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ACTIVITIES OF UREA CYCLE ENZYMES
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ABSTRACT
The hepatic arginase activity was found to be elevated significantly in tumorbearing mice a t the terminal stage. Furthermore, other enzymes in the urea
cycle, ornithine transcarbamylase, arginine synthetase (over all reaction J and
argininosuccinate cleavage enzyme, also showed elevated activity with a concomitant increase in urinary excretion of urea.
The present experiments seem to show that the enhanced activities of these
enzymes and the increased urea excretion both are related to protein catabolism
under adrenal hyperfunction in tumor -bearing mice at the terminal stage. Possible explanations for the development of cachexia in tumor-bearing hosts were
made.

INTRODUCTION

Since the concept of urea cycle was advocated by Krebs et al. 1 J in 1932, the
role of this cycle in protein metabolism has become, with the progress of biochemistry, increasingly clear in recent years 2)- to). On the other hand, although
there have been many reports on metabolic abnormalities in a tumor-bearing
host lll-m, the dynamics of urea cycle enzymes has been analyzed in only a
few reports, where the authors have not been in full agreement.
The purpose of the present stpdy is to analyze the dynamics of urea cycle
enzymes in tumor-bearing animals and to investigate possible factors affecting
the activity of arginase in the cycle.
MATERIALS AND METHODS

Female mice of the SMA strain weighing 20 to 30 g were fed mainly on
solid mouse food (NMF) prepared by the Oriental Yeast Co., Japan. Several
other kinds of food which differ in their protein components were also used to
meet the purpose of the individual experiments (Table 1). Intraperitoneal in-
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TABLE 1. Composition of the Diets Used in the Present Study
Protein-free
diet
Casein
Corn starch
Sucrose
Oil*
Salt mixture*
Vitamin mixture*
Choline chloride
Carboxymethyl
cellulose

* Supplied

0 (g)
70
11.5
10
5
0.85
0.15
2.5

Low protein
diet

High protein
diet

5 (g)
65
11.5
10
5
0.85
0.15
2.5

60 (g)
10
11.5
10
5
0.85
0.15
2.5

by Tanabe Amino Acids Research Foundation.

oculation of 5 x 10 6 of Ehrlich ascites tumor cells was performed to produce
tumor-bearing mice. The mean survival time of the mice after the inoculation
was about 3 weeks. Mice whose ascites became bloody at the terminal stage
were excluded from the present study. Solid tumors were produced by intramuscular transplantation of 10 7 ascites tumor cells into the back of the mice,
and 6 to 8 weeks later they were used for the experiments. Under anesthesia
with 1.5 mg of Nembutal, the adrenals were extirpated through bilateral subcostal
incision. After surgical operation, the animals were given physiological saline
instead of fresh water. Immediately after exsanguination of a mouse by decapitation, the liver was removed and weighed. Exactly 250 mg of liver of wet
weight was homogenized in 4.75 ml of ice-cold distilled water with a teflon
homogenizer in the standardized manner. The 5 per cent homogenate was
used for all enzyme assays. Activities of arginase (EC 3. 5. 3. 1) and ornithine
transcarbamylase (EC 2.1. 3. 3) were assayed, In addition, the over all reaction
system 7 > of arginine synthetase and argininosuccinate cleavage enzyme 4 >-s> (EC
4. 3. 2. 1) were also assayed according to Schimke's method 9 >. All assays were
performed in duplicates at 37°C. Enzyme activities were expressed in micromoles (f.J moles) of reaction product per hour per 100 g of the carcass weight.
The carcass weight was measured after the solid tumor or ascites was removed.
The determination of urea was made with a-iso-nitrosopropiophenone reagent according to Ratner's 7 > modification of Archibald's method 27 > and 2.5 ml
of a mixture of sulfuric and phosphoric acid solutions was used for the development of color. The spectrophotometer was utilized for the determination
at 540 m,u. Citrulline was spectrophotometrically measured at 490 m,u bv Archibald's method zs> employing diacetylmonoxime reagent. The material was heated
in the dark, in colored test tubes to prevent it from light-induced discoloration.
Mice were kept in metabolic cages to collect the 24-hour urine in a bottle
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containing 5 ml of 10 per cent trichloroacetic acid ( TCA) to prevent decomposition. They were given food and water ad libitum. The metabolic cages
were thoroughly rinsed with water. The washings together with the urine
collected were diluted to 1 liter with distilled water. After deproteinization
with TCA, the fluid was centrifuged and the supernate was used for the determination of urea.

