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Summary. In t r avenous ly  injected te tanus  tox in  induced general  t e tanus  wi th in  12 to 37 h. The E E G  of precentral ,  
parietal ,  and occipital  areas and of the  cerebel lum revealed a h ighly  rhy thmic  ac t iv i ty .  In  local t e tanus  of the  l imbs 
or  in b ra ins tem te tanus  this  r h y t h m  could no t  be registered. 

According to previous  papers,  which only  skim over  
this subject ,  no character is t ic  changes of the  electro- 
encephalogram (EEG) occur in the  course of t e tanus  
in toxicat ion.  Comparing the  influence on cerebellar E E G  
of t e t anus  toxin  and strychnine,  N a q u e t  e t  al. 2 found t h a t  
t he  cerebetlar E E G  changes occurring under  s t rychnine  
did no t  occur in t e tanus- in tox ica ted  cats. Regard ing  the  
cort ical  E E G  no special exper iments  have  been designed 
to reveal  the  modif icat ion of cort ical  ac t iv i ty  by  t e tanus  
toxin.  This paper  deals w i th  the, influence of t e t anus  
in toxica t ion  on cerebellar and cort ical  E E G  of the  rabbi t .  

Materials and methods. Exper imen t s  were per formed on 
30 male  rabbi ts  weighing between 1.6 and 3.6 kg. Two 
non-purif ied batches  of t e t anus  toxin  f rom the  strains 
Kopenhagen  401 and 501A (Serotherapeut isches In s t i t u t  
Wien) and the  h ighly  purified OP-546/1 (Behringwerke,  
Marburg/Lahn)  were used. 

W h e n  general  t e tanus  was the  a im of exper iments ,  104 
to 105 LDs0 (M) were in jec ted  i.v. Surgical  procedures 
were  commenced  under  propanidid  anesthesia  and the  
animals  were then  immobil ized by  gal lamine t r ie thiodide  
or  diMlyl-bis-nor-• w i th  the  first  convulsion,  
which occured 12 to 37 h following toxin  adminis t ra t ion,  
depending  on the  dose used. All  wounds and pressure 
points  were careful ly inf i l t ra ted b y  2% procaine hydro-  
chloride. Recordings of precentral ,  par ie ta l  and occipital  
cor t ical  areas and of anter ior  cerebellar lobe were made  
by  convent iona l  mehod.  A spectral  analysis of the  record-  
ings was es t imated  by  means  of a 5481 Hewle t t -Packa rd  

�9 Signal  Analyzer  System. Basical ly the  me thod  of Fli ihler  3 
was used. 

When  local t e tanus  was intended,  about  103 LDs0 of 
tox in  were injected into t he  biceps femoris  of e i ther  h ind  
leg and in some cases addi t iona l ly  into the  f lexor mus-  
c les ,of  e i ther  forearm. In  order  to produce bra ins tem 
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Fig. 1. Tetanus intoxication. EEG of the preeentral, parietal, oc- 
cipital cortical and of the eerebellar lead with the corresponding 
spectral analysis. Calibration of EEG: 0.4 see., 50 ~LV. 

t e t anus  ~, this  dose was in jec ted  into  the  rectus lateral is  
muscle of one eye. W h e n  torticollis,  s y m p t o m a t i c  of 
bra ins tem te tanus  occured (within 1 and 11/2 days in our  
2 experiments)  or symptoms  of local t e tanus  of the  l imbs 
appeared  (within lt/2 to  3t/2 days),  surgical procedures  
were performed as described above.  

Results. General tetanus. The E E G  of all animals  
prepared  wi th  generalized convuls ion revealed a cere- 
bellar r h y t h m  from the  beginning of registrat ion.  This  
r h y t h m  persisted t h roughou t  the  exper iment  (Figure 1), 
w i thou t  sudden changes in f requency and ampl i tude .  
The  f requency  range a t  the  beginning var ied  be tween 
18-34 Hz in the  different  exper iments ,  fall ing progres- 

r Parts of this paper were presented at the Spring Meeting of the 
German Pharmacological Society held in Mainz, March 1973. 
R. NA•VET, H. REGIS and H. GASTAUT, J. Physiol. Path. g6n. 50, 
428 (1958). 

3 H. F L O H L E R ,  Dissertation No. 4001 der ETH, Ziirich, J. R. GEIGY 
AG., Basel 196% 

4 E. A. WRIGHT, R. S. MORGAN and G. P. WRIGHT, J. Path. Baet. 
62, 569 (1950). 
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Fig. 2. Tetanus intoxication. Components of spectral analysis of 
precentral and cerebellar EEG. From top to bottom: Precentral 
autospectrum, cerebellar autospectrum, preeentraI and cerebellar 
crosspectrum and phase (dotted), coherency. The peak at 5 Hz 
indicates the coherency of hippocampal theta-rhythm, the one at 
40 Hz the coherency of the harmonic frequency, which could be 
observed in many of our experiments. 
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sively, in average  0.9 Hz/h .  The  lowest  f requency  we 
could find was 11 Hz  on 1 an imal  af ter  21 h regis t ra-  
t ion. The  ampl i tude  (unipolar lead) was found no t  to 
exceed 100 [zV, usual ly  being be tween  30 and 50 ~zV. 

The cort ical  E E G  of these animals  revea led  a r h y t h m i c  
ac t iv i ty  (Figure 1) f rom the  beginning of registrat ion.  
No t  only was the  f requency of this r y h t h m  ident ical  wi th  
the  above-ment ioned  cerebellar  one, bu t  the  coherency 
was also h ighly  signif icant  (Figure 2). The  cort ical  r h y t h m  
was mos t  obvious at  the  precentra l  area because of its h igh 
ampl i tude  (up to 120 [xV) and the  less s t r iking the ta  
r h y t h m  in this  lead. 

