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In onr previous inve~igatiom [3] h wa= found that the dep~..~am action of bomlinu~ toxin on ffae Isolated 
frog heart is dependent ~a ~ e  direct action of the toxin on heart muscle. In connection with this, ~he prcble~ 
of the possibk effect of b~calinm toxin on the metabok~c processes of energy-rich phosphoric combinatiom llt 
the bean  muscle interer, e~ us. since there are lndlcatiom that in a nnmber of cases the fall of the efficiency o f  
d~e bean  is connected wi~a the disruption of the msynthes~ of  adencsineuiphcsphoric acid and pho~bocreattme 
[4 .8 ,  9]. It ha= been ~ l ~ h e d ,  in particular, that the c ~ r a c t i o m  of an isolated heart which hag been bmnght 
into a state of hypoe rgy ~ strengthened consldcr~bly by the addition o f  sodium adenosinetriphosphau: (ATI~ soht ~ 
tton to the Imt fmi~  ~ [ I ,  6]. 

However. if the hy,?oe~,y of the heart wax evoked by the u ~  of thiol p o i s e ,  which can Inactlvate enzymes 
containing sulfhydryl grc~'~,  then the ability of the heart to suengthen it~ contracrion~ in the p~e~n~e of  ATP 
was spent. The amplitude: of the cardiac c~atraction$ increased only when substances conta[n!ng ~J~ydv/1  
grou~,  such as c~teine. ~ m  added to the perfu~ion f l n f~  

In the p ~  work ~we set ounelvex the problem of establishing whethex the introduction of  ATP and 
teine from without had a~y stimulating effect on the contraction of  txolated f~og heart poisoned with botolinm 
toxt~ 

EXPERIMENTAL M E T H O D S  

A frog heart w~s izolated by Straub's metho:l and perfuscd for 5-15 minutes with Ringea's solution (1 ml}. 
After the initial contrac~om were recorded, the perfusing fluid wax replaced by a solution of botul~us type A 
toxin (120 observations). I ml of the solution contained 0.75-1.5 mg of toxin, con~po~ding to IS,000-30,000 
MLD (1 MLD = 0.00005 ~%.~0- After 5 '15  minutes, the ventricle was washed with Ringct'z solution. If  file heazt 
contraction= were strongex after this manipulation, b~tuUnus toxin was fiatroduced again (the effecl~ of  A'I1P 
c)~teinr was tested, as a rule. only when the replacement of the toxin solndon by Ringer'= solntion war not ac- 

companied by an incre~d amplitude of cardiac comracriom~, 

In 3 scric; of ex,pc~r, cnts (52 cxperiments)~ the action of ATP on a hcan poisoned with botulinm toxll 

wat studied. ATP was ~zl at a dilution of 1 ~ 10 -| - 1 " 10 .4 glml {1 ml of the fluid perfuslng the hea~ con- 

tained conespondiagly 0.~1-0.I. mg of ATP}. 

In ~ c  4th serie.~ (~% cxperimcntQ, the actio~ of cy~tcine and ATF to~ether and of  cysteinr alone wgS 
audicd, i -2  dtol~ of  c~=~eine solution at a dilution of  1 - 10 t to 1 "10 -4 gfrnl  wa= used [6]. 

In addition, in " /e~er imcnts  we watched Lhr effect of  the toxin on the Isolated heart of  a 'hog with bot l -  
linus intoxication, lo t  ~:~ puq>o~, 0.15-0.3 mg of diluted toxin was injected into the spinal lymphatic =ac o f  
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f ~ .  The l~ar~ ~ ~ r n o ~  aher  2-8 d a ~ ,  ~ paralj~ls of the exuemt~e~ d e w l o ~ d .  ~ la ~ 

All  the ~s '~ae~es  a~ed f= ~ exper imen~ v e t o  dlssolved in Ringer's so lu t to~  To avokl ~-cumul~tloa of  
mc~bol~c ~ u .  the ~ p e r f u s l ~  the ~eart  ~ere rcplaccd b~ fresh po~'~iom from ~lme m 

E X P s 1 6 3  i{ES ~./LTg 

Botull=~ ~ e  A toxin,  a ~ i n i s t e ~ e d  to the ~o~ te~  hear t ,  caused �9 quicl~ and c o m l d e c ~ e  ~alI _~ ~ 
pl imde of  ~ e  c a ~ i a c  c ~ a c ~  : ~ .  in 40 e ~ e r ~ e m s  the ampllmde was only 25-15~, of th~ c~g ina l  (Fig. 1, s ) ,  
~ i c h  ~ m e s  w i ~  ~ data of ~.  G. 5 e ~ e b r y ~ y a  ~ d  G. L. b ' b ~ r  [TJ. Tb~ ~oxia had the s,lmo~ a t ta in  ca ~he 
i~ la red  bean  ~ a ~ with l~-1~minar~ b o m ~  Lu~oxlca~m. 

