð ßl.k¡r, L%7¡ ßl¡s¡r ¡né Olçarcto. 19691.

åItar¡atlvely, tbc årug cot¡l.d act poatryn¡ptrcally by

ead-Srlato !ð$JLÈLzatlor¡ or þr¡ t¡¡ of,foct ot tba ¡rocoar o!
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srclt¡tlot-g¡m;tractLq¡t couptlng (¡t¡tz tg! û.llctf, 195?r

Írrc¡n¿r, KIE and Blabrr, 1965¡ t(¡rcagr, l'9ó7). lfbt

entlôolt¡¡rtr¡¡s¡ ectlvlty of, may of, tþs factlltatory
dnrgt nay alao bs a clontrlb¡ùt.ng fa'ctor'

Tlre occurrcncla of drug-fdgcsd f,acllLt¡tlon ln tho

t solat€d ¡rbrenlc ncrvc-dtr¡*¡ra4tn pr¡s!Ð¡l¡tlon of tb rat
trt¡s c4tbl¡d a artrraly of fsellltaèory dnrg aetloa an'l tbs

cffect¡ of, alteratl.on of, t¡ryrrature ¡d stcr¡¡l lonlc

Cr¡nl,roneat on tlrs feellltrtorT Prodt Èo bc nåc. Ia

tt¡l¡ ¡lült tæ fndt eatlon of tåa rel¡tlva l4nrtaaæ of

Pre-rr¡dFost.crrn¡ptrëf,tßtorlbâ'bGdrobiErlul.
tf,.bc cff,8c¡t of f,¡cl,lltat('tf, drugr| oâ th åch

receptort of th¡ dbrffilcaLly dcnærrat¡d dlaftþagn of, tüo

rat ha¡ al¡o be¡u stl¡dlad. As Prsvlorrly ttltod, tåe

rcæItt-orr t¡år¡ed l"a tha ðlr¡ùrreqn by dæsrtratloÛ lhilt

3on guraÈ¿trtlve ðt.fformr fsü täo lmvrtåd lrott-
syrar¡Êl'c tccctÊor. &rrotr, tbo prc¡leretlon hât b'ü8

¡þrlr¡ to r¡lfcr rr rûûtærblr rtbsü lolc acl'nfng lrCb-

r(Hr¡rtor 1¡¡trrrcùf6 r¡¡l lt br¡ ærtaln alraatry oln5'

ttrr tBt¡€t Jgnctloa, tth¡E reGtr'tor tr eå¡y Èo apfær¡tl

ar¡palnÉrltyr drug ffie€ûtrrt¡gq¡ .¡¡A lodc læel¡ m
þ. n lÉrlnËð ü vrrltü g p$l1t Ö. fhl prqÐI|tloa

æçtrta¡ €ä.)llil.t¡ra¡c orly l¡r libt r.g|.Ð of tü.
Acg6ürt1ãg ¡y!ür.. Gr¡¡1¡$ ed ¡rinilnm, 1fl6?'.

t'h df¡cùr of tnü ñsllttrtær¡ ðrüF hrnt b.ü

d¡È¡gL¡rû o¡l tglors¡tsô anü üanrwlbd dlapüragn

pr.prr¡tt6ß. ¡|¡tßrrcttæ¡ Ítth ¡ucelsl'lcholi.m (8chl

hrvr rlro b.tn rtnål.d, to ¿et¡¡¡fn lùr rol¡ of

frcllLtetory Froel¡¡*r;l ln th¡ rclllf of SCb blocÈrde'
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TtB súLts

t!¡ fecl'fit torÏ drugr Ú'å slrl teû'rrryúrl'¿-

r-tmrcrtðlnr þdrocùIorldr ttrertnrl, 3'¡f¿rqffb¡cylðL-
rtåüt¡ûùryli.rrefrn shl¡¡:tdc {¡drupbonln} I 3{drcry-

¡È¡ütf,lallrtåyl'*h¡rl¡æfu¡r bddr {3.ætt¡hf} rd
3-ryt{3üy!üßll¡1!¡f¡ûbl'f,æ1¡¡ þrddr (¡'æ*¡a)'

å11 of th¡ cæo¡ilr rln¡ül¡û preú' dl trct'lltrtiæ
of tt¡r lrætrte t¡rttcb. cætrrdlø* rryltrndr lecrüra
sv.r r ¡¡g1oô of 5 - I rf.xt¡r ¡f,t¡r ráåltl& of tã¡ dttg

þ tb. ollErn b¡:b, rd th. lacrcr¡r ¡nrrlrtrð f,or tb¡

tln of q¡cr¡rc of {¡br e6¡n¡¡,rt¿æ to tü¡ dt€f,' ID th

cr¡r of, tùr tùra¡ uytroxyr¡lllnlrn Goqlütgr ttr rftæù

¡ub.ldd r.h.n thc pÏÜgnrrtlø t.[r flh3d, bstrcr,

¡ntd,f.rttoD ðr¡¡ to treslil prfllrtd fo¡r Dr¡ tbrE {t0

druto rftæ rrr¡ht of âur 1cr thilD t I rû*, rnð

tbl; r¡f,ffi rr¡r vt¡t¡r¡¡lly frr:$rrtfþh rt btih¡¡, doltl'
|\1r c¡qa¡dl ffiryt ¡.æl!l¡ eE¡¡É la¡ tr¡*rr of

reütgæt tillÈtÛúqr ræjh hrf'Èohl¡g ur¡ prrËetrlrrly

nrtad ïttb Èrcr!.n fæe tf'gnra 22' ¡rnæl 1)' aftlb*qb ft
vrrild rnry Pq5rrttø'

ft \ûn þü8 raçæt¡d l,n qlrXrn'È¡ l'+ Y¡æ'

tlQrBrræn, clll ld ¡tlhrr, 1961r Bl¡brr a|rd Íarcaar'
1967t'},th.d¡r'¡figoffitr¡træforoÉ.rnrlfacllltlttú
rbo¡ð r lragtr vr¡rl:ÈLæ. In th pr,# tl¡".tttlÊtíæ
tù¡ cæffir*¿æ ¡¡qp ærc,rr¡t ¡3ot 5: to{n !æ

trffita. to lo€r fsr 3d¡4¡6A. llgurc 23 ¡l¡t¡s äoü-

r.ry¡w. cEF tril for tæ'Ln' rðrt¡ihælu rd 3'æ.gtznr'



llsr¡n 3l ¡ Eflrctr of f¡ellt trtory drugr on ¡&rcnle
m.wt-dlr¡ùngn prqprntlo¡¡r t tatrnetloar þrturrn
thuc drugr rnd lucclnylcholl,n¡ (8ch'.
I¡ trcrlnc (ã x fO$rf) aðdcd rt ltrtt rrrôwt
rtl¡nlrtor twltalrcð off fEr ¡[ ¡nLnr¡t¡a et ¡ccond

ltíf€ùrr lìrltstr trrotant!.atl,sn and rpontat¡cen¡o rctlvtty
.uppr.¡3cd by 8cb 19 x ro*u) added at t*¡ird ¡trrür,
3 r trerlno producrð twlteb ¡ptrntlrtt on but h¡r
rpoBt¡¡n€our retlvlty. scb (î r lo-?xl rupprcürd
¡¡otrnttatton vlthout eaulltlqr þlo6frô..
ll rdro¡ñonlun (to-5ll) edded ¡t trrow. s¡aontrnrour

rctlvlty and tcrltel¡ potcstlatlon tupprÒltrd by Sclt

[g x lo{r) .

4¡ twltcb ¡ptcntlatLon dur to adrophonlr¡n bloakod
qf SCfl (9 x fO-?u) rltbo,rt rubæquut block¡do.

3r tptrntlrtloûù d¡¡r to drofhælun vrr lbollJbdl
þ1l 9dl tüg*.
6r ß!¡ bloclted¡ foltrmd !1l tl¡s tcqucntlal addlltlon
of rdro¡ùonlun tt04u, 5 x 10{u, tOdul r only
¡ x t04u rlgnlflcrntty r¡llavd blockrdc.
?¡ s€r¡ þloclsrcir rclleveð by tO4n 3-oIIPEtlMra.

8r ¡ntratlrtlon dur to 3*PEt2nia tfo-sri nrpprcrtod
ulr tcb (t r ¡,0{u), ltïÉt.t€ib tü¡¡lor t¡ tbr rbtrner of
6nrgr lO - 13gl ülnr nrrþr ¡ I nlnutl.
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DRUG CONC. (MOLAR)

l*nq¡,1f¡ Ër ¡rlrttdtp btnc ¡l*æt tær¡ur ln
ttrlt(ù twlü ná drrry oomut¡rtlc for trÊrt¡. (l - A! 

"
t-ælttx.r {O -Ol u¡l rtroÞfu ll -l}. qrfib Dot¡t
tr tt¡ nrt oú 6 - I úrcrlrtlæ. 3tl,nl¡tlon rltö ¡
3/rt¡ntr" lcd-fogulcütc ærlc.
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tÐ r|'qrs at tb ltrrr ¡rctloar o! tùr dor¡-*rr¡ng
G|rlnE ffiir F¡, rLgútlcr63ly iltÍtrreü rt' tä. lfil

probrþfl¡ty l*al. tlm sr¡"rvo for 3€gl!ßBlr rril.ùf¡â
tàrù of tbr dbrr Fo Wrur¡r¡tltrls r¡aryq¡!åt 

'Údryû'
tb¡t r¡ buadr¡åfold grcrtü dtlg cæcnt¡r¡tlæ nr
gqBfuilA. ItsrlH Tsoaftld |trltrit drprerloa rt dûtr

1ærlr cls¡¡r to liho¡¡ ¡ççrlnô ûor n¡Lnt tlflt€lÛ

eoæ*ftt|oa tjblå dlð th. !¡úra*yrnfll¡lrn coqnrnår.

t,.h. trrltê Betcnfrtrtlon rbtcù loflg¡Üü ltrltlæ of

crct¡ of trlrc drug cr fr¡quæcy¡ arrrmrnt' rt n¡
grcrttût at rtin¡lrùlæ ¡ltL brtËæ ú rl¡dl 1l ¡rr ún¡t',
h¡È drcs.rreð to ¡r¡¡o rt rrtü gF¡rtrr thla oæ t¡G
r.cd. Is rtl t¡rtrm, tbt frrqwy' dær¡ûl¡tlr n¡
trto¡l ü1¡Er d¡:'rry @ rtLl,clb prúcð setfnf
gotetiatf,ü.

tãÊ tr(:llltrtnryt procËr Ürr !â¡d tô bl türt tlür
to tüt tæerrtrsr of tb¡ bltblq ¡olutton Þt¡¡ürEf¡6
rad r¡natrmrl g1,81ry, rå''rib usrl Einf' ¡È 3õocr lltÛ
rboll,rb¡cl î¡bß thr tryrcrtug n¡ !ær¡{ tol 3fC.
E¡qfflnmtr rrrr:r Èbrr¡ferr srrrt¡å æt to .ltt'nta tb.
rpl¡rrìFt, retlty et raùlvrtlm tlr¡ ef tù. fællltrttrIf
¡)rocgt. füacr tbr mcgl paoelÊlr of nr¡rærcslu
t¡rru¡[.r¿on 1¡ lt¡¡!,f üænntnn ræltlçr. tb.
s¡¡rl,ro}r Ërc d*lgp3l ro tÈrt il'tdb t¡¡r¡læ nr
&tcrat.Ðð rt .rch tq¡grttr¡t b¡fo¡j tb. rådttlæ of tbr
ilrug to tba srgrn Þttb. Xn tha G¡.t of, trsrla.' rrb*l
tþ¡ ô¡¡ç æ¡lâ oaly þr n¡bcrl sqt of tbr ¡x3¡¡¡¡atlea tglt
rl*ly, tb. t¡lt{à EiltÐ r¡¡¡ 6¡!.rr|¡rð sttÜg tb
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tq)¡rrü¡3. tr¡f,. 3CIo - 36oC bcforr drug rddltloa' lfb'

t.ilI[rrturc UÛt thra vrlt.d ovor t]rq rrn rr[gc fa trhe

Prôl.nsrofth.ôruerr[Atlrcacrccntrg.trr'þh
patratletton var üetcr¡rln¡d. Íhl Gen€.$tr¡tl'on of trcrl¡¡
;, s r tos¡t. uûd tb¡rù of ¡dro¡ùon!.un u¡r tro-s¡¡.

Rl'ult.'trr6ploüteda|tÏ¡alogerlthnoftb.
I¡¡re.Rtrgn tnera¡ra tÊ tr¡ntLo¡¡ rgnt ntü tb¡ rcotProcll of

th¡ abrolrrtr tryloraturlr ¡nå tba ¡!æta.nt cnrrgy of

rctlvetlon, Ea, $r. êarlvÖ¿ troa thr l¡rhratur .gu¡tlsr
u3!ng tlrr gradlünt of tbe ttrtt stlorlly ð¡tcrnlnd
ragrctalon.

sqnorel ütunptlon¡ rrG tqrtlelt tn nrlrl'ry lucb

c¡Lsulrtlon¡ ¡ tlrrtlyr thrt potcntlat!.on ll prøportlon¡l

to ttre rato of roectlon, rccondly, ttlrt ono rc¡stl'on I'a th¡

a.Eu.nß. 16dång to ¡Pt¡nßlaü1on t¡ ðonl¡r¡at ant protrLê.|

r rrte4¡t¡rnialng rtapr l¡rd tblrðlyr thrt tb13 rtlctlon
rôtrlnr lt¡ ðæln¡¡¡ca 6qtor tbr tqnrrturt r¡agr ¡tudl¡d'

8on¡ rup¡nrt fos üb¡ lrttrr tns r|¡lq)tloilrr tr glvcn Þy

tï¡¡ fret th¡3 fa rfrrlytlr of v¡rlrnca rberlð tJ¡rt tJ¡¡r. lilr
r blghly algrnl'.caat lLnclr Gorrctatf.o¡¡ bctvcrn logto

lrot atlrtlon and the rrctrprocat' of t*rc rbrol'utc ttn¡r6rüug'
roa trcrlnc, 8. - 35.2 + 1.2 lßC'rl æld (95Ë ønfld¡nAr

llntt¡l ¡ for céro¡ùonlunr E. t 26'7 ! 3'3 lscal nol -L

(95* eonlldenoo rlnlÐ). rfbc flgur.r ra. not rtenlfr'erËÈly

dlf,f¡rcnt ¡t th. t*} nrobrblli,ty lerrcl. It lr of, lntarsrt
Èo aot tb. blgh vah¡.r of, E" obtald, tnå to co¡nil thü
wlttr thr valut of apE¡rs¡lntaly 48 ke¡1 tol-X oÑrfnrå Þ!¡

Hofnrn, Frnon¡ and telgcn (¡.966) for n. of tl¡c mlnl¡turc

rndplet. pot ntlt¡l frcgr.rcncy ln tbo rat dlrphregn.
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tfttltü Potætfrt&B l.Û¡ nDllllvl to nrll Orng6
,.8 tb. d,lvrlæt €tLoû terrrl of t}rr batblry ¡oluttoa.
Iærærtrg thr st¡r¡al ea++ cæ¡¡¡¡tratloû to 3.O or

{.bl (aanrt levcl l.ãdt} f¡ascr¡¡å fù3 drqdd¡¡od'
eøtnefetlon proðuctd þr r11 tùc bydrcfrrafllntnr oæeu¡r
b|tt hrßl no cffce|t 6 th. rslþr¡ts to Èrcrlnt. It ur¡ Ftaå
tb¡t 3.Q6!l Ce# lscrce¡ed tsrLtrù potcntlrt|on b1l tbr
b$soqr¡3fllaiu¡ æpoudr Ëtt at torr drtrg læclr tbâB

rt optlnl lwc}¡' îh¡¡t Lt, ttr¿ dotc'''rrrpon¡c et¡rwc !n
higb ca++ dlvrrgrd fra tba mtrol eunr, æð tbt d¡1¡g

cæmt,rtÈlð n.¡¡6r¡¡¡1¡ fer optJnal pctrntr¡tiæ a¡ rt&d"
n dn¡r*foa of tbc câ++ eæsmtrrti,oû to O'3&dr

t^:o.25 æræ1) e¡oær¡Þi,y rbotlrbêd t¡*tteh ¡rotcntlatloû l8
11L lnttræ3t. tf tbr 6* lcrcl r*r¡ ¡rdhlcaú to O.15dl

(rg.l mrnrfl r 11æ bloelode of nnrræ¡ssular tnarrt'rtiG
ocêurrd (Frcarn, Lt6&r. ådå1t1o8 of dnry¡r to tbt oËt¡
þrtb &crL¡gf thc gg¡¡go of tù. lou Ca* þXoctfrdc emgô

vrrr¡laç .ftcßtt. scrlm (5 ¡ fO{x} Pt'oah¡Ðd r traÐlrüt
rcllcf ('f bloctadc lertlng for I * å nlautc¡ rfiEcr ¡¡htcl¡

trrl.tgþ tc¡¡rlæ cmttruod to dccrc¡rt rt tåc orlginal ratc.
!f1¡1¡ cffact, rr¡ r1¡o oüaorv¡d rrltb ¡¿roçþnf'ur aså

3-æDEtztlÊf, rt cæ€tN¡tratLd np to f04¡f. HfgbÊr dtug

qccatratl,ouil læ¡ce¡cd tåo rrto of æsaü, of l'ory Ce*+

blockd¡. 3-æfEà ¡fO{lf} dtb.r bûol¡St aþout a cllgtbt

rclLat of, 1æ Câ++ il,oc*ads ü h¡¡lt d ltr ¡mogr,5r. IÊ

tl¡t s rogard tl¡lr qorm¡ rc¡aúlu t¡b¡r rt¡r¡cf1tnlly
ptrt,q| drug trlrt|¡ylciboll¡¡s (Fæ¡, 19ó84¡).

B¡e¿'Èlæ of tãr crÈ¡rnrl rg++ c"onc¡rtr*rs to
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O.Iil (r0.I nom¡L) had m affact on ffi.teih potrlltlatfæ.
Eæ¡r, Ell l¡creescr ln axt¡rnrl tlg#, tåt {iL tj¡q-
¡Glv.t hld uo cff,oÉt, æ tultcb t.n¡lon, cæ¡llstaly eþolLÊ¡ü

+
trrttch potel¡tlltlo¡¡. ân lg'ca¡e f.n the sþr6f ng'

æncent¡atlour fræ thc u¡url læsl of lrËf to æl lrt
ürftlclent la rll tn¡t¡ncar Þ brtnq abant r r1tr raductlæ

1B tîrttclr ¡nteutf.rtl,on to thc contsol ltn¡l. 3 - 4'n!{

e¡rtcrn¡l l¡g++ roðucså t¡rl.tcl¡ tcn¡l,oa to thr cætrol læot
l,s 3 - 4 nJ.nutr¡r (flgurc 2er panøl 51.

lfhu; ionlc coadltLon¡ tl¡¡¡t do not r¡Ëucs tran¡¡lttrr
rGlcãte suff,lclattly to lnt¡rfrrr r,l,tå tarnral¡rlæ Ern

æv¡rthelor ¡boltrb ttrLÈc¡x ¡rtaatlatlon.

Eba i¡¡tenctlær af cr++ üd rg# rttJ¡ th¡ frcrflt*sy
drr¡g! ln tå. l-ærrrùad ¿frehrap *¡{tt lt r ¡rrryn¡Êlc rltr
for tb. prtocrr.s' anfl rre aæ¡lstast rtth lbc ¡l663¡rt of

woraß (19601 tbrt tùc¡r drBS¡ ¡roåuæ ¡¡o|ltlvr aaå negrt'llr
rfËæ ¡ntcntJ,alr 1¡¡ tå. mûo3 ¡¡¡lr. t¡rn¿¡rfr fu¡ r¡¡¡¡ç¡r
to rñrs rtLn¡l¡tl'æ' täan æallffLry tå. tn¡d'r16
Frocar¡. QÈbOr tærlCg¡r b*ve¡ h¡u3sCr, qihrr¿5ad tb3

tq¡ortracl of d{¡}¡tc lenlltl¡rt¡ß (rrt¡ rS &rrLff'
195?r Ërrcznr' X:l¡l rnË 3l¡þor, ¡.965).

it|þs åCb râslttor¡ of tl¡¡ dcn¡nrrtril ôla¡ihragn offcr r
sonvanlroü r¡rgr.erch to tå. ffilnrt¿æ ftf åÊb-rü¡rpùoü

lnÈcncÈ,lon. Ebl IIFrI).rtttæ tr l¡ryt to rürðy

qnrlncgtally rnd brr thc fr¡rtl¡¡r rôvlrtrgo tbrt lt 1rl

lrrgetry freo of ecrtylcåollsgtç¡rt¡c. Ehl¡ Ûrr¡t tbåt

<naagc¡ tl rccqÊm ¡m¡ltårlty crmort bl rÈ!3lh¡toð

rotrcly to rnttejbollr¡tr3¡æ psop¡Éfo¡ of tb. dn¡gr.
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ncctl'lciboltna groduccd a dorc-dcpcnðeot lncrs¡re l,n
f,amtrlc tafl¡loû ln ttra dcnnrtad dtr¡ibflryn. !ÍhG ttæ
ce6rr3€ of tbc contriret|on uql r.lattvely lglr¡nnôæt of,

tår ÀCb songmtrtllorn. llrþo rlro tt æ lr¡erearaó lltgütly
or¡.tr tÏË rilhgo 2.75 r lr)éU - 2.75 r 1O-5f, but tbs t¡n
to hrlf r.I¡:letlqr dos¡lÊaæd frm 64 sccoglt tt
2.75 r to{r to 31 üMs at 2'?5 x Io-5ttt.

¡\fts c<¡ntroL doGs-regpollts crrl\tes for tllo âCþ-

fnducsd gggtr.stlon rære obtelnad' tþe factllt¡tory drug

ïE¡ rdd€ö to tJ¡s o3gân brÜI anð ttre ACh doßG-taaPoÛ!3

surç. dctornLnod ln tlre prcaarpe of thÊ dnrg. 'llth3

propr¡tlqg €t tlren rra¡freå for lnlro thåa 3O rl.rntc¡ to

rægìt tåe f,ac1lttator¡¡ dnrg, a¡vt tbe âCh cætñctLdr €t
rêcl¡Êctcrd to e¡¡sure thât tlrc aenr¡l't.lvLty of Èt¡. pr€paratlæ

hril not alterod. It îtas not altËys poastblc to errryr ant

tÌ¡{¡ flnal ttlgo dbon taelne ret uctd, basluæ of tJ¡3

õ¡prrncrs wttÌ¡ wlúdf¡ tlrlc drug rus sasl¡td f,rcg tþ

l6a¡sgtj¡û. ât I€.¡t tbroo lcYrl¡ of, caå dn¡g Ëtr.
üãtde

llrpl€aI doee-,rerpcræ cr¡lty{at ln thâ protüplt rDd

abancc of tlre facilit¿tor:f drug! a¡e tboltß !n f,l'gUrcr

24 tg! 25. Data vrarc æt Pool¡d lor thrg ttgnrnr ar

tå¡ .lopr of tho ÀCb dæ-r.tp$r. ct¡nr. t t¡d¡ð to vrry
¡ttgbtly æry proprr.tLmr (lrar6ra rnd tl¡rlurr 196S1.

fi¡crt¡n, rdro¡lüælu rd t-æ!t2n rU Fctbntl¡t ¿

tbo fch-,ú"Eûncr¡û cætrret''on rt ffi tdill('b

potg¡tlrtcd H.tct¡ t nlle 1¡ tlp tatret, ¡lhrontc nr'e.-
dtapnrag. lfltc d¡tå for tt¡r poü'ætt'rt€d fCb dol.-flqpõtc
cnrr'çaû rltfl rors rcrttar tlrrn tbcc of, tù3 ætrol ('¡¡altaÜt
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drmr?rtlö rrt ðlephrrgrr by !-oÊP|ltå (ro-t! ' åch to - o' 
"

åCh + !-fiPtÍËl (Cl-trl, Srnllognrltlnlc ¡ctl¡. lrsh Þol¡t
rrf¡¡¡ to on ótr¡1¡tLon. rGh rupon¡r rttrr nrh-ont ol

3-æ¡3A nr rrrt1nrly cb¡ctrt rt l9-5lt lC¡¡.
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rnd patc¡tl,rtlsyrc¡ aoa¡tlrt¡¡rtly 16r at lory lrv¡l¡ of
rch tå¡rn t t rsar at lovetr ¡roducLry rmarly rrrtnal
contraetlont.

cmrttr ffi (ro4¡rl of odro$boatrrn and

t-æE%lLñ c¡t¡¡cd ¡n laLt1rf poù,ætfrÈlæ of tùc ACh

contrrstl,qr rrlrlejtr dlnlnl¡äsd wlth ttil of orpofurc to thË

dnrg usttl rftcr r¡ryraxlnttX1l oml hær, Iâü t'brr drry

lærlr hrô r dcprup¡1t, âfftct' Slrltrr d3üS lrvllr rl¡o
brorrgÞt abc¡t üf1tÔ ¡ntrutf.etlæ folla¡rd ¡r ¿cprcr.lon

tã th6 lntact ¡üp¡¡le ærtñ¡-a|la¡Ë¡¡gn trÌ¡¡pr¡'rtloa.
In mtnrt to thr fldingn ïltþ tùc oûàrr

ñß1a¡,t¡tffiÍ dægn. 3.æfßf enaå r Smüiæ of tb¡
fcb-tdr¡ccd contractLot¡ tt lrrrt¡ rñtcb ¡ro&cod
frclli,t tÐr:Í rüpoil.r tn thr lmtïlt¡û crrnr!îæ
{flgnr3 ¡6}. Þ.F.ü1c of tb tÊb cætncùtc at
lOdrt 3.ûElllEf, fl lo 1Éær tùrt doar of lcb grr|ttG

tlila loA rrr. n:¡ácå to atlcLt r ænt¡rettqr. Dof.-

r.ütrt eErmE rt 1O{r üå 5 r IO-5r 3-æß,r n$r
¡nralld ¡r¿tl¡ tå¡ r¡ætset, lg| tbo ftrgrlæ of trhr

cætr¡Etloa could ba sl¡ttlely rantrtd þr nrhlq tbo

¡Ir.¡nrrttoro.
ftcaffcctoftb¡frclt|.trtæyårugræt.br

&ÞI¡rt ¡¡tlæ ¡rf dærrrt¡å n¡¡cl¡ b!¡ åCb a¡r tlro
dot¡rnL¡rô, l¿nclt ¡ntrntl*tlo* of, tå¡ æ*t¡acùLon Gorlld

t¡¡¡ bG dnr to rn rf,frct, æ tbr PüÐt of, æltrtl'æ-
eogE'rcÈ,t3la asw}li.ry rrtjh.r tb.a rä Il|c:BTN¡æ ln dnm
ð¡f¡olrrl¡rtl'æ.

