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ABSTRACT Modifying effects of tumour promoter lodoacetic Acid — sodium salt (IA) was studied on ®Co gamma
radiation and 4-Nitrogquinoline 1-oxide (4-NQO) induced recombination (gene conversion), back mutation and
aberrant colony formation (ACF) using eukaryotic model system, yeast. Cells were exposed to 0-400 Gy of radiation
or were treated with 0.15-1.5 mM 4-NQO and grown on the media containing 0-200 pg IA/ml. The results indicated
that IA reduced the frequencies of spontaneous; gamma radiation as well as 4-NQO induced back mutation and ACF
significantly. Further, it had no effect on spontaneous, radiation or 4-NQO induced recombination (gene conversion)
frequency. These observations suggest that 1A does not act like other tumour promoters, which enhance the frequency

of genetic events induced by carcinogens in vitro.

LINTRODUCTION

A largeamount of informationisavailablein
literature indicating that the action of one agent
can be altered by another agent, leading to
enhancement, reduction or additivity, following
combined exposures (UNSCEAR 1999). Chemical
agents, which act astumour promoters, or those,
which inhibit error-free repair pathways, may
enhancethe effects of amutagenic/carcinogenic
agent (Anjaria and Rao 2001, 2004). Antimu-
tageni c/anticarcinogenic agents, or agentswhich
suppress error-prone repair, may reduce the
mutagenic effectsof aphysical or chemical agent
in the combined treatments (Anjaria and Rao
2000).

Carcinogenesisissuggested to beatwo-stage
process. initiation and promotion. Initiation is
generally induced by DNA damaging agentslike
radiation or chemicals and is suggested to be an
irreversible event, whereas promotion is sugges-
ted to beareversible processresulting from repe-
titive exposures of tumour promoting agents
subsequent to the exposure to initiating agents
(Yamasaki, 1980). It has been reported that
tumour-promoting agents potentiate a number
of genetic events induced by initiating agents
(e.g. gene mutations, sister chromatid exchanges
(SCE), gene conversion) inyeast and mammalian
celsinvitro(Troskoet a. 1977; Gentil et al. 1980;
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Kunz et al. 1980b; Fahrig 1984; Anjariaand Rao
2001)

IA is reported to be a tumour promoter of
moderate potency (Connell and Duncan 1981)
and although to the best of our knowledge,
tumour promoting ability of 1A in animals has
not been reported, alarge number of studieshave
reported various aspects of itstumour promoting
activities (Connell and Duncan 1981; Kinsella
1982). In this paper, we have reported the
modifying effects of tumour promoter |A on
genotoxic effectsinduced by gammaradiation or
4-NQO in a eukaryotic model system, diploid
yeast.

2. MATERIALSAND METHODS

2.1 Strain: Diploid strain of yeast
Saccharomyces cerevisiae D7 was used for the
present study. The genotype of the strain is as

follows: )
a ade2-40 trp5-12 ilv1i-92

a ade2-119 ' trp5-27 "ilvi-92

The strain was used to detect the induction
of gene conversion at trp locus, and reverse
mutation at ilv locus. The details of the media
and procedures have been described elsewhere
(Zimmermann 1973, 1977; Zimmermannet d. 1975)

2.2 Chemicals: 4-NQO was purchased from
K & K Laboratories, New York, USA. 1A
(purchased from Sigma) wasdissolved indistilled
water, sterilized by filtering through Milliporefilter
(pore size0.45um) and added to autoclaved media
just before pouring in Petri dishes.

