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According to work done up to the present t ime, the symptoms oI tetanus are due to changes in centra.1 
nervous structures, and in particular the motor neurons [2-6,9-11,17,21.26,27]. According to one theory of the 
pathogenesis of tetanus, the CI. tetani toxin enters the central nervous system along the motor nerve fibers and 
infects the motor neurons with which it first comes in contact [16,19]. Opponents of this theory, who maintain 
that there is a hematogenous spread of the toxin into the central nervous system agree that the motor nerve 
cells o f  the anterior horns of the spinal cord are first affected by the toxin [8], Recently Eccles and his co- 
workers (Brooks, Curtis and Eccles, [102), have concluded from eleetrophysiological investigations, that the 
tetanus toxin has a selective action on the synapses which terminate round the motor neurons and which nor- 
mally mediate inhibitory effects. These experiments~ as well as the earlier physiological experiments of other 
authors were carded out using a local tetanus. 

Nevertheless a study of thesymptomsof tetanus, particularly at the stage when the condition becomes 
generalized, gives reason to suppose that the pathogenic mechanism of this disease is more complex than has 
been supposed up to the present t ime .  

The present work was undertaken with the object of studying certain functional nervous changes in ex- 
perimental tetanus with a view to elucidating the mechanism of action of the tetanus toxin, In the present 
communication a study is made of the phenomena which we have found in investigating the clinical condition 
of ascending generalized tetanus in white rats. 

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

The experiments were carried out on white rats of weight 130-165 g. Dry tetanus toxin series 580 IEM 
AMN was used, and was diluted with glycerin (pH 6.9) and physiological saline; the necessary dilution (1 MLD 
for rats weighing 180 g. contained 0.05 ml of the solution)were made prior to the experiment. The toxin was 
given in two inject ions-  into the muscles of the left lower legand left thigh. At the same time, in order to 
block or attenuate any action of the tetanus through the bloodstream,* .025 units of the antiserum (diaferm 8 

Preliminary experiments showed that in these conditions the phenomena described below were shown more 
clearly. 
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of the IEM AMN was given intravenously into the lower right leg. The potentials were led off to 
a two channel amplifier system OKB of the AMN, the output of which was taken to a Siemen's string oscillo- 
graph. Muscle potentials were picked up with needle electrodes. An electronic stimulator was used to apply 
stimuli to the central ends of the nerves and to the spinal roots, in order to determine the levels of the convul- 
sive reactionl the stimulator had a potential divider ~it the output and delivered square wave stimuli at a fre- 
quencyofS0 cps and with a duration of 0.5 msee; the value of the stimuli was determined with a cathode ray 
oscillograph. Platinum stimulating electrodes were used. Dissection and division of the nerves and nerve roots 
was carried out under brief ether anestkesia, The stimuli were applied when the animal had recovered from 
the anesthetic. Where any trauma- of the spinal cord was suspected, the animals were not used for the experi- 
merit, The spinal roots were exposed subdurally and were cut at their exit from the vertebral canal,  and this 
gave a sufficiently long central end, so that the distance from the electrodes to the spinal cord was more than 
1 cm length. The lumbar enlargement was exposed as little as possible. The sciatic nerves were cut in the 
region of the popliteal fossa before branching. Besides the usual section of the femoral and obmrator nerves 
in the region of the groin, a high section was also made in the region of the lumbar plexus, so as to exclude 
the possibility of anastomoses with the sciatic. All branches of the latter from where it was sectioned, to the 
lumbar plexus were cut. When registering the potentials, a stimulus marker was included automatical ly  when 

the stimuli were applied, 

EXPERIMENTAL RESULTS 

The present work is devoted to the investigation of a phenomenon which we discovered: that during 

the development of a generalized tetanus of the ascending type. i.e., when there is at first a local tetanus of 
the limb which received the tetanus injection, and then a segmental and a general tetanus, at the stages when 

~he condition has become generalized.convulsions of the Whole body may be induced by applying the stimulus 

to the hind limb which received the toxin, (in future we shall refer to this as the tetanized limb). When the 
stimulus is applied to other parts of the body, including the opposite limb, either no convulsions, or very weak 

ones result. 

This phenomenon is not shown in white rats only, Experiments have shown that it can be observed in 
other animals, e.g. in mice,  rabbits, and in many cases in cats, after injection of corresponding doses of toxin. 
It may  therefore be regarded as one of the characteristic signs of generalized ascending tetanus. 

Investigation of this phenomenon has shown that provocation of convulsions by applying stimuli to the  
tetanized limb (e.g. by fomed bending, or pressing on the foot or muscles of the leg etc.) is possible in the 
early stages, when stimuli applied to other places have no effect. As generalized tetanus advances the con- 
vulsions evoked by the stimulus to the tetanized limb become stronger and more prolonged: the limbs are 
extended, the tail raised, the muscles of the trunk contract,  the head is thrown back in opisthotonus, the jaws 
are tightly clenched, the eyes half  close, breathing is interrupted, and the animal frequently utters a groan. 
At the height of the generalized tetanus, a convulsive at tack may be induced by even a mild bending of  the 
tetanized limb or of one of its digits or by pressure on the pads of the feet with forceps. At the same t ime the 
convulsions evoked by similar stimuli applied to the other limbs, are less well shown, less prolonged and some- 

times do not occur at all. 

