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Colch ic ine  m a y  interfere  w i t h  the a x o n a l  t r a n s p o r t  of n o r a d r e n a l i n e  
in the  centra l  n o r a d r e n e r g i  c n e u r o n s  
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Summary. The  a d m i n i s t r a t i o n  of colchicine (50 ~g) in to  t h e  l a t e ra l  ven t r i c les  induced  t h e  m a r k e d  a c c u m u l a t i o n  of 
n o r a d r e n a l i n e  in t h e  locus coeruleus  of ra t .  Lumico lch ic ine  a d m i n i s t r a t i o n  or s t ress  loading  failed to  a l t e r  t h e  n o r a d r e n -  
a l ine  levels, t hus  sugges t ing  t h a t  th i s  a c c u m u l a t i o n  is r e l a t ed  to  t h e  b lockade  of a x o n a l  flow in t h e  cen t r a l  no rad rene rg i c  
neurons .  

The  p rox imo-d i s t a l  t r a n s p o r t  of n o r a d r e n a l i n e  (NA) is 
well  d e m o n s t r a t e d  in t he  p e r i p h e r a l  adrenerg ic  n e u r o n s  8, 4 
(see also rev iew b y  D a h l s t r 6 m  ~ a n d  Hes lop  6). The  ev idence  
for t he  i n v o l v e m e n t  of m i c r o t u b u l e s  in  th i s  t r a n s p o r t  
is t h e  wide ly  obse rved  i n h i b i t i o n  of t r a n s p o r t  b y  t he  local  
app l i ca t i on  of a n t i m i t o t i c  agen t s  wh ich  d i s r u p t  micro-  
t ubu l e s  a n d  b i n d  to t he  p ro t e in  s u b u n i t  of m i c r o t u b u l e s  7-9. 
A l t h o u g h  ca t echo l amines  in  t h e  c e n t r a l  ne rvous  s y s t e m  
are also k n o w n  to be  t r a n s p o r t e d  f rom the  cell bodies  to  
t he  t e r m i n a l s  10,11, l i t t le  is k n o w n  w h e t h e r  th i s  t r a n s p o r t  
also invo lves  mic ro tubu les .  W e  h a v e  the re fore  e x a m i n e d  
th i s  poss ib i l i ty  b y  flajecting colchicine,  one  of an t i -  
m i to t i c  agents ,  i n to  t h e  l a t e ra l  ven t r i c les  of r a t s  a n d  
m e a s u r i n g  N A  levels b iochemica l ly  and  h i s t ochemi ca l l y  
in  t he  locus coeruleus  (LC), where  t he  dorsa l  N A  b u n d l e  
i n n e r v a t i n g  t he  ce rebra l  co r t ex  exc lus ive ly  1~. The  LC 
was chosen  because  i ts  loca t ion  is close to  t he  f loor of t h e  
4 th  ven t r i c l e  and  t h u s  colchicine a d m i n i s t e r e d  in t r a -  
v e n t r i c u l a r l y  m a y  easi ly  be  accessible to  th i s  nucleus .  Our  

