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luted to psilocin, a na tu ra l ly  occurr ing compound,  which 
is no th ing  b u t  its N ,N-d ime thy l  de r iva t ive  2. 

The  present  communica t ion  describes some pha rma -  
cological actions of 4 -HT and 4 -HTP,  as compared  wi th  
those of 5 -hydroxy t ryp tamine (5 -HT)  and 5 -hydroxy t ryp -  
tophan(5-HTP) .  Cats were  anaes the t ized  wi th  chloralose 
and dogs wi th  Pernocton.  

4-Hydroxytryptamine and 5-hydroxytryptamine 
Blood pressure. In  t he  in t ac t  eat,  4 - H T  (100/~g/kg, i.v.) 

produced a rise of blood pressure which  was 2-6 t imes  less 
intense bu t  more  susta ined t h a n  t h a t  el ici ted by  the  same 
dose of 5-HT. In  the  spinal  eat,  b o t h  5 -HT und 4 -HT 
provoked  hyper tens ion  but ,  -~-hereas wi th  5 -HT the  pres- 
sure rise was p ropor t iona l  to the  dose adminis tered ,  this 
did no t  occur  wi th  4-HT.  

Respiration. In  the  dog, 5-HT(3-4~g/kg and more,  i.v.) 
produced a t r ans i to ry  s t imula t ion  of respirat ion,  eventua l -  
ly followed by  a per iod of hypopnoea .  4 - H T  requi red  a 
h igher  dosage t h a n  5 -HT and the  resul t  was a lways respi- 
r a to ry  depression. 

I n  the  ca t  bo th  5 -HT and 4 - H T  produced  broncho-  
spasm. The effect of 4-HT(100 ~zg/kg, i.v.) was 2-4  t imes  
less intense b u t  lasted longer  t h a n  t h a t  caused by  5-HT. 

Dog urinary bladder in situ. The  s t imu lan t  ac t ion  of 
4 - H T  was a p p r o x i m a t e l y  2 t imes  less in tense  t h a n  t h a t  of 
5 -HT (min imum ac t ive  dose:  1-2~zg/kg, i.v.), bu t  was mo-  
re sustained.  

Diuresis o/ hydrated rats. Unl ike  5-HT,  subcu taneous  
4 - H T  showed only  a poor  an t id iure t ic  effect.  I n  fact,  
6 mg/kg  were  less effect ive  t h a n  0.04 mg /kg  5-HT. 

Nictitating membrane. 5-HT was 2-5 t imes  more  ac t ive  
t h a n  4 - H T  in con t rac t ing  t h e  n ic t i t a t ing  m e m b r a n e  of the  
cat;  bu t  whereas  t he  5 -HT con t rac t ion  was rap id ly  fol- 
lowed by  re laxat ion,  t ha t  caused by  4 - H T  lasted con- 
s iderably  longer. 

4-Hydroxytryotophan and 5-hydroxytryptophan 
Blood pressure. I n t r a v e n o u s  5 -HTP,  in doses of 2-5-5 

mg/kg,  el ici ted in the ca t  a modera te  fall  of blood pres- 
sure which lasted 15-20 rain;  the  same dose of 4 - H T P  
produced  a more  p ronounced  rise of b lood pressure,  
las t ing 30-50 min.  

Bronchial musculature. B o t h  5 - H T P  and 4 - t t T P  pro-  
duced a spasm of the  bronchia l  muscu la tu re  when  g iven  
i.v. in the  cat.  However ,  b ronchospasm elicited b y  4 - H T P  
was considerably  more intense and lasted longer  t h a n  t h a t  
p roduced  by  5-HTP.  

Dog urinary bladder in situ. The con t rac t ion  produced  
by  2-4 mg /kg  4 - H T P  given i.v. was 3 to  4 t imes  more  
intense and cons iderably  more  sus ta ined t h a n  t h a t  caused 
by  the  same dose of 5 -HTP.  

Nictitating membrane. Single i.v. in ject ions  of 2 -5mg/kg  
5 -HTP  did n o t  con t rac t  the  m e m b r a n e  ; the  same doses of 
4 - H T P  produced  a cont rac t ion  las t ing 30-50 inin. 

