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The Mg-ATPase  activity in the an ter ior  horn t issue of the ra t  spinal cord on the side of in- 
jection of the toxin in general ized tetanus is increased in the coarse  mitochondrial  (CM) 
fraction and unchanged in the mic rosomes .  The activity of Na ,K-ATPase  is increased in 
local tetanus in the mic rosomes ,  and in general ized tetanus in CM and the mic rosomes .  On 
the side opposite to injection of the toxin no changes in Mg-ATPase  activity were found in 
the subfractions but Na, K-ATPase  activity was increased in the mic rosomes .  Tetanus 
toxin in vi tro does not affect the activity of unpurified preparat ions of Na,K-ATPase  in CM 
f rom the ce reb ra l  cortex or  of Mg-ATPase  f rom the brain and mitochondria of the heart .  

Poisoning with tetanus toxin (TT) blocks the secre t ion of inhibitory mediators  in the spinal cord,  and 
if large doses are  given, the secre t ion of media tors  in the neuromuscular  synapse also is blocked [3]. How- 
ever,  the p r imary  stage of the biochemical  disturbances in the synapses in TT poisoning has not yet  been 
explained. TT is known to bind specifically with gangliosides,  s t ruc tura l  components of synaptic mem-  
branes  [9]. 

Considering that t r ans fe r  ATPase  plays an important  role in membrane  p rocesses ,  which can be 
modified in TT poisoning, it was decided to investigate the state of the various ATPases  of spinal cord 
t issue in experimental  tetanus. 

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

Noninbred albino rats  weighing 200 * 20 g were  used. After decapitation the spinal cord was quickly 
removed and the region of the an ter ior  horns of the lumbosacral  enlargement  was isolated on a f reezing 
stage. The t issue was homogenized in 10 volumes of 0.32 M sucrose  with 0.05 M Tr i s -HCI ,  pH 7.4, at 
0-2~ The fract ion of coa rse  mitochondria (CM) was obtained at 10,000 g (10 min) and the fract ion of 
mic rosomes  at 105,000 g (60 min). The fract ions were suspended in 0.32 M sucrose  and protein was de • 
te rmined by Lowry ' s  method. The yield of CM and mic rosomes  was 15.7 and 6 mg p ro t e in /g  f resh  t issue,  
respect ively .  Tissue f rom eight to 10 rats  was used in each experiment.  

To study the action of TT on ATPase ,  the CM of the ce rebra l  cortex and mitochondria  of the hear t  
also were  isolated. These fract ions were  used after  a single freezing and thawing. The CM fract ion was 
t rea ted  immediately before  the experiment with 0.1% Na deoxycholate (DC) for 30 min at 20~ (1.3 mg pro-  
tein/ml). Activity of the ATPases  was determined [t] f r o m  the degree of accumulation of inorganic phos- 

�9 Corresponding Member  , Academy of Medi_eal Sciences of the USSR. 

Labora tory  of Infectious Pathophysiology of the Nervous System, Institute of Normal  and Pathologi-  
cal Physiology, Academy of Medical Sciences of the USSR, Moscow. Transla ted from Byulleten' l~ks- 
per imenta l 'noi  Biologii i Meditsiny, Vol. 77, No. 1, pp. 45-48, January,  1974. Original ar t ic le  submitted 
January  3, 1973. 

�9 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 glest 17th Street, New York, N. Y. 10011. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A 
copy of this article is available from the publisher for $15.00. 

47 



TABLE i. Action of Pur i f i ed  Tetanus Toxin on ATPases in Vitro 

Fraction 

CM from rat cere- 
bral �9 cortex 

CM+ 0,1% DC 

Mitochondria of 
heart 

Type of ATPase 

big- ATPase 
Na,K-ATPase 
Mg- ATPase 
Na, K-ATPase 

Mg-AT Pase 
Ca-ATPase 

ATPase ac- 
tivity(in 
~moles Pin / 
~)g protein/ 

14,7-+0,5 
5,5--+0,3 
8,3--+0,45 
6 ,6 - -  + O, 25 

99,5-+ 1,8 
60 ,7 - -  + 1,3 

TT concen- 
tration (in 
~tg protein/ 
ml) 

0 , 0 5 - - 2  
0 , 0 5 - - 2  
0 , 0 5 - - 4  
0 , 0 5 - - 4  

0,05--25 
0.05--25 

Effect of TT 

No effect �9 
>> }) 

Increase of 
10 - - 15% 
>0,05) 

No effect 

( P >  

Note: Mean va lues  f rom five or  s ix  e x p e r i m e n t s  a r e  shown. 
When ca rd i ac  m i t o c h o n d r i a  w e r e  used  incubat ion~las ted  10 rain 
at  37~ o the rwi se  20 rain at  37~ The fol lowing c o n c e n t r a t i o n s  
of T T  were used:  0.05, 0.1, 0.5, 1, 2, 4, 10, and 25 #g pro= 
t e i n / m l .  

