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The VITOTOX® test is a new bacterial genotoxicity
test that was previously shown to be very rapid and
sensitive. Initially only one Salmonella typhimurium
strain (TA104 recN2-4) was used in the test. In this
paper we introduce a second strain (TA104prl)
that can be used as an internal control to further

We also report on the results of a study where the
VITOTOX® test was performed on newly synthesized
pharmaceutical compounds, or intermediate products
in the synthesis of drug candidates. We demonstrate
that the test gives idenfical results when performed
independently in two different laboratories and that it

correlates well with either the Ames test or SOS chro-
motest. Environ. Mol. Mutagen. 33:240-248,
1999 © 1999 Wiley-Liss, Inc.

enhance the reliability of the test. We demonstrate
the usefulness of this pr1 strain in genotoxicity and
toxicity testing.
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INTRODUCTION sometimes more sensitive than the other hybrid strains [van

. . der Lelie et al., 1997].
We recently reported a new bacterial genotoxicity test As it was realized that some compounds act directly on
which is based on bioluminescence and allows an easy, v

rapid, and inexpensive detection of genotoxic compoun(?ﬁ.g light production (e.g., aldehydes) or enhance the metab-

The test was shown to be at least as sensitive as the Anqsl|§m of the bacteria creating false-positive results, we also

test and SOS-chromotest and to allow genotoxicity kinetids foduced a constitutive light-producing strain Wlt.H L
measurements as well as a simultaneous evaluation of ron und(_er control of the strong promotprl. This Is
toxicity of the test compound or material [van der Lelie ¢¢Sed as an intemal control system. o
al., 1997]. This new test, referred to as the VITOTDwst, N this paper we report on the use of the constitutive
was therefore considered to be a valuable short-term (geHgt-Producingprl strain to improve the VITOTOX test
toxicity test for many different purposes. as a genotoxicityand toxicity test.

The test is based on bacteria that containltheoperon ~ Furthermore, as screening for genotoxic compounds is
of Vibrio fischeriunder transcriptional control of theecN  Very important in the pharmaceutical industry, a prevalida-
gene, which is part of the SOS-system. After incubation &n study was undertaken in which a number of initially
the bacteria in the presence of a genotoxic compound, thewly synthesized intermediates were tested. All com-
recN promoter is derepressed, resulting in expression of theunds were synthesized at the Janssen Research Founda-
lux operon. This expression results in light production ition (Beerse, Belgium) and tested for their genotoxic prop-
function of genotoxicity. Originally, the test was performecrties by either the classical Ames test [Maron and Ames,
with different modified Escherichia coliand Salmonella 1983] and/or SOS-chromotest [Quillardet and Hofnung,
typhimurium strains. Salmonella typhimuriumstrains 1993], and by the VITOTOR test. The purpose of this

(TA98, TA100, TA102, and TA104) were further used, astudy was to determine the robustness of VITOTOXst
the bacteria are well-known for mutagenicity testing and

because the same bacteria could also be used for a classical
Ames test, should this be reqUIred' The construct uSIng*(?orrespondence to: Dr. L. Verschaeve, Division of Environmental Tox-

recN promoter up mutation (recN 2—4) gave the best resultgjogy, Flemish Institute for Technological Research (VITO), Boere-
in all strains. Furthermore, as all Salmonella strains gawag 200, B-2400 Mol, Belgium. E-mail: verschal@vito.be

very comparable results, we decided to use only the TA1@dceived 21 January 1998: provisionally accepted 21 November 1998; and
construct (called TA104récN2—4)), as it was shown to bein final form 9 March 1999

© 1999 Wiley-Liss, Inc.
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relative to other genotoxicity tests in screening of molecul@scN2-4 orprl) were added to 86fll medium and 40Qul S9-mix. From

