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negat ive ;  4 = m a x i m u m  effect) of the  amoun t  of MaItese 
cross inclusions. The  Table  demonst ra tes  a clear dose- 
effect re la t ionship;  at  m a x i m u m  manifestat ion,  v i r tua l ly  
each cell contained ex t remely  large amounts  of birefrin- 
gent  bodies in its cytoplasm.  These presented ei ther a 
clear-cut  s imple Maltese cross, or were of composi te  
s t ructure  wi th  the  Maltese cross dis tor ted to var ious  
degrees (Figure 1). The la t te r  apparen t ly  represent  
mul t icentr ic  MB which were f requent ly  observed wi th  
electron microscopy ~-a,5. In  par t icular ly  clear cases, a 
l imi t ing membrane  surrounding the  birefr ingent  inclusions 
was discernible. 

Two lines of evidence indicated t h a t  these birefr ingent  
inclusions represent  MB and conta in  large amounts  of 
phospholipids:  1. Af ter  s tanding for several  hours, tube-  
like extrusions emerged from the  inclusions of fresh tissue 
preparat ions  which, in suitable cases, even tua l ly  gained 
the  extracel lular  space f rom injured cells and formed 
tor tuous  birefr ingent  'myel in  tubes '  showing slow move-  
ments.  Their  format ion  s t rongly suggests t ha t  MB inclu- 
sions conta in  large amounts  of polar  lipids. 2. In  small  
pieces of l iver  stained in an alcoholic solution of Sudan 
black 13 and embedded in glycerine jelly, the  inclusions 
were l ight-  to dark-blue stained, showed bronze-coloured 
birefringellce wi th  Maltese cross, and dichroism in 
l inearly polar ized light,  These opt ical  features have  been 
found to be typ ica l  for phosphotipids a. Birefr ingent  buds 

Semiquantitative evaluation of the induction of MB in the rat liver 
by the three drugs 

Single dose 
{mg/kg) 
(dosage group) 

2 3 4 

E s t i m a t i o n  of t he  inc idence  of h e p a t i c  MB 

Drug and No. of doses 

Triparanol Chloroquine Mepacrine 
(4x) (4><) (2x) 

1600 . . . .  4 4 4 

800 3 3  - 4 4 4  3 4 4 4  

400 - 3 4 4  3 4 4 4  3 4 4 3  

200 2 3 4 2  1 2 3 2  2 2 3 3  

100 2 2 1 2  2 1 0 0  2 0 0 1  

50 1 0 0 1  0 0 0 0  

Contro ls  0 0 0 0  0 0 0 0  0 0 0 0  

4 doses (triparanol, ehloroquine) or 2 doses (mepacrine) were given 
orally to 4 rats in each dosage group (column 1) at daily intervals. 
24 h after the last application, the effect in the liver cells (= fre- 
quency of inclusions with Maltese cross birefringence) was evaluated 
semiquantitatively for each rat (0 = negative; 4 = maximum 
observed effect) (columns 2, 3, and 4). A dash indicates that the 
animal died before the experiment was terminated. 

or l:ubes wi th  the  same optical  propert ies  m a y  emerge f rom 
such fragments .  

Of par t icular  interes t  are the  MB induced by  mepa-  
crine, which has a marked  aff ini ty  to lysosomes v. I t  was 
found tha t  the  Maltese cross inclusions presented the  
typ ica l  green fluorescence of mepacr ine  (Figure 2). 
Chloroquine- induced MB were also fluorescent.  These 
facts suppor t  the  view t h a t  MB are secondary lysosomes, 
and also suggest t ha t  the  inducing drug is accumula ted  in 
these bodies. 

Prolonged t r e a t m e n t  of rats  wi th  the  drugs used elicit- 
ed also Maltese cross inclusions in a large number  of o ther  
organs. This  agrees wi th  electron microscopic f indings of 
several  authors  2,a,6,9 and fur ther  confirms the  iden t i ty  
of MB wi th  Maltese cross inclusions. Several  reports  
recent ly  described the  drug- induced format ion  of foam 
cells in the  lungs of l abora tory  animalsl~ ul t ras t ruc-  
rurally,  foam cells are character ized by  the  occurrence 
of MB in their  cy top lasm 10,12. The three drugs ment ioned  
and several o ther  compounds  elici t ing MB in the  l iver  
also induced foam cells in the  lung of rats  18. I t  thus  appears  
t ha t  MB format ion  in var ious organs represents  manifes ta-  
t ions of the  same generalized cytopathologica l  mechanism 
which results in a 'd rug- induced lipidosis'~, lo. The  
findings repor ted  here show t h a t  this  pathological  
condi t ion can be visualized ve ry  s imply  and rapidly  by 
l ight-microscopy.  

