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YHoeckandion of Lcetion of Botulinsl Toxzin aon Daspiration

L4

By: V.N. ABROSIMOV (liozcow)

Faculty oi Phyciological Pathology (director: issocicte Member of »
the Acadomy of Modical Scionces, USSR, prof. 4,0, ADO), I.V,.STALIN’S ?
IInd Hoscow Hodicel Instituie f

(Koooived Decembor 1, 1954) j-

(Translated by: Edward Lachowicz, Maryland, Medicel-l.egal Poun- !
dation, Inc,, 700 FPleot Stroot, Baltimore, uaryland 21202)
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Tho botulinal toxin causes acute rospiratory changes along

with injurics to various orgens and physiological systems, ln the

courae of botulinel intoxication, functional disorders occur in Tas

(:> uppor

affocting pulmonary tissucs (I.I.ZILBERG) and also changes in the

rospiratory trects (YA.YA. GALPERIN), together with injuries

reopiratory movemonis in patients at various stages of the develop- !
ment of botuliem (4., KORITSKII). It is e known Tact that death
in botulica discace follows due to rospiretory paralysis, Even if !
established facte about tha effects of botulinasl toxin on various i
functions of the organs and on physiological systems do exist, the

pechenism of cection of botulinal toxin should not be regarded as
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clerified, @a the patter stands today. In pathogenesis of botulism

sone authors (YU.A. PETROVSKIL1, T.I. BATURENKO, YaA.A., NAUKENKC,

»
e S s TR, ¢

¥.l. YATVEEV, ot 2l,) ettach importance to the vasoconstrictive ’
effecte of the toxin, while others (E.A, XURADYV ot al.) &re con-
cerned with the injurios involving the endothelizl cells of vessels, ‘
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TEXT NOT REPRODUCIBLE

Priaontly. inveetigators in a groater numver consider the injurics

‘1nwolving tho narvous nyatem as a controliing factor in tkhe patho~

figignﬁiazaf botulism, yot tho opinions differ pertinenily to th

point. of assault of botulinal toxin, Foreign investigaiors (DAVIES,
vﬂORGAN: WRIGHT ot al.) broadly deny any direct effsct of botulinal
:;toxin on the central narvous system,

In order to determine the significance of inuries to the nervous

-systen in connection'with roepiratory disturvances caused by betu-
1&&3, wo studicd the cheracteristics of changes in respiratory
igtements»and in thoe mechanisa of action of botulinal toxin on the

xfespiratory ncurqrctlex-gcnxrol. It has been esfablished recently

>thgt the ®pathogenic actidn of microbes, toxins and viruses is not

confined, by far, to their effects on recepiors, but all tranches
of the mervous system are objectives of their action, as well as
numerous orgens and tissues” (A.D.ADO),

Ve shall attempt to explain the question: what injuries in

branches of tho nervous sys%em are linked with disorders in respira-

tory movemonts during botulinal intoxication?

Ve performed throe eeries of experiments on rabbvits, female
cats and kittons. We detormined in the first series of experiments
th; nature of changss in respiratory movements during botulinal
intcxication; in the second series wo ostablished the changes in
the irritation threshold of the vegus, sciatic and phrenic nerves
during botulinal intoxication; in tho third series we gstudied the
changes in the irritation threshold of the vagus nerve after ad-

ninistration of botulinal to xin to myclencephalon.
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zosoat 62 adoinistraticn of botulinal toxin end throughout fized
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<:) {ntervalc 02 tizme in the course of 4 to 5 hours aftsr administration :
, v . o
, . iy
! \ of the toxin, { o
; “ohe | : i
i 49 & rosult of conductod oxperimonts, it has been determined . k
3 . ‘ ‘ o M
1 . that, aZter cdminictration of botulinal toxih, the latter caused A
‘ - .’: cC —‘L‘;J ~ = W.%-’:“i‘:r:v‘é
4 T a t'aqucncy inc"cmsc affar 30 to 45 minuics and a deprcssion of " % :
;i rogpirgiory movements, In 2 to 3 hours afier sdministratiow of the | 3'
i  d i , ’ ‘
3 toxin, tho amplitude and the number of récpiratory movemernts de- "
"‘«z N . y ) ) ‘ ’ . i‘;o ‘
| clined, aclso tho oxhzalation action bocame proiracted and then re- 3
I . ‘ ; :zz;
b currcnt respiration was recorded, Decath of animals resuited “ue ; 5
g to-respiratory perclysis, The contraction of the heart mi.cle wis B
? L e o2
A dzscontinued no soonor. than 10 to 15 minutes after the respirstor e
f atandstill. "
; Having doternined the nature of the. respiratory clanges effrecterl s
4 ' by botulinal toxin, we conducted oxperiments intended tc clarify “r
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:Ee performad on rabbits snd fomale cate 18 cxperimonts -designed