RESULTS

Figures in parentheses immediately after mean values indicate standard
error of the mean.

Serial changes in the activity of hepatic urea cycle enzymes in tumor-bearing
mice
Serial changes in the hepatic arginase activity were analyzed in mice with
Ehrlich ascites tumor killed 2 to 16 days after the inoculation of tumor cells_
As shown in Table 2 and Fig. 1, there was no significant variation in the activity of the enzyme in the tumor-free control mice kept under the same condition as the tumor-bearing mice except for the presence of tumor. On the
other hand, in tumor-bearing mice the activity began to rise 8 days after inoculation. Sixteen days after inoculation, it reached a very high level, showing
a highly significant difference in the mean between the tumor-bearing and control mice ( 1,338,000 (60,000) vs. 635,000 ( 7,000) ,umoles) (p < 0.001). The average
TABLE 2. Hepatic Arginase Activity in Mice with Ehrlich Ascites Tumor
Days after
inoculation

f

1

No. of
mice

I Carcass
weight

(g)

Liver weight
(g)

2

I Tumor-bearing
Tumor-free

5
5

23.6±0.7
23.4 ± 0.8

1.20±0.08
1.08 ± 0.05

4

I Tumor-bearing

5
5

24.5±0.3
25.3±0.3

1.32 ± 0.04
1.38 ± 0.02

5
5

2fi.5 ± 0.8
25.5±1.1

1.38±0.13
1.31±0.06

1

Tumor-free

I Arginase activity*
I

I
I

601,000 ± 18,000
610,000 ± 36,000
699,000 ± 31,000
643,000 ± 9,800

6

I Tum~r-bearing

8

I Tumor-bearing
Tumor-free

6
4

24.0 ± 0.7
25.6 ± 0.4

1.42 ± 0.04
1.32±0.04

11

ITumor-bearing
Tumor-free

6
5

23.9 ± 0.6
24.7 ± 0.9

1.48 ± 0.08
1.21 ± 0.07

989,000±42,000
656,000 ± 9,800

16

I Tumor-bearing
Tumor-free

5
5

23.1±0.9
25.2 ± 0.6

1.47 ± 0.05
1.25 ± 0.03

1,338,000 ± 60,000
635;000 ± 7,000

Tumor-free

'

Values in the table indicate the mean and its standard error.
of urea formed I 100 g body weight I hour.

* Micro moles

I
I

688,000 ± 28,000
652,000 ± 15,000
784,000 ± 23,000
683,000 ± 18,000
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FIG. 1. Hepatic arginase activity in mice with Fhrlich ascites
tumor. Vertical bar s indicate the standard error of the mean.

carcass weight of the control mice was 25.2 (0 6) g, while 16 days after inoculation the value for tumor-bearing mice was reduced to 23.1 (0.9) g. On
the contrary, the average liver weight was 1.25 (0 03) g in tumor-free mice
and increased to 1.47 W.05) g in tumor-bearing mice.
Figure 2 shows that the weight of the solid tumor was positively correlated
with the level of the hepatic arginase activity (r=0.64 p<0.001). In mice
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FIG. 2. Correlation b etween tumor weight and hepatic arginase
activity in mice with solid tumor. Determined 6 to 8 weeks after the
intramuscular inoculation of Ehrlich ascites tumor cells.
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Hepatic Arginase Activity in Mice with Solid Tumor

TABLE 3.

I Tumor weight as per cent
of carcass weight

1

- --- -- -- Tumor-bearing"'
-

····

of
I No.
mice

Arginase activity*

I

Less th~w%-~~--7--~-6ro,ooo±43,ooo
821,000 ± 35,000
13
10-20%
1,008,000 ± 61,000
12
1
20- 30%
938,000±42,000
8
i
30-40%
1,196,000±96,000
8
I
More than 40%

