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for a t  leas t  twice  t he  con t ro l  value.  T he  subs t ances  were 
dissolved in 20 ~xl sal ine and  in jec ted  d i rec t ly  in to  t he  
r i g h t  l a te ra l  h o r n  of t he  t h i r d  ven t r i c l e  accord ing  to 
CHERMAT and  SIMO1~15. The  doses of t he  c o m p o u n d s  ad-  
min i s t e r ed  ICV were expressed  in mole /an imal .  

Results. The  t ime- response  curves  showing  t he  anal -  
gesic effect  of m o r p h i n e  and  L PH - ( 61 - 91 )  are of s imi la r  
c h a r a c t e r  (Figure 1). The  analgesic  effect  deve loped  
gradua l ly ,  r eached  t he  m a x i m u m  be t w een  30 a n d  60 rain  
and  was sus ta ined  for hours .  The  slow onse t  of m o r p h i n e ' s  
ac t ion  w h e n  a d m i n i s t e r e d  i n t r ace r eb r a l l y  was also shown  
b y  others16,17. The  effect  of b o t h  m o r p h i n e  and  L P H -  
(61-91) could be  a n t a g o n i z e d  b y  na loxone ,  g iven  sub-  
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Fig. 2. Dose-response curves of the analgesic effect of morphine (0) 
and LPH-(61-9I} (�9 plotted according to LITCHFIELD and WIL- 
CO• TM , 

c u t a n e o u s l y  30 min  pr ior  to  ICV a d m i n i s t r a t i o n  of the  
c o m p o u n d s  (Figure 1). The  r eac t ion  t imes  in t he  m o r p h i n e  
or LPH- (61 -91 )  + na loxone  t r e a t e d  group  were signifi- 
c a n t l y  lower (p < 0.05) t h a n  in t he  an ima l s  g iven  mor-  
p h i n e  or LPH- (61 -91 )  alone, a t  15, 30, 45 and  60 min  
and  5, 15, 30 a n d  45 rain, respec t ive ly .  As t he  F igure  2 
shows, the  dose-response  curves  p lo t t ed  f rom the  d a t a  
t r a n s f o r m e d  for  p r o b i t  ana lys i s  18 are parallel .  The  EDso 
va lues  were 7.7 • 10-9 (5.4-11.0) m o l e / a n i m a l  for  mor-  
ph ine  and  4 • 10 -1~ (2.7-5.9) m o l e / a n i m a l  for L P H -  
(61-91), i.e. t h e  p o t e n c y  ra t io  was as h igh  as 19.3 (11.3-  
32.7) ca lcu la ted  on  mola r  basis.  The  Met -enkepha l in  and  
LPH- (61 -79 )  also showed  weak  analgesic  ac t ion  (the 
l a t t e r  be ing  the  more  efficient) b u t  t he i r  a c t i v i t y  was too 
low for ca lcu la t ing  the  EDs0 va lues  t e s t ed  a t  doses as 
h igh  as 6.7 • 10 -7 and  8 • 10 -s mole /an imal ,  respect ively .  

Discussion. Accord ing  to the  d a t a  in t he  l i t e ra tu re ,  a 
f l -LPH f ragmen t ,  to  e x h i b i t  op ia te  agonis t  p roper t i e s  in 
vi t ro ,  m u s t  c o n t a i n  res idues  61-65 a t  t he  N- t e rminus .  
However ,  th i s  s e g m e n t  is n o t  suff ic ient  to  p roduce  re- 
m a r k a b l e  in v ivo  efficacy. Fo r  t he  la t te r ,  t he  whole  C- 
t e r m i n a l  f r a g m e n t  of f l -LPH is required .  I t  m a y  be 
specu la ted  t h a t  LPH- (61 -91 )  con t a in s  f u r t h e r  b ind ing  
site(s) w i th in  res idues  66 91 a n d / o r  th i s  p a r t  of t he  
molecule  has  a p r o t e c t i v e  role aga ins t  the  i n a c t i v a t i n g  
enzyme(s)  of the  brain.  In  a n y  case, i t  seems p r o b a b l e  
t h a t  the  LPH- (61 -91 )  is a ( the ?) physiological  m o d u l a t o r  
in m a m m a l i a n  b r a i n  in supress ion  of t he  pain  react ion.  
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7-Chloro-3-(4-methy|-I-piperazinyl)-4H-1,2,4-benzothiadiazine- 1,1-dioxide, 
a new antihypertensive agent 

