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Fig. 2. Effect of IVT vehicle (O O O O) or ealcitonin (8 U/kg) injection ( . . . .  ) on conscious rabbit brain eleetrogenesis at various times after 
administration (Mean values and S.D. of 8 animals). The integrated EEG recorded from NC is taken as representative of the tracings 
from aI] the areas considered. 

d a t a  would  sugges t  t h a t  the  effect  m i g h t  be dose-re la ted,  
b u t  t h e y  are no t  inc luded  in F igure  1 because  on ly  a few 
a n i m a l s  h a v e  been  so far  tes ted .  

The  ca lc ium levels a l t e r  I V T  ca lc i ton in  showed  a 
progress ive  decrease  f rom t h e  basa l  m e a n  va lue  of 
11.8 • 1.1 rag/100 ml  to 10.6 • 1.3, 7.7 =h 0.5, 7.5 ! 0.2 
rag/100 ml  a t  30, 60 a n d  90 ra in  respect ive ly .  Th i s  fac t  
ind ica tes  a l eak ing  of t he  p o l y p e p t i d e  f rom t he  b r a i n  to  
the  p e r i p h e r a l  blood. The  s igni f icance  of changes  of 
ca lc ium ions in ana lges ia  is h i gh l i gh t ed  also b y  t he  
r epo r t ed  increase  of t he  analgesic  ac t ion  of m o r p h i n e  
a n d  o the r  op ia tes  c o n s e q u e n t  to  a deca lc i fy ing  agen t  
a d m i n i s t r a t i o n  6. On t h e  o t h e r  h a n d ,  a n  i n v o l v e m e n t  of 
changes  of ca lc ium w i t h i n  t h e  neu rons  induced  b y  
ca lc i ton in  seems a w o r t h w h i l e  hypo thes i s ,  since a n  in- 
f luence of t he  p o l y p e p t i d e  on  inf raee l lu la r  ca lc ium 
d i s t r i b u t i o n  is sugges ted  as t he  m e c h a n i s m  t h r o u g h  wh ich  
ca lc i ton in  carr ies  ou t  i ts  h o r m o n a l  ac t ion  on  t a r g e t  cells 7. 

As to t h e  resu l t s  of t he  E E G  s tud ies  (Figure  2), we 
h a v e  seen a n  in i t i a l  decrease  in t he  ave rage  e lect rogenesis  
recorded  f rom all  t he  d i f fe ren t  b r a i n  areas  wh ich  pers is ts  
a b o u t  10 m i n  a f t e r  t he  I V T  a d m i n i s t r a t i o n  b o t h  of t he  
vehic le  and  of ca lc i ton in  solut ion.  Then,  on ly  in calci- 
t o n i n - t r e a t e d  r abb i t s ,  a phase  of progress ive  increase  of 
E E G  vo l t age  follows w h i c h  reaches  i ts  peak  a p p r o x i m a t e l y  
in co inc idence  w i t h  t h e  m a x i m a l  a n t i n o c i c e p t i v e  effect  
(Figures  1 a n d  2). The  i n t e g r a t e d  vo l t age  va lues  cor- 
r e s p o n d i n g  to  t he  a rea  of t he  nuc leus  c a u d a t u s  p l o t t ed  in 
F igu re  1 are r e p r e s e n t a t i v e  also of o t h e r  b r a i n  areas  
recorded.  

Cons ider ing  t h a t  all t he  s t r u c t u r e s  f rom w h i c h  E E G  
t rac ings  h a v e  been  recorded  showed s imi l a r  changes ,  i t  is 
imposs ib le  to  i nd i ca t e  a specific cen t re  for the  ac t ion  of 

ca lc i tonin .  The  para l le l  increase  of all  e lectr ical  b r a i n  
p o t e n t i a l s  and  of t h e  th re sho lds  to  pa in fu l  s t imul i  f avours  
t he  poss ib i l i ty  of a diffuse i n v o l v e m e n t  of neu rons '  
p o p u l a t i o n s  b y  calc i tonin ,  b u t  does no t  exclude  t h a t  o t h e r  
areas,  no t  ye t  inves t iga ted ,  m a y  be  more  specif ical ly  
responsive .  

