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Fig. 2. Electron mierograph of synoviaI venule following intra- 
articular injection of serotoniu. Carbon particles have accumulated 
in a gap (G) between 2 endothelial ceils (E, E); R, erythrocyte in 
lumen; N, nucleus of endothelial cell. • 20.000. 
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a p p r o x i m a t e l y  70 t imes  g rea t e r  p o t e n c y  t h a n  h i s t amine ,  
m a x i m a l  labe l l ing  of vessels  be ing  o b t a i n e d  b y  a dose of 
0.25 ~g. T h e  synov ia l  m e m b r a n e s  of jo in t s  i n j ec t ed  w i t h  
2.5 ~g se ro ton in  exh ib i t ed  a s imi la r  a m o u n t  of va scu l a r  
label l ing  as those  of jo in t s  in j ec ted  w i t h  0.25 ~g, b u t  
labe l l ing  of vessels also occur red  in  musc le  t i ssue  ad- 
j a c e n t  to  t h e  joints .  B r a d y k i n i n  h a d  a p p r o x i m a t e l y  twice  
the  p o t e n c y  of h i s t a m i n e  in a dose r ange  of 0.005 to  0.5 ~g 
per  joint .  Max i ma l  labe l l ing  of synoviM vessels was  no t  
o b t a i n e d  w i t h  t h e  h ighes t  t e s t  dose of b r a d y k i n i n .  

T h e  re l a t ive  p o t e n c y  of h i s t a m i n e ,  se ro ton in  a n d  
b r a d y k i n i n  on  t h e  vascu la r  p e r m e a b i l i t y  of synovia l i s  
the re fore  a p p r o x i m a t e s  t h e  r e l a t ive  p o t e n c y  r epo r t ed  for 
these  subs t ances  in  r a t ' s  s k i n !  

E l ec t ron  microscopic  e x a m i n a t i o n  of synov ia l  vessels  
ob t a ined  f rom jo in t s  8 m i n  a f t e r  i n t r a - a r t i c u l a r  in j ec t ion  
of h i s t amine ,  se ro ton in  or b r a d y k i n i n  revea led  changes  
for each  s u b s t a n c e  s imi la r  to  those  descr ibed for c r e m a s t e r  
muscle  of t h e  r a t  s . Ca rbon  par t ic les  were found  b e n e a t h ,  
a n d  in gaps  be tween ,  t h e  endo the l i a l  ceils of venu les  
(Figure 2). Carbon  depos i t s  were n o t  found  in t h e  walls of 
capi l lar ies  w i t h  e i the r  c o n t i n u o u s  or f e n e s t r a t e d  endo-  
t h e l i u m  9. I n  label led  venules ,  t h e  nucle i  of endo the l i a l  cells 
f r e q u e n t l y  showed  p r o m i n e n t  i n d e n t a t i o n s  of t h e  nuc l ea r  
m e m b r a n e ,  a change  w h i c h  h a s  been  i n t e r p r e t e d  as 
r e su l t ing  f rom c o n t r a c t i o n  of t h e  c y t o p l a s m  of t h e  
endo the l i a l  cell t0. 

T h e  above  resu l t s  i nd i ca t e  t h a t  in  t h e  ra t ,  h i s t amine ,  
se ro ton in  an d  b r a d y k i n i n  induce  increased  vascu l a r  
p e r m e a b i l i t y  in  t h e  synovia l i s ,  t h a t  t h e  m e c h a n i s m  of 
ac t ion  of these  subs t ances  is t h e  s ame  in synovia l i s  as in  
skin  a n d  muscle,  an d  t h a t  t h e  r e l a t ive  p o t e n c y  of these  
subs t ances  is s imi la r  in  synovia l i s  a n d  skin. 

