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5 - H y d r o x y t r y p t o p h o h  E v i d e n c e  f o r  i t s  H a v i n g  P h y s i o l o g i c a l  P r o p e r t i e s  1 

N o r e p i n e p h r i n e ,  in  a d d i t i o n  of be ing  a n e u r o t r a n s m i t t e r ,  
h a s  b e e n  sugges ted  as f u n c t i o n i n g  as a n  e rgo t roph ic  hor -  
m o n e  to  p roduce  s t i m u l a t i o n  of t he  CN S t o g e t h e r  w i t h  
va r i ous  b e h a v i o r a l  m a n i f e s t a t i o n s  of exc i t a t ion .  5 -Hydro-  
x y t r y p t a m i n e  (5-HT) has  been  p o s t u l a t e d  as be ing  a t ro-  
p o t r o p h i c  ho rmone ,  p a r t i c i p a t i n g  in t he  p r o d u c t i o n  of 
oppos i te  responses  of ne r vous  i n h i b i t i o n  a n d  b e h a v i o r a l  
depress ion  ~. A n o m a l i e s  h a v e  been  obse rved  in  t h i s  s imple  
c lass i f icat ion,  especia l ly  for 5-HT,  thus ,  a more  com pl ex  
c lass i f ica t ion  ot b iogenic  a m i n e s  h a s  been  p roposed  a n d  
5 - H T  ca tegor ized  i n to  a b i p h a s i c  group~.  

However ,  a n o t h e r  r e so lu t ion  of  t he  d i l e m m a  to  exp la in  
the  b iphas i c  ac t ions  on  CNS s t a t e s  of some biogenic  a m i n e s  
as 5 -HT is b y  cons ider ing  t h a t  some of t h e i r  effects  m a y  
be  due  to  one of t h e i r  m e t a b o l i t e s  h a v i n g  oppos i te  neuro-  
h o r m o n a l  p roper t i es .  The  m e t a b o l i s m  b y  t h e  whole  a n i m a l  
a n d  l iver  4 a n d  b r a i n  s of 5 -HT has  been  shown  to  follow 
t h e  p a t h w a y  s h o w n  in t h e  Figure ,  whe re  3 d i f f e ren t  pro-  
duc t s  a re  formed.  One  of t he se  m e t abo l i t e s ,  5 -hydroxy-  
t r y p t o p h o l  (5-HTol) ,  was  chosen  as t h e  s u b j e c t  of th i s  
s tudy .  

T h e  d i f f icu l ty  of assess ing ac t ions  of CN S ac t ive  phys io-  
logical  s u b s t a n c e s  is due  to t h e  fac t  t h a t  t h e  b l o o d - b r a i n  
ba r r i e r  m a y  be a n  e v o l u t i o n a r y  a d a p t a t i o n  p roduced  spe- 
cif ical ly to  exc lude  m o d u l a t o r s  f rom t he  b ra in .  H o w e v e r  
E E G  s tud ies  w i t h  W h i t e  L e g h o r n  chicks  of up  to 14 days  
old i nd i ca t e  t h a t  t h e y  do  n o t  possess a c o m p l e t e d  b lood-  
b r a i n  b a r r i e r  a n d  m a n y  subs t ances ,  such  as  5-HT, w h i c h  
a re  i n a c t i v e  in  o t h e r  species  do  possess  a c t i v i t y  on  t h e  
CNS in  t h e  ch ick  8. E E G  slow w a v e s  a n d  a cha rac t e r i s t i c  
s l e e p  pos tu r e  were s h o w n  to  co r re l a t e  so t h a t  t h e  l a t t e r  
b e h a v i o r a l  m a n i f e s t a t i o n  can  be  used  as a re l iab le  indica-  
to r  of CNS effects  ~, 

A n t a b u s e ,  a n  a ldehyde  d e h y d r o g e n a s e  i n h i b i t o r  7, ipro- 
niazid,  a MAO i n h i b i t o r  s a n d  pyrazole ,  a n  a lcohol  dehy-  
d rogenase  i n h i b i t o r  9, were i n j ec t ed  i n to  1 -14-day-o ld  
Vqhite L e g h o r n  cockerels  b y  t he  i.p. rou te .  I n  c o m b i n a t i o n s  
w i t h  t h e m  or  alone,  5-HT, 5 -HTol  a n d  5 - m e t h o x y t r y p t o -  
pho l  (5-MTol) were  also a d m i n i s t e r e d .  U n l i k e  t h e  f i r s t  two 
c o m p o u n d s ,  t h e  l a t t e r  was  n o t  cons ide red  as  be ing  a phy -  
s iological  subs tance ,  b u t  was  inc luded  in t he  s t u d y  be- 
cause  i t  was  a n t i c i p a t e d  t h a t  i t  m i g h t  be  a n  ana log  of 
5-HTol ,  more  l ipophi l ic  t h a n  t he  p a r e n t .  Dosages  used of 