5T‘to dciermino tho irritation thr eehold of tha vagus nerve up to and

Q’Qfollowing thc adminis:ration ot botulinal toxin. Ye g‘aceé Dlatinxr

-

;‘5ﬂoloctrodee on ‘the contral end of thc le*t vagus nerve t&ansecteﬁ

'37:in the neck Thq irritations wore accomplisbed witn 8 cur*ent fro-

“ 31nduction €01l (storage battery 2 volts) and the 1rri stio" cf the

i?nczvo laeted 6 aeconde. The e-periments deaigned to esteblish the

fJeritation threshold of the vagus nerve were conducted for this

‘rcaaon that. following a dete:mination of the vagus nerve

f,thronhold. ono could form an epinion about the funotional

frritaticn

CCF“. ua,Or

_ot tha roopiratory center, 1nasmuch as the flrs* ipbzriticn L

~rolpiratory movomenis appears at the yagus nerve (Lfv.uET

_‘aﬁt,g;;)g'zhoﬁ9xyg:;menta included one-sided ani itwoesidad
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séctioné of the vagus nerves, We believed we could judge the “unctiond

\115con&1tion o? the respiratory conter acgording'to the threshold

V§1v0!91 ih.~¢3ngr11 end of the vagus nerve at wiich the

reypiratory

ft@h%bitiqn~occu:5§-table 1 and figure-1 show the threshold chunges,

,;efébSQrVQd aftgr'irritatinn of the vagus nérye Lh rabbits and

during botulinal intoxication,
| . Following the adainistration of botu’ivui toyin, the

‘caused, st first, a decline in the thresho]d vaiue of ‘the -

nerve irritation in most rabdbits, But, after L to ] hours
aduinistration of the toxin, a d2cline of the vagus nerve

tureshold valus changed to ai increase, thus, in order to

A\ ]

iatger

follerir:

irritation’

sttain a

respiratory inhibition, we had to decresse the Tange hetween the
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,iﬁcotla. Thc 1rritation threshold reeched in mony evncr4mants the
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’18“3.31 - Changea in the function,1 condition of the respirstory

conter inducod by botulinsl intoxication in & rabbit

"Mo0.11, & - Irritation Shroshold of the left vigus nerve
prior to administration of botulinal toxin (14 ez renge
of coils); B - Irritation threshold of the left vagua

‘incrve in 1y“ hours aftsr administr&tion ol bo.ulinal

 toxin {30 ea ran:e of coils); C - Irritation thresholu

' of the. 1eft vagus nerve after 3 hours #0llewing adminise
trotion of botulinal toxin (12 cm range of coils), Time .
ezark J seconds, . (;)

We obsorved in some experimonts, e.g. in rabbit No.%, a respirge

- 4ory standstill without & prior decrease of the vagus nerve irri-

tation threshold valus,

At times, a respiratory standetill occurred in the presence

.of comparatively low threshold values of the vugus nerve irrifatlon

ar
(radbit No.17).

