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Abstract—Rats bearing subcutaneous Walker 256 carcinoma or intramuscular Reuber H-35
hepatoma were tested for their ability to metabolize '*C-p-nitrophenol into its sulfate and
glucuronide. Amounts of p-nitrophenyl glucuronide (PNPGA) and p-nitrophenyl sulfate
(PNPS) excreted by the Walker hosts did not differ significantly from those excreted by the
controls. Hepatoma hosts, compared with controls, excreted comparable amounts of PNPS
but significantly higher amounts of PNPGA. To clarify the basis for the changes in the con-
jugate levels in urine of the hepatoma hosts, sulfotransferase and glucuronyl transferase ac-
tivities of the hepatoma and of host and control tivers were assayed. The hepatoma possessed
significantly higher glucuronyl transferase activity than either type of liver, but had a very
low sulfotransferase activity. Microsomal glucuronyl transferase of the hepatoma obeyed
Michaelis-Menten kinetics; K, value for p-nitrophenol is 0-22 mM. Liver transferase(s) gave
different and irregular kinetics, suggesting qualitative differences between the transferases
of the hepatoma and liver.

KATO et al.' and Wilson? observed that the activity of several drug-metabolizing
enzymes is depressed in the liver of tumor-bearing rats. As a consequence, the action
of drugs was prolonged (e.g. that of pentobarbital or zoxazolamine) in animals bear-
ing Walker 256 carcinoma,** Sarcoma 45, Flexner—Jobling carcinoma or T, Guerin
tumor.®> Both prolongation of drug action and decrease in drug metabolism pro-
gressed with the increase in weights of Walker 256.> The enzymes affected included
pentobarbital oxidase, carisoprodol oxidase, hexobarbital hydroxylase, aminopyrine
N-demethylase, aniline hydroxylase and nitro reductase.®

Detailed studies have revealed that liver microsomal oxidase activity and the
amount of hepatic cytochrome CO-binding pigment (P-450) are decreased in rats
bearing such neoplasms as pituitary mammotropic tumor,” Walker 256 carcinoma,®
Morris hepatoma 9618A-2, 7800, 7795 or 7787.% Additionally, microsomal drug oxi-
dations have been reported to be depressed in the presence of such tumors as Hilf
adenocarcinoma® and a fibrosarcoma.'® Besides decreased levels of cytochrome P-
450 in tumor-bearing rats, decreased interaction of the cytochrome with such sub-
strates as testosterone, progesterone,’! hexobarbital, aminopyrine or aniline has
been observed.!?

Recent studies by Boulos et al.'” with parabiotic rats showed that a factor present
in the circulation may be responsible for decreased drug metabolism in rats bearing
a fibrosarcoma. Also, Bartosek et al.!® have found that blood from Walker 256
tumor-bearing rats could impair pentobarbital metabolism in perfused liver from a
normal rat.
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Besides the hepatic mixed-function oxidases, other hepatic enzymes are affected
by the presence of extrahepatic tumors. For example, lowered liver alanine transa-
minase activity was observed in rats bearing large (30-100 g) Walker 256 carcinoma
tumors.!* More recently, many liver enzymes of intermediary carbohydrate and
amino acid metabolism have been found to be affected.!®

In view of the profound effects of extrahepatic tumors on the hepatic metabolism
of the host, it was of interest to examine the possible influence of such tumors on
glucuronidation and sulfation, these being important drug detoxification pathways.
In this study, rats bearing subcutancous Walker 256 tumors or intramuscular hepa-
toma Reuber H-35 were tested for their ability to metabolize '*C-p-nitrophenol into
its sulfate and giucuronide.

MATERIALS AND METHODS

Materials

p-Nitrophenol-2,6-'#C (16:7 mM) was from ICN Chemical and Radioisotope Divi-
sion, Irvine, Calif. Uridine diphosphoglucuronic acid (UDPGA), p-nitrophenyl glu-
curonide (PNPGA) and p-nitrophenyl sulfate (PNPS) were from Sigma Chemical
Co., St. Louis, Mo.

