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I n  1977, i n t e r e s t  has con t inued  i n  the d i scove ry  and e v a l u a t i o n  o f  compounds which a re  r e l a -  

t i v e l y  s e l e c t i v e  b locke rs  of s e r o t o n i n  (5-HT) o r  no rad rena l i n  (NA) uptake i n  view o f  t he  concept 

o f  subclasses o f  depress ion.  Agents t h a t  b lock  dopamine (DA) uptake o r  5-HT recep to rs  a l s o  

rece ived  a t t e n t i o n  as p o t e n t i a l  an t i dep ressan ts .  

r e l a t i v e l y  s e l e c t i v e  5-HT uptake b locke rs  has been demonstrated. Repeating t h e  p a t t e r n  noted 

l a s t  year ,  s t u d i e s  were c a r r i e d  o u t  on the  mode o f  a c t i o n  o f  an t i dep ressan ts  a t  t h e  mo lecu la r  

l e v e l .  

agents were r e p o r t e d .  

years,  and the  reader  would f i n d  va lue  i n  c o n s u l t i n g  the  pas t  issues o f  t h i s  series”‘  f o r  

background i n f o r m a t i o n .  

~ i l o x a z i n e , ~  lofepramine,* nomi fensin, ’  and TRH1osll have appeared. 

depress ive d i so rde rs12  and se ro ton in  neurons i n  the CtdS13 have been s u m a r i z e d .  

use o f  l i t h i u m  i n  psych ia t r y14  and an t i dep ressan t  therapy by s leep d e p r i v a t i o n 1 5  have been 

reviewed. 

be ing e f f e c t i v e  b o t h  i n  v i t r o  and i n  v i v o  i n  r a t  b ra in .16  The potency o f  1 was s i m i l a r  t o  o r  

g r e a t e r  t han  t h a t  o f  imipramine.  

r a t  b r a i n  5-HT tu rnove r  and p o t e n t i a t i n g  the  5-HTP behav io ra l  syndrome i n  the  mouse. 

-- i n  v i t r o  and i n  v i v o  i n  r a t  b r a i n  and r e l a t e d  phari i iacological a c t i v i t i e s  were una f fec ted ,  o r  

o n l y  s l i g h t l y  i n h i b i t e d ;  a l s o ,  no i n h i b i t i o n  o f  displacement o f  DA from r a t  b r a i n  i n  v i t r o  was 

e x h i b i t e d .  

employing a 5-week t reatment  ( r i s i n g  dose) w i t h  mean d a i l y  dosages o f  approx imate ly  150 mg. 

A marked improvement of t he  o v e r a l l  and d e t a i l e d  psychopathology was observed as e a r l y  as t h e  end 

of t he  f i r s t  week o f  t reatment  and l e v e l e d  o f f  from the  t h i r d  week on.  

t o  improve more than the u n i p o l a r s ,  re ta rded  depressions more than a g i t a t e d  ones. 

For  t h e  f i r s t  t ime ,  a c l i n i c a l  e f f i c a c y  o f  

llew pharmacologica l  methods t o  i d e n t i f y  o r  t o  f u r t h e r  d i s t i n g u i s h  between an t idep ressan t  

Several compounds have remained i n  t h e  focus o f  i n t e r e s t  f o r  a number o f  

6 S p e c i f i c  rev iews on c h l o r i m i  ~ r a m i n e , ~  94 d ~ x e p i n , ~  m a p r o t i l  i ne ,  

Cur ren t  knowledge on t h e  

Also.  c l i n i c a l  

Fluvoxamine (1) was demonstrated t o  e x h i b i t  a lmost  e x c l u s i v e  5-HT uptake i n h i b i t i n g  p r o p e r t i e s  

I t  showed a c t i v i t i e s  r e l a t e d  t o  t h i s  a c t i o n  such as decreas ing 

NA uptake 

A p r e l i m i n a r y  c l i n i c a l  t r i a l  was c a r r i e d  o u t  w i t h  1. i n  endogenous depressed p a t i e n t s  
17 

B i p o l a r  p a t i e n t s  tended 

4-F-C H 
6 1 4  

Femoxetine (FG-4963. 2) was found t o  be s i g n i f i c a n t l y  i n f e r i o r  ( a t  3x200 mglday) t o  ami- 

t r i p t y l i n e  ( a t  3x50 mg/day) i n  t reatment  o f  endogenously depressed p a t i e n t s  over  a 6-week 

per iod. ”  E f f e c t s  o f  2 on tyramine and NA p resso r  responses were weaker than  those o f  ami- 

t r i p t y l i n e .  

b i n a t i o n  w i t h  5-HTP when g i ven  1-6 h (0.4-1 mg/kg) o r  24 h (5-15 mg/kg) p r i o r  t o  5-HTP. 

Chlor imipramine was a c t i v e  o n l y  a t  20-50 mg/kg and 1-2 h be fo re  5-HTP a d m i n i s t r a t i o n .  