In some oxperiments (25, 11, 15) we noticed a distorted re-

sction foliowing the irritation of the centrul end of the vagus

" nerve. Thus, 30 minutes after intravenous administration of botu-

1inal toxin, the offoct in & rabdbit No,25, after irritation of the

central end of the wagus nerve, was idantiéa] in the presence of
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~after adnisistration of the tOXaﬁ, the effoct efier irx;ta zgnwo:~~:
. of 20 ea rango o2 coil, than with the 19 cn z,“ge 62 coil.
“the sciatic nsrve up to and afier adminiatratzon ©of botulinal toxin,

“*fot the sciatic nerve by iaductive current, The resction produses
‘{;deproageﬁ‘rospirattonngnd\zncrcased OSDifaﬁO‘J freyuency. 1f the
stréngth‘bf current 13 increassgd, tho reapiraféry delay is eVideﬁﬁiv

 with the ezhalation. According to litersture data (N.A. MISDAYSF1L

" the vagus norve, sltornato according to the funciisnal conditicn
\ of the. reapiratcry center. We conducted experiments on radbbits

without naxcosis, We placcd pletinum electrodes. on tqe central end

[P N

« to 10 cm. With rospect to rabbit No.32, the shreshold wvalue of

the sciatic Rorve trritetion wes 10 cm prior to uiministration of
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17 e, g& well ag with the 19 ¢ fange‘cﬁ‘coil._-xe 45 minutea
the central cnd 0f the vegua Rorve vwas at*oﬁge* in the pragagée~_ 5
. Subscqucntly, we run taats to détoraine s tbreaheld value of

ﬁanj anthors doserived tho respiratery reac Qn»on Lpr;taxiqpv

A

e W

et.al,}, thzs seaction, ee well as the reaciion on irritation o”

¥,
2

of ‘tho l8ft sciati¢ norve, trénaectgd in the hip, The frritations *;f;
wore é:oaﬁcca ﬁitb inductive éurrent (storage battexry 2kvc;$sj,and’  §§
the iz rrtat;on tims was 6 s»conas. _ ;;E
&tatirst, after 1ntravenous aduinistration of botulinal toxin, ; ;f

'tho thréeshold value of the sciatic nerve irritation declined, as- 1 : ié
1% the vegus norve irritation. Por example, prior to édminisirasion | S \?é
‘~qf~b5tu11nal‘toxin*tofrabbitiuowsm, the threshold value of the : %;
sciatic nerve irritation was equal to the 9 cm réange of 2oile; afievw N “gé
30 ginutes = to 12 cm, after 1Y¥2 hours - to 15 cm and after 2 hours 'ggf 7§§
LA
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botulinal toxin; after 30 minutes -« 15 em ond 22t 2 1 nour - 17 ca

- e e LA

«

{soo figuwro 2}, It should bdo.zmuntioncd $thad the »izpizatory narzl--
sila in radbitc of this series of cxpozimonts ocouzril, in nost

-

cases; with a declined threshold velue of tho peictic norxws d-od

Pigure 2 « Chengos in tho functionol condition of the »espirstory
contor effcctod by botulinel intoxication in radbit
Ho.32. A - Throshold valuc of tha 1left sciatic nerve
irritetion prior to administrztion of btotulinzal toxin
(10 cm range of coils); B - Threshold velue of the lelt
ocietic nerve irritation 1 hour aftor administration of
bovulinel toxin (15 cm renze of coils),

tation, if compared with the threshold value noted prior to adminis-~

tration of the toxin,

Meay authors (A.M. KORITSKII ot al,) essume that the reason
for tho onset of respiratory disorders in bdbotulism is the injury
cffocting the diaphragm. In order to vorify this ausumption, we
porformed oxparimonts on rabbits (without nercosis) to deternine
a threshold vclue of tho phrenic norve irritation at various times
eftor adminisiration of botulinacl %oxin, Tho recordinz of reari-
ration was sfficted with the aid of IMARTY’S capsuls connected to

the itrachocl tubo. Wo dissected and tronsceted in the neck the

right phrenic nerve and we pleced platinum electrodes on itg po-

NI < S e
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ripheral end. The irritations were mccomplished with current from
induction ooil {storege batiery 2 volts).