!b rrl'rtlorhlp bdnn åCh mcr*rrtl'ü
(to{ - roart raå @ tflÐür 1?l nr fd
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Fícrure 27 z Depolarization of denervated diaphragm by

ACh. Pooled d.ata from diaphragms denervated for
B - 13 days" Each point is mean l.S"E. of 2L - 37

readings. fhe control resting potentiat (68.3 yA.7,
S.E. of 19 sets of readings) has been taken as zero
depolarization. Semilogarithmic plot
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to øf,on clo¡çly tû tbrÈ r¡port¡ê þty Lffffn¡¡ agl Brlr 
,

(f 96?). E¡çlGtrlrntr wÊr6 dr¡lgt ro thrt thr rdrr¡¡ 
:

¡¡¡¡tentlalç of a srll po¡nrlatJ.on o! ur¡rcla coll¡ Érs
d€t retnsd þefore ¡*|dltle¡r of ACb to tåc orgaa batb. å

¡arl,a¡ of 6 - I p¡a¡tfrtlæ3 $laa tåan nda over r 4 d'¡¡¡tf
parlod ln tb¡ ¡rm lråt ln tå¡ pref.æt of, ÀGh. lb¡ ACh

de¡nhrtlrt¿on ôf tbt dc¡r¡vrtad dla¡rhrqNr srt müuroð
aftar tbc æntraetlon äað parlså, 8læl tbe cs¡trrctlon
dlrplacsd thr nlcroclsetr& f,ron tbr n¡¡eL cÊ11.

pretLntnaqr €¡¡lerl"n¡¡,tt, r&1el¡ conflræd tbe obrrvrtl.om
oC l$Iln¡nn and nclt (f96?), brÄ rhæa th.t ü¡e ¡Cb

de¡nlarlzetloa rcnatnd coqrtrnt for lcvaill nlnr¡tc¡. fta 
:

¡*c¡nrrÈtoe unr thoa ¡n¡þ¿å for 2O nln¡rt¡s aul a roæd
groutr¡ of read"lryp tåhæ aad pooled ¡f1th tC¡a fl¡rt æntrol
grqrp tp obtal¡ tbc eßb dc¡nlarlsat!æ.

t[,bc cffect of tår trclrlÐþrr¡ drtrga oûr t¡. åcb

dc¡nlrrlzatloa m¡ drt¡rnl,Ead rt r ftsod ÀCb conlrrntntloa
of lO-5t¡. qroü[il of, dram Xlot$t1rl nrrurænÊ¡ ulsrl

FËdc e¡ baûoror rnð t$o åffcat, of tb¡ frcllLt¡¡tory ðnrg

rntt rttt tatÊd by rubtractJ,og of, tbc dr¡nlr¡lcrtlo¡ duc te
ACb ln tbe praacnco of, tbs ènrg f,ron täa eoat¡¡ol Sr¡rs

¡rotontfrf lra¡rrrcd ln tJ¡r prt3.üÊ{8 of, tlrc facllt'trtCIry
druf, dffi. O¡Êlnl æÉrttlær of thc frelfiÐt¡ry
d¡rrgrr, æ drt¡a.nlncd la tbc t¡n¡t'oa r.Gorûlqi G!¡¡r{'rut¡,
tËrû urd, tb¡¡c haå no dclnlarlzing cffoct æ tb€ ürtcl8
n$rtnc.

tÍh¡ rr¡ult¡ of tÏ¡ep er¡nrLnrntr er¿ rüøn ln !!¡blr 8r

tllg ðIl¡gt I,oü,êtrtlateð tþ âCb dqro1arl8¡t1on at tbe l|llÛ
cmcrrtrltloô u täcl¡ ¡roËmÈlrtrð tb. tGb-lnÄusrd GsffiraG*Læ.
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t!¡blc 8. Eff,ectr of, fasll!.t¡tory drugr en thr ACh

ðepolæls¡tlæ of dca¡w¡t'cô n¡8c1e.

ÀCh de¡nlarLzatlon (uv)

cütrol tr.rÈGd

Eôropürælun
-fi10 -r{

P

¿6.4+1.9 (¡2! 35.9+1.3 (¡21 l.oo1

23.3+1.? (15) 3t.7+1.{ (15} o-oo23-OEPEt.tllt
10-{

3-ffiPffi,f !9.0+1.6 (1{} 1{.8t1'7 (15} O.Ogl

to{lr
lfaerln
sxto{n

33.9+1.8 (r?t 33.8+2.0 (rtl o-oor

fl$¡¡l.. ahorll rrl ! 8.B.ll. r}be mùæ Of ü.lvrtlæ¡ lr

úffa 1¡ Fu¡ntlrø16. $fgil¡fflçræf of ülffcraæ o! na¡r
*oN d3¡rr¡¡.ild ulln{t Btd¡ntÐ t ttlt. åcb æt¡rtlon
r¡as l0-1t. lltp eatrol valrp for no&ræ poùæ¡laf n¡

67.8 + O.HI (+ 8.8. of 3? eat¡ of rardlng¡rl' fbtr tÉt rÉt

altarsð þy tht3c €oætat¡irtion¡ of tb¡ frcållt¡torfr ðntg:'

!þ¡ lr$b åqnlrr|satlø nr ðqrrcr¡rð bryl l'€tSllBA (fg4r|l,

a¡ rælü þ¡ apc¿*ct frm tüo p'rcecdrry d¡¡t¡' tlhtrl

conoEntratlon of 3ælßÀ ül,d Ët dr¡Elrrl.zr tbr rùfrarr
ro{rr 3-æatlg¡¡ al¡o baå no ef,fcct. Eorffiar,
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edroÞbogfun (f O4U) depolart zcd tdre nc,úrane by 22nrl,

td t¡cst.nc (5 r fo-5lr) ear¡¡cd e brr¡ly rlgnlftErat
drpolæl¡rtls of ln9. l|lM. ffi of

c¿rsntæfrn ud trcg'læ qsrå r trrürftl't'l¡ pøtroÊ'latiæ

of tlrr inâlrcr¡tly.etlcltd n¡clr trrtt€ùr lollfonrå Þ'
dcpnrllø.

It n¡ mtrö that rcpcatd ¡tpa|l¡rc to âch tn th¡
prarütet of, r facllttatæy dn¡g øor r ¡rrloð of rovr¿l
bs¡rr lr¡¡¡n¡d tåe f,¡cr6ü.t ta dcpolt¡ftrt¡6. lt l¡
pottlbtc tbrt rGlt rt d de¡roleri'¡rtloat of, th¡ gþr'!'

tor 4 - ã n|nutc perloár rey hæc tGð to r rcdr¡etlon ln

lnale grrûLentr rrltlctt ütrê nøû aðrqrrntr;Ly r'cô¡rt1t¡¡t3d

1¡ vltæ.
-æ

eattga vFrta9l'ga
Prevlç¡¡r¡ ex¡¡crfæa!¡ (frcq¡¡ rnd 1r¡rær, 1969b1 h&ü

rh*r¡ tl¡¡t, tba tch-laùlceü cætrrcùloer of, tåû d¡nrtvatd
dla¡ùragin nr ln¡c¡rltlvû to reûuctlon 1n tbe ctsrarl
conccntgtlq¡ of cr* or reg* to o.15dl @r o.ld{ Ëalp.'ctirr-

ly. tocpr¡er, a tbræfold Lnerea¡e I'n tbE conce¡t¡etlon of,

thcget'or¡¡(4.58Útor3.0n}trea¡leetlgcty}rcducedtltcfæac
of, æt¡estlon, rå|cÌ¡ lql al"to ¡xoloagrd bry tbß hlgh Ca+iÞ

eoûca,nür*1O4.
Eh¡r¡artttvlt¡roftäo¡ntætl'rtrdâchmternstl'gto

ðlvalrr¡t €¡t10D varlatÅom ur¡ detcrclnsd fæ ¡11 t{crac

potentlatlng dsrgs to obùal,n a cqParlron vrlth th¡ tonlc

cffætr on drug ¡rctlon ln tbe lntast ¡ihrenl'c nÍ¡¡lya-

dtaphragnr prr¡urat!.oa. .fbg roeul'ta of there ExpcrLxtrlË'r

¡ro n¡mrlsøð ts f,lgUra 39. Ar not¡ð prt\tLogtly, Iour Cr#
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3-OHPÉI2MeA-0'lsmM Ca
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3mM

Tacr¡ne
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Tacrine-0'15mM Ca
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PdR CENT OF CONTROL
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o

Fiqure 282 fhe effect of variation ín divalent cation
level on control ACh cont,raction of denervated d.iaphragm

and, Ach contraction in the presence of tacrine (S x 1O{l¿) ,

edrophonium (s x 1o-6t1,) and 3-oHPEtrMeÀ (s x fo-6t't) . lfhe

dotted line ind.icates the control contraction to 1O-5u acfr

in normal bathing solution" Error bars indicate + S.E.

of 6 7 observations.
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h¡d llttla or no efflctr a¡d htgh 
".* 

or Hg++ ðe¡rrcrrd

tb. Acb contrrctl'oûe þt ntl.rtlæ o! tå¡ Àcb (fO-5n)

æst¡¡ctle Þ!¡ trcrla¡ (5 r fO{¡¡} E¡ tã¡on¡lttvr to
raô¡¡ctJæ 1rr t¡a rrtt¡rarl' Cr++ os f$++ eæÐntr.ltlon.
Iæ6tr¡¡| ta¡l tt of thr¡¡ læ1, boryærrr rrdus¡ú tår
teerlæ-potrntlrÈd æütn€ttæ to læl tårn the coatrol.
8L¡llar of,fcctr rcrc oblervcð rû¡n tærtee nt rapherð

þr rüro¡ihotun or 3æBtAHdl (ttgurc ¡81.

It Ir of, t¡teresü thÊt tbe loBfc cffects on ths

d¡trgr{Þü,sDtlrt d tttltfÍ¡ of tbc latrst, phrenl,o a.rr.-
ðlr¡¡br¡gp prupantl'ca lrrl GtræÈl'rlly oprporit¡ to tbo..
ñrrrvd f,or ttr¡ dr¡lcrvrtcd ûtlphrrgp rcstpt¡tr. Lort Cr++

coæmtgÉoar eboll¡b txittctr potantlatl'on, b{¡t b¡va no

atf,ccÈ m tÌ¡s potÊnt¿ttd tCh æatraetlon. Elgh

eonc6!¡tråtl,on5 of Ca* or üg++ h¡ve opposlng eff,ect¡ æ

tb¡ tutret Jwretion, but botb çboltth |otætt'atlon in ths

dc¡sratrd pre¡nretloo.

dFgff¡

strrôlc8 þr Freenan (I968t, þ) and Fre€ûä¡¡ aad T¡¡rn¡r

(f96{¡} h¡yc cnpbåclr3d tb3 lqnrtaneo of I}re¡yt¡aptåe frctorr
l,¡ rrroctrylciboLln* (SCb) blochrde of tÞr rat Eautürt€ular

Jrurctloa. Drú$! rbt& rrtr.rte flCb þloc¡crdc strG tb6tn ts
reÈ ¡rrlnglly þ:r tncr*.lt¡f, tbc precy:n¡Êle r;Isg of
Agh. glåso tllc alc¡rcriæut¡ fcportod lrr thtl rtuðy rutgo.t
t¡tÈ præyb.ptlc f,rctorr are dæLnrat 1a l;rrltelr ¡nteutletlæ
of tb t nùr€t, ülr¡ibrqnr lt mr of, lt¡tcrclt to d¡trrcl¡¡ tC¡r

eþlttty of, tåc fact,lltrtory drugr to rslLær 8ch blo'c*¡ð¡.

tacrtr¡r¡ ha<l æ a¡tlðotrl ectton rgrlnrt SCh bloc¡l&,
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altbour$h tås cerL1cr obrG¡ñ/rtl.on of Eo a¡A Frsæn (19651,

th.t prlor trertoanÊ, îtltå t¡crt-ü3 reduced thß tnt'tr¡Ít¡r of

blæhrd¡¡ rlût æsflrd. "llht tbræ b¡/¿rcl?r¡lllnfun
cæor¡n¡r ell rho¡nd tæ ar¡tldortrl rcÈÍð r¡uË;r tbÊtr
gp'almtrtcq¡ål'tlon¡ialtlbæçÈrqll'cÈrrcliafof,sCh
blocthrd¡ ns rcll¡lcvod æfy ¡flth 3-OËPAtrXell (flgrurc 23,

¡nrrrl' ?l " 3-ûUP'lltsA nt ltt¡ sffectlve thrs fåa dlrrthyrl

d¡¡rlvrtlve r¡rd *ropnonfu broug¡ht tbøtrt ra æcrags

rcttogtlsû 6lf ü¡{tÆf¡ tsa¡lqr of only 33fl, (loc tlable 9) '

TtÞ.I,g 
'9' 

Porcrntlge rlll.cf, of 8Cb bloch¡ct' !t!f

byðrolqyan1l!.nl.r¡n coqnurår.

Cæentr¡tlo¡l
tn)

5 x ro-5
10-4

J5:lo
lg-3

Edrophoolur 3.OHPEtlnÀ

e3 !2 (5)

85+5(t)

ß'(16l

34æfß,â
t'Él

æ nllrf
33!3 (61

trqet.æt
rel.Lf

æ nllrf
{5!r ts}
17 !2 {5}

rlgiuæ¡ ere ! 9.8.1f,.¡ tbs n¡úor of oþlerçartlon¡ ls ¡l¡qa

tn ¡nrcctlrøca. trch co¡æætretLq g x l.o{u.

Tbe antid'otsl act'lon of tt¡ø h1'üroqranl.lL¡¡t.tn coryotrrtdlr

dt"Elntgbtð nbarply rÉüt t!¡e deirclopænÈ cf, tadryæ[¡yl¡xlr

to tha gCh bloclnile. lrbrefore th¡ flgruru thilta I'n fable 9

strs €btrtrud frr¡n fl'¡¡rt ¡¡d ¡ceorå ar[toruros to 8gh' þoforc

tþr d3rrclo¡nuÈ of trrlry¡ihyl¡¡L¡ tb'l.clr nt ob¡.¡rretd ùt or
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ftquTr 39¡ tfhr cffoct of 8Ch t9 r l0-qr) ü¡d 3-C?ttlf.A
(fO4lt, oa pgttrl bloctrdr of & fùrrnte aervldta¡ihrrgn
prc¡nratlæ by O.l5ilt Cl{+. Ïm drtgr rcrt rffi lt tb¡
rrrìor¡. îbe cxtcrnrl Cr++ lcvrl rr¡ toaùotrd to l.sÛf,
(nonrl) rt Cr¡ ttr to hrtf block (t¡l la lw cr* '
2{ rlnntcü rftcr dLtl,on of Sb, tl, - O.5 rl¡trtl¡.
8s¡.f-logrrltånl.c rcllcr 25n Èvtteb tærlæ - tOÍ.
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rfttr tb. tb1sd *Beûur. to 8cb.

It rl¡ neü.¿ ¡rrll¡r tb¡t, rl&Élen af tb¡ atrrarf
er++ e*¿r¡ntrrtfæ rboll,ab.d trrfÈeb ÊËatlrtl,an !!¡ th.
!¡frËrqfrafl|alu¡r serysqndt. t[bt nrelür llln¡t¡rt¡â t'¡
fl¡nlt| 39 dænrtrrtc tårt ütryfÐnf¡l of SCb blectl.l¡ 1r

rlro ¡¡p¡g|¡nt r¡X,æ thr grcr¡ng¡ of I Wnrl Cr++

ffiÈrrùI'æ. 8cb tl r tO€r) rd 3-æPÚt,ll.t (IOa)
rrrr. ddaû ¡lqu¡nùfelly to r ¡lr:.tnntlc 1rr ¡ütdb üftt€l¡

tm¡¿æ nr rlorr1y d¡ctþrlg ù¡r to r¡ùærElø 1¡ cr++

ffiffinÊ¡:rtl,oa t¡¡ d-tintl¡ n¡lrnf (O.f5l$. SCb €rû¡r¡d

a tqrærry el¡.rv1rtlÐ of, thc ¡sç*r# ¡¡loc**l¡, tqllor¡rð

aft¡rrnturtrþrrgrnrtlyt¡cr¡rrrdsrt.ofþlockreb.
3-OffiPBC,itLÀ rdå.ð dh¡r!,ng thr cq¡rtc of tåt ÊCb-leu¡ Cr{+

bloG[s.do dtd noù, rfftclt tå3 tlæ Gol¡r¡. of t¡c æçonsntl'a1

d.ctLa. tn tentton. Forrv¡r, rbcn ürltch t¡n¡lu bd
f,¡lrcn to ssrc. tå. ca{t lg1tcl ¡,qt rutord to wnl
(l.$dllr tht¡ r¡¡¡taly r.¡t¡lrtd lsfl'tè tüÐ¡lon to 85É ef

th eo¡¡Êrol hvcl. St¡Ll¡¡ rrrnlür rc¡r¡ ÖÈrfard ïttb
3qPßâ ¡d cdrofihml,u* rsñ.Dt tbrt rcrtÅtn'tlæ of tå¡
trtrr¡rl Cr++ æh|¡vlð ooly P.sttrl rltgy|atlos o! tbr
8Cb bLoct¡rd¡, lt ¡úq¡tü bc q¡ctrtrf, f,rm llrblc 9'

rftbsryb oly tba dletår¡lrtåyl bydrory¡rnllt'nlt¡r

cmpgç¡gl r¡t lorgt to b. a¡ cffætlvc ffb antqmlrtr tår
æiilfîrrlt rppltd ta tårt SCh anÈrgml¡d druf,-ùnd¡rc¡'l

f,rallttrtlæ rff¡cÈfmfy tn IÉb €lltr ftguil 22' grs$r
l, .dt 3, ¡bCIr[ tm r¡ü¡sæl|r of t¡cJ.lltrtlæ (h. to
trætn r¡¡A ¡erofüonfrn by 8Ch rt r mÈrrÈtm of
9 r l0{t ttthl,r eonarotnttæ of SGL ls th¡ nlnfnn åûr'
¡¡ gr¡¡f¡ to f¡rodnca eqùrtr btoc¡lrd¿ of rn Ëstreltd
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dla¡ibrqn (lrron, L968t, bl. åt tzblr ç¡oæ¡ût3¡ttræ

r¡t¡gffilür of tL1t€!h pot Btr.rtl'on lr fcllo¡ad b!¡ tCb

bloelrds. ft a¡a foted, bil¡Y{¡r. thât g : fO-?ü se
(onr-totå of tbå bloctkf"ry dÐ.t nt ¡ufflst¡nt to
rboltrb H.Ècib pcûctt,frtloa ûuâ tft ttÊ81¡r, rdro¡thæt¡r
rnå 3æl!f,. 3 x to{r sch nr regut.rd to rbolt'rh

BrrÈoütl"rÈtæ try t€Epft¡Ihf (ft'Err¡rc 22, ¡nrlet 81.

tthso fLgllngr ¡¡rÊ ælllLrtrat ïltb tl¡c ohr¡rrrtlon of
strd¡rrt rd fdæ (1965' tü¡t Pæt-.tatrúe rrlptlttm
1¡ drlEüt d rt 8Ch do¡r¡ t s tttr t¡¡r tå¡Ð tùoec

r¡qutr.å to ðc¡lrrrl trrnrlltrl'ol.
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DISCUSSIOT

PstontlaÈtæ of thc f¡åfne"Ëly ¡}lclt¡d trntrlc
trÍt€¡¡ nt b. ðtrs to ftcllttrttoq of oa¡ or l¡va¡l rt'ær

t¡¡ tb ptoctNfr of n¡t¡m¡rcr¡lrr trea¡alrtlæ. Flrb.r lld
K¡lacrüËr tr96?rl brrc d"llcr¡¡rad tlilt probablltÈy of, ru.lËlplc

clpllpcGpülve ¡1tc¡ at th¡ mr¡r'nllcul¡r Jnncttos, r11 of
r,,hlctb ny lntaact ïttb frellltrtæ¡r ünrgr. *tl r¡lt l uÊ

cguld¡rrd to b. tb rter raa-¡úrt¡, r*tylúoltnrrlgü¡
uô tro rl.tÉ lt tb D.rF¡ t¡¿rt¡rl.r oÛl of rrãtclL ryr br

tba ært dirt-al nod. of Rasrrtqr (Eubbard, Sclorldt ad
Tofrotbe, 1965r Frcam, l96.tt).

tÍl¡ree of tbâ fsrrr facllttrtoqr ooeporrrdr tn täl¡
rt¿dy banr þ€æ ¡tros to ¡ntrnt|¡ts botå tbâ ÀCh-t¡dued

æatncÈlq rnfl tbt âCb-'td¡¡ccal alrpÛ¡.rlzrtlæ ol th*
dærçrt¡d ¿f¡nUrç r¡ð tbscfa6r eg li.*rl¡¡ to bat¡¡ r
gurlltrttvaly rld"lrr .ffrcû, or¡ th. pæt¡yarnû'fc ffiH'
'[b. hlrth eoryoug (3-ætSfl hral r drpnnrfÑ' rtfect' rt
eoúutrrtlcr lll¡l€tb pÚoûuød frstlltrtls of tär
|rdrrügÈlü r¡"lclÐaf üf¿tfth 1n tht l.gnrvrt¡Ël ¡rrr¡nrrtlo.

¡|ll fçrr fa€llltrþry' drufl tr. tclrE lú!.þltor¡ of
y1¡loar lÊtcnc|t ügo üd Frrærs, 1965r É¡¡¡¡crra gjÈ.-!L.,

1t161).

fr¡¡ tffcctr of {rbilc cryqn¿¡ ou täo !.¡rtrt t¡¡rf¡ÛrXr

r¡rt gr b¡ rylldcr¡ð. frry rnthor¡ b.ta groålsrå

rrldæor et prer¡r¡$l,s .ff.æl (gt¡dræt ï¡4 l|Itr, lSTr
Blú.r rd fücrtrr, 1ll6?a rd þl t hüËtr¡r' E¡t'tbtr thl
¡it¡ Ër tür nô¡nrn of libcr¡ tffætr b¡¡t bÜc dlülrrl¡¡d.
ttc prææt cr¡rr1¡eatr' råLclÛ d¡mn¡trrÈ¡ th¡ rrEltlvtty
of ¡¡6,telr potratlrtloq te nll c¡l¡rycr tn ðlvrlont eattm
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æn€¡ü¡tratleg, ruggart tbrt' tùr unltellntað nÊrrt'

taúrl¡¡l¡r lt&l€tlr aao tb rtt¡ of, teh ral¡are¡ udcrgo

rrl¡¡fl,tlvc rstlvltyr .tthc6 tpo¡t¡$g¡¡tly or la r¡ü¡on¡a

to rttnrl¡tlen, 1¡ thr p6eæø of, tb6¡ drugr t¡¡rmcr,
1tt60).

ltu ¡nsstlrtlJty tbåt anre¡¡ actlvt'ty nay orlglnetr ln
tåo mt dltt t nodd of grrvic nrat 11þ bc ecrnlld.fod'

¡5¡ ca#-Lndc¡n¿¿où, antrqÐltn of æb þfsc*¡¿r !ryr

trÈr¡rùhylenæiun rrtð trirtåylcüol.Lmr brrl boæ ¡tr.vlær$r
ettrtÞqtcd to r nodrl rctlol of thcrc t¡¡gr, r¡rtüttry
t n proloqntlon of tlrt reùLæ potcntlal tãvüdt¡g thß

tsrnlnalt anð tn lncrGlao !a ttrc lafrty rtrgÉn f,o'r ¡Ct¡

roL¡¡c ln tÏ¡a protrnêÊ of lonr ga$ e SCb (lretFn' 196&1.

