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F r a g m e n t s  of ACTH are  known to affect  the behaviora l  act ivi ty of an imals .  In p a r t i c u l a r  the ACTH4_ 7 
te t rapept ide  (Met -Glu-His -Phe) ,  in m i c r o g r a m  doses ,  acts  on the learning p r o c e s s  in r a t s  without exhibiting 
any hormonal  p r o p e r t i e s  [1, 7]. 

Following the resu l t s  of invest igat ions of co r re la t ion  between learning and ace ty lcho l ines t e rase  (ACHE) 
act ivi ty of specif ic  r a t  bra in  s t r u c t u r e s  [2, 3] we studied the effect  of (L-Phey) and (D-Phe 7) ACTH4_7, and a lso  
of a long-act ing ACTH4_10 analog ( M e t - G l u - H i s - P h e - P r o - G l y - P r o )  [4] on ra t  bra in  AChE act ivi ty  a f t e r  i n t r a -  
per i tonea l  and subcutaneous injection.  

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

Expe r imen t s  were  c a r r i e d  out on albino r a t s  weighing 100-150 g. The ra ts  were  ki l led and the bra in  
quickly removed .  In the cold the cor tex  and white m a t t e r  of the c e r e b r a l  h e m i s p h e r e s ,  the h ippoeampus,  bra in  
s t em,  and c e r e b e l l u m  were  s epa ra t ed  and homogenized in phosphate buffer  (pH 7.4) at  the ra te  of 1 mg t i ssue  to 
1 ml,  and centr i fuged at 3000 r p m  for  10 rain. AChE act ivi ty  in the supernatant  was de te rmined  by E l l m a n ' s  
method [8]. Immedia te ly  before  tes t ing  the oligopeptides were  d issolved in s t e r i l e  physiological  sa l ine  and in-  
jec ted  f r o m  a m i c r o s y r i n g e  into the an imals  in a dose of 0.5 ml.  The (L-Phe 7) and (D-Phe?) ACTH4- ~ were  
synthes ized  by the method desc r ibed  p rev ious ly  [5]. Control  an imals  we re  given injections of physiological  
sal ine without the oligopeptide.  

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

In the expe r imen t s  of s e r i e s  I the ef fec t  of in t raper i tonea l  inject ion of (L-Phe 7) ACTH4_ ~ on AChE act ivi ty 
in different  pa r t s  of the r a t s '  b ra in  was studied depending on the dose injected. Inject ion of f r agmen t  ACTH4_ ? 
was found to  ac t iva te  bra in  ACHE. The s t imulant  effect  of ACTHa_ 7 was exhibited mainly  30 and 60 min a f t e r  
its inject ion in a dose of 150-300 pg/kg. In this case  the white m a t t e r  d isplayed g r e a t e r  sens i t iv i ty  to ACTH4_ ~. 
Meanwhile the re  was a genera l  tendency toward an i n c r e a s e  in AChE act ivi ty in all pa r t s  of the bra in  studied 
(Fig. 1). 

Compar i son  of the s t imulan t  effect  of (L-Phe 7) ACTH4_ ~ on brain  AChE act ivi ty a f t e r  in t raper i tonea l  and 
subcutaneous injection showed (Fig. 2) that  m o r e  m a r k e d  effects  of the oligopeptide can be obtained with sub-  
cutaneous injection, in a g r e e m e n t  with data in the l i t e ra tu re  [1]. In the subsequent  exper iments  the oligopeptides 
were  the re fo re  injected subcutaneously.  

The r e su l t s  of the expe r imen t s  with (L-Phe  7) and (D-Phe?) ACTH4_ 7 showed that the effect  of ACTH4- ? on 
AChE act ivi ty  depends on the length of exposure  of the an imals  t r e a t ed  with oligopeptides and on the s t e r e o -  
i s o m e r i s m  of the oligopeptide.  As Fig.  2 shows,  (L-Phe 7) ACTH4_ ? s t imula ted  AChE act ivi ty  in all  p a r t s  of the 
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TABLE 1. Effect of Subcutaneous Injection of Mixture of Amino Acids Equimolar  with ACTH4_ ? 
on AChE Activity in Various Par t s  of Rat Brain (M • m) 

Experimental condi- Cortex White mat ter  Hippocampus Cerebellum Brain stem 
tion 

Control 1,79-+0,06 2,33-+0,12 1,62-+0,12 1,50=1:0,06 3,53-+0,30 

30 min after injection 
of amino acid mix- 
tare 1,865::0,60 2,90--+0,09* 1,60+0,12 1,56=h0,60 3,594-0,02 

Legend. Here and in Table 2 AChE activity is expressed  in moles acetylcholine (x 10 -4) per  
g ram wet weight of t issue;  *P  < 0.05. 
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Fig. 1. Effect of intraperi toneal  injection of (L-Phe?) ACTH4_ 7 on AChE activity of the cerebra l  cor tex (1) and 
white mat te r  (2), cerebel lum (3), and hippocampus (4) of rat  brain 30 rain af ter  injection of oligopeptide. Ab- 
sc issa ,  doses of oligopeptide injected (in pg /100  g body weight); ordinate,  AChE activity (in % of control,  taken 
as 100). *P  < 0.05. 