2.3 Detection of Genetic End-points: Gene
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conversion at tryptophan locus results in the
conversion of cellsfrom tryptophan auxotrophy
to prototrophy, which is detected by the appear-
anceof colonieson tryptophan omission medium.
Reverse mutation is detected similarly by the
appearance of prototrophic colonies on isoleu-
cine omission medium. ACF (Aberrant Colony
Formation) was observed and scored on synthetic
complete mediaas described by Zimmermann et
al. (Zimmermann 1973, 1977; Zimmermannet al.
1975)

2.4 Sgnificance of Genetic End-points:
Recombination is suggested to be involved in
carcinogenesis, teratogenesis, tumour promotion
and expression of deleterious genes following
recombination may also result in heritable
changes (Zimmermann, 1966; Kinsella and
Radman, 1978; Kunz et a. 1980a,b). Homologous
genes of RAD52 epistasis group which are
involved in recombination have been identified
in fission yeast (Ostermann et al. 1993),
Drosophila melanogaster (Akaboshi 1994),
chicken (Bezzubova et al. 1993), mouse and
human beings (Shinohara et al. 1993; Morita et
al. 1993). Thisindicatesthat the recombinational
repair pathway is conserved throughout
evolution (Sung et al. 2000; Cromieet al. 2001).
Furthermore, homo-logous genes HsSRAD52
controlling recombi-national pathwayshave been
identified in human cells (Thomson 1996; Dudas
and Chovanec 2004). Furthermore, thegeneration
of homozygousHR (homol ogous recombination)
knockout mice (Lim and Hasty 1996; Tsuzuki et
al. 1996; Esserset d. 1997; Rijkerset a. 1998; Luo
et al. 1999; Shu et al. 1999; Deans et al. 2000;
Pitman and Schimenti 2000) and embryonic stem
cells has also highlighted the importance of the
HR pathway in Double Strand Break repair in
higher eukaryotes (Lim and Hasty 1996; Tsuzuki
eta.1996; Luoetal. 1999; Deanset a. 2000). In
addition the breast cancer susceptibility proteins
BrcalandBrca2, seemtobedirectly involvedin
the homologous recombination process in
mammalian cells(Thomson and Schild 1999, 2001,
Morrison and Takeda 2000; van den Bosch et al.
2002)

Mutationisavery well studied end-point and
a high correlation is found between carcino-
genicity and mutagenicity (Miller and Miller 1971,
McCanneta. 1975, 1976). Formation of aberrant
colonies in yeast can be due to mitotic gene
conversion, point mutation, chromosomedeletion
or aneuploidy induced by amutagen. It hasbeen

suggested that aberrant mitotic segregation
events like mitotic recombination, non-disjunc-
tion and other chromosome events might beinvo-
Ived intumour promotion (Kinsellaand Radman
1978). These genetic events occurring in
eukaryotic model system diploid yeast are
important as similar events may occur in human
beings.

2.5 Gamma Irradiation: Stationary phase
cells were washed three times by centrifugation
and resuspended at atitre of 107 cellsper ml in
potassium phosphate buffer (0.1 M, pH 7.0). The
suspension was distributed in 5 ml aliquots in
irradiation vials which were exposed to graded
doses of gamma radiation in the dose range of
25-400 Gy in the ®Co Gamma Chamber 900
(supplied by BRIT, India) having a dose rate of
50 Gy/min. The sampleswereagitated vigorously
in avortex mixture to aerate them properly just
beforeirradiation. They were maintainedinice-
bath before and after irradiation till they were
plated to arrest the metabolic activities in the
cells. Irradiated cell suspensions were plated on
isoleucine omission medium to detect reverse
mutation, tryptophan omission medium to detect
gene conversion and synthetic complete medium
to detect ACF and survival. Sameirradiated cell
suspensions were also plated on all the three
media containing different concentrations of 1A
to study its modifying effects.