Synthesized during the process of new drug developmenﬂﬂis mixture, 90l were then added to the L0k solution already present
in the wells. For tests without S9-mix, 1,260 growth medium were

added to 14Qul of the bacterial suspension, and QDof the mixture were

MATERIALS AND METHODS then transferred to wells containing f0of the test compound or controls.
Genotoxicity and toxicity measurements.A 96-well microplate lumi-
Ames Test and SOS-Chromotest nometer (Ultrafast Photon Counter fronGE: G Berthold, Vilvoorde, Bel-

gium) was used for measurements of light production following exposure to

The SOS-chromotest and the Ames test are well-known and widely uggg test compounds. Light emission from each of the wells was measured every
bacterial genotoxicity tests [e.g., Quillardet and Hofnung, 1993; Mersch-min over 5 hr (30°C, 1 sec/well, 60 cycles of 300 sec each). After completing
Sundermann et al., 1994; Mortelmans et al., 1986]. The “classical” Ames té¢ measurements, the data were transferred into an Excel (Microsoft, Red-
was routinely performed wittSalmonella typhimuriunstrains TA98 and Mmond, WA) macrosheet and the signal-to-noise ratio (S/N), i.e., the light
TA100, using the standard protocol described by Maron and Ames [1983]. TRi@duction of exposed cells divided by the light production of nonexposed
SOS-chromotest was purchased as a test kit from Orgenics (Yavne, Isrells, was calculated for each measurement. A compound was considered
The test was performed as indicated in the manufacturer’s instructions. genotoxic when the S/N was hlgher than 2 for at least two concentrations and

when a clear dose-dependent relationship was observed.
In experiments where strain TA1Q1 was used, the S/N was calcu-

The VITOTOX® Test lated for theRedN\2—4 and prl strains separately, as well as the ratio
between the maximum S/N values of thetN2—4 andprl strains (ec/
Salmonella typhimurium strains pri). All calculations were based on measurements made between 60-240

. . . min of incubation. Here, a compound is considered genotoxic when max
TherecN promotor region of. coli [Rostas et al., 1987] contains two SIN (recN2—4)/max S/N (prZ¥1.5 (limit set on experimental grounds). In

Le>_<A binding sites. One LEXA binding site Qverlaps with the _3.5 _reglor}h{s way “false positives” can be avoided. An example is given in Table I.
while the second overlaps with the -10 region and the transcription St?',rriteria for deciding whether a compound is genotoxic are as follows:
point of the recN promoter. TheE. coli red\ promoter was cloned '

upstream of théuxCDABE operon into the expression vector pMOL877,

yielding pMOL1066. Expression of thkix operon in this construct is a) The maximum signal-to-noise ratio in the recN-strain must show a good

SOS-regulated, resulting in light production when strains harboring this dose-effect relationship.

construct are treated with the genotoxins that induce SOS. Sene b) There must be a dose-response relationship in max S/N (recN2—4)/max

promoter derivatives were also cloned into pMOL877. One, lacking the S/N (prl), and this should attain a value greater than 1.5.

LexA2 site, was pMOL1067, another containing a promoter up mutatidh If S/N increases very quickly during the first 20 min, one may not

was pMOL1068, and a third, lacking both the lexA site and containing the consider it as a genotoxic effect (SOS takes at least 20 min to start).

promoter up mutation, was pMOL1069. All constructs were introduced Note: in such a case, the maximum S/N is reached most of the time

into the Ames test strains TA98, TA100, and TA104 and were able to Within 1 hr and shows a descending trend after this time.

detect genotoxic compounds. However, as the best results were obtaiflbdf both strains are strongly induced, one may not conclude genotoxicity,

with strain TA104 (pMOL1068), this strain was used in the VITOTOX  €ven when rec/pri>1.5.

test. It was extensively described before and was designated as TAR4If the maximum S/N for the recN2—-4 strain is below 1.5, the result is

recN2—4 as it contains theedN2—4 PCR fragment [van der Lelie et al.,  negative even when rec/prt1.5.

