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Metronidazole (2-(2-methyl-5-nitro-1H-imida-
zol-1-yl)ethanol) is one of the most commonly pre-
scribed antibacterial and antiprotozoal medications
worldwide. For over 50 years it has been widely
utilised in the treatment of numerous diseases such
as anaerobic bacterial infections (Bacteroides,
Fusobacterium, Clostridium, Peptostreptococcus or
Prevotella species), trichomoniasis, bacterial vagi-

nosis, enteritis infectious, Crohnís disease, endo-
carditis, aspiration pneumonia, periodontitis, amoe-
bic dysentery, Helicobacter pylori or Giardia lam-
blia infections. It has been included in perioperative
prevention protocols for bowel or head and neck
surgeries as well (1, 2, 3). Moreover, it has been
used is cancer treatment, with both radiotherapy and
chemotherapy, making both treatment modalities
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Abstract: Metronidazole belongs to the most commonly prescribed medications for bacterial and parasitic
infections worldwide. It is also used in perioperative prevention prior to bowel, and head and neck surgeries.
Despite the fact that the World Health Organization has placed it on its List of Essential Medicines, it is con-
sidered potentially carcinogenic. A great number of research studies have been conducted to clarify this issue,
but the results are inconclusive. None of the studies focused on the influence of metronidazole on oral cancer
development. The aim of our study was to evaluate the impact of metronidazole on the viability of tongue can-
cer cells. The research was conducted on the tongue squamous cell carcinoma cell line (CAL-27). Metronidazole
dissolved in growth medium was applied to the cell culture at concentrations: 1, 10, 50, 100 µg/mL. Toxicity of
the drug was evaluated by MTT assay and the [3H]-thymidine incorporation test. The MTT test revealed a sig-
nificant increase in cell viability under the influence of metronidazole after 24 h, at the highest concentration of
the drug (100 µg/mL), but had no impact on cell viability at other concentrations and after 48 h and 72 h. The
results of the [3H]-thymidine incorporation test did not show significant results. Summarizing, metronidazole
stimulates the viability of tongue squamous cell carcinoma cells according to its concentration and the time of
incubation (results significant at the concentration 100 µg/mL, after 24 h of incubation). 
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more effective. It has been used as a radiosensitizer
for hypoxic cells, e.g. in head and neck cancer radio-
therapy or in combination with 5-fluorouracil (5-
FU) in the chemotherapeutic treatment of metastatic
colorectal cancer. Less frequently, metronidazole
has been used as a single medication for colon can-
cer (4, 5). The World Health Organisation has pla-
ced it on its List of Essential Medicines, a list of the
most important medication needed in a basic health
system (6, 7).

Metronidazole can affect mainly anaerobic
organisms. It inhibits nucleic acid synthesis by dis-
rupting the DNA of microbial cells. This situation
occurs only if metronidazole is partially reduced,
and since e this reduction usually happens in anaer-
obic cells, it is considered to have relatively little

influence on aerobic cells, including humans cells
(1). There is a great number of articles in the avail-
able literature discussing the problem of the car-
cinogenic potential of metronidazole. Despite the
fact that much research has been conducted, the
results are still not inconclusive. Furthermore, there
is a lack of reports regarding the influence of this
drug on oral cancer development.

Oral cancer is still a considerable problem as
each year 450,000 new cases are diagnosed world-
wide and two-thirds of them occur in developing
countries. It belongs to a group of cancers com-
monly referred to as head and neck cancers ñ it
comprises approximately 85% of that category.
Head and neck cancer (localized in the upper
aerodigestive tract) is the sixth leading cancer by

Figure 1. Cells viability after 24 h

Figure 2. Cells viability after 48 h
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incidence worldwide and account for 6% of all
cancer cases. Malignancies of the oral cavity may
evolve in the unchanged mucosa, but more fre-
quently they arise from premalignant oral lesions
(leukoplakia, erythroplasia, lichen planus) (8, 9,
10, 11).

Standards in the treatment of this disease are
surgery and postoperative radiotherapy. The 5-
year survival rate ranges between 40% and 70%,
depending on the location, tumor stage or presence
of metastases. The greatest problems regarding
treatment, which also constitute the principal
cause of therapy failure, are local recurrence of the
tumor and occurrence of a second primary tumor.
Second primary malignancies are not confined to
the oral cavity; they occur in other locations
exposed to similar carcinogenic factors, particu-

larly various tissues of the aerodigestive tract
(lung or esophageal cancer). They are detected
among 10% to 40% of patients. Tumors located in
the head and neck region affect a number of criti-
cal human functions including speech, communi-
cation, swallowing, eating, and appearance.
Therefore, they cause considerable psychological
distress and lead to the deterioration of a patientís
quality of life (8, 9, 10, 11).

