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c lear ly  i nd i ca t e  t h a t  DU-717 shows a dose- re la ted  and  
sus ta ined  r educ t i on  in blood pressure  w i t h o u t  a n y  change  
in u r ine  volume,  e lec t ro ly te  excre t ion  and  c a r b o h y d r a t e  
me tabo l i sm.  S u b a c u t e  t ox i c i t y  of DU-717 was e x a m i n e d  
in male  Sp rague -Dawley  ra ts .  A t  a dose of 1000 m g / k g  
p.o.  for 30 days,  DU-717  caused  no s igni f icant  change  in 
the  we igh t  gain  an d  o rgan  we igh t  or no  apprec iab le  ef- 
fect  on  t he  h e m a t o b i o c h e m i c a l  f indings  as c o m p a r e d  
w i t h  t he  control .  T he  genera l  h e m o d y n a m i c  ac t ions  of 

DU-717,  a n d  t he  m e c h a n i s m s  respons ib le  for i ts  hypo-  
t ens ive  effect, are c u r r e n t l y  u n d e r  inves t iga t ion .  
I t  m a y  be  conc luded  t h a t  DU-717  is a c o m p o u n d  h a v i n g  
a nove l  profile,  d i f fe ren t  f rom those  of t h e  a n t i h y p e r -  
tens ive  d rugs  of benzo th i ad i az ine  d iure t ics  or d iazoxide  
in i ts  pha rmaco log ica l  p roper t i e s  a n d  u n d e r l y i n g  mode  of 
act ion.  I t  seems, therefore ,  wor thwh i l e  to  s t u d y  t h e  
cl inical  eff icacy of th i s  c o m p o u n d  in t h e  t r e a t m e n t  of 
p a t i e n t s  w i t h  essent ia l  hype r t ens ion .  
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Summary.  A new series of c o m p o u n d s  s t r u c t u r a l l y  re la ted  to  the  p o t e n t i a l  a n t i d e p r e s s a n t  t a n d a m i n e ,  i.e., t h e  1-alkyl-  
1 ,2 ,3 ,4 - t e t r ahydroca rbazo le - l - e thanamines ,  i nh i b i t  t he  n o r a d r e n a l i n e  u p t a k e  m e c h a n i s m  and  are re la t ive ly  ineffec t ive  
in i nh ib i t i ng  the  se ro ton in  u p t a k e  m e c h a n i s m  in vivo.  The  p o t e n c y  of t he  mos t  effect ive c o m p o u n d  (9-e thyl -N,N,1-  
t r i m e t h y l - l , 2 , 3 , 4 - t e t r a h y d r o c a r b a z o l e )  is s imi lar  to  t h a t  of de s imip ramine  and  is of p o t e n t i a l  use in t he  t r e a t m e n t  of 
endogenous ly  depressed pa t ien ts .  

Recen t  s tud ies  2-~ d e m o n s t r a t e  t h a t  a new p o t e n t i a l  
a n t i d e p r e s s a n t  d rug  t a n d a m i n e  hydroch lo r ide  (9-ethyl-  
N, N, 1- t r imethyl -1 ,  2, 3, 4 - t e t r a h y d r o t h i o p y r a n o  I3, 4-b 1 
i n d o l e - l - e t h a n a m i n e  hydrochlor ide)  (Table  1) possesses 
b o t h  a b iochemica l  a n d  pha rmaco log ica l  profi le in ani-  
mals  q u a l i t a t i v e l y  s imilar  to, b u t  lacking t he  cen t ra l  
an t icho l inerg ic  ac t i v i t y  of, t he  t r icycl ic  a n t i d e p r e s s a n t  
de s imip ramine  (DMI). T a n d a m i n e  is greater ,  or equiva-  
lent,  in p o t e n c y  to DMI  as an  i nh ib i t o r  of no rad rena l i ne  
(NA) ret~ptake m e c h a n i s m  and,  like DM1, is re la t ive ly  
ineffect ive in i nh ib i t i ng  the  5-HT u p t a k e  m e c h a n i s m  '2-4. 
In the  p re sen t  s tudies  a series of compounds ,  s t r u c t u r a l l y  
re la ted  to t a n d a m i n e  (Table 1), i.e., t he  1-alkyl-1, 2, 3, 4- 
t e t r a h y d r o c a r b a z o l e - l - e t h a n a m i n e s  and  re la ted  com- 
pounds  (cycloalkanoindoles) ,  h a v e  been  e x a m i n e d  for 
t he i r  i n h i b i t o r y  ac t iv i t ies  on  NA and  5-HT r e u p t a k e  
m e c h a n i s m s ;  the re  is cons iderable  ev idence  t h a t  the  an t i -  
depress ive  ac t ion  of ce r t a in  k n o w n  tr icycl ic  an t idep res -  
san t s  m a y  be due  to t he i r  abi l i t ies  to  cause  inh ib i t i on  of 
the  neu rona l  r e u p t a k e  of NA ~, 5 -HT 7, or bo th .  

