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Fig. 3. Static impulse rate at 19 ~ of various single fibres from lateral- 
line organs in Gadus and Scyliorhinus when applying MS-222. During 
the remaining time intervals~ the preparation was bathed with saline. 

NICA6). However ,  in these  par t i cu la r  exper iments ,  the  
d i s tu rbance  by  the  anes the t ic  m a y  poss ibly  be neglected 
since the  isolated lateral- l ine p repara t ions  had  been b a thed  
in saline for a longer per iod of t ime  before impulses  were 
recorded ~, s. 

Zusammen/assung. A e t h y l - m - A m i n o b e n z o a t  (MS-222) 
f i ihr t  in N o n zen t r a t i o n en  yon  10 .8 bis 5 �9 10 .6 g c m  -a an 
Lorenzin ischen Ampul len  zu einer  komple t t en  und  rever-  
siblen H e m m u n g  der  Spontanakt iv i t / i t ,  der  dynamischen  
Reak t ion  bei K/ i l tespr i ingen und  der  e lektr ischen Reiz- 
an twor t .  Ebenso  h e m m t  es die Spontanaktivit '~tt  yon  
Sei tenl inienorganen.  Diese per iphere  Wirkungskom-  
ponen te  der  als Ka l tb l i i t e r -Anaes the t i cum ve rwende t en  
Subs tanz  muss  bei allen Versuchen  an pe r ipheren  Rezep-  
to ren  ber i icksicht igt  werden.  

I{. I-IENSEL, t3. BROMM9 and  K. NIER 

Physiologisches Institut der Universitiit, 
Deutschhausstrasse 2, D-355 Marburg 
(German Federal Republic, BRD), and 
Physiologisches Instilut der Universitdt, 
Martinistrasse 52, D-2 Hamburg 20 
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A Central  N e r v o u s  S y s t e m  D e p r e s s a n t - A n t i d e p r e s s a n t  

Tricyclic an t idepressan t s  of the  imipramine  class are 
accep ted  as useful in the  t r e a t m e n t  of endogenous  
(involutional) depress ive  illnesses. Ins tances  of 'pure '  
involut ional  depress ion are in the  minor i ty  and  usual ly 
anx i e ty  is associated wi th  depress ion 1. Such mixed  
depressed anx ie ty  s ta tes  are f requen t ly  t r ea t ed  wi th  
an t idepressan t s  p roduc ing  marked  sedat ive  effects,  viz., 
ami t r ip ty l ine  or doxepin  ~ or combina t ions  of an anti-  
depressan t  and  a neurolept ic  3 or anxiolyt ic  4. Anxioly t ic  
or even seda t ive -hypno t i c  the rapy ,  viz., d i azepam or 
phenoba rb i t a l  alone is also used 2, 5, 6. 

The p resen t  repor t  deals w i th  a new tr icycl ic  agent  
d is t inguished  by  the  presence  of an allenic side chain,  I t  
possesses proper t ies  which  m a y  be ideally sui ted  for 
mixed  anx ie ty -depress ive  the rapy .  This  agent ,  5-(3-di- 
me thy l aminoprop - l - eny l idene ) -5H-d ibenzo  ~a, d I cyclo- 
hep tene  maleic acid salt,  abb rev i a t ed  D M P D  ( IVb) ,  
exer t s  marked  an t idep res san t  effects and  s imul taneous ly  
is a p o t e n t  cent ra l  ne rvous  sys tem (CNS) depressant .  

Methods. Reversa l  of reserpine  (RES) induced  hypo-  
t he rmia  ~ was used to assess the  an t i dep re s san t  ac t ion of 
D M P D  and  o ther  agents .  Albino mice (18-24 g) were 
given R E S  (5 mg /kg ,  i.p.). 2 h la ter  t e s t  mate r ia l  was 
admin i s t e red  orally. 1 h la ter  and  at  hour ly  in terva ls  for 
4 h, rec ta l  t e m p e r a t u r e s  were recorded.  Pe r cen t  reversal  
of h y p o t h e r m i a  = (D-R/C-R)  100, where  D, R and  C 
refer  to  m e a n  rectal  t e m p e r a t u r e s  of d rug  t r e a t ed  reser-  
p inized mice, reserpinized un t r ea t ed  mice and  contro l  
animals ,  respect ively .  

