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Among metabolic derangements comﬁoﬂy found inApatients with
malignant diseases, the development of cachexia in the advanced stages
presents a formidsble problem. In spite of various biochemical studies
(1, 2), no specific metabolic change, in the strictest sense, has been
ascribed to cancer cachexia, On the contrary, metabolic changes found
so far in carcinoma patients are only quantitative, but not qua.litativé,
when comI;ared‘With the metabolism in normal subjepts or in patients with
non-malignant diseases. Nevertheless, the search for the mechanism of
cachexia formation still appears important, inasmch as there should be
functional disorders comparable to the metabolic derangements, if only
quantitative, on the side of the cancer hosts. Also, attention must be
called to the source of the dyéfuncfion in the detoxication. processes,

which should nomally be able to cope with the metabolic derangements

toxic to the hosts.

In starting a series of biochemical studies on the detoxication by -

glucuronic acid, which is widely accepted to play the main role in the
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detoxication mechanisms in the body, the interrelation between the -
metabolism df glucuronic acid and the.elevation'of p—glucuronidase
activity in malignant neoplasms wés iﬁvestigated in clinical and animal
experiments. ‘ .
Materials and Methods
1. Clinical Experiments
a. Determination of glucuronic acid (GA) concentration in serum:
To 5 ml of distilled water was added 1 ml of the blood drawn by vene-
puncture to causevhemolysis. To the mixture were then added 2 ml of
0.3 N Ba (0H)2 and 2 ml of 5% ZnS04 to remove protein. The filtrate
was subjected to GArdetermiﬁation with Dische's carbazole method (3).
b. Assay of serum ﬁ—glucurbnidase (pGase): Biosynthetic p-
nitrﬁphenyl-p-glucuronide (4) was used as the substrate in the enzyme
assay, The substrate, 0.1 ml in 0.1 M concentration, was incubated
with a mixture of 0.2 ml of the serum sample and 0.8 ml of acetate
buffer, pH 4.0, at 37° C for 7 hours. After incubatidn, 1.0 m1 of 0,1
N NaQH was added to the mixture to develop the color, and distilled
water was added to adjust the final volume to 6 ml. Colorimetric
measurement was performed at 400 mp against the control containing no
substrate. The activity of 3jGase was expressed as pg (unit) of
. liberated p-nitrophenol per 100 ml of serum per hour.
¢. Determination of urinary glucuronides (GLN): Separation of
free and N-glucuronide fraction (F%N—GLN) from O-glucuronide fraction
(O—GLN) was carried out using anion exc¢hange resin (IR-410) chromato-

graphy according to the method reported by Ishidate (5), The glucuronic
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acid concentration in each fraction was determined with the carbazele
method (3) as described above. |

d. Measurement of fGase inhibitor in ﬁzine: The heat-in-acid
potentiation method reported by Marsh (6) was adopted for the measurement
of urinary excretion of gGase inhibitor after admiﬁistrations of GA (500
ml of 5% GA solution, intravenous), of glucuronmolactone (GAL, 5 g oral)
or of glucaro-l, 4~lactone (Gl:4L, 5 g oral). An aliquot of the 24 hour
urine was treated at 1000 C for 40 minutes after adjustment of pH fo
2.0 ~ 2.2 with 3 N HCl. The pH was subsequently readjusted to 4.0 - 4.5
with NaOH. The heat-treated urine sample (0.1 ml) was added to a
solution consisting of 0.1 ml of gGase enzyme solution (purified calf
liver extract), O¢l ml of 0.1 M substrate and 0.8 ml of acetate buffer,
PH 4.7, and the mixture was incubated at 37° C for 4 hours. Colorimetric
control was estaﬁlished by an addition of distilled water as the
substitute for the uxine sample. The BGase 1nh1b1t1ng activity was

expressed in percentage of 1nh1b1t10n agalnst the control.