Materials and methods. The  cyc loa lkanoindoles  were 
syn thes ized  b y  Drs  A. ASSELIN and  L. G. HUMBER and  
Mrs J. KOMLOSSY, Ayer s t  Resea rch  Labora to r i e s  s. Des- 
i m i p r a m i n e  hyd roch lo r ide  (Per tof rane)  and  i m i p r a m i n e  
hydroch lo r ide  (Tofranil)  (I) were gif ts  f rom Ciba-Geigy.  

The  d e t e r m i n a t i o n  of the  effects of the  c o m p o u n d s  on 
aH-NA u p t a k e  and  release in t he  h e a r t s  of a lb ino  mice 
(23 25 g, C a n a d i a n  Breed ing  Labora to r ies )  was car r ied  
ou t  as p rev ious ly  descr ibed A, 9 as was t he i r  ab i l i ty  to 
p o t e n t i a t e  the  5 - h y d r o x y t r y p t o p h a n  (5 -HTP) - induced  
b e h a v i o u r a l  s y n d r o m e  in mice ~. The  d e t e r m i n a t i o n  of the  
effects of t he  t e s t  c o m p o u n d  on t he  ~-4-d imethyl -3-  
h y d r o x y - p h e n y l e t h y l a m i n e  (H77/77)- induced  dep le t ion  of 
b r a i n  NA and  d o p a m i n e  (DA) was car r ied  ou t  al and  t he  
concen t r a t i ons  of b ra in  NA and  DA were d e t e r m i n e d  ~2-14. 
Pe r cen t  inh ib i t ion  exh ib i t ed  b y  t he  t e s t  c o m p o u n d s  of 
the  H77 /77- induced  decline in b ra in  N A  was ca lcu la ted  
b y  ut i l iz ing the  fo rmula  employed  b y  BRUINVELS 15. 

Results and discussion. C o m p o u n d s  7, 2, 3, 5, 6, 8, 9 
and  IO, and  also DMI  and  I, w h e n  g iven  before  the  3H- 
NA, decreased t he  aH-NA c o n c e n t r a t i o n s  in mouse  h e a r t  
d i sp lay ing  EDs0's < 10 mg/kg,  i .p.  (Table  1). None  of 

