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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. 

2 j .  FOLBERGOVA, O. H. LOWRY and J.  V. PASSONNEAU, J.  Neuro- 
chem. 77, 1155 (1970). 
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Table I. Regional distribution of adenine nucleotides in adult  rat brain 
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Brain part  

Frontal lobes Cerebellar hemispheres Medulla oblongata 

ATP 1.76 • 0.12,, b 2.22 ~ 0.15 b 1.52 ~= 0.14 

ADP 0.71 ~ 0.08 0.88 • 0.10 b 0.57 ~ 0.05 

AMP 0.26 • 0.06 0.27 ~ 0.05 0.31 4- 0.04 
Total adenine nueleotides 2.73 j_ 0.21 ~ 3.39 =L 0.21 b 2.50 • 0.15 

ATP]ADP ratio 2.59 ~- 0.25 2.74 ~= 0.33 2.67 ~ 0.46 
Energy charge potential o 0.78 0.79 0.76 

Values (mM/kg wet tissue) represent the mean (M) ~ S.E.M. for 6 animals. Student 's  t-test was performed for comparisons. , P  < 0.05 
relative to eerebellar hemispheres, bp  < 0.05 relative to medulla oblongata. ~Energy charge potential (ECP) was calculated aceorditlg to 
formula12: ECP = (ATP + 1/2 ADP) / (ATP + ADP + AMP). 

d e s c r i b e d  e l s e w h e r e  3. G l y c o g e n  w a s  e x t r a c t e d  a n d  es t i -  
m a t e d  as  p r e v i o u s l y  r e p o r t e d 4 .  

Resul ts  c~nd discussion.  T h e  v a l u e s  for  a d e n i n e  n u c l e o -  
t i des ,  a s  wel l  a s  s o m e  c a l c u l a t e d  p a r a m e t e r s ,  a r e  s h o w n  in  
T a b l e  I.  I t  is o b v i o u s  t h a t  t h e r e  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  
(p < 0.05) r e g i o n a l  d i f f e r e n c e s  in  t h e  d i s t r i b u t i o n  of  A T P ,  
A D P  a n d  t o t a l  a d e n i n e  n u c l e o t i d e s  in  r a t  b r a i n .  T h e  
h i g h e s t  v a l u e s  for  A T P ,  A D P  a n d  t o t a l  a d e n i n e  r iucleo-  
t i d e s  w e r e  f o u n d  in  c e r e b e l l a r  h e m i s p h e r e s  (T ab l e  I),  
c o m p a r e d  w i t h  t h e  f r o n t a l  l obes  a n d  m e d u l l a  o b l o n g a t a .  
T h i s  c o u l d  be  d u e  to  t h e  m o r e  i n t e n s i v e  o x i d a t i v e  
m e t a b o l i s m  in  t h i s  p a r t  of  b r a i n .  T h i s  s u p p o r t s  t h e  f i n d i n g  
of DIXON a n d  MEYER 5 t h a t  t h e  r e s p i r a t i o n  in  t h e  c e r e b e l l a r  
c o r t e x  is a b o u t  5 0 %  g r e a t e r  t h a n  in  t h e  c e r e b r a l  c o r t e x .  
I t  w a s  s t a t e d  e l s e w h e r e  s t h a t  t h e  c e r e b e l l u m  h a s  h i g h  
e n e r g y  s t a t u s ,  a n d  i t  s e e m s  t h a t  a l l  t h e s e  f a c t s  m a y  be  
d u e  to  t h e  v e r y  i n t e n s i v e  n e u r o n a l  a c t i v i t y  of  t h e  P u r k i n j  e 
cel ls  ~. 