Zusammen[assung. Sekund~re Lysosomen mi t  mul t i -  
lamellArer Myel ink6rper-St ruktur ,  die ill der Ra t t en lebe r  
nach Behandlung mi t  verschiedenen Agenzien (z.B. 
Triparanol ,  Chloroquin,  Mepacrin) induzier t  werden 
k6nnen, sind aufgrund ihrer Mal teserkreuz-Konf igura t ion  
im polar is ier ten Licht  l ichtmikroskopisch nachweisbar.  
Mit  f luoreszierenden Subs tanzen  (Chloroquin, Mepacrin) 
zeigen die Malteserkreuz-Einschli isse im Zyfioplasma star- 
ke Fluoreszenz,  was auf ihre Akkumula t ion  in den 
Myel ink6rpern hinweist .  Nach  lgngerer  Behandlung  
t re ten  Myel ink6rper  such  in zahlreichen andern  Organen 
auf und induzieren unter  anderem die Bi ldung von  
Schaumzel len in der Lunge. 
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E n h a n c e m e n t  and Deact ivat ion  of S o m e  M i c r o s o m a l  Glycosy l  Trans ferases  1 

The ac t iv i ty  of uridine diphosphoglucuronyl  trans-  
ferase and numerous  other  hepat ic  microsomal  enzymes 
is enhanced by  p re t r ea tmen t  of animals  wi th  pheno- 
barbi ta l  or wi th  o ther  microsomal  enzyme inducers 2. 
More recent ly  m a m m a l i a n  l iver  microsomes have  been 
found to conta in  also uridine diphosphoglucosyl  trans-  
ferase capable  of t ransferr ing the  glucose moie ty  to such 

endogenous substrates  as estrogens a, or bi l i rubin 4-6 or 
an exogenous substrate  such as p-nitrophenol~,8. 
Addit ional ly,  l iver  microsomal  prepara t ions  also conta in  
glycogen synthetase  which sediments  toge ther  wi th  
par t icu la te  glycogen and glucuronyl  transferase~,l~ 
Glucosyl transferase ac t iv i ty  in microsomes is much  
lower than  tha t  of the  l a t t e r  enzymeS, L In  this s tudy  
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c o n s i d e r a t i o n  w a s  g i v e n  t o  t h e  p o s s i b i l i t y  t h a t  p - n i t r o -  
p h e n o l  g l u c o s y l a t i o n  is  m e d i a t e d  b y  e i t h e r  p - n i t r o p h e n y l  
g l u c u r o n y l  t r a n s f e r a s e  o r  g l y c o g e n  s y n t h e t a s e .  I n  f a c t  
LAYNE 11 h a d  s p e c u l a t e d  a b o u t  p o s s i b l e  i n v o l v e m e n t  of  
g l y c o g e n  s y n t h e t a s e  in  t h e  g l u c o s y l a t i o n  of  s t e r o i d s .  
I f  t h i s  w e r e  t h e  ca se  for  p - n i t r o p h e n o l  g l u c o s y l a t i o n ,  
p a r a l l e l  c h a n g e s  i n  t h e  a c t i v i t e s  of  m i c r o s o m a l  g l y c o g e n  
s y n t h e t a s e  a n d  g l u c o s y l  t r a n s f e r a s e  w o u l d  be  o b s e r v e d  
f o l l o w i n g  p h e n o b a r b i t a l  t r e a t m e n t ,  a l t e r n a t i v e l y  g l u c u -  
r o n y l  a n d  g l u c o s y l  t r a n s f e r a s e s  s h o u l d  be  a f f e c t e d  in  a 
p a r a l l e l  m a n n e r .  M i c r o s o m a l  g l u c u r o n y l  t r a n s f e r a s e  is  
k n o w n  to  u n d e r g o  s p o n t a n e o u s  a c t i v a t i o n  o n  s t o r a g e  ~2 
w h i l e  g l y c o g e n  s y n t h e t a s e  a c t i v i t y  i s  k n o w n  to  d e t e r i o r a t e  
u n d e r  s u c h  c i r c u m s t a n c e s  g, ~a; t h e r e f o r e ,  t h e  b e h a v i o r  o f  
t h e  t h r e e  e n z y m e  a c t i v i t i e s  o n  s t o r a g e  w a s  e x a m i n e d .  T o  
o u r  k n o w l e d g e ,  n e i t h e r  t h e  s t a b i l i t y  of  g l u c o s y l  t r a n s f e r a s e  
t o  s t o r a g e  n o r  t h e  e f f ec t s  of  p h e n o b a r b i t a l  t r e a t m e n t  h a v e  
b e e n  r e p o r t e d  p r i o r  t o  t h i s  s t u d y ,  p r e l i m i n a r y  r e p o r t  of  
w h i c h  w a s  g i v e n  *. 

