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STUDIES ON THE SYSTEmIC EFFECTS of spontaneous, induced
or transplanted neoplasms on the tumor-bearing host have yielded
significant information concerning the biologic and functional adapta-
tion of host organs.' Of particular interest is the finding that the level
of catalase activity in the liver and kidney is reduced significantly in
tumor-bearing animals,'-5 in which a clear-cut relationship between the
size of tumor and extent of depression of catalase appears to exist.
Extirpation of tumor is known to result in a prompt recovery of the
enzyme activity to normal levels.) Depression of catalase in tumor-
bearing hosts does not appear to be limited to laboratory animals, how-
ever, since reduction in the enzyme activitv of catalase may also occur
with advanced malignant tumors in man.6 Further, it is to be empha-
sized that the depression of catalase activitv in liver and kidnev should
not be considered to exist exclusively in tumor-bearing hosts since other
factors such as radiation 7 administration of homogenates of certain tis-
sues 8 and injection of several chemicals 4.5 8.9 have been shown to affect
catalase activitv in nontumor-bearing animals.
The phenomenon of the depression of catalase in tumor-bearing

animals and in man has been the subject of several investigations.4.5
The precise mechanism by which a tumor distant from these organs
depresses their catalase activity is not understood although it is con-
ceded that nutritional, metabolic, toxic, humoral or other factors, singly
or in combination, may exert their influence in lowering catalase activ-
itv.45 It is of considerable interest to recall the studies of Nakahara and
Fukuoka,"0 who isolated a substance from tumors that inhibits catalase
and designated it as toxohormone."1 In spite of extensive studies dealing
with its purification, characterization and biologic effects, a great deal of
controversy persists regarding the specific role of toxohormone in the
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depression of catalase activity in tumor-bearing animals.4'11"2 Regardless
of the underlying mechanism of depression of catalase activity in liver
and kidney, the tumor-bearing animal appears to be a useful biologic
model in which to study the effect of various enzyme inducers, particu-
larly those that induce the synthesis of catalase.

Previous studies 13-15 have demonstrated that administering CPIB
(ethyl-a-p-chlorophenoxyisobutyrate, clofibrate) to male rats results in
a significant increase in the number of hepatic microbodies associated
with a significant rise in liver catalase activity,14 resulting from en-
hanced synthesis of catalase enzyme protein.16 The effect of this drug on
the induction of catalase in liver, therefore, can be assessed reliably by
morphologic as well as biochemical studies. Since there is a marked
depression in the activity of catalase in liver and kidney of tumor-bear-
ing animals, presumably due to decreased synthesis affected by an un-
known mechanism(s), it is of significance to study the inducibility by
CPIB of catalase and of microbodies in the livers of tunior-bearing rats.

In this paper, we report the results of administering CPIB on the
proliferation of hepatic microbodies and levels of catalase in male rats
bearing subcutaneously transplanted tumors. These studies demonstrate
that, in tumor-bearing animals (1) the content and activity of catalase
enzyme protein in liver is reduced significantly, (2) administering CPIB
causes a significant increase in the number of microbodies in hepatic
parenchymal cells and (3) CPIB also significantly elevates the content
and activity of catalase protein in the liver. Since catalase enzyme and
proliferation of microbodies are readily induced in the liver of tumor-
bearing animals by CPIB, the role, if any, of toxohormone and of other
factors in the depression of catalase activity requires reevaluation.

Materials and Methods
Animals and Diet. Inbred F-344 rats obtained from A. R. Schmidt Co, Madison

Wisconsin, were used in these experiments. Male rats were used exclusively in these
experiments since CPIB-induced proliferation of microbodies and synthesis of
catalase were shown to be related to testosterone in our previous studies.15 CPIB
in a concentration of 0.25% was administered in ground Purina Chow.13"14
Tumor Transplants. Weanling male rats weighing between 40-60 g each were

used for tumor transplantation. In our laboratory, two lines of transplantable hepa-
tomas 17,18 (aflatoxin-induced hepatic tumor in 38th transfer and ethionine-induced
hepatic tumor in 40th transfer) and one of mesothelioma 19 (actinomycin-induced
tumor in 29th transfer) are available. The tumors were transplanted subcutaneously
into the left groin (Table 1). When the tumors reached the desired size, generally
within 4-8 weeks, CPIB was started and the animals killed 4 weeks later.

Morphologic Studies. Small pieces of liver from animals with subcutaneously
transplanted tumors were fixed for 1-2 hours in 2% osmium tetroxide, and then
were processed for electron microscopy.