Rgsumd. L a  pe rm6ab i l i t 6  vascu la i re  de  la m e m b r a n e  
synovia le  du  r a t  es t  a u g m e n t 6 e  p a r  l ' h i s t amine ,  la 
s6ro tonine  et  la b r a d y k i n i n e .  Duns  ce t t e  r6ac t ion  la 
s6ro tonine  est  p lus  ac t ive  que  l ' h i s t a m i n e  et  la b r a d y k i n i n e .  
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Increased Catecholamine  Excre t ion  in the Rat After Admin i s t ra t ion  of ~z-Methyl -Tyros ine  

Alpha-rnethyl-para-tyrosine (m-MpT), an  ana logue  of 
tyrosine, has been shown to inhibit tyrosine-hydroxylase 
competitively, in vitro I as in vivo 2. Thus this drug has 
been widely used as an inhibitor of norepinephrine (NE) 
synthesis in various experimental conditions, mainly for 
the estimation of both the rate of synthesis and the 
t i s su la r  t u r n o v e r  of N E  in t h e  r a t  3-5. As a m a t t e r  of fact ,  
i n j ec t ion  of ~-MpT to  guinea-pigs  or r a t s  ha s  been  found  
to  decrease  t h e  t i ssue  levels  of NE2,  a. F u r t h e r m o r e ,  
because  of i ts  i n h i b i t o r y  effect  on  c a t e c h o l a m i n e  p roduc-  
t ion,  e -MpT has  Mso been  used  clinically,  especiMly for 
t he  t r e a t m e n t  of a m i n e  p r o d u c i n g  t u m o r s  6. 

As far  as we know,  no s t u d y  has  been  devoted ,  
however ,  to t he  poss ible  effect  of cr on  b o t h  t h e  
excre t ion  a n d  t he  o x i d a t i o n  of ca techo lamines .  T h e  
purpose  of t he  p r e sen t  work  was to  t e s t  t h i s  hypo thes i s  b y  
d e t e r m i n i n g  t he  effects of e -MpT on t he  u r i n a r y  exc re t ion  
of b o t h  ep ineph r ine  (E) a n d  N E  as well  as of t h e i r  
m e t a b o l i t e  3 - m e t h o x y - 4 - h y d r o x y - m a n d e l i c  acid (VlVIA) 

in n o r m a l  ra ts .  The  effects  of t h i s  d rug  on  N E  excre t ion  
were also s tud ied  in  a d r e n a l e c t o m i z e d  ra ts .  

Materials and methods. Male W i s t a r  ra ts ,  we igh ing  
180-200 g a n d  fed on  s tock  l a b o r a t o r y  diet ,  were in jec ted  
i.p. w i t h  a single dose (100 or 200 mg/kg)  of e i t he r  
c~-MpT (Merck, S h a r p  a n d  D o h m e  R e s e a r c h  Labora to r i e s ,  
R a h w a y ,  N.J . ) ,  as a 0.5 M p h o s p h a t e  buf fe r  so lu t ion  
(20 mg/ml) ,  or e -MpT m e t h y l  es ter  ( compound  I-I 44/68, 
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Effects of c~-MpT (200 mg/kg) on the 4 h urinary excretion of epi- 
nephrine (E) and norepinephrine (NE) in the rat 

Controls Injected ~-MpT 

E (/~g) 0.026 :~ 0.009 0.168 ~= 0.090 ~ 

NE (/zg) 0.108 ~- 0.011 0.993 ~_ 0.640 

p < 0.01 as compared to control values. 
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Fig. 1. Effects of a-MpT, a-MmT and c~-MpT-methyl ester (200 mg/kg) 
on the daily urinary excretion of epinephrine and norepinephrine in 
the rat. The vertical bars represent 2 SEM. 
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Fig. 2. Influence of adrenalectomy on the effect of cr 
ester (200 mg/kg) on the daily urinary excretion of norepinephrine 
in the rat. * p < 0.001 as compared to control normal rats. ** p < 
0.001 as compared to control adrenalectomized rats. O, non signifi- 
cant as compared to normal methyl ester treated rats. 
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Fig. 3. Influence of cr ester (200 mg/kg) on the daily 
urinary excretion of 3-methoxy-4-hydroxy-mandelic acid (VMA) 
in the rat. * p < 0.01 as compared to control values. 

L ab k emi  AB, G6teborg,  Sweden),  as a saline solut ion 
(20 mg/ml) .  In  some exper iments ,  the  m e t e  isomer  of 
e-MpT, c~-methyl-meta-tyrosine (e-MInT, Nut r i t iona l  
Biochemical  Corporat ion,  Cleveland, Ohio) was also 
admin i s t e red  i.p. in a dose of 200 mg/kg  as a saline 
solut ion (20 mg/ml) .  Control  animals  received i.p. the  
same vo lume of saline solution.  In  an o t h e r  set  of experi-  
ments ,  e-MpT m e t h y l  es ter  (200 mg/kg) was admin i s t e red  
in t r ape r i tonea l ly  to ad rena lec tomized  rats.  Bi la teral  
ad rena l ec tomy  was pe r fo rmed  under  e the r  anes thes ia  6 to  
8 weeks pr ior  to tile t r e a t m e n t .  Adrena lec tomized  ra ts  
received the  same food as the  controls ,  excep t  t h a t  
saline was given in place of water .  