Mater ials  and methods. T h e  f o l l o w i n g  we re  p u r c h a s e d  
f r o m  S i g m a  C h e m i c a l  C o m p a n y :  p - n i t r o p h e n y l - / 3 - D -  
g l u c o s i d e  ; p - n i t r o p l e n y l - / ~ - D - g l u c u r o n i d e  ; u r i d i n e - 5 ' - d i -  
p h o s p h o g l u c o s e ,  ( U D P - g l u c o s e )  ; n r i d i n e - 5 ' - d i p h o s p h o -  
g l u c u r o n i c  a c i d  ( a m m o n i u m  sa l t ) ,  ( U D P - g l u c u r o n i c  ac id)  ; 
1 7 - / ~ - e s t r a d i o l - 3 - m e t h y l  e t h e r ,  (A1,8,5-estratien-3-17-fl - 
d i o l - 3 - m e t h y l e t h e r 1 1 ) ;  T r i z m a  B a s e  (tris). p - N i t r o p h e n o l  
w a s  f r o m  M a n n  R e s e a r c h  ( S c h w a r t z - M a n n ) .  T h e  f o l l o w i n g  
w e r e  f r o m  N e w  E n g l a n d  N u c l e a r  C o r p o r a t i o n :  u r i d i n e -  
d i p h o s p h a t e - l ~ C - g l u c u r o n i c  ac id ,  (D-glucuronic-~dC,  u n i -  
f o r m l y  l abe l ed ,  > 200 m C / m M )  ; u r i d i n e d i p h o s p h a t e - l ~ C  - 
g lucose ,  ( D - g l u c o s e - Q  ~, u n i f o r m l y  l abe led) ,  200 m C / m M .  
B o v i n e  s e r u m  a l b u m i n  w a s  f r o m  P i e r c e  C h e m i c a l  C o m -  
p a n y .  

A n i m a l  treatment and preparat ion o/microsomes.  A d u l t  
m a l e  m i c e  ( H a : I C R )  3 0 - 3 5  g f r o m  B l u e  S p r u c e  F a r m s ,  
A l t a m o n t ,  N e w  Y o r k ,  w e r e  m a i n t a i n e d  o n  P u r i n a  C h o w  
d i e t  a n d  w a t e r  a d  l i b i t u m .  Al l  m i c e  we re  s a c r i f i e d  a t  t h e  

s a m e  t i m e  of  d a y  a n d  18 h a f t e r  t h e  l a s t  i n j e c t i o n ;  i n d u c -  
t i o n  w a s  a c h i e v e d  in  5 d a y s  b y  d a i l y  i .p.  i n j e c t i o n s  o f  50 
m g / k g  of  p h e n o b a r b i t a l  s o d i u m  in  i s o t o n i c  sa l ine ,  t h e  
c o n t r o l s  r e c e i v i n g  a n  e q u i v a l e n t  v o l u m e  (10 m l / k g )  of  
t h e  sa l ine .  A f t e r  c e r v i c a l  d i s l o c a t i o n  l i ve r s  w e r e  q u i c k l y  
r e m o v e d ,  ga l l  b l a d d e r s  e x c i s e d  a n d  t h e  t i s s u e  (poo led  
l i v e r s  f r o m  5 a n i m a l s )  w a s  w e i g h e d ,  r i n s e d  w i t h  ice  c o ld  
0.25 M suc rose ,  b l o t t e d  a n d  h o m o g e n i z e d  in  9 v o l u m e s  o f  
0.25 M s u c r o s e  u s i n g  a P o t t e r - E l v e j h e m  h o m o g e n i z e r  
w i t h  a t e f l o n  p e s t l e  (2 p a s s e s  a t  1000 r p m ) .  T h e  h o m o g e n a t e  
w a s  c e n t r i f u g e d  a t  12 ,100 g for  20 m i n ,  t h e  p e l l e t  d i s c a r d e d  
a n d  t h e  c e n t r i f u g a t i o n  r e p e a t e d ;  t h e  s u p e r n a t a n t  w a s  
t h e n  c e n t r i f u g e d  a t  105 ,000 g for  60 m i n ;  t h e  m i c r o s o m a l  
p e l l e t  w a s  w a s h e d  t w i c e  b y  r e s u s p e n d i n g  i t  in  s u c r o s e  
(by  m a s h i n g  w i t h  a t e f l o n  pes t l e )  a n d  c e n t r i f u g i n g  for  
60 m i n  a t  105 ,000 g. T h e  m i c r o s o m e s  we re  t h e n  s u s p e n d e d  
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Table I. Effect of phenobarbital (PB) pretreatment of mice on Iiver microsomal glucuronyl transferase (GAT), glueosyl transferase (GT) and 
glycogen synthetase (Gly.S) activities 

