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Much data on the act/on of ether on d~  ncuromuscubx apparatu~ of the vertebrates has accumulated in th= 
literature, especially recently t W, 9. 10.11.14.15.  IT]. However. the rmmre and mechardsm of thfut actloa ale 
~ttXl u ~ : ~ r  in many resi~cu, and data regarding change~ in the individual parameters are c~,ntr3dictory ~ "/. 
10]. Iuvcattgationt with the recording of the mechanical effect of the muscle wece caxfied out in acute expexl- 
merits and ~qetime_~ on 1sol, ted ~ p~pmtlom. 

We investigated the effect of e th~ narcosis oo the neuro-rrmscular apparatus of the wmm-blooded animal 
~ exper/menud conditiom and against a background of  the ac t /m of curarim/met~lcs (dipla~ln}. 

EXPERIMENTAl ,  METHODg 

Rabblts with an incompletely isolated tke]e.tal muscle were taken fog InverJgatlon [3), 56 experimems 
were carried out on 10 animah, 30 of them with ether narc.osis, the test serving as coatroh. The naw.mls lagted 

30 minutes to 1~  homl. The narcotic state was determined by the disappear~ce of the p t~ i I l aq  tet~ex. 
The action of dipL~in was te~ed in 10 expeflmchts on 5 rabbiu; 0.2~ diplatsin solutloa w~ adminBxew~d Iota 
the vein of the eat.  the total dc~. equalling 1-1.2 m g ~ .  At this dose the decreased IrriU~,illty and the d i m i ~  
~hed musculas costractim are well evidenced. 

Fig. L The actloa of ether narcosis on refractorlne~ and ex~ltatJoct. 

a) Befc~e ~'2csth~ia; b) 30 mlnute~ aheg di~pl:~aoc.e of ~he puplIla~/refo~..x~ 
c) I0 minutes after the end of 
NumbeEs of the te~ group, a~e designated by 

The following Indicato~ uere determined-- strength curve -duration, dxredaold of dtydunic ~imulatlol. 
gontrac'don la response to t h ~ t c  and solitary zectangul~ sjgeals of varied stzength and duration, dynamics d 



irritability ahe~ a sh~g~e stimulus and lability. The meas=rcmr were carded out every 10-15 minm~ t h e -  
out the ex]~cdmen~.. When determining all the indlcatot* (except the thresholdQ the n ~ u L ~  coatracxlom we4~ 
recorded on the ribbon of  a chymogra,4x. The stimulating electrode was fastened on the cuffed mmof ~etve, 
lndtfrere~ c l ec t ro~  was pl~c~-d oa  t ~  back. The lability was inve.sUgated by means o f  rhythmic ~ - t m L t t l ~  
with rectanguLt~ signals 0.45 ot 0.2 mi l l i t eco t~  in length. The frequency of  the stimulation w~  l ~ m u e d  la 
�9 tept from 5 to 800 ~ from 19 to 2,500 i lgnal l  ~ ~ rexpecttvely at each kngth .  The Irrltab|llty 
after a tingle stimutns w ~  det~m~bw.d by two identical rectangular maximal impu~te.s with �9 du~rat|o~ of  O Jr 

The tlittat~r between lmpulu~ was gradually tncrea~d from 0.1 to 100 miD~conds .  This Ine~eue waS 
carried out gradually (Fig. 1): in the fl~t range w~e I I  t e ~  of  the co~ttactlotla. In the fleet teat 1~he ~ be* 
t w ~  lmpulmt was less dxan 0.1 m i ~ ,  in the s~cond it was 0.2, thea 0.3, OA, 0.6, 0.8,~.0, -1.2. J ,4 ,~ l~ ,  
1.7 mll1Lmcon~. La the ~econd range the liszt tc~ was at a~ interval of le~ than 1.3 millir, ecot~, ,  then 1~ ,  2.~,  
3 .0.4.0 c tc .  (the last. fourteenth, test was at an Lmerval of  22 milliseconds). In the third range, comitttng e l  
13-testa, the interva.l grew in the following order:, le~ than 5, 7 .12 ,  17, 22, 30, 40, 50, 60, 7~, 85 .97 and 
than 105 mil l fmcon~.  At the Interval inc~amd the following ph~et  appeared: I)  absence of~ammatina (Mb- 
solute refractory pha~) ,  2) increasing summation, 3) maximum summation and 4) decreas i~  summattb0a. 

