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resu l t s  o b t a i n e d  m a y  p r ov i de  leads for f u r t h e r  a n d  more  
i n t ens ive  in v ivo  s tudy.  W h e t h e r  t he  i n f o r m a t i o n  ga ined  
in t h e  s t u d y  of i so la ted  cell sy s t ems  can  be  e x t r a p o l a t e d  
to  t he  i n t a c t  a n i m a l  is a n  a rea  for specula t ion .  The  m e t h o d  
does, however ,  offer some ins igh t  in to  complex  processes 
a t  a cel lular  level  wh ich  would o the rwise  be  imposs ibIe  
to  s t u d y  in t he  i n t a c t  an imal .  Also es t ab l i shed  was t he  
d i f f icu l ty  to  f ind  a n y  r e l a t i onsh ip  be t w een  t he  s t r u c t u r a l  
fo rmulas  of these  c o m p o u n d s  and  t he  c o n c e n t r a t i o n  
needed  to p roduce  tox ic  effects. Whi l e  t he  l a t hy r ogens  
e x h i b i t  a c o m m o n  effect  in  t h e  an imal ,  i t  is doub t fu l  t h a t  
t h e i r  m e c h a n i s m s  of ac t ion  are necessar i ly  similar~K 
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j .  J. ALEO 

Temple University, School o/Dentistry, 
Department o/Pathology, 
Philadelphia (Pennsylvania 79740, USA), 
78 February 7969. 

Zusammenfassung. Fi i r  11 b e k a n n t e  l a t hy r ogen i s che  ~6 Supported by the National Institutes of Health, United States 
S u b s t a n z e n  w u r d e n  I n - v i t r o - Mode l l s y s t em e  en twicke l t .  Public Health Grant No. DE-AM-02547. 

The Effect of Imipramine and Desipramine on UDP-Glucuronyltransferase 

I m i p r a m i n e  (N- (3 -d ime thy laminopropy l )  imino-d iben-  
zyl hydroch lor ide)  a n d  d e s i p r a m i n e  (N-(3-methyl -  
aminop ropy l )  i m i n o d i b e n z y l  hydroch lor ide )  are  imino-  
d ibenzy l  de r i va t i ve s  used ex tens ive ly  as a n t i d e p r e s s a n t s  L 
Af te r  i m i p r a m i n e  a d m i n i s t r a t i o n  re l a t ive ly  h igh  concen-  
t r a t i o n s  are found  in t h e  liver,  b r a i n  a n d  lungs, t h e  
d i s t r i b u t i o n  be ing  s imi la r  to  t he  p h e n o t h i a z i n e s  2. The  
m a j o r  p a t h w a y s  of i m i p r a m i n e  m e t a b o l i s m  invo lve  
h y d r o x y l a t i o n  3 a n d  N - d e m e t h y l a t i o n  as well  as glucu- 
ronide  con juga t ion .  D e s i p r a m i n e  is fo rmed  b y  t he  de-  
m e t h y l a t i o n  of i m i p r a m i n e  a n d  has  been  cons idered  to  
be  t h e  p h a r m a c o l o g i c a l l y  ac t ive  form of i m i p r a m i n e  4. 

J a u n d i c e  ha s  been  recorded in 0.5% to  1% of p a t i e n t s  
t r e a t e d  w i t h  i m i p r a m i n e  1. T he  j aund ice  is t r a n s i e n t  a n d  
clears p r o m p t l y  w h e n  a d m i n i s t r a t i o n  of t he  d r u g  is 
d i s con t inued  5. The  j aund ice  is usua l ly  cho les ta t i c  in t y p e  
and  resembles  j aund i ce  due  to  p h e n o t h i a z i n e s  a l t h o u g h  
a f a t a l  case of hepa t i c  necrosis  assoc ia ted  w i t h  c o m b i n e d  
i m i p r a m i n e  a n d  de s i p r am i ne  t h e r a p y  ha s  been  de- 
sc r ibed  6. Since c h l o r p r o m a z i n e  and  some re la ted  drugs  
i n h i b i t  U D P - g l u c n r o n y l t r a n s f e r a s e  ( U D P - g l u 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  (acceptor  unspecific)  E.C.2.4.1.17.) 
we h a v e  e x a m i n e d  t he  effect  of i m i p r a m i n e  and  desi- 
p r a m i n e  on con juga t i on  m e c h a n i s m s  in r a t  a n d  gu inea-p ig  
l iver  us ing  in v i t ro  s y s t em s  in order  to  d e t e r m i n e  t he  
possible  cause  of t h e  jaundice .  B i l i rub in  con j uga t i on  was 
d e t e r m i n e d  in r a t  l iver  slices and  gu inea-p ig  l iver  homo-  
gena tes  b y  t he  m e t h o d  of LATHE and  WALKER 7. o-Amino-  
p h e n o l  c o n j u g a t i o n  was  d e t e r m i n e d  in r a t  l iver  slices b y  
t he  m e t h o d  of LEvvY and  STOREY 8 a n d  in gu inea-p ig  
Ever  h o m o g e n a t e s  b y  t h e  m e t h o d  of STZVZNSON and  
bUTTON 9. 