2.6 Treatment with 4-NQO: The stock
solution of 4-NQO was prepared freshly by
dissolving in DMSO. It was diluted to get the
required concentration in potassium phosphate
buffer (0.1M, pH 7.0). The stationary phasecells
were washed three times by centrifugation and
resuspended in buffer at acell titre of 5x107 cells/
ml. For the treatment, generally 1 ml of cell
suspension, required volume of diluted 4-NQO
solution and buffer were mixed to get 10 ml of
treatment mixture such that thefinal cell titrein
the treatment mixturewas 107 cells/ml and the 4-
NQO concentrationswere 0.15-1.5uM. Thetreat-
mentswere carried out in a shaker water-bath at
30°Cfor Lhindark.Attheend of 1h, 5ml aiquots
of treatment mixtureswerewithdrawn and filtered
through Milliporefilter (poresize 0.45um). The
cells were washed three times with buffer and
the filter paper with the cells was then resus-
pended in sterile water to get the cell titre of 107
cells/ml. Suitable dilutions of these cell sus-
pensions were plated on isoleucine and trypto-
phan omission platesto score back mutation and
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gene conversion respectively and synthetic
completemediumto scoreACFand survival. The
cell suspensionswere also plated on these media
containing 0-200 pg/ml 1A. The plates were
incubated at 30°C in an incubator. The colonies
were scored after 3 days for gene conversion
and survival; and after 5 daysfor back mutation
andACF.

3.RESULTS

Inall the experiments, doses up to 100 Gy of
gamma radiation and 1 uM of 4-NQO did not
induce any cell killing either independently or
following combined treatments. However,
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survival level following 400 Gy of radiation was
33%andfollowing 1.5 uM 4-NQO treatment was
56%. IA did not induce significant killing up to
100 pg/ml of medium.

3.1 Effect of | A on Back Mutation Frequency:
The results indicate that |A reduced spon-
taneous back mutation frequency significantly
and consistently (Tables 1a, 1b and 2a, 2b). It
should be noted that since different batches of
D7 yeast cultures were used in independent
experiments, the spontaneous frequencies of
back mutations varied from 26/107survivors in
Table 1 to 56/10°survivorsin Table 2. However,
the conclusion based on these experiments
remains the same as the results were consi stent

Table 1: Effect of A on gamma radiation induced back mutation in strain D7

Gamma dose 1Aug/ml Revertants/10” Ratio of
(Gy) Survivors* R/107s
(R/107s)* O/E?

@ - - 26 + 7 (68) -
- 25 11 + 3 (30) 0.433 + 0.0482
- 7.5 3 + 0 (7) 0.0983 + 0.022
- 10 3 + 1 (7) 0.094 + 0.0432
25 - 141 + 25 (367) -
25 25 78+ 14 (198) 0.574 + 0.167°
25 7.5 43 + 6 (138) 0.394 + 0.11°
25 10 38 + 1 (118) 0.267 + 0.0342
50 - 224+ 54 (597) -
50 25 137 + 20 (353) 0.665 + 0.236
50 75 100 + 24 (256) 0.497 + 0.212°
50 10 79 + 14 (204) 0.381 + 0.1452
75 - 293 + 98 (793) -
75 25 177 + 8 (464) 0.68 + 0.237
75 7.5 130 + 7 (340) 0.493 + 0.1542
75 10 92 + 9 (243) 0.338 + 0.075%
100 - 358 + 90 (940) -
100 25 215 + 48 (547) 0.708 + 0.129°
100 7.5 202 + 36 (520) 0.597 + 0.152°
100 10 142 + 46 (364) 0.407 + 0.1442

(b) - - 23 + 15 (76) -
- 15 167 + 24 (3) 0.037 + 0.052
- 50 033+ 0.47 (1) 0.0067 £ 0.0092
- 100 0 0
- 200 0 0
100 0 240 + 49 (641) -
100 15 76 + 17 (228) 0.33 + 0.1@
100 50 18 + 9 (46) 0.083 + 0.0582
100 100 7 + 8 (22) 0.04 + 0.052
100 200 0 0

