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U p t a k e  o f  C a t e c h o l a m i n e s  i n t o  
H i s t o c h e m i s t r y  

BARTHOLINI e t  al. x h a v e  s h o w n  t h a t  a n i m a l s  p r e t r e a t e d  
w i t h  a d e c a r b o x y l a s e  i n h i b i t o r  wh ich  h a s  negl ig ib le  c e n t r a l  
n e r v o u s  s y s t e m  a c t i v i t y  e x h i b i t  m a r k e d  a c c u m u l a t i o n  
in b r a i n  of SH c a t e c h o l a m i n e s  f rom a d m i n i s t e r e d  (SH) 
L - d i h y d r o x y p h e n y l a l a n i n e  (L-DOPA).  S u b s e q u e n t l y ,  CON- 
STANTINIDIS e t  al. 2 f o u n d  a th ree - fo ld  increase  in dopa-  
m i n e  c o n t e n t  of t h e  s t r i a t u m  a f t e r  a d m i n i s t r a t i o n  of 
L - D O P A  a n d  a p e r i p h e r a l  D O P A  d e c a r b o x y l a s e  i n h i b i t o r  
(Ro 4-4602 see below).  F u r t h e r m o r e ,  BARTHOLIr~I e t  aI. 3 
h a v e  d e m o n s t r a t e d  a 50% decrease  in b r a i n  s e ro ton in  
(5 HT)  a f t e r  a d m i n i s t r a t i o n  of L-DOPA,  200 m g / k g  a n d  
R o  4-4602 (N-(DL-seryl)-N'-2,  3 - t r i h y d r o x y b e n z y l  h y d r a -  
z ine ;  H o f f m a n n - L a  R o c h e  - a p e r i p h e r a l  D O P A  decar -  
boxy la se  inh ib i to r )  g iven  in  doses  w h i c h  do  n o t  i n h i b i t  
c e n t r a l  n e r v o u s  s y s t e m  d e c a r b o x y l a s e  ac t iv i ty .  These  
resu l t s  were  ver i f ied  b y  BUTCHER a n d  ENGEL 4 us ing  
L-DOPA a n d  R o  4-4602, a n d  b y  EVERETT a n d  BOR- 
SCI~ERDEN~ 5 w h o  a d m i n i s t e r e d  L - D O P A  alone.  BARTI~O- 
LINI e t  at.  s h a v e  sugges ted  t h a t  t h i s  decrease  in  b r a i n  
s e r o t o n i n  was  caused  e i t h e r  b y  d i s p l a c e m e n t  of endo-  
genous  5 H T  due  to  ce rebra l  a c c u m u l a t i o n  of d o p a m i n e ,  
or  b y  c o m p e t i t i o n  of L -DOPA w i t h  5 H T  precurso r s  for  
p e n e t r a n c e  i n to  b ra in .  E v i d e n c e  i n d i c a t i n g  a n  a c t i v e  
m e c h a n i s m  for  u p t a k e  of a r o m a t i c  a m i n o  ac ids  i n to  t h e  
c e n t r a l  n e r v o u s  sys tem~,  8 s u p p o r t s  t he  l a t t e r  p roposa l .  
R e c e n t  h i s t o c h e m i c a l  7 a n d  b iochemica l  o b s e r v a t i o n s  s 
h a v e  sugges ted  t h a t  t h e r e  m a y  be  d i s p l a c e m e n t  of cere- 
b r a l  5 H T  f r o m  b i n d i n g  s i tes  b y  ca t echo lamines ,  p r o b a b l y  
d o p a m i n e .  T h e  p r e s e n t  s t u d y  uses  t h e  h i s t o c h e m i c a l  
a p p r o a c h  to  con f i rm  t h i s  poss ib i l i ty .  

Mater ia l s  and  methods. A l b i n o  r a t s  we igh ing  150-200 g 
were  p r e t r e a t e d  w i t h  Ro  4-4602, 50 m g / k g  i.p. x/s h p r io r  
t o  t h e  a d m i n i s t r a t i o n  of L-DOPA,  200 m g / k g  i.p. Con t ro l s  
were  g iven  L-DOPA,  200 m g / k g  i.p. a lone ;  R o  4-4602, 
50 m g / k g  i.p. a lone ;  or  sa l ine ,  5 c m  s i.p. All  a n i m a l s  

