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Abstract: The safety of antibiotics has been becoming an important worldwide concern. As an inevitable and widespread existing impurity of β-lactam antibiotics, pivaloylacylation-7ADCA may has potential impact on drug safety.
However, due to the restriction on traditional drug production technique, purified pivaloylacylation-7ADCA cannot
be acquired and thus the toxicity of pivaloylacylation-7ADCA remains completely unknown. In this study, we firstly
assessed the genotoxicity of newly purified pivaloylacylation-7ADCA. A series of well-designed experiments, including bacterial reverse mutation assay (Ames assay), mouse lymphoma assay (TK gene mutation test), chromosomal
aberration assay, in vivo mouse micronucleus test and single cell gel electrophoresis assay (comet assay), were
performed in genotoxicity assessment of pivaloylacylation-7ADCA at three different genetic endpoints, i.e. gene mutation, chromosome aberration or breakage, and DNA strand breaks. No genotoxicity were observed at all tested genetic endpoints, suggesting that pivaloylacylation-7ADCA has no mutagenic effect. To our knowledge, this is the first
systematic assessment on the toxicity of newly synthesized pivaloylacylation-7ADCA, which should be an important
part of the drug safety evaluation of β-lactam antibiotics. Moreover, our study is expected to serve as a reference for
the genotoxicity assessment of other antibiotic impurities, by using purified impurity as test sample and by combining a group of well-designed genotoxic assays with different species, major genetic endpoints and in vivo/vitro tests.
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Introduction
Since their discovery in 1920s,antibiotics have
undergone an ever-accelerating development.
So far, about 120 categories of antibiotics have
been produced and consumed in medical applications worldwide, among which penicillin,
cephalothin, tetracycline, aminoside and macrolide are the most commonly used [1]. Most of
antibiotics in current markets are produced via
microbial fermentation processes or synthetic
technologies combined with chemical processes. Compared to simple synthesis processes,
the fermentation processes involve more complex chemical reactions and thus have much
more difficulties in quality control. Therefore,
the emergence of impurities is inevitable in
antibiotic-production related to fermentation
process. Researches and clinical trials have
demonstrated that many adverse drug reactions, such as anaphylaxis, are not caused by

