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S t i m u l a t i o n  of Cycl ic  A M P  A c c u m u l a t i o n  in the  Rat  A n t e r i o r  P i tu i tary  in v i tro  by A n a l o g s  of 
L u t e i n i z i n g  H o r m o n e - R e l e a s i n g  H o r m o n e  

Ante r io r  p i t u i t a r y  cyclic A M P  a c c u m u l a t i o n  appea r s  
to  p l ay  a role in  m e d i a t i n g  t he  ac t ion  of lu te in iz ing  
ho rmone- re l ea s ing  h o r m o n e  ( L H - R H ,  py r oG l u - H i s -T rp -  
Se r -Tyr -Gly-Leu-Arg-Pro-Gly-NH2)  ill t h e  gland.  Para l l e l  
s t i m u l a t i o n  of t he  cyclic A M P  a n d  release of LH,  a n d  also 
fo l l i c le -s t imula t ing  ho rmone ,  has  been  obse rved  in t he  
presence  of L H - R H  in vi tro~-3:  Also, L H  release is 
increased b y  N6-O2 ' -d ibutyry l  cyclic A M P  and  theophy l l ine ,  
a cycl ic -nucleot ide  p h o s p h o d i e s t e r a s e  i n h i b i t o r  4. 

S y n t h e t i c  ana logs  of L F I - R H  e x h i b i t  t he  above  
ac t iv i t i e s  of t he  LI-I-RH w i t h  v a r y i n g  potencies2,  3. In  
order  to  f u r t h e r  def ine t he  s t r u c t u r e - a c t i v i t y  re la t ionsh ip ,  
in  the  p r e sen t  s t u d y  va r ious  a d d i t i o n a l  L H - R H  analogs  
h a v e  been  e x a m i n e d  for  t he i r  ab i l i t y  to  cause s t i m u l a t i o n  
of t he  cyclic A M P  accumula t ion .  

Materials and methods: T he  m e t h o d  emp loyed  was 
essent ia l ly  as t h a t  descr ibed  p rev ious ly  1. H e m i p i t u i t a r i e s  
f rom male  adu l t  Sp rague -Dawley  r a t s  (Canad ian  Breed ing  
Labora to r ies )  were employed .  3 h e m i p i t u i t a r i e s  were 
used in each  g roup  a n d  the re  were 8 groups  in each 
d e t e r m i n a t i o n .  The  t e s t  c o m p o u n d s  were d issolved in a 
vehic le  of 0.1 N acet ic  acid and  10% e thanol .  The  appro-  
p r i a t e  a l iquo t  was r emoved ,  e v a p o r a t e d  to  d ryness  and  
s u b s e q u e n t l y  red~ssolved w i t h  t he  m ed i um .  The  pre-  
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Peptide Concentration Cyclic AMP 
(ng/ml) (% of control) 

LH-RH 0.1 139 ~ 27 
0.5 297 ~: 79 

LysS-LH-RH 1.0 120 -- 23 
5.0 223 -t- 38 

PheS-LH-RH 1.0 113 :~ 9 
5.0 236 ~c 21 

Ala4-LH-RH 4 120 ~ 17 
20 255 -L 26 

5 157 • 17 
25 261 ~: 33 

Ala~-LH-RH 10 128 =~ 12 
50 223 ~= 20 

Des-Pro9-LH-RH 50 134 ~ 14 

i n c u b a t i o n  per iod  was 1 h followed b y  an  assay  i n c u b a t i o n  
per iod  of 3 h. All  g lassware  ut i l ized was coa ted  w i t h  1% 
bov ine  s e rum a lbumin .  

The  cyclic A M P  was e x t r a c t e d  f rom t h e  t i ssues  w i t h  
5% t r i ch loroace t ic  acid and  m e a s u r e d  b y  t he  r e c e p t o r -  
b i n d i n g  assay  of GILMAN 5 ut i l iz ing 10 ~zg of p ro t e in  of 
the  i nh ib i t o r  and  1 ~g of recep tor  p r e p a r a t i o n  (P-5511, 
Sigma Chemical  Co.). [8-3H] Cyclic A M P  ( S c h w a r t z - M a n n  
Co ; 24 28 Ci /mmole  was employed  a t  a f ina l  c o n c e n t r a t i o n  
of 40 n M .  Un labe l l ed  cyclic A M P  was o b t a i n e d  f rom 
Ca lb iochem Co. Assays  were pe r fo rmed  in t r ip l icates .  
Af te r  f i l t ra t ion ,  t he  f i l ters  were dr ied a n d  10 ml  to luene  
p h o s p h o r  [0.4% 2 ,5 -d ipheny loxazo le  a n d  0.005% 1,4-bis 
(5-phenyloxazole-2-yl )benzene]  employed  for sc in t i l la t ion  
count ing .  The  L H - R H  ana logs  Were p r e p a r e d  b y  Drs.  
H .  IMMBR, V. NELSON a n d  K. SESTANJ, Ayers t  Resea rch  
Labora to r ies .  