1997]. Besides TA104ecN2—4 (the tester strain), the TA1@41 strainis f) If S/N is rapidly decreased below 0.8, there is a toxic effect.

also used as a “control strain.” Plasmid pMOL 1046 was constructed by

random cloning ofEcoRI-digested DNA fragments fromlcaligenes eu-  previous experiments demonstrate that results of independent experi-

trophusCH34 in theluxCDABE expression vector, pMOL87A. eutro- ments were highly reproducible (see Fig. 1).

phusCH34 is a Gram-negative nonpathogenic soil bacterium derived fromThe pr1 strain is valuable in evaluating toxicity. Toxicity is assumed

a site heavily polluted with heavy metals. After transformation lteoli, ~ when the light emission is substantialiecreasingin a dose-dependent

clones were selected for light production. The best constitutive lighfvay and attains S/N values lower than 0.8.

emitting clone was then selected out of the different plasmid transformants

(= plasmid pMOL1046) and introduced into tl& typhimuriumstrain,

TAL104. This was named theptl” strain. It containslux-genes under Test Compounds

control of a constitutive promoter so that the light production is not

influenced by genotoxic compounds. Tird strain is used in parallel with A number of commercially available, well-known compounds that were

therecN2—4 strain and is cultivated and treated in exactly the same wagvaluated previously with the TA104&cN2—4 strain alone [see van der
Lelie et al., 1997] were reevaluated in the present work using the TA104

Test Procedure recN2—4 and TA104 prl strain. They are given in Table II.

Other compounds that were synthesized at the Janssen Research Foun-

Cultures.Bacteria were incubated overnight on a rotative shaker at 37°C ™ . ) ) :
ation (Beerse, Belgium) were included in the present comparative study.

in a normal bacterial growth mediursupplemented with extra CaCio

allow optimal bacterial growth. The next morning, the bacterial suspensigr"?r reasons of conf|Fient|aI|ty, Ta_ble I only gives, as an example‘, these
was diluted 10 times in medium, and 50 of the dilution were then compounds from which the chemical description can already be given.

inoculated in 2.5 ml of the medium and incubated for one more hour gtThedh|gthesttconcentrat|0:1| tha test T?rt]enﬁl ytsefd Wlaf)ﬁﬁ compound-
37°C on a rotative shaker (170 rpm). ependent, but was generally chosen at the limit of solubility.

Preparation of the 96-well plates.Ninety-six-well plates were pre-
pared so as to contain 34 of either the solvent, different concentrations ESULTS
of the test compound, or the positive control for genotoxicity testing witp1z

(2-AF) or without (4-NQO) S9-mix. All solvents used so far (water, . . . .
DMSO, ethanol, and methanol) proved suitable in the VITOTQst. A In the VITOTOX® test, light is measured at given time

single well was used per concentration or replicate. The S9-mix witervals (e.g., every 5 min), and this during a given period
prepared freshly before use. For tests with S9-mix, L#0f the bacteria Of time (e.g., 4 hr; see Fig. 2). Earlier reported results with
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TABLE I. Example of a Number of Consecutive Relative Luminescence Values (5-min Intervals) Obtained in Unexposed and

128-ppm MMS ExposedRed\2—-4 andprl Salmonella Strains Together With Their Respective Signal to Noise Ratifs

RecN2-4 prl
0 ppm 128 ppm SIN 0 ppm 128 ppm SIN
531 8,033 15.11857 6,061 13,785 2.274252
555 8,744 15.76442 6,438 14,819 2.301802
586 9,539 16.2689 6,825 15,951 2.337029
605 10,313 17.03689 7,137 17,145 2.40227
644 11,068 17.18634 7,524 18,344 2.438065
660 11,881 18.01061 7,841 19,596 2.499277
683 12,729 18.6278 8,240 20,973 2.545164
720 13,655 18.96528 8,635 22,451 2.600000
759 14,611 19.25033 9,110 24,274 2.664447
793 15,623 19.70942 9,704 26,073 2.686922
833 16,636 19,9792 10,405 28,016 2.69255
900 17,710 19.67778 11,370 30,529 2.685127
981 18,902 19.26155 12,545 32,959 2.627262
1,067 20,056 18.79076 14,005 35,969 2.568236
1,183 21,234 17.94423 15,938 39,615 2.485517
1,308 22,358 17.09327 18,424 43,603 2.366641
1,476 23,640 16.01626 21,472 48,201 2.244865
1,666 24,663 14.80076 25,430 53,675 2.110724
1,915 25,742 13.43996 30,255 60,262 1.991825
2,208 26,720 12.09962 36,105 68,020 1.883967

aMax SIN (RecN2—4)/Max S/N (priy 19,9792/2,69255 7.42.