Animals ,  p laced  in metabol ic  cages immed ia t e ly  af ter  
the  inject ion,  had  free access to  food and  dr ink  d u r i r g  the  
course of t he  exper iments .  Four  or 24 h following the  
inject ion,  urines were collected Oil 6 N HC1 (0.5 ml) and  
f i l t ra ted.  Con tamina t ion  of urines by  faeces was avo ided  
by  means  of glass funnels  covered wi th  filters. Cate- 
cholamines  (free and  conjugated)  were sepa ra ted  on acid- 
ac t iva ted  a lumin ium oxide (3 g/100 ml) added  wi th  E D T A  
(10 g/100 ml), according to  the  m e t h o d  of EULER and 
ORWEN 7 as modif ied  by  de SCHAEPDRYVER 8. E and  N E  
were Muted in 0.25 N sulfuric acid and  assayed fluoro- 
metr ical ly ,  according to  t he  m e t h o d  of EVLER and 
LISHAJKO 9, using an A m i n c o - B o w m a n  spectrof luoro-  
meter .  In  these  condit ions,  ne i ther  e -MpT nor  ~-MmT 
in ter fe red  wi th  the  e s t ima t ion  of E and  NE.  De te rmina -  
t ion  of VMA was pe r fo rmed  according to  the  m e t h o d  of 
SUNDERMAN et  al. 1~ as modif ied  by  PISANO et al. n.  
Resul ts  are expressed  as means  3= SEM. The s ta t i s t ica l  
s ignif icance has been c o m p u t e d  wi th  the  S t u d e n t ' s  
t- test .  

Results. As shown in Figure  1, e-MpT, a-MInT or 
e-MpT- m e t h y l  ester,  admin i s t e red  i.p. in a single close of 
200 mg/kg,  enhances  t he  u r inary  excre t ion  of b o t h  E and 
NE.  Compared  to controls ,  E and  N E  levels are increased 
f rom 13 to 20 t imes  and  4.5 to  8 t imes  respect ively ,  
m a x i m a l  effects be ing observed  wi th  ~-MpT. 

W h e n  a lower dose (100 mg/kg) of ~-MpT or e-MpT- 
m e t h y l  es ter  was adminis te red ,  s imilar  effects were 
obta ined.  In  these  cond i t ions ,  compared  to  the  contro l  
values, u r inary  excre t ion  of E was s ignif icant ly  (p < 0.01) 
increased by  b o t h  compounds  ( • 17 by  e-MpT and  • 7 by  
e - M p T - m e t h y l  ester), whereas  u r ina ry  excre t ion  of N E  
increased also s ignif icant ly  (p < 0.01), bu t  to  a lesser 
ex t en t  ( • 5 by  e-MpT and • 3.5 by  a -MpT-me th ly  ester).  

As shown in the  Table,  th is  ac t ion of ~-MpT appears  
ear ly  since, as soon as 4 h af ter  the  admin i s t r a t i on  of 
e -MpT (200 mg/kg),  the  u r inary  excre t ion  of E and  N E  
were s ignif icant ly  increased ( • 6.5 and 9.0 respect ively) .  

In  order  to  de t e rmine  the  con t r ibu t ion  of adrena l  
medul la  in these  effects,  we have  s tud ied  the  inf luence of 
e -MpT-me thy l  ester  (200 mg/kg) on the  u r ina ry  excre t ion  
of N E  in adrena lec tomized  rats.  In  these  condi t ions ,  the  
increase in the  u r ina ry  excre t ion  of N E  was of t he  same 
order  of magn i tude  in b o t h  normal  and  adrena lec tomized  
ra ts  (Figure 2). 

