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Extraction of brain radioactivity (all) by glutaraldehyde fixation 3 h after intravenous injection of tritiated norepinephrine (NA-SH)in new- 
born rats pretreated or not with enzymatic inhibitors 

Total aH (dpm/mg) NA-aH (%) aH extracted by fixative (%) 

Controls 5,717 • 457 4.5 =L 0.5 70.2 ~2 2.6 
(12) (3) (9) 

I~IAO + ICOMT 13,265 • 1,144 72.6 + 1.3 44 4- 3.5 
(11) (4) (7) 

~fean values J_ S.2.M. Number of rats in each group given in brackets. All differences between control and pretreated rats significant with 
p < 0.001 (Student's test). 

E s t i m a t i o n s  of NA-aH in  unf ixed  b ra ins  ind ica te  t h a t  
the  a m i n e  itself  accoun t s  tor  72.6% of the  r a d i o a c t i v i t y  
in  p r e t r e a t e d  rats ,  whereas ,  in con t ro l  rats ,  less t h a n  5% 
oi t o t a l  b r a i n  aH pers is ts  as NA-3H. The  e x t r a c t i o n  of 
r a d i o a c t i v i t y  d u r i n g  i m m e r s i o n  of b r a in  slices in g lu ta-  
ra ldehyde ,  t a k i n g  place a lmos t  en t i r e ly  w i t h i n  t h e  f i rs t  
two b a t h s  of f ixa t ive ,  is s ign i f i can t ly  d i f fe ren t  in the  
two  groups :  i t  r ep re sen t s  44% versus  70% of t o t a l  
b r a i n  all,  in p r e t r e a t e d  a n d  con t ro l  r a t s  respect ively .  

I n  con t ro l  rats ,  however ,  despi te  t he  fac t  t h a t  95% 
of t he  r a d i o a c t i v i t y  is in  t he  fo rm oi labeled  me tabo] i t e s  
of NA-aH, t he  e x t r a c t i o n  b y  t he  g l u t a r a l d e h y d e  f ixa t ive  
a m o u n t s  on ly  to 70% of t o t a l  b r a i n  all. Th i s  conf i rms  
t h a t  g l u t a r a l d e h y d e  has  a capac i ty  to  b i n d  some m e t a b -  
ol i tes  of NA-aH to  ne r vous  tissue, as p rev ious ly  revea led  
b y  r a d i o a u t o g r a p h s  of t he  r a t  bra in ,  wh ich  exh ib i t ed  a 
diffuse r eac t ion  3 h a f te r  i n t r a v e n t r i c u l a r  a d m i n i s t r a t i o n  
of n o r m e t a n e p h r i n e - a H  a. Conversely,  in  p r e t r e a t e d  rats ,  
s l ight ly  more  r a d i o a c t i v i t y  is r e m o v e d  f rom b r a i n  slices 
t h a n  can  be accoun ted  for b y  t he  labeled  me tabo l i t e s  
alone. Such  a smal l  loss of NA-3H could h a v e  been  due  

�9 to  slow p e n e t r a t i o n  of g lu ta ra ldehyde ,  d u r i n g  a f i xa t ion  
p rocedure  car r ied  ou t  b y  i m m e r s i o n  r a t h e r  t h a n  vascu la r  
per fus ion  ~a. 

F r o m  these  results ,  i t  m a y  be  infer red  t h a t  a t  leas t  
75% of NA-aH is r e t a ined  in b r a i n  t i ssue  a f te r  g lu ta ra l -  
dehyde  f ixat ion.  This  f igure is in a g r e e m e n t  w i t h  pre- 
v ious ly  r epo r t ed  e s t ima tes  der ived  f rom e x p e r i m e n t s  
where  t he  exac t  n a t u r e  of the  r a d i o a c t i v i t y  p r e sen t  in 
ne rvous  t i ssue  could no t  be  precise ly  d e t e r m i n e d  a t  the  
t i m e  of f ixa t ionla ,  ~5. The  d a t a  also emphas ize  t he  va lue  
of g l u t a r a l d e h y d e  as a p r i m a r y  f ixa t ive  for t he  pre-  
s e r v a t i o n  of NA-SH, as opposed to  p a r a f o r m a l d e h y d e  or 
ice cold K M n O  4 solut ions,  wh ich  e x t r a c t  m u c h  g rea te r  p rop-  
o r t ions  of th i s  t r i t i a t e d  a m i n e  f rom ne rvous  t i ssue  ~-17,a. 

