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Antimutagenic effects of centchroman—a contraceptive and a
candidate drug for breast cancer in multiple mutational assays

Ashok K.Giri*, Amitabha Mukhopadhyay, J.Sun 1, 1989). It was found to be non-genotoxic in bone marrow cells
Abraham W.Hsie! and Suprabhat Ray? of female mice (Giri and Khan, 1995). Oestrogen antagonists
have been used in the treatment of breast cancer. CC has been

Indian Institute of Chemical Biology, 4 Raja S.C.Mullick Road, Jadavpur, . . L
Calcutta 700 032, IndislDepartment of Preventive Medicine and reported to be responsible for partial to complete remission of

Community Health, The University of Texas Medical Branch, Galveston,  lesions in 40% of breast cancer patients (Misétal., 1989).

TX 77555-1110, USA andDivision of Chemical Technology, Central Drug  They concluded that CC can be a useful agent for the treatment
Research Institute, Chattar Manzil Palace, PO Box 173, Lucknow 226 001, 55 5qvanced breast cancer in both males and females (Mishra
India ) ) et al, 1989). The Central Drug Research Institute, Lucknow,
Centchroman (CC), a non-steroidal oral contraceptive and  |ngja, has also organized phase Il clinical trials of breast
a candidate drug for breast cancer, has been reported t0  cancer patients with CC. Out of 171 breast cancer patients, 14
exhibit partial to complete remission of lesions in 40.5% of  ghowed >50% response, 55 showed50% response, 31
breast cancer patients. The potent anti-oestrogenic activity, showed evidence of stable disease and 71 patients failed to
negligible side-effects and anti-breast cancer activity of CC respond to the therapy (Central Drug Research Institute,
prompted us to evaluate the antimutagenic effects of this 1991, 1995).

compound in a bacterial mutagenicity assay and CHO/' \ye have been testing tlie vitro andin vivo genotoxic and
HPRT and AS52/GPT mutation assaysn vitro and in vivo  gntimutagenic effects of different drugs and chemicals in
in female Swiss albino mice as measured by both sister multiple test systems (Girét al, 1992; Giri and Lu, 1995;
chromatid exchange (SCE) and chromosome aberrations Gjrj 1996, 1997; Philiposeet al, 1997). Considering the
(CA) against three known positive mutagen compounds, potent anti-oestrogenic activity, negligible side-effects and the
dimethylbenz[aJanthracene (DMBA), cyclophosphamide  anti-preast cancer activity of CC we recognized the need to
(CP) and mitomycin C (MMC). Antimutagenicity assays  eyaluate the antimutagenic effects of CC in multiple test
in Salmonella strains TA97a, TA100, TA98 and TA102  gystems. In the present paper we have evaluated the antimuta-
were carried out against commonly used known positive  genijc effects of CC in a mutagenicity assaySalmonellathe
mutagens, sodium azide, 4-nitrae-phenylenediamine, cum-  CHO/HPRT and AS52 assays and sister chromatid exchange
ine hydroperoxide, 2-aminofluorene and danthron. Asigni-  (SCE) and chromosome aberration (CA) assays in mice against
ficantly reduced number of bacterial histidine revertant  nown positive compounds  dimethylbealnthracene

colonies was observed in the plates treated with 0.1, 1, 5 (pMmBA), cyclophosphamide (CP), mitomycin C (MMC) and
and 10 pg/plate CC and a positive compound when com-  gthy| methanesulfonate (EMS).

pared with bacterial plates treated with the respective
positive compound alone. Ethyl methanesulfonate (EMS),
a commonly used positive mutagen for CHO/HPRT and Animals

AS52/GPT gene mutation assays, was used for antimuta- Inbred strains of female Swiss albino middys musculus 10-12 weeks old,

genicity assay in these cells. CC exhibited protective effects \ygighing 25-30 g, and Charles River male rats of 150-175 g were used for
against the mutagenicity of EMS in these two mammalian  these experiments. They were kept five per cage with husk bedding, were fed
cell mutation assays, CHO/HPRT and AS52/GPT. In the standard rodent pellet diet (Gold Mohar; Lipton India Ltd, Chandigarh, India)
in vivo studies pretreatment with CC reduced DMBA- and waterad libitum The light cycle was 12 h light and 12 h dark. Room

. ) ( : 7 > o o
induced SCE and CA and CP- and MMC-induced CA :(;rsnppeecrt?\tltélrs and relative humidity conditions were228°C and 60= 5%,
when compared with the group treated only with the

" L Chemicals
positive compounds. These results indicate that CC can 5-Bromodeoxyuridine (BrdU) tablets (50 mg each) were purchased from

reduce the mutagenic  effects  of known genotoxic Boehringer Mannheim Biochemicals (Mannheim, Germany). CP, DMBA,
compounds. MMC, dimethyl sulphoxide (DMSO) colchicine, biotin, histidine, NADP,
glucose 6-phosphate, crystal violet, ampicillin trihydrate, agar, sodium azide
(SA), 4-nitroo-phenylenediamine (NPD), EMS, cumine hydroperoxide (CH),

. 2-aminofluorene (AF), danthron (DN) and sodium ammonium phosphate were
Introduction purchased from Sigma Chemical Co. (St Louis, MO). The test chemical CC

Centchroman (CC), a non-steroidal oral Contraceptlve, hayas synthesized, purified and supplied by the Division of Medicinal Chemistry,

been developed by the Central Drug Research Institute ®"a Prug Research Institute, Lucknow, India.