resu l t s  showed  t h a t  N A  levels in  t h e  LC increased  m a r k -  
ed ly  a f t e r  colchicine,  b u t  n o t  a f t e r  lumicolch ic ine  ad min i -  
s t r a t ion .  
Material and methods. Male W i s t a r  r a t s  weighing  200-300 g 
were a n e s t h e t i z e d  w i t h  e the r  an d  rece ived  in jec t ions  of 
20 ~zl (50 ~g) of colchicine dissolved in phys io logica l  sal ine 
in to  the  l a te ra l  vent r ic les .  A n i ma l s  o f t en  showed  pa ra -  
pares is  a n d  h e m a t u r i a  a f t e r  24-48 h an d  su rv ived  for a 
m a x i m u m  of 4 days.  P r e l i m i n a r y  e x p e r i m e n t s  showed  
t h a t  t h e  in jec t ions  of phys io logica l  sal ine a lone h a d  no 
inf luence  on  the  levels of c a t ech o l ami n es  in  t h e  LC, and  
the re fore  u n t r e a t e d  an ima l s  se rved  as cont ro l s  in  al l  
expe r imen t s .  A t  va r ious  i n t e r v a l s  a f t e r  t h e  in jec t ion ,  t h e  
an ima l s  were l igh t ly  a n e s t h e t i z e d  w i t h  e t h e r  a n d  ki l led 
b y  decap i t a t ion .  The  LC was d issec ted  accord ing  to  t h e  
p rocedure  b y  Z i g mo n d  e t  al. la w i t h  a s l igh t  mod i f i ca t ion  
descr ibed  p rev ious ly  14. Tissues  were h o mo g en i zed  w i t h  
40 vol. of 0.1 N perchlor ic  acid an d  cen t r i fuged  for 
15 m i n  a t  1580 • g. The  re su l t ing  s u p e r n a t a n t  were ana -  
lyzed for c a t echo l amines  (NA plus  ad rena l ine  a n d  dopa-  
mine)  b y  t h e  r ad iochemica l  m e t h o d  of Coyle an d  H e n r y  15. 
I n  some expe r imen t s ,  N A  a lone  was  assayed  b y  t he  
m e t h o d  of H e n r y  et  al. 16. NA c o n t e n t s  m e a s u r e d  b y  2 
m e t h o d s  co inc ided  well, t h u s  showing  t h a t  t h e  ad rena l ine  
levels are negl igible  in t h e  LC. I n  o the r  ex p e r i men t s ,  
t i ssues  were  h o mo g en i zed  w i t h  5 m M  tr is  buf fe r  (pH 7.4) 
c o n t a i n i n g  0 .2% cu t scum,  a n d  t h e  t y r o s i n e  h y d r o x y l a s e  
(TH) a c t i v i t y  was  m e a s u r e d  b y  t h e  14CO2 t r a p p i n g  m e t h o d  
of W a y m i r e  et  al. 1~, w h i c h  emp loyed  t h e  p a r t i a l l y  
pur i f ied  hog  k i d n e y  decarboxylase .  S l ight  modi f i ca t ions  
were car r ied  o u t  in wh ich  ty ros ine  c o n c e n t r a t i o n  was a 
73 aM an d  a cofac tor  ( 6 - m e t h y l - t e t r a h y d r o p t e r i n e )  1 mM. 

Fluorescence micrographs of the locus coeruleus of rat. The cell bodies 
in LC have developed a much stronger fluorescence 2 days after 
colchicine treatment (below) than untreated (above) ones, so that 
the nuclei in the neurons have been masked. Also note that the 
treated axons can be more easily traced. 
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Effects of colchicine, lumicolchicine administration and stress loading 
on NA levels in the LC 

NA (ng/region) 
Control Experimental 

Colchicine (50 ~g) 18.0 • 0.8(11) 29.9 • 1.5(lt)* 
Lumieolchicine (400-500 ~xg) 18.2 • 0.7(8) 17.8 • 0.6(10) 
Restraint (6h) 16.6 ! 0.7(8) 17.5 4- 0.7(8) 

Rats were treated with colehicine or lumicolchicine into the lateral 
ventricles, or put in a wire-meshed cage and immersed in flowing 
water (15 ~ to the xyphoid process for 6 h. Rats were decapitated 2 
days later. Results are expressed as means ~= SE. Numbers of ani- 
mals are shown in parenthesis. *Denotes the significant difference 
from controls at the level of 1%. 