The addition of imipramine and desipramine lowered 
the rates of conjugation of 0-aminophenol by rat liver 
slices. I m i p r a m i n e  decreased  t he  r a t e  of b i l i rub in  Con- 
j u g a t i o n  b u t  de s ip r a m i ne  did  no t  cons i s t en t ly  decrease  
t h e  r a t e  of b i l i r n b i n  c o n j u g a t i o n  b y  r a t  l iver  slices 
(Table  I). The  t r ans fe r a se  s tage  of c o n j u g a t i o n  was 
e x a m i n e d  in gu inea-p ig  l iver  h o m o g e n a t e s  i n c u b a t e d  w i t h  
a m p l e  n r id ine  d i p h o s p h a t e  g lucuronic  acid. I m i p r a m i n e  
reduced  t h e  r a t e s  of conj uga t ion  of b i l i r ub in  and  o-amino-  
p h e n o l  b u t  de s ip r ami ne  only  r educed  t h e  r a t e  of con- 
j u g a t i o n  of o - aminopheno l  (Table  II) .  

The  effect  of i m i p r a m i n e  a n d  de s i p r am i ne  on  r a t  l iver  
slices was  i n v e s t i g a t e d  f u r t h e r  b y  d e t e r m i n i n g  t he  con- 
j u g a t e d  b i l i r nb in  in t he  l iver  slice a f t e r  2 h i n c u b a t i o n  1~ 
I m i p r a m i n e  decreased  t he  a m o u n t  of c o n j u g a t e d  b i l i r nb in  
in t he  slice whereas  de s i p r am i ne  did  no t  (Table  I I I ) .  B o t h  

i m i p r a m i n e  a n d  de s ip r amine  increased  the  u n c o n j u g a t e d  
b i l i rub in  in t he  l iver  slice. 

J a u n d i c e  fol lowing i m i p r a m i n e  and  d e s i p r a m i n e  t h e r a p y  
is usua l ly  choles ta t ic  in t y p e  b u t  t h e y  can  also cause  
hepa toce l lu l a r  necrosis.  The  j aund ice  is s imi la r  to  t h a t  
seen a f te r  p h e n o t h i a z i n e  a d m i n i s t r a t i o n .  I m i p r a m i n e  a n d  
de s ip r amine  re semble  t he  p h e n o t h i a z i n e s  since t h e y  are  
me tabo l i zed  in l iver  mic rosomes  to  fo rm h y d r o x y l a t e d  
a n d  d e s m e t h y l  me t abo l i t e s  wh ich  are excre ted  u n c h a n g e d  
or c o n j u g a t e d  w i th  g lucuronic  acid. I m i p r a m i n e  and  
de s ip r amine  i nh ib i t  o - a m i n o p h e n o l  c o n j u g a t i o n  in l iver  
slice a n d  h o m o g e n a t e  p r epa ra t i ons .  I m i p r a m i n e  i nh ib i t s  
b i l i rub in  con juga t i on  in r a t  l iver  slices a n d  gu inea-p ig  
h o m o g e n a t e s  b u t  de s ip r amine  does n o t  cons i s t en t ly  
i nh ib i t  b i l i rub in  con juga t ion .  This  could be  exp la ined  

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

Concentration Rate of conjugation (nmoles/mg wet wt./h) 
(mM) Imipramine Desipramine 

Bilirubin o-Amino- Bilirubin o-Amino- 
phenol phenol 

0 0.055 0.36 0.041 0.36 
0.01 0.047 0.34 0.023 0.28 
0.1 0.030 0.27 0.017 0.23 
1.0 0.016 0.07 0.023 0.07 

10.0 0 0.05 0.019 0.04 
(6) (6) (5) (3) 

