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C H A N G E S  IN C O R T I C A L  E L E C T R I C A L  A C T I V I T Y  

IN P O I S O N I N G  BY C l o s t r i d i u m  p e r f r i n g e n s  

T Y P E  A T O X I N  

A. V. T s e l u k h ,  R.  F .  M a k u l ' k i n ,  
a n d  G. N. K r y z h a n o v s k i i *  

UDC 612.822.3.014.46:576.851. 
555.097.29 

In cats lightly anesthetized with pentobarbital (15-20 mg/kg) cortical electr ical  activity was r e -  
corded during the development of poisoning by the toxin of Clostridium perfringens type A, in- 
jected intramuscularly (100 MLD/kg). Changes in cortical" electr ical  activity occurred in two 
phases. In the f irs t  phase desynchronization of activity, preservation of evoked potentials and 
changes in the rhythm structure in response to photic stimulation were observed. Desynchroni- 
zation was not observed after preliminary mesencephalic section (mesencephalic preparation), 
indicating involvement of the ret icular  formation in the pathological process and its role in the 
desynchronization effect. In the second phase cortical  electr ical  activity was deeply inhibited, 
evoked potentials depressed, and the rhythm reconstruction reaction was disturbed. 
KEY WORDS: electrocort icogram; electromyogram; evoked potentials;rhythm reconstruction 
reaction; electrocardiogram; Clostridium perfringens type A toxin. 

There is clinical and experimental evidence [1-3, 7, 8, 12, 13, 17] of a lesion of the CNS in anaerobic gas 
gangrene infection. Many aspects of the nature and pathogenetic mechanisms of these lesions still remain un- 
explained. 

The object of this investigation was to study cortical electr ical  activity in the course of development of 
poisoning caused by Clostridium perfringens type A toxin. 

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

Experiments were carr ied out on 32 cats. In the experiments of ser ies  I (17 animals) intact cats were 
used, and to synchronize their EEG potentials, pentobarbital was injected intraperitoneally in a dose of 15-20 
mg/kg; in ser ies  II (15 animals) the experiments were carr ied out on cats with high mesencephalic section. 
The brain stem was divided between the superior colliculi and thalamus. A wedge-shaped section of the mesen- 
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Fig. 1. ECoG, EMG, ECG, EP,  and RRR during development  of poisoning by 
C_.~I. perfr_ingen s type A toxin: a) before  injection of toxin; b, c, d, e) 1, 3, 9, 
and 24 h r e spec t i ve ly  af ter  injection of toxin. H e r e  and in Fig. 3: D ECoG, 
EMG of ant igravi ty  neck musc le s ,  and ECG; II) EP;  [II and IV) RRR to r epe t i -  
t ive f lashes  with f requencies  of 5 and 10 Hz respec t ive ly .  GLM) Middle pa r t  
of l a t e ra l  gyrus ;  GSA) an te r io r  s igmoid gyrus;  ECG in lead II. T ime  m a r k e r  
1 sec .  Signal cal ibrat ion:  100 #V for  ECoG and EMG, 50o pV for ECG. 

cephalon was c a r r i e d  out by Vi l lablanca 's  method [20}. The p r e p a r a t o r y  operat ion s ( t racheotomy,  trephining 
of the skull ,  and inser t ion of the e lec t rodes)  were  ca r r i ed  out under local anes thes ia  (1% procaine  solution). 
The mesencephalon  was divided by a thin spatula under b r i e f  in t ra t rachea l  anes thes ia ,  which was stopped im-  
media te ly  af ter  complet ion of the section.  

The spontaneous e t e c t r o c o r t i c o g r a m  (ECoG), evoked potentials  (EP) to single f lashes  (energy 0.3 J,  
dis tance between source  of light and cornea  40 cm),  and the rhy thm recons t ruc t ion  r e sponse  (RRR) were  r e -  
corded in intact cats  and in the mesencephal ic  p repa ra t ions .  The EP w e r e  r e c o r d e d  s imul taneously  on an ink- 
wri t ing  e lec t roencephalograph  and with the F o r - 2  c a m e r a  f rom the s c r een  of an S-1-16 ca thode- ray  osc i l lo-  
scope.  F r o m  10 to 15 EP were  superposed .  Values of the latent  period,  ampli tude,  and durat ion of the posi t ive 
and negat ive components  of EP were  subjected to s ta t i s t i ca l  ana lys i s  and the c r i t e r i a  of s ignif icance (P) of these  
values  we re  de te rmined .  The F-1-0 .2  flash gene ra t e r  was used as the sou rce  of photic s t imulat ion.  