Results. L H - R H  a t  0.5 n g / m l  caused  a 3-fold increase  
in t he  cyclic A M P  a c c u m u l a t i o n ;  a b o u t  a 1.5-fold rise 
occur red  a t  0.1 n g / m l  (Table).  L y s S - L H - R H  a t  1 n g / m l  
did  no t  affect  t he  cyclic A M P  level  whi le  a t  5 n g / m l  the  
ana log  increased  the  level 2-fold; s imi la r  ac t iv i t i es  were 
ob t a ined  w i t h  pheS-LH-tZH. These  levels of ac t iv i t ies  were 
o b t a i n e d  w i t h  t he  a l a 4 - L H - R H  a t  4 a n d  20 ng/ml ,  
respect ively ,  a n d  a l a S - L H - R H  a t  10 a n d  50 ng/ml ,  
respect ively .  No apprec iab le  s t i m u l a t i o n  occurred  w i t h  
de s -p rog -LH-RH a t  50 ng/ml .  

Theophy l l i ne  (10 -2 M),  a n  i nh ib i t o r  of cyclic nuc leo t ide  
phosphod ies te rase ,  caused  a 6-fold increase  in t h e  cyclic 
A M P  a c c u m u l a t i o n  (Figure).  I n  t he  presence  of t he  appro-  
p r i a t e  c o n c e n t r a t i o n  of each  of t he  ana logs  as d e t e r m i n e d  
above ,  t h e  increases  in  cyclic A M P  were obse rved  even  in 
t h e  presence  of t heophy l l ine .  Thus ,  t he  L H - R H  analogs  
a p p e a r  to  be  ac t ing  b y  s t i m u l a t i n g  the  a d e n y l  cyclase 
r a t h e r  t h a n  i n h i b i t i n g  t he  phosphod ies te rase .  
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Effect of LH-RH and analogues and theophylline on cyclic A~P accumulation in rat anterior pituitary. 
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Discussion. The present  findings show the  re la t ive  
potencies of var ious  L H - R H  analogs, i.e. the  lys 8-, phe 5-, 
ala *-, ala 5- and des-prog-LH-RH, for causing an increase 
in the  cyclic AMP accumula t ion  in the  anter ior  p i tu i t a ry  
in v i t ro  thus  yielding a more def ini t ive  s t ruc ture -ac t iv i ty  
relat ionship wi th  regard to this act ivi ty .  In  o ther  in v i t ro  
studies, different L H - R H  analogs have  also been shown to 
increase the cyclic AMP levels with a close paral lel ism 
being observed be tween  the  changes in the  cyclic AMP 
accumula t ion  and the  L H  release S. 

In  the present  studies, the  highest  ac t iv i ty  for causing 
cyclic AMP accumula t ion  was obta ined wi th  the  lysS-LH - 
R H  and the  pheh-LH-RH,  the  ac t iv i ty  being re la t ively  
high, i.e. abou t  1]10 tha t  of LH-IRH. Thus these findings 
obtained when there  was a replacement  of the  lysine 
for the  arginine indicate  the  impor tance  for the  group in 
posi t ion 8 being basic in nature.  This  impor tance  is also 
indicated by the  existence of a similar  re la t ive  relat ionship 
be tween these analogs wi th  respect  to L H  release in v i t ro  6. 
The present  results obta ined wi th  the  phe~-LH-RH 
demons t ra te  t ha t  the  hydroxy l  group of the  tyrosine is 
re la t ively  not  critical. This observat ion  is in accord wi th  
findings of others  3 wi th  regard to cyclic AMP accumula-  
t ion in a similar  in v i t ro  system and to L H  release in 
v ivoL  Further ,  high act ivi t ies  were obta ined wi th  the  
O_methyl_tyrh_LH_RH 7. 

The hyd roxy  group of the  serine can also be replaced 
by a hydrogen a tom al though the  a la4-LH-RH is less 
po ten t  t han  the  pheh-LH-RH.  These findings are consis- 
t en t  wi th  the observat ions  tha t  the  h y d r o x y  group of the 
serine at  position 4 is not  essential  for L H  release in v i t ro  s 
or in v ivo  v. 