antibiotics themselves, but by the impurities
[2]. How to assess and control the impurities in
antibiotics products now becomes a crucial
issue in drug quality control. Close attention
has been paid by global drug regulatory agencies, and, as a result of enduring co-efforts, lots
of new technologies and instruments have
been invented and applied into the area.
Guideline on setting specifications for related
impurities in antibiotics, launched in 2010 by
European Medicines Agency (EMA), proposes
the European Union’s opinions on how to control the impurities in antibiotics production,
which also clearly points out the limitations on
identification, confirmation and reporting of
impurities in all antibiotics produced via fermentation processes or semi-synthetic processes [3]. Meanwhile, It is highly required that
the impurities whose amount exceeds the quality control threshold should undergo toxicological evaluation. Genotoxic Impurity Limits Gui-
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ding Principles, also issued by the EMA in 2011,
aims to manage impurities with genotoxicity
and is accepted by the US Food & Drug
Administration (FDA) [4]. In China, requirements
on medicine impurities control and toxicological safety evaluation are at present keeping in
line with international standards, yet requiring
more international principles to be introduced
into as reference in Chinese drug-approval process.Genotoxicity is one of such main factors
determining drug safety for it offers a reliable
reference in evaluation of the carcinogenicity of
drugs and impurities. It is, therefore, an important test index accepted by many nations [5].
β-lactam antibiotics, such as penicillin and
cephalosporin, is the most common antibiotics
in terms of annual bulk production (more than
3×107 kg/year), annual sales (over $ 15 billion),
and market share (more than 70% of the total
antibiotic market) [6]. At present, most of
β-lactam antibiotics refer to a large family of
semi-synthetic antibiotics which is produced
via fermentation process by complex chemical
reactions. However, in case of poor quality control and/or incomplete refinement, the final
products are usually contaminated by part of
the raw materials and intermediate material
such as 7-aminodesacetoxycephalosporanic
acid (7-ADCA), which inevitably lead to the generation of pivaloylacylation-7ADCA, an widely
existing impurity in β-lactam antibiotic production [7]. The impurity pivaloylacylation-7ADCA
may has a potential impact both on efficacy
reducing and activity weakening, even a genotoxicity to threat the safety of cefadroxil.
Therefore, the evaluation for the genotoxicity of
pivaloylacylation-7ADCA is in urgent need.
Unfortunately, previous drug safety studies,
due to the restriction on drug production technique, mostly based on the evaluation of combined antibiotics and the impurities as a whole
[8], which means only the safety of the mixture
could be evaluated while the detailed safety
information of specific impurities remain completely unknown. Most recently, Sichuan Industrial Institute of Antibiotics, National Pharmaceutical Group, has achieved a breakthrough in
its effort to identify and synthesize purified pivaloylacylation-7ADCA. So, in the present study,
the genotoxicity of the purified pivaloylacylation-7ADCA was firstly studied in specific, by
conducting a series of well-designed assays
combined with different species, three major
genetic endpoints and in vivo/vitro tests. To our
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knowledge, this is the first report in specific on
the toxicity of the new synthesized pivaloylacylation-7ADCA, which should be an important
part of the drug safety evaluation of β-lactam
antibiotics. Moreover, we systematically designed a group of well-designed genotoxic
assays with different species, major genetic
endpoints and in vivo/vitro tests, which may
improve the reliability as well as preciseness of
the results. Therefore, our study is highly
expected to serve as a reference for the genotoxicity assessments of other antibiotic impurities.
Materials and methods
The main reagents
Pivaloylacylation-7ADCA in this study, purity
≥99.9%, was kindly provided by Sichuan Industrial Institute of Antibiotics, National
Pharmaceutical Group. Pivaloylacylation-7ADCA
is dissolved in dimethyl sulfoxide (DMSO, Sigma
Co., Missouri, USA).
The rat liver microsomal enzyme (S9) was mad
by our laboratory, as described previously [9],
and stored at -80°C until use. The final metabolizing system (S9 mixture) contained glucose6-phosphate (G6P, 4.4 mM), β-Nicotinamide
adenine dinucleotide phosphate (NADP, 0.84
mM), potassium chloride (KCl, 30 mM), NaHCO3
(0.032%) and S9 fraction (10%). Cultures treated in the absence of S9 mixture received an
equivalent volume of KCl (150 mM).
THMG media for TK gene mutation test was
prepared with 3 μg/ml thymine, 5 μg/ml hypoxanthine, 0.1 μg/ml methopterin and 7.5 μg/ml
glycin.
Cell culture and Salmonella typhimurium
strains
Cell lines: The Chinese hamster lung cell line
and mouse lymphoma L5178Y (TK+/-) cell line
were purchased from Shanghai Cell Bank,
Chinese Academy of Sciences and maintained
at 37°C in a humidified atmosphere of 5% (ν/ν)
CO2 in air.
The CHL cells were routinely maintained in high
glucose Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% (ν/ν) fetal
bovine serum (Minhai Biotechnology Co.,
Beijing, China), 100 unit/ml of penicillin and
100 μg/ml of streptomycin.
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Mouse lymphoma L5178Y (TK+/-) cells were cultured in RPMI 1640 medium (Minhai Biotechnology Co., Beijing, China) containing 10%
(ν/ν) heat-inactivated horse serum (Minhai
Biotechnology Co., Beijing, China), 200 μg/ml
sodium pyruvate, 100 unit/ml penicillin and
100 μg/ml streptomycin in routine culture.
Salmonella typhimurium strains: The histidinedependent auxotrophic mutants of Salmonella
typhimurium (strains TA97, TA98, TA100 and
TA102) used in this study were stored in the liquid nitrogen container. The eligibility of the
strains has been verified by genetic properties
before the experiments.
Experimental animals and protocol
The healthy adult Kunming mice (8 weeks of
age, weighing 25-30 g) in specific pathogen
free (SPF) level were purchased from Shanghai
Slac Laboratory Company (Shanghai, China),
and maintained in a climate-controlled environment with a 12 h light/dark cycle. Five mice
were housed per cage and acclimatized for two
weeks before the experiment starting. The mice
had free access to food and water which were
provided through the food chamber on the top
of the cage throughout the experiment period.
All animal experiments were approved by Care
and Use of Animals Center of Sichuan University.
All animal protocols in this study were all
approved by the Ethics Committee of Sichuan
University and conducted in strict accordance
with the principles outlined in the NIH Guide for
the Care and Use of Laboratory Animal (AAALAC
International accredited in 1998). Every effort
was made to minimize animal pain, suffering
and distress and to reduce the number of animal used.
Bacterial reverse mutation assay (ames assay)
The mutagenicity of pivaloylacylation-7ADCA
was assessed by a bacterial reverse mutation
assay according to the OECD Guideline, No.
471 [10]. The assay was conducted by the plate
incorporation method both in the presence and
absence of S9 mixture. Salmonella typhimurium strains TA97, TA98, TA100 and TA102 were
