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Much data on the action of ether on the ncuromuscular apparatus of the vertebrates has accumulated in the
literature, especially recently {7, 9, 10, 11, 14, 15, 17}, However, the nature and mechanism of this action are
still unclear in many respects, and data regarding changes in the individual parameters are contradictory (1. 7,
10}. Investigations with the recording of the mechanical effect of v.he muscle were camried out in acute expert-
ments and sametimes op isolated frog preparadons,

We investigated the effect of ether narcosis on the neuro-muscular apparatus of the waim-blooded animal
dnder chronic experimental conditions 3nd against a background of the action of curarimimetics (diplassink

EXPERIMENTAL METHODS

Rabbits with an incompletely isolated skeletal muscle were taken for investigation [3). 56 experimenss
were carried out on 10 animals, 30 of them with ether narcosis, the rest serving as coatrols, The narcosis lasted
from 35 minutes to 1% hours. The narcotic state was detemmined by the disappearance of the pupillary reflex,
The action of diplatsin was tested in 10 experiments on § rabbits; 0.2% diplatsin solution was administered into
the vein of the ear, the total dose equalling 1-1.2 mg/kg. At this dose the decreased irritability and the dimin~
ished muscular contraction are well evidenced.

Fig. 1. The action of ethes narcosis on sefractoriness and exaltation,

a) Before anesthesia; b) 30 minutes aher disappearance of the pupillary reflexs
¢) 10 minutes after the end of anesthesis,

Numbers of the test groups ate designated by numenls,

The following indicators were determined: strength curve — duration, threshold of thythmic stimulation,
contraction in sesponse 10 mythmic and solitary rectangular signals of varied strength and duration, dynamics of



freitabillty sfter a single stimulus and Lability. The measurcments were cartded out every 10-15 minutes through-
out the expeditent, When determining all the indicatos (except the thresholds) the muscular contractions wess
tecorded on the tfbbon of a chymogranh, The stimulating electrode was fastened on the cuffed motor nerve, the
indifferent clectrode was pl.ced on the back. The lability was investigated by means of thythmic stimulatio
with rectangular signals 0.45 or 0.2 millisecords in length, The frequency of the stimulation was fncreased i
steps from § to BOO and from 10 to 2500 signals per second respectively at each length. The irrhtability curve
after a single simals was determined by two entical rectangular maximal impulses with a duration of 0.2
milliseconds,

The distance betweea impubes was gradually increased from 0.1 to 100 milliseconds. This increase was
carried out gradually (Fig. 1} in the fiot range were 11 tesu of the contractions. in the first test the time be~
tween impulses was less thaa 0.1 millisecond, in the second it was 0.2, then 0.3, 0.4, 0.6,0.8,1.0,1.2, 14,18,
1.7 milllscconds. 1n the second range the fiost test was at ap interval of Jess than 1.3 milliseconds, then 1.5, 2.2,
3.0, 4.0 cte, (the last, fourteenth, test was at an interval of 22 milliseconds). 1n the third range, consisting of
13 tesu, the interval grew in the following order: less than 5, 7, 12, 117, 22, 30, 40, 50, 69, 7C, 85, 97 and mome
than 105 milliscconds. As the interval incrcased the following phases appearcd: 1) absence of summation (ab~
solute refractory phase), 2) increasing summation, 3) inaximum summation and 4) decreasing summation,

EXPERIMENTAL RESULTS

The strength-duration curve was determined in 22 experiments. In all cases decreased muscular irritability
to indircct stimulation began after the disappearance of the pupillary refiex. In 15 cases the rise in the thres~
holds reached 20 and even 50%. The . thresholds for short impulses increased more, proportionately, than the
ones for prolonged ones, The size of the cantraction during stimulation by single impulses decreased 2-4 times

(Fig. 2).

Fig. 2. Action of ether narcosis on contractibility.