Animals

Male Sprague—Dawley rats, from A. R. Schmidt, Madison, Wis., were used for the
experiments with Walker carcinoma 256. This tumor was implanted subcutaneously
into the right flank of rats weighing about 180 g and the animals were used for exper-
iments within 2-3 weeks after transplantation, when the weight of the Walker tumor
ranged between 33 and 168 g. The Walker tumor line was initially obtained from Dr.
K. Sugiura of the Sloan—Kettering Institute in 1958 and, since then, it has been main-
tained in this Department by subcutaneous passage in Sprague—Dawley rats. The
rats bearing Walker tumor used in the experiments reported herein were kindly pro-
vided by Dr. Fred Rosen of this Department.

Male ACl rats, from Laboratory Supply Co., Indianapolis, Ind., were used for the
experiments with hepatoma. The Reuber H-35 line was obtained from Dr. Bernacki
of this Department. It was transplanted by mincing freshly excised tumor in 0-9%
NaCl and injecting the 20%, mince bilaterally, 0-25 ml into each flank, i.m. The tumor
was allowed to grow for about 4-8 weeks before the animals were used for the exper-
iments; tumor weight ranged between 8 and 79 g.

Groups of tumor-bearing rats (hosts) and non-tumor-bearing animals (controls)
were maintained under identical conditions. In experiments both in vivo and in vitro
pairs of control and tumor-bearing rats of the same age, strain and lot were tested
concurrently.

Experiments in vivo

Y4C-p-nitrophenol (50 mg/kg, 4-20 uCi/rat) was injected i.p. as the Na salt in 0-9%
NaCl, in an injection volume equivalent to 1 per cent of body weight. The animals
were placed in glass metabolic cages with drinking water ad. lib. Urine samples and
24-hr feces samples were collected as indicated.
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Assays in vitro

Freshly excised tissue (liver or hepatoma) was homogenized with 3 vol. of 0-154 M
KCl in a Teflon-glass homogenizer and the volume was adjusted with KCl to give
a 20%, (w/v) preparation. To obtain microsomal fractions, the homogenate was cen-
trifuged for 15 min at 15,000 g, the supernatant was then centrifuged at 105,000 g for
1 hr, and the microsomal pellet was washed by mashing it in KCI (0-154 M) and re-
spinning for 1 hr at 105,000 g. The final microsomal fraction was suspended in a
volume of 0:154 M KCl equal to the volume of homogenate from which it was de-
rived.

Sulfotransferase. The method of Schneider and Lewbart!® was modified as follows.
The 5'-phosphoadenosyl-3'-phosphosulfate (PAPS) generating system (consisting of
0-014M ATP, 0-014 M MgCl,,0-008 M K, SO,, ] mM ascorbic acid, 0-1 M phosphate
buffer, pH 6, and 10% liver homogenate) was either incubated concurrently with p-
nitrophenol or was incubated for 30 min at 37° prior to the addition of 0-5 mM **C-p-
nitrophenol. The reaction was allowed to proceed for 3060 min and was stopped
by the addition of 3 vol. of 90% ethanol containing carrier amounts of p-nitrophenyl
sulfate. followed by freezing. A control and a host liver, and the hepatoma were
assayed concurrently.

Glucuronyl transferase. Homogenates or microsomes (equivalent to 0-1 g tissue/ml
of incubation medium) were incubated with 0-1 to 1-5 mM '*C-p-nitrophenol, 2 mM
uridinediphosphoglucuronic acid (UDPGA) and 0-2 M phosphate buffer at pH 7-4.
Incubations were carried out for 15 min at 37° and were stopped with 3 vol. ethanol
containing some unlabeled p-nitrophenylglucuronide as carrier, followed by freezing.
A control and a host liver, and the hepatoma were assayed concurrently.