1 Values represent mean of 3 experiments + s.d.

2 Mean ratio of experimentally observed R/107s values divided by expected values + s.d. (Expected values in each set
of data are values which are obtained in the absence of 1A)
In each set of data, values of R/107s obtained in the presence of different concentrations of 1A (observed values)
are significantly lower as compared to those observed without 1A (expected values) at the confidence levels given

below.
a p < 0.0027, b. p <0.0455, c. p <0.01

* Values in the parentheses represent actual colonies counted.
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and identical in both the sets of experiments,
showing significant reduction in spontaneous
frequencieswith | A, irrespective of the variation
in spontaneous back mutation frequencies in
these two sets of experiments. Further, the
spontaneous back mutation frequency was
found to reduce to approximately 40% at 2.5 pg/
ml, 9% at 7.5 pg/ml and 6% at 10 pug/ml of 1A
(Table 1a), whereas Table 2a shows that
spontaneous back mutation frequency reduced
approximately to 47% at 2 ug/ml, 55% at 4 pg/ml
and 49% at 6 ug/ml. Thisindicatesthat although
the trend of reduction was consistently seen in
both sets of experiments, the extent of reduction
is not dependent on the concentration of 1A.
Significant reduction in back mutation frequency
was also observed when cell s exposed to gamma
radiation were plated on media containing
different concentrationsof IA. Thereductionwas
foundto occur for all the dose points (25-100Gy)
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when | A concentration wasincreased from2.5to
10 pg/ml and for 100 Gy at | A concentration in
therange of 15-200 pg/ml (Table 1a, 1b). Ineach
set of data, values of R/10’s obtained in the
presence of different concentrations of A
(termed as Observed Values) are significantly
lower as compared to those observed without 1A
(termed as Expected Values) at the confidence
levels given in the footnote of Table 1

Table 2 shows the effect of |A on 4-NQO
induced back mutation frequency. The results
indicatethat 1A also reduced the 4-NQO induced
back mutation frequency in a dose dependent
manner. The reduction was statistically signi-
ficant only with 6 pg/ml of | A (Table 2a) and for
0.5uM 4-NQOfor IA concentrationintherange
of 50-200 pg/ml (Table 2b). Since4-NQO requires
metabolic activation for the induction of
genotoxic effects, the D7 yeast cultures
belonging to different batches show different

Table 2: Effect of 1A on 4-NQO induced back mutation in strain D7

4-NQO(uM) 1Aug/ml Revertants/107 Ratio of
survivors* R/107s
(R/107s)t (O/E)?
(a) - - 56 + 47 (38) -
- 2 25 + 18 (19) 047 + 0.062
- 4 27+ 20 (28) 055 + 0.092
- 6 19 + 6 (23) 049 + 0.228
0.15 - 101+ 23 (139) -
0.15 2 88 + 36 (99) 085 + 0.22
0.15 4 70 = 28 (76) 0.67 + 0.16°
0.15 6 52+ 22 (59 053 + 0.21°
0.30 - 207 + 79 (327) -
0.30 2 196 + 53 (390) 112 £ 0.42
0.30 4 171 + 72 (297) 083 + 0.13
0.30 6 139 + 53 (201) 0.67 + 0.092
0.50 - 546  +235 (827) -
0.50 2 457 + 45 (753) 0.87 + 0.16
0.50 4 394 +£162 (666) 075 + 0.18
0.50 6 357 +145 (482) 0.60 =+ 0.042
(b) - - 27+ 18 (57) -
- 15 25 + 25 (3 0.055 + 0.0552
- 50 05 + 0.5 (1) 0.01 + 0.01°
- 100 0 0
- 200 0 0
0.50 - 262  +£117 (527) -
0.50 15 222 + 92 (432) 058 + 0.32
0.50 50 62 = 60 (105) 0.055 + 0.045°
0.50 100 15 £ 15 0.01 + 0.01°
0.50 200 0 0

1.Values represent mean of 3 experiments * s.d.