Lucknow, India, and has been successfully marketed in Indigacterial strains
a'Ealmonellatester strains TA97a, TA100, TA98 and TA102 were used for

Materials and methods

for the last several years (Figure 1). The contraceptive efficac i . : > i
f this compound has been attributed to its multiole hormon mes bacterial mutagenecity and antimutagenicity assays. These strains were
0 p p rovided by Dr Bruce N. Ames (Biochemistry Division, University of

properties (Anand and Ray, 1977; Kambbal, 1977; Kamboj,  california, Berkeley, CA).

1979). Both acute and chronic toxicity stgdles in mice, ratSgacterial mutagenicity and antimutagenicity assays

anq rheSL!S monkeys showeq that CC did not produce am¥tandard plate incorporation testBlate incorporation tests were performed
toxic manifestations (Mukherjeet al., 1977; Mishraet al., as previously described (Maron and Ames, 1983). In the plate incorporation
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assay the test chemical CC was dissolved in DMSO and different concentrations or two subcultures were performed during this period. At the dhd of the fu
(0.1, 1, 5, 10, 50, 100 and 10Q@/plate) of this test chemical were used for expression period:210° cells from the cultures in each original 60 mm dish

the mutagenicity assay. The plates were inverted within 1 h and placed in a were plated in each of three 100 mm dishes to select for HPRT or GPT
dark vented incubator at 37°C for 48 h. Similar experiments were carried outmutants in hypoxanthine-free F12FCM5 medium containing (I 6-

for positive mutagens (NPD for TA97a and TA98, SA for TA100 and CH for thioguanine.

TA102) and solvent controls (DMSO). Four plates were used for each Aliquots of 200 cells were plated in triplicate in 60 mm dishes in the same
concentration tested and for both positive controls (mutagens) and a solvent medium without 6-thioguanine to determine the cloning efficiealty of the
control. After 48 h incubation of the culture plates the revertant colonies orin the absence of the selective agent, 6-thioguanine. After 7 days incubation

the test plates were counted. The presence of a background lawn on all the the mutant colonies were fixed, stained and counted. Mutant frequency is
plates was confirmed. A similar experiment was also carried out using livercalculated by dividing the total number of mutant colonies by the total number
homogenate (S9) fractions. The positive mutagen 2-AF was used for strains of cells selecté®) ¢orrected for cloning efficiency and is expressed as

TA97a, TA100 and TA98 and DN was used for strain TA102 in th89 mutants/18 clonable cells (Hsiet al., 1981).

exper_iments. So two sets of experiments were carried out with and Withou&hromosome aberrations (CA) assay

S9 mix for all the tester strains. ] o ) )
Antimutagenicity assantimutagenicity assay of CC in a plate incorporation FOr CA analysis CC was suspended in distilled water with gum acacia (2%)
assay was carried out against known positive compounds in TA97a, TA1002nd was gavaged (0.25-0.3 ml suspension depending on body weight) to three
TA98 and TA102. In this case both CC (different concentrations as mentionegets of five animals each at the rate of 10, 20 and 40 mg/kg, respectively, for
above) and the respective positive compounds were added to the top agar fordays. A group of five animals were gavaged with an equal volume of
the antimutagenicity assay. The rest of the procedure was as described abd¥igtilled water only with 2% gum acacia for 7 days. On day 7, 30 min after

in the plate incorporation test. Antimutagenicity assay of CC was also carriedhe last dose of CC or distilled water (for control only), the positive compound

e

out using rat liver S9 in strains TA97a, TA100, TA98 and TA102. _I?MBA wasf gzavfgedl at a rate of 5? mg/kgdbfody wt if‘l corn oil to all fmice.
male m r r'a similar riment for

In vitro CHO/HPRT and AS52/GPT assays wo sets of 20 female mice were also used for a similar experiment for two

other positive control mutagens, CP and MMC. Three doses of CC (10, 20
K1BH4 and AS52, a subclone and a derivative of the CHO-K1 cell line, and 40 mg/kg) were gavaged to two sets of 15 mice each as described above.
respectively, were used for selection of HPRAhd GPT mutants. K1BH4 CP was gavaged at the rate of 20 mg/kg body wt to all of the 20 mice and
cells have a karyotype of 20 chromosomes with an active X chromosome oMC was gavaged at a rate of 1.5 mg/kg to another set of 20 mice. For CA
which thehprt gene is located (Hsiet al, 1975, 1986). AS52 cells, derived analyses, 22 h after treatment with the positive compounds animals were
from K1BH4 with anhprt gene deletion, contain a single stable copy of a injected (i.p.) with colchicine (2 mg/kg) an2 h later they were killed by
transfectedEscherichia coli gpgene located on an autosome (Tindzllal., cervical dislocation. Bone marrow chromosomes were prepared and stained
1984, 1986), presumably chromosome 6 (Michastlsl,, 1992; K.L.Michaelis,  with Giemsa following the method of Prestat al. (1987). All the slides
personal communication). Cells were cultured in F12 medium containing 5%vere coded and 100 well-spread metaphase cells were scored per animal for
dialysed fetal calf serum (F12FCM5). CA. A total of 500 metaphase cells were scored for each set of positive
To decrease the background of HPRmutants, K1BH4 cells were cultured  control treated groups and also for positive control treated groups pretreated
for 48 h in F12FCM5 medium supplemented with 300 hypoxanthine, 10 with different doses of CC. Mitotic index (MI) was scored from 1000 cells/
MM aminopterin and 10uM thymidine (HAT medium). To decrease the animal and is expressed as a percentage. CA were scored following the
background of GPTmutants, AS52 cells were grown in F12FCMS5 medium guidelines of the World Health Organization (1985) and Prestal. (1987).
supplemented with 250g/ml xanthine, 251g/ml adenine, §1M thymidine,  The aberration frequencies per cell for chromatid and chromosome types were

3 UM aminopterin and 10-2@ig/ml mycophenolic acid (MPA medium) for  calculated. Gaps were recorded and not included either as percent aberrant
48 h (An and Hsie, 1992). After 48 h recovery in F12FCM5 mediun®, 10 cells or as the frequency of aberrations per cell (Shaiedl, 1986).