M. Shimizu,  K. Yoshida ,  T. Kadokawa ,  N. H a t a n o ,  J. K u w a s h i m a ,  K. Naka t su j i ,  I. Nose and  M. K o b a y a s h i  

Department o/ Pharmacology, Research Laboratories, Dainippon Pharmaceutical Co., Ltd., Enohi 3S-9~, Suits, Osaka, 
564 (Japan), 30 July  1976 

Summary. 7-Chloro-3-(4-methyl-l-piperazinyl)-4H-1,2,4-benzothiadiazine-l,l-dioxide (DU-717) is a new c o m p o u n d  
h a v i n g  sus ta ined  a n t i h y p e r t e n s i v e  ac t i v i t y  in  a s imi lar  m a n n e r  to t h a t  of hydroch lo ro th i az ide .  However ,  th i s  com- 
p o u n d  shows ne i t he r  d iure t ic  nor  hyperg lycemic  effect, be ing  d i f fe rent  f rom those  of hyd roch lo ro th i az ide  or diazoxide.  

Dur ing  the  process of pha rmaco log ica l  s tudies  on a series 
of 1, 2 ,4 -benzo th iad iaz ine -1 ,  1-dioxide der iva t ives ,  we 
h a v e  found  t h a t  some c o m p o u n d s  show an  a n t i h y p e r -  
t ens ive  ac t i v i t y  w i t h o u t  d iure t ic  and  hype rg lycemic  ef- 
fect  in  e x p e r i m e n t a l  an imals .  7-Chloro-3-(4-methyl-1-  
p ipe raz iny l ) -4H-1 ,  2, 4 -benzoth iad iaz ine-1 ,  1-dioxide (DU- 
717) is one of such  c o m p o u n d s  w i t h  the  chemica l  s t r u c t u r e  

s h o w n  in f igure 1. 
H y p o t e n s i v e  a c t i v i t y  was i nves t i ga t ed  in male  spon-  
t a n e o u s l y  h y p e r t e n s i v e  r a t s  (SHR)1,  12-16 weeks of age 
and  270-320 g of b o d y  weight ,  w i th  systol ic  b lood pres-  
sure levels above  170 m m  Hg, or  in n o r m o t e n s i v e  W i s t a r  
r a t s  (NWR),  300-350 g of b o d y  weight ,  w i th  systol ic  
b lood pressure  levels 120-140 m m  Hg. DU-717,  d iazoxide  
and  h y d r o c h l o r o t h i a z i d e  (HCT) were suspended  in 0 .5% 
t r a g a c a n t h  so lu t ion  and  a d m i n i s t e r e d  ora l ly  b y  a s t o m a c h  
tube .  Blood pressure  was m e a s u r e d  w i t h  t he  t a i l -p le thys -  
m o g r a p h i c  m e t h o d  a f t e r  w a r m i n g  the  a n i m a l  in a h e a t e d  