An analog FG-7051 (3) produced h y p e r m o t i l i t y  and an a n t i c o n v u l s a n t  e f f e c t  i n  com- 
19 
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CH3-CH-k0 .HC1 
5 NH - 

Z i m e l i d i n e  (H-102-10, 4) enhanced t h e  spontaneous e f f l u x  o f  5-HT from r a t  b r a i n  synaptosomes, 

b u t  s i g n i f i c a n t l y  i n h i b i t e d  i t s  induced increase." An i n i t i a l  c l i n i c a l  t r i a l 2 '  w i t h  4 i n  

depressed p a t i e n t s  u t i l i z e d  biochemical methodology and i n d i c a t e d  p o t e n t i a l  use fu lness  of t h e  

drug. 

p a t i e n t s .  The s tudy a l s o  confirmed t h a t  t he  desmethyl m e t a b o l i t e  i s  approx. l o x  as po ten t  as 

t h e  pa ren t  drug i n  i n h i b i t i n g  5-HT uptake. 

depressant  (myocard ia l  c o n t r a c t i l i t y  i n  dogs) than a m i t r i p t y l i n e ,  a l though h ighe r  doses, by 

i n f u s i o n ,  produced se r ious  c i r c u l a t o r y  depress ion.22 

t e r e d  f o r  20 days (150 mglday) t o  10 depressed female p a t i e n t s  and good t o  moderate t h e r a p e u t i c  

responses were observed i n  7 p a t i e n t s  between t h e  4 t h  and 1 2 t h  day. 

d i scon t inued  i n  3 cases because o f  a g i t a t i o n  symptoms. A l a p r o c l a t e  (A-23189, 5) was 3-3Ox l e s s  

e f f e c t i v e  than ch lo r im ip ramine  i n  i nc reas ing  t h e  induced e f f l u x  o f  5-HT from r a t  b r a i n  synapto- 

somes.20 The k i n e t i c s  i n d i c a t e d  compe t i t i ve  antagonism between 2 and p-chloroamphetamine. 

b l o c k i n g  5-HT uptake, 5 was l e s s  po ten t  than ch lo r im ip ramine  (8x i n  v i t r o  and 2 . 5 ~  i n  v i v o ) .  

I n t e r e s t i n g l y ,  5 e x h i b i t e d  a 100 - fo ld  g rea te r  potency i n  b l o c k i n g  5-HT than NA uptake. 

s t u d i e s  o f  a l a p r o c l a t e  analogs suggested t h a t  t h e  presence o f  t he  geminal d imethy l  mo ie ty  was 

c r i t i c a l  f o r  t he  a c t i v i t y .  

The 5-HT uptake was markedly i n h i b i t e d  i n  v i t r o  by the  plasma samples drawn from t h e  

Z i m e l i d i n e  was found t o  be a l e s s  p o t e n t  c a r d i a c  

I n  an open c l i n i c a l  study.23 5 was admin is-  

The t reatment  had t o  be 

I n  
24 

The SAR 

H 
8 - k H  -NH 7 2 2  - 6 - 

Compound 6, a d e r i v a t i v e  o f  (naphthalenyloxy)propanediamine, was repor ted  t o  be a po ten t  and 

s p e c i f i c  i n h i b i t o r  o f  t he  5-HT neuronal uptake mechanism.25 S i m i l a r l y  t o  ch lo r im ip ramine ,  5 
antagonized t h e  d e p l e t i o n  o f  r a t  b r a i n  5-HT induced by va r ious  agents i n  v i v o ,  p o t e n t i a t e d  t h e  

behav io ra l  e f f e c t s  o f  5-HTP and antagonized fenf luramine- induced anorex ia.  

r a t  b r a i n  5-HT tu rnove r .  

5-HT uptake i n t o  r a t  b ra in .  

uptake; 5 d i d  n o t  i n h i b i t  NA uptake i n  mouse h e a r t  whereas ch lo r im ip ramine  was e f f e c t i v e .  

Compound a d i d  n o t  e x h i b i t  app rec iab le  a n t i c h o l i n e r g i c  e f f e c t s  o r  MA0 i n h i b i t i o n  i n  t h e  mouse. 

Ci ta lopram (Lu 10-171, 7) i s  a new phthalane d e r i v a t i v e  e x h i b i t i n g  s e l e c t i v e  and po ten t  

i n h i b i t o r y  a c t i o n  on 5-HT uptake mechanism.26 

imipramine i n  v i t r o  o r  i n  v i v o  i n  d i f f e r e n t  animal spec ies and p repara t i ons .  The m e t a b o l i t e s  o f  

- 7, i .e., t h e  desmethyl-,  d idesmethy l -de r i va t i ve  and the  corresponding N-oxide, showed g e n e r a l l i  

weaker i n h i b i t o r y  a c t i v i t i e s .  Compound 1. and i t s  m e t a b o l i t e s  were devoid o f  NA uptake i n h i b i t i n g  

a c t i v i t y ,  i n  c o n t r a s t  t o  ch lor imipramine,  and i n h i b i t e d  DA uptake o n l y  a t  ext remely h i g h  concen- 

t r a t i o n s ;  ch lo r im ip ramine  e x h i b i t e d  t h e  l a t t e r  i n h i b i t o r y  a c t i v i t y  a t  lower  concen t ra t i ons .  

