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Chromium contaminated drug capsules drew much of world’s attentions.
Although trace amount of chromium allowed to existence in the drug capsules, but the
combined effects of chromium with other drug chemicals remain unclear. Therefore, the
combined genotoxicity of hexavalent chromium [Cr (VI)] with nitroso drug
chloroethylnitrosourea (ACNU) was examined using the Salmonella mutagenicity assay.
The results showed that Cr (VI) and ACNU produced a dose-dependent increase in the
revertants in TA 98 and TA 100 strains. In the individual chemical mutation assay, the
positive mutagenicity response for Cr (VI) doses was above 2 mg per plate, and for ACNU
above 5 mg per plate. In binary chemical mutation assay, the straightforward positive
results could even be detected when the dose of Cr (VI) and ACNU both down to 1 mg per
plate. It was indicated that neither Cr (VI) nor ACNU individually caused more
genotoxicity to bacterial DNA at low levels. However, the two, working together, had
significant revertant mutation effects. This means the combined genotoxicity effects of Cr
(VI) and ACNU are more harmful than the individual exposure.
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Exposure to chemical contaminants
remains a major source of human health risk
throughout the world. Nowadays, we tend to give
more attention to overdose chemical exposuresin
industry, agriculture, medicine, food and household
products. However, one of the most important
contaminants for humans is the low-level and
complex exposuret. Chromium is in widespread
industrial use and is a very persistent
anthropogenic pollutant?2. The hexavalent
chromium [Cr (V1)] compounds were among the
earliest chemicalsto be classified as carcinogens®.
Such Cr (VI) induced occupational cancers are of
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epidemiological evidencethat hasestablished links
between the wide use of Cr in the industry and
respiratory cancers*®. InApril 2012, ancticeissued
by the China Central Television revealed that
several commonly used drug capsules were made
fromindustrial gelatin, which remained somedegree
of chromium residues®. Although the standard
chemical residue limit for chromium has been
strictly established, for example, the drug capsules
are not allowed to exceed 2 mg per kilogram of
capsules according to the latest Chinese
Pharmacopoeia’. However, thereisno referenceto
the combined effects of chromium with other
chemical drug elements. It has been reported that
a considerable fraction of drugs are N-nitroso
compounds (NOCs) or those that can be
theoretically nitrosatable due to the presence of
amine, amide or other groups which by reacting
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with nitritein the gastric environment to giverise
to the formation of NOC<?. The large majority of
NOCs can produce genotoxic effects and tumor
development inthelaboratory animals’. Therefore,
the above paradigm is significant in light of the
hypothesis that the combined risks might be
increased in the process of medication, especially
for somelong-term drug-taking patients. Up to now,
little research had been conducted to study the
combined mutation effects of chromium with
chemical drug elements.

The Salmonella mutagenicity test (Ames
assay) was specifically designed to detect
chemically induced mutagenesis'. Over theyears,
the test is widely used for submission of datato
regulatory agenciesfor registration or acceptance
of many chemicals, including drugs. Thereisahigh
predictive value for rodent carcinogenicity when a
mutageni c responseis obtained!. Furthermore, the
Amestestisrapid, inexpensiveand relatively easy
to perform. These charactersindicateits potentials
in performing combined mutation testswith two or
more chemical factors. In thisresearch, the Ames
assay was applied to study the combine mutagenic
effectsof Cr (V1) with chloroethylnitrosoureaurea
(ACNU), one kind of nitroso drugs used to treat
with malignant gliomasin activeclinical use. The
results showed that Cr (VI) and ACNU could
produce genetic damage that induced both
frameshift mutation and base-pair substitutions.
Atlow leveds, Cr (V1) and ACNU individually caused
lessmutation to bacterial DNA. However, thetwo,
working together, had significant revertant
mutational effects.

