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CHAPTER I

INTRODUCTION

CIaude Bernard (1875) in his book entitled "Experimental
Science" began the account of the action of curare with the
following remarks: "Polsons can be employed as means for the
destruction of life of'as agents for the ffeﬁtment of the sick,
but in addition to these two well-redbgnizéd”usés there is a third]
of particular ihteiest to the physidlogiéﬁ. For him, the poison |
becomes an instfument which‘diSSociates aﬁdjanélyses the most
delicate phenoﬁendn of living structure'aﬁd’by-attending carefully

to their mechanism in causing death, he can 1earn indirectly much

. about the physiological processes of life. _Such s the way in

which I have long regarded the actions of toxic substances”, One
such toxic substanée, useful for the pharmacologist for the
purposes ehvisoned by Claude Bernard is'tetanus toxin. This is a
toxin formed by the bacterium Clostridium tetani.

.~ Tetanus toxin has been a sub ject of vigorous experiment-
al stﬁdy for the last 80 years. It is éne of the most potent
bacterial neurotoxins ever studied. It is lethal iﬁ suéh minute
dosages, in almost all animal specles, that it has drawn the
attentfgn of bacterial toxicologists and physiologists.

The infectious nature of the tetanus organism was first

: incontrovertably demonstrated by Carle and Rattone in 188l when

-
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they succeeded in inducing the disease experimentally in rabbits
by inoculation with finely divided tissue from a patient who had
died of tetanus. All rabbits except one died after reproducing
the classical signs of the disease. The causative organism was
jdentified later as a bacillus and known as CloStridium tetani
(Hichoiair, 188 ). From the culture of this anaerobic, spore
bearing bacillus, a highly lethal toxin was obtained by filtra-
tion, which on 1nocu1ation produced the typical features of
naturally occurring tetanus in man and animals (Tizzoni and
Cattani, 1890a, 1890b, and Faber, 1890).

Clinicslly tetaﬁus falls under two general catagorles:
one, the "general" in which after an i1l defined first stage, the
intoxication manifests itself by an increasing Spastipity of the
muscles of mastication followed by‘similar changes in the muscles
of trunk and limb, and still later by generalized convulsions;
and second, the "local" in which the local region of infection
becomes at first painful ard later spastic. Experimentally both
these forms can be readily reproduced in labroatory animals -~ the
"general” by intravenous and the "local” by intramuscular injectim
of the toxin. (

'Y In the naturally occurring tetanus the bacilli usually
enter the tissue in the form of spores through a cut or wound,
Once in ﬁhe tissue, the spores undergo metamorphosis. The appro-
priate nutritive medium, the pH and the temperature of the |

lacerated tissue are highly conducive to the germination of the
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SpOTES, During the multiplication process, toxin is formed at thé
infected foci in the tissue. At the time of death, large deposits |
of toxin are found to be present around the growing bacteria
(Francis, 191l1). One report, available in therliterature, of an
outbreak‘of tetanus in St, Louis éomprised seven children who were
given diphtheria antitoxin. This had been inadvertently obtained
from a horéé,'fwo days before'it developed clinicel signs of
tetanus., Abel and his colleagues (193)) calculated that at this
stage of incubation of the disease, the animal had 280 horse

lethal) doses of toxin.

Pathogenicitx of the Toxin

Fatal Intoxication can be induced in a wide variety of--
both warm and cold bloocded animals. However, the minimum dosages
of the toxin required varies from one species to another. This,
further, depends upon a variety of factors such as the strain of
clostridium used, method of preparetion of tokin, the breeds,
sexes and the ages of the animals emplojed, as well as many other
experinmental conditions. In general, it can be concluded that a
large group of animals consisting of horse, monkey, sheep, goat,
guinea big, andvmouSe is highly sdsceptible. Cats and dogs are
less vulnerable, while birds are strikingly resistant. From
accidental innoculatlions, it appears that man is among the more 5
susceptible épecies (Nicholas, 1893; Bolton and Disch, 1902). It

has been szid that the rabbit is the most unpredictable animal,

| Von Behring (1912) was the first to comment on this finding on

a
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rabbits. Hé suggésted that the blood vessel endothelium of
rabbits ébsseésesja destructive enzyme to which he gave the name
tetaﬁbtoxihage.‘ No further wdrk along this line appears to have
been undeftakeh. Work by Lamoht and his associates {1940) and
Ipsen (19&0-41) on different varieties of rabbits, with the same
toxin and with toxins from different strains of Cl. tetani,
indicate that the variations in the results with rabbits lie in
thé_diffefence$ 1n_the Vbiological qualities" of the toxin, rather|:

than in thevgpécies variabilitj‘of rabbits.

Route of Infection and lLethality of the Teﬁanus Toxin

The route of infectién of the toxin into the body not
only determines many of the clinical manifestatibns but also the
size of the requisite lethal dose. The closer the site of
inoculation approaches the vital centres in the brain stem, the
more effectively lethal does fhis toxin become, irrespective of

‘the specles difference.

Site of Action of Tetanus Toxin

The students of tetanus all agree that in "general”
tetanug, in which spasticity is widespread in skeletal musculature
and coﬁvulsibns occur frequently, the toxinuoperates'at some site
within the central nervous system. With "local" tetanus, however,
| there still remains a sharp difference of opinion as to whether '
all the manifestations can be wholly accounted faw by an action on

segments of the central nervous system, or whether the toxin
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brings about some of degree ofvlocal spasticity through a peri-
pheral action on sﬁsceptiblerstructure in the affected muscles
themsélﬁes;' This question has”noﬁ been solved satisfactorily.
Most Qbéef?efg havé inclined to thé‘view that in all forms of
tetanus, the tokin operates oniy.on tbé elements of the central
nervous’éyéteﬁ; The disagreement appears to be due to lack of
appreciation by:soﬁe invéstigaéors fhat~affected skeletal muscu1a~
tufe paésés through a chcession of clinical stages as‘lonal |
teténus progresses. This was ﬁfoperly emphésized by Ranson and
his associates (1926, 1928,'1929). They descrited two character-
istic‘forms of spasticity, an early one lasting roughly 5-6 days,
in which the'contraction'ofﬂthe affected muscle can be terminated
by general anesthesia,vcurariform drugs‘or nerve section, and a
later one, in which the muscle remains firmly contracted for many
weeks in spite of isolation from the central nervous system by~
denervation or by drug,action. They called the former stage

"hypertonic contraction" and the latter "myostatic contracture”.

A Peripheral Site of Intoxication

Vaillard and Vincent (1891) showed that: for the
clinicél manifestations of local tetanus the intact motor innerva-
tion is necessary because local tetanus could not be produced
after sectioning of the nerve to the local muscle. Abel and his
associates (1935a,b,c, and 1938) held the view that the spasticit&
could originate from some toxic.injury to the peripheral ending of

the motor neurons and that it is overactivity at the motor end
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plate that maintalned the unremitting contracture. Harvey {1939)'
recorded some cbservations aloqg this line: »(a) the spasticity
persists in the-intoxicated muécle several days after the section-
ing of thé motor nerve and disappears with thé’degeneration of
nerve ending; (b) the spastiéity can develop in the denervated
1imb if tﬁe toxin ié Injected directly into the muscle before the
motor endings(ioosé their tranémitting function; (c¢) a single |
nefve‘volley produced by electrical stimulation of a motor nerve
trunk- which usually gives a Siﬁgle action potential in normal
mascle - leads tova repetitive discharge in the intoxicafed muscle,

Harvey's observations‘have been severely criticized by a
large number of 1ater Investigators. One of thé_criticisms is
related to Harvey's denervation technique, While he sectioned the}
nerve in the thigh other investigators had observed that for
complete denervation of the hind limb, sectioning of femoral and
obturator nerve is necessary, Courmont and Doyon (1899), Permin
{1913), Pochhammer (1909}, Sawamura (1909). Further, Permin had
pointed out that in rabbits tﬁere is an additional trunk in the
sacral plexus which may escape division. By taking necessary
precauﬁ&ons to ensure complete denervation Hutter (1951) showed
that no signs of local tetanus were produced., Harvey's observa-
tions.on the electrohyograms of tetanus intoxicated muscle, in
which repetitive action potentials followed a single nerve stimu-

lus, have been criticized by several later workers who attempted

Ilto repeat his work. _Gopfert'ahd Schaefer (1940), Acheson, Ratnoff
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and Schoenbach (1942), Purdrup“(l9h6), MackerethAand Scott (195l )
have all been unable to confirm his finding. Gepfert and Schaefer
suggested that Harvey's récOrded}acﬁién'poténtials werééartéfacts
possibly caused by the spread of electrotonus from the stimulating

electrodes onto the nerve end-plates 1n the muscle.