Eoültcr, scb rstagonlß b!'/ th h¡'åroq'aEtllnlr¡n

cry¡1¡ø¡ lr Cr# d.!t adtlt,, ttl¡lcih rutgÊrtl tùlt tbc1r

rcùloa l,e l¡¡gcly rt tùc rurrr t3-tt!¡t rå¡rc Cr++ PItryr

u lqnrtrnt role tn tü¡d.Èt r rdlntl ttor r€fcl1¡üfl¡r

r.. frtg rd ßhd1' 1968) ' Àltåøtgh tbc¡¡ rr¡thørt

obtrtnd tfulr cntd¡æc fræ aryibfþþn Brclt ntlo¡¡¡, tb¡rfr

fl|Ûd,lryB ere ltlcaly Èo bc vrllð al¡o for nnrllen
prqpærtton þr¡ß rd oxræto' l96t). It By b. fnrt&
ncçr¡t,c¿th¡tÍlch3r¡Ei3{'..l.otëbotåðn¡gr-lDåûc.dad
pdt-t tütc Potontl¡tto ls rll|rtcdl to cqratftlæ
Þct¡q,î¡ fgh üÅ Cr++ åt tb. mñ. tcrntnll ËùrrÐ, uitb

coar.qucst d¡rylry of Botætt el orctllrtLonr tFrma'
1968a td b).

frfttcb ¡ntcntJrtl,oa can¡oËr bffirtqr, bl cquetrd

antfgly rtttb thg æcb¡¡Lcr of SCL rnt¡goalcn' r¡ I'r el¡¡¡
frs tbr pprort l¡lttütlgatloD l¡å tbo ff'df^nf,r of oth¡r
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rtrh¡il (Blrbcr üd ¡(¡sez¡¡¡tr, 1967¡ ¡nð bl ' Àltlrorgh

trerlnc etutúl trltcth poÈlnttatLon lt ¡borrr no rntagonlm

of gCh bloclc¡d¡. In rdðltfon, tt tl an entlclroltne¡t'crlt'
of eoqnrabla ¡ntcncy to 3-oHP$t¿r.ia, and eeurel

¿cnrltÍ¡etlon of, thc åCh rcceptor. Íb¡rlforcr otl¡cr

propcrtLcs nrr¡t ¡ceount for 8ch rntagonlrn þr the

bydrorryranlltnlun colE>oundr. Structurally, t¡crl.ne 1¡

nnrel¡ted to tlre bydrox¡ranllLnlr¡n¡. tfihc rmlno group of

trcrlæ ,la largcly tonlscó at ¡ñyllologtcal pe (pñr - 9.95)

{Àlþ.rt rndl (þlür€tor 19¿6} lnrt thl¡ corynundl lack¡ thc

rr¡b¡tftutcd onLu¡¡ gfoup tlrat apP.ürl to b. eomn to
8Ch antagonlltr (frcmrn. 196810, .

tlrl¡e flndtpg¡ th¡t fecllltatory drtrgc rll hrve ¡mê

antlel¡ollns¡t¡r.to l€ttvlty tr poulbly e funEtt'on of tba

rtruehurt, llnlt arlty of all cl¡olt¡psptlva rltc¡ rather

thra r reflcetl'on of r Eaurel relrtt ollåhip.

l{Ì¡ltc tlra roruLtr obtrlned rttt¡ thc d¡nen¡atod

ûlapbrrftß pt.p$atlon lhow thrt Post¡ynrptlc aqrtlon,

prcsunâþly by e proe6rs of teccptor tcûtltlsatlon, 1r

Itl¡oly to þc a contrlbutlng f,actor ln tl¡c ncstranlcm of

aetlon of tÏ¡c fac{llÈatory ðrugr ltuditð, tt¡e flnÅlngr of

tt¡ir atudt, favo¡r a prcdmlnantly Prsll¡Elptle ectlon. î'ht

blgh toqrcnturc eocff,lêlönt of frEt,lltatlon t'r op¡rorLta

ln rlEn to tïrr trncr.ert ln ¡nrÈr¡maptl,c no¡nbnne

tc¡rftlvlty ttt¡lAb l¡ obrensd at lon toqreraturs. In
rddltlon, thc e!f,ect¡ of varLatlon !n trbe dlvalcnt satf.on

Gæcc¡rtartlon of tbc batålng ¡olutlon on f¡ctlltatlon ln
tt¡c lnt¡at Junqtloa an oP¡¡ortts to ülro¡r fou¡¡ct tor tl¡r
dc¡ervrttd recePtor.
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þ??eIEt¡,{- Z t Drrrgr rnü ndtrl uteô.

Conoo¡t¡ltlmr glvrn ln th. tü¡tn Grnnrlr¡atr rct¡r te
urtrgbtr of tùsrr ltlùl. m. rqrsor of ruppty ll
td{srtrû ln þr¡ro*rtr.

rcrtyleihnlt¡r sb¡Gl'dr tltcø.¿rgntl
rËrucrlnr {no$.¡.fût}
tdrnorl,nr*t. -ts'lnþüph¡te (trgrnl
1.rågnrl¡m bltgtrrtr $ß rnÄ fl
¡tsoptnå ru¡¡Þt tfrctulrn Ët'tbl
¡r(+)-ucarht€ rÉtå $nY rS rrnrrl
þrrtyllun tolylrt {rrrsrcrr¡ür llrllcn}
g¡lÐrryldlpltãt ohlffif& (crrnrøofl (rrtttrt¡ Dnry not¡nrl

slrtoml,orc þrlttrh Dst¡t n¡ru!
¿lp¡rrnfryûrerû¡r by{roqhforf,a!¡ tfj¡rArn¡f} Frrl¡ p¡rLrl

tluEtlrræ {tr.G.I. }
hr¡nr!.n (ln noml' rafl'nât (Csuwrr¡ttr ten¡n lËbolirtorl|ll
hGmtùðlnrun þrüt{tr $(0cl¡-fid,gbÈl

blrtu,tm uctð pbcr¡ñatr (rrttfrl Drüg aourcr|

t.ùrfdrcfEücryldtL.ûryffñütlrlrm¡Lu¡r brml'ür ( t-OüDEtSlnf 
'¡iblortüa (droplù61unl

(Eo¡ern-¡r no&rl
t-byürwyfürqfltrtrt$¡lml,ur briltd. ¡f.ffiBfl2
f.hf¡lrcft¡yptulnr (rlroüæln sr¡rtlnl,m mf,¡hrtrl

(ßod!r.{rrgm}

tro¡rrrnrlf.ar ßlpürtc (rurrq¡gnr rltløl
l¡ncnyto rg{d ôl,rtùyluldr þrlyrldl (grn¡tor)

l-#|3låstÐltã. Þftrrtr¡t¡ {þd¡.I¿gbt'l fall¡ßbrc¡rl

¡trntobrtbl,trl (åÞottl

I
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Bhcnc¡rbrnrutn¡ hüûsochforlüc (gnttb' r(Itm rüå ftrüÉtbl

fùütol|d,nr (rtgftl|r. n@l (C¡¡rl

nsoÐta. h$roaforfdr (B rd r!
preprenolsl hydroc{¡lortdr (Ind.r¡l,} (I.9.tr.1

nrttoocrn3
rua6t¡¡I'tsht!1nr &Lorfðr (61üÞqAlfrù¡ryrl

hfdro¡th¡lrrtd¡ ttrorfm!
(4.ï. rooü)

trtroüots¡in {sfrrtrlfltn sr) (8rnk$tl

trl,¡ $UÉroqfËü¡yu ütnffittrrnc b$lrodrtorlûc (srl¡l
trrrchl

â-ÈuÞocunflrf eibl*tdr (fr¡¡tæ.O.[.l.] K ruÄ fl
ur.t*Nü. (to€b-t lghül

Sr¡ihr*lc e-af
ø-75
C-a00

Elrn dffitnn 2000

Itrcrodcr t6tú dmtn¡¡¡ l.ll. ?0rOO0
in O.l!t lffill (?hrrnrelrl

¡|ü.rllt. lnC-ÚO (tnrf¡'tterl 6srô.1 {¡rft*rb Dnrg Ëourü}

lrl sfñth.lf,mt Ð llf¡. Þr tmlr Ddrnsr Strndrrår
Lrþor¡¡toülür a

G.n¡rq|lynrpnlloûþrDr.E.f.tchant¡lFo¡tDrùrtcllrrt
XutrlrnÁ.
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' Ar:pen dix 3 ¡ Formulae of some biotogically active compounds

whÍch have been isolated from Cnídaria and Mo1lusca.

HCOIT HCOH H
2

cH2NIt2 2 2

Noradrenaline: Octopamine Dopamine Tyramine

o

OHOH

ö
cH^
l¿
cHzzMz

I
CH NIÍ

lt +
¿-N(CH

3
cH2cTí2

Acetylcholine

}I C.+N CH 4
I

Tetramine

+

)3 3

2c

Gamma-butyrobetaine Murexine (urocanYlchotine)
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5 -hydroxytryptamine ( s eroton in )

N-methylpyrid.nium

(continued)
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rrÎltrF¡ rrft ¡¡ ffi
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Evidence has accurnulated in recent years that suggests that succinylcholine

(SCh) exerts its characteristic blockade of the rnarnrnalian neurornuscular

junction at least partly by decreasing the presynaptic release of acetyl-

choline (ACh). Thus the quanturn content of the end-plate potential is reduce
2

post-tetanic repetition is abolished", and alteration of thd external ionic

environrnent either augrnents or reduces the rate of onset of blockade, in a

rnanner consistent with a presynaptic rn""harri"rn3. Further, drugs such as

tetraethylarnrnoniurn and triethylcholine, which increase ACh release,

prevent or reverse SCh blockade4.

Measurement of the arnount of ACh released during stirnulation in the

presence of sch was carried out with a technique very sirnilar to that of
Ã

Beani et a1-, in order to test this hypothesis directly.

Methods

The phrenic nerve-diaphragrn of the imrnature guinea pig (300-370 gm}

was used. Cornpanion hernidiaphragûrs were set up in organ baths at 29oC;

di-isopropylfluorophosphonate (DFP) at a concentration of 500 ug/rnl was

used to inhibit acetylcholinesterase. The preparations were treated with the

inhibitor for two hours; it was the4 rernoved by repeated washing in nutrient
? , ,-

solutionJ prior to the collection .of ACh. Stirnulation at a frequency of

ZOlsec for 10 rnin followed by t0 min rest was used as the collection period;

resting release of ACh was estimated frorn the solution bathing the preparat-

ions for l0 rnin at rest. SCh (9x10-6M) was added to the bath prior to the

second þeriod of stirnulation. Acetylcholine collected was assayed using th_e

isolated ileurn of the guinea píg', Prelirninary experirnents showed that SCh

at the concentration used did not alter the dose-response curve of the assay.

Isornetric tension was recorded using Statharn UC2 transducing cells and a

d
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Beckrnan type R Dynograph recorder.

Results
The results o{ these experiments are'rustrated in Fig. l. rt rnay be seen

that this concentration of sch did not significantry afÍ.ect the release of ACh
under our experirnental conditions.
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FIG. I
The release of acetylchorine in nanogram during successive periods ofstirnulation at 20 cps for r0 rnin followèd by I0 min rest. Rlsting rereaseduring a subsequent l0 rnin period is seen to be approxirnately 5 tirnes Iessthan.during stimuration. Acetylchorine rerease inihe p¡esence of succinyl-choline (9x10-o¡4¡ is not significantly different frorn^the control. Verticalbars indicate * S"E. of the rnean. Temperature Z9oC.

An explanation of this apparently anornalous result was evident when a
study was rnade of the nature of sch brockade in the DFp-poisoned preparat-
ion. Experirnents wele carried out with cornpanion hernidiaphragrn preparat-
ions. one was poisoned with DFp in the usual way, the other was rnaintained
in the norrnal solution fo¡ the sarne period of tirne. It was found that sch at a
concentration of 3xr0-6M was sufficient to block cornpretery the cont¡or
preparation which was stirnulated at a frequency of 0. l per sec. F{owever, a

N
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concentration of 9xI0 
6* S"n was needed for cornplete blockade after DFP

tfeatrnent.Further,theforrnofthecurveoftwitchtensionagainsttirne

differed in the poisoned preparation' In the control preparation blockade

occurred at an approxirnately exponential rate after a latent period of

approxirnately 6 rnin. The sarne concentration of SCh did not cornpletely

block the DFP-treated preparation; the block occurred exponentially after a

rnuch shorter latent period. At 3xI0-6M sch the latent period in the DFP-

treated preparation was 2.5 + 0.6 rnin (s.E. of 5 observations) and the time

tohalf-blockadewasS.B+I.Zrnin.Intheuntreatedpreparationthelatent

period was 6.0 + 0. ? rnin (s.E. of 6 observations) and the tirne to half-

blockadewasl.3*0.Zrnin'Thedifferencesinlatencyandtirnetohalf

block were significant at P(0.006, It was noted that the sernilogarithrnic

plot of twitch tension against tirne (Fig.2) could not be as neatly divided into

alatentperioclfollowedbyanexponentialdeclineintensionaswasfound
3.4

previously for the rat diaPhragrn
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Sernilogarit}rnicplotsofthedeclineintw"itchtensionduringsuccessiveSCh
blocks of paired diaphragrns. ss'h 3x10-"M. In both instances the second

block B was carried out at 20.5"c, bloct<s A and c were cal.ried out at

Zg.5oC. Z7 rnr¡ tension = l0 g.
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This may be related to the greater rnean thickness of the rnuscre (1,3 rnrn
cornpared with 0. 64 rnrn i.n the rat) and also to the fact that one side of the
diaphragrn tended to cring to the rib-cage in a rather variable way. These
two iacts introduce uncertainties due to variation in rates of diffusion; howeve,r
cornparisons between paired preparations rernain meaningful.

It was shown pr..riorr"ly3 that SCh blockade of the rat diaphragrn
proceeded more rapidly at Z0oC t]nan at Z9oC. This ís evident also in the
guinea pig preparation (¡"ig. z). This figure shows the increased rate of
block at z0.50c cornpared with prior and subsequent blocks at29.5oc; a
slight but consistent developrnent of tachyphyraxis in the third block is also
evident' Fig' 2 also shows a sirnilar experírnent carried out on the
cornpanion herni-diaphragrn after DFP treatrnent. It is clear that the second,
low temperature block proceeded at a far slower rate than prior and
subsequent blocks at29.5oC, Again tachyphylaxis was found to develop to
repeated SCh blockade.

The inference that blockade differed in rnechanisrn after DFp treatrnent
was confirrned in further experirnents. Fig,3 illustrates the effects of
alterations of the external ionic enwironrnent during the course of blockade
in both the treated and control preparations.

As was found in the rat díaphragrn the tirne to harf-blockade was reduced
5 fold by doubling the external K* concentration (9.2 rnM). Raising th" Mg++
concentration frorn l to 3 rnM brought about a 60 per cent reduction in the
tirne to half b1ock. since the rate of brockade of the preparation is norrnally
very rapid these eÍfects were rnost easily dernonstrated in preparations which
had developed a slight degree of tachyphylaxis to sch, and where brockade
was slower than u.¡uar, Doubling the external cr** revel (3.0,rrM c.++)
alleviated an existing brock and restored twitch tension to an average of ?5
per cent of the originar rever. rt was further noted that exposuïe to high
external c.** 

"r.'".d a perrnanent increase in the tirne to half brockade upon
subsequent addition of SCh.

After DFP treatrnent high ca++ solution doubred the tirne to half block;
in no experirnent was ca** erevation abre to hart or to arleviate blockade.
Doubling the external K* revel caused a consistent slowing of sch blockade
after DFP treatrnent; the tirne to half block was increased 4 fold. The effect
of raising the external tøg** Ievel to 3 rnM was sornewhat sirnilar to the effect
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in the untreated PreParation, the tirne to half block was reduced by half
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FIG. 3

Tbe elfect of alteration of the ionic environrnent on the rate of. SCh blockade

K, Ca and Mg levels were faised at aÏrows. sernilogarithrnic plot; z7 rnrn

ten;ion - 10 g.

It will be noted frorn Fig.3 that the ionic effects weÏe only evident after

adelayofl-2,rnin'Itislikelythatthisreflects,atleastinpart,the

slowness of diffusion into these preparations'

Interactions between d-tubocurarine (clTC) and SCh were also different

after DFP treatrnent. In distinction to the finding with sch, blockade by dTC

_A
(l.3xlO-oM) was approxirnately 50 per cent faster in the DFP treated

_6
diaphragrn. SCh (3xlO-oM) stopped the progress ol a dTC block in the

untreated preparation, but did not reverse it' After treatrnent with DFP'

SCh caused a barely susceptible slowing of the dTC blockade'
¿-A

It was shown previously+,t that the dicarboxarnide, rnethoxy-arnbenoniurn,

cornpletely reversed SCh blockade o{ the rat phrenic-nerve diaphragm

preparation. This has been confirrned in the guinea pig' It was noted

howeverthataftertreatrnentwithDFP,rnethoxyarnbenoniurnincreasedthe
rate of SCh blockade ol the junction'

Itrnaybeinfelredfromtheseresultsthatblockadeoftheuntreated
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guinea pig diaphragrnat2goc rnay be likened to phase r block (for references
7see ), whereas after DFP tleatrnent SCh blockade resernbles phase II blockade.

rt has been suggested that phase r brockade is a deporarizing blockade, which
after prolonged exposure to the deporarizing drug changes in character, and
becornes 'rnon-depolarizingrr. rt is assurned that phase rI brockade
resernbles, but is not identicar with cornpetitive block due to drc or its
congeners. As such it is relieved by neostigrnine, high K+ solutions and
reduction in ternperature.

The hypothesis is put forward that phase I blockade results frorn a

reduction in the presynaptic output of ACh, as welI as frorn deporarization of
the postsynaptic rnernbrane. such a hypothesis is supported by the ionic

?
evidence', as well as by the effects of ternperature change.and drug

L
antagonisrn'. Prolonged exposure to a depolarizing drug, whether it be sch
or endogenous ACh, leads to changes in the.junction which are apparent as
Phase rr blockade. The high 1evel of DFp which is necessary to inhibit

5AChE- ]nay promote Phase rr blockade by sorne rnechanisrn additional to,the
inhibition of this e.'zyr''e. rt is likely however that blockade after DFp
treatrnent lacks entirely the presynaptic cornponent, and results frorn changes
in the postsynaptic rnernbrane due to prolonged depolarization and subsequent
desensitization- These changes result in an altered configuration of the
rnernbrane whereby the drug-receptor cornplex resernbles that due to drc.

A note of caution rnay be sounded to all those who atternpt a

pharrnacological dissection (as it were) of the neurornuscular junction. The
rnanipulation ñìay produce unexpected changes.
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Cnidarian, Chíronex fleekerj Southcott
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Australian Delence Scientific Service, Defence Standarcls Laboratories, Maribyrnortg, Áustralia

1. A study has been made of the pharmacological actions of toxic prepara-
tions obtained from the box jellyfish chironex fleckeri southcott. Two toxin
preparations were used. one was a tentacle extract which was partially puri-
fied by Sephadex gel filtration; the second was obtained by a process analogous
to snake milking' and is probably similar in composition to thé material injected
into victims.

2. All preparations were extremely toxic; death in animals, following
minimally lethal doses, occurred in minutes. Respiratory arrest of central
origin appeared to be the terminal event in all species tested. This was
accompanied by marked signs of cardiotoxicity. The heart was slowed,
irregular, and showed varying degrees of conduction delay. Terminally it
showed atrioventricular block.

3. Blood pressure changes were biphasic. An initial rise in carotid pl.essure
was followed by a profound fall; a second rise to an above normal level
frequently followed this. These blood pressure oscillations were damped down
by prior treatment with hexamethonium but the hypertensive response remainecl.

4. Blood samples taken before terminal apnoea showed a variable de_Qree of
haemolysis and a raised K+ Ievel.

5. Experiments with isolated organ preparations suggested that the toxin had
a non-specific lytic effect on cells, but did not contain pharmacologically active
substances of small molecular weight such as S-hydroxytryptamine.

6. It is suggested that the toxin(s) act by altering membrane permeability;
úhe signs at death may reflect the sensitivity of the target or-eans to such a
change.

The cnidarian chironex fleckeri southcott 1956, popularly known as rhe bo\
jellyfish, or sea wasp, has been responsible fo¡ some sixty deaths among swimmers
in Australian tropical waters (Barnes, 1967: cleland and southcott, 1965). when
it is considered that most stings from C. fleckeri and related cubomedusae are non-
fatal, and produce minor (though extremely painful) injuries. it will be appreciated
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that these species constitute a considerable hazard to public health in Northern
Australia. The medical aspects of fatal and non-fatal stings have been well doctt-

mented by Barnes (1966); he has also reported on the zoology and ecology of the

species.

The nature of the toxic material which produces the lash-like lesions and death

is not known, nor has its pharmacology been studied. The present communication

describes an investigation of pharmacological aspects of the toxin; so far, no specific

treatment of the stinging can be indicated. The biochemistry of the toxic material

will be described elsewhere.

Methods

Collectìon and preparation of toxin

Live specimens of C. fleckeri were caught in North Queensland waters in mid-

summer by Dr. J. H. Barnes. They were placed in sea water containers in a cold

room at approximately 8' C for from 3-24hr. They were then carefully lifted from

the sea water by grasping the apex of the umbrella and the tentacles were cut off

at each pedalium and allowed to fall into a container of liquid nitrogen. They

were freighted to the laboratory in this container.

.i
t. .

'ë. ,
.'¡,'

r,ro. 1. Nematocysts isolated from frozen Chironex tentacle. These are theSgison-fontainine

-i"toùu.i.- mistiloptrore; tentacles contain several .other types (Ba.rnes, 1967). 'l'he upper

;t"ì;;;-;i-';;;-itrË ,ïno¡sci'ailèã-"ãprriè: most were in this itãte in the frozen tentacle' The

í;;;;-pi.ir;; t-ho*t u dischãrged ôapsule with the long lash still intact'
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The preliminary cooling of the animals before freezing seemed to reduce nemato-cyst discharge to a negrigibre amount, because nematocysts isolated from thetentacles were largely undischarged (Fig. 1); this ûnding ïu, 
"orrnr_ed by Dr.Barnes ,who examined formalin_nxed seiions.

Toxin extracts wer-e prepared by mincing the thawed tentacle in 7/" sucrose at0" c. Robson (1953) found that sucrose reduced neinatocyst discharge in cory-nactis, Two volumes of sucrose sorution were added to one of tentacre, and theresulting sus'pension was strained through a stainless steel mestr to remove coarseparticulate matter and centrifuged for imin to throw down the nematocysts. Alroperations were carried out at approximately 4" C.
rt was hoped that the toxic material might be retained in the undischarged cap_stiles. rt was found, horvever, that the gtãut.r part of the toxicity was present inthe supernatant. Grindìng the nematoclst preparation in a glass homogenizer orsonic disintegration did not increase the toxicity ôf this f¡action. rt must beassumed that the toxin had reaked out of the apparently intact nematocysts duringpreparation.

The sucrose solution of toxins was partialry purifred by ger firtration through aSephadex G-75 column at 5o C; the column was adjusieJ to pff 6.3 with Tris_maleate buffer (Lane, 
:967) The retharity of the eruted fractiåns was tested byinjection into the tail vein of white mice weiihing approxima t",ty zog. peak letharityappeared in fractions eluted from the colnmn a few ml. after the passage of thevoid volume, which corresponded to a molecular weight greater than bovine serumalbrrmin. rrowever, rethality was spread through the column down to an elutionvolume consistent with a molecurar weight of approximatety g,000. Although thesucrose extract was extremely ,labile at room temperature, it did not lose leãhantyfor upwards of 24 ht after gel filtration. solutions àtte,r gel filtration were colourlessor faintly opalescent; the material was non-dialysable. A fuller description of thebiochemistry of the toxin will be published separately.

Part of the pharmacological investigation was repeated using a sample oif toxinobtained from Dr. Bames, who coilected it by a procedure änarogous to snakemilking'-- Tentacles applied to one side of an amniotic membrane were stimulatedelectrically; on nematocyst discharge the injector threads penetrated the membrane
and deposited toxin @arnes, 1967).

Pharmacological testing of toxín
The effect of the toxin on various physiorogicar parameters was tested using New

Zearand' rabbits (2-3 kg) or wistar tutr izso-:oo g). The rabbits were anaesûhetized
by injecting a 20/" solution of urethane into the ear vein; the rats received pento_barbital 40-50 mg/kg by the intraperitoneal route. Arterial and venous pressures
were_ monitored using statham pressure transducers and a Beckman type R dyno_graph recorder. The venous catheter was placed in the jug"lu, vein and passed
down to the level of the right atrium. EÈctrocarcrogrumí were recorded from
leads r, II and III; heart rate was recorded with a carãiotachometer. Abdominal
respiratory movements were recorded using a colloidal carbon-in-rubber pneumo_graph transducer placed just below the xíphisternum; body temperature wasmonitored with a rectal thermistor.
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fn other experiments the phrenic nerve of the rabbit was exposed in the neck and

platinum elecirodes placed on it. A myograptr needle was placed in the diaphragm

muscle and the respiratory activity of both nerve and muscle was displayed on a

two channel oscilloscope and photographed on moving f,lm'

The efiect of the toxin on the release of vaso-active substances from the skin was

tested using a technique similar to that of Rooha e Silva & Rosenthal (1961)' An
air ,pocket was formed under the dorsal skin of an anaesthetized tat, the animal

*u, hong upside down by its four paws and successive 5 ml. washings of Tyrode

solution were introduced into the air pocket. Toxin, equivalent to approximately

frve lethal doses if given intravenously, was injected intradermally into the skin of

the pouch after the first control wash. The animal was flnally killed by injection

of the toxin into the tail vein.

The efiect of the toxin was also tested on the isolated phrenic nerve-diaphragm

preparation of the rat (Bülbring, 1946), the isolated guinea-pig ileum and the isolated

guinea-pig trachea (Jamieson, 1962). Histamine release was determined using a

iturt 
""nþeparation 

obtained by perfusing the abdominal cavity of rats with 20 ml.

of physioùgical saline (Rothschild, 1962). Histamine was assayed using the isolated

guinea-pig il".ttn. The specifrcity of the histamine-induced contraction was deter-

mined by blocking the response with diphenhydramine'

plasma electrolytes were determined in heparinized samples using an EEL flame

púrotometer.

Results

Effects ín rnice

The lethality of the toxic efiects in mice, after intravenous infection, was deter'

mined in an efiort to arrive at a" mouse unit". It was found that 0.1 ml' of a
5,000 fold dilution of the tentacle extract would kill a 20 g mouse in less than 2 min'

The extreme lability of the material, even at 0' C, however, made the determination

of the unit in the crude extract hazardous. Further, the dose-mortality curve was

extremely steep. However, fractions from the Sephadex column were standardized

in this way, as was also the relatively stable " milked " toxin obtained from Dr'

Barnes.

Mice rarely died earlier than 60 sec after a f.aÍal injection and no deaths later than

22 mn were recorded. The progress of death was similar to that described by

Barnes (1967). The animals b""u*" lethargic and ataxic. Respirations appeared

forced and irregular; before death, the animals convulsed briefly but sometimes

quite violently. At autopsy the heart was frequently found to be beating with a

d: 1 atrioventricular block. There was marked venous engorgement. Character-

istically, the lungs were stained a reddish-orangel rhowever, both the intensity of

staininl and the colour were variable. It was irnpossible to correlate the lung

ohanges with time to death or with the intensity of the terminal convulsions. No

otheiorgans showed any macroscopically evident pathology, other than that refer-

able to venous engorgement.

The symptoms were identical whether the mice were injected with the crude

extract, with fractions from the Sephadex column or with the " milked " venom'
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Effects in røbbits

Arterial and venous pressure, respiratory rate and depth and erectrocardiograms
were recorded in anaesthetized rabbits. Fractions fromìhe Se,phadex column wereused exclusively in these experiments. The quantity of toxin required to kill therabbit was extremely variable, ranging from l0 to 160 o. mouse units,,. The varia_tion could not be correlated with the number of non-lethal injections preceding thefatal dose' so that it did not seem to arise from a cumulative effect of the toxin.Effects following lethal and non-lethal doses of toxin were recorded; in general deathfollowed a similar pattern to that seen in mice, except that the anaesthetized animalsdid not convulse' Autopsy findings were also similar to those in the mouse. The
shortest time to death was 90 sec; the longest was 6 min. Rabbits surviving longerthan this showed virtually complete ,""o-u".y of all parameters monitored duringthe next 5 min.