2. AnimalkExperiments

a. Subcutaneous transplantation of Yoshida sarcoms: Wistar
strain male albinovratsrpreviously given subcutaneous transplantations
of Yoshida sarcoma were divided intobfour groups. Animals of group A
(control group) received sarcoma transplantation alone, while animals
of group B were treated with GA administrations starting from the 7th
day prior to the transplantation. Animals of group C received GA
admlnlstratlons starting from the date of the transplantatlon, and

those of group D recieved Gl:4L administration starting from the date
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of the transplantation. All animals were sacrificed on the 5th day
after sarcoma transplantation.

b, Assay of tiésue pGase: Aliquots of the liver, spleen, kidney,
adrenal gland, and sarcoma tissues obtained from the rats were ground
in acetate buffer, pH 4.0, to give concentrations (wet weight) of 0.4,
0.8, 2.0, 2.0, and'0.4%;r respectiveiy. After standing overnight at 40
C, the homogenates were ceﬁtﬁfuged at 3,000 r.p.m. for 10 minutes,
and the supernatant solutions were subjected to determination of SGase
activity at g 4.7. The 3Gase activities thus assayed were expressed
as ug (units) of liberated p-nitrophenol per gram of tissue per hour.

c. Excretions of Gl:4L in urine and in bile: An external biliary
fistula was established in a dog. Bile and urine samples were colleéted
for four hours before and four hours after an oral administration of 3 g
of Gl:4L. Both ur.u]e and bile samples thus obtained were potentiated by
the heat-in-acid method as described above, and were subjected to the

determination of the gGase inhibiting power.

3. In yitro Experiments |

Inhibition of SGase activity by A, GAL and GL:4L : Each of the
three substances in a dose of 0.2 mg was added into the purified calf
liver extract (5Gase prepa:r:ation) s and the direct inhibition of gGase
activity was determined. .

In the second step of the éx:;e:t'imenf, the same dose of either GA
or GAL was added to a glucuronolacfone—dehydrogenase preparation (7),

which was the supernatant of a rat liver preparation extracted with



0.17 M KC1 solution to make a concentration of 10%, and the mixture was
incubated overnight at 37° C and at pH 6.5. It was subsequently boiled
to destroy the enzymic activity, and the boiled supernatant was added
to the mixture consisfing of the pGase preparation, the substrate, and
acetate buffer, pH 4.7. Finally the F",Gase inhibiting effect of this
mixture was assayed. |

In one experiment, an incubation mixture consisting of 0.5 ml of
| 50 mM GA or of 50 mM GAL, 1 ml of the above-mentioned rat liver
preparation, and 3 ml of acetate buffer, pH 6.5, with or without an
addition of 0.5 ml of 25 mM NAD, was subjected to incubation at 37° C
for 3 hours prior to the heat—in—écid potent;.ation (7). One ml of the
potentiated sample was added to a mixture consisting of the jGase
preparation, the substrate and acetate buffer, pH 4.7, and the gGase

inhibiting effect of the sample was assayed.

Results

1. GA Metabolism in Patients with Carcinoma

Blood GA concentrations in patients with carcinoma were slightly
higher than the values in healthy controls. The GA level was highest
in cases with advanced carcinoma (Table 1).

Urinary glucuronide A (FN-GLN & O-GLN ) excretions were ma:cke‘diy
higher in carcinoma patients than in the controls. This was especially

true for F+N-GLN, the increase of which being statistically significant,



128

‘Table 1. Glucuronic Acid (GA) ‘Level in Blood and Glucuronide
\ (GLN) Content in Urine of Patient with Carcinoma
and of Normal Control

Wo.|6A in blood GLN in wine  ("Yiay)
Y1) | . Tofal-GLN | F+N-& -6

Contral |10} 64X 17 | 71704 £ 763 | 454 % /88 1050t £14

Incjpient and mode 9

3 o :
edraned Co 67518 (2539 £ 7118 | 1170 % 977 | 1369 742

Advanced Ca. Pl X3 | L8586 X 2669 | 2863+ 2746 | 1723 £ & 20

* Statistically sxgmﬁmnt differences from normal values are indicated: P=<0.01

and the degree of the increase being in proportion to the advance of
carcinoma. The increase of O-GLN excretion, on the other hand, was
not statistically significant. V

Serum fGase activity had a tendency to elevate beyomi normal range
in carcmoma patients (Fig. 1). The rate of the elevation was propor-
tional to the advance of carcinoma rather than to the type of carcinoma.