Proprioceptive Senéory Nerve Endings

Convulsive motor activity in local tetanus can45e in-
duced and exaggerated by reflex stimulation of propbiocebtive and
othef sensory end organs. Early workérs attempted to determine
the extent to which the spasticity in local tetamus can be depen-
dent on the afferent nerves. Results‘on de-afferented animals
{by the division of posterlor nerve roots) are not unaﬁimous.
Thus, Courmont and Doyon (1899) prevented local t etanus by this
method., "Gumprecht (1894 ) with dogs, Brunner (1894) and Gold-
schieder (1894) with rabbits and frohlich and Meyer (1915), Liljest
trand and Magnus (1919) and Ransom (1928) with cats reported that
posterior root section might diminish.but nof abolish local
tetanus, Whatever may be the inconclusive nature of the egrly
work ory de-afferentation, the excessive activity, during the early
"hypertbnic contraction" stage of local tetanus is certainly
enhanced by the afferent impulses reaching the spinal cord.

Schéefer (19&&) supported this .statement by two kinds of
experimental observations (a) an increase in the number of action

Potentials recorded from the'afferent nerve of tetanus intoxicated

muscle., This augmentation in the number of action potentials was
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regarded by him_aslan indication of a pathological sensitivity of-
| the intoxicated huscie, (b) an increase in the activity in the
control 1imb when'fgnsion was apblied on the tetanus side and
recbrding was made¥from the‘control side. Another approéch to the
problem was made through the use of a local anesihetic, procaine;
which, in the concéntration which was used, is believed to anes-
thetiie only thegsﬁésory receptors without paralyzing the myo-
neufal Jjunction. Liljestrand (1919), Ranson (1928) and Purdrup
(1946) used this meﬁhod end found that the injectlon of dilute
solution of procaine into a spastic muscle ebolished the chara-
cteristic activity without affecting the normal voluntary or
reflex function. These findings, however, do not<prove the site
of action of tetanus toxin, Ffiedemann and his colleagues (1941)
repeated some of the earlier work in which posterior roots had
been sectioned before the injection of tetanus toxin. They used
monkeys: with de-afferented muscles and found that all the animals
devéioped local tetanus on the third or fourth dey. Davis, Morgan
and PaYlingFWright (195l ) used electromyographic methods to study
local tetanus in rabbits, and found that during the early stages
of hypertonic contraction .the spasticity and the "shower' like
electroﬁyographic activity can be promptly suppressed by 1.V
injection of a moderate dose of pentobarbital. This dose of pento-
barbital however, did not alter the patellar tendon reflexes, '

either in the normal or intoxicated limb, Moreover, the electro-

myographic record of the tendon jerk possessed the same shape and

L
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amplitude after the spasticity had been abolished by pentobarbitai
as 1t had before. This 1ndicated,'therefore, that the monosynap-
tic reflex arc'was;unaffectcd by tetanus toxin and the spontaneous

spinal cord discharges down the motor nerve trunk had their origin|

at another site.

Central Site of Intoxication

Some of the earliest and most convincing evidence was
brought forward by Meyer and Ransom (1903) when they found that
] typical tetanus can be induced by_the fnoculation of very small
amounts of toxin intraneurally into the scliatic nerve trunk ornthe
"spinal cord, In both cases typical tetanus developed in the
muscles of the hind limb. These experiments have been répeated
during the’past half century with thebsame results - Baylis et sl
(1952), Horster et al (1931-32), Permin (1913-1li), Sherrington
(1906) and Teale and Embleton (1920). Abel, Hampil end Jonas
f1935) were the only investigators who gquestioned this method of
producing local tetanus. The majof objection of Abel's group was
with the technical non-feasibility of making such intraneural
injections without retrograde leakage of some of the toxin slong
the track of the needle when it is withdrawn. Howevér, other
evidences in the litersture greatly diminished Abel's argument.

Davis, Morgan and Psyling Wright (1G65L) showed that when
small quentities of tetanus toxin are injected into the sciatic or

femoral nerve trunks of rabbits in the vicinity of the lumbar and

Sciatic plexuses, individual electromyograms taken from the main
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muscle groups in the limb show two distinétfpatﬁerns of local
tetanus.  With fembrél nerves the quadriceps extensors of the
thigh alone are involved. With the sciatic nerve, ndt only are
the hamstring muscles of thé thigh affected, bﬁt typical tetanus
also appears at the same time, in both the tibialis anticus and
the calf group of muscles. This situation is compatible with the
anatomical distribﬁfion'of nerve and muscles in the hindvlimbs of
cats énd‘probably rabbits as pointed out by Ramones (1951).
Similar evidenée for a central site of intokication comés from the
observation of Mackereth and Scott (1954) that‘lOCal tetanus
develops in the diaphragm after the inoculation of muscles which
are anatomically remote frbm it but which pdssess a common segmen-
tal innervation.

Wright, Morgan and Payling Wright (1950) inoculsated
toxin sblutions into each of the 3 main cranial motor nerves which
are moré complex in their muscular distribution than the lumbar
nerves, When the toxin was injected into facial, vagus or hypo-
glossal nerve trunks, the same typical forms of bulbar tetanus =
 viz, the strabismus, torticollis, salivation, bradycardia etc. =
were obéained. It is inconceivable to assume that all these
diversified effects could occur by chahce contamination of neigh-
boring.areas dvring injection., Further since the whole syndrome
of bulbar tetanus is;the same irrespective of whether the toxin is
injected into wagus, facial or hypoglossal nerve, the simplest

explanation, according to the authors, was that all these signs
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resulted from the central action of the toxin on the closely
spaced brain stem nuclel, whose neurons provide the finél common
p&thway for the activation of these diverse effector organs.

~Furthef evidence for the initial central rather than
peripheral action of tetanus toxin was produced by Wright, Morgan
and Payling Wright {1950). These invéstigators temporarily
blockea the hind limbs of rabbi£s from the general dircuiation by
inflating a sultably placed sphigmomanbmeter cuff. In local
tetanuéfclosure of the limb arteries for a short time has no
effécﬁ on the electromyographic pattern. But when pentobarbital
was injected into the general circulation at the time when its
acéess‘to the leg is prevented by high vascular oceclusion, all
traces of both spasticity and the "showering" of electromyographic
activity disappeared completely within fifteen seconds.

- Since the symptoms of local tetanus were abolished even
when the entry»of pentobarbital into the affected limb was blockedy
the conclusion was-that the spasticity and the electromyographic
pattern of local tetanus was medliated through the centrally
situated neural structures to which the anesthetic had unimpeded
access,! This finding is irreconcilable with Harvey's belief that
the Spaéticity arises from a peripheral intoxication at the
myoneural junction.