I~ our e_:~:,erimen~ t I~ ~ : ~ w i ~  fact ca l le~  atte~l~i~ x~ iv, el~. the more the cardiac c~a~tactiom we~ 
~eakened b7 r:.-~e u~e of c~e to.~:~. ~ e  less they ~cre  streng~heued when the ventricle was p e t ~ d ,  subsequently 
b7 Ringer's s o ~ i ~  Wa.~ir~ =~e heaxt with ~ _ ~ ' s  sola~ioo after a second admlnist~atioa ~ toxin usually did 
�9 not ~.sult in a oo~iceable incre~-e in the ampl~rc~e of the cardiac  cont~accicns (x remained tc~11y fneffectfw~. 

In ~ e  ~ series of  ~ n ' , e n ~ s  we rested c~e act ioa of  ATP ~ d~e hear t ,  whether the.. ca.,dlac con t~c t lom,  
~..ak~aed b7 ~b~ e ~  of  ~t~ ~ ~ re-established by d ~  subsequent washing of  the v ~ ' ~ i c k  with R l ~ ' ~  

Fi~. 1. ~ . r ~  of A'IV oa ~ e  c o a ~ a c ~  of isolated frog heart  potsoaed ~ I ~  

a) ~ r n  ~ - - ~  of bcruli~us toxin (1" 10")); b) adminima~ioa of  ATP (1 -10 "~) 
c) admin~' :a~ioa of  toxin afte~ w a ~  d ~  v e n ~ c ~  with Ringer's s o l a t i ~  
d) s e c o ~  ~ i n i s t r a ~ i o n  o f  ATP. 
Curves (top zo boaom) :  recr oThearc cc~tracdons; ~ marker {3 ~ k  

- ia~-,~-_o~ :~f a d m i n i ~ i c ~  .of ~ test s u ~  into ~ hear t .  

UcZ~..z ~ c o n d i ~ ,  stimulation of  caxdiac activi ty typical  of ATP was observed~ The amplitude of the 
c a ~ i a c  cc~_~ac~oos i n c r e ~  400~ and more ,  not infrequently exceeding ihe leve l  reg~.~e.~ed befot~ the a d~ntn- 
isuzdon d bomlin~s t o x ~  ~ ~ e  hear t .  

In ~ ~ d  .~cri~s o f  c .~r~-~c~ts  we s~,~icd ~ e ~ e ~  ~ e  sti~mulan~ act ica  of ATP would persis~ if  i t  was 
m ~  ~ ) ~  a b a c ~ c ~ i  of cont inuL~ ;>effusion of the heart  wi~h bomlinus toxin.  Af~cr pezslstent dep r~ -  
~r of ~ ~rt a~--T.ioo ~ ~o ~I~ action of  ~axi~. 0~e heart  w~.not  washed with P~gez's  s o . r i o t  and o A  ml  of  
ATP so1r di1~zed to 1 - ~ - s  to  1 -10 "( was added to ~ e  c a ~ u l a .  The vo lun~ of the ~ f u s i n g  fiaid p r a ~ l ~  
did no~ ~ e  urger  the~e ~ i t i o n s .  while r2~e ATP ~ .oncen~ ion  remained ~ e  same as i a  the f ~  series o~ 
r  L e ~  I - I 0 - '  ~o 1 - I0 "s g / m L  TI~  ampl~tude of  ~ e  cardiac contractior~ ~ noticeably 
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(by 2f.~-400~ and more) tr the p~.~cncc of ATP. in spite of the ctmttnutng petfusl0a of the vemflck with bout- 
1~n~ toxln ~ .  1. b). 

In the 3~d series o! e~erlme.nl~ we invc_qlgated whed~er the dep~e~ant action of botuUnt~ totem cm 
L-ea~ p~rsists if it is Intt~,aeed Into the vcmrtcular cavity simultaneously with ATP. Ex~rtmcms ~wwed ~u~ 
ATP ~Lministcrcd with t~e toxin initially promoted the strengthening of the cardiac c~trac~oat and at f f ~  
gla~c~e fore:tailed the inhi~ftory action of the toxin ca the heart, llowcver, after 2-4 minutes the amp~Immle of 

~ '~ract iom fell. and r~peatcd admlni:uatlon of ATP remained without e ~  

E~ntlalty, in the, ft~t two scric~ of experiments the s~'cngll~cning t,f the action of ~ heart poBoned by 
b o ~ u s  toxin w~ ob~e~ed only during the initial ~e  of ATP a]~.o. If the heart was wathed wi~ F~io~r~l IoI~ 
tic~ after being acre6 ur-,c~ by ATF and then again perfmed with toxin (Fig. 1. c), the stimulant ac~'~oa of ATP 
on ~ e  heart w~s not evo~,,d by repeated administration of ATP (Fig. 1, d) o~ was very weakly evide~sce~ 

Thus. ATP admintr~ered together with to~m or zgafmt a backgrutmd of toxin activity temporarily blocYe~ 
t~ttt ~ no1 eliminate. ~ inhibitory effect of bomlinus toxin ou ~he heart. Conscquemlyo A'IP c a J ~  be ~_~arded 
zs a= antidote for botultnus texin. 