The aim of the current study was to evaluate
the impact of metronidazole on the viability of
tongue cancer cell lines.

EXPERIMENTAL

The research was conducted on tongue squa-
mous cell carcinoma cell lines (CAL-27), purchased

Figure 3. Cells viability after 72 h 

Figure 4. DNA biosynthesis after 24 h
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from the American Type Culture Collection (ATCC,
Manassas, USA), since the tongue is one of the most
common locations of this malignancy. The cells
were kept in DMEM (Gibco, Thermo Fisher
Scientific, Waltham, Massachusetts, USA), supple-
mented with 10% fetal bovine serum (FBS, Gibco),
50 U/mL penicillin (Gibco), 50 mg/mL strepto-
mycin (Gibco), at 37OC in a 5% CO2 incubator, in 10
mL plates (Sarstedt, USA). 

Metronidazole purum (> 98%) was supplied by
Sigma Chemical Co (St. Louis, Mo). The drug was
dissolved in a growth medium and then added to the
cell culture at concentrations: 1, 10, 50, 100 µg/mL. 
The toxicity of metronidazole was evaluated by
MTT assay. Cells reached confluence on day 3 and
were subsequently sifted to the 96 well plates
(Sarstedt, USA) with 0.2 mL of growth medium,
20,000 cells per well. The respective drug concen-
trations were added to each well after 24 h of incu-
bation. Following that, the cells were incubated for
24, 48 and 72 h. After the incubation, the medium
was removed and MTT (Thiazolyl Blue Tetrazolium
Bromide ñ M5655, SIGMA-ALDRICH, St.Louis,
USA) diluted in PBS (concentration 5mg/ml) was

added. After 15 min of incubation at 37OC, the cells
were dissolved in 200 µL of Isopropyl alcohol with
2 µL of Sorensenís buffer. The results were then
recorded with a spectrophotometer (Asys UVM 340,
Biogenet) at 570 nm of wavelength.

The influence of metronidazole on cell prolifer-
ation was evaluated with the [3H]-thymidine incorpo-
ration test. The cells were seeded in 24 well plates
with 1 mL of medium, 50,000 cells per well. After 
24 h of incubation, respective concentrations of
metronidazole were added. The results were assessed
after the following 24, 48 and 72 h. Four hours
before assessing the results 0.5 mCi of [3H]-thymi-
dine (Hartman Analytic GmbH, Braunschweig,
Germany) was added to the medium. Incorporation
of the marker into DNA was measured using a scin-
tillation counter ñ Liquid Scintillation Analyzer Tri-
Carb 2810 TR (Perkin Elmer) and calculated using
Quanto Smart TM software (Perkin Elmer).

All data were extracted from original sources
to fields within an Excel (Microsoft, Redmond,
WA) database. The mean values of 3 independent
experiments were used, each had 8 replicants. Data
manipulation and analysis were conducted using

Figure 5. DNA biosynthesis after 48 h

Figure 6. DNA biosynthesis after 72 h
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GraphPad Prism software for Mac OS X, version 7
(GraphPad Software, La Jolla California USA). To
evaluate the statistical significance, comparison of
five studied groups was performed using ANOVA
(Dunnettís multiple comparison test). Values of p <
0.05 were considered statistically significant.

RESULTS

A statistically significant increase in cell via-
bility under the influence of metronidazole was
found at the highest concentration of the drug (100
µg/mL) after 24 h of incubation (Fig. 1). No signifi-
cant impact on cell viability has been proved at other
concentrations after 48 and 72 h (Figs. 2, 3). 

The [3H]-thymidine incorporation test results
did not show any statistically significant differences
in cell proliferation depending on applied metron-
idazole concentrations and the time of incubation
(Figs. 4-6). 

DISCUSSION

Metronidazole is widely used as an antibacter-
ial and antiprotozoal medication, although it acts
predominantly against anaerobes. It is used as an
inactive prodrug. As a low molecular weight com-
pound, it can diffuse into the cell through its mem-
brane. Anaerobic organisms reduce the unionized
drug intracellularly to its active form by the pyru-
vate: ferredoxin oxidoreductase system. The nitro
groups of metronidazole capture electrons that
would normally be transferred to hydrogen ions in
this cycle. This promotes the formation of interme-
diate compounds and free radicals that are toxic to
the cell which can link with DNA, change its helical
structure and inhibit the synthesis of nucleic acids,
which ultimately leads to bacterial cell death (12).

