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A d rug ,  (E)-3-[4-(l-imidazolylmethyl)phenyl]-2-propenoic acid, was 
metabolized to 4-(l-imidazolylmethyl)benzoic acid in isolated hepatocytes 
of rats, which was enhanced markedly by the pretreatment of rats with 
clofibrate. With l iver  homogenates, the formation of the CoA-ester of this 
drug and i ts subsequent chain-shortening were demonstrated. In the series 
of these reactions, acyl-CoA synthetase, CoA, ATP and NAD were required, 
whereas cyanide did not inhibi t  the reaction. These results indicate that 
peroxisomes are capable of shortening the acyl side-chains of drugs by the 
B-oxidation, giving an additional suggestion on the functions of 
peroxisomes. © 1984 Acad~ic Press, Inc. 

Some drugs having acyl side-chains in their chemical structures have 

been known to be metabolized oxidatively to give the "chain-shortened 

products, and this reaction has been considered to be catalyzed by the 

mitochondrial B-oxidation. Recently, a fat ty acid oxidizing system, 

different from the mitochondrial system, was discovered in peroxisomes ( I ) .  

This system was found to oxidize very long chain-trans-monounsaturated 

fat ty  acids, known to be poor substrates for the mitochondrial B-oxidation, 

at a similar rate to those of the corresponding cis-isomers (2). In 

addition, i t  was also found that peroxisomal B-oxidation was involved in 

the conversion of 3m,7m, 12m-trihydroxy-5B-cholestanoic acid to cholic acid 

(3) and in the cleavage of cholesterol side-chain (4). Thus, in terms of 

the substrate speci f ic i ty of peroxisomal B-oxidizing system and the 

chemical structures of drugs, this system is possible to take part in the 

metabolism of such drugs. In this paper, peroxisomal B-oxidation of the 

The abbreviations used; IMPP, (E) -3- [4- ( l - imidazo ly lmethy l )pheny l ] -2-  
propenoic acid. IMB, 4-( l - imidazoly lmethyl)benzoic acid. 
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acyl s ide-chain of a drug is described, using ( E ) - 3 - [ 4 - ( l - i m i d a z o l y l m e t h y l )  

phenyl]-2-propenoic acid (IMPP) as a model drug. 

MATERIALS AND METHODS 

ANIMALS AND TREATMENT; Male Wistar rats weighing about 150g were kept on 
a regular  chow d ie t  with or wi thout 0.25% c l o f i b r a t e  for  2 weeks. 

EXPERIMENTS WITH ISOLATED HEPATOCYTES; Hepatocytes were prepared by 
col lagenase-perfusion method according to Moldeus et  a l ,  (5).  IMB-formation 
from IMPP was measured as fo l lows.  The mixture containing Ix lO6ce l l s  of 
hepatocytes and 2.5mM [14C]IMPP (2.2 ~Ci) in a f i n a l  volume of O.5ml of 
Krebs-Henseleit  buf fer  (pH 7.4) was incubated at 37°C, and the a l iquots  of 
50~I were withdrawn at various t ime - i n t e r va l s  and added to aqueous NaOH 
(O, IN in the f i n a l )  containing non- label led IMB as the ca r r i e r .  A f te r  the 
hydro lys is  for  30min at 55°C, the mixtures were a c i d i f i e d  by HCI and were 
subjected to TLC with CHCI3-CH3OH-H20 (65:25:3, by v o l . ) .  The bands corre-  
sponding to the Rf, values of IMB and others were scraped in to  counting 
v i a l s  containing O.5ml of O.5N HCl to s o l u b i l i z e  the metabol i tes and, a f t e r  
the addi t ion of the s c i n t i l l a t i o n  f l u i d ,  the r a d i o a c t i v i t i e s  were measured 
in an Aloka model 903 l i qu i d  s c i n t i l l a t i o n  counter. 

SUBCELLULAR FRACTIONATION; L iver  homogenates (10%, w/v) were prepared in 
0.25M sucrose containing 20mM g l ycy lg l yc ine  (pH 7.4),  and d i f f e r e n t i a l  
cen t r i fuga t ion  was carr ied out according to the method of De Duve et a l .  
(6) .  The p e l l e t  from each step was suspended in the above so lu t ion .  The 
l i g h t  mitochondrial  (L) f rac t i on  was fu r the r  centr i fuged on a discontinuous 
sucrose densi ty  gradient as described prev ious ly  (7).  