-~

Spread of Tetanus Toxin From a Depot Site in the Tissues

There ia a prolonged cohtroversy in the literature as to

Pj@e possible routes by which this substance can eeach the central
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nervous system. Two clinical forms of tetanus - the "ascending
or local" and "descending or geheral", produced experimentally by
1ntramuscu1ar and intravenous 1n3ections respectively, of tetanus
toxin, have been mentioned earlier, There is an overwhelming mass
of evidence to prove that in "ascehding" tetanus the toxin is
carried.cénfripetally along the motor nerve trunks from the depot
in the tissue to the spinal cord and brain stem (Baylis et al, |
1952, Pdchhammer, 1909, Sawamura, 1909). Among the many experi-v
ments undertaken to throw light on the pathogenesis of "ascending"
tetanus, those designed to prodﬁée some obstacle to the centri-
petal movement of the toxin along the large nerve trunks have been
decisive. The three kinds of obstacles that have been set up to
} lessen or prevént such movements are (a) immunological barfier

created by a proximal injection of a specific antitoxin (b) tran-

section of the nerve trunk at some site between the point of
Bl injection and the spinal cord (é) structural disorganization of
Ethe tissue space in the nerve trunk by intraneuronal injection of
some sclerosing agent, several weeks before the injection of toxinj
| ~ Meyer and Ransom (1903) first showed that "ascending"
tetanus can be prevented by simultanecus iniection of specific
antitoxin into the regional nerve trunk at some proximal site.
This observation has been confirmed by Permin (1913), Sawamurs
(1909) and Teale snd Embleton (1920). This does not, however,

¢xclude the possibility of both toxin and antitoxin moving upwards

along the nerve to enter the tissue fluid of the spinal cord and
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exerting its specific protecting power therq. This'possibility
could be excluded by creating a zone of éclérosis in thghsubstance
of the nerve trunk.itself. Teale an&_Embleébn (1920) scierosed
the sciatic nerve trunk of rabbits by injecting'tincture:of lodine
and prevented the appearance of 1ocal tetanus by injecting tatanus
toxin directly into the musclé of the-hind limb. Abells group
correctly criticlzed this process as-being eQuivalent to#"ﬁerve
section™ by the alcochol ﬁresent;in the tincture. More régently,
Baylis‘et al (1952) Wright, Morgan and Payling Wrighf'(l?Sl)
repeated these éxperiments‘ﬁith:milder sclerosing agentéASuch as
ethanolamine oleate and prevented the mppesrance of local tetanus

when the toxin was injected below the regioh of ethanolamine

injection. Howevef, injection of toxin proximal to the site of
sclerosis did produce local tetanus in the hind 1imb; Other 7
evidence of this centripetal movement of toxin in the "ascending"
tetanus is presented by the work of DeAntona (1949, 1951), Friede-
mann, Hollander and Tarlow (19&1).u

" Once the éentripetal movement of the toxin along the
motor nerve trunk is accepted there still remains the uncertainty
as to wh;ch component of the nerve trunk forms the necessary
conduit for its passage. Diffusionvalone would be inceapable of
accounting for the ascent of a protein at such a high rate.
Bromeis 1938, 1939), Meyér and Ransom (1203) and others held thst
tetanus toxin passes u?wards in the interior of the motor axons

themselves. This, however, is no longer tensble in the light of
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microdisection studies of DeRenyi (1929, 1932). One possible moce
of the toiin movément is along the highly ofiented»tubular clefts.
that lie between the individual nerve fibers and that the force
needed for its propulsion is provided byithe'great increase in
pressure of tissue fluid in the muscle Belly when it undergoes
contraction, Barcroft and Dornhorst,v(i9h9) Baylis et al (1952)
Wells et al (1938)., This is in agreement with the prevention of

the ascent of the toxin by sclerosis of the nerve trunk, Wright
(1951). |

Descending Teﬁanus

Clinical features of "descending" tetanus, which resem-‘
bles closely the natufai disesse in human and animals, can be
produced by intravenous injection of toxin into laboratory animals,
fhis similarity suggests that "descending" tetanus results from
carriage of toxin to thg nervous eleﬁents by circulafing blocde.
This‘suppo;ition is borne out by (a) identification of toxin in
the blood (b) comparative ease with which the effect of this toxin
can be neutralized with'specific antitoxin. The routes taken by
the foxin iﬁ its passage from blood to susceptible elements in the
CNS are still obscure and seem to be closely connected with the
physiolégical and pathological behavior of the postulated blood
brain barrier (Friedemann, 1942, 1947). It has been reportsd

(Wislocki, 1920) that certain sites, particularly the areae

bPostremae in the floor of the fourth ventricle permit the entry of

Substances from blood into nerwvous elements even though the
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'capilléries'of theiCNS are generally known to be impermeéble ﬁo |
certain plasma'cohténts, (Krogh, 1946). This local capiilary 7
permeability in the floor of-the fourth ventricle may be onev§f

the’bauses responsible for the early signs of tetanus intoxiation.

Mode of Action of Tetanus Toxin

The exaot nature of the injury infllcted by tetanusb
toxin on neural elements 1s not known. More than 100 years ago
Sir James Simptom, ﬁhile reviewing a 1ong series of cases of peri-
pheral tetanus observed the similarity between this diseése>and
1 that ofbstrychnine'poiéoning. Sherrington (1906) was the first to
suggest that the common element in the mod es of action,of the two
poisons was their conversionvof synaptic inhibition to one of
exciﬁation.

Further evidence on the mode of action of tetanus toxin
came from the work of Eccies and his collaborators, Bradley, Eston
and Eccles (1953). .B rooks; Curtis and Eccles (1955) produced
éxperimental evidence for the similarity between the actions of

tetanus toxin and strychnine. This was also recognized by Davis,

Morgan smd Wright (195l.). They showed that both tetanus toxin

and strﬁchnine, in moderate doses had insignficant action on mono=-
synaptic reflexes, Bradley, Easton and Eccles (1953), Eccles,
Fatt and Koketsu (195l1) showed that strychnine acts specifically
by diminishing all types 6f synaptic inhibitory actions. Brooké,
Curtis and Zceles (1955) employed single maximum volleys along the

larce stretch afferents as inhibiting volleys on monosynaptic
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reflex discharges and constructed inhibitory curves. The injeec- -

tion of tetanus toxin,completély abolished this inhibitory influ-

ence on the motoneuron, while the monosynaptic reflex spike showed
1n81gnificant change on the ipsilateral side and remained virtual-
1y the»same on'both sides, They also showed that tetanus toxin
did not exert any efféct on the synaptic relays that occur on
direét inhibi tory pathways, (Eccles, Fatt and Koketsu, 195L, Eccles
Fatt and Landgren, 1956).

Intracellular recordings from motoneurons, indicated
that inhibitory hypérpolarization is suppressed by tetanus toxin
exactly as occurs with'strychnine. This was explained by the
following two possible mechanisms: (a) that tetanus toxin may
prevenﬁ-the release of transmitter substance in a manner similar
to that of botulinum toxiﬁ; Brooks, (1956),~Burgeon, Dickens and

Latimar (194.8) {v) like strychnine, tetanus may become attacked to

the subsynaptic inhibitory areas on the motoneuronal membrane,
thus préventing the action of the inhibitory transmitter, (Brooks
Curtis and Eccles, 1957).

In order to sfudy the relationship of the various path-
ways of inhibition entering the spinal cord, Curtis (1959) employ-
ed tetanﬁs toxin and strychnine. He concluded that all forms of
inhibition (Bradléy Easton and Eccles, 1953, Eccles Fatt and
Koketsu (195l1), Brooks, Curtis and Eccles, 1957, Kuno, 1957) of
the motoneurons located within the lumbar segments of the cat, are

Produced by the same inhibitory transmitter substance, Further,
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these inhibitions cen be prevented by the action of elither strych=-
nine or tetanusvtoxih. In the cases of botg direct inhibition of
motoneurons and thét‘df "Renshaw" cells ﬁhéispecific inhibition
of the interneuron was'hot_affected by eithér of these agents,
Hence;vit was consldered these-agents may-ﬁrevént_either the
release of inhibitory‘substénce or its‘post-synaptic»action.
Recently Wilson et al (1§60a) showed thaf iﬁjection of tetanus
toxin into the épinal cofd_résults in an 1ﬁcréa$e in the polysyn-
aptic reflexes, Anvappearance of polysynaptié reflexes in some
nerves from which thej‘were previously‘abseﬁﬁ,van increase in
duration of rsflex dishﬁarge and a lack of Qevelobment of spontén-
eous activity. Tetanus toxin also resembles strychnine in de-~

pressing recurrent facilitation and inhibition (Wilson et al 1960)J

Riochemical Changes

Information about the biochemical changes occurring
during tetanus intoxication is scanty. Harvey (1939) suggested
that tétanus toxin produced a disturbance in the acetylcholine
metabolism at the skeletal neuromuscular junction and also a |
reduction in the cholinesterase activity.