“a) Muscular coatraction T minutes after disappearance of
the reflex; b) the same after 13 minutes; ¢) after 28 min~
utes. Stimularion by means of single rectangular impubes
with a length of 140 milliseconds with increasing amplimde,
The numerals indicate the amplitude of the stimulating

impukes,

The dynamics of irritability after a single stimulation (ability to summate 2 impulses) was determnined fn
24 experiments, 9 of which were controk. Nommnally, summation begins at an interval of 0.9-1 millisecond,
reaches 3 maximum at an interval of 3-4 milliscconds and begins to decrease when the interval is increased to
15-20 millisecends. During narcosis, after the disappcarance of the pupillary reflex, in 2/3 of the cases an eark
ier completion of the phase of maximal summation by 5-10 milliseconds was observed (shortening 1.5-2 times,
see Fig. 1). Ocher changes were not observed.

The lability was determined in 20 experiments, 8 of these controls. In the majqrity of cases the response
to stimalation decreased evenly along the entire scale of frequencies, without losing its tetanic nature. In§ ex-
’ periments the coatractibility in response to stimulation with a frequency of 5-10 signalks per second fell relatively
more tapidly thaa at medium and optimal frequencies,
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All the described changes in the parameicn of the neuro-muscular apparatus appeared, 25 a rule, 15-30
mirutes afier the disappearance of tie pupillary reflex, i.c. undes deep narcosit. The re-establishment of the
original valves sometimes began Immediately aficr the cessation of the parcosis and the appeatance of the m-
fexes, but more often it was delayed by tens of minutes. Severance of the nerve did not eliminate the effect
of the narcosis on the peuro-muscular apparans,

The fzct that ether diminishes and stops the contracdon of the muscle during {ndirect siimulation enabled
sone agthoss [10] 1o establish the curarimimetic actjon of this apesthetic. We traced the action of 2 pew sys~
thetic curarimimetic preparation — diplatsin — on the necuro- muscolar apparatus of the warm-blooded animal.

When stimuli were applied at shont intervals (0.3-0.4 seconds) during the investigation of refractoriness,
the first effect, and sometimes the second ako, exceeded the subsequent considerably (phenomesnon of dimina-~
tion). Consequently, the picture of changes in irritability was distorted after a single stimulus (if the test stimmal
were administered rapidly encugh one after the other), since the impression was created of a rise and rapid fall
of irritability after each prolonged pause regardiess of the length of the intervals between the impulses. When
the interval between tests was increased to approximately 2 seconds, the phenomenon .of diminution disappeared,

Investigation with a sufficient pause between tests permitted the establishment of the fact that the dy-
samics of irritability after a single impulse did not undergo any substantial changes. The lability of the neuro-
mscular apparatus fell sharply.
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Fig. 3. Changes in lability during administration of diplansin,

a) 2 mioutes after administraticn of the preparation; b) afier 8 minutes;
c} after 15 minutes —~ complete re-establishment of lability.

Curves (top to bottom): record of muscalar contractions, stimulus markes,
time markers (5 seconds), Stimulation by impulses of 0.45 milliseconds.
Numbers indicate the frequency of the stimulation in eps.

Frequencies above 50 and even 30 signals per second caused a sharply evidenced pessimal reaction in the
form of considerable initial spasms (Fig. 3).

We obsesved die leveling and paradoxical phases of the reaction of the curarized nenro-muscular apparatms,
as described by N. E. Vvedensky. The indicated changes in lability were fully evident during direct stmulation
of the muscle ako, when the platinum electrodes wese inserted subcutaneously at the cranial and caudal end of
the cuffed muscle.

Cur datz oz the changes in the lability of the neuro-musciular apparatus in response to the administration
of diplasin coincide basically with the resulws of other authors [2, 12) who used tubocurarine, We did not find 2
predominant deprestion of the respoase to infrequent thythms and a shontening of the refractory phases during
curasization, as observed by N. A, Yudenich [8] and N. M, Bunina {1}, who wotked with neuromuscalas frog pre-
paradons,
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Thuc differcuce between a single wawe of stimulation and a wave of stimulation fa a thythmic row was
clearly mvident during curarization.