¥o no%ticed during the expsriments that the t{hreshold valus of
the phrenic nerve irritation changed but eslightly in the course of
the entire investigation; even a few minutes before Jeath of rabbite
it remainsd aluo;t the eame ss before the aduministration of botu-
linal toxin. We quote here one record pertinment to our experiments,

Record of January 26, 1955, 4 rabbii weighing 2,450 gz wae tied
to & bench at 10:15 o’clock. At 10:45, under local anesthesia, ws
dissected the traches and inserted a tracheal tube; we dissected
the right phranic nerve in the neck,

At 11:16, we recorded a normal curve of respiration., At 11:2v,
the right phrenic nerve transected, ite peripheral end ligated and
ite threshold value of irritation was determined at 15 cm range
of coils,in accordence with du BOIS-REYMORD’S apparatus, At 11:53,
we administered 4,9 mg of botulinal toxin into marginal vein of
the ear, At 12:50, a pneumcgraph recording indicated an increase
in the amplitude of respiratory movements and an increased respira-
tory frequency; the irritation of the paripheral eegment of the
right phrenic neérve produced its effeot with 13 cm range of coils,
At 14:04, the pneumograph recording indicated intensificaticn of
the inhaletion and a decrease in the respiratory frequency; the
irritation of the peripheral end of the phrenic nsrve produced a
clear intensification of the inhelation with a 14 cm range of colls,
Bt 14119, we noticed on the pnsumogras a decreass in the amplitude

of respiretory sovemenis, slso the appearance of isoclated deep

o § we

P ido s S o i G p R e o " S 3 s g
[ g T TN =3 B 7 R G b SRS oo s o v et b S B e ey e W onn g B P
£} o i i a -



A

inhslations and ¢zhalaiions; the irritetion of the peripheral end

of the phrenir nerve produced intensification of the inhalation
and & subssquant respirstory standstill with 13 om r&nge of coils, ;
At 14:25, the smplitude of respiratory movements declined still
further; the irritsiion of the psripheral sa,ment of the phreni.
nexrve produced ite affect wiéh 14 co range of coils, The respiration
atopped at 14:130,

Thus, we almozt detacted an sbsence of changse in the axcita-

bility of the phrenic nerve during botulinsl intoxication.

Subsequently, we conducted investigation of changes in the
respiratory centor after indirect administration of botulinal toxin
intc the myeclencephalon, and after aprinkling ths latter with botu-
1inal toxin, as well as after & suboccipital administration of the ¢
toxin, e
We conducted experiments on 15 radbbits narcotized dy ursthan.
After dissection of the neck muscles, we cgt open the atlantooccipi-

tal membrane, Botuiinal toxin in a guantity of 0.1 ml (1 ml con~

teined 1 mg of toxin) was administered 1 to 1,5 mm deep into the
dorsal surface of the myelencephalon in the vicinity of obex, Other
experiments included an exposure of the myelencephalon and sprinkling
1t with a solution of botulinal toxin (1 ml of solution contained
1 mg of toxin),

Weé psrformed some experiments for control purposes, in which
we ndministered a physiological solution into the nyelencephalon,

The results of these series of experiments are included in Table 2,
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It i evident from Table 3°/ that botulinal torin sdministered
directly into the myelencephslon ceuses noticeable changes in the
functional condition of the respirstory center,

For example, we noticed in radbbit No.38 that, prior to adminis-
tration of botulinal toxin, the thrsenold value of the respiratory o
center’s sxcitability wes equal to 8 19 cm range of coils, after
30 minutes - to 22 cm snd after 1 hour - to 10 cm. The sprinkling
of ayelencephalon with botulinel texin alsoc caused functional
changes in tho'condition of the respiratory center, We observed in
rabbit No.49 thet, prior to sprinkliing the myelencephalon with
botylinral toxin, the threshold wvalue of the respiratory ocenter’s
exc}tnbility was squal to a 13 cm range of coiles, then 1Y¥2 hours
lat;r 1t attained the value of 1 cm range, Likewise, the suboccipi~
tal adminietration of botulinal toxin caueed changes in the excita-
bility of ths respirstory center., We should edd that in many experi-
s3gts we observed the appearsnce of phasic phenomenons in & para-
biétio etege in the respiratory center, Thue, in experiments om
May 15 1954, we observed in radbbit No.23 that, 25 minutes after the
auboccipital sdminietration of dotulinal toxin, the effect was much
stronger with the irritation of the central end of the vagus nerve
attained by way of a 12 om range of coils, than with 10 cm. In ex-
periment on October 8 1954 we observed in rabbit No,49 that 18
pinutes after sprinkling tﬁo myelencephalon with botulinal €oxin,