MATERIAL SANDMETHODS

Materials

Cr (V1) (K,CrO,) standard solution was
purchased from National Institute of Metrology
(Beijing, P.R. China). 4- Nitroquinoline-1-oxide (4-
NQO) was purchased from AlfaAesar (Ward Hill,
MA, USA). ACNU, nicotinamide adenine
dinucleotide phosphate, glucose-6-phosphate, L -
histidine, D-biotin and 2-aminofluorene were
purchased from Sigma(St. Louis, MO, USA). Other
chemicalsused in this study were of reagent grade.
Bacterial strains

Two tester strains of Salmonella
typhimurium histidine-dependent (his)
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auxotrophs TA98 and TA 100 were obtained from
Molecular Toxicology, Inc. (Moltox™, USA),
whose strainswere collected fromthelibrary of Dr.
B. N.Ames, University of California, Berkeley, USA.
The genetic characteristics of TA 98 and TA 100
were routinely identified before the Ames assay.
The strains are known to be defective in DNA
excision repair, carry the rfa mutation and the
plasmid pKM101. In all cases, frozen bacterial
cultureswith 10% of DM SO (spectral grade) stored
at -80°C wereemployed.
Preliminary toxicity assay

A préeliminary toxic dose range experiment
was performed to determinate the appropriate dose
range for the mutagenicity assay by turbidimetric
method. Thetoxicitiesof chemicasonthebacterial
growth were performed by inoculating TA100 tester
strains in nutrient broth medium with different
concentrations of Cr (VI) or ACNU. The frozen
stock cultures of TA 100 were applied, and thawed
at room temperature before the beginning of each
experiment. In each culturing flask, culture solution
gaverisetoatotal volumeof 20 mL, and theinitial
cell density was the same 10" CFU/ mL (1:100
dilutions). Thetreated concentration of Cr (V1) with
bacteriawere 1.67, 3.33, 8.33, 16.67 and 33.33mg/L ;
and ACNU concentrationswere 1.67, 8.33, 16.67,
41.67, 83.33 and 250.00 mg/L, respectively. The
conical flaskswerewrapped in aluminum foil and
gently shaken (100 rpm) for 12 hrsat 37°C. Microbid
growth reflected by the optical density (OD) values
was monitored with an ultraviolet
spectrophotometer (Hitachi Ltd., Japan) at the
wavelength of 600 nm. The bacterial growth curves
had been drawn according to the OD values at
regular culturing intervals. TA100 tester strains
incubated with nutrient broth alone served as the
blank control.
M utagenicity assay

The mutation assay was conducted with
Salmonella typhimurium TA98 and TA100 strains
using preincubated plate incorporation procedure
described by Maron and Ames with minor
modification®?, Firstly, the tester trains (0.1 mL,
about 108 bacteria cells) were exposed directly to
tested chemical (0.1 mL) inasmall volume (0.5 mL)
of phosphate buffer solution (pH 7.4). Secondly, 2
mL of molten top agar (maintaining at 46°C to 48
°C) containing biotin and a trace amount of
histidine was transferred into the above reaction
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solutions after shaking (100 rpm) for 45 minutes at
37 °C. The mixture was gently mixed and poured
onto the minimal glucose agar plate (GM plate).
Then the petri dish was quickly swirled to ensure
an even distribution of thetop agar on the surface
of GM plate. When the top agar had solidified, the
plateswereincubated in aninverted position at 37
°Cfor 48 hoursat which timethe histidine revertant
colonies were counted. The test chemical was
regarded as positive mutagen when it produced a
reproducible, dose-related increase in the numbers
of revertant colonies in one or two strains, and
with a mutagenic index (M) of 2.0 or higher.
Equation (1) describes the calculation method of
MI.

