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Abstract- The administration of a hypocholesterolemic agent. 3-[4-(l-ethoxycarhonyl-l-methyletho\y)- 
phenyll-5-(3-pyridyl)-1.2,4-oxadiazole (AT-3081. to rats induced hepatomcgaly accompanying a \lgmti- 
cant proliferation of microbodies. AT-308 and some related compounds were given to rats to investigate 
the relationship between chemical structures of the test compounds and their several bIological effects 
including hypocholesterolemic effect. proliferation of hepatic microbodies. induction of liver catalase 
activity and drug-metabolizing enzyme activity as mamfested by pentoharhital sleeping time. The results 
obtained are as follows. First the administration of AT-308 or clofihrate to rats fed a basal or high 
cholesterol diet produced a significant increase in the number of hepatic microbodies. especially 01 
anucleoid tvoe. The administration of 3-~4-(2-diethvl-am~noethoxv)phenvll-5-(3-~vr~dv~)-l.?.4-oxad~arole 
(AT-293) inb;ced a slight increase m the-number ol’hepatic microLAdies: and 3.5-;li-(3-pyridyl)-l.2.4-o~a- 
diazole (AT-232) did not produce such an increase at all. Second, the liver catalase activity lncrcascd 
in the AT-30% and clofibrate-treated groups. hut the increase of the latter was less prominent than 
that of the former. Third, the administration of AT-308 or clofibratc. but not of AT-293 or AT-737. 
shortened the duration of pentoharhital anesthesia. These results suggest that the proliferation of hepatic 
microbodies with AT-308 administration may be ascribable to a clofihratc-like side chain in the mol- 
ecule of AT-308 and not to its 1.2.4.oxadiazole moiety. 

Clofibrate. a widely used hypocholesterolemic agent, 
was reported to be of relatively low toxicity. Hepato- 
megaly was the most remarkable manifestation in rats 
treated with it [I, 21 and there was a marked prolifer- 
ation in the number of hepatic microbodies (peroxi- 
somes) together with an increase of protein content 
in the liver [3,4]. Although the precise physiological 
significance of hepatic microbodies and of oxidative 
enzymes in them is not fully elucidated, there is a 
suggestion that the proliferation of hepatic microbo- 
dies induced by some hypocholesterolemic agents has 
a close relation to their hypocholesterolemic acti- 
vity [4-61. The administration of a hypocholesterole- 
mic agent, 3-[4-(l-ethoxycarbonyl-l-methylethoxy)- 
phenyll-5-(3-pyridyl)-1,2,4-oxadiazole (AT-308) or a 
related compound produced an enlargement of the 
liver like that of clofibrate [7]. 

The present study was undertaken to investigate 
the relationship between chemical structures of the 
test compounds and their several biological effects in- 
cluding hypocholesterolemic effect. proliferation of 
hepatic microbodies. induction of liver catalase ac- 
tivity and drug-metabolizing enzyme activity as mani- 
fested by pentobarbital sleeping time. 

MATERIALS AND METHODS 

Materids. The derivatives of 1,2,4-oxadiazole 
(AT-308), 3-[4-(2-diethylaminoethoxy)phenyl]-5-(3- 
pyridyl)-1,2.4-oxadiazole (AT-293) and 3.5-di-(3-pyri- 
dyl)-1,2.4-oxadiazole (AT-232) were synthesized by 
Dr. S. Yurugi of the Medicinal Research Laboratories 

of our company. Clofibrate was supplied by Shlruoka 
Caffeine Kogyosho Co. The structures of the test 
compounds are shown in Fig. I. 

Animds cd trrutment. Male Sprague Dawley 
(JCL:SD. CLEA Japan Inc.) rats, from 5 to 7 weeks 
in age, were used. Rats were maintained on a pow- 
dered basal diet (CE-2. CLEA Japan Inc.) before ex- 
periments. The rats received the powdered basal diet 
or a high cholesterol diet containing the test com- 
pounds for 7 days. A high cholesterol diet consists 
of IO,, cholesterol. 0.2” D sodium cholate and 5”,, olive 
oil in the powdered basal diet. After rats were fed 
the experimental diets for 7 days, pcntobarbital (Nem- 
butal. Dainippon Pharmaceutical Co.) was injected 
intravenously at a dose level of 40 mg!‘kg to the rats, 
and the duration of sleep was determined by judgmg 
a loss of righting reflex. Rats were killed by decapi- 
tation and the liver was immediately excised and 
weighed. 

Determirlation of’plnsmtt cl~olcstc~ro/. Plasma choles- 
terol was determined according to the method of 
Abell er al. 181. 

ilsscl~ 01 litw ctrtct1a.w rrrui tm2tlJ 0.~itlose trctiriti6~s. 