2.Mean ratio of experimentally observed R/107s values divided by expected values + s.d. (Expected values in each set
of data are values which are obtained in the absence of 1A)

In each set of data, values of R/10’s obtained in the presence of different concentrations of IA (observed values) are
significantly lower as compared to those observed without I1A (expected values) at the confidence levels given below

a p < 0.0027, b. p < 0.0455

* Values in the parentheses represent actual colonies counted



ANTIMUTAGENICITY OF IODOACETATE

levels of genetic activity depending upon the
metabolic status in different cultures which is
reflected as back mutation frequencies of 546 R/
107survivorswith 0.5 uM 4-NQO in Table 2aand
half thevaueof 262 R/107survivorsinduced with
the same concentration of 4-NQO as shown in
Table 2b. However, the important factor to be
noted here is that in spite of these variations,
the trend showing reduction in 4-NQO induced
back mutation is consistent and statistically
significant.

In one out of two experiments carried out,
IA at some of the concentrations completely
inhibited spontaneous, gammaradiation induced
and 4-NQO induced back mutation whereas
sometimes in the second experiment, colonies
observed in the presence of |A was either O or
very few. In the presence of the highest
concentration of A (200ug/ml), the percent
survival was84% for control, 83% for 0.5uM 4-
NQO treated cellsand 80% for cellsirradiated to
100 Gy of gamma radiation indicating that
inhibition of back mutation by A wasnot dueto
itstoxicity. In this case also, in each set of data,
values of R/10’s obtained in the presence of
different concentrationsof 1A (observed values)
are significantly lower as compared to those
observed without |A (expected values) at the
confidencelevelsgiven in thefootnote of Table
2

3.2 Effect of | Aon ACF: Table 3 showsthe
effect of IA on radiation and 4-NQO induced
ACF. A (50 or 100 pg/ml) alone had no effect on
spontaneous frequency of ACF. Radiation alone
(400 Gy) induced 284 ACF/10* survivors, which
reduced to 0/10*survivorsin the presence of 50
pg/ml of 1A. 4-NQO (1.5 uM, 1h) doneinduced
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97 ACF/10* survivors. Even though it increased
to 128/10* survivorsin the presence of 50 pg/ml
of 1A, the increase was not statistically signi-
ficant. 4-NQO (1 uM, 1h) induced 39 ACF/10*
survivorsbut eveninthiscase, it decreased to 0/
10* survivorsin the presence of 100 pg/ml of 1A,
indicating that |A reduces the frequency of
radiation aswell as 4-NQO induced ACF in the
same way as back mutation. Mitotic crossing
over (MCO) (reciprocal recombination) was not
induced by gamma radiation or 4-NQO either
alone nor was potentiated in the presence of 1A
at these doses in the above experiments.

3.3 Effect of 1A on Gene Conversion
Frequency: Table 4 showsthe effect of |A (2.5-
100 pg/ml) on spontaneous and radiation induced
gene conversion frequency. The resultsindicate
that | A had no effect on gammaradiationinduced
gene conversion frequency.

Table 5 showsthe effect of 1A (2-100 pug/ml)
on spontaneous as well as4-NQO induced gene
conversion frequency. The results indicate that
presence of |A inthe growth mediadid not alter
spontaneous or 4-NQO induced gene conversion
frequency.

4. DISCUSSION

Carcinogen-induced mutation can be rece-
ssive and heterozygous (Harris et al. 1968;
Stanbridge 1976; Gateff 1978). The mechanism
by which aheterozygousrecessive mutant allele
isexpressed can be either gene mutation, 10ss of
awildtypeallelethrough deletion or monosomy
or a recombinational process. Simultaneous
investigation of these genetic alterations in
mammalian systems is impossible. The only

Table 3: Effect of IA on radiation and 4 — NQO induced ACF in strain D7

Treatment IA ug / ml % Survival ACF / 10* &

Control - 100% 0(0/8895)

Control + 50 98% 3(2/6423)

Control + 100 94% 0(0/2573)