used as test strains. Pivaloylacylation-7ADCA
was designed with concentrations of 0 (sterile
purified water), 8, 40, 200, 1000, 5000 μg/
plate. DMSO was utilized as the solvent control.
The positive controls contained 2-aminofluorene (2-AF, 10 μg/plate vs. TA97, TA98, TA100
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with S9), 1,8-dihydroxyanthraquinone (50 μg/
plate vs. TA102 with S9), 2, 4, 7-trinitrofluoren9-one (2,4,7-tNFO, 0.2 μg/plate vs. TA97, TA98
without S9), sodium azide (SA, 1.5 μg/plate vs.
TA100 without S9), mitomycin C (MMC, 0.5 μg/
plate vs.TA102 without S9). In brief, 100 μl
compound solutions and 100 μl bacterial culture, with and without 500 μl S9 mixture, were
added to each tube containing 2 ml top agar.
The mixture was quickly poured across the surface of a basal (minimal glucose) agar plate.
After incubation at 37°C for 48 h, the number
of revertant colonies was scored according to
the description by Gatehouse D [11]. The result
was considered as positive for mutagenicity if
there was 1) a two fold increase in the number
of the negative control or 2) a dose-dependent
increase in the number of revertant colonies in
one or more strains [12].
Mouse lymphoma assay (TK gene mutation
test)
The TK gene mutation test was performed
according to the International Conference on
Harmonisation (ICH) guidance [13]. L5178Y
mouse lymphoma cells were used as test cell
lines. Dosages ranging from 625 to 5000 μg/
ml were selected as the final concentrations of
pivaloylacylation-7ADCA, meanwhile 5 μg/ml
methyl methane sulphonate (MMS, Sigma Co.,
Missouri, USA) and DMSO were used as positive control and solvent control, respectively.
The cells were cultured in THMG medium for 24
h and then transferred into THG medium (without methopterin) for 48 h to remove the preexisting mutants. Then cells were treated with
test substances for 10 h, and the cell density
was subsequently recorded for 2 d to calculate
relative suspension growth (RSG). Meanwhile,
the cells were seeded into 96-well plates at a
density of 1.6 cells per well for calculation of
plating efficiency (PE). All plates were incubated for 12 d to score the mutant colonies and
calculate relative viability (RV). The indexes
used in this assay were relative viability (RV),
relative suspension growth (RSG), relative total
growth (RTG) and mutant frequency (MF),
among which, RTG (%) was calculated as
RSG×RV (%) [14-17].
In vitro mammalian chromosomal aberration
assay
To further detect whether or not pivaloylacylation-7ADCA induces chromosome aberration,
Int J Clin Exp Med 2014;7(11):4260-4271
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the in vitro chromosome aberration assay was
conducted according to the OECD Guideline No.
473 [18]. The assay was also conducted in the
presence and absence of S9 mixture. The
Chinese hamster lung (CHL) cells were seeded
into six-well plate at a density of 1×105 cells per
well. After adherence, cells were exposed to a
range dose of pivaloylacylation-7ADCA (1250,
2500 and 5000 μg/ml). Cells treated with
DMSO alone were employed as the solvent control. In the absence of S9 mixture, cells treated
by 0.1 μg/ml of mitomycin C (MMC) were used
as positive control; while in the presence of S9,
cells treated by 20 μg/ml of cyclophosphamide
(CP) was employed as the positive control. After
treatment for a short-term exposure (24 h) and
a continuous exposure (48 h), cells were harvested after 0.5 μg/ml colchicine treatment for
2.5 h. 100 cells at metaphases per slide were
analyzed under light microscope (200× magnification, Leica, Germany) with 10% (ν/ν) Giemsa
stained. Then the frequency of chromosome
aberrations was calculated. Results were evaluated according to the following criteria for
structural or numerical chromosomal aberration frequencies: negative <4.9%; uncertain
5-10%; positive ≥10% [19].
In vivo mouse micronucleus test
The in vivo micronucleus test was another
important assay to detect chromosome aberration in interphase cells [20]. The Kunming mice
in specific pathogen free (SPF) level, a widely
used model for drug safety assessment, were
used in our study. The animal protocols in this
study were all approved by the Ethics Committee
of Sichuan University and conducted in strictly
accordance with the principles outlined in the
NIH Guide for the Care and Use of Laboratory
Animal (AAALAC International accredited in
1998).
An acute oral toxicity test was firstly performed
to determine the suitable concentration of pivaloylacylation-7ADCA that did not induce toxic
effect on mice. Health male and female mice
were assigned to groups of five rats of each
sex. An oral gavage administration of pivaloylacylation-7ADCA ranging from 0-1000 mg/kg /
day was conducted once a day for 2 days. Then
all animals were observed, and the mortality,
clinical signs, body weight changes, and gross
findings were recorded for 14 days. The preliminary result showed that oral administration of
pivaloylacylation-7ADCA at a dose of at 500
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mg/kg/day did not induce any toxic effect on
Kunming mice. According to the OECD guidelines, this dose of pivaloylacylation-7ADCA was
selected as the maximum dose. Test next was
the genotoxicity of pivaloylacylation-7ADCA on
chromosome level. Briefly, fifty SPF mice at 8
weeks of age (weighing 25-30 g) were set into 5
groups (5 animals per sex in each group). Mice
in three treated groups were administered by
oral gavage 30 h and 6 h prior to mice sacrifice,
at doses of 125, 250 and 500 mg/kg body
weight of pivaloylacylation-7ADCA. The positive
control group was given an intraperitoneal
injection (i.p.) of cyclophosphamide (CP) dissolved in physiological saline at a dose of 40
mg/kg body weight; while the solvent control
group received sodium carboxyl methyl cellulose (CMC-Na) by oral gavage at 0.1 mg/kg
body weight. After treatment, animals were
subsequently sacrificed by carbon dioxide
asphyxiation. Bone marrow smears were prepared from each treatment group after mice
sacrifice, according to the OECD Guideline No.
474 [21]. After fixed by methanol containing 1%
(ν/ν) acetic acid for 15 min, the smears were air
dried at room temperature and stained with
10% (ν/ν) of Giemsa for 10 min and examined
under light microscope (400× magnification,
Leica, Germany). Counting of micronuclei was
done according to the method of Kimura A et al
[22].
Polychromatic erythrocytes (PCEs) and normochromatic erythrocytes (NCEs) were identified
according to the methods of Hayashi et al [23].
The ratio of PCE/NCE was determined by examination of 200 erythrocytes from each animal.
The frequency of micronucleated cells was analyzed by examination of 1000 erythrocytes. The
results were considered as positive if 1) the
test substance caused a significant dosedependent increase in the frequency of micronucleated cells compared with negative group,
or 2) the frequency of micronucleated cells in
any pivaloylacylation-7ADCA treated group
counted three times larger than that of negative group.
Single cell gel electrophoresis assay (comet
assay)
Alkaline comet assay was used to detect DNA
damage including single-strand and doublestrand breaks, as well as alkali-labile sites [24].
Briefly, the L5178Y mouse lymphoma cells were
seeded at a density of 1×105 cells/well in
Int J Clin Exp Med 2014;7(11):4260-4271
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Table 1. Effect of pivaloylacylation-7ADCA on revertant colonies in Ames assay
Dose (μg/plate)