i 488  



C 

I00/~V i I 
500 rnsec 

100 ~V 

100 msee 

Fig. 2. ECoG and EP in cor tex of cat at different  s tages of poisoning by C1. pe r -  
fr ingens type A toxin: a) ECoG and superposed EP before  injection of toxin; b) 
during desynchronizat ion;  c) during depress ion.  Time m ark e r  100 and 500 msec.  
Signal cal ibrat ion 100 #V. 

To study changes in the functional state of the brain s tem at various t imes  af ter  injection of the toxin 
(100 MLD/kg, in t ramuscular ly) ,  the e l ec t romyogram (EMG) of the ant igravi ty muscles  of the neck was r eco rded  
by needle e lec t rodes .  The ECG also was recorded .  

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

In the exper iments  of s e r i e s  I the effect of the toxin on the spontaneous ECoG, the EMG of the ant igravi ty 
muscles  of the neck, ECG, EP,  and RRR in animals  in a s tate  of pentobarbital  sleep was investigated. Before  
injection of the toxin (Fig. la .  I) waves in the ~ and 0 range predominated in the occipital  and frontal  regions ,  
the antigravity muscles  of the neck, according to the EMG, were  in a state of marked  tonic contract ion,  the 
rhythm of cardiac  contract ions was regu la r ,  and the main components of the ECG were  c lea r ly  defined. In 
response  to single f lashes EP were  r eco rded  in the visual and sensomotor  cortex af te r  an identical latent period 
(Fig, la ,  II). During repet i t ive  photic st imulation a general ized RRR was formed in the 0 and A range (5-10 Hz; 
Fig. la ,  III, IV). 

One hour a f te r  injection of the toxin EEG, EP, and RRR were  substant ial ly unchanged (Fig. lb,  I-IV). In= 
vers ion  of the T wave was observed on the ECG but the cardiac  rhythm was unchanged (Fig. lb,  I). The pat tern  
of spontaneous and evoked cor t ica l  e lec t r i ca l  activity 3 h af ter  injection of the toxin remained  the same (Fig. 
lc, I-IV). The cardiac  rhythm was regular and the negativity of the T-wave a little increased  (Fig. lc, I). De- 
press ion  of slow-wave activity and enhancement of fast low-voltage activity in the fl range were  observed af ter  
9 h on the EEG (Fig. lb,  I). The amplitude of the QRS complex of the ECG was reduced,  and the T wave r e -  
mained consis tent ly  negative during prolonged record ing  of the ECG (Fig. ld,  I). EP as before  were  c lea r ly  de- 
fined in the occipital  and frontal  leads, and RRR to repet i t ive  flashes with frequencies  of 5 and 10 Hz showed no 

TABLE 1. 
Stimulation during Poisoning by C1. perf r ingens  Toxin 

l Positive component of EP 
Phases of ECoG Latent period of EP - -  duration, msec ampiimde, gV 
changes 

M 4 - m  t p M •  t P M •  t 

1 Initial sponta= 
neous EEG 13,9+__0, 1: 10,SS_+0,aa 62,1.+3,2 

Phase of EEG 
desynchroni- 14,1• 0,9 >0,05 10,4+__0,32 0,r >0,05 61,4__4,3 
zation 

Phase of EEG depression 29,3___0,5 i!8,1 <0,001 ,~20,9+0,58 14, c. <0,00 22,04-1,6 

Latent Per iod ,  Duration, and Amplitude of Posi t ive  and Negative Components of the EP to Photic 