TABLE 2. ATPase Activity in Subcellular Fractions of Anterior 
Horn Tissue of Rat Spinal Cord under Normal Conditions and in 
Te tanus  (M + m) 

Experimental 
Fraction [conditions 

Homo~,~- 
nate~ 

CM 

Micro - 
somes 

Normal 
kocal t~tarms 
oenera~tetanus: 
' "  Left', 
N orRXrr~ t 
Local tetanus 
General tetanus: 

Left 
Right 

Normal 
Local tetanus 
General tetanus: 

Lett 
Right 

Activity of A TPases (in gmoles Pin/m: protein/h) 

Mg-ATPase 

6 , 0 •  (8 
5,434-0 ,46(8  

,494-0,66 (4 
, 3 3 •  (4 
, 50 •  (6 
,53_+0,52 (8 

14+_0,47 (4 
, 4 7 •  (4 
, 4 3 •  (8 
, 70 •  

,684-0,81 (4) 
,054-0,64 (4) 

+ 7  

+ 4 l *  
+ 2 2  

o 

+ 2 2 "  
0 

+5 
+3 
- -9  

!Na, K~A T P a s e  

3,844-0,51 (8) 
3, o• 0,29 (8) 

4 ,44-0,76(4)  
2 , 65• o, 76 (4) 

,754-0,35 (6) 
,244-0,25(6  

,33+_0,46 (4 
,254-0, 10 (4 
,464-0,28(7 
,514-0,19{6 

,21•  (4) 
7 , 3 4 •  18 (4) 

% ca-ATPase 

- 3,17• (8) 
-21 2,81+_o,12 (s 

+ 1 5  2,9-I-0,24(4 
--31 2, 19•  (4 

-- 3,70_+0,35(7) 
@ 13 3,40• (8) 

3,28--+0,71 (4) + 4 2 *  
- -13 2 , 8 7 •  

4 , 2 0 •  (8) 
+45,5* 4, 19• (5) 

+ 151" 4 ,09•  (4) 
@65" 3,97_+0,44(4) 

- -~2 

- -9  
- -31"  

- -13  
- -24  

o 

--3  
- -5  

Note: The  left s ide  was the " te tanus"  s ide  of the sp ina l  cord ,  
the r igh t  s ide  the opposi te .  N u m b e r  of e x p e r i m e n t s  g iven  in 
p a r e n t h e s e s .  + or  - )  i n c r e a s e  or  d e c r e a s e  in ac t iv i ty  (in %) 
r e s p e c t i v e l y  c o m p a r e d  with n o r m a l .  A s t e r i s k s  m a r k  s t a t i s -  

t i c a l l y  s ign i f i can t  changes ,  P < 0.05. 

phate in the course of the reaction. The composition of the incubation medium (i ml) was as follows, in 
moles: ATP-Na 2 3, MgCl 2 (CaCl2) 5, NaCl i00, KCI 20, Tris-HCl, pH 7.4, 50, sucrose 32; protein 100-500 
g. After incubation (I0 min, 37~ cold 10% TCA (i : i) was added, and the inorganic phosphorus was de- 
termined photoeolorimetrically at 700 nm [8]. Activity of transfer Na,K-ATPase was determined from the 
difference between total and Mg-ATPase activity. Activation of ATPase in the presence of Mg transplant 
or Ca transplant ions was attributed to Mg (Ca)-ATPase. 

The TT was purified by gel-filtration on Sephadex G-100 an elution with 0.05 M Tris-HCl, pH 7.4. 
The activity of the purfied TT was 3 x 105 MLD/mg protein (the doses here and subsequently are for rats). 
Local and general tetanus was produced by injecting TT (0,2 and 1.0 MLD, respectively) at several points 
(0.I ml at each injection) into the muscles of the leg and thigh (thus ensuring a uniform distribution of TT 
arriving at the spinal cord along regional nerve pathways [3]. Tissues of the anterior horns of the spinal 
cord were investigated at the stage of local tetanus after 48 h and at the stage of generalized ascending 
tetanus after 72 h. For comparison, tissues also were investigated on the side opposite to injection of the 
toxin (control for pathological side effects). 
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E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

The possibi l i ty  of a d i rec t  act ion of TT on the var ious  ATPases  was f i r s t  studied. It will  be c l ea r  
f rom Table  1 that purif ied TT (15-1200 MLD; 0.05-25 ~g p ro t e in /ml )  had vi r tual ly  no effect  on the act ivi ty  
of the var ious  A T P a s e s  over  a wide range  of concentrat ions in the exper iments  in vi t ro .  