ENZYME ASSAYS; The a c t i v i t i e s  of cyan ide- insens i t i ve  f a t t y  acyl-CoA 
ox id iz ing  system, ca rn i t i ne  pa lmi toy l t rans ferase,  catalase, cytochrome c 
oxidase and glucose-6-phosphatase were determined as described prev ious ly  
(7,8) .  Protein concentrat ion was determined by the method of Lowly et a l .  
(9),  

IMPP-CoA ESTER FORMATION; The mixture containing 2.5mM [14C]IMPP 
(O.2~Ci), 2.5mM CoA, 5.0mM ATP, 5.0mM MgCl 2, O.3mg/ml defat ted bovine serum 
albumin, 60mM potassium phosphate (pH 7,4) and an enzyme preparat ion 
(approximately 20~g prote in of l i v e r  homogenate) in a f i n a l  volume of 50~I 
was incubated at 37°C and the a l iquots  of 5~I were withdrawn at various 
t ime - i n te r va l s  and appl ied d i r e c t l y  on t h i n - l a y e r .  A f te r  development, the 
r a d i o a c t i v i t y  of the band corresponding to IMPP-CoA ester was measured as 
described above. For product i d e n t i f i c a t i o n  the aqueous ex t rac t  obtained 
from the band was hydrolyzed, and then devided to CoA and IMPP by TLC. 

IMB-FORMATION FROM IMPP-CoA ESTER; IMPP-CoA ester was prepared by 
incubating the mixture of IMPP, commercial acyl-CoA synthetase (Sigma Co.) 
and others as described above. This was incubated with enzyme preparat ion, 
NAD (ImM), KCN (ImM), Tr i ton  X-lO0 (0.01%) and potassium phosphate buf fer  
(30mM, pH 7.4) in a f i n a l  volume of lO0 ~l fo r  60 min. The enzyme 
preparat ions used were l i v e r  homogenate, L - f rac t ion  from d i f f e r e n t i a l  
cen t r i fuga t ion  and peroxisomal f rac t i on  from sucrose densi ty  gradient 
cen t r i f uga t ion .  The react ion was terminated by the addi t ion of aqueous NaOH 
containing non- label led IMB,  and a l iquots  of the react ion mixture were 
subjected to the analysis of IMB-formation by TLC method described above. 

MATERIALS; (E) -3 - [4 - ( l - Im idazo ly l - [14C]methy l )pheny l ] -2 -p ropeno ic  acid 
(IMPP) and IMB were k ind ly  donated by Central Research Laboratory, Kissei 
Pharmaceutical Co . ,L td . , .  

RESULTS AND DISCUSSION 

When IMPP was administered to rats  o r a l l y  (30 mg/kg), more than 90% of 

dose was excreted in to the urine and feces wi th in  24 h, and the major 
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Fig, l ,  (A); Formation of IMB from IMPP in isolated hepatocytes from 
control (sol ld l ines) and clof ibrate-treated (dotted lines) rats. (B); 
Formation of IMB (sol id l ines) and IMPP-CoA ester (dotted l ines) in l i ver  
homogenates from clof ibrate-treated rats. Incubations were carried out as 
described under MATERIALS AND METHODS. 

metabo l i te  was IMB having a chemical s t ruc ture  two-carbon un i t  less than in 

the acyl chain IMPP-molecule. On the other hand no metabol i te  with less 

one-carbon un i t  was detected. Thus i t  is suggested that  B-ox ida t ion  

pa r t i c i pa tes  in the metabolism of the acyl s ide-chain o f  IMPP, 

As shown in Fig. l ,  the conversion of  IMPP to IMB apparent ly  occurred in 

i so la ted  hepatocytes of rats and the rate of  IMB-formation was enhanced 

markedly by the pretreatment of  rats with c l o f i b ra teo  Lazarow and De Duve 

( I )  have shown the enhancement of  hepat ic peroxisomal B-ox ida t ion  toward 

f a t t y  acyl-CoA in the ra t  t reated with c l o f i b r a t e .  When the l i v e r  homoge- 

nares were used, the IMB-formation proceeded with incubat ion time under 

the condi t ions of peroxisomal B-ox ida t ion  react ion in the presence of  

cyanide, and then the a c t i v i t y  of  the format ion of  IMPP-CoA ester  was much 

higher than above a c t i v i t y .  These resu l ts  suggest tha t  the peroxisomal B- 

ox ida t ion  is involved in the react ion and that  the ac t i va t i on  of  IMPP is 

not a rate l i m i t i n g  in the ra t  l i v e r .  Table I ind icates tha t  the format ion 

of IMPP-CoA ester  is essent ia l  as an in termediary step, since th is  cyanide- 

i nsens i t i ve  IMB-formation depends on acyl-CoA synthetase, CoA and ATP. 