DOSE EFFECT for CARBADOX in 4 experiments

(Max.S/N rec) /( Max.S/N pri)

0,04

0,32
DOSE (ppm)

1,28

512

Results of four independent experiments on carbadox genotoxicity.

the VITOTOX® test were obtained irSalmonella typhi- comparison with the results obtained in {rd strain, where
muriumstrain TA104Red\N2—-4 [van der Lelie et al., 1997]. an increased light production cannot be due to a genotoxic
Increased light production in treated vs. untreated bactegaent. Increased light production in thecN2—4 strain can

was interpreted as a result of genotoxicity. In order tonly be interpreted as an indication of genotoxicity if this is

further improve the test we introduced thel strain Now,

not accompanied by a comparable increase in light produc-

results obtained in th&kecNe—4 strain are evaluated intion in theprl strain (see Materials and Methods). Table |
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LUMINESCENCE of TA104rec (in the presence of
furazolidone) and of TA104pr1
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Fig. 2. Luminescence of TAlO4rec in the presence of furazolidone and of TA104prl.

gives an example of 20 consecutive measurements arouesults that were obtained for nifuroxazide. Referring to the
the maximum value for an experiment involving methyl methrecN2—4 strain, lower doses were apparently more geno-
ane sulfonate (MMS). The table illustrates the way the meixic than higher doses, but tipel strain showed a dose-
surements are performed. It gives the values for untreated alegpbendent decrease in light production, indicating toxicity.
treated cultures of the RecN2—4 and prl Salmonella straifsgures 7—10 show some examples of results for compounds
together with the obtained signal-to-noise (S/N) ratios. Thequiring S9-mix, whereas Figure 11 gives another example
ratio between the maximum RecN2-4 (S/N) and maximuof the results obtained in different independent experiments.
pr1(S/N) being 7.42, a genotoxic response can be assumedt @san be seen that the results are very reproducible.
far as the other requirements indicated in Materials and Meth-Table Il summarizes the results obtained on a number of
ods are fullfilled (e.g., dose-response relationship). newly synthesized compounds tested by the different bac-
Using both bacterial strains, we reevaluated a numbertefial test systems. Results are expressepoagive(geno-
the earlier studied chemicals. The results are given in Taltteic) or negative(not genotoxic). Many more compounds
Il. Table Il gives the concentrations where the ratio betwearere evaluated and compared in different test systems, but
the maximumrecN2—4 S/N andprl S/N (rec/prl) reaches for reasons of confidentiality we cannot yet communicate
1.5 or more (minimum detectable concentrations). It algbeir chemical composition. From the data presented in
gives the corresponding maximum luminescence values ahable Ill, it is apparent that there is good agreement be-
indicates the presence of toxicity within the dose-range/een the results found in the different tests. Yet, some
tested and as evaluated by @ S/N curves. It can be seendifferences were found for the compounds TO000836,
that known genotoxic compounds were indeed evaluated 8301340, and T001409. Compound T0O00836 was evaluated
genotoxic, whereas nongenotoxic compounds did not shas “negative” in the SOS-chromotest and the VITOTOX
the required S/N ratios in the given dose-ranges. A fetgst, but “positive” in the Ames test, whereas for compound
examples of the results are graphically represented in Fige01340 and T001409, the VITOTGXresults differed
ures 3—6 (examples of tests without S9-mix). For reasonswith the SOS-chromotest, while agreeing with the Ames
clarity we only show 4 doses out of 8 tested. Figure 3 givésst. It should be noted that there was 100% agreement
the S/N curves for epichlorohydrine in thectN2—4 andprl ~ between the VITOTOR results obtained in the laboratories
strains. In therecN2—4 strain, the S/N values becamait the Janssen Research Foundation and at VITO.
greater than 2 at the dose of 256 ppm, whereas S/N values
in the prl strain did not greatly deflect from 1. Figure 4
gives the results for ZnGlthe results indicate that Zngk DISCUSSION
nongenotoxic but is toxic at concentrations higher than 7.4
M. Sodium azide is given as a third example in Figure 5. We demonstrated previously that the VITOTOXest is
Here the S/N ratio was considerably greater than 2 in bo#isensitive and rapid method to detect genotoxic compounds
the recN2—4 andprl strains, and indications of toxicity [van der Lelie et al., 1997]. However, if only thecN2—-4
were obtained over time (S/N0.8). Figure 6 illustrates the strain is used (as was initially done), some misinterpreta-
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TABLE II. VITOTOX Test Results for Selected Chemicals, with Some Chemicals Investigated Several Times in
Different Dose-Ranges or Conditions

