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Described in clinical and experimental reports (1 to 4, 6, 7,
10 and 12) are considerable changes in the function of the respira-
tory apparatus caused by botulism, tetanus and diphtheria, It is .
assumed that in such neurotoxic cases the cause of death is a pa-
ralysie of the respiratory ocenter. Yet, it is still not clear, whether
neurotoxins render their paralyzing effect on cells of the respira-
tory centers. Still less explored are the mechanisms and their ef-
fects on conduction paths and on motor neurons of the respiratory
muscles,

A task of the current research was to investigate pathological
effects of botuline, tetanus and diphtheria toxins on individual
nerve groups of the respiratory apparatus, also on respiratory
centers with descending conduction paths and on spinal motor centers

of respiratory muscles,
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Experiments were carried out on cats and dogs poisoned with
botuline toxins type A () Dlm for & mouse = 0,00001 mg of dry
toxzin), with tetanus (1 Dla = 0.000081 mg) and diphtheria (1 Dla
for a guinea pig = 0,003 ml). The "generalization® of the neuro-~
intoxication in cats was accomplished with the aid of intravenal
administration of poisons in the following doses: botuline toxin
0.5 to 1.5 mg/kg, tetanus 2 to 3 mg/kg and diphtheria 0.1 ml/kg.
*Local®” involvements of a single diaphragm cupula were effected
by way of intramuscular injections of toxins in the following
doses: botuline toxins 0.05 to 0.1 mg/kg, tetanus 0,1 to 0.5
8g/kg and diphtheria 0.001 ml/kg. "Local® forme of infections in
dogs were dev&bpod by administration of poisone into a nor;c trunk

in the following doses: botuline toxin 0.05 to 0.1 mg/kg and tetanus

0.05 to 0.08 mg/kg.
) Sensitive experiments were performed on poisored and not
poisonsd animals that were under urethane narcosie (1 gm/kg). The
recpirntory movements were recorded with the aid of MAREY’S capsule
connecteld with a pressure cuff, cr with a tracheal tube. Contract-
ions of the diaphragm cupulae were recorded separately by two
isotonic myographs. Respiratory reflexes were induced with the
etimulation of the central end of the vagus nerve in the rieck as
a result of direct current impulses produced by a generator (length
of impulees C.65 m/sec; frequency 1 to S00 imp/sec)., The cross
diaphragmatic phenomenon was rendered according to the method de-
scribed in several reports (11 to 16).

In all, we used in experizente 116 cats and S0 dogs,of which

15 cats and 21 dogs were control animals,
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Experimental Resujlts ;

In the presence of the spinal cord’s hemisection above the
diaphragmatic nerve nucleus,the contractions of paralyzed diaphrags
cupulae could be restored by way of blocking or cutiing the dia-
phragmatic nerve on the oppoeite side. A similar restoration could
be effected by inclusion of crose links between the intact inspirs=-
tory reticulo-spinal fibers and the motor nucleus of the diaphrag-
matic nerve at the eite of hemisection (11 to 16). This effect,
koown as a crose diaphragmatic phenomenon, was used in analysis
of the mechanisme of becterial neurotoxic effects on individual
links of the neural respiratory spparatus. In the first series of
experiments we investigated the functional condition of the re-
epiratory center and of the conduction paths at a eite of the local
involvement of the diaphragm by botuiine, tetanus and diphtheria
. toxine. Thus, having produced the cross diapbrugmatic phenomenon
by way of the spinal cord’s hemisectiorn at a "healthy" site, we
yerformed st a neurotoay of the diaphragmatic nerve at the in-
volved esite,

In 1) experiments on cats and dogs, psrformed on the S5th to
21st day following their inoculation with botuline toxin, we de~
termined that 1. the function of the respiratory center and of
the conduction paths did not undergo any changes at the paralyzed
diaphragmatic cupula’s eite and 2. the croes diaphragmatic phe-
nozenon was noted in all experiments.

