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Further Studies on the Effect of Imipramine and Desipramine on Uridine Diphosphate 
Glucuronyl Transferase 

I m i p r a m i n e  is a n  i m i n o d i b e n z y l  d e r i v a t i v e  u s e d  
e x t e n s i v e l y  as  a n  a n t i d e p r e s s a n t  d r u g <  D e s i p r a m i n e  is 
t h e  N - d e m e t h y l  d e r i v a t i v e  of i m i p r a m i n e  a n d  is t h o u g h t  
t o  b e  i t s  p h a r m a c o l o g i c a l l y  a c t i v e  f o r m <  A c o n j u g a t e d  
h y p e r b i l i r u b i n a e m i a ,  w h i c h  m a y  be  t r a n s i e n t ,  c a n  fo l low 
i m i p r a m i n e  a d m i n i s t r a t i o n  a n d  h a s  b e e n  r e c o r d e d  in  
0 . 5 %  to  1 . 0 %  of p a t i e n t s .  T h i s  n o r m a l l y  d i s a p p e a r s  o n  
c e s s a t i o n  of  t h e r a p y  1, 8. O n e  f a t a l  c a s e  of  j a u n d i c e  fo l low-  
i n g  m i x e d  i m i p r a m i n e - d e s i p r a m i n e  t h e r a p y  h a s  b e e n  
d e s c r i b e d  4. O u r  p r e v i o u s  w o r k  s u g g e s t e d  t h a t  i m i p r a m i n e  
p r o b a b l y  i n h i b i t e d  t h e  t r a n s f e r a s e  e n z y m e  ( U D P  g ln-  
c u r o n a t e  g l u c u r o n y l  t r a n s f e r a s e ,  a c c e p t o r  u n s p e c i f i c ,  E C  
2.1 .4 .17.)  a l t h o u g h  r e s u l t s  w i t h  d e s i p r a m i n e  w e r e  in-  
c o n s i s t e n t <  T h e  m o s t  s t r i k i n g  f e a t u r e  r e p o r t e d  w a s  t h e  
v e r y  l a r g e  i n c r e a s e  in  u n c o n j u g a t e d  b i l i r u b i n  i n  l i ve r  
s l ices  a f t e r  2 h i n c u b a t i o n  in  a b i l i r u b i n - c o n t a i n i n g  
m e d i u m ,  w h e n  c o m p a r e d  t o  c o n t r o l  v a l u e s .  I t  w a s  s u g g e s t -  
ed  t h a t  t h e  a m p h i p a t h i c  n a t u r e  of  t h e  d r u g s  m i g h t  p l a y  a 
p a r t  i n  p r o d u c i n g  t h i s  u n u s u a l  p h e n o m e n o n  5, 6. 

Experimental  and results. W e  d e c i d e d  to  i n v e s t i g a t e  
f u r t h e r  t h e  e f f ec t  of  a fu l l e r  r a n g e  of  d r u g  c o n c e n t r a t i o n s  
o n  b i I i r u b i n  c o n j u g a t i o n  b y  U D P  g l u c u r o n y l  t r a n s f e r a s e .  
T h e  m e t h o d s  u s e d  w e r e  t h o s e  of  VA~  R o Y  a n d  H m R W E G H  7. 
R e a g e n t  c o n c e n t r a t i o n s  fo r  s y s t e m  1 we re  b i l i r u b i n  in  
s e r u m / E D T A  m e d i u m ,  0.4 m M  a n d  u r i d i n e  d i p h o s p h a t e  
g l u c u r o n a t e  ( U D P G A ) ,  8.0 m M .  F o r  s y s t e m  2, b i l i r u b i n  in  
e t h a n o l a m i n e / e t h a n e  d io l  w a s  0.068 m M  a n d  U D P G A ,  
2.0 m M .  T h e  p r i n c i p l e  a d v a n t a g e  of t h e  VAN ROY a n d  

HEIRWEGH t e c h n i q u e  is t h a t  t h e  c o l o u r  r e a g e n t  e m p l o y e d  
r e a c t s  o n l y  w i t h  c o n j u g a t e d  b i l i r u b i n .  

A t  d r u g  c o n c e n t r a t i o n s  b e l o w  1.0 m2//I n o  s i g n i f i c a n t  
d i f f e r e n c e  in  r e a c t i o n  r a t e s  f r o m  c o n t r o l  v a l u e s  w a s  
d e t e c t e d .  B e t w e e n  1.0 m2W a n d  5.0 m M  a n  a c t i v a t i n g  
e f f ec t  w a s  e v i d e n t .  T h i s  w a s  p a r t i c u l a r l y  e n h a n c e d  u s i n g  
s y s t e m  1 ( T a b l e s  I a n d  I I ) .  A b o v e  5.0 m M  r e a c t i o n  r a t e s  
fel l  s h a r p l y  b u t  t h i s  p r o v e d  to  be  d u e  t o  p r e c i p i t a t i o n  of  
b i l i r u b i n  f r o m  t h e  m e d i u m  b y  t h e  d r u g .  T h i s  w a s  i n d e -  
p e n d e n t  o f  m i c r o s o m a l  s u s p e n s i o n  a n d  t h e r e f o r e  n o t  
e n z y m e  i n h i b i t i o n  as  f i r s t  t h o u g h t <  