Tha t  fur ther  reduct ion  in ac t iv i ty  results when the  
a romat ic  p -hydroxy-pbeny l  group of the  tyrosine is 
replaced by a hydrogen  a tom and shortening of the  chain 
length  results in a loss of the  ac t iv i ty  are indicated by  the  
findings wi th  the  alah-LI.I-RH and the  des-prog-LH-RH, 
respect ively.  Consistent  wi th  the  la t te r  observat ion 
are the  findings tha t  little, or no, L H  releasing ac t iv i ty  
in v ivo  is exhibi ted  by  smaller  f ragments  of the  L H - R H ,  
e.g. the  N- te rmina l  t r ipept ides  and te t rapept ides ,  and 
also the C-terminal  nonapept ide  and octapept ide  s or the  
des -a rg -LH-RH".  Also, the  des_(pyro)glul_LH_RH3, 
des_(pyro)_glul_his2_LH_RH3, decapept ide-OH and tr i-  
pept ide  pyro(glu)-ser-val-NH~ ~ do not  exhibi t  any appre- 
ciable effect on the  cyclic accumula t ion  or L H  release 
in vivo.  However ,  levels of these act ivi t ies  greater  than  

those of the LI-I-RH are observed with the des-gly1~ - 
RH ethylamide ; removal of the histidyl residue in position 
2 from this analog essentially abolishes the activities 3 

Other alterations have demonstrated that the leucyl 
residue at position 7 can be replaced by an isoleucine as 
the latter exhibits activities on the cyclic AMP accumula- 
tion and LH release in vitro similar to those of LH-IRH 3. 
Substitution of a phenylalanyl residue for the tryptophan 
at  posi t ion 3 results in an analog which is not  apprec iably  
effective s. Also, reversing the  posi t ion of the  prol ine 
and arginine to yield the  pro s, a rgg-LH-RH abolishes 
these act ivi t ies  3. 

The present  findings as well as those cited are consis tent  
wi th  the  existence of a role of cyclic AMP in the  media t ion  
of the  act ion of the  L H - R H  and analogs. 

Rdsumd. Pour d6terminer in vitro la relation structure- 
activit6 dans l'hypophyse antGrieure du rat, on d6montre 
que diffGrents analogues de l'hormone LH-RH (<duteiniz- 
ing hormone-releasing hormone~>) out stimul6 l'accumula- 
t ion de I 'AMP cyclique. I1 semble que ces analogues 
exercent  leur ac t iv i t6  en s t imulan t  I ' enzyme ad6nyle 
cyclase p lu t6 t  que par  l ' inhibi t ion  de l ' enzyme phospho- 
diest6rase. 
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Regional  Distr ibution of Adenine Nucleot ides ,  Glycogen,  Glucose and Lactate in the Adult  Rat Brain 

It is well known that various parts of the brain are at 
different levels of biochemical organization, depending 
primarily of the distinct phylogenetic ages. During the 
evolutionary development of the brain, replacement of 
the more anaerobic by aerobic metabolism takes place I, 
and at the same time the processes of biological oxidation 
and oxidative phosphorylation become more intensive 
in the younger parts of the brain I. For the better under- 
standing of the very complex functions of the brain, it is 
of particular importance to find out the energy status 
and the extent of the glycolysis in the energy production 
in the brain regions that are at different evolutionary 
levels, because of the very close relation between the 
brain metabolism and neuronal activity 3. The aim of this 
work was to determine the levels of adenine nucleotides 
(ATP, ADP and AMP), glycogen, glucose and lactate in 
the three phylogenetically diflerently aged parts of the 

ra t  bra in:  f rontal  lobes, cerebellar hemispheres  and 
medul la  oblongata.  

Materials and methods. The invest igat ions  were carried 
ou t  on adul t  male Wis ta r  rats.  Nonanes the t ized  animals 
were killed by  decapitat ion,  and the  heads were imme-  
d ia te ly  immersed  in l iquid nitrogen.  Bra in  par ts  were 
removed  in the  cold (0~176 and all subsequent  pro- 
cedures of ex t rac t ion  and centr i fugat ion were done under  
the  same cold conditions,  according to FOLBERGOVA 
et al. 3. Adenine nucteotides, glucose and lac ta te  were 
assayed in the  neutral ized perchloric acid ext rac ts  as 

X A. D. REVA, Ioniziruyushchie izluchenia i neyrohimiya (Atomizdat ,  
Moskwa 1974), p. 103. 
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