_
The revertant number/plate ( X ±S)
TA98
TA100

TA97
-S9

+S9

0
120.7±15.1
118.9±13.9
8
112.5±13.9
113.4±11.8
40
120.0±18.4
115.5±15.4
200
114.7±16.2
107.0±11.4
1000
115.9±17.9
115.6±15.8
5000
118.2±15.1
114.3±14.8
Solvent control
115.3±14.3
114.6±12.2
Positive control 1122.8±148.1a 1090.5±121.7a

TA102

-S9

+S9

-S9

+S9

-S9

+S9

36.7±5.8
33.1±5.9
30.9±6.3
30.8±10.8
35.5±9.0
35.0±10.0
34.1±9.0
875.9±109.8a

36.8±6.0
34.2±5.2
35.1±7.0
31.4±10.3
33.1±11.6
36.2±10.2
34.1±10.3
852.8±112.3a

142.6±18.1
136.8±16.4
136.7±10.5
134.6±18.7
133.5±12.8
136.0±14.9
144.2±15.1
1135.6±116.5a

142.1±15.4
140.6±14.1
137.4±11.0
133.4±13.4
140.4±11.6
128.8±13.9
144.3±12.9
1085.1±107.2a

254.2±13.8
252.5±18.6
244.2±18.1
263.6±13.4
247.5±17.6
256.4±17.0
251.2±11.2
1260.6±97.4a

255.2±14.1
248.4±14.9
250.0±14.3
250.2±12.3
253.4±12.7
251.7±12.1
252.6±11.5
1105.6±98.9a

The mutagenicity of pivaloylacylation-7ADCA was firstly assessed by Ames assay. Four test strains (TA97, TA98, TA100 and TA102) were exposed to pivaloylacylation-7ADCA, along
with solvent control 1‰ (ν/ν) DMSO and positive controls and incubated for 48 h. The positive controls contained 2-aminofluorene (2-AF, 10 μg/plate vs. TA97, TA98, TA100 with
S9), 1,8-dihydroxyanthraquinone (50 μg/plate vs. TA102 with S9), 2, 4, 7-trinitrofluoren-9-one (2,4,7-tNFO, 0.2 μg/plate vs. TA97, TA98 without S9), sodium azide (SA, 1.5 μg/plate
vs. TA100 without S9), mitomycin C (MMC, 0.5 μg/plate vs.TA102 without S9). Data were obtained from three independent experiments and were expressed as mean ± standard
deviation (S.D.). “a” denotes more than 2-fold increase in the number of revertant colonies of the negative control. Statistical significance was set as P<0.05.

