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ABSTRACT: The mutagenicity of pranoprofen, a new anti-
inflammatory agent primarily used in Japan, was evaluated by employ-
ing several different methods such as the Ames test, micronucleus test,
and the sister chromatid exchange test. For the Ames test, various
doses of pranoprofen (5 and 1 mg, 100, 10, and 1 g per plate) were
applied, with or without the mammalian liver S-9 fraction, to the S.
typhimurium LT2. For the micronucleus test, 24 hours after administer-
ing the various doses of pranoprofen (200, 100, and 50 mg/kg) to
male mice by oral intubation, the femura of each group were isolated
and the bone marrow samples were prepared. The micronucleated red
cells and the ratio of the polychromatic versus the normochroomatic
cells were counted. For the sister chromatid exchange test, the maximal
non-cytotoxic concentrations (10 to 0.1 mM pranoprofen) were applied
to the culture media of the Chinese Hamster Qvary (CHO) cells for 24
hrs. The numbers of revertant colonies did not increase with the in-
creasing doses of pranoprofen when teseted with various strains of S.
typhimurium.  In the micronucleus test employing mice, the
pranoprofen was identified to be a non-clastogen and a non-spindle
poison. In the sister chromatid exchange test employing the cultured
CHO cells, the pranoprofen did not increase the incidences of
chromosomal abnormality. Based on these resuits, pranoprofen was
found to have no mutagenic activity.

INTRODUCTION

There is a growing awareness about the presence of genetically active agents in the human
environment. These concerns have been borne out from the laboratory results obtained by us-
ing small animals and single-cell systems. Thus, considerable amounts of work have been
devoted to establishing the mutagenicity of environmental chemicals. As a continuing effort to
evaluate the safety of drugs used in Korea, our laboratory has conducted a battery of muta-
genicity tests on pranoprofen.

Pranoprofen is a slightly bitter tasting crytalline powder and is a newly developed non-
steroidal anti-inflammatory drug. It has a tricyclic base and is a 2-(5H-(1) benzopyrano (2,3-b)
pyridin-7-yl) propionic acid. Pranoprofen blocks the biosynthesis of prostaglandin by inhibiting
the prostaglandin synthetase. This action is similar to other anti-inflammatory agents like in-
domethacin (Piper and Vane, 1969; Vane, 1971). Thus, pranoprofen reduces the levels of
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prostaglandins in peripheral tissues.

Every one of the established methods for testing the mutagenicity of environmental
chemicals has both merits as well as demerits. Therefore, the selection of a particular testing
method from the available menu depends primarily upon the choice of the involved in-
vestigator. However, it is often difficult to find the one perfect and ideal mutagenicity testing
systemn suitable for all occasions. Thus, in the present study, we have chosen to use a battery of
available test systems in evaluating the mutagenicity of pranoprofen. These tests include the
Ames test, micronucleus test, and the sister chromatid exchange test.

Conventionally, the Ames salmonella/ microsome plate assay is the most widely used in
vitro mutagenicity testing system (Ames et al., 1975 a,b). However, the accuracy of this test
system for predicting the genetic toxicity was found to vary between 50 to 90% (Andrews et
al., 1978 a,b and Coombs et al., 1976). Furthermore, as this bacterial test system cannot, in
principle, detect the altered chromosomal events which occur in the mammalian tissues as car-
cinogenesis and as germ cell line mutations. These particular draw-backs can be overcome by
conducting the in vivo mutagenicity tests. However, while the in vivo mutagenicity tests are
more physiological, they appear to be relatively insensitive due to the inability to achieve the
sufficiently high plasma levels without causing acute direct toxicity. In any case, we have in-
cluded the micronucleus test to detect the clastogenic activity of pranoprofen. In an effort to
overcome the problem of insensitivity of the in vivo testing system and as an adjunct to the
physiological micronucleus test, we have also conducted the in vitro mammalian cell muta-
genicity test, namely the sister chromatid exchange test. This in vitro assay detects the
chromosomal abberations rather sensitively, but ignores the aspect of the protective
mechanisms present in the physiological whole animal test system.