The r e su l t s  of the study of the s ta te  of the ATPases  under no rma l  conditions and in poisoning by TT 
a r e  given in Table  2. C lea r ly  during poisoning no significant changes in C a - A T P a s e  act ivi ty  we re  found in 
the f rac t ions  of spinal  cord t i s sue  studied. Activity of M g - A T P a s e  increased  cons iderably  only in gen-  
e ra l ized  tetanus,  in the homogenate  (by 41% over  normal)  and in the CM fract ion (by 22%), but it was un- 
changed in the m i c r o s o m e s  in the var ious  s tages  of TT poisoning. It is in teres t ing to note that  M g - A T P a s e  
act ivi ty  in the subfract ions  of the uninfected spinal  cord  t i s sue  was unchanged in genera l  te tanus.  The pro-  
tein content in the f rac t ions  was v i r tua l ly  indist inguishable f rom no rma l  at the var ious  s tages  of TT poison- 
ing. It will also be  c l ea r  f rom Table  2 that  N a , K - A T P a s e  act ivi ty of the spinal  cord  t i s sue  was inc reased  
in the m i c r o s o m e s  (by 45.5%; P < 0.001) and CM (by 13%; p = 0.15-0.2) in local te tanus.  In genera l  tetanus 
the inc rease  in N a , K - A T P a s e  act ivi ty p r o g r e s s e d  cons iderably  in the m i c r o s o m e s  (by 151% over  normal)  
and in CM (by 42%). However,  in local and gene ra l  tetanus no s ta t i s t i ca l ly  significant changes were  found 
in the Na ,K-ATPase  act ivi ty  of spinal cord  t i s sue  homogenate.  It is not ye t  c l ea r  whether  this unexpected 
fact  means  that  an inhibitory component  is p resen t  f rom the beginning in the homogenate  of the an te r io r  
horns of the spinal  cord  or  whether  that component  appea r s  only in TT poisoning, and is s epa ra t ed  f rom 
the m e m b r a n e  s t ruc tu r e s  into the cy toplasmic  f rac t ion  during subsequent  f ract ionat ion of the t i s sue .  During 
the invest igat ion of subfrac t ions  of spinal  cord  t i s sue  on the side opposi te  to the injection of TT it was 
found in genera l  tetanus (Table 2) that  the N a , K - A T P a s e  act ivi ty  in the CM frac t ion  (as in local tetanus) 
was not s ignif icantly changed, but in the m i c r o s o m e s  it was increased  (by 65% over  normal) ;  These  r e -  
sul ts  suggest  that the i nc rea se  in ac t iv i ty  of t r a n s f e r  A T P a s e  of synaptic origin in the CM frac t ion  is the 
r e su l t  of the act ion of te tanus toxin and that the obse rved  inc rease  in act ivi ty of the m i c r o s o m a l  A T P a s e  
in genera l  tetanus may  be the r e su l t  of summat ion  of specif ic  and nonspecif ic  p r o c e s s e s  in tetanus poisoning. 

The inc rease  in M g - A T P a s e  act ivi ty of the CM frac t ion  of the spinal  cord,  r e spons ib le  for  b ioene r -  
get ic  p r o c e s s e s ,  obse rved  in genera l i zed  tetanus is in ha rmony  both with observa t ions  showinga d e c r e a s e  
in the content of h igh-energy  compounds (ATP) in ne rve  t i ssue ,  pa r t i cu la r ly  in the late s tage  of tetanus 
poisoning [3], and also with r e su l t s  showing an inc rease  in the act ivi ty  of M g - A T P a s e s  in b ra in  [5, 10] 
and ske le ta l  musc le  t i s sues  [4, 6, 7] in genera l i zed  te tanus.  No data on changes in N a , K - A T P a s e  act ivi ty  
in the t i s sues  in tetanus poisoning a r e  to be found in the l i t e ra tu re .  All that  is known is that  in the hy- 
poxia which accompanies  the late s tages  of tetanus [12] and in chronic  convulsions [1, 2, 11] changes may  
take place in m e m b r a n e  pe rmeab i l i ty  and in t r a n s f e r  A T P a s e  act ivi ty.  It is r epor t ed  in the l i t e r a tu r e  
that  TT in v i t ro  does not affect  the M g - A T P a s e  act ivi ty of ske le ta l  musc les  or  l iver  mi tochondr ia  but 
i nc rea se s  the act ivi ty  of d in i t rophenol -ac t iva ted  l iver  A T P a s e  [5]. However,  the question of a d i rec t  path-  
ogenic or  indirect  act ion of TT on the act ivi ty  of m e m b r a n e  N a , K - A T P a s e  is s t i l l  undecided. 

It is poss ib le  that  in vivo TT acts  on the pe rmeab i l i ty  of the synaptic  m e m b r a n e s  and causes  con-  
fo rmat iona l  changes in the p r o t e i n - l i p i d  complexes ,  thereby  causing secondary  specif ic  changes in the 
act ive  t r a n s p o r t  of ions through the m e m b r a n e ,  in N a , K - A T P a s e  activi ty and, ul t imately,  blocking synaptic  
p r o c e s s e s ,  espec ia l ly  in inhibitory synapses  which a r e  pa r t i cu la r ly  sens i t ive  to TT. 
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