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Inhibi t ion  of  D r u g  M e t a b o l i s m  in the  M o u s e  by  a 
H y p o c h o l e s t e r o l e m i c  A g e n t ,  AY-9944 

The enzymes localized in liver microsomes are not only 
Considered to be the most important  ones in drug metab- 
olism, but  they are also involved in some stages of 
cholesterol biosynthesis x,2 KA'ro et al. ~ reported tha t  
Some well known inhibitors of cholesterol biosynthesis 
(i.e. triparanol, benzmalacene) had inhibitory action also 
on the metabolism of certain drugs. On the other hand 
one of the most representative irdfibitors of microsomal 
drug-metabolizing enzymes, SKF 525-A (fl-diethytamino- 
ethyl-3, 3-diphenyl propylacetate), was also found to be 
an inhibitor of cholesterol biosynthesis 3. 

]~ecently, a powerful inhibitor of hepatic cholesterol 
synthesis was described by CHAPPEL et al .a,5:AY-9944 
[trans-l,4_bis( 2_chlorobenzylaminomethyl)cyclohexanedi_ 
hydrochloride]. The purpose of the investigation reported 
here was to assess a possible inhibitory action of this 
novel hypocholesterolemic agent on drug metabolism. A 
battery of three pharmacologic assays to estimate inhibi- 
tion of 'non-specific' enzyme system was used as sug- 
gested by LEssIN6: (a) prolongation of pentobarbital  
hypnosis, (b) intensification of chlorpromazine-induced 
hypothermia, and (c) reduction in the acute toxicity 
of Schradan (OMPA, octamethyl-pyrophosphoramide). 
These assays are based on the assumption that  a 'non- 
specific' liver oxidase system is involved in all these three 
phenomena, thus potentiation of barbiturate hypnosis 
~nd chlorpromazine hypothermia are the result of inhibi- 

tion of these enzymes, while the inhibition of the same 
enzymes leads to a reduction of Sehradan toxicity, 
because they are necessary for the in vivo conversion of 
Schradan into a highly toxic anticholinesteraseL 

Methods. Male mice (albino, Charles River CD-1) 
weighing 20 to 25 g were used. All drugs were injected 
intraperitoneatly. Room temperature was maintained at  
23°C. Hypnosis induced by  pentobarbi ta l  sodium and 
hexobarbital sodium, paralysis induced by  meprobamate 
and carisoprodol were determined from the durat ion of 
loss of the righting reflex. The toxic effects of strychnine 
were assessed from convulsions and mortality. 

Chlorpromazine hypothermia. Two measurements were 
taken during pretreatment.  The animals were treated 
with 2.5 mg/kg of chlorpromazine hydrochloride, and the 
body temperature was measured 1 h later using a thermo- 
couple apparatus. AY-9944 was given at various intervals 
before the chlorpromazine. 

Schradan toxicity; The mean survival time of groups of 
ten mice was determined after a dose of 50 mg/kg of 
Schradan. The interval between injection and death was 
recorded as survival time. 

Results and discussion. Figure 1 shows that  9.3 mg/kg 
(i.e. 20 #mole/kg) of AY-9944 potentiated hypnosis in- 
duced by the two barbiturates tested, prolonged meproba- 
mate and carisoprodol paralysis and increased the toxicity 
of strychnine. 

The effect of AY-9944 on body temperature of mice is 
summarized in the Table. The fall in rectal temperature 
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Hypothermia and potentiation of ehlorpromazine hypothermia 
induced by AY-9944 

Treatment Mean body temperature, :k S.E., 
8 nfice/group 

Experiment Experiment 
No. 1 No. 2 

Controls 37.1 4- 0.3 37.2 4- 0.2 
Chlorpromazine (2.5 mg/kg) 34.0 4- 0.9 35.3 :[: 0.6 

Dose of AY-9944 

30 mg]kg 90 mg/kg 

A¥-9944 35.9 ~_ 0.6 34.4 4- 0.8 
AY-9944 + chlorpromaziae 
5 rain • 31.1 =[= 0.4 29.3 =[= 0.6 
30 miu 31.4 -4- 0.9 30.7 4- 0.7 
1 h 32.3 4- 0.7 30.8 =f= 0.9 
2 h 33.2 ~ 0.8 33.1 -b 0.6 
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(A) Potentiation of hypnosis induced by hexobarbital and pento- 
barbital, and prolongation of paralysis induced by meprobamate and 
earisoprodol in male mice treated with AY-9944. 9.3 mg/kg (i.e. 20 
/~mole/kg) of AY-9944 was administered 20 rain before the injection 
of hexobarbital (120 mg/kg), pentobarbitat (80 mg/kg), meprobamate 
(180 mg/kg) or carisoprodol (140 mg/kg). Vertical bars represent 

S.E. Figures in brackets are numbers of animals. (B) The effect of 
1 mg/kg of strychnine in control mice and animals treated with 
AX/-9944. 9.3 mg/kg of AY-9944 was administered 20 min before the 

injection of strychnine. 