U n d e r  I V T  a d m i n i s t r a t i o n  of calc i tonin ,  t he  conscious  
r a b b i t s  were a t  f i rs t  b e h a v i o u r a l l y  exc i ted  w i t h  signs of 
h y p e r t o n i a  p a r t i c u l a r l y  e v i d e n t  in  t h e  neck  muscles.  
S u b s e q u e n t l y  t h e y  showed  per iod ica l ly  res t lessness  w i t h  
s p o n t a n e o u s  r u n n i n g  m o v e m e n t s .  

I n  conclusion,  ca lc i ton in  in jec ted  in to  t he  b r a i n  ven t r i c l e  
el ici ts  c lear -cu t  effects  inc lud ing  analges ia ,  t he  m e c h a n i s m  
of w h i c h  r ema ins  largely  u n k n o w n  b u t  deserves  f u r t h e r  
inves t iga t ion .  

Riassunto. La  iniezione di  ca l c i ton ina  net  ven t r i co l i  
ce rebra l i  di  conigl i  n o n  a n e s t e t i z z a t i  induce  ana lges ia  e 
va r i az ion i  e le t t roencefa lograf iche  con p r e v a l e n t e  inna l -  
z a m e n t o  dei po t enz i a l i  e le t t r ic i  di  d iverse  aree cerebra l i  
cons idera te .  
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Potent iat ion of the Effect of Hi s tamine  by PGE 2 in the Isolated Perfused Rabbit Kidney and 
Guinea-Pig  Lung 

W e  recen t ly  i nd i ca t ed  t h a t  h i s t a m i n e  p roduces  a 
v a s o c o n s t r i c t o r  effect  on  t he  i so la ted  per fused  r a b b i t  
k i d n e y  and  gu inea -p ig  lung  ac t ing  on  h i s t a m i n e  HI-  
receptors .  The  v a s o c o n s t r i c t o r  ac t ion  of t h e  a m i n e  was 
c o n v e r t e d  in to  a va s od i ] a t o r  one b y  h i s t a m i n e  H 1- 
r ecep to r  blockers .  The  v a s o d i l a t o r  ac t ion  of h i s t a m i n e  
is due to t h e  s t i m u l a t i o n  of H~-receptor  since t he  compe t i -  
t i ve  i n h i b i t o r s  of these  recep tors  ( b u r i m a m i d e  a n d  met i -  

amide)  can  s ign i f i can t ly  i nh ib i t  t h i s  effect1. 2. The  H 2- 
r ecep to r  b lockers  added  to  t he  pe r fus ion  m e d i u m  cause a 
p o t e n t i a t i o n  on  t h e  va socons t r i c t o r  effect  ot the  a m i n e  
because  of t he  e l i m i n a t i o n  of m a s k e d  va sod i l a t o r  ac t ion  

i R. K. T~RKER, Pharmacology 9, 306 (1973). 
2 T. A. B6K~soY and R. K. TORKER, Archs int. Pharmacodyn. Th6r. 

209, 144 (!974). 
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of h i s t a m i n e L  ~. I n  t he  p r e s en t  s t u d y  we obse rved  s imi la r  
p o t e n t i a t i o n  of t he  effect  of h i s t a m i n e  b y  p r o s t a g t a n d i n  E 2 
(PGE~) in t he  same isola ted per fused  organs.  

Mater ia l  a~zd method. The  e x p e r i m e n t s  were car r ied  
ou t  in  t he  isola ted per fused  r a b b i t  k i d n e y  a n d  gu inea-p ig  
lung  f rom adu l t  an ima l s  of b o t h  sexes. Af te r  sod ium 
p e n t o b a r b i t a l  anes thes i a  (30 m g / k g  i.v.), t he  an ima l s  
were in jec ted  w i t h  sod ium h e p a r i n  (500 U / k g  i.v.), t h e n  
t he  k i d n e y  was i so la ted  and  per fused  as descr ibed 
p rev ious ly  3. The  lungs  were i so la ted  accord ing  to t he  
m e t h o d  of BAKHLE et  al.a. B o t h  o rgans  were per fused  
w i t h  o x y g e n a t e d  (95% O 3 and  5% CO~ mix tu re )  a n d  
w a r m e d  (37 ~ Krebs '  solut ion.  The  flow r a t e  was  17 ml /  
m i n  for t h e  k i d n e y  a n d  10 m l / m i n  for t h e  lung.  I t  was 
k e p t  c o n s t a n t  t h r o u g h o u t  t he  expe r imen t .  Pe r fus ion  

pressure  was measu red  b y  a pressure  t r a n s d u c e r  ( S t a t h a m  
p 23 Dc) and  recorded  on  a B e c k m a n  t y p e  R B  D y n o -  
graph.  Ur ine  drops  were recorded  s i m u l t a n e o u s l y  b y  a 
m a g n e t i c  t i p p e r  f rom the  c a n n u l a t e d  ureter .  The  resu l t s  
were s t a t i s t i ca l ly  eva lua t ed  us ing  S t u d e n t ' s  t- test .  