4264

Int J Clin Exp Med 2014;7(11):4260-4271

Safety of antibiotic
Table 2. The effects of pivaloylacylation-7ADCA on
TK gene mutation
Dose (μg/ml)
625
1250
2500
5000
DMSO control
Positive control

RV (%) RSG (%) RTG (%) MF (×10-6)
92.48 94.50
87.40
69.70
82.95 89.13 73.93
80.37
64.14 70.27
45.07
102.40
57.57
56.63 32.60
133.33
100.00 100.00 100.00
77.90
91.19
71.03
64.77
271.90a

TK gene mutation test were performed to further detect
whether or not pivaloylacylation-7ADCA caused gene mutation.
Four dose of pivaloylacylation-7ADCA, along with positive control methyl methane sulphonate (MMS, 5 μg/ml) and solvent
control 1‰ (ν/ν) DMSO were tested in this assay. The mutation frequency (MF) was expressed as the number of mutants
per 106 viable cells. “a” indicates a significant difference in the
value of MF compared to the solvent control group. Statistical
significance was set as P<0.05.

24-well plates and cultured overnight. Then
cells were treated by pivaloylacylation-7ADCA
treatment with a concentration of 625, 1250,
2500 and 5000 μg/ml for 24 h, along with the
solvent control (DMSO) and positive control
methyl methane sulphonate (MMS, 5.0 μg/ml).
The comet assay was performed as described
previously [25, 26]. In brief, 20 μl single-cell
suspensions were mixed with 80 μl low-melting
point agarose (LMPA, 0.65%) and spread on the
microscope slide pre-coated with 100 μl of normal-melting point agarose (NMPA, 0.8%). After
solidified for 10 min at 4°C, slides were soaked
in freshly prepared lysis solution at 4°C in the
dark for 1 h. Slides were then immersed in electrophoresis buffer for 30 min at room temperature to allow DNA unwinding, and then subjected to electrophoresis at 25 V/cm for 30 min.
Then slides were gently washed three times
with distilled water, stained with 20 μg/ml
ethidium bromide solution and analyzed under
a fluorescence microscope (DMLB2, Leica,
Wetzlar, Germany) at 200× magnification. Tail
intensity (% of tail DNA) and olive tail moment
(OTM) were used as the qualitative and quantitative measurement of DNA damage, and were
obtained using come assay score software
(CASP) [25, 26]. 50 randomly selected comet
cells per slide were analyzed for Tail intensity
and OTMs.
Statistical methods
All the experiments were performed at least
three times. Statistical analysis was performed
by SPSS 13.0 software. The results of Ames
assay and comet assay were expressed as
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mean ± standard deviation (SD). One-way analysis of variance (ANOVA) was used to evaluate
significant difference among various experimental groups and least-significant difference
(LSD) was employed for multi-group comparison. Poisson distribution was used to analyze
the data of TK gene mutation assay, chromosomal aberration assay and mouse micronucleus assay. P<0.05 was considered as statistically significant.
Results
Pivaloylacylation-7ADCA had no mutagenic effects in Salmonella typhimurium strains TA97,
TA98, TA100 and TA102
The mutagenicity of pivaloylacylation-7ADCA
was firstly assessed by Ames assay. The results
show that all positive drugs including 2-AF,
1,8-dihydroxyanthraquinone, 2,4,7-tNFO, SA
and MMC, did induce more than 5-fold increases in the number of revertant colonies in all test
strains, which confirmed the sensitivity and liability of the test system. However, for all test
strains, the revertant colony numbers induced
by pivaloylacylation-7ADCA (ranging from 8 μg/
plate-5000 μg/plate) were similar to that of the
negative control (Table 1). Moreover, no dosedependent increase in the revertant colony
number was observed with the increasing dosages of pivaloylacylation-7ADCA (Table 1), suggesting that pivaloylacylation-7ADCA can no
exert mutagenic effect on Salmonella
typhimurium strains TA97, TA98, TA100 and
TA102 either in the absence or presence of S9
mixture.
Pivaloylacylation-7ADCA would not induce
gene mutation in L5178Y mouse lymphoma
cells
TK gene mutation test were performed to further detect whether or not pivaloylacylation7ADCA would cause gene mutation. The results
were shown in Table 2. The mutation frequency
(MF) of the positive control group was
271.90×106, over 3-fold higher than that of the
DMSO control group (P<0.05), which confirmed
the sensitivity and liability of the test system.
With the increasing dosages of pivaloylacylation-7ADCA, the values of RS, RV, RSG and RTG
all decreased in a dose-dependent manner,
suggesting that within the experimental dosage
range, pivaloylacylation-7ADCA can induce
cytotoxicity in L5178Y mouse lymphoma cells.
Int J Clin Exp Med 2014;7(11):4260-4271
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Table 3. The effects of pivaloylacylation-7ADCA on CHL cell chromosome aberration
-S9
Dose (μg/ml)