The results of other 49 experiments on cats and doge with a
local involvement of tetanus in the diaphragm proved that the cross

disphragmatic phenozenon appeared promptly on the 6th or 7th day
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after inoculation and, as a rule, it faded ;'ny much later (in the

24 or 34 week). Data similar to those above were also obtained

from 29 experiments on cats with a local involvement of diphtheria
_ in the diaphrags; the oross phonononJ"ao also noted within the

firet 12 days following the inoculation and it vanished by the 20th

or 224 day.

Thus, the results of experiments with the instances of various
local nerve intoxications showed that familiar distinctions existed

in the involvexent pechaniss of the diaphragmatic innervation

apparatus, namely, the pathological process during botulism was
{regardless of the stage of intoxication) apparently confined to
the motor neurons of the disphragmatic nerve, whereas a compara-
tively quick disappeurance of the cross phenomenon during tetanus
and dirhtheris indicated that more complicated involvements existed
here and they proably incluced more than one 1link of the neural
apparatus of respiration. ‘

In the second series of experiments we strived to clarify

whether cross connections collaborate between the inspiratory
retioulo-epinal paths and the m20tor nuclei of the diaphragmatioc
perve in compensatory processes during respiratory insufficiencies
after grave and generalised forms of botuliss, tetanus and diph=-
theria had developed.

Ve recorded a preservation of the crose diaphragmatic phe-
posmenon in all instances during 8 experiments on cate inoculated
with tetanus and in 5 nxﬂktnont- with diphtheria, even after a
very greve intoxication had developed. The phencmenon coincided

in ite esssnce with that observed in control animals., In analogous
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experiments with botuliem, where n.ununl reproduction technique

was applied, the coross diaphragmatic phenomenon was observed only

Figure 1 - Absence of dlaphragm paralyeis at the site of the spinal

° cord hemisection in a cat inoculated with botuline toxin.
Paralytic eyndrome is not evident, Contractions of dia-

phragmetic cupulse were recorded up to {(A) and after (B)
& section of the spinal cord. Arrow indicates a section

of the right diaphragmatic nerve, Below is the indication
of time (5 seconds).

in the presence of mild indicants of involvement (1light paresis

of skeletal muscles). In the presence of sxpreassed paralytic botu-
line syndrome, the hemisection of the spinal ccrd was not accompa-
nied by a usual one-pided paralysis of the diaphragm (figure 1).

The appearanve of the cross diaphragmatic phenomenon in the abeence
of the diaphragmatic nerve section (on the opposite paege; undoubted-
ly indicated a considerabdble activetion of the crose 1inks and their
inclusion in the mechanisms that compensate for respiratory in-

sufficiencies, the aftermath of severe bdotulism,
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The accuracy of such inclusion has been confirmed in experi-

ments with a section of the diaphragmatic nerve at a site opposite

Pigure 2 - Abesence of diaphragm paralysis at a site of prior hemi-
section of the spinal cord in a cat infected with botu-
line toxin, A general paralytic syndrome. A - paralysis
of a diaphragm cupula at the intact site; B - contract-
ions of diaphragm cupula at the site of prior hemi-
section of the spinal cord. Below is the indication of
time (5 seconds).

the hemisection of the spinal cord. Under these conditiomns, in 7

out of 17 experiments describded above, the exhaustion of contractile
activity in the functioning part of diephragm began in 30 to 150
seconds after the nerve section, then decompensation in the respi-
ration developed and the animal®had to ¢ie unavoidably, unleas

they were administered artificial respiration. A disengagement of
artificial respiration for some time caused g repeated temporary
restoration of the diaphragm contractions at a site of the hemi-

section of the spinal cord. Obtained data suggested that, in the
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cuse of botulism, the diephregm paralyesie occurred not aes a result
of exclusion of the respiratory center activity and that of the
conduction pathe, but due to a sharp decrease in the excitability
and in the efficiency of the motor neurons’ nuclei in the dia-
phragmatic nerve,

