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Investigations carried out by foreign and Russian scien- 
tists [1, 2, 5-13] have shown that many of the new cholino- 
lytic agents generally designated as atropine simulants 
possess an ability to block the cholinergic structures of the 
central, as well as the peripheral, nervous system; in fact, 
the cholinolytic effect of some of these preparations ispre- 
dominantly central. S. V. Anichkov has proposed that such 
substances (Difacyl, Diazyl, Pentaphene, Tropacine, 
MethyldiazyI, Aprophene, etc.) be specifically classified 
as central cholinolytics. 

As we [3, 4] and the authors mentioned above have 
shown, in certain doses, central cholinolytics have a pro- 
nounced inhibitory effect on the brain, disturbing higher 
nervous activity, altering bioelectric activity and prevent- 
ing arecoline and nicotine convulsions. In [5], S. S. Krylov, 
having studied the effects of Difacyl and Diazyl on the 
higher nervous activity of dogs, suggested the possibility of 
using these substances in combination with hypnotics. 

We believe the study of how central cholinolytics in- 
fluence the effects of hypnotic and anesthetic substances, 
with a view toward determining the possibility of their 
combined use to be of definite theoretical and practical 
interest. 

M E T H O D  

Experiments were performed on 1,000 white mice 
(males weighing 18-20 g) and 20 rabbits, The hypnotic 
and anesthetic substances used were Barbamyl, chIoral 
hydrate, Hexenal and thiopental. 

The central cholinolytics tested were: Difacyl (di- 
phenylacetic acid/3-diethylaminoethyl ester hydrochlo- 
ride), Methyldifacyl (diphenylacetic acid /3-diethylamino- 
isopropyl ester hydrochloride), Diazyt (benzilic acid /3- 
diethylaminoethyl ester hydrochloride), Methyldiazyl (ben- 
zilic acid 13-diethylaminoisopropyl ester hydrochloride), 
Aprophene (diphenylpropionic acid t3-diethylaminoethyl 
ester hydrochloride), Tiphen (thiodiphenylacetic acid /3- 
diethylaminoethyl ester hydrochloride), Diprophene (thio- 
diphenylacetic acid/3-dipropylaminoethyl ester hydrochto- 
ride), IEM-268 (diphenylacetic acid /3-dimethylaminoiso ~ 
propyl ester hydrochloride), Pentaphene (phenylcyclopen- 

tacarbonic acid B-diethylaminoethyl ester hydrochloride), 
thioester 22 (thiobenzilic acid/3-diethylaminoethyl 
ester hydrochloride) and Tropacine (diphenylacetic 
acid tropinic ester hydrochloride). 

The force of the effects induced by the anesthetic and 
hypnotic substances was determined from the degree of de- 
crease in the animal 's  motor activity as well as from the 
duration of the sleep or anesthesia; we used the so-called 
lateral position of the a n i m a l s  as an  index of the onset and 
duration of the sleep or anesthesia, by which we mean the 
period during which the animals were unable to turn over 
from their sides to their stomachs and take the position 
most usual to them. 

Each experiment was performed on two different groups 
of animals simultaneously, each group containing 10-20 
animals; one of these groups received only the anesthetics 
(control group), while the other was given the same dose of 
anesthetic 5-10 minutes after the administration of the cen- 
tral cholinolytics. Experiments using anesthetics in com- 
bination with the central cholinolytics were also conduetea 
with rabbits; in these experiments, we determined the gen- 
eral condition of the animals and recorded the bioelectric 
activity of the brain. 

,RESULTS 

.Experiments on Mice. Chloral hydrate, intraperitone- 
ally injected in doses of 250 rag/kg,  decreased the motor 
activity of some animals (85%) and induced sleep ( ' la tera l  
position') in 3-8 out of 20 mice .  In the control group of 
100 mice,  the average duration of the "lateral position ~ 
equaled 10 minutes. In a dose of 300 mg /kg ,  chloral hy- 
drate induced a hypnotic effect lasting 15-30 minutes in 
all the control animals. 

