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Abstract: The main aim of this study was to investigate the genotoxic effects of doripenem (DRP) using both cytogenetic and molecular test systems. Although 
there have been some studies reporting the effects of DRP, none of them has shown the genotoxic effects of DRP. In order to achieve the main aim of the study, the 
human peripheral lymphocytes were treated with 100 μg/ml, 200 μg/ml, and 400 μg/ml concentrations of DRP for 24 and 48 hours, and the chromosome aberration 
(CA) and micronucleus (MN) methods were used as the cytogenetic tests and RAPD-PCR method was used as the molecular test to determine the genotoxic effects 
of DRP. DRP did not induce the chromosome aberrations and micronucleus frequencies at all concentrations and at all treatment periods. So, it was concluded that 
DRP did not show any cytotoxic effect. However, DRP increased the number of polymorphic bands and decreased the ratio of genomic template stability, especially 
at the 48-hour treatment period. In this study, according to the obtained results, it was determined that DRP failed to show any genotoxic risk at the therapeutic 
doses. This result also indicates that DRP could be a reliable antibiotics according to its rapid metabolism.
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Introduction

Infectious diseases have been one of the greatest 
health problems that threaten the life of human being for 
centuries. For thousands of years, people looked for a 
way to be able to cure infectious diseases. For example a 
birch mushrooms (Piptoporus betulinus) were found in 
the bag of Ötzi (Iceman) that lived 5300 years ago who 
was found at the Ötztal Alps at Austrian-Italian border 
in 1991. Capasso (1998) reported that this fungus has 
anti-bacterial and anti-hemorrhagic effects (1). Before 
the discovery of synthetic antibiotics, some plants such 
as garlic and onion were also used by humans for their 
antibiotic features. Allicin, an organosulfur compound 
in garlic, was isolated for use as an antibacterial subs-
tance against infectious diseases (2). 

The unnecessary use of antibiotics led to the deve-
lopment of antibiotic resistant strains of a wide variety 
of bacteria and resistant microorganisms such as para-
sites, viruses, and fungi (3-4). Antibiotic resistance has 
become a threat in the hospital environments, as well. 
A study was suggested that gram-negative microorga-
nisms were a dominant killer among bacterial pathogens 
in intensive care units (5). World Health Organization 
(WHO) reported that many people most probably be 
dead at the 21st century, because of an infection resul-
ted from a minor injury due to the growing antibiotic 
resistance in microorganisms (6).

Over the past few decades, new antibiotics are 
produced against microorganisms which developed 
resistance. One of them is doripenem (DRP), which 

was used as the test material in this study. Doripe-
nem is a β-lactam class 2 carbapenem group antibiotic 
(1β-metilcarbapenem) that developed for hospitalized 
patients with systemic bacterial infections by Penin-
sula Pharmaceuticals, Inc. (Alameda, California, USA) 
(7). Carbapenems are used as last antibiotics resources 
for heavily ill patients with serious infectious diseases 
or for patients with suspected multi-resistant bacterial 
infections (5,8-10). Additionally, DRP has an anti-pseu-
domonal activity and used for treatment of complicated 
intra-abdominal infections, complicated urinary tract 
infections, and nosocomial pneumonia (11-12).

The anti-microbial activity of DRP is similar to imi-
penem, meropenem and ertapenem. Therefore, DRP has 
a significant and strong activity against Enterobacteria-
ceae, Pseudomonas aeruginosa, Acinetobacter sp., Bac-
teroides fragilis, streptococcus, methicillin-sensitive 
staphylococcus (13), penicillin-resistant streptococcus 
(14), Streptococcus pneumoniae, viridans (green) strep-
tococcus group and β-hemolytic streptococcus (15). In 
addition, DRP is preferred for treatment of nosocomial 
pneumonia (16-17). Although DRP has these benefits, 
it can also lead to undesirable side effects such as hea-
dache, seizures, rash, pruritus, Stevens-Johnson syn-
drome, nausea, diarrhea, oral candidiasis, vulvo myco-
tic infection, renal dysfunction, renal failure, anemia, 
leukopenia, neutropenia, thrombocytopenia, anaphy-
laxis, elevated liver enzymes (18).

