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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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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  
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Dopamine beta-hydroxylase (DBH) activity in serum and synovial fluid of control and patients with osteoarthritis 
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Blood pressure (ram Hg) DBH activity (nmol/h ml) 
N Age (years) Systolic Diastolic Serum Synovial fluid 

S-DBH/SF-DBH 

Control 17 46.6 ~_ 4.6 131 4. 5 74 i 2.6 245.2 ~_ 42.2 10.9 4- 2.3 44.8 4- 18.2 
(13-85) (105-180) (60-90) (0-668) (0.4-36) (0-325) 

Osteoarthritis 12 55.2 4- 2.1 147 4- 9.6 84 4- 5.2* 467.7 4- 101.3" 30.3 4- 7.8** 18.5 4- 3 
(43 63) (90-190) ( 6 0 - 1 2 0 )  (41-1200) (2.4-102} (4.1-44) 

DBH activity was assayed in t/xl serum and 25 [xl synovial fluid. The optimal pH for the first step ol the reaction was 5; this step was run 
for 1 h in presence of 10 [xmoles N-ethylmaleimide in order to overcome the effect of endogenous inhibitors. The adequate inactivation of 
enzyme inhibitors was further tested by adding to a duplicate of each sample a known amount of a partially purified bovine adrenal DBH. 
With these aliquots of serum and synovial fluid, the recoveries were always greater than 90 %. The activity of a standard amount of partially 
purified bovine adrenal DBH decreased gradually when aliquots greater than 25 ~1 of synovial fluid were added. However, the enzyme activity 
was linear with 5-50 ~zl of synovial fluid. Data are means ~ SE. N, number of patients. In parenthesis, range values. SD-BH = Sermn 
DBH; SF-DBH ~ Synovial fluid DBH. * p < 0.05; ** p < 0.01, compared with controls. 

in t he  ou te r  border  of the  pa te l lo- femoral  joint .  Synovia l  
fluid and  blood ob ta ined  by  ven ipunc tu re  were immedi-  
a te ly  placed in ice-chilled tubes  and  cent r i fuged a t  12,000 
• g for 10 rain. The s u p e r n a t a n t s  f rom synovia l  fluid 

and se rum were frozen at  -20~  unti l  assayed  for D B H  
act iv i ty .  D B H  ac t iv i ty  was s tab le  under  these  condi t ions  
for several  weeks. Samples  of synovia l  fluid c o n t a m i n a t e d  
wi th  blood were discarded.  Blood pressures  were mea-  
sured a t  the  t ime  of sampling.  The m e t h o d  employed  to  
assay D B H  ac t iv i ty  was s l ight ly modif ied s f rom t h a t  
descr ibed by  Goldstein e t  al. a. 
Results. The table  shows t h a t  synovia l  fluid of cont ro l  
pa t i en t s  con ta ined  a s ignif icant  a m o u n t  of D B H  act iv i ty ,  
bu t  still  only  5 ~o the  ac t iv i ty  found  in the  se rum of the  
same pa t ien t s .  The enzyme  ac t iv i ty  was easi ly measured  
in synovia l  fluid and, apparen t ly ,  the  endogenous  inhibi-  
tors  of the  enzyme were m u c h  less p o t e n t  when compared  
to those  p re sen t  in serum. E v e n  t hough  the  range of 
var ia t ion  of the  values of D B H  ac t iv i ty  found in synovia l  
fluid is large, i t  was still Smaller t h a n  in serum. The table  
also shows indiv idua l  se rum to synoviaI  fluid D B H  rat ios  
( S - D B H / S F - D B H ) .  Exc lud ing  the  2 ex t r eme  va lues  (0 
and  325), it  appears  t h a t  ra t ios  migh t  be more  useful in 
order  to evalua te  changes  in synovia l  fluid D B H  be tween  
individuals .  
Pa t i en t s  suffer ing f rom degenera t ive  jo in t  disease had  
e leva ted  se rum and  synovia l  fluid D B H  activit ies.  So, 
while se rum D B H  ac t iv i ty  was a lmos t  twice as m u c h  as 
control ,  synovia l  fluid D/3H increased 3 t imes.  Therefore,  
S - D B H / S F - D B H  decreased.  Since D B H  ac t iv i ty  in 
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The relationship between serum dopamine beta-hydroxylase (DBH) 
activity and synovial fluid DBH activity in humans. The correlation 
coefficient was 0.60; p % 0.01; N = 29. 