400 Gy - 33% 284(205/7226)

400 Gy + 50 36% 0%(0/7969)

1.5 UM 4 NQO, 1h - 56% 97 (69 — 125/10* s)b(45/4643)
1.5 pM 4 NQO, 1h + 50 53% 128 (94 — 162/10* 5)°(56/4383)
1 pM 4 NQO, 1h - 100% 39(35/8959)

1 uM 4 NQO, 1h + 100 93% 0°(0/6816)

* The numbers in parenthesis indicate actual colonies counted.
2 Reduction in ACF / 10* S in presence of 50 ug / ml IA is statistically significant as compared to 284 ACF / 10* S

observed with 400 Gy radiation in the absence of IA.
b Values indicate 95% confidence range.

¢ Reduction in ACF / 10* S in presence of 100 pug / ml 1A is statistically significant as compared to 39 ACF / 10*S

observed with 1 uM 4-NQO, 1h, in the absence of IA.
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Table 4: Effect of |A on gamma radiation induced
gene conversion in strain D7

Table 5: Effect of A on 4-nqo induced gene
conversion in strain D7

Gamma |IA Convertants/ Ratio of 4-NQO  1Aug/ Convertants/ Ratio of
Dose ug/ml 10°Survivors* C/10%s (um) ml 10°Survivors* C/10%s
(Gy) (Cl108s) ( O/E)? (C/108s)! (OIE)?

- - 9 + 5 (37) - - - 9+ 5 (37) -

- 25 6 £+ 0 (10) 067 + 0.00 - 2 11+ 7 (17) 0.96 + 0.41
- 75 7 £ 5 (12) 078 + 0.29 - 4 12 + 7 (16) 1.04 + 0.33
- 10 9 + 2 (15) 1.00 + 0.16 - 6 12 + 8 (20) 113 + 0.52
- 15 10 + 3 (18) 111+ 0.56 - 15 10 + 3 (18) 111 + 0.56
- 50 10 £ 1 (18) 111+ 0.13 - 50 10 £+ 1 (18) 1.11 + 0.13
- 100 9 + 3 (17) 1.00 + 0.25 - 100 9 + 3 (17) 1.00 + 0.25
25 - 124 + 8 (203) - 0.15 - 56 + 28 (90) -

25 25 122 + 3(208) 103 = 0.04 0.15 2 60 + 9(103) 1.08 + 0.15
25 75 131 + 9(213) 1.06 + 0.01 0.15 4 52 + 7 (82) 0.88 + 0.01
25 10 137 + 28(223) 11 + 0.16 0.15 6 58 + 18(108) 1.15 + 0.32
50 - 239 + 2 (391) - 0.30 - 187 + 67 (372) -

50 25 228 £+ 3(374) 096 + 0.01 0.30 2 179 + 54(355) 0.99 = 0.10
50 75 228 + 13(373) 096 = 0.06 0.30 4 187 + 46(343) 097 + 0.17
50 10 225 + 10(368) 095 + 0.05 0.30 6 180 + 52(345) 093 + 0.08
75 - 289 = 8 (470) - 0.50 - 512 + 231 (920) -

75 25 275 + 28(452) 096 + 0.07 0.50 2 512 +233(926) 106 + 0.07
75 75 280 + 43(462) 098 + 0.13 0.50 4 510 +225(945) 101 + 0.03
75 10 297 + 20(489) 1.05 = 0.06 0.50 6 493 +220(898) 1.00 = 0.06
100 - 425 + 45 (695) - 0.50 - 351 + 13(387) -

100 25 409 + 7 (671) 098 = 0.12 050 15 414 + 54 (415) 118 = 0.11
100 75 406 + 5(665) 097 £+ 0.10 050 50 397 + 14(413) 113+ 0
100 10 446 + 53(729) 1.05 £ 0.02 0.50 100 329 + 49(288) 0.95 = 0.09
100 - 515 + 144 (916) - ,

100 15 487 +171(943) 093 + 0.08 1. Values represent mean of 3 experiments + séd.