D M P D  was given i.p. to mice a t  a dose of 10 mg/kg 
30 min  af ter  t r e a t m e n t  w i th  the  MAO inhibi tor  pargyl ine  
(30 mg/kg,  p.o.). L-DOPA was given 41/2 h later  to  these 
mice. The degree of CNS exci ta t ion  evoked in such mice 
was compared  to  u n t r e a t e d  mice or mice receiving ei ther  
pargyl ine  and L-DOPA or L-DOPA alone. 

13ehavioral changes  p roduced  in normal  mice by  
compounds  under  s t u d y  were also sys temat ica l ly  evaluat -  
ed s. Large groups of mice were used to ob ta in  EDs0 
es t imates  9,1~ of each agen t ' s  abi l i ty  to  produce  a loss of 
r igh t ing  for a 30 sec period.  

The effect  of D M P D  on blood pressure,  hea r t  ra te  and /  
or n ic t i t a t ing  m e m b r a n e  responses  was eva lua ted  in 10 
pen toba rb i t a l - anes the t i zed  cats.  In  these  prepara t ions ,  
a l te ra t ion  of var ious  n e u r o t r a n s m i t t e r  and autocoid  
responses  were measured .  
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Results and discussion. D M P D  d i s p l a y e d  m a r k e d  a n t i -  
d e p r e s s a n t  e f f ec t s .  I t  w a s  4 t o  16 t i m e s  m o r e  p o t e n t  t h a n  
i m i p r a m i n e  a n d  s l i g h t l y  m o r e  p o t e n t  t h a n  a m i t r i p t y l i n e  
in  r e v e r s i n g  R E S - i n d u c e d  h y p o t h e r m i a .  D o x e p i n  w a s  
o n l y  m a r g i n a l l y  a c t i v e  e v e n  w h e n  g i v e n  a t  h i g h  d o s e  
l eve l s  ( T a b l e  I).  D M P D  or  k n o w n  a n t i d e p r e s s a n t s  d id  
n o t  p r o d u c e  h y p e r t h e r m i a  in  n o r m a l  m i c e  as  do C N S  
s t i r a u l a n t s .  

L i k e  i m i p r a m i n e ,  D M P D  a u g m e n t e d  t h e  e x c i t a n t  
e f f ec t s  o f  p a r g y l i n e  a n d  L - D O P A  in  mi ce .  D M P D  d i d  n o t  
i n c r e a s e  b r a i n  c o n c e n t r a t i o n s  o f  n o r e p i n e p h r i n e  o r  
d o p a m i n e  in  s u c h  mi ce .  EVERETT 11 o b s e r v e d  a s i m i l a r  
l a c k  of  a c t i v i t y  w i t h  i m i p r a m i n e .  

B e h a v i o r a l  s t u d i e s  c a r r i e d  o u t  in  n o r m a l  m i c e  r e v e a l e d  
t h a t  D M P D  is a p o t e n t  C N S  d e p r e s s a n t .  D o s e  l eve l s  as  
low as  10 m g / k g ,  i .p.  p r o d u c e d  a b n o r m a l  p o s t u r a l  c h a n g e s  

CH 3 
Jr ,~ N-- CH2-- C----C-- Mg CI - - - - "  

CH 3 

(l) (11) 

