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E x p e r i m e n t a l  L a t h y r i s m :  i n  v i t r o  M o d e l  S y s t e m s  

E x p e r i m e n t a l  l a t h y r i s m  is a connec t ive  t i ssue  disease 
e x h i b i t i n g  changes  in collagen, e las t in  a n d  g round  sub-  
s t ance  ~-a. The  n a t u r e  of the  defect  in col lagen has  been  
shown  to  be  a fa i lure  in cross l ink ing  wh ich  in t u r n  is 
man i f e s t ed  b y  a n  increase  in n e u t r a l  sa l t  soluble  col lagen 
in l a thy r i t i c  a n i m a l s  *-~. The  effect  of l a t hy r ogens  on t he  
g round  subs tance ,  more  specif ical ly t he  po lysacchar ides  
found  there in ,  ha s  been  conf l ic t ing  w i t h  r epor t s  in  t h e  
l i t e r a tu re  of no  change,  an  increase,  and  decrease  in 
t o t a l  syn thes i s  ~-~~ 

I t  has  been  sugges ted  a n d  s u p p o r t e d  t h a t  t he  f ibro-  
b l a s t  is i nvo lved  in t he  f o r m a t i o n  and  secre t ion  of con- 
nec t ive  t i ssue  c o n s t i t u e n t s  ~,t~. Since t h e  bas ic  defec t  
in  e x p e r i m e n t a l  l a t h y r i s m  appea r s  to  invo lve  a l m o s t  
exclus ively  connec t ive  t issues,  t he  use of l a thy rogen -  
t r e a t e d  f ibroblas ts ,  in  cul ture ,  shou ld  c o n t r i b u t e  no t  on ly  
to  a b e t t e r  u n d e r s t a n d i n g  of t he  m e c h a n i s m s  and  p a t h o -  
genesis of th i s  disease, b u t  also to  a b e t t e r  u n d e r s t a n d i n g  
of t he  d y n a m i c  processes i nvo lved  in cel lular  pro l i fe ra t ion ,  
me tabo l i sm,  and  poss ib ly  d i f fe ren t ia t ion ,  in  general .  
A l t h o u g h  severa l  i nves t iga to r s  ~a-~ h a v e  used /~-amino- 
p rop ion i t r i l e  t r e a t e d  f ib rob las t s  in  cul ture ,  t h e  develop-  
m e n t  of mode l  Systems us ing  o t h e r  k n o w n  l a t h y r o g e n s  
has  no t  been  repor ted .  

The  success of any  in v i t ro  mode l  s y s t e m  us ing  drugs  
such  as t a t hy rogens  depends  u p o n  t he  e s t a b l i s h m e n t  of 
a dosage wh ich  will  h a v e  a m a x i m u m  effect  upon  t he  
t i ssue  be ing  s tud ied  w i t h o u t  e x h i b i t i n g  a n y  tox ic  man i -  
fes ta t ions .  One of t he  s imples t  p a r a m e t e r s  to  i nves t i ga t e  
is cell g r o w t h  us ing  a h e m o c y t o m e t e r  c h a m b e r  or a n  
e lec t ronic  par t i c le  coun te r  for  cell counts .  I n  o rder  to  
assess w h e t h e r  changes  in  ceil g r o w t h  are m a n i f e s t a t i o n s  
o f  d rug  iox ic i ty ,  v i t a l  s t a in ing  m e t h o d s  m u s t  also b e  
employed.  V i t a l  s t a in ing  m e t h o d s  us ing  n e u t r a l  red, 
J a n u s  green  B, l i t h i u m  carmine ,  or dye  exclus ion t e s t s  
us ing  t r y p a n  blue,  for example ,  are s t a n d a r d  me thods .  
P e r h a p s  more  va luab l e  c r i t e r ia  are t he  i nves t i ga t i on  of 
gene ra t ion  t i m e  in t he  l oga r i t hm i c  g r o w t h  phase,  t h e  
ab i l i ty  of t he  ceils to  se t t le  ou t  of suspension,  adhe re  to  
a glass surface a n d  assume  t he  usua l  sp indle  shape.  