Results.  H i s t a m i n e  caused  a dose -dependen t  increase  in 
b o t h  pe r fus ion  pressure  and  u r ine  v o l u m e  w h e n  g iven  
t h r o u g h  t h e  r ena l  a r t e r y  as s ingle in jec t ions .  F igure  1 
shows t he  dose-response  curves  of h i s t a m i n e  before  a n d  
a f t e r  a d d i t i o n  of P G E  2 in to  t he  per fus ion  fluid. A para l le l  
sh i f t  to  t he  left  was  obse rved  in t he  curves  for each  
p a r a m e t e r  a f t e r  P G E  2. The  e s t i m a t e d  EDs0 va lue  of 
h i s t a m i n e  was found  to  be  a b o u t  4 Fg/ml  in con t ro l  
e x p e r i m e n t s  a n d  a b o u t  1 ~zg/ml in presence  of P G E  2. 
A d d i t i o n  of m e t i a m i d e  (1 Fg/ml) in to  t he  pe r fus ion  fluid 
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Fig. 1. The dose-response curve of histamine in the 
isolated perfused rabbit kidney. Each point represents 
the mean value of 15 experiments. Vertical bars shows 
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Fig. 2. The dose-response curve of histamine in the isolated perfused 
guinea-pig lung. Each point represents the mean value of 15 experi- 
ments, Vertical bars indicates S,E,M. 

did  no t  cause f u r t h e r  p o t e n t i a t i o n .  S imi la r  resul t s  were 
o b t a i n e d  in t h e  i so la ted  per fused  gu inea-p ig  lung  as 
s u m m a r i z e d  in F igure  2. P G E  2 d id  no t  cause a p o t e n t i a t i o n  
of t he  effect  of no rad rena l ine ,  ang io t ens in  and  serotonin .  

A d d i t i o n  of t h e o p h y l l i n e  (1 X 10 5 M) in to  t he  f luid 
per fus ing  k i d n e y  and  lung  caused a s ign i f ican t  decrease  in 
t he  presser  response  induced  b y  h i s t a m i n e  w i t h o u t  
chang ing  t he  effect of no rad rena l ine ,  ang io t ens in  and  
5-HT. Theophy l l i ne  also a n t a g o n i z e d  t he  p o t e n t i a t i o n  of 
t he  presser  effect  of h i s t a m i n e  induced  b y  PGE2. 

Discussion. The  resu l t s  of the  p r e sen t  s t u d y  show t h a t  
PGE2 specif ical ly  p o t e n t i a t e s  the  effect  of h i s t a m i n e  b u t  
no t  t h a t  of no rad rena l ine ,  ang io t ens in  I I  and  5 -HT in 
the  isola ted per fused  r a b b i t  k i d n e y  a n d  gu inea-p ig  lung.  
W e  prev ious ly  obse rved  t h a t  h i s t a m i n e  ha s  a va sod i l a t o r  
effect  t h r o u g h  t he  s t i m u l a t i o n  of Ha-receptors  in b o t h  
organs1,  ~. In  n o r m a l  Krebs -pe r fused  organs,  th i s  effect  
is m a s k e d  b y  t h e  pressor  ac t ion  of h i s t a m i n e  wh ich  occurs  
b y  t h e  s t i m u l a t i o n  of Hi - receptors .  The  b lockade  of H a- 
recep tors  b y  b u r i m a m i d e  can  cause a p o t e n t i a t i o n  of t he  
pressor  because  of t he  e l im ina t i on  of m a s k e d  ac t ion  of t h e  
a m i n e  in oppos i te  d i rec t ion  1. I n  t he  p r e sen t  s t u d y  

3 f~. N. GONDOGA~ and R. K. TORKER, Pharmacology 11,278 (1974}. 
4 y. S. BAKHLE, A. M. REYNARD and J. R. VANE, Nature, Lend. 