Enzyme ~ Animal Ratio : A ~ 
assay group b liver wt 

body wt 

B a C e 

Enzyme act. Activity Enzyme act. Activity Enzyme act. Activity 
per mg protein untreat.  (%) g liver untreat.  (%) gbody  untreat.  (%) 

GAT I C 0.063 0.238 100 3.13 100 0.197 100 
I PB 0.074 0.225 95 3.65 117 0.270 137 

Gly. S I C 0.063 0.033 100 0.44 100 0.028 100 
I PB 0.074 0.032 95 0.51 117 0.038 137 

GAT II C 0.068 0.166 t 100 2.60 ~ 100 0.176 ~ 100 
II PB 0.076 0.209 ~ 126 3.68 f 142 0.290 f 165 

GT II C 0.068 0.044 ~ 100 0.69 r 100 0.047 ~ 100 
II PB 0.076 0.071 ~ 161 1.25 ~ 181 0.096 ~ 204 

GT III  C 0.058 0.049 100 0.79 100 0.046 100 
III  PB 0.074 0.063 128 1.32 168 0.097 212 

GAT III  C 0.058 0.219 100 3.50 100 0.202 100 
III  PB 0.074 0.188 86 3.95 113 0.291 144 

Gly. S IV C 0.061 0.032 100 0.38 100 0.022 100 
IV PB 0.069 0.024 75 0.35 91 0.025 116 

GT IV C 0.061 0.068 f 100 0.80 f 100 0.049 f 100 
IV PB 0.069 0.080 ~ 118 1.17 ~ 146 0.081 ~ 165 

Each value is an average of duplicate assays performed using microsomal preparations from 5 pooled livers; the duplicates differed from 
each other by no more than 10%. b C refers to untreated controls, and PB to phenobarbital treated animals, o Enzyme activity under A) 
is in ~tmoles of product formed per mg of microsomal protein per 30 rain. a Enzyme activity under B) is in vmoles of product formed per 
30 min by microsomes equivalent to 1 g liver. �9 Enzyme activity under C) is in btmoles of product formed by hepatic microsomes per 30 rain 
per 1 g body weight, t These assays were earried out  in the presence of propylene glycol. 
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in  sucrose b y  homogen iza t i on  for 30 sec a t  1000 r p m ;  1 
m l  of suspens ion  c o n t a i n e d  microsomes  equ iva l en t  to  1 g 
of liver.  P r o t e i n  was d e t e r m i n e d  b y  t he  m e t h o d  of 
LowRY et  al. 14, us ing  bov ine  se rum a l b u m i n  as t he  
s t anda rd .  All  assays,  excep t  where  o therwise  s ta ted ,  were 
car r ied  ou t  us ing  f reshly  p r epa red  microsomes ;  where  
s tored  microsomes  were used, these  were k e p t  f rozen for 
7 days  a t  - -20~ t h a w e d  a t  room t e m p e r a t u r e  a n d  
homogen ized  a t  1000 r p m  as above.  