MI= number of his" induced in the
sample/number of spontaneous his* in the solvent
control (eg.1)

Furthermore, at the time the plates were
scored, it was important to examinant their
background lawn by using a 40x dissecting
microscope, which further confirmed the positive
results, or indicated the toxicity and the presence
of precipitates. The results were reported as the
mean number of revertant colonies per plate, and
the data presented as mean revertants + s.d. of
three replicates for the test chemical and the
control. The4-NQO (0.5 ug per plate) and sterilized
H,O (500 L per plate) were set asapositive control
and solvent control respectively. All experiments
were performed twice under similar conditions. The
samples were analyzed without the hepatic S,
fraction because it had been reported that Cr (V1)
and ACNU were the mutagens without metabolic
activation® 14,
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RESULTS

Applyingthepreiminary toxicity assay to select
thetop dose of test chemicalsfor theAmestest
Growth curvesof S. typhimuriumTA 100
at 37 °Cinthe presence of different concentrations
of Cr (V1) and ACNU areshownin Fig. 1. Most of
them showed, more or less, lag phases and log
phases in 12 hours of culturing times. During the
lag phases and the log phases, Cr (VI) and ACNU
inhibited their growth to different extents and the
inhibitory effects increased with the treated
concentrations. When the concentration of Cr (V1)
and ACNU reached above 16.67 mg/ L and 83.33
mg/ L respectively, the lag phases and log phases
were significantly different from those of control
or low concentrations. From the prolonged lag
phases and retarded log phases, it was indicated
that theinoculated seed bacteriawereinhibited or
even ‘killed’ moreor lessby the high concentration
of test chemicals. When the concentration of Cr
(VI) reached 33.33mg/ L, and ACNU reached 250.00
mg/ L, the bacterial growth was completely
inhibited by thetoxicity of Cr (V1) and ACNU (data
not shown). In most cases, the toxicity and
mutagenicity of tested mutagens coexists
competitively. The toxicities of chemicals are
inevitable and sometimes have significant influence
on the mutagenic results in the Ames assay.
Therefore, to select an appropriate dose range for
the mutagenicity assay isamost important task. In
this study, it was easy to observe that the top
dosefor Cr (VI) and ACNU should not exceed 33.33
mg/ L and 250.00 mg/ L, which meansno morethan
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Fig. 1. Growth curves of TA100 affected by various concentrations of Cr (VI) or ACNU at 37°C
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20 ug per plate and 150 ug per plate in plate
incorporation assay, respectively. The dosage
starting to show antibacterial effectsin the toxic
assay needs to be combined with Ames assay to
score the final top toxic dose.
Mutagenecities of Cr (V1) and ACNU in the
individual test manner

Two histidine-dependent Salmonella
TA98 and TA100 were employed as tester strains
to exam the mutation effects in separate and
combined treated manner. Intheindividual chemical
mutation test, Cr (V1) and ACNU caused a dose-
dependent increase in the number of his*
revertantsin both TA98 and TA 100 strainswithout
metabolic action. Compared with the mutagenic
index (M) values showed in table 1, the minimal
mutagenic dose of Cr (VI) and ACNU for TA98
was 5 mg per plate and 50 mg per plate; at these
dosagesanincrease of 2.95-fold and 2.35-fold over
the solvent control value was observed. Whilefor
TA 100, the minimal mutation dose of Cr (V1) and
ACNU was down to 2mg per plate and 10 mg per
plate. Both Cr (VI) and ACNU induced more
revertantsin TA100 than in TA98. It was seemed
that TA 100 tester strainswere more sensitive than

ZHANG et a.: GENOTOXICITY OF HEXAVALENT CHROMIUM

TA 98 to induce DNA mutation by Cr (VI) and
ACNU. Since TA98 and TA100 were specifically
designed to carry different mutations in various
genes in the histidine operation, these mutations
acted as hot spots to detect chemical mutagens
that caused frameshift mutation in TA98 and base-
pair substitution in TA100. Therefore, it could
concludethat Cr (VI) and ACNU produced genetic
damage to lead to both frameshift mutations and
base-pair substitutions. When the dose of Cr (V1)
increased up to 10 mg per plate, and ACNU to 150
mg per plate, numbers of revertant colonies
declined, and numerous pinpoint colonies in
conjunction with thinning background lawn were
appeared. This phenomenon indicated the
chemical toxicities. Because high dose of chemical
killed or inhibited most of bacterial growth, the
survival part of bacteriain the support of a small
amount of histidine added in the top agar allowed
these survived bacteria to undergo several cell
divisionsbeforethe histidine was depleted. Inthis
case, pinpoint colonies would be formed from the
limited growth of surviving bacteriaand not extend
any more with culture times prolonged.