The  p re fe ren t i a l  e x t r a c t i o n  of NA-aH m e t abo l i t e s  b y  
g l u t a r a l d e h y d e  f ixat ion,  d e m o n s t r a t e d  in t he  p re sen t  
inves t iga t ion ,  h a d  a l r eady  been  suspec ted  in ear l ier  
rad io- i so topic  9 an d  r a d i o a u t o g r a p h i c  ls,14 s tudies .  I t  is 
l ikely t h a t  d e a m i n a t e d  me tabo l i t e s  c o n s t i t u t e  the  m a i n  
c o m p o n e n t  of t he  e x t r a c t a b l e  r ad ioac t iv i ty ,  s ince t h e y  
lack the  a m i n o  group  p r e s u l n a b l y  respons ib le  for the  
b i n d i n g  of c a t echo l am i nes  to  g l u t a r a l d e h y d e  in vitro*9. 

Since t h e  g rea te r  f r ac t ion  of NA-3H r e m o v e d  f rom 
ne rvous  t i ssue  du r ing  t he  e l abora te  p r e p a r a t i v e  sequences  
requ i red  for e lec t ron  mic roscopy  or h igh- reso lu t ion  
r a d i o a u t o g r a p h y  appear s  to  be lost  in t he  p r i m a r y  
f ixa t ive  g, 15, two p roper t i e s  of g l u t a r a l d e h y d e  f ixa t ion  
will concur  to  t he  in  s i tu  p r e s e r v a t i o n  of th i s  exogenous  
a m i n e  w i t h i n  b r a i n :  r e t e n t i o n  of a m a j o r  p r o p o r t i o n  of 
NA-aH itself, and  p re fe ren t i a l  e x t r a c t i o n  of i t s  labeted  
me tabo l i t e s  ~0 

Rdsumd, Trois heures  apr6s une  in jec t ion  i.v. de nor -  
adr6na l ine  t r i t4e  (NA-aH) chez le r a t  nouveau-n6 ,  moins  
de 5% de la r ad ioac t iv i t6  mesur6e  dans  le ce rveau  
cor respond  g ce t te  a m i n e  marqu6e .  P a r  contre ,  lorsque la 
m o n o a m i n e  oxydase  et  la ca t6cho l -O-m6thy l  t r ans f6rase  
sont  inhib4es,  la NA-aH cons t i t ue  73% de la r ad ioac t iv i t6  
c6r6brale.  Dans  ces condi t ions ,  l ' e x t r a c t i o n  de la radio-  
ac t iv i t4  pa r  la f i xa t ion  au g lu t a r a ld6hyde  3.5% dans  le 
t a m p o n  p h o s p h a t e  diff6re 4ga lement  de fagon significa- 
r ive  et  i nd ique  q u ' u n e  f rac t ion  ma jeu re  de la NA-aH est  
li6e au  t i ssu  pa r  le g lu ta rMd6hyde ,  t a n d i s  que  les m6ta -  
bo l i tes  ma rqu6s  son t  p r6 f6 ren t i e l l emen t  ex t ra i t s .  
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Stereospec i f i c i ty  of O x o t r e m o r i n e  A n t a g o n i s t s  

Previous work in our laboratories has shown that a 
number of N-(tert-aminoalkynyl)-substituted succinimides 
and pyrrolidones are rather potent in blocking the motor 
effects of the muscarinic agent oxotremorine, l-(2- 
oxopyrrolidino)-4-pyrrolidino-2-butyne, while the effects 

on pe r iphe ra l  chol inergic  s y m p t o m s ,  such  as mydr i a s i s  
a n d  ace ty lcho l ine - induced  spasms  of gu inea-p ig  ileal 
str ips,  are of lower m a g n i t u d e  1-". Consequent ly ,  these  
c o m p o u n d s  can  be r ega rded  as an t i cho l ine rg i c  agen t s  w i t h  
se lec t iv i ty  for t he  cen t r a l  ne rvous  sys tem.  
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Physical and pharmaeologieat data for the enantiomers of compounds I III 

EXPERII~NTIA 30[10 

Compound Derivative Melting point (~ Io~]~ ~ In vivo dose ([xmoles/kg) in 
mice required to produce 
Oxotremorine blockade b Mydriasis 

Acetylcholine antagonism on 
isolated guineaTpig ileum 
(PA2) 

(R)-(+)-I Sesquioxalate 125-127 + 80.7 0.26 1 6.9 
( S)-(--)-I 124-126 -- 80.4 ~ 95 d 

