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When the regression lines had been fitted to each 
replicate the position of the GuPTA estimate relative to 
the fitted line was examined (Table IV). In most instances 
the GUPTA estimate fell above the line and, as these were 
the higher doses, the effect of using these estimates was 
thus generally to increase the slope of the line compared 
with the value tha t  would have been obtained if the 
doses at  which censoring occurred had been omitted. 
When censoring occurred at  more than  one dose, i t  was 
essential to est imate the response at  these doses and the 
results show tha t  omission of the highest dose, when it  
alone was associated with prolonged narcosis, would 
generally have led to reduced estimates of potency. When 
regression lines had been obtained for each replicate, 
they were compared before a combined line, corrected 
for individual control values, was computed for each 
drug. In only one drug was incompatibil i ty of replicates 
detected and in all drugs where censoring without death 
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Fig. 2. Relationship between means and standard errors computed 
by GUpTA method, a} 7 observations from sample size 8. b) 3 observa- 
tions from sample size 8. 

Table IV. Distribution of 61 GUPTA means in relation to fitted 
linear regression line 

N u m b e r  of s leeping  t imes  o b s e r v e d  

2 3 4 5 6 7 To ta l  
Dose 5 
A b o v e  l ine 2 7 6 4 3 7 29 

T o t a l  3 9 6 5 3 10 36 

Doses 3 a n d  4 
A b o v e  l ine 2 1 4 2 3 5 17 

T o t a l  2 2 4 3 4 10 25 

occurred the combined estimate indicated that  the drug 
was active. 

In general, the replicated results obtained using the 
CTUPTA method for censored samples were comparable, 
even when censoring only occurred in some replicates. 
In some drugs where censoring did not  occur over" the 
selected dose range but  individual replicates showed a 
consistent slight trend with dose, repeated replication 
was necessary before the slope could be established as 
significant at  the 5% level. This suggests that  in experi- 
ments of this type the experimenter can obtain unequi- 
vocable results with fewer replications by using a dose- 
range tha t  produces some censored samples. 

I t  may thus be concluded that  the GUPTA method of 
computing means for censored samples was satisfactory, 
leading to estimates tha t  were reasonably distributed 
about the cut-off point  and plausibly related to adjacent 
dose estimates. The effect was in general to increase the 
slope of the fi t ted linear regression which may have 
indicated that  the log response-log dose relationship was 
in some instances non-linear at these doses. The purpose 
of the experiments was, however, to relate the potency 
of a series of drugs over the same dose-range and for 
these purposes significant potency could be more rapidly 
determined when the upper doses of the range lead to 
censored samples in some or all replicates. 

Zusammen/assung. Es werden Methoden der Dosis- 
Effekt-Analyse verglichen, die es erlauben, nicht mehr 
gemessene %¥erte in h6heren Dosisbereichen zu sch~tzen. 
Obwohl die Daten eng beieinander liegen, ergab die yon 
GUPTA s 1952 entwickelte Methode zur Best immung yon 
Mittelwerten befriedigende Sch~tzungen, verifiziert durch 
die Obereinstimmung innerhatb der Gruppen. 
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a P r e sen t  af f i l ia t ion a d d r e s s :  S w e t l a n d  Pro fesso r  of E n v i r o n m e n t a l  
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E t h y l - a - p - C h l o r o p h e n o x y i s o b u t y r a t e  I n d u c e d  H e p a t i c  M i c r o b o d y  P r o l i f e r a t i o n  in  Rat  L i v e r  a n d  
U b i q u i n o n e  C o n c e n t r a t i o n  

Male rats fed ethyl-a-p-chlorophenoxyisobutyrate 
(CPIB), a hypolipidemic drug, show a significant increase 
in the number of hepatic microbodies (peroxisomes) to- 
gether with a two-fold increase in the content and act ivi ty  
of catalase protein, one of the principal enzymes of micro- 
bodies 1-4. The precise mechanism by which CPIB elicits 
the hypolipidemic effect and microbody proliferative re- 
sponse is not understood. Accumulated experimental evi- 
dence suggests tha t  the hypolipidemic property and the 

• microbody proliferating effect are possibly two indepen- 

dent actions of CPIB and may not interrelate with one 
another 5, s. 