P<OA

P<0.001
P<0.001
P<0.001
P<0.001

- --

~~~~r:!re:~---------------- ___ ___ __!__ ~-- -~~~·O_<J_~~22,000
Values in the table indicate the mean and its standard error.
of urea formed I 100 g body weight I hour.
Determined 6 to 8 weeks after the intramuscular inoculation of Ehrlich
ascites tumor cells.

* Micro moles

*

with tumor weight of less than 10 per cent of the carcass weight, no significant difference was noted in the activity between tumor-bearing and control
mice (Table 3). When the tumor weight was more than 10 per cent of the
carcass weight, a significant rise was noted in the hepatic arginase activity
(p<0.001). In mice whose tumor was more than 40 per cent of the carcass
weight, the average enzyme activity was elevated to a high value of 1,196,000
(96,000) .umoles as compared with 630,000 (20,000) .umoles in tumor-free mice
!p < 0.001). Table 4 shows that in tumor-bearing mice at the terminal stage,
the activities of hepatic arginase, ornithine transcarbamylase, arginine synthetase (over all reaction), and argininosuccinate cleavage enzyme were all enTABLE 4.

Activities of Hepatic Urea Cycle Enzymes in Mice with
Ehrlich Ascites Tumor
Tumor-free

Tumor-bearing

I
No. of mice
Carcass weight (g)
Liver weight (g)
Arginase activity*
Ornithine transcarbamylase
activity*
Arginine synthetase activity
(Over all reaction)*
Cleavage enzyme activity*

8
20.4 ±0.4
1.48±0.3
1,209,000 ± 54,000
P<0.001
1,455,000±48,000
P<0.05

1,108±31.0
P<0.001
5,180±108
P<O.OOl

6
23.1 ±0.4
1.10±0.04
648,000±33,000
1,283,000±66,000
869±24.7
2,876±99.2

Values in the table indicate the mean and its standard error.
of product I 100 g body weight I hour.
Determined 15 days after the intraperitoneal inoculation of Ehrlich
ascites tumor cells.

* Micro moles
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hanced as compared with those in tumor-free mice. In other words, all the
urea cycle enzymes tended to increase their activity at the terminal stage. The
degree of the increased activities was not uniform in individual enzymes. The
elevated activity of arginase and argininosuccinate cleavage enzyme was quite
noteworthy, being nearly doubled as compared with the control value (p < 0.001).
However, the ornithine transcarbamylase and arginine synthetase activity rose
only slightly, the former being about 11 times and the latter about 1.3 times
as high as those in tumor-free mice (p < 0.05 l.

The relation between food intake and urea excretion in mice with Ehrlich ascites tumor.
Eight mice were raised in metabolic cages for 7 days and then inoculated
with Ehrlich ascites tumor cells. Their urine was collected every 2 to 3 days
to evaluate the average amount of urea excreted in 24 hours. The intake of
food was also determined. As shown in Fig. 3, urea excretion by the tumorbearing mice decreased moderately during the period of 6 to 12 days after inoculation and was reduced to 96 mg I 24 hours I mouse from the pre-inoculation
mq
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FIG. 3. Urea excretion and food intake in mice with Ehrlich
ascites tumor.

level of 120 mg. Subsequently, it tended, however, to increase and reached
a significantly higher level of 147 mg/24 hours/mouse 16 days after inoculation.
The intake of food by the tumor-bearing mice began to decrease 10 days after
inoculation, being reduced to about 60 per cent of the pre-inoculation amount.
For analysis of the effects of fasting in tumor-free animals, a group of mice
was subjected to starvation for 4 days but was allowed free intake of water.
Since the hepatic arginase activity is affected by the protein content in food 9 ),
protein-free food was fed to the control mice for 4 days. As shown in Table
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TABLE 5. Effects of Fasting on the Hepatic Arginase Activity in Mice

-~-=~-7~~=~~~~~:~i~~=:~:;lz7~~:;-;==:~g::::::::7
Fasting for 4 days

5

1

18.4 ± 0.7

0.71 ± 0.05

619,000±20,000
P<0.001

Protein-free diet
for 4 days

6

1

19.8± 0.5

0.76 ± 0.02

349,000±19,000

- - -- - - - - Values in the table indicate the mean and its standard error.
of urea formed I 100 g body weight I hour.

* Micromoles

5, the hepatic arginase activity of the fasting group was, on the average, 619,000
(20,000) .umoles which was significantly higher than the 349,000 (19,000) .umoles
for the control group (p < 0.001).

Effects of dietary protein content on hepatic arginase activity in mice with
Ehrlich ascites tumor