E X P E R I M E N T A L  R E S U L T S  

The strengzh-duration curve was determined in 22 e ~ e r i m e n u .  In all cases decreased mttumlar irritability 
to indirect stimulation began aftex the ditappearance of the pupillary reflex. In 15 cases t~ae t l ~  :in the thaez-. 
hold, reached 20 and even 50~. The thttaholds for short impulse~ Increased more, proportionately, than tim 
onet for prolonged ones. The tize of  the cemtraction during $ "~timulatinn by tin~le impullcs decreased 2-4 tlmes 

0'~. z). 

Fig. 2.  Action of  ether narc~is oe contractibility. 
a) M ~ X a r  contraction "/minute* after ditappearance of  
the re lax ;  b) the same after 13 minute~; c)  afte~ 28 m i ~  
utes. Stimulation by means of single rectangular Impulmm 
with a length of  140 m l ~ o n d t  with Increasing amplitude. 
The numerals indicate the amplitude of the stimulating 
lmp.tu=. 

The dynamics of  irrhability after a single stimulation (ability to summat~ 2 impulses) w~i determined fm 
24 exped~nents, 9 of which were controls. Non~ally, summation begins at an Lmerval of 0.9-1 millisecoml, 
reaches a maximum at an interval of  3-4 millLscconds and begins to decrease when the interval is Increased 
15-20 mi l l i~ceml~ Dating narcosi,, after the disappearance of  the pupi l la~ reflex, in ?./3 of the cate~ an e~l*  
ier compkt ion  of  the phase of  maximal sammation by 5-10 milliseconds was observed (shortening 1.5-2 times, 
me Fig. 1). Other changer were net 

The labilhy was determined in 20 exper iment .  $ of thes~ controls. In the majqrity of  ca,ses the respome 
to t~Lrnulation d~cre~sed evenly along the eatlre tcale of frequencies, without Iotlng its tetaain nature. In $ ~ t  ~ 
perhnca~ the comracu'bility in respor~e to st imuhtion with a frequency of 5-10 signals pea ~ o c d  f e l l / e h t i v d y  
more rapkll 7 than at medium and optimal frequcncl4~, 
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^11 the deserlbed c h a n ~  in ~e  param~zer~ of the neuro-muscul~r apparatus �9 is a role. 15-3@ 
mlr~tc~ z ~ t  ~he dl~ppc~rau~ of lira pupiIla~ ~[le..x, i.e. und~ d~p  narco,|~. The ~ -e s t a ] ) l l~m~ o f ~  
o~igln~l valu~ sornelime~ beg�9 ImmcdL~tely �9 lhe cessation of [he narcos~ and d~e a p p e a r ~  of the I" 
i~xe.% but mo~e o~en It was delayed by ~ of minme~. Severanc~ o f ~  nerve dld no~ ellmln~m d~ effec~ 
of ~ e~ccsis o~ ~h~ n e u r o - ~  a ~ m .  

The fz~t th�9 e~her dimiaidt~ �9 s t ~  ~ cc~raaczloa of ~ mu~le durlng l n d ~  m~'tmlatloa enab~l  
�9 n~ho~s [I0] to establish the cttr�9 ~c~lon o~ this ameszhe~Ic. We tr�9 ~ �9 of ~ l~w SySr- 

~c cur~imlmczlc prcpar�9 - d~plau~n-- on the ncu~)-muscula~ ~pparatm c~ ~ w~n~-bb:~odcd 

Wbcn ~o.imuti we~ applied at short in~exv�9 (0.3-0.4 sr durin ~ the investigation of ~ f r � 9  
the fir~ effect, axed sometime~ the secon~l also, exceeded the subseTaen~ considerably ( p h e n o m ~  of dlmlnm* 
~i~). Comequem~y. d~e pic-~e of c h ~ e ~  in irritability was distoned afar  a s~k ~mu~I {ff ~e  test 
were administered rapidly e n , ~ h  one �9 ~he od~er), sinc~ ~he Imp~e~ic~ w~ cre�9 of �9 rise and zapld 
of L~ri.tability abet each prolor~ed pause r~ard]~ss of the ]~ngth of flae intervals between the Impulses. Wh~ 
the interval between tes~ was increased to �9 2 ~econ~, lhe phenomenon.of diminu~io~ dlsappean~d. 