S e r o t o n e r g i c  N e r v e  C e l l s  a s  D e m o n s t r a t e d  b y  F l u o r e s c e n c e  

were sacr i f iced 2 h fo l lowing t h e i r  l a s t  in jec t ion .  O t h e r  
a n i m a l s  were  g iven  reserpine ,  5 m g / k g  i.p. a n d  pargy l ine ,  
100 m g / k g  i.p., 24 a n d  5 h r e spec t ive ly  b e f o r e  sacrif ice 
accord ing  to  t h e  m e t h o d  of DAHLSTROM a n d  F u x E  9 for  
t h e  o p t i m a l  d e m o n s t r a t i o n  5 H T  n e r v e  cell  bodies .  Two 
s e p a r a t e  b u t  i den t i ca l  e x p e r i m e n t s  were p e r f o r m e d  us ing  
a m i n i m u m  of 3 a n i m a l s  in  each  e x p e r i m e n t a l  g roup .  
Sec t ions  of t h e  b r a i n  s t e m  were  p r e p a r e d  a n d  e x a m i n e d  
us ing  t h e  h i s tochemica l  f luorescence  t e c h n i q u e  of FALCK 10 

Results .  T h e  b r a i n  reg ion  e x a m i n e d  was  t h a t  s u r r o u n d i n g  
t h e  p y r a m i d s  in t h e  m e d u l l a  whe re  t h e  cell bod ies  of t h e  
nuc l eus  r a p h e / p a l l i d u s  a n d  v e n t r a l  a r c u a t e  nuc l eus  (B-1 
a n d  B-3  cells of DAHLSTROM a n d  FUXE) 9 a re  found .  These  
cel l  bod ies  n o r m a l l y  c o n t a i n  5 HT,  a n d  in  u n t r e a t e d  
con t ro l  r a t s  t h e y  f luorescence f a i n t  ye l low e x h i b i t i n g  
m a r k e d  f luorescence  l ab i l i t y  upon  U V - e x p o s u r e  (F igure  1). 
Fo l lowing  t r e a t m e n t  w i t h  reserp ine  a n d  p a r g y l i n e  these  
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Fig. 1. Nucleus rephe/pallidus in brain stem of untreated control rat. The nerve cell bodies (arrow) fluoresce faint yellow and fade rapidly 
upon exposure to ultraviolet light (magnification × 250. Prints made from Kodak High Speed Ektrachrome transparencies). 
Fig. 2. Nerve cell bodies (arrow) of the nucleus raphe/pallidus after treatment with reserpine and pargyline. The nerve cells and their pro- 
cesses fluoresce intense yellow and exhibit marked ultraviolet lability, but less than the controls (magnification × 250). 
Fig. 3. Nerve cell bodies (arrow) of the nucleus raphe/pallidus after treatment with Ro 4-4602 and L-DOPA. The nerve cell bodies exhibit 
a distinct green fluorescence which has mild lability upon prolonged UV-exposure (magnification × 250). 
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cells bod ies  deve lop  a n d  in t ense  yel low f luorescence  w i t h  
s imi l a r  b u t  less p r o n o u n c e d  f luorescence l ab i l i t y  !F igure  2). 
E x a m i n a t i o n  of t h e  co r r e spond ing  reg ions  in t h e  m e d u l l a  
of r a t s  t r e a t e d  w i t h  Ro 4-4602 a n d  L - D O P A  revea l s  a 
genera l  m i ld  increased  f luorescence  in t he  neuropi l ,  how-  
ever,  t h e  n e u r o n  cell bod ies  of t h e  nuc leus  r a p h e / p a l l i d u s  
a n d  those  in t h e  v e n t r a l  a r c u a t e  nuc leus  e x h i b i t  a d i s t i n c t  
g reen  f luorescence w i t h  mi ld  f luorescence  l ab i l i t y  
(Figure  3). R a t s  a d m i n i s t e r e d  L-DOPA or Ro  4-4602 
a lone  do no t  revea l  s ign i f i can t  o b s e r v a b l e  d i f ferences  
f rom the  con t ro l  g roup  u p o n  e x a m i n a t i o n  of t he  s ame  
b r a i n  regions.  C o m p a r a b l e  resu l t s  were  seen in al l  of 
t h e  e x p e r i m e n t a l  an imals .  