In  3 exper iments ,  mid-bra in  t ranssect ion was per-  
formed. In  all 3 cases, a pa t t e rn  of E E G  at  rest  resul ted 
instead of the  previous  cor t ical  r hy thmic  ac t iv i ty .  I n  
one of these exper iments ,  we were able to record regular  
cerebellar  ac t iv i ty  fol lowing the  t ranssect ion.  

A pre l iminary  eva lua t ion  of cort ical  phase relat ionship 
revealed a phase shif t  only  in the  anter ior-poster ior  
direct ion wi th  the  r h y t h m  being in phase a t  electrodes 
placed symmetr ica l ly  a t  bo th  hemispheres.  The  phase 
re la t ion be tween  cerebel lar  r h y t h m  and any  reference 
po in t  (in Figure  2 the  precent ra l  lead) depends on the  
dep th  of the  cerebel lar  electrode, thus  indicat ing phase 
differences wi th in  the  cerebellum. 

Transition stage. On 3 animals  we were able to s tudy  
the  deve lopment  of cort ical  and cerebel lar  r hy thmic  
ac t iv i ty .  In  a typ ica l  exper iment ,  a rabb i t  was in jec ted  
wi th  101 LDs0 t e t anus  toxin  i.v. Surgical  procedures were 
s ta r t ed  18 h later,  in the  presence of symptoms  of re- 
luc tance  to move  and stiffness of gait.  At  the  beginning 
of registrat ion,  only  an inconspicuous cerebel lar  r h y t h m  
of 35 Hz  was present.  I t  became more regular  as the  experi-  
m e n t  proceeded.  The  cort ical  E E G  was character ized a t  
the  beginning by  slow waves  and precent ra l  spindles. I n  
the  course of a few h, the  pic ture  changed to cort ical  
desynchronizat ion,  concomi tan t  w i th  cont inuous  h ippo-  

campa l  t he t a  rhy thm,  and 10 h la ter  the  above  described 
r h y t h m  was established. 

Local tetanus. Cortical  or cerebellar  r hy thmic  ac t iv i ty  
could no t  be seen in e i ther  b ra ins tem te tanus  or in local 
t e tanus  of the  limbs. 

Discussion. Cerebellar  r hy thmic  ac t iv i ty  is no t  specific 
for t e t anus  in toxicat ion.  I t  occurs under  the  influence of 
' ba rb i tu ra t e  like agents  '5 and s t rychnine  s-8 and m a y  be 
induced by  arousal  s t imula t ion  v, s. F r o m  the  la t te r  condi-  
t ion, i t  can be clear ly  dis t inguished by  its regular i ty  and 
the  occurence of lower frequencies. As not iced a t  the  
t rans i t ion  stage, we never  saw a sudden change f rom less 
regular  to the  h ighly  rhy thmic  cerebel lar  ac t iv i ty .  We  
m a y  therefore  assume t h a t  the  cerebel lar  r h y t h m  of 
t e tanus  in toxica t ion  developes gradually.  Our experi-  
men ta l  se tup does no t  pe rmi t  any  conclusion as to cause 
and origin of the  cerebellar rhy thm.  Te tanus  tox in  m a y  be 
similar  in this  respect  to s t rychnine,  which is said to  
induce i t  by  influence on spinal cord and bra ins tem 6-s, 
a l though we were unable  to find the  cerebel lar  r h y t h m  in 
animals  wi th  bra ins tem te tanus.  

On the  o ther  hand,  the  rhy thmic  ac t iv i ty  of cort ical  
areas seems to be significant.  The  toxin,  as clearly de- 
mons t ra ted  by  our  mid-bra in  transsections,  does no t  ac t  
d i rec t ly  on cor t ical  s t ructures  9. 
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Summary. The  isoquinolines,  salsolinol and 3-carboxysalsolinol,  prolong e thanol - induced narcosis in mice. P re t rea t -  
m e n t  wi th  carb idopa  increases the  effect of 3-carboxysalsolinol  bu t  no t  of salsolinol. These results  suggest  t h a t  e thanol  
s leeping-t ime po ten t i a t ion  by  L-DOPA m a y  involve  a .pa r t i a l  convers ion to the  isoquinoline in v ivo.  A centra l  de- 
pressant  act ion of salsolinol or  t he  3-carboxy analogue is suggested.  

Many  studies have  indicated t h a t  neuroamines ,  or  
the i r  metabol i tes ,  m a y  par t ic ipa te  in the  narcot ic  act ion 
of ethanol .  Several  sleeping t ime  studies, in which ad-  
minis t ra t ions  of e thanol  were preceded by  inject ions of 
dopamine  and 5-hydroxyt ryp tamine~,  8 and thei r  pre- 
cursors, L-DOPA and 5 -hydroxy t ryp tophan  4, have  
shown t h a t  these substances s ignif icant ly  prolong the  
depressant  act ion of the  alcohol. A t t en t ion  has focused, 
however ,  on the  abe r ran t  reduct ive  p a t h w a y  metabol i tes ,  
t he  a ry le thanol  products ,  d ihydroxypheny le thano l  
(DOPET)  f rom dopamine  and  t ryp topho l  and 5-hydroxy-  
t r yp topho l  f rom 5-hydroxytryptamine3,~ .  These me ta -  
boli tes are also able to produce prolongat ion  of e thanol-  
induced narcosis;  ye t  the  results  indicate  t h a t  the  
neuroamines  are more po t en t  po ten t ia tors  t h a n  e i ther  the  
precursor~ or  the  reduced metabol i tes ,  

Other  unusual  metabol i tes  m a y  occur under  the  experi-  
men ta l  condi t ions  employed.  Aceta ldehyde,  the  pr ime 
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