E n h a n c e m e n t  of the  u r inary  excre t ion  of ca techolamines  
induced  by  ~-MpT could be re la ted  to a reduc t ion  of 
ca techolamines  oxidat ion.  In  order  to  t e s t  th is  hypothes i s ,  
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we h a v e  m e a s u r e d  t he  da i ly  exc re t ion  of one of t he  u r i n a r y  
m e t a b o l i t e s  of ca techo lamines ,  n a m e l y  VMA. As can  be  
seen in F igure  3, e - M p T - m e t h y l  es ter  d id  no t  reduce  t h e  
exc re t ion  of VM A  bu t ,  on  t h e  con t r a ry ,  m a r k e d l y  
increased  t he  l a t t e r .  

Discussion. A d m i n i s t r a t i o n  of ~-MpT to guinea-pigs  2 or 
r a t s  * has  b e e n  s h o w n  to  r e su l t  in  a s h a r p  decrease  of t he  
hea r t ,  sp leen a n d  b r a i n  N E  levels.  F r o m  these  expe r imen t s ,  
i t  was  p o s t u l a t e d  t h a t  th i s  decrease  was a consequence  of 
N E  syn thes i s  i nh ib i t i on .  On t h e  o t h e r  h a n d ,  t h e  meta 
i somer  of ~-MpT, ~-MmT, a p o t e n t  i n h i b i t o r  of dopa-  
deca rboxy la se  12, ha s  b e e n  r epo r t ed  to  increase  t he  
release of c a t echo l amines  13. I n  t h e  same  condi t ions ,  our  
e x p e r i m e n t s  show t h a t  a d m i n i s t r a t i o n  of e i the r  e -MpT 
or cr is fol lowed b y  a d ras t i c  rise in  t h e  u r i n a r y  
exc re t ion  of E a n d  NE.  I t  seems, there fore ,  t h a t  t h e  
effects  of these  d rugs  descr ibed  a b o v e  are no t  on ly  r e l a t ed  
to t he i r  i n h i b i t o r y  ac t ion  on  c a t e c h o l a m i n e  b iosyn thes i s ,  
b u t  m a y  also be  t h e  consequence  of a m o d i f i c a t i o n  of 
t h e i r  release,  t h e i r  ox ida t ion ,  as well  as on  t he i r  up take .  

S~XCTOR et  al. 9_ h a v e  t e s t e d  the  poss ib i l i ty  t h a t  a -MpT 
m a y  increase  t h e  t i s su la r  release of NE.  As ~-MpT is 
m e t h y l a t e d  in  v ivo  a n d  t r a n s f o r m e d  in to  e - m e t h y l a t e d  
amines  wh ich  are k n o w n  to  induce  t he  re lease  of NE,  
these  a u t h o r s  h a v e  assayed  m e t h y l  t y r a m i n e  a n d  ~- 
m e t h y l  n o r s y n e p h r i n e  in  b o t h  h e a r t  a n d  b r a i n  of guinea-  
pig  a f te r  t he  a d m i n i s t r a t i o n  of e-MpT.  Since these  assays  
were unsuccessful ,  SPECTOR et  al. conc luded  t h a t  t h e  N E  
t i s su la r  decrease  i nduced  b y  ~-MpT was u n r e l a t e d  to an  
effect  on  c a t e c h o l a m i n e  release,  a n d  was on ly  t he  conse-  
quence  of t y r o s i n e - h y d r o x y l a s e  inh ib i t ion .  

A n o t h e r  m e c h a n i s m  w h i c h  could  exp la in  t h e  increase  of 
u r i n a r y  excre t ion  of e a t echo l am i nes  is a n  i n h i b i t o r y  
effect  of e -MpT on  t h e  c a t a b o l i s m  of ca techo lamiues .  As 
shown  b y  t he  increase  of t he  u r i n a r y  exc re t ion  of VMA, 
i t  can  be  a s sumed  t h a t  ~-MpT does no t  i n h i b i t  t h e  oxida-  
t ion  of ca techo lamines .  

The  effects of e -MpT or e - M m T  on t he  exc re t ion  of E 
a n d  N E  could also be  a t t r i b u t e d  to a n  in t e r f e rence  of 
these  c o m p o u n d s  w i t h  t h e  m e c h a n i s m  invo lved  in t h e  
ca t echo l amine  up take .  As a m a t t e r  of fact ,  H E s s  et  al. 12 
h a v e  shown t h a t  ~ -MmT decreases  t h e  ab i l i ty  of t i ssues  
to  t a k e  up  a n d  b i n d  exogenous  NE.  The  same  effects were  
o b t a i n e d  w i t h  e -MpT b y  BRALET et  al. 5, who  conc luded  
t h a t  a decrease  in t h e  r e - u p t a k e  of N E  enhances  t h e  

release of N E  for a few hours .  Our  p r e s e n t  d a t a  showing  
t h a t  0r and  a - M m T  also increase  t he  exc re t ion  of 
e a t echo l amines  the re fo re  s u p p o r t  t h i s  f inding.  