Metabolite detection and estimation

Freshly collected urine was pooled with cage rinsings and adjusted to known
volumes (10-20 ml). Samples of the diluted urine were mixed with 3 vol. ethanol con-
taining carrier amounts of p-nitrophenol glucuronide and sulfate, and were centri-
fuged. Aliquots (0-Sml) of the supernatants were counted in a Packard Tri-Carb
liquid scintillation spectrophotometer using a toluene scintillation mixture [4 g 2,5-
diphenyloxazole and 0-5 g 1,4-bis-2-(5-phenyloxazolyl)-benzene/liter of toluene and
containing 15%; of Beckman Bio-Solv formula BBS-3]. Portions of the supernatants
were chromatographed on Whatman No. | paper, using n-butanol-pyridine-water
(14:3:3) for separation of the metabolites. Metabolite peaks were detected with the
aid of a 4 Pi Tracerlab chromatogram scanner and were identified by coincidence
with the ultraviolet-quenching spots of reference compounds. These were cut out and
counted in the toluene mixture (without Bio-Solv BBS-3). The counting efficiency for
'4C on the immersed paper strips was found to be 43 per cent.

Samples of the ethanolic supernatants of urine were also examined for the presence
of any unchanged p-nitrophenol using the thin-layer chromatography (TLC) method
described earlier.!”

Supernatants of incubation mixtures were analyzed chromatographically and
quantitated as described above for the urine extracts. Extracts of feces were examined
similarly after homogenization with ethanol containing carriers and filtration of the
mixtures.
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RESULTS AND DISCUSSION

In agreement with the increase in host liver size observed by others.® significantly
increased ratios of liver weight to body weight of rats bearing Walker 256 carcinoma
were also noted in the present study (Table 1). In contrast with the profound effects
of this tumor on many enzymes of host liver, no significant differences were observed
in the amounts of p-nitrophenyl glucuronide or sulfate excreted by the host as com-
pared to the control group. p-Nitrophenol was rapidly metabolized by all rats, up
to 70 per cent of the dose being excreted in urine within the first 3 hr, and up to 95
per cent within 12 hr. No appreciable amounts of unchanged p-nitropheno! were
excreted; feces contained very little additional radioactivity, hence their metabolite
content was not examined. p-Nitrophenyl glucuronide was the main urinary metabo-
lite of p-nitrophenol. It is interesting that the extent of individual variation in the
glucuronide excretion was significantly greater (P < 0-05) among the host than the
control animals, and this was especially noticeable in the early urine samples (Table
1). This effect cannot be explained at this time, but it raises the possibility that distri-
bution of p-nitrophenol or the glucuronide or of both was affected by the presence
of the tumor (though no proportionality to tumor weight was discernible). There was
no such variability in the sulfate excretion. An unidentified urinary metabolite (X)
of '*C-p-nitrophenol was detected in both control and host urine. The metabolite
was most prominent in the late urine samples, at which time the control samples were
seen to contain significantly higher amounts of it than the host samples (Table 1).
Excretion of X by the hosts appeared to decrease progressively with increasing tumor

TABLE |, COMPARISON OF URINARY EXCRETION OF p-NITROPHENOL GLUCURONIDE (PNPGA), p-NITROPHENOL
SULFATE (PNPS) AND AN UNIDENTIFIED METABOLITE X BY NORMAL AND WALKER 256-BEARING RATS GIVEN
50 mg/kg oF '*C-p-NITROPHENOL¥

Control Host P valuet

No of rats 4 4
Tumor wt range (g) 0 95 + 65
Body wt range (g) 2545 + 174 2345 + 161
Liver wt range (g) 113+ 09 159 + 36
Ratio liver wt/body wt 0-044 + 0-001 0:067 + 0013 <005
PNPGA (% dose)

0-3 hr urine 410 + 16 340 + 21-1 NS

0-6 hr urine 430 + 34 474 + 108

0-24 hr urine 49-7 + 39 524 + 94 NS
PNPS (% dose)

0-3 hr urine 22+ 57 14:5 + 3:0 NS

0-6 hr urine 19-1 + 70 2000 + 35

0-24 hr urine 219 + 52 242 + 30 NS
Metabolite X (%, dose)

0-3 hr urine 13+ 02 07 + 06 NS

0-6 hr urine 56 + 39 17 + 04

0-24 hr urine 155 + 24 73+ 20 < (002
Ratio PNPGA/PNPS in 0-24 hr urine 2:39 + (66 218 4+ 045 NS
Total radioactivity in 0-24 hr urine (% dose) 92:0 £+ 50 907 + 94

* Values are means + S.D.
t P values were computed by Student’s t-test: control and experimental groups were not significantly
different from each other {(NS) when P values were >0-05.