Table 1. Separate induction of his" revertants TA 98 and TA 100 by Cr (V1) and ACNU

Dose TA 98 TA 100
Mean revertants * s.d. MI Mean revertants + s.d. MI

Blank Control 25+3 1.25 92+9 1.05
H,O(500 pl/plate ) 20+4 1.00 88+8 1.00
4-NQO(0.5ug/plate) 448+64 22.40 11504224 13.07
Cr(VI) 1 pg/plate 30+7 1.50 137+11 1.56
Cr(VI) 2 pg/plate 3748 1.85 2056 2.33
Cr(VI) 5 pg/plate 59+5 2.95 311+11 3.53
Cr(VI) 10 pg/plate *a — 187+10 2.13
ACNU 1 pg/plate 14+3 0.70 103+13 1.17
ACNU 5 pg/plate 2045 1.00 172+13 1.95
ACNU 10 pg/plate 31+2 1.55 302+15 3.43
ACNU 25 pg/plate 3645 1.80 691+91 7.85
ACNU 50 pg/plate 47+3 2.35 1066+66 12.11
ACNU 150 pg/plate 2945 1.45 611+58 6.93

a.Asterisk means numerous “pinpoint colonies” in the treated plates.

Mutagenecity of Cr (VI) in combination with
ACNU

Due to the trace chromium allowed to
residuein the capsul es, the combined mutagenicity
of Cr (VI) with ACNU was studied mainly at the
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‘low’ doserange. Apparently, the mutagenesiswas
increased when test strains undergo binary
chemical exposures(Table 2). It wasworth noticing
that, at 1ug per plate, neither Cr (V1) nor ACNU
caused more revertant colonies than solvent
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control, but their interactive effects caused
significant mutagenesis in TA 100, and the M|
value was more than twice higher than the
solvent’s. Analoguesexistedin Cr(V1) at 2 ug with
ACNU at 5ug or 10 ug per plate tested by TA98.
Theresultsindicated that Cr (V1) and ACNU at low
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levelsindividually caused less mutation to bacterial
DNA, but working together, had significant
revertant mutation effects. That means the
cooperative mutation effects of heavy metal Cr (V1)
with nitroso compound ACNU are more genotoxic
than the individual exposure.

Table 2. Separate induction of his* revertants TA 98 and TA 100 by Cr (V1) and ACNUP

Dose TA 98 TA 100

(Yag/ plate) Mean revertants + s.d. M Mean revertants + s.d. M

Cr(VI) 1+ACNU 1 305 1.50 179+£12 2.03
Cr(V1) 2+ACNU 5 45+2 2.25 336+34 3.82
Cr(VI1) 2+ACNU 10 52+7 2.60 491+25 5.58
Cr(V1) 5+ACNU 25 94+9 4.70 865+112 9.83

b. Blank control, solvent control and positive control were the same as the separate reverse mutation

assays in table 1.
DISCUSSION

In the Amestest, the top dose to be used
is mainly dependent on its cytotoxicity and
solubility®, If not restricted by the insolubility,
the cytotoxicity is evaluated mainly according to
the results of Ames test itself, which determined
by evaluation of characteristics of the final
population on the GM agar plate after the 48-h
incubation. These characteristics include a
reduction in the number of revertants, and / or
clearing or diminution of the background lawn?!51¢,
In such cases, if had no ideawith the properties of
unknown chemicals, it would need several times
of pilot experiments to determine the appropriate
dose range. In 1982, Waleh et al., proposed a
toxicity assay to couple with the Ames test for
evaluating the toxicities and mutagenicities of
mutagens simultaneously'’. However the
sophisticated experimental procedures restricted
its applicationsin the worldwide. Up to now, it is
important to devel op an easy-performing toxicity
assay to score the highest amount of test
substance to be used in the Ames assay. In this
research, the turbidimetric method was applied for
analysis of the preliminary toxicity. Although the
quantitative survival determination could not be
accurately calculated by this method, but the top
dose range could be easily selected according to
the different features showed on the lag and log
phases. Furthermore, it givesan important hint for