C 
II 
C CH 3 

CH 3 

(Ilia) (lVa) 
(Ill b)*maleic acid salt (iVb)-maleic acid salt 

Table I. Effect of various known antidepressants and DMPD in 
reversing reserpine-induced hypothermia in mice 

r e s u l t i n g  in  w o b b l y  ga i t ,  d i s o r i e n t a t i o n  a n d  a t a x i a ,  a n d  a t  
70 m g / k g  u p w a r d  a loss  of  r i g h t i n g  a b i l i t y  w a s  seen .  I m i -  
p r a m i n e  a n d  a m i t r i p t y l i n e  i n d u c e  m i x e d  s t i m u l a n t -  
d e p r e s s i v e  c o n d i t i o n s  in  m i c e  b u t  n o  loss  o f  r i g h t i n g  a t  
n o n - l e t h a l  d o s e  l eve l s ,  w h i l e  d o x e p i n ,  l ike  D M P D ,  w a s  
f o u n d  to  be  a h i g h l y  p o t e n t  C N S  d e p r e s s a n t .  D M P D  
p r o d u c e d  p r i m a r i l y  d e p r e s s i o n ;  t r e m o r  a n d  c o n v u l s i v e  
s e i z u r e s  w e r e  s e e n  a t  h i g h  t o x i c  d o s e  leve ls .  D M P D  a n d  
o t h e r  C N S  d e p r e s s a n t s  w e r e  s t u d i e d  in  d e t a i l  for  t h e i r  
a b i l i t y  to  p r o d u c e  a loss  o f  r i g h t i n g  in  m i c e  a n d  T a b l e  I I  
s u m m a r i z e s  t h e s e  s t u d i e s .  D M P D  a p p e a r s  to  be  d e f i n i t e l y  
a m o r e  p o t e n t  C N S  d e p r e s s a n t  t h a n  m e p r o b a m a t e  a n d  
p r o b a b l y  is m o r e  p o t e n t  t h a n  p h e n o b a r b i t a l  a n d  c h l o r d i a -  
z e p o x i d e  b u t  n o t  d o x e p i n ,  d i a z e p a m  or  c h l o r p r o m a z i n e .  
T h e  i n t r a p e r i t o n e a l  LD~0 of  D M P D  d e r i v e d  f r o m  a n i m a l s  
d y i n g  a c u t e l y  a n d  d i r e c t l y  as  a c o n s e q u e n c e  of  C N S  
d e p r e s s i o n  w a s  107 (102-112)  m g / k g .  H o w e v e r ,  in  
c o m m o n  w i t h  t r i c y c l i c  a n t i d e p r e s s a n t s ,  a d d i t i o n a l  l e t h a l i -  
t i e s  o c c u r r e d  a f t e r  r e c o v e r y  f r o m  C N S  d e p r e s s i o n .  T h e  
LDs0 i n c l u d i n g  d e l a y e d  d e a t h s  w a s  94 (86-103)  m g / k g .  

L i k e  o t h e r  t r i c y c l i c  a n t i d e p r e s s a n t s ,  D M P D  p r o d u c e s  
a n t i c h o l i n e r g i c  e f f e c t s  in  m i c e  a n d  c a t s  a n d  n o r e p i n e -  
p h r i n e  a u g m e n t i n g ,  c~-adrenoly t ic  a n d  a n t i h i s t a m i n i c  
a c t i v i t y  in  a n e s t h e t i z e d  ca t s .  

A c o m p o u n d  p r o d u c i n g  s u c h  a m i x t u r e  of  p o t e n t  a n t i -  
d e p r e s s a n t - d e p r e s s a n t  a c t i v i t y  as  s h o w n  in  o u r  a n i m a l  
m o d e l s  p o t e n t i a l l y  m a y  be  o f  g r e a t  c l in i ca l  u s e f u l n e s s .  