Blood pressure changes. Effective doses of toxin invariably caused a biphasic
change in the carotid arterial pressure. The resting arterial pressure of twelve
rabbits varied between 100 and r20 mm Hg; foltowin! injection or tn" toxin it roseby 25-60 mm Hg. Thereafter the arteriar fr"rrur" felì, onry to rise again some 60-
90 sec later. There was a rise in venous prårrur" concurrent with the brood pressurefall Resting venous prþssure varied beìween zero and -7 cm Hro, and ohangesfollowing toxin injection were opposite in sign to arterial pressure changes. Themaximum venous pressure increase, noted immediately before respiratory arrest,
was 12.5 cm HrO; the arterial pressure was then 25 mm Hg.

Blood pressure changes can best be illustrated by describing the effects of a near-lethal dose of toxin. Following the injection of toxin the arterial pressure rosefrom 115 to 140 rnm Hg over a period of g sec. There was no change in venouspressure' At this point the pulse pressure declined and the eleckãcardiogram(e'c'g') showed some extrasystoles un¿ r wave inversion. The arterial pressure
then fell, over a period of 20 sec, to 50 mm Hg concurrent with a rise of 4 cm Hroin the venous pressure. The arterial pressure had fallen to 25 mm Hg, 90 sec after
the injection, and the venous pressure had risen to 7 cm Hro. At this point theanimal ceased breathing for 9 sec and 'the e.c.g. showed r wave inversion and a2:1 block. Respiration recommenced spontaneously at99 sec followed by a slowilcrga¡e in. arterial pressure (which showed good purse ampritude) to r00 mm Hg.At this point respirations again ceased for 10 ,eð ulthougi arterial pressure con-tinued t9. ris-e to a plateau of 190 mm Hg. The e.c.gl showed gross T wave
abnormality but no conduction block. There was then a slow recovery of all para-
meters over a further period of 5 min.

'These arterial pr€ssure oscillations were a oharacteristic efiect of the toxin. Onerabbit showed four such oscillations of diminishing amplitude before death during
a hypotensive phase some 5 min after the toxin infectioì.

Electrocardiographíc changes. The resting heart rate of the rabbit under urethane
anaesthesia varied between 260 and 340 beats/min. This rate invariably declinecl
at the peak of the first hypertensive response, coincident with the onset of a variable
g_nount of cardiac irregularity. At this point the pulse pressure, whioh was normally
25-30 mm Hg, fell to as low as 8 mm Hg. It may ùe assumed that there was a
concurrent fall in cardiac output. Individual e.c.g. tracings showed a variable
change in T wave form at this point. Fig.2 shows a charaóteristic record; about
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20 sec after the toxin injection there was an increase in the T-P interval and a
short period of gross T wave enlargement. As the arterial pressure declined the

heart rate fell to 100-150 beats/min. The e.c.g. at this time frequently showed T
wave inversion, conduction delay and irregular 2 : 1 atrioven'tricular block. It was

characteristic that the second blood pressure rise was associated with a dramatic
improvement in pulse pressure to 40-50 mm Hg, but with little increase in heart

rate. Apparently the cardiac output increased with the improved regularity of the

heart, although the e.c.g. was still abnormal. When lethal doses were given (as

in Fig. 2) the e.c.g. abnormalities progresse.d and coincident with respiratory arrest

the heart typically showed abnormal vent¡icular complexes after each third atrial

beat. Individual experiments often showed bizane variations on this general pat'

tern. The heart rate was occasionally seen to decrease and increase several times

before death. Periods of nearly normal cardiac activity were sometimes interpolated

between chaotically irregular e.c.g. patterns.

Toxin efiects after ganglionic blockfle. An attempt was made to determine

whether the blood pressure changes seen after toxin injection were central or peri'
pheral in origin, by blocking úhe autonomic ganglia with hexamethonium.

Changes in the physiological parameters measured previously were monitored in

the rabbit before and following ganglionic blockade with hexamet'honium. The

injection of hexamethonium 2.5 mglkg reduced the arterial blood pressure by 30-45

mm Hg. Heart rate was unchanged; the respiratory rate tended to increase' The

Control 20 sec

30 sec
60 sec

140 sec I 90 sec

240 sec 285 sec

mV 0

t.0

0.5

31 5 sec 335 sec

I sec.

rtc. 2. Electrocardiogram changes following to;rrin injection. The first panel shows a se-gment

;î;.;:".-u"toiã-i"¡"rti"on, heait-rate 260/min. There'is an inoreased T-P in-terval -and bra-dy-

äârãiã'"zo"r"ã^õoiìfitrlËðtiän. t-wav enlärgement is seen after 30 sec. At 60 sec there is 2: 1

üiiääít.iËìrüíïi;i.--B¿i*een t¿o and 
*190 

sec the animal's r-espirations -b"*q" irregular
äd ñ;tö*ni-Jil-s"Jttt" heart showed irregular atrioventriculaf block; the animal ceased

to breathe at 320 sec.
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most obvious effect o,f hexamethonium treatment was to damp down the arterialpressure oscillations normally seen after the toxin. The first blood pressure riseoccurred some 30-40 sec after toxin injection, compared with 10 sec in the controls.Further, it was maintained for longer, and the subsequent hypotensive episode wasless intense. rn no instance was a second brood prJssur" rii" ,""o. cardiac andrespiratory abnormalities developed in the usual way.
RespiraÍory chan:ges. The respiratory rate of the anaesthetized. rabbit showed avariation ranging from 50 to 120 respirations/min. The toxin did not alter respira-tory rate or excursion ¡ntil after the first hypertensive episode, when arteriat ires-sure.was falling sharply. At this time, provided the dose of ioxin was suffiåent,gasping respirations and a period of apnola were found. The occurrence of apnoeacould not be related to the arterial pressure fall in any simple way, because itoccurred with pressures ranging from 20 to 100 mrn rrg; hoivever, terminal res_piratory failure always occurred during a period of acute-hypotension. The dura_tion of apnoea was usually 9*10 sec, ulthough one rabbit recóvered temporarily after60 sec of apnoea. During recovery (whether it was permanent or not) the respira-tory rate usually, but not invariably, rose-sometimes to twice the resting level. Asecond short period of apnoea was seen in four instances during the rise in arterialpressure associated with the second hypertensive episode. TÈereafter the animaleither recovered, or respirations became slower, gasptng and ceased.
The results obtained in the rabbit following injections of material obtained bysephadex filtration were confirmed when samples of Dr. Barnes .. milked ,, venom

became available. The pattern of events following near-lethal and lethal injections
showed no significant difference from the preceding results. It was noted that aninjection of 10 mouse units was sufficieni to produce ,blood pressure, e.c.g. andrespiratory changes closely similar to those roported above. A dose of 100 mouseunits proved fatal; respiratory failure occurred 5 min after injection into the
marginal ear vein.

Effect ol vøgotomy. Bilaterar cervicar vagotomy reduced the resting respiratory
rate of the rabbit from 90/min to 7}lmin. iwo in;ectìons of toxin (one non_letnai
one lethal) given after vagotomy produced a similar pattem of results to those
described above except that at no time was there an increase in respiratory rate.The-rate fell during the hypotensive episode to A2,lmin. This was foilowed bygasping and respirations ceased foilowing a very proronged inspiration.

Effect on phrenic nerve actívity. Respiratory changes were further investigated
by monitoring simultaneousry the imputsãs pu.riog doõn the phrenic nerve and theoutput of a myograph needre praced in the diaphragm -rrr"l". Fig. 3 shows the
results of a typical experiment. Panel 1 illustrates the electrical activity associated
with one normal respiration. Inspiration lasted for approximately 0.â sec. The
respiratory pause was 0.55 sec. panel2 shows the incr;;ed respiratory rate after a
non-lethal dose of toxin. The duration of inspiration was unohanged; the increased
rate was due to a decrease in the respiratory pause. Subsequeni panels illustrate
the effects of a lethal dose of toxin. Gasping, dìe to a lengthåning õf inspiration at
the expense of expiration, is shown in paner 4. At this tI-" ,"rlirution^ appeared
to be entirely diaphragmatic and, as is confirmed by the electricalicord, there was
an augmented force of contraction. Panel 5 illustrates the terminal gasp, before
apnoea and death.
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The records show that neuromuscular transmission remained efiective until death.

This was conûrmed by placing stimulating electrodes on the newe post-mortenl,

when it was possible to elicit a vigorous diaphragmatic twitch. It is clear that the

respiratory centre remained capable of initiating respiratory signals until the final
respiration.

Effects in rats

The findings recorded in the rabbit were confinned when the same physiological
parameters were monitored in the rat. Death followed the injection into the tail
vein of 2-4 mouse units of toxin. The time to death varied from 2 to 10 min.

Crrdiovasculqr ch:anges, The resting carotid arterial pressure varied from 155

to 165 mm Hg, pulse pressure was approximately 35 mm Hg and venous pressure

(at the level of the right atrium) varied from zero to 2 cm HrO. The heart rate

varied from 390-420 beats/min.

Following injection of toxin the arterial pressure showed a biphasic response

similar to that seen in the rabbit. In 10-15 sec there IMas a rise to 180-200 mm Hg,
without ohange in venous pfessure. This was followed by gross T wave enlarge-

ment in the e.c.g. The heart rate then slowed, pulse pressure fell and there was a

phase of T wave inversion. One animal showed a second transitory rise in arterial
pressure, similar to that seen in the rabbit. The rat differed from the rabbit in that
there was no rise in venous pressure coincident with the arterial pressure fall. After
respiratory failure the e.c.g. usually showed atrioventricular block and large

ventricular complexes.

Respirøtory chan:ges. Rats showed increases in respiratory rate after toxin injec-

tion, gasping and periods of apnoea similar to that seen in the rabbit.

.^.^-^l^r\'lhlÏ r iiuV,t,'¡lr lil^î*

nf."',1^'rL¡f,i, wr,i ¡ ;r¡, "Ni ;I.,.i, 
n\.ìV,\1a.,.1r, i\r ¡.1

Muscle
20 ¡r.V/cm
Nerve
5 ¡.rV/cm

0

4

I
cm

r.rc.3. phrenic nerve and diaphragrn ac'tivity fol\owing toxin injection.. Vpp"l trace_shows
iåãät-ti f-* tnvograph needle iir thð diaphragm, lorver trace.showsphrenic impulses.. Panel.l
;ùil; ¿""hoi r"esp^iration. Panel 2 shõws increasrd phrenic activi.ty.after a non-lethal toxin
i"i"ätio".--pu"á 3 ihows irregular, gasping respira¡ions after a lethal dose. Panels 4 and 5

;hã.*-ìË .iãgætut"¿ activity*assgôiãte¿ wlttr s-low, gaspigg respirations. Panel 5 shows the
ãnitäulr-t"t-'i"nãl gasp, which was followed by respi'ra,tory silence. Time marker equals 0.02 sec.
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Plæma electrolltte..chongel. 
.The e.c.g. abnormalities, which rtypically includedT wave elevation followed by inversion] bradycardia and conãuction delay, wereconsistent.with hypoxia and/or a release of K+, followed by an extracellularaccumulation of this ion. 

- 
consequently btooa sampie";";; i*å rroo, both rabbitsand rats immediately be-fore respiratory arrest. There was a variable amount ofhaemolysis of the heparinized sarnptes,'which could be correlated with the plasmaK+ Ievel. Terminar K+ revers tuÇo irom 5.g mrvr/r. to r9.2*r¡r. No sipiûcantchange in plasma Na+ was noted.

It was found that the- degree of staining of the lungs seen at autopsy could alsobe correlated with the degrèe of haemolyíis.

Effects in isolated organs
The observations obtained on the intact animals were extended by the use ofisolated organ preparations tg find out if part of the clinical picture was due to thepresence of pharmacorogicaily active substances of low mãrecular weight. TheIong-lasting wheals following stingings that have been described by southcort (1g5g)

and Barnes (1967) could possibly be related to ttr" in¡ectioiì.*r""l"ure of histamineand/or bradykinin. The painfur sharacter of the stings arso suggests the possibrepresence of 5'hydroxytryptamine or acetylcholine. EiperimentJ were carried outusing crude tentacle extract, sephadex eluates and ,. milÈed,, toxin. The sephadexeluates were included for comparison because the filtration process would haveremoved small molecules.
Isolated guinea-pig ileum. Ail three toxin proparations consistentry produceda slow contraction of the guinea-pig ileum. A secãnd dose of toxin after washingthe preparation for 15 min proauôeá a much smaller contractiãn; it was frequentlyimpossible to obtain a third contraction. Prior exposure of the preparution to t¡etoxin markedly reduced its sensitivity to 5-hydroxytryptamine àr'histamine. Highdoses of toxin (2-3 mouse units/d.j were neæssary to produce a contraction.
Isolated guinec'pig trqchea. Similar concentrations of toxin also produced slowcontractions of the isolated trachea. These were small in amplitude and could beobtained only once or, twice in any trache-a. They appearø to be blocked bydiphenhvdramine 2x10-s elm1' bui rhe diffic,lty oi oåàining repeated res,ponsesto the toxin made assay experiments im,possible.
Histamine release from mast ceils. Toxin doses ranging from 1 to 5 mouseunits/ml' brought about some histamine release from niast cell preparations.

Sephadex fractions were active in this respect, although less so than crude tentacleextracts. It was noted, however, on microscopic examination of the mast cellpreparation that histamine release could be correlated with cell damage, suggestingthat the toxin may have a non-speciflc l¡ic action. This may also account for itsaction on the smooth muscle preparations.

Histamine release lrom a skin pouch. An air pocket was made on the dorsal
skin of the rat. lVashings of the ,pocket were made before and after the intradermal
injection of 5 times the lethal dose for the rat. All washings were found to contain
histamine but in no experiment was lhe histamine conteni increased by treatmentwith the toxin.

Phreníc nerve-diaphragm preparøtièn. Because of the occurrence of respiratory
failure, a number of experiments were caried out to test the effect of the various
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toxin preparations on the diaphragm preparation' The results were similar in all

cases. Dos"s of toxin equivalent to 10 mouse units/ml' increased the base line

tension of the preparation for a period of approximately 10 min. Thereafter there

was a slight ¿ectlne in twitch tension following direct or indirect stimulation. This

effect could not be reversed by washing, but did not alter the response of the

preparation to succinylcholine or (+)-tubocurarine. Further, the toxin did not

ãn""t tn" fesponse of a denervated diaphragm to acetylcholine, nor \ryas the rate

of strrontaneous fibrillation of the diaphragm altered. It appears therefore to lack

any specifi.c anticholinergic effect'

Discussion

The similarity of the pharmacological effects produced by either the crude

tentacle extract, the Sephadex eluate or the " milked " venom suggests that the same

toxic principle was present in eaoh preparation. However, there is no evidence to

decide whether one toxin or a family of molecules is involved. The possibility that

Sephadex filtration might remove pharmacologically active substances of small

mólecular weight was coveled by the use of the amnion-millced preparation' Sub'

stances such aì S-hydroxytryptamine, bradykinin, etc., seem to be either absent or

present in insignificant amounts. The toxic material is obviously extremely potent;

it will be of considerable interest to investigate its biochemistry further.

The cause of death following injection of the toxin appears to be due to respiratory

arrest and cardiotoxicity. Respiratory arrest seems to be central in origin, as is

shown in Fig. 3 and the finding Ûhat stimulation of the phrenic nerve post mortem

elicited a strong diaphragmatic twitch. This was confrrmed in studies using the

isolated phrenic nerve-diaphragm preparation' The cardiotoxicity of the toxin was

chiefly manifested as an interference with repolarization and conduction' The

heart was slowed, irregular and showed varying degrees of conduction delay,

terminating in atrioventricular block.

The flnding that the toxin is haemolytic confirms the observation of Weiner

reported by Southcott & Kingston (1959). An investigation into the nature of the

haemolytic activity will be roported elsewhere (Keen & Crone, unpublished)' The

haemoþtic activity seems to be an integral part of the toxic activity, although the

associaied rise in plasma K+ was not consistently high enough to be causally

related either to death or to the cardiac irregularities. It is possible, on the present

evidence, to propose that the toxin(s) alter membrane permeability' The respira-

tory arrest, cãrdiotoxicity and haemolysis would all derive from this permeability

chãnge, and may reflect the sensitivity of the target organs to such a change' Suqh

a peileabitity ;hange may be responsible for the pain and whealing experienced

by people who are stung Uy Chironex. Potassium accumulation at nerve endings

in tire skin produces pain (Keele & Armstrone, ß6q; ohanges in capillary permea'

bility may be responsible for oedema'

It is of interest to compare chironex toxin with the preparation from Physdia

which was investigated by Lane (1967). That author noted cardiotoxic and haemo-

lytic effects similai to those produced by Chíronex. It is likely' however, that the

Chíror"* toxin is either more potent or more abundant than in PhysøIia, fot
Southcott (1959) could frnd no evidence of fatalities fotlowing Physalia stings. The

toxin also bears some resemblance to streptolysin o (Halpern & Rahman' 1968)
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and úhe basic proteins of cobra venom (wolff, salabe, Ambrose & Larsen, 1967).
suoh resemblances conûrm the hypothesis that chironex toxin acts by causing a
membrane permeability change but offer no indication of the chemical nature of
the toxic material.
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Ionic interactions in acetylcholine contraction of
the denervated rat diaphragm
SHIRLEY E. FREEMAN ano R. J. TURNER

Auslrsl.ian Defence scientific service, Delence standards Laboratories, Melbourne,Australia

l. The nature of the drug-receptor interaction in the acetylcholine-induced
contraction of the denervated rat diaphragm was studied ,uottr ,uy altering the
external ionic environment and by determining its drug sensitivity.
2' The response to acetylcholine was insensitive to te.trodotoxin or saxitoxin,
but was abolished by procaine.

3' It was unaffected by levels of MncL sufficient to ,block the response of the
innervated diaphragm to electrical stimulation, although higher levels reduced
the response. The effect of Mn++ on,the innervated diaphragm was overcome
by raising the external Ca++ level ; this was inefiective in the denervated
preparation.

4. In spite of its insensitivity to tetrodotoxin the acetylcholine contraction
was reduced and prolonged rby low external Na+ levels. This prolongation was
not found when Li+ substituted for Na+.
5. Increasing the external level of Ca++ or Mg++ 3 to 5dold reduced the
acetylcholine contraction; high Ca++ also prolonged it. Reduction in the
divalent cation level was without effect.

6. Procaine inhibition of the acetylcholine response was largely competitive,
as was inhibition due to (+)-tubocurarine. This was ,ho*o by probit
analysis and the dose-ratio test.

7. Thiocyanate (12 mrra) augmented and prolonged the contraction ; this aotion
was modified by altering the Ca++ or Mg++ level of the solution.
8. The acetylcholine receptor resem,bles that of the innervated postsynaptic
mem,brane.

The pharmacology of the acetylcholine-induced contraction of denervated muscle
is of interest both for the observation of denervation phenomena and rbecause the
nicotinic receptor may be conveniently studied in such a preparation. Axelsson &
Thesleff (1959) noted that denervated muscle respondeã tå drugs in a manner
qualitatively similar to the innervated endplate. Beránek & vyskoðil (1967)
reported' however, that the acetylcholine (ACh) recreptor of denervated muscle is
less sensitive to ( + )-tubocurarine (TC) blockade than is the innervated endplate,
and Loomis & Konker (1967) reported that TC produces a contracture of the intact
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denervated anterior tibial muscle of the rat. Thís finding confirmed the earlier

report of Mclntyre & King (1943).

It is of interest, therefore, to study the ACh leceptor of 'the denervated rat

diaphragm in an attempt to extend the dbservations of del Castillo & Katz (1954,

195Ð o; the post-synaptic ACh receptor, and to determine wherein the denervated

preparation differs from it. To this end the effects of changes in the ionic environ-

-"nt oo the ACh-induced contraction and interactions between ACh and a number

of anticholinergic drugs have been studied'

Methods

Male hooded rats of the Wistar strain were anaesthstized with pentoba¡bital

40-50 mg/kg and the left diaphragm was denervated by evulsion of the phrenic

nerve in the neck. They were maintained postoperatively for 8 21 days' to allow

the nerve to degenerate. The ACh-induced contraction was constant during this

period, as noted by Elmqvist & Thesleff (1960). The animals were then killed by

u blo* on the head, exsanguinated, and the innervated and denervated diaphragms

set up as described previously (Freeman, 1968). Isometric tension developed by the

-u."1", in response to drugs or electrical stimulation was Íecorded with Statham

UC2 transducing cells and a Beokman type R dynogra'ph recorder. Innervated

preparations were stimulated either directly or through the nerve with 0'1 msec

rectangular pulses of supramaximal voltage'

The standard nutrient solution used has been described elsewhere (Freeman,

1968). Na+.free solutions were buffered with tris(hydroxymethyl)aminomethane

hydrochloride (Tris). They were aerated with oxygen rather than the 95/" oxygen

and 5/" ca¡bon dioxide mixture used in the standard solution. Drugs were injected

into the stream of gas bubbles which was used to aerate and to stir the organ baths.

The bath temperature was monitored continuously with a thermistor. Unless other-

wise stated experiments were carried out at 29" !O'2" C.

The thickness of the muscles was determined at the end of experiments from their

weight and surface area, assuming a density of 1'05. Tlhe mean thickness was 0'63

mm, and the range was from 0'58 to 0'74 mm. This agrees with our previous

estimate of 0.66 mm (Freeman, 1968) and indicates that at the time of measurement

denervation had not altered the thickness of the muscles. The contractile response

to ACh or calbamylcholine was constant over a 5 hr experimental period' and

tachyphylaxis was not evident provided each drug addition to the organ bath was

.up-utø by a 10 min wash period. Typical dose-response curYes are shown in

Fig. 2. Thã slope varied slightly from one preparation to another, consequently

*h"t"u". possible each preparation was used as its own control.

r¡,s¡r l. Time course of acetylcholíne or carbamylcholine contractíon of denervated diaphrøgm

Time to half Maximum
Rise time relaxation tension

(sec) (sec) (g)

ACh- jl3 x ro*u 12.0+0.4 (45) 46+2 (4s) 5'5+0'3 (45)

Carbachol-î.ã xló:'n¿ 45+4 (r8) s2+3 (18) 7'9+0'4 (18)

Figures shown are a s.r. of the mean. The number of observations is shown in parenthesis.
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Results
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Time course ol thz contractile respo,nse

Acetylcholine or carbamylcholine (ca¡bachol) produced a dose-dependent increase
in isometric tension in the denervated diaphrag;. rn. ¿ose-reupon." .uru", for the
two drugs were parallel, but 7_9 times more ca¡bachol *u, n"åd"d to produce the
same tension as ACh. The response to oa¡bachol was, however, more proronged.
As can be seen from Table I this resulted more from a slower rate of rise orf the
ca¡bachol contraction than from a prolongation of the time to half relaxation. The
tension developed in response to either drug declined as an exponential function of
time.

T,he time course of the ACh contraction was relatively independent of the con_
centration of ACh used. The rise time increased slightly over,the range 2.75 x 10-6u
to 2'75 x 10-fu, but the time to half relaxation relt-witltr increasing ACh concentra-
tion from 64 sec at2.75 x l0-6vr to 31 sec at2.75x 10-5u.

T'he reason for the brevity of the ACh response is o,bscure. Lüllmann & Reis(1967) noted that the depolarization of the denervated diaphragm due to ACh per_
sisted after the muscle had relaxed. consequently it cannot be ascribed to mem_
brane " desensitization," but is more likely relateô to a resequestration of reticular
Ca++.

The duration of the contraction must also be viewed in relation to the rate of
diftusion of ACh through the preparation. Krnjevió & Mitchell (1960) noted tha.r
the time of half clearance of Aoh from the diaphragm was 1.5 min. Their prepara-
tions appear to have been 50./. thicker than ours, but it is obvious ,that the ACh
contraction is too brief for AC,h to have diffused uniformly through the muscle.
One must assume that the measured contraction is a sum of cãntractions and relaxa-
tions which occur as ACh diffuses through the preparation. Because of this, condi-
tions which prolong or shorten the contractile event will cause an ap.parent increaseor decrease in the peak tension developed. This efiect -uy puitly explain thefinding of Letley (1960), which rur 

"onfir,ned 
by us, that trr" ecr, contraction

develops greater tension at 22" c than at 37" c. we o,bserved that low temperature
markedly prolonged the contraction.

Efiect ol ølteratio'n of the externar ioníc environment
castillo &Katz (1955) and Jenkinson & Nicholls (1961) noted rhat ACh was able

to decrease the mem'brane resistance of the endplate and denerva,ted. muscle respec-tively in preparations soaked in Na+-,free solutions. castillo & Katz (1955)
described this effect of ACh " as a short-circuit placed across a rectifying
mem'brane," and concluded that the action of Aoh is independent of the pro."r, oÍ
electrical excitation. If this is so the decrease in membrane resistance in Na+-free
solution will be associated with currents due to ions other than Na+.

Sodium substitutìon wìth sucrose

_The denervated diaphragm offers a convenient preparation in which to study the
eflect of Na+ depletion on the response to ACh. sucrose, li¡hium or Tris hydro-
chloride were used to maintain the osmotic pressure of the nutrient solution.
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The replacement of half the external Na+ with an osmotically equivalent amount

of sucrose was without effect on the tension developed in response to ACh.

Replacement of all but 22 mu Na+ with sucrose resulted in a slow decline in the

tension developed to a constant dose o,f ACh. The results varied slightly in the

eight diaphragms teste.d, but in general the tension developed in response to ACh
declined to between 25_5A% of the control value ovef a period of 60-150 min. The

rise time was unchanged, but there was a gradual increase in the time to half

relaxation, until at 60-70 min the ACh response had become a persistent contrac-

ture. These findings are illustrated in Fig. 1. It was noteworthy that in one experi-

ment there was a gradual recovery of tension 'between 60 and 100 min, until the

response was of nearly normal force.