Gastrointestinal tract. In  the  d iar rhoea  t es t  in mice, the  
ED50  of 5 - H T P  by  i.p. route  was 25~xg/mouse, the  E D  
100, 300 t~g/monse. F o r  4 - H T P  the  ED50  could no t  be 
exac t ly  established,  b u t  i t  was no t  less t h a n  400 t~g/mouse. 

Diuresis o] hydrated rats. Like  5 -HTP,  also 4 - H T P  
caused in hydra t ed  ra ts  an  ev iden t  an t id iu re t i c  effect. 
4 - H T P  was a p p r o x i m a t e l y  half  as p o t e n t  as 5 -HTP,  t he  
m i n i m u m  act ive  i.p. dose being 20 mg/kg .  A t  h igh  dose 
levels, 100 mg/kg  and more,  4 - H T P  produced  renal  lesions 
ident ical  to those seen af ter  5 -HTP.  

Body temperature. I n  mice p re t rea ted  wi th  100 m g / k g  
iproniazid,  30-60 mg/kg  4 -HTP,  given i.p., produced,  like 
5 -HTP,  a r emarkab le  increase of the  rec ta l  t e m p e r a t u r e  
(1-5 ° for 60 mg /kg  4-HTP)  accompanied  b y  t remors ,  last-  
ing 60-90 rain. No signs of exc i t emen t  appeared,  b u t  t he  
animals  were r a the r  depressed. 

In  rabbi ts ,  s imilar ly  p re t r ea t ed  wi th  iproniazid,  i.v. 
doses of 5 mg /kg  4 - H T P  produced  a rise of recta l  t empera -  
ture  (1-5-2 °) s imilar  to t h a t  caused by  15 mg /kg  5-HTP,  
last ing more  t h a n  4 h. 

Intraspecific aggressive behaviour o[ mice. Like 5-HTP,  
also 4 - H T P  reduced  the  aggressive behav iour  in male 
mice. A t  the  i .p.  dose of 120 mg/kg,  4 - H T P  abolished 
f ight ing in 50% of the  t r ea ted  couples.  The  same effect 
was obta ined  wi th  100 mg /kg  5 -HTP.  

Spontaneous electrical cortical activity of the ~midpontine 
pretrigeminal cat~,. The slow in t raca ro t id  in jec t ion  of 
25-40 mg  4 - H T P  brough t  abou t  a synchroniza t ion  of the  
E E G ,  similar  in eve ry  respect  to t h a t  p roduced  by  8-20rag 
5 - H T P  or 1-2 mg  th iopenta l .  

I t  m a y  be seen f rom the  preceding d a t a  t h a t  4 - H T  and 
4 - H T P  display  in the  organism effects which are  s imilar  
to those  possessed by  5 -HT and 5-HTP.  B o t h  amino 
acids act  p resumab ly  af ter  hav ing  been deca rboxy la ted  to 
t he  corresponding amines.  However ,  whereas  5 -HT and 
5 - H T P  produce  pharmacologica l  effects  which,  w i th  some 
i m p o r t a n t  exceptions,  are more in tense  t h a n  those  caused 
by  4 - H T  and 4 -HTP,  the  two  4-hydroxyindoles ,  and es- 
pecial ly  4 - H T P ,  cause more  prolonged effects t h a n  the  
corresponding 5-hydroxyindoles .  This  m a y  in pa r t  depend  
on the  fact  t h a t  4 - H T  is a subs t ra te  for amine  oxidase 
worse t h a n  5 - H T  3. 

The  fai lure of 4-HT, in sharp  con t ras t  to  4 -HTP,  to 
cause ant idiuresis  is puzzling,  bu t  i t  m a y  depend  upon 
the  grea t  labi l i ty  of t he  phenol ic  h y d r o x y  group of 4 -HT 
towards  oxidiz ing enzymes,  which could p r e v e n t  4 -HT 
f rom reaching  the  renal  receptors  in suff icient  amount s  
or, more  l ikely,  for a suff ic ient ly  long t ime,  to  produce 
af ferent  g lomeru la r  vasoconst r ic t ion .  