Time interval between the injections of AY-9944 and chlorproma- 
zinc. The rectal temperature was always measured 1 h after the ad- 
ministration of chlorpromazine 
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caused  b y  2.5 m g / k g  of c h l o r p r o m a z i n e  was b e t w e e n  1.9 
a n d  3.1°C. These  values  are in a g r e e m e n t  w i t h  t h e  f ind-  
ings of o the r s  s,~. AY-9944 p roduced  a m a x i m a l  decrease  
of 1.2°C a n d  of 2.8°C a t  30 m g / k g  a n d  90 m g / k g  dose  
levels respect ive ly .  W h e n  b o t h  c o m p o u n d s  were  a d m i n -  
i s te red  a fall of 6.0 to  7.9°C was  recorded .  T h e  m a x i m a l  
decrease  of t e m p e r a t u r e  was  found  w h e n  AY-9944 was  
g iven  5 min  before  t he  in jec t ion  of ch lo rp romaz ine .  

W h e n  a dose of 30 m g ] k g  of AY-9944 was  g iven  to  mice  
30 min  before t reb le  t he  m e d i a n  l e tha l  dose of S c h r a d a n  
(i.e. 50 mg]kg)  t h e  a g e n t  confer red  on  t h e  a n i m a l s  some 
res i s tance  to  t he  an t i cho l ines t e ra se .  T h e  m e a n  s u r v i v a l  
t i m e  of mice t r e a t e d  w i t h  AY-9944 was 42% longer  t h a n  
t h a t  of con t ro l s  (p < 0.01). 

These  resu l t s  sugges t  t h a t  in mice  AY-9944 has  a n  
i n h i b i t o r y  ac t ion  on  t he  m e t a b o l i s m  of c e r t a i n  drugs .  
Q u a l i t a t i v e l y  s imi la r  resu l t s  were  r epo r t ed  for isoniazid,  
ip roniaz id ,  S K F - 5 2 5 - A  w h e n  t he  a b o v e  th r ee  p h a r m a c o -  
logic assays  were  used to  e s t i m a t e  i n h i b i t i o n  of d rug  
ox ida t i on  8. H e x o b a r b i t a l  s leeping t i m e  is r ega rded  as a 
good index  of the  a c t i v i t y  of m i c r o s o m a l  e n z y m e s  10. The  
e n z y m e s  respons ib le  for  t h e  m e t a b o l i s m  of p e n t o b a r b i t a l ,  
h e x o b a r b i t a l ,  car isoprodol ,  s t r y c h n i n e  a n d  S c h r a d a n  
were  on ly  f o u n d  in mic rosomes  of l iver*k I t  is r ea sonab le  
to  conc lude  t h a t  AY-9944 is also a n  i n h i b i t o r  of t he  ' non -  
specif ic '  m ic rosoma l  ox idase  s y s t e m  in t h e  l iver.  

These  resu l t s  also show t h a t  AY-9944 p roduces  h y p o -  
t h e r m i a  in mice. Var ious  agen t s  are  k n o w n  which  lower 
b o d y  t e m p e r a t u r e  a n d  also p o t e n t i a t e  b a r b i t u r a t e  h y p -  
nosis  8,.2,13. I t  is e v i d e n t  t h a t  the  a c t i v i t y  of t he  micro-  
somal  ox idase  s y s t e m  like t h a t  of m a n y  o t h e r  e n z y m e  
sys tems ,  c a n  be  modi f ied  b y  c h a n g e s  in t e m p e r a t u r e .  T h e  
ques t ions ,  however ,  how  t he  h y p o t h e r m i a  and  t he  p o t e n -  
t i a t i on  of b a r b i t u r a t e  h y p n o s i s  are r e l a t ed  in t he  case of 
AY-9944,  a n d  w h a t  is t he  u n d e r l y i n g  m e c h a n i s m  respon-  
sible for t h e  h y p o t h e r m i a  i nduced  by  AY-9944 alone,  are  
to  b e  i nves t iga t ed .  

i n  t h e  t r e a t m e n t  of po i son ing  w i t h  o r g a n o p h o s p h o r u s  
an t i cho l ines t e r a se s  2 -PAM (pyr id ine -2 -a ldox ime  meth io-  
dide) in genera l  is as ef fec t ive  t h e r a p e u t i c a l l y  as a t ropine .  
However ,  i t  is r e p o r t e d  t h a t  2 -PAM t r e a t m e n t  is n o t  suc- 
cessful  w i t h  o r g a n o p h o s p h o r u s  amides ,  such  as Schradan ,  
wh ich  fo rm a v e r y  s t ab l e  c o m p l e x  w i t h  t h e  enzyme,  
ace ty l cho l ines t e ra se  ~a. In  po i son ing  w i t h  t h i s  t y p e  of 
c o m p o u n d ,  agen t s  will be useful  t h e r a p e u t i c a l l y  on ly  if 
t h e y  h a v e  a s t r o n g  r e a c t i v a t i o n  effect ,  b u t  AY-9944  m a y  
be  of use p r o p h y l a c t i c a l l y  because  of i t s  i n h i b i t o r y  ac t ion  
on  t h e  o x i d a t i v e  conve r s ion  of S c h r a d a n  in to  a toxic 
an t i cho l ines t e ra se .  