The work of I~AMASARMA et al. 7-1° demonstrated 1. 
that  CPIB and ubiquinone (co-enzyme Q) have remark- 
ably similar effects on inhibition of hepatic synthesis of 
cholesterol and lowering of serum sterol concentration, 
2. that  CPIB increased ubiquinone concentration in the 
liver to the same extent  as did feeding with exogenous ubi- 
quinone and 3. tha t  the catabolism of ubiquinone was lo- 
wered with CPIB administration. From these results it 
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Fig. 1. Numerous mierobodies (Mb) are seen in liver parenchymal ceils of male rats treated with CPIB for 3 weeks, X 9,600. Fig. 2. The mi- 
crobody (Mb) number appeared unchanged in livers of rats treated with varying doses of ubiquinone. × 9,600. 

was  sugges ted  t h a t  C P I B  poss ib ly  exe r t s  i t s  ac t ion  b y  ele- 
v a t i n g  t h e  c o n c e n t r a t i o n  of u b i q u i n o n e  in  t h e  l iver,  w h i c h  
is t h e n  re spons ib le  for  t h e  i n h i b i t i o n  of s t e ro l  s y n t h e s i s  3 

T h e  p r e s e n t  s tud ies  v/ere u n d e r t a k e n  to  d e t e r m i n e  t h e  
re la t ionsh ip ,  if  any,  of inc reased  u b i q u i n o n e  levels  in  t h e  
l iver  to  e n h a n c e d  ca ta l a se  a c t i v i t y  a n d  m i c r o b o d y  prol i -  
f e r a t i on  re su l t ing  f rom the  a d m i n i s t r a t i o n  of CPIB .  Groups  
of ma le  F-344 r a t s  (A. R.  S c h m i d t  Co., Madison,  Wiscon-  
sin) we igh ing  125-150 g were a d m i n i s t e r e d  ub iqu inone -45  
(a gif t  f r om Prof.  O. WIss ,  H o f f m a n n - L a R o c h e . ,  Basel ,  
Swi tzer land)  ora l ly  b y  s t o m a c h  t u b e  in da i ly  doses of 
2.5 to  25 mg, for  3 weeks.  T h e  a d m i n i s t r a t i o n  of exogen-  
ous  u b i q u i n o n e  will ensu re  h i g h  levels  of u b i q u i n o n e  con-  
c e n t r a t i o n  in t h e  r a t  l iver,  c o m p a r a b l e  to  t h e  levels  a t t a i n -  
ab le  b y  feeding C P I B  s, 10. L i v e r  b iops ies  were  o b t a i n e d  a t  
1, 2 a n d  3 weeks,  f ixed  for  1 h in  29~ o s m i u m  t e t r o x i d e  
buf fe red  w i t h  S-col l idine a t  p H  7.4, a n d  were  processed  
for  e l ec t ron  mic roscopy  2. H e p a t i c  c a t a l a se  a c t i v i t y  was  
d e t e r m i n e d  b y  t h e  m e t h o d  of  LOCK n f rom 5 %  l iver  h o m o -  
gena t e s  p r e p a r e d  accord ing  to  GANSCHOW a n d  SCmMKE ~*. 
T h e  morpho log ic  a n d  b iochemica l  f ind ings  are  c o m p a r e d  
w i t h  a n i m a l s  fed C P I B  (gift f r om Dr.  JEROME NOBLE, 
A y e r s t  Labora to r i e s )  a t  a c o n c e n t r a t i o n  of 0 .25% in d ie t  
for  s imi la r  per iods .  

The  l iver  p a r e n c h y m a l  cells of ma le  r a t s  t r e a t e d  w i t h  
C P I B  for  3 weeks  r evea led  a s ign i f i can t  increase  in t h e  
n u m b e r  of mic robod ie s  (F igure  1). I n  con t ras t ,  however ,  
t h e  m i c r o b o d y  n u m b e r  in  t h e  l iver  cells a p p e a r e d  un-  
a l t e red  in r a t s  t r e a t e d  w i t h  v a r y i n g  c o n c e n t r a t i o n s  of ubi -  
q u i n o n e  for 3 weeks  (F igure  2). C P I B  t r e a t m e n t  signifi-  
c a n t l y  inc reased  t h e  ca t a l a se  a c t i v i t y  in  t h e  l iver,  closely 
pa ra l l e l ing  t h e  increase  in m i c r o b o d y  n u m b e r ,  b u t  t h e  ad -  
m i n i s t r a t i o n  of u b i q u i n o n e  d id  n o t  inc rease  t h e  ca t a l a se  
a c t i v i t y  s ign i f i can t ly  (Table) .  I t  is a p p a r e n t  there fore ,  