The activities of pgGase in sera and in various tissues of rats
were compared between each other (Fig. 2). High activities were found
in the liver and in the spleen, and a considerably high activity was
also observed in sarcoma tissues obtained from rats hav—mg subcutaneously.
fransplanted Yoshida sarcoma. —
2. Effects of GA, GAL and of Gl:4L Administrations upon pGase

Activity )

The serum SGase activities were suppressed in all instances by
administrations of GA, GAL, and Gl:4L (Fig. 3). The most remarksble

suppression was found in the case of G1l:4L administration, the
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Fig. 1. Fig. 2.
Serum S-Gase activities Comparison of g-Gase activities
in various malignancies. in sera, tumor tissues and in

various organs,

.suppression rate being 74.4% of the preadministration value. The
suppression rates after GA and GAL administrations were 83%.1% and 86.8%,
respectively. 7

.From the results obtained by E vitro additions of these substances
into the ‘:;Gase. enzyme preparation, the suppre'ssion by G1l:4L was .'
attributed to the direct effect of this substance, while neither of GA:

and GAL showed a direct inhibiting effect upon ,BGase' activity. When GA
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Tnhibiting effect of GA, GAL
and of Gl:4L upon 3—Gase
activily in vitro,

or GAL was added to the liver homogenate in which GAl-~dehydrogenase was

presumably involved according to Marsh's report (7), and when the mixture

was incubated overmight at the optimal pH condition for GAL—-dehydrogenase,

i.e., pH 6,5 (8), prior to the assay of 3Gase .inhibiting effect, the

incubation mixture turned out to exert an inhibiting effect upon 3Gase

activity (Fig. 4). The post—incubation values were 61.6% in the case

of GAL, and 63.5% in the case of GA, when compared to the preincubation
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Fig. 5. Production of acid-potentiated p-Gase
inhibitor when GA, GAL and Gl:41L were
added to tissue homogenates.

values in each case, A moi'e‘remarkab.le inhibition was observed when
NAD solution was added to the mixture (Fig. 5).

Urinary excretions ofrthe BGase inhibitor after GA, GAL and Gl:4L
administrations were also assayed using the method of ‘heat-in-acid
treatment of urine. The most remarkable excretion of the inhibitor was
seen in the case of GAL administration, while the inhibiting effect of
urine after G1l:4L administration was unexpectedly low (Fig. 6).

It was confirmed, on the other hand, that Gl:4L was excreted not

only into urine, but also into bile (Fig. 7).
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3 Influences of GA and of'G1:4i., ﬁpon Tuﬁlor—Bearing Animals

Serum gGase actiﬁties of the four g.i'oups of rats were ‘compareki
between each other. The most remarkable suppreséi‘on of pGase» was 7
observed in anlmals of group D th.ch were treated with Gl:4L (F:Lg 8)

The suppressmns of fGase act1v1t1es were also found in both group B
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Influences of GA and Gl:4L
administration upon p-Gase
activities in tumor tissue
homogenates of rats with
subcutaneously transplanted
Yoshida-Sarcoma,

and group C when compared with the activities of the animals of group

' A, although the suppression rates were less than that of the animals

of group D.

As to.the ‘Q,Gase'activities of the tumor"ﬁissues, the v‘suppression

in animals of group D was not remarkable in spite of the poWerfﬁi

inhibiting effect observed in serum samples. of the same group pf

animals (Flg 9). There were considerable decreases bf the fGase
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Fig. 10. Influences of GA and (1:4L administration
upon B~Gase activities in the liver
homogenates of rats with subcutaneously
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Fig. 11. Influences of GA and G1l:4L administration
upon B-Gase activities in organ homogenates
of rats with subcutaneously transplanted
Yoshida-Sarcoma.
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actiﬁtieé of the liver in groups of rats having tré.nspla;nted Yoshida
sarcoma, Wh_en compared with the activities in non-transplanted healthy
rats, with the exception of group B, in which the gGase activities of
the liver showed subnormal values. The decrease of jSGase activities of
the spleen, kidney and adrenals was similar to that of the liver gGase
(Pigs. 10 and 11).