these  c o m p o u n d s  w h e n  admin i s t e r ed  a t  10 mg/kg,  i .p.,  
a f te r  t he  3H-NA a l te red  t he  aH-NA as c o m p a r e d  to con-  
t rois  [e.g., con t ro l s :  48,630 • 1784; 2 : 5 3 , 1 3 7  • 1167; 
I :  53,810 • 2338 (cpm/g ~: S.E.)I. Thus,  t he  cyc loa lkano-  
indoles, like DMI and  I, b locked t he  u p t a k e  and  did  
no t  cause  an  increased release of aH-NA. I t  is a p p a r e n t  
t h a t  t he  presence  of an  e thy l  g roup  on the  indole  n i t rogen ,  
a m e t h y l  g roup  and  a d i m e t h y l a m i n o e t h y l  side cha in  a t  
posi t ion 1 in t he  1-alkyl-1, 2, 3, 4 - t e t r a h y d r o c a r b a z o l e - l -  
e t h a n a m i n e s ,  i.e., c o m p o u n d  2, resul ts  in m a x i m a l  ac t iv -  
i ty  (E l )50 :0 .7  mg/kg,  i .p.).  L e n g t h e n i n g  t he  cha in  on the  
r ing  n i t rogen  to the  p ropy l  (5) or s h o r t e n i n g  t he  l eng th  
to a m e t h y l  (1) decreased the  ac t iv i ty .  Reduced  ac t i v i t y  
was also caused  b y  r e p l a c e m e n t  of the  d i m e t h y l a m i n o  
group  of the  side cha in  b y  a m e t h y l a m i n o  (3). The  pre- 
sence of an  e thy l  g roup  a t  pos i t ion  8 (7) caused  a decrease  
in a c t i v i t y  and  a chloro group  a t  pos i t ion  6 (8) also re- 
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Table 1. Inhibition o the uptake of aH-noradrenaline (aH-NA) and potentiation of the 5-hydroxytryptophan (5-HTP)-induced syndrome 

Compound 

R 3 R2 R I 

R~ .X 

R~ R~ R~ R~ x 

Inhibition of 3H-NA 
Uptake 
ED~0: (mg/kg, i.p.) 

Potentiation of 5 - H T P  
Syndrome score 
(dose: 25 ing/kg, i.p.) 

1 CHeCH2N(CH3) 2 CH~ CH a HC1 2.2 + 1 
2 CH~CH2N(CHa) 2 CH 3 CH2CH a HC1 0.7 q- 1 
3 CH2CHeNHCH 3 CH 3 CH2CH a HC1 6.8 + 1 
4 CH2CH~N(CHa) 2 H CH a HC1 >10  + 2  
5 CH2CH2N(CH3) z CH 3 CH~CH2CH 3 HC1 1.6 +1  
6 CH~CH2N(CHa) ~ CH2CH 3 CH2CH a HBr 2.1 +2  
7 CH2CH2N(CH3) ~ CH 3 CH2CH 3 8-CH2CH a inaleate > 10 + 1 
8 CH~CH~N(CH~)  2 CH a CH2CH a 6-C1 HC1 4.5 +2  

9 CH2CH3 HBr 4.7 I 

10 . c ,  1 8  L 

! ~ ' ' 3  

Imipramine CH2CH3 HC1 6.0 q- 3 
Desimipramine | HC1 1.0 -t- 1 
(Tandanfine ~ t~ ~ H ~ C H 2 N I C H a l ~ C H a ' ~  C HC1 0.3 q-l) 

For aH-NA uptake, test compounds were injected 45 min before or after the ~H-NA; the animals (8 per group) were killed 2 h after the 
administration of the test compounds and the concentrations of 8H-NA then determined. 
For 5-HTP potentiation, the test compounds (25 mg/kg, i.p.) were administered to mice (5 per group) 30 min before 5-HTP (300 mg/kg, 
i.p.) and the syndrome (extension and abduction of hindlimbs, tremors, lordosis, head twitching and excitation) scored as ineffective (I), 
+ 1 (weak effect) to + 4  (very strong effect). 

Table 2. Effects on the H77/77-induced depletion of brain noradrenaline (NA) 

Treatment Dose Compound Compound Percerlt EDs0 
(mg/kg, i.p.) alone + H77/77 inhibition (mg/kg, i.p.) 

