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The effects of the administration of methyl clofenapate (methyl-2-[4- ( p-chloro-
phenyl )phenoxy]2-methylpropionate) on the inducibility of hepatic microbody
(peroxisome) proliferation and catalase synthesis were studied in male rats and
in both sexes of wild type (Cs" strain) and acatalasemic (Csb strain) mice. These
investigations included electron microscopic examination of livers, assay of liver
catalase activity, quantitation of catalase protein by immunotitration procedure, and
measurements of serum cholesterol and glyceride-glycerol levels. In all groups of
animals administration of methyl clofenapate at dietary concentrations of 0.015,
0.05 and 0.125% produced a significant and sustained increase in number of
hepatic microbody (peroxisome) profiles. There was no appreciable increase in
mitochondrial population, but several mitochondria were markedly enlarged and
possessed numerous cristae. The hepatic microbody proliferation in male rats and in
both sexes of wild type mice following methyl clofenapate administration was asso-
ciated with a twofold increase in catalase activity and in the concentration of
catalase protein. The increase in microbody population in acatalasemic mice, how-
ever, was not accompanied by a significant elevation of the catalase activity,
which is due to the unusual heat lability of the mutant catalase enzyme. A marked
decrease in serum cholesterol and glyceride-glycerol levels was observed in male
rats following methyl clofenapate administration which paralleled the increase in
liver catalase activity. In both strains of mice there was a significant reduction in
serum glyceride-glycerol concentrations. All the above effects of methyl clofenapate
were fully reversed when the drug was withdrawn from the diet of male wild type
mice. The demonstration of microbody proliferation and catalase induction with
hypolipidemic compounds, CPIB, nafenopin and, in these studies, with methyl
clofenapate suggests a possible but as yet unclarified relationship between micro-
bodies and hypolipidemia (Am J Pathol 75:103-118, 1974).

STUDIES WITH ETHYL-c(-p)-CHLOROPHEN-OXYISOBLTYRATE (CPIB,
Atromidg-S), a potent hN-pocholesterolemic and hv-potriglvceridemic
drug, have demonstrated convincinglv that this compound is an effec-
tive inducer of hepatic catalase (hydrogen peroxide-hy-drogen peroxide
oxidoreductase, EC 1.11.1.6) in male rats and male mice.' The eleva-
tion in liver catalase activitv following the administration of CPIB is
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associated wvith a significant increase in niumber of microbodv (peroxi-
some) profiles in hepatic parenchvnal cells.'--3 It is clearly established
by the studies of De Duve and his collaborators that the liver catalase
is localized predominantly in microbodies and it accounts for approxi-
matelv 161 of the total peroxisomal proteins.7- The size, shape and
number of microbodV (peroxisome) profiles in liver cells following
CPIB treatment appear to reflect the amount of peroxisomal (micro-
bodyT) proteins present in the dilated and tortuous endoplasmic reticu-
lum channels.''
The significance of CPIB-induced microbodv proliferation and he-

patic catalase svnthesis and their relationship to the hvpolipidemia, if
any, is not clear. Although the accumulated experimental evidence sug-
gests that the microbodv proliferative and hvpolipidemic properties of
CPIB are independent,"-13 additional studies are warranted to examine
the interrelationships of microbodv, proliferation, catalase synthesis and
hvpolipidemia because of the recent demonstration of marked pro-
liferation of microbodv profiles in both sexes of rats and mice follow-
ing the administration of another hvpolipidemic compound nafenopin
(2-methv-1-2[p- ( 1,2,3,4-tetrahvdro-1-naphthvI )phenoxv]-propionic acid;
Su-13437) which is structurallv related to CPIB.'4 The present study
examines the possibility of hepatic microbody- proliferation in rats and
mice following the administration of methy l clofenapate (methv l-2-
[4-( p-chlorophenvl )phenoxv,]-2-methvlpropionate; ICI. 55, 695) , in
view of the recent report that this compound resembles CPIB in elicit-
ing the hepatic catalase and glycerol phosphate dehvdrogenase activi-
ties.'6 Methyl clofenapate is a closely related hvpolipidemic analog of
CPIB and the results of the present investigation indicate that on an
equivalent weight basis this compound appears to be several times more
effective than CPIB and nafenopin in inducing hvpolipidemia, micro-
body proliferation and catalase synthesis. The chemical structure of this
compound is compared vith CPIB and nafenopin in Text-figure 1.

