Anti-Cancer Drugs 1996, 7, pp. 235-239

Prophylactic action of allopurinol against
chemotherapy-induced stomatitis—inhibition of
superoxide dismutase and proteases
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The activities of superoxide dismutase (SOD) and severat
proteases were measured in kidney of mice treated with
allopurinol in order to elucidate the mechanism of pro-
phylactic action of allopurinol against chemotherapy-
induced stomatitis. The following results were obtained.
Following 3 day administration of allopurinol 20 mg/day
per os (Group C), the concentrations of allopurinol and
oxipurinol in the renal tissue were 203.9 + 52.1 and
1141.7 + 194.8 ug/g, respectively. The SOD activity was
significantly lower in Group C than in the untreated con-
trol group (p < 0.01). The enzyme activities of papain and
trypsin were suppressed in Group C. However, the other
proteases tested were not affected by the administration
of allopurinol, indicating only weak anti-protease action
of allopurinol. These results suggest that allopurinol may
be effective to prevent chemotherapy-associated stoma-
titis via both direct and indirect actions to oral mucosa,
that include inhibitory actions on xanthine oxidase as
well as protease.
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Introduction

Stomatitis is a common side effect of anti-cancer
chemotherapy. Being a limiting factor of chemo-
therapy, it causes intolerable pain and sometimes
becomes so severe as to interfere with any oral
intake. Relieving or eliminating this side effect will
be beneficial for further advancement of anti-cancer
chemotherapy as well as improvement of patient’s
quality of life.

In 1983, Clark et al.! paid attention to allopurinol
modification of the toxicity of 5-fluorouracil (5-FU)?
and reported a lower incidence and severity of sto-
matitis in patients on 5-FU therapy who used allo-
purinol mouthwash. We also reported the high
efficacy of allopurinol mouthwash in patients with
anti-tumor chemotherapy.>
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Although the mechanism of chemotherapy-
induced stomatitis is not well understood, it seems
beyond doubt that superoxide plays a role in the
development of stomatitis following anti-cancer
chemotherapy because quinone chemotherapeutic
agents exert their anti-cancer actions by producing
active oxygens in their reduction—oxygenation
cycles.* In addition, as proteases are involved in
the activation of NAD(P)H oxidase,’ they may also
possibly contribute to the development of chemo-
therapy-induced stomatitis.

The present study determined the inhibitory
effects of allopurinol on the activities of superoxide
dismutase (SOD) and several proteases in mice to
help clarify the prophylactic mechanism of chemo-
therapy-induced stomatitis with allopurinol, which
shows a suppressive effect on the production of
active oxygens by inhibiting xanthine oxidase.®

Materials and methods

Materials

Allopurinol was supplied by Tanabe Pharmaceutical
Co. (Osaka, Japan). Tris-(hydroxymethyl)aminome-
thane, acetic acid, 2-mercaptoethanol, dimethyl
sulfoxide, anhydrous disodium hydrogen phos-
phate, monobasic potassium phosphate, sodium
cholide, potassium chloride (all the above were
guaranteed reagents; Nacarai Tesque, Kyoto,
Japan), SOD-525 (Bioxytech SA, France) and DC
Protein Assay (Bio-Rad, USA) were used. Trypsin,
chymotrypsin, elastase, papain and cathepsin B (all
from Sigma, St Louis, MO) were tested. Fluores-
cence-labeled peptide as a substrate for each
enzyme was obtained from Peptide Institute
(Osaka, Japan) (Table 1). Male mice of the ddy
strain weighing 20-24 g were used.
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Table 1. Enzymes and MCA substrates

Enzyme MCA substrates
Papain Boc-Leu-Thr-Arg-MCA
Trypsin Boc-Phe-Ser-Arg-MCA
Cathepsin B Z-Alg-Alg-MCA
Elastase Suc-Ala-Pro-Ala-MCA

Boc, tert-butyloxycarbonyl; Suc; succinyl; MCA, 4-metylcoumarin
amide.

Methods

Procedures of administration of allopurinol. Allo-
purinol was administered to mice orally once daily.
Four dose groups were employed: Group A mice
(n=4) received 2 mg/animal/day for three conse-
cutive days; Group B mice (n=5) received 2 mg/
animal/day for two consecutive days, then,
20 mg/animal for 1 day; Group C mice (n=4)
received 20 mg/animal/day for three consecutive
days; and Control Group mice (n=5) did not
receive allopurinol.

Preparation of supernatant fractions of kidney
extracts. On the fourth day after the start of allo-
purinol administration, a kidney from each animal
was extracted and washed with an ice-cold buffer
(1.15% KC1-0.01 M phosphate, pH 7.4). Then, the
kidney was homogenized with 3 volumes of the
above buffer, and the homogenate was centrifuged
at 10000 r.p.m. for 20 min at 4°C.” The resulting
supernatant fluid was used as supernatant fraction.