Thus, we have tested the mutagenicity of pranoproferr by employing all three test systems
which complement each other. This is done to provide a more precise evaluation on the safe-
ty of pranoprofen.

MATERIALS AND METHODS

Ames Salmonella / Microsome Plate Assay

The Salmonella bacterial tester strains used in this study were obtained from Dr. Ames of
the University of California. The test substances employed as positive mutagens were the
4-nitroquinone-N-oxide (Aldrich Chem. Co.), sodium azide (Wako Pure Chem. Co.),
9-aminoacridine (Aldrich Chem. Co.), and 2-aminoanthracene (Wako Pure Chem. Co.).
Pranoprofen (Yoshitomi Co.) was dissolved in dimethyl sulfoxide (DMSO) before applying to
the petri dishes.

For the preparation of the $S-9 fractions required in the activated testing system, male
Sprague-Dawley rats weighing about 200 g were used. These rats were provided by the
Breeding Center of the Korean NIH. For the induction of liver microsomal enzymes, we have
used phenobarbital and g-naphthoflavone as described by Matsushima et al (1976) and the
detailed methods are shown in Fig. 1. The liver S-9 homogenates and the complete S-9 mix-
ture were made up according to the method published by Ames et al. (1975b).

After testing for the bacteriocidal effects, the standard testing doses of pranoprofen (5 and 1
mg, 100, 10, and 1 «g per plate) were selected. These were dissolved in DMSO before adding
to petri dishes. All of the experiments were conducted by the pre-incubation method as
published by Ames et al. (1982). Complete test for each testing dose consisted of a non-
activated (without the S-9 mix) and an activated (with the S-9 mix), each with appropriate
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Fig. 1. The procedure of microsomal enzyme induction with S.D. male rats.
*PB: phenobarbital BF: g-naphthoflavone

Table 1. The experimental conditions and used positive controls in Ames test

Test strain Positive control Treatment
-S-9 +5-9
TA 98 4-NQNO*(0.24g) 2-AA(10u9) 1, 10, 100, 1000,
TA 100 4-NQNO(0.025u4q) 2-AA(10ug) 50004 g pranoprofen / plate
TA 1535 sod. azide(0.5.a) 2-AA(10ug)
TA 1537 9-AA (80.g) 2-AA(10u9)
TA 1538 2-NF (504g) 2-AA(10.9)

* 4-NQNO; 4-Nitroquinoline-N-oxide
9-AA ; 9-Aminoacridine
2-NF ; 2-Nitroflourene
2-AA ; 2-aminoanthracene

negative and positive controls as shown in Table 1.

Micronucleus Assay using Mouse

The male ICR mice (6 week old) were group-housed (10 mice per cage) and were fed com-
mercial diet and tap water ad libitum. Varying doses (200, 100 and 50 mg / kg body weight) of
pranoprofen dissolved in 0.5% CMC were administered as a single treatment by oral in-
tubations. The highest dose used was the half of known oral LD, value. Animals were sacri-
ficed by cervical dislocation 24 hr after the treatment and femura were isolated. Bone marrow
cells obtained from the femura were suspended in fetal bovine serum (CSL) and were stained
by Giemsa (Gurr. PH 6.8) stain. These were then examined under a microscope. The detailed
entire procedure is shown in Scheme 1. The negative control samples were obtained from the
solvent treated mice and the positive samples trom mice given 0.2 mg/kg mitomycin C
(Sigma Chemical Co.) via a single intraperitoneal injection.

