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In the pharmacological investigations of cholinolytic medicinals, their blocking effects are of considerable 
Interest. To study file effect of cholinolytic substances upon sympathetic ganglia is a relatively simple matter; 
to do the same with parasym~thet tc  ganglia Is a much more difficult procedure. One of the difficulties lies in 
the fact that the parasympathetic postganglionlc fibers are very short. This anatomic peculiarity practically ex- 
cludes perfuslon of the parasympathetic ganglia, even when this method is the most satisfactory one known for 
studying the ganglionic actions of variou~ substances. Besides this, in parasympathetic nerves both the pre- and 
postgangliordc fibers are choliner~ic. This add~ to the difficulties in the determination of the blocking effects 
of cholinolytic substances at the parasympathetic ganglia. While it is relatively easy to study pure gangliolytics 
(such as hexonium**) as they do not exert a practical influence upon the effector cells innervated by the post- 
ganglionic fibers, it is much more difficult to examine the ganglionic actions of substances blocking both the M- 
and the N-cholinergic systems*** as in these Instances the M-cholinergic effect tends to mask the action on the 
ganglia. 

While studying ~i:e pharmacological properties of cholinolytic substance~ having both nicotinelytic as well 
a~ atropine-like prober,des, we became convinced that the methods so widely employed for the studies of the 
blocking effects upon the parasympathetic ganglia of these substances (arterial pressure, bowel in situ and others) 
are far from satisfactory. In these experiments the absence of a reaction to stimulation of the preganglionic fibers 
of the parasympathetic nerves in the presence of a response to acetylcholine is taken to prove a ganglionic cho- 
llnolytic block. However, the lack of a response to electric stimulation may also depend largely on the atropine- 
like properties of the preparati~a. In connection with this, It is interesting to evaluate the relative merits of 
methods used to investigate the effects of cholinolytic substances upon parasympathetic ganglia .  We correlated 
experiments upon arteriat pressure, the heart and intestine in situ, In this study we present the results obtained 
when we used atropine-like substar~ces, specifically, the chlorhydtate ester of diphenylglycolic acid and diethyl- 
amino-ethanol (ester 22). 

Experiments recording cat arterial pressure showed that small doses of ester 22 removed first the effects of 
vagal stimulation while i t  took much larger doses to remove the acetylcholine effects (Figure 1). This gives rea- 
son to believe that ester 22 has a powerful ganglion-blocking effect while having only weak atropine-like proper- 
ties. However, the results of experiments with a cat heart in situ were somewhat different. The lnotropic and 
chronotropic effects of acetylch~Iine (10-20 gamma/kg Intravenously) and electric stimulation of the peripheral 
end of the cut vagus were abolished by the use of approximately the same doses. In many of the experiments the 

�9 Presented at  the 646th session of the I.M. Sechenov Physiological Society, April I ' / ,  1956. 
�9 * Transliterated - probably hexamethonium. 

"** Thai is, substances posse~ing ganglion-blocking as well as atropine-like properties. 
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Fig. 1. Effect of ester 22 upon respiration and arterial pressure in a cat when the vagus 
nerve Is stimulated with electric current and acetylcholine. Significance of curves 
(from above down): respiration, arterial pressure, t ime marker (1 second); stimulus 
marker: ~ ) acetylcholine (1 gamma per 1 kg intravenously); ~, ) vagus stimulation; 
E-22)" ester 22 (0.2 mg/kg  intravenously). 

acetylchoHne effects were abolished wit~ somewhat smaller doses than were the electrical effects of sNmulating 
the peripheral end of the cut vagus (Figure 2). Analogous data were obtained also in experimen~ done upon the 
bowel In sttu. Bowel contractions produced by acetylcholine in most instances disappeared with smaller amounts 
of  the preparation than were needed to abolish the contractions following the stimulation of the peripheral end of 
the severed vagus nerve. 

! i : 

i l .  

!7 

~ - ~  . . . .  : ' T i  . . . . . . . . . . . . . . . . .  

! 

;i . . . . . . . . . . . . . . .  

ii 
i' 

Fig. 2. Influence of ester 22 upon the arterial pressure and frequency and rhythm of 
cardiac contractions after vagus stimulation and acetylcholine action. Significance 
of curves (from above down): heart action in situ, arterial pressure, time marker (1 
second): ~ )vagal stimulation; E-22) ester 22 (0.1 mg/kg  intravenously); ~ ) acetyl-  

choline. 

Thus, on the basis of cardiac and intestinal experiments in situ one might conclude that ester 22 has main- 
ly atropine-like properties while, at the same time, one could interpret the arterial pressure experiments as in- 
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dicating that the prep~r**tion has mainly a g.~tiglion-blocldng action. This shows that the three mo,t widely used 
methods in the delermir~adon of atropine-like, and gatlgilon-blocking effect, of substances fail to ~lve an ade- 
quate cot~cept o, t e,r.et ~2 ~cttor~. 