Prior to measurement of enzyme activity. the homo- 
genate was treated with deoxycholate and then 
diluted with water. The activities of catalase (EC 
1.11.1.6) and urate oxidase (EC 1.7.3.3) were deter- 
mined spectrophotometrically as described by Gan- 
show and Schimke [9] and London and Hudson [IO] 
respectively. The calculation of enzyme activities was 
made according to the method of Krishnakantha and 
Kurup [I I]. Total protein was measured with Folin’s 
reagent according to the method of Lowry et trl. [I Z]. 
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Fig. I. Structural formulas of 3-~4-(l-ethoxycarbonyl-l-methylethoxy)phenyl]-5-(3-pyr~dyl)-l.7.4-o~.ad1a- 
7oIe (AT-XIX), i-[4-(~-diethylaminoethoxy)-phenyl]-S~(~-pyridyl)-l.L.4-oxadi;trolc (AT-2Y3). .1.5-&(!-p~r- 

idyl)-1,2.4-oxadiazole (AT-X) and ethyl r-p-chloroph~noxyisohutyrate (clofibrate), 

Morphologic procedures. After removal from the 
lobus sinister medialis of the liver, three thin slices 
were cut and diced into the usual tissue cubes of 
about 1 mm diameter. These were fixed in 2”,, osmium 
tetroxidc (0.05 M phosphate buffer, pH 7.4) for 2 hr 
and then washed in the same buffer for 24 hr. The 
tissue was dehydrated in a graded series of ethanol 
and embedded in Epon 8 12. The blocks were sec- 
tioned on an LKB 4X00 Ultrotome 1 with a glass 
knife. After staining with uranyl acetate [ 131 and lead 
citrate 1141. the sections were examined with a JEM 
1OOB (JEOL Ltd.) electron microscope at XQ kV. Mor- 
phometric analyses were conducted on four sections 
of three randomly chosen tissue hiocks from each am- 
mal. Three photographs were consistently taken in 
the hepatocyte central zone of the hepatic lobule that 
was preselected. The initial plate magnification was 
4.802 x and final print magnification was 10,564 x. 
The microscope was calibrated by photographing a 
carbon grating replica with 2X.500 lines in. prior to 
each photographic session throughout the study. 
Magnification was found to vary by less than 5 per 
cent. 

Statistical method. Student’s f-test was used for stat- 
istical analysis. 

RESLLTS 

Litw microbodies. The administration of AT-30X or 
clofibrate induced a significant proliferation of micro- 
bodies in the rat liver (Table I). A representative 
photograph of hepatocytes treated with AT-30X is 
shown in Fig. 2. With regard to microbody profile. 
the number of microbodies. especially of anucleoid 
type, increased and the size of the microbodies was 
enlarged (Table I). As the proliferation of microbodies 
was observed in both normocholesterolemic and 
hypercholesterolemic rats treated with AT-308 or cto- 
fibrate, experiments were performed thereafter only 
in normocholesterolemic rats fed the basal diet. There 
was little increase of microbodies in rats treated with 
AT-293 and a decrease in the AT-232-treated group. 

Liver cat&se md urate ovidase activiticJ.s and pento- 
barbital sleeping time. Liver catalase activity of rats 
treated with AT-308 increased to approximately the 
same level as with clofibrate. whereas liver urate oxi- 
dase activity did not change or slightly decreased 

(Table 7). The increased activity of liver catalase of 
rats treated with AT-308 was associated with a de- 
crease in pentobarbital sleeping time, whereas liver 
catalase activity and pentobarbitat sleeping time 
remained unchanged in AT-293 or AT-2X2-treated 
rats (Fig. 3). 

Hepatomegaly was the most remarkable manifes- 
tation in rats treated with clofibrate. The administra- 
tion of a hypoch~~lesterolemic agent AT-30X or its 
related compounds (AT-293 and AT-232) produced 
a similar enlargement of the liver [7], The etiology 
of the hepatomegaly induced by thcsc agents ts not 
precisely understood at present. A possible relation- 
ship between hepatic microbodies and cholesterol 
metabolism was suggested by some 
reports [4,5.15-191. but another investigator showed 
that the proliferation of hepatic microbodies induced 
by clofibrate was independent of its hypocholesterole- 
mic effect [20]. All of the agents used in our experi- 
ments had hypocholesterolemic activity. The adminis- 
tration of AT-30X, clofibrate. AT-293 and AT-232 
caused a decrease of plasma cholesterol in hypercho- 
lesterolemic rats. as reported in the previous 
paper [7]. In the case of ~lormoch~~iesterolemic rats, 
AT-30X. clofibrate and AT-293 depressed the plasma 
cholesterol level (see Table I). The administration of 
AT-30X produced, as did clofibrate, proliferation of 
hepatic microbodies together with an increase of liver 
catatase activity. whereas little or no increase of hepa- 
tic microbodies and liver catalase activity was found 
in rats treated with AT-293 or AT-332. Therefore. it 
is presumed that all of the hypocholesterolemic agents 
do not necessarily produce proliferation of hepatic 
microbodies. However, we do not presume that the 
proliferation of hepatic microbodies induced by 
AT-308 or clohbrate is independent of their hypocho- 
lesterolemic effects. 