T h e  s y n t h e s i s  o f  D M P D  w a s  e f f e c t e d  a s  s h o w n  in  t h e  
F o r m u l a e .  T h e  a c e t y l e n i c  G r i g n a r d  r e a g e n t  (II) 12, p r e -  
p a r e d  in  s i t u  f r o m  v i n y l  m a g n e s i u m  c h l o r i d e  a n d  3 - N , N -  
d i m e t h y l a m i n o p r o p - l - y n e ,  w a s  r e a c t e d  a t  5 0 ~  in  t e t r a -  
h y d r o f u r a n  w i t h  5 - c h l o r o - 5 H - d i b e n z o  [a, d~ c y c l o h e p t e n e  
(I) 13 to  f u r n i s h  5 - (3-N,  N - d i m e t h y l a m i n o p r o p - l - y n y l ) - 5 H -  
d i b e n z o  Is,  d] c y c l o h e p t e n e  ( I I I  a)14 T r e a t m e n t  of  a n  
e t h e r e a l  s o l u t i o n  o f  ( I I I a )  w i t h  e t h e r e a l  m a l e i c  a c id  f u r -  
n i s h e d  t h e  c r y s t a l l i n e  m a l e i c  a c i d  s a l t  ( I I I b )  Emp 1 5 8 . 5 -  
160~ 14. W h e n  a n  e t h e r e a l  s o l u t i o n  of  ( I I I a )  w a s  s t i r r e d  
for  1 h a t  r o o m  t e m p e r a t u r e  w i t h  a l k a l i n e  a l u m i n a  
( W O E L M ,  A c t i v i t y  I),  q u a n t i t a t i v e  r e a r r a n g e m e n t  to  
t h e  o i ly  a l l en ic  a m i n e  ( I V a )  Fv film 1930 cm-1 ]  14 w a s  

�9 m a x  

e f f ec t ed .  T r e a t m e n t  of  ( I V a )  w i t h  m a l e i c  a c id  in  a n  

Reserpine hypothermia 

Drug Dose reversal (%) 
(mg/kg, p.o.) 1 h 2 h 3 h 4 h  

Imipramine 10 36 ~ 33 �9 39" 21 �9 
DMPD 95 �9 68 ~ 66,  47 a 
hnipramine 2.5 10 1 16 b 10 
DMPD 34" 34,  28,  24 �9 
Imipramine 0.62 26 18 b 15 2 
DMPD 40" 31 ~ 27 '  29 �9 
Imipramine 0.15 13 0 0 0 
DMPD 15 27 20 14 

Amitriptyline 10 38 b 44" 47 �9 48 * 
DMPD 52" 46" 55" 60 ~ 
Amitriptyline 2.5 23 22 30 33 * 
DMPD 51~ 31" 36" 44~ 
Amitriptyline 0.62 28 17 11 0 
DMPD 13 10 19 b 12 
Amitriptyline 0.15 7 0 0 0 
DMPD 20 2 6 14 

Doxepin 40 71 b 32 * 23 �9 28 �9 
10 15 9 0 0 
2.5 14 0 0 0 
0.62 0 0 0 0 

n G. M. EVERETT, in Antidepressant Drugs, Proc. Int. Symp., 1st 
edn. (Eds. S. GARRATTINI and M. N. G. DUKES; Excerpta Medica 
Found., Amsterdam, 1966), p. 164. 

12 E. L. ENGELHARDT, U.S. Patent  3, 309, 404 (1967). 
]a G. BERTI, Gazz. chim. ital. 87, 293 (1957). 
14 IR, NMR and mass spectral data consistent with the assigned 

structures, as well as satisfactory elemental analyses in the case 
of (IIIb) and (IVb), were obtained for these compounds. 

Table II. Comparative CNS depressant potency and toxicity of 
DMPD and various drugs given i.p. 

Compound Loss of righting LDs0 (mg/kg) LD~0/EDs0 
ED60 (mg/kg) 

DMPD 82 (76-89) �9 107 (102-112) �9 1.3 
Doxepin 40 (37-43) 50 (33-75) 1.3 
Imipramine No righting loss 85 (70-99) - 
Amitriptyline No rightingloss 75 (52-101) - 
Meprobamate 212 (191-228) 467 (366-595) 2.2 
Phenobarbital 103 (72-114) 222 (188-343) 2.2 
Chlordiazepoxide 89 (61-107) 227 (202-260) 2.6 
Diazepam 28 (22-34) 321 (206-502) 11.5 
Chlorpromazine 12 (7-16) 85 (77-153) 7.1 

* Differs significantly (analysis of variance) from reserpine control at 
probability level of p < 0.01. bp < 0.05. ~95% Confidence limits shown in parentheses. 
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ana lo g o u s  m a n n e r  to t h a t  descr ibed  for ( I I I a ) t h e n  
fu rn i sh ed  (IVb) (DMPD) as  a c rys ta l l ine  male ic  ac id  sa l t  
[mp 131-132] 14. 