Liver catalase activity in male rats treated with ubiquinone and 
CPIB for 3 weeks 

Group No. of rats Catalase Activity 
(Units/mg protein) 
Mean :t: standard error 

Untreated control 5 40 :t~ 1.65 
Ubiquinone (25 mg/daJly) 4 45 ~ 2.18 
CPIB (0.25% in diet) 6 87 ± 4.75 

• Similar values of eatalase activity were observed when ubiquinone 
was administered in daily doses of 2.5, 5 or 10 mg. 
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t h a t  a d m i n i s t r a t i o n  of exogenous  u b i q u i n o n e  in  concen-  
t r a t i o n s  of 2.5 m g  to  25 m g  da i ly  for  3 weeks,  h a d  no  
app rec i ab l e  ef fec t  on  t h e  n u m b e r  of m i c r obod i e s  or  o n  ca- 
t a l a se  a c t i v i t y  in  m a l e  r a t  l iver .  A l t h o u g h  t h e  increase  in  
u b i q u i n o n e  c o n c e n t r a t i o n  in  l iver  r e s u l t i n g  f rom C P I B  
t r e a t m e n t  is sugges ted  to  b e  r e spons ib l e  for  t h e  i n h i b i t i o n  
of s te ro l  syn thes i s  a n d  c o n s e q u e n t  lower ing  of s e rum s te ro l  
c o n c e n t r a t i o n  7, s, t h e  resu l t s  of t he  p r e s e n t  i n v e s t i g a t i o n  
i nd i ca t e  t h a t  u b i q u i n o n e  pe r  se does  no t  a p p e a r  to  be in- 
v o l v e d  in  t h e  m i c r o b o d y  p ro l i f e ra t ion  a n d  in  t h e  increase  
in  ca t a l a se  a c t i v i t y  t h a t  a c c o m p a n i e s  t h e  a d m i n i s t r a t i o n  
of C P I B .  Since a d m i n i s t r a t i o n  of exogenous  u b i q u i n o n e  
fa i led  to  increase  m i c r o b o d y  n u m b e r  a n d  ca t a l a se  a c t i v i t y  
in  m a l e  r a t  l iver ,  b u t  is k n o w n  to  i n h i b i t  cho les te ro l  b io-  
s y n t h e s i s  g, lO, i t  is l ike ly  t h a t  t h e  h y p o l i p i d e m i c  effect  a n d  
m i c r o b o d y  p ro l i f e r a t ive  ef fec t  a re  t w o  i n d e p e n d e n t  pro-  
pe r t i e s  of  C P I B  w i t h  d i f fe r ing  m e c h a n i s m s  of  ac t ion .  I t  
is poss ib le  t h a t  t h e  h y p o l i p i d e m i c  ef fec t  of C P I B  m a y  be  
m e d i a t e d  t h r o u g h  e l e v a t i o n  of u b i q u i n o n e  c o n c e n t r a t i o n  
as sugges ted  b y  RAMASARMA et  a13, s, b u t  t h e  m i c r o b o d y  
p ro l i f e r a t ive  a c t i o n  a p p e a r s  u n r e l a t e d  to  inc reased  ubi-  
q u i n o n e  levels.  These  resu l t s  p r o v i d e  f u r t h e r  s u p p o r t  for  
t h e  h y p o t h e s i s  t h a t  t h e  h y p o l i p i d e m i c  ef fec t  a n d  micro-  
b o d y  p ro l i f e ra t ive  effect  m a y  be  two  i n d e p e n d e n t  ac t ions  

of C P I B  5, 6. However ,  t he  poss ib i l i ty  t h a t  t h e  increase  in 
u b i q u i n o n e  c o n c e n t r a t i o n  r e su l t i ng  f rom t h e  a d m i n i s t r a -  
t ion  of  C P I B  m a y  n o t  be  r e l a t ed  to  C P I B - i n d u c e d  inh ib i -  
t i on  of cho les te ro l  s y n t h e s i s  c a n n o t  be  e x c l u d e d  x3. 

