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A purif ied p repa ra t ion  of tetanus toxin (TT) (80-800 MLD/mg protein) was shown to induce 
l ibera t ion  of both endogenous and exogenous (labeled with 14C) noradrena l in  (NA) f r o m  iso-  
lated ne rve  endings (synaptosomes)  of the ra t  bra in .  Within the range of concentra t ions  
studied TT does not inhibit s ec re t ion  of NA evoked by depolar iza t ion  of synap tosomes  by 
different  methods in vi t ro .  
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There  is e lee t rophys io logica l  and b iochemica l  evidence that tetanus toxin (TT) can dis turb  the function 
of chol inergie ,  dopaminergic ,  and amino-ae ide rg [e  synapses  [1, 2, 8, 9]; this d[s turbance,  m o r e o v e r ,  ts a s -  
sociated with injury to p resynap t ic  p r o c e s s e s  and, in par t i cu la r ,  d is turbance of the p roce s s  of med ia to r  s e c r e -  
tion. It was shown prev ious ly  that depolar iza t ion  of synaptosomes  in vi t ro  is an adequate model with which to 
study the effect  of var ious  fac to r s  on noradrenal [n  (NA) sec re t ion  [5]. 

The object  of the p r e s en t  invest igat ion was to study the act ion of purif ied TT on l ibera t ion of both endog- 
enous and exogenous (labeled with 14C) NA f r o m  bra in  synaptosomes  and a lso  the effect  of TT on l ibera t ion of 
NA during depolar iza t ion  of synaptosomes  by var ious  methods .  

E X P E R I M E N T A L  M E T H O D  

Brain  t i s sue  of noninbred albino ra t s  weighing 180-250 g was used in the expe r imen t s .  Synaptosomes 
were  isolated f r o m  the bra in  without the ce r ebe l l um [10]. The res idue of synap tosomes  was suspended in 
K r e b s - R i n g e r  solution of the following composi t ion (in raM): NaC1 104, KCI 5, MgC12 1.3, NaH2PO 4 1.2, glu- 
cose 10, CaC12 1.2, Tr is -HC1 20; pH 7.6, at 25~ (solution No. 1). 

Unpurified TT (batch 23 f r o m  Leningrad Institute of Vaccines  and Sera) was purif ied by ge l - f i l t r a t ion  on 
Sephadex G-100. The t i t e r  of the toxin was 80,000 MLD for  r a t s / r a g  prote in .  

To study the l ibera t ion  of endogenous N A a  suspens ion of synaptosomes  (2-4 rag p ro t e in /ml )  was p r e -  
incubated before  the expe r imen t  (5 rain, 37~ The TT p repa ra t i on  was added to the suspens ion before  the 
beginning of preincubat ion.  Synaptosomes were  depolar ized by means  of ouabain (0.7 raM, 20 rain) and e lec-  
t r i ca l  s t imulat ion (ES) with square  pulses  of a l te rnat ing  pola r i ty  (100 Hz, 0.4 msec ,  5 V, 12 mA) for  5 rain [5]. 
To prevent  breakdown of NA, 0.2 mM Pargyl ine ,  a monoamine  oxidase inhibitor,  was added to the incubation 
medium.  After  the end of incubation the synap tosomes  were  separa ted  by centr i fugat ion (12,000g, 10 min, 
0-4~ and the concentra t ion of endogenous NA was de te rmined  in the superna tan t  a f t e r  prec ip i ta t ion  of the 
prote ins  with 1N HC104. The t r ihydroxyindole  f luorescence  method of de te rmin ing  ca techolamines  was used.  
Adsorpt ion of NA and its elution f r o m  A1203 were  c a r r i e d  out by the method of Anton and Sayre [7], and oxida- 
tion and m e a s u r e m e n t  of the concentra t ion of NA on a Hitachi-203 s p e c t r e f l u o r o m e t e r  (Japan) [5]. 

To study the act ion of TT on uptake and l ibera t ion  of labeled NA the synaptosomes  (0.25 mg p ro te in /ml )  
were  pre incubated during mixing for  15 rain at 37~ in solution No. 1. After  addition of 6.1 #moles  NA-14C 
(Radiochemical  Centre ,  Amersham,  England, 35 m C i / m m o l e )  in the p r e sence  of 0.2 mM Parygl ine ,  incubation 
was continued for  10 rain. The synap tosomes  were  sepa ra ted  by centr ifugation,  washed twice with physiological  
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Fig. 1. Effect  of tetanus toxin on l ibera t ion  of endogenous 
(A) and exogenous (labeled with 14C (B) NA f r o m  synapto-  
somes  under  no rm a l  conditions and a f t e r  depolar iza t ion 
by var ious  methods .  A: 1) E lec t r i ca l  s t imulat ion (ES); 
2) tetanus toxin (TT), 500 MLD; 3) ES against  the back-  
ground of TT; 4) ouabain (0.7 mM); 5) TT (800 MLD); 
6) ouabain against  the background of TT; 7) TT inact i -  
vated by anti tetanus se rum;  8) ouabain against  the back-  
ground of inact ivated TT.  B: 1) K+-depolar iza t ion  (+35 
ram KC1); 2) TT (800 MLD); 3) K+-depolar iza t ion  agains t  
the background of TT; 4) TT inact ivated by anti tetanus 
s e r u m .  Number  of exper imen t s  given in pa ren theses .  
NA concentra t ion in incubation medium in control  taken 
as 100% (base line). 