the irritetion effect on the central snd of the vagus nerve was the
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sume at 11 cm, a8 st 12 cm rangs of coila.
4s we mentionsd befcre, soze suthors olserving clinical ma-
.terial during botuliem in connection with respliratory éiscrders
linked ths lattsr with injuries to disphragms {A.M, KORITSRII} or
with injuries tc pulmonary capillaries (I,.1.ZILKERG), Other in-
vestigators regarded injuries affscting the nerve centers 28 re-
sulting from botulism, Neverthelese, ws were unable to find in
the litersture sny reports on sxparimenial research that involved
ths mechaniem of respiratory disorders during botulism.
The results of our experiments on enimals confirped, above
all, the known facts that botulinal intcxication is accompanied
by disorders in respiratory movemente, Changes in the amplitude
and in the frequenoy of respiratory movemsnts in animals manifested
themselves after 30‘to 45 minutes following the administration of
toxin, Death followed due to paralyeis of the respiratory center,
The disturbances of respirstory movements in animals occurred
simultaneously with changes in the threshold value of the vagus
and sciatic nerves irritstions, Our experiments involving the irri-
tation of the centrsl end of the vagus and sciatic nerves confirmed
the determination of charnges in the threshold valus of irritations
of the nerves discussed, Thue, the findings denote the changes in
the functional condition of the respiratory csnter during botulism,
Hence, on the busis of the parabiotic phases (equalizing, para-
doxicel end retarding), detected by us in experiments No,25, 11, 15
etc,, we apsused that disorders in the functionel condition of the

respiratory center are the cause of the parabdlotic changes in ths

center,
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Some suthore (L.G. TEBKEKHOVA, DAVIES st 2l.) used a method of
the indirect effect of the siimulus on exposed mysisncephalon for
studying the tunctionsel condition of ths reepirutory center, Our
experimentas with @ direct effent of dotulinel toxin on myelen-
csphalon (sprinkling with toxin, or sdministration of toxin irtc
cerebdral tisasues) enubled us to obasrve more clearly a devalopmsnt

af the parabdiotic phases,

The abaence of changes in the megnitude of t'.e threahold valus

- tmmA -

in the stimuli of the phrenic nerve in botulinal intoxiration indi-
cates that the diaphragm function ie not disturbed simultaneously
and that the reepiratory dicorders during experimental botulinsi
intoxicetion are not combineu with disturvances in the funciion

of diephrsgm. “onseyuently, our findings cdo not confirm the statemartz
of some suthore (BROOKS et al.) that botuline. toxin diarupts -

conducting of stimulation tnrough myonsural junctions,

Our investigations proved that, in the devslopmen¢ of dieorders
!
in respiratory movements during botulinal intoxication, a disruption

in the functional condition of the respiratory center plays {ts part.

! Conclusions

1, Botulinal toxin causes (in anim)s) respiratory disorders,
wﬁ}ch, at firet, manifest themeselves by the increased respiratory
frejquency and by depression of respiration, later by a decreused
frequency and by a decline in the amplitude of respiratory movements,
particularly in & protraction of the exhalation action. Subsequentily,

a recurrent respiration ensues and the paralysis of the respiratory

cencer followse,

ce 14 ==

O

SN

WA

PN o e aiis chil Yo o

(AR N Ve s sl e - LG o -

Yy WL

Fhar) 2

aakaso g e g

T 8 O B O AN TN e N g - Y
S A e e o B R T R R N R TN A TR T R



2, As & result of administerad botulinal toxin, changes in
the refiex reaction of respiration affect the stimull of the vagus

nerve and, to some extent, those of the 2ciatic nerve, which is

rsflected in the excitability of the reepiratory center during botu-
linal intoxication., Directly sfter adpministration of the toxin one
observes an incresssd excitability in the respiratury centers, But,
gons time later, following sdministrution of the toxin, a deciine
in the threshold velus of the respiratory center’s excitability
changes to s&n increase, Then, one cen obssrve paradbiotic phuse
phenomena in the rsspiratory center, ‘

3. The excitebility of the phrenic nerve changee siightly
during botulinal intoxication.

4, The disorders in respiratory movements of animals during
botulinal intoxioutisn are combined with 8 develnpment of the purn-

biotic condition in the respirstory center,
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