Materials and Methods

Animals and Administration of the Drug

Inbred male F-344 rats wveighing 130 to 130 g were obtained from Simonson
Laboratories Inc, Gilrov, Calif. The mvild type (Cs' strain) mice and the acata-
lasemic (Csh strain) mice 1T vere from the stock colony of this laboratorv derived
from mice originally obtained through the generous cooperation of Dr. R. N.
Feinstein, Argonne National Laboratory, Argonine, Ill. MIeth-l clofenapate (gen-
erous gift from Dr. J. St. Thorp, Pharnaceeutical Division. Imperial Chemical
Industries Ltd, Alderlev Park, Macclesfield, Cheshire. U. K.) was added to the
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TEXT-HG 1-Structural formulas of CPIB (ethvl-a-p-chlorophenoxvisobutv-rate),
nafenopin (2-methvl-2[P-( 1,2,3,4-tetrahv-dro-1-naphthvl)phenoxv]-propionic acid) and
methyl clofenapate (methvl-2-[4-( P-chlorophenv-l )phenoxv]-2-methvlI propionate).

ground chow in concentrationis of 0.015', 0.05¶ and 0.125% (w wN) and admin-
istered ad libitum. Three to 4 animals were used for each dose level and killed
at the end of 3 'weeks. Animals kept on the normal diet were killed as controls.
The reversal of methyl clofenapate-induced microbodv proliferation and catalase
activitv was investigated in male wild tvpe mice onlv. After receiving 0.05¶% methyl
clofenapate for 3 weeks, 2 animals were killed on 2, 4 and 7 days after wvithdrawal
of the drug from the diet for morphologic studies and liver catalase assav.

Electron Microscopy
For electron microscopic studies, small segments of liver from normal and drug

treated animals were obtained following sacrifice or after laparotomv at selected
intervals and fixed for 1 to 2 hours at 0 to 4 C in 2¶ osmium tetroxide buffered
with s-collidine to pH 7.4. After fixation the tissues were dehydrated in graded
series of alcohols and embedded in epoxy resins. Thin sections were cut on an
ultramicrotome, stained vith lead hydroxide I and examined in an electron
microscope.

Assay of Uver Catalase Activity
The activitv of catalase w-as determined spectrophotometricallv at 25 C as

described bv Luck 19 on 5¶ liver homogenates treated wvith deoxvcholate. prepared
according to the method of Ganschow and Schimke.'1' Total proteins were measured
bv Folin's reagent by the method described by Lowvrv et al.2'

Quantitation of Catalase Protein

The content of liver catalase protein in control and methyl clofenapate treated
male rats and wild type mice was determined by the immunotitration method
using antibodv specific for catalase protein.:> The anticatalase sera specific for
rat and mouse liver catalase was obtained bv injecting purified catalase into foot
pads of rabbits as described previously.2
The immunotitration procedure consisted of addition of increasing amounts

of anticatalase serum to constant quantities of 5¶ liver extract treated %%ith deoxy-
cholate. The mixtures w.ere then incubated at 37 C for 30 minutes and then kept
at 4 C for 24 hours. The resulting immunoprecipitates were sedimented, and the
catalase activity remnaining in the supernatant was assayed. The amount of anti-
catalase serum required to precipitate completely the catalase protein was calcu-
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lated by extrapolations of the linear portions of the titration curves on the graph
to zero catalase activityx

Determination of Serum Cholesterol and Glyceride-Glycerol

Following light ether anesthesia, blood w-as collected from the abdominal aorta
between 9 and 10:00 A-M. Serum total cholesterol and glyceride-glycerol levels
were estimated after quantitative separation on silicic acid from phospholipids
according to the method described by Azarnoff.'- The changes in both cholesterol
and glyceride-glycerol levels were studied in control and methy l clofenapate-
treated rats, but in mice the studs- wvas limited to glyceride-glyceroi levels because
of insufficient plasma for determination of total cholesterol.