Electrical recordings made at various stages in the development of generalized tetanus confirmed what 
has been said above, and showed that both proprioceptor stimuli (stretching or compressing the muscles) and 
exteroceptor pain stimuli (pinching folds of skin or the pads of the feet with forceps) entering the central  nervous 
system from the tetanized limb cause a very considerable increase in electrical  act ivi ty with the generation 
of  large potentials in various muscles of the trunk, neck and limbs (Fig. l a  and Fig. 2a, b), This activi ty eo- 
incldes with the development of generalized convulsions. The electr ical  act ivi ty does not subside immedia te ly  
the stimuli are withdrawn, but continues for a while, gradually decreasing, and the length o f  t ime for which 
the activity continues is greater the more severe the general picture of generalized tetanus. 

When the same stimuli under the same experimental conditions are applied to the opposite limb, either 
there is no increase in electr ical  act ivi ty (Fig. l~,b and Fig. 2,b), or else there is a negligibly small increase, 
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To explMn this phenomenon, it was at first supposed that the stimuli entering the central nervous system 
from the receptors of the tetanized limb were, from the onset, more powerful than those from the opposite side, 
Thus, for example, stretching the contracted muscles Of the tetanized extremity should cause a more effective 
proprtoCeptor stimulation than stretching the less rigid muscles of the opposite side. Also, according to many 
ethers [20,25], tetanu~ toxin increases the excitability of the proprioceptors. Alternatively however, it is pos- 
sible that the phenomenon is due to changes in the central and not in the peripheral nervous system. 

To investigate this the femoral and obturator nerves were cut at a high level and the central ends of 
the sciatic nerve of the tetanized and of the opposite limb were stimulated. By this means any additonal pro- 
pflocept0r Stimulatiori Was-avoldid. The results of these experiments are shown in Fig. 8 and it can be seen 
that the convulsion threshold for stimulation of the central end of the sciatic of the tetanized limb is several 
times lower thanthat for the opposite extremity, and that in the latter ease the convulsions were less intense 
and sometimes poorly shown. 

These results show that the facilitation of the induction of generalized convulsions from the tetanized 
side are due primarily to central nervous mechanisms. However, peripheral mechanisms may play a subsidiary 
part in this phenomenon. 

To explain this effect, in view of the indication of the selective action of the toxin on the motor neuron 
region, it must be supposed that there is a considerable antidromic effect from the motor neurons supplying the 
tetanized limb, spreading into other reflex arcs. 

One of the ways in which inhibition of the anterior horn cells is effected is through the interneurons 
being activated from stimuli passing along the recurrent motoneuron collaterals [12], as well as along the 
afferent fibers [15]. These cells enable the motoneurons to influence each other so that stimulation of one 
causes an inhibitory effect on its neighbors. Since Sherrington [7], on the basis of the observed changes in 
reciprocal innervation in tetanus advances the idea that tetanus may not only suppress the inhibitory action., 
but may change it into a stimulating one, we may suppose that such a system might mediate this transformation. 
There may be other mechanisms of the spread of the excitation from the motoneurons of the tetanized limb 
to other reflex arcs, and this may involve the system of tnterneurons [15]. 

To test this hypothesis we carried out experiments with antidromic stimulation of the motoneurons of 
the infected segments of the spinal cord by stimulating the central ends of the corresponding motor roots. 

The results of these experiments are shown in the Table, Here it can be seen that in no case did the 
antidromic stimulation cause a convulsion, Even with powerful stimulation it was impossible to induce any 
reaction in the animal, Nevertheless, a relatively mild stimulus to the sensory roots of the same segments 
causes the typical convulsions. Thus in tetanus there are no abnormal antidromic effects resulting in stimulation 
of the motoneurons innervating the tetanized limb and consequently the induction of convulsion when a stimulus 
is applied to it cannot be due to any such effect. Our results agree with those of Eccles and his co-workers 
[10] who failed to find any transformation of inhibitory effects into excitatory stimuli in localized tetanus. 

The results reported here lead us to suppose that the functional changes resulting in convulsions induced 
by the stimulation of the tetanized limb occur in the synapses formed by the afferent and interneurons of the 
reflex ares which originate in the receptors of the tetanized limb. The destruction of some mechanism of 
restraint in these synapses allows the impulses originating in the periphery to spread and so to pass to other 
reflex arcs. The extent to which this excitation will spread depends on the extent to which reflex excitability 
is increased, i.e. the extent to which the inhibitory mechanisms of the various nervous pathways are suppressed, 
and on the number of such pathways inv61ved. 