Results obtained by the study of influences of GA and of Gl:4L 7
administrations upon tumor grow-ths were shown in Fig. 12. The mean
tumor weight was 5.2 g in the case of group A, 3.5 g in group B, 5.2 g
in group C, and 4.8 g in group D. The ratio of tumor weight to body

weight in group B was the smallest of the values of the four animal

groups.

Tw I"B' .
(g} ® “I)(g) ARG (VANC) N N
60} o 60 . 4 .

o [ B .
_so} 5.0 -
~ . -
* - P
40 Juo ! . . -
L ] 2 ; Py e Py
-_ 2
30 3.0 o ’ . . R
- * .
*
20} 2.0 ¢
w} 1.0

(k) (B) (C) (D)

Fig. 12. Influences of GA and Gl:4L administration
upon the growth of subcutaneously transplanted
- Yoshida-Sarcoma.

Tw: Tumor weight Bw: Body weight of rat
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Discussion

Whether the demand for the detoxication iw the GA system is
greater or not in carcinoma hosts thaﬁ in normal subjects has not
been determined. From the present resuits showing elevations of
blood GA levels and of urinary excretions of GIN in patients with
carcinoma, it is assumed that the demand for detoxication through
the GA metabolism is enhanced in carcinoma hosts,

On the other hand, high pGase activities in sera and in tumor
tissues were observed in tumor-bearing animals, and also, elevations
of serum 3Gase activities in patients with carcinoma were clinically
observed. The enzymé BGase is known to hydroijze O-GLN into free GA
and an aglycon, while it does not affect N—GLN.l The results obtained
by fractional determinations of urinary GIN showed that the O~-GLN
excretion was not significantly high in contrast to the significantly
elevated F+N-GLN excretion. These factsrmay suggest that the enzymic
hydrolysis of O-GLN by BGase is enhanced in malignancies.

If the enhanced demand for GA and the increased 0~GLN fc_)xmation
are indicative of the results of a teleological reaction against toxic
substances produced in the body due to‘ the malignancy, the elevation
of fGase activity wight be a disadvantageous reaction Tfor the hosts.

In search of the mechanism of suppression of SGase activity, the
influences éf GA and of rela;ted substances upon jGase activity were
observed, and it was found that serum SGase activities were suppressed

in all instances (Fig. 3). Of these substances, Gl:4L showed a
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direct inhibiting effect upon gGase activity (9). Although GA and GAL
showed only slight inhibiting effects, incubation of the two substances
with the liver homogenate and NAD resulted in potent inhibitioms in both
instances. The above observation may indicate a possible in m
conversion of GA or of GAL into G1l:4L as was reported by Marsh (7). This
was further confirmed by the results of determinations of the 3Gase
inhibitor in urine after administrations of GA, GAL and of Gl:4L. In
thé last-mentioned experimer;t, the gGase inhibitor measured after the
heat—ih—acid treatment has been considered to be analogous to Gl:4L.

The inhibiting effect of urine in the case of GAL administration was

most remarkable, followed by others in the order of GA and Gl:4L, exactly
contrary to the order obtained in the assay of the inhibiting effect of
BGase activity of serum.

The reason why the acid-potentiated fase inhibitor was unexpectedly
low in urine, when Gl:4L was administered, will Probably be explained by
the fact that G1l:4L is easily metabolized into another compound in the
body. The high inhibiting effect in urine when GAL mis administered
was probably_ due to the renal excretion of Gi£4L affer conversion from 7
GAL in the kidney.

These observations indicate a possibility of am in vivo conversion
of GAL into Gl:4L, catalyzed by GAL-dehydrogenase present in the soluble
fraction of the liver cells, Thus the demonstration of the above ‘
conversion provides evidence for ar in m utilization of exogenous GA

and GAL.
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In experiments with tumor-bearing animals, the administration of
GA resulted in a suppression of jSGase activities in sera and in tumor
tissues, and in addition, an inhibiting effect upon the ‘tumor growth
was also demonstrated. Hence the administration of GA may be considered
beneficial to the host having a neoplastic disease,