Saline - 100.0 ~ 5.2 60.9 =L 5.5 a 

Compound 2 12.5 § 6.3 88.7 i 1.6 84.6 =~- 4.6 b 88 6.3 
6.3 q- 3.1 99.5 ~- 5.8 77.3 ~_ 1.5o 43 
3.1 q- 1.6 100.8 ~ 1.9 74.1 =L 4.8 32 

Saline 100.0 ~ 2.6 64.7 :t= 2.1~ 

Desinfipramine 12.5 + 6.3 94.6 i 2.4 83.0 =[: 1.8 b 65 9.6 
6.3 q- 3.1 100.3 ~ 2.0 76,4 :~ 4.6 ~ 32 
3.1 q- 1.6 100.8 ~ 5.7 71.4 ~2 2.8 17 

H77/77 (12.5 mg/kg, i.p.) was injected at 0 and 2 h and the mice killed 2 h later after the last dose. The test compound was injected 30 rain 
prior to H77/77, the second dose being half the first. 
Each value is mean of 4 or 5 determinations and is expressed as percent of concentrations (i_~g/g • S.E.) of NA (0.29 i 0.01) in saline- 
treated animals. 
~p < 0.001 vs saline-treated animal; bp < 0.01; op % 0.05 vs H77/77-treated animals. 
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sui ted  in loss of ac t iv i ty .  Tile s ignif icance of t he  m e t h y l  
g roup  a t  pos i t ion  1 was ind ica t ed  b y  the  r educed  a c t i v i t y  
of t he  c o m p o u n d  c o n t a i n i n g  an  e thy l  g roup  (6). This  was 
also shown w h e n  t he  group  on the  r ing  n i t rogen  was a 
m e t h y l  (1) and  t he  m e t h y l  g roup  a t  pos i t ion  1 was re- 
p laced  b y  a h y d r o g e n  a tom,  t he  resu l t ing  c o m p o u n d  (d) 
be ing  ineffect ive.  I n  compar i son  w i th  the  t e t r a h y d r o -  
carbazole  c o m p o u n d  2, t he  cyc lopen tano  indole (9) and  
cyc lohep tano  indole  (10) exh ib i t ed  decreased ac t iv i t ies  
of 6- and  2-fold, respect ively .  The  same s t r u c t u r a l  fea tures  
for m a x i m a l  i nh ib i t i on  of ~H-NA u p t a k e  h a v e  been s h o w n  
for t he  respec t ive  c o m p o u n d  in t he  1-aminoalkyl-1 ,  3, 4, 9- 
t e t r a h y d r o t h i o p y r a n o  [3,4-bJ indole series ( t andamine ,  
E D s 0 : 0 . 3  mg/kg,  i.p.) and  1-alninoalkyl-l,3,4,9-tetra- 
h y d r o p y r a n o  [3, 4-b] indole series (1, 9 -d imethy l - l - [2 - (d i -  
m e t h y l a m i n o ) e t h y l ] - l ,  3, 4, 9 - t e t r a h y d r o p y r a n o  [3, 4-b~ in- 
dole hydrochlor ide ,  EDs0 :1 .5  mg/kg,  i.p.) a. P o t e n t  an t ag -  
on ism of r e se rp ine - induced  ptos is  has  been  d e m o n s t r a t e d  
for c o m p o u n d  2 w i t h  v a r y i n g  ac t iv i t ies  for  i t s  ana logs  s. 
In  th i s  regard,  the  p o t e n t  i nh ib i t i on  of the  NA u p t a k e  b y  
c o m p o u n d  2 and  v a r y i n g  ac t iv i t ies  of the  analogs,  could 
be t he  m e c h a n i s m  of ac t ion  of these  compounds .  