The central cholinolytics (listed above), injected intra- 
peritoneally in doses of 5-10 rag /kg ,  had no apparent effect 
on the general behavior and condition of the animals. 
When 250 mg /kg  chloral hydrate was injected on a back- 
ground of the action of central cholinolytics, we observed 
a considerable increase in the period of decreased motor 
activity in the experimental animals and an intensification 
of chloral hydrate's anesthetic effect: All or the majority of 
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Fig. 1. Influence of central cholinolytics on the hypnotic effect of 
chloral hydrate. (Average data compiled from 20 observations in 
each experiment and 220 observations in the control.) White colums) 
t ime (in minutes) of reduced motor activity; diagonally striped col- 
umns,) duration of "lateral position" of animals after intraperitoneal 
administration of 250 rag/kg chloral hydrate; cross-hatched columns) 
duration of "lateralposition" of animals after intraperitioneal admin- 
istration of 300 rag/kg chloral hydrate. C) control; Df) Difacyl; 
Mdf) Methytdifacyl; D_~z) Diazyt; Mdz) Methyldiazyl; T_~) Tiphen 
Te) thioester 22 ;  Dp) Diprophene; A_~) Aprophene; 26.88) preparation 
IEM-268; Pn) Pentaphene; T_s Tropacine (given intraperitoneally in 
a dose of 5 rag/kg 10 minutes before the administration of chloral hy- 
drate in both cases). 

the experimental animals which had received chloral hy- 
drate and a central cholinolytic were in the "lateral posi- 
tion" for 20-50 minutes. The most intensified hypnotic ef- 
fects were observed when chloral hydrate was combined 
with Methyldiazyl, Aprophene or Tropacine (Fig. 1). 

In the experiments in which chloral hydrate was used 
in a dose of 300 rag/kg on a background of the action of 
central cho!inolytics, the same definite intensification of 
the hypnotic effect as compared with that in the control 
was observed. Although the two different doses of chloral 
hydrate (250 and 300 mg/kg)  induced "lateral positions" 
of different durations (10 and 25 minutes) in the control, 
the duration of the hypnotic effect induced by these two 
doses of chloral hydrate in combination with the central 
cholinolytics, used in the same dose in either case, was 
about the same, i.e. 2-5 times stronger than in the con- 
trol (see Fig. 1). We consider this evidence that central 
cholinolytics can potentialize the action of hypnotics. 

Barbamyl was tested in one dose, 100 rag/kg,  admin- 
istered to the mice intraperitoneally; in the control ani- 
mals, this dose induced partial anesthesia lasting more than 
60 minutes. If central chotinolytics were administered 
(5 rag/kg) before the Barbamyl, the latter's effect became 
almost twice as strong (Fig. 2). Barbamyl's effect wasstill 
further intensified by the administration of the cholinolytics 
in a higher dose (10 mg/kg) .  It was interesting that al- 
though the cholinolytics did not induce a hypnotic effect 
when used alone in this dose, the hypnotic effect of Bar- 
bamyl was approximately doubled, i.e., increased accord- 
ing to the increase in the cholinolytic dose. 
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Hexenal and thiopental were also injected intraperi- 
toneally in doses which did not themselves induce a hyp- 
notic effect (10 and 5 rag/kg) .  As a rule, Hexenal and 
thiopental, administered in these doses 5-10 minutes after 
the administration of the central cholinolytics, induced 
anesthesia lasting 5-30 minutes in all the experimental 
mice.  We include the results of the experiments with Hex- 
enal by way of example (see Table). 
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Fig. 2. Change in duration of "lateral posi- 
tion" of mice effected by central cholinoly- 
tics in various doses. Solid line) average dura- 
tion (in minutes) of "lateraI position" of mice 
(20 in each experiment and 180 in control) 
given 100 rag/kg Barbamyl intraperitoneally 
10 minutes after the central cholinolytics 
(used in a dose of 10 rag/kg); dotted lines) 
the same on a background of the action of the 
central cholinolytics injected intraperitoneally 
in a dose of 5 rag/kg.  Same abbreviations 
used for the preparations as in Fig. 1. 