P 

O, I >0,05 

8, i <0,001 

Negative component of EP 
amplitude, /~V 

I p 

duration, msec 

M~m t P M •  t 

46,9-+-0,5 I 

45,3~0,81 1,6 >0,05 

38,8__+1,91 4,5 <0,001 

) 
47,8• Ii [ 

38,0___9,11 01981 >0,05 

49,2+4,5131,1 ! <0,001 
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Fig. 3. ECoG, EMG, ECG, EP,  and RRR during development  of poi-  
soning by C1. perfr ingens  type A toxin,  in cat cerveau  i so le  S prepara-  
tion: a) before  injection of toxin; b, c ,  d , e )  1, 6, 24, and 30 h r e s p e c -  
t ively after injection of toxin. 
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Fig. 3 continued 

appreciable change (Fig. ld, II-IV). The ECoG was very much flatter after  24 h and no EMG potentials were  
recorded  f rom the neck muscles ;  the ECG showed sharp changes: a decrease  in amplitude of the R wave, a 
dome-shaped ST segment,  and negative T wave; low-amplitude EP developed in response  to single flashes.  The 
RRR in response  to repetit ive photic stimulation with a frequency of 5 Hz were poorly defined, and at a frequen- 
cy of 10 Hz they were  absent (Fig. le,  I-IV). 

Since it is difficult to obtain the precise  charac te r i s t i c s  of EP when recorded  on an ink-writ ing e lec t ro-  
encephalograph, in some experiments they were recorded  on a ca thode- ray  osci l loscope with a high scanning 
speed by the superposit ion method (Fig. 2). The numerical  data are  given in Table 1. Before injection of the 
toxin waves were  recorded  on the ECoG in the ~ and A range,  and the EP were c lear ly  defined and had the o r -  
dinary configuration (Fig. 2a). The numerical  charac te r i s t i c s  of the superposed EP are given in Table 1. On 
repeated recording  of the ECoG, desynchronizat ion remained stable and low-voltage waves with frequencies of 
17-21 Hz were dominant, although i r regular  slow waves in the A range also were recorded  (Fig. 2b). Statistical 
analysis  showed that the latent period, amplitude, and duration of the positive and negative components of the 
EP, recorded  against this background of the EEG, were essential ly indistinguishable f rom those observed be- 
fore injection of the toxin. During flattening of the EEG (Fig. 2c) the la tentperiod was considerably increased 
but the amplitude of the positive and negative components was reduced (Table 1). In the animals in the ear ly  
stages of poisoning by C1. perfr ingens type A toxin desynchronization of the ECoG thus developed and, as the 
EP showed, the functional state of the cortex remained good. Later  the ECoG became depressed  and this was 
accompanied by marked worsening of  the functional state of the cortex. 

The desynchronizing effect thus observed could depend on activation of the b ra in - s t em re t icu la r  fo rma-  
tion or on depression of the tha lamocor t ica l  synchronizing sys tem.  To decide this issue experiments  were  
ca r r i ed  out on '~ece'phale isol~" preparat ions  with total mesencephalic section. 
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The resul ts  of this ser ies  of experiments  showed that the dynamics of changes in spontaneous and evoked 
cor t ica l  e lec t r ica l  activity differed significantly f rom that in the intact animals.  F rom 1 to 3h af ter  mesen-  
cephalic section the EEG was dominated by waves with a frequency of 7-8 Hz and by i r regular  waves in the A 
band. The antigravity neck muscles ,  as the EMG showed, were in a state of tonic contraction. No signs of 
cardiac  ar rhythmia  were  found on recording  the ECG. The EP were well defined in the visual and projection 
cortex and they were  also recorded  in the sensomotor  cortex, although their amplitude in this a rea  was much 
lower. Under the influence of regular  flashes (5-10 Hz) an RRR was formed mainly in the visual cortex (Fig. 3a, 
I-IV). One hour after injection of the toxin the ECoG as before was dominated by waves in the ~ range,  the 
tone of the antigravity neck muscles  remained high, and some changes were found in the ECG (in individual 
complexes the T wave was negative and a small  increase  was found in the P and R waves). Evoked potentials 
and RRR to repeti t ive flashes with frequencies of 5 and 10 Hz showed no significant change (Fig. 3b, I-IV). A 
s imi lar  pat tern of the spontaneous ECoG, EP, RRR, and EMG also was observed 6 h after injection of the toxin 
(Fig. 3c, I-IV). An increase  in amplitude of the negative T wave was observed on the ECG. Later ,  24 h after 
injection of the toxin (Fig. 3d, I-IV), ~- l ike  waves with a frequency of 7-8 Hz and slow waves in the ~ range 
were recorded  in the ECoG~ The EMG was strongly inhibited. The amplitude of the P waves and of the QRS 
ventr icular  complex was reduced, and the ST segment was now convex in shape. Evoked potentials and RRR 
were substantially unchanged during repetit ive photic stimulation with a frequency of 5 Hz. In response to 
regular  flashes at 10-Hz rhythm binding to the flashes was complete during the f i rs t  4 sec, after which the r e -  
production of these frequencies was disturbed. After 30 h the ECoG was flattened, no EMG potentials were r e -  
corded, and the ECG was considerably modified: The amplitude of the R wave was increased and became i r -  
regular ,  and in some complexes the cardiac  rhythm was i r regular .  In response  to single flashes low-amplitude 
EP were r ecorded  in the occipital leads only. The RRR was not reproduced in response  to repeti t ive flashes 
(Fig. 3e, I-III).  