Results

Microbody Proliferation

In both sexes of wild type mice (Csa strain), methyl clofenapate
produced a marked increase in liver weights at all dose levels studied
(Table 1). Similar increases in liver weights were also noted in both
male and female acatalasemic mice (Cs' strain) after 3 weeks of treat-
ment with the drug (data not presented).

In control wild type and acatalasemic mice, the microbodv profiles in
liver cells are few in number and are distributed randomly in the cyto-
plasm (Figure 1). At the end of 1 week of methy-l clofenapate adminis-

Table 1-Effect of Methyl Clofenapate on Liver Weight, Liver Catalase Activity and Serum
Glyceride-Glycerol Levels of Wild Type (Cs- Strain) Mice

Liver catalase Serum glyceride-
No. of Liver weight activity glycerol

Group* animals (g 100 g body wt) (units mg protein) (mg 100 ml)

Males
Control 4 4.9 + 0.3 39.6 + 3.4 13.6 ± 2.3
Methyl clofenapate 4 11.8 1.3 76.3 5.1 4.7 0.5
(0.015%)

Methyl clofenapate 4 12.7 1.9 91.3 5.8 3.9 1.1
(0.05%)

Methyl clofenapate 4 20.3 2.4 79.3 4.8 3.4 0.6
(0.125%)

Females
Control 4 5.1 0.5 38.5 2.8 11.0 1.9
Methyl clofenapate 4 11.8 ± 1.1 73.5 ± 2.6 3.1 ± 1.6
(0.015%)

Methyl clofenapate 4 13.3 2.7 74.4 3.9 3.7 1.0
(0.05%)

Methyl clofenapate 4 22.1 3.2 77.4 5.2 2.3 0.5
(0.125%)

* Methyl clofenapate was added to the ground chow in desired concentrations and fed
for 3 weeks. Values are given as mean ± SE.
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tration there w-as a marked inierease in the number of microbodv profiles
in both sexes of wild t-pe and acatalasemic mice w-hich persisted
throughout the durationi of the dnig treatment. The microbodv pro-
liferation was very marked with all three dose levels of methyl dco-
fenapate and was found to be of the same degree in male and female
mice (Figures 2-4). Considerable variation in size and shape of micro-
body profiles was evident (Figures 2-4). Several microbodv- profiles
were less than 0.2 [t in diameter and some were larger than 1 [t in
diameter. Continuities between two or more adjacent microbodV profiles
and betveen microbodv profiles and smooth endoplasmic reticulum
channels were also encountered frequently. Nucleoids were seen in
several microbodv% profiles of different sizes and shapes. In addition to
proliferation of microbodv profiles, there was also a significant increase
in the v-esicles of smooth endoplasmic reticulum.
There was no obvious increase in number of mitochondria in liver

cells of both sexes of mice following methyl clofenapate administration.
However, several mitochondria were enlarged in size and contained
numerous cristate. Irregularities in size and shape of mitochondria were
also seen (Figures 3 and 4).

In male rats at 0.015, 0.05 and 0.125%, methyl clofenapate produced
marked increase in liver weights (Table 2). Examination of these livers
with the electron microscope revealed a sign-ificant increase in the num-
ber of microbody% profiles (Figure 5). The increase in microbodv popu-
lation vas comparable to that observed in animals treated with CPIB
and nafenopin.''4 No significant changes in mitochondrial number or
structure were observed in methyl clofenapate-treated rats.