Discussion. The  p r e s e n t  h i s t o c h e m i c a l  s tud ies  show 
t h a t  t he  a d m i n i s t r a t i o n  of a p e r i p h e r a l  d e c a r b o x y l a s e  
i n h i b i t o r  in dosages  w h i c h  e x h i b i t  m i n i m a l  c e n t r a l  
ne rvous  s y s t e m  a c t i v i t y  x,3 fol lowed b y  large dosages  of 
L-DOPA resu l t s  in  a c h a n g e  in t he  f luorescence  cha rac -  
te r i s t ics  of some cell  bod ies  in  t he  b r a i n  s tem.  T h e  
c h a n g e  in t h e  f luorescence  cha r ac t e r i s t i c s  f r o m  yel low,  
U V  labi le  to  green  U V  s t a b l e  i nd i ca t e s  t h a t  t h e s e  n e r v e  
cell bodies  w h i c h  n o r m a l l y  c o n t a i n  5 H T  can  c o n t a i n  
a c a t e c h o l a m i n e  u n d e r  t h e  a b o v e  e x p e r i m e n t a l  condi -  
t ions .  These  o b s e r v a t i o n s  are  c o m p a t i b l e  w i t h  t h e  sug- 
ges t ion  b y  BARTHOLINI e t  al. 3 t h a t  d i s p l a c e m e n t  of 
endogenous  5 H T  m a y  occur  as a r e su l t  of ce reb ra l  accu-  
m u l a t i o n  of ca t echo lamines .  T h e  o b s e r v a t i o n s  b y  BAR- 
THOLINI e t  al. a of inc reased  5 - h y d r o x y i n d o l e a c e t i c  ac id  
(5-HIAA),  a m e t a b o l i t e  of 5 HT,  in  b r a i n  d u r i n g  a 
90 m i n  per iod  fo l lowing t h e  a d m i n i s t r a t i o n  of Ro  4-4602 
a n d  L-DOPA f u r t h e r  s t r e n g t h e n  t h i s  poss ib i l i ty .  EVERETT 
a n d  BORSCHERDENG 6 con f i rmed  th i s  b y  showing  a two-  
fold increase  of 5 - H I A A  levels  in mouse  b r a i n  1 h fol- 
lowing t h e  a d m i n i s t r a t i o n  of L -DOPA alone.  R e c e n t  in  
v i t r o  o b s e r v a t i o n s  b y  NG et  al. s s t r ong ly  s u p p o r t  t h e  
d i s p l a c e m e n t  hypo thes i s .  

The  p r e s e n t  s t u d y  ind ica t e s  t h a t  se ro tonerg ic  n e r v e  
cell  bod ie s  h a v e  t h e  c a p a c i t y  u n d e r  c e r t a i n  cond i t ions  
to  t a k e  u p  a n d  c o n c e n t r a t e  exogenous  ca t echo lamines .  
T h a t  t h e  n e r v e  t e r m i n a l s  a r i s ing  f rom sero tonerg ic  neu-  
rons  h a v e  t h e  s a m e  u p t a k e  c a p a c i t y  for  c a t e c h o l a m i n e s  
a n d  t h e i r  p recu r so r s  ha s  no t  b e e n  d e m o n s t r a t e d ,  how-  
ever,  t h i s  poss ib i l i ty  seems  qu i t e  l ike ly  on  t he  bas i s  of 
t h e  o b s e r v a t i o n s  of BARTHOLINI e t  al. 8 a n d  NG et  al. s 
a n d  h a s  b e e n  sugges ted  b y  BUTCheR e t  al. 7. A l t h o u g h  
t h e  a c c u m u l a t e d  ev idence  s u p p o r t s  d i s p l a c e m e n t  as t he  

m e c h a n i s m  for  dep le t ion  of ce rebra l  5 H T  fol lowing 
L-DOP.A_ a d m i n i s t r a t i o n ,  t h e  poss ib i l i ty  of b l o o d - b r a i n  
t r a n s p o r t  c o m p e t i t i o n  of L-DOPA w i t h  5 H T  precursors  
m a y  also be  respons ib le ,  in  pa r t ,  for  some of t he  bio- 
chemica l  obse rva t ions .  