Quantitative determination of allopurinol and oxi-
purinol in mouse kidney. Tissue concentration of
these compounds in mouse kidney was measured
by HPLC.®®

Measurement of SOD activity. SOD activity in the
kidney was measured by use of SOD-525. As shown
in Figure 1, to 40 ul of the supernatant fraction of
kidney, 30 ul of reagent R2 (mercaptan scavenger)
and 900 ul of buffer (0.11 mM diethylenetriamine-
pentaacetic acid, pH 8.8) were added, mixed well
and incubated at 37°C for 1 min. After incubation, 30
ul of chromogenic reagent R1 was added and mixed.
Immediately after mixing, absorbance at 525 nm
was measured with a spectrophotometer (Model
150-20, Hitachi). Protein concentration was mea-
sured by the DC Protein Assay.'°

Measurement of inhibition of enzymatic activity."'
Required concentrations of allopurinol and
enzymes were prepared using an incubation buffer
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40 ul of sample (supernatant fractions of kidney)
1
add 30 ul of solution of reagent R2

l
add 900 ul of buffer (pH 8.8, containing 0.11 mM
diethylenetriaminepentaacetic
acid)

mix thoroughly
incubate at 37°C for 1 min

1
add 30 ul of solution of reagent R1
l
mix rapidly
i
measure immediately the absorbance at 525 nm

Figure 1. Measurement of SOD activity. SOD activity in
kidney of mice was measured by use of the SOD-525 kit
(Bioxytech SA, France). Preparation of supernatant frac-
tions of kidney was shown in Methods.

that consisted of 50 mM Tris—HCI, 50 mM NacCl and
60 mM 2-mercaptoethanol (pH 7.9), and substrates
were dissolved in dimethyl sulfoxide. As shown in
Figure 2, to 5ul of a supernatant fraction of kidney,
Sul of an enzyme solution of various concentrations
was added. After pre-incubation at 4°C for 15 min, 3
ul of 2 mM substrate, 10 ul of allopurinol of different
concentration and 47 ul of the incubation buffer
were added, and the mixture was incubated at
37°C for 15 min. Then, the reaction was stopped
with the addition of 90 ul of 10% acetic acid. The
reaction mixture was diluted with 1850 ul of purified
water, and fluorescence of 7-amino-4-methyl-
coumarin in the mixture was measured with a fluor-
escence spectrophotometer (Model 650-10s, Hita-
chi) at an excitation wavelength of 380 nm and
an emission wavelength of 460 nm. For the reaction,
concentrations of the enzyme and the substrate
were set at 5 x 107> ug/ml and 2.0 mM, respec-
tively. By setting the intensity of fluorescence of
the reaction mixture in the control group at 100
in the spectrophotometer, fluorescence in the test
groups was examined. When the reading was 0,
inhibitory activity was judged to be positive.

Results

Tissue concentration of allopurinol and
oxipurinol

As is shown in Table 2, allopurinol and oxipurinol
concentrations in the kidney were below the detec-
tion limit (0.5 ug/g) in Group A, the 2 mg admin-



1) Pretreatment
5 ul of 2 x 10~* ug/ml enzyme

1
add 5 ul of supernatant (kidney)

2) Assay
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10 ul of sample

i
add 47 ul of incubation buffer (50 nM Tris—HCI, pH 7.9,

containing 50 mM NaCl, 60 mM 2-mercaptoethanol)

incubate for 15 min at 4°C

l
l add 3 ul of substrate

sample

incubate for 15 min at 37°C

!
add 90 ul of 10% acetic acid

1
add 1850 ul of H,0

measure the fluorescence (excitation wavelength:
380 nm, emission wavelength: 460 nm)

Figure 2. Measurement of inhibition of enzymatic activity. Proteases and substrates were shown in Table 1.

Table 2. Concentrations of allopurinol and oxipurinol in
kidney of mice

Table 3. Inhibition of enzymatic activity in kidney of mice
treated with allopurinol

Allopurinol Oxipurinol
concentration (ug/g) concentration (ug/g)
Group A (n=4) ND ND
Group B (n=5) 415+36 314.7 +62.7
Group C (n=4) 203.9 +52.1 1141.7+194.8

Group A received 2 mg/day for three consecutive days. Group B
received 2 mg/day for two consecutive days, then 20 mg for 1
day. Group C received 20 mg/day for three consecutive days.
Data are presented as mean + SD. ND, not detected (< 0.5

#9/9)-

istration group. In contrast, in Group C, the 20 mg
administration group, allopurinol concentration in
the kidney was 203.9 £52.1 ug/g. Oxipurinol con-
centration in this group was 1141.7 + 194.8 ug/gin
the kidney. Oxipurinol concentration was higher
than allopurinol in the kidney.