Compound 5 decreased 

I n  v i t r o  6 was a l s o  e q u i v a l e n t  i n  potency t o  ch lo r im ip ramine  i n  b l o c k i n g  

I n  v i v o  6 and ch lo r im ip ramine  d i d  n o t  b l o c k  r a t  b r a i n  catecholamine 

I n  t h i s  rega rd  1. was 2 - lox  more a c t i v e  than c h l o r -  
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Cita lopram reduced r a t  b r a i n  5 -hyd roxy indo leace t i c  a c i d  f o r  1-24 h, maximal ly  a t  2-6 h, whereas 

t h a t  o f  5-HT was p r a c t i c a l l y  unchanged.27 Thus, 1. decreased t h e  tu rnove r  o f  b r a i n  5-HT and t h i s  

was conf i rmed i n  o t h e r  models. I n  pharmacological t e s t s ,  L p o t e n t i a t e d  t h e  a c t i v i t i e s  o f  5-HT. 

5-HTP and t r yp tophan  i n  va r ious  species i n  v i v o  and i n  v i t r o  and was 5 - lox  more a c t i v e  than  c h l o r -  

imipramine; t h e  va r ious  me tabo l i t es  were g e n e r a l l y  o f  lower  potency.2* Compound 7 induced o r  

p o t e n t i a t e d  hyper thermia i n  animals t r e a t e d  w i t h  agents which increased 5-HT. Induced p t o s i s  

and i m n o b i l i t y  were o n l y  ve ry  weakly antagonized; ve ry  weak i n  v i t r o  a n t i c h o l i n e r g i c  and a n t i -  

h i s t a m i n i c  a c t i v i t i e s  were observed. These weak a c t i v i t i e s  a re  i n  c o n t r a s t  t o  those o f  t r i c y c l i c  

ant idepressants .28 The spiro(isobenzofuran-piperidine) 8 (HP-505) was r e p o r t e d  t o  p reven t  t e t r a -  

benazine p t o s i s  and t o  i n h i b i t  b r a i n  NA uptake a t  lower  concen t ra t i ons  than d e ~ i p r a m i n e . ~ ’  Rela- 

t i v e  t o  ch lor imipramine.  8 was 2 . 5 ~  l e s s  p o t e n t  i n  b l o c k i n g  5-HT uptake. Analogs o f  8 c o n t a i n i n g  

a heteroatom a t tached  t o  t h e  n i t r o g e n  were prepared, and o n l y  t h e  N-hydroxy d e r i v a t i v e  was equ i -  

po ten t  w i t h  8 i n  p reven t ing  te t rabenaz ine  p t o s i s .  30 

9 X = N-Et 2 = S 

10 X = N-Et 2 = CH 

- 
- 
11 X = CH * z = o  - 

12 A = N-Et Z = S - 
- 13 X = CH z = o  

3 1 3  In Tandamine (AY-23,946, 9) was shown t o  i n h i b i t  DA uptake i n t o  human b lood  p l a t e l e t s .  

hea l thy  sub jec ts ,  2 e x h i b i t e d  a n t i c h o l i n e r g i c  e f f e c t s ,  and i t  was t w i c e  as a c t i v e  as des ipramine 

i n  i n h i b i t i n g  tyramine pressor  responses. 

compounds d e m ~ n s t r a t e d ~ ~  t h a t  t he  desmethyl d e r i v a t i v e ,  a major  m e t a b o l i t e  o f  2, i s  cons ide rab ly  

l ess  p o t e n t  than 2 i n  reve rs ing  rese rp ine  hypothermia. 

and i n d o l e  r i n g s  (compound E) mod i f i ed  bo th  chemical and b i o l o g i c a l  p r o p e r t i e s  t o  a g r e a t  

e x t e n t .  33’34 

s tud ies ,  suggested t h a t  t h e  drug has no a n t i c h o l i n e r g i c  e f f e c t s ,  i t  i s  w e l l  t o l e r a t e d ,  and may be 

o f  b e n e f i t  i n  r e t a r d e d  depressions .35 An improvement i n  t h e  depress ive symptomatology became 

s t a t i s t i c a l l y  s i g n i f i c a n t  between the  1 s t  and 2nd week o f  therapy.  

t e t rahyd roca rbazo le  lo w i t h  respec t  t o  t h e  i n h i b i t i o n  o f  NA uptake i n  v i v o  was s i m i l a r  t o  t h a t  o f  

d e ~ i p r a m i n e . ~ ~  

the  b i o l o g i c a l  r e s u l t s  i n d i c a t e  t h a t  w i t h i n  t h i s  s e r i e s  t h e r e  a r e  no s t r i n g e n t  s t r u c t u r a l  r e q u i r e -  

ments i n  rega rd  t o  a n t i d e p r e s s a n t - l i k e  p r o p e r t i e s .  37938 The reversed a n n e l a t i o n  o f  pyrano and 

indene r i n g s  (compound 13) caused o n l y  moderate changes i n  a c t i v i t y .  