V. ERSPAMER, A. GLASSER, and P. MANTEGAZZlNI 

Laboratori Ricerche Farmitalia, Milano and Istituto di 
Farmacologia dell'Universitd di Parma (Italy), May 2, 
1960. 

Riassunto 
5-HT e 5 - H T P  da una  p a r t e e  4 - H T  e 4 - H T P  dul l 'u l t ra  

posseggono su t u t t i  i numeros i  r ea t t iv i  saggiat i  effet t i  
farmacologiei  s imilari  i ehe in generale  sono meno  intensi  
m a  pith dura tu r i  per  i de r iva t i  4-idrossiindolici.  

A. HOFMANN and F. TROXLER, Exper. 15, 101 (1959). 
3 V. ERSPAMER, R. FERRINI, and A. GLgSSER, tO be published. 

T h e  F a t e  o f  4 - H y d r o x y t r y p t o p h a n  

i n  the  Rat  O r g a n i s m  1 

A m o n g  the  m a n y  t r y p t o p h a n s  so far s tudied  in this 
Labora to ry ,  D L - 4 - h y d r o x y t r y p t o p h a n  (4-HTP) was one 
of the  few which were found t o  be deca rboxy la ted  in vitro 
by  m a m m a l i a n  decarboxylase  2. I t  is p robable  t h a t  4 - H T P  
is the  precursor  amino  acid of psilocin (N ,N-d imethy l -  
4 -hyd roxy t ryp t amine )  and ps i locybin  (the O-phosphate  
ester  of psilocin) and,  hence,  t h a t  4 - H T P  is an amino  acid 
occurring,  toge the r  w i th  5 -HTP,  in na ture .  These  consid- 

A full report on the methods used in this study, as well as on the 
biochemical and pharmacologieal results will be published elsewhere, 
together with the discussion of the collected data. 

1 Supported by a grant from the Rockefeller Foundation, 
New York. 

2 V. ERSPAMER, A. GLXSSER, C. PASlNI, alld G. STOPI'ANI, Nature, 
in press. 
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Urinary 4-Hydroxyindotes in Rats given 4-HTP 

Dose and administration 
route of DL-4-HTP 

80 
72 
33 

14.5 
6.8 
39 
40 
16 

8.3 
7.8 

180 
86 
44 

mg (100 mg/kg) i. p. 
mg (100 mg/kg) i. p. 
mg ( 50 mglkg) i. p. 
nag ( 20 mg/kg) i .p .  
mg ( 10 mg/kg) i. p. 
mg ( 50 mg/kg) i. p. 
mg ( 50 mg/kg) i. p. 
mg ( 20 mg/kg) i. p. 
m g (  10 mg/kg) i. p. 
m g (  10 mg[kg) i. p. 
mg (200 mg]kg) per os 
mg (100 mg]kg) per os 
mg ( 50 mg/kg) per os 

4-Hydroxyindole content (in mg) 
of 24 h urine 

4-HTP [ 4-HT 4-HIAA 

I (base) (as 4-HTP) 

13,4 
9,6 
3.6 
2.0 
0.7 
4.7 
3.8 
1.8 
1.1 
0.5 
6.7 
4.6 
2.0 

6.3 
3.0 
1.6 
1.0 
0.6 
3.7 
2.2 
1.0 
0.9 
0.5 
7.7 
3.8 
2.1 

25.0 
25.5 
10.8 
4.2 
1.2 
8.2 
5.4 
2.0 
1,1 
0.7 

45.5 
20.6 

7.8 

era t ions  p r o m p t e d  us to  ca r ry  ou t  a b iochemica l  and phar -  
macologica l  s t u d y  of 4 - H T P .  This  p re l iminary  repor t  des- 
cribes the  fate  of the  amino  acid in the  organism of t he  rat .  