UDP-Glucuronyl and UDP-Glucosyl trans/erase assays. 
The  assays  were pe r fo rmed  us ing  glycosyl  donors  x4C- 
labeled  in t he  sugar  moie ty ,  a n d  p - n i t r o p h e n o l  as t he  
acceptor  subs t ra te .  A typ ica l  i n c u b a t i o n  m i x t u r e  consis t-  
ed of: 5 m M  p-n i t ropheno l ,  5 m M  U D P - ~ - - g l u c u r o n i c  
acid or 10 m M  UDP-~4C-glucose, (1 ~tC pe r  ml  incuba t ion) ,  
0.2 M tris buffer  (for g lucu ron ida t ion  p H  was 8,0, for 
g lucosy la t ion  p H  was 6.8) and  mic rosomes  e q u i v a l e n t  to  
0.5 g of l iver  pe r  1 ml  of i n c u b a t i o n  mix ture .  Addi t iona l ly ,  
in  i n h i b i t i o n  e x p e r i m e n t s  10% propy lene  glycol  was  
present ,  or 5 m M  es t r ad io l -3 -me thy l  e the r  t o g e t h e r  w i t h  
10% propy lene  glycol which  was used as t h e  s tero id  sol- 
vent .  I n c u b a t i o n s  were car r ied  ou t  in  a D u b n o f f  me tabo l i c  
shake r  a t  37~ for 30 m i n  in air. T he  reac t ions  were 
s topped  b y  t he  a d d i t i o n  of 3 vo lumes  of abso lu te  e t hano l  
w i t h  mixing,  followed b y  i m m e d i a t e  freezing on  solid 
c a r b o n  dioxide.  The  samples  were k e p t  s tored a t  - -20~  
for analysis .  All assays  were done  in dupl ica te .  

Glycogen sy~thetase assay. A t yp i ca l  i n c u b a t i o n  m i x t u r e  
consis ted  of: 10 m M  UDP-14C-glucose (1 ~xC/ml of incuba-  
t ion),  10 m M  glucose-6-phosphate ,  0.2 M tris buffer  a t  
p H  8.0, 5 m g  of r a b b i t  l iver  g lycogen a n d  mic rosomal  
p r e p a r a t i o n  e q u i v a l e n t  to  0.5 g l iver  per  ml  incuba t ion .  
The  i n c u b a t i o n s  were car r ied  ou t  for 30 m i n  a t  37~ as 
before.  All assays  were done  in dupl ica te .  

Estimation o/metabolites. T he  a m o u n t  of 14C-glucose or 
~aC-glucuronic acid i nco rpo ra t ed  in to  p - n i t r o p h e n y l  
glucoside or p - n i t r o p h e n y l  g lucuronide  f rom t he  nucleot ide  
precursors  was  d e t e r m i n e d  fol lowing c h r o m a t o g r a p h i c  
s epa ra t i on  of t he  m e t abo l i t e s  on p a p e r  deve loped  in n- 
b u t a n o l : a c e t i c  acid:  5% aq. a m m o n i a  (7 : 5 : 3 : 3). S t r ips  
c o n t a i n i n g  m e t a b o l i t e  peaks  were c o u n t e d  in  sc in t i l l a t ion  
viaIs as descr ibed  ear l ier  ~5. 

Newly  s y n t h e t i z e d  glycogen was e s t i m a t e d  b y  deter -  
m i n i n g  t he  a m o u n t  of ~C-glucose i nco rpo ra t ed  f rom U D P -  
~4C-glucose. The  m e t h o d  of THOMAS et  al. 16 was used. 

Results a~d discussion. In  order  to  t e s t  w h e t h e r  syn thes i s  
of p - n i t r o p h e n y l  glucoside could be  a t t r i b u t e d  to ca ta lys i s  
b y  e i the r  g lycogen s y n t h e t a s e  of g lucu rony l  t r ans fe ra se  
p re sen t  in  t he  mic rosoma l  p repa ra t ions ,  t he  t h r ee  e n z y m e  
ac t iv i t i es  were assayed  c o n c u r r e n t l y  in  pa i rs  ; d rug  induced  
para l le l  f l uc tua t ions  in specific ac t iv i t i es  were sought .  
Resu l t s  in  Tab le  I show t h a t  5 d a y  t r e a t m e n t  of an ima l s  
w i t h  p h e n o b a r b i t a l  cons i s t en t ly  p roduced  a m a r k e d  
increase  in t he  specific a c t i v i t y  ([zmoles p r o d u c t / m g  
p ro t e in /min )  of mic rosomal  glucosyl  t r ans fe ra se  on ly  
(see Tab le  I, c o l u m n  A); f l uc tua t ions  in g lycogen syn the -  
tase  and  g lucurony l  t r ans fe ra se  ac t iv i t i es  were s imi la r  to  
each  o the r  b u t  d id  no t  para l le l  t h e  increase  associa ted 
w i t h  gIucosyl  t r ans fe r a se  ac t iv i ty .  This  p rov ided  a s t rong  
ind ica t ion  t h a t  mic rosoma l  p -n i t ropkeno lg lucosy l  t r a n s -  
ferase a c t i v i t y  was no t  mere ly  a resu l t  of ca ta lys i s  b y  one 
of t he  o the r  two  enzymes .  

