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Our previous communications [7-10] showed that under natural conditions acetylcholine appeared to a c t  
not as a stimulating factor but rather as a factor which predominantly determined the reaction of tissue to stim- 
ulation. Such tissue reaction is known to be dependent to a considerable degree on the process of accommoda- 
tion. This led us to investigate the part played by acetylcholine in the accommodation process of the nerve 
trunk. Taking into account the close connection between accommodation phenomena and parablosis [3, 4, 14, 17]~ 
a simultaneous attempt was made to elucidate the significance of acetylchoUne In th0 development of the para- 
biotic process. 

Hteratuze data on participation of acetylcholine in the development of nerve parabiosis are contradictory. 
A'A. Znbkov [11] and O.V. Zeidlits [8] postulated that the direct cause of development of parablosls in nerve 
was the depolarizing action of acetylcholine; they based this view on data concerning inhibition of nerve r 
linesterase activity by narcotics and data on accumulation of acetylcholine in the narcotized area during stim- 
u la cion. 

Conflicting findings are reported by D.A Lapitskil [13] and LL. Vasil,ev [3] who established that acetyl- 
choline acted on the altered nerve in a "deparabiotizing" fashion. Recentlyone of us [7] has shown that increase 
in the lability of the altered area of nerve under the influence of Incoming impulses Is connected with the form- 
ation and action of acetylcholine. 

EXPERIMENTAL METHOD 

Experiments were performed onthe usual frog nerve-muscle preparation (Rana ridibunda), The prepara- 
tion was put in a moist chamber and the nerve was placed on silver electrodes which had been exposed to chlo- 
ride before the experiment; the interelectrode distance was 4 ram. 

Accommodation was measured by apparatus Constructed on the basis of a condenser chronaxiemetet [15. 
18] by selection of condensers of appropriate capacity with current strength of 1, 2 .3 :  etc. rheobase. 5-6 points 
were usually determined and an accommodation Curve was l>lotted, k was calculated for current strength of two 
rhcobese according to the forrr, ula k ~- EC [14], where R is the summated resis~nce of the circuit  equal In our 
installation to 200,000 ohms. 

Development of parabiosis in an area of the sciatic nerve was elicited by a DC cathode of definite Inten- 
sity; complete loss of conduction occurred after 15-20 minutes from the beginning of this treatment. ,'he rate 
of development of parabiosis (in terms of onset of the i~zhihitozy phase} was noted, as well as the presence and 
prominence of the different phases, their duration and interrelations. The nerve Was stimulated by tetanizJng 
induction cun~nt. 

Investigations were carried out on normal frogs and on frogs which had been subjected to preliminary re- 
moval of the pancreas under sterile conditions. This operation led to impairment of acetylcholine formation In 
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the organism (after varying periods of time) [12], apparently as the result of disturbances of phospholl#d meta-  
bolism [!6]. In the case of control experiments the operated animals received 0.2-0.3 ml acetytcholine solution 
(1:10,000) systematically into the posterior lymph sac. In Part of the experiments accommodation was tested 
after administration of acetylcholine (1 ml of 1:10.000 solution) or of esertne ( I  m l o f  1:10,000 solution) to not- 
real animals: it was also tested when solutions of these sub, tances were allowed to act directly on the nerve trunk. 

A total of 270 experiments Was carried Out. 

EXPERIMENTAL RESULTS 

Experiments on normal frogs showed fairly considerable fluct~atiom in the rate of accommodation. Tim 
accommodation constant (the reciprocal of the velocity of the accommodation process) had the average value 
of 25 milliseconds. The rateof accommodation was lower in winter frogs than in autumn frogs (the accommoda- 
tion comtant Increasing to an average of 40 milliseconds). The accommodation curve was usually a straight tim 
(Figure I, Curve 1). 