4 Martini, Torda and Zironi (1939) however, failed to
support Harvey'!s suggestion by thelir chemical analysis of the
gastrocnemius and tibial muscles of rats. Ambaéhi, Morgan and
Wright (194;8) also, could not find any appreciable reduction
either in the true or'pséudo cholinesterase activify in the 1iris

of rabbits, or in the quadriceps femoris and rectus abdominis
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muscle of guinea pigs aftervtetanus toxin treatment. Schaefer
(19414) however, observed a slight'reductioniip the cholinésterase
activity in mﬁscle_that had been incubated witb‘tetangs.toxin for
gseveral days. Similar findihgs have beeﬁ rgcorded by Werle and

Stuttgen (1942) and by Ammon (l9u3).v'

Electrbdiagnosis

Eleétrodiagnosis is the interpretation of responses of
nerves.and mascles to electrical stimulatibh; Eleétrodiagnostic
procedures havé long been usedvin clinics and in experimental
laboratories. The electrical constants usuélly determined are
rheobase, strength-duration curve, chronaxié, galvanic-tetanus

ratio, etc.

Rheobase

Lapicque (1909) developed the concept of rheobase, which
means- the thepeshold of excitation. - He observed that a minimum
current is necessary before an excitafion can occur, In other
words, no current less than rheobase can produce excitation even
it appl@ed indefinitely. Consideration of rheobase alone as a
diagnosﬁic guide is questionable., ILaroquette (1920) Pollock and
his associates (1945) reported that rheobase decreases with pro-
gressive nerve degeneration and rises as Phe reinnervation ensues,’

Ritchie (195l) fd led to observe this. Wynn-Parry (1953) reported

variable results. Fudema, Oester, Fizzell and Gatz (1960) con-

Bl firmed the observation of Poilack’s.group. Harris (1952) pointed
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out such technical factors as electrode size and positién, local
condition of the tissue, skin temperature, blood‘supply, edema;

etc, are likely to influence the rheobase‘vélue;

Galvanic tetanus ratio

‘Skeletal muscle contracts with a sharp twitch when a
'currenﬁ of rheobase value is applied. When the strength»of the
current»is increased the twitch is transformed into a persistant
contraction called "teténus". Barly investigators termed this
tetanus state as "Galvanotetanus", Erb (1868) and Mendelsohn
{1909) noted that the value of this galvanotetanus:was increased
in denebvated muscles. Pollock et al (l9u55 propdséd a term
"Galvanic Tetanus" since it results from galvanic stimulation.
Since the absolute value of>either Rheobase or Galvanic Tetanus
varies with changes in the experimental conditions, the étate of
the tissue, etc., the ratio of galvanic tetanus and rheobase was
considered to be more reliable and Pollock coined the term
"Galvanic Tetanus Ratio" for this value. Pollock who observed a
| large variation in the galvanic tetanus ratio in denervated
1 animals cautions that the interpretation of this data must be
considered with reference to the time after denervation. Recently

Fudema, Oester, Fizzel and Gatz (1960) have reported an increase

in galvanic tetanus ratio in the denervated muscles of rabbits,

Strencth-duration curves

The response of an excitable tissue, such as nerve or
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muscle depends upon certain parameters including strength and
| duration of the applied stimulus, - The curve relating these two
parameterS’isAknownvas strength duration curve., Cluzet (1903) was
probably the first to graphically represent'the'exditability
characteristics‘of nerve and muscle uvusing these parameters. Lucas
(1906, 1907-08) observed that using noh—polarisable electrodes and
stimulating the ﬁartorius muscle of frogs with galvanic‘éurrent,
the'strength dﬁration curves obtained were complexes consisting of
two or three distinct segments. fHe attributéd these segments to
the response of (a) muscle fibres to the cufrents of long duration
(b) nerve fibres to current of éhort duration, (c) myoneural
junctions to the current of very short duration., Adrian (1916)
used Strengﬁh-Duration curves in patients with lower motor neuyon
lesions. In progressive studies,.on patients with polyneuritis
and peripﬁeral nerve injuries, he demonstrated discontinuities
during the recovery stages., He also described double curves of
partial innervation. Adrian thought that these.responses weyre due
to a group of muscle fibres at different stages of recovery. It
was not until 1930 that Rusaton described in frog muscle the alpha
| and gamma excitabilities suggested 20 years earlier by Lucas (1907)
Later, ih 1932 Rushton showsd that the alpha component was iso-.
chronous with mnscle and corresponded to the right-hand portion of
':the double curve, while the gamma componsent was isochronons with
nerve ang corresponded‘to the left hand portion.

Pollock (1945), Wewmsn and Livingstone (19),7), Mackenzie

b
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(19L9) end Wynn-Parry (1952) have described the detailed changes
in the curves during degeneratiOn and regenération of the Yower
motor neuron. Pollock and his coworkefs‘fouhd that in ﬁhe experi-
| mental animal during the period‘of‘nérve‘degenération following
nerve section, before the muséle is coﬁpletely denervated, discon-|
tinuities may occur. Further,:thevdiscontinﬁitiés disappear and
the Strength-Duratibn curves become cOntinuoﬁs when the'muscle is
completely denervated. Fudema et al (1960) have reported that
similaf discontinuities also appear in the Strength-Duration cufves

in vitamin E deficient rabbits, -

Chronaxie

Lapicque (1909) defined and employed the word "chronaxie'
to denote the minimal value of the cuvrrent duration at donble the
rheobase intensity needed for excitation. This Qas the first ex-
pression enbodying both time and intensity.v Lapicque mathematicalg
ly showed that the stimulus of twice rheobasé strength with a
dhration equal to chronaxie, is of all the possible threshold
stimﬁli, the stimulus of least energy. He showed that in normal
nerve-m%scle studies the Strength-Duration curve was approximately
a rectaggular hyperbola. This was confirmed by Sokémoto (1933) on
single nerve fibres., Tapicque (1926}, LaSalle (1925). Bourguignen
(1923) considered that chronaxle in itself is an exact index of

-

tissue execitability. However, this view is not generally accepted,

Davies (1935) and Rushton (193%).

Lapicque {(190h) found that the chronaxle of different
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normal muscles in humans varied from 0.2 - 0,5 milliseconds.
Foliowing a etudy of many hundreds of strength- duration curVes.
Ritchie (195&) found the chronaxie to be remarkably constant and
that the greatest dev1ation in observations mede on a single
muecle of one subgeot was of the order of 0,02 mlllisecopds,(Volel
tage stabiliiedvstimﬁlator).; The ranges of values he quofes for
voltaoe stabilized and current stabilized stlmulators ‘are respec-
tively .03 to .08 and O 15 to 0.8 milliseconds. Ninety percent of
all the observat*ons made on healthy muscles fell within this
range.  The chronaxie value determined by some investigators on
normal muscle (Lucas, 1907-08, Adrian, 1916, Davis, 1922-23) snd
on denervated muscle (Watts, 192& -25, Pollock et al, 195 amg |
Fudema et al 1960) may be summarized as follows: in norhal muscle
the chronaxie»ie'very short 1,0 millisecond or less, and in a com-
pletely denervated state the chronaxie is very high, usualiy above

10 and up.to 100 milliseconds.