Glucuronidation and sulfation in tumor-bearing rats 1813

weight. p-Aminophenol conjugates, amounting to 18 per cent of a dose, have been
previously detected in urines of p-nitrophenol-treated animals.'® It is conceivable
that X is such a conjugate; the metabolite traveled on chromatograms between p-
nitrophenyl sulfate and p-nitrophenyl glucuronide. Nitro reduction is known to be
depressed in Walker 256-bearing rats® and this could explain the behavior of X. In
any event, X can be regarded as monitoring another pathway of biotransformation
of p-nitrophenol, one which was clearly influenced by the tumor.

TABLE 2. COMPARISON OF URINARY EXCRETION OF p-NITROPHENOL GLUCURONIDE (PNPGA), p-NITROPHENOL
SULFATE (PNPS) AND AN UNIDENTIFIED METABOLITE X BY CONTROL AND REUBER H-35 HEPATOMA-BEARING
RATS GIVEN 50 mg/kg OF '#C-p-NITROPHENOL*

Control Hosts P value*
No. of rats h! 5
Tumor wt range (g) 0 46 + 30
Body wt range (g) 204 + 35 196 + 55
Liver wt range (g) 854 15 91+ 24
Ratio liver wt/body wt 0-041 4- 0-001 0-061 + 0-009 <0002
PNPGA (9, dose)
0-3 hr urine 342 4+ 43 563 + 13-4 <0-01%
0-6 hr urine 451 + 62 672 + 49 <0002
0-24 hr urine 528 4 58 676 + 71 <001
PNPS (9, dose)
0-3 hr urine 12:0 4 08 125+ 10
0-6 hr urine 16:5 4 45 145 + 20
0-24 hr urine 19-1 1- 4-1 163 + 27 NS
Metabolite X (%, dose)
0-3 hr urine 34 425 04 + 01 NSt
0-6 hr urine 14-3 4 3-8 10 + 04 <0-01%
0--24 hr urine 18:3 + 46 220+ 09 <0-002
Ratio PNPGA/PNPS in 0-24 hr urine 283 + 040 429 + 105 <002
Total radioactivity in 0-24 hr urine (% dose) 917 + 59 950 £+ 52

* Values are means + S.D.

T P values were computed by Student’s t-test: control and experimental groups were not significantly
different from each other when P values were >0-05.

} These values were computed excluding the data for the host of the 8 g tumor.

Reuber hepatoma H-35-bearing rats showed a significantly increased glucuronide
excretion in comparison with the corresponding controls (Table 2), without signifi-
cant changes in the excretion of the sulfate conjugate. The increase in glucuronide
excretion was very pronounced, and highly significant, in the case of hosts of 21-81 g
tumors; an 8 g tumor produced only a slight increase, but there was no direct propor-
tionality between the tumor weights and the urinary glucuronide levels. Urine of the
hepatoma hosts contained much less of the metabolite X than did control urine
(Table 2). Again, there was no direct proportionality between this effect and tumor
weights, but an 8 g tumor produced less of an eflect that the larger tumors.

Increased glucuronide production by the hepatoma-bearing rats could signify that
the tumor tissue was contributing to the metabolism of p-nitrophenol in vivo, or that
the host liver had a significantly increased glucuronide conjugating capability, or
that a combination of both these factors was at play. Lueders et al.'® found glucur-
onyl transferase activity in a number of transplantable hepatomas, including Reuber
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H-35. However, if metabolism in the hepatoma were the only contributing factor,
a proportionality between the tumor weights and conjugate levels would have been
expected, notwithstanding the possibility that partial necrotization of tumor tissue
could have been obscuring the correlation to some extent. Also, a proportional in-
crease in the sulfate conjugate would have been expected, if the hepatoma simply
behaved as additional liver tissue for the purpose of conjugations. Sulfotransferase
and glucuronyl transferase activities of control and host livers and hepatoma were
examined to clarify the basis for the observed changes in conjugation.