+S9

24 h

48 h

24 h

48 h

Number Frequency of
of
aberrant chrodistortion mosomes %

Number Frequency of
of
aberrant chrodistortion mosomes %

Number Frequency of
of
aberrant chrodistortion mosomes %

Number
Frequency of
of
aberrant chrodistortion mosomes %

1250

4

2

4

3

4

2

5

2500

3

1.5

3

1.5

6

3

4

2.5
2

5000

7

3.5

6

2.0

3

1.5

5

2.5

DMSO

2

1b

4

2b

3

1.5b

3

1.5b

Positive control

61

30.5a

59

29.5a

65

32.5a

57

28.5 a

In vitro mammalian chromosome aberration assay was further used to evaluate the genotoxicity of Pivaloylacylation-7ADCA on chromosome level. Cells were exposed to
a range of dosages of pivaloylacylation-7ADCA (1250, 2500 and 5000 μg/ml). Cells treated with DMSO alone were employed as the solvent control. In the absence of S9
mixture, cells treated by 0.1 μg/ml of mitomycin C (MMC) were used as positive control; while in the presence of S9, cells treated by 20 μg/ml of cyclophosphamide (CP)
was employed as the positive control. “a” denotes a significant difference in the frequency of aberrant chromosomes (%) compared to the DMSO control group. Statistical
significance was set as P<0.05.

However, no significant differences were
observed in the MF value among each pivaloylacylation-7ADCA groups [(69.7~133.33)
×10 -6] and the DMSO control group (77.90×10 6
) (P>0.05). On the contrary, the MF value in
pivaloylacylation-7ADCA group with the highest
dose (133.33×10 -6) was remarkably lower than
that of the positive control group (271.90×10 -6)
(P<0.05), suggesting that even at the dosages
with cytotoxicity, pivaloylacylation-7ADCA did
not induce gene mutation in L5178Y cells.
Pivaloylacylation-7ADCA failed to induce chromosome aberration in CHL cells
In vitro mammalian chromosome aberration
assay was used to evaluate the genotoxicity of
Pivaloylacylation-7ADCA on chromosome level.
The result was presented in Table 3. The positive control drugs, MMS and CP, both did induce
marked chromosomal aberration. The frequency of aberrant chromosomes of the positive
control groups ranged from 28.5%-32.5%, both
in short-term exposure (24 h) and continuous
exposure (48 h), confirming the sensitivity and
stability of the test system. Either with or without S9 mixture, the frequency of aberrant chromosomes of all pivaloylacylation-7ADCA groups
remained at low level, ranging from 1.5% to
3.5%, significantly lower than those of the positive groups. The result indicated that pivaloylacylation-7ADCA fail to induce chromosome aberration in CHL cells.
Pivaloylacylation-7ADCA did not induce chromosome aberration in in mice bone marrow
cells
The genotoxicity of Pivaloylacylation-7ADCA on
chromosome level was further assessed using
4266

the in vivo mouse micronucleus test. No abnormal signs in general appearance were observed
in mice between the first and final administrations in all pivaloylacylation-7ADCA groups,
along with the positive control group and solvent control group. The result of the in vivo
mouse micronucleus test was shown in Figure
1. No significant differences were observed in
the PCE/NCE ratio among all pivaloylacylation7ADCA groups and the CP group (positive group)
(P>0.05), indicating that the cytotoxicity in each
group was kept in the same level (Figure 1A).
The frequency of micronucleated cells of the
positive control group was nearly 7-fold higher
than that of the solvent control group (P<0.05)
(Figure 1B), suggesting this test system is sensitive and stable. However, pivaloylacylation7ADCA treatments did not induce remarkable
increases in the frequency of micronucleated
cells at all test dosages, compared with solvent
control group (Figure 1B) (P>0.05), further suggesting that pivaloylacylation-7ADCA may not
cause chromosomal aberration.
Pivaloylacylation-7ADCA failed to induce DNA
damage in L5178Y mouse lymphoma cells
The effect of pivaloylacylation-7ADCA on DNA
damage was assessed using the single cell gel
electrophoresis assay. As shown in Figure
2A-E. There was a statistically significant difference (P<0.05) in the tail intensity and OTM
between the positive control group (MMS) and
the solvent control group (DMSO), which confirmed the sensitivity and stability of the test
system (Figure 2A-E). However, pivaloylacylation-7ADCA did not increase the tail intensity
and the OTM value even at the highest concentration (5000 μg/plate) (P>0.05) (Figure 2A-E),
suggesting that pivaloylacylation-7ADCA can
Int J Clin Exp Med 2014;7(11):4260-4271
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Figure 1. Pivaloylacylation-7ADCA did not induce chromosome aberration in in mice bone marrow cells. The genotoxicity of Pivaloylacylation-7ADCA on chromosome level was assessed using the in vivo mouse micronucleus test.
After treatment with different concentrations of pivaloylacylation-7ADCA, along with positive control cyclophosphamide (CP) and solvent control sodium carboxyl methyl cellulose (CMC-Na), mice were sacrificed. Then mice bone
marrow smears were prepared, fixed, air dried and examined as described in the “Materials and Method” section.
A. Illustrates the ratio of PCE/NCE. B. Illustrates the frequency of micronucleated cells. Data were obtained from
three independent experiments and Poisson distribution was used to analyze the data. “a” denotes a significant
difference in the frequency of micronucleated cells compared to the DMSO control group. Statistical significance
was set as P<0.05.