Corresponding RLU values

Rec Rec prl prl SIN  SIN Toxicity

Compound S9 Dose range MDC untreated treated untreated treated rec prl rec/prl (pr1)
Furazolidone - 0.125-32 ppb 0.5 ppb 5,290 9,160 12,057 11,829 1.73 0.98 1.76 -
4NQO - 0.4-102 ppb 0.8 ppb 6,239 10,999 35,513 35,694 176 1.01 175 -
Nifuroxazide - 2-256 ppb 8 ppb 7,969 14,430 226,983 243,897 1.81 1.07 1.69 +
MMC - 3.9-500 ppb 15.6 ppb 13,632 24,876 10,217 10,045 1.82 0.98 1.86 —
3-Nitrofluoranthene - 7.9-1,000 ppb 15.6 ppb 10,132 16,945 46,403 44,637 1.67 0.96 1.74 —
3-Nitrofluoranthene ~ +25  7.9-1,000 ppb 15.6 ppb 1,298 2,149 43,089 41,108 1.66 0.95 1.74 —
Nifuroxazide - 0.04-5.12 ppm  0.04 ppm 8,285 34,270 158,393 153,440 4.14 0.97 427 +
3-Nitrofluoranthene - 4-512 ppb 16 ppb 13,299 19,609 174,597 168,658 1.47 0.97 153 -
Carbadox - 0.04-5.12 ppm 0.04 ppm 16,488 27,033 135,880 137,840 164 1.01 1.62 —
Nalidixic acid - 0.02-2.56 ppm  0.16 ppm 3,267 8,334 16,775 20,389 255 1.22 210 +
2,4,5,7 Tetranitro-

9-fluorenone - 0.01-1.28 ppm  0.04 ppm 28,786 47,255 101,025 95,309 1.64 0.94 1.74 +
B(a)P +25 0.025-6.4 ppm 0.2 ppm 11,639 23,999 275,063 279,864 2.06 1.02 2.03 —
2AF +25 0.2-3.2 ppm 0.2 ppm 4,095 9,413 2,576 2,671 230 1.04 222 -
B(a)P +25  0.1-1.6 ppm 0.2 ppm 461 999 2,339 2,519 217 1.08 201 -
2,7 Dinitrofluorene +25  0.04-10 ppm 0.62 ppm 19,776 39,689 4,330 4,602 201 1.06 1.89 -
B(a)P +100  0.1-12.8 ppm 0.4 ppm 2,222 3,629 7,414 7,916 1.63 1.07 153 -
ICR 191 Acridine — 0.02-2.5 ppm 0.31 ppm 7,744 12,687 32,658 34,667 164 1.06 154 —
a-Naphtylamine +25  0.08-10 ppm 2.5 ppm 20,585 48,615 156,887 206,621 2.36 1.32 1.79 —
4Nitro-o-