t he  e n z y m e  i n h i b i t o r s  were selected acco rd ing  to pub l i shed  
d a t a  on  t o x i c i t y  or  e f fec t iveness  in  v ivo .  A g roup  of 8 
chicks  were  used  in each  expe r imen t .  T i m e  of sleep in- 
duc t i on  was  t h a t  p e r i o d  un t i l  t he  en t i r e  g roup  was  in 
some p o s t u r a l  s t a n c e  of sleep. D u r a t i o n  of sleep was t h a t  
t i m e  un t i l  3 of t h e  a n i m a l s  of t he  g roup  h a d  a w a k e n e d  
s p o n t a n e o u s l y  a n d  were act ive .  So lven ts  used  (up to  
0.2 ml  of p r o p y l e n e  glycol,  d ime thy l su I fox ide  or sal ine)  
h a d  no  o b s e r v a b l e  effects.  5-HToI,  m.p.  107-108 ° was  
p r e p a r e d  a c c o r d i n g  to  a desc r ibed  syn thes i s  ~ a n d  o t h e r  
c o m p o u n d s  were o b t a i n e d  f rom c o m m e r c i a l  sources.  Do- 
sages used a n d  t h e  resu l t s  o b t a i n e d  a re  s h o w n  in t he  
Table .  

W h e n  a n a l y z i n g  t h e  d a t a  i t  m u s t  be  r e m e m b e r e d  t h a t  
e n z y m e  i n h i b i t o r s  in v i v o  do no t  p roduce  comple t e  en- 
zyme  d e a c t i v a t i o n  a n d  o b s e r v a b l e  effects  are due to  shor t -  
t e r m  shi f t s  in  m e t a b o l i t e  ra t ios .  Pyrazole ,  A n t a b u s e  or 
ip ron iaz id  h a d  no  s leep p r o d u c i n g  effects  b y  themse lves .  
5-HTol  b y  i tself  p r o d u c e d  sleep, b u t  was  less p o t e n t  t h a n  
5-I tT.  W h e n  A n t a b u s e  was g iven  a long  w i t h  5-HTol  t h e r e  
was no  increase  in s leep ing  t ime .  As  was s h o w n  previous ly ,  
a MAO i n h i b i t o r  s h o r t e n s  t he  s leep ing  t i m e  p roduced  by  
5-HT. 5-MTol, in a dosage  e q u i v a l e n t  to  i ts  h y d r o x y l  ana-  
log, p roduced  a m u c h  longer  s leep ing  t i m e  and  inc iden ta l ly  
a deeper  sleep. 

Dep le t ion  of b r a i n  5 -HT b y  t he  deca rboxy la se  inh ib i to r ,  
p a r a c h l o r o p h e n y l a l a n i n e  p roduces  ch ron ic  i n s o m n i a  10 a n d  
sleep is i nduced  in some m a m m a l s  b y  a d m i n i s t r a t i o n  of 
5 - h y d r o x y t r y p t o p h a n  w h i c h  can  cross t he  b l o o d - b r a i n  
ba r r i e r  a n d  e l eva t e  5 -HT levels  in t he  CNS. However ,  
when  MAO inh ib i to r s  are  also admin i s t e r ed ,  aga in  insom-  
n ia  resul t s  n .  Thus  sleep is no t  i nduced  b y  5 -HT pe r  se 
b u t  appea r s  to  resu l t  f rom one  of i ts  me tabo l i t e s ,  in fact ,  

NA0 AnTaDuse 5-~dr0xyind01e- 
inn)hirer ~ ~-acefic aci0 

5-HI I ~ 5-n~0r0xNin~0}~- 5-HINk 
~-acetalaehyae 

(5- ttIal) ~ 5-hyrlroxvdrypTophol 
Pyrazole (B-HI01) 

Metabolism of 5-hydroxytryptamine and enzyme inhibitors which 
block block the different conversions. 