There have been many studies done about genotoxic 
effects of diverse antibiotics. These studies reported 
different observations on genotoxic effects of different 
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antibiotics. According to these studies, some of the anti-
biotics have genotoxic effects while the others have no 
genotoxic effects (19-25). However, according to our 
knowledge, no research has been conducted on inves-
tigating the genotoxicity of DRP. The main aim of this 
study was to investigate the genotoxic effects of DRP 
using chromosome aberration (CA) and micronucleus 
(MN) tests and using RAPD-PCR test in human lym-
phocytes in vitro.

Materials and Methods

In the present study, DRP was used as the test subs-
tance and the human peripheral lymphocytes was used 
as the material. Doripenem was purchased from Fluka 
(98%, CAT. NO: 32138). The structure and the proper-
ties of DRP was shown in Figure 1.

Chromosome aberration (CA) and micronucleus 
(MN) tests

The method of Evans (1984) was used to prepare 
the cell culture for detection of chromosome aberra-
tions (26). Two-hundreds µl of heparinized (1/10) peri-
pheral blood from four healthy donors (two males, two 
females, non-smokers, age 23-25) was added to 2.5 ml 
chromosome medium (PbMax, Gibco, 12552-013) at 
sterile conditions (27). Then, the cultures were incu-
bated at 37°C for 72 hours. Three non-toxic concen-
trations (100, 200, and 400 μg/ml) of DRP were added 
to the culture tubes and the cells were incubated with 
DRP for 24 and 48 hour treatment periods. An untreated 
control and a positive control Ethyl methanesulfonate 
(EMS, 0.2 μg/ml) (Sigma M0880) were also used to 
determine the difference between treated and untreated 
samples. The cells were exposed to colchicine (0.06 
μg/ml, Sigma C9754) 2 hours before harvesting. The 
cells were harvested by 0.4% KCl as hypotonic solution 
and methanol: glacial acetic acid (3:1) as fixative. The 
air dried slides were stained with 5% Giemsa (Merck, 
1.09204.0500), which prepared in Sorensen buffer, and 
covered with Entellan® (Merck, 107961). 

To determine the structural and numerical chromo-
somal alterations, 100 well-spread metaphases were 
evaluated for each concentrations and treatment periods 
(totally 400 metaphases per concentration of 4 donors). 
The CA was classified according to the ISCN (Interna-
tional System for Human Cytogenetic Nomenclature) 
(28). Gaps were not evaluated as CA according to Mace 
et al. (1978) (29). The mitotic index (MI) was also de-

termined by scoring 3000 cells from each donor. The 
MI explained the effects of the chemicals on G2 stage 
of cell cycle (30). 

The modified methods of Fenech (2000) and Kirsch-
Volders et al. (2003) were used to determine the micro-
nucleus (31-32). Two-hundreds µl of heparinized (1/10) 
peripheral blood from 4 healthy donors (two males, two 
females, non-smokers, age 23-25) was added to 2.5 ml 
PbMax chromosome medium at sterile conditions and 
the cell cultures were incubated at 37°C for 68 hours. 
The cells were treated with 100, 200, and 400 μg/ml 
concentrations of DRP for 24 and 48 hours. An untrea-
ted control and a positive control of EMS (0.2 μg/ml) 
were also used. 6 μg/ml of Cytochalasin B (Sigma, 
C6762) was added to the cultures for 24 hour treatment 
period to block cytokinesis. The cells were harvested 
after hypotonic solution treatment (0.4% KCl, for 2 
minutes) and fixative solution as described (31). The 
air dried slides were stained and covered as described 
above. 

Two-thousands binucleated cells were scored for 
each donor (8000 binucleated cells were scored per 
concentration) to evaluate the micronucleus frequency. 
To evaluate the nuclear division index (NDI), the cells 
with 1, 2, 3 and 4 nuclei were scored by calculating 
1000 cells for each concentration and treatment period. 
The NDI was calculated using formula: NDI = (M1) + 
(2xM2) + (3xM3) + (4xM4)/N; where M1–M4 repre-
sent the number of cells with one to four nuclei and N is 
the total number of viable cells scored (31). 

RAPD-PCR test
Ten oligonucleotide primers were used to determine 

the molecular genotoxicity of DRP in human periphe-
ral lymphocytes with different GC base pair propor-
tion (Table 1) as described by Atienzar and Jha (2006) 
with minor modification (33). 330 µl non-heparinized 
peripheral blood from two healthy donors (a male and 

Figure 1. The structure and the properties of DRP.