1Elec tromvographv

Iz

Electromyography may be defined as the recording and

J@istudy of intrinsic electricsl activity or production of ekeletal
: A

| muscle, ’ Hormal and denervated muscles have been subjected to an

| intensive elecpromyographic study, both Qualitative and quantita-

ftive, since the differences in slectromyographic patterns of
normal and denervated muscle can be distinctly recognized (Denny-

| Erown and Pennybacker, 1938, Jssper and Sallem, 1939, Buchthal and

Clemeqsen, 1941, Weddel et al 19y, Golseth and Fizzel, 1947,
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Pichardson, l9§u, Rodriquez, Oester and Skolnik, 195k and others).
In a normal okelc-tal muscle gt rest en undisturted iso-

eledtrié hase'llne,"usually reforred to as electrical silence"\is

sectioned and allowed to degenerate (Wallarian dereneration) spon-
tanecus electrical actlvity is the invarlable finding. It is
believed that the spontaneous fibrillation potentials represent'
the electrical activ1ty orig-nating in single muscle fibfes.
Normal neuromus cnlaw function is represented electfomyo—
oraphically bv the productlon of electrical actlvlfy notentlalq:
known as "mator unlt potantmals". The term motor unit wes first
inérbduced by Liddell énd Sherrington (1925), A motor unit.is
definedvas the mntor nerve cell, its axon, end plates, énd all the
muscle fihreé it innervétes. The exon of a motor neuron divides
many times to supply many muscle fibers, Thus, gn impulse propa
gated along a motor neuron usually causes all the muscle fibers

innervated by the neuron to contrsct vractically simultansously

and ‘as a unit, Consequéntly,-all rormal activity of normal skele-
tal musecle is based upon the integrity and organization of motor
units. ’lmmediately following the motor nerve sectlon no metor
unit'may be initiated voluntarily or reflexly by the subject, In
SPSCifin myopathies, eglteration in the wave form, voltage, sound
and other psrameters of the electromyngraﬁ vields infovmation as

to the particular type of pathology, myosthenia gravis, Rotello,

Peaterly and Comrce (1$52) muscelar dystrephy, Buchthal and

a normal Pwnding._ However, in a muscle whose motor nerve has been -
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Plnnell* (1652), myotonia, Adams, Denny-Prown and Pearson (l qh),.'

polymyositis, Hines et.al-(leuh).

Statément of ﬁhglProbleﬁ

Perusal of the related 1i£erature on local tetanus
indicates that there is é'lﬁng Standinb‘conﬁroversy between the
preponents of a perlpheral and the advocates of the central action
of tetanus toxin. B |

Opinion ié unanimous fegérding thé;ﬁecessity of the
central nervous system fof the manifestaﬁioﬁs of nlassical symp-
toms of loc al tetanuns, since this hes been unarulvonall hown bj ‘
many investigators. | |

One question still remaihs to be settled as to whether
or not tetanus toxiﬁ; besides its repéatedly:emphasized initial
'CNS‘effeéts, élsobaxertsba reripheral efféct of any kind. 1In
general, the advocatés.éf the central aétion of tetanus toxin

conducted their experiments mainly during the early stages of

100&1 tetenus and hence were convinced that the action of tetaﬁus
| :toxinfis only on the centrallﬁervousvsystem. A careful survey of
the expe;imental proﬁocols §f Abel'é grovp, particularly thosé of
Harvey; éuggests'that besides the initial central action, ﬁetaﬁus
toxin also ekerts'a peripheral action. The latter is masked by

the predominent central action especlally in the early stages.

It is the oplnion of the author that the descrepency in

the results mentioned sbove, lies in the failure of the rroponents

Of the central action to taske into account the possitle delayed
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or'latQ'peripheral action of the.tetanus toiin.
f Takiné’into consideration both possibilities, a system-

aticiséudy~oflboth early and-delayed}effécts ofvtetanus toxin in
the'raﬁbit'hind 1imb muscle therefore is{puréueé'iﬁ‘fhis repbrtf"

- In a preliminary survey, using an-électfomybgraphic pro-
cedure, it was found that durina the early stages of local tetanus
(32—&8 hours after the iniection of toxin) there "WaS a tremendous
"showerﬁ of motor unit potentlals, which could be reduced in
number ﬁy,light anesthesia or could be énhancéd by any kind of
reflex stimulus. This obtviously is a contral effect of ﬁetanﬁé.
toxin. Fhis stage lasted for about l-6 days. After about 10 days
f0710w1nv the ingeotzon of toxxn an entirelv diffprent vhenomena
was obse?ved. The motor unit activity disapneared completely and

in ifs place fibrilletion potentials were seen., It is well known

that fibrillation potentials and increased‘response tc pharmaco-
‘W logical agents like Abh,‘DeCamethonium etc, are signs of chronic
7denervat}on. The induced locsal tetanus, in i1ts advanced stages,
produced, in the involved muscle, =an effect pharmacologically and
'electropbféiologicaliy analogous to that produced by chronic de- |
iner?ation.‘ | |

k | Hence, a sysfematic electrophysiological and pharmacolog-
iical investigation on a large number of rahbits in local tetanus
fWés undertaken., Comparable results were also obtsined from a
?Series ofvdenervéteé rabbits. The deta will be discussed in the

light of current neuromuscular physiological and phermacological
Knoyledoe, )
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MATERIALS AND METHODS

“xger*mental Animal

Throughout the work male albino rabbits weighing 1, <-3
kg. were used. Rabbits were maintained on regular "purina Rebbit

Chow" ration supplemented daily with fresh lettuce.

Tetanus,Toxin

o ' The tetsnus toxin used in this work was kindly supvlied
by EliQLilly.and Company (#735677, Meuller Medium, conteining 1:
10,000'Merthidlate). The potenéy'of the toxln as noted on the
label, was 800,000 guinea pig MID/ml, The original toxin was al-
ways preserved at refrigerator temperature, ;Preliﬁihary experi-
ments on rabblts indicated that the following dilution of the
toxin from the original, was adeaquate for the purpose of producing
uni form local tetanus. ‘Thus 0.1 ml of the originai toxiﬁ (800,000
guinea pig MID/ml) was diluted to LO ml with 0,90% saline and 0.1

ml/kg (200 guinea pig MID/kg) of the diluted solution was used for

injecticn.

;Local‘tetanns by intremuscular iniection of the toxin
| The methods used for producing locel tetanué were
iessentially the same as thosevused by Abel et al (1934), Harvey
(1939); Payling Wright and his co-workers (1954). Two hundred
cvinea pig MID/kg of the toxin was injectdd into the right

: o .
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tibialis antiqus muscle by using a #27 gauge needle., In some
rabbitSjthe injection was made_aléng thé muscle at ten different
points, vaPica1 signs of local tetanus appeared 36-L8 hours
followingbthevinjegtién. Theretwaé no appafent’difference iﬁ the
clinical appearance of thé rabbif Whether the injection was made

et one point or at several points in the muscle.

Local tetanué by 1ntraneuralvinjection |

| For this purpose'the;fabbits'were snesthetized with
ether, The séiatic nerve was éxposed high uprin the thigh. Ry
menas éf a?#27 gauge needle benﬁ at ESO angle, 0,05 ml of the
toxin solution (200 guinea pig MID/ml) was injected into the
sciatio ﬁervé.? The'inject{on was maede with the needle pointing
towards the spinal cord (Peyling Wright, 1952). Care wss taken
not to.contaminate the adjacent muscles with the toxin, while in-
jecting or immediately after the withdrawal of the needle. Con-

tralateral limbs always served as controls.

