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While attempting to use an in vitro rat
liver microsomal preparation to ‘‘activate”
a chemotherapeutic agent, cyclophospha-
mide (1), we observed that marked growth-
inhibitory activity toward tumor cells in
culture could be derived from the micro-
somes themselves. Others have previously
reported that arginase may be responsible
for cytotoxicity of liver extracts (2-4) and
that fast-growing hepatomas contain lower
levels of arginase activity (5, 6). We report
herein on the growth-inhibitory activities
and arginase levels in liver extracts and in
extracts of hepatomas with different growth
rates.

Methods. Livers or hepatomas from
Buffalo, Sprague-Dawley, or ACI rats 2.5-
10 mo old were homogenized (20% w/v) in
0.25 M sucrose, 1 mM Tris pH 7.4 with a
glass homogenizer equipped with a Teflon
pestle. An aliquot of the homogenate was
diluted to contain 50 mg tissue/ml with 50
mM phosphate buffer, pH 7.4. The remain-
ing homogenate was fractionated to obtain
the microsomal pellet, that which pre-
cipitates between 10,000 g for 20 min and
105,000g for 60 min. The microsomes were
resuspended to 500 mg original tissue weight
per milliliter using 50 mM phosphate buffer.
Extracts of whole tissue or of microsomes
were prepared by incubation at 37° for 1
hr followed by overnight freezing at —20°.
Particulate matter was removed, after thaw-
ing, by centrifugation at 105,000z for 60
min. The extract thus prepared was steril-
ized by Millipore filtration and was stored
at —20° until bioassayed.

Bioassay of the extracts was performed by
a cloning technique using approximately 100
H. Ep. #2 cells in 10 ml of SRI 14 medium
(7). Is values (the level of extract producing
50% decrease in cell viability) were deter-
mined from plots of relative cloning effi-
ciency vs log extract concentration. All

experiments were performed at least in
duplicate throughout, and agreed within
20 % of mean values shown.

Arginase activity was determined at pH
9.5 following activation with Mn*+ exactly
as described elsewhere (8). Protein was
determined by the method of Lowry et al.
(9) using bovine serum albumin as a stand-
ard. DNA was measured by the diphenyl-
amine reaction (10) using calf thymus DNA
as a standard. Hepatomas were grown sub-
cutaneously and were harvested when the
tumor mass was approximately 3-5 g.
Procedures for maintaining the tumors and
characteristics of the hepatomas have been
reported previously (11).

Sources of the enzymes used were as
follows: bovine liver arginase, 25 units/mg,
Sigma Chemical Co. St. Louis, MO; Pronase,
B grade, 45 units/mg, Calbiochem, LaJolla,
CA ; ribonuclease A, 4500 units/mg, Worth-
ington Biochemical Corp.; Freehold, NJ; and
trypsin from bovine pancreas, 10,000 units/
mg, Schwarz/Mann, Orangeburg, NY. Rab-
bit anti-rat serum (Lot 15) was obtained
from Miles Laboratories, Inc., Kankakee,
1.

Results and Discussion. Arginase and
growth-inhibitory activities are lower in
whole tissue or microsomal extracts of the
fast-growing hepatomas, 7777, Novikoff,
and 3924A, than in extracts of control rat
livers (Table I). The data obtained from the
livers of control, nontumor bearing rats of
the strains used was combined since no
striking differences were noted. Livers of
host rats bearing the 7777 and 3924A hepa-
tomas were about one-half as active as con-
trols with respect to growth-inhibitory
activities; however, host livers of the other
tumor-bearing rats did not show such
marked differences (data not shown). Since
the growth inhibition produced by extracts
of the 7777 and Novikoff hepatomas clearly
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TABLE 1. ARGINASE AND GROWTH-INHIBITORY ACTIVITIES IN EXTRACTS OF VARIOUS TISSUES

Arginase, Is0, Arginase Protein, Dates
nmolar units/mg  Iso, mg tissue/ml units/ml pug/mg tissue DNA, of
ug/mg harvest
Tissue WTHe MIC® WTHe MIC® WTHe MIC® WTHe MIC® tissue months
Control rat 895 89 0.24 2.4 215 214 75 4.0 1.6 —
liver +130¢ +14¢  +£.02¢ +0.2¢
Novikoff 21 2.4 2.5 18 52 43 49 2.8 1.6 %
hepatoma
7777 Hepatoma  — 2.2 2.8 12 — 26 31 2.7 2.3 14
3924A Hepa- — — 3.1 12 — — 43 3.8 1.6 14
toma
7787 Hepatoma 62 11 2.8 10 174 110 96 6.0 1.6 2
7794A Hepa- — 92 — 3.3 — 304 — 4.3 — 214-3
toma
47C Hepatoma 210 71 0.60 3.0 126 213 60 3.9 1.5 7
Fetal rat liver — — — 7.3 — — — 2.8 2.8 —

o Extract of whole tissue homogenate.
b Extract of microsomal fraction.