K1-BH4 cells or 2.5¢10* AS52 cells were plated in a 60 mm dish in 3 ml ) ) )

F12FCMS5 medium. After another 24 h, the cells were treated with Dulbecco'd" ViVO Sister chromatid exchange (SCE) assay

phosphate-buffered saline (PBS) or CC (10 ori2@ml) in the presence or Paraffin-coated (~80% of the surface) BrdU tablets (50 mg each) were
absence of EMS (200 or 4Q@g/ml) (see Tables | and Il for study design). implanted s.c. in the flank of mice under diethyl ether anaesthesia following
Cells were then grown in F12FCM5 medium for 7 days to allow full expressionthe methodology of McFeet al (1983) forin vivo SCE study and cell

of HPRT™ and GPT mutant phenotypes (Hsiet al., 1975; Tindallet al., replication kinetic analysis. CC was suspended in distilled water with gum
1984). Depending on the extent of cell survival after mutagen treatment, ongcacia (2%) and was gavaged (0.25-0.3 ml suspension depending on body
weight) to three sets of five animals each at a rate of 10, 20 and 40 mg/kg
for 7 days. A group of five animals was gavaged with an equal volume of
distilled water with 2% gum acacia for 7 days. On day 7, immediately after
the last dose of CC and distilled water (for controls only), BrdU tablets were
implanted into each mouse. Thirty minutes after tablet implantation the
positive compound DMBA was gavaged at 50 mg/kg body wt in corn ail to
all mice. Another set of 20 female mice was also used in a similar experiment
with another positive control compound, CP. Three doses of CC were gavaged
to 15 mice as described above. CP was gavaged at the rate of 10 mg/kg body
wt to all the 20 mice 30 min after tablet implantation. For SCE analysis,
colchicine (4 mg/kg) was injected (i.p.) 22 h after BrdU tablet implantation.
The rest of the procedure was as described above (Prestah, 1987).
Slides were prepared and chromosomes were differentially stained by the
fluorescence-plus-Giemsa technique (Perry and Wolff, 1974; World Health
Organization, 1985). All slides were coded and 30 second division metaphase
cells (40x 2 chromosomes) per animal were scored for SCE frequencies, i.e.
Fig. 1. Structure of centchroman. a total of 150 cells were scored from five animals in each set of positive

Table I. The protective effects of centchroman on the frequenclgpof mutants induced by EMS in CHO-K1BH4 cells

EMS CC10 CC20

0 E200 E400 0 E200 E400¢ 0 E206 E400

2.50 = 3.50 225.00= 48.10 455.50+ 7.80 6.00+ 8.50 192.00+ 8.50 281.00+ 8.50 28,50+ 2.10  159.00+ 12.00 205.0= 1.40

All data are expressed as mutant frequency in mutan8D per 16 clonable cells from two independent experiments. A significant differeRce 0.51

andP < 0.31) for treated groups ¢ and d, respectively, from untreated control group a was found using Fisher’s protected least significant difference
procedure. Similarly, a significant difference € 0.03 andP < 0.01) for treated groups e and f, respectively, from untreated control group b was observed.
EMS, ethyl methanesulfonate; CC, centchroman; E200 and E400, 200 andg4ADEMS; CC10 and CC20, 10 and 2@/ml centchroman.
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control treated groups and from the positive control treated groups pretreatefiIA98 and TA102. CC did not show any mutagenic effect in
with different doses of CC. Randomly selected metaphase cells (100/animaany of the tester strains described above. In strains TA97a and
were scored for replicative index (RI) analysis following the method of Ivett g . ) .
and Tice (1982). TAlOO toxicity was mduceql at 5(mg/plate both V\_nth and
Statistical analysis without S9 mix. Arjtlmutagenlcny assaysin both strains showed
Mutagenicity and antimutagenicity results for the different concentrations of~10—30% protective effects of CC against NPD and _SA at the
chemicals with bacteria were compared with the negative and positive controlgoncentrations of 1, 5 and lj0g/plate without S9 mix and

by Dunnett's multiple comparison with controls (Dunnett, 1955). SCE, CA, an ~12—-25% protective effect was observed against AF at

Ml and RI results were also compared with their respective positive control%oncentraﬂonS of 1, 5 and 1@/plate with S9 mix (Tables III
by Dunnett's multiple comparison with controls and the level of significance !

