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TabeIle II  
Vergleiehung der Wirksamkeit einiger zykliseher und aliphatischer Amine 

[EXPER1ENTIA VOL. XV[6] 

Amin 

Mecamylamin 
Dimeeamin 
Penhexamin .  

PA 
PS 

t Penbu tamin  

Salz Ganglioplegische 
Wirkung % 

HCt I 100 
H B r  100-140 
H B r  150-200 
HC1 60-80 
HCI 100-125 
H Br  190-200 

Hypotensive 
Wirkung % % ~) 

a) Relative LI)~o im Vergleich zum Mecamylamin ; 

100 100 
100-140 63 75 
120-170 43-53 
100-150 18-20 

80-110 15-17 
150-200 23-26 

Toxizit~it 

mglkg b) 

12,1-13,7 
17,5-19,0 
25,3-28,0 
65 -72 
75 -85 
50 -56  

b) Ln50 intraven6s an M~usen (Amin-Base). 

D u r c h  R e d u k t i o n  m i t  L i t h i u m a l u m i n i u m h y d r i d  gelang-  
t en  wir  zu s ekund / i r en  A m i n e n  ode r  d u r c h  a lka l i sche  Ver-  
se i fung  zn  pr im/ i tCh A m i n c n  u n d  y o n  d iesen  d u r c h  M e t h y -  
l i e rung  m i t  F o r m a l d e h y d  u n d  Ameisens~iure zu ter t i~tren 
A m i n e n .  Die Tabel le  g ib t  e ine l~ber s i ch t  de r  v o n  uns  her -  
ges te l l t en  A m i n e  u n d  ih re r  Salze. 

Der  e i n g e h e n d e r e n  p h a r m a k o l o g i s c h e n  u n d  k l in i schen  
U n t e r s u e h u n g  d ieser  A m i n e  v o r a n  g e b e n  w i t  b i e r  die vor -  
15~ufigen, m i t  d iesen  A m i n e n  e rz ie l ten  Ergebn isse ,  in wel-  
c h e n  R = C H  3 u n d  w o e s  s ich  u m  das  pr im/ i re  (PA),  se- 
kund~ire (PS) u n d  terti~tre (V = P e n b u t a m i n )  A m i n  h a n -  
de l t  (ira Verg le ich  z u m  M e c a m y l a m i n ,  D i m e c a m i n  u n d  
P e n h e x a m i n ) .  

Die  gangl iopleg ische  \ V i r k u n g  wurde  be i  de r  n a r k o t i -  
s i e r t en  K a t z e  (Chloralose m i t  P h e n o b a r b i t a l )  d u r c h  Ans-  
w e r t u n g  des  K o n t r a k t i o n s g r a d e s  de r  N i c k h a u t ,  die d u r c h  
pr~ganglion~tre Re i zung  des H a l s s y m p a t h i k u s  he r vo r -  
ge rufen  wurde ,  fes tgeste l l t .  Als W i r k u n g s g r a d  d i e n t e  jene  
Dosis,  welche  die D~impfung de r  K o n t r a k t i o n e n  u m  
50 ~ 15% bei  8 0 - 9 0 %  V e r s u c h s t i e r e n  v e r u r s a c h t e .  F i i r  
die A u s w e r t u n g  de r  h y p o t e n s i v e n  W i r k u n g  bezogen  wi r  
uns  auf  die B l u t d r u c k s e n k u n g  u m  20 4 - 6  m m  H g  a n  
T ie ren  m i t  e i n e m  A u s g a n g s d r u c k  yon  100-150 m m  Hg.  
Jedes  Tie r  e rh ie l t  n u r  eine einzige App l ika t i on .  Die  re la-  
t ive  W i r k s a m k e i t  i s t  e n t s p r e c h e n d  d e n  Moleku la rgewich-  
t en  der  A m i n e  a n g e o r d n e t  u n d  in P r o z e n t e n  im Verg le ich  
zum M e c a m y l a m i n  ausgedr i i ck t .  Die "~Virkungsdauer n n -  
serer  S u b s t a n z e n  i s t  d ieselbe  ode r  a u e h  tgnger  als die des  
Mecarnylamins .  

Wie  aus  der  Tabel le  h e r v o r g e h t ,  i s t  die gangl ioplegische  
sowie h y p o t e n s i v e  "Wirksamkei t  des P e n b u t a m i n s  auf-  
fa l lend h o c h  u n d  v o n  b e m e r k e n s w e r t  n i ed r ige r  Toxizit~tt .  