box  m a i n t a i n e d  a t  38~ for 10 min  w i t h o u t  anes thes ia .  
H y p o t e n s i v e  a c t i v i t y  of a single a d m i n i s t r a t i o n  was in- 
ve s t i ga t ed  in S H R  and  b lood pressure  was m e a s u r e d  
p r io r  to  dos ing a n d  1, 3, 5, 7 and  24 h a f t e r  an  oral  ad-  
min i s t r a t ion .  DU-717 and  HCT a t  a dose of 1000 m g / k g  
showed no effect  on  blood pressure .  However ,  d iazoxide  
a t  a dose of 100 m g / k g  s ign i f i can t ly  lowered b lood pres-  
sure and  the  m a x i m u m  effect  was  obse rved  5 h a f te r  an  
oral  admin i s t r a t i on .  Moreover ,  h y p o t e n s i v e  a c t i v i t y  of 
a r epea t ed  a d m i n i s t r a t i o n  was i n v e s t i g a t e d  in S H R  and  
N W R .  DU-717,  d iazoxide  and  HCT were admin i s t e r ed  
ora l ly  to  S H R  and  N W R  once a day  for 10 successive 
days.  Blood pressure  was m e a s u r e d  pr ior  to  dos ing  and  
5 h a f t e r  an  oral  a d m i n i s t r a t i o n  on  a l t e r n a t e  days.  A t  a 
dose of 1 mg/kg/day, DU-717,  d iazoxide  and  HCT showed 
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no effect  on blood pressure  in S H R  t h r o u g h o u t  the  t rea t -  
m e n t  period.  However ,  a t  doses larger t h a n  3 mg/kg/day ,  
each drug  lowered blood pressure.  As shown in figure 2, 
a r epea t ed  dose (10 mg/kg/day)  of DU-717 caused a sus- 
t a ined  and s ignif icant  r educ t ion  in blood pressure  a t  
5 -7 th  day  af ter  t he  f i rs t  admin i s t r a t ion  w i t h o u t  marked  
dai ly  f luctuat ions:  Fol lowing cessat ion of medicat ion ,  the  
lowered blood pressure  slowly re tu rned  to  p r e t r e a t m e n t  
levels wi th in  5 days.  Diazoxide and  HCT produced  resul ts  
similar to those ob ta ined  wi th  DU-717. Moreover,  in 
N W R  diazoxide s ignif icant ly  lowered blood pressure  a t  
a single dose of 300 mg/kg,  b u t  DU-717 and  HCT began  
to  cause hypo tens ive  effect  a f ter  5-7 days  a t  a r epea ted  
dose of 300 mg/kg /day .  These results  ob ta ined  indicate  
t h a t  the  hypo tens ive  ac t iv i ty  of DU-717 was mild, b u t  
sus ta ined  in a similar  m a n n e r  to t h a t  of HCT. 
Effec ts  of DU-717, diazoxide and HCT on urine volume 
and e lect rolyte  excre t ion  were s tudied  in S H R  and  N W R .  
Animals  received orally each drug  in 25 ml/kg of 0.9% 
saline. Fol lowing the  t r e a t m e n t ,  the  animals  were placed 
in metabol ic  cages for a 5-h-urine collection. Tota l  
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Fig. 1. Chemical structure of DU-717. 
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Fig. 2. Effects of a repeated oral administration of DU-717, hydro 2 
chlorothiazide and diazoxide (10 mg/kg/day) on blood pressure in 
conscious SHR. e ,  Blood pressure obtained before an oral adminis- 
tration; O, blood pressure obtained 5 h after an oral administration. 
Each point is the mean of individual groups and the vertical lines 
represent the standard error of the mean. 