D L - 4 - H T P  was given by  in t raper i tonea l  and oral  routes  
a t  d i f ferent  dose levels. The  s emi -quan t i t a t i ve  es t imat ion  
of 4 -HTP ,  4 -hyd roxy t ryp t amine (4 -HT)  and 4-hydroxy-  
indoleacet ic  ac id (4-HIAA)  in ur ine and ace tone  t issue 
ex t rac t s  was carr ied  ou t  by  v isual  compar i son  of pape r  
c h r o m a t o g r a m s  ob ta ined  wi th  d i f ferent  a m o u n t s  of the  
above  biological  mater ia l s  and pape r  c h r o m a t o g r a m s  ob- 
ta ined  wi th  d i f ferent  amoun t s  of pure  D L - 4 - H T P  and 
4 - H T  creat in ine  sulphate .  The  values  of 4 - H I A A  were 
provis ional ly  expressed in t e rms  of 4 - H T P .  

The  so lvent  used in t he  ascending c h r o m a t o g r a p h y  was 
the  n -bu tano l :  acet ic  acid : wa t e r  m ix tu r e  (4: 1 : 5) ; t he  mos t  
c o m m o n l y  employed  deve lop ing  reagents  were  t he  He in -  
r ich a n d  Schuler ' s  N N C D  reagen t  (2-chloro-4-ni t ro- l -di -  
azobenzene-cc-naphtalene sulphur ic  acid), a s table  diazo-  
n ium sal t  s, and the  p - d i m e t h y l a m i n o b e n z a l d e h y d e  
reagent .  Ur ina ry  4 - H T  was also de te rmined  by  bioassay,  
using the  ra t  u te rus  prepara t ion .  

Ur ine  c h r o m a t o g r a m s  showed the  presence of unchan-  
ged 4 - H T P  and of a t  least  e ight  4 - H T P  metabol i tes .  F i v e  
of t h e m  could  be  ident i f ied  as 4-HT,  4 - H I A A  and the  
O-glucuronides  of 4 - H T P ,  4 - H T  and 4 -HIAA.  A m o n g  
the  glucuronides,  t h a t  of 4 - H T P  was present  only  in 
traces,  t h a t  of 4 - H T  in considerable  amounts .  The  ident i -  
f ica t ion of the  glucuronides  was carr ied ou t  a f te r  the i r  
hydrolys is  by  fl-glucur0nidase.  

The  accompany ing  Tab le  presents  some q u a n t i t a t i v e  
d a t a  on the  con t en t  of  4 - H T P ,  4 - H T  and  4 - H I A A  in the  
ur ine  col lected ove r  a 24 h period.  

In  all  examined  ra t  t issues (gas t ro intes t inal  t rac t ,  l iver,  
hear t ,  testicles,  brain,  lung, kidney)  unchanged  4 - H T P  
and  its ma in  metabo l i t es  4 - H T  and 4 - H I A A  could be 
easily de tec ted  by  p a p e r c h r o m a t o g r a p h y  and,  as for 4-HT,  
by  bioassay.  

1 h a f te r  in t raper i tonea t  in jec t ion  of 100 mg]kg  DL-4-  
H T P  to  ra ts  p re t r ea t ed  wi th  iproniazid,  b ra in  con ta ined  
2-5 to  4 vg 4 - H T  base /g  we t  t issue,  l iver  60 to 100 ~zg, lung 
4 to 6 vg, k idney  100 to 120 [zg, and testicles 10 to 15 ~g. 

The  following conclusions m a y  be d rawn  from the  above  
da t a :  

(a) 4 -HTP ,  l ike 5 -HTP,  is deca rboxy la t ed  in the r a t  
o rgan ism b y  several  p a r e n c h y m a t o u s  tissues, g iv ing  origin 
to  4-HT.  This,  in i ts  tu rn ,  is a t t a c k e d  by  amine  oxidase,  
g iv ing  origin to  4 -HIAA.  

(b) l iver  and  sti l l  more  k idney  deca rboxy la t e  4 - H T P  
wi th  pa r t i cu la r  in tensi ty .  

(c) 4 - H T P ,  again  like 5 -HTP,  passes the  blood bra in  
barrier ,  pene t ra tes  in to  the  nervous  t issue and is there  
deca rboxy la ted  to  4-HT.  Bo th  unchanged  4 - H T P  and 
its metabol i tes  4 - H T  and 4 - H I A A  are de tec tab le  on chro- 
m a t o g r a m s  of bra in  ext rac ts .  