Table 2-Effect of Methyl Clofenapate Treatment on Liver Weight, Liver Catalase Activity
and Serum Cholesterol and Serum Glyceride-Glycerol Levels of F-344 Male Rats

Liver catalase
Liver weight activity Serum Serum glyceride-

No. of (g 100 g (units mg cholesterol glycerol
Group* animals body wt) protein) (mg 100 ml) (mg 100 ml)

Control 4 3.9 0.3 37.0 2.8 87 6 13.5 2.5
Methyl clofenapate 3 8.2 0.4 79.8 3.7 40 4 2.8 0.9
(0.015%)

Methyl clofenapate 3 8.6 0.7 91.5 6.3 44 3 3.5 0.7
(0.05%)

Methylclofenapate 3 8.3± 0.8 84.5 4.9 48 4 2.2 0.4
(0.125%)

* Methyl clofenapate was added to the ground chow in desired concentrations and
fed for 3 weeks. Values are given as mean + SE.
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Liver Catalase
The results in Tables 1 and 2 indicate that the activity of catalase in

the liver increased approximately twofold following methyl clofenapate
treatment in both sexes of wild type (Csa strain) mice and in male rats.
The results in male rats are in agreement with the findings of Krish-
nakantha and Kurup.16 The effect of meth-l clofenapate on liver catalase
levels and microbodv population in female rats was not investigated in
detail in these studies because of limited supplv of this chemical. How-
ever, one female rat given 0.05% methyl clofenapate for 3 weeks showed
microbodv proliferation comparable to that observed in male rat liver.
Like nafenopin (Reddv et al 3) methyl clofenapate increased liver
catalase activit- in both sexes of wild type mice, whereas CPIB did not
increase the catalase activitv in female mice.1' The increase in liver
catalase activity in animals treated with methy l clofenapate is associated
with profound increase in number of hepatic microbodv% profiles.
The liver catalase activity in untreated acatalasemic mutant mice

(Csb strain) when measured at 25 C was approximately 15 to 20% of the
activity- observed in wild type mice (Csa strain) from which these
acatalasemic mutants were derived.17 Recently it was demonstrated that
the catalase enzyme in acatalasemic mice is unusually heat labile and is
inactivated rapidly at room temperature.4 Although there was a pro-
found increase in number of microbodv profiles in male and female
acatalasemic mice given methyl clofenapate, there was no appreciable
increase in liver catalase activity when compared with the untreated
controls. The catalase activity in animals given methy%l clofenapate was
found to be about 11.8 ± 2.3 units/mg protein, whereas in untreated
animals the catalase activity wvas 8..5 ± 1.3 units/mg protein (complete
data not presented in tabular form). The low levels of catalase activity
in these mutant mice appear to be due to the fact that this enzyrme in
the present stuLdy was assay?ed at 25 C on liver extracts treated with
deoxvcholate and kept at room temperature for 30 minutes.' However,
it is to be pointed out that the amount of liver catalase protein in control
acatalasemic mice was shown to be equal to that found in wild type
mice and that the nafenopin-induced microbodV proliferation was asso-
ciated with nearly twofold increase in the quantity of catalase protein.2-
The amount of catalase protein in the liver of methyl clofenapate-

treated male rats and wild type mice was determined by the immunoti-
tration method. In male rats treated with 0.05% meth-l clofenapate for
3 w%eeks, the amount of anticatalase serum needed to precipitate catalase
from 1 ml of 5% liver extract was found to be 0.26 ml,, whereas 0.12 ml
of antisenLim was required to precipitate the catalase from the same
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amount of liver extract of control rat liver. Similar results wvere obtained
in male wild type mice treated 'with this dnrg. suggesting that the
amount of catalase protein in liver extracts of methyl clofenapate-
treated animals is 2.1 times that of the controls. Accordinglv, the in-
crease in liver catalase activity in these animals can be attributed to a
twofold increase in the amount of catalase protein.
The liver catalase activity, as well as the number of microbodv% pro-

files in male Csa mice returned to normal levels within 1 week after the
w%vithdrawal of methy l clofenapate from the diet.

Serum Cholesterol and Glyceride-Glycerol

A significant reduction in serum cholesterol and senim glyceride-
glycerol levels were observed in male rats following the administration
of methyl clofenapate (Table 2). In both male and female wild type
mice methyl clofenapate caused a marked decrease in serum glyceride-
glycerol levels (Table 1). The effect on serum cholesterol levels in this
strain of mice was not investigated in the present studies.

