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metr ic  measurements ,  was 11.2 4- 3.6% larger t h a n  in the  
controls  3 days  af ter  the  operat ion.  Tile effect  of t en d o n  
shor ten ing  is also appa ren t  in dene rva t ed  muscles (Table). 
The relat ive h y p e r t r o p h y  of s t re tched  and dene rva t ed  
muscles, when  compared  to the i r  dene rva t ed  controls,  is 
ac tual ly  due to a t r ans i en t  delay in dene rva t ion  a t ro p h y  
induced by  t endon  shor ten ing  (Figure). 

Tile f indings appear  to indicate  t h a t  all increase in 
passive tens ion  call p roduce  h y p e r t r o p h y  of m a m m a l i a n  
skeletal  muscles t h rough  a di rect  effect  no t  med ia t ed  by  
nerves.  The t r ans i en t  na ture  of the  hype r t roph i c  process 
in th is  expe r imen ta l  sys t em is p re sumab ly  due to soften-  
ing of the  t endon  t issue a t  t he  si te of the  su ture  and  con- 

sequent  release of tension.  Sarcomere  leng th  in the  plan-  
tar ts  muscle 3 days  af ter  the  opera t ion  was in fact, on 
the  average,  2.34 ~ 0.06 ~m, i.e. no t  s ignif icant ly  
d i f ferent  f rom controlS. 

Riassunto. L'accorc iamento  del t end ine  distale del 
muscolo p lan ta re  del r a t to  produce  una t r ans i to r i a  
iper t rof ia  muscolare  con un mass imo aumento  in peso 
a t re  giorni dal l 'operazione.  L ' accorc iamento  t end ineo  
combina to  con sezione del nervo r isul ta  in un t emporaneo  
r i ta rdo  nella comparsa  del l ' a t rof ia  da denervazione.  
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Retent ion  of Noradrena l ine -3H in Bra in  and Preferent ia l  E x t r a c t i o n  of Labeled Metabo l i t e s  
by Glutara ldehyde  F ixat ion  

All rad ioau tographic  inves t iga t ions  a imed at  the  
u l t ras t ruc tura l  examina t i on  of noradrenal ine-3H (NA-3H) 
up take  and s torage sites, in per iphera l  or cent ra l  nervous  
tissue, have  relied on the  use of p r imary  f ixa t ion  wi th  
g lu ta ra ldehyde  to preserve  the  t racer  in situ ~. Thus,  
selective accumula t ions  of rad ioac t iv i ty  have  been found 
character is t ic  of ca techolaminergic  nerve  cell bodies and  
axon te rminals  in the  adul t  ra t  brain,  following intra-  
cerebral  admin i s t r a t i on  of NA-~H 2-4. Moreover,  such 
react ions  could be specifically a t t r i bu t ed  to the  presence  
of NA-3H ra the r  t h a n  labeled metabol i tes ,  p rov ided  t h a t  
monoamine  oxidase was inhibi ted  8. 

In  these and o ther  studies,  prevai l ing exper imenta l  
condi t ions  prec luded the  conclusive answer ing  of several  
ou t s t and ing  ques t ions :  1. wha t  is the  p ropor t ion  of 
bra in  NA-3H actua l ly  re ta ined  in t issue af ter  p r i m a r y  
f ixat ion wi th  g lu ta ra ldehyde  ? 2. are some metabol i t es  of 
NA-SH also bound to bra in  t issue by  th is  f ixat ive  ? 3. is 
there  any  va l id i ty  in the  a s sumpt ion  t h a t  NA-aH me tab -  
olites migh t  be preferent ia l ly  ex t r ac ted  in the  course of 
g lu ta ra ldehyde  f ixa t ion  ? 

These problems were tackled  by  s imple exper imen t s  
on newborn  rats,  where  it was deemed feasible to:  a) 
ob t a in  reproducible  measu remen t s  of NA-aH and labeled 
metabol i tes  f rom brains  of d i f te rent  animals  by  intro-  
ducing NA-3H via the  b loodst reamS;  b) a l ter  the  respec- 
t ive  brain  con ten t s  of NA-SH and labeled metabo l i t es  to  
a s ignif icant  degree, using enzymat ic  inhibitors6-S; c) 
e s t imate  the  re ten t ion  of rad ioac t iv i ty  in nervous  tissue, 
and ex t rac t ion  by  the  f ixat ive  ", following immers ion  of 
brain  slices in g lu ta ra ldehyde .  

Material and methods. 23 newborn  Sprague-Dawley  
ra ts  of bo th  sexes were each given 100 aCt of NA-3H, 
wi th in  24 h af ter  b i r t h  (DL-noradrenaline-7-H a, specific 
ac t iv i ty :  9.6-20 Ci /mM,  obta ined  chromatograph ica l ly  
pure  f rom Amersham/Sear le ) .  The tracer ,  conta ined  in 
50 ~1 of aqueous solution, was in jec ted  in 15 sec into all 
exposed jugular  vein. 1 group of ra ts  (11) also received a 
combined  p r e t r e a t m e n t  wi th  bo th  an inhib i tor  of mono-  
amine  oxidase (IMAO: Catron, 10 mg/kg  s.c., 45 min  
before NA-3H) and ca techol -O-methyl  t ransferase  
(ICOMT: Pyrogallol,  200 mg/kg  s.c., 45 rain before 
NA-3H and hour ly  thereaf ter) .  

All animals  were decap i ta ted  3 h af ter  admin i s t r a t ion  
of the  tracer .  Thei r  entire bra ins  were rapidly  r emoved  

and frozen on dry  ice. Several  specimens  f rom control  and  
p re t r ea t ed  ra ts  were homogen ized  in perchlor ic  acid 
(0.4 N), and  measured  for to ta l  r ad ioac t iv i ty  (3H) and  
NA-aH contents ,  using l iquid scint i l la t ion s p e c t r o m e t r y  
before and af ter  c h r o m a t o g r a p h y  on a lumiu ium oxide 
respect ively  10. The o ther  bra ins  were cut  into 1 m m - t h i c k  
slices, f ixed for 1 h by  immers ion  in four  15 rain ba ths  of 
12.5 ml  of 3.5% g lu ta ra ldehyde  in 0.05 M p h o s p h a t e  
buffer  (Sorensen sol. A) at  room tempera tu re ,  and  
dissolved in Soluene. The amo u n t s  of aH re ta ined  in 
t issue and ex t r ac t ed  by  the  f ixa t ive  were t h e n  measured  
by scinti l lat ion.  All values were corrected for quenching,  
wi th  internal  s tandards ,  and expressed per  mg wet  weight  
of tissue. 

Results and discussion. The main  results  of these  
exper imen t s  are smnmar i zed  in the  Table. 3 h af ter  i.v. 
in ject ion of NA-~H in newborn  rats,  r ad ioac t iv i ty  is 
found in appreciable  q u a n t i t y  wi th in  the  brains  of 
animals  p re t r ea ted  or not  wi th  enzymat i c  inhibi tors .  In  
p re t r ea t ed  rats,  to ta l  bra in  aH is s ignif icant ly  elevated,  
amoun t ing  to 1.6% of the  init ial  dose admin i s t e red  
compared  to 0.7% in control  rats,  p r e sumab ly  due to 
p rese rva t ion  of h igher  levels of the  exogenous amine  in 
the  b loods t ream 11, ~2 
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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.  