Pharmacological screening o f  tandamine and r e l a t e d  

The reversed a n n e l a t i o n  o f  t h iopy rano  

In depressed p a t i e n t s ,  va r ious  s t u d i e s  w i t h  9 ,  i .e.  c l i n i c a l ,  psychometr ic  and EEG 

The potency o f  a r e l a t e d  

Several m o d i f i c a t i o n s  o f  t he  pirandamine molecule (11) have been repor ted,37 and 
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Cyc lo indo le  (WIN 27147-2, E ) , a  s t r u c t u r a l l y  modi f ied d imethy l t ryptamine,  prevented bo th  the  

rese rp ine  p t o s i s  and amphetamine s tereotyped behavior  a t  10 n ~ g / k g . ~ ’  I t s  6 , 8 - d i f l u o r o d e r i v a t i v e  

i s  a ch lo rp romaz ine - l i ke  compound. I n  an u n c o n t r o l l e d  c l i n i c a l  s tudy w i t h  14 (200-600 mg/day), 

a l l  p a t i e n t s  showed an improvement and adverse e f f e c t s  were n o t  severe.40 A placebo c o n t r o l l e d  

t r i a l  c o n f i n e d  t h a t  14 has antidepressant-anxiolyt ic  e f f e c t s  and seda t i ve  p r o p e r t i e s .  

Recently, s t u d i e s  w i t h  14 were d i scon t inued  due t o  t o x i c i t y  problems (thrombocytopenia and b leed-  

i n g ) .  

c o n t r a s t  t o  imipramine, 15 a l s o  i n h i b i t e d  GABA uptake.42 T h i s  compound prevented rese rp ine  p t o s i s ,  

increased phenamine group t o x i c i t y ,  p o t e n t i a t e d  5-HTP head shaking, i n h i b i t e d  pressor  response t o  

tyramine,  and i n h i b i t e d  NA uptake i n  i s o l a t e d  r a t  hear t .43 The seco-analog 16 e x h i b i t e d  a com- 

pa rab le  a c t i v i t y  o n l y  i n  the  p o t e n t i a t i o n  o f  5-HTP. The SAR s t u d i e s  w i t h i n  t h i s  s e r i e s  have 

demonstrated t h e  importance o f  t h e  8-methyl group.43 A s i n g l e  i n j e c t i o n  o f  p y r a z i d o l  had no 

e f f e c t  on b r a i n  o r  hea r t  NA, b u t  ch ron ic  a d m i n i s t r a t i o n  o r  a h ighe r  dose increased h e a r t  NA 

41 

Py raz ido l  (Is) was l o x  less po ten t  than imipramine i n  i n h i b i t i n g  b r a i n  NA uptake; i n  

44 l e v e l s .  

17 R = CH -N(CH3)2 
2 - 

The phramacological p r o f i l e  o f  R-606 (n) was found t o  

NH 
I 19 (CH2)6-COOH 

be s i m i l a r  t o  t h a t  o f  imipramine, except 

t h a t  17 d i s p l a y s  l ess  a n t i c h o l i n e r g i c  a c t i v i t y . 4 5  Compound 17 p o t e n t i a t e s  t h e  pressor  response t o  

NA, and i n  v i t r o ,  i n h i b i t s  the NA uptake i n t o  r a t  b r a i n  more e f f e c t i v e l y  than imipramine. 

open c l i n i c a l  

t o  be b e n e f i c i a l ,  and no a n x i o l y t i c  o r  seda t i ve  e f f e c t s  were observed. The 1-methyl d e r i v a t i v e  

o f  cyc lobenzapr ine N-oxide (Ro-8-1998, g) was compared c l i n i c a l l y  w i t h  imipramine i n  a double-  

b l i n d  study47 w i t h  a dose r e l a t i o n s h i p  o f  2 : l .  

t h e r e  was no d i f f e r e n c e  i n  the  o v e r a l l  r e s u l t s .  

on animal experiments) t h a t  

A f t e r  10 days o f  t reatment  w i t h  g, a s i g n i f i c a n t  decrease of  s y s t o l i c  b lood pressure and leuco-  

cy tes  was observed. The aminoacid S 1694 (B) produced an increased locomotor a c t i v i t y  i n  mice, 

c o m p e t i t i v e l y  i n h i b i t e d  DA ttptake, and a l s o  caused a s i g n i f i c a n t  re lease  o f  OA a t  low concentra-  

t i o n ~ . ~ ~  S i m i l a r  e f f e c t s  on NA and 5-HT uptake and re lease  mechanisms were obta ined w i t h  h ighe r  

concen t ra t i ons  o f  19. 

I n  an 

i n  endogenously depressed p a t i e n t s ,  t reatment  w i t h  17 (10-30 mg/day) proved 

The p a t i e n t s  markedly improved i n  b o t h  groups and 

The study d i d  n o t  c o n f i n  t h e  expec ta t i on  (based 

m igh t  cause l e s s  a n t i c h o l i n e r g i c  s i d e - e f f e c t s  than imipramine. 