Fig. 2. Effect of subcutaneous injection of L - i s o m e r  (unshaded columns) and D - i s o m e r  (black columns) in a 
dose of 15 p g / 1 0 0  g body weight on AChE activity of cerebra l  cortex (1) and white mat te r  (2), hippocampus (3), 
cerebel lum (4), and brain s tem (5) of ra ts  30 min (first  pairs  of columns), 60 mia (second pairs  of columns), 
120 min (third pairs  of colmnns), and 24 h (fourth pai rs  of columns) af ter  injection of oligopeptide. Remainder  
of legend as to Fig. 1. 

brain studied except the cerebel lum. This was seen par t icular ly  c lear ly  30 and 60 min af ter  injection of the 
oligopeptides. After  exposure of 2 h the stimulating effect on AChE activity decreased  and the initial level was 
reached after  24 h. The exception was the white mat te r  of the cerebra l  hemispheres :  AChE activiW af ter  an 
exposure of 24 h was once again significantly ra i sed  by 20-25%. 

(D-Phe 7) ACTH4_ 7, like its L - i somer ,  also st imulated AChE but a l e s s e r  degree (Fig. 2); for  example, 
whereas 1 h af ter  injection of (L-Phe 7) ACTH4_ 7 AChE activity in the white mat te r  was increased  by more  than 
100%, its D - i s o m e r  activated the action of the enzyme by only 60%. The stimulating effect 2 h af ter  injection 
of the D - i s o m e r  was 90% compared  with the control ,  taken as 100. 

The effect of the long-acting ACTH4_i0 analog on AChE activity is par t icu la r ly  interest ing.  There is r e a -  
son to suppose that this analog, because of its increased  res is tance  to protease  hydrolys is ,  possesses  g rea t e r  
physiological efficacy. It has been. shown that this analog is distinguished also by g r ea t e r  biochemical activity. 
AChE activity in the white mat te r  of the ce rebra l  hemispheres  30 min af ter  its subcutaneous injection in a dose 
of 150 pg /kg  was increased  by 120%. The positive effect  of the oligopePtide on AChE activity a lso pers i s ted  
significantly after  an exposure of 24 h, but to a l e s s e r  degree.  Unlike inthe white mat te r ,  AChE activity in the 
hippocampus was increased  af ter  exposure of the animals for  30 and 60 rain by 30 and 38% respect ively ,  and 
reached the initial level af ter  24 h (Fig. 3). 
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TABLE 2. Effect of Subcutaneous Injection 
of Actinomycin D and (L-Phe~) ACTH4_ 7 on 
AChE Activity in White Matter  of Cerebra l  
Hemispheres  of Rats (M • m) 

Actinomy- 1Actinomycin ACTH4_ ~ 
Control cin D ID + ACTH,_~ 

2,32=t=0,06 '[ 2,31d=0,05 [ 2,39• 5,22:2=0,27" 
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Fig. 3. Effect of subcutaneous injection of long-acting 
ACTH4_i0 analog in a dose of 15 p g / g  body weight on 
ra t  brain AChE activity. Abscissa ,  length of exposure 
(in h; ordinate, AChE activity (in %). Remainder  of 
legend as to Fig. 2. 

Investigation of the effect of a mixture of amino acids equimolar  with ACTH4_ ~, injected subcutaneously,  
showed that this mixture had no effect on AChE activity of the cerebra l  cortex,  hippocampus,  or  brain s tem 
but s t imulated activity of the enzyme in the white mat te r  by 20-24% (Table 1). Activation of AChE by the oligo- 
peptide exceeded the corresponding effect of the amino-acid  mixture about fivefold. Consequently, it can be 
concluded that the increase  in AChE activity under the influence of ACTH4_ ~ is the resul t  of the action of the 
oligopeptide itself,  and not of its hydrolytic degradation products .  

Meanwhile, the quantitative increase  in the brain AChE activity with time after  subcutaneous injection of 
ACTH4_ 7 is evidence of induction of synthesis of the enzyme in the brain. In experiments  in vi tro ACTH4_ 7, in 
a concentrat ion of between 7 and 30 p g / 3  ml, had no significant effect on AChE activity of a homogenate of whole 
rat  brain. Accordingly,  in the next se r i e s  of experiments  the effect of ACTH4_ ~ was studied on AChE activity 
af ter  p re l iminary  t rea tment  of the animals with the t ranscr ip t ion  inhibitor act inomycin D. The antibiotic was 
injected subcutaneously (150/41/100 g body weight) 30 min before injection of the oligopeptide, and af ter  the 
subsequent 30 min of exposure the AChE activity was measured  in the white mat te r  of the cerebra l  hemispheres .  
The resul ts  showed that actinomycin D completely inhibits the st imulating effect of ACTH4_ 7 on AChE activity 
of the white mat te r  of the ce rebra l  hemispheres  (Table 2). On the basis of these data it was concluded that the 
increase  in AChE activity under the influence of oligopeptides was due to induction of synthesis of new AChE 
molecules.  Restorat ion of the original level of enzyme activity 24 h af ter  t rea tment  of the animals with the 
oligopeptides indicates that it is the AChE isozyme with the shor tes t  half-l ife that was responsible for  increased  
activity of the enzyme.  According to data in the l i te ra ture ,  this half-life for  one functional AChE isozyme does 
not exceed 3 h [6]. 