Sister Chromatid Exchange using Cultured Chinese Hamster Ovary Cells

An established CHO-K cells which have been derived as a proline-requiring subclone of
CHO cells were kindly supplied by the Department of Virology of Korean NIH. The monolayer
cultures of the cell line were grown at 37°C in a humidified CO, incubator on disposable tissue
culture flasks (Nunclon Co.). The medium used in this study was the Eagle’s Minimum Essen-
tial Medium (Sigma Chem. Co.) supplemented with 10% fetal bovine serum (CSL) containing
100 1.U. / m! penicillin G and 100 ».g/ ml streptomycin (both from Sigma). The cultured cells
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Scheme 1. The experimental procedure of micronucleus test.

were maintained in exponential growth by subculture for ¢very two to three days using 0.25%
trypsin-EDTA (Gibco) and phosphate buffered saline. The cultures were treated with varying
doses of pranoprofen (10 to 0.1 mM) which have been dissolved in 10% DMSO. Cells were
then stained by the method described by Goto et al. (1975). Control groups consisted of the
negative control (solvent)- and the positive control (7.5 x 10-8 M mitomycin C). The detailed
entire procedure is as shown in Scheme 2.

RESULTS

Ames Test

In the pre-test with every tester bacterial strains, pranoprofen was found to have no an-
tibiotic activity even with 500 ». g per plate. Results shown in Table 2 demonstrate that, when
tested without the S-9 activation system, the pranoprofen did not increase the numbers of
revertant colonies with most of the tested strains. However, with the TA 98 strain treated with
100 1g of pranoprofen per plate, there were significant increases in the number of revertant
colonies when compared with those of the control group. Results shown in Table 3 were ob-
tained from the activated system. The TA 98 strain treated with 10 ;g of pranoprofen and the
TA 1538 treated with 1 mg pranoprofen showed significant increases in the number of rever-
tant colonies. However, as shown by the results in Figures 2 and 3, these revertant colonies
which have been induced by pranoprofen failed to demonstrate any dose-dependency.
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Scheme 2. The experimental procedure of SCE test.

Table 2. The experimental results Ames test without $-9 mix.

Group  Treatment Revertant/ plate

TA 98 TA 100 TA 1535  TA 1537 TA 1538
Control DMSO 428+ 4.3 1778+ 35 183+35 80+ 1.8 20042
1ug 440+ 5.1 180.3+109 208+11 53+ 1.6 233£35
10,9 550+ 6.9 187.8+10.6 17.841.1 9.0+ 09 29.3+3.3
100,g  pranoprofen 56.6+ 9.9 184.8+106 16009 25+ 0.3 29.8+2.5
1000, inDMSO 528+ 3.8 1740+ 2.3 14526 68+ 0.9 255125
5000, 58.6+19.8 162.8+ 6.1 158+17 88+ 14 283+15
posive  DMSOor  ,hg 5,84 2138+ 5.0° 181.8485° 64.0+10.3¢ 1000°
control water

N=4, * vs control; p<0.1

a; 4-NQNO(0.2ug) b; 4-NQNO{0.025ug) c; sod. azide(0.5ug) d; 9-AA(80ug) e; 2-NF(50ug)

M+SE.
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Table 3. The experimental results of Ames test with S-9 mix.

Revertant/ plate
Group  Treatment .., gg TA 100 TA 1535 TA 1537  TA 1538
Control DMSO 23.0+4.7 1633+ 9.7 215+ 0.9 1055+ 0.1 123+1.2
lug 20.5+51 146.3+10.2 183+ 26 95+ 02 11.8+0.2
10ug 27.8+23* 1480+ 53 220+ 15 93+ 05 13.3+0.7
100pg  pranoprofen 23.3%+5.7 152.0+11.5 20.3+ 0.7 13.8% 1.0 10.0£0.2
1000,g inDMSO  245+3.6 1488+ 6.7 223+ 0.1 143% 15 153+16b
5000,.g 21.8+22 1418+ 43 228+ 1.1 13.0+ 1.7 128%08
E;’;ﬁgf DMSO >1000 >1000 289.1+20.9 302.7+17.2  >1000
M+S.E.
N =4, * 2-amino-anthracene 10ug/ plate
a vs control, b vs control; p<0.1
TA 98, e—e
TA 100; x----x
TA1535;, &=
TA1537; O—O1
316.2 TA1538;, O---O
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Fig. 2. The number of revertant colonies by treatment of pranoprofen without $-9 mix.