Number of experiments in parentheses. 
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Table II. Effect of imipramine and desipramine on conjugation in Table III. Effect of imipramine and desipramine on bilirubin uptake 
guinea-pig liver homogenate in rat liver slices 

Concentration Rate of conjugation (nmoles/mg wet wt./h) Concen- Bilirubin content [xg/g wet wt. 
(mM) Imipramine Desipramine tration Imipramine Desipramine 

Bilirubin o-Amino- Bitirubirt o-Amino- (raM) Con- Urmon- Con- 
phenol phenol jugated jugated jugated 

Uncon- 
jugated 

0 0.32 2.66 0.25 2.29 0 73.0 8.3 33.3 37.2 
0.01 0.32 2.64 0.22 2.24 0.01 67.6 7.3 32.0 22.4 
0.1 0.29 3.00 0.26 2.31 0.1 63.4 29.9 34.1 35.8 
1.0 0.28 1.95 0.23 1.78 1.0 37.6 64.6 29.8 71.4 

10.0 0.20 0 0.24 0 10.0 22.4 199.6 27.4 177.6 
(3) (3) (3) (3) (6) (6) (5) (5) 

Number of experiments in parentheses. Number of experiments in parentheses. 

b y  the  ex is tence  of s epa ra t e  sys t ems  c o n j u g a t i n g  b i l i rub in  
a n d  o-aminophenol .  I m i p r a m i n e  reduces  t he  c o n j u g a t e d  
b i l i rub in  c o n t e n t  of slices which  is cons i s t en t  w i t h  t h e  
r educ t i on  of c o n j u g a t e d  b i l i rub in  in  t h e  m e d i u m  con-  
t a i n i n g  t he  l iver  slice m e a s u r e d  b y  t he  r a t e  of con juga t ion .  
Des ip ramine  does n o t  decrease  t h e  a m o u n t  of c o n j u g a t e d  
p i g m e n t  in  t he  slice. L ike  t h e  p h e n o t h i a z i n e s  n b o t h  drugs  
s t r ik ing ly  increase  t h e  a m o u n t  of u n c o n j u g a t e d  b i l i rub in  
in t he  slice. This  m a y  be  a s u r f a c t a n t  p r o p e r t y  of t h e  
i m i n o d i b e n z y l  molecule  and  is to  be  expec t ed  because  of 
t i le  a m p h i p a t h i c  s t r u c t u r e  of t he  molecule.  

I m i p r a m i n e  i nh ib i t s  b i l i rub in  a n d  o - a m i n o p h e n o l  con- 
j u g a t i o n  b u t  de s ip r am i ne  on ly  i nh ib i t s  o - a m i n o p h e n o l  
con juga t ion .  Since i m i p r a m i n e  a n d  des ip ramine  j aund ice  
is choles ta f ic  or  hepa toce l l u l a r  in  t y p 6  it is d o u b t f u l  
w h e t h e r  i t  can  be  exp la ined  b y  i n h i b i t i o n  of U D P -  
g lucu rony l t r ans fe ra se  a lone  b u t  e n z y m e  i n h i b i t i o n  m a y  
be  one of t i le fac tors  involved .  T he  m o s t  s t r i k ing  fea tu re  
of t he  effect  of these  d rugs  in v i t ro  is t h e i r  ab i l i t y  to  
increase  b i l i r ub in  u p t a k e  b y  r a t  l iver  slices, a p r o p e r t y  
wh ich  t h e y  share  w i t h  p h e n o t h i a z i n e  de r i va t i ve s  n b u t  
w i t h  no  o t h e r  drugs  tes tedl~ ,  I~. 

Zusammen/assung. Der  Einf luss  v o n  I m i p r a m i n  n n d  
D e s i p r a m i n  auf  die U m w a n d l u n g  yon  B i l i rub in  u n d  
o -Aminopheno l  in  de ren  jeweilige G luku ron ide  w u r d e  in 
v i t ro  in  der  Lebe r  u n t e r s u c h t .  I m i p r a m i n  b lock ie r t  die 
U m w a n d l u n g  yon  BilirubiI1 u n d  yon  o -Aminophenol ,  
w ~ h r e n d  D e s i p r a m i n  n u r  d ie jenige  y o n  o -Aminopheno l  
b lockier t .  
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t3ber die Wirkung  von r a c - e n d o - 2 - B o r n a n a m i n  und von verwandten  Verbindungen  gegen  Inf luenza-  
A o-Virus Asia  