Preliminary (1-2 hours prior tO experiment) administration of acetylcholir~ :0 the frogs (1 ml 1:10.000 so- 
lution) caused a definite decrease in the rate of accommodation. The accommodation constant k extended to 
~100 milliseconds on the average, i.e., showed a 3-4-fold increase as compared with the normal The accommo- 
dation curves maintained their straight line character (Figure 1, Curve 2). Analogous results were also obtained 
in those cases in which acetylcholine was administered 24 hours prior to the experiment. 
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Fig. 1. Accommodation curves for the sciatic nerve (average 
data) in normal frogs (i). after administration of acetylcho- 
line (2) and on the 8th day after removal of the Imncamas (3). 
Abscissa - rise of stimulating current (RC) in milliseconds; 
ordinate - threshold strength of stimulus in multiples of rheo- 
ham. 

Immersion of an area of the sc.iadc nerve for 15-20 minutes in a 1:50,000-1:100,000 solution of acetyl- 
choline led only to a slight decrease in the rate of accommodation. 

Five of the six experiments in which a preliminary administration of esertne was tried showed a definite 
increase in the rate of accommodation, i.e., an effect Opposite. to that of acetylcholine. The different influence 

�9 of acetylcholine and of eserine on the process of accommodation can be explained by the fact that eserine has not 
only the property of!nkibiting cholinesterasr with emuingacoumulation of ace tylcholine but also, apparently, 
another property opposed to the action of acetylcholitm, 

Following removal of the Parmreas the excitability of the nerve to IX; stimulation underwent a slight and 
nonuniform change. Thus. on the 7th postoperative day some lowering Of excitability wa.. noted. The threshold 
st.0wed an aw'rage rise to 2.2 volts (1.9 volts for normal frogs). Lowering of the threshold could then be observed 
and by the 10th postoperative clay its average value was 1.5 volts. 

Figure 2 reflects the dynamics of the changes in the rate of accommodation foLlowing removal of the pan- 
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creas; it shows that, together with certain fluctuations of the rate of accommodation,  there is a perfectly defi- 
nite and consistent increase in the rate of accommodation on the 6-10~h day Postoperatively. The changes de- 
scribed were also clearly expressed in the course of the accommodaticn curve, the mc~t pronounced differences 
in the tare of accommodatiOn and the ccoarse of d~e curve being observed with a strong stlmt:lating cur~nt  (5-6 
rhe0base), i .e. ,  slowly rising currents of low gradient. Figure 1 shows the accommodation curve (3) plotzed from 
average data obtained on the 8th day after removal of  the panc~as.  It shows that the curve preserves lt~ gen-  
eral straight line character~ with a considerably steeper slope than the curve for normal frogs. Systerr~tic ad-  
ministration of small doses of  acetylc.holine to the opera!ed animah starting from the  3rd-~th day after opera- 
tion abolished the described deviations'and the accommodation values were normal at a l l  periods postoperatively." 
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Fig. 2. Change in the accommodat ion constant of  the sciatic nerve 
in frog following removal  of  the pancreas. Abscissa - days postop- 
eratively; ordinate - a c c o m m o d a t i o n  corJstant (~,) In ml111scconds. 
Broken line: average value for accommodation constant in normal 
frogs. 

The experimental results described above indicate that acetylcholine given in definite doses elicits qui~ 
consistent diminution of accommodation in the nerve trunk. These data were fully confirmed by expel~nents 
on removal of the pancreas. Impah'ed acer#,Icholinr synthesis which occurs under these conditions leads to an 
opposite change in the accommodat ion ability of  b e  tissue, viz. its incr~tm.  

Slncs acetylcholine is constantly being formed in the nervous system during its activity, it may be rap- 
posed that changes in accommodation oc~zmng under natural con~litiom in the process of tissue activity are de- 
~ermin~d to a considerabls extent by this chemical agent. 