222, 956 (1969). 
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ano the r  H2-receptor  blocker,  me t i amide  ~, as well as P G E  e 
can induce equal  po t en t i a t i on  in b o t h  organs.  This 
suggests  a c o m m o n  m e c h a n i s m  for bo th  compounds .  
The f i rs t  exp lana t ion  is t h a t  P G E  2 m a y  have  a blocking 
effect  on H2-receptors.  This seems unlikely since P G E  2 
does no t  inh ib i t  the  re laxa t ion  (unpubl ished observat ion)  
induced by  h i s t amine  in the  ca t  t rachea l  muscle, which  
has been  shown to be med ia t ed  by  H2-receptors  6 

I t  has  prev ious ly  been  shown t h a t  h i s t amine  may  
s t imula te  the  gastr ic  acid secret ion 7 and hea r t  muscle  s 
s imul taneous ly  witl~ an increase ot cellular cyclic AMP 
level. B o t h  effects have  been  found to  be blocked by  
bur imamide .  I t  seems likely t h a t  the  s t imula t ion  of H e- 
receptors  in b o t h  perfused  organs can produce  the  

5 j .  W. BLACK, W. A. M. DUNCAN, J .  C. EMMETT, C. R. GANELLIN, 
T. HESSELBO, M. E. PARSONS a n d  J. H. WYLLIE, Agents Actions 3, 
133 (1973). 

G p. EY~E, Br. J. Pharmac. 48, 321 (1973). 
7 H.  0 .  I(ARPPANEN and E. WESTERMANN, Naunyn-Schmiedeberg's 

Arch. Pharma. 279, 83 (1973). 
s G. P6cH, W. R. KUKOVETZ and N. SCHAZ, Naunyn-Schmiedeberg's 

Arch. Pharmak. 280, 223 (1973). 
9 U. SCI~WAR~E and R. EBERT, Naunyn-Sehmiedeberg's Arch. 

Pharmak. 27d, 287 (1973). 
10 We would like to thank to Dr. W. A. M. DUNCAN, Vice-President, 

Research-Europe, Smith-Kline & French Laboratories, Welwyn 
Garden City, Herts, England, for his generous gift of metiamide and 
to Dr. J. E. PIKE, Department of Experimental Chemistry 
Research, The Upjohn Co., Kalamazoo, Mich., USA, for PGEa. 

vasodi la tor  effect  by  the  increase of second messenger  
sys tem,  cyclic AMP. This  specula t ion  has been  based upon  
f indings ob ta ined  wi th  theophyl l ine ,  which  has  been  
descr ibed as a p o t e n t  inhib i tor  of phosphod ies te rase  9 
Addi t ion  of theophyl l ine  to  the  perfus ion m e d i u m  causes 
an inh ib i t ion  of the  pressor  e f fec t  of h i s t amine  in bo th  
organs. This effect  is p robab ly  due to t he  accumula t ion  
of cyclic AMP which  represents  t he  s t imula t ion  of H e- 
receptors .  Since theophyl l ine  antagonizes  the  po t en t i a t i ng  
act ion of P G E  2 on h i s t amine  responses  in b o t h  organs, 
it  is h ighly  possible t h a t  P G E  2 and theophyl l ine  influence 
phosphod ies te rase  in opposi te  direct ions.  A n o t h e r  possi- 
b i l i ty  should be t aken  in to  cons idera t ion  t h a t  P G E  2 m a y  
inhib i t  adenyl  cyclase ac t iv i ty  and consequen t ly  cause an 
inh ib i t ion  of cyclic AMP in the  cellular level. This po in t  
is still  under  inves.~igation. 

Zusammen/assung. P G E  e verst~Lrkt an isoliert  perfun-  
d ie r ten  Kan inchenn ie ren  und  Meerschweinchenlungen  
die Wi rkung  von  H i s t a m i n  auf den Perfus ionsdruck.  
Gleiches wurde  auch  mi t  Met iamid,  e inem H2-Rezeptor-  
blocker,  beobach te t .  A n h a n d  dieser Befunde  wird die 
m6gliche Rolle yon  c -AMP bei dieser VerstS~rkerwirkung 
diskut ier  e. 
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The Metabolism of Phenylethylamine and O-Methylated Derivatives by Monoamine Oxidase 