Invc,~i~�9 with �9 sufficiem paus~ ~et~e.en ~es~ permitted ~he e.stabli.~w~ of l~e fac~ ~ I~ d~ 
namlcs of irritability �9 �9 single impulse did not undergo any subs!aulial cha~e.t. The l ab i l~  of ~e  n~Lm- 
~mcul~ apparatus fell sh�9 

~:ig. 3. Charades in lability ~uring aclminis~ati~ of diplatsln. 
a) 2 minutes afx~. a d m ~ a ~ i m  of the preparation; b) ahc~ 8 m~mle,; 
r aher 15 mi~mes- complete re-establishment of lability, 
Curves (top r~ bottom): record of muscular contractions, stimulus market,. 
time marke~ (5 seconds), Stimulation by impuls~ of 0,45 milllsecoad~ 
Numb~m indicate ~hc fi~quency of the ~timulath~ la ~t,. 

Frequencies abov~ 50 and even 30 signals pcz sccoQd cau~d a sharply evidenced pe.sdmal ~tctt~n in d ~  
form of comiderablc initial spasms (Fig. 3). 

We obsc~e~l the leveling and pazadoxical phases of the reaction of the curariz~d ncmo*muscul~ app~ra~m. 
de.~aR~e~cl by N, F,, Vveden~y. The indicated changes in labi]iIy were fully evldenz dining direct ~mulatioa 

of r l~ muscle al~o. whcntl~ platinum electrodes we~ inserted s~bcuzanec~sly at d~ cranial and caudal end of 
d~  c u t ~  m u ~ ] ~  

Our data on d~ ehan~c~ in ~c  labi lhy of t l~  ncuro-musc~lar apparatus in ~espomc to the admtnls~ra~m 
of dt@la~sin coincide b~sically with the rcsulx~ of other authors [~'., 12] who used tubocurafln~o We did ~ ~ a 
pre~ominan~ depze_~ioa of lhe respoase to infrequent rhythms and a shortening of the refr~ocy phases dmamg 
cur~-Iz~tion~ ~ observed by }4. A. Tudenich [$] and N. M. Buuli~ [I] .  who worked wilh neurommculmr frog p~* 
p ~ j ~ m .  



T ~ c  d i f fc rc~c  between a singE: wax~c of stiniulatiou amJ �9 wave of  s t i i nu l a t i~  in a gh~hm$c ~mr wm 
clearly ~ , id~nt  dudng c m a d z ~ r i o ~  

T?I* ~ - capacity to s~mmate and rcfrac~rfncss,  dctcnn|r~d by mcam of 2 impulses, did not mf[~  ~ m l ~ d  
change~, However. when a row of su=h i ~ , - q ~  follows (with a sufficiently high frequency), the ac~adty r 
nlv~c~ ~ d~ruptcd0 the coottaction disappears. Comcqucntly. during curarization profotuld distnrbara=e$ o4" t e l  
~mmar:mg capaci ty  (in part icular,  chan$~ in the refractory phase as wcU) began in the very course of  the  
!�9 cI~7 the ncuro-muscular apparatus. ~ test with 2 impulses, on the o~hcr hand, reflk~tz more �9 ~ 
quately +niy the least changed stage of ~ procesa. This is confirmed by the comid~rable  ~ of tbz 
spa+rr~ +,~,iPa the subsequent decrease of ti '~ contraction to zero. Changes in the refractory phase dating the 
course ~ Lhe pr~,~s~ of irritation were dec, cxibcd in the l i teratnm, lot e x a m p k  bY L. G. Trofimc~. [G] d [ ~  
pcssim~ ~timulatic~ of  the neuro-muscn "lax apparatus. 

~ a e  phenomenon of diminution h ~ , ~ e s  that during.curarization thole is a prolonged subseqnem depam~ 
sion o f  ~ contracti l i ty of the nc t t ro -m~-~la r  appazatu~ after each contr~ct to~ 

'~e  can stale that this narcotic has a dcptessar~ action with n : - ~ c t  to ~ c  ~ of  e~n~r on the 

cular a ~ a r a t m .  