OH 

P -CH-CH3 JH-C (CH3) 

c1 

20 - 
n 

21 - 3 22 R = CH 

23 R - H  

- 

P -CH-CH3 JH-C (CH3) 

c1 

20 - 
CH3 a 

dupropion (We l lba t r i n ,  a was repor ted  t o  prevent  te t rabenazine- induced sedat ion and p t o s i s  

i n  mice, and t o  antagonize rese rp ine  h y p o t h e n i a ,  a l though a t  s l i g h t l y  h ighe r  doses than ami- 

t r i ~ t y l i n e . ~ ’  I n  c o n t r a s t  t o  a m i t r i p t y l i n e ,  20 reduced bo th  the  i n tense  motor  a c t i v i t y  and 

m o r t a l i t y  caused by amphetamine. I n  i n  v i t r o  r a t  b r a i n  p repara t i ons ,  bupropion had l i t t l e  
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effect on 5-HT uptake, and it was 60x less potent than imipramine in inhibition o f  NA uptake. 
On the other hand, as an inhibitor of DA uptake, 20 was &fold and 20-fold more potent than 

imipramine and amitriptyline, respectively. 

(double-blind. 20 vs placebo), therapeutic responses were noted after 1 week.50 Danitracen 

(WA-335. 11). a base structurally related t o  cyproheptadine and pimethixen. elicited strong 

binding to 5-HT and histamine r e c e ~ t o r s . ~ ~  

potent in reversing the reserpine hypothermia, but its sedative and anticholinergic effects 

were greater.52 In healthy subjects, low doses of 21 caused quantitative EEG alterations that 

were typical for  antidepressant^.^^ 
of amitriptyline, two-thirds of the patients showed a 50% improvement (Hamilton score) in both 

groups after 20 days.54 
a dose of 6 mglday produced marked sedation.55 Recently, 1 has also been shown to antagonize 
the action of ~xotremorine~~ and the 5-HTP syndrome. 

When tested clinically in endogenous depression 

Compared to imipramine, 21 was considerably less 

In a double-blind trial with 3x1 mg/day of 11 vs 3x50 mg/day 

Similar results were reported with a low dose of 21 (3 mg/day), however, 

57 

The structure of fluotracene (SKF-28175, 2) bears resemblance to that of melitracene and 
dimethacrine. 

agents.58 It was more potent than imipramine in preventing reserpine ptosis and hypothermia, 

and its neuroleptic profile was comparable to that of thioridazine. Preliminary uncontrolled 

clinical studies with g indicated that this compound might be useful in both depressive and 
psychotic states. The 10-desmethyl analog (SKF-25971, 23) had a full range of neuroleptic prop- 
erties in animals, and it was considerably more potent than chlorpromazine in many of the tests. 

Melanocyte-stimulating hormone release inhibiting factor I (MIF-I), H-Pro-Leu-Gly-NH2(L,L). 
given orally in double-blind studies with a placebo control, caused substantial improvement in 
endogenously depressed patients and this was observed within a few days. 59'60 The improvement 

was greater at lower doses (e.g., 60 and 75 iiig/day) than at higher doses (e.g., 150 and 750 mg/ 

aay). This biphasic pattern o f  response was similar to that observed clinically with MIF-I in 

Parkinson's disease6' an0 in tardive dyskinesia.61 Improvement in the mood of parkinsonian 

patients receiving MIF-I has also been reported. 62'63 

suggested the antidepressant activity o f  MIF-I ;64 the biphasic pattern was also reported. Neuro- 
chemically, some studies, "lb6 but not others, 67'68 demonstrated that MIF-I increases DA turnover. 

Recently, novel synthetic analogs of MIF-I were rep~rted.~' Some o f  the analogs exhibited a 

MIF-I-like behavioral potentiation (DOPA response in the mouse) with the most potent being H-Pro- 

MeLeu-Gly-NH (L,D) although it was less potent than MIF-I (the L-MeLeu analog being inactive). 

The biphasic pattern of response was observed with the analog. 

tion it was shown to be active orally.70 Neurochemically, the analog at a higher dose than MIF-I, 

increased rat brain DA turnover.66 Neither the analog nor MIF-I affected rat brain 5-HT turnover 
or the 5-HTP-induced behavioral syndrome in the mouse. 

over, while in contrast, MIF-I was ineffective even at a higher dose. It is of relevance in this 

regard66 that tricyclic antidepressants, such as de~imipramine,~~ also decrease NA turnover after 

a single dose. 
Mianserin (Org GB 94, a), a clinically effective antidepressant, 72-76 does not exhibit an 

antidepressant-like profile in conventional animal screening tests.77 

receptor blocking properties like methysergide and c i n a n ~ e r i n . ~ ~  In a determination in rats o f  

the ability o f  24 and other drugs to antagonize the incapacitating effect of morphine on the 
performance of a two-way active avoidance response, a caused a significantly greater nuinber o f  

Interestingly, 2 exhibited properties of both antidepressant and antipsychotic 

Various pharmacological studies in animals 

70 

In other pharmacological evalua- 
2 

The analog decreased rat brain NA turn- 

Compound a possesses 5-HT 
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escapes and i n t e r t r i a l  responses than i n  p lacebo- t rea ted  animals.7g The r e s t o r a t i o n  of a c t i v i t i e s  

was a l s o  e x h i b i t e d  by methysergide and c inanser in ,  a l though n o t  t o  as g r e a t  an e x t e n t .  

t h e  ant idepressants  a m i t r i p t y l i n e  and imipramine were i n e f f e c t i v e .  Th is  f u r t h e r  demonstrates a 

pharmacological d i f f e r e n c e  between 3 and t h e  t r i c y c l i c  ant idepressants .  

t h e  noradrenerg ic  uptake mechanism being s i m i l a r  i n  potency t o  imipramine and a m i t r i p t y l i n e .  