T h e  v a l u e s  for  t h e  A T P / A D P  r a t i o  a n d  e n e r g y  c h a r g e  
p o t e n t i a l  ( T a b l e  I) i n d i c a t e  t h a t  o u r  f i n d i n g s  p r o b a b l y  
r e f l e c t  t h e  in  v i v o  s t a t e .  W e  d i d  n o t  f i nd  a n y  d i f f e r e n c e  in  
A M P  d i s t r i b u t i o n  ( T a b t e  I).  S i nce  t h e r e  is  a d i f f e r e n c e  in  
t h e  d i s t r i b u t i o n  of  t h e  t o t a l  a d e n i n e  n u c l e o t i d e s ,  s u c h  
f i n d i n g  for  A M P  c o u l d  be  t h e  c o n s e q u e n c e  o f  t h e  a) 
u n e q u a l  r a t e  o f  t h e  A M P  t r a n s f o r m a t i o n  i n t o  i n o s i n e  a n d /  
o r  b) d i s t i n c t  a c t i v i t i e s  o f  t h e  a d e n y l a t e  k i n a s e  i s o z y m e  I I I ,  
w h i c h  h a s  b e e n  s h o w n  t o  p l a y  a v e r y  i m p o r t a n t  ro le  in  t h e  
p r o c e s s e s  of  t h e  o x i d a t i v e  p h o s p h o r y l a t i o n  s. 

D i s t r i b u t i o n s  o f  g l y c o g e n ,  g l u c o s e  a n d  l a c t a t e  a r e  
s h o w n  o n  T a b l e  I I .  T h e  g r e a t e s t  g l y c o g e n  c o n t e n t  in 
m e d u l l a  o b l o n g a t a  a n d  t h e  l e a s t  in  f r o n t a l  l obes  (T ab l e  I I )  
c o n f o r m s  w i t h  t h e  p r e v i o u s l y  p u b l i s h e d  d a t a  4. I t  s e e m s  
n a t u r a l  t h a t  t h e  v a l u e  for  g l y c o g e n  is t h e  g r e a t e s t  in  t h e  
e v o l u t i o n a r y  o l d e r  p a r t  of  t h e  b r a i n ,  b e c a u s e  of  i t s  

d e p e n d e n c e  to  a g r e a t  e x t e n t  o n  t h e  a n a e r o b i c  c a r b o -  
h y d r a t e  m e t a b o l i s m  1, a s s u m i n g  t h a t  g l y c o g e n  is o n e  of  t h e  
m o s t  i m p o r t a n t  b r a i n  e n e r g y  r e s e r v e s " .  I t  is wel l  k n o w n ,  
too ,  t h a t  w h e n  a n o x i a  a r i s e s  t h e  u t i l i z a t i o n  of  g l y c o g e n  
d o e s  n o t  t a k e  p a r t  b e f o r e  g l u c o s e  is a l m o s t  c o m p l e t e l y  
e x h a u s t e d  9 -n .  T h e  g r e a t e r  g l y c o g e n  c o n t e n t  in  m e d u l l a  
o b l o n g a t a  p r o b a b l y  e n a b l e s  v i t a l  c e n t r e s  t o  s u r v i v e  a n o x i a  
for  a l o n g e r  pe r i od ,  b e c a u s e  g l y c o g e n  is t h e  m a i n  s o u r c e  
o f  g l u c o s e  u n d e r  t h i s  c o n d i t i o n ;  o n  t h e  o t h e r  h a n d ,  i t  
h a s  b e e n  s h o w n  t h a t  g l u c o s e  a p p e a r s  to  be  t h e  l i m i t i n g  
f a c t o r  for  t h e  p r o c e s s e s  o f  n e u r o t r a n s m i t i o n  d u r i n g  
a n o x i a  ~]. 
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Table II. Regional distribution of glycogen, glucose and lactate in adult  rat  brain 

Brain part  

Frontal lobes Cerebellar hemispheres Medulla oblongata 

Glycogen 54.1 4- 1.3 a,b 90.0 ~ 2.3 b 102.4 =E 4.4 
Glucose 0.37 -4- 0.03 a, b 0.52 zk 0.07 b 0.71 4- 0.03 