Zusammen/assung. V e r a b r e i c h u n g  v o n  k 6 r p e r f r e m d e m  
U b i q u i n o n  a n  R a t t e n  v e r u r s a c h t  ke ine  v e r m e h r t e  Akt i -  
vi tAt  de r  Lebe rka t a l a se ,  die m i t  de r j en igen  n a c h  C P I B -  
Med ika t ion  v e r g l e i c h b a r  w~tre. Es  wird  a n g e n o m m e n ,  
dass  die h y p o c h o l e m i s c h e  A k t i o n  yon  C P I B  n i c h t  yon  
e iner  S t e i g e r u n g  de r  h e p a t i s c h e n  U b i q u i n o n - K o n z e n t r a -  
t i on  beg le i t e t  ist. 
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E f f e c t  o f  F a t t y  A c i d s  o n  F e t a l  R a t  B o n e  in  C u l t u r e  

Severa l  r e c e n t  s tud ies  sugges t  t h a t  l ip ids  m a y  inf luence  
b o n e  resorp t ion .  I n  our  own  inves t iga t ions ,  we found  t h a t  
a n  a l b u m i n  p r e p a r a t i o n  w h i c h  h a d  been  t r e a t e d  w i t h  ac t i -  
v a t e d  cha rcoa l  was  m u c h  less a c t i v e  in caus ing  r e so rp t ion  
in  cu l t u r e  t h a n  t h e  a l b u m i n  f rom w h i c h  i t  h a d  been  pre-  
p a r e d  1 A c t i v a t e d  cha rcoa l  t r e a t m e n t  h a s  b e e n  r e p o r t e d  
to  e f fec t ive ly  r e m o v e  f a t t y  ac ids  f r o m  a l b u m i n  *,s. I n  
o t h e r  s tudies ,  i t  h a s  b e e n  n o t e d  t h a t  p r o s t a g l a n d i n s ,  f a t t y  
ac id  de r iva t ives ,  s t i m u l a t e  b o n e  r e s o r p t i o n  in  v i t ro* .  
F ina l ly ,  severa l  r e c e n t  p u b l i c a t i o n s  i n d i c a t e  t h a t  a n u m -  
be r  of s u b s t a n c e s  a l t e r  t h e  l ip id  c o m p o s i t i o n  of b o n e  s-s. 
A l t h o u g h  these  l a t t e r  s tud ies  do  n o t  necessa r i ly  i m p l i c a t e  
l ip ids  in  t h e  process  of b o n e  resorp t ion ,  t h e  f ac t  t h a t  m a n y  of 
t h e  a g e n t s  w h i c h  were  s h o w n  to  a l t e r  b o n e  l ip ids  also a f fec t  
b o n e  r e so rp t ion  raises  t h e  poss ib i l i ty  of a role of l ipids  in 
r e so rp t ion .  To p u r s u e  t h i s  ques t i on  fu r the r ,  we h a v e  in- 
v e s t i g a t e d  t h e  effects  of severa l  f a t t y  ac ids  on  b o n e  re- 
so rp t i on  in  v i t ro .  