-- I n  v i v o ,  - 24 was l e s s  a c t i v e  than  t r i c y c l i c  ant idepressants  i n  p reven t ing  t h e  induced-decrease i n  

r a t  h e a r t  and b r a i n  NA. 

t o  b lock  dopaminergic uptake mechanism i n  v i t r o  and i n  v i v o .  

uptake mechanism i n  v i t r o  was apprec iab l y  l e s s  than t h a t  o f  t h e  t r i c y c l i c  an t i dep ressan ts  and 

t h e  drug was e s s e n t i a l l y  devoid o f  a c t i v i t y  i n  v i v o .  

on NA uptake would be c o n s i s t e n t  w i t h  an i n a b i l i t y  t o  b lock  tyramine-induced e f f e c t s  i n  human 

subjects .81 

recep to rs ,  s i m i l a r  t o  phentolamine and phenoxybenzamine.82 

concen t ra t i on  o f  NA i n  the  synap t i c  c l e f t .  

mechanism which would a l s o  l ead  t o  an i nc rease  i n  the NA concen t ra t i on .  Var ious a d d i t i o n a l  

 observation^^^ 
a c t i o n  o f  24 which i s  n o t  e x h i b i t e d  by o the r  ant idepressants .  

synap t i c  a - recep to r  b lock ing  a c t i v i t y  under c e r t a i n  cond i t i ons ;  however, t h e  r o l e  o f  such an 

a c t i v i t y .  i n  t h e  o v e r a l l  a c t i o n  o f  t he  drug has y e t  t o  be def ined.82 

o f  t he  p resynap t i c  a -b lock ing  a c t i v i t y  i n  the c e n t r a l  a c t i o n  o f  t he  drug i s  n o t  y e t  c l e a r .  

Compound 25 was found t o  be a i i iajor t i i e tabo l i t e  o f  2 i n  severa l  animal spec ies and i n  man. 

Th is  me tabo l i c  pa th  seems t o  be general f o r  s i i i i i l a r  compounds possessing a p ipe raz ine  r i n g ,  and 

t h e  N-oxide and the  N-desiiiethyl d e r i v a t i v e  o f  2 were a l s o  precursors o f  25. 
i n d i c a t e d  a r o l e  o f  microsoma1 enzymes i n  the format ion o f  25. 

However, 

I n  v i t r o ,  3 blocked 
80 

L i k e  t r i c y c l i c  ant idepressants ,  3 was e s s e n t i a l l y  devoid of t h e  a b i l i t y  

The blockade by a o f  t h e  5-HT 

The l a c k  o f  an apprec iab le  e f f e c t  i n  v i v o  

Compound 3 has been suggested t o  a c t  by b l o c k i n g  p resynap t i c  noradrenerg ic  a- 

Th is  would r e s u l t  i n  an i nc rease  i n  

I n  regard t o  the  l a t t e r ,  3 blocked t h e  NA uptake 

a l s o  suggest t h a t  t he  increase i n  the tu rnove r  o f  catecholamines i s  a s p e c i f i c  

Compound 3 a l s o  possessed pos t -  

Furthermore, t he  importance 

84 

Fu r the r  s t u d i e s  
84 

24 - 3 
R=CH 

26 R =R =H 
1 2  

27 R =OH R =H 

28 R =OH R =OCH 

29 R1=OCHJ R =OH 

1 2 

1 2 3  

- 
- 

2 - CII - 
3 

I 
2 5  R=(CH 1 COCHj N H 2  

2 2  - 

I n  a s i n g l e - b l i n d  comparative studytt5 i n  e l d e r l y  depressed p a t i e n t s  w i t h  phys i ca l  d i s a b i l i t y ,  

b o t h  nomi fens in 26 (75 mg/kg) and v i l o x a z i n e ’  l7 (150 mglday) e x h i b i t e d  an t i dep ressan t  a c t i v i t y .  

From the  second week o f  t reatment  on, 26 showed more e f f e c t  than v i l o x a z i n e .  

e v a l u a t i o n  showed no d i f f e r e n c e s  f o r  t he  two drugs a t  any p e r i o d  o f  t h e  t r i a l s .  No s i d e  e f fec ts  

were spontaneously repo r ted  by the  pa t i en ts .85  O f  3 me tabo l i t es  o f  &, compound 27 was t h e  most 

a c t i v e  one, w h i l e  % a n d  29 e x h i b i t e d  l i t t l e  o r  no e f f e c t  i n  pharmacological t e s t s  i n  mice.86 

c o n t r a s t  t o  26, the m e t a b o l i t e  2 possessed s e r o t o n i n e r g i c  a c t i v i t y  comparable t o  imipramine and 

ch lor imipramine.  