B o t h  i m i p r a m i n e  a n d  d e s i p r a m i n e  h a v e  a m p h i p a t h i c  
s t r u c t u r e s  a n d  i t  w a s  t h o u g h t  t h a t  t h e  d r u g s  m i g h t  h a v e  
s u r f a c t a n t  p r o p e r t i e s h .  T h e  o s m o l a l i t y  of  v a r i o u s  c o n c e n -  
t r a t i o n s  of  i m i p r a m i n e  h y d r o c h l o r i d e  in  d i s t i l l ed  w a t e r  w a s  
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Table I. Effect of imipram[ne and desipramine on bilirubin conjugation in rat iiver microsomes 

Drug concentration hnipramine Desipramine 
(miW) 

Reaction rate Activation (%) Reaction rate Activation (%) 
(btmol/g liver/h) (b~mol/g liver/h) 

0 0.55 -4. 0.03 0.57 4- 0.01 
1 0.83 4. 0.11 51 b 1.00 4. 0.02 75 b 
2 1.52 4. 0.05 176~ 1.90 4. 0.02 227 b 
3 2.01 :~- 0.20 265 b 2.08 4. 0.11 258 b 
4 1.99 4. 0.20 262 b 1.74 4. 0.35 200 ~ 
5 1.44 4. 0.11 162 b 1.28 4. 0.02 120 b 

10 0.35 4. 0.10 ~ 0.25 4. 0.07 

Method of VAN RoY and HEIRWEGH 7. System I. ~ P <0.01. b p <0.001. 

Table I I. Effect of imipramine and desipramine on bilirubin conjugation in rat liver microsomes 

Drug concentration Imipramine Desipramine 
(mM) 

Reaction rate Activation (%) Reaction rate Activation (%) 
(~.mol/g liver/h) (btmol/g liver/h) 

0 0.60 • 0.04 0.37 4. 0.05 
1 0.68 4- 0.05 13 ~ 0.61 4. 0.07 65 ~ 
2 0.76 -4- 0.09 273 0.82 • 0.02 121 b 
3 0.65 4.4- 0.15 0.62 ~ 0.03 67 b 
4 0.60 • 0.08 0.42 4. 0.02 
5 0.43 • 0.09 0.28 4. 0.04 

Method of VAN ROY and HEIRWEGIt 7. System II. ~ P < 0.01. s P < 0.001. 
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d e t e r m i n e d  us ing  a K n a u e r  o s m o m e t e r  (Table  I I I ) .  The  
resul t s  show t h a t  i m i p r a m i n e  has  s u r f a c t a n t  proper t ies .  
E q u i p m e n t  for precise d e t e r m i n a t i o n s  of cr i t ical  micelle 
c o n c e n t r a t i o n  was no t  ava i l ab le  b u t  i t  would a p p e a r  to  
lie be tween  50 and  80 m M .  

The  t u r b i d i t y  of va r ious  solut ions  con ta in ing  b i l i rub in  
and  des ip ramine  was measu red  a t  650 n m  (a m i n i m u m  in 
the  b i l i rub in  a b s o r p t i o n  spec t rum) .  B e t w e e n  10 and  50 
m M  des ip ramine  t he  so lu t ion  was grossly t u r b i d  b u t  
above  80 m M  the  so lu t ion  was clear, p r o b a b l y  because  
b i l i rub in  was t a k e n  up  in to  de s i p r am i ne  micelles (Table  
IV). 

Discussion. The  resul t s  show t h a t  b o t h  i m i p r a m i n e  and  
des ip ramine  exh ib i t  a s t rong  a c t i v a t i n g  effect  on  U D P  
g lucurony l  t ransferase .  The  effect  occurs  over  a n a r r o w  
range  of d rug  c o n c e n t r a t i o n s  and  was no t  due  to a d i rec t  
chemica l  effect  of the  drugs  on b i l i rub in  since i t  was no t  
obse rved  in con t ro l  e x p e r i m e n t s  car r ied  ou t  in  the  
absence  of mic rosomal  suspension.  

I m i p r a m i n e  a n d  des ip ramine  are s u r f a c t a n t s  and  t he  
effects m a y  be  exp la ined  on  t he  basis  of su r f ac t an t -  
induced  absorp t ion .  I n  v i t ro ,  i m i p r a m i n e  molecules  will 
c o n c e n t r a t e  a t  in te r faces  be t w een  t he  mic rosomes  a n d  t he  
s u r r o u n d i n g  l iquid  m ed i um .  Pola r  groups  will be  o r i e n t a t e d  
t owards  t he  aqueous  m e d i u m  a n d  t he  non -po l a r  p a r t s  of 
t he  molecules  d i rec ted  t ow ar ds  t he  l ip id  p r o t e i n  m a t r i x  of 
the  microsomes.  Th i s  m a y  accelera te  t he  abso rp t ion  of 

Table  I I I .  Osmola l i ty  of i m i p r a m i n e  solu t ions  

Imipramine concentration (mM) Osmolality (m.osmol./kg) 

1 2 
2 4 
5 10 

10 20 
25 50 
50 78 

100 85 
150 95 
200 100 
250 100 
300 100 

Table IV. Effect of desipramine on the turbidity of a bilirubin solution 

Desipramine concentration (mM) E~60 

b i l i rub in  b y  the  microsomes.  W h e n  t he  surfaces become  
s a t u r a t e d  w i t h  i m i p r a m i n e  molecules  t he  molecules  m u s t  
en te r  t he  m a i n  b u l k  of t he  so lu t ion  and  a t  th i s  s tage 
b i l i rub in  is p rec ip i t a ted .  