Micronucleus Test

Table 4 shows the incidences of micronucleated polychromatic erythrocytes. While the in-
cidences were significantly increased in the mitomycin C treated group, there were no in-
creases in the pranoprofen treated groups. The ratios between the normo-chromatic vs. poly-
chromatic erythrocytes were not changed by the pranoprofen treatment. Although the result
showed that the group treated with 100 mg/kg had a slightly increased incidences of micro-

nucleated polychromatic erythrocytes; the increase was not statistically significant.
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Fig. 3. The number of revertant colonies by treatment of pranoprofen with $-9 mix.

Table 4. The incidence of MNPCE after treatment of pranoprofen p.o.
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Group No. of mice No. of PCE MNPEC (%)
scored
Non-treat 10 1000 0.21+0.14
Solvent-treat 10 1000 0.20+0.19
200 mg 10 1000 0.21+0.08
100 mg 10 1000 0.23+0.18
50 mg 10 1000 0.20+0.15
MMC 2.0 mg? 10 1000 6.72+1.21
MzS.E.
a; positive control
Table 5. The incidence of SCE/cell after treatment of pranoprofen.
Cell Group Treatment No. of cell No. of SCE
scored
Control 0.5 mi of 20 6.2+1.4
0.1 mM 10% DMSO 20 6.9+25
CHOK 0.5 mM Pranoprofen 20 49+29
™ 1.0 mM in 10% DMSO 20 6.1+0.2
10 mM 7.5%x10-8M of 20 6.7+0.3
MMC-? MMC in water 20 51.7+8.6
Mean+S.E.

a: Positive control
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Fig. 4. The percentage of polychromatic erythrocyte vs Micronucleated polychromatic erythrocyte after
treatment of pranoprofen in male ICR mice.
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Fig. 5. The number of SEC/cell in CHO-K, cell after treatment of pranoprofen.

Sister Chromatid Exchange Test

Table 5 shows the results of SCE test with CHO cell, in pranoprofen treatment groups no
significant changes were found compare with control group, but mitomycin C treatment group
shows significant increased incidence of SCE. Dose-dependency was not found in SCE test on
pranoprofen (Fig.5)

DISCUSSION

This study was conducted for establishing mutagenicity test system and evaluation of



Photo. 1. The MNPCE of mitocycinc 2mg/ kg treated group (Center), the reft cell is a NCE

Photo. 2. Several micronuclei are present in single PCE in mitomycin ¢ group.
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Photo. 3. The SCE occured in control group.

Photo. 4. The massive SCE occured in mitomycin c treated group.
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mutagenicity on pranoprofen.

There are various mutagenicity assay methods to evaluation mutagenic activity and com-
bination of these test item is inevitable because the results of an assay method are clearly
‘positive’ may show ‘negative’ in another methods.

Ames test was developed by Dr. Ames in 1972.

This test is highly efficient in detecting mutagen in paints of economy and time consuming
but bacterial physiology is not similar to human.

Micronucleus test was developed by Heddle and schmid independently. (Heddle et al.,
1973; Schmid et al., 1973.)

Micronuclei originate from chromatin which for different reasons has been lagging in
anaphase. Lagging has two main cause chromosome breakage and malfunction of the spindle
apparatus. In former case micronuclei in erythrocyte are smaller than latter. In our study,
micronuclei in mitomycin C group are smaller than quater of erythrocyte diameter and than it
was revealed as a ‘clastogen’ (Yam amoto et. al., 1981).

Micronucleus test has many advantageus in vivo system, but its limits are exist, mutagen
which do not reach the target cell in bone marrow and specific point mutagens are not detected.
SCE is a highly suitable assay system for the screening of mutagens and carcinogens because of
its high sensitivity, but its conditions are far from physiological condition of human.

In this study the results of Ames test were ‘negative’ in all test strains. It was identified
pranoprofen was ‘non-clastogen’ or ‘non-spindle-poison’ in micronucleus test and was
‘negative’ in SCE test. All above results represent that pranoprofen has no mutagenic effect.
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