(~:)-I 0.51 2 6.5 
(R)-(+)-II Base 73-75 + 58.3 0.48 2 7.0 
( S)-(--)-II 73-75 -- 61.3 28 75 a 

(~)-II 0.76 3 6.0 
(R)-(+)-III Perchlorate 191 192 + 37.5 0.65 2.5 6.8 
( S)-(--)-III 191-192 -- 38.0 a a 4.7 

(~=)-III 1.3 3.6 6.6 
Atropine 2.8 0.29 8.8 

All rotations were measured in ethanol (c 0.6-1.0). b Dose of test compound required to double the dose of oxotremorine inducing a grade 
2 tremor in 50% of the mice. ~ Dose of test compound required to double the pupil size relative to the control, a Very weak effect, not possible 
to evaluate. 

The mos t  ac t ive  compounds  all have  the  same inter-  
med ia te  chain connect ing  the  2 n i t rogens  in the  molecule. 
As th is  chain conta ins  an a symmet r i ca l ly  subs t i t u t ed  
carbon  a tom,  we decided to  p repare  t he  enan t iomers  of 
compounds  I - I I I  in order  to  s tudy  the i r  s tereospecif ici ty.  

o 
! CHa 

/N--CH--C_~C--C~2--N (CH~)n 
~-X 

I X = C H ~  n = 4  
II  X = C = O  n = 4 

III  X = C = O  n = 6  

Since we used a common  in te rmedia te ,  1-methyl-2-  
p ropyny lamine ,  in t he  p repa ra t ion  of compounds  I - I I I ,  
we prefer red  to  pe r fo rm the  resolut ion s tep  a t  th is  s tage 
of t he  syn the t i c  procedure .  1 -Methy l -2 -propynylamine  
has been  resolved by  MARSZAI~-FLzlJRY 7 using ( + ) -  
b romocam phor su lphon i c  acid and ( + ) - t a r t a r i c  acid. We 
resolved the  amine  in to  its ( + ) -  and  ( - - ) - enan t iomer s  by  
f ract ional  c rys ta l l iza t ion  of i ts  ( + ) -  and  ( - - ) - t a r t r a t e ,  
respect ively.  In  add i t ion  to  t he  usual  m e a s u r e m e n t  of the  
opt ical  ro ta t ion ,  we found  it conven ien t  to  follow the  
resoIut ion process  by  NMR-spec t roscopy ,  using the  
anisochronous  signals f rom the  d ias te reotopic  groups  of 
t he  two  dias tereomer ic  amides,  formed when  opt ical ly  
impure  amine  is acy la ted  wi th  ( - - ) -O-me thy lmande ly l  
chloride. 

The two enan t iomers  were charac te r ized  as the i r  
benzoyl  der ivat ives ,  which  mel ted  at  89~ ~ The ( + ) -  
amine  gave a benzamide  wi th  [~]~ +42 ,6  ~ (c 1, ethanol)  ; 
for t he  benzamide  of the  ( - - ) - amine  t h e  cor responding  
value was --42.9 ~ The enan t iomers  of t he  resolved amine  
were t r ans fo rmed  to  the  enan t iomers  of compounds  I - I I I  
according to  m e thods  descr ibed for the  racemates  2, a, 6. 
The sign of ro ta t ion  remained  unchanged  t h roughou t  the  
reac t ion  sequences.  

The 6 opt ica l ly  act ive  compounds  and  the  cor responding  
racemates  were t e s t ed  in mice for an t agon i sm towards  
t r emor  induced  by  oxot remor ine ,  and  for mydr ia t i c  
ac t iv i ty ,  according to m e t h o d s  descr ibed previous ly  a,5 
and  the  dose required to  produce  oxo t r emor ine  blockade 
and  mydr ias i s  was de te rmined .  They  were also inves t iga ted  

for an tagonis t ic  ac t iv i ty  towards  acety lchol ine  on 
isolated guinea-pig i leum p repa ra t ionsL  The resul ts  of 
these  in vi t ro  tes t s  are expressed as pA 2 values  s. The 
phys ica l  da t a  for the  enan t iomers  and  the  resul ts  of the  
pharmacologica l  t es t s  are summar ized  in t he  Table which 
also conta ins  a t rop ine  as a reference compound .  