saline,  and at  this s tage pa r t  of the res idue  was dissolved in 1N NaOH and used for  counting radioact iv i ty  of 
a s s imi l a t ed  NA, while the r e s t  was resuspended  e i ther  in solution No. 1 (control) or  in solution No. 2 of the 
following composi t ion (in raM): NaC1 74, KC1 35, MgC12 1.3, NaH2PO 4 1.2, glucose 10, CaCI 2 2.4 Tr is -HC1 20; 
pH 7.6, at  25~ The synap tosomes  thus p r e p a r e d  were  again incubated with mixing (37~ for  15 rain, the syn- 
ap tosomes  were  again sepa ra ted  by centr i fugat ion a f t e r  which radioact iv i ty  was de te rmined  in 0.1 ml of super -  
natant (2400 c p m / m g  pro te in  in the control) .  Radioact ivi ty  was counted with the aid of toluene sc in t i l la tor  with 
the addition of ethanol, and the m e a s u r e m e n t s  we re  made on an Inter technique SL-30 (France) scint i l la t ion 
s p e c t r o m e t e r .  Libera t ion  of med ia to r  was expres sed  as pe rcen tages  of the total  radioact iv i ty  of the supernatant  
and res idue .  The TT was inact ivated with " D i a f e r m - 3  I~M" (USSR) anti tetanus s e r u m  in the ra t io  of 1 i.u. to 
400 MLD for  ra t s .  Pro te in  was de te rmined  by Lowry ' s  method.  The nonpa rame t r i c  U t e s t  was used for  s t a t i s -  
t ica l  ana lys is  of the r e su l t s .  

EXPERIMENTAL RESULTS 

in the experiments of series I the effect of TT on liberation of endogenous NA from synaptosomes under 
the influence of ES and of depolarization by ouabain was studied. As Fig. IA shows, ES for 5 rain led to an in- 
crease (P< 0.05) in the NA concentration in the incubation medium on average by 43% (25-52%). However, TT 
itself in a dose of 500 MLD/ml suspension also caused an increase (P< 0,05) in the NA concentration in the in- 
cubation medium by 23~ (6-50%) compared with the control, i.e., with the normal "leakage" of mediator. TT, 
did not change the action of ES: Against the background of added toxin ES caused liberation of the same quantity 

of NA -by 46~/0 (16-75%) above the control. 

Treatment with 0.7 mM oubain (Fig. 1A) also led to an increase (P< 0.01) in liberation of NA by 53% (34- 
67%). The TT preparation in a dose of 800 MLD/ml suspension of synaptosomes also increased (P< 0.01) liber- 
ation of endogenous NA by 38% (10-68%). Just as in the case of ES, TT did not change the action of ouabain: 
After addition of TT ouabain led to an increase (P< 0.01) in NA liberation by 56~ (36-72%) compared with the 

control. 

The results given in Fig. 2 show that the action of TT on secretion of endogenous NA is dose-dependent, 
With an increase in the dose the quantity of NA liberated rises proportionally. Inactivation of TT with anti- 
tetanus serum led to complete blocking of its effect on NA liberation. 

The study of the action of TT on uptake of labeled NA by synaptosomes showed (results of seven experi- 
ments) that the rate of active uptake of the mediator in the presence of TT (800 MLD/ml suspension) was 95.5~ 
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Fig. 2. Quantity of endogenous NA liberated as a func- 
tion of dose of tetanus toxin (concentrations of TT used: 
8, 80, 500, and 800 MLD). Legend as in Fig. 1. 

(84-110~0) of the control,  i.e., it was not significantly changed. This is in agreement  with data showing that TT 
h a s n o  effect on uptake of GABA-aH by synaptosomes or on the activity of synaptosomal Na, K-ATPase  [4], an 
enzyme which also determines  the function of the sys tem for  active mediator  uptake. 

K+-depolarizat ion (35 mM KC1)of synaptosomes loaded with NA-~4C led to an increase  (P < 0.05) in l iber-  
ation of the mediator  (Fig. 1B) by 27% (20-31%). Incubation of synaptosomes with TT (800 MLD/ml), leading 
to an increase  (P< 0.05) in the content of labeled NA in the incubation medium by 29 (25-33~ compared with 
the control, had a s imi lar  effect. However, by contrast  with the experiments with endogenous NA, the toxin 
evidently potentiated the action of K+-depolarizat ion (Fig. 1B), increasing (P< 0.01) the l iberation of labeled 
NA to 51% (31-75~ Antitetanus se rum completely abolished this effect of TT. 