The  t i s sues  for c a t e c h o l a m i n e  f luorescence mic roscopy  
were processed  b y  t h e  m e t h o d  of F a l c k  a n d  Hi l l a rp  is. 
T h e  lumicoIch ic ine  was  p r e p a r e d  f r o m  colchie ine  b y  t h e  
m e t h o d  of Wi l son  a n d  F r i e d k i n  ~9. 
Results and discussion. N A  c o n t e n t s  in  t h e  LC increased  
m a r k e d l y  2 days  a f t e r  colchic ine  a d m i n i s t r a t i o n  (table).  
D o p a m i n e  (DA) c o n t e n t s  also increased  s ign i f i can t ly  
f rom 2.0 • 0.1 n g t o  3.2 • 0 . 2 n g  (N = 4). T he  r e l a t ive ly  
low va lues  of D A  sugges t  t h a t  t h e  reg ion  d issec ted  as t h e  
LC h a d  negl igible  c o n t a m i n a t i o n  of d o p a m i n e r g i c  neurons ,  
a n d  the re fo re  t h e  D A  a c c u m u l a t e d  a f t e r  colchicine is t h e  
one  local ized in  LC as a p r e c u r s o r  of NA.  Cons i s t en t  w i t h  
t h e  b iochemica l  resul ts ,  t h e  h i s t o c h e m i c a l  s t u d y  d e m o n -  
s t r a t e d  t h e  m a r k e d  a c c u m u l a t i o n  of f luorescence  in t h e  
LC (figure). N o t  on ly  t h e  f luorescence in  t h e  cell bodies,  
b u t  also t h a t  in  t h e  axons  are more  in t ense  t h a n  t h a t  of 
cont ro l ,  so t h a t  t h e  axons  Call be  more  easi ly  recognized.  
To see t h e  speci f ic i ty  of colchic ine  ac t ion ,  t h e  effect  of 
lumicolch ic ine  was  inves t iga t ed ,  a n  i somer  of colchicine,  
w h i c h  ha s  a m u c h  less m i c r o t u b u l e s  b i n d i n g  c a p a c i t y  a n d  
is fa r  less ef fec t ive  in  b iock ing  a x o n a l  t r a n s p o r t  in  ot t ler  

n e u r o n a l  systems20, al. E v e n  10 t imes  h ighe r  doses of 
lumico lch ic ine  t h a n  colchicine fai led to a l t e r  t h e  N A  
levels in  t he  LC as well  as t h e  a n i m a l  b e h a v i o r  ( table) .  
Since t h e  i n t r a c i s t e r n a l  i n j ec t ion  of colchicine induces  
m a r k e d  b e h a v i o r  changes  k n o w n  as colchicine n e u r o p a t h y  
in r a b b i t s  22, we n e x t  i n v e s t i g a t e d  t i le  poss ib i l i ty  t h a t  t h i s  
t r e a t m e n t  resu l ted  in a genera l  stress,  wh ich  in t u r n  in- 
creased t h e  a c t i v i t y  of t y r o s i n e  h y d r o x y l a s e  1~, t h e  r a t e  
l imi t ing  e n z y m e  of N A  synthes i s ,  a n d  t h u s  i l lcreased t h e  
N A  levels in  t h e  LC. However ,  t he  exposure  of r a t s  to  
s t ressful  s i t ua t i ons  ( res t ra in t )  fai led to  a l t e r  t he  N A  levels 
desp i te  increas ing  t he  t y ro s ine  h y d r o x y l a s e  a c t i v i t y  
s ign i f i can t ly  f rom 1.97 • 0.10 to 2.59 • 0.16 nmoles  
D O P A  f o r m e d / h  region (N : - 8  in  each  group) .  The  
morpho log ica l  ev idence  ava i l ab le  ind ica t e s  t h a t  t he  i n t r a -  
c i s t e rna l  a d m i n i s t r a t i o n  of some a n t i m i t o t i c  agen t s  
i nduced  a loss of n e u r o t u b u l e s  a n d  a p ro l i f e ra t ion  of 
f i l amen t s  in  t h e  an t e r i o r  h o r n  cells in  r a b b i t s  ~.  Also 
s imi la r  b iochemica l  resul t s  to  ours  are ava i l ab le  in  wh ich  
t h e  i n t r a c i s t e r n a l  i n j ec t i on  of colchicine m a r k e d l y  in te r -  
r u p t e d  t he  r ap id  m i g r a t i o n  of label led  p ro t e ins  in  t h e  
hypoglossa I  a n d  v a g u s  n e r v e  a t  t h e  level  of t h e  per i -  
k a r y o n  2a. Our  resul ts ,  t a k e n  t o g e t h e r  w i t h  these  obser-  
va t ions ,  s u g g e s t  t h a t  t h e  b lockade  of a x o n a l  t r a n s p o r t  is 
r e spons ib le  for  t he  a c c u m u l a t i o n  (If N A  in t h e  LC as a 
consequence  of t h e  b i n d i n g  of colchic ine  to t h e  neuro -  
tubu les .  However ,  a f ina l  conc lus ion  is r e se rved  u n t i l  t h e  
fa te  of o t h e r  i n t r a a x o n a l  cons t i t uen t s ,  such  as ca techo la -  
m ine  s y n t h e t i z i n g  enzymes ,  ha s  b e e n  e luc ida ted .  A s t u d y  
a long  w i t h  t h i s  l ine is in  progress  in our  l abo ra to ry .  
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D o p a m i n e  b e t a - h y d r o x y l a s e  in  h u m a n  synov ia l  f luid 
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Summary. D o p a m i n e  b e t a - h y d r o x y l a s e  (DBH)  a c t i v i t y  h a s  been  found  in  synov ia l  f luid o b t a i n e d  f rom h u m a n  knees.  
The  e n z y m e  a c t i v i t y  was  a b o u t  5% of t h e  a c t i v i t y  f o u n d  in  t h e  s e rum of t h e  same  con t ro l  pa t i en t s .  D B H  a c t i v i t y  in  
synov ia l  f luid of p a t i e n t s  suffer ing o s t eoa r t h r i t i s  was  3 t i m e s  h igher .  