Tumor-bearing and tumor-free mice were fed on three different foods;
standard, low protein and high protein diets. Thus, the hepatic arginase activity was compared in 6 different groups. Table 6 summarizes the results of
this experiment. The tumor-free group on low protein diet showed the lowest
activity of the enzyme among the 6 groups. The mean value for this group
was significantly different from those of the 2 other tumor-free groups (p <
0.001). In contrast, the tumor-bearing groups on high protein and standard
TABLE 6. Effects of Dietary Protein on the Hepatic Arginase Activity
in Mice with Ehrlich Ascites Tumor

I

I

'

of
Carcass
Liver
.
I No.
mice . weight (g) I weight (g) I Argmase
Standard
diet *

Tumor-bearing

6

25.9 ± 0.6

1.68± 0.04

Tumor-free

5

28.7± 0.6

1.37± 0.05

Tumor-bearing

6

26.9 ± 0.9

0.82 ± 0.01

Tumor-free

6

26.0 ± 0.7

0.96±0.03

Tumor-bearing

5

26.2± 1.9

1.36±0.12

Tumor-free

6

26.1 ± 0.9

1.26± 0.06

_. . ,,
achv1ty ·

1,289,000 ±44,000
P<0.001
564,000± 13,000

-----

Low protein
diet

High protein
diet

721,000± 47,000
P< 0.001
343,000±28,000
---·-·------- - - -----····
1,286,000±37,000
P< 0.001
801,000± 31,000

-- ----·------~------·--

Values in the table indicate the mean and its standard error.
* Micro moles of urea formed I 100 g body weight I hour.
Determined 15 days after the intra peritoneal inoculation of Ehrlich ascit es
tumor cells.
0 Mouse food prepared by Oriental Yeast Co., Ltd. INMF).
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diets showed the highest level of enzyme activity as compared with all the
other 4 groups (p <O.OOll. Each tumor-bearing group showed a significantly
higher activity than the corresponding tumor· free group (p < 0.001).

Effect of glucocorticoid on the hepatic arginase activity in tumor-free mice
A group of tumor-free mice was given subcutaneously a single daily dose
of 1 mg of prednisolone hemisuccinate for 3 successive days and was studied
for the hepatic arginase activity 24 hours later. The enzyme activity showed
a mean of 863,000 (52,000) ,umoles, which was significantly higher than that
of the control group (p < 0.001 ). However, no increase in activity was noted
in mice which received only a single subcutaneous dose of 1 mg of the drug
(Table 7).
TABLE 7.

Effect of Glucocorticoid on the Hepatic Arginase Activity
in Tumor-free Mice

I Liver weight
Carcass
(g)
weight (g) j

No. of
mice
ad·
Glucocorticoid
ministered f or 3 successive days *

6

17.7± 1.0

I
I

-,- ------ -~----- - -- --,

Single dose of glu·
cocorticoid admini·
stered*
-

- ---

Arginase activity*
863,000 ± 52,000
p<0.001

0.96±0.04
- - - - - - - - --

-

7

I

19.6±0.4

1.01±0.02

692,000 ± 17,000

6

1

24.3±0.9

1.25±0.05

653,000 ± 24,000

--

Control

Values in the table indicate the mean and its standard error.
of urea formed I 100 g body weight I hour.
'" Prednisolone hemisuccinate 1 mg I day was administered by
subcutaneous injection.

* Micro moles

Effect of adrenalectomy on the hepatic arginase activity in tumor-bearing mice
Adrenalectomy "vas performed in 5 tumor-bearing and 5 tumor-free mice,
and a sham operation in control tumor-bearing and tumor-free groups, each
group consisting of 6 mice. Tumor-bearing mice were operated 3 days after
the Ehrlich ascites tumor implant into the abdominal cavity. The hepatic arginase activity was determined 6 days after operation in each group. Table 8
indicates that the average enzyme activity in tumor-bearing and tumor-free
mice with sham operation was 720,000 (27.000) and 622,000 (18,000) ,umoles, respectively, which were significantly different (p < 0.05). As compared with the
sham operation groups, adrenalectomy significantly lowered the enzyme activity
in both tumor-bearing and tumor-free mice, with a very similar average value
of approximately 284,000 ,umoles. Similar experiments were performed to evaluate the effects of adrenalectomy on the hepatic arginase activity in mice with
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TABLE 8.
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Effect of Adrenalectomy on the Hepatic Arginase Activity
in Mice with Ehrlich Ascites Tumor
of I Carcass '.
Liver
A .
t • •t "
II No.
mice weight (g) , weight (g) , rgmase ac !Vl Y'
1.

-Adren::ctomy*

J

Tumor-b~aring *
Tumor-free

[
I

5
5

25.9±1.3 -- 1.07±0.07
25.4±0.8
1.05±0.03

I
1

284,000± 6,200
283,000±13,000

_s~am ope~ation * ~~~~~:r:::ing ~L- ~---~-J.~:~~6:~ _ u~~~:-~!_1__ ~~g:~gg~i~:ggg
1