SOD activity

SOD activity decreased in the order of Groups B, A
and C. Especially, the activity in Group C was 1.49-
1.85 (mean=1.7040.16) x 10> units/mg protein
and this was significantly lower than the activity in
the control group (1.98-2.12, mean=2.05+0.03,
x10% units/mg protein) (p<0.01) (Figure 3).

Inhibition of enzyme activity

As to the effect on papain, inhibition in the kidney
was observed in one case of four (25%) in Group A,

Incidence of inhibition (%)

Papain  Trypsin Cathepsin  Elastase
Group A 25 50 0 0
(n=4) (1%/4)  (2°/4) (0/4) (0/4)
Group B 1 80 0 0
(n=5) (1/5)  (4%/5) (0/5) (0/5)
Group C 100 100 0 0
(n=4) (4%/4)  (4°/4) (0/4) (0/4)

2positive case. When enzymatic activity was 0, inhibiting activity
was judged to be positive. Group A received 2 mg/day for three
consecutive days. Group B received 2 mg/day for two consecu-
tive days, then 20 mg for 1 day. Group C received 20 mg/day for
three consecutive days.

one of five (20%) in Group B and four of four (100%)
in Group C. Against trypsin, inhibition was observed
in two of four (50%) in the Group A, four of five
(80%) in Group B and four of four (100%) in Group
C (Table 3). No inhibitory activity against cathepsin
or elastase was observed in Groups A, B or C.

Discussion

Clark and Slevin used a mouthwash of 3% methyl-
cellulose solution containing allopurinol 1.0 mg/ml
in patients treated with 5-FU and reported a lower
incidence and severity of stomatitis." This report
drew attention to the beneficial effect of allopurinol
in preventing chemotherapy-induced stomatitis and
was followed by several other studies.>'** We also
prepared allopurinol mouthwash solution using car-
boxymethylcellulose, and had it used by patients
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SOD activity (103 units/mg protein)

Control

Group A

Group B Group C

Figure 3. Inhibitory effect of allopurinol on the level of SOD in kidney of mice. Control (n=5) did not receive allopurinol.
Group A (n=4) received 2 mg/day for three consecutive days. Group B (n=5) received 2 mg/day for three consecutive
days, then 20 mg for 1 day. Group C (n=4) received 20 mg/day for three consecutive days. Vertical column and bar
represent mean value and standard deviation, respectively. “Significantly different from control (p<0.01).

with uterine cancers receiving chemotherapy of 5-
FU+cisplatin or vincristine + actinomycin D+cyclo-
phosphamide therapy. As a result, the incidence of
stomatitis was markedly reduced in these patients.?
However, there are some studies denying this
anti-stomatitis effect of allopurinol.!* Doses of che-
motherapeutic agents, the concentration of allopur-
inol and other factors should be studied further in
detail.

The onset mechanism of stomatitis occurring
following anti-tumor chemotherapy has not been
well clarified. The following hypothesis has been
suggested by previous studies. The administered
anti-cancer drugs are transferred to the oral mucosa
where active oxygens are produced in the reduc-
tion—oxygenation cycles of the drugs.* These active
oxygens accelerate the metabolism of hypoxanthine
to xanthine and enhance further the production of
active oxygens.'? At the site of inflammation, on the
other hand, serine protease activates NAD(P)H oxi-
dase on the cell membrane, which then oxygenates
NAD(P)H with the production of active oxygen in
the process of oxygen reduction. Furthermore,
accelerated vascular permeability and accumulation
of leukocytes and macrophages at the site of inflam-
mation'® indicate the possibility that the active oxy-
gen production by these cells may also contribute to
the progress of stomatitis.

It seems that allopurinol may prevent stomatitis
from occurring in association with chemotherapy by
inhibiting xanthine oxidase and consequently redu-
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cing the production of active oxygen. To validate
this hypothesis, we determined the inhibitory
effects of allopurinol on the activities of SOD and
several proteases.

The level of active oxygen can be determined
directly,'”"*8 indirectly, otherwise, by measuring the
activity of SOD which is an active oxygen scavenger
enzyme.'? In this study, we used Bioxytech’s kit and
measured the SOD activity in the kidney after oral
administration of allopurinol to mice. As a result,
compared with the untreated control group, the
SOD activity was found to be significantly lower
(p<0.01) in the mice treated with allopurinol
20 mg/day for 3 days (Group C), in which the con-
centrations of allopurinol and oxypurinol in the
renal tissue were as high as 203.9+52.1 and
1141.7 £194.8 ug/g, respectively. This lowered
SOD activity indicates that the production of active
oxygen was inhibited by the administration of allo-
purinol. In the renal tissue taken from mice treated
with oral allopurinol, on the other hand, the activ-
ities of trypsin and papain, which are cysteine pro-
teases working in the inflammatory process, were
also found suppressed, but other proteases were
not, suggesting only weak protease inhibition of
allopurinol. Although not included in this article,
we performed a previous study to evaluate the inhi-
bitory effects of allopurinol on various proteases
and found that allopurinol inhibited papain. This
finding is comparable to the result of the present
study.