Fig. 2. Action of ATP in combinatio~ with cysteine no the contraction of Isolated f~rcqg 
heart pointed by boiulinm toxin. 
a) Repeated administration of AT P (1 - 10 "4) togethe~r with botulinus toxin (1 �9 10"4); 
b) addition of  cy~teine (1 " 10"3); c) administration of toxin after washing the ventricle 
with Ringer'~ r, olution; d) administration of cysteine; e) addition of ATP so]ntioa. 
S~mbo~ are the same ~ in Fig. 1. 

In the 21 experimcats of the 4th series we ~ the effcc~ of c)~eine on the contractiom of the heart 
po~:ro~ed with toxin. ~ repeated app .lication of ATP did not s~0-. any ttimulant action (Fig. 2,, a). tmmedi- 
a~e/y aher ~ additicc~ of cys~oe, the ampl/tude of the cardiac contractiom grew comiderably (Fig. 2. b) a~l 
w~ kept at a high level for 3-4 minutes; in addition, we ~ e d  that, in the pre~oce of eys1~e~e llooe, I 

poisoned with bo~lmus toxin began to ccatrac~ more energetically. However, in $ ca~s a~t oglg ,  such 
an effec~ was ab~at. However, if ATP solution w~ added to the cannula containing the mixture of cyneloe 
toXino tt'~e amplitude of ~ e  cardiac contractions increa~ed arid ~eached the original level  In Fig;. 2, d it is gp- 

pa.~nt that cys~ine had no noticeable act/on agaimt a backg,-o~nd of ~xin perfusion of the heart. I~ was 
to ~ d  ATI / solution ~o the cannula for [he cardiac contraction to increase comiderably (Fig. 2, e:), although ATP 
oz~  befog thi~ in the a_._.~.ence of cysteine did not evoke the usual stimulation of the cardiac action (see Fig. 2jl) ,  

It follows from ~ r  expedmen~ of the 4th series that if the heart poisoned by toxin ~o~  n : a ~ n g  to the 
m.~arate administration of ATp and cysteine, their cohcurtent administration evokes anew a meng~aing ol ~m 
~ l a e  contractions. Thus, cysteine and ATF mutually maintain the ability to stimulate the weNdt of thebes= 

p c ~ e d  by botulinus t o x ~  

All+ the experLmcats dexctibed above indicate indirectly that botulinm toxin acts on the 4~ner~ metabolism 
of ~ heart muscle. ~i:~0ting the processes of tcsymbesizing adenosinct~iphotphodc acid. The fact that A ~  
a,~ed to die perfusim fluid of the heart poisoned by botulinm toxin facilitates the strengthening of  the cardiac 
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~ u a r  h,to~ such a h ~ .  ~ a t e d  ATP admtal~, t ic~ is n~  a c c o n ~ e d  by ~ : ~  ~ c ~ .  
�9 ~ l~itial admi~ist~atlo~ of ATP :th~ulate~ the dccc/~pcahio~ of ~ ~ r ~ e ~  of ener~, ~ ~ i ~  
~o~d in the bean n~.wck. "~:peatcd adroi~i~trat~oo of ATr doc~ not have the aame ef'~r be~.~a~e d~e 
n:scrvc~ of ~he heart affected by toxln are c~epk~ed, and r e syud~s  of ~hem does ~ occur. ' , ~  ~ a 
~ m t l ~  pictu~ of abscc~: of the effect due to repea~e.d adminlstratloa of ATP when the ~ ~  of e ~ y -  
rich phosphorvs co~pou~k w~ deliberat~ly dkm~ned by the elimlnat/c~ of d~e n:~pi~ato~ an~ ~lyooly~c peb.- 
c ~ s ~  tn ~ bean ti=ue [~]. �9 

C~ ~h= o~hcr hand, oa the basis of expetime~ats wi~h c y ~ l a e ,  the hypod~Islaao~ exc~s d~-t botallam 
toxin ir~hibi~ ~e  actlv!~y of adeno~inetrlphosphatase by blocking i~ ~ul/'hydryl groups and d i ~  the u~ILu~/o~ 
of ATP when iu p~olo~ed coc~c~ with bean tissue. It is possible that d~e m e n ~ e n l n g  of ~m cardiac ccmUae- 
tions ur~e~ the influence of c]v~telne, the ~ of sul~hydryl groa~, de.pen& o~ d ~  when ~ =  ATI' expands 
~bilRy xo stimulate cardiac activity. 

Howr the questi~a nil1 remalm uaex~lalned ~hlch ~>eclflc metabolic reacttom a~- ~ ~hrupted, 
enz)T~ systems blocked by botulinus toxin, b~er the le~ ,  the fact of the Indepe.ude.m actio~t ~f  botalinm toals 
ca the cardiac musck and its part In ii~ eae~gy metabolism of xhe h e m  is safticie.~ly l a ~ n g  and n~lufn~ 
f u n ~  ~ a ~ ,  
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