Potentialization of Hexenal's Hypnotic Effect by Central Cholinolytics (Stag/kg) 

Preparation 

DHgxenaI (I0 mg/kg)  
iracyi and tlexenal 

Methyldifacyl and Hexenal 
Diazyl and Iffexenal 
Tiphen and Hexenal 
Methvldiazvl and Hexenat 
Thioester 22 and Hexenal 
Aprophene and Hexenal 
Pentaphene and Hexenal 
Tropacine and Hexenal 

Duration of anesthesia (in ~ f e ~ )  
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20 
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1 15 
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8 9 
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19 [ 18 
J6 I 2! 
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21 24 
!3 7 
331 32 
]9 7 
8 ' 20 

10 

o , 
1 10:~a: 3 9 2,6 
27 13;2 5 , 1  2,6 
24 15,4 5,8 2,7 

7,0 2,5 
23,4' 8,51 2,8 
15,2 612,5  

6 18,0 7 ]2 ,6  
9 17,9 8 } 2,2 

21 15,8 5,6 2,8 

Experiments on Rabbits. The influence of central 
cholinolytics on the effects of hypnotics and anesthetics 
was studied on rabbits in two types of experiments. In one 
set of experiments, the force of the anesthetic effect was 
judged according to the duration of the "Iateral position' ,  
as in the experiments on mice; in the other set, it was 
judged according to changein the bioeiectric activity of 
the brain. 

The intravenous injection of Hexenal (10 rag/kg) and 
thiopental (5 rag/kg) induced partial anesthesia lasting 
1-4 minutes in 2-8 out of 10 rabbits, The administration 
of these substances 5 minutes after the administration of 
central cholinolytics induced an anesthetic effect lasting 
5-30 minutes. 

Electroencephalographic investigations, performed on 
rabbits given subanesthetic and anesthetic doses of chloral 
hydrate, Barbamyl, Hexenal and thiopental and the cen- 
tral cholinolytics in combination with these substances, 
confirmed the data obtained in the previous experiments 
on mice and rabbits regarding the potentializing influence 
of central cholinolytics on the effects of hypnotics and an- 

esthetics. 
The intravenous injection in the specified doses of 

chloral hydrate (100 mg/kg) ,  Barbamyl (35 rag/kg),  Hex- 
enal (15 rag/kg) and thiopental (10 mg/kg)  induced partial 
anesthesia of varying duration. At this time, the electro- 
encephalogram (EEG) showed the changes characteristic of 
this condition: disappearance of the fast potentials, devel- 
opment of slow, high-amplitude waves and, if there was a 
considerable degree of anesthesia, general inhibitionof the 
bioeleetric activity of the brain (Fig. 3, 2), 

In subanesthetic doses (75 rag/kg chloral hydrate, 25 
rag/kg BarbamyI, 10 rag/kg HexenaI), these preparations 
did not induce a hypnotic or anesthetic effect; the animals 
remained lively, and the EEG showed no signs of inhibition 
of the brain's bioelectric activity (Fig. 3 ,4 ) .  

Although the central cholinolytics, administered intra- 
venously in doses of 1-5 m g / kg ,  caused definite changes in 
the spontaneous bioeleetric activity of the brain (Fig. 3,6),  
i .e.,  the appearance of slow waves and a decrease of high- 

frequency potentials, they were not the changes characteris- 
tic of a condition of sleep, especially since the behavior or 
the rabbits showed no outward signs of sleep. 

Small doses of the hypnotics and anesthetics adminis- 
tered intravenously after the central cholinolytics caused 
sleep and partial anesthesia, and the EEG (Fig. 3, 7_) showed 
changes very similar to those observed with the use of the 
larger doses of the hypnotics and anesthetics. 

In the investigations carried out on mice and rabbits, 
we obtained statistically authentic data to the effect that 
central cholinoIytics (Difacyl, Methyldifacyl, Aprophene, 
Pentaphene, Tropacine, etc,) in the specified doses poten- 
tiaiize the hypnotic effect of anesthetics and hypnotics. 
This was demonstrated by the fact that the cholinolytics, 
which had no hypnotic effect when used alone, promoted 
the development of sleep and partial anesthesia when com- 
bined with doses of the hypnotics and anesthetics too small 
to induce a hypnotic effect by themselves (see Figs. 1-3). 