Replacement of all úhe external Na+ with sucrose, using Tris as a buftering agent,

accelerated the changes seen in 22 mw ¡¿+ (Fig. 1). In six experiments the ACh
ïesponse started to decline after 10 min, and levelled off at approximately 25/" of

the control value at 30-40 min. It was still possible to obtain an ACh contraction

after 120 min in Na+-free solution, and again one preparation showed a partial

restitution of contractile force after 60 min exposure. The rate of rise fell off some-

what after 70 min in Na+-free solution, and the duration of the response increased

until it equalled the time of exposure of the proparation to ACh. Washing the

preparation with normal solution for 10-12 min returned the duration of contraction

to less than normal; further, the tension developed was from AA-170% of the

control value. These parameters returned to control values over a period of 30-40

min.

It is possible that the partial restoration of tension which was occasionally seen

after prolonged exposure to low Na+ or Na+ -free solution may 'be related to the partial

dependence of the ACh contrac.tion on the Na+ gradient acloss the membrane. The

initial loss of extracellular Na+ would reduce this gradient, which would tend to be

restored,by a later loss of intracellular Na+ (Simon, Shaw, Bennett & Muller' 1957).

Some evidence for this hypothesis is derived from the observation that the restitu-

tion of extracellular Na+ brought about an initial increase in the ACh response to

Control

Control

22 mM Na 44 min
26 min

Normal soln 46,¡n5 mrn

/\-^

/\ /=--

79 min

8

Na-free 50 min g6 min Normal.soln 39 r¡n
lg min s mln

I min

r.lc. l. Effect of Na+ depletion on 4,he ACh contraotion of dene,rvated d,iaphragm. The top
;Ñ ;ú"ñ;;onirãl-conträcdon (ACh l0-5M), followed by contract'ions elicite{ rinthe presence

;')t;r Ñã+, ruõr*à solu,tion. The secold ,row strows a control contrac-ti.on þY the sarne

ÁCf,- "äü"*tt"iion, 
follow"d by oontrac¡¡6¡5 ellcited in 'tåe presence of, Nar-free sucrose

iòfri¡"n- n"iurn tó the nórmal iolution temporarily po,tentiates the.con'tractile force above the
;;;t .l-i;";i. lleãctr inJøncè ACh v¡as waóired oútãt the c.onclusion of the tracing.
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greater than normal levels ; one would expect the Na+ gradient to be temporarily
increased.

Exposure of a preparation to a Na+-free sucrose solution which was also Ca++-
free resulted in a marked. slowing of the rate of rise of the contraction and a reduc-
L9" il tension over a period of 20 min. By 40 min the ACh response was abolished.
The ineffectiveness of ACh in solutions lacking both Na+ urrd cu** recalls the
similar findings of Pappano & volle (1966), who used the perfused superior cervical
ganglion of the cat.

. As would be expected, transmission was blocked by Na+-free solutions in contra-
lateral, innervated preparations in 10-15 min.

Sodium substitutian with Tris

Experiments were carried out in which an attempt was made to maintain the
ionic strength of the bathing solution by substituting all the Na+ with Tris hydro-
chloride. It was found that the response to ACh declined to 20_40/" of the control
value over a period of 20 min (four experiments). Rise time and duration were also
shortened. These effects may have been ,paftly due to ca++ chelation ,by Tris
(Mahler, 1961)' so the Ca++ concentration of the solution was then raised to 4.5 mvl
( x 3 normal). Tension developed was'but slightly improved rby the Ca++ increase,
but the response lengthened until it equalled the time óf 

""porur" 
of the preparation

to ACh.
Sodium substitution with tithium

Since Li+ can replace Na+ in maintaining the action potential of nerve and muscle
(Gallego & Lorente de Nó, 1951), experiments were carried out in which all thc
external Na+ was substituted with Li+. Tris hydrochloride was used as buffer.

The rate of rise and relaxation time were not altered by Li+ solution. llowever,
tension development fell ofi slowly over a 60 min period until it was 30 40/o of the
control value. Restoring the normal Na+ solution brought back tension develop-
ment to the control level in l0 min. The response to ACh in Li+ solution wàs
further depressed by increasing the external Ca++ level to 4.5 mrrl ; in contrast to
the findings in Tris and sucrose solutions, ca++ increase did not prolong the
contraction.

Additional experiments were carried out with Li+ solutions without Ca++. I{ereit was found that the ACh response declined to zero in 50 min. Restoring the
ca++ to normal (1'5 mrr,r) at this point restored the ACh response to 6o/" of the
control value.

Neuromuscular transmission in the contralateral innervated preparation was
blocked completely in 6-8 min by Li+ solution (onadera &, yamakaw a, 1966 ;
Freeman, 1968). If the response of the postsynaptic mernbrane is reduced by Li+
in a quantitatively similar way to that of the ACh receptor of denervated muscle,
then the greater efficacy of Li+ in blocking transmission must ,be related to a
reduction in the presynaptic output of ACh.

D ivalent cation. changes

Reduction of the external ca++ or Mg++ concentration to 0.15 mu and 0.1 mvr
respectively (x0'1 normal) was without significant effect on the ACh-induced con-



ACh ønd rJenervoted diaPhrøgm 515

traction. An increase in the Mg++ concentration to 5 mu for 10 min;before admin-

istration of ACh reduced the tension developed to 50=60"/" of the control value,

but did not alter the time course of the contraction. A threofold increase in Ca++

reduced the response to approximately 70"/" of the control value, and increased the

relaxation time flve-fold (see Fig. 3). A further increase in Ca++ to 7'5 mlvr con-

verted the ACh response to a sustained contracture'

The decreased tension developed in high Ca++ or Mg+-r solutions may reflect

the membrane stabilizing effect of these ions, and recalls the results of Takeuchi

(1963), who determined the effects cyf Ca++ and Mg++ on the ACh'induced con'

ductance change of the endplate membrane. The prolongation of the contraction

by raised Ca++ may be a function of the a'bility of the sarcoplasmic reticulum to

re-sequester Ca++ in the face of continuing depolarization and an increased Ca++

gradient.

Efrect o,Í MnCI¿ on ACh resqonse

It has ,been shown that the action potentials of crustacean muscles are due to an

increase in conductance for divaleni cations rather than for Na+ (Hagiwara &

Nakajima, 1966) ; it is likety that the rising phase of the action potential in verte-

brate smooth muscle is also unrelated to an increased Na+ conductance (Kuriyama'

osa & Toida, 1966). It a'ppeared possible, therofore, that an increase in ca++

conductance could be of ma¡or importance in ACh depolarization of denervated

muscle. Manganese ions have been sholvn to suppress such o'Ca++ spikes " (for

references, see Hashimoto & Holman,1967); consequently their effect on the ACh-

induced contraction was determined.

It was found that I mrrl MnClz added to a Tris-buffered Na+ containing solution

completely blocked the innervated diaphragm to both direct and indirect stimula-

tion in 6 min. It was possible to break through the muscle memblane blockade by

increasing the stimulating voltage from a normal value of 6-8 V for supramaximal

stimulation to approximately 100 V.

This level of MnCL was completely without effect on the ACh response of the

denervated diaphragm, even a{tei 30 min ex'posure to Mn++. Increasing the Mn++

concentration to 4 mM reversirbly depressed the ACh r€sponse. The dose-response

curve in the presence of 4 mvr tvtn*i was parallel to the control' and the dose ratio

was approxi matelY 2.

Increasing the external Ca++ level to 4'5 mtvt completely relieved the blookade of

the innervated preparation ; all parameters re'turned to normal. However, a similar

increase in Ca++ concentration ¿iO not affect the partial inhibition of the ACh

resllonse in the denervated preparation. Further, the efiect of Mn++ on this

'.".þn." 
was not altered .by-concurrently reducing the Ca++ level to 0'15 mu'

altirough the time to half ielaxation was somewhat shortened in the low Ca++

solution.

Thus Mn++ appears to block the innervated preparation'by processes involving

competition wittrCa++ ; its inhi'bitory effect on the ACh response of the denervated

prepiration requires a higher conoentration of Mn++ and cannot be modifred by

changes in the external Ca++ level.

U
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Drug effects on ACh response

T et ro do't ox in qnd sqxit o xin

Katz & Miledi (1966) noted that tetrodotoxin, which appears to inhibit specifically
the inward Na+ current during the action potential Kuo UOO¡, was without effecton the electrical properties of the tr"uto-ur"rr1ar junction. rrri, appears also to
be so in the axo-axonic giant synapse of the stellate ganglion of the squid (Katz &Miledi, 1967). saxitoxin is pharmacologically u"ry rl-it-u, to tetrodotoxin.

The effects of these drugs have ,een compared in both the innervated and
denervated diaphragm preparations. It was fouàd that tetrodotoxin at a concentra-
tion of l0-r glml. completely blocked the innervated diaphragm to direct and in_
direct stimulation in 3 min; approximatery twice uu -uoir saiitoxin was required
to block this preparation in the same time. These drug levels were totally without
effect on the ACh contraction of the denervated diaphrug-, 

"u"o 
after exposure for

60 min. Additional experiments were carried out irwhich tetrodotoxin (to-r g/ml.)
was added to solutions in which all the Na+ had'been replaced with sucrose, lithium
or Tris. Here again the contraction was not modified ty the presence of tetrodo_
toxin.

P rocaine hy drochloride

In distinction to tetrodotoxin and saxitoxin, procaine hydrochloride (pr.HCl) wasfound to block reversibly the ACh response of the denervated diaphragm; ãose-
response curves for ACh were shifted to higher concentrations. Figure 2 shows the
effect of two concentrations of prHCl on the ACh dose-response curve. As thecontrol curves differed somewhat in slope the data courd not ,be pooled ; the results

I
c9
c
o,6

o
t--

l6

t2

4

I 0-0 l0-5 I0-{
10-6 10-6

ACh (moles/|.)
I 0-¡

PrHCI
2.0x l0-a M

PrHCI
l.5x lO-a M

Erc. 2' EfÌect of procaine hydroohloride .on ,the AOh dose-response curve. Two levels ofPrHCI are shown' 
- 

The grapÉ hãÀ té.n liuiied--to show t*o 
"ïp"ti-.nts ; the upper figureson ,the abscissa refer ro the l,eft hand ,segment, the lower to ttr" îãñi-Iã"¿ segment.
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of two typical experiments are shown inEig.2. Using pro'bit analysis the difference

in slope in eachìas" was shown not to be signiûcant af the 5/" prohability level'

Furthir it was possible to equal the maximum ACh contraction in the presence of

PTFICI by raising the ACh level. Higher concentrations of PrHCI were tested in

order to extend the data ; it was found, however, that at 3 ot 4 x lQ-aIvr it was im-

possi,ble to obtain a steady les,ponse to ACh. The data illustrated in Fig. 2 were

ãbtained by adding ACh to the organ bath after 10 min exposure to PrHCI: the

preparation was then washed for 5 min and PIHCI added for 10 min before the

nex,t ACh dose. This procedure did not produce consistent responses with higher

levels of PrHCI and one must assume that a sufficient quantity of the drug had

entered the cell to interfere with Ca++ Ielease tby the reticulum (Bianchi' 1968)'

In order to test the apparently competitive nature of the PrHCI inhibition over the

timited concentration *g" available, we carried out the dose-ratio test descrlbed

by Paton & Rang (1965). Tubocurarine was userd as the second ACh antagonist'

TLe finding of Eimqvist & Thesleff (1960) that TC com'petitively inhitbits the ACh

response of the denervated diaphragm was conf,rmed. Dose response-curves were

drawn, and were found to be parallel over the range of concentrations of TC shown

in Tajble 2.

The dose ratio (DR) is defined as Dr/D where Dr is the dose of an agonist in the

presence of an inhibitor, required to produce the same response as the concentration

ãf the agonist, D, in the absence of inhi'bitor' If two antagonists giving dose ratios

DR, and DRz are rboth competitive inhibitors of the agonist (ACh) the dose ratio

obtained in the presence of both inhi'bitors (DR,.r) should equal DRlaDRr- 1' I'f

the two inhibitors do not compete for the same active site on the receptor DR1*2:

DR1.DRr.

Experiments to test the nature of PrHCI inhi,bition were carried out in the follow-

ing manner. First, the ACh dose-response curve for each preparation was deter-

mined. The dose ratios for TC and PIHCI were then determined separately, and

then the comrbined dose ratio DRr* z was determined. A difficulty was encountered

in that the comrbined dose of TC and PTIICI caused a prolonge.d inhibition of the

ACh response which persisted for upwards of an hour in some pleparations'

Consequently it was found difficult to o,btain more than one or two values of DR'.*,

in each preparation. It was found (see Tatble 2) that the values otbtained were con-

sistent *ith .o-p"titive inhirbition, or were slightly too large. In no case was

DR,,:DRr.DRr. Thus one may conclude that PrHCI is essentially a competitive

inhibitor of ACh, but that its action also contains a non-competitive element.

Interactions ,between Ca++, Mg++, PrHCI and ACh \¡/ere also studied, in an

attem'pt to separate the membrane effects of PrHCI from those operative at the

reticuiar levef (Biandhi, 1968). Thus Ca++ and Mg++ may 1be expected to have

similar effects on the membrane (Takeuchi, 1963) ibut Mg++ cannot substitute for

r¡sl-p 2. Dose ratio test for ACh antagonism by TC and procøíne

TC (u)
10-7
10-7
10-?
10-?
10-?

Procaine (M)

l'5 x 10-4
1'5 x 10-4
1.5 x 10-4
1.5 x 10-4
1'5 x 10-4

DRl.DR2
4-4
6.2
7.9

32.0
8.9

2x
3x
4x

DRr+, DR1+DRr- I
2'9 3-2
4'4 4'O
6.7 4.8
18.5 11'0
s.0 6.4



518 Shirley E. Freeman ctttd R. l. Turner

Ca++ in excitation-contraction (E-C) coupling. The results of typical experiments
are shown in Fig. 3. As was noted earlier, low Ca++ or Mg+i solutions did not
affect the ACh response. The inhibitory response to prHCl (1.5 x lO-avr) was
diminished by concurrently lowering either the Ca++ or Mg++ concentration. This
effect was particularly marked in 0'15 mu Ca++. Increasing the level of divalent
cation increased the inhibitory power of prHCl. Mg++ (5 Ãrrr) did not affect the
time course of the contraction; 4.5 mu Ca++ both reduced the amplitude and
prolonged the ACh contraction. Thus both PrHCl and divalent cations appear to
stabilize the membrane and their effects are synergistic.

PrHCI was found to block neuromuscular transmission in contralateral innervated
preparations at approximately 5 x 10-au. It was noteworthy that the blockade
could be relieved by increasing the ca++ level of the solution to 4.5 mvr. Relief
was never complete ; twitch tension was lestored to 50-70% of the control level.
Presumably the reduction in amplitude of the nerve action potential by procaine
inhibited ACh release. This efiect was overcome by raising tÈe ca++ level. post-
synaptic inhibition by procaine may well have been potentiated by raised ca++.

Effect of thiocyq'nû,te on ACh response

If one assumes ,that PrHCI acts at the level of the ACh receptor to block the
initial excitatory event in the E{ coupling sequence then it is o,f interest to deter-
mine interactions between ACh and events occurring more distally in the E-c
sequence. SCN- is the most active of a lyotropic series o¡f anions which in innerva-
ted amphibian muscle are believed to act on the transverse turbular element, to alter
the E-C process so as to increase the duration of the active state (Bianchi, 196g ;
Hodgkin & Horowicz, 1960).

Control Low Ca High Ca PrHCI

Control Low Mg High Mg pr HCI

AA¡. ^^

PrHCI
Low Ca

PrHCI

High Ca

F
c

l0

0

5

PrHCI

Low Mg

PrHCI

High Mg

I mtn

rrc. 3. Effect of d'ivalent cation variation on the,-inhibition by PrHCI of the AOh response.
The upper-row shows a contro[ contraction (ACh l0-5u), fõltowe¡ by contractions in the
prese_nce of 0'15 mr"r ca-l-_*,4.'5 mrvr Q¿*+, I.5x lO-ar'r piHcl, prHcl;0.15 -"õ;++;;"dPrHCI+4'5 mtu Ca**. The lower row shóws a control 

""ntr"otio" 
tãliowã bv cóntr.ðtiã"uin the pre.qenc-9 of el mrrr M-g++,5 mu Mg++, l.5xlg-iu ÞùfÒ1,ÞiffCf+O.i -J M;i;:and.PrHCl+5 mM Mg++. ln each instancã thê drugs were washeâ our at th;;;d óf'.ucti

tracing.
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Experiments were carried out to determine the eftect of replacing 12 mu Cl- in
the bathing solution with scN-. The ACh l€sponse was both potentiated and pro-

longed. T*he effect of SCN- on the ACh dose-resflonse curve is illustrated in Fig. 4.

It ñay be noted that the curves diverged at high levels of ACh, suggesting that the

prolongation of the contraction was sufficient to augment the contraction height

l6

l2 scN-
12 mM

4

2 s l0 20

ACh (moles/l.X l0-6)

FIG. 4. Effeot of 12 mr"r SCN- on the AOh drose-respo'nse curve'

50 100

Gontrol scN- SCN. towCa

I

òo

c
-9

ot-

I

'Ei f- j--- -l--
SCNr Hlgh Ca SCN- 4 mM Mg SCN- 5 mM Mg

-l 
min

nrc. 5. EfÏect of divalent cation variatigl 
^o-n l-he sc\l- Poten'ti'aúion of. the AOh response'

The uooer row shows . "ärìüüiiräï; 
(Áiñ- ro:utl, fotto-tn"4 bv.tlt" potentþted.¡esponse in

ii"dtã"ð'CÑr.-Lå;báil 16¡5'rnr4) ì1c¡egses-thé'a¡nditude,,-4'5 niv Q¿++ (lower row)

;A;ä ãnd prolongs the response. High Mg++ (4 or 5 mM) reduces 'the response'
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(see above). Both the amplitude and duration of the ACh response in the presence
of SCN- were dependent on the Ca++ and Mg ++ concentåtion of the external
medium. Figure 5 shows that reduction o the external ca++ level to 0.15 mvr
reduced the duration of the contraction, and slightly increased the amplitude.
Increasing the external ca++ level to 4.5 mru reduced the arnplitude of the ACh
contraction and,prolonged it until it equalled the time of exposrue to ACh. on the
other hand, increasing the external Mg level to 4 or 5 mtn reduced the amplitude
to that of the control without scN-. The contraction was still, however, prolonged
by a faotor of two compared to the control contraction. Thus the abilityof scñ-
to augment and prolong the ACh res,ponse can be modif,ed by c¿++ and Mg++.

It may be noted that SCN- augmented,but did not prolong the indirectly elicited
twitch of the contralateral innervated preparation.

Discussion

The response of the chronically denervated diaphragm to acetylcholine appears
in general to resemble that of the postsynaptic merflbrane. Evidence from studies
involving alteration of the external ionic environment conflrms the thesis of del
Castillo & Katz (1955) that ACh " short-circuits " the excita,ble memrbrane, allowing
ionic currents to flow according to their gradients. Thus the ACh contraction can
be related to the Na+ gradient across the membrane, although it is not entirely
dependent upon the presence of Na+. It may ,be that under ðonditions of almost
total Na+ depletion movement of Ca++ is sufficient to initiate contraction. It is of
interest that the lengthening of the ACh contraction seen in low Na+-sncrose solu-
tions did not occur when Tris or Li+ was surbstituted for Na+. Raising the ca++
concentration in Tris solution, as in Na+ solution, prolonged the response. This
prolongation was not seen in Li+ solution when external Ca++ was raised. Thus
Li+ appears to be more effective than Na+ in maintaining the relaxing mechanism.

The reason for the ,brevity of the ACh res,ponse is obscure. It cannot,be related
to ACh hydrolysis, because the denervated preparation contains AChE only in the
region of the degenerating synapse (Eränkö & Teräväinen 1967). Further, the car-
bachol response, although longer than the ACh response, is nevertheless of finite
length' The observation of Lüllmann & Reis (1967)ìhat the denervated diaphragm
relaxes in spite of a continuing depolarization suggests that, as in a K+-induced con-
traction, the sarcoplasmic reticulum is able to re-sequester Ca++ although the mem-
brane remains depolarized. This orbservation makes a comparison of the duration
of conductance changes at the endplate with the contractile ivent hazardous.

The involvement of the reticular relaxing system in ¡he ACh contraction means
that drug interactions may occur at three possible points: first at the ACh receptor
which may be located on the sur{ace membrane, second at the level of the transverse
tubule where the membrane event is propagated into the muscle cell, and third at
the level of the terminal cisternae, where Ca++ is released to initiate contraction.

There is some evidence (Brody, 1966 ; Howell, Fainhurst & Jenden, 1966) that
the reticular relaxing system alters following denervation, and has an inc¡eased
ability to sequester ca++. Brody (1966) suggested that E-c coupling is facilitated
a'fter denervation, and that this may be a factor in producing fibriliations.

The ûnding that the ACh response is totally unaffected by concentrations of
tetrodotoxin or saxitoxin that rapidly block the innervated preparation confirms
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the thesis that the permeability changes following ACh-receptor interaction differ

from those involved in the generation of the action potential. Whether the tetrodo-

toxin-sensitive receptor uod th" ACh receptor exist in series or in parallel is less

clear. It is possiblã that the ACh receptor may develop in response to denervation

in the transverse tubular element, and thus occuï more distally in the chain of E-C

coupling than the tetrodotoxin receptor.

The findings that the ACh recoptor is less sensitive to Mn++ than the innervated

muscle rules out the possi'bility that the ACh generates & " Catt spike " such as

occurs in smooth and crustacean muscle. The insensitivity of the Mn++ inhibition

of the ACh receptor to variation in external Ca++ suggests that Mn++ is not com-

peting with ca++, but offers no indication as to its site of action.

If it be granted that scN- affects the E-c coupling sequence by lowering the

threshold for excitation at the level of the transverse tu'bule system, then the ACh

receptor must be located either at this level or more proximal to it' The potentiation

of the ACh response by SCN- was reduced by increased concentrations of either

Ca++ or Mg++. This may represent stabilization of the ACh receptor, as has been

suggested for PrHCl.

It is of interest that Ca++, Mg++ and PrI{Cl synergize in derlervated muscle'

other workers have noted antagonism hetween PrHCl and ca++ in other systems'

Thus in smooth muscle (Feinstein, 1966), lobster nerve (Blaustein and Goldman,

1966) or frog spinal ganglia (Aceves and Machne, 1963) Ca++ increase relieved

local anaesthetic inhibition. These authors attri,buted their results to competition

between PrHCI and Ca++ at a mem'brane site which controls the increase in Na+

conductance upon electrical stimulation. Our finding again emphasizes the separate-

ness of the membrane permeability changes following ACh, and the changes

associated with electric excitation.

we wish to thank Dr. E. J. schantz, Fort Detrick, Maryland' for a gift of saxitoxin'
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Abstract--The effects of toxin extracts from the cnidarian, Chironex fleckerj Southcott have

tî* .i"¿lø on the isolateá, perfused guinea pig heart. Small doses of toxin resulted in re-

n".riUf" ¿""t"uses in coronary ilow, hearlt rate and amplitude of con6action whilst larger doses

p.àï"."ã ú""ärible changÉs" Aithoueh the toxin ãid not appear to act. at alpha or beta

;aã;rCi" receptors, cateciol'aminàs p-rovided some protection. Serotonin was devoid of
ãi" r.åi""ti"" u'"t¡oo. A¿.*sine or AtP did not affect the changes in coronary flow or heart

r-ãÉäuse¿ by the toxin, but reduced the amplitude changes'---it-ililt"'rte¿ 
ttrat túe ditrerent effects of the vasodilator agents on the toxin response are

¿u" io-tft"îiâ¡ffering sites ãf action within the coronary circulatio-n. Stimulation of cardiac

å"-t"Ù.ii.. ¡v itte cãtecttotamines and adenosine or ATP may also be.a factor in the mainten-

"î* 
ãlã"i¿iá" contractility bl th"t" 

"o-pounds 
in the presence- of the toxin. The effects of

;ili.-ñ;; ah" isolated héariare colelaied with those observed in previous experiments on

the intact animal.

INTRODUCTION

Srrucncs due to the box jellyfrsh, Chíronex fleckeri Southcott have caused a number of

deaths in Northern Austraiian waters (BmNns' 1966, 1967).The abundance of the animals

during the summer months results in a public health hazard which warrants a study of the

pharmacological properties of the toxin in some detail'
' It *u, shãwn previously (FneeulN and Ttrnwen, 1969) that death in experimental animals

is characterized by respiratory arrest with concurrent signs of marked cardiotoxic activity'

The heart was slowed, irregrilar and showed varying degrees of conduction delay termin'

ating in atrioventricular bloãk. A decrease in cardiac output coincided \ryith the development

of biadycardia. ECG changes were consistent with an interference in both atrioventricular

conduction and repolarizationof the cardiac muscle'

The present study has been concerned with the effects of the toxin on the isolated per-

fused guinea pig heait, in an attempt to characterize the cardiotoxin further.

METHODS

Hearts from guinea pigs weighing between 300 and 450 g were used throughout this

study. Animals wire anaesihetized with a 50 per cent CO2:50 per cent O¿ mixture (SAT6HELL

", 
ií., ßøg)or ether; the heart was rapidly removed, the aorta cannulated and the preparation

-oont"¿ ií the perfusion apparatus (SArcr{ELL, 1967). The time from opening of the thoracic

cavity to the beginning of perfusion was 3-4 min. Twin reservoir systems enabled rapid

chanies of fluid ðo-poritioo when required. The perfusion pressure was 65 cm water.

n7
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Heart rate and isotonic contraction were measured with a differential transformer.
This consisted of three 120 Q coils with a 3 V 400 Hz signal supplied to the centre coil. vertical
movement of a ferrite core centrally produced an output uõros the outside coils. For use,
the coils were mounted in a perspex block surrounding a tubular ".t.rti"rìtü.;";f å:heart chamber. A weighted ferrite core (3'2 g) was attached to the apex of the heart, the vertical
movement of this core providing a measure of myocardial conìraction. The t"rponr" oithis device was linear over the range used and a pen deflection of 6'3 mm was equivalent toI mm movement of the core' Isotonic contraction has been used by various *ïrt"rs 1tuand M¡lvrr,rn,l95l; ZacHenreu 1961; NavLrn andEunny ,1g62)as ameasure of ventricularfunction. The heart chamber and transducer are illustrat"á aiug.u--atically in Fig. l.