Moreover, the dependence of  the react ion on NAD ind icates the p a r t i c i p a t i o n  

of B-ox ida t ion  in the IMB-formation from IMPP-CoA, When the cyanide, 
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Table I Cofactor requirement for cyanide-insensitive IMB-formation by the 
l ight  mitochondrial fract ion from the l ivers of c lof ibrate-treated rats 

Specific ac t i v i t y  (U/mg protein) 

Complete assay system 2.31 

- Acyl-CoA synthetase 1.12 

- C o A  0 

- ATP 0.16 

- NAD 0 

- KCN 3.34 

a potent i n h i b i t o r  fo r  mi tochondr ia l  B-ox ida t ion ,  was omitted from the 

react ion mixture, the a c t i v i t y  increased by about 50% compared with 

complete system. Thus, i t  seems that  the mi tochondr ia l  B-ox ida t ion  can also 

be concerned wi th IMB-formatat ion, 

The subce l l u la r  d i s t r i b u t i o n  of the a c t i v i t y  of  the cyan ide - insens i t i ve  

IMB-formation in the ra t  l i v e r  was i l l u s t r a t e d  in Fig.2.  The a c t i v i t y  was 

exc lus i ve l y  seen in the l i g h t  mi tochondr ia l  f r a c t i o n ,  and the d i s t r i b u t i o n  

pat tern was s im i l a r  to those of  marker enzymes fo r  peroxisomes, such as 

catalase and cyan ide - insens i t i ve  f a t t y  acyl-CoA ox id i z i ng  system. The 

d i s t r i b u t i o n  of th is  a c t i v i t y  was fu r the r  confirmed by the subsequent 

f r a c t i o n a t i o n  of the l i g h t  mi tochondr ia l  f r ac t i on  in sucrose densi ty  

grad ient .  When th is  a c t i v i t y  was estimated to the homogenate leve ls ,  i t  

was s u f f i c i e n t  to account fo r  the rate of IMB-formation in i so la ted  

hepatocytes and the u r ina ry  excre t ion o f  th i s  metabo l i te .  

These resu l ts  ind ica te  that ,  in the l i v e r  of  rats,  IMPP is ac t iva ted to 

the IMPP-CoA ester  in a s i m i l a r  manner to f a t t y  acids and then converted 

to IMB by B-ox ida t ion  and tha t  peroxisomes have a potency to metabol ize the 

acyl s ide-chain o f  th is  drug. Since peroxisomal B-ox ida t ion  is not d i r e c t l y  

l inked to ox ida t i ve  phosphory lat ion,  i t  appears less e f f e c t i v e  as an energy 

generat ing system. I t  has been pointed out that  one of  the phys io log ica l  

s ign i f i cances of  peroxisomal B-ox ida t ion  is the chain shortening o f  long 

chain f a t t y  acids to produce bet te r  substrates fo r  mi tochondr ia l  B- 
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Fi9,2, (A); Subcel lu lar  d i s t r i b u t i o n  of enzyme a c t i v i t i e s  a f te r  d i f f e ren -  
t i a l  cen t r i fuga t ion  of l i v e r  homogenates from c l o f i b r a t e - t r e a t e d  rats .  
Columns represent, from l e f t  to r i gh t ,  nuclear, heavy mi tochondr ia l ,  l i g h t  
mi tochondr ia l ,  microsomal and supernatant, a: catalase, b: cyanide- 
insens i t i ve  f a t t y  acyl-CoA ox id iz ing  system, c: cyan ide- insens i t ive  IMB- 
formation, d: cytochrome c oxidase, e: ca rn i t i ne  pa lmi toy l t ransferase,  
f :  glucose-6-phospbatase. The uni ts of the above enzyme a c t i v i t i e s  were 
expressed as nmols of substrates or cofactors transformed per min, except 
for  both a and d which were as in (7) .  (B); Subfract ionat ion of  the l i g h t  
mitochondrial  f rac t ion  by sucrose densi ty gradient  cen t r i fuga t ion ,  a-e 
ind icate the same enzyme a c t i v i t i e s  as above, and f :  p ro te in .  

o x i d a t i o n ,  when the u t i l i z a t i o n  o f  f a t t y  ac ids  are s t i m u l a t e d  l a r g e l y  as an 

energy source in s t a r v a t i o n  ( I 0 ) ,  f eed ing  h i g h - f a t  d i e t  ( 2 , 1 1 ) ,  d i abe tes  

(12) o r  b i r t h  and development  ( 13 ,14 ) .  In the p resen t  s tudy ,  our  f i n d i n g s  

g i ve  an a d d i t i o n a l  sugges t ion  t h a t  perox isomes p lay  an i m p o r t a n t  r o l e  f o r  

the metabo l i sm o f  x e n o b i o t i c  acyl  compounds, Recent ly ,  Ca ldwe l l  (15)  

ment ioned t h a t  x e n o b i o t i c  acyl -CoA spec ies  l i k e l y  p l a y  a c r i t i c a l  r o l e  in  

the metabo l i sm,  pharmacology and t o x i c i t y  o f  a wide v a r i e t y  o f  x e n o b i o t i c  

c a r b o x y l i c  ac ids ,  The re fo re ,  f u r t h e r  a t t e n t i o n s  need to  be payed about the 

r e l a t i o n s h i p  between perox isoma l  B - o x i d a t i o n  and the metabo l i sm o f  

x e n o b i o t i c  acy l  compounds in  the body, 

1 2 7  
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