13ei de r  rou t inem~ss igen  Pr t i fung  einer  gr6sseren Re ihe  
ve r sch i edena r t i ge r  V e r b i n d u n g e n  zeigte sich, dass  rac-  
e n d o - 2 - B o r n a n a m i n - h y d r o c h l o r i d  (1) a n  der  Maus  gegen 
Inf luenza-A2-Virus  Asia  w i r k s a m  ist. Diese B e o b a c h t u n g  
ve ran l a s s t e  uns,  D e r i v a t e  yon  I u n d  v e r w a n d t e  Verb in -  
d u n g e n  he rzus te l l en  u n d  auf  ihre  W i r k u n g  gegen In f luenza -  
v i r en  zu prf i fen (Tabel len  I u n d  II) .  

ResuItate. I n  den  Tabe l l en  I u n d  I I  s ind  die Pr i i fungs-  
ergebnisse  zusammenges t e l l t .  Es  is t  fes tzus te l len ,  dass  
ke ine  de r  V e r b i n d u n g e n  2 bis  42  w i r k s a m e r  is t  als rac-  
e n d o - 2 - B o r n a n a m i n  (1). Der  ( + ) - A n t i p o d e  (30) des endo-  
2 - ]3ornanamins  schne ide t  n i c h t  besser  a b  als das  Race-  
m a t  1. Das  R a c e m a t  (31) u n d  de r  ( - - ) -Ant ipode  (32) des 
e x o - 2 - B o r n a n a m i n s  s ind den  b e s t e n  V e r b i n d u n g e n  der  
endo-Re ihe  un te r legen .  E inz ig  die N - M e t h y l v e r b i n d u n g  
2 u n d  die N - ( p - F l u o r o b e n z y l ) - V e r b i n d u n g  7 e r re ichen  
n a h e z u  die W i r k u n g  yon  1. Die s y s t e m a t i s c h e  A b w a n d -  
lullg de r  S u b s t i t u t i o n  des N-Benzy l r e s t e s  f i ih r te  n i c h t  
zu w i r k s a m e r e n  P r X p a r a t e n  ( .Verbindungen 5 bis  20). 
Das  gleiche gi l t  fiir den  l~bergang  aus  de r  N-Benzy l r e ihe  

in die N - P h e n ~ t h y l - R e i h e  (Pr / ipa ra t  21) u n d  in die 
N - ( P h e n y l p r o p y t ) - R e i h e  (Pr i tpa ra t  23). Schliessl ich is t  zu 
e rw~hnen ,  dass  alle V e r b i n d u n g e n ,  in  welchen  das  N- 
A t o m  des B o r n a n a m i n s  infolge der  S u b s t i t u t i o n  n i c h t  
bas i sch  ist, u n w i r k s a m  oder  h b c h s t e n s  s chwach  w i r k s a m  
s ind (Tabelle II) .  

U n t e r  dense lben  V e r s u c h s b e d i n g u n g e n  wie fiir die Pri i -  
t u n g  auf  W i r k u n g  gegen Inf luenza-A2-Virus  Asia  en t -  
fa l te te  das  r a c - e n d o - 2 - B o r n a n a m i n  (1) gegen die In f luenza -  
v i r e n  A (PRs), A 1 (Melbourne,  F M  1 u n d  E l m  ) ke ine  
Wi rkung .  Die V e r b i n d u n g  war  j edoch  schwach  w i r k s a m  
gegen I n f e k t i o n e n  m i t  Inf luenza-13-Viren (Lee, J o h a n n e s -  
burg,  S tockholm)  u n d  Pa ra in f l uenza -Vi ru s  1 (Sendai) .  

Pri~/ung auf Wirkung gegen Influenza-A2-Virus Asia. 
G r u p p e n  yon  je 10 Fi i l l insdorfer  A l b i n o m ~ u s e n  aus  ge- 
schlossener  r a n d o m i s i e r t e r  A u s z u c h t  im Gewich t  yon  
14-15 g werden  u n t e r  l e ich te r  )k the rnarkose  je  m i t  0,05 ml  
e iner  In f luenza-A2-Vi rus -As ia -Suspens ion  i n t r a n a s a l  infi-  
ziert.  Zur  He r s t e l l ung  des I n o c u l u m s  werden  L u n g e n  yon  
inf iz ie r ten  T ie ren  u n t e r  s ter i len  K a u t e l e n  im M6rser  m i t  