¢ Mean value & SE, n = 8-15. Other values are means of two or more determinations.

occurred at lower levels of arginase activity
(26-52 units/ml vs 215 units/ml in controls),
factor(s) other than arginase may be re-
sponsible for the inhibition of growth in
these extracts. Alternatively, there may be a
unique property associated with the enzyme
from these sources. The arginase from hepa-
toma 7777 appears to be immunologically
distinct from that of normal rat liver (12).
Microsomal extracts from the pooled livers
of 36 fetuses (3 days before term) contained
less inhibitory activity. The arginase level in
fetal rat liver has been reported to be lower
than in normal adult rats (see for example,
13). Similarly extracted microsomes from
brain and kidney of adult rats contained less
than one-third the growth-inhibitory ac-
tivity of control livers (data not shown). The
differences in activities of extracts given in
Table I do not appear to relate to differences
in amount of tissue used as reflected in the
DNA determinations nor to be due to differ-
ences in extractable protein. The I;, for com-
mercial bovine liver arginase was 223 units/
ml, similar to that of the rat liver enzyme.
An approximate threefold purification of
the growth inhibitory factor resulted in a
similar degree of purification of arginase
(Table II). A crude microsomal extract was
treated with 1% streptomycin to remove the
RNA and was then fractionated with am-

TABLE II. PARTIAL PURIFICATION OF GROWTH-
INHIBITORY FACTOR AND OF ARGINASE ACTIVITY
FROM RAT LIVER

Arginase
nmolar
units/ug  Iso ug Tso
Preparation protein protein/ml units/ml
Whole tissue ex- 15 18 270
tract
Crude microsomal 27 9.5 257
extract
609, Ammonium 48 5.3 254

sulfate fraction

monium sulfate at a saturation between 40
and 60 %. The 60 % ammonium sulfate pre-
cipitate was exhaustively dialyzed without
loss of either activity. Growth-inhibitory
activity in the 60 % ammonium sulfate pre-
cipitate was associated with protein having a
molecular weight in the range of 100,000-
150,000 as determined by chromatography
on Sephadex G-100 and G-200 gels. This
roughly corresponds with the molecular
weights previously reported for rat liver
arginase (see 14).

Treatment of crude microsomal extracts
from control rats with trypsin, pronase or
heat reduced the arginase and growth-
inhibitory activities (Table III). RNA was



902

TABLE III. EFFeCTs OF VARIOUS PRETREATMENTS
ON THE GROWTH-INHIBITORY AND ARGINASE
ACTIVITIES OF LIVER MICROSOMAL EXTRACT

Viability Arginase

Pretreatment % of control
None, liver extract, 5 mg/mle 0 100
Pronase, 4.5 units/ml, 1 hr 100 5
at 37°
Ribonuclease, 450 units/ 0 96
ml, 1 hr at 37°
Trypsin, 1000 units/ml, 1 75 39
hr at 37°
Heat, 2 min at 100° 100 0
Rabbit antiserum to rat 0 —

serum, 0.1 ml/ml

¢ The concentration of extract shown refers to
the level in the bioassay. Pretreatments were per-
formed at a level of 100 mg/ml.

present in the crude extracts; however, ribo-
nuclease was without effect on growth-
inhibitory activity. Although not shown in
Table III, the inhibition of growth was also
reversed by adding arginine or citrulline (1-5
mM) to the bioassay medium.

The possibility that arginase may play a
role in the regulation of cell growth has been
discussed (2). It is also of interest that this
enzyme was once considered to be involved
in the process of hepatoma generation by
certain azodyes (2); however, it was subse-
quently found not to be the principal bind-
ing protein for these carcinogens (15). A
recent report reviews the effects of arginase
on cells in tissue culture (16).

Summary. The growth-inhibitory activity
against H.Ep. ¥ 2 cells observed in phosphate
buffer extracts of rat liver appears to be due
to the enzyme, arginase. This conclusion is
based on the findings that (1) extracts of
hepatomas containing lower levels of the
enzyme also contain less inhibitory activity;
(2) partial purification of the inhibitory fac-
tor results in a similar purification of the
enzyme; (3) molecular weights of the enzyme
and of the inhibitory factor are similar; and
(4) various treatments alter the enzyme and
inhibitory activities similarly.
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