Since hepa t i c  mic rosoma l  e n z y m e  ac t iv i t i es  are fre- 
q u e n t l y  expressed  pe r  g. of wet  we igh t  of l iver  17 and  
some t imes  pe r  g of b o d y  we igh t  ~s, such  va lues  are also 
g~ven in Tab le  I (columns B a n d  C, respect ively) .  Com- 
pa r i son  of t h e  t h r ee  indices  of a c t i v i t y  (A, B and  C) in 
Tab le  I i l l u s t r a t e s  t h a t  d i f fe ren t  conclusions  can  be  
r eached  r ega rd ing  t h e  m a g n i t u d e  of effects p roduced  b y  
p h e n o b a r b i t a l  t r e a t m e n t .  I n  t e r m s  of e n z y m e  a c t i v i t y  pe r  
g of t issue, b o t h  glucosyl  t r ans fe r a se  a n d  g lucurony l  
t r ans fe ra se  ac t iv i t i e s  a p p e a r  s u b s t a n t i a l l y  increased  b y  
p h e n o b a r b i t a l  t r e a t m e n t ;  a n d  w h e n  ca lcu la ted  as pe r  g 
body  weight ,  increases  are seen in al l  t h r ee  e n z y m e  

it D. H. LOWRY, N.J. ROSENBROUGH, A. L. FARR and R. J. RANDALL, 
J. biol. Chem. 793, 265 (1951). 

15 T. GESSNER and 1Yr. ACARA, J. biol. Chem. 243, 3142 (1968). 
16 j .  A. THOMAS, K. K. SC~LEr:DER and J. LARNER, Analyt. Biochem. 

25, 486 (1968). 
17 G. J. MULDER, Biochem. J. 177, 319 (1970). 
18 C. W. T. PILCH~R, R. P. H. THOMI"SON and R. WILlIAmS, Biochem. 

Pharmae. 21, 129 (1972). 

Table II. Effect of storage of mierosomes on activities of glucuronyl transferase (GAT), glucosyl transferase (GT) and glycogen synthetase 
(Gly. S) 

Enzyme assay Animal treatment Quality of microsomes Enzyme activity Effect of storage 
( % activity of fresh prep.) 

GT None Fresh 0.044 100 
Stored 0.028 63.6 

Gly. S None Fresh 0.032 100 
Stored 0.004 12.5 

GAT None Fresh 0.238 100 
Stored 0.481 202 

GT Phenobarb. Fresh 0.074 ~ 100 
Stored 0.034 ~ 46.5 

Gly. S Phenobarb. '.Fresh 0.024 100 
Stored 0.003 12.5 

GAT Phenobarb. Fresh 0.225 100 
Stored 0.390 173 

Enzyme activity is in ~moles of product formed per mg of microsomal protein per 30 rain. Each value is an average of duplicate assays 
performed using mierosomal preparations from 5 pooled livers; the duplicates differed from each other by no more than 10%. b These assays 
were carried out in the presence of propylene glycol. 
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ac t iv i t i es  (Table  I, co lumn  C). These  differences  occur  
because  p h e n o b a r b i t a l  p roduces  a l t e r a t i ons  in  t he  compo-  
s i t ion  of hepa t i c  mic rosomes  ~9,2~ changes  in p ro t e in  
concentration18,20, a n d  increases  in t h e  l iver  to  b o d y  
we igh t  ra t ios  ~7, ~8, ~, 2~. T h u s  for ins tance ,  due  t he  en la rged  
l iver  size of a p h e n o b a r b i t a l  t r e a t e d  a n i m a l  (see l iver  
w t / b o d y  wt,  Tab le  I) in  v ivo  t he  t r e a t e d  a n i m a l  is capab le  
of s u b s t a n t i a l l y  more  con j uga t i on  and  more  glycogen 
syn thes i s  t h a n  t h e  co r r e spond ing  con t ro l  an imal ,  hence  
t he  la rges t  d rug  induced  increases  are seen in co lumn  C. 