phenylenediamine  — 0.79-100 ppm 1.6 ppm 8,599 14,506 21,052 22,249 169 1.06 1.60 +
Fluoranthene +100  3.1-400 ppm 3.1 ppm 11,125 23,251 8,663 9,533 2.09 1.10 190 -
H202 - 0.25-32 ppm 2 ppm 2,039 2,480 21,093 12,078 122 0.57 212 +
K2Cr207 - 0.5-64 ppm 4 ppm 20,816 44,223 30,648 35,095 212 1.15 186 +
Phenanthrene +100  3.1-400 ppm 6.2 ppm 12,581 25,558 96,094 100,210 2.03 1.04 1.95 +
MMS - 4-64 ppm 8 ppm 233 484 823 1,004 208 1.22 1.70 -
MMS - 0.5-128 ppm 8 ppm 8,356 19,396 70,374 75,907 232 1.08 2.15
Chrysene +100  0.15-20 ppm 5 ppm 16,492 32,145 83,438 106,589 195 1.28 153 —
4Nitro-o-

phenylenediamine +25  0.79-100 ppm 12.5 ppm 2,295 5,308 1,830 2,664 231 146 159 +
N-

Nitrosodiethylamine +25  3.25-480 ppm 240 ppm 3,074 9,494 6,871 12,533 3.09 1.82 169 —
Epichlorohydrine - 4-512 ppm 128 ppm 5,271 9,216 12,066 12,241 175 1.01 1.72 -
EMS - 8-1,024 ppm 256 ppm 4,491 10,993 6,158 7,921 245 1.29 190 -
Epichlorohydrine - 8-1,024 ppm 128 ppm 14,859 22,972 16,980 16,485 155 0.97 159 +
ZnClI2 - 0.5-64 ppm — — - - - - — +
CdCI2 - 0.78-100 ppm - - - - - - - - +
Coumermycine Al - 1.56-200 ppm - - - - - - - - +
Sodiumazide

(NaN3) - 2-256 ppm - - - - - - - — +
2,7Dinitrofluorene - 0.04-10 ppm - - - - - - - - -
a-Naphtylamine - 0.08-10 ppm - — - - - - — -

aMDC, minimal detectable concentration (rec/prll.5).
bul/ml of S9-mix used at incubation.

tions were possible. This is why we now use concurrentBtion. If, for example, an increased light production was
theprl strain. The added value of tipel strain is illustrated found in theprl strain, we should conclude that this was due
by a few examples. In figure 3 an example is given of @ an induction mechanism other than genotoxicity (e.g.,
genotoxic compound (epichlorohydrine) that was not toxiocreased cell proliferation which would enhance the “noise
in the given dose-range. Based on the results obtained fréaael” compared to that of unexposed cultures). This, how-
the recN2—4 strain alone, we previously correctly conever, was not the case. There was also no sign of toxicity, as
cluded that the compound was genotoxic, as a dose-deptrere was no decreased light production. In contrast, this
dent increase in light production was observed that ewas clearly the case for Znglas indicated by the curves of
ceeded the “noise” value by more than a factor of 2 (S/Rigure 4. The tested dose of 34M (not shown in Fig. 4)
>2). Inclusion of theprl strain only confirmed this evalu- was neither genotoxic nor toxic, but at higher doses a
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Fig. 3. Signal-to-noise ratio for epichlorohydrine in thecN2—4 andprl strains.
Fig. 4. Signal-to-noise ratio for ZnGlin the recN2—4 andprl strains.
Fig. 5. Signal-to-noise ratio for sodium azide in thecN2—4 andprl strains.
Fig. 6. Signal-to-noise ratio for nifuroxazide in tlrecN2—4 andprl strains.

decreased light emission was observed, indicating a toxaported, for example, a “positive” response for sodium azide,
effect. This was confirmed by therl strain, where some although this compound normally scores “negative” in the
recovery was observed at lower doses. Thus, we conclU8@S chromotest [van der Lelie et al, 1997]. One reason for the
that ZnC}, is nongenotoxic, but at doses above @M was departure from the SOS-chromotest results might be that the
toxic in this assay. increased light production as found in trexN2—4 strain is