Primers Sequences (5’-3’) G+C % Cat.no
PM1 5’-GTTTCGCTCC- 3’ 60 OPB-01
PM2 5’-GTAGACCCAT- 3’ 50 Buyukleyla, 2013
PM3 5’-AAGAGCCCGT- 3’ 60 Buyukleyla, 2013
PM4 5’-TTGGCACGGG- 3’ 70 OPD-07
PM5 5’-AACGCGCAAC- 3’ 60 Buyukleyla, 2013
PM6 5’-GGTGACGCAG- 3’ 70 OPB-07
PM7 5’-GGGTAACGCC- 3’ 70 OPA-09
PM8 5’-CCCGTCAGCA- 3’ 70 Buyukleyla, 2013
PM9 5’-TCCGATGCTG- 3’ 60 OPS-07
PM10 5’-CTGCGCTGGA- 3’ 70 OPU-16

Table 1. Oligonucleotide primers. 
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the gel was visualized under UV illumination (Vilber 
Lourmat, Infinity 1100).

To determine the polymorphic bands, all amplified 
bands in untreated control were scored as “0” and new 
or missing bans in treated group were scored as “1”. 
The bands in treated groups were scored “0” as the same 
in control group. The genomic template stability (GTS) 
rate was calculated using the following formula: GTS% 
= 100 - 100.(a/n), where “a” is the polymorphic bands in 
a treated group (total number of new and missing bands) 
and “n” is the total number of bands in untreated control 
group (34). Changes in RAPD profiles decreased the 
GTS rate, which indicates to genotoxic effects. 

Statistical analysis
The t-test was used for the statistical significance of 

all parameters. Dose response relationships were deter-
mined from the correlation and regression coefficients 
for the percentage of total CA and abnormal cells (AC), 
mean MI, MN, and NDI. 

The mean number of polymorphic bands and the 
percentage of GTS value were also analyzed using t-
test.

Results

Doripenem did not significantly induce neither the 
percentage of CA nor AC at all concentrations and treat-
ment times with the exception of 200 µg/ml concentra-
tion for 24 hour treatment period (Table 4). Additional-
ly, no dose-dependent effect was observed. It also did 
not induce the percentage of MN at all concentrations 
at any treatment period (Table 4). Doripenem was not 
cytotoxic in cultured human peripheral lymphocytes. 
Additionally, DRP did not decrease neither the MI nor 
the NDI at all concentrations at both treatment periods 
as shown in Table 5.

A significant increase was observed in total poly-

a female, non-smokers, age 24) was added to PbMax 
medium at sterile conditions and incubated at 37±0.5°C 
for 72 hours. Then, the cultured cells were treated with 
100, 200, and 400 μg/ml concentrations of DRP for 24 
and 48 hours. An untreated negative control and two po-
sitive controls (EMS 0.2 μg/ml and sodium azide, SA, 
2 µg/ml) (Sigma, S2002) were also added to the ana-
lysis. EMS was used to cause frameshift mutation and 
SA was used for detection of a single base substitutions 
(single-point mutations). At the end of the incubation, 
the culture cells were washed twice with sterile 0.9% 
NaCl and DNA was isolated using the High Pure PCR 
Template Preparation Kit (Roche Diagnostics, GmbH, 
Mannheim, Germany) according to the manufacturer’s 
protocol.

Thirty-five RAPD reactions were performed using 
a Verity 96-well thermal cycler (Applied Biosystems, 
USA) using the 10 oligonucleotide primers. The content 
of PCR reaction mixtures and PCR conditions were pre-
sented in Table 2 and Table 3.

After final extension PCR products were electro-
phoresed on %1.8 agarose gel (Thermo Scientific, 
SM0321) at 150 V for 75 minutes. Next, the gel was 
stained with ethidium bromide (5 µg/ml) for 30 seconds 
and it was kept in distilled water for 30 minutes and then 

PCR mixture Volume (μl)
ddH2O 11.5
10X Taq Buffer 2.5
MgCl2 (25 mM) 3.0
dNTP mix (25mM) (Fermantas, RO191) 0.5
Primer (5 pmol) 4.0
Taq DNA Polimerase(500 Unit/μl) 
(Fermantas, SB38) 1.0

DNA (5 ng/ml) 2.5
Total Volume 25

Table 2. Content of RAPD-PCR mixture.

Test 
substa.