100 50 469 +161(881) 091 + 0.08 2. Mean ratio of experimentally observed C/10°s values
100 100 331 + 73(61ll) 074 + 0.35 divided by expected values + s.d

1 Values represent mean of 2 experiments + s.d.

2 Mean ratio of experimentally observed C/10°s values
divided by expected values + s.d. (Expected values in
each set of data are values which are obtained in the
absence of |A)

* Values in the parentheses indicate actual colonies
counted

suitable in vivo system is the spot test (Russell
and Mgjor 1957; Fahrig 1975, 1978), which
presumably involvesall thealterations mentioned
before but allows distinction only between
induced forward mutations (including small
deletions) and reciprocal recombination (mitotic
crossing over). In microorganisms, model
systems suitable for this purpose are diploid
yeast strains, which allow screening for both
reciprocal and non-reciprocal recombination as
well asfor mutation and ACF (Fahrig 1984).

It has been observed in a number of in vitro
test systems that tumour promoters potentiate
the genotoxic effects induced by carcinogensin
vitro. Trosko et a. (1977) have demonstrated that
thetumour promoter 12-O-tetradecanoyl phorbol-
13-acetate (TPA) enhanced UV induced muta-
tions in mammalian cells and also chemical
carcinogens induced mutations in Salmonella

(Expected values in each set of data are values which
are obtained in the absence of 1A)

* Values in the parentheses indicate actual colonies
counted

typhimuriumand CHO cells. TPA also enhanced
thefrequency of spontaneous and X-ray induced
sister chromatid exchanges in mammalian cells
(Kinsella and Radman 1974; Ohno 1974). In
addition, our earlier study demonstrated that
tumour promoter anthralin enhanced 4-NQO
induced mutationsin diploid yeast (Anjariaand
Ra0 2004).

Very little information is available on the
cytotoxic and/or potentiating effectsof I1A. Kiffe
et a. (2003) has studied the characterization of
cytotoxic and genotoxic effects of different
compoundsin CHOKS5 cellswith the comet assay.
They observed that 1A does not induce direct
DNA damage as was reported earlier by others
although it induced statistically significant
aterationsin DNA migration (Hilliard et a. 1998).
Even though it was clearly observed that |A
induced genotoxic effects in standard comet
assay, it did not, however, increasethetail length
or moment when lysed cellswere used indicating
that the compound did not directly damage DNA.
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IA induced low numbers of SCE in V79 cells
(Connell and Duncan 1981) and also
chromosoma aberrationsin CHO cellswhichwas
reported to be dueto secondary effectsoccurring
due to its cytotoxicity (Hilliard et al. 1998).
However, Kleijer et a. (1973) havereported that
| A induced asmall number of breaksinthe DNA
of T cells and also inhibited rejoining of single
strand breaks induced by X-rays by inhibiting
enzymesdirectly.