is given in the respective tables. Results of the CHO/HPRT and Ass2/pRNd 1V). In strain TA98 toxicity was also observed at a
assays were compared with the respective controls by Fisher's protected le@@ncentration of 5Qug/plate, at which a statistically significant

significant difference procedure. decrease in revertant colonies was observed. Similarly, ~15—
28% protective effects of CC in strain TA98 were observed at
Results concentrations of 0.1, 1 and 1@/plate without S9 mix and
Mutagenicity and antimutagenicity assays in Salmonella  ~15-45% protective effects were observed at concentrations
Tables Il and IV show the results of mutagenicity andof 0.1, 1 and 1Qug/plate with S9 mix (Tables Ill and V). As
antimutagenicity assays Balmonellastrains TA97a, TA100, expected, CC did not show any mutagenic effects in strain

Table Il. The protective effects of centchroman on the frequency offitenutants induced by EMS in CHO-AS52 cells

EMS CC10 CC20

0 E200 E400 0 E200 E400 0 E206¢ E400

18.00* 2.80  271.50+ 9.20 498.00*= 4.20 34.00= 4.20 228.00+ 1.40 327.50+ 16.30 79.50+ 2.10  182.50+ 0.70 264.50*= 38.90

All data are expressed as mutant frequency in mutan8D per 16 clonable cells from two independent experiments. A significant differeRce 0.10
andP < 0.05) for treated groups ¢ and d, respectively, from untreated control group a was found using Fisher’s protected least significant difference
procedure. Similarly, a significant difference € 0.04 andP < 0.07) for treated groups e and f, respectively, from untreated control group b was observed.

Table Ill. Mutagenic and antimutagenic effects of centchroman (CC) in the plate incorporation tesSabimanellastrains TA97a, TA100, TA98 and TA102
without S9

Chemical (CCug/plate) Mutagenicity assay (no. revertants/plate, Chemical {g/plate) Antimutagenicity assay (no. revertants/plate,
mean=* SDA) mean=+ SDA)

TA97a
Solvent control 129.25- 24.78 NPD (20ug /plate) 1039.50+ 37.25
1 136.25+ 24.76 NPD+ 1 925.25+ 37.2¢°
5 140.50+ 9.33 NPD+ 5 845.50+ 40.0¢°
10 130.50+ 11.68 NPD+ 10 730.30+ 45.50
50 81.50+ 3.37 NPD + 50 635.50= 50.00?
100 47.00% 20.78 NPD + 100 555.20+ 36.30
1000 Toxic NPD-+ 1000 Toxic

TA100
Solvent control 195.0&= 16.39 SA (1.5ug/plate) 1214.75- 98.65
1 181.20+ 28.79 SA+ 1 1068.50+ 37.53
5 207.25+ 13.60 SA+ 5 836.75+ 63.68
10 188.25+ 20.95 SA+ 10 860.75+ 51.8¢
50 169.25+ 13.98 SA + 50 837.50+ 16.52
100 134.40+ 23.96 SA + 100 785.50+ 93.94
1000 Toxic SA+ 1000 Toxic

TA98
Solvent control 39.75- 6.18 NPD (20ug/plate) 1019.75+ 68.91
0.1 36.25+ 6.13 NPD+ 0.1 863.50+ 40.00
1 39.00+ 4.69 NPD+ 1 768.75+ 76.3%
10 36.25+ 4.50 NPD+ 10 737.00+ 47.67
50 27.75+ 7.80 NPD + 50 730.00+ 132.48
100 17.75+ 457 NPD + 100 450.75+ 49.6%
1000 Toxic 2-AF+ 1000 Toxic

TA102
Solvent control 267.25 26.01 CH (100ug/plate) 1170.50G+ 68.39
0.1 270.50+ 21.62 CH+ 0.1 1027.75+ 25.46
1 262.00+ 18.13 CH+ 1 976.50+ 26.34
10 246.75+ 26.41 CH+ 10 904.75+ 28.3%
50 237.75+ 21.86 CH+ 50 627.00+ 45.58&
100 176.00+ 56.98 CH + 100 429,50+ 73.7P
1000 Toxic CH+ 1000 Toxic

avean + SD of four plates. Results of each concentration were compared with the positive control by Dunnett’s test.

bp < 0.01.
°P < 0.02.
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Table IV. Mutagenic and antimutagenic effects of centchroman (CC) in the plate incorporation tesSabimanellastrains TA97a, TA100, TA98 and TA102

with S9
Chemical (CCug/plate) Mutagenicity assay (no. revertants/plate, Chemical {g/Plate) Antimutagenicity assay (no. revertants/plate,
mean= SD?) mean=+ SD?)

TA97a
Solvent control 132.5@- 15.35 2-AF (10pg/plate) 955.50+ 56.00
1 145.25=* 20.00 2-AF+ 0.1 840.25+ 45.50
5 148.00+ 18.30 2-AF+ 1 822.50+ 50.0(°
10 116.50= 20.50 2-AF+ 10 710.00+ 38.5(
50 69.00+ 17.5¢ 2-AF + 50 525.00+ 35.00
100 50.50+ 10.00 2-AF + 100 175.00+ 32.50°
1000 Toxic 2-AF+ 1000 Toxic

TA100
Solvent control 182.06= 17.50 2-AF (10pg/plate) 1055.50+ 37.00

1 197.50+ 20.30 2-AF+ 0.1 890.25+ 50.50
5 200.50+ 30.00 2-AF+ 1 810.50+ 35.2%
10 169.25+ 22.50 2-AF+ 10 750.25+ 33.7¢
50 150.25+ 36.00 2-AF + 50 715.35+ 52.50
100 110.00+ 16.2¢° 2-AF + 100 335.50+ 60.00°
1000 Toxic 2-AF+ 1000 Toxic