Sonis et al. succeeded in preparing an animal
model of human chemotherapy-induced stomatitis
in the cheek pouch of hamsters by combining 5-FU
60 mg/kg i.p. and mechanical mucosal irritation in
Golden Syrian hamsters,?® though they made little
discussion about the onset mechanism of this sto-
matitis. The mechanism of allopurinol in preventing
the development of stomatitis following anti-cancer
chemotherapy is hoped to be clarified in the future
using such animal models.

References

1. Clark PJ, Slevin ML. Allopurinol mouthwash and 5-fluor-
ouracil induced oral toxicity. EurJ Surg Oncol 1985; 11:
267-8.

2. Schwartz PM, Dunigan JM, Marsh JC, Handschumacher
RE. Allopurinol modification of the toxicity and antitu-
mor activity of S-fluorouracil. Cancer Res 1980; 40: 1885—
9.

3. Dozono H, Nakamura K, Motoya T, et al. The prevention
stomatitis induced by anti-cancer drugs. jpn J Cancer
Chemotber 1989; 16: 3449-51 (in Japanese).

4. Nakano M. Kougan. In Yagi K, Nakano M, eds. Kassei-
sanso. Tokyo: Ishiyakushuppan 1987: 222—40 (in Japa-
nese).

5. Parks DA, Granger DN. Ischemia-induced vascular
changes; role of xanthine oxidase and hydroxyl
radicals. Am J Physiol 1983; 145: 285-9.

6. Kitagawa S, Takaku F, Kakinuma K. Serine protease
inhibitors inhibit superoxide production by human poly-
morphonuclear leukocytes and monocytes stimulated by
various surface active agents. FEBS lLett 1977, 107:
331-4.

7. de Duva C, Pressman BC, Gianetto R, Wattlaux R, Appel-
mans F. Tissue fractionation studies. 6. Intracellular dis-
tribution patterns of enzymes in rat-liver tissue. Biochem
J 1955; 60: 604-17.

8. William GK, Stuart F. High-performance liquid chroma-

Propbylactic action of allopurinol

tographic assay for allopurinol and oxipurinol in human
plasma. / Chromatogr 1979; 162: 94-7.

9. Iriyama K, Yoshiura M, Iwamoto T. Quantitative deter-
mination of oxypurines in biological samples by high-
performance liquid chromatography. Uric Acid Res 1986;
10: 96-104 (in Japanese).

10. Lowry OH, Rosebrough NJ, Farr AL, Randall R]. Protein
measurement with the folin phenol reagent. J Biol Chem
1951; 193: 265-75.

11. Morita T, Kato H, Iwanaga S, Takada K, Kimura T, Saka-
kibara S. New fluorogenic substrate for a-Thrombin,
factor Xa, kallikreins, and urokinase. J Biochem 1977;
82: 1495-8.

12. Tsavaris N, Caragiauris P, Kosmidis P. Reduction of oral
toxicity of 5-fluorouracil by allopurinol mouth washes.
Eur | Surg Oncol 1988; 14: 405-8.

13. Elzawawy A. Treatment of 5-fluorouracil-induced stoma-
titis by allopurinol mouthwashes. Oncology 1991; 48:
282—4.

14. Porta C, Moroni M, Nastasi G. Allopurinol mouthwashes
in the treatment of 5-fluorouracil-induced stomatitis. Am
J Clin Oncol 1994; 17: 246-7.

15. Granger DN, Rutili G, McCord JM. Superoxide radicals in
feline intestinal ishemia. Gastroenterology 1981; 81: 22—
9.

16. Kusner DJ, King CH. Protease-modulation of neutrophil
superoxide response. J Immunol 1989; 143: 1696-702.

17. Beauchamp C, Fridovich 1. Improved assay and an assay
applied to acrylamide gels. Anal Chem 1971; 44: 276-87.

18. Bulter J, Jayson GG, Swallow AJ. The reaction between
the superoxide anion radicals and cytochrome c. Bio-
chem Biophys Acta 1975; 488: 215-22.

19. McCord JM, Friovich 1. Superoxide dismutase. An enzy-
mic function for erythrocuprein (hemocuprein). J Biol
Chem 1969; 244: 6049-55.

20. Sonis ST, Tracey C, Shklar G, Jenson ], Calif A. A model
for mucositis induced by cancer chemotherapy. Oral
Surg Oral Med Oral Pathol 1990; 69: 437—43.

(Received 10 October 1995; accepted 25 October
1995)

Anti-Cancer Drugs - Vol 7 - 1996 239