Toxin

Output to
recorder

Perf usion

Temperature-
controlled
water jacket

3V 400H2

f luid

F¡c' 1. DncnAM oF HEART cHAMBER AND DIFFERENTTAL TRANSFoRMER TRANsDUcER.
The three-way connector above the chamber allows entry of perfusion fluid from either of twosources; the third arm is for.remo-val of gas bubbles. fu,"ãir"rËoi¡uiì.ansformer could bemoveo rn a vertrcal prane to enable alignment with the fer¡ite core.

Perfusion fluid enters the coronary circulation from the aorta and passes via the coronary
veins to the right side of the heart from which it empties. Coronaryiow was calculated bi
conversion of the number of drops per min -"urureá by a drop counter placed at the outleifrom the heart chamber to ml per min.

Outputs from the differential transformer and the drop counter were recorded on a
Beckman type RP dynograph recorder.

All preparations were perfused for a 20 min equilibration period and experiments were
then conducted over the following 90 min. Afterihe initial equilibration period the para-
meters measured remained. constant for approximately two hóurs. The recording ,rrà*"¿no appreciable base line shift representing overall contraction or relaxation ofihe heart
over this period.

5
)
ì

á
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The normal peffusate had the following composition: Nacll15mM, KCl4'6mM, caclt

1.8mM, MgSOa f 'ZrnVf, NaHrPOa 1'2mM, NaHCOs 22mW'glucose 22mM' The solution

was bubbled with 95 per'cent O, t S p.t cent CO, and was filtered through a sintered glass filter

in the perfusion reservoir (BLEEHEN and FrsHen, 1954). In some experiments I per cent

dextran (Macrodex, PrrarÀàcia) was added to the bathing solution as a possible method of

i"àr"irg 
".¿ema 

in the heart. Îo*"u.r, it appeared to have little or no effect and so was

omitted in later experiments. Ascorbic acid-(b'tmM) was added to all solutions for the

experiments involving catecholamines (sercnelt 
"t 

o'1.,1968). This level of ascorbic acid

had no observable effect on the parameters measured' The temperature of the perfusate

was 37'0=t0'3'.
For most of this work the toxin was prepared by suspension of portions of frozen tentacle

in 154 mM NaCt and homogenization foì t min using a mechanical tissue disintegrator

(Ultra-Turrax, Janke and Kinkel Kg.) followed by centrifugation at 5"' The resulting

supernatant was divided into 0.5 ml ampoules and stored at -15'' This enabled small

amounts of toxin to be,thawed and used ut uny one time; samples were used within 20 min

of thawing and were not refrozen. For the dose-response data, separate samples were

thawed and diluted ror each level as required. The pharmacological properties of Nacl'

extracted toxin, amnion 'milked' toxin (Ba,nNns, 1967j and a preparation partially purified

by sephadex filtration (FneurlnN and TunNnn, 1969) are identical' It was found in the

present study that these three preparations had identical effects on the isolated perfused

heart. This would be expected since ttte extremely high toxicity of the tentacle extracts (all

contained more than 10õ mouse units per mg tentacle) made ertensive dilution necessary

before use. Thus modification of the aciion of the toxin extracts by other tissue constituents

would be unlikely. Further, FnnBu^lN and TunNnn (i969) were unable to detect any differ-

ence in the pharmacrüi;;ip-perties of the three toxin preparations using a wide range of

pharmacological tests. 
"ftre 

lxtiact has been further purified without alteration in its pro-

perties (CnoNr and KnrN, 1969)'

The potency or tn.io*i" wás asrayed by i.v. injection of 20 g mice, the minimum lethal

dose determined in this way being a'mouse unit' (FnnervraN and TunNsn ,1969)' The standard

dose administered to the úeart was 0'03 'mouse units" The potency was rechecked several

times during the course of the experiments to ensure that the dose of toxin remained constant'

The toxin ,ample was added to the perfusion fluid at a point just proximal to the heart'

As there was no recirculation there was only one contact between the heart and the toxin;

recirculation, ho*.u.r, *ould have had litile effect as the toxin when dilute is extremely

labile at37".
As the response to chironextoxin, at the level used, was transient and therefore did not

reach a steady state, modification of the toxin response by drugs could only be investigated

ly tn"urrrr"-Lnt of the changes in cardiac parameters produced by the toxin in the presence

of a steady ,.rponr" a itr" pãtti"utur drug being used. The dose levels of the catecholamines

and other ¿rug, "-pfo'"å 
lntongttout this siudy were therefore chosen in preliminary

experiments u, ,.p."r.niing the minimum dose consistent with a steady response of reason'

able mag'itude. The áoses"of alpha and beta blocking drugs are minimum blocking doses'

In all experim"rt*G uu*ådilutoß the changes in cardiac parameters are expressed as

percentages. These were cãlculated using the control level over 2-3 min prior to addition

of either the toxin or the vasodilator as 100 per cent. The percentage changes in flow' rate

ancl amplitude due to chironex toxin in the presence of a vasodilating agent are calculated

using the steady state levels obtained in the presence ofthe vasodilator as 100 per cent'
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Drugs used in the study were: L-ascorbic acid (May and Baker), r-epinephrine bitartrate(K and K), r.-norepinephrine bitartrate (Levophed,'wintrrrofj,'iJop.opytrrorepinephrine
sulphate (isoproterenol) (Burroughs weilcàme)f phentoramin" -Lrt un"rulphonate (çIBA),propranolol hydrochloride (ICI), serotonin creãtinine sutptrate- qroch-Light), adenosine(Koch-Light), di-sodium adenosine_5,_triphosphate (Sigma). 

-'-- \--

Effects o/Chironex toxin on the untreøted heqrt
The control values for coronary flow rate, heart rate and amplitude were consistentthroughout the series of experiments. coronary flow had a mean rate of r0.5+0.5 mr per min(+ s.E. of 56 observations), and mean heart rate was 214l.4 beats per min ({ s.E. of 56observations)' These values are consistent with those or oã".*rkers (wnsrrarl, 196g).The height of the recorded amplitude trace is proportionat tã tne peak amplitude of theisotonic contraction' This parameter is convenì.ni to .ruru., unà appears to be linearlyrelated to orher indices of ventricurar function (oun, 1965). A .n";rä;Jltiüô.]5 ;;deflection (+S.f. of 56 observations) was obtained.
The injection of a standard dose of 0'03 'mouse units' of toxin into the coronary perfusioncircuit brought about reversible changes in the three parameters ùeiog -"u.u.ed.There was an immediate decreasJin coronary flow rate which persisted over the firstminute and was followed by a slower return to the control level over the next 4-7 min. Thedecrease in coronary flow was accompanied by a negative chronotropic response on a slowertime scale' The heart rate decreas.å ouer tËe firsi 2-3 min and tien returned to controlIevels within l0 min of administration of the toxin. A decrease in amplitude was also ob-served; this followed a similar time course to- the rate change. The toxin produced nosignificant overall contraction or relaxation of the heart. Thîse erects are illustrated inFig' 2 which shows the response to three consecutive doses of chironextoxin in one heart.

I

Amplitude
a

123456
Minutes

RESULTS

100

60

I
a

Rateo
80

o
o

o
o

o

c
o
o
oÀ

Flow

J

80

0 0123456
Minutes

F¡a. 2. Er¡Bcr os chironex ToxIN oN HDART RATE, ÄM'LITUDE oF coNTRAcrroN AND

rhrce-successive doses G":.1-9;01 rå",,åtüåii?ä;d ar a'ow) separared by 15 min resrperiods have been administered to one heart.-it'Jìa.¡ution in amplitude response shownis an extreme case. O-o tust do;;:-o 
-¡ 

secona aãr.; Ä_jîìiird dor".



Cardiotoxinof Chìronexfleckerí 281

Injections of toxin were separated by periods of 10-15 min throughout the course of all

experiments. Coronary flow and heart rate changes were reproducible both within experi-

mônts and between experiments, but amplitude changes were subject to some variation. In
Fig. 2 the amplitude changes in response to the ûrst and second doses of toxin are identical

trui the third ãose of toxin has had little effect. In most experiments, however, the degree of
variation was less than this.

The dependence of changes in coronary flow, heart rate and amplitude on the level

of toxin was also investigated. These results are illustrated in Fig. 3. The percentage change

Ampliìude

40

'033330'03'3330
Chironex Tox¡n (mouse unils X 100 )

FIO. 3. ETT¡CI OF A RANGE OF DOSF,S OF TOXIN ON HEART RATE, AMPLITUDE OF CONTRA.CTION AND

CORONARY FI.OW.

Semilogarithmic plot; the error bars represent ;þ S,E. of mean of 4-9 observations. Where
- errot bars are absent, the standard error was less than l'5 per cent'

in coronary flow was calculated using the control level over 2-3 min prior to addition of
toxin and the minimum rate of flow obtained within 1 min after the addition of the toxin.

Ratc and amplitude changes were calculated similarly except that tlre minimum rate and

amplitude obtained within 3 min of the addition of the toxin was used.

The dose-response curve of change in coronary flow against log dose of toxin is sigmoid

over the heart of concentrations employed.
The decrease in heart rate was relatively constant over the range oftoxin concentrations

employed.
Amplitude response to low levels of toxin was similar to that obtained with coronary

flow but at higheilevels there was no tendency for the curve to flatten; instead amplitude.

declined to zero. It can be seen from the standard error values in Fig. 3 that the change in

amplitude is subject to increasing variation with increasing levels of toxin.

bor., of toxin up to 0.3 omouse units' evoked reversible changes in coronary flow, heart

rate and amplitude ãf contraction. At or above this dose, these changes became partially

or completeþ irreversible. Heart rate became irregular at levels greater than 0'3 'mouse

units, and at doses of 3.0 'mouse units' ventricular contraction was usually abolished

although the atria continued beating for some time (Fnnnu,ut and TuRNER,1969).

Thã marked ability of the toxin to reduce coronary flow prompted an investigation of

the effects of several vasodilator agents on this response.
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Effects o/Chironex toxin in the presence of catecholømines
whenepinephrine (0'3 ¡.cM), norepinephrine (0.3 ¡rM) orisoproterenol(0.36¡r.M)was

added to the perfusing fluid the following changes were observed. Coronary flow was
increased, the most marked rise being produced by isoproterenol which increased flow to
160 per cent ofthe control level; epinephrine was less effective and norepinephrine was least
effective. Heart rate was increased to the same extent by each compound and amplitude of
contraction was increased equally by epinephrine and isoproterenol. Norepinephrine had
little augmenting effect on amplitude and in some preparations a decrease in-amflitude was
observed. The effects of catecholamines are consistent with those obtained by other
workers. (Slrcner,l et al., 1968; Glorrlsrrw et al., 1967).

The effects of 0'3 pM epinephrine are illustrated in Fig. 4; epinephrine was added at
zero time in each case. For each of the three compounds the maximum response was obtained
aftet 2 min perfusion and remained constant over the next l0 min. This permitted the toxin
to be added affer 2 min and the course of its action to be followed in the presence of cate-
cholamine. Control responses in the absence of catecholamines were obtained before and
after this procedure.

The effect of Chironex toxin in the presence of epinephrine is illustrated in Fig. 4. The
chronotropic response to the standard dose of toxin (0.03 'mouse units') undei control
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o

À

I
75

2

Frc. 4. EFrrcr oF A STANDARD DosE oF ChironextoxtxlN Tr{E pREsBNcr or.0.3 ¡rM rrnrrrnnæ.
Epinephrine is added at zeîo time; toxin is added at the arrow. Percentage changes after
addition of toxin in the presence of epinephrine are calculated using the hearirate, amplitude
and coronary flow levels observed 2 min after addition ofepinephrine as 100 per cent values.tl-! 0'03 'mouse units' toxin, normal perfusion fluid; 6-9 0,3 pM epinephrine added
to perlusion fluid at zero time; ¡-¡ 0,03 .mouse units'toxin in preience'of 0.3 ¡rM epine_

phrine; A-A 0.15 'mouse units'toxin in presence of 0.j ¡rM epinephrine.

conditions was small and it was not possible to say whether epinephrine had a signiûcant
effect on this change. However, the presence of epinephrine produced substantiil effects
on the changes in coronary flow and contraction amplitude resulting from toxin administra-
tion. The standard toxin dose administered in the presence of epinephrine produced no
significant change in the amplitude and even five times the normal dose of toiio hud littl.
effect. The coronary flow in the presence of epinephrine was decreased only slightly by the
normal toxin dose and five times this level (0.15 'mouse units') was required to appråacfi the
flow changes observed in the control.

Toxin administered in the presence of 0'36 ¡rM isoproterenol produced similar effects.
Decrease in coronary flow by the standard toxin dose was insignificant and even at five
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times this dose the decrease was only about one-third of that observed in a standard control
dose. Changes in rate and amplitude were similar to those observed in the presence of
epinephrine. The standard toxin dose administered in the presence of norepinephrine
produced similar results to those observed with epinephrine and isoproterenol.

Effect ofChironex toxin in the presence ofalpha or beta adrenergíc blockíng drugs
As perfusion of catecholamines modified the response to the toxin, experiments were

conducted to determine the effect of toxin on a heart in which either the alpha or the beta
receptors were blocked by phentolamine or propranolol respectively.

Phentolamine Q'7 p.M) and propranolol (3'9 and 7'8 ¡,.M) both decreased heart rate
slightly and had little or no effect on coronary flow. Amplitude of contraction, however,
showed a slow decline over the period of perfusion but returned to normal levels when normal
fluid was restored.

The effect of the toxin on coronary flow, heart rate and amplitude or contraction was not
significantly modified by the presence of phentolamine at the level used. Propranolol had no
effect on amplitude or rate responses to the toxin, but the change in coronary flow was
consistently reduced by a small amount when the toxin was injected in the presence of the
beta blocking agent.

Effects o/Chironex toxin in the presence of serotonin
The addition of 5 ¡rM serotonin to the perfusion fluid produced increases in coronary

ff.ow, heart rate and amplitude of contraction. Coronary flow was increased by 34 per cent,
heart rate was increased by 19 per cent and amplitude of contraction by 9 per cent (all in-
creases are means of four observations). The responses reached a maximum within 2 min
and then remained constant over the next 10 min.

Coronary flow and heart rate responses to Chironex toxin in the presence of serotonin
were not signifrcantly different from those obtained as controls in the absence of serotonin.
The toxin appeared to have a greatã effect on amplitude in the presence of serotonin than
in the control situation but the difference was not great. The results are summarized in
Table 1.

Tt¡r-s 1. Cg¡NcBs pnopucED ¡N THE THRBE HEART pARAMETERS AFTER 0.03 'rr¿ousp
u¡'tls' Chironex ToxrN rN THE rRESENcE AND ABSENcE on 5 ¡rM sERoroNIN

Results are the mean of two experiments

Heart rate
(beats/min)

Amplitude of
contraction

(mm)

Coronary ñow
(ml/min)

Control
Control after toxin
5 ¡rM Serotonin
Serotonin and toxin

7.4
4'O
9.9
5.3

170
150
200
180

2l
17.5
,,)

t7

Effects o/Chironex toxin in the presence of adenosine and adenosine triphosphate (ATP)
Adenosine and ATP are both potent coronary vasodilators (Wron, 7931 ; Rown et al.,

1962; Rowe, 1968). ATP was found to be more effective in this series of experiments. The
changes in coronary flow, heart rate and amplitude produced by 1'5 ¡rM adenosine are
shown in Fig. 5. 1.5 ¡rM ATP had similarly small effects on heart rate (increased by 10 per
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cent, mean of four observations) and amplitude of contraction (increased by 18 per cent).
The effect of ATP on coronary flow, however, was considerable; the flow was increased from
the mean control level of 8.1 ml per min to 16.2 ml per min.

Both adenosine and ATP produced an initial decrease in heart rate and amplitude of
contraction. This effect is shown for adenosine in Fig. 5; 1.5 ¡rM ATP produced smaller and
more shortlived decreases in both parameters.

The onset of response to adenosine and ATP was slower than for the other vasodilators,
taking 3-4 min to reach a maximum level. Chironex toxin in these experiments was therefore
added 4 min after the introduction of the vasodilator. The effect of the toxin in the presence
of adenosine is illustrated in Fig. 5. The percentage reduction in coronary flow and heart

o
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e
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Epinephrine
0'3 ¡rM

4036
4520
+12

75

o

4

Frc. 5. Errscr oF A sTANDARD DosE oF Chironex'roxt¡.t rN THE pREsENc¡ or 1.5 pM torNosrur.
Adenosine is added at zero time; toxin is added at the arrow. Percentage changes after addition
of toxin in the presence ofadenosine are calculated using the heart rate, amplitude and coronary

flow levels observed 4 min after addition of adenosine as 100 per cent values.
tr-! 0'03 'mouse units'toxin, normal perfusion fluid; O-O 1.5 ¡rM adenosine added
to perfusionfluid at zero time; a-O 0 03 ¡mouseunits'toxininpresence of l'5 pM adenosine.

rate was not significantly altered by the presence of either adenosine or ATP. The amplitude
change, however, was reduced in both cases. In the presence of 1.5 ¡"cM ATP the reduction
in amplitude after the toxin was 12 per cent; the reduction due to the toxin alone was 45 per
cent. Thus these compounds can partially antagonize the negative inotropic effect of the
toxin, but are relatively ineffective antagonists of the negative chronotropic effect and the
coronary vasoconstriction.

In an attempt to characterize the rate and amplitude changes further, a work-time
relationship was investigated. Previous workers have used the product of isometric tension
and heart rate (BnlNr et ø1., 1969) or the product of peak systolic pressure and heart rate
(MoNnon and FnnNc¡r, 196l) to give a measure of cardiac contractility. In the present
instance the product of heart rate and work done by the heart (mass of load x peak amplitude
of contraction) was used. The results of this procedure (Table 2) suggest that the inability

Tasrs 2. Errpcr or Chironex roxtrt AND vAsoDILAToRs oN THE woRK-TIME FuNcrrou (g per cm per min)
OF THE PERFUSED HEART

Control

Control
Alter toxin
Per cent change after toxin

2247
1 133

-49.5

Adenosine
1'5 pM

2sto
1645

-35

ATP
l'5 ¡rM

2925
1865

-36
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of the heart to maintain its work level in the presence of the toxin is not greatly altered by

adenosine or ATP but furthcr illustrate the protective action of the catecholamines'

DISCUSSION

The isolated, perfused heart has been used in this series of experiments to examine further

the cardiotoxic effects or chironex toxin (Fnnnu¡.N and TuRNrn, 1969)' Although the pre-

paration is somewhat artificial in nature (Orm, 1965) the results showed a reasonable correla-

tion with those observed in the intact animal. Bradycardia followed a similar time course

in both preparations and high levels of toxin resulted in irregular rhythms in both intact and

isolated hearts. In additio; the reduction in amplitude of contraction in the isolated heart

is consistent with the decrease in cardiac outpuì which occurs in the whole animal' It is

interesting to note that these effects occur in the isolated heart in the absence of neural

control; this is in agreement with the concept of a direct action of the toxin on the heart

(Fnnrua,N and TunNBn,1969; ENonaN et al',1969)'
The decrease in 

"oránury 
áow rate produced by Chíronextoxin is ofconsiderable interest'

If this is present in the intaci animal it would combine with the poor venous f€turn (Fnnnueu

and TunNen ,lg6g)and inadequate ventilation to cause hypoxic changes in the myocardium'

In the isolated heart the decrease in coronary flow at the standard dose of toxin (0'03 'mouse

units,) is too brief to produce a significant degree of hypoxia; however, at doses comparable

to those which are lethal in the whole animaì, the decrease in flow is prolonged and could

reasonably influence the rate and amplitude changes'

The vasodilator drugs were employed in an attempt to counteract the toxic response and

in particular to reduce ih" 
"oroouiy 

constriction. Coronary flow is increased by catechol-

amines either by a direct effect on the coronary vessels or by a secondary effect due to stimula-

tion of cardiac metabolism (Gr-ousruN et al., 1967; RowE, 1968); adenosine and ATP

produce cofonary vasodilatatìon by a direct action on either the vasomotor nerves or the

vessel wall (Rowa ,, oi., tSøZ¡. Thð mechanism of action of serotonin has not been clarified

(Rown, 1963). AU of túese cámpounds increased coronary flow in the control situation but

ànly the catecholamines antagonized the ff.ow rate changes produced by the toxin'

The reduction in coronarino* produced by Chironex toxin is most likely to be a direct

constrictor effect on the coronary ìessels. The ineffectiveness of adenosine and ATP in

antagonizíng the coronary constiiction may be due to a different site of action of these

compounds and Chironexioxin; adenosine ånd ATP produce dilation at the capillary level

(Rowr et a1.,1962; no*u, tlo'a¡ wtrite chironex toiin and the catecholamines may both

act at the arterial or arteriolar level. The toxin, however, does not appear to affect either

alpha or beta adrenergic receptors as blockade of these produced no significant change in

the toxin response. r r - ar-- ¿^-..
The cause of the decrease in contraction amplitude and heart rate produced by the toxin

cannot be well defined from these experiments.With large toxin doses hypoxia is likely to

be a contributing factor to these changes, but the occulrence ofthe effects at low toxin doses

where hypoxia is absent requires the presence of another factor' It was suggested previously

(FnrnulN an¿ tunNpn , tgàÐ that the toxin exerted a non-specific lytic effect on cell mem-

branes ; this could afe"i ¡otft tne conducting system of the heart ald ventricular contractility

and thus provide un 
"^ptunution 

of the resulis. The improvement in amplitude of contraction

produced by adenosine, ATP and the catecholamines in the presence of the toxin suggests

ihut th"r" cãmpounds may improve the metabolic status of the intoxicated heart'
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16, 681-690. The posterior salivary (venom) glands of the blue-ringed

octopus, octopus (Hapalochlaena) maculosus Hoyle have been shown to
contãin a neurotoxin which is pharmacologically very similar to tetrodo-
toxin and saxitoxin. The toxin, which has been called "maculotoxin,"
causes hypotension, bradycardia, and respiratory paralysis in rabbits and

rats. Thè hypotension can be temporarily reversed with /-epinephrine or
/-norepinephrine. Evitlence is preseuted which. suggcsts that respiratory
failuró aftèr intravenous injection is due to blockade of muscular nerve

axons. The toxin blocks transmission in the sciatic nerve of the toad and

the rat, and at low dose levels appears to have neuromuscular blocking
activity. At higher dose levels the muscle membrane also becomes inexcit-
able. It is without significant effect on the acetylcholine-induced contraction
of the chronically denervated rat diaphragm, the toad rectus abdominis, or
the guinea Pig ileum'

Animals can be resuscitated after a marginal lethal dose by artificial
ventilation alone, provided this is instituted before hypoxia becomes

severe.

The small, blue-ringed octopus Octopus (Hapalochlaena) maculosus Hoyle, has been

responsible for a number of cases of temporary paralysis among people who have

trandte¿ the animal on Australian beaches. Victims have described similar symptoms,

which include weakness, nausea, and respiratory difficulty. There have been 3 fata'

lities. Death has been ascribecl to respiratory failure due to flaccid paralysis, with a

time of onset of 5-10 min. Sutherland and Lane (1969) have recently discussed

medical aspects of the envenomation.
This species of octopus appears to be moderately abundant in Australian coastal

waters during the summer months. It is not, however, a serious hazard to swimmers

since it is not aggressive, and has moreover a very small "beak," which makes a

penetrating injection of venom into a victim difficult. As victims are usually unaware

ãf th" 
"rru.nomation 

until symptoms develop, it is possible that bites occurring under

water may go unnoticed, as the venom would wash out of a shallow wound. The

venom is secreted by the large posterior salivary glands of the octopus and appears

to be used to immobilize the small crabs that are its prey'

The present report of the pharmacology of the venom is an extension of a prelimi-

,,ury uó"orrnt (Simon et al., 1964), in which the venom was found to be neurotoxic
681
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and to block neuromuscular transmission. A study of the chemistry of the toxin will
be published elsewhere.

It became evident in the course of the present investigation that the toxin, which has
been tentatively termed "maculotoxin," is pharmacologically very similar to tetro_
dotoxin and saxitoxin. The occurrence of these toxins in such a phylogenetically
diverse range of organisms is of some interest. Their presence irr dinoflagellatei
cephalopods, and vertebrates suggests that they may be more widely distributed than
is now known.

FREEMAN AND TURNER

METHODS

Collection and preparation of toxin. -[he authors are indebted to members of thepublic for the collection of octopods from coastal \4/aters. Early in the investigation,
the animals were maintained in an aquarium until required, and fed daily on s-uti
crabs. However, on several occasions they died when the seawater was changed.
apparently due to the presence of a pollutant. Thereafter the posterior salivary gtÃas
were dissected out soon after capture, and kept in liquid nitro;en or i¡ the a""p-fre"re
at -15".

Glands from different animals contained widely differing amounts of ioxin per
milligram of gland tissue; in particular it was noted that animals in poor condition
frequently contained virtually no toxin. Consequently the present study was carried
out on an extract made from the pooled gla'ds of 1r animars. Tissue, 3.2 g, was
homogenized in 30 ml of distilled water, and the debris was centrifuged. The later-
soluble toxin was partially purified by filtration through sephadex G-25 columns
buffered to pH 8.0 with an isotonic tris-buffered saline solution. :Ihe lethal fraction was
eluted from the column in a discrete peak, which contained approximate ly 70\ or the
lethality of the original extract, and consequently must repieìerrt the major år only
lethal component.

It was possible by this procedure to separate the lethal fraction, which does notabsorb in the ultraviolet region, from a contaminant which absorbs at 274 nm,
(Simon et a1.,7964). The earlier study was also complicated by the fact that acetone
extracts of the glands were used as starting material. It has now been shown that thetoxin is only partially soluble in acetone.

Figure I illustrates the separation of maculotoxin from the ultraviolet-absorbing
material by Sephadex G-25 filtration. The elution volume of saxitoxin is also shownfor comparison. It is clear that maculotoxin has a similar size and molecular con-
figuration to saxitoxin.