Discussion

The results presented in this paper demonstrate that methyl clofena-
pate, a hvpolipidemic analog of ethvl-ta-p-chloropheno.xvisobutv rate
(CPIB), is highly effective in inducing microbodv proliferation in the
liver cells of both sexes of wild type and acatalasemic mice. A marked
increase in microbodv population was also observed in hepatic paren-
chvmal cells of male rats. In addition, these studies also indicate that
the increase in microbodv population is accompanied by a twofold
increase in the hepatic catalase activitv and in the quantitv of catalase
protein in male rats and in male and female wild type mice.

Microbodies (peroxisomes) are cvtoplasmic constituents which con-
tain catalase, D-amino acid oxidase [>-amino acid-oxygen oxidoreductase
(deaminating), EC 1.4.3.3.], urate oxidase (urate-oxvgen oxidoreduc-
tase, EC 1.7.3.3.) and other oxidative enzvmes.7 It appears that liver
catalase is almost exclusively localized in microbodv profiles. Morpho-
logic studies on CPIB-treated livers strongly indicate that microbodv
(peroxisomal) proteins accumulate in the dilated and tortuous endo-
plasmic reticulum channels forming the electron-opaque microbodv pro-
files which display numerous continuities with one another.9'0 From
these observations it appears that microbodies do not exist as individual
organelles but merely represent accumulations of peroxisomal proteins
in the endoplasmic reticulum channels. On homogenization, the mem-
branes rupture and enclose varv-ing quantities of microbodv protein
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material and are isolated as particles of different sizes." Recently Krish-
nakantha and Kurup 16 studied the subcellular localization of catalase in
CPIB-treated rat livers by fractionation procedures and observed a sig-
nificant increase in catalase activitv in the cvtosol presumably resulting
from the rupture of membranes. These findings, as well as the absence
of cvtochemicallv demonstrable catalase in hvaloplasm of normal and
CPIB-treated livers, 6-' further substantiate the contention that the
peroxisomal proteins constitute a common pool which constantly circu-
late in the endoplasmic reticulum channels.'6' The marked increase
in number of microbodv profiles in liver cells of animals following
administration of CPIB,; nafenopin 14 and, in the present studies,
methvl clofenapate is believed to be due in part to the induction of
catalase protein synthesis and possibly of other peroxisomal proteins. It
can be predicted, therefore, that compounds which cause increase in
liver catalase activity can also induce microbodv proliferation. This
situation may be considered analogous to proliferation of smooth endo-
plasmic reticulum and simultaneous increase in microsomal enzyme
activity resulting from phenobarbital administration.)7

Although quantitative morphometric analvsis of the increase of mi-
crobodies was not performed in these studies, the preponderance of
microbodv% profiles of different sizes and shapes suggests a several-fold
increase in their number following methyl clofenapate administration.
The population densitv of microbodies in the liver cells of both strains
of mice treated with methy-l clofenapate and controls, however, was
estimated by determining the ratio of microbodies to mitochondria in
20 electron micrographs prepared at a final magnification of 8,000 to
13,000. In normal liver cell the ratio between microbodies and mito-
chondria was 1:3, whereas in the liver cells of mice treated with methy-l
clofenapate the microbodv to mitochondria ratio was 4: 1, indicating a
profound increase in the number of microbodv profiles. The twofold
increase in liver catalase, therefore, does not correlate well with the
several-fold increase in microbodv number. The same discrepancv wvas
noted in animals treated with CPIB and nafenopin, and it was pointed
out that the microbodies proliferating uinder the influence of these drugs
possibly possess lowv concentration of catalase. It is pertinent to note
that microbodv proliferation c-li be induced in the absence of signifi-
cant catalase sv-nthesis,' t suggesting that the increase in microbodv-
number may in part be due to the synthesis of vet unidentified proteins
that makeup betveen one-half and two-thirds of the total microbodv
proteins.' Alternately, the discrepancy between the numerical increase
in microbodv profiles and the estimated quantitv of catalase protein
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ma!' be explained on the basis that the catalase induced by- meth-l
clofenapate a) possesses lowv specific activity- and/or b) that the enz--
matic activity is uinstable. If the activit- of the induced catalase is
uinstable, it could accouint for the lows- levels of catalase protein, since
quantitation in these experiments was based on determination of the
activity- of catalase remaining in the stipernatant following immuno-
precipitation.2 Sttudies are in progress to determine the (quantity of
catalase protein bv simple radial immuinodifftusion in plates, a technic
not dependent on the assay of enzy-matic activitv.
Methyl clofenapate is a closely related analog of CPIB and is metab-