H77/77 is a dep le to r  of b r a in  ca t echo lamines  and  
uti l izes the  neu rona l  u p t a k e  m e c h a n i s m  to b r ing  a b o u t  
th is  dep le t ion  wi th  i ts ac t ion  on  N A  deple t ion  be ing  
b locked by  c o m p o u n d s  which  are k n o w n  NA u p t a k e  
i nh ib i t o r s :L  Thus ,  i nh ib i t i on  b y  c o m p o u n d s  of the  H77/  
77- induced dep le t ion  of NA and  DA gives a measu re  of 
inh ib i t ion  of n e u r o n a l  N A  or DA uptake .  The  H77/77-  
induced  deple t ion  of NA was b locked b y  c o m p o u n d  2, 
which  exh ib i t ed  a p o t e n c y  e q u i v a l e n t  to  t h a t  of DMI  
(Table  2) t hus  i n d i c a t i n g  t h a t  c o m p o u n d  2 blocks NA 

u p t a k e  cen t r a l ly  in add i t i on  to t h a t  in  the  pe r iphery .  
Ne i the r  c o m p o u n d  2 nor  DMI  n a lone affected endogenous  
NA (Table  2); endogenous  DA and  the  H77 /77 - induced  
dep le t ion  of DA were no t  af fected b y  c o m p o u n d  2 or 
DMI (not  shown) i nd i ca t i ng  a specif ici ty  in act ion.  

P o t e n t i a t i o n  of t he  5 - H T P - i n d u c e d  b e h a v i o u r a l  effects 
has  been  shown  to genera l ly  cor re la te  w i t h  the  ab i l i ty  of 
c o m p o u n d s  to i nh ib i t  t he  b r a i n  u p t a k e  of 5 -HT 3,7,1~ 
p rov ided  t h a t  t he  c o m p o u n d s  are no t  inh ib i to r s  of mono-  
amine  oxidase  or releasers of 5 -HT 7, a0. Thus ,  a c t i v i t y  in 
th i s  model  is an  ind ica t ion  of t he  ab i l i ty  of c o m p o u n d s  
to affect  5 -HT-re la ted  mechan i sms .  I caused  a dose-  
re la ted  p o t e n t i a t i o n  of the  5 - H T P  s y n d r o m e  a t  25 mg/kg,  
i .p.  ( + 3 ,  Table  1), 12.5 mg/kg,  i .p.  ( + 2 )  a n d  6.25 mg/kg,  
i .p.  ( + 1 ) .  None  of the  cyc loa lkanoindoles  e x a m i n e d  
p o t e n t i a t e d  the  5 - H T P - i n d u c e d  a c t i v i t y  to  a t  leas t  the  
level of I, a k n o w n  blocker  of 5 -HT uptakeg,  and  t h u s  
were cons idered  to be r e l a t ive ly  ineffect ive.  C o m p o u n d s  
d, 6 and  8 did  exh ib i t  a n  a c t i v i t y  of + 2 ;  c o m p o u n d  2 
showed only  a + 1 ac t iv i ty .  C o m p o u n d  2 was t h u s  s imi lar  
to DMI  since th i s  l a t t e r  d rug  did  no t  exh ib i t  apprec iab le  
ac t i v i t y  in the  p re sen t  and  p rev ious ly  r epo r t ed  2 a studies.  

The  p re sen t  s t u d y  reveals  a new series of c o m p o u n d s  
s t r u c t u r a l l y  re la ted  to t a n d a m i n e ,  i. e., t he  1-alkyl-1, 2, 3, 4- 
t e t r a h y d r o c a r b a z o l e - l - e t h a n a m i n e s ,  wh ich  i nh ib i t  the  
NA u p t a k e  mechan i sm,  t he  m o s t  p o t e n t  c o m p o u n d  (2) 
be ing  e q u i v a l e n t  to  DMI  a n d  tacking a n  apprec iab le  
ab i l i ty  to affect  5 -HT m e c h a n i s m s  t hus  be ing  a re la t ive ly  
specific N A  u p t a k e  blocker .  Clinically, c o m p o u n d  2 pos- 
sessing such  a profi le would  be expec ted  to be of p o t e n t i a l  
use in t r e a t i n g  endogenous ly  depressed  pa t i en t s ,  par t ic -  
u la r ly  those  wi th  a decreased  dr ive  lo, 11. 