h u m a n  serum is age -dependen t  9, we should compare  these  
da t a  only  wi th  contro l  pa t i en t s  wi th in  the  same range of 
ages. B u t  even if pa t i en t s  younger  t h a n  43 years  are 
excluded,  the  contro l  group se rum and  synovia l  fluid 
D B H  values remained  similar. 
Discussion. I t  is bel ieved t h a t  the  normal  synovia l  mem-  
b rane  excludes  p l a sma  pro te ins  of h igh  molecular  
weigh t  10,11 For  example ,  f ibrinogen,  a pro te in  of mol. w t  
abou t  300,000, is no t  found in normal  synovia l  fluid; 
therefore  it is unl ikely t h a t  synovia l  fluid D B H ,  a pro te in  
of similar mol. w t  12, comes f rom t h e  plasma.  The figure 
shows a p lo t  of se rum D B H  ac t iv i ty  versus  synovia l  
fluid D B H  ac t iv i ty  which reveals  t h a t  the re  is a poor  b u t  
s ignif icant  corre la t ion be tween  the  enzymic  ac t iv i ty  of 
b o t h  co mp a r t men t s .  W h e n  the  se rum and synovia l  fluid 
D B H  act ivi t ies  were separa te ly  p lo t t ed  for the  contro l  
popula t ion  and  for the  popu la t ion  consis t ing of osteo- 
a r th r i t i c  pa t ien ts ,  cor re la t ioncoef f ie ien t sof0 .79  (p < 0.01) 
and 0.44 (p > 0.05) were obta ined ,  respect ively.  Al though  
poor, th is  pos i t ive  corre la t ion  indicates  t h a t  if Dt3H in the  
jo in t  does no t  come f rom the  p lasma,  a t  least  there  is some 
re la t ionship  be tween  the  D B H  act ivi t ies  of bo th  se rum 
and synovia l  fluid. On the  o ther  hand ,  the  rat io to ta l  plas- 
ma  p ro te in / to t a l  synovia l  fluid p ro te in  is of the  order  of 
2.4 which is abou t  20 t imes  lower t h a n  the  rat io S - D B H /  
SF-D BH .  Therefore,  it  has  to  be assumed t h a t  the  synovia l  
m e m b r a n e  m u s t  exclude the  c i rcula t ing DBI-I only  par -  
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Garcia. We are grateful to Drs S. J. Fidone and A. Sillero for 
assistance with the manuscript. Supported by a grant from the 
Galerias Preciados Foundation, Valladolid, Spain. 
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t la l ly ,  or t h a t  t he  e n z y m e  found  in t he  j o i n t  has  a local 
source. I t  would  be  i n t e r e s t i ng  to see if some o the r  smal ler  
adrenerg ic  ves icu la r  pro te ins ,  such  as c h r o m o g r a n i n s  which  
h a v e  a tool. w t  of 70,000, a n d  are also re leased a long  w i t h  
N A  d u r i n g  s y m p a t h e t i c  ne rve  s t i m u l a t i o n  2, are p r e sen t  
in h ighe r  a m o u n t s  t h a n  DI3H in synov ia l  fluid. Th i s  
would  c lar i fy  t h e  source  of t h e  D B H  p r e s e n t  in  synov ia l  
fluid. L i t t l e  is k n o w n  a b o u t  t h e  s y m p a t h e t i c  i n n e r v a t i o n  