TA98

Solvent control 39.25- 6.34 2-AF (10ug/plate) 1079.50+ 71.76
0.1 37.00* 9.59 2-AF+ 0.1 921.25+ 24.2P
1 35.00+ 6.32 2-AF+ 1 780.75+ 36.56
10 36.00+ 7.25 2-AF+ 10 590.50+ 26.2%
50 28.75+ 6.9 2-AF + 50 503.00+ 86.77P
100 18.25+ 3.3( 2-AF +100 359.25+ 23.08
1000 Toxic 2-AF+ 1000 Toxic
TA102
Solvent control 301.5G- 28.44 DN (30ug/plate) 794.25+ 36.50

1 274.25*+ 27.73 DN+ 0.1 642.25+ 15.9¢°
1 294.25+ 23.71 DN+ 1 598.25+ 62.73
10 274.50+ 20.40 DN+ 10 566.50+ 59.96’
50 247.25+ 32.62 DN + 50 540.75+ 53.489
100 189.25+ 27.7% DN + 100 442 50+ 43.44
1000 Toxic DN+ 1000 Toxic

:I\/Iean + SD of four plates. Results of each concentration were compared with the positive control by Dunnett's test.

P < 0.01.

‘P < 0.02.

TA102. Toxicity was induced at 100g/plate. In strain TA102  activity against EMS mutagenicity. CC exhibits a 16-34%
an ~12-47% protective effect of CC was observed at concentrgrotective effect against EMS mutagenicity atdgyml and a
tions of 0.1, 1, 10 and 5Qg/plate without S9 mix and ~19—  33-47% protective effect augonl (Table II).

32% protective effect was observed at concentrations of 0.1antimutagenic effects in vivo in mice

1,10 anq _SQJg/pIate _W'th S9 m|x (§ee Tables lll and IV). a6 v/ shows the results of the antimutagenicity assay of CC
Mutagenicity and antimutagenicity in CHO/HPRT and AS52 as measured by CA against three positive compounds, DMBA,
assays CP and MMC, in female mice when fed orally. A statistically
Toxicity CC exhibits slight toxic effects in both CHO-K1BH4 significant decrease in CA was observed in the DMBA-treated
and CHO-AS52 cells. CC shows a slight protective effect  group pretreated with CC at a dose of 20 mg/kg for 7 days
against the toxic effect of EMS (200 or 4Q@y/ml). The  when compared with the group which received only DMBA.
protective effect of CC is more pronounced at 20 than at 10 In this case the protective effect was ~36%. CC showed a
pg/ml (data not shown). very weak protective effect against CP. A weak (5% level)
Mutagenicity and antimutagenicity assayVe tested the anti- but statistically significant decrease in CA was observed in
mutagenic effects of CC in the CHO/HPRT and AS52/GPTthe CP-treated group pretreated with CC at a dose of 10 mg/
assays. We found that in the CHO/HPRT assay, CC is not kg for 7 days when compared with the group that received
mutagenic at a concentration of L@/ml but showed a slight only CP. The protective effect was only 19%. In the MMC-
mutagenic effect at high dose (2@/ml). EMS (200 and 400  treated series, a significant decrease in CA was observed in
pg/ml) exhibits a dose-dependent increase in induced mutarmtl three sets of MMC-treated groups pretreated with 10, 20
frequency and treatment of cells with CC (10 and|2ml) and 40 mg/kg CC when compared with the group which
reduces EMS (200 and 400g/ml) mutagenicity. CC at 20 received only MMC. The protective effects of CC in these
pg/ml exhibits a higher protective effect than atjd@ml. CC MMC-treated groups were ~30-55%. A significant decrease
showed a 15-38% protective effect against EMS ap@@nl  in MI was observed at the highest dose in all CC-treated
and a 29-55% protective effect at pg/ml (see Table I). groups, indicating a slight cytotoxic effect of CC at this dose
Similar results were found in the AS52/GPT assay. CC(see Table V).
exhibits a slight mutagenicity at these doses, EMS shows a Table VI show the results of the antimutagenicity assay of
dose-dependent mutagenicity and CC exhibits antimutagenicC as measured by SCE against two positive compounds,
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Table V. Antimutagenic effects of centchroman against the known positive mutagens DMBA, cyclophosphamide and mitomycin C as measured by
chromosome aberrations

Treatment (mg/kg) Gap Aberrations/cefl Aberrant cells Mitotic indices
(%, mean*= SD) (mean* SD)
Chromatid type Chromosome type
DMBA (50 mg/kg) 103 0.224 0.044 24.08 3.39 2.23+ 0.48
Centchroman (mg/kg)
10 + DMBA (50 mg/kg) 115 0.346 0.038 22.860 2.28 1.68* 0.79
20 + DMBA 81 0.162 0.032 15.2¢ 3.76 1.45+ 0.4%
40 + DMBA 130 0.208 0.044 21.66 4.39 1.22+ 0.5%
Cyclophosphamide (20 mg/kg) 74 0.544 0.032 3143.36 1.91+ 0.59
Centchroman (mg/kg)
10 + CP (20 mg/kg) 81 0.376 0.018 25.204.9C¢° 1.59+ 0.38
20+ CP 67 0.460 0.026 28.86% 3.27 1.40* 0.43
40 + CP 77 0.490 0.022 29.86 2.38 1.42+ 0.3Z%
Mytomycin C (1.5 mg/kg) 49 0.130 0.026 12.602.30 2.19+ 0.53
Centchroman (mg/kg)
10 + MMC (1.5 mg/kg) 14 0.064 0.014 7.48 1.8% 2.48+ 0.38
20 + MMC 13 0.046 0.012 5.66- 2.0 2.07+ 0.58
40 + MMC 22 0.072 0.016 8.80- 1.64 1.32+ 0.5%

aTotal chromatid and chromosome gaps at each dose were recorded but not included as aberrations/cell.

bTotal number of aberrations (chromatid or chromosome type)/total number of cells scored per dose group. Results are of five animals (100)cells/animal
‘Results at each dose were compared with those of the control using Dunnett's multiple comparison with control.

dp < 0.01.