Pharmøcologic testing of toxin. The lethality of the toxin for mice e3-25 g) was
determined by injection of 0.1 ml of material with a Hamilton 100-¡.cl syringe i'to thetail veins of groups of 5-6 mice, or by ip injection of the toxin diiuted to I ml with
water. It was found that the iv mouse unit was comparable to the ip mouse unit, as
defined by workers with saxitoxin and tetrodotoxin (schantz, 1960; Kao, 1966).

The effect of the toxin on various physiological pàrameters was iested using New
Zealand rabbits (2.2-3.2 kg) and wistar rats (300-320 g). The rabbits were anes_
thetized with urethane and maintained with chloralose in¡áteo into the marginal earvein' Rats received 50 mg/kg of pentobarbital ip. when experiments were prolonged,
anesthesia was maintained with supplementary doses.
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Arterial and venous pressures were monitored with Statham pressure transducers;

the venogs catheter was placed in the jugular vein and passed down to the level of the

atrium. Lead II electrocardiograms were recorded; heart rate was recorded with a
cardiotachometer. Abdominal respiratory movement was recorded with a colloidal

carbon-in-rubber pneumograph; body temperature was monitored with a rectal

thermistor. All parameters wefe monitored on a Beckman type R dynograph recorder.

In other experiments, the phrenic nerve of the rabbit was exposed in the neck and

platinum electrodes were placed on it. A myograph needle was placed in the diaphragm

muscle, and the respiratory activity of both muscle and nerve was displayed on a dual

beam oscilloscope and photographed on moving film.

1.5 30

1.O

'10

15 19 21

Fraction Number

25

40

20

0

c
o
.9
E
E

ñ
N

oc
do
o
o

E

oo
ì

Frc. 1. The Sephadex G-25 separation ofmaculotoxin from an aqueous extract of Octopus maculosus

gland. Maculotõxin (hatched area) is well separated from an ultraviolet absorbing contaminant

[o-o). Saxitoxin (unhatched area) was run through the column on the succeeding day, and relative

ìo the Dextran Blue marker had a slightly smaller elution volume. Fractions (5 ml) are numbered

from I after the void volume' Bed volume was approximately 200 ml.

Isolated organpreparations. The effect ofthe toxin was tested on the isolated phrenic

nerve-diaphragm preparation of the rat (Bülbring, 1946), the chronically denervated

rat diaphragm (Freeman and Turner, 1969), the toad rectus abdominis preparation,

the isolated guinea pig ileum, the isolated toad (Bufo marinus) sciatic nerve (Kao and

Fuhrman, 1963), and the isolated perfused guinea pig heart (Turner and Freeman,

t96e).

RESULTS

Effects in Mice

After intravenous injection of the toxin, mice became agitafed, alaxic, and the hind
limbs splayed and became paralyzed. Breathing was labored and ceased after 60-90

sec. Terminally there were brief but violent convulsions. At autopsy the heart was

found to be beating irregularly. There was no macroscopically evident pathology. The

dose-mortality curve was extremely steep. The relationship between the iv minimum
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lethal dose and the ip "mouse unit" as calculated by workers with other neurotoxins
may be seen from Fig. 2, in which the logarithm of dose is plotted against the reciprocal
of the time to death after ip injection. One iv mouse unit caused deaih in approximately
20 min when given by the ip route. Therefore, if the mouse unit (M.u.) is ãef,ned as the
dose required to kill a mouse in l0 min after ip injection (Kao, 1966), then approxi-
mately 1.8 iv M.u. are equivalent to I ip unit. Data in the present study ar" e^iiesred
in terms of the iv unit.

Figure 2 also shows the relationship between the iv and the ip unit for tetrodotoxin.
It may be seen that the data for the two toxins coincide, suggËsting a close similarity
between them, Further, death after tetrodotoxin followed anldentical pattern to that

0.1 o.2 0.3

/¡ (min)
FIc' 2' Dose-death time. relationship^s. The logarithm of dose (iv M.u.) is plotted against thereciprocal of time to death.in minutes aaer intrapãritoneal injection. røá"uloto*in (¿-¡) and tetro-dotoxin (O-O). Six to 8 mice were used at each äose level.

seen after maculotoxin. Konusu et al. (1968) have shown that the time to death data
after saxitoxin yield a significantly different slope from tetrodotoxin data. Therefore,
maculotoxin appears to resemble tetrodotoxin more closely than saxitoxin.

Effects in Rqbbíts

Arterial and venous pressure, respiratory rate and depth, and electrocardiograms
(ECG) were recorded as described in the Methods section. Anesthetized rabbits
proved to be very sensitive to the toxin: iv doses of 3-g M.u./kg were sufficient to
cause hypotension, bradycardia, and respiratory depression. Exferiments were de-
signed so that a nonlethal dose preceded a lethal do* by ,o-" :oìo min.
_ _ 

The systolic arterial pressure was reduced from the control level of I l0-135 mm Hg
(5 animals) to 50-65 mm Hg over a 3-min period. There was no change in venous presl
sure or pulse pressure. The heart rate fell from 300-330 beats per mìn to 250_270 per
minute over the same period; the ECG showed no other abnìrmality. These effects
persisted for 20-30 min. The respiratory depression was rather more variable; the rate
fell from an average of 60 per minute to Js-¿s per minute, and there was a slight
decrease in amplitude. This depression was more transient than the cardiovascular
effects.

The toxin appeared to have a cumulative effect, since a second dose of similar size
given after all symptoms had subsided was usually sufficient to cause respiratory failure
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(see also Simon et at. 1964). The arterial pressure fell concurrently with the respiratory

àifficulties, and ranged from 30 to 45 mm Hg when breathing ceased. Venous pressure

rose, and the ECG showed marked bradycardia and T-wave enlargement'

Effects in Rqts

Rats showed essentially similar symptoms after injection of the toxin into a tail vein'

Approximately 15 M.U.it<g toxin lowered the systolic arterial pressure from the con-

trãi level of 135-180 mm Hg (5 animals) lo 75-95 mm Hg' The venous pressure was

unchanged or rose slightly concurrently with the atterial pressure fall' The heart rate

fell from 390-400 Ueáts per mimrte to 280-320. The respiratory rate fell from the

usual level of 66-80 per minute to 55-60 per minute over a 3-min period' There was

occasionally a transiánt increase in amplitude immediately after injection of the toxin'

Hypotension and bradycardia persisted for more than 30 min in the rat, although

afte;ihis interval respiraiions weie again normal. A second dose of 2a-40¡4'U'lkg

toxin brought about respiratory arrest in 1-4 min' Respirations slowed immediately

following injection of thå toxin, and the amplitude declined. In instances where death

*u, prolonged over several minutes, respirations became very slow, prolonged, and

gurpirrg. Oc-casionally a period of apnea preceded a f,nal respiratory effort. The arterial

fr.rr,ri" fell concurrentiy with these changes, and averaged 50 mm Hg when respira-

tions ceased. Venous pi.rrnr" rose as arterial pressure fell, and the ECG showed

hypoxic abnormalities.-The 
observation that hypotension after maculotoxin injection in both the rabbit

and rat always u""ol11puni.d or preceded respiratory depression suggested a closer

similarity witir tetrodoioxin than with saxitoxin (Kao and Nishiyama, 1965). We con-

firmed tirat respiratory failure due to tetrodotoxin in the rat was accompanied by a

more profound hypotension than was seen after saxitoxin'

Effects of Catecholamines on the Hypotensiue Response

In both rabbits and rats hypotension due to a nonlethal dose of toxin was tempor-

arily reversed by epinephriné ãr norepinephrine. Experiments were designed so that a

tesidose of the catecholamine was given before and after a nonlethal dose of toxin'

In the rat 1.5 y"glkgof /-norepinephrine bitartrate raised the systolic arterial pressure

to approximatefy ZO'O mm Hg without changing heart rate or venous pressure' A

similar dose some 5 min after iS lr¿.U./tg maculotoxin also raised the systolic arterial

pressure to 200 mm Hg, although the arterial pressure had been reduced by maculo-

ioxin. Heart rate and venous pressure were again unchanged'

The arterial pressure was iaised by a similar amount by /-epinephrine bitartrate

(2 þglkg) without change in heart rate but with a slight increase in venous pressure'

Àfi.i tr"ut*ent with mãculotoxin, epinephrine raised the depressed arterial pressure

to the same level, but in this instance there was a signiflcant increase in heart rate'

Comparable experiments were carried out with tetrodotoxin, with closely similar

resulis. Rabbits responded to doses of 2.5 y.glkg norepinephrine or 7 Pelke epine-

phrine in the same way. These results may be compared with those of Kao and Fuhr-

man (1963).

Since the terminal drop in arterial pressure is precipitous and is likely to contribute

to the fatal outcome, norepinephrlne (Z.S pgkÐwas given to rabbits during the period
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of respiratory depression prior to terminal apnea. It was ineffective however in pre_
venting the terminal fatl in arterial ptessure, and moreover precipitated a caråiac
arrhythmia.

Effect of Maculotoxin on phrenic Nerue Actiuity
The respiratory depression induced by maculotoxin in the rabbit was further

examined by monitoring the respiratory volleys passing down the phrenic nerve, in

1 500
0

f,Â¡ff,^v.j*n¡,,-^l,n'r/,mnlr'fr,'^lþr.mr,¡'ar/*¡--n*,,,1u.r-*n-*u*
PVE
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50
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54

6

Flc' 3' The effect of maculotoxin on the electrical activity of the phrenic nerve and diaphragm.Panel 1, part of a control respiration; panel2, a ptãiãng"o respiration aft.i j vr.u.¡tg maculotoxin;panel 3, diminished diaphragm.activiiy after á r*trr"t. ivl.u ltgi p"""r ¿,^ii".euse¿ phrenic activitywhich had little effect on the diaphragm; the ECG rt o*"0 
"i.ãili; ;äåi ï;" onser of failure ofphrenic volle.vs; panel 6, electrìcai sileãce'at death. The ECG caused á u"..lv dåi."table deflection inthis trace. Time marker : 0.02 sec.

conjunction with the output of a myograph needle placed in the diaphragm. The
results of one such experiment are illustrated in Fig. 3.

The anesthetized animal had a respiratory rate of 50 per minute and an arterialpressure of 120 mm Hg. Inspiration lasted 0.5 sec and thå respiratory pause was 0.7
sec' Maculotoxin (5 M.u./kg) reduced the arterial pressure ø oo -.' Hg and the
resFiratory rate to 35 per minute. Diaphragmatic activity lasted approximate-iy r.2 sec,
and the respiratory pause was 0.5 sec in duration. The animal'aipeared to be ade-
quately ventilated, and during the next 15 min the arterial pressure rår" to 105 mm Hg,
and the respiratory rate returned to the control level. A second slow iv injection of
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5 M.U./kg was given at this time. Arterial pressure fell to 60 mm Hg, and respirations

were reduced to approximately 30 per minute. The diaphragm showed almost con-

tinuous electrical activity, although both amplitude and frequency of muscle potentials

was somewhat reduced (see Fig. 3, panel 2). There was a concurrent increase in ampli-

tude of phrenic volleys. However, the animal survived, and a final dose of 7 M.U./kg
was necessary to abolish respirations; apnea occurred 3 min after this injection.

Initially breathing became largely intercostal, coincident with a decline in the ampli-

tude of the myograph output. The phrenic volleys increased in amplitude, although

they produced only a ripple on the myograph trace. Finally they diminished in
frequency and amplitude until at death there was electrial silence. These effects are

illustrated in Fig. 3, panels 3-6. After respirations ceased a tetanic stimulus applied to

the phrenic nerve produced a weak diaphragmatic contraction.

Neur omus cular Blo clcing Act iuity of M aculot o xin

Maculotoxin brought about complete blockade of the isolated phrenic nerve-

diaphragm preparation of the rat at concentrations equal to or greater than 0.15

10 21o
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Frc. 4. The onset of neuromuscular blockade after equivalent doses of maculotoxin and tetrodo-
toxin at 21-35.5". Semilogarithmic coordinates; 20 mm twitch tension :18.2 g.

M.U./ml. The muscle remained responsive to direct stimulation after transmission was

blocked, but the threshold was raised. A 5- to l0-fold increase in stimulating voltage

was required for maximum tension development. High doses or prolonged treatment

rendered the muscle inexcitable. Shortly before transmission failed, the preparation

was able to sustain a 10-sec tetanus. The rate of onset of blockade was independent of
the frequency of nerve stimulation over the range 0.1-1.0 per second.

Neuromuscular blockade was characterized by a long latent period when twitch
tension declined very little, followed by a rapid decline in tension which followed an

exponential time course. Figure 4 illustrates the onset of blockade. It may be recalled

that Kao and Nishiyama (1965) found a similar latency when measuring the decline in

end plate potential after saxitoxin treatment. Recovery was prolonged; it was found
necessary to wash preparations for upward of 90 min to avoid residual effects of
retained toxin. Because of this effect, minimum doses consistent with complete block-

ade were always used.
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The rate of development of blockade showed the same steep dose dependency as was
found for lethality in the intact animal.

Both maculotoxin and tetrodotoxin were more effective as neuromuscular blocking
agents at high temperature than at low temperature. Figure 4 illustrates the effect of
temperature on equivalent doses of maculotoxin and tetrodotoxin. Toxin doses that
were almost without effect at 21" caused complete blockade in 16-17 min at 35.5". In a
further series of experiments it was found that equivalent doses of both toxins (cali-
brated as mouse units) caused neuromuscular blockade at a similar rate, when both
the length of the latent period and the time to half decay of tension were compared.

Effects on the Nerue Action Potential
As was found previously (Simon et al., 1964) maculotoxin caused a reversible

blockade of the desheathecl toad sciatic nerve. Dose levels of 0.2 M.u./ml caused
widening of the compound action potential and a deçrease in conduction velocity
prior to transmission block. Rat sciatic nerve was similarly blocked by maculotoxin.
The rat sciatic nerve was difficult to desheath, so the relatively fine peroneal branch
was used in these experiments.

Effects on the Chronically Deneruated Rat Diaphragm and Toad Rectus Abdominis
Preparation

Acetylcholine dose response curves were plotted for the chronically denervated rat
diaphragm (Freeman and rurner, 1969) and were repeated after the addition of
maculotoxin to the organ bath. Levels of maculotoxin ranging from 0.3 to 1.0 M.u.
per millilitre produced no direct effect on the diaphragm, neither was the acetylcholine
dose-response curve altered by the presence of the toxin. The rectus abdominis pre-
paration was similarly unaffected by maculotoxin. These two preparations are also
insensitive to tetrodotoxin and saxitoxin (Freeman and Turner, 1969; Kao, 1966).
Like these toxins, maculotoxin (15 M.U./ml) was also found to be without anticholin-
esterase activity (H. D. Crone, personal communication).

Effects on Guinea Pig Ileum Prepøration

The maculotoxin preparation caused a slight contraction of the ileum preparation.
This effect was blocked by diphenhydramine (10*z g/ml) but was unaffected by atro-
pine or lysergic acid diethylamide. It is likely that the gland extract contained some
histamine, which was not separated from it by the process of Sephadex filtration.
However, the presence of 0.25 M.U. of maculotoxin per milliliter did not affect the
acetylcholine-induced contraction of the ileum over a wide concentration range.

Isolated Perfused Guinea Pig Heart
Maculotoxin (10 M.U.) was injected into the perfusion system just proximal to the

heart. This resulted in a marked reduction in coronary flow rate coincident with an
increase in heart rate over the first 30 sec followed by a return ofboth to control levels
after I min. Isotonic contraction amplitude increased over the first min and then
decreased to about 30/" of the control value for 2-3 min with a slow return to normal
over the following 5 min. Doses less than 5 M.U. were without any observable effect
on the heart.
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The cardiac effects of maculotoxin are probably insignificant in the overall toxin

response since the amounts required to affect the heart are more than sufficient to

cause rapid death through hypotension and respiratory paralysis.

Resus citation of Animals

Since the cause of death after maculotoxin envenomation appears to be respiratory

paralysis which is associated with profound hypotension, attempts to resuscitate rats

ànd rabbits were made by respiring them with a ventilation pump.

It was found possible tå revive animals only after marginally lethal doses of maculo-

toxin or tetrodoìoxin, and then only if the pump was started before respiratory depres-

sion became severe. Animals that were breathing but cyanotic, and that had a systolic

blood pressure of less than 40 mm Hg, had a poor prognosis. In some cases artificial

ventilaiion was effective in raising the arterial pressure to approximately 60 mm Hg

and in restoring a near normal ECG pattern, but spontaneous respiration did not

occur even after ventilating the animal for 120 min'

When successful, ventilátion had to be continued for upward of an hour aller the

return of spontaneous respiratory efforts in order to maintain the animal' This slow

recovery of the paralyzed musculature is consistent with the slow washout of toxicity

from the isolated diaphragm preparation'

DISCUSSION

The pharmacology of the toxin of o. mqculosøs as described in the present com-

munication is consistent with the earlier report (Simon et al., 1964). The present

investigation suggests that the toxic effects are due to only one compound, whereas

previously there appeared to be two. The work of sutherland and Lane (1969) also

suggests ihut th.r" are two chromatographically distinct toxins. The elucidation of this

poîãt must await the results of studies now in hand, and will be reported at a later date.

Maculotoxin, whether it be one or two molecules, resembles tetrodotoxin and saxi-

toxin in that death after envenomation is due to respiratory paralysis accompanied by

profound hypotension. Maculotoxin preparations that have been calibrated as mouse
'units 

show quantitatively similar effects to tetrodotoxin when compared in a variety of

pharmacololical tests. The occurrence of hypotension at doses just sufficient to pro-

àuce ,"spiratory depression strengthens the evidence that the toxin is more closely

related tå tetroãotoxin than to saxitoxin (Kao and Nishiyama, 1965).

The failure of respiration in death after maculotoxin injection was characterized by a

loss of cliaphragmatic activity which preceded the failure of phrenic nerve volleys'

Indeed for a short time thesé increased in amplitude, no doubt due to the effect of

inadequate ventilation on the respiratory centre. However the increase in phrenic

activity was at no time comparable to that seen after the administration of a neurò-

*rrr"uiu, blocking agent suãh as gallamine or d-tubocurarine. The rate of onset of

effects probably rõflects the rate at which the toxin is carried to the various organs by

the cirãulation. The vascularity of the diaphragm may permit of muscular axonal

block before this is evident in the phrenic nerve. Any central effects are also likely to be

delayed by diffusion across the blãod-brain barrier' cheng et al. (1968) have discussed

such effecis in regard to respiratory failure after tetrodotoxin.
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The lack of effect of maculotoxin on either the nicotinic or muscarinic acetylcholine
receptors, as exemplifred by the denervated diaphragm, the toad rectus abdominis and
the guinea pig ileum, respectively, also confirms its similarity to tetrodotoxin and
saxitoxin. Local anesthetic drugs such as procaine, which block axonal transmission
and cause hypotension, also have anticholinergic effects.

Resuscitation by ventilating an intoxicated animal with a respiration pump required
that the animal have a marginal lethal dose, that ventilation be instituted before
cyanosis became evident, and that it be prolonged for some time after the return of
spoltaneous respiratory movements. Although the anesthetized animal cannot be
compared with man, this finding is in line with the clinical observation that respiratory
paralysis may last for upward of 8 hours. In his discussion of tetrodotoxin poìsonirrg,
Li shih-chen (1596) noted in The Great Herbal that "the poisoning no remedy can
relieve." It would appear to be true today that there is no specific antidote for the
neurotoxins related to tetrodotoxin,
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with bisquaternary compounds (Beránek and
Vyscoðil, 1967; Vyscoðil and Berá,nek, 1968),
this preparation has been shown to offer a rea-
sonable method for examining AOh-receptor in-
teraction and has certein advantages over the
intact junction.

First, this receptor is easy to approach experi-
mentally; drug concentrations and ionic levels
can be maintained as required. Second, it con-
tains acetylcholinesterase only in the region of
the degenerating synapse (Eränkö and Terä-
väinen, 1967).

The effects of four facilitatory drugs have
been determined on the innervated and the
denervated preparation. Tn addition, interactions
with succinylcholine (SCh) have been studied
to determine the role of facilitatory processes in
the relief of SCh blockade.

The drugs studied are a. series of hydroxy-
anilinium compounds rphich includes edropho-
nium and the structurally unrelated compound
tetrahydro-4-aminoacridine (tacrine) . The study
offers evidenee of pre- and postsynaptic actions
of these compounds and permits tentative con-
clusions as to the structural features of the
series.

P¡ìnt¿d ön U.8,4.
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action of facilitatory drugs was studied in the phrenic nerve-diaphragm preparation and the
chronically denervated diaphragm of the rat. The latter was used as a model of the post-

synaptic receptor. The drugs were tetrahydro-4-aminoacridine and a series of hydroxy-
aniliuium compounds which included edrophonium. The drugs caused twitch potentiation
and spontaneous activity in the intact preparation; these effects were depressed by
temperature reducüion, low Ca** solutions or high Mg** solutions. The acetylcholine con-

traction of the denervated diaphragm was potentiated by all drugs except $-hydroxyphenyl-
triethylammonium. The acetylcholine depolarization was similarly affected, Thís potentia-

tion was suppressed by raised levels of Ca*' or Mg*', Interactions between the facilitatory
drugs and succinylcholine are tlescribed. Succinylcholine abolished twitch potentiation of
the intact preparation at low concentrations; only 3-hydroxyphenyldiethylmethylam-
monium proved to be an effective antagonist of succinylcholine blockade. Facilitation in
the intact junction appeârs to be largely a presynaptic effect.

The phenomenon of drug-induced facilitation
of the indirectty elicited muscle twitch has been

studied by a number of authors' Both pre- and

posts¡rraptic sites ha,ve been implicated in the

iacilitatory process; the greater emphasis has

been placed on presynaptic actions (Werner,

1960; Standaert and Riker, 1967; Karczmar,

1e67).
The occurrence of this phenomenon in the

isolated phrenic nerve-diaphragm preparation of

the rat (Bülbring, 1946) permits a study of the

efiects of varia,tion in temperature and in the

external ionic environ-ent on the facilitatory
process. In this way some indication as to the

relative importance of pre- and postsynaptic

factors has been obtained. At the same time the

acetylcholine (ACh) receptor of the chronically
denervated diaphragm has been used as a model

of the postsynaptic ACh receptor (Freeman and

Turner, 1968a, 1969). Although the receptor in-
duced in the diaphragm by denervation is known

to differ quantitatively from the innervated post-

synaptic receptor with regard to interactions

Received for 4,1s70.

tories, P.O. Box 50,
to!
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Morrro¡s, Male, hooded rats of the Wistar strain

weighing fuom 225 Io 270 e were used in this süudy'

The animals were stunned and exsanguinated;

both left and right hemidiaphragms were dissected

out and seú up in separate organ baths. Isometric
tension developed by the muscles in response to

direct or indirect stimulatioir was measured with
Statham UC2 transducing cells and a Beckman

type R Dynograph recorder. Preparations were

stimulated with 0.1-msec rectangular pulses of
supramaximal voltage at 9/min.

Membrane potentials Ytere measured by a tech-

nique similar to that of Lülmann and Reis (1967).

Micropipettes were made from 2.5-mm glass tubing
(Micropet, CIay Adams, Parsippany, NJ.) and

were frlled with 3 M KCI under reduced pressure.

Tip resistances were 6 to 20 megohms, and tip
potentials were less than 10 mV (Thesleff, 1963).

The micropipette was attached by a Perspex holder
to a Singer micromanipulator and waS connected

through a AglÄeCI electrode to a preampliûer. A
calibrated voltage source between the organ bath
and earth permitted rapid measurement of the

membrane potental by acting as an opposing po-
tentiometer. Tlie potential difference was read

when the current was zero. Preamplifrer output
was fed into an oscilloscope and a Beckman type
RP Dynograph recorder. Membrane potentials
were meâsured with an âccuracy of È0.5 mV.

, The diaphragm muscle was pinned to a siiicone
rubbcr block (Rhodorsil) which covered the base

of the organ bath.
Denervation was carried out under pentobarbital

anesthesia by evulsion of the left phrenic nerve in
the neck (Freeman and Turner, 19684, 1969). The
animals were maintained postoperatively for from
8 to 15 days to allow the nerve to degenerate.
. Depolarization of denervated diaphragm mus-
cles by ACh was measured after the ACh-induced
contraction had passed, since the contraction dis-
placed the rnicropipette from the muscle cell. We
confirmed the observation of Lüllmann and Reis
(1967) that depolarization persisted after relaxa-
tion.

The nutrient solution used has been described
elsewhere (Freeman, 1968a). The bath tempera-
fure was monitored continuously with a thermistor.
Unless otherwise stated, experiments were carried
oui at 29 i 0.2'C.

The facilitatory diugs used were tetrahydro4-
aminoacridine hydrochloride (tacrine), 3-hydroxy-
phenyldimethylethylammonium chloride (edropho-
nium), 3-hydroxyphenyldiethylmethylammonium
bromide (3-OI{PEtzMeA) and 3-hydrox¡'phenvl-
triethylammoniúm bromide (3-OI1PTEA). Succi:
nylcholine chloride and acetylcholine chloride were
dried before weighing out for stock solutions. These

were kept at -20'C until required.

551

Rpsur,r:s. Faci'Ii'tøtorg drug acti,on on neuro'

nxlßculdî tronsmission. Facilitation of the iso-

metric twitch occurred with all the compounds

studied; it developed over a period of 5 to 8

minutes after addition of the drug to the organ

bath and persisted for the time of exposure of

the preparation to the drug. In the case of the
three hydroxyanilinium compounds the effect

subsided when the prepa,ration was washed;

however, potentiation due to tacrine persisted

for upwards of 40 minutes åfter lvashout å,t

doses less than 5 X 10-u M, and this effect was

virtually irreversible at higher doses. All com-

pounds with the exception of 3-OHPTEA caused

some degree of spontâneous twitching. Such

twitching was particularly marked ¡üith tâøine
(see fig. 1, panels 1 and 2), although it varied

among preparations.
As has been reported in experimer;ús i,n aiuo

(Kuperman et al., L96l; Blaber and Karczmar,
1967b) the drug concentra,tion for optimal fa-
cilitation varied over a wide rânge; in our ex-

periments this extended from 5 X 10-u M for
tacrine to 10-' M for 3-OHPTEA' Figure 2
shows dose-response curves for tacrine, edro-
phonium and 8-OHPEt,MeA. The slopes of the
linear portions of the dose-response curves were

not significantly different at lhe 5% probability
level. The curve for 3-OHPTEA resembled that
of the other two hydroxyanilinium compounds

save that a 100-fold greater drug concentration
was required. Ilowever, tacrine shor¡red trvitch
depression å,t dose levels closer to those required
for maximal twitch potentiation than did the
hydroxyanilinium compounds.