Mater ia l  a~d me~hods. T he  model  s y s t em s  deve loped  
in t h i s  s t u d y  ut i l ized the  fol lowing c r i te r ia :  (1) prol i fera-  
t ion  of ceils for a 96 h per iod,  (2) v i a b i l i t y  coun t s  us ing  
t r y p a n  blue  exclusion,  (3) morpholog ic  s tud ies  us ing  
phase  c o n t r a s t  microscopy,  a n d  (4) t he  adhe rence  of 
cells to  a glass surface.  

O p t i m u m  c o n c e n t r a t i o n s  for e x p e r i m e n t a l  s t u d y  were 
d e t e r m i n e d  for e leven k n o w n  l a thyrogens .  Sequen t i a l  
c o n c e n t r a t i o n s  of each  l a t h y r o g e n  were used on  rep l i ca te  
cu l tu res  of S t r a i n  L a n d  3T6 mouse  f ibroblas t s .  A con t ro l  
was  used for each  l a t h y r o g e n  b y  us ing  t h e  e q u i v a l e n t  
sa l t  for each  c o m p o u n d  I n  cases where  t h i s  was  no t  
possible,  p h o s p h a t e  buf fe red  sal ine was used. L cells 
were g rown in Eag le ' s  M i n i m u m  Essen t i a l  Med ium a n d  
3T6 cells were grown in t he  Dulbecco-Vogt  mod i f i ca t i on  
of Eag le ' s  med ium.  B o t h  m e d i a  were s u p p l e m e n t e d  w i t h  
10% calf se rum a n d  grown in an  a t m o s p h e r e  of 5% 
CO~ and  air .  

Resulr Figure  1 is an  exam pl e  of t he  p ro l i f e ra t ion  
d a t a  of t he  3T6 f ib rob la s t  us ing  va r ious  c o n c e n t r a t i o n s  
of one of t h e  l a thyrogens ,  / f -aminopropioni t r i l e  f u m a r a t e  
(BAPN).  Cont ro l  cu l tu res  rece ived  an  e q u i v a l e n t  con- 
c e n t r a t i o n  of sod ium fumara t e .  A l t h o u g h  g r o w t h  was 
depressed w i t h  as l i t t l e  as a 1 m M  c o n c e n t r a t i o n  of 
B A P N ,  i t  t ook  a 7 m M  c o n c e n t r a t i o n  to af fec t  v i a b i l i t y  
and  t he  o the r  c r i t e r ia  l i s ted  above .  T he  Tab le  l is ts  t he  
o p t i m u m  concen t r a t i ons  d e t e r m i n e d  for all  t h e  l a thy ro -  
gens tes ted .  No te  t h a t  t he  c o n c e n t r a t i o n s  v a r y  f rom 

0.1 m M  to 5 m M .  The  resu l t s  w i t h  t he  S t r a i n  L cell 
were iden t ica l  w i t h  those  of 3T6 f ibroblas t .  

Discuss ion.  The  d e v e l o p m e n t  of these  model  sys t ems  
should  s t i m u l a t e  t i ssue  cu l tu re  research  in e x p e r i m e n t a l  
l a thy r i sm.  A l t h o u g h  t he  a p p r o a c h  has  i t s  l imi ta t ions ,  t he  

Optimum concentration of all the lathyrogens tested 

Lathyrogen Concentration (mM) 

fi-aminopropionitrile fumarate 5.0 
Aminoacetonitrile bisulfate 3.0 
Methyleneaminoaeetonitrile 0.8 
Acetone semicarbazone 1.0 
Semicarbazide hydrochloride 1.0 
Isonicotinie acid hydrazide 3.0 
Benzohydrazide 3.0 
Thiosemiearbazide 0.5 
Cyanoacetie acid hydrozide 1.0 
Hydrazine hydrate 0.1 
1,1, Dimethythydrazine 1.0 

Note that they vary from 0.1 mM to 5 mM 
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The growth curves of BAPN treated 3T6 fibroblasts are shown at 
the various concentrations tested. Although growth was depressed, 
viability of BAPN treated ceils did not become apparent until 7 mM 
of the lathyrogen was used. 
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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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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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