la We wish to thank Abbott Labs. for sample of pargyline; Geigy 
Pharmaceutical Co. for imipramine; Hoffmann-La Roche, Inc. 
for ehlordiazepoxide and diazepam; Merck Sharp and Dohme for 
amitriptyline; Pfizer Labs. for doxepin; and Smith Kline and 
French Labs. for chlorpromazine. 

le The authors wish to express their gratitude to DAGMAR J. KuNc 
for her expert technical assistance. 

17 This paper represents contribution No. 436 from the Syntex 
Institute of Organic Chemistry. 

Summary. A ne w  t r icycl ic  a g e n t  w i t h  an  a l lenyl  s ide 
c ha in  e x p e r i m e n t a l l y  show s  a n t i d e p r e s s a n t  a c t i v i t y  
s imi la r  to a m i t r i p t y l i n e  a n d  i m i p r a m i n e  b u t  a ls0~exer ts  
m a r k e d  CNS depress ion .  Such  dua l  a c t i v i t y  shoufd  be 
of clinical  i n t e r e s t  for t r e a t m e n t  of m i x e d  a n x i e t y  a n d  
depress ion .  

A. P. ROSZKOWSKI, M. E. SCHULER, 
M. MARX a n d  J. A. EDWARDS 15-17 

Institutes o/ Clinical Medicine and Organic Chemistry, 
Syntex Research, Stan/ord Industrial Park, 
Palo Alto (California 94304, USA), 26 March 1974. 

Inhib i t ion  of D r u g  M e t a b o l i z i n g  E n z y m e s  by D i a z e p a m  in Rat  Liver  

H y p n o t i c s  a n d  s eda t i ve s  are  k n o w n  to s t i m u l a t e  or 
inh ib i t  t h e  d r u g - m e t a b o l i z i n g  e n z y m e s  in l iver I, 2. 
Benzod iazep ines  are wide ly  used  a n d  are f r e q u e n t l y  
prescr ibed  in c o m b i n a t i o n  w i th  o the r  d rugs .  Chlordiazep-  
oxide  h a s  been  su gges t ed  to  be an  e n z y m e  induce r  3-e. i n  
one s t u d y  7 i t  was  s h o w n  t h a t  d i a z e p a m  decreased  t he  
p e n t o b a r b i t a l  s leeping t i m e  a n d  s e r u m  concen t r a t ion ,  b u t  
t he  i n d u c in g  effect  could n o t  be conf i rmed  in a n o t h e r  
s t u d y  6. Chlord iazepoxide  ha s  been  s h o w n  to  s t i m u l a t e  its 
own m e t a b o l i s m  in r a t  3, a n d  a to le rance  to d i a z e p a m  ha s  
been  descr ibed  in ca t  s . E t h a n o l  s eems  to e n h a n c e  t he  
ac t ion  of d i a z e p a m  ~ b u t  t he  m e c h a n i s m s  of t hese  effects  
of d i a z e p a m  are n o t  known .  W e  i n v e s t i g a t e d  m i c r o s o m a l  
m e t a b o l i s m  of h exoba rb i t a l ,  N - m e t h y l a n i l i n e  a n d  p- 
n i t robenzo ic  acid as well as t he  c o n t e n t  of c y t o c h r o m e  
P-450 in r a t  l iver a f te r  d i a z e p a m  t r e a t m e n t .  F u r t h e r  we 
s tud ied  w h e t h e r  d i a z e p a m  can  s t i m u l a t e  its own  m e t a b -  
o l i sm a n d  t h u s  exp la in  t h e  deve lop ing  to lerance .  W e  
also c o m p a r e d  d i a z e p a m  to  two wel l -known s t i m u l a t o r s  
of m i c r o s o m a l  m e t a b o l i s m ,  p h e n o b a r b i t a l  a n d  3,4- 
ben zp y ren e .  