Unfortunately it is difficult as yet  to judge the mechanisms of controlled induction of AChE synthesis at 
the level of the genetic apparatus.  

It can thus be concluded that the positive effects of ACTH4_ 7 and of the long-acting ACTH4_10 analog on 
learning and m e m o r y  p rocesses  must be linked with changes in the acetylcholine sys tem.  The fact  that 24 h 

909 



af te r  injection of the oligopeptide abil i ty of the r a t s  to r e m e m b e r  was again maintained at a high level ,  when 
AChE activi ty regained its initial value (Figs.  2 and 3), indicates that  changes in the acetylchol ine s y s t e m  must  
play an essent ia l  role  only in the initial phase  of m e m o r y  f ixat ion.  It is more  l ikely that  the inc rease  in AChE 
act ivi ty under  the influence of oligopeptides a f t e r  30 and 60 rain c r ea t e s  favorable  conditions fo r  effect ive func-  
tioning of the consolidation apparatus  [3]. 
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Many invest igat ions have been devoted to a study of the mechan i sms  of the te ra togenic  action of thal ido-  
mide (T) [2, 16]. Never the less  the p rob lem is st i l l  unsolved a f t e r  more  than 20 y e a r s .  I t  has been postulated 
that  fetal  ma l fo rma t ions  a r e  caused by T i tself  [9, 14]. Yet at the same  t ime  it has been shown that  T can un- 
dergo both aqueous hydrolys is  and b io t ransformat ion  in vivo in m a m m a l s  [8, 12]. It has accordingly been sug-  
g e s t e d t h a t  degradat ion products  of T have a t e ra togen ic  action,  that  they a re  antagonists  of glutamine,  g lu tamate ,  
o r  folic acid [2, 16], that they a r e  toxic a renoxides  [10], and that  they inhibit protocol lagen prol ine  hydroxylase  
and thereby inhibit collagen fo rmat ion  and dis turb  embryonic  l imb development  [12]. The spec i e s - spec i f i c i t y  
of the action of T (mice and ra t s  a re  insensi t ive  to this te ra togen ,  whereas  monkeys ,  man and, to a l e s s e r  de-  
g ree ,  rabbi t s  a r e  sensi t ive)  has been linked with spec ies  d i f ferences  in its me tabo l i sm [15]. The poss ibi l i ty  
cannot be ruled out that  the t a rge t  of T is the connecr ive  t i s sue  of the l imb anlagen [18], an e s sen t i a l  e lement  of 
whose composi t ion  is collagen.  The ra te  of collagen synthes is  is known to depend l a rge ly  on the a sco rb i c  acid 
concentra t ion in the t i s sue  [4]. 

It was accordingly decided to study the effect  of T on the aseorb ic  acid concentra t ion in the organs  of 
guinea pigs which, like p r i m a t e s ,  cannot synthes ize  this v i tamin  [4]. Since induction of enzymes  of the l i ve r  
m i e r o s o m a l  f rac t ion  can sharp ly  i nc r ea s e  the ra te  of ascorb ic  acid me tabo l i sm [7], the action of T on m i c r o -  
soma l  hydroxylase  act ivi ty  f r o m  the l i ve r  of s e v e r a l  spec ies  of m a m m a l s  a lso  was studied in expe r imen t s  ia  
vivo and in v i t ro .  On the bas is  of the r e su l t s  a m e c h a n i s m  of the te ra togenic  act ion of T, capable  of e x p e r i m e n -  
tal  ver i f ica t ion ,  was put forward .  

Depar tmen t  of Embryology ,  Insti tute of Exper imenta l  Medicine,  Academy of Medical  Sciences of the USSR, 
Leningrad.  (Presen ted  by Academician of the Academy of Medical  Sciences of the USSR A. N. Klimov.) T r a n s -  
la ted f r o m  Byulleten '  ~ ks pe r i m en t a l ' no i  Biologii i Meditsiny,  Vol. 96, No. 7, pp. 27-29, Ju ly ,  1983. Original  
a r t i c le  submi t ted  D e c e m b e r  27, 1982. 

910 0007-4888/83/9607-0910 $07.50 �9 1983 Plenum Publishing Corpora t ion  