TTz~ capaci ty  to summate frequent Lmpulse~ is not affected in the case of 2-3 Impulses, nor fun the c a ~  o f  
numemam on~  (at the ether concentratio=~ ~ e d  in our expcdmenu) .  I t  can be s u p ~  that the summaxtcm r 
infreque~m stimuli is hampered.  The shc~.~ning of the phase of maximal  summation points to d ~ ,  as wel l  as 
c:cper'.meznu in whirl�9 the n'mscular effecz ~nring rhythmic low-frequency stimulation decreases to  m greater  c a -  
teat than  during stimulation at  higher ft~'qucnci~. The phenomenon of diminution was absent dur~ngthe m:xJom 

of e ~ .  

~eau~ in which the nerve was ~ proved the depn~.ssam ef~..x of ether oa the peripheral link o f ~  
neuromuscu la r  apparatus. If i t  is taken fL~tO consideration that changes in the e lec t r ica l  act ivi ty  of  th~ 
and o ~ e  contracti l i ty of ~te muscle ( ~  di~rcct stimulation) begin at comiderably gteate~ concemxaffa~ d 
ether ~tkan of narcotics [17, 16], the rnc~ ~Lkcly point.of applicat ion of  ethr is the region of  the ~ o - n m m : a l ~  
~uncts In addition, as N. E. Vvedens~y [3] observed ear l ier ,  the peripheral portions of  the ne rvc~  ~ - -  lm 
this ~ the motor neurons-  are c o m i d ~ a b l y  l e~  scmiuve to narcosis than arc the cel ls  and s~aapscs o f  d in  

coifing. 

~3"he effect of ether oa the neuro-z:~ascula: apparatus is especial ly c lear  with the combination o f  
and ~ a r i m i m e t i e 0  since then syncrg/sm of  |he action of both substances is observed. How far th~ ~ ex -  
~cn0x ~ shown by the foLlow/ag fact .  D , - ~ g  ether narcosis of  �9 rabbit 5 days after repe.atcgl admi~ruat iom cd[ 
d ip Ia~m (1-1.2 mg/kg)  we observed prc>,r disturbance of the functioning of the neuro-muscuhur apparatm o f  
rapid ..~n~t~ in particular,  obvious cha.:g*~ in labi l i ty W~ical of affection by curare.  I~peti t ioa of  the uma:o t iz~  
t i onmT*chesan~an ima lSday~ laxe r  d~d not " give such an  effect .  As i sknown ,  curadmina~-'r a ~ q u l c k ~ .  
d ~ , t ~ d  in the system and have a hi~-~y transitory action [5, 13]. However. theix �9  can be  
even. ~ r  a comiderable ~ during ~ l ~ m c n t a r y  affection of the neuro-musenIar ~,i~p~ratm. 

~'2~u~, ether n a r c c ~ i s ~  also c u t a ~ i r n e f i c  admin/stration, has a dcpressam action o~ the pe t tphea~  ~ r  
tioa c~ f l~ neuro-muscular apparatus og ~ae warm-blooded a n i m a l  However, the mechanism of th~ ac t t~a  cd[ 
both ~ubstances differs in many respec~x. Dur/ng approximatc~ the same stage of disrupted comxact i lRy,  sade~ 
ethez:~narcosi~ the abi l i ty  to summate L~-equem impulses disappean,  the summation of  f.,~qn'..nt limpu]se~ dar ing 
doub~  and rhythmic stimulation is r e ~ d .  During the administration of diplatsin,  the summation of  two im-  
pa~e.'~ ix not disturbed, almough during ~y thmic  s t imuhtion xhe capaci ty  to gunmatc  is reta/ned~ fo~ i n f z ~ l a a ~  
i m p ~ e s  only (to 50 pet  second), the s ~ m a t i o n  of mote frequent impulses is disturbed (sharp h. l l  of ~ ,  
the .a~=~v~q~ l~riod after a single c o n L ~ i o n  is substantially increased (phenomenon of dimimaUcm). 
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