P h e n y l e t h y l a m i n e  (PEA) and p a r a m e t h o x y p h e n y l -  
e thy lamine  (PMPEA) are s y m p a t h o m i m e t i c  agents  s imilar  
in s t ruc tu re  to the  catecholamines .  B o t h  compounds  cross 
the  b lood-bra in  barr ier  and  can cause cent ra l  effects. P E A  
induces a strong,  amphe tamine - l i ke  cent ra l  s~imulation 1, 
while P M P E A  admin i s t r a t i on  resul ts  in a shor t - las t ing  
ca ta tonic  s ta te  e. Similar  ca ta ton ic  responses  have  also 
been  observed following the  admin i s t r a t i on  of 3,4-di- 
m e t h y o x y p h e n y l e t h y l a m i n e  (3,4 DMPEA)  a. P re t r ea t -  
m e n t  w i th  monoamine  oxidase (MAO) inhibi tors  po ten-  
t ia tes  the  deple t ion  of cent ra l  monoamines  by  P E A  4 and  
prolonges the  effects of P2KPEA on m o n o s y n a p t i c  spinal  
reflexes 5. Thus  i t  is l ikely t h a t  PEA,  and P M P E A ,  are 
metabo l ized  in vivo by  MAO, the  enzyme responsible  for 
the  in t r aneurona l  inac t iva t ion  of biogenic amines.  In  th is  
s tudy  we have  compared  the  effects of P E A  and P M P E A ,  
as well as those  of the  d i m e t h o x y  der iva t ives  (2, 3 and 
3, 4 DMPEA)  on bra in  MAO ac t iv i ty  in vi tro.  

Methods o/ procedure. The me tabo l i sm  of pheny le thy la -  
mine  and its de r iva t ives  was s tud ied  indirect ly,  by  
m e a s u r e m e n t  of MAO ac t iv i ty  in v i t ro  in the  presence  of 
these  agents.  A wate r  homogena te  of ra t  b ra in  s t em (pons 
and  medulla)  was the  enzyme  source for these  in v i t ro  
studies.  MAO -was measured  by  a modi f ica t ion  of the  
micro m e t h o d  of McCAMAN6, using C ~4 t y r a m i n e  as sub- 
strafe.  For  kinet ic  analysis,  enzyme act ivi t ies  were 
measured  a t  several  subs t r a t e  concen t ra t ions  in the  
presence  of va ry ing  concen t ra t ions  of t he  c o m p o u n d  
tested.  MAO ac t iv i ty  was expressed as mill imoles of 
subs t ra te  d e a m i n a t e d / g  pro te in /h .  D a t a  were p lo t t ed  by  
the  m e t h o d  of LINEWEAVER-BURK 7 to give values  for 
Km and Vm~. Compet i t ive  inhibi t ions  is observed where 
K~,  bu t  no t  V ~ ,  is changed  as compared  to  controls.  

In  cases of compe t i t ive  inhibi t ion,  the  concen t ra t ion  of 
the  inhib i tor  necessary  to produce  hal f  max i ma l  inhibi-  
t ion (K d was calculated f rom the  slope of the  LINEWEAVER- 
BURK curves. For  non-compe t i t ive  inhib i t ion  a p p r o x i m a t e  
Ki  values have  been calculated.  

Results. The in te rac t ions  of P E A  and P M P E A  wi th  
ra t  b ra in  MAO are descr ibed in Figures  1A and 1B, 
respect ively.  Al though  b o t h  compounds  inhibi t  b ra in  
MAO wi th  t y r a m i n e  as subs t ra te ,  t he  na tu re  of the  inhi- 
b i t ion  differs. P E A  is a non-compe t i t i ve  inhibi tor  (Figure 
1 A), whereas  P M P E A  inhibi ts  in a compe t i t ive  manne r  
(Figure 1B). Qual i ta t ive ly  and  quan t i t a t i ve ly  similar  
results  were ob ta ined  wi th  sero tonin  and  dopamine  as 
subs t ra tes .  The concen t ra t ion  of P M P E A  required to  
give haK-maximal  inhib i t ion  (Ki) is 18.0 [xM. For  P E A  
a series of K,  values  are obta ined,  in the  range of 87-142 
[zM. 

1 j .  JONSSON, H. GROBECKER and P. HOLTZ, Life Sci. 5, 2235 (1966). 
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