not induce DNA strand breaks in L5178Y mice
lymphoma cells.
Discussion
The β-lactam antibiotics, one of the most consumed antibiotics in clinical application in
China, are also among the most easily contaminated by impurities due to the instability of
their molecular structures as well as the complex fermentation and chemosynthesis processes. Impurities in β-lactam antibiotics can
be grouped into two categories [27]. One category includes the extrinsic impurities synthesized in fermentation process, i.e. protein, polypeptide and polysaccharide, and the conjugations formed by antibiotics and the protein,
polypeptide or polysaccharide, e.g. penicilloylprotein, penicilloyl-polypeptide, etc. The other
category involves endogenous impurities
formed during production, transportation and
storage, i.e. antibiotic self-polymerizations such
as dimers, trimers and so on. Mixed in antibiotics products, the impurities not only decrease
the antimicrobial activity, but also cause varieties of adverse reactions, e.g. anaphylactic reactions, immune hemolysis, etc., which severely
affect drug efficiency and safety [28]. Therefore,
impurities from preclinical antibiotics are
required to be subjected to safety evaluation
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on acute/chronic toxicity and genotoxicity.
Unfortunately, due to the restriction on drug
production technique, previous drug safety
evaluation can only test the antibiotics combined with impurities as a whole sample [29].
This can only assess the safety of the mixture
while the detailed safety information of specific
impurities cannot be acquired, which largely
limit the preciseness and reliability of the
results. A new lead could be the inquest for
detailed safety information of specific impurities. Thus, specific assessment on the safety of
purified impurity, as we did in this study, is of
considerable significance for the overall drug
safety evaluation of β-lactam antibiotics.
The Guiding Principles of Genetic Toxicity of
drugs, published by China Food and Drug
Administration (CFDA), points out that, besides
holding a close connection with other toxicological tests, genotoxicity assays themselves
are an important part of non-clinical drug safety evaluation, along with subsequent pre-clinical tests and post-market surveillance. Though
genotoxicity assays have been developing rapidly in recent years, with over 200 kinds of
short-term test methods being created to
detect different genetic endpoints including
gene mutation, DNA damage and repair, chromosomal breakage, etc., none of the current
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Figure 2. Pivaloylacylation-7ADCA failed to induce DNA damage in L5178Y mouse lymphoma cells. L5178Y mouse
lymphoma cells were treated with pivaloylacylation-7ADCA, along with positive control MMS and solvent control
DMSO. The effect of pivaloylacylation-7ADCA on DNA damage was assessed using the single cell gel electrophoresis assay. Tail intensity (% of tail DNA) and olive tail moment (OTM) were used as the qualitative and quantitative
measurement of DNA damage. A. Represents the DMSO control. B. Represents the cells treated by 5000 μg/ml
pivaloylacylation-7ADCA. C. Illustrates the cells treated by positive control methyl methane sulphonate (MMS, 5.0
μg/ml). D. Illustrates the tail intensity (% of tail DNA). E. Illustrates the OTM value. Data were obtained from three
independent experiments and and were expressed as mean ± standard deviation (S.D.) Statistical significance was
set as P<0.05.