Tine capacity to summate and refractoriness, detenmined by mcans of 2 impules, did not suffcy substasetal
changes.. However, when a row of such impulses follows (with a sufficiently high frequency), the activity of the
muscle (s dissupted, the contraction disappeas. Consequently, during curarization profound disturbances of the
munmating capacity (In particular, change ia the refractory phase as well) began in the very course of the stime-
Latiou aif the neuro-muscular apparatus. The test with 2 impubes, on the other hand, reflects more ot lew ade-
quately ‘only the least changed stage of this procest, This is confirmed by the considerable size of the initial
spasms with the subscquent decrease of the contraction to zero. Changes in the refractory phase during the very
course of the process of irritation were described in the literawre, for example by L. G. Trofimov, {6] dering
pessimal stimulation of the neuro-muscolar apparans,

T e phenomenon of diminution indicares that during curarization there is a prolonged subsequem depses~
sion of ithe contractility of the ncuro-muscaular apparatus after each coatraction.,

Wiz can staie that this nascotic has a depressant action with respect to the action of ether on the neuro-tmus~
cular spparatus,

The capacity to summate frequent impulses is not affected in the case of 2-3 impulses, por in the case of
numermms ones (at the ether concentratices wsed in our experiments), 1t can be supposed that the summation of
infrequesmt stimuli is hampered. The shoriening of the phase of maximal summation points to this, as well a8
experiiments in which the muscular effect during thythmic Jow-frequency stimulation decreases to o greater ex-
tent thamn during stimulation at bigher freguencles. The phenomenon of diminution was absent during the action

of ethem,

Tests ie which the nerve was sevez=d proved the depressant effect of ether on the peripheral link of dhe
neuro-amuscular apparatus, If it is taken into considesation that changes in the electrical activity of the serve
and of the contractility of the muscle (during dircct stimulation) begin at considerably greater concenraticss of
ether than of narcotics [17, 16], the mosz likely point-of application of ether is the regioa of the neuro-muscular
juncticm. In addition, as N. E, Vvedensicy [3] observed earlier, the peripheral portions of the nervous system — in
this cz= the motor neurons — are comsidezably less sensitive to parcosis than are the cells and synapses of the
conex.

The effect of ether on the neuro-roascular apparatus is cspecially clear with the combination of naxcotic
and curarimimetic, since then syncrgism of the action of both substances is observed. How far this synergism ex-
tends iis shown by the following fact. Dworing ether narcosis of a rabbit 5 days after repeated administration of
diplamsin (1-1.2 mg/kg) we observed profound disturbance of the functioning of the neuro-muscular apparatus of
rapid comset, in particular, obvious changes in lability typical of affection by curare. Repetition of the parcodza~
tion aff the same animal 5 days later &id not . * give such an cifect. As is known, curarimimetics aze quickly.
destzmyed in the system and have a highly transitory action {5, 13]. However, their after-effect can be evident
even mfter a comsiderable time during szpplementary affection of the neuro-muscnlar apparats,

“Thus, ether narcosis, a8 also curarimimetic administration, has a depressant action on the peripheral sec~
tioa aff the neuro- muscular apparatus of the warm-blooded animal. However, the mechanisin of the actica of
both substances differs in many respects. During approximately the same stage of disrupted contractility, undes
ether marcosis the ability to summate iz Zequent impulscs disappears, the surnmation of frequent impulses during
doubliz and thythmic stimulation is retained. During the administration of diplatsin, the summation of two im-
pakes is not disturbed, alinough during shythmic stimulation the capacity to summate is retained for infrequent
impuZses only (to 50 per second), the scnmation of more frequent impulses is disturbed (sharp fall of labilty).
the mocovery period after a single contrzction is substantially increased (phenomenon of diminution).
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