of t he  jo in t ,  b u t  i t  m a y  be  t h a t  t he  e n z y m e  comes  f rom 
s y m p a t h e t i c  ne rves  i n n e r v a t i n g  t he  j o i n t  s t ruc tu res ,  such  
as t he  synov ia l  m e m b r a n e  whose  cells h a v e  sec re to ry  
funct ions .  These  ne rves  m i g h t  r egu la te  t he  sec re to ry  
func t i ons  of these  cells, or o the r  func t ions  of t h e  joints ,  
such  as t he  a m o u n t  a n d  compos i t i on  of synov ia l  fluid,  a 
c r i t ica l  f ac to r  for t he  a d e q u a t e  l ub r i ca t i on  of t h e  j o i n t  
car t i lage.  

I n c r e a s e d  c a r d i a c  n o r a d r e n a l i n e  t u r n o v e r  in  th e  ra t  af ter  a c u t e  e x p o s u r e  to  e n v i r o n m e n t a l  h e a t  

R. Sailer  and  B. L e m m e r  ~ 

Ze~trum der Pharmahologie, Theodor-Stern-Kai 7, D-6000 Frank/urt am Main (Federal Republic o/Germany, BRD), 
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Summary. In  male  rats ,  t he  card iac  t u r n o v e r  of n o r a d r e n a l i n e  is s ign i f i can t ly  increased  on  acu te  exposure  to  an  
e n v i r o n m e n t a l  t e m p e r a t u r e  of 32 ~ w h e n  c o m p a r e d  to  con t ro l  e x p e r i m e n t s  p e r f o r m e d  a t  23 ~ 

Var ious  e n v i r o n m e n t a l  fac tors  inf luence  the  m e t a b o l i s m  
a n d  th6  t u r n o v e r  of n o r a d r e n a l i n e  ill t h e  r a t  h e a r t ,  e.g. 
g roup ing  of t he  an i m a l s  2, s t a t e  of t r a i n i n g  3, l i gh t  a n d  
da rknes s  ~, h i g h  a l t i t ude  inf luence  5 and  va r ious  fac tors  
wh ich  are s t ress ing  t he  an i m a l s  s. F u r t h e r m o r e ,  acu te  a n d  
l o n g - t e r m  exposure  to  cold increase  t he  ca rd iac  n o r a d r e n -  
al ine t u r n o v e r  in  r a t s  7, a n d  e n v i r o n m e n t a l  h e a t  increases  
t he  n o r a d r e n a l i n e  t u r n o v e r  ill t h e  h y p o t h a l a m u s  a, w h i c h  
p lays  a n  i m p o r t a n t  role in  t h e  t h e r m o r e g u l a t i o n  in t he  
r a t  s, a n d  in o t h e r  a reas  of t he  r a t  b r a i n  9. As t he  card iac  
o u t p u t  and  t he  h e a r t  r a t e  was  r epo r t ed  to be  increased  a t  
an  e l eva t ed  room t e m p e r a t u r e  ~~ i t  was  the  a i m  of th i s  
s t u d y  to i nves t i ga t e  w h e t h e r  these  changes  m a y  in t u r n  
be  due  to an increased  t u r n o v e r  r a t e  of t he  physio logica l  
t r a n s m i t t e r  subs tance ,  no rad rena l i ne ,  in  t h e  r a t  hea r t .  
Materials and methods. I n  t h e  expe r i m en t s ,  ma le  W i s t a r  
r a t s  (TNO W.70) o f ' a b o u t  130-160 g were used. T he  ani-  
ma l s  were k e p t  for a t  leas t  5 days  u n d e r  a con t ro l led  
l igh t ing  schedute  of 12 h l igh t  (7.00-19.00 h) a l t e r n a t i n g  
w i t h  12 h da rknes s  (19.00-7.00 h) w i t h  food a n d  w a t e r  ad  
l i b i t u m  and  a t  a r oom t e m p e r a t u r e  of 23 :~ 1~ T he  nor-  
ad rena l ine  t u r n o v e r  in  t he  h e a r t s  was  d e t e r m i n e d  in t h e  
per iod  of l igh t  f rom t h e  l oga r i t hm i c  decl ine of t he  specific 
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Decay of the specific activity of noradrenaline in the rat heart after 
i.v. injection of 10 IxCi]kg 3 H-(-)-noradrenaline in the period of light 
at a room temperature of 23~ (�9169 or 32~ (e--o).  Arrow 
indicates time of injection at 8.30 h (zero time). Each point repre- 
sents the mean value ~ SEM from 5 animals. 