The last assumption served as a basis for conducting the third
series of experiments, Their purpose was to inveetigate t..e function
of the peural respiratory apparatus with the background of non-
concurrent inoculation of diaphragmatic nerve nuclei using the toxins
of botulism, tetanus and dlphtheria. We proceedea from a standpoint
that,after an inhibition of nerve centers, their involvement b,
bacterial neurotoxins can seldom be retarded (5, 9). A prolonged
inhivition of a single nucleus of diaphragmatic nerve was produced
by hemisection of the spinal cord at tre level of the Il cervical
vertebru. Thus, the function of diaphragm was not disturbed in cats
at the intact site, whereus the function ut the paralyzed site
could be restored exclusively at the expense of the activation of
cross links. The animals 8o prepared were inoculated {as in previous
experiments) with fatal doses of botuline, tetanus and diphtheria
toxins. In all, 22 experinente were performed on operated animale
having a generalized botullsm, 15 experiments with tetunus and 11
expariments with diphtheria,

The results of experiments proved thut during a grave stage
of tetanus and diphtheria intoxications cats died within the sane
time periods as control animals and manifested no restorations of
the diaphragm contractions at the site of prior Lemimection of the

spinal cord. Yet, the fact that in similar experiments a section of
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the diaphragmatic nerve at the cppoeite site caused the appearsnce
of the cross diaphragmatic phenomen 7, this indicated a preser-
vation of tli. cross lioks during these intoxications, In cats
with a prior section of the spinal cori,the involvement picture
of botuline toxin differed noticeabdbly from that observed in control
animals. The operated enimals, having received a fatal dose of
toxin, lived until the 3Ird to 5th day, while the control animals
d1ed on the 24 day.

General clinical obtservations and mechanographic recordings
of the diaphrqgi contractions revealed that, in the early stages
of intoxication in cats infected with botulism, the crose dia-
phragmatic phenomenon was reproduced only according to the ®classi-
ficatory® technique and following the neurotomy of the opposite
diaphragmatic nerve. e observed in aforedescribed stages of the
paresis expresaed in skeletal muscles and in experiments the
rresence -f contractions ir both cupulae of the d‘aphragm. Yet,
with the development of zZeneral paralyses (figure 2), the dia-
phrugmatic contractions dropped completely at the intact site,
while at the aite of the homln?ction of the epinal cord the dia-
phregn contractions continued for a long time (up to ¢ days). Owing
to the coupensuatory mechanisa of respiratinn, the oyperated animals
continued to live longer after the operation than the ~ontroji
animals, Thus, the experimentul resulte odbtained from generalized
botullsm indicated that a temporary delay in inoculation of a single
nucleus of :he diaphragmatic nerve, cuused by a prior hemisection
of the spinal cord, permits this nucleus to function for a long

Sgmstine even with the background of a complete oxclusion of activity
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in other sections of the motor innervation in skeletal muscles.
This indicates that the cause of death in generalized botulism
is not a paralysis of the reapiratory ceanters, nor that of the
conduction paths, but a sharp depresesion in the activity of the
aotor innervation in respiratory nmuscles,

As the analysis of respiratory disorders indicates in local
and generalized forms of bacterial neurcointoxications, the mecha-
niemeé of the paralytic action of botulins toxin on respiratory
muscles ie obviously the same a® in other sections of skeletal
muscles (8)., It is wssential to distinguish the development rules
0f respiratory disorders in diphtheria and in tetanus from those
described under botuliem, including, of course, a whole series of
links of the innervation apparatus. A clarificatior of these

questions requires additional investigations,
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Pr ed in
Using the coross diaphragmatic phenomenon as an illustration,
the authors demonstrated that respiratory paralysis in botulisa
was caused by depression of motor innervation function of respira-
tory musocles and not by the exolusion of the respiratory center
activity.
Disturbanoes of respiration in tetanus and diphtheria are

due to another, more complicated mechanisam,.
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