In the exf~erimen~ u?on the heart in situ, simultaneously with the cardiac conL~sc~on*, we recorded the 
ar t~la l  p~e ,~e .  The te~ult~ of our e• :.hewed that the cardiac ~nd arter|al pre.~sure effects of e lecuf-  
r vagal s~mulatton dls~p>~red wiuh small do,~ges while the acetylcholine effect,  were abolished f~om the 
heart fLrst while ~ e  ~ ter ta !  p~eszure required much larger do~e, (see Flgure 2). These dzt~ i;~r that the hy- 
potea~ive effecr~ evolved by etec~ie  stimulation of the vagu, ~.z~ zce~:leholine ~re not equiv~ien~ and that re- 
moval of the v~g~I l~y?oten,~ve effect during the re,pome to aceD'lcholir~e 1~ not evidence for the ganglion- 
blocking action of the given p~.~p~ratlen, in thi~ regard, the experlmen~s on the heart and Intestin, are much 
more coflclu~ve. But even here it Is rather difficult to deci4e whether the r~moval of the vagal effect is due to 
ganglionic block by tah~ given subs~c~ce or whether it Is due to its atropine-like properties. 

To stud), the bloe~ng action of cholinolydc substances on parasympathetic ganglia we cho.~e the ganglia 
of the pelvic nerve. It turned out that ou~ method of recording in situ the cat urinary bladder contractions was 
the method of choice for o~r Investigation. 

T'ne studies were conducted as follows. By means of a catheter ln,erted into a dissected urethra the bladder 
was filled witch ~'arm Ringer solution and then, using a water ma~.~n~e~er, it was connected with a Marcy capsule. 
Bladder con~acdons were Induced by stimulating the pregangtioaic parasympathetic fibers of the bladder branch 
of the pelvic nerve, using for this purpose either an Induction current or intravenous injection of nicotine (0.02 

mgArO. 
In these experiments it was established that atropine in doses of 5-10 mg/kg had almost no effect upon 

bladder connaction* induced by intravenous nicotine or electric stimulation of the urinary branch of the pelvic 
nerve. Hexonlum and nicotine (the first in doses of 1-2 mg/kg intravenously, the second in doses of 0.1-0.5 
mgfkg) completely abolished uri~.ary bladder contractions caused by electric stimulations of the pelvic nerve. 
Insofar as the bladder conuactions caused by electric stimulation of the pelvic nerve or by nicotine remained 

stable in relation to atropine, this me~od  presented many 
conveniences In the investigafion of the action of cholinolyric 
substances having atropine-like qualities in their effects upon 

. . . . . . . . . . . . .  ~ the parasympathetic ganglia of the pelvic nerve. Ester 22 
in these experiments did not abolish bladder contractions 
even when administered In doses of 10 mg/kg (Figure 3). 
Thus, it is evident that the atropine-like preparation, ester 
22, has almost no effect upon the parasympathetic ganglia 
of the pelvic nerve. When this preparation was used to study 

E~--22~ arterial pressure and the heart and intestinal action, In siva, 
. . . .  it abolished the effects of electrical stimulation of the para- 

,ympathetic nerves even when used in doses of 0.1-0.8 mg/kg. 
.... Apparently, In these experiments the suppression of the effects 

:=:=:=: =:=~= ] of the electrical stimulation is the con;equence of a block of 
. . . . . . . . . . . .  the M-cholinergic system. 

Fig. 3. Influence of ester 22 upon the para- Our pharmacological analysis has demonstrated that the 
sympathetic ganglia of the pelvic nerve. M-cholinergie system of the urinary bladder displays very lit- 
Significance of curves (from above down): tle sensitivity to choline mimetic substances. Thus, pilocar- 
bladder contractions in slt'a; time marker (5 pine, which is a selective stimulator of the M-cholinergic sys- 
seconds); N) nicotine (0.02 mg/kg intraven- tern [1], could produce only sporadic urinary bladder contrac- 
ously); i -22)  ester 22 (10 mg/kg lntraven- irons when given Intravenously in large doses such as 1-10 

mg/kg. When repeated, piloearpine as a rule failed to pro- 
ously), duce an effect. In favor of our hypothesis is the fact that 

bladder contractions caused by acetylcholine are prevented 

completely by intravenous use of nicotine (0.1-0.5 mg/kg) and by hexonium (1 mg/kg). Mostlikely, acetylcho- 
line produces bladder contractions by stimulating the N-eholinergic system of the parasympathetic ganglia and 
not the M-cholinergic system of the muscle fibers. Otherwise nicotine.which acts selectively upon the ganglia, 

would not inhibit bladder contractions evoked by aeetylcholine. 



The l~ck of sen~i~vlty dlspl~yed by t~,e M-choHne~glc ~y~tem of @l~ urinary Imooth mu~c,Jl~zr to chol[ne 
re|merle and chollnolytfc substances mak~ th~ method we h~ve desc~be, d ab~v~ c~l~e useful for ~ s  eval;J~tton 
of the blocking actions of cholit~.oly~!cs u~r~ parasympathetic ganglia, 

The above dtscu~ton attests to t~e fact that the~e l~ so single method which, by Itself, gives a complete 
p~ctuse of the g~n~Hon-blocklng ac~dons of varto~ ~t~z.~ces, The most complete nnd tru '~orthy picture of the 
bloeldr~9 actions of chollnolyt~.c sub~.tanc.e~ upon p~rasymp~thcttc gangH~ may be obtained by using all the k,.'~o',cn 
methods lnclud[)~g e• upon the ur[nart bladder. 

SUMMARY 

The most ~utheafie data on the blocPdng effect of cholinolytics or. the parasympathetic ganglia f~.:~-y be 
obtained only when diffetetn mcthod~. Including cx~draents  On the urinary bladder, are employed. 

LITERATURE CITED 

[I] S.V. Antchkov and l~s l~elen'kII. Text of Pharmacology [in Russian] (Moscow, 1954). 

[2] S.S. Krylov, Farmakol. t Tokslkol. 19 (3), 21 (1956). 

593 