Lactate 5.31 J= 0.28 ~, b 6.31 :ks 0.20 b 7.22 zL 0.31 

The amount  of glycogen is expressed in rag/100 g of tissue; the amount  of glucose and lactate arc given iu mM/kg  wet tissue. The numbers 
indicate the meaI1 value (M) :t= S.E.M. for 6 animals. Student 's  t-test was performed for comparisons. �9 P < 0.05 relative to cerebellar hemi- 
spheres, hp < 0.05 relative to medulla oblongata. 
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D i s t r i b u t i o n  of glucose a n d  l ac t a t e  in t he  b r a i n  p a r t s  
we i nves t i ga t ed  is simmilm- to  t h a t  oi g lycogen (Table  II) .  
These  f indings  sugges t  t h a t  t he re  is more  in t ens ive  
glycolysis in medu l l a  ob longa ta ,  c o m p a r e d  w i t h  t he  o the r  
p a r t s  of bra in .  

12 D. L. PURICH and H. J. FROI~IM, J. biol. Chem. 2d8, 461 (1973). 
1~ We wish to thank Dr. H. REHKs from Boehringer Mannheim 

GmbH, who kindly supplied us with all the enzymes, substrates 
and cofaetors. 

Rdsumd. Le cerve le t  c o n t i e n t  des q u a n t i t 6 s  plus g randes  
d ' A T P ,  d ' A D P  et  de nucl6ot ides  t o t a u x  que  le lobe 
f ron ta l  du  ce rveau  ou la moelle  cervicale.  Ces diff6rences 
ne son t  pas  t rouv6es  avee  I 'AMP. Le c o n t e n u  en  glycoggne, 
ell glucose e t  en  l a c t a t e  es t  plus  g r a n d  dans  la moel le  
cervicale  que dans  le cerve le t  e t  dans  le lobe f ronta l .  

R. V. ZIVKOVtd, B. B. IViRgULJA arid 
13. M. DJURI~Id la 
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Viw 26, Yu-7 7000 Beograd (Yugoslavia), 
8 November 797d. 

Methyl Mercury Effect on Rat Liver Mitochondrial 

Much  a t t e n t i o n  has  been  pa id  to m e r c u r y  and  i ts  
organic  de r iva t e s  as t h e y  a c c u m u l a t e  in  t h e  food c h a i n  1. 
A l t h o u g h  the re  are m a n y  obse rva t ions  on  b iochemica l  
a l t e r a t i ons  i nduced  b y  o r g a n o m e r c u r y  c o m p o u n d s  e, 
t he  way  m e t h y l  m e r c u r y  exer t s  i ts  t ox i c i t y  on  t a r g e t  
o rgans  is sti l l  sub jec t  to  con t rove r s i a l  i n t e r p r e t a t i o n :  
m e t h y l - m e r c u r y  reac ts  w i t h  su l fhydry l  groups  p re sen t  a t  
t he  ac t ive  si tes of severa l  enzymes  as o the r  mercur ia l s  
do~, ~. According  to  SEGALL a n d  W o o l )  5, i t  can  also 
ca ta lyze  t he  hydro lys i s  of a g roup  of phosphol ip ids .  

L ive r  t i ssue  ha s  been  selected because  i t  a ccumula t e s  
m e t h y l  m e r c u r y  a n d  pa r t i c ipa t e s  in t he  en t e ro -hepa t i c  
r e abso rp t i on  of t h e  compound .  F u r t h e r m o r e ,  r ecen t  
u l t r a s t r u c t u r a l  foeta l  l iver  e lec t ron  mic roscopy  has  
s h o w n  m i t o c h o n d r i a t  swell ing a f t e r  low exposures  which  
d id  no t  p roduce  m a t e r n a l  neurologica l  s y m p t o m s <  
Therefore,  besides i ts  a l r eady  recognized de tox i f i ca t ion  
role, l iver  ha s  a degene ra t ive  response  to  m e t h y l  mercury .  