I t  is ev iden t  f rom the  Table  t h a t  the  (+ ) - i somer s  are 
cons iderably  more  act ive t h a n  the i r  enant iomers .  In  
several  t es t s  the  (+ ) - i somer s  were abou t  twice as act ive 
as the i r  cor responding  racemates ,  whereas  the  ( - - ) -  
isomers were prac t ica l ly  inact ive .  I t  is of in te res t  to note  
t h a t  the  co mp o u n d  ( + ) - I I  was 10 t imes  more  act ive t h a n  
its r acema te  ill an tagoniz ing  the  effects of acetylchol ine-  
induced con t rac t ions  of guinea-pig  ileum, bu t  only abou t  
1.5 t imes  as act ive  as its r acema te  in p roduc ing  oxot remo-  
f ine b lockade and mydr ias i s  in mice. This p h e n o m e n o n  
will be the  subjec t  of fu r ther  inves t iga t ions .  

As the  3 ( + ) - e n a n t i o m e r s  were all p r epa red  f rom 
( + ) - l - m e t h y l - 2 - p r o p y n y l a m i n e ,  we were in te res ted  in 
es tabl ishing the  absolute  conf igura t ion  of th is  amine.  
The cor responding  sa tu ra t ed  amine,  1 -methylpropyl -  
amine  was chosen as the  reference compound.  Upon  
ca ta ly t ic  h y d ro g en a t i o n  ( + ) - l - m e t h y l - 2 - p r o p y n y l a m i n e  
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(1970). 
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I~ARL/~N, R. DAHLBOM and M. R. BLAIR JR., Experientia 26, 1232 
(1970). 
A. LINDQUIST, S. LINDGREN, B. LINDEKE, B. KARL]~N, R. DAHL- 
BOM and M. R. BLAIR JR., J. Pharm. Pharmac. 22, 707 (1970). 

5 A. LINDQUIST, S. LINDGREN, B. I{ARLI~N, R. DAHLBOM nad M. R. 
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10, 435 (1973). 
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afforded ( R ) - ( - - ) - l - m e t h y l p r o p y l a m i n e ,  the  absolute  
conf igura t ion  of which  has been es tab l i shed  by  several  
workers~ 10. Thus,  ( + ) - m e t h y l - 2 - p r o p y n y l a m i n e  can be 
ascr ibed the  R conf igurat ion.  

Zusammen/assung. Die op t i schen  An t ipoden  der  3 
sehr  w i rk samen  Oxo t remor inan tagon i s t en ,  N-(1-MethyI-  
4-pyrro l id ino-2-but inyl )pyr ro l idon ,  N- (1-Methyl-4-pyrro-  
l id ino-2-but inyl )succ in imid  und  N-(1-Methyl -4-perhydro-  
azepino-2-but inyl )succ in imid ,  s ind hergeste l l t  und  auf 
ihre pharmakolog i sche  Akt ivi tXt  geprfif t  worden :  Die 
( + ) - A n t i p o d e n ,  die R - K o n f i g u r a t i o n  haben,  wurden  als 

Tr~tger der  Aktivit/*t  e rkannt ,  w/ihrend die ( - - ) -An t ipoden  
p rak t i sch  unwi rksam sind. 

R. DAIILBOM, ~k. LINDQUIST, S. LINDGREN, 
U. SVENSSON, B. RINGDAHL and 
M. R. BLAIR JR. 

Department of Organic Chemistry, Faculty of Pharmacy, 
University o/ Uppsala, Box 574, S-75123 Uppsala 
(Sweden), and Research Laboratories, Astra 
Pharmaceutical Products Inc. Worcester 
(Massachusetts 07606, USA), 5 June 797,1. 

Increase  in M o n o a m i n e  Concentrat ion in Rat Brain FoUowing  Melatonin  Admini s tra t ion  

Melatonin  is a ho rmone  which  is secre ted  f rom the  
pineal  gland of m a m m a l s  in re la t ion to i l l umina t ionk  
Previously,  ANTON-TAY, et  al. ~ have  shown t h a t  mela-  
t on in  admin i s t e r ed  i.p. s ignif icant ly  increases bra in  
serotonin  concent ra t ion ,  bu t  th is  change was no t  associ- 
a ted  wi th  changes  in norep inephr ine  content .  We decided 
to inves t iga te  the  poss ibi l i ty  t h a t  me la ton in  m a y  al ter  
bra in  norep inephr ine  and  dopamine  concen t ra t ions  when  
admin i s t e red  by  me thods  where  suff ic ient  b ra in  levels of 
mela ton in  could be achieved pr ior  to  its me tabo l i sm to  
6 -hydroxymela ton in  by  the  liver 3. To accompl ish  this,  
me la ton in  was in jec ted  in to  t he  common  carot id  a r te ry  
or t he  c is te rna  m a g n a  of rats .  