Z. J. VEJD~;LEK u n d  V. TR6KA 

Forschungsinstitut ]Sr Pharmazie und Biochemie, Prag, 
15. Februar 7959. 

Summary 

A series of p r imary ,  secondary ,  a n d  t e r t i a r y  2,2, 3- 
t r i m e t h y l b u t y l a m i n e s - ( 3 )  a n d  t h e i r  sa l t s  s u b s t i t u t e d  in 
pos i t ion  3 w i t h  a me t hy l ,  e thyl ,  n - b u t y l ,  phenyl ,  a n d  
benzy l  g roup  ha s  been  p repared .  One m e m b e r  of t he  
series, N ,N ,  2, 2, 3 - p e n t a m e t h y l b u t y l a m i n e - ( 3 )  ( P e n b u t -  
amine)  as well  as t he  co r r e spond ing  a m i n o  a n d  m e t h y l -  
amino  de r i va t i ve s  were c o m p a r e d  w i t h  o t h e r  c o m p o u n d s  
of a s imilar  t y p e  as regards  t he i r  gangl ioplegic  a n d  h y p o -  
t ens ive  effect. The  t e s t e d  c o m p o u n d  revea led  a h i g h  de- 
gree of a c t i v i t y  in b o t h  the  above  m e n t i o n e d  direct ions .  

Hydroxylation and N-demethylation 
o f  N ,  N-dimethyltryptamine 

The  p s y c h o t r o p i c  ef fec t  of N, N - d i m e t h y l t r y p t a m i n e  
(DMT) in m a n  h a s  b e e n  desc r ibed  r e c e n t l y  1, b u t  r e l a t ive ly  
l i t t l e  is k n o w n  a b o u t  i ts  fa te  in  t he  body .  Af t e r  i t s  ad-  
m i n i s t r a t i o n  to  m a n ,  on ly  33% c a n  be  a c c o u n t e d  for  as t h e  
d e a m i n a t e d  p roduc t ,  3 - indoleace t ic  acid (free a n d  con-  
j uga t ed )  ~. Th i s  r e p o r t  descr ibes  a new p a t h w a y  for t he  
m e t a b o l i s m  of D M T  in vitro a n d  in vivo. 

I n c u b a t i n g  D M T  w i t h  r a b b i t  l ive r  mic rosomes  3, soluble  
s u p e r n a t a n t  f rac t ion,  T P N  a n d  s emica rbaz ide  4 r e su l t ed  in 
N - d e m e t h y l a t i o n  as ev idenced  b y  t h e  l i be ra t i on  of fo rmal -  
dehyde .  T h e  d e m e t h y l a t e d  me tabo l i t e ( s )  was  i so la t ed  
f rom the  r eac t i on  m i x t u r e  b y  e x t r a c t i o n  in to  n - b u t a n o l  a t  
a n  a lka l ine  pH.  W h e n  t h e  e x t r a c t  was  s u b j e c t e d  to  p a p e r  
c h r o m a t o g r a p h y ,  a c o m p o u n d  was f o u n d  w h i c h  h a d  t h e  
same  R f  va lues  as N - m e t h y l t r y p t a m i n e  in  f ive d i f fe ren t  
so lven t  sys tems .  Th i s  c o m p o u n d  also gave  a color  r e a c t i o n  
for  s e c o n d a r y  a m i n e s  s. No ev idence  for  t h e  p resence  of 
t r y p t a m i n e  was  o b t a i n e d ,  i n d i c a t i n g  t h a t  on ly  one  m e t h y l -  
g roup  was r emoved .  

Af te r  t he  p r e c i p i t a t i o n  of p ro t e in s  w i t h  e thano l ,  t h e  
r e a c t i o n  m i x t u r e  was  e x a m i n e d  for o t h e r  indole  m e t a -  
boli tes.  T h e  cen t r i fuged  e x t r a c t  was  c o n c e n t r a t e d  a n d  
s u b j e c t e d  to  t w o - d i m e n s i o n a l  c h r o m a t o g r a p h y  in  n-  
b u t a n o l :  ace t ic  acid : w a t e r  (8 : 1 : 1) a n d  i sop ropano l  : am-  
m o n i a  (5%) (8 : 2) sys tems .  W h e n  t he  c h r o m a t o g r a m  was 
sp r ayed  w i t h  E h r l i c h ' s  r e a g e n t  (2% 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  in 1N-HC1) f ive indol ic  spots  appea red ,  two  
of wh ich  h a d  t h e  same  R f  va lues  a n d  color  r eac t ions  as 
D M T  a n d  N - m e t h y l t r y p t a r n i n e .  The  t h i r d  spo t  h a d  t he  
s a m e  R I  va lues  a n d  color  r eac t ions  as  D M T - N - o x i d e  ~. 
T h e  two  r e m a i n i n g  spo ts  gave  a n  i m m e d i a t e  b lue  color  
w i t h  E h r l i c h  r e a g e n t  w h i c h  is cha rac t e r i s t i c  for  7 - h y d r o x y  
s u b s t i t u t e d  indoles  ~ a n d  were t e n t a t i v e l y  iden t i f i ed  as 
7 - h y d r o x y - D M T  a n d  7 - h y d r o x y - D M T - N - o x i d e * .  B o t h  