If only anaerobic cells have the ability to acti-
vate metronidazole, why is it believed that the drug
affects also aerobic cells, including humansí, and
acts like a carcinogen? There are three main
hypotheses offering explanation of this process: 

● Nitroreduction hypothesis 
In aerobic cells, the reduction of the nitro group of
metronidazole is mediated by NADH, xanthine oxi-
dase, NADPH cytochrome P450 reductase, and
NADPH cytochrome c reductase. An electrolytical-
ly reduced drug is responsible for extensive DNA
damage by loss of helix conformation, strand break-
age and, possibly, conversion of nitrogen bases.
However, there are no published research results
demonstrating the reduction of human plasma
metabolites in this manner. 

● Bacterial activation hypothesis
During the anaerobic transformation of metronida-
zole in cecal content (examined in rats), the drug is
converted into acetamide in yields of 8ñ15% and to
N-(2-hydroxyethyl)-oxamic acid in far lower quan-
tities (6-9 ñ fold less). Acetamide is considered to be
carcinogenic for rats, mice and, possibly, humans. A
weak point of this hypothesis is that this mechanism
can be prevented by parenteral administration of the
drug, forgoing its passage through the gastrointesti-
nal tract. 

● Aerobic biotransformation hypothesis
In humans, most of metronidazole is metabolized
into two principal metabolites: 1-(2-hydroxyethyl)-
2-hydroxymethyl-5-nitroimidazole (HM) and 1-
acetic acid-2-methyl-5-nitroimidazole (AAM) to
yields of approximately 40% and 15ñ20%, respec-
tively. Both have been found in patientsí urine and
plasma, but HM has been proved to influence cell
lines with a functional P53 (the guardian of the
genome, a tumor suppressor gene) ñ P53 protein
levels increased in cell lines where HM was added.
The induction of P53 is considered to be an early
biomarker of DNA damage. According to published
research, this hypothesis is the most reliable (13).

Research focused on P53 functionality in the
genotoxicity of metronidazole and its metabolites
described in the available literature were conducted
on the cell lines of human cervical carcinoma
(HeLa) and colon carcinoma (RKO and RKO-E6).
The results obtained in the study showed increased
cell proliferation in all cell lines treated with
metronidazole, regardless of their P53 functionali-
ty, whereas HM induced increased proliferation
only in cell lines with abnormal P53 (14). Oral
squamous cell carcinoma is also included in a group
of tumors whose development is connected with
P53 dysfunction (15). Therefore, we can assume
that metronidazole and its metabolites exert a simi-
lar effect on the cells of this type of cancer. The
results of the present study showed a significant
increase in cancer cell line viability under the influ-
ence of metronidazole. Heterogeneous outcomes
were achieved depending on drug concentration
and incubation time. The most profound effect was
observed at the highest metronidazole concentra-
tions (100 µg/mL), 24 h after the addition of the
drug. In order to check differences in DNA synthe-
sis and confirm the results of the MTT assay, the
[3H]-thymidine incorporation test was performed.
The same concentrations of metronidazole were
used, and the results were collected after 24, 48 and
72 h. The outcomes of the test did not show any sta-
tistically significant differences in DNA production
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depending on the concentration of the drug ñ the
values fluctuated.

Early research was based on clinical trials
involving patients treated with metronidazole for
Crohnís disease, Trichomonas vaginalis, Helicobac-
ter pylori or other infections. A great number of
those epidemiological studies suggested a link
between metronidazole and tumor occurrence, but
the results were inconclusive. This ambiguity can be
connected with the fact that it is impossible to pre-
vent exposure to other carcinogenic factors in epi-
demiological trials. The issue has been extensively
discussed in the case of patients with a Helicobacter
pylori infection, which, per se, is a well-known gas-
tric cancer risk factor and which is treated with
metronidazole (16). A similar problem is observed
in cervical cancer, where vaginal trichomoniasis is a
risk factor and which is usually treated with metron-
idazole (17, 18). Results of the study on lympho-
cytes of patients after such treatment of Trichomo-
nas vaginalis, showed a significant increase in the
frequency of DNA single-strand breaks (ssb) prior
to and following treatment (13). In a similar study,
MenÈndez and co-workers (19), examined the num-
ber of ssb and ëalkali labileí-sites in the DNA of
patients treated with metronidazole. The results also
demonstrated a substantial increase in DNA disrup-
tion in nine out of 10 individuals following treat-
ment completion. The damage tended to be repaired
after 14 days of drug discontinuation. Furthermore,
plasma metronidazole concentrations correlated
inversely with the intensity of DNA damage ñ the
highest concentrations of the drug produced the least
damage. Quite opposite results of similar assay were
obtained by Fahrig and Engelke (20). They used
lymphocytes of patients treated for different infec-
tions. Following the examination of cell nuclei prior
to the first application, and 30 min to 2 h after the
last one, they found no differences in DNA damage
prior to and following treatment. Mitelman et al.
(21) in their double-blind cross-over study involving
patients treated for Crohnís disease also did not find
any significant clastogenic effects of long-term
metronidazole use on lymphocytes. The [3H]-thymi-
dine incorporation test in which we examined dif-
ferences in DNA synthesis following the addition of
various metronidazole concentrations also did not
reveal any statistically significant changes.