Bl chronic.denervation

The right tibialis anticus muscle was denervated in all
1 the case%. The common peronial nerve was exposed under &ther and

8 section of the nerve, atout 2 ecms in length was excised., The

Incision was closed by Nickel-silver wound clips. No infection wag

; | observed in any of these operated animals:

Yervye-muscle preparation

Acute nerve-muscle exreriments were done as follows:
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The spinal cord of the rabbits was sectioﬁed between Tg~T12 under
ether‘énestheSia. The tendon of the tiblalis muécle was freed and
connected'to»a force transducefito obtain an isometric myogran, A
steel éin was driven through the distal head of the femuf and
fixed riglidly in a holder. Thié procédure immotilizes the point
of origin of tibialis anticus mﬁsclé; The sciatic nerﬁe which was
exposed and 1igated high'inrtﬁé‘thigh, was used for direct stimuls .
tion tErongh é shielded silyerfé;ectrode. Far direct stimuletion.
of the muSOIe,,the_stimulﬁ wereiapplied tetween the tendon of the
muscle and the pin in the femur. The electrical contact with the
tendon ‘was méde‘through 2 ﬁire~éttached to a s8line vacked pad of
cotbon wool, Supramaximal Shocks of 0,2 millisecond duration and
0.5 milliseconds duration wéfe employed for indirect and direct
stimuletion respectively. The interval hetween fhe shocks was 10
seconds., The injection of the dfugs vas made by the distant
arterial ronte (Zaimis, 1951), For distant arterial injection the
external iiiac artery of the non-o?erated side was connected with
a poly-ethvlene cannuia pointing towards the Bifurcation of the
aorta. The aorta with its cannnle was ligated just below the
"Origin gf the external iliac arteries. Under such donditions the
dose injected was_cérried directly to the operated leg. The drug
solutigns used, were made in normal saline. The volume‘of each
injectlon was 1.0 ml followed fmmediately‘by.O.S ml saline to
flush tﬁe drugs into the circulation. Actuel testing of the drugs

W vas begun after the effect of ether had been dissipated (arproxi-
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mately 2 hours after the operation). .

1) Acetylcholihevchloride {Merck) o

2) Decamethonium bfomide "Syﬁcﬁrine" (Rurroughs Wellcome and Co.)
3) Succinyl choline chloride "Sucoétrin" (Squibb and Company)

L) ’Ehysostigmine Sélicylateﬂ(Mérck) |

%) Tetra ethYl.pyrophospbate, TEPP (Victor)

6) Diisopfopyl fluorophosphaté DFP (Aldrich Chemical Company)

7) . d-Tubocurarine chloride (Avbott) - |

DFP and TEPP were diluted in prdpylene glycol {Carbowax 200) just

before injection.

ELECTROMYOCRAPHIC PROCEDURES

Instrumentation

-A two channel Zlectromyograph (TZCA Corporation) was

used in this work. This instrument has arrangements for voltage

; ‘calibration‘(SO uv - SOOOFuv/div.), a time base calibration (5 -
B 1000 milliseconds /div.) and a photographic, tape recording, and
< :loudspeaker display.

Recording of the potentials was made by photographing
the oscilloscopic screen with a polaroid camera using & high s?eed
ilm (speed 3000, type L7). Occasionally “the EMC events were taken]

on the tape recorder for later analysis and photography. In

addition, written notes were made during the course of the experi-

Mment relative to the general avpearsnce, frequency, amplitude and
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the sounds of action potentials,

fhe,pick—gp electrodes were méde of thin steel needles,
0e2-0.25 mm, insulated‘up to the very tip‘which forms the pick=-up
pOint.,;TWO needle electrodes were fixed in é sﬁall rubber bloék
with a @istance,between the two pick-up points 5 mm and the depth
to which the electrddes can reach aftfer insertion into the muscle,
was kept 1 Centimetér. ‘Thus‘in é11 the experiments this type of
bipolar*inséftioh'pickQQp was used. The ground electrode was
ettached to the skin of the thigh. |

The rabbit”was’restraihed on a wooden board during the

routine FEM(G examination. In a few experiments the animal was svus-

pended in a cloth-3sling so that the four limbs covuld just touch
the surfsace of the table., This arrangement allows the unrestrict-

§ 24 movements of the 1limb during EMG recording.

Procedurs

The'bipolar needle electrode was inserted into the musclg
undep ex;mination. The ground electrode was applied to the skin
on thé thigh. The pick-up eléétrode circuit was switched into the
velectromgbgreph which had been‘previously calibrated.A Following
the insertion of the electrods into the muscle, motor unit poben-
+tials usuallybappear. However, when the énimal is quieted the
POtentialé vsually disappear. Beginning with "quiet" or zero
2ctivity action potentials werevvecorded ﬁur{ng various conditions

of musels functions,

Zleatpomyographic responses of the muscle to drugs in
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advanced 1ocal tetanus and chronic denervation were recorded
following their administration by distant arterisl route as des-
cribgd ear11er. - | |

v  'Actionupotentia1s from the sciatic nerve were also
1 obtained iﬁ.a few experiments. The spinal cord of the rabbit was
sectioned betwsen Tg-Tqp und er preliminary ether. Next, the
sciatic nerve,was'exPOSed.by'a idngi%udinal incision in the thigh.
The~nefve was cérefﬁlly dleafed"frbm the surrounding conﬁective‘
tissue., The pick-dp electrode ﬁgs inserted into the nerve trunk
and held in pOSitiQn_by means df”anvelectrode hoider.‘ The exposed
nerve was kept in a pool of mineraiyéii formed by filling the
incision in tHe thigh with'the.oil. The temperature of the oil
was maintained at body temperature by a heating lamp; Any activity
in the nerve was recorded while it was st rest and during stimuls-

tion,

ELECTRODIAGNOSTIS (EDX)

Instrumentation

The instrﬁment used in this study wés a constant current
#l chronaxie meter {MEDITRON) or more specifically, a square wave
cbnstanﬁ%current impulse generator, The duration of the impulses
could be varied from 0.1 milliseconds to 1000 milliseconds and the
interval between the pulses from 1 second to i secornds. The

current out-put of the generator was measured by a highly sensitive

well demped DC milliamueter. The stimulating electrodes consisted
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of one quarter 1nch copper rod insulated to n1thwn one=-half inch
of the tln. The bare tip was covered by a piece of chamois. This
chamois tip moistened with salwne formed the stimulating electrode,
The 1ndifferent electrode consisted of another strip of chamois to}
which the wire connections were. made.,
| The rabbit was restrained in a specially nrepared wooden
board.» The limb under examination was immobilized upon -a small
olatform by means of elastic bands. mhis arrangement keeps the
animal not only quiet but comfortable too, during the entire

oerlod of examination. (Fig. I)

Deéign of the experiment
" Preliminary EMG studies on local tetanus indiceted that
fibrillation-like potentials make their appearance around 8-12

| éavs’following the injection of the tetanus toxin., It 1s well

documented that fibrillation notentials also appear in chrontcally
| jdene"vated muscle around u -7 days follow1nc the sectioning of the
motor nevrve, Since in the pilot experiments the =MG pattern of
the local tetanus waslalmost,identical to that of chronic denerva-
*é tion it was thought desirable to conduct a systematic electro-
:diagnost;c study on one group of animals with looal tetanus and
another‘group of denervated animals simulteneously.

2 group of eight rabbits for local tetanus and another
grovp of six rabbits for. chronie denertat{on.formed the subject

of this study. Tne untreated and non-operated conitralateral sides

Were taken as control -for each animel. 211 the animals in each




Figure 1

Setup for electrodiagnostic exemination
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group weré examined on the samé.day; Each group was examined
during'the'course of eight weesks, The animals were examined
adégrdingftb;thq following sche%ule, basedvonvpilot experiments.,

Local tetanus: ' . 1, 3, 5, 8: 12, 20, 30’ L5, 55
o S  days after the toxin injection

Chronic denervation: 1, 2, 6,:12, 20, 30, 45, 55
, T days after denervation

Strength-Duration curves f.'