A t  d rug  concen t r a t i ons  exceeding  the  cr i t ical  micelle 
c o n c e n t r a t i o n  b i l i r ub in  is t a k e n  up  in to  t h e  imiprami l l e  
micelles. U n f o r t u n a t e l y ,  i t  was  no t  poss ible  to  i nves t i ga t e  
th i s  l a t t e r  cond i t i on  in t i le full r eac t ion  m e d i u m  so t he  
effect  on  the  p r o d u c t i o n  of b i l i rub in  con juga te s  is no t  
known.  

Marked  a c t i v a t i o n  of g lucurony l  t r ans fe ra se  and  o the r  
mic rosoma l  enzymes  b y  s u r f a c t a n t s  has  been  r epo r t ed  s - l~  
Since t he  comple t i on  of th i s  work  MULDER 13 ha s  also 
r epo r t ed  a c t i v a t i o n  of U D P  g lucurony l  t r ans fe rase  b y  
des ipramine .  Our  work  has  shown  t h a t  i m i p r a m i n e  a n d  
des ip ramine  ac t  as ca t ionic  s u r f a c t a n t s  in  aqueous  media .  
I t  is possible  t h a t  t h e  drugs  p roduce  changes  in t he  micro-  
somal  e n v i r o n m e n t  of t he  enzyme  a n d  hence  m a k e  i t  more  
accessible for t he  subs t r a t e .  

The  a c t i v a t i o n  effect  was more  p r o n o u n c e d  w h e n  
b i l i rub in  was solubi l ized in a s e r u m - E D T A  medium.  This  
m a y  ind ica te  t h a t  o the r  fac tors  are concerned  in t he  
react ion.  I t  is possible  t h a t  the  drugs  are b o u n d  to se rum 
prote ins ,  n o t a b l y  a lbumin ,  in  preference  to b i l i rub in  and  
th i s  m a y  cause  more  r ap id  t r a n s f e r  of t he  b i l i rub in  to 
mic rosoma l  pro te in .  

The  effects measures  in  th i s  in  v i t ro  s y s t e m  m a y  no t  be 
of s ignif icances in  vivo,  p a r t i c u l a r l y  since h igh  d rug  con- 
c en t r a t i ons  were used. However ,  i m i p r a m i n e  and  desi- 
p r a m i n e  can  p roduce  a c o n j u g a t e d  h y p e r b i l i r u b i n a e m i a  
of ten  accompan ied  b y  cell damage ,  and  j aund ice  m a y  
d i s appea r  w i t h o u t  cessa t ion of t he r apy .  I t  is possible  t h a t  
i m i p r a m i n e  and  de s ip r amine  m a y  cause a t r a n s i e n t  over  
p r o d u c t i o n  of c o n j u g a t e d  b i l i rub in  b y  t he  fac tors  descr ibed 
above.  

Rdsumd. Nous  avons  recherch6  Fac t ion  de l ' i m i p r a m i n e  
et de la d6s ip ramine  sur  I ' U D P  g lucurony le  t r ans f6rase  
darts les microsomes  h6pa t iques .  Les concen t r a t i ons  de ces 
drogues  en t r e  1 et  5 m M  on t  ac t iv6  l ' enzyme.  Ce sont  des 
s u r f a c t a n t s  ca Cioniques. 
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Glucose Uptake by Aspergillus nidulans, Purification and Properties of Glucose Binding Protein 

Insp i re  of s igni f icant  a d v a n c e  in e luc ida t ion  of u p t a k e  p h o s p h o r y l a t i o n ;  however ,  t h i s  is no t  t r ue  in case of 
sys tems  in b a c t e r i a  1-3 a n d  yeas t  4,5, r e l a t ive ly  l i t t l e  is f i l amen tous  fungi  A. ngdulam9 and  Neurospora crassa ~~ 
k n o w n  concern ing  sugar  t r a n s p o r t  in  fungi.  An  impress ive  Studies  c o n d u c t e d  in our  l a b o r a t o r y  i nd i ca t ed  t he  
body  of ev idence  has  a c c u m u l a t e d  which  ind ica tes  t h a t  r e l a t ionsh ip  be tween  b io t in  s t a t u s  of A. nidulans a n d  t he  
sugar  t r a n s p o r t  in  bac te r ia6  a n d  yeas t  7, s is coupled w i t h  cel lular  p e r m e a b i l i t y  to  a m m o n i u m  ions ~1, 1~. I n  an  earl ier  