Effect of mi lk  on p l a s m a  unbound-b i l i rub in  concentrat ion in h o m o z y g o u s  Gunn rat suckl ings  
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Summary. Sucking of mi lk  increased p l a s m a  u n b o u n d - b i l i r u b i n  concentration in t he  hornozygous  G u n n ' s  s t r a in  of 
j aund iced  rats .  A d m i n i s t r a t i o n  of skim mi lk  did no t  increase  unbound -b i l i r ub in ,  while  a m i x t u r e  of f a t t y  acids and  
skim milk  e leva ted  it. 

Most  b i l i rub in  is b o u n d  to a l b u m i n  in the  p lasma.  The  
a l b u m i n - b o u n d  b i l i rub in  c a n n o t  p e n e t r a t e  tissues, while  
t he  d issocia ted  bi l i rubin ,  called ' unbound - b i l i r ub i n ' ,  m a y  
do so and  t h e r e b y  in ju re  the  cells 1-3. Thus,  p l a s m a  un-  
b o u n d - b i l i r u b i n  c o n c e n t r a t i o n  is closely cor re la ted  to the  
r isk of ke rn ic te rus  4-r. In  the  p r e s en t  s tudy,  effect  of mi lk  
on  u n b o u n d - b i l i r u b i n  c o n c e n t r a t i o n  was  i nves t i ga t ed  to  
a sce r t a in  w h e t h e r  mi lk  could displace b i l i rub in  f rom 
a l b u m i n  in the  h o m o z y g o u s  G u n n ' s  s t r a in  of j a u n d i c e d  
rats .  
Materials and methods. Animals .  G u n n ' s  s t r a in  of j aun -  
diced ra t s  (j / j ;  14-day-old) were used t h r o u g h o u t  the  
s tudy.  L i t t e r m a t e s  d iagnosed  b y  yellow skin colour  as j/j 
were equal ly  a l lo t t ed  to  e x p e r i m e n t a l  and  cont ro l  groups.  
An imals  were m a i n t a i n e d  on l a b o r a t o r y  d ie t  (NMF, 
Or ien ta l  Yeas t  Co.) and  t ap  water .  
S t a r v a t i o n  exper imen t s .  E x p e r i m e n t a l  r a t s  were isola ted 
f rom the i r  mo the r s  a n d  placed in an  i n c u b a t o r  a t  30~ 
f rom 5.00 p .m,  t i l l  9.00 a.m. of the  n e x t  day  (16 h). 
Phys io logica l  sal ine so lu t ion  was adm i n i s t e r ed  oral ly  a t  
9.00 a.m. to c o m p e n s a t e  exac t ly  for loss of body  weight  
d u r i n g  t he  period.  Contro ls  were left  w i th  t he i r  mo the r s  

and  nu r sed  ad  l i b i t u m  t h r o u g h  the  same period.  Ac tua l  
sucking  of mi lk  was ver i f ied  b y  e x a m i n a t i o n  of the  shape  
and  we igh t  of s tomach .  Blood was sampled  a t  10.00 a.m. 
Milk a d m i n i s t r a t i o n  exper imen t s .  Af te r  s t a r v a t i o n  for 
16 h as descr ibed above,  e x p e r i m e n t a l  r a t s  were g iven  
ora l ly  0.8 ml  each of m o t h e r ' s  mi lk  curd  so lu t ion  (a 2 g 
we t  we igh t  of mi lk  cu rds  recovered  f rom t h e  s t o m a c h  of 
o the r  suck ing  r a t s  was  dissolved in i ml  of 0.1 M N%CO3) 
a t  9.00 a.m. and  11.00 a.m. The  cont ro ls  received phys io-  
logical sal ine ins tead  of mi lk  curd  solut ion.  Blood was 
sampled  a t  3.00 p.m. H u m a n  b r e a s t  milk,  b o v i n e  pow- 
dered  mi lk  (1 g Meiji  FM-U soft  curd  mi lk  dissolved in 
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