Materials and methods. 4 g roups  of 6 ma le  Sprague-  
Dawley  ra t s  we igh ing  a b o u t  200 g were kep t  on a s t a n d a r d  
diet .  1 g roup  (controls) rece ived  vehicle  so lvent ,  2nd 
g roup  d i a z e p a m  100 mg,  3rd g roup  p h e n o b a r b i t a l  80 m g  
a n d  4 th  g ro u p  3, 4 -benzpy rene  20 m g / k g  of b o d y  weight .  
All d ru g s  were g iven  b y  m o u t h  once a d a y  for 6 d a y s  in a 
vehicle  so lven t  cons i s t ing  of t w e e n  20 and  c a r b o x y m e t h y l  
cellulose (1 : 4). 

Preparation o/ livers. A n i m a l s  were d e c a p i t a t e d  24 h 
a f te r  t h e  las t  dose. The  l ivers  were r e m o v e d  a n d  r insed  
w i th  ice-cold 0.1 M p h o s p h a t e  buf fe r  (pH 7.4). All sub-  
s e q u e n t  m a n i p u l a t i o n s  were  carr ied o u t  a t  2-4~ The  
20% liver h o m o g e n a t e s  were p r epa red  in t he  s a m e  phos-  

p h a t e  buf fe r  w i th  a P o t t e r - E l v e h j e m  t y p e  homogen ize r .  
T h e  h o m o g e n a t e  was  cen t r i fuged  a t  12,000 g for 20 min .  
P a r t  of t h e  s u p e r n a t a n t  was  t h e n  cen t r i fuged  a t  105,000 g 
for 1 h. T h e  m i c r o s o m a l  pel le t  was  s u s p e n d e d  in the  
p h o s p h a t e  buf fe r  so t h a t  2.5 ml  s u s p e n s i o n  cor responded  
to  1 g of l iver t i ssue.  

Enzyme assays. The  12,000 g s u p e r n a t a n t  was  used  to  
a s s a y  t he  h e x o b a r b i t a l  h y d r o x y l a t i o n ,  p -n i t robenzo ic  
acid reduc t ion ,  N - m e t h y l a n i t i n e  d e m e t h y l a t i o n  a nd  diaze- 
p a m  me ta bo l i sm .  T h e  m i c r o s o m a l  s u s p e n s i o n  was  u sed  to  
m e a s u r e  t he  c y t o c h r o m e  P-450 con ten t .  The  i n c u b a t i o n  
cond i t ions  for a s s a y s  of t he  m e t a b o l i s m  of hexoba rb i t a l ,  
N - m e t h y l a n i l i n e  a nd  p -n i t robenzo ic  acid h a v e  been  
descr ibed  b y  VORNE a n d  ARVELA 10, a n d  t h a t  of d i a z e p a m  
b y  SCHWARTZ a nd  POSTMA n . The  a m o u n t s  of the  sub-  
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Table I. Effect of diazepam (DZP), phenobarbital (PB) and 3,4-benzpyrene (BP) treatment on cytochrome P-450 content and the rates 
of metabolism of hexobarbital, p-nitrobenzoic acid and N-methylaniline in rat liver mierosomes 

Group Cytochrome P-450 content 
(nmol/g liver) ( % ) 

Rate of metabolism of substrates (nmol/g liver/h) 

Hexobarbital (%) p-Nitrobenzoic acid (%) N-methylaniline (%) 

Control 8.3 -4- 1.6 

DZP 7.5 ~ 0.8 
PB 19.1 4- 3.4 b 

BP 10.6 ~ 3.6 

100 6.95=t=0.70 100 2.514-0.72 100 1.57-4-0.29 100 
90 4.60-t-0.93 b 67 1.49=t=0.23 �9 59 1.50=[=0.34 95 

230 11.10=t=0.67 b 160 5.794-2.30 . 230 4.49::[=0.58 b 285 

128 5.07• 73 2.44=[=0.43 97 1.43-4-0.34 91 

Mean value :t: SD of 6 rats. ~p < 0.01; bp < 0.001. 


