
E F F E C T  OF  A M t N O E S T E R S  OF S U B S T I T U T E D  

G L Y C O L L I C  A N D  A C E T I C  A C I D S  ON N O R A D R E N A L I N  

C O N T E N T  IN T H E  R A T  B R A I N  

So S. K r y l o v  a n d  E .  A .  S n e g i r e v  UDC 612.822.2.014.46 : 615.217.34 

Aminoesters of diphenylglycollic acid (benactyzine and glypin -40 mg/kg, n-methyl-4- 
hydroxypiperidylbenzilate (MPB) - 10 mglkg), like amphetamine (5 mg//kg) produced 
motor excitation in rats and lowered the noradrenaiin (NA) concentration in the brain 
tissues. The dynamics of the changes in NA concentration in the brain correlated with 
changes in the animals' behavior. Aminoesters of diphenylacetie acid (adiphenine and 
tropazine, 40 mgJkg each) had the opposite action: inhibition of motor activity of the ani- 
mals and an increase in NA concentration in the brain tissue. Derivatives of glycollic 
acid, in the writers' opinion, like amphetamine can liberate unstably bound NA in a phys- 
iologically active state from the depots. 

As repor ted  previously [3], some central  cholinolytics belonging to the group of aminoesters  of di-  
phenylglycollic acid, such as benactyzine, glypin, and n-methyl-4-hydroxpiper idylbenzi la te  (MPB), unlike 
their  acetic analogs (adiphenine and tropazine),  produce motor  excitation in rats  which, if the cholinolytics 
are given in large doses,  changes into a state of s tereotyped behavior resembling the phenomenon of the 
"amphetamine s tereotype"  [11]. Pharmacologica l  analysis  of the mechanism of development of this ex-  
citation [4, 7-9] led to the suggestion that aminoes te rs  of diphenylglycollic acid, besides blocking chol iner -  
gic sys tems ,  can part icipate in some way in the function of adrenergic  brain mechanisms.  

It is thus neces sa ry  to investigate the effect of cholinolytics on the catecholamine level in the rat 
brain at var ious  t imes  af ter  their  administrat ion and, by studying the dynamics of this p rocess ,  to determine 
whether a corre la t ion  exists  between changes in the level of these amines and the degree of motor  activity 
of the animals .  

E X P E R I M E N T A L  M E T H O D  

Exper iments  were ca r r i ed  out on male ra ts  weighing 180-200 g. The concentration of catecholamines 
in the brain was determined 1, 2, 4, and 24 h af ter  intraperi toneal  injection of the compounds. In each ex -  
per iment  a paral le l  study was made of the concentration of eatecholamines in the brain of control animals 
that received physiological  saline. The rats  were sacr i f iced by decapitation, the brain (without the c e r e -  
bellum) was removed and t rea ted  by the method of Euler and Lishajko [18], catecholamines were oxidized 
by the method of Euler  and Floding [17], and they were subsequently es t imated  by the use of the spec t ro -  
f luorometer  developed by Krylov and co-workers  [5]. 

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

The NA concentration in the brain t i ssues  of control ra ts  differed slightly in different batches (from 
0.38 ~-0.02 to 0.458-~ 0.008 gg/g) ,  but within each batch the variat ions were negligible. Values obtained in 
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Fig. 1. NA concentrat ion 
in r a t s '  brain a f t e r  in j ec -  
tion of glypin in a dose of 
40 mg /kg  (I), benactyzine,  
40 mg/kg  (ID, and MPB, 
10 mg /kg  (III). C -  control .  
Absc i s sa ,  t ime  of d e t e r -  
mination (in h); ordinate ,  
NA concentrat ion (in ng/g  
t issue) .  

the p resen t  expe r imen t s  fo r  the NA concentrat ion in the brain  of intact  
r a t s  ag reed  with those given in the l i t e ra tu re  [1, 10, 15, 26, 27]. V i r -  
tual ly  no adrenal in  could be detected ( t races  only) in the bra in  t i s sue ,  
in ag reemen t  with r e su l t s  obtained by other  worke r s  [13, 15, 17]. 

Following injection of benaetyzine and gtypin, in doses  of 40 mg /kg  
in each  case ,  and of MPB in a dose of 10 mg/kg ,  the r a t s  developed 
m a r k e d  motor  exci tat ion,  i n t e r s p e r s e d  with per iods  of dis turbance of 
no rm a l  locomotion with fea tu res  of s t e reo typed  reac t ions .  Under the 
influence of MPB and benactyzine,  the NA concentrat ion in the bra in  t i s -  
sues  fell  cons iderably  (Fig. 1), the effect  reaching i ts  m a x i m u m  af te r  
1-2 h, a f t e r  which the level  of NA began to r e c o v e r  and a f te r  24 h it was 
actual ly higher than in the control  expe r imen t s  (especial ly  in expe r imen t s  
with benactyzine) .  Under the influence of glypin, the NA concentrat ion 
in the r a t s '  bra in  a lso  was dec reased ,  only for  a shor t  t ime ,  bu tby  a 
significant degree .  Sma l l e r  doses  of benactyzine,  glypin, and MPB did 
net cause  moto r  exci tat ion among the r a t s  and had no significant effect  
on the NA concentrat ion in the brain  t i s sues .  