Although the significance of serum gGase activity and the
mechanism of its elevation in cancer remain obscure, it is assumed
tijat the elevation of serum fGase activity is related to the increased
pGase activity in tumor tissues rather than to that in the liver or
other oréans. Inasmuch as the decrease of GAL dehydrogenase activity
in the liver of tumor-bearing animals has been reported in the
literature (10)' there is a possibility that the conversion of GAL to
G1:4L decreased, resulting in a lowering of the level of the BGase
inhibitor which indirectly results in the elevation of Miase activity
in malignancy. _

The metabolic pathway of GA is represented in Fig, 13. It is
Vlmown that G1:4L is a specific potent inhibitorv of pGase, while the
inhibiting action of glucaric acid is far weaker than that of the
former substance (8). Moreove:_l:, Gl:41 is derived from glucarate in
acidic conditions around pH 4.0-4.7 (8), which is the optimal pH for
the BGase activity, while gluca.rafe can be converted from GAL by the
action of GAL dehydrogenase at around pH 6.5 (8), Therefore, when
0-GLN is hydrolyzed to free GA by S8Gase at around pH 4.5, a potenj:

inhibition of the gGase activity can be caused by Gl:4L derived from
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Fig. 13, Metabblic pathway of glucuronic acid
(GA) and the related enzymes. :

the glucarate. On the other hand, GA or GAL liberated by the enzymic
hydrolysis from O-GLN may be stbred as glucarate at around pH 6.5 which
is. the optimal condition for the GAL dehydrogenase activity, and the
glucarate‘ thus formed can be converted into Gl:4L at a pH value
optimal for the ' pGase activify. Hence the conversion of Gl:4L to the
glucarate and vice versa in different milieus ﬁay exert a regulating
mechanism of the UDPGA-fGase system.

Gl:4L has been administered as an anti-tumor agent to patienté
with carcinoma of the bladder by ABoyland (ll),’ and also to animals with
experimental tumors by Carr (12). According to the results obtained by

the present study, the admini-stxétion of GAL may be more rational than
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the administration of Gl:4L for the management of carcinoma of ‘the
bladder, inasmuch as higher urinary excretion of the pGase inhibitor
.is obtained by the former administration tha.n“by the latter. Both
the»amount of UDPGA and the elevation of glucuronyl transferase
activity are directly related to the promotion of GLN formation
(13-15), while the amount éf Gl:4L and the elevétion of GAL dehydro-
genase activity, both of which participate in the iniu‘.bition of BGase
activity, are indirectly related (7,8)., Much of the relation between
the GA metabolism and fGase activity in malignancy remains an enigums,
and there are still many unsolved problems concerning the mechanism
of the elevation of serum gGase activity as well as the significance
of the elevation.  Analyses of 'l';he factors related to the GA metgbolism,
such as UDPGA, glucuronyl transferase, pGase, GAL dehydrogenase
activities in>serum, and in the liver, kidney ‘and tumor tissues are
in progress using tumor-bearing animals.

Summary

Studies were carried out on the characteristic change din
gluqmmc'acid (GA) metabolism in cancer hosts, and the interrelation
between the said change and the change of serum and tissue 3-glucuroni-

- dase (§Gase) activities in tumor-bearing conditions was investigated
-both clinically and experimentally.

In patients with cart:inoma, serum GA levels as well as glucuronide

excretions were higher than in normal subjects, and an enhanced

demand for detoxication with the GA system 'was suggested in carcinoma
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hosts. It was also found that, in tumor-bearing animals, -pGase
activities both in sera and in tljmor tissues were elevated, and that-
the enzymic hydrolysis of O-glucuronide by pGase ‘was also enhanced in
malignancies, |

Serum gGase activities were suppressed in all instances after
administration of GA (mtravenous), glucuronolactone (GAL, oral),
and of glucaro-1, 4-lactone (G1:4L, oral). The most prominent urinary
excretion of gGase inhibitor was observed after administrations of GAL.

G1:4L exerted a direct in vitro inhibiting effect upon pGase
activity, while GA and GAL participated in thé. inhibition of PGase
probably through an in vivo conversion into G1l:4L, in accordance with
Marsh!' s; report.

Administration of GArresultedv in suppressions of gGase activities
not only in serum but also in tuior tissues, and it was noted that GA
adﬁinistrations resulted in an inhibition of the experimental tumor
growth,

(Received March 18, 1966)
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