Time
(hour)

Concent.
(µg/ml)

Abnormalities
B’      B’’    P

Structural CA±SE (%) Abnormal Cells±SE (%) MNBC±SE (%)

Control - - 5 1 3   1.50±0.64   2.00±0.70 0.39±0.10
EMS 24 0.2 64 26 22.50±4.85 18.75±3.81 1.02±0.12
DRP 24 100 7 1 5   2.00±0.57   3.25±1.03 0.76±0.13
   “ 24 200 20 1 3   5.25±0.47**   5.50±0.86* 0.84±0.24
   “ 24 400 11 2   3.25±1.79   3.25±1.79 1.08±0.29

EMS 48 0.2 100 75 43.75±9.89 26.25±6.75 1.42±0.24
DRP 48 100 11 3   3.50±1.84   3.50±1.84 0.81±0.19
   “ 48 200 19 2   5.25±1.65   4.50±1.50 0.90±0.28
   “ 48 400 12 7   4.75±1.43   4.25±1.18 1.08±0.23

Table 4. The percentage of CA, AC and MN in human peripheral lymphocytes treated with DRP for 24 and 48 hours+.

+ MNBC, micronucleated binuclear cells; B’, chromatid type break; B’’, chromosome type break; P, polyploidy.

Program No Operation Temperature (°C) Time (min.) Number of Cycles 

1. Initial denaturation 95 5 1 
2.1 
2.2 
2.3 

Denaturation 
Annealing
Extension

95 
34
72

1 
1
2 

35 

3. Final extension 72 10 1 

Table 3. RAPD-PCR protocol.
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morphic bands at all concentrations of 48 hour treat-
ment period and only for the highest concentration 
(400 µg/ml) and for 24 hour treatment period without a 
dose-dependent effect (Table 6). The GTS rate was also 
significantly decreased at the highest concentration for 
24 hour, and in all concentrations for 48 hour treatment 

periods without a dose-dependent manner (Table 7).

Discussion

This study was conducted to evaluate the genotoxic 
effect of the DRP by using both cytogenetic and mo-
lecular methods. The chromosomal aberrations (CA) 
and micronucleus (MN) tests were used as cytogene-
tic methods and RAPD-PCR technique was used as a 

molecular method. Doripenem did not induce the mean 
of CA and the frequency of MN, and also did not cause 
cytotoxicity in peripheral blood cells. However, DRP 
significantly induced the total polymorphic bands espe-
cially at 48 hours treatment period at all concentrations, 
and significantly decreased the GTS rate. So, it can be 
concluded that DRP did not cause any chromosomal 
damage while it caused nucleotide alterations such as 
SA which could cause nucleotide changes. 

The methods used in this study served us as determi-
nants of both the structure and the number of chromo-
some abnormalities and DNA base changes that have 
been caused by xenobiotics. Chromosom aberrations 
and MN methods allow us to detect the microscopic le-
vels of chromosome and chromatid type abnormalities 
originated from other chromosomal damages such as 

Test substances Time (hour) Concentrations (µg/ml) MI±SE (%) NDI±SE
Control - - 7.89±0.71 1.62±0.12
EMS 24 0.2 5.13±0.48 1.31±0.08
DRP 24 100 7.60±0.49 1.43±0.09
   “ 24 200 7.80±0.19 1.51±0.09
   “ 24 400 7.08±0.31 1.42±0.08

EMS 48 0.2 5.21±1.16 1.59±0.08
DRP 48 100 8.18±0.40 1.67±0.05
   “ 48 200 7.50±0.64 1.56±0.05
   “ 48 400 7.18±0.27 1.61±0.10

Table 5. The MI and NDI in human peripheral lymphocytes treated with DRP for 24 and 48 hours.

Test 
Substan. Time (hour) Concent. (µg/ml) Mean number of polymorphic bands 

Male DNA±SE      Female DNA±SE Total polymorphic bands mean ±SE

Control -- -- 0.000±0.000 0.000±0.000 0.000±0.000
EMS 24 0.2 0.094±0.028*** 0.113±0.034*** 0.103±0.021***
SA 24 2.0 0.056±0.022* 0.056±0.024** 0.056±0.012***

DRP 24 100 0.009±0.008 0.011±0.010 0.010±0.007
DRP 24 200 0.009±0.006 0.022±0.015 0.015±0.008
DRP 24 400 0.018±0.013 0.056±0.024** 0.036±0.013**
EMS 48 0.2 0.056±0.022* 0.113±0.034*** 0.082±0.019***
SA 48 2.0 0.056±0.021* 0.147±0.038*** 0.097±0.021***

DRP 48 100 0.018±0.013 0.068±0.027** 0.041±0.014**
DRP 48 200 0.037±0.018* 0.056±0.024** 0.046±0.015**
DRP 48 400 0.066±0.024** 0.090±0.030*** 0.077±0.019***

Table 6. The RAPD bands profile in female and male DNA in human cells exposed to DRP.