4 - H T  displays,  on  isolated organs and in t he  i n t ac t  or- 
ganism,  m a n y  5-HT-l ike  act ions.  Obviously ,  these  act ions 
appea r  also when  4 - H T P ,  t he  precursor  amino  acid of  
4-HT,  is given. However ,  in add i t ion  to  per ipheral  effects, 
also cen t ra l  effects make  their  appearance  a f te r  4 - H T P  4. 

V. ERSPAMER, A. GL)kSSER, 
B. M. NOBILI, and  C. PASINI 

Istituto di Farmacologia, Universit~ di Parma (Italy), 
June 28, 1960. 

Riassunto 
Nel l 'o rganismo del r a t to  ha  luogo una  rap ida  ed in tensa  

decarbossi lazione del 4- idrossi t r iptofano a 4- idrossi t r ipta-  
mina .  Ol t re  ad essere a t t a c c a t a  dat la  monoaminoss idas i ,  
con formazione di acido 4-idrossi indolacetico,  l ' a m i n a  
v iene  anche  O-coniuga ta  con acido glucuronico.  Anatoga-  
men te  al 5-idrossi tr iptofano,  anche it 4- idross i t r ip tofano 
val ica  la barr iera  ematoencefa l ica  dando  luogo a forma-  
zione di 4- idross i t r ip tamina  nella compagine  del tessuto  
nervoso.  

s Sold by Hopkin & Williams Ltd,, Chadwell Heath (Essex, 
England). 

4 V, ERSPAMER, A. GL~,SSER~ and P. MANTEGAZZlNI~ Exper. 16, 
505 (1960). 

Induction of Hepatic Cirrhosis 
in I g u a n a  iguana  

b y  3 - M o n o h y d r o x y c h o l a n i e  A c i d  Treatment  

H o e s r i  x s ta ted  t h a t  a dai ly  admin i s t r a t ion  to the  r abb i t  
of a desiccated whole bile p repara t ion  rap id ly  causes a 
hepa t ic  cirrhosis. On the  s t rength  of la te r  findings, i t  was 
suggested t h a t  the  effect  was l inked to the  a c t i v i t y  of 
bile acids s, a l though  several  of the  first t e s ted  and com- 
mone r  va r i an t s  exhib i ted  on ly  a feeble l ive rdamaging  ef- 
fect  when  subjec ted  to the present  m e t h o d  s . Recent ly ,  
the  same a u t h o r  succeeded in inducing  in the r abb i t  
hepa t ic  c i r rhos is  by  gastr ic  inst i l la t ion of 3 -monohydro-  
xycholanic  acid or  l i thocholic  acid a. 

I t  seemed desirable to us to per form a corresponding 
expe r imen t  in a lower ve r t eb ra t e  to establish whe the r  a 
more  general  significance is to  be a t t ached  to th is  induc-  
t ion  process. As expe r imen ta l  mater ia l ,  we chose t h e  
rept i le  Iguana iguana. 

A dai ly  gastr ic  inst i l la t ion into  14 males and 17 females 
of 3 ml  of a 0,5% wa te r  suspension of the  sod ium sal t  of 
3 -monohydroxycho lan ic  acid (Light  & Co., L t d . ) a p -  
peared to be h igh ly  effect ive and to induce  hepa t ic  cirrho- 
sis wi th in  a period of three months .  No  cases of cirrhosis 
were  observed  in t he  un t r ea t ed  con t ro l  an imals  of equa l  
size and  life t ime.  B y  admin i s t r a t ion  of h igher  concent ra -  
t ions of the  sodium sal t  of 3 -monohydroxycho lan ic  acid, 
a more extens ive  l iver  damage  was obta ined  and ult i-  
m a t e l y  dea th  of the  animals .  

1 p. HOLSTI, Acta path. microbiol. Stand. Suppl. 113 (1956). 
2 p. HOLSTI, Naturwissensehaftea 45, 165 (1958). 
a p. HoLsTI, Nature 186, 250 (1960). 