Two conclusions can thus be drawn f rom the results  of these investigations: 1) TT, by its action on brain 
synaptosomes,  increases  the l iberation of endogenous and exogenous NA mediator;  2) TT does not inhibit NA 
secret ion f rom synaptosomes induced by depolarizing agents. These two effects have not been described before.  

Reserves  of nonvesicular,  i.e., cytoplasmic NA are known to be small  and to amount to 5-10~ of its total 
content in nerve endings. It is therefore  ve ry  probable that the l iberation of NA observed in the present  ex- 
per iments  under the influence of TT (about 207o of the content of NA in the synaptosomes) ref lects  l iberation 
of media tor  s tored in ves ic les .  

The fact  that the effects of TT and depolarizing agents in these experiments  are  not additive is also evi- 
dence in support of the view that depolarizing agents and TT liberate NA from the same stock. Fur ther  r e -  
search is required to obtain final proof  of this hypothesis.  

According to data obtained by electron microscopy,  TT does not change the u l t ras t ruc ture  of synapto- 
somes.  The toxin evidently has no harmful  action on synaptosomes,  although it can change their  osmotic sen- 
sittvity [4]. 

It was shown previously in the w r i t e r s '  l abora tory  [3] that TT in vitro suppresses  superprecipi ta t ion of 
par t ia l ly  purified aetomyosin- l ike  protein f rom ra t  brain, i.e., the action of TT in this experimental  model is 
comparable with the action of cer tain mitotic alkaloids. A mitotic poison such as vinblastine (0.25 raM) is 
known to cause spontaneous l iberation of NA, GABA, dopamine [14], and serotonin [15] f rom ra t  brain synapto- 
somes.  If isolated nerve endings were saturated with labeled mediators  before the addition of this mitotic 
alkaloid (as was the case in the present  experiments  also), addition of the lat ter  did not change the rate of 
l iberat ion of media tor  evoked by KC1. If, however, the vinblastine was present  before addition of the labeled 
mediator ,  considerable suppression of uptake of mediators  by isolated nerve endings and also a distinct de- 
c rease  in l iberat ion of t ransmit•  induced by KC1 were observed [14]. 

It was suggested previously  that TT disturbs the l iberation of mediators  by the presynapt ie  terminal  
regard less  of the nature of the mediator  [12, 13]. In fact, as has a l ready been pointed out, TT blocks the l iber-  
ation of glycine [9], GABA [1, 8], acetylcholine [2], and dopamine [1]. The resul ts  of the present  investigation 
suggest that there  is an exception to this rule:  Spontaneous l iberation of NA by synaptosomes,  which not only 
is not blocked but, on the cont rary ,  is actually increased under the influence of TT. The mechanism of this 
phenomenon is not yet  sufficiently c lear ,  nor is it c lear  whether it takes place in v/vo. it was shown some-  
t ime ago that if TT is introduced into the an ter ior  chamber  of the eye the effects of adrenergtc  innervation 
of the ir is  are  unchanged [6]. At the same time, in severe  general ized tetanus, sympathet ic  hyperactivi ty is 
known to be present  [2, 11]. it is important  to consider  this fact in relat ion to the data now obtained showing 
potentiation of spontaneous NA secre t ion by centraI adrenergie  t e rmhmls  (synaptosomes) under the influence 
of TT. 
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Exper imen t s  on anesthet ized dogs with a closed ches t  showed that injection of an t icard iac  cyto-  
toxic s e r u m  into one of the main  branches  of the left  co rona ry  a r t e r y  was followed by zonal 
d i s turbances  of energy  me tabo l i sm  (a d e c r e a s e  in the ATP,  ADP, AMP, and glycogen concen-  
t ra t ions  and cont rac t i l i ty  of the affected a r e a  of the left  ventr ic le) .  Compensa to ry  hyperfunc-  
tion of the left  and r ight  ven t r ic les  and an i nc rea se  in the i r  noradrena l in  concentra t ion were  
found. The indices of energy me tabo l i sm in the unaffected a r e a  of the hear t  showed no s ig-  
nificant change. 

KEY WORDS: card iodynamics ;  myocard ia l  metabol i sm;  injury to the hear t .  

It was shown prev ious ly  that inject ion of an t icard iac  cytotoxic s e r u m  (ACS) into one branch  of the lef t  
co rona ry  a r t e r y  led to sharp  and prolonged d i s tu rbances  of the hemodynamics  s i m i l a r  to the p ic ture  of ea rd io -  
genic shock [1] and due to d is turbances  of the contract i le  act ivi ty  of the myoea rd ium [3] and to deposit ion of 
blood [5]. Focal  injury of the hea r t  musc le  developed in the region of d i rec t  act ion of ACS [7]. 

To shed light on the mechan i sms  of d is turbance  of ca rd iac  act ivi ty  a f t e r  cytotoxic injury,  it was con- 
s idered  impor tan t  to compare  changes in energy  m e t a b o l i s m  in different  pa r t s  of the hea r t  with zonal changes 
in cont rac t i le  act iv i ty  of the myoea rd ium.  
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