Values in the table indicate the mean and its standard error.
of urea formed I 100 g body weight I hour.
*Determined 9 days after the intraperitoneal inoculation of the Ehrlich ascites
tumor cells.
* Determined 6 days after the operation.

* Micromoles

TABLE 9.

Effect of Adrenalectomy on the Hepatic Arginase
Activity in Mice with Solid Tumor

I

I
Tumor
bearing*

'- --

I

- .. ·

No. of I Carcass I
Liver
Tumor
mice weight (g) weight (g) 1 weight (g)
1

6

1.06±0.10

I

5.03±1.18

I
I

Tumor
bearing*

7

I

Tumor
free

6

Sham operation* I

21.7±0.8

1.32±0.07

I
I

1.60±0.07

I

22.2±0.5

I

1.14±0.04

I

525,ooo±19,ooo

1559,000±19,000

I
24.0±1.1

1

I
I

I

I

5

Arginase
activity '

I

! 24.6±1.2

Adrenalectomy*
Tumor
free

I

4.58±1.29

I

850,000±65,000
666,000±25,000

--·-~-·-~-~-~

Values in the table indicate the mean and its standard error.
of urea I 100 g body weight I hour.
*Determined 6 to 8 weeks after the intramuscular inoculation of Ehrlich ascites
tumor cells.
*Determined 3 days after the operation.

* Micro moles

a solid tumor of similar size. As shown in Table 9, the average activity in
the sham operation groups was 850,000 (65,000) ,umoles in tumor-bearing mice
and 666,000 (25,000) ,umoles in tumor-free ones, the former being significantly
higher than the latter (p <0.05). On the other hand, each group of adrenalectomized mice showed a significantly lower enzyme activity than the corresponding group with sham operation (p < 0.001). No significant difference was
noted between the tumor-bearing and tumor-free mice.
DISCUSSION

There have been many reports ls)-z 6) on the activity of hepatic arginase in
experimental animals with transplantable tumor. Greenstein 18 )-zl) noted a sig-

324

M. SANO

nificant reduction in the hepatic arginase activity in fast·growing hepatoma
31 of rats. Weirz 2l stated that the enzyme activity decreased in rats with transplansplanted sarcoma. Fujiwara 23 J also reported a decrease in the activity in
tumor-bearing mice. In contrast, Greenberg and Sassenrath 21 J stated that there
was no statistical difference in the hepatic arginase activity between tumorbearing and control mice. Abreu and Abreu 25 J reported that, in Ehrlich ascites
tumor- bearing mice, the activity of hepatic arginase remarkably increased at
the terminal stage. Thus, there has been considerable disagreement on the
behavior of the hepatic arginase activity in tumor-bearing animals. The results of the present study agree with the observations made by Abreu and
Abreu 25 J.
Only a few investigators have studied hepatic urea cycle enzymes other
than arginase in tumor-bearers. Greenstein et al. 19 J stated that no significant
difference was found in hepatic urea synthesis between tumor-bearing and control rats. Nakata et al. 26 J also noted no change in the level of urea cycle enzymes in tumor transplanted mice. In the present study, however, the activity
of the individual enzymes in the cycle was increased. This disagreement may
be attributed partly to the fact that activities of the hepatic arginase and other
urea cycle enzymes do not rise until the terminal stage in tumor-beaing animals 25 J, and partly to the difference in the manner of expressing enzyme activities. In view of the increase in the liver weight and also of the marked
decrease in the body weight in tumor-bearing animals, enzyme activities should
be corrected by both of the two factors, the total liver weight and body weight
instead of unit weight of protein or nitrogen, for proper evaluation of the
change in enzyme activities 10 J 29 J. The present experiments demonstrated that
the activity of hepatic urea cycle enzymes was elevated in association with the
These results
increased urea excretion by the host at the terminal stage.
agreed with the reports that urea excretion in urine was in proportion to the
activity of hepatic arginase 30 J or to the total urea cycle enzymes 9 J. Urinary
excretion of urea is said to be affected by catabolism of body protein and intake
of protein 9 J 30 J. Consequently, the observation that mice with ascites tumor
showed an increased urea excretion at the terminal stage in spite of decreased
food intake, could be attributed to increased catabolism of body protein. It
was observed in the present study, that fasting or administration of a large
dose of glucocorticoid enhanced the hepatic arginase activity. This could suggest
that the enhancement of the activity is related to increased protein catabolism.