For cytochemical demonstration of peroxidase activity, samples of liver were
fixed in 3% glutaraldehyde, buffered with 0.1 M sodium cacodylate (pH 7.4) 20 for
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Table 1. Catalase Activity in Male F-344 Rats Bearing Transplanted Tumors and Treated with
CPIB*

Age of Catalase activity
No. of tumor (units/mg protein)

Treatment animals (weeks)t (mean 4 SE)

Normal rats
Control 5 - 40 4 2.3
CPIB-treated 6 - 85 4 4.2

Transplanted tumors
(subcutaneous)

Ethionine hepatoma 5 8 19 4 4.7
Ethionine hepatoma + CPIB 8 10 63 6.1
Aflatoxin hepatoma 5 9 16 4 3.9
Aflatoxin hepatoma + CPIB 4 12 59± 4.1
Actinomycin tumor
(mesothelioma) 4 13 13 ± 5.1

Actinomycin tumor + CPIB 6 14 70 4 5.6

*CPIB was administered in diet for 4 weeks before sacrifice.
tAge of tumor at sacrifice.

4 hours at 4 C. After the tissues were fixed, they- were rinsed for 16 hours in 0.1 M
cacodylate buffer (pH 7.4) containing 0.22 MN sucrose. The tissues were incubated
for peroxidase activity at pH 9.0, in the diaminobenzidine (Sigma Chemical Co,
St Louis, Mlissouri) reaction medium of Noirikoff and Goldfischer,21 modified from
Graham and Karnovsky.22

Biochemical Studies. Catalase activity was determined by the spectrophoto-
metric method described bv Luck.23 Total proteins were determined by the method
of Lowry et al.24

Immunochemical Procedures. Catalase from rat liver was purified according to
the method of Price et al-25 and anti-catalase antibody was prepared by injecting,
into the footpads of rabbits, 12 mg of catalase from rat liver emulsified in an equal
volume of complete Freund's adjuvant (Difco). Quantitating catalase protein in
livers of normal rats and rats bearing subcutaneous transplants of ethionine-induced
hepatoma with and without CPIB treatment was carried out bv the immunopre-
cipitation method outlined by Ganschow and Schimke,26 using deoxycholate-treated
5% liver homogenates centrifuged at 105,000 g for 60 minutes in a Spinco model L
ultracentrifuge.

Results
General. The tumors generally reached the desired size between

8-12 weeks after thev were transplanted. The weight of the liver in
tumor-bearing animals given CPIB for 4 weeks was increased.

Electron AMicroscopy. Dilatation of the cisternae of endoplasmic re-
ticulum with focal disaggregation of polv-ribosomes, depletion of glvco-
gen and a moderate increase in the number of lv-sosomes vere the
prominent changes in hepatic parenchvm-mal cells of rats bearing sub-
cutaneously transplanted tumors. Although the number of microbodies
in the livers of tumor-bearing control rats appeared unchanged, the
density of the microbodv matrix, the strLcture of the nucleoid and the
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limiting membrane were altered conspicuously. The density of the
matrical proteins of microbodies varied significantly. Some of the
microbodies appeared to contain a residual nucleoid within an irregular,
at times partially dissolved, limiting membrane.
The number of microbodies in liver cells of animals bearing sub-

cutaneously transplanted tumors increased significantly after CPIB was
administered. The size or the type of the transplanted tumor or the
nutritional state of the tumor-bearing host did not appear to influence
the proliferative response of microbodies in host liver after CPIB. Cyto-
chemical studies for endogenous peroxidase activity revealed a signifi-
cant increase in the number of organelles with positive peroxidase ac-
tivity in the livers of tumor-bearing animals given CPIB (Fig 1), com-
pared with tumor-bearing controls (Fig 2).

Catalase Activity. The catalase activity in the livers of rats bearing
transplanted tumors was significantly lower than that of normal rats
(Table 1). The depression of catalase activity in livers was evident with
all three transplanted tumors. When CPIB was administered to these
animals, the catalase activity of the liver increased considerably; the
increase appeared to parallel closely the increase in the number of
hepatic microbodies.

Quantity of Catalase Protein. The content of catalase protein in
livers of rats bearing ethionine-induced transplantable hepatoma and
the effect of CPIB on the catalase protein content in these animals was
determined by the immunoprecipitation method.26 It was found that
approximately 0.06 ml of anti-catalase serum precipitated completely
the catalase activity from 1 ml of 5% liver extract from a tumor-bearing
rat, whereas 0.17 ml of anti-catalase serum was needed to precipitate
the catalase activity from the same amount of liver extract from a
tumor-bearing rat treated with CPIB. Further, to precipitate the cata-
lase activity from 1 ml of 5% liver extract from normal rats, approxi-
mately 0.1 ml of antiserum was needed, whereas 0.21 ml of antiserum
was needed to precipitate completely the catalase activity from 1 ml of
extract from normal rats in CPIB steady state. Thus, it is evident from
these experiments that the content of catalase protein in the liver ex-
tracts of normal rats and of rats bearing ethionine hepatoma transplants
increased significantly when these animals were given CPIB.