TaBLE 3. COMPARISON OF P-NITROPHENOL SULFOTRANSFERASE AND GLUCURONYL TRANSFERASE ACTIVITIES IN
HOMOGENATES OF HEPATOMA, THE CORRESPONDING HOST LIVER AND CONTROL LIVER*

Enzyme activities
(nmoles product/g tissue;/min)

Enzyme Hepatoma Host liver Control liver
Sulfotransferase 594+ 03 203 + 56 237 4+ 109
P < 0005+ NSt
Glucuronyltransferase 168 + 16 76 + 20 60 + 24
P <002 NS

* Incubations were carried out at 37° as described under Methods. Values are means + S.D.
+ P values were computed by Student’s t-test; NS means not significantly different from each other
when P > 0-05.

As can be seen from the experiments summarized in Table 3, sulfotransferase acti-
vity in the hepatoma was very much lower than in either host or control liver,
whereas glucuronyl transferase activity was about twice as high in the hepatoma than
in the livers. Host and control livers did not differ significantly from each other in
either conjugation, although a somewhat elevated glucuronyl transferase activity of
host liver was consistently observed. When microsomal preparations of host and
control liver, and of hepatoma were assayed for glucuronyl transferase activity, the
hepatoma preparations always contained more activity than those from either type
of liver (Fig. 1). Moreover, the kinetic behavior of the hepatoma glucuronyl transfer-
ase was different from that of either liver and conformed to the usual Michaelis-
Menten kinetics. The transferase of both the control and the host liver microsomes
behaved alike, giving irregular kinetics suggestive of either a mixture of enzymes or
a system with regulatory subunits which is subject to activation at higher substrate
concentrations. Thus, the results show that the hepatoma glucuronyl transferase is
both quantitatively and qualitatively different from the liver enzyme.

If the host and the control liver glucuronyl transferase activity is due to a mixture
of enzymes, the behavior depicted in Fig. | can be interpreted to indicate the presence
of a low affinity component with a K,, value of about 0-5 mM for p-nitrophenol, and
a high affinity component with a very much lower K,, value. It is interesting that
K., values of 0-55 to 0:62 mM have been reported for microsomal, or partially puri-
fied, p-nitrophenol glucuronyl transferase of rat liver.?°*! The K, value of the hepa-
toma glucuronyl transferase, as determined from Fig. 1, is 0-22mM for p-nitro-
phenol, and the V,, range is 8-7 to 13-8 nmoles glucuronide formed/mg of microso-
mal protein/min.
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F1G. 1. Double reciprocal plot of v (in umoles p-nitrophenylglucuronide formed/mg of microsomal pro-
tein/min) against S, the mM concentration of p-nitrophenol. ® © = Control livers; 8 O = host livers;
A A = hepatomas, in two experiments represented by open and closed symbols respectively.

In the light of the present results, it seems likely that the major contribution to
the increased glucuronide excretion by the hepatoma-bearing hosts comes from the
hepatoma tissue itself. The absence of a simultaneous increase in the urinary sulfate
can be understood in view of the low sulfotransferase activity found in the hepatoma.

The results reported herein show that host liver glucuronyl and sulfate transferase
activity, unlike that of the hepatic mixed-function oxidases, is not markedly affected
by the presence of tumor in the host. However, tumors, at least those of liver origin
(and possibly others, as indicated by the findings of Dao and Libby??:2%), can possess
varying amounts of conjugating activity and can actively contribute to detoxification
by such pathways. The activity may reside in enzymes which may be qualitatively
different from those of normal tissues, as our kinetic studies of glucuronyl transferase
suggest. It is interesting in this context that Dao and Libby?%:23 have observed that
human mammary neoplasms possess a variable pattern of steroid-sulfating activity
and that this pattern is different from that in either normal liver of normal breast
tissue. In the present study, it was also found that the sulfating activity of the hepa-
toma is significantly different from that of liver; the decreased activity with respect
to p-nitrophenol as substrate could be due to a decreased amount of sulfotransferase
in the hepatoma or the presence of an enzyme with a lowered affinity for p-nitro-
phenol. The above observations raise questions about the possibility that sulfate and
glucuronyl transferases of tumors, hepatomas and other neoplasms may be qualitati-
vely different from those of normal tissues.
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