During poisoning caused by C1. perfr ingens type A toxin, under conditions of anatomical separat ion of the 
brain s tem and forebrain,  no marked changes were thus observed in the functional state of the cerebra l  cortex,  
unlike in intact animals.  Since cor t ical  activity in the ~ an.1 ~ rhythms was unchanged, it can be concluded 
that the toxin had no action on the thalamocor t ica l  synchronizing system,  which is known to be the morphological  
and functional substrate  for the  generation of these cor t ical  rhythms [18, 19]; consequently, the ECoG desyn- 
chronizat ion effect observed in intact animals is attributable to involvement of the b ra in - s tem activating re t icu-  
lar formation in the p rocess .  

Hypoxia in the initial stages of oxygen deprivation is known to produce a desynchronization effect [5]. It 
is possible that the hypoxic components may play a substantial role in the mechanism of the changes in brain 
e lect r ical  activity observed.  Evidence in support of this hypothesis is given by changes in the ECG. However, 
these changes can also be interpreted differently. It has been shown [15] that after  intravenous injection of 
C1. perfr ingens toxin into rabbits ,  morphological  features ref lect ing lesions of the inferior and anter ior  suben- 
docardium and anter ior  per icard ium are  observed within 30-90 min, and they coincide with flattening or inver- 
sion of the T wave and ST segment  and also with lengthening of the QRS complex, findings which indicate a dis-  
turbance of int raventr icular  conduction. Consequently, the changes observed in the ECG may be connected with 
the direct  action of the toxin on the myocardium. It can accordingly be considered that the direct  action of the 
toxin on the brain stem evidently plays a pathogenetic ro le  in the origin of the desynchronization. 

L I T E R A T U R E  C I T E D  

1. D . A .  Arapov,  Anaerobic Gas Gangrene Infection [in Russian],  Moscow (1972). 
2. N . N .  Berezovskaya and L. I. II ' ina,  Byull. Eksp. Biol. Med., No. 2, 44 (1954). 
3. A . N .  Berkutov, "Anaerobic Injection of gunshot wounds," Doctoral  Dissertat ion,  Leningrad (1951). 
4. V . B .  Votyakova, Abst rac ts  of Proceedings  of a Scientific Session of Minsk Medical Institute [in Russian],  

Minsk (1954), pp. 31-32. 
5. A . M .  Gurvich, Elect r ica l  Activity of the Dying and Reviving Brain [in Russian],  Leningrad (1966). 
6. R. Yu. Ilyuchenok, Neuro-Humoral  Mechanisms of the Bra in -S temRet i cu la r  Format ion [in Russian],  

Moscow (1965). 
7. S . Z .  Kostyukova, Klin. Med., No. 3, 49-54 (1945). 
8. K .A .  Kuz'mina,  "Pathophysiological  analysis  of the mechanisms of action of toxins of gas gangrene on 

the nervous sys tem,"  Doctoral  Dissertat ion,  Saratov (1968). 
9. S . V .  Magaeva and O. Ya. Ostryi ,  in: Neurotrophic P rob lems  in the Theory and P rac t i ce  of Medicine 

[in Russian],  Moscow (1963), p. 18. 

1492 



10. A . F .  Popov,  "The s ta te  of the autonomic innervat ion of the hea r t  and blood ves se l s  in expe r imen ta l  
anerobic  poisoning,"  Author ' s  Abs t rac t  of Doctora l  Disser ta t ion ,  Kazan '  (1973). 