Two fac ts  f r o m  this s e r i e s  of expe r imen t s  appear  to be par t i cu la r ly  
noteworthy.  F i r s t ,  a definite r e semblance  was observed  between the 
c h a r a c t e r  of the curve showing the dec rea se  in NA concentrat ion during 
the action of glycoll ic  acid de r iva t ives  (especial ly MPB and benactyzine) 
and of amphetamine  in a dose of 5 mg/kg  (Fig. 2), which was taken for  
compar i son .  Second, a para l le l  was revea led  between the intensi ty of 
exci tat ion of the r a t s  and the degree  of lowering of the NA level  in the 
bra in .  Whereas  a cha r ac t e r i s t i c  fea ture  of the action of benactyzine and 
MPB was a rapid  i nc rea se  in motor  exci ta t ion during the 1-2 h a f t e r  i n -  
jection of the drugs ,  followed by gradual  re laxat ion and r ecove ry  of n o r -  
mal  behavior  at about the 4th hour of observat ion ,  a f te r  injection of g ly -  
pin the per iod of exci tat ion las ted  only about 1 h, following which the 
moto r  act ivi ty of the an imals  was cons iderably  inhibited. The r e su l t s  
of this s e r i e s  of expe r imen t s  agree  with those obtained by Sharov [10], 

who d e m o n s t r a t e d a d e f i n i t e  connect ionbetweenthe  sever i ty  of motor  exci tat ion in r a t s  and the dec rease  in 
NA concentrat ion in the an ima l s '  bra in  following adminis t ra t ion  of p ip radro l  and amphetamine .  Following 
injection of adiphenine and t ropaz ine  in a dose of 40 mg/kg ,  the opposite effect  was observed:  definite in -  
hibition of the r a t s '  mo to r  reac t ions  and a marked  inc rease  in the NA concentrat ion in the bra in  t i s sues  
(Fig. 3). With res to ra t ion  of the an ima l s '  no rmal  behavior ,  the NA concentrat ion in the brain  was r e s t o r e d .  

The moto r  exci ta t ion of the r a t s  developing under  the influence of a m i n o e s t e r s  of diphenylglycollic 
acid could be explained on the bas i s  of the bas ic  p roper ty  of these  compounds: the i r  high cent ra l  chol ino-  
lytic act ivi ty .  Several  worke r s  [12, 14], for  example ,  r ega rd  this effect  of exci tat ion as the resu l t  of b lock-  
ing of cent ra l  cholinergic s y s t e m s ,  in consequence of which the act ivi ty of the b r a in ' s  ad renerg ic  m e c h a -  
n i sms  predomina tes  over  its chol inergic .  

Dis turbance of the balance between the chol inergie  and adrenerg ic  s y s t e m s  evidently plays some role  
in the enhanced manifes ta t ion of function of the cent ra l  sympathe t ic  s t ruc tu re s .  However ,  it is imposs ib le  
on this bas is  to unders tand the fundamental ly different  ef fec ts  of cholinolytics which a re  de r iva t ives  of 
acet ic  and glycoll ic  acids on the moto r  act ivi ty of r a t s .  It was  concluded f r o m  the e a r l i e r  pharmacologica l  
ana lys is  of moto r  exci tat ion ar i s ing  during the action of glycoll ic analogs that the effects  of this group of 
cent ra l  cholinolytics a re  exe r t ed  on adrenerg ic  mechan i sms  of the bra in  [3, 7-9]. The r e su l t s  of the p r e -  
sent invest igat ion a re  d i rec t  evidence in support  of this  hypothesis .  In the f i r s t  p lace ,  the dec rea se  in NA 
concentrat ion in the bra in  and moto r  exci tat ion were  obse rved  only following adminis t ra t ion  of glycoll ic 
acid der iva t ives .  In addition, this  effect  was obse rved  only when the tes ted  p repa ra t ions  were  given in 
large doses ,  much higher than doses  r equ i red  for  manifes ta t ion  of the i r  cholinolytic action. It mus t  be 
emphas ized  that no s t r i c t  causal  connection could be d i scovered  between the cholinolytic act ivi ty of the 
t es ted  compounds and the i r  effect  on the concentrat ion of noradrenai in  in the brain.  
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Fig. 2. NA concentrat ion in r a t s '  brain af ter  injection of 
amphetamine in dose of 5 mg/kg.  Legend as in Fig. 1. 

Fig. 3. NA concentration in r a t s '  brain after  injection of 
adiphenine in dose of 40 mg/kg  (I) and tropazine in dose 
of 40 mg/kg  (II). Legend as in Fig. 1. 