In studying the development of nerve patabiosiSo elicited by the action of direct current, it became appa- 
rent that following removal of the pancreas in frogs there was COnsiderable tcd-.~ctlon in the resistance of the 
nerve to the change-inducing influence, i.e.. the development ofthe parablotic [xocess was accelerated with an 
almost twofold diminution in the stZengzh of effective current necessary to maintain a state of minimal polaxiza- 
tion. Figure 3' shows that the change in the ram of development of patablosis was not uniform on different days 
Po~toperarlvel~. Definite acceleration of  the development of  parabiosis was observed only from the 6th postop- 
eraAve day and reached a maximum on the 7th-o,A:h day. after which the rate declined and ~ t ~ n e d  ~ normal 
along a somewhat fluctuating cousin .  

Removal of the pancreas evoked change in the typical  parabiotic phases also. A sharp cartai lment and 
sometimes absence of the paradOxical p h ~  was observed In addition to the disappearance of tonus-like effects 
described earlier [TJ. The tyl~cal paradoxical effects were Jn ~ case replaced by a number of  contractiom 

�9 It must be nomd that such "compensatory" admin!O'~ation of excessively large doses of acetylcholine (1 ml  
1:10,000 solution daily) leads not tO a retn~a to nczznal but to even greater increase i n  the rate of  accommodat lo~  
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which decreased progressively and independently o f  variation in stimulation. The disappearance of such effects 
and transition to the inhibitory phase occurred rapidly and sudden~. The compensating #lain underwent much 
lcss marked change. It could, on occasions, be noted from the first few stimulus applications, even w i~o~ t  prior 
alteration. 

Systematic adinlnistration of acetylchcline to operated animals smoothed out dae described chan~es to $ 
considerable extent and normalized the functional state of the nerve (Fi~ure 3. Curve 3). 

The obtained results conflict with the concept of acetykholine as a factor which directly determine the 
development of parabiosis in the nerve t~nk [8.11] and indicate that acetylcholine raises the resistance of dm 
nerve to the alteration by stimulating the restorative processes in the tissue. 
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Fig, 3. R~t~ of development of parahiosts In the sciatic nerve 
of normal frogs (1). after removal of the pancreas (2) and on 
compensatory administration of acetylchoUne to the opera ted  
animals (3). Abscissa - days postoperatively; ordinate - tirr~ 
of onset of in'nibitory phase in minutes. 

Comparison o.f results obtained on investigation of accommodation and the rate of development of parahi- 
osis after removal of the pancreas reveals that depression of the functional slam of the nerve corresponds to a 
high ram of the accommodation process. A similar relationship directly confirming the interrelation of accom- 
modadon and development of stationary excitation, was described by E.IC Zhukov [5] in the case of I~elirranaqF 
application of a IX; cathode to the nerve and by LA. A~shavsldi and co-workers [I] in the course of studying ac* 

commodation In the process of ontogeneslr~. 

In contrast to this, L.L. VasiPev [2] and L.V. Latmanizova [14] found that a high tam of accommodation 
was observed when the functional state of the tissue was at a high level and when it showed high resistance m 
change-inducing activity, and vice versa. 

At the present time this contradictory and dual character of accommodation finds explanation in the ~J-  
namics of the parab|otlC process [3.4. 14]. I t  has been established that increase in the rate of accommodatiori 

occurs  both during the initial, first stage of parabiosis and during the final stage of this process, whereas the trans- 
itional phase o f  parabiosis is characteriz~d by a reduction in the rate of accommodation. 

The experimental and .literature data cited pemalt the suggestion that accommodatio~ is a manifestation 
of the development of localexcitation in the tissue elicited by the test stimulus and following the laws of parao 
biosis. The change in excitability associated with this finds expression in the fo~m of the accommodation process. 

S U M M A R Y  

Disturbance of production of acetylchoRne in the orgar.ism following removal of the pancreas IXings about 
increased speed of accommodation and of development of parabiosis in t~he sciatic nerve in f.'~ 

Administration of small doses of acerylc~otine to operated and normal frogs results i~ ~creased spe~d 
of accommodadon and of development of parabiosis. 
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The correlated changes of accommodation and [:arablofls dcmomtrale that ~hese l~OCeS~eS are related and 
allow us zo consider the lXocess of accommo~=tlon as a ma~lfest~tlon of the development of local excitation due 
to the effect of sUmuladon. 
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