‘The StreﬁgtheDuraﬁionﬁ¢urvés of normal muscle snd those
in local tétahus“and Chronic déAefvation were determined 2s
follows, fﬁe 1imb under examination'ﬁas carefully depilated 24
hovurs prior ﬁo the examinafion by appliéation of a depilatory
mixture (mixtufa of soap and barium éulphide) and washed carefully.
-The animal was restrained on the board, The positive terminal of
the-stimulator was cohnected to the indifferent electrode and the
negative'electrode was positioned over the motor poinﬁ (per cutan-
eous stimulation). The stimulator was set to deliver repetitive
cahtodal stimuli with a duration of 300 millisecond at an intervsl
of 1600 milliseconds. Next, the current control was advanced
until alperaeptible musele contraction csn be seeﬁ. " The position
éf thevélectrode was moved around the motor point region until the
lowest threshold reading was obtained. This point of stimnlation
was used throughout the Strength-Duration curve study. The com-

Plete Strength-Duration curve was then, run with successive decre-

| ments in the stimulus duration in the following order: 100, 60,

_}Q, 10, 6, 3, 1, 0.6,-0,3, 0.1 milliseconds. Plots were made on
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semi-légaritbmiclpaper.

Galvanic-tetanus ratio

~ With the stimulus interValndial &t 2000 miliiééconds and
the durat*on dial at 1000 mlllisnconds the threshold current
neceqsary for a quick twitoh, as the ourrent is made, and that for
a persistant contraction during_the‘wholeistlmulus duration, when
the cufrent 18 increased, was obtainéd.7 Théiquotient‘obfained by
dividing the tetanus current by fwitch cuvrent gives the galvanic-

tetanus ratio.

Response to repetitive stimull

| The current reqnired'ﬁo’produceva sustainedbcontraction,
of teﬁanic tyre unéer the following ﬁhréé different ffequenciés
of stimulation was determined," | A
1. millisecond auration, 1, millisecond interval (500 CPS]
l, millisecond duration, 5. millisecond interval(l66 CFS]
1, millisécoﬁd duration, 10, millisécond interval(91 CPS)




CHAFTER TII

 EXPZRIMINTAL RESULTS

Local Tetanus

mypical §ymntoms of lccal tetanus appeared 36-48 hours
afte?‘the injection'of tetanus toxin into the muscle or ﬁhe{nerve,~’
supplying the muscle. In the present work local tetanus ﬁasfﬁrb-
duced 1n the tibialis anticus muscle by injecting 200 guinea pig
. MLD/kg of tetanus toxin. The first sign of local tetanus ts.
| slight gtiffness oﬁfthe affected limb, Rv the third day. the stifr-
laess became progfeséiVe'eﬁd the leg was quite stiff at the_ankle
min‘t and held extended almost at 120° angle. The 'affected iimb

exhlbited a striking picturs qvﬂnestive of reflex hvperactivity.‘
Any kind of weak ‘stimulus to the affected limb produced a vigorous
lncrease in the extension of the’limb. This state of héper- _
reflexia lasted for about L-5 days and cradually disappeared. The
animal no longer Showed.the signs of hyper-reflexia even with a
strongef stimﬁlus like pinching‘and pricking of the affected limb,

However, the lasting stiffness or the rigidity of the limb contin-

W u~d té remain for almost 6-8 weeks after which time the rigidity

::disappeayed and the animal regained its ability to use the muscle.
These signs of local tetanus were always confined to the

affected limb or organ &nd the animal’looked assentially normal

except for the affected limb., (Fig. 2)

In a few pilont experiments it wes observed that with a
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Filgure 3
Raebbit in local tetanus
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higher dose of toxin, the hyper-Peflexia appeared to spread to the

opposite limb, Probably this wss reflex action, for on longer

observation the oprosite limb did not show the typical rigidity of|
the 1imb, L o o =
In pilot éXperiménts some of the animals with bigh dpse
of toxin'died’duriné-the éarly period of 1océl tetanus. 7Tho$e'
Lwhich surv1ved thls early crisis lost con31derable weight. This
:vwas found to be due to the fact that tnese anlmals vould not take

their food.v 

Effect of veneral ahesthetwc° on the status of local tetanua

The “signs pf carly local tetanus cen be abolished by
geﬁeral anesthétjc agents. Thus, when a sub-threshold'aneéthétic
dose of pentobarbital (10515_mg/kgj was administersd in rpveﬂous'v
the hyber—reflexia and the stiffness was abolished and returned

after the effect of the anes*hetic was over., As mentioned hefore,

this abolition of stiffness and in a few animals the softening of
the rigidity, was found only during the first lf to 5 days after
the toxin injection. Once ﬁhis stage is pest, the rigidity (long
term rigwditV) of the limb could not te abollshed or suppressed by

any dose of pentobarbital.

Lffect of nerve sectioning on local tetsnus

Intact motor nerve connection rlays a very important
part in the msnifestations of the sympteoms of local taternus, In b

rabbite the right sclatic nerve was sectioned under ether and 200
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guinea pig MLD/kg of toxin was injected immedistely into the
tibialis_muscle; In noné of these animals were the symptoms of
1ocai tetenus Seen even. one week éfter the'iniect*oh. However,

six control rabbits showed local tetanus within 36-1.8 hours as

described;before.

erctionin& Of motor nerve after tha onset of local tetanuq

In order to cetermlne whether or not motor nerve plavs
a role in the existlnb lccal tetanus, the following sets of experi«
ments were performed at different time intervsls after thec injec-
tion of ‘tetanus toxin. 'Iﬁ a.group of nine animals leccal tetsnus
wag produced as befqﬁe, by intramusculsr injection of tétanns

toxin. These animals were divided into three subgroups., In the

first subgroup the sciatic nerve was sectioned two daYs>after the

injection of toxin, i.e. when clear symptoms of local tetenus weref]

prresent. Sectiohing of the motor nefve completely abclished the
hyperreflexia and the appsrent rigidity. These ratbits covld not
be distinghished from denervated rabbits without previcuvs local

tetanus, i.e. no subSequent rigidity appeared.

- In the second subgroup of 3 rabbits sclatic nerve was
4

sectioned lj days after the injection of toxin, i.e. at least 2

days after the onset of typical signs of 1oca1 tetanus. Here

again, the appearance of the limb after nerve sectioning was

-

essentislly the same as that noted in the first subgroup. .
In the third subgroup, however, the nerve sectioning was

Cone 8 days after the "injection of toxin, j.e, at least 6 days
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after the onset of iocal tetanus. In this group, the sppearance
of the limb after nerﬁe sectioning was stfikingly different from
the previous two subgroups. Thus, the rigidity of the limb, which
was preseht all along did nbt~disappearq hor,did_it lessen. These
observations, therefore,vclearly indicated that the local tetanus
passes through ai‘leaét 2 different phéses dﬁringvthis course of
time., 'The firstxstége'(h}S'days) was’marked{by,the hyperreflexive
nature of the affecﬁed 1imb; This hypefreflexia and the accompany
ing stiffness can be completely-abolishédvoriéuppressed to a large
extent by anesthetica and nerve sectioning. ;The»seoond stage was
mavked by the presence of unremitting rigidiﬁy evén after the ad-

ministration of anesthetics,and neprve séctioﬁing.