11. M~ Sh. P r o m y s l o v ,  Dokl. Akad. Nauk SSSR, 8__00, No. 4, 653 (1951). 
12. E . A .  Skvirskaya,  in: P r o b l e m s  in Immunopathology [in Russian] ,  Moscow (1963), pp. 88-92. 
13o A . V .  Smol 'yannikov,  in: Textbook of Pathological  Anatomy in Severa l  Volumes [in Russian] ,  Vol. 9, 

Moscow (1964), pp. 365-385. 
14. E . M .  Dempsey  and R. S. Morison,  Am. J.  Physiol . ,  135, 301 (1942). 
15. P . D .  El lner ,  J. Bact . ,  8_~2, 275 (1961). 
16. W. Feldberg,  J.  Physiol .  (London), 193, 367 (1945). 

17. E. Habermann ,  Arch.  P h a r m a k .  Exp. Path . ,  338, 502 (1960). 
18. H~ J a spe r ,  Elec t roenceph.  Clin. Neu rophys io l . , 1 ,  405 (1949). 
19. G. Moruzzi  and H. W. Magoun, Elect roenceph.  Clin. Neurophysiol . ,  1,  455 (1949). 
20. J. ViIlablanca,  Elec t roenceph.  Clin. Neurophysiol . ,  1_~9, 576 (1965). 

ACETYLCHOLINESTERASE DURING AGING OF 

HUMAN ERYTHROCYTES 

M. V. Kamyshentsev and M. N. Blinov UDC 612.671.11.015.1:577.152.311 

Ace ty lcho l ines te rase  act ivi ty differs  in the m e m b r a n e s  of young, ma tu re ,  and old human e r y t h r o -  
"cytes: It  is highest  in the ma tu re  and lowest  in the old cel ls .  The enzymes  in young and m a t u r e  
e ry th rocy t e s  is in the fo rm of th ree ,  but in the old cel ls  in the fo rm of two molecu la r  compo-  
nents.  The r e s u l t s  suggest  that  changes in the s t ruc tu ra l  organizat ion of ace ty l cho l ines t e ra se  
in the e ry th rocy te  m e m b r a n e  have a d i rec t  bear ing  on the aging of r e d  blood cel ls .  
KEY WORDS: ace ty lcho l ines te rase ;  aging of e ry th rocy te s .  

Cons iderable  p r o g r e s s  has  r ecen t ly  been made in the study of the s t ruc tu ra l  chemica l  organizat ion of the 
ace ty l cho l ines t e ra se  (ACE) of e ry th rocy t e s ,  but the functional ro le  of this enzyme,  local ized on the outer  s u r -  
face of the cell  m e m b r a n e ,  st i l l  r e m a i n s  uncer ta in  [5, 6, 9, 12]. At the s ame  t ime ,  it is known that  during aging 
of the e ry th rocy te  population the act ivi ty of this enzyme changes  apprec iab ly  and becomes  min imal  in the o smo-  
t ical ly  mos t  f ragi le  old cel ls  [8, 10]. 

The object  of this investigation was to study whether  a connection exis ts  between the weakening of the 
osmot ic  r e s i s t a n c e  of the cel l  m e m b r a n e  (leading to aging and to subsequent  death of the e ry th rocy tes )  and a 
d is turbance of the molecular  organizat ion of ACE. 

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

To sepa ra t e  e ry th rocy te s  on the bas i s  of their  matur i ty ,  s tepwise  hemolys i s  [10] with NaC1 solutions of 
different  concentra t ions  (0.40, 0.38, and 0.36~) was used. Membranes  of hemolyzed  e ry th rocy te s  were  washed 
with solutions of low ionic s t rength to r e m o v e  hemoglobin [7]. Ace ty lcho l ines t e rase  was solubil ized by incuba- 
t ion of the cel l  "ghos ts"  in 0.5~c (final concentration) solution of Tr i ton X-100 for 3 h at 37~ af te r  which it 
was f rac t ionated by e l ec t rophores i s  in a disk of polyacry lamide  gel (PAG) [2, 12]. The PAG was p r e p a r e d  with 
the po lymer  and copolymer  in a ra t io  of 41 : 1 and po lymer ized  at 60~ for 40 min. After  complet ion of e l e c t r o -  
phores i s  in gel, the act ivi ty of the enzyme was r evea led  [3]. The approximate  molecu la r  weight of the enzyme 
component  was de te rmined  by e l ec t rophores i s  of m a r k e r  proteins  of known molecular  weight: yeas t  ca ta lase  
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