This position is further confirmed by the fact that one  
specific dose of a hypnotic (100 mg /kg  Barbamyl, for ex- 
ample) could produce effects of different force and dura- 
tion depending on the dose of the cholinolytics adminis- 
tered before it. The administration of the cholinolytics in 
a double dose almost doubled the duration of the sleep in- 
duced by Barbamyl, although the cholinolytics themselves 
had no hypnotic affect in these doses. 

The clearly expressed intensifying influence of the 
centraI cholinolytics on the hypnotic and anesthetic effects 
of Hexenal, thiopental, chloral hydrate and Barbamyl is 

closely connected with the central cholinolytic activity of 
tile preparations. This is indicated by the difference in the 

/ 

effect induced by preparations IEM-268 and Diprophene from 
that induced by Diazyl and Aprophene. The cholinolytic 
effect of the former on the central cholinergic systems is 
weak, and their potentializing influence on the hypnotic 
effect is slight. 

The greatest potentialization of the effect of hypnotics 
and anesthetics occurred under the influence of Diazyl, 
Methyldiazyl, Tropacine and Aprophene, preparations which 
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Fig. 3. Potentialization of Barbamyl's effect on the bioelectric activity of a rabbit's 
brain under the influence of Diazyl. a) EEG of cerebral cortex; b) EEG of optic tha- 
lami; 1, 3,5) norm; 2) EEG taken 5 minutes after the intravenous injection of 35 rag/ 
kg Barbamyl; 4) the same after 25 rag /kg  Barbamyl; 6) EEG taken 5 minutes after the 
intravenous injection of 5 nag/kg Diazyl; 7) EEG taken 5 minutes after the intraven- 
ous administration of 25 mg/kg  Barbamyl on a background of the action of the central 
cholinolytic Diazyl. 

have a pronounced cholinolytic effect on the central chol- 
inergic structures. 

Although comparison of the effects of the variouspre- 
parations shows some differences as to force, the differences 
were only found to be authentic in the case of Methyldi- 
facyl and Methyldiazyl in relation to Difacyl and Diazyl, 
in the case of Aprophene, Pentaphene and Tropacine inre- 
lation to Difacyl, Diprophene and IEM-268 and in the case 
of all these preparations in relation to the data of the control 
experiments. 

These investigations of the potentializing influence ex- 
erted by central cholinolytics on the effects of hypnotics 
and anesthetics confirmed the rules demonstrated earlier 
regarding the link between structure and effect in a series 
of central cholinolytics. For example, there is a direct re- 
lationship between the increase in the central cholinolytic 
activity and the potentializing influence on hypnotic and 
anesthetic effects of preparations belonging to the Difacyl 
series as additional radicals are introduced into the struc- 
turaI formuIa. The transformation of Difacyl into Apro- 
phene and Diazyl or of Diazyl and Difacyl into the/~- 
methyl derivatives is a good example of this. 

Therefore, on the basis of the experimental data ob- 1. 
rained, one can conclude that preparations of the central 
cholinolytic group can potentialize the action of hypnotics 2. 
and anesthetics. Central cholinolytics can be recommended 3. 
for practical use in enhancing the effect of hypnotics and 
anesthetics (so that a smaller dose of the anesthetic is re, 
quired to produce anesthesia of adequate depth), 

SUMMARY 

Methyldiazyl, DiazyI(benaethyzine),Aprophene, Pen- 
taphene (Parpanit), Defacyl (Trasentine), Menthyldifacyl, 
Tropacine, Tiphen and thioester 22, preparations pertain- 
ing to the group of central cholynolytics, can potentialize 
the action of hypnotics and anesthetics (chloralhydrate), 
Barbamyl, Hexenal and thiopental), The enhanced action 
of hypnotics and anesthetics under the influence of the 
above complex esters is caused by the central cholinolytic 
properties of these preparations, There is a direct relation- 
ship between the degree of hypnotic potentialization and 
the intensity of the cholinolytic properties of these sub- 
stances-" The most pOtent central cholinolytics (Methytdiazyl, 
Diazyl, Pentaphene, Aprophene and Tropacine)have the 
strongest intensifying effect on hypnotic and anesthetic 
action. 

Hence, central eholinolyties may be recommended 
for practical use in enhancing the action of hypnotics and 
anesthetics. 
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