D o p a m i n e  b e t a - h y d r o x y l a s e  (DBH) ,  t h e  e n z y m e  t h a t  
ca ta lyzes  t h e  conve r s ion  of d o p a m i n e  to  n o r a d r e n a l i n e  
(NA) in s y n a p t i c  vesicles of s y m p a t h e t i c  neurones ,  is 
re leased  a long  w i t h  N A  in  response  to  phys io log ica l  s t im-  
u l a t i on  of adrer tergic  ne rves  3. A c c u m u l a t i o n  of D B H  in 
t h e  sera  of a n i m a l s  a n d  h u m a n s  is n o w  well  e s t ab l i shed  ~, 5. 
Also, t i le  e n z y m e  has  b e e n  de t ec t ed  in  l y m p h  f luid  of 
b o t h  dogs a n d  cats ,  sugges t ing  t h a t  a f t e r  s y m p a t h e t i c  
s t i m u l a t i o n  t h e  e n z y m e  en te r s  t h e  b lood  in  p a r t  t h r o u g h  
t h e  l y m p k  ~, 6 Since t h e  p r o t e i n  c o n t e n t s  of h u m a n  syno-  
v ia l  f luid a p p e a r  to  be  iden t i ca l  w i t h  t hose  of p l a s m a  7, 
the possibility exists that DBH could also be present in 
synovial fluid. In this work, D]3H activity was detected in 
synovial fluid of normal human knees and compared 
w i t h  t he  enzymic  a c t i v i t y  f o u n d  ill synov ia l  f lu id  of 
pa tho log ica l  j oints .  

Material and methods. 19 p a t i e n t s  (10 males  a n d  7 females)  
suffer ing f rom n o n j o i n t  diseases were selected as controls .  
Ages r a n g e d  b e t w e e n  13 a n d  85 years .  I n  add i t ion ,  12 
p a t i e n t s  (4 males  a n d  8 females)  suf fer ing  f rom osteo-  
a r t h r i t i s  (degenera t ive  j o i n t  disease) w i t h  ages r a n g i n g  
f rom 43 to  63 years  were also s tud ied .  Of these ,  10 p a t i e n t s  
h a d  o s t eo ra r t h r i t i s  of t he  knee  a n d  2 o t h e r  p a t i e n t s  h a d  
o s t eoa r th r i t i s  of t he  h ip  j o in t ;  5 were  in t he  in i t i a l  s tages  
of t h e  disease a n d  t he  r e m a i n i n g  were in more  a d v a n c e d  
s tages .  S y n o v i a l  f lu id  of t h e  knee  was  t a k e n  u n d e r  genera l  
a n e s t h e s i a  f rom con t ro l  p a t i e n t s  d u r i n g  n o n - o s t e o a r t h r i t i e  
surgery ,  and  f rom o s t e o a r t h r i t i c  p a t i e n t s  d u r i n g  su rge ry  
of t h e  knee  or t h e  h ip  jo in t .  
E x c e p t  for some p a t i e n t s  w i t h  o s t eoa r th r i t i s  in w h i c h  t h e  
synov ia l  f lu id  was  t a k e n  b y  a r t h r o t o m y ,  f lu id  was  a lways  
t a k e n  asep t i ca l ly  b y  paracen tes i s .  P u n c t u r e  was  m a d e  