Materials and methods. Male Sprague-Dawley  ra ts  
(150-200 g) ma in t a ined  on a 12-h l igh t -da rk  cycle, 3 to  a 
cage, w i th  free access to  Pu r ina  R a t  Chow and water ,  
were used in these  exper iments .  

R a t s  to  be in jec ted  in t raa r te r ia l ly  were  anes the t i zed  
wi th  sod ium pen toba rb i t a l  (60 mg/kg,  i.p.). A ven t ra l  
midl ine  incision of app rox ima te ly  i cm was made,  and  
the  left  c o m m o n  carot id  a r t e ry  was exposed.  A cannula  
was inser ted  into the  a r t e ry  toward  the  brain,  secured 
wi th  sutures  and  the  incision closed. Fol lowing a 24-h 
recovery  period,  ra t s  were in jec ted  wi th  e i ther  me la ton in  
in saline or saline only. All in ject ions  were m a d e  be tween  
the  hours  of 10.00 and 12.00. 

Ra t s  to  be in jec ted  in t rac i s te rna l ly  by  the  m e t h o d  of 
SCHANBERG et  a l .4  were l ight ly  anes the t ized  wi th  e ther  
and given specified amoun t s  of me la ton in  (Sigma 
Chemical  Company,  St. Louis, Mo.) dissolved in 10 V1 of 
dist i l led water .  Control  ra t s  were in jec ted  wi th  10 t,l of 
wa te r  only. 

Ra t s  were decap i t a t ed  at  the  t ime  specified af ter  injec- 
t ion.  Brains  were r emoved  and immed ia t e ly  frozen, 
ha lved  th rough  the  mid-saggi ta l  plane, homogenized  in 
0.4 N perchlor ic  acid conta in ing  d i sod ium e thylene-  
d i a m i n e t e t r a a c e t a t e  and norep inephr ine  and  dopamine  
con ten t  de t e rmined  by  the  me t h o d  of SHELLENBEROER 
and GORDON 5. 

Results and discussion COTZIAS et  al. 6 found the  i.p. 
inject ion of me la ton in  (400 mg/kg) in mice did no t  
resul t  in s ignif icant  a l te ra t ions  in bra in  dopamine  content .  
ANToN-TAY et al. ~ r epor ted  t h a t  the  i.p. admin i s t r a t i on  
of mela ton in  (2.8 mg/kg) did no t  a l ter  ra t  b ra in  nore-  
p inephr ine  concent ra t ions .  However ,  b o t h  of t he  above  
inves t iga tors  did r epor t  a mela ton in  induced increase in 
bra in  serotonin  levels ~, 6. 

In  our exper iments ,  me la ton in  was given by  in t ra-  
ar ter ia l  in ject ion and in t rac is te rna l  in jec t ion;  bo th  routes  
of admin i s t r a t ion  Ied to s ignif icant  increases in r a t  b ra in  
dopamine  and norep inephr ine  content .  The in t raar te r ia l  
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949 (1965). 
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Effect of melatonin on rat brain catecholamines when administered by illtraaterial or intracisternal injection ~ 

Dopamine (b~g/g) Norepiliephrine (btg/g) 

Intraarterial (controls) 

Intraarterial melatonin (250 bzg/kg) 

Intracisternal (controls) 

Intracisternal melatonin (40 btg/kg) 

T = 0 b 0.71 ~2 0.03 0.49 q- 0.01 
T = I h ~ 0.65 :~ 0.03 0.52 :~ 0.03 

T = 0 0.75 -b 0.02 0.45 i 0.03 
T = 1 b 1.40 • 0.09 a 0.68 :~= 0.03 a 

T = 0 0.64 -4- 0.03 0.39 -4- 0.01 
T = 1 h 0.76 4- 0.04 0.46 q- 0.03 

T = 0 0.67 • 0.08 0.45 -b 0.02 
T = 1 h 1.02 i 0-06 a 0.67 q- 0.03 a 

n = 4 rats/group, b T = 0 are rats sacrificed immediately folIowing injection. ~ T = 1 h are rats sacrificed 1 h following injection, a signif- 
icantly different from appropriate controls as well as T = 0 melatonili treated rats (p < 0.05). 