Zlectromvogravhic findings in local tetanus and their comparison

with chronic denervation

Preliminary electromyographic findings with advanced
local tetanus indicated a close Similarity to the findings in
chronic denervation, Furthermore, since such observations had not
beeé feported by previcus investigators, a systematic EMG study
was considered to be nécessary. An EMG comparison between normal
A { . .
muscles and muscles in various phases of local tetanus and chronic

denervation should reveal certsin informstion on the pathogenesis

of local tetanus. Such information hitherte was not reported in

-

the literature.
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Electromyvographic festures in normal rabbits

The characteristic,EMG features of normal rabbits were
found fo be the following: with the needle electrode in. the
musdle_belly (tibialis anticﬁéjAand the rabbit atffest, the charact
teristic EMG featuré was "electrical silence", i.e. the base line
on osci;lqscope>remained straight and no eléétrical»potenﬁials,or,
motér dnitkpotentials were prodﬁced. 4

| . ,When the muscle was made to_contraCt minimally, simple
electri@él potentiais called "motor units" were obtained.,. In this
typé of reéording_system bhirhasic motor.unit.pbtentials’were the
usval ahd consistaent findings. The electrical parameters of the
motor unit potentials were: amplitude 200-1200 uv, duration 3-5
milliseconds, phases 2 (biphasic), occasionally 3-li phases were
obtained. The sound of the potentials was dull and characferisticyd
These mot@r units increased in‘number (discharge frequency), anp-
litude, and also additional motor units were brcught into action
when the liﬁb was made to contract indreasingly by mechanical or
refilex action. This increased electrical activity produced by a
moderate contraction, resulted in a pattern consisting of many
motor unit potemtials. This is known as "partial interference
pattérn." On the other hand, with a strong contraction, 2 summae-
tion or "interference pattern" was obtained. In the interference
patteﬁn, the base line was completely obliterated. However, there

was a return to the normal base line as scon as the muscle was

81lowed t0 relax,
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Eleotromvbgranhic features in local tetanus

: “lectrcmyowraphlc records from muscle in local tetanus
exhibitéd several‘distinctlve features. The clinical evidence of
hyneractlvity and hyp erreflexia of the muscle was closelv parallels-
ed by thp changes in the electromyowrams obtained from the affecte&i
muscle. One s;gnificant feature was the exaggeration and prolonga-
tion’ofieléctfical activity aftef any weak siimﬁlus iike fouch or
sound. ”hdugh the'feactionlin é ‘normal muscie subsides almost
1mmedia£elv after the termination of the stimulus, the électrical
aetlvity in the muscle in loecal tetanus pewsisted with avsiow'
decrement over several,seconds and some times even for minvtes,
During the peak of the hyperreflexia phase (3-5 days) the =MG pes-
ponses were very easily evbked, until eventually, therhecame con-

tinuous and apperently spontaneous. Electrical silence was rarely

achiéved. The parameters of the motor unit potentials when dis-
W charged at modefately_lgw frequency, wereifound to be essentially
the same as.thosé from normalvﬁuécle during moderste degree of
contraction. Thevparameters of the electrical potentials were -
amplitnde L00~1600 uv, duration 3-6 }nilliseconds,‘ phases 2-lj, The’
L sound was characteristic and rattling, (Fig. 3 a,b)

An interesting electromyvographic observation followed.
immediately after this hyperreflexia phare, As described esrlier,
the muscie}graaually passéd into a stage of so-called "myvostatic
contracture, At this transitional stage'the’éxaggerated hyper-

reflexive nature was considerasbly reduced, even though, the
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Figure 3

Electromyogrephic pattern during various stages of loccal tetanus

A. Normal motor unit potentials B, Interference pettern in

early local tetenus C.

Polyphasic potentials D. Positive sharp

waves E, Fibrilletion potentials F, Positive sharp waves
G. Polyphasic potmmtials, H., Normal motor unit potentials
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r*vidity still 00nt1HUPd to pPrSiSt. 'kidoncommitant cheﬁve‘ih the
NG pattern occured in whlch tho bigh freaueney and anna%ertly
spontaneous motor unit diqcharres were considerablv reduoed and in
their place a 1arge number of - polyphasic potentials appeared alcnw
w1th normal motor unit potentlals. The-parametors of the poly-

phasic potentials were - amplitude: hOO 1200 uv, dvration 5-15
milliseconds, phasgs L-6. The sound waq rough and rasnina. fFig.

In the early phase 6f myostatic contractufé, 6%9 days

éfter the injection of the toxin;_the_EMG péttern“was different
| trom the one previously described.“ﬁere, the normal motor unit
poténtials ard also the polyphasic potentials seemed to‘lhse their
integfity. These were rerlaced by a number of i1l defined poten-
tials, resembling the so~ca11ed positive sharp or V-wéve roten-
tials.v Occasional fibrillation potentiasls also were present.

(Fige 3 4)

From about ter Aays following the intra-muscular injec-
tion of tetanus toxin and thereafter, the majob EMG findirg con-
sisted of complete fibrillation potentials. These were spontan-
eous and,céuld be picked up ffom the entire lengfh of the alfected
miscle. These fibtrillation potentials were'characterized by thé
fellowing parameters - voltage 50-1.00 uvv, duration 0,5~-2 milli-
seconds, They weréibiphaéic sharv spikes. The sound was like hiﬁf
pitched sharp clicks, Immediely following the insertion of

¢lectrodes in the muscle there was a hurst of fihrillation roten-
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tials which gradually came to a steady rate of discharge, ~Some—l3
tives tne discharae was rhvtbmlc, i.e. waxinp and waninc 1n the
frecuency of their dlscharve.' Passive or mechanical movements of
'the limb did not produce any sianificant change 'in the nature or
’freouency of these fibri]latxon potentlals. The animal did not
possess. ‘any control over this sponteneous discharne.v (Wwv. 3 e)
| This phase of spontaneous fibﬁillation potent*als con-i
tlnued to last fov almost,h 5 weeks after the onset of. first sicns
of local tetanus. At the end of this period the ZMG features were
veésestiallv 8 reverse sequence of events, w1th paSSan of time,

i.6. the flb?lllatlon pote ntials were replaced by V-wave and

'accompanv ng polyphaswc potenbials. Normal motor units were the-

'last-to appear. This laqt phase of local tetanus was a nhase of

recovery and‘corresponded closely to clinical picture of recovery.

-

i “ventually the rabbits regained theif ability to use thelir nmusclesd
(Fige 3 £,8,h)

In a total of 18 rabbits subjected to long term examina-

03

t:cn,/h rabbits showed a 2-3 weels delay in their recovery judged

«

on the basis of the clinical appearance of the muscle. However,

| the e;ectromvogvam wag entir

s‘

normal during this veriod.

Furﬁher evidence with respect to the true nature of the

3

rialltion po tentials was obtained from the following experi-
ments., It is well documented thst fibrillation potentials are

typical of chronic denervation, They are indevendent of cantral

eryous system influence, ori itre itselfl anrd




are uvnaffected byicéntraikdénfeséantéjﬁﬁawﬁﬁésthetic aweﬁt(.

. Ina group o“ 3 rabbits with local tetanus estahlished
for lS dav& and which showed spontaneous fibrillations on electro-
myograph, intravenous injection of 35 mg/kg of pentobaﬁbltal was' 

given, The nlectromyogram before, during and after the adminis-
tration of pentobarbltal remalned essentially unchanped. (Fig. L)
In another group of 3 rabbits the scilatic nervé supn1V-
ing the muscle in,local tetanus flS 20 days) was @xrosed under

ether snesthesia, and a 1ifting ligature was placed around the

atic nerve. Whilb‘a éqnfinudus MG recording'was being made,
%the‘sciafic nerve Waékéecfiéned., No change in the electromyogram
was. seen, .These findiﬁgé therefore, indicated that these fibp 11181
tion notentials of advanced 1ocal tetanus were independant of
rentral nerve supplyvand had their origin in the muscle fibre it-
self. | | o ‘

Slectromvosranhic features in chronic denervastion

In severe peripheral neérve lesion in human or in experi-

/

ment al animals, undergoing a Wallerian degeneration, the tMG

] findings are well documented. The tfme of onset of fibrillatory
’Vact«thy'vary, depending upon the animal species and the distance
of the nerve lesion from the muscle under investigation. Thus,
for instance, fibrillation potentials apvear after 2;3 days in
rats, 5-7 days in rabbits and caté, 7-8 days in dogs after the

Nerve sectioning, In the case of fropgs, several weeks may elanse

efore any ﬂonslsfanf i onrqwquant fibrillatory activity is seeny
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Figurb h

Effect of pentobarbital on the spontaneous fibrillation potentials
' in lccal tetanus end chronic denervation

Upper = Local Tetenus :
A - before pentobarbital B - after pentobarbital

Lower - Chronic Denervation
A - before pentobarbital B - after -pentobarbital
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- For fhe Uurnoses of comparison of elecfr:\al potenfwnle |
in denevvafion end local tetenus a group of 6 rabbits were ﬁeﬁerves
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