Twitch potentiation after addition of each of
the drugs was frequency dependent. It was

maximal at stimulation rates between 6 and
L2/min, and usualiy leveled off to the same

contractile force as the untreated preparation
at rates greater than 1/sec. The frequency de-

pendence wå,s tested in all instances with drug
levels which produced optimal potentiation.

T emp er atur e sen siti,uitg . The f acilitatory proc-
ess \ryâs found to be sensitive to the temperature
of the bathing solution. Lowering the tempera-
ture to 20'C abolished potentiation and spon-
taneous firing, which r¡¡ere maximal at 36oC.

Experiments rilere carried out to estimate the
åpparenl energy of activation (8.) of the fa-
cilitatory process. Since the normal process of
neuiomuscular transmission is itself temperature
sensitive, experiments were carried out so that
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twitch tension was determined at each tempera-
ture before the addition of drug to the bath. In
the case of tacrine, where the drug could only
be washed out of the preparation very slowly,
the twitch tension was determined over the
temperature range from 2G-36'C prior to drug
addition; the temperature was then varied. over
the sa.me range in the presence of the drug, and
the percentage of twitch potentiation was de-
termined. The concent¡ation of tacrine was 5 X
10* M, and that of edrophonium \ü&s L0-u M.

Results were plotted as the logarithm of the
percent increase in tension against the reciprocal
of the absolute tempereture, and the apparent
energy of activation, E,r wâs derived from the
Arrhenius equation with,the statistically deter-

SCh 3-OHpEr2tiiteA W g_OHpEt,MeA SCh

':t:,':. i::: 
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mined regression: Several assumptious are im-
plicit in making such calculations: frrst, that
potentiation is proportional to reaction rate;

seeond, that one rêaction in the sequence leading

to potentiation is dominant and provides a rate-

determining step; and: third, that this reaction

retains its dominance over the temperature range

studied. Some support for the latter two as-

sumptions is given by the fact that an analysis

of variance showed that thêre was a highly sig-

nificant linear correlation between logrc'poten-
tiation and the reciprocal of the absolute tem-
perature.

For tacrine, En ='25.2'+- 1.2 kcal rcol-' (95%

confldence limits). For edrophonium, Eu =
26.7 -+ 3.3 kcat mol''' (95% confidence limits).
The figures are not significantly different at the

5% probabilìty level. It is of interest to note

the high values of E" obtained and to compare

them with the value of approximately 48 kcal

mol-' obtained by Ilofmann et ql' (1966) for E"

of the miniature end-plate potential frequency

in the rat diaphragm.
Changes in eatetnøl d'iualent cation leaels.

Twitch potentiation was sensitive to small

changes in the divaient cation level of the bath-
ing solution. Raising the Ca*' level to 3.0 or 4.5

mM was,either without effect (tacrine) or in-
creased the drug-induced potentiation (all hy-
droxyanilinium compounds). It was noted that
3.0 mM Ca** increased tr¡r'itch potentiation by
the hydroxyanilinium compounds more at low

drug levels than àt optimal levels' That is, the

dose-response curve in high Ca** diverged from
the control curve, and the drug level necessary

for optimal potentiation was reduced.

On the other hand reduction in the Ca** level

to 0.38 mM (X 0.25 normal) completely abol-

ished twitch potentiation in all instances. If the

Ca*' level was reduced to 0.15 mM (x 0'1 nor-

mal), a slow blockade of neuromuscular trans-
mission occurred (Freeman, 1968b). Addition of
drugs to the organ bath during the course of
the low Ca*' blockade caused varying effects.

Tacrine (5 X 10- M) caused a transient relief
of blockade lasting for one to two minutes;
twitch tension then.oontinued to decrease at the

original rate' This efrect.:.was alco found with
edrophonium 'and,3-OEJEt MeA at, conqentra-

tions up to 10-"M..Hi$h.eídrug levels increased

th'e rate of onset of low Ca'* blockade. Ifowever
g-OIIPTEA (tO*'ttl¡ bither biought aÈout a

sligtrt relief of low Ca** blockade or halted its
progress. In this regard this compound some-

what resembles the structurally related drug
triethylcholine (Freeman, 1968b).

Reduction of the external Mg** level to 0.1

mM (x 0.1 normal) was without efrect on twitch
potentiation in all instances. However, small
increases in external Mg**, which were in them-
selves without effect on twitch tension, com-
pletely abolished twitch potentiation. Raising
external Mg** from the usual level of 1 mM to
2 mM was sufÊcient in all instances to bring
about a slow reduction in twitch potentiation
to the control level. External Mg**, 3 to 4 mM,
reduced twitch tension to the control level in
three to four minutes (fig. 1, panel 5).

Thus, ionic conditions that do not reduce

transmitter release sufficiently to iqterfere wiüh
transmission can neVertheiess. abolish' twiich po-

tentiation.
Drug efiects on the ACh receptor o! the da

neraated d,i,aphragm. Interacüiols of Ca1*. a¡rd

Mg** with the facilitatory drugs in the inner-
vated diaphragm suggest a presynaptic site for
the process and are consistent with the concept

of Werner (1960) that these drugs produce posi-

tive and negative after potentials in the molor
nerve terminals in response to nerve stimula-
tion, which modify the transmission process.

Other workers have, however, emphasized ,the
importance of end-plate sensitization (Katz and
Thesleff, t957; I{arczmar et aI., L965).

The ACh receptor of the denervated dia-
phragm offers a convenient approach to the post-
synaptic receptor, which, as was mentioned in
the introduction, is easy to study expeiimentally
and has the further advantage that it is largely
free of acetylcholinesterase. This means that
changes in receptor sensitivity cannot be as-

cribed solely to anticholinesterase properties of
the drugs.

Dose-response curves , for tlie ACh-induced
contractiot.ôf the denervated diaphrâgm .were

draw:l as' described. prgùously (tr'reeman and
Turner, 1969). The drug was then added to the
organ bath and the ACh dose-response curve
determined in the presence of the drug. Finally,
the preparation was washed for.greater than 30

minutes to remove the facilitatory drug, and the
ACh contraction was checked to ensure that the
sensitivity of the preparation had not altered.
It was not always .possible to car.ry out,this
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sence of the facilitatory drugs are shown in
figures 3 and 4. Data were not pooled for these
figures, since the slope of the ACh dose-response
curve tended to vary siightly among prepara-
tions (Freeman and Turner, 1g6g). Typical
curves from groups of three diaphragms/drug
are illustrated. It was noted that tacrine, edro-
phonium and 3-OHPEt,MeA all potentiated
the ÄCh-induced contraotion at coricentrations
which potentiate twitch tension in the intact
phrenic nerve-diaphragm preparation. The
points about the potentiated ACh dose-response
curves show more scatter than do control curves,
and potentiation was consistently less at low
levels of ACh than it was at levels producing
nearly maximal contractions.

Higher levels (10-n M) of edrophonium and
3-OHPEt MeA caused an initial potentiation of
the ACh contraction which diminished with time
of exposure to the drug until after one hour,
when these drug levels had a depressant effect.
Similar drug levels also brought about twitch
potentiation followed by depression in the intact
phrenic nerve-diaphragm preparation.

In contradistinction to these findings B-
OHPTEA caused a depression of the ACh-in-
duced contraction at all levels tesied (fig. 5).
Depression of the ACh contraction at 10-' M
3-OHPTEA was so intense that doses of ACh

20

o

ACh +
3-OHPTEA

10" 10"
ACh ( moles/l)

10'

4

10-6 1O-5 1O-4
ACh (moteslt)

Fro. 3. Potentiation of the AOh-induced con-
t¡action of denervated rat diaphra,em bv iacrin.(5 x 10-6 M). ACh 16-6): Àllcñ + ¿á;ñ;(A-A). Semilogarithmic sõalê. Each noint re-
l'ers to one observation. ACh response afier wash
ou-t- of tacrine was rouüinely chêcked at iO-; M
ACh.
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Fro. 4. Potgntiation of the ACh-induced con-
traction oJ denervated rat, diaphraEm 6" "ãr;nþonium_(s x I0{ M). ACh <Ö -Ol: "¿.Cn }qdropho!ìium (l-_l). Semilosariühmic scale.
Each point.refers to one observatioî. AÒh;spõ;;
ar!g1 ggroph.onrum wash out was routinely checked
at 10-6 M ACh.

4

final stage when tacrine was used, because of
the slowness with which this drug was washed
off the preparation. At least three"levels of uuãf,
drug were used in these experiments. Typical
dose-response curves in the presence,and ab-

.. Frc.-5. Depression of the ACh-induced contrac_
!rg_n. oI _denervated raù diaphragm bv B-OHpTEA(!0* M). a-ch (9_9I; .A,ö¡i + 3_óEÞiEri(E-tr). Semilogarithmió scale. Each ooinl re-
fers to on-e_olservation, ACh response afier washout o_f 3-OHPTEA was routinely checked-ät iO:;M ACh.
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greater than 10-n M were needed to elicit a con-

tiaction. Dose response curves at LO-n M and

5 X 10-o M 3-OHPTEA were parallel with the
control, and the depression of the contraction
could be entirely reversed by washing the prepa-

ration.
The effect of the facilitatory drugs on the

depolarization of denervated muscle by ACh was

also determined, since potentiation of the con-

traction could have been due to an effect on the
process of excitation-contraction coupling.

The relationship between ACh concentration
(10*-10' M) and depolarization was deter-

mined and was found to conform closeþ to that
reported by Lüllmann and Reis (1967). Experi-
ments were designed so that the membrane po-

tentials of a small population of muscle cells

were determined before addition of ACh to the
organ bath. The normal vâ,lue for membrane
potential obtained from 37 sets of readings in
denervated muscle was 67.8 + 0.7 mV (S.E.M.).
A series of six to eight penetrations was then
made over a 4-minute period in the same area

in the presence of ACh. After 20 minutes' wash

the membrane potential had returned to the
control level, and the readings taken were pooled

with the first control group to obtain the ACh
depolarization.

The effect of the facilitatory drugs on the
ACh depolariøalion was determined at a fixed
ACh coacentration of 10-o M. Groups of mem-
brane potential measurements were made as be-
fore, and the effect of the facilitatory drug was

estimatêd by subtracting the depolarization due

to ACh in the presence of the drug from the
potential measured in the presence of the fa-
cilitatory drug alone. The facilitatory drug con-
centrations were optimal as detennined in the
tension recording experiments and had no de-
polarizing effect on the membrane potential pør

se. The results of these experiments are shown
in table L; the drugs potentiated the ACh de-
polarizatiou at the same concentration as they
potentiated the ACh-induced contraction. The
ACh depolarization was depressed by 3-
OHPTEA (10- M), as would be expected from
the preceeding data. This. concentration of 3-
OHPTEA did not affect the membrane potential
per se; 3-OHPEt MeA (10* M) was also with-
out effect. However, edrophonium (10-'M) de-
polarized the membraneby 22 mV, and tacrine
(5 X 10-" M) caused a barely significant de-

TABLE 1

Faci,litatorg drug effects on the ACh depolarizal'ion
oJ deneraated muscle

ACh Depolarization

Drug

Edrophonium, 10-¡ M
3-OIIPEtzMeA, 10-¡ M
8-OHPTEA, 10-1 M
Tacrine,5X10-6M

VaIuæ shown are :t S.E.M.; the number of observations is
ehown in parentheses. Significance of difrerence of mæns wæ
determined wittr Student's ¿ test. ACh concentration tbroughout
was 10-õ M. Muscle resting potential was not altered by these

concentrations of facilitatory d¡ugs.

polarization of 5 mV. These concentrations of
edrophonium and tacrine caused a transitory
potentiation of the indirectly elicited muscle

twitch, foilowed by some depression.
It was noted that repeated exposure to ACh

in the presence of a facilitatory drug over a
period of several hours reduced the increase in
depolarization. It is possible that repeated de-
polarization of the membrane for 4- to 5-minute
periods may have led to a reduction in ionic
gradients which were not adequately reconsti-
tntedin aitro.

Sensiti,ui,ty oJ the ACh-induced contractt'on
to di.uqhent ceti,on aøri,atio?¿. It was shown pre-
viously (Freeman and Turner, 1969) ihat the
ACh-induced contraction of the denervated dia-
phragm was insensitive to reduction in the level
of external Ca** ot Mg** to 0.15 mM or 0.1 mM,
respectively. Ilowever, a 3-fold increase in the
levels of these ions (4.5 mM or 3 mM, respec-

tively) reduced the force of contraction which
was also prolonged by the high Ca*'level.

The sensitivity of the potentiated ACh con-

traction to divalent cation variation was deter-
mined for all three potentiating drugs to obtain
a comparison with the ionic effects on drug ac-

tion in the intact, phrenic nerve-diaphragm prep-
aration. The results of these ex¡leriments are

summå,rized in figures 6 and 7. As was noted
previousþ, low Ca** had little or no effect,
whereas high Ca** or Mg** depressed the ACh
contraction. Tacrine (5 X 10* M) brought about
the usual potentiation of the contraction due to
10* M ACh; this potentiation proved to be

insensitive to reduction in the external Ca** or
Mg** level. Increased levels of these ions, how-

.001

,002
.001

.001

TreatedControl

26.4 + 1.9 (22)135.9 +
23.3 + t.7 (15)130.7 +
2e.0 + 1.6 (14)114.8 +
23.9 + r.8 (1?)133.8 +

I

4
7

0

(22)
(1õ)
(16)
(15)
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or Mg** have opposing effects on the intaot
junetion but both abolish potentiation in the
denervated preparation.

Interøctions with .succinglcholi.ne. Previous
publications from this laboratory have empha-
sized the importance of presynaptic factors in
SCh blockade of the rat neuromuscular junction
(Freeman, 1968a,b; Freeman and Turner,
1968b). Drugs which reverse SCh blockade were
shown to acú largely by increasing the pre-
synaptic output of ACh. Since the experiments
reported in this study suggest that presynaptic
factors are dominant, in twitch potentiation of
the intact diaphragm, it was of interest to in-
vestigate the ability of these drugs to relieve
SCh blockade

Tacrine was found to be devoid of any anti-
dotal action against SCh blockade, although we
confirmed the earlier observation that prior
treatrnent with tacrine reduced the intensity of
blockade (Ho and Freeman, 1965). This etrect
is opposite to that which would be expected if
tacrine inhibition of pseudocholinesterase were
a signiûcant feature of the experimental situa-
tion. The three hydroxyanilinium compounds
all had some antidotal action under our experi-
mental conditions, although complete relief of
SCh blockade was found only with B-OIIPEt,.
MeA (fig. 1, panel 7). 3-OHPTEA was less
effective than the diethyl derivative and edro-
phonium brought about an a,verage restoration
of twitch tension of only 33% (see table 2). As
was found previousþ (Freeman, 1968b) when
considering antagonism of SCh blockade by pyri-
dine-2-aldoxime methiodide, the antidotal action
of the hydroxyanilinium compounds fel otr
sharply with the developme4t of tachyphylaxis to

TABLE 2

Percent relief oJ SCh bloclcøde bg h,gdroxyanitinium
compounils

Conc. 3.OIIPTEÁ
ever, reduced the tacrine-potentiated contrec-
tion to rather less than the control value (fig. 6).
These effects were essentially duplicated by edro-
phonium and 3-OHPEt,MeA, (fiC. 7).

It is of interest that the ionic effects on the
drug-potentiated twiteh of the intact phrenic
nerve-cliaphragm preparation are essentially op-
posite to those observed for the denervated dia-
phragm receptor. Thus low Ca** abolishes twitch
potentiation, but is without effect on the po-
tentiated ACh contraction. Raised levels of Ca**

F¡c, 6. The effect of variation in divalent cation
level on ACh contraction of denervated diaohraum
in the presence and absence of tacrine (5'X 1î*
M). The dotted line indicates the control contrac-
tion in normal batbing solution, ACh, 10-5 M.
Vertical bars indicate +1 S.E. of six or 

'geven 
ob-

servations.

tr'¡c.?. The efiect of divalent cation variation
on the ACh contraction of denervated diaohrasm
in the presence of edrophonium or 3-OEPEt"M"eA
(5 X lO-s M). The dotted line indicates the con-
trol contraction in normal bathine solution. ACh.
l0-u M. Vertical bars indicate -+i S.E. of 

'six 
oí

seven observations.

93+2
85+5No ¡elief

33+3(6)
Transient

relief

45+5(5)
47+2(5)

Values are :t S.E.M.; the number of observa-
tions is shown in parentheses. Concentratibn of
SCh was I X l0-8 M.
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SCh blockade. Thus, the figures shown in table

2 were obtained from flrst and second exposures

to SCh, before the development of tachyphylaxis
at or after the third exposure to SCh'

It was noted earlier in this paper that re-
duction of the external Ca*' concentration abol-

ished twitch potentiation by the hydroxyanilin-
ium compounds. It may be seen from figure 8
that antagonism of SCh btockade is also de-

pendent upon the presence of a normal Ca**

level. SCh (9 x 10* M) and 3-OHPEtÑIeA
(10* M) were added sequentially to a, prepara-

tion in which twitch tension was slowly de-

clining due to reduction in Ca** level to 0.15

mM. SCh caused a temporary alleviation of
the low Ca** blockade, followed after one minute
by a greatly incrcascd rate of blockade. 3-

OHPEt MeA added during the course of SCh-

low Ca*'blockade did not affect the time course

of the exponential decline in tension. Ilowever,
when tension was reduced to zero, the Ca** level
was raised to 1.5 mM; this rapidly restored
tension Io 85% of the control level. Similar re-
sults were obtained ïvith 3-OHPTEA and edro-
phonium, except that restitution of the external
Ca** level achieved only partial alleviation of
the SCh blockade, as would be expected from
table 2.

These results recall those found wìth the three
isomers of pyridine aldoxime methiodide and
emphasize the Ca** dependence of the antago-
nistic action in both instances.

Atthough only the diethylmethyl hydroxy-
anilinium compound was found to be an effective
SCh antagonist the converse applied in that
SCh antagonized drug-induced facilitation ex-

tremely effectively. Figure J., panels 1 and 3,

shows the antagonism of facilitation due to
tacrine and edrophonium by SCh at a concen-

tration of 9 X L0' M. This concentration of
SCh is the minimum dose nebessary to produce

complete blockade at an untreated diaphragm
(Freeman, L968a,b). At this concentration an-
tagonim of twitch potentiation is followed by
SCh blockade. It was found however that SCh,
I x 10-? M (x 0.1 the blocking dose), was

sufficient to abolish twitch potentiation due to
tacrine, edrophonium and 3-OHPTEA. However,
3 x 10-o M SCh wâs necessary to abolish po-
tentiation by 3-OHPEI"MeA (fig. 1, panel 8).
These flndings are consistent with the observa-
tion of Standaert and Adams (1965) that post-
tetanic repetition is depræsed at SCh doses L0

F.{.CII'TÀTORY DA,UGS ON R.{,T DIÀP}IR,A'GM
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Frc. 8. The effect of SCh (9 x 10-€ M) and 3-
OHPEt"MeA (10* M) on partial blockade of the
phrenic nerve-diaphragm preparation by 0.15 mM
Ca". The druse rrere added a[ lhe arrows. The
external Ca* lõvel was restored to 1.5 mM at Ca.
Time to haif block (Tt¿) in low Ca** = 24 min-
utes; after addition of SCh Tt¡s = 05 minute.
Semilogarithmic scale; 2õ-mm twitch tension =
1o s.

times less than are required to depress trans-
mission.

Drscussrox. Potentiation of the indirectly
elicited isometric twitch may be due to facilita-
tion of one or several steps in the process of
neuromuscular transmission. Blaber and I(arcz-
mar (1967a) have discussed the likelihood of
multiple cholinoceptive sites at the neuromus-
cular junction, all of which may interact with
drugs producing facilitation. One may categorize
these sites as follows: the motor end-plate,
acetylcholinesterase and two sites at the nerve
terminal, one of which may be the most distal
node of Ranvier (Hubbard et aI., !965; Free-
man, 1968b).

Three of the four facilitatory compounds pres-
ently studied have been shown to potentiate
both the ACh-induced contraction and the ACh-
induced depolarization of the denervated dia-
phragm and consequently are likely to have a
qualitativeþ similar effect on the postsynaptic
membrane; the fourth compound (3-OHPTEA)
had a depressant effect over a wide concentra-
tion range. All four facilitatory drugs are acetyl-
cholinesterase inhibitors of various potencies
(IIo and Freeman, 1965; Kuperman et oJ.,

1961).
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It remains to discuss effects of these com-
pounds upon the nerve terminals. Many authors
have produced evidence of such effects (Stand-
aert and Riker, 1967; Blaber and Karczmar,
1967a,b); however, neither the site nor the
mechanism of these prejunctional effects has
been determined.

The present evidence of the sensitivity of
twitch pot€ntiation to small changes in divalent
cation concentration suggests that the unmyeli-
nated terminals, which are the site of ACh re-
lease, undergo repetitive activity in the presence
of these drugs either spontaneously or in re-
sponse to stimulation ('Werner, 1960). The pos-
sibility that this activity might originate in the
most distal nodes of Ranvier, but be manifest
in the terminal arborization, must, horvever, be
considered. Thus, the Ca**-independent antâgo-
nism of SCh blockade by tetraethylammonium
and triethylcholine was previously ascribed to a
nodal action of these drugs, wherein prolonga-
tion of the action potential invading the termi-
nals increased the safety margin for ACh release
in the presence of low Ca** or SCh (Freeman,
1968b). The feasibility of such an effect may be
inferred from the finding of. Katz and Miledi
(1967) that the release of ACh by brief de-
polarizing pulses applied to the terminals in-
creâses in more than linear proportion rvhen the
duration of the pulse is lengthened.

However, SCh antagonism by the hydroxy-
anilinium compounds is Ca*' dependent, which
suggests that they act largely on the nerve
terminals, where Ca** plays a prime role in
transmitter release (for references see I(atz and
Miledi, 1968). These authors obt¿ined their
eviclence from amphibian preparations; how-
ever, it is likely to be valid also in mammalian
preparations (Riker and Okamoto, 1969). One
may further reason that SCh suppression of
both drug-induced and post-tetanic potentia-
tion is related to competition between this drug
and Ca** in the nerve terminal membrane, with
consequent damping of potential oscillations
(Freeman, 1968a,b).

Twitch potentiation ca,nnot, however, be
equated with the mechanism of SCh antagonism,
as is clear from the present investigation and the
work of other authors (Blaber and Karczmar
1967a,b). Although tacrine causes twitch po-
tentiation, it shows no antagonism of SCh block-
ade. Further, it is an anticholinesterase of po-
tency comparable to that of 8-OHPEI MeA and

causes sensitization of the ACh receptor. Thus,
properties other than these three must account
for SCh antagonism by the hydroxyanilinium
compounds.

The finding that facilitatory drugs all have
some anticholinesterase activity may be regarded
as a function of the structural similarity of all
cholinoceptive sites rather than as a reflection
of a causal relationship.

Structurally tacrine is unrelated to the hy-
droxyanilinirrm compounds. The amino group
of tacrine is largely ionized at physiologic pH
(pK, : 9.95, Albert and Goldaøe, 1946) but
this compound lacks the substituted onium group
that appears to be common to SCh antagonists
(Freeman, 1968b). ft is clear that grouping
around the quaternary nitrogen is critical in this
antagonistic action, since the diethylmethyl de-
rivative is many times more active than either
edrophonium or 3-OHPTEA.

fn an evaluation of pre- and postsynaptic
factors in drug-induced facilitation the weight
of evidence in the present study falls in favor
of a predominantly presynaptic action. Thus,
the high temperature coefficient of facilitation
is opposite in sign to the known increase i¡
postsynaptic membrane sensitivity at low tem-
perature. Further, the effects of variation in the
divalent cation concentration of the bathing
solution on facilitation in the intact junction
are opposite to those found for the denervated
receptor. Whereas the denervated diaphragm
cannot be considered to offer more than a "rea-
sonable" model of the postsynaptic receptor,
the results here are so clear cut as to be un-
equivocal.

Coxcr,usroNs. In the intact neuromuscular
junction the four drugs studied (tetrahydro-4-
aminoacridine, edrophonium, 3-hydroxyphenyl-
diethylmethylammonium and 3-hydroxyphenyl-
triethylammonium) caused twitch potentiation
and spontaneous ûring. Twitch potentiation was
temperature sensitive, with an apparent energy
of activation of approximateþ 26 kcal mol-'.
The potentiation was somewhat increased by
4.5 mM Ca** (X 3 normal) but was abolished
by 3 mM Mg** (X 3 normal) or low Ca** solu-
tions.

The ACh-induced contraction of the dener-
vated diaphrâ,gm was potentiated by all drugs
except 3-hydroxyphenyltriethylammonium,
which had depressant action over a wide con-
centration range. The ACh depolarization was
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similarly affected. Potentiation of the ACh con-

traction of denervated diaphragm was insensi-

tive to reduced levels of Ca** or Mg** but was

reduced to the control levels or below by 4.5

mM Ca* or 3 mM Mg**. The divalent cation

efrects on the denervated receptor âre essen-

tiatly opposite to those on the intact junction.

fnteractions with SCh are deseribed. SCh

abolished twitch potentiation of the iatact prep-

aration at low concentrations; only 3-hydroxy-
phenyldiethylmethylammonium proved to be an

effective SCh antagonist. Structural groups

around the quaternary nitrogen atom appear to
be critical in this antagonistic action.

On the basis of the evidence presented it is

suggested that drug-induced facilitation in the
intact junction is largeþ a presynaptic action.

Acrxowr,poclmxr. 'We wish to thank Mr.
D. Amos for the synthesis of 8-hydroxyphenyl-
diethylmethylammonium and 3-hydroxyphenyl-
triethylammonium,
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