a c t i v i t y  a f t e r  i.v. i n j ec t ion  of 10 ~Ci/kg 3H- ( - ) -no rad ren -  
Mine (Rad iochemica l  Centre ,  A m e r s h a m ,  spec. a c t i v i t y  
8.7 Ci /mmole)  as descr ibed  in de ta i l  p rev ious ly  *. The  
n o r a d r e n a l i n e  c o n c e n t r a t i o n  was d e t e r m i n e d  accord ing  
to  C h a n g  11. H e a t  e x p e r i m e n t s  were pe r fo rmed  a t  a r oom 
t e m p e r a t u r e  of 32 • 1~ a n d  in order  to  ach ieve  th i s  
t e m p e r a t u r e  t he  usua l  e n v i r o n m e n t  of t he  an ima l s  was  
h e a t e d  up  f rom 7.00 h un t i l  t h e  b e g i n n i n g  of t he  exper i -  
m e n t  a t  8.30 h.  Cont ro l  e x p e r i m e n t s  were p e r f o r m e d  in 
t he  same  week  a t  a n o r m a l  r o o m  t e m p e r a t u r e  of 23 • 1 ~ 
Signif icance was t e s t ed  b y  t he  u n p a i r e d  2- ta i led S t u d e n t ' s  
t - t e s t ,  a n d  l i nea r i ty  of t h e  regress ion func t ions  was p r o v e d  
b y  t he  F -d i s t r i bu t i on .  
Results. The  endogenous  n o r a d r e n a l i n e  c o n c e n t r a t i o n  in 
t he  h e a r t s  was  increased  b y  t he  a c u t e  exposure  to  h e a t  
f rom 0.94 & 0.02 t~g • g-1 (n = 43) a t  a n o r m a l  t e m p e r a t u r e  
to  1.04 i 0.02 txg•  -1 (n ~ 43). This  increase  was s ta t i s -  
t i ca l ly  s ign i f ican t  (p < 0.001). I n  t he  figure,  one repre-  
s e n t a t i v e  e x p e r i m e n t  ou t  of each  e x p e r i m e n t a l  g roup  is 
depic ted ,  showing  t h a t  t he  half-l ife of t he  specific a c t i v i t y  
of t he  card iac  n o r a d r e n a l i n e  is decreased  w h e n  t he  
e n v i r o n m e n t a l  t e m p e r a t u r e  is increased  f rom 23~ to  32~ 
All e x p e r i m e n t a l  resu l t s  are s u m m a r i z e d  in  t h e  t ab le .  
I t  can  be  seen t h a t  acu te  exposure  to  a n  e l eva t ed  room 
t e m p e r a t u r e  of 32~ d u r i n g  l igh t  s ign i f i can t ly  increased  
t he  t u r n o v e r  r a t e  of n o r a d r e n a l i n e  in t he  r a t  h e a r t  
(0.069 ~g • g-1 • h-~) w h e n  c o m p a r e d  w i t h  t he  con t ro l  
e x p e r i m e n t s  pe r fo rmed  a t  a r oom t e m p e r a t u r e  of 23~ 
(0.039 txg • g - ~ •  h - l ) .  Thus ,  t he  m e a n  half-l ife was de-  
creased to  10.2 h a t  32~C f rom 16.3 h a t  23~ 
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