F u r t h e r  s tud ies  u t i l i z ing  b iochemica l  p a r a m e t e r s  on 
d r u g  b i o t r a n s f o r m a t i o n  a re  in  progress .  T h e  s t u d y  in 
de ta i l  will be  pub l i shed  elsewhere.  

Rdsumd. U n  compos6  h y p o c h o t e s t 6 r o t 6 m i q u e  (AY-9944) 
a d m i n i s t r 6  p a r  vole i n t r ap6 r i t on6a l e  p r o v o q u e  chez  les 
souris  une  a c t i o n  h y p o t h e r m i q u e  de  m 6 m e  q u ' u n e  ac t ion  
i nh ib i t r i c e  su r  le sys tbme  e n z y m a t i q u e  d ' o x i d a s e  ,~non- 
sp6cifique,~ du Ioie. 
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Genet i c  T u m o u r s  of N i c o t i a n a  H y b r i d s  
and the  H o r m o n e  B a l a n c e  

H y b r i d s  of Nicotiana glauca× Nicotiana Iangsdor]/ii 
h a v e  been  cu l t u r ed  for f ive successive years .  T h e y  were 
r ende red  au to fe r t i l e  b y  a m p h i d i p l o [ d y  w i t h  colchicine.  
KOSTOFF* and  o the r s  obse rved  those  h y b r i d s  b e a r i n g  
t u m o u r s  r egu la r ly  on  roo ts  a n d  twigs ,  t he  so-cal led 
' gene t i c  t u m o u r s ' .  T h e  n e o p l a s m s  s t a r t  b y  t h e  u n i o n  of 
two d i f fe ren t  genoms  a n d  are  bac te r io log ica l ly  steri le.  
W e  h a v e  n o t e d  by  macroscop ic  a c c o u n t  of t he  n u m b e r  of 
t u m o u r s  on  t he  roots ,  t h a t  t h e  t u m o u r - i n c i t i n g  power  
d imin i shed  p rogress ive ly  in each  g e n e r a t i o n  of p l an t s  a n d  
d i s appea red  comple t e ly  a f t e r  five years  of successive cul-  
ture .  Our  p l a n t s  c u l t i v a t e d  ou tdoo r s  p rogress ive ly  re- 
covered  n o r m a l  a p p e a r a n c e  as t h e y  re s to red  the. n o r m a l  
h o r m o n a l  equ i l ib r ium.  No v a r i a t i o n s  or  m u t a t i o n s  are  
n o t e d  on ch romosomes .  

THIMANN ~ sugges ted  t h a t  t h e  g r o w t h  h o r m o n e s  Iib- 
o ra ted  b y  the  Rhizobium bacterium m a y  inc i te  t he  nodu le  
d e v e l o p m e n t  in l eguminous  p lan ts .  KEHre and  SMITH s 
a rgued  t h a t  t he  t u m o u r s  in N i c o t i a n a  h y b r i d s  m a y  h a v e  a 
h o r m o n a l  origin t h r o u g h  a defec t ive  f unc t i on i ng  of the  
p l a n t  hormones .  I t  is well  k n o w n  t h a t  a suff ic ient  a m o u n t  
of n i t rogen  in the  soil does  inhibit ,  or  suppress  comple t e ly  

t he  f o r m a t i o n  of nodu les  on  l eguminous  p lan t s .  F r o m  
our  e x p e r i m e n t s  over  a suff ic ient  n u m b e r  of years ,  i t  
seems l ike ly  t h a t  t he  cu l tu re  of N i c o t i a n a  h y b r i d s  on 
soils w i t h  a suf f ic ien t  a m o u n t  of m i n e r a l  n u t r i e n t s  can  
p rogress ive ly  suppress  t he  so-cal led 'gene t ic  t u m o u r s '  in 
t he  hybr ids .  This  su rp r i s ing  fac t  is p r e sen t ed  to  o t h e r  re- 
searchers  because  i t  m a y  i n v a l i d a t e  t h e  t h e o r y  of the  
gene t ic  origin of those  t u m o u r s  a n d  reduce  t he  p h e n o m e -  
non  to a h o r m o n a l  d i s t u r b a n c e .  

Rdsumd. Les t u m e u r s  ~g6n6tiques~) des h y b r i d e s  tie 
N i c o t i a n a  son t  dues  h une  p e r t u r b a t i o n  de l '6qui l ibre  
ho rmona l ,  suscep t ib le  de r e s t i t u t i on .  L 'o r ig ine  gbn6t ique  
de cos t u m e u r s  p a r a l t  improbab l e .  
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