Schimke had made a similar observation 10 J 31 J. Tumor-bearing mice showed a
higher hepatic arginase activity than the tumor-free ones independent of protein
intake. This result would imply that the higher level of activity is induced by
increased catabolism of protein in the tumur-bearing mice at the terminal stage.
Because of increased consumption of glucose 32 J by the tumor cells and in-
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creased energy expenditure by the tumor-bearing animals 3' J, the host is considered to develop carbohydrate deficiency, which, in turn, accelerates protein
catabolism. Mider et al. 34 J 35 J stated that as the tumor grows, hosts consume
lipid which is a storage of energy, and at the terminal stage, they utilize protein as source of energy, with a consequent negative nitrogen balance developing.
Adrenal hyperfunction has commonly been recognized in tumor-bearing
hosts. Balls and Samuels 36 J reported adrenal hypertrophy in rats with Walker
256 tumor. Savard 37 J also made a similar observation in mice with sarcoma
180. Nadel and Burstein 38 J reported an increase in urinary corticosteroid excretion in guinea pig with liposarcoma and leukemia. Hilf et al. 39 J, and PericGolia and Jones 40 J also reported an increased plasma corticosterone level in
experimental animals with malignant neoplasm. It was also shown that adrenal
hyperfunction was responsible for the increased activity of steroid-dependent
tryptophan pyrrolase 16 H 1 J and tyrosine aminotransferase 17 J in tumor-bearing
animals. In the present experiments, it was noted that adrenalectomy kept the
hepat ic arginase activity at a low fixed level in mice with ascites tumor, and
decreased the enzyme level which had already become higher in mice with solid
tumor. These would suggest that adrenal function is closely related to the
hepatic arginase activity in tumor-bearing mice.
When metabolic abnormalities in a tumor-bearing host is viewed in terms
of protein metabolism, several factors such as nitrogen trap 34 J, anorexia, and
accelerated protein catabolism and gluconeogenesis under adrenal hyperfunction
for correcting carbohydrate deficiency are all considered to play an important
role in developing malignancy-induced cachexia. Thus, it seems that increased
activities of urea cycle enzymes are one of the expressions of the host's adaptive
mechanism to maintain its internal environment.
SUMMARY

Female SMA mice inoculated with Ehrlich ascites tumor were studied for
the activity of urea cycle enzymes (arginase, ornithine transcarbamylase,
arginine synthetase and argininosuccinate cleavage enzyme) as well as for urinary urea excretion. Analyses were made to evaluate the effects of food intake,
especially protein content in the diet. and adrenal function on the hepatic arginase activity in tumor-bearing mice at the terminal stage.
1) In mice with transplanted Ehrlich ascites tumor, the hepatic arginase
activity began to rise 8 days after inoculation and it rose to about 2.1 times
the value for the control group 16 days after inoculation.
2) In mice bearing a solid tumor, significantly positive correlation was found
between the size of tumor and the hepatic arginase activity. As the tumor
weight increased beyond 10 per cent of the carcass weight, the activity tended
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to rise. In mice whose tumor weight was more than 40 per cent of the
carcass weight, the enzyme activity was about 1.9 times as high as the control
value.
3) In mice bearing Ehrlich ascites tumor, activities of ornithine transcarbamylase, arginine synthetase (over all reaction), and argininosuccina te
cleavage enzyme were also elevated at the terminal stage.
4) In mice bearing Ehrich ascites tumor urinary excretion of urea increased
at the terminal stage.
5) The hepatic arginase activity was elevated in tumor-bearing mice at the
terminal stage, irrespective of protein content in food.
6) Adrenalectomy , which was performed 3 days after the intraperitoneal
inoculation of Ehrlich ascites tumor cells, suppressed an expected elevation of
the hepatic arginase activity. It also lowered the enzyme activity which had
been elevated in mice with a solid tumor prior to adrenalectomy .
7) The rise in the hepatic arginase activity of tumor-bearing mice at the
terminal stage was concluded to be closely related to increased protein catabolism induced by adrenal hyperfunction.
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