x A. SAI-HALASZ, G. BRUNECKER, and S. SZARA, Psych. NeuroL 
135, 285 (1958). 

S. SZARA, Exper. 12, 441 (1956). 
a Allanimalswerepretreatedwith 100mg/kgiproniazidphosphate, 

a mono-amine oxidase inhibitor. 
J. AXELROD, J. Pharm. exp. Therap. 114, 430 (1955). 

5 C. C. SWEEL~V and E. C. HORNING, J. Amer. chem. Soc. 79, 
2620 (1957). 

M. S. FlsrI, N. M. JOHNSON, E. D. LAWRENCE, and E. C. 
HOlCN1N~, Biochim. biophys. Acta 18, 564 (1955). 

7 K. ICHIHARA, A. SAKAMOTO, K. INAMORI, and Y. SAKAMOTO. 
J. Biochem. (Japan) 44, 649 (1957). 

* See Note added in proof. 
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spots also gave color reactions with reagents claimed to be 
specific for 7-hydroxy indoles (such as acid diazo p-nitro- 
aniline or sulfanilic acid) 7. Since authentic 7-hydroxy-DMT 
and its N-oxide have not been described, we prepared these 
compounds enzymatically and by the model hydroxylat ing 
system 8. When DMT-N-oxide was incubated with the 
microsomal enzyme system, only one compound was 
formed which gave the above-mentioned color reactions 
for 7-hydroxy indoles and had the same R f values as one 
of the two 7-hydroxy indoles formed from DMT. 

These observations suggest that  one of the hydroxvla ted  
metabolites of DMT is most  probably 7-hydroxy-DMT-N- 
oxide. The remaining spot did not  have the same Rf  as 
7-hydroxytryptamine (prepared enzymatical ly from 
tryptamine),  nor did it give a reaction for secondary 
amines, indicating tha t  it is a ter t iary amine, presumably 
7-hydroxy-DMT. Additional evidence for the idendity of 
the latter compound was obtained by comparing it with 
7-hydroxy-DMT formed in the model hydroxylat ing 
system, using DMT as a substrate. Both had the same R f 
values and color reactions. There was no evidence for 
hydroxylat ion on the 5-position by the microsomal 
enzyme system. 

In the in vivo studies, rats 3 were given 10 mg DMT 
intraperitoneally and the urine was collected for 48 h. The 
urine was adjusted to pH 8.0, extracted with benzene and 
the benzene extract  re-extracted with 1 N-HC1. The acid 
extract  contained compounds having the same RI  values 
and color reactions as DMT, N-methyl- tryptamine,  
7-hydroxy-DMT (prepared enzymatically) and t rypt-  
amine. The residual urine was adjusted to pH 9-5 and 
extracted with n-butanol. After adding two volumes of 
n-heptane, the extract  was shaken with acid. The acid 
extract  contained compounds having the same R f values 
and color reactions as: 7-hydroxy-DMT (enzymatic), 
indole acetic acid, and an unidentified compound giving 
the reactions for 7-hydroxy indoles. W'hen the acidified 
urine was extracted with n-butanol and the n-butanol 
phase re-extracted with dilute ammonia after adding 
n-heptane, two compounds were found having the same 
Rf  values, color reactions, and fluorescent characteristics 
as 3-indoleacetic acid and enzymatically produced 
7-hydroxy-indole-acetic acid (7-HIAA). 

From the results described above, the following scheme 
for the metabolism of DMT may be provisionally drawn: 

N-Methyltryptamine ~---DMT----)-  7-OH-DMT----> 7-HIAA 
+ + 

Tryptamine DMT-N-Oxide--~ 7-OH-DMT-N-Oxide 
+ (in vitro) (in vitro) 

3-Indoleacetic Acid 

Whether  or not  any of the metabolites of DMT play 
a role in the production of the psychotic phenomena must 
remain a question for future study. 