genotoxic assays can afford to test all these
genetic endpoints. The combination of a group
of assays covering three genetic endpoints,
namely gene mutation, chromosome aberration or breakage, and DNA damage, is usually
utilized in genotoxicity evaluation [30].
As is recommended in 1997 by the International
Conference on Harmonization of Technical
Requirements for Registration of Pharmaceuticals for Human Use (ICH), bacterial gene
mutation test (i.e. Ames test), in vitro mammalian cells assays (in vitro chromosome aberration assay or the mouse lymphoma cell TK gene
mutation test), and in vivo rodent hematopoietic cells chromosome damage test (chromosome aberration or micronucleus test) should
be taken as the standard composed test in
genotoxicity assessment. In China, the combination of a group of genotoxic assays, namely
microbial reverse mutation test, mammalian
cell chromosome aberration assay and rodent
micronucleus test is conducted as present convention [20]. In this study, we designed a com-
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bination of Ames assay, TK gene mutation test,
in vitro chromosome aberration assay, micronucleus test of mouse bone marrow cell and
comet assay so as to achieve a more comprehensive evaluation on genotoxicity of the test
impurity, for this group of assays was combined
with different species, three major genetic endpoints and in vivo/vitro tests.
Ames assay is a classical method of testing
gene mutation. In this study, the most commonly used bacteria Salmonella typhimurium
strains, TA97, TA98, TA100 and TA102 containing defined mutations in the histidine operon,
were employed as test strains. When the dosage of pivaloylacylation-7ADCA ranged from 8
μg/plate to 5000 μg/plate, the bacterial
reverse mutation colonies remained similar to
that of the 0 μg/plate group and the DMSO control group, indicating that pivaloylacylation7ADCA has no obvious effect on gene mutation
induction. Mouse lymphoma TK gene mutation
test is another traditional approach to detect
gene mutation. Using eukaryotic L5178 cells as

Int J Clin Exp Med 2014;7(11):4260-4271

Safety of antibiotic
test model, TK gene mutation assay presents
more advantages than Ames assay that
employs the prokaryotic organism. Tennant RW
and his group reported that, when Ames assay
and TK gene mutation test being applied contrastively to evaluate 73 kinds of compounds,
the sensitivity of TK gene mutation test (70%)
can be evidently higher than Ames assay (45%),
whereas the specificity of Ames assay (86%) is
higher than TK gene mutation test (45%) [31].
Therefore, combining Ames assay with TK gene
mutation test to screen genotoxicity at the
same time could reduce the probability of falsenegative results. Both Ames assay and Mouse
lymphoma TK gene mutation test in this study
demonstrated that pivaloylacylation-7ADCA
shows no potential in gene mutation induction.
Both chromosome aberration and micronucleus assay are traditional methods to determine
chromosome damages by representing the
changes of chromosomal structure and number, and the abnormities in chromosome segregation [32]. We chose to combine chromosome
aberration assay with micronucleus test to
assess the genotoxicity of pivaloylacylation7ADCA on chromosome level, for this combination can eliminate the differences in absorption, metabolism and excretion of the same
chemical between cultured cells and animal
bodies, which indicates an ideal strategy in
jointing in vivo and in vitro studies. In chromosome aberration assay, the frequency of aberrant chromosomes in the positive control group
was over 10-fold higher than the negative control group, while the frequency of aberrant chromosomes among the test groups and negative
control group showed no significant differences. Similarly, in micronucleus test, the frequencies of micronuclear cells in test group and
negative control group did not show significant
difference: both were evidently lower than that
of positive control group (19.70%). The results
of these two experiments are consistent, indicating that pivaloylacylation-7ADCA may not
induce chromosome aberration.
Comet assay is so far one of the most sensitive
methods to detect DNA damage, i.e. DNA single/double strand breaks and alkaline labile
sites, on the single cell level [24]. A number of
studies indicated that, in terms of sensitivity,
comet assay is much better than chromosome
aberration test and micronucleus test, especially in heavy metal detection [33]. Nowadays,
comet assay has been highly recommended in
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genotoxicity assessment to improve the overall
detection sensitivity of the test chemical, especially at low dose. In the present study, alkaline
comet assay was used to evaluate the genotoxicity of pivaloylacylation-7ADCA, and tail intensity and OTM were utilized as parameters in the
assessment of DNA damage. The positive control group showed positive response with significant tail intensity enhancement and OTM
elevation, whereas no notable differences were
observed among the pivaloylacylation-7ADCA
groups and the solvent control group, indicating
pivaloylacylation-7ADCA may not induce DNA
damage in mouse lymphoma cells.
Conclusion
In the present study, the genotoxicity of newly
synthesized pivaloylacylation-7ADCA was firstly
systematically assessed, which should be an
essential part of the drug safety assessment of
β-lactam antibiotics. The results from multiple
genetic endpoints consistently showed that no
mutagenicity of pivaloylacylation-7ADCA was
found in the whole set of assays, suggesting
that pivaloylacylation-7ADCA fail to induce
genotoxicity. Importantly, in the present study,
the genotoxicity assessment was conducted by
using purified pivaloylacylation-7ADCA in specific, which could be original tests of the field.
Moreover, a series of well-designed in vitro and
in vivo assays were combined with different
species and different genetic endpoints, which
may largely improve the reliability as well as
preciseness of the results. Our study is expected to serve as a reference for the genotoxicity
assessment of other antibiotic impurities in the
future.
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