the doses starting to show antibacterial effectsin
the Ames assay. Combining examinations of the
background lawns under microscopy further
determined thereal cytotoxicity. For instance, when
the concentration of Cr (V1) reached 8.33 mg/
L (amount to 5 ug per plate in the Ames test) and
ACNU reached 41.67 mg/ L (25 ug per plate), ‘weak’
toxicitieswere observed during the latelog phases
culturing with tested chemicals. However the
background lawns showed no significant
differences compared to the blank or solvent
control intheAmestest. WhileCr (V1) at 16.67 mg/
L (10 ug per plate), and ACNU at 250 mg/ L (150 ug
per plate), the cytotoxicitieswere confirmed by the
Ames assay according to the reduction in the
number of revertants and diminution of the
background lawn. In this case, the decreasein the
number of his* colonies at higher doses of the
chemicals may mask the mutagenic properties.
Therefore, thetop toxic dosefor Cr (V1) wasfinally
adjusted to 10 pg per plate in the Ames assay.
Consequently application of the preliminary toxic
assay to be coupled to the Ames assay could easily
and quickly provide the mutagenicity and
cytotoxicity valuations.

Exposureto harmful substancesthat most
people encounter tends not to be in the form of a
single agent. Considering the presence of
mutagens alone in complex mixtures presents a
challenge to the genetic toxicologist in terms of
determining the genotoxicity of mixtures.
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Mutagenic assays such asthe S. typhimurium test
have been widely used to assess the mutagenic of
various compounds'®. In this study, the
mutagenicity of binary chemical mixtures was
investigated by the Amestest. Most of the results
indicated that mutagenesis was increased when
test strains underwent complex exposures. More
attention should be given to the genotoxicity of
mixturesat low concentrations, which are common
inthe daily life. At low levels, neither Cr (VI) (at
1ug per plate) nor ACNU (at 1ug per plate) induced
significant mutagenic revertants, but their
interactive effect was positive through mutation
index in TA 100. Analogues existed in doses of Cr
(V1) at 2 ug per platewith ACNU at 5 or 10ug per
plate to TA 98. It means the synergistic effects of
heavy metal Cr (V1) and nitroso compound ACNU
aresignificantly more genotoxic than theindividual
exposure.

According to the latest Chinese
Pharmacopoeia’, the empty capsules allow to
contain no more than 2 mg/kg chromium which
amount to about 1 to 2ug per plateof Cr (V1) inthe
Ames assay. If excessive chromium exists in
capsules, patientswith long-term prescriptionswill
be up against an increased genotoxic risk. ACNU
isanimportant chloroethylnitrosoureaused to treat
with various neoplastic diseases and arecent meta-
analysis has suggested a significant survival gain
using ACNU for newly diagnosed high-grade
gliomas'. Unfortunately, secondary tumor
formation is a severe threat in chemotherapeutic
regimens with nitrosourea drugs which have
neurotoxicity and produce alkylation in tumor cells
as well as in normal human cells®. Although
guidelines for genotoxicity testing of
pharmaceuticals indicate the safety of drugs, the
interactions between drugs and chemicalspossible
coexisting are unidentified. As the synergistic
effectsexist, the potential hazards of the chemicals
should be re-evaluated, taking their synergistic
properties into consideration. Therefore, it needs
to promote further research on the chemical
mixtures, especially for chemicals that directly
affect health safety.
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