Similar studies conducted on the different
types of cancer cells also gave equivocal results. A
decrease in cell viability, depending on drug con-
centration, was found in the DLD-1 colorectal can-
cer cell lines after metronidazole addition. Authors
performed MTT test after 24, 48, or 72 h of incuba-

tion with the drug at different concentrations (0.1, 1,
10, 50, and 250 µg/mL). Although, the conditions of
the research was analogical to those in our research,
the outcome was quite opposite ñ authors found the
decrease in the viability of cells, depending on the
concentration of the drug and time of incubation,
with the highest value reaching 20%. In the same
study authors evaluated differences in DNA synthe-
sis using the [3H]-thymidine incorporation test,
which demonstrated no statistically significant
changes in comparison with control cells (22). The
result of the analogical test in our study was similar. 
Different results were obtained in the research
assessing the impact of metronidazole on the breast
cancer. In the assay conducted in similar conditions
as our study authors observed that metronidazole
improved the survival of estrogen-independent
(MDA-MB-231) or estrogen-dependent (MCF- 7)
breast cancer cells, particularly when it was used in
a high concentration (250 µg/mL). Mentioned
results looked analogical to ours, but the outcome of
the [3H]-thymidine incorporation test was a bit dif-
ferent ñ authors found a significant increase in the
MCF-7 cell line after 24 h, at metronidazole con-
centration of 250 µg/mL, comparing to control cells
(23). Research evaluating the metronidazole influ-
ence on the breast cancer, conducted on the mice
model showed similar results. Authors tried to esti-
mate the risk of spontaneous mammary cancer deve-
lopment in mice after antibiotic treatment. They
observed a significantly higher risk of tumor devel-
opment in the metronidazole-treated group (approxi-
mately three times higher compared with the con-
trols) and only a marginal increase in incidence in
the case of gentamicin treatment (24).

The results of the aforementioned research are
rather ambiguous. On the one hand, metronidazole
is regarded as a proven carcinogen, on the other ñ as
an anti-cancerous agent or even as a drug used in
cancer treatment (alone or in combined therapy).
Nonetheless, the International Agency for Research
on Cancer (IARC) has qualified metronidazole as a
substance possibly carcinogenic to humans (group
2B) (25).

There is a lack of similar studies in the avail-
able literature concerning head and neck cancer. It is
important to evaluate if metronidazole can promote
the development of this type of tumor since it is
widely used in head and neck surgery as well as in
the perioperative prevention of oral cancer surger-
ies. According to the results obtained in the present
study, the MTT test proved that a high concentration
of metronidazole stimulated oral cancer cell viabili-
ty. On the other hand, the [3H]-thymidine incorpora-
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tion test did not provide any statistically significant
differences in cancer cell proliferation. Drug con-
centrations used in the research are close to its con-
centration in blood during treatment ñ in a regimen
of 500 mg dose four times a day, the minimum
steady-state serum levels reached 21.3 µg/mL (26).
Taking into consideration mentioned results, a
potential risk of using metronidazole should be care-
fully analysed. Replacing metronidazole with a dif-
ferent antibiotic should possibly be considered in the
treatment of patients with previously diagnosed oral
cancer or premalignant lesions. This may limit local
recurrence of the tumor or occurrence of second pri-
mary cancer, which are a frequent problem in the
treatment of this disease. 

CONCLUSION

The MTT test proved that metronidazole, at
high concentrations, stimulates the viability of
tongue squamous cell carcinoma cells. The [3H]-
thymidine incorporation test did not provide any sig-
nificant outcomes. Taking both assays into consid-
eration, selecting metronidazole as an antibiotic
should be performed very carefully, especially in the
treatment patients with previously diagnosed oral
cancer or premalignant lesions.
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