olized in vivo to the corresponding acid.'5 On an equivalent -eight
basis, methb-l clofenapate wvas five to sixteen times more effective than
CPIB in causing both microbodv proliferation and hv-polipidemia. The
induction of microbodv proliferation, catalase sy-nthesis and hvpo-
lipidemia by methy-l clofeniapate, nafenopin and CPIB provides a good
biologic sy-stem to verifv the possible role of microbodv (peroxisomal)
enzvrmes in prodtucing hb-pocholesterolemia.4' Previous studies have
demonstrated that injection of bomine hepatic catalase produces a hvpo-
cholesterol response in htumans "' and rabbits.:3' Although it can be
assumed that the hvpolipidemic effect following the administration of
CPIB, nafenopin and methy-l clofeniapate is the result of elevation in
vivo of microbodv catalase, additional data stiggest that the microbodv
proliferati-e and hvpolipidemic effects of CPIB are possibly- indepen-
dent."12 The growing list of hv-polipidemic compounds that are capable
of inducing significant microbodv proliferation and catalase synthesis,
strongly- stuggests that either microbodv- catalase or some other micro-
body protein (enzy-me) may be responsible for the hb-polipidemia. The
finding that the same compouinds exert the duial property of stimulating
the proliferation of microbodies (incltuding the biosy-nthesis of catalase)
and of decreasing the serum lipids suggests a possible relationship be-
tween these two responses.' :' 14:1 However, the possibilit- that micro-
body- proliferation and hvpolipidemia are two independent actions of
these hv-polipidemic drtugs can not be excltuded. Ftuture stuLdies are re-
quired to elucidate the natutre of these biologic responses.

Increase in the conitent of mitochondrial protein in the liver by- 50 to
100KXwas reported in rats followving the administration of CPIB and
clofenapate.'s :2 Ultrastrctutral examination of livers of CPIB '- and
methy-l clofenapate-treated animals revealed no significant increase in
mitochondrial populationi (See Figures 3, 5). How%vever, several mito-
chondria in clofenapate-treated livers wvere large and elongated, which
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to a certain extent could account for an increase in mitochondrial pro-
tein.
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Fig 1-Control male wild type (Csa strain) mouse liver. Few microbody (peroxisome) pro-
files (mb) are seen in the cytoplasm of liver cells. In normal liver cells, mitochondria (mt)
are numerous in comparison to microbody profiles (X 9500). Fig 2-Male wild type
mouse given 0.015% methyl clofenapate in the diet for 3 weeks. Numerous microbody
profiles (mb) are seen in the cytoplasm of liver cells. Marked variation in size and shape
of microbody profiles is evident (x 8100).
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Fig 3-Female wild type mouse treated with 0.05% methyl clofenapate for 2 weeks.
Microbody (mb) population is markedly increased and is of the same extent as seen
in male mice. Several mitochondria (mt) are elongated and show irregularities in shape.
There is no obvious increase in number of mitochondria (x 10,200).
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Fig 4-Female acatalasemic (Csb strain) mouse. Methyl clofenapate (0.015%) was ad-
ministered for 3 weeks. Abundant increase in number of microbody (peroxisome) profiles
is present. Acatalasemic males given methyl clofenapate also showed marked microbody
proliferative response. Mitochondria (mt) are large and contain numerous cristae
(x 13,000). Fig 5-Male rat given 0.125% methyl clofenapate in the diet for 3 weeks.
Considerable increase in microbody (mb) population was noted in liver cells of mal rats
given 0.05% and 0.125% dose levels. Uricase-containing nucleoids (n) are seen in some
microbody profiles (x 14,000).