Discussion

Despite numerous studies establishing that the catalase activity of
liver and kidney is depressed in tumor-bearing animals, much uncer-
tainty prevails at present about the mechanism and significance of
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catalase depression in these animals.45 Toxohormone, poor nutritional
status (including lack of specific amino acids or proteins), hormonal
imbalance, infection and a wide varietv of other factors are mentioned
frequently as being responsible for the depression of catalase activity
in tumor-bearing animals.45 It is known, however, that the depression
of catalase activity of a tumor-bearing host is not a consequence of
enzyme inhibition or structural change in the catalase molecule, but
is believed to be due to reduction in the rate of synthesis of this enzvme
in these animals.427 In addition to depression of catalase activity, other
microbody enzymes such as -amino acid oxidase and urate oxidase are
also reported to be reduced in the liver and kidney of tumor-bearing
animals.428 Ultrastructural studies of liver in tumor-bearing animals 29
indicate an appreciable increase in the number of hepatocellular Iyso-
somes and a questionable reduction in microbodies but these morpho-
logic changes do not account sufficientlv for the reduction in catalase
activitv in the liver of these animals.

It was shown in our previous studies that CPIB is a very effective
inducer of hepatic synthesis of catalase associated with microbody pro-
liferation in male rats.1415 In the present studies, proliferation of micro-
bodies was noted in the liver cells of rats bearing subeutaneously trans-
planted hepatomas. Proliferation of microbodies was also evident in the
liver cells of uninvolved liver parenchyma in rats bearing intrahepatic
primary tumors, but not in the tumor cells.30 Hepatic catalase activity in
rats bearing subeutaneously transplanted tumors showed a significant
increase after treatment with CPIB. The content of catalase protein in
the liver, as estimated by the immunoprecipitation method was very low
in rats bearing large transplanted tumors (ethionine-induced hepa-
toma). When CPIB was given to these tumor-bearing animals, the con-
tent of catalase protein increased approximately threefold. These results
indicate that, despite low levels of catalase enzvyme in the liver of a
tumor-bearing host, which is presumablv due to tumor-related inhibi-
tion, this enzyme can be induced effectively in the liver of these animals
by administering CPIB.
The mechanism of the action of CPIB in initiating the proliferation

of microbodies and the svnthesis of catalase in male rat liver is not
understood.33 It has been shown, however, that the elevation of cata-
lase activity and of the content of catalase protein in the rat liver is due
to an increased rate of synthesis and not to alterations in the rate of its
degradation.16 Accordingly, CPIB appears to be useful as an inducer of
catalase and of microbodies in male rats and therefore, the inducibility
of this enzvme can be tested adequately in a wide varietv of experi-



104 REDDY AND SVOBODA American Journal
of Pathology

mental conditions.14'31'32 However, it is to be noted that we have pre-
viously demonstrated that CPIB-induced microbody proliferation can
occur in the absence of significant synthesis of catalase in male rat
liver.32 Accordingly, the proliferation of microbodies observed on routine
electron microscopic examination after administering CPIB may not
indicate enhanced catalase activity under certain experimental condi-
tions. Therefore, to ascertain the increase in catalase activity when pro-
liferation of microbodies is obvious, catalase activity must be determined
biochemically at the same time. Alternatively, cytochemical demonstra-
tion of peroxidase activity in these microbodies might indicate reason-
ably accurately the presence of catalase.3334 Since biochemical and
cytochemical studies in the present investigation demonstrated an un-
equivocal increase of the catalase activity and peroxidase-positive cyto-
plasmic organelles in the liver of tumor-bearing animals after CPIB
was administered, the possibility that proliferation of microbodies oc-
curred in the absence of catalase synthesis can be ruled out. It is signifi-
cant, therefore, that proliferation of microbodies and an increase in the
content and activity of hepatic catalase enzyme occurs after CPIB is
administered in tumor-bearing animals despite the initial low level of
activity. Accordingly, the possibility that tumor metabolites and nutri-
tional factors play a role in depressing liver catalase activity in the liver
of a tumor-bearing animal appears doubtful. Preliminary studies 35 in
this laboratory utilizing purified samples of toxohormone 12 indicated
that this substance does not inhibit the CPIB-induced proliferation of
microbodies or synthesis of catalase in male rat liver. However, it can
be argued that CPIB somehow interferes with the production or action
of toxohormone, thereby elevating catalase activity. Likewise, prolifera-
tion of microbodies was noted in the liver after CPIB was injected intra-
peritoneally into acutely starved male rats (starved for 5 days ) .35
Therefore, the depression of catalase activity in the liver and kidney
of tumor-bearing animals may be a reflection of adaptation of certain
biological functions of the host.

Summary
Despite initially low levels of hepatic catalase activity in livers of

tumor-bearing rats, proliferation of microbodies and an increase in the
content and activity of hepatic catalase occurs in these animals after
CPIB is administered.
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Legends for Figures
Fig 1.-Liver from rat bearing subcutaneously transplanted aflatoxin hepatoma, given
CPIB, and stained for endogenous peroxidase activity. Numerous microbodies (mb)
stain for peroxidase (not counterstained, x 30,000).

Fig 2.-Liver from control tumor-bearing host, stained for peroxidase. Number of
peroxidase-positive organelles (mb) are few in comparison to that in CPIB-treated
group (not counterstained, x 30,000).
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