F r o m  our  resul ts ,  i t  is n o t  possible  to  d e t e r m i n e  
precise ly  t h e  m e c h a n i s m  b y  wh ich  cr enhances  t h e  
u r i n a r y  exc re t ion  of ca techo lamines .  However ,  we can  
pos tu la t e ,  l ike ENNA et  al. ~,  t h a t  t he  i n h i b i t i o n  of ty ro -  
s ine -hydroxy lase  is n o t  t he  only  ac t ion  of c~-MpT. W e  can  
f u r t h e r m o r e  conc lude  t h a t  t h i s  d rug  s t imu la t e s  t h e  t i s su ta r  
re lease of E a n d  N E  in to  t h e  blood, t h e  p a r t  t a k e n  b y  
ad rena l  medu l l a  in  th i s  release be ing  negl igible  15. 

Rdsumd. U n e  in jec t ion  X des r a t s  d'~-m6thyl-para- 
t y ro s ine  (~-MpT), d 'c~-MpT-m6thyl  es ter  ou d ' a - m 6 t h y l -  
mdta-tyrosine (~-MmT), a u x  doses de 200 mg/kg ,  p r o d u i t  
une  a u g m e n t a t i o n  rap ide  et  i m p o r t a n t e  de l ' exc rd t ion  
u r ina i r e  de l ' ad r6na l ine  et  de Ia noradr6na l ine ,  a ins i  que  
de l ' a c i d e  vany l -mand61ique .  L a  su r r6na lec tomie  ne  
modi f ie  pas  1 ' a u g m e n t a t i o n  de l ' excr6 t ion  u r ina i r e  de 
n o r a d r 6 n a l i n e  p r o d u i t e  apr~s in j ec t ion  d 'c~-MpT-m6thyl  
ester.  L '6 ]6va t ion  des t a u x  des ca t6cho lamines  u r ina i res  
r6sul te  v r a i s e m b l a b l e m e n t  de leur  l ib6 ra t ion  t issulaire ,  
sous Fac t ion  de I '~-MpT ou de I '~-MmT.  
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Amphetamine-Induced Changes in Body Temperature and Glycogen Content of the 
Encephalon in the Chicken 1 

T h i r t y  ra in  a f t e r  a n  i.p. i n j ec t ion  of D - a m p h e t a m i n e ,  
5 mg/kg ,  t he  c o n c e n t r a t i o n  of g lycogen in t he  mouse  b r a i n  
decreased  b y  3 0 % ;  th i s  dep le t ion  was closely associa ted  
w i t h  a n  increase  in p h o s p h o r y l a s e  a, a n d  t he  s u b s e q u e n t  
m a r k e d  r e syn thes i s  of t he  po lysaccha r ide  seemed ach ieved  
b y  t he  convers ion  of glycogen s y n t h e t a s e  D to  I2,8. I n  
these  condi t ions ,  t he  dep le t ion  of g lycogen m a y  occur  in 
glial cells in  response  to  t h e  release of c a t echo l amines  ~, ~. 
On t he  o the r  h a n d ,  in j ec t ion  of a m p h e t a m i n e  in t h e  ra t ,  
t h e  N M R I - s t r a i n  mouse  a n d  t h e  r a b b i t  p roduced  a n  
increase  in  b o d y  t e m p e r a t u r e ,  t h o u g h  in t he  C3H-s t r a in  
mouse  no  change  a p p e a r e d  s-s. The  possible  role of 
d o p a m i n e  in t he  a m p h e t a m i n e - i n d u c e d  h y p e r t h e r m i a  was 
suggested  T, 9,1~ W e  m a y  expec t  t h a t  some c o n n e c t i o n  
exis ts  b e t w e e n  ce rebra l  g lycogenolysis  a n d  b o d y  hype r -  
t he rmia ,  wh ich  is m e d i a t e d  b y  t he  level  of biogenic  amines  
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