Effects produced by compounds given to 1-14-day-old chicks 

Compound Dosage 
rag/ umole/ 
kg kg 

Effects 

Pyrazole 25 334 
Antabuse 25 84 
Iproniazid phosphate 125 450 
5-HT creat, sulfate 25 62 

5-Hydroxytryptophot 125 705 

5-Methoxytryptophol 125 655 

Iproniazid phosphate+ 125 450 
5-HT ereat, sulphate 25 62 
Iproniazid phosphate+ 125 450 
5-Hydroxytryptophol 125 705 
Pyrazole+ 25 334 
5-Hydroxytryptophol 125 705 
Antabuse + 25 84 
5-Hydroxytryptophol 125 705 

No effect 
No effect 
No effect 
Sleep, induction, 3-5 rain 
duration, 62 rain 
Sleep, induction, 2-4 rain 
duration, 17 rain 
Sleep, induction, 2~I nfin 
duration, 38 mm 
Sleep, induction, 3-5 min 
duration, 32 mm 
Sleep, induction, 2-5 rain 
duration, 15 mm 
Sleep, induction, 2-4 mirl 
duration, 68 mm 
Sleep, induction, 2-5 rain 
duration, 16 mm 
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the da ta  f rom sleep studies with MAO inhibi tors  suggests 
t h a t  5 -HT m a y  be antagonis t ic  to sleep produc t ion  and 
cause s t imula t ion  ~2. 

I t  has  been repor ted  tha t  indole-3-aceta ldehyde and 
the  5-hydroxyl  analog, when injected i.p. into 1-2-day- 
old chicks, produce  sleep s ta tes  as f rom 5 -HT or 5-hydro- 
xytryptophan~3.  Whereas  effects of the  l a t t e r  compunds  
could be reduced by p r e t r e a t m e n t  w i th  the  MAO inhibi tor ,  
pargyline,  i t  had  no effect on the  sleep producing  proper-  
t ies of the  aldehydes.  Since enzyme  catalysis  is reversible,  
the  a ldehydes  and alcohols are in t roconver t ib le ,  the effects 
of the  alcohol  dehydrogenase  inhibi tor ,  pyrazole,  would 
be to increase the  half-life of adminis tered  5-HTol  and 
to d iminish  accumula t ion  of the  corresponding aldehyde.  
Since pyrazole  in this s tudy  increased the  sleep effects of 
the  alcohol,  i t  is inferred t h a t  increased quant i t i es  of the  
la t te r  in spite of a resu l tan t  decrease of the  a ldehyde  corre- 
la te  w i th  increased sleep product ion.  

The  necessi ty of using a high dosage of 5 -HTol  compared  
to 5 -HT to produce sleep migh t  be expla ined  by  a grea ter  
po la r i ty  of the  former  or  its inabi l i ty  to form l ipophi l ic  
complexes.  Thus  even  in the  chick i t  m a y  not  cross the  
blood-brain barr ier  appreciably.  The  expec ted ly  more 
l ipophil ic  5-MTol was a more po ten t  sleep producing agent.  
However ,  even  wi th  it  in pas t  s tudies the  tagged com- 
pound when injected i.p. into rats  caused only a m a x i m u m  
of 0.04% of the  r ad ioac t iv i ty  to appear  in the  brain ~4. 

I t  is concluded from these studies and past  repor ted  da- 
t a  t h a t  i t  is probable  t h a t  5-HTol  is the  sleep producing  
neut ra l  metabo t i t e  of 5 -HT and t h a t  the  sleep producing  
effects of indoleaceta ldehydes  are also due  to  the i r  con- 
vers ions  to  quant i t i es  of t he  t ryp topho l s  which  are  the  
ac t ive  agents.  

Rdsumd. Chez le poussins de 1-14 jours l ' agent  inhibi-  
toire de ddhydrog6nat ion d 'a lcohol  et pyrazol  prologeai t  
cons id6rablement  la p6riode de sommei l  p rodu i t  pa r  5- 
hydroxy- t ryp topho l ,  les donn6es d 'enselnble  sugg6rant  
que ce dernier  compos6 est le m6tabol i te  neutre,  somni-  
f6re, de 5 -hydroxy t ryp tamine .  
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Ein f luoreszenzmarkiertes  Physa laemin-Analoges  mit hoher biologischer Aktivit/it 

Die kova len te  Fluoreszenz-Markierung yon  Molekeln 
zur  Gewinnung  yon In fo rma t ionen  fiber deren Vertei lung,  
Konfo rma t ion  und ~,Vechselwirkung m i t  anderen  Mole- 
ktilen ha t  sich in der  P ro te in -Chemic  a l lgemein  bewqihrt 1 
Als besonders gi inst ig erwies sich die Dansyl-Gruppe2,  s, 
die in einigen ir/illen auch zur Markierung yon Pep t i  0- 
VVirkstoffen herangezogen wurde4-~. 