P < 0.05.

Table VI. Antimutagenic effects of centchroman against known positive mutagens DMBA and cyclophosphamide as measured by sister chromatid exchanges

Treatment (mg/kg) SCE/cell of five animals SCE/cell (meaisD}? Replicative indices (meart SD}

DMBA (50 mg/kg) 14.0,15.8,14.0,15.3,15.1 14.840.80 1.86= 0.05

Centchroman (mg/kg)
10 + DMBA(50 mg/kg) 12.7,13.8,11.9,12.4,14.7 13.101.16 1.73%= 0.09
20 + DMBA 13.2,13.2,11.2,11.7,12.9 12.45 0.92 1.72+ 0.0
40 + DMBA 16.9,13.7,13.4,13.5,15.9 14.67 1.64 1.76+ 0. 4

Cyclophosphamide (10 mg/kg) 24.5,26.4,26.6,25.4,27.2 26.0106 1.75+ 0.07
10 + CP (10 mg/kg) 25.8,28.9,26.5,28.6,29.5 2786.61 1.71+ 0.06
20+ CP 23.9,26.0,31.7,24.2,20.7 25.314.07 1.61+ 0.09
40 + CP 27.2,30.6,35.5,31.1,27.9 30.473.28 1.60+ 0.07

:Mean + SD of five animals. Results at each dose were compared with the respective positive control using Dunnett’s test.
P < 0.02.

DMBA and CP. As observed in the CA study, a statistically  the latter for toxicity reasons. CC has been resohed into
significant protective effect was observed in DMBA-treatedand d-enantiomers (Salmaet al., 1986), of which thd form
series pretreated with 20 mg/kg CC when compared withis biologically active (see Figure 1). Work is also in progress
DMBA alone. No statistically significant differences were to study whethel-centchroman has better antimutagenic prop-
observed in CP-treated series pretreated with any of the dosesties or whether the pharmacologically indrform has any

of CC when compared with the CP-alone group. A significan@advantage in reducing mutagenicity. These are the aims for our
decrease in Rl was observed in both DMBA- and CP-treatedlUture research. In the present study we report the antimutagenic
groups pretreated with 20 and 40 mg/kg CC when comparegffects of racemic centchroman.

with the respective positive compounds alone (see Table VI). CC is not mutagenic iralmonellastrains TA97a, TA98,
TA100 and TA102 in plate incorporation assays either with or

Discussion without S9 activation (see Tables Ill and IV). It reduces the

) mutagenic activities of the known mutagens SA, NPD, AF,
The reported onco-protective effect of CC on breast cancefty and DN. The overall protective effects of CC in the
(Mishra et al., 1989; Central Drug Research Institute, 1991,5ntimutagenicity assay in these strains were ~10-47%. These
1995) and its potent anti-oestrogenic activity with negligible yrotective effects of CC may be due to a direct interaction of
side-effects has prompted us to examine the antimutagenifese mutagens with CC. Initially we also tried to see whether
effects of this compound against known positive mutagens ifye could increase the protective effect in the antimutagenicity
multiple test systems. Chemically induced cancers are primarilgssay of CC using preincubation tests for TA97a and TA100.
due to the ability of the chemical to damage DNA and toHowever, the protective effects were almost the same as
induce CA, SCE and gene mutations. These biomarkers fasbserved in the plate test for these two strains (data not
DNA damage can be used to assess the antigenotoxic potentgesented). Thus, we decided to study the antimutagenic effects
of a chemical. Our main objective was to investigate whetheof CC only in the plate incorporation test. CC also exhibits
racemic centchroman, having antimutagenic effects and witlntimutagenic activities in both the CHO/HPRT and AS52/
an anti-cancer profile similar to tamoxifen (TM), could replaceGPT assays.
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We conducted then vivo antimutagenicity studies of CC in of apoptosis by CC and its enantiomers in MCF-7 and CHO
female Swiss albino mice based on the dose recommended foell lines is also in progress, to better understand the exact
human breast cancer patients in clinical trials at the Central ~ mechanism of action of this drug. Since CC is a candidate
Drug Research Institute (1991). The best effective human dosdrug for breast cancer treatment, more information is required
converted to a mouse dose was ~20 mg/kg body wt. Thus, we on the mechanism of action of this drug in mammalian systems.
selected one lower (10 mg/kg) and one higher (40 mg/kg)
dose_ relgtive_to this effective dose (20 mg/kg) for _dmlvivo Acknowledgements
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competing with endogenous oestrogens fqr oestrogen receptorsgjismutase on bleomycin mutagenesis in Chinese hamster overyMetis.
(Martin et al,, 1978; Verdeakt al., 1980). Like genistein, CC  Res, 270, 167-175.
is a weak oestrogen and also acts as an anti-oestrogen. Okegntral Drug Research Institute (199Dpssier of Centchromanvol. 18.
results ofin vivo CA assay showed a significant protective _ Central Drug Research Institute, Lucknow, India.