De t a i l s  of t h e  m e t h o d s  used  h a v e  b e e n  p u b l i s h e d  pre-  
v ious ly  9-n .  P a i r s  of fe ta l  r a t  r ad i i  a n d  u l n a e  p re l abe l l ed  
w i t h  Ca 46 were  c u l t i v a t e d  for  72 h.  T h e  i n c u b a t i o n  me-  
d i u m  was  a mod i f i ed  B G J  n c o n t a i n i n g  e i t h e r  a c t i v a t e d  
c h a r c o a l - t r e a t e d  b o v i n e  s e r u m  a l b u m i n  ( ' f a t t y  ac id  free '  
f r a c t i on  V, P e n t e x )  or  a l b u m i n  m o n o m e r  o b t a i n e d  b y  
c o l u m n  c h r o m a t o g r a p h y  of r a t  s e rum a l b u m i n  on  Se- 
p h a d e x  G-200. F a t t y  ac ids  were  e i t he r  c o n v e r t e d  to  
sod idm sa l t s  a n d  c o m p l e x e d  to  t h e  a l b u m i n  or d issolved 
in  a lcohol  a n d  a d d e d  d i r ec t ly  to  t he  cu l tu re  m ed i um .  T he  
p H  of t h e  m e d i u m  a f t e r  al l  a d d i t i o n s  was  iden t ica l  for al l  
m e d i a  in  a g i v e n  e x p e r i m e n t  a n d  v a r i e d  b e t w e e n  exper i -  
m e n t s  f r o m  7.4 to  7.5. A t  t h e  e n d  of i n c u b a t i o n  t h e  bones  
were  e x a m i n e d  gross ly  for  ev idence  of r e so rp t ion  a n d  t h e n  
e x t r a c t e d  w i t h  0.1 N HC1. T h e  Ca 4~ in a l i quo t s  of cu l t u r e  
m e d i u m  a n d  b o n e  e x t r a c t s  was  d e t e r m i n e d  a n d  t he  re- 
su l t s  expres sed  as p e r c e n t  of b o n e  ca l c ium re leased  in to  
t h e  m e d i u m .  S t a t i s t i c a l  s ign i f icance  was  e s t i m a t e d  b y  
S t u d e n t ' s  t - tes t  1~. F o r  s t u d y i n g  t h e  in f luence  of t he  f a t t y  
acids  on  ca l c ium b i n d i n g  b y  t h e  a l b u m i n s ,  1 m l  of 50 mg]  
m l  a l b u m i n ,  w i t h  or w i t h o u t  f a t t y  acid,  was  d ia lyzed  for  

4 h a t  37°C aga in s t  20 ml  of cu l tu re  m e d i u m  to  w h i c h  
0.1 ~tc Ca *s h a d  been  added .  

Pa lmi t i c ,  oleic a n d  s t ea r i c  acids,  a d d e d  as t h e i r  sod ium 
sa l t s  complexed  to a l b u m i n ,  all  s t i m u l a t e d  Ca 45 release 
f rom fe ta l  r a t  bone  in v i t r o  (Figure) .  S ign i f i can t  effects  
were  e l ic i ted  a t  a f a t t y  ac id  c o n c e n t r a t i o n  of 0.08 m M  a n d  
m a x i m a l  responses  were  seen  w i t h  0.16 m M  f a t t y  acid in 
t h e  m e d i u m .  A t  h i g h e r  c o n c e n t r a t i o n s  less s t i m u l a t i o n  
was  o b t a i n e d .  The  inc rease  in  m e d i u m  Ca *s was  accom-  
p a n i e d  b y  gross ev idence  of r e so rp t ion .  S t i m u l a t i o n  of 
Ca  4~ re lease  was l ikewise seen w h e n  f a t t y  acids were a d d e d  

Table I. Effects of added fatty acid or triglyceride on Ca 4~ release from 
fetal rat bone in vitro 

Fat added N Bone Ca 45 released (%) P 

None 22 19.7 -4- 0.6 
Oleie acid, 0.1 mM 9 21.2 4- 0.9 n.s. 
Oleic acid, 0.3 mM 4 25.8 4- 1.8 <0.01 
Palmitic acid, 0.1 mM 4 20.6 + 1.1 n.s. 
Palmitic acid, 0.3 mM 9 22.4 4- 0.9 <0.05 
Stearie acid, 0.1 mM 8 19.1 + 1.1 n.s. 
Stearic acid, 0.3 rnM 4 27.3 4- 3.0 <0.001 
None 4 19.8 + 1.4 
Tripalmitin, 0.05 mM 4 19.6 + 4.4 n.s. 
None 4 15.6 ± 0.5 
Triglyceride emulsion 4 15.5 4- 0.5 n.s. 
equivalent to 0.3 mM 
fatty acid 

All cultures contained 1 mg/ml activated charcoal-treated bovine 
serum albumin fraction V, N values are numbers of bone pairs. Values 
given as means zk standard errors, p values based on comparison with 
Ca 45 release from cultures with no fat added, 