There are two types of microbodies. nucleoid and 
anucleoid, in the liver. It has been shown that liver 
urate oxidase is almost exclusively localized in the 
core of the microbodies and catalase is in the 
matrix [21&24]. The administration of AT-30X pro- 
duced mainly an increase in the number of anucleoid 
microbodies and caused an increase of liver catalase. 
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Fig. 2. Representative ~~~~t~~rap~ of hepatncyte by electron microscopy. (ai C~>ntrul; &I IZT-NX wa5 
given to the rat at a dietary concentratmn of WY,, for 7 days. The numhcr of m~robod~c~ especially 
the anuclenid type. increased and the sk of the microbodles was enlarged. Final pt-rnt magnitications 

wcrc hoth 4tlW x 

not of urate oxidase activity, similar to ciofihrate [25]. centration of ;tctive untalasc in ncwty formed micro- 

The increase in liver catalase activity did not correlate bodies [X]. 
welt in degree with the increase in the number of Although microbodirs arc v&l recognized as 
hepatic microbodies. Such as inconsistency was also spcciafized organctis rich in H,Oz-producing and 
noticed in rats treated with methyl clofenapate. clofi- -consuming enzymes. their biological significance is 
brate or nafenopin and was ascribed to the low con- not precisely understood. and there is some argument 

Table 2. JXect of AT-3OY or clofihrate on liver oatalase and ur:\tc cluidase acti\itics* 

Group 
Doss Cat&se activity lfratc 0Xi&lSr: itCttVltV 

lper cent in diet) (m-molesimin:mg protein) tnmolcs mln mg protejn] 

Control 
AT-308 

Clot%-ate 
-.----_-- ~ -..ll-.“_l- 

* Rats were given the compounds for 7 days. Each group conslstcd 01 four rat5 Catulase 
activity was assayed m media containing 20 m&l H20z and 50 mM phosphate hufTer. pW 
7.0. Urate oxidasc activity was assayed in media containing 0.257 mM uric acid. 0 65 mM 
lithium carbonate and 0.1 M borate buffer. pH 0.J. 

i Stattskafly signiiicant at P = 0.05 against the rtqectivr conrr<ll pr$mp_ 
$ Statisticany sqmificanr at P = O.CfI against the FeS$Xctivc contr<~l gr<Wp 
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Fig. 3. Eikct of AT-30X and its related compounds on liver catalase and pento~~rbital sleeping time. 
After rats were fed the experimental diets for 7 days. pentobarbitai was injected intravenously at 
a dose level of 40mgikg to the rats, and the duration of sleep was determmed by Judging the loss 
of the righting reflex. Then, the rats were killed by decapitation and the liver was immediately excised 
for liver catalase assay. Values were statistically significant at P = 0.05(*). 0.01(*+) and O.t)Ol(***) against 

the respective control groups. 

as to whether or not the proliferation of hepatic mic- 
robodies is a sign of toxicity in animals [27. 2X]. 

Another effect of clofibrate on liver is the induction 
of microsomal drug-metabolizing enzymes [Xl. 
Treatment with AT-308 was found to reduce pento- 
barbital sleeping time significantly, as did clofibrate, 
whereas the pentobarbitai sleeping time remained un- 
changed in rats treated with AT-293 or AT-232. 

Therefore. it is presumed that all of the hypocholes- 
terolemic agents do not necessarily induce micro- 
somal drug-metabolizing enzymes. 

6. 

7. 

8. 

9. 

IO. 

II. 

It seems likely that the proliferation of hepatic mic- 
robodies in rats treated with AT-308 is ascribable to 
the ~heno~yisob~ltyrate moiety common to the mol- 
ecule of both AT-308 and clofibrate, and not to its 
1,?.4-oxadizole moiety. It seems pertinent to note here 
that the treatment with AT-308 inhibited hepatic cho- 
lesterogenesis at the stage of transformation of acetate 
into mevalonate. similar to clofibrate (data are not 
cited), and that AT-293 blocked the enzymatic reduc- 
tion of desmosterol to cholesterol [7]: AT-332 failed 
to depress cllo~~stcrogel~esis at that stage (data are 
not cited). Thcreforc. if there is a correlation between 
some hypocholesterolemic agents and their prolifera- 
tive effect on hepatic microbodies. one of the possible 
causes lies in the inhibition of cholesterogenesis at 
the stage from acetate to mevalonate. In any case, 
further studies u-ould be desirable to clarify these rela- 
tionshins. 
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