A few papershaveexplained theroleof 1A in
the regulatory mechanism of carbohydrate
metabolism (Wu and Racker 1958) and also the
mechanism by which halogenacetates interact
with —SH compounds (Dickens 1933). IA is a
classical inhibitor of anaerobic glycolysis, acting
primarily on the enzyme glyceraldehyde-3-
phosphate dehydrogenase which catalyzes the
conversion of glycera dehyde-3-phosphate into
the high energy phosphate compound, 1,3
bi sphosphoglycerate with the reduction of NAD*
to NADH (H") (Bickisand Quastel 1965). IA is
also reported to be an inhibitor of glucose-6-
phosphate dehydrogenase (G6PDH) and 6-
phosphogluconate dehydrogenase, the key
enzymes of the oxidative segment of PPP.
Addition of | A to ascitestumour cellswhichwere
suspended in glucose in air, increased the
intracellular concentrations of fructose
diphosphate, which accountsfor more than 50%
of the consumed glucose (Wu and Racker
1958).These observations, however, cannot
explain the modifying effects of |A observed in
our study wherein |A selectively decreased
spontaneous and induced frequency of back
mutation and ACF without affecting gene
conversion frequency. If inhibition in energy
production reported above by others was
responsible for observing any inhibition of the
induction of genetic events, it would have
inhibited all the end-points uniformly, but not
just two out of three end-points studied. Fahim
et al. (2003) have reported the antitumour
activitiesof A and Dimethylsul phoxide against
solid Ehrlich carcinomagrowthinmice. They have
reported an increase in the life span and tumour
growthinhibitionratioto 145.7 and 63.8% by |1A
respectively. However, the biochemical changes
responsible for these observations, viz. the
inhibition of the main pathways of energy
production (glycolysis, pentose monophosphate
pathways and glycogenolysis) would also not
selectively modify only two of the three genetic
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end-points studied in this paper, hence these
observationstoo are not relevant for our studies.
By the same logic, the mechanism by which
hal ogenacetates interact with —SH compounds
(Dickens 1933) cannot explain our results.

The potentiating effects of tumour promoters
including | A were studied by Kunz et al. (1980b)
using the same yeast system, which we have
used. In their study, UV radiation was used as
initiating agent. Theresultsindicated that | A was
weakly recombinagenic per se at low concen-
trations but it did not increase UV induced gene
conversion. Further it potentiated UV induced
back mutation, mitotic crossing over and aberrant
colony formation. We have carried out experi-
ments using gamma radiation and 4-NQO as
initiating agentsin order to understand whether
the potentiating effect of 1A observed for UV
radiation is consistently seen for all the DNA
damaging (initiating) agentsor isspecificfor UV
rediation. It wasobserved that | A did not increase
spontaneous gene conversion frequency in our
experiments, which may be dueto lower number
of convertant colonies counted in our study. It is
to be noted that the increase in background
frequency in Kunz's (1980b) study wassmall and
only for low concentrations of 1A. We further
observedthat | A did not increase gammaradiation
or 4-NQO induced gene conversion. This
observationissimilar to theresults obtained with
UV by Kunz et a. (1980b). However, we also
observed that 1A reduced the frequencies of two
of the three end points studied in the present
study, viz., spontaneous and induced back
mutation, as well as aberrant colony formation
induced by radiation or 4-NQO. Theseresultsare
in contrast with those observed by Kunz et al.
(1980b). These observations aso indicated that
I A does not reduce the DNA damage induced by
gammaradiation and 4-NQO by a genera error-
free mechanism affecting all the end-points, but it
selectively altersthe response of two of the three
end points studied, depending upon the
mechanisms by which these events are induced.
Similar antimutagenic action of some other tumour
promoterswas reported by Fahrigin yeast (1992,
1995) but in these casesthe antimutagenic activity
wasaccompanied by co-recombinagenic activity.
Since the modifying effects of |A observed by
Kunz (1980b) with UV asinitiating agent are not
the same as those observed by us with gamma
radiation and 4-NQO, it appears that modifying
effectsof 1A dependsentirely uponthemechanism
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of action of theinitiating agents and also the end
point considered.

In conclusion, A, reported to be a tumour
promoter of moderate potency, does not
potentiate any genotoxic events induced by
gammaradiation and 4-NQO invitroinyeastin
the present study In the absence/scarcity of data
pertaining to the tumour promoting ability of
iodoacetate in animal systems and also, since
most of the studies describe only other
characteristics related to its tumour promoting
ability, our above observation indicates that
extensive studies with 1A in combination with
variousother chemical carcinogensare necessary
to understand the mechanism by which A may
bring about its tumour promoting effects in
animals and its potentiating effects with respect
to genetic eventsinduced ininvitro test systems
in order to justify its classification as a tumour
promoter of moderate potency.
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