As indicated in the Introduction and in Materials and Methdue to an induction mechanism other than SOS. With the
ods, the VITOTOX test is based on detection of an SO$troduction of theprl strain, we were able to verify this
signal. It should therefore theoretically produce results that aassumption. As seen in Figure 5, the observed light production
more in agreement with the SOS-chromotest than with tirethe redN2—4 strain was not due to SOS, as increased light
Ames test. Yet, some differences were previously found. Véenission was also observed in thel strain. Increased light
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Fig. 7. Signal-to-noise ratio for chrysene in the recN2—4 antl strains.
Fig. 8. Signal-to-noise ratio for fluoranthene in the recN2—4 prtistrains.
Fig. 9. Signal-to-noise ratio for phenantrene in the recN2—4 jaridstrains.

Fig. 10. Signal-to-noise ratio for benzo[a]pyrene in the recN2—4 pridstrains.

production also “starts” earlier than expected for an SO$le of a “compound” that might be a “false positive” if the
regulated response. Sodium azide should therefore be intedN2—4 strain alone was used. The chemicals T001340 and
preted as a non-SOS-inducing agent in our test. It is an exafi®01409, where the SOS-chromotest responded differently
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TABLE Ill. Results of Different Bacterial Genotoxicity Tests Applied to Some Intermediate Compounds
VITOTOX®
Metabolic SOS- Ames VITOTOX® (Janssen

Code Chemical name activation chromotest test (VITO) Ph.)

T000063 Cyclopropyl(4-fluorophenyl) —-S9 ND - ND -
methanone +S9 - -

T000268 -)-trans-3-methyl-1-[(4- -S9 - - - -
methylphenyl)sulfonyl]-4- +S9 - - - -
phenyl-4-piperidine-
carbonitrile

T000407 N-(2-chloroethyl)-N-(1- —-S9 ND + ND +
methylethyl)-2-propanamine +S9 + +
hydrochloride

T000408 1-(2-pyridinyl)piperazine —-S9 - - - -

+S9 - - - -

T0O00836 N-[dihydro-3,3-diphenyl- -S9 - + - -
2(3H)-furanylidene]-N- —-S9 - + - -
methylmethanaminium
bromide

T000988 Ethyl 4-[2-amino-4- -S9 - - - -
chlorophenyl)amino]-1- +S9 - - - -
piperidinecarboxylate

T001326 4-[4-(4-methoxyphenyl)1- —-S9 ND - ND -
piperazinyllbenzenamine +S9 - -

T001340 3-bromo-1-(phenylmethyl)- -S9 - + + +
4,4-piperidinediol +S9 - + + +
hydrobromide

T001409 1,3-Dichloro-2-methoxy-5- -S9 - + + +
nitrobenzene +S9 - + + +

T001433 Diethyl (1,3-dioxo-1,3- -S9 - - - -
propanediyl)biscarmate +S9 - - - -

T001447 6-Fluoro-3,4-dihydro-2- —-S9 ND + ND +
oxiranyl-2H-1-benzopyran +S9 + -

T001866 Methyl 4-(acetylamino)-3- -S9 ND + ND +
bromo-5-chloro-2- +S9 - -
hydroxybenzoate