W e  h a v e  i nves t i ga t ed  t he  effect  of m e t h y l  m e r c u r y  on  
isola ted inne r  m e m b r a n e s  of r a t  l iver  m i t o c h o n d r i a  and  
i ts  i n h i b i t o r y  ac t ion  on severa l  enzymes  of t he  o x y d a t i v e  
chain.  W o r k  ha s  been  focused on  3 h y d r o x y b u t y r a t e  
deshydrogenase ,  wh ich  requi res  lec i th in  as a cofac tor  7 
a n d  has  t h io l  residues in t he  ac t ive  si te  s. A p ro t ec t i ve  
effect  was  ob t a ined  a f te r  a p r e - i n c u b a t i o n  w i t h  t he  
phospho l ip id  and  a s u l p h y d r y l  reagent .  

Material and methods. Male W i s t a r  r a t s  (180-200 g) 
were sacrificed. Livers  were r e m o v e d  a n d  m i t o c h o n d r i a  
were e x t r a c t e d  in 0:25 M sucrose. I n n e r  m e m b r a n e  m a t r i x  
p r e p a r a t i o n  was ob t a ined  b y  d ig i ton in  t r e a t m e n t  and  
d i s rup t ed  b y  son ica t ion  accord ing  to t he  m e t h o d  of 
LEvY et  al. 9. Resp i r a t i on  ra t e  a n d  e n z y m a t i c  ac t iv i t ies :  
succ ina te  deshydrogenase ,  3 - h y d r o x y b u t y r a t e  deshydro-  
genase,  c y t o c h r o m e  oxydase  were assayed  accord ing  to  
severa l  m e t h o d s  de ta i led  in a p rev ious  pub l i c a t i on  ~0. The  
p ro t e in  c o n t e n t  of t he  e n z y m a t i c  p r e p a r a t i o n  was 
d e t e r m i n e d  b y  t he  m e t h o d  of LOWRy11. 

Deshydrogenases  

Liposomes  of egg lec i th in  were p r e p a r e d  accord ing  to 
t he  method of SINGLETON et al. t~: 2 m e r c a p t o e t h a n o l  was  
d i lu ted  to  0.5 M in p h o s p h a t e  buf fe r  0.2 M p H  7.4. Me thy l  
mercur ic  chlor ide  so lu t ions  in aq. 5% (v/v) e t h a n o l  were 
p r e p a r e d  j u s t  before  use. The  a m o u n t  of e t h a n o l  added  
w i t h  t he  i nh ib i t o r  ha s  no s ign i f ican t  effect  on t he  ac t iv i t ies  
assayed.  I n n e r  m e m b r a n e s  were i n c u b a t e d  for 5 m i n  w i t h  
t he  i nh ib i t o r  before m e a s u r i n g  t he  e n z y m a t i c  ac t iv i ty .  

Results and discussion. Some resu l t s  of t he  i n h i b i t o r y  
effect  of m e t h y l  m e r c u r y  on oxidase  and  deshydrogenase  
ac t iv i t i e s  are shown  in t i le Figure.  A decrease  in oxygen  
c o n s u m p t i o n  is obse rved  on  b o t h  subs t ra tes .  However ,  
m e t h y l  m e r c u r y  c o n c e n t r a t i o n s  should  no t  be  cons idered  
as abso lu te  values,  s ince m a n o m e t r i c  ope ra t ions  requi re  
a n  i n c u b a t i o n  t e m p e r a t u r e  (30~ a t  wh ich  m e t h y l  
m e r c u r y  v a p o r i z a t i o n  is s igni f icant .  E n z y m a t i c  assays  
show t h a t  5 0 % i n h i b i t i o n  of 3 h y d r o x y b u t y r a t e  a c t i v i t y  is 
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Methyl mercury effect on oxydase and deshydroge- 
nase activities. �9 �9 suceinate oxydation; A-- &, 
hydroxybutyrate oxydation; 0 - -  0, succinate deshy- 
drogenase activity (% inhibition); &--A, D-3-hydro- 
xybutyrate deshydrogenase activity (% inhibition). 