There  is an  a p p a r e n t  con t r ove r s y  r ega rd ing  t he  effects  
of b a r b i t u r a t e  t r e a t m e n t  on  g lucurony l  t r ans fe ra se  ac t iv -  
i ty,  some workers  obse rv ing  e n h a n c e m e n t  ~,2a-2s o thers  
fa i l ing to do so ~7, 22, 2~, a0. The  con t r ove r s y  s t ems  in p a r t  
f rom use of a n y  of t h e  i h r e e  indices  of a c t i v i t y  to  r epo r t  
t h e  effects, and  in p a r t  f rom differences  in  t he  m e t h o d  
of p r e p a r a t i o n  of g lucu rony l  t r ans fe ra se  w h i c h  is sub jec t  
to  s p o n t a n e o u s  a c t i v a t i o n  ~e. Cons ider ing  t he  p a r a m e t e r  of 
specific a c t i v i t y  (column A), our  results ,  o b t a i n e d  f rom 
assays  of f resh ly  p r epa red  mouse  l iver  mic rosomes  
(Table  I), are in  a g r e e m e n t  w i t h  those  of WINSNES 22 who  
also obse rved  t h a t  p h e n o b a r b i t a l  p r e t r e a t m e n t  p roduced  
no s ign i f ican t  increase  in t he  specific a c t i v i t y  of p- 
n i t rop leno l  g lucu rony l  t r ans fe r a se  of mouse  l iver  homo-  
gena tes  ; s imi la r  obs e r va t i ons  were  r epo r t ed  b y  POTRXmCA 
and  SPRATT a~ a b o u t  gu inea-p ig  h e p a t i c  mic rosoma l  
g lucu rony l  t ransferase .  More r ecen t ly  iV~uLD:gR ~ a n d  
WINSNES ~ d e m o n s t r a t e d  t h a t  p h e n o b a r b i t a l  i nduced  
increases  ( they  r epo r t  a fac to r  of 1.5-2) were d e t e c t a b l e  
on ly  w h e n  ac t iv i t i es  were assayed  us ing  d e t e r g e n t  a c t i va t -  
ed l iver  p repa ra t ions .  Mulder  p o i n t e d  ou t  t h a t  o the r  wor-  
kers m a y  h a v e  o b t a i n e d  a de te rgen t - l ike  effect  b y  repea t -  
ed r e h o m o g e n i z a t i o n  of t h e i r  m ic rosoma l  pellets .  Pheno-  
b a r b i t a l  i nduced  increases  in  g lucu rony l  t r ans fe r a se  ac t iv -  
i ty  pe r  g of l ive r  h a v e  been  cons i s t en t l y  obse rved  b y  
m a n y  workers  t~, ~,,~, ~s inc lud ing  us (Table  I, co lumn  B). 

S p o n t a n e o u s  a c t i v a t i o n  of mic rosoma l  g lucu rony l  
t r ans fe r a se  is a well  d o c u m e n t e d  p h e n o m e n o n ;  th i s  can  
occur  as a resu l t  of p ro longed  s torage  a t  low t e m p e r a -  
t u r e s ~ ,  at, d e t e r g e n t  a c t i v a t i o n  ~ , ~ , ~ , ~ , ~ ,  or severa l  
hou r s  of p r e i n c u b a t i o n  a t  37 ~ ~. W e  h a v e  c o m p a r e d  t he  
effects of s torage  on t he  t h r ee  e n z y m e  ac t iv i t i e s  u n d e r  
inves t iga t ion .  

Resu l t s  in  Tab le  I I  show t h a t  t he re  are no  para l l e l  
changes  in t he  ac t iv i t i es  of t he  t h r ee  enzymes .  Glucosyl  
t r ans fe r a se  appea r s  to  be u n s t a b l e  and  a b o u t  ha l f  of t he  
a c t i v i t y  was lost  d u r i n g  s torage  a t  - -20~  for 7 days ;  
u n d e r  t he  same  condi t ions ,  g lucu rony l  t r ans fe ra se  a c t i v i t y  
h a d  increased  b y  a b o u t  a f ac to r  of 2, whi le  g lycogen syn-  
t h e t a s e  a c t i v i t y  fell to  a b o u t  ~/~0 of t he  va lue  in f resh 
p repa ra t ions .  I n s t a b i l i t y  of t he  l a t t e r  e n z y m e  is in  
a g r e e m e n t  w i t h  t h e  obs e r va t i ons  of LeLOI~ a n d  GOLDEM- 
~ERG ". The  m i c r o s o m a l  e n z y m e s  f rom p h e n o b a r b i t a l  
t r e a t e d  an ima l s  b e h a v e d  s imi la r ly  on  s to rage ;  t he  
s ignif icance of a s o m e w h a t  lower a c t i v a t i o n  of g lucu rony l  
t r ans fe r a se  c a n n o t  be assessed a t  th i s  t ime.  