a m o u n t  of s o d i u m  and  po ta s s ium was de t e rmined  f l a m e  
pho tomet r i ca l ly  by  the  Technicon Auto-analyzer .  Diazo- 
xide r emarkab ly  decreased urine vo lume and  electrolyte  
excre t ion  a t  the  doses larger t h a n  30 mg/kg  in S H R  and 
N W R .  These effects were dose -dependen t .  In  con t r a s t  
w i th  t he  oliguric effect  of diazoxide,  HCT caused a 
s ignif icant  increase in urine volume and  e lect rolyte  ex- 
cre t ion  a t  the  oral  doses larger t h a n  0.1 mg/kg  ill S H R  
and N W R .  However ,  DU-717 caused no s ignif icant  effect  
on ur ine vo lume and electrolyte  excre t ion  in S H R  and 
N W R ,  even a t  the  high doses of 100 and  300 mg/kg,  
respect ively .  Fu r the rmore ,  a crossover  s t u d y  was con- 
duc ted  in 5 male  Beagle dogs, weighing 13-17 kg, to  in- 
ves t iga te  the  effect  of DU-717, d iazoxide and HCT on 
the  urine volume and  e lect rolyte  excret ion.  Ur ine  was 
cont inuous ly  collected by  an u re th ra l  c a t h e t e r  a t  1-2-h- 
in tervals  af ter  an  ora l  admin is t ra t ion .  Af te r  a week of 
rest,  the  dogs were re tes ted  on a crossover  basis. Diazoxide 
s ignif icant ly  decreased urine volume and  electrolyte  ex- 
cre t ion  at  a dose of 30 mg/kg.  HCT caused a d i s t inc t  in- 
crease in urine vo lume and e lect rolyte  excre t ion  at  a dose 
of 1 mg/kg.  However ,  DU-717 caused no appreciabl  e ef- 
fect  on urine volume and e lec t ro ly te  excre t ion  at  a h igher  
dose of 100 mg/kg.  These resul ts  indica te  t h a t  DU-717 
shows ne i ther  diuret ic  nor  oliguric act iv i ty .  
Ca rbohydra t e  me tabo l i sm was  inves t iga ted  in N W R ,  
S H R  and  a l toxan-diabet ic  ra t s  by  an oral  or in t raper i -  
tonea l  admin i s t r a t i on  of DU-717, d iazoxide and HCT. 
Blood was d r a w n  f rom the  re t ro-orb i ta l  venous  plexus 
of the  ra t s  and  blood glucose levels were de t e rmined  by  
an enzymat i c  m e t h o d  ~. Moreover,  the  ra t s  receiving 
orally each drug  once a day  for 14-40 successive days  
were t e s t ed  for to lerance to glucose. The single or repea ted  
oral admin i s t r a t ion  (300 mg/kg) of DU-717 showed no 
effect  on blood glucose levels and glucose to lerance t es t  
(GTT) in N W R ,  S H R  and  a l l0xan-diabet ic  rats.  I n  ad- 
di t ion,  a t  a single in t raper i tonea l  dose of 300 mg/kg,  
DU-717 did n o t  affect  blood glucose, l iver glycogen, 
p la sma  insulin and  p lasma  cor t icos terone  levels in N W R .  
However ,  the  oral  admin i s t r a t ion  of d iazoxide resul ted 
in a marked  rise in blood glucose levels b u t  HCT caused 
no effect  in N~VR. The in t raper i tonea l  admin i s t r a t ion  of 
d iazoxide and t-ICT caused a r emarkab le  increase in 
blood glucose and  p l a sma  cor t icos terone  levels wi th  a 
s imul taneous  decrease in liver glycogen level in NW'R. 
Moreover,  the  r epea ted  oral  admin i s t r a t i on  of diazoxide 
and HCT caused abno rma l i t y  of GTT in SHR,  and  HCT 
enhanced  abno rma l i t y  of GTT in a l loxan-diabet ic  rats.  
Consequent ly ,  as shown in the  table,  t he  above f indings 

2 O.H. Lowry, J. V. Passonneau, F. X. Hasselberger and D. Vq. 
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Summary of comparative effects of DU-717, hydrochlorothiazide 
and diazoxide 

Compound Anti- Diuretic Oliguric Carboliydrate 
hypertensive effect effect metabolism 
effect 

DU-717 + - 
Hydro- 
chlorothiazide + b - d 
Diazoxide + - + + 

+,  Significant effect; -,  no change. 
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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 .  

Effects of 1-a lkyl - l ,  2, 3, 4 - te trahydrocarbazole- l -e thanamines  and related compounds ,  potential 
antidepressants,  on biogenic  amine uptake mechanisms 

T. A. PUGSLEY and  ~V. LIPPMANN 1 

Biochemical Pharmacology Department, Ayerst .Research Laboratories, Box 6175, Montreal (Quebec, Canada H3C 3J1), 
30 Apri l  7976 

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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