Although the fact that the NA level in the brain t i ssues  was reduced is without doubt weighty evidence 
in support of direct  in terference with the function of the adrenergic  sys tems  of the brain in the presynapt ic  
component, it does not answer the question through what mechanisms this decrease  in NA concentration in 
the brain is brought about. Many drugs which exhaust the catecholamine r e se rves  in the brain differ in 
their  action on animal behavior: f rom deep "depression" in the case of reserpine  to acute excitation after  
administrat ion of the sympathomimetic  amines [1, 2, 6, 10, 22, 23, 26, 28]. The reason for this difference 
in the effects of these drugs ,  as subsequent investigations [16, 19-21, 24, 25] have shown, is that the c o m -  
pounds have different points of application to the complex p rocesses  of biosynthesis,  assimilat ion,  s torage,  
mobilization, and inactivation of catecholamines.  The s imilar i ty  between the charac te r  of action of the 
aminoes ters  of the substituted glycollic acids with the action of amphetamine,  pipradrol ,  and meridil  as 
shown by the "s tereotype"  and "group toxicity of amphetamine" tes ts  in experiments  on reserpinized ani -  
mals  [3, 4, 7, 9], and also the resul ts  of the present  investigation, all suggest that aminoes te rs  of glycollic 
acid derivat ives have the ability, like amphetamine [20], to l iberate unstably bound NA f rom its depots in 
a physiologically active state,  thus causing the animals to develop motor  excitation. 

The mechanism of elevation of the NA level in the rat  brain during the action of aminoes ters  of acetic 
acid derivat ives  (adiphenine and tropazine) still remains  obscure and requires  special investigation. 

L I T E R A T U R E  CITED 

i. N.B. Vysotskaya and T. M. Shugina, Farmakol. i Toksikol., No. 5, 553 (1967). 
2. V.M. Demchenko, Zh. A. Dityateva, N. B. Savateev, et al., in: Biogenic Amines [in Russian], Part 

I, Moscow (1967), p. 97. 
3. S.S. Krylov and E. A. Snegirev, in: Pharmacology of Cardiovascular Drugs [in Russian], Kiev (19651 

p. 125. 
4. S.S. Krylov, E. A. Snegirev, A. M. Sprints, et al., in: Pharmacology and Chemistry [in Russian], 

Moscow (1965), p. 169. 
5. S.S. Krylov, Yu. N. Andreev, and N. T. Starykh, Lab. Delo, No. 5, 315 (1967). 
6. D. Lautsyuvene and G. Polukordas, in: Biogenic Amines [in Russian], Part 2, Moscow (1967), p. 171. 
7. E.A. Snegirev, Abstracts of Proceedings of a Scientific Conference on the Experimental and Clinical 

Basis for the Use of Neurotropic Drugs [in Russian], Leningrad (1963), p. 165. 
8. E.A. Snegirev, Byull. Eksperim. Biol. i Med., No. 4, 58 (1964). 
9. E.A. Snegirev, in: Pharmacology and Chemistry [in Russian], Moscow (1965), p. 321. 

i0. Po A. Sharov, Farmakol. i Toksikol,, No. 5, 535 (1967). 
Iio E.A. Shchelkunov, Farmakol. i Toksikol., No. 5, 628 (1964). 
12. E.A. Shchelkunov, in: Antidepressants and the Treatment of Depressive States (Psychopharmacolog- 

ical and Clinical Investigations) [in Russian], Leningrad (1966), p. 81. 

1023 



13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

J. D. Barchas and D. X. Freedman, Biochem. Pharmacol., 12, 1232 (1963). 
J. H. Biel, P. A. Nuhfer, W. K. Hoya, et al., Ann. New York Acad. Sci., 96, No. 1,251 (1962). 
A. Carlsson, Pharmacol. Rev., 11, 490 (1959). 
A. Carlsson, Pharmacol. Rev., 18, 541 (1966). 
U. S. yon Euler and I. Floding, Acta Physiol. Scand., 33, Suppl. 118, 45 (1955). 
U. S. yon Euler and F. Lishajko, Acta Physiol. Scand., 4~5 122 (1959). 
G. L. Gessa, E. Costa, R. Kuntzman, and B. B. Brodie, Life Sci., No.8, 353 (1962). 
J. Glowinski and J. Axelrod, J. Pharmacol. Exp. Ther., 149, 43 (1965). 
I. J. Kopin, Pharmacol. Rev., 18, 513 (1966). 
J. R. McLean and M. McCartney, Proc. Soc. Exp. Biol. (New York), 107, 77 (1961). 
K. E. Moore, J. Pharmacol. Exp. Ther., .142 , 6 (1963). 
E. Muscholl, Pharmacol. Rev., 18, 551 (1966). 
P. A. Shore, Pharmacol. Rev., 18, 561 (1966). 
C. B. Smith, J. Pharmacol. Exp. Ther., 147 (1965). 
S. Udenfriend, Fluorescence Analysis in Biology and Medicine [Russian translation], Moscow (1965). 
M. Vogt, J. Physiol. (London), 123, 451 (1954). 

1024 