. . Central Drug Research Institute (1998hnual Report of the Central Drug
effect of CC in a DMBA-treated group pretreated with CC ™ zasearch Institute 1094-95. Area Antifertility. Centchroman Phase 11l Trials

(20 mg/kg) and a MMC-treated group pretreated with all three in Advanced Cancer of Breastlaheshwari & Sons, Lucknow, India, p. 1.
doses of CC (10, 20 and 40 mg/kg) in mice. Pretreatment witpunnett,C.W. (1955) A multiple comparison procedure for comparing several
CC also reduced SCE induced by DMBA. The most effective treatments with the controll. Am. Statist. Assac50, 1096-1121.
Eldridge,A.C.(1982) Determination of isoflavones in soya-bean flours, protein
dose of CC.: WaS 20 mg/kg bOdy wt for both th.e CA and SC?E concentrates and isolatek. Agric. Food Chem.30, 353—-355.
assays. It is interesting to note that the maximum ProtectiVeeriini,C., Scambia,G., Distefano,M., ~Filippini,P., lsola,G., Riva,A.,
effects of CC were observed at the dose of 20 mg/kg, which Bombardelli,E., Fattorossi,A., Benedetti Panici,P. and Mancuso,S. (1997)
was very close to the human dose in clinical trials with human Synergistic antiproliferative activity of tamoxifen and docetaxel on three
breast cancer patients (Central Drug Research Institute, 1991 oestrogen receptor-negative cancer cell lines is mediated by the induction
1995). CC sh d K tecti ffect . ’tth ‘of apoptosisBr. J. Cancey 75, 884—891.
)'_ showed a very wea pro_ ective efiec i agains %iri,A.K. (1996) Genetic toxicology of four commonly used benzodiazepines:
CP. Since CC has an onco-protective effect (Mlsbtz_aal.,  areview.Mutat. Res.340 93-108.
1989), it may also be effective only against the cancer inducingiri,A.K. (1997) Genetic toxiclogy of epichlorohydrin: a revieMutat. Res.
compounds DMBA and MMC. The onco-protective effects aSGiﬁEfglfsggg Khan,K.A.(1995) Absence of sister chromatid exchange and
reported earlier may be attrlbUt.ed’ In part, t.o the ablllty of CC chromosome abérrations in mice aftervivo exposure of centchroman—
to reduce the levels of genetic damage induced by known a new non-steroidal oral contracepti@ytologia 60, 167-172.
carcinogenic compounds. Giri,A.K. and Lu,L.J.W. (1995) Genetic damage and the inhibition of 7,12-
CC inhibits both the MI and RI in CA and SCE studies. dim?thylbeﬂé@]dar!ghfacehe finducledl gsnet_igamagf bygtsflelggytlta;;trogens,
sMhihiti ; it i i genistein and daidzein, in female micancer Lett, 95, 125-133.
]:I.'he extegts of m|h||<bl|t|08" ‘I’Vh'.le ?Ima”i were Stat'St'%a”yR?'gn' Gir,AK., Sai Sivam,S., Khan,K.A. and Sethi,N. (1992) Sister chromatid
icant and most likely biologically relevant since the was exchange and chromosome aberrations in mice aftefivo exposure of
cal_culated t_)ased on the presence o_f metaphase chromosomesreen S—a food coloranEnviron. Mol. Mutagen.19, 223-226.
which requires cell cycle progression. Any compound thatHsie, AW., Briner,P.A.,, Mitchell,T.J. and Gosslee,D.G. (1975) The dose
severely blocks cell cycle progression would produce few HE e e O ansferase oous in Chinese hamster
metaphase cells for scoring. Thus_, RI estimation based on ovary cells.Somat. Cell Genetl, 247-261.
metaphase Fe_”S te.nds_ to underestimate the ability of a COMksie AW., Cassiano,D.A.,, Couch,D.B., Krahn,D.G., O'NeillJ.P. and
pound to inhibit replication. These data suggest that CC inhibits whitfield,B.L. (1981) The use of chinese hamster ovary cells to quantify
cell replication. SpeCiﬁCfIOhCUZIrEnI\lIJItEaEIi'gXand to detﬁe/lrmineRmutgge&igtyzi)lf1 chemicals: a
inc i report of the - programm#lutat. Res. 86, 214,
h InAsummary’ we S(?OW that C.C rf?rducets rehvegﬂ]éfg:gglres ! sie,A.W., Resio,L., Katz,K.S., Lee,C.Q., Wagner,M. and Schenley,R.L.
the Ames assay an. mutagenic effects in t e” an (1986) Evidence for reactive oxygen species inducing mutations in
AS52/GPT assays induced by the known positive compounds mammalian cellsProc. Natl Acad. Sci. US/83, 9616-9620
NPD, SA, 2-AF, CH, DN and EMSn vitro. It also reduces IvettJ.L. and Tice,R.R. (1982) Average generation time: a new method
both CA and SCE induced by DMBA and CA induced by - &l Bl o e aining patidEnsiron. Mutagend,
_IVIMC. The mechanism responsible fpr the reductlo_n iNnDMBA-  5cg 36a ’
induced CA a.nd SCE and MMC-lnduced CA is 9Ufrent|y Kamboj,V.P. (1979) In Talwar,G.P. (ed.Recent Advances in Reproduction
unknown. CC is structurally similar to the non-steroidal anti- and Regulation of FertilityElsevier, Amsterdam, The Netherlands, p. 353.
oestrogen TM (Ragt al., 1994). Ferliniet al. (1997) reported Kamboj,V.P,, Setty,B.S., Chandra,H., Roy,S.K. and Kar,A.B. (1977) Biological
that TM can induce apoptosis and has some antiproliferative E‘Egr"elsofl‘iigtfﬂgg”a”_a new postcoital contraceptiirelian J. Exp.
aCt!V!t_y in_human breaSt cancer Ce”S'_Thus’ the prOt.eCt'VER/Iaron,D.M. and Ames,B.N. (1983) Revised methods for S&monella
activities of CC against the kn_own positive mutagens in the mutagenicity testMutat. Res. 113 173-215.
present study may be due to induction of apoptosis by CCyartin,P.M., HorwitzK.B., RyanD.S. and McGuire,W.L. (1978)
which leads to the elimination of cells damaged by these E%tc?cerisr::)cljgg;ig?rfscggnlgietg estrogen receptors in human breast cancer.
muFagenS fr_om the cell populatlon. De.termmatlon Of_ th_eMcFee,A.F., Lowe,K. and San Sebastian,J.R. (1983) Improved sister chromatid
antimutagenic effects of both the enantiomers of CC is in gifferentiation using paraffin coated bromodeoxyuridine tablets in mice.