Note added in proo/ . - - In  the meantime, Dr. JEPSON ~ 
called to our at tent ion tha t  the blue Ehrlich test and the 
immediate red color with acid diazo reagents which have 
been described and held as specific for 7-hydroxyindoles 
by ICHIHARA et al. 7 is not  specific for 7-hydroxyindoles 
since 6-hydroxyindoles also give these tests, although in 
a slightly different color. We then prepared 6-hydroxy- 
dimetyl t ryptamine by total synthesis. This compound 
proved to be identical in every respect with the hydroxy- 

8 S. UDENFRIEND, C. T. CLARK, J. AXELROD, and B. B. BRODIE, 
J. biol. Chem. 208, 731 (1954). 

9 j .  j .  JEPso~, S. UDENFRIEND, and XY. ZALZMANN, Fed. Proc. 
8l, 754 (1959). (Personal Communication). 

lated derivative of DMT produced by the microsomal 
enzyme system, by UDENFRIEND'S model hydroxylating 
system, as well as with hydroxy-DMT isolated from 
urine. Thus, the hydroxyl group in the above studied 
indole derivatives is most probably in the 6- rather than 
the 7-position. 

S. SZARA and J. AXELROD 

Clinical Neuropharmacotogy Research Center and Labo- 
ratory o/ Clinical Sciences, N I M H ,  N I H ,  Washington 
(D.C.) and Bethesda (TtCd.), November 12, 1958. 

Zusammen/assung 

Der intermedi~re Stoffwechsel des psychotropen N,N-  
Dimethyl tryptamins wurde untersucht. N-Methyltrypta- 
min, als Produkt der Demethylierung, und 6-Hydroxy- 
N,N-Dimethy l t ryp tamin ,  als Produkt  der Hydroxylie- 
rung, wurden nachgewiesen und papierchromatographisch 
charakterisiert. An weiteren Stoffwechselprodukten 
wurden nachgewiesen: N,N-Dimethyl t ryptamin-N-oxyd 
und sein 6-Hydroxy-Derivat  (in vitro), sowie Tryptamin, 
Indol-3-essigs/iure und 6-Hydroxyindol-3-essigs/iure (in 
vivo). 

Increased Excretion of 5-Hydroxy-indole-acetic 
Acid after the Administration of 

3-Indole-acetic Acid (Heteroauxine) 

I t  has been demonstrated recently tha t  5-hydroxy- 
indole-acetic acid (5-HIAA) 1 may be formed from certain 
exogenous precursors. SZARA 2 has observed an increased 
excretion of 5-HIAA after the application of dimethyl-  
t r y p t a m i n e ,  ANDERSON, ZIEGLER, and DOEDEN 3 after 
consumption of a large amount  of bananas. WAALKES 
ei al.a have shown tha t  besides other substances bananas 
contain large amounts of serotonine. 

3-indole-acetic acid (IAA) is ingested in small amounts 
with some foods and is formed also as a t ryptophan meta- 
bolite by the action of the intestinal bacterial flora. I t  is 
interesting therefore to follow the fate of IAA in the 
organism and its influence on the excretion of 5-HIAA. 
The fate of IAA in the animal was studied by ERSPAMER 5. 
This author found tha t  about  one third of the admin- 
istered IAA was excreted unchanged or in a conjugated 
form. He believes tha t  the other part is probably meta- 
bolised after breaking up the indole ring. 

In our own metabolic studies we have also investigated 
the fate of IAA in the human body. 

In our experiment,  eleven volunteers were given IAA, 
in the form of a 5% solution of the acid carbonate in t e a l  
which was sweetened with saccharine or sucrose. The dos- 
age of the applied IAA is shown on the Table. 

I We thank Sandoz, Ltd., Basle and Professor V. ERSPAMER, 
Institute of Pharmacology, University of Parma (Italy) for the 
generous gifts of 5-hydroxy-indole-acetic acid. 

ST. SZARA, Exper. 12, 444 (1956). 
8 j .  A. ANDERSON, M. R. ZIEC, LER, and D. DOEDEY, Science 127, 

~36 (1958). 
4 T. P. WAALKES, A. SIOERDSMA , C. R. CREVELING, H. WEISS- 

BAC~, and S. UDENFRX~NO, Science 127, 648 {1958). 
5 V. ERSPAMER, J. Physiol. 127, 118 (1955), 
6 I. A. MmSKY, and D. DIENCOTT, Proc. Soc. exp. Biol. Mcd. 93, 

109 (1956). 