T h e  i m p l i c a t i o n  of t he se  o b s e r v a t i o n s  is t h a t  t h e y  
m a y  fo rm a bas i s  to  u n d e r s t a n d  some of t he  cl inical  
p h e n o m e n a  obse rved  in p a t i e n t s  w i t h  P a r l d n s o n ' s  dis- 
ease to  w h o m  mass ive  doses of L -DOPA are  c o n t i n u o u s l y  
admin i s t e r ed .  P a t i e n t s  w i t h  t h i s  d isease  c o m m o n l y  
expe r i ence  t h e  onse t  of c h o r e o - a t h e t o i d  a c t i v i t y  d u r i n g  
t r e a t m e n t  w i t h  L-DOPAXL These  s y m p t o m s  are  r e l a t ed  
b o t h  to  d u r a t i o n  of t r e a t m e n t  a n d  t o t a l  da i ly  dosage of 
L-DOPA.  Since t h e  m a j o r  b iochemica l  def ic i t  in  t h i s  
d isease  is dep le t ion  of b r a i n  m o n o a m i n e s  (bo th  d o p a m i n e  
a n d  serotonin)~",  ~", t he  su scep t ib i l i t y  for  e i t h e r  s e ro ton in  
d i s p l a c e m e n t  or  o c c u p a n c y  of s e ro ton in  b i n d i n g  s i tes  
b y  L-DOPA m a y  be  qu i t e  p r o n o u n c e d  a n d  a l low L-DOPA 
( d e c a r b o x y l a t e d  to  d o p a m i n e )  to  ac t  as a false t r a n s m i t t e r  
in  such  c i r cums tances .  

Zusammen/assung. Die h i s t o c h e m i s c h e  F luoreszenz-  
m e t h o d e  wi rd  z u m  S t u d i u m  der  N e r v e n z e l l e n  des Geh i rn -  
s t a m m e s  de r  R a t t e  a n g e w a n d t .  Die  e rheb l i che  Z u n a h m e  
des  D o p a m i n s ,  h e r v o r g e r u f e n  d u r c h  die I n j e k t i o n  eines 
p e r i p h e r  w i r k e n d e n  D e k a r b o x y l a s e - H e m m s t o f f e s  zusam-  
m e n  m i t  L-DOPA,  wi rd  i m  G e h i r n  ve r fo lg t  u n d  gefunden ,  
dass  se ro tonerg i sche  N e u r o n e n  i m s t a n d e  sind,  Ca techola -  
m i n e  a u f z u n e h m e n .  
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Effect of Po lya lky l  P o l y p h o s p h o n a t e s  on Bone  D e v e l o p m e n t  in Y o u n g  Rats  

P h o s p h a t e  ions  a re  one  of t h e  m a i n  c o n s t i t u e n t s  of 
t h e  m i n e r a l  of b o n e  t issue.  These  ions a re  n o t  on ly  
i n c o r p o r a t e d  i n to  bone ,  b u t  also c h e m i s o r b e d  b y  it, as 
d e m o n s t r a t e d  b y  pa2 t r a c e r  e x p e r i m e n t s  (BAUER e t  al.1). 
A molecule  ca r ry ing  t w o  P O ~ -  g roups  (e.g., a py ro -  

O O 
p h o s p h a t e  ion, [ H O P O P O H ]  *-) wil l  show a h i g h e r  affi-  

O O 
n i t y  for  bone  m i n e r a l  s ince i t  is a b i d e n t a t e  c o m p l e x i n g  
agent ,  c a p a b l e  of be ing  a t t a c h e d  to  c a l c i um  ions  t h r o u g h  
2 oxygen  a t o m s  3. The  a b s o r p t i o n  of p y r o p h o s p h a t e  o n t o  
h y d r o x y a p a t i t e ,  t h e  m i n e r a l  f o rm  of ca l c ium p h o s p h a t e  
in  bone,  i nh ib i t s  i t s  c r y s t a l  g r o w t h  a n d  d i s so lu t ion  2,3. 
S imi la r  resu l t s  h a v e  b e e n  obse rved  w i t h  o r g a n i c d i p h o s -  
phona t e s ,  R1R2C(POsH)~- (R = H,  OH,  or  a lky l  group) ,  
b o t h  in  v ivo  a n d  i n  v i t ro4 ,L  T h e  l a t t e r  f ind ings  r e c e n t l y  
encouraged  a cl inical  a p p l i c a t i o n  of e t h a n e - l - h y d r o x y  

1 , 1 - d i p h o s p h o n a t e  in  t h e  t r e a t m e n t  of myos i t i s  ossi- 
f icans  e. 

P o l y m e r i c  a lky l  p h o s p h o n a t e s ,  e.g., p o l y e t h y l e n e  poly-  
p h o s p h o n a t e ,  w h i c h  ca r ry  m a n y  p h 6 s p h o n a t e  g roups  on  
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