B o t h  t h e  p h e n o b a r b i t a l  t r e a t m e n t  of a n i m a l s  a n d  t he  
s torage  of mic rosoma l  p r e p a r a t i o n s  a p p e a r e d  to p roduce  
q u a l i t a t i v e  changes  in t h e  t ransferases ,  as revea led  
b y  differences  in t he  i n h i b i t o r y  effects of es t radiol-3-  
m e t h y l  e the r  a n d  t he  s te ro id  so lvent ,  p r o p y l e n e  glycol. 
Glucosyl  t r ans fe ra se  (GT) of con t ro l  a n i m a l s  was  sens i t ive  
to propylene glycol inhibition (19~ and 6% inhibition 
being repeatedly observed in fresh and stored prepara- 
tions, respec t ive ly ) ;  p h e n o b a r b i t a l  p r e t r e a t m e n t  of 
an ima l s  abol i shed  th i s  s ens i t i v i t y  of t he  enzyme.  Glucu-  
rony l  t r ans fe r a se  (GAT), on  t he  o the r  hand ,  was i n h i b i t e d  
b y  t he  glycol (10 -16% inh ib i t ion)  on ly  in assays  of fresh 
p r e p a r a t i o n s  f rom e i the r  t y p e  of an i m a l s  ; s to red  p repa ra -  
t ions  were insens i t ive  to  t he  glycol.  E s t r a d i o l - 3 - m e t h y l  

e the r  h a d  a s imi la r  effect  on  b o t h  enzymes :  i t  was  less 
i n h i b i t o r y  in f resh t h a n  in s tored  p r e p a r a t i o n s  f rom con t ro l  
an ima l s  ( inh ib i t ion  of: f resh GT, 58%; s tored  GT, 7 0 % ;  
f resh GAT, 56%,  s tored  GAT,  61%),  b u t  was  equa l ly  
i n h i b i t o r y  in p r e p a r a t i o n s  f rom p h e n o b a r b i t a l  t r e a t e d  
a n i m a l s  i r respec t ive  of s to rage  ( inh ib i t ion  of GT, 6 4 % ;  
GAT, 53.5%).  I t  is i n t e r e s t i ng  t h a t  SHO~aAN et  al. aa h a v e  
obse rved  t h a t  cold s torage  of mic rosomal  p r e p a r a t i o n s  
resu l ted  in p re fe ren t i a l  loss of Type  I b ind ing  s i te  of t he  
c y t o c h r o m e  P-450 redox  sys tem.  Q u a l i t a t i v e  changes  
caused  b y  s torage  of mic rosomal  enzymes  m a y  be  more  
p r e v a l e n t  t h a n  h i t h e r t o  real ized.  Our  s tud ies  underscore  
t he  i m p o r t a n c e  of assays  of glucosyl  and  g lucurony l  t r a n s -  
ferase ac t iv i t i es  in  f resh mic rosomal  p repa ra t ions ,  unless  
a n y  changes  b r o u g h t  a b o u t  b y  s torage  or  pu r i f i ca t i on  
p rocedures  are well  u n d e r s t o o d  a4. 

R&umd. L ' a d m i n i s t r a t i o n  de p h 6 n o b a r b i t a l  g la souris 
a u g m e n t e  l ' ac t iv i t6  de l 'UDP-g lucosy l t r an s f6 r a s ique  dans  
les mic rosomes  h6pa t iques .  On a r e m a r q u 4  que le t r a i t e -  
m e n t  p a r  la drogue,  ou la conse rva t i on  des mic rosomes  g 
- -20~ change  la qua l i t6  et  la q u a n t i t 6  de cet  enzyme,  
a ins i  que  de l ' U D P - g l n c u r o n y l t r a n s % r a s e .  
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