progress and will be reported later. Determination of induction Mutat. Res.119, 83-88.
618



Antimutagenic effects of centchroman

Michaelis,K., Helvering,L., Kinding,D., Garriott,M. and Richardson,S. (1992)
Localization of the xanthine guanine phosphoribosyltransferase agte (
of E.coli in AS52 metaphase cells by fluorescenuoesitu hybridization.
Environ. Mol. Mutagen.19 (suppl. 20), 42.

Mishra,N.C., Nigam,P.K., Gupta,R., Agarwal,A.K. and Kamboj,V.P. (1989)
Centchroman—a nonsteroidal anticancer agent for advanced breast cancer:
phase Il studyint. J. Cancey 43, 781-783.

Mukherjee,S.S., Sethi,N., Srivastava,G.N., Roy,A.K., Nityanand,S. and
Mukherjee,S.K. (1977) Chronic toxicity studies of centchroman in rats and
rhesus monkeydndian J. Exp. Biol. 15, 1151-1153.

Perry,P. and Wolf,S. (1974) New Giemsa method for the differential staining
of sister chromatidsiNature 251, 156-158.

Philipose,B., Singh,R., Khan,K.A. and Giri,AK. (1997) Comparative
mutagenic and genotoxic effects of three propionic acid derivatives
ibuprofen, ketoprofen and naproxeviutat. Res.393 123-131.

Preston,R.J., Dean,B.J., Galloway,S., Holden,H., McFee,A.F. and Shelby,M.
(1987) Mammalianin vivo cytogenetic assays: analysis of chromosome
aberrations in bone marrow cellslutat. Res. 189, 157-165.

Price,K.R. and Fenwick,G.R. (1985) Naturally occurring oestrogens in food—
a review.Food Addit. Contam.2, 73-106.

Ray,S., Tandon,A., Dwivedy,l.,  Wilson,S.R.,, O'NeilJ.P. and
Katzennellengogen,J.A. (1994) An X-ray crystallographic study of the
nonsteroidal contraceptive agent centchrondaMed. Chem .37, 696—700.

Salman,M., Ray,S., Anand,N., Agarwal,A.K., Singh,M.M., Setty,B.S. and
Kamboj,V.P. (1986) Studies in antifertility agents 50. Stereo-selective
binding of d- and I-centchromans to estrogen receptor and their anti-fertility
activity. J. Med. Chem.29, 1801-1803.

Sharief,Y., Brown,A.M., Backer,L.C., Campbell,J.L., Westbrook-Collins,B.,
Stead,A.G. and Allen,J.W. (1986) Sister chromatid exchange and
chromosome aberration analyses in mice afier vivo exposure to
acrylonitrile, styrene, or butadiene monoxid&viron. Mutagen.8, 439—
448.

Stob,M. (1983) Naturally occurring food toxicants: estrogens. In
Rechcigal,M.,Jr (ed.),CRC Handbook of Naturally Occurring Food
Toxicants CRC Press, Boca Raton, FL, pp. 81-100.

Tindall,K.R., Stankowski,L.F.Jr, Machanoff,R. and Hsie,A.W. (1984) Detection
of deletion of mutations in pSVgpttransformed cellsMol. Cell. Biol, 4,
1411-1415.

Tindall,K.R., Stankowski,L.F.Jr, Machanoff,R. and Hsie,A.W. (1986) Analyses
of mutation in pSVpttransformed CHO celldviutat. Res.160, 121-131.

Verdeal,K., Brown,R.R., Richardson,T. and Ryan,D.S. (1980) Affinity of
phytooestrogens for the oestradiol-binding proteins and effect of coumestrol
on the growth of 7,12-dimethylberggnthracene induced rat mammary
tumors.J. Natl Cancer Inst.64, 285-290.

World Health Organization (1983nvironmental Health CriteriaVol. 46,
Guidelines for the Study of Genetic Effects in Human PopulatidftsO,
Geneva, Switzerland, pp. 29-44.

Received on June 9, 1999; accepted on August 12, 1999

619