-m7 27 was s i m i l a r  i n  a c t i v i t y  w i t h  regard t o  DA86 and t w i c e  as t ype  ) and o f  NA uptake; - 

act ive,86 o r  s l i g h t l y  l e s s  ac t i ve ,87  w i t h  respec t  t o  NA. 

a c t i v i t i e s .  86’87 A l l  four  compounds were more po ten t  than imipramine, des ipramine and c h l o r -  

imipramine i n  i n h i b i t i n g  DA uptake.  

Phys ica l  d i s a b i l i t y  

I n  

I n  i n  v i t r o  r a t  b r a i n ,  26 was a po ten t  i n h i b i t o r  o f  DA uptakeE6 ( o f  c o m p e t i t i v e  
87 

Compounds 28 and 29 e x h i b i t e d  reduced 

86 
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A i i  111 v i t r o  study eiiiployiiig crude syn~~ptosoiiial preparations from various rat brdiri rcglori: 
W ~ S  repor'teu in which relevance of the UA uptake in the inechanisni of action of various anti- 

uepressdtits was considerea.88 

uptake blocking agents examined exhibited selective DA uptake inhibition. 

wds always greater, and generally much greater, even with the most potent DA uptake blocker 

- 2ti .  88189 It was pointed out" that it is difficult to ascribe the antidepressant effect to 

inhibition o f  uptake of a particular biogenic aniine. The clinical doses of the drugs including 

- i b  were cited to be 50-300 mg/day while there was much greater difference in the inhibitory 

uptake values. The importance of DA uptake was emphasized; it was also recognized that NA, OA 

and 5-HT might all be of relevance in the antidepressant effects and that their interactions 

might also be of importance. 

suggested that it might have a rapid antidepressant effect.93 However, in a recent controlled 

trial, viloxazine at 3x100 mglday was not as effective as placebo at the end of 1 week. 

Good therapeutic responses were obtained" in the treatment of different types of depression 

(10,000 patients in general practice) with 75 mg/day of maprotiline.' s6 The results of 3 

separate clinical studiesg7 with maprotiline were in variance with the "reversed" catecholamine 

hypothesis of depression ,96 since no biphasic therapeutic response was observed, and the urinary 

MHPG concentrations were increased. 

In a preliminary open trial with salbutamol ( 3  mg infused twice daily), a drug which exhibits 

None of the nuiiierous antidepressant drugs and other biogeiiic m i n e  

NA uptake inhibition 

Viloxazine possesses unique psychotropic activity in  animal^^'-^^ and clinical results 
94 

97 

13 -adrenergic receptor agonist activities, dramatic antidepressant effect was reported in 

endogenous depression with the effect appearing as early as 3 days; a distinct improvement in 

mood, retardation and anxiety was also observed by the third day. 

use of the bulbectomized ratg9 was further studied. 

rats resulted in diverse behavioral changes and most of these vere reversed by chronic pretreat- 

ment with antidepressant drugs.loO The anxiosoif test is utilized in the assessment of the 

behavioral changes and the test is essentially a passive avoidance paradigm in which thirsty rats 

learn to avoid an electrified water spout. 

behavior. Various antidepressants reversed this effect; in contrast, anxiolytic and neuroleptic 

drugs aggravated the deficiency. 

depressant drugs since removal of the olfactory bulbs tended to produce an increase in base-line 

levels of drinking in most experiments and this effect was reversed by mianserin but not by 

various other antidepressants.loO A new behavioral model for detection of antidepressant agents 
was described based upon behavioral despair in rats"' and mice.''* A depressed state was 
induced by forcing the animals to swim in a narrow cylinder from which they could not escape. 

After a brief period of vigorous activity the animals adopted a characteristic immobile posture 

which was readily identifiable. 

innibitors and atypical antidepressants, such as iprindole. mianserin and viloxazine, as well as 

by electroconvulsive shock. 
depressants, caused marked motor stimulation. 

tranquilizers. 

Qt  putential antidepressant drugs. 