I m  R a h m e n  unserer Un te r suchungen  fiber Physa lae-  
min -Pep t ide  haben  wi t  ein kurzket t iges  f luoreszenzmar-  
kier tes  Pep t id  synthet is ier t ,  das am c¢-Stickstoff des N- 
t e rmina len  Lysins  eine Dansyl -Gruppe  trS, gt (Figur, Pep-  
t id  V). Fi i r  die Subs t i tu t ion  wg.hlten wir  die ~-Position, 
weil  berei ts  von  L~BKE et  al, 7 an  einer Serie yon Eledoi-  
s in -Hep tapep t iden  und yon uns 8 bei analogen Hexapep -  
t iden  des Physa laemins  fes tges te l l t  wurde, dass die e-Ami-  
nogruppe  des Lysins  fiir die biologische Aktivitg.t  dieser 
Pep t ide  von  wei taus  geringerer  Bedeu tung  ist  als die 
s-Aminogruppe.  Das  Pen tapep t id  19 wurde  von  uns durch  
s tufenweisen Aufbau  mi t  Hilfe  yon  Boc-Aminos~ure-  
2 ,4,5- tr ichlor-phenylestern ohne Schutz  des phenol ischen 
H y d r o x y l s  des Tyrosins  dargestell t*.  U m s a t z  dieses Pen- 
tapept ids  I mi t  N ~ Bpoc-N ~ Boc-Lysin-2,4 ,5 . - t r ichlorphe-  
nyles ter  [C3aHaTCI3NsOs, (664,01) ber. 59,69%C, 5 ,62%H, 
4 ,22%N;  gef. 59,48%C, 5 ,61%H, 4 ,37%N;  Schmp.  
67-71°;  [~]D--18,4 ° (C = 1; DMF)3 lieferte das geschfi tzte 
H e x a p a p t i d  I I  Selekt ive Abspa l tung  der  Bpoc-Schutz-  
gruppe mi t  Ameisens~iure/Essigs~ure-Gemisch ~0 ft ihrte zu 
dem H e x a p e p t i d  I I I .  

Durch  Dansyl ie rung  der freien e -Aminogruppe  des Ly-  
syl -Restes  von  I I I  erhiel ten wir  das geschfitzte Dansyl-  
Pep t id  IV, das wir  auf  mi t  30 g Kieselgel  PF254 (Merck) be- 
schichte ten  P l a t t en  yon 20 × 20 cm im Gemisch Chloro- 
fo rm/Methano l  (9:1) reinigten.  Dabei  isolierten wir  ein 
N e b e n p r o d u k t  mi t  h6herem Rf- 'Wert  ats IV, das bei der  
sauren Hydro lyse  ausser Phenyla lanin ,  Glycin,  Leucin,  
Methionin  und N~-Dansyl-Lysin  noch O-Dansyl -Tyros in  

l ieferte,  wie durch Papiere lekt rophorese  m i t  au then t i -  
schen Vergle ichssubstanzen gezeigt  werden konnte .  Vqir 
schreiben diesel- Verb indung  daher  die S t ruk tu r  N~-Dan - 
sy l -N~-Boc-Lys-Phe-Tyr  (0 -Dansy l ) -G ly -Leu-MetNH,  zu. 

Lys Phe Tyr Gty Leu 

Bpoc 7-OTcp ,, 
Boc 

Bpoc 
Boc 

H;, 
Boc 

D o nsy 1 
Boc ;' 

Dansyl 
N 

Syntheseschema ffir alas fluoreszenzmarkierte Physalaemin-Hexa- 
peptid. 

Met NH 2 

I 

II 

m 

Wirkung des fluoreszenzmarkierten Peptides im Vergleieh zu dem 
entspreehenden unsubstitutierten Peptid 

Meer- Meer- 
schweinchen- sehweinchen- 
Ileum Blutdruek 

EDso bzw. EDao von 12,4 ng/ml 290 ng/kg 
Dansyl-Hexapeptid V 
ED6o bzw. EDao yon 8,7 ng/ml 130 ng/kg 
Hexapeptid VI 
Relative Aktivit~t 84 45 
VI = lO0% 