Significant compared to control; *: P≤0.05; **: P≤0.01; ***: P≤0.001.

Test Substances Time (hour) Concentrations (µg/ml) Genomic template stability mean±SE
Control -- -- 100,00±0.00
EMS 24 0.2 90.09±1.77***
SA 24 2.0 93.50±1.79**

DRP 24 100 98.54±1.07
DRP 24 200 98.04±1.15
DRP 24 400 96.00±1.34**
EMS 48 0.2 91.03±2.88**
SA 48 2.0 89.26±2.71***

DRP 48 100 95.42±1.71*
DRP 48 200 95.04±1.49**
DRP 48 400 91.94±2.41**

Table 7. Genomic template stability rate of the male and female DNA in human cells exposed to DRP.

Significant compared to control; *: P≤0.05; **: P≤0.01; ***: P≤0.001.
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fragment translocation, sister chromatid union, deletion 
etc. (35,40). On the other hand, RAPD-PCR method 
allows us to detect the base changes (base substitutions, 
base deletions or additions) that changed the primer bin-
ding sites (33,41).

Previously, DRP was used for therapy at the dose of 
500 mg/person/day intravenously (11-12). Normally, if 
a young person is assumed to be 60 kg and is exposed to 
the dosage mentioned above, this corresponds to dosage 
of 0.0083 mg/day. This dose is much lower than the dose 
which was used in this study. Hence, DRP decreased 
GTS rates at the lowest dose (100 mg/ml) only for 48 
hours treatment period. When all of these are taken into 
consideration as a whole and considering the therapeu-
tic dose of DRP cannot be used in such a high dose, it 
can be said that DRP is unlikely to have any genotoxic 
and mutagenic risks. Doripenem has no cytotoxic effect 
because it did not decrease the MI and NDI. Therefore, 
it can be concluded that DRP did not create any stress 
conditions on cell division and DNA replication. 

The experimental doses, which were used in this 
study, were much higher than the therapeutic doses. The 
main purpose of using these much high concentrations 
of DRP was to determine the genotoxic effects of non-
cytotoxic chemical that are highly soluble in water. In 
addition to that, to provide information about the effects 
of higher doses than the therapeutic doses in case of 
taken accidentally. Similarly, Madle et al. (1993) repor-
ted that non-toxic chemicals could be used over 5 mg/
ml concentration in in vitro systems (42). In the present 
study, DRP was tested at 400 µg/ml as a maximum dose 
for its genotoxic and cytotoxic effects while the maxi-
mum daily dose for human was 0.0083 µg/mg. So, it 
is clearly understood that DRP cannot be used at such 
high doses. On the other hand, DRP has a fast metabolic 
way that its half-life is about only an hour. It is metabo-
lized to β-lactam ring and eliminated via kidneys while 
approximately 80% of DRP is unchanged and excreted 
in the urine (43).

Tanimoto et al. (2008) used Pseudomonas aerugino-
sa in order to determine the genotoxicity of DRP (44). 
Authors found that DRP inhibited the mutant formation. 
Likewise, in the present study, it was observed that DRP 
did not have any genotoxic and cytotoxic effects on hu-
man peripheral lymphocytes.

This is the first report on genotoxicity and mutage-
nicity of DRP on human blood lymphocytes. During 
preparation of the project proposal, we did not find any 
study that have been done on the genotoxicity of DRP 
in literature. This is also an opportunity to compare the 
genotoxic risk of DRP in in vivo animals or in another 
different test system. Previous studies have been shown 
that β-lactam antibiotics had no genotoxic and cytotoxic 
effects on human peripheral lymphocytes (19,45-47). 
Likewise, we observed similar results in the present stu-
dy and the results suggested that DRP caused mutations 
only at doses much higher than the therapeutic doses.

Consequently, DRP did not show any genotoxic risk 
at the therapeutic doses. This may also indicate that 
DRP is a safe antibiotics according to its rapid meta-
bolism. However, further studies should be done to 
exactly determine the possible genotoxicity of DRP. 
For example, multiple test systems and bacterial reverse 
mutation tests could be included in in vivo researches.
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