2 

98 

In the area of new models for the detection of antidepressant activity of drugs, the potential 
Bilateral ablation of the olfactory bulbs of 

Bulbectomized rats showed deficient avoidance 

A distinction was made between mianserin and other anti- 

Immobility was reduced by tricyclic antidepressants, MA0 

Psychostimulants also reduced immobility, but in contrast to anti- 

Immobility was not affected by minor or major 

The mouse assay was more rapid, and thus, more suitable for the primary screening 
102 
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I n  a study o f  t h e  mechanisms of t h e  se i zu res  induced by ant idepressants  which antagonize the  

uptake o f  b iogen ic  amines, baboons with pho tosens i t i ve  e p i l e p s y  were employed.103 Imipramine, 

ch lor imipramine,  and m a p r o t i l i n e ,  lowered t h e  se i zu re  th resho ld  t o  a comparable ex ten t .  
c o n t r a s t ,  nomi fens in d i d  n o t  enhance myoclonic responses t o  p h o t i c  s t i m u l a t i o n ,  thereby be ing  

l e s s  ep i l ep togen ic .  The t r i c y c l i c  ant idepressants ,  which can b lock  5-HT uptake, d i d  n o t  e x h i b i t  

t h e  augmentation o f  pho t i ca l l y - i nduced  e p i l e p t i c  responses a f t e r  a d m i n i s t r a t i o n  o f  5-HTP. Thus, 

i t  was suggested t h a t  enhancement o f  se ro ton ine rg i c  a c t i v i t y  f o l l ow ing  blockade o f  5-HT reuptake 

w i t h i n  t h e  b r a i n  i s  u n l i k e l y  t o  be respons ib le  f o r  enhanced myoclon ic  responses and e p i l e p t o g e n i c  

se i zu res  observed a f t e r  t r i c y c l i c  ant idepressants .  

Ant idepressant  drugs such as a m i t r i p t y l  i n e  and imipramine i n h i b i t e d  h is tamine-  and d i m a p r i t  

(S-C3-(N.N-dimethylamino)propyl l i s o t h i o u r e a ,  a po ten t  and h i g h l y  s p e c i f i c  h i s tam ine2- recep to r  

a g o n i s t ) - a c t i v a t e d  adenylate cyc lase  i n  v i t r o  (e.g., homogenates o f  guinea p i g  hippocamus); 

d ibenzepin and i p r i n d o l e  were lOOx l e s s  a c t i v e  than a m i t r i p t y 1 i r 1 e . l ~ ~  The blockage o f  t h e  H2- 

recep to rs ,  i n  a d d i t i o n  t o  o t h e r  a c t i v i t i e s ,  may be of re levance f o r  some o f  t h e  pharmacological 

e f f e c t s  o f  t he  ant idepressant  drugs. 

than t h e  H2-antagonis t  c ime t id ine ,  a c l i n i c a l l y  e f f e c t i v e  a n t i u l c e r  agent. lo5 O6 Ant idepres-  

sants  a l s o  decrease g a s t r i c  a c i d i t y  and u l c e r s  i n  aninials and man (see references i n  107;108). 

I n  

A m i t r i p t y l i n e  e x h i b i t e d  h ighe r  a f f i n i t y  f o r  t h e  H2-receptor  

The mode o f  a c t i o n  a t  t h e  molecular  l e v e l  o f  t he  ant idepressant  drugs cont inues t o  be exp lo red  

w i t h  regard t o  determin ing t h e  bas i s  f o r  the discrepancy between the  t ime-course o f  t h e  b i o -  

chemical and pharmacological responses which a r e  observed w i t h i n  minutes o r  hours and t h e i r  

c l i n i c a l  an t i dep ressan t  a c t i o n  which requ i res  a d m i n i s t r a t i o n  o f  t he  drugs f o r  weeks i n  o r d e r  t o  

a t t a i n  c l i n i c a l  eff icacy.” ’  Stud ies have suggested t h a t  t he  the rapeu t i c  a c t i o n  of t r i c y c l i c  

ant idepressants  may be r e l a t e d  t o  pos tsynap t i c  adapt ive changes i n  the  s e n s i t i v i t y  o f  t he  n o r -  

adrenerg ic  adenylate cyc lase recep to r  system r a t h e r  than t o  acute p resynap t i c  events.’” Chronic  

a d m i n i s t r a t i o n  o f  ant idepressants  leads t o  s u b s e n s i t i v i t y  of NA-stimulated adeny la te  cyc lase  ~ 

- vivo.llo Th is  r e s i s t a n t  s t a t e  o f  the adenyl cyc lase appears t o  be due t o  a decrease i n  t h e  

number of 8-adrenerg ic  recep to rs  present.”’ I n  t h i s  regard i t  has been suggested t h a t  through 

r e g u l a t i o n  o f  t h e  number o f  8-adrenerg ic  recep to rs ,  the 8-adrenerg ic  catecholamines can r e g u l a t e  

catecholamine s e n s i t i v i t y  o f  t i s s u e s  i n  viva.''' 
vance. 

recep to rs  present  a re  i n  accord, i p r i n d o l e ,  which a l s o  causes 8-adrenerg ic  recep to r  s u b s e n s i t i v -  
i t y ,  on l y  exe r t s  minimal e f f e c t  a t  presynapt ic  neurons (see 109 f o r  re fe rences )  and thus t h e  

concen t ra t i on  o f  t h e  NA a t  tne synap t i c  c l e f t  i s  n o t  t he  o n l y  mechanism f o r  t he  r e g u l a t i o n  of 

5-adrenergic recep to r  concen t ra t i on .  

However, o t h e r  f a c t o r s  appear t o  be o f  r e l e -  

Although f i nd ings  w i t h  t h e  an t i dep ressan t  desimipramine on the  number o f  8-adrenerg ic  

109 
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