Since at the onset of generalized ascending tetanus the functional changes occur chiefly on the side of 
injected toxin, and are absent or weak in other reflex arcs, stimIlli entering the central nervous system from 
other receptor fields are to some extent suppressed in the synapses of the corresponding afferent neurons and 
interneurons and so do not attain the threshold value required for the induction of a generalized convulsion. 
To induce the latter the strength of the stimulus must be increased, i,e., the restraining effect of the synaptic 
mechanism must be overcome. As the condition spreads, inhibitory effects are reduced, the general reflex 
excitability is increased,and the threshold for the convulsive reaction evoked by stimulation of other receptor 
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fields (e.g. that of the opposite limb) are reduced (see Fig, 3). At the peak of the tetanus even the weakest 
stimulus may induce a convulsive attack. 

It was pointed out above that the duration of the convulsions induced by stimulation of the tetanized 
limb increases according to the severity of the tetanus. The electrical activity in the various muscle groups, 
which develops during the convulsions and indicates stimulation of the motoneurons, does not cease at the end 
of stimulation, but continues for a certain time and gradually fades away (see Fig. 1, a and Fig. 2, a and b). 
Experiments have shown that the after discharge is not caused by additional stimuli originating from" the peri- 
phery, as similar effects are found in experiments where the central ends of the sciatic nerve are stimulated 
after high section of the other nerve trunks. It follows from the work of Eccles and his co-workers [10] that 
the synapses on the motoneuron cells do not initiate this afterdischarge. Whenit is realized that the length 

of the after discharge of the motoneurons depends chiefly on the number ofinterneuronswhich are involved and whtch 
]orm closed self-excitatory loops [1,i9,14,15,18,22], it follows that the number and the degree of involvement 
of the interneurons increases according to the severity of the tetanus. 

The above results give reason to suppose that the action of the tetanus toxin is not ccmfined to the moto- 
neurons, but spreads through the synapses to affect other reflex arcs. In this respect, the mechanism of action 
of tetanus toxin closely resembles that of strychnine poisoning. 
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Fig. 3. Thresholds of generalized convulsive reaction caused by 
stimulating the central ends of the left (tetanized limb) and the 
right sciatic nerves. 

A) left sciatic nerve; A) right sciatic nerve. The sign & indicates 
that stimulation of the right miatic caused no definitive convulsions 
at the indicated threshold or at higher levels of excitation. I and 
1I) stages in the development of generalized tetanus. D first signs 
of segmental tetanus, increased general excitability; ID clearly 
shown or completely developed segmental tetanus, great increase 
in general excitability, spontaneous convulsions in some of the rats. 
In Rat No, 7 there was a clearly shown segmental tetanus, but a re- 
lativelv small increase in general reflex excitability. 
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Reactions of Rats Infected with Tetanus Toxin to Stimulation of the Sensory and Motor 
Spinal Roots Innervating the Tetanized Limb 

Description of condition Roots stimulated 
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1 16510.,' 
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165 0 
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10 

11 

13 

14 

3 

Signs of segmental tet- 
anus. Increase of general 
excitability. 

The same 

Signs of segtnental tet- 
anus. Considerable in- 
crease in general eXcft- 
ability, spontaneous con- 
vulsions. 
The same 

,Segmental tetanus. In- 
crease in general excit- 
ability. 
The same 

Segmentaltetanus. Con- 
siderable increase in gen ~ 
erat excitability sponta- 
neous convulsionS. 

The same 

Sensory Ls+L~ 

Motor Ls 

Sensory Ls+L6 

Motor L6 

Sensory Ls+I~ 

Motor Ls+L, 

Sensory L, 

Motor L~ 

Sensory Ls+L~ 

Motor Ls+L0 

Sensory Ls+L6 

Motor Le 
Sensory Ls + Lc, 

Motor Ls+L6 

Sensory L6 

Motor L6 

Sensory Ls+L6 

Motor L~+Ls 

Senmry Ls, L6 

Motor Ls+Lt; 

Sensory 1.5+L6 

Motor L~+L~ 

Sensory L~, L6 

Motor L5 + L~ 

Sensory Ls, L6 

Motor Ls+LG 

Sensory Ls + Ls 

Motor La 

Sensory Ls,Ls 

Motor Ls+L6 
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70 

950 

70 
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45 

950 

45 
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60 
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60 

950 

50 

950 

5O 

950 

45 

950 

50 

95O 

5O 

950 

45 

95O 

40 

950 

+ +  

+ +  

+4- 

+ +  

+ + +  

+ + +  

+ +  

+q-+ 

§  

+ +  

+ +  

+ +  

+ + +  

~-+-~ 

+ + +  

Note: L 5 + k 6 indicates simultaneous stimulation of the two roots; Ls, L8 - separate 
stimulation of each; § strong generalized convulsions; +++ very strong generalized 
convulsion; - no convulsions. 
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SUMMARY 

Experiments were performed on white rats, affected by ascending general tetanus. The general con- 
vulstons were provoked with great ease by applying stimulation to the extremity into which a lethal dose of 
tetanus toxin had been introduced. This phenomenon was not connected with increased excitability of extero- 
and proprioceptors and cannot be explained by the functional changes of the synapses, which have an inhibiting 
effect on the motor cells of the anterior horns of the spinal cord. The data which were obtained allow us to 
conclude that the effect of tetanus toxin is not limited to the area of motoneurons but that it, likewise, spreads 
to the synaptie formations of other portions of the mO.ltineuronlc reflex arcs. 
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