from the VITOTOX® test, may eventually behave like sodiunHigher doses may show toxicity combined with genotoxicity,
azide. At the time that these compounds were testedprthe or may be too toxic to show genotoxicity (highest doses).
strain was not yet available to us. Unfortunately, it was not The prl strain may provide a tool for those interested in
possible to reevaluate these chemicals, and thus we are unsibieity assessment alone. We are at present comparing toxic-
to adequately interpret these results. These data do illustrétie assessments of chemicals and complex mixtures with the
however, the added value of tel strain in the VITOTOX’  prl strain and with the Microtdx test. The latter is one of the
test. It is also very interesting to consider compound T000838o0st currently used and internationally accepted microbial
This compound was indeegositive in the Ames test but toxicity tests that is also based on bioluminescence (Hasting,
negativein the VITOTOX® test and SOS-chromotest. Amongl978; Feard et al., 1983). According to the limited data
the compounds tested, T000836 appears to be one of the ewailable to us, the VITOTOX test gives similar results to
compounds that did not show alerts (toxophores) for genotdkose of the MicrotoX test (Microbics, Carlsbad, CA), though
icity and carcinogenicity by DEREK, a knowledge-based exhe former is easier to perform and is often more sensitive
pert computer system (LHASA Limited, Leeds, UK). Therefunpublished results). Thgrl strain may be a valuable toxicity
fore, in this particular case, the VITOTGX(and SOS- test if these preliminary results can be confirmed.
chromotest) results seem to indicate that this compound doen conclusion, it can be stressed that the TA18dN2—-4
not induce SOS. and TA104prl Salmonella typhimuriurstrains provide very

In using theprl strain, toxicity can be better evaluated thawaluable genotoxicity and/or toxicity test systems. Both strains
with the redN2—4 strain. Theprl strain will clearly show a should be used concomitantly for genotoxicity testing, whereas
decrease in light emission, indicating that the compound tiseprl strain is only required for toxicity testing. It was shown
toxic at a given dose. This is, at least for some doses, illustratbdt the VITOTOX test provides a very rapid (within 2—4 hr)
in Figure 6 for nifuroxazide. The S/N curves for thel strain  and very sensitive answer with regard to the (geno)toxicity of
clearly indicates that only the lowest dose was not toxichemicals, and it may for that reason be very useful in screen-
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Fig. 11. Results of two independent experiments on MMS.

ing and prescreening of new chemicals and intermediate prod-  d'effluents complexes et de substances chimique. Rev Fr Sci Eau
ucts. As testing is performed in 96-well plates, it is at least ~ 2:221-237. S _
possible to investigate eight chemicals (with and without affasting JW. 1978. Bacterial bioluminescence: an overview. Methods En-
dition of a metabolic enzyme fraction) per day or 40 chemic zymol 125-152. .

i Yy _p y E_#\ﬁ’aron DM, Ames BN. 1983. Revised methods for the Salmonella muta-
per week. Adaptation of the test for high-throughput screening  genicity test. Mutat Res 113:173-215.
can be envisaged. We already use 384-well plates in a Lalrsch-Sundermann V, Schneider U, Klopman G, Rosenkranz HS. 1994.
systems Luminoskan Luminometer (Labsystems Oy, Helsinki,  SOS induction irEscherichia coliand Salmonella mutagenicity: a
Finland), enabling 4 or 8 times more tests per run. comparison using 300 compounds. Mutagenesis 9:205-224.

Measurements occur automatically, and data CO||ectiMprtelmans K, Haworth S, Lawlor T, Speck W, Tainer B, Zeiger E. 1986.

and data handling can also be completely automated, thus Salmgnellamutggemmty tests: Il. Results from the testing of 270
. chemicals. Environ Mol Mutagen [Suppl] 8:1-119.
reducing labor costs.

- . . Quillardet P, Hofnung M. 1993. The SOS chromotest: a review. Mutat Res
Finally, a supplementary and very important asset is that  597:235_279.

only very small volumes of the test compound are requiregstas K, Morton SJ, Picksley SM, Lloyd RG. 1987. Nucleotide sequence

(less than 20 mg). This is particularly important for the and LexA regulation oEscherichia coli redl gene. Nucleic Acids

pharmaceutical industry, where only a few hundred milli- Res 15:5041-5049.

grams ofa Compound are available in thecovery phasef van der Lelie D, Regniers L, Borremans B, Provoost A, Verschaeve L.
pharmaceutical development 1997. The VITOTOX test, a SOS-bioluminescenBalmonella

typhimuriumtest to measure genotoxicity kinetics. Mutat Res 389:
279-290.
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