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Summary

Background: Rifampin is an antibiotic widely used for the treatment of
mycobacterial infections such as tuberculosis and leprosy. The drug produces
hepatic, renal and bone marrow toxicity in patients. In this study, toxic effects of
rifampin on cell proliferation and cellular organelles were investigated using cells
with different metabolic activities.
Results: Human hepatoma cells (HepG2) and human laryngeal carcinoma cells
(Hep2) were cultured in 96-well plated and were exposed to 5, 10, 20, 50 and 100 µM
of rifampin. Toxicity of the drug was assessed by MTT assay. Toxicity was evident
from 10 mg/ml upward on HepG2 cells with direct relationship with concentration.
Electron microscopic survey showed broad disruption in the membranes of cell
organelles including the nucleus. Hep2 cells were unaffected by the drug in all
concentrations in MTT assay and electron microscopy survey.
Conclusion: Rifampin is toxic to hepatic cells in cell culture even in the
concentration that is very close to its Cmax in clinical settings when it is used in usual
doses in the treatment of various infectious diseases. Considering the result of the
drug's exposure to Hep2 cells, it seems that hepatic metabolism is the main
determinant of its toxicity. More studies using protective measures will clarify the
mechanism of rifampin toxicity.
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Introduction
Cell viability assays measure the number of live cells in culture. These cell-based
assays are frequently used for drug discovery using high-throughput screening (1),
environmental assessment of chemicals (2) and biosensors for monitoring cellular
behavior (3). Some biochemical methods, such as the MTT assay are widely used in
toxicity screening assays (4,5).
Rifampin is an important drug in the treatment of human mycobacterial and other
infections. It is widely used as an essential drug in the treatment of tuberculosis and
leprosy, in combination with other drugs (6). The drug has been shown to produce
hepatic toxicity in animal studies (7,8) and clinical settings (9,10). Tubulo-interstitial
nephritis (11) and acute renal failure (10) is another remarkable adverse effect of the
drug. The drug is also known to inhibit protein synthesis (12) and induces
chromosomal abberation (13,14). Toxic effects of the drug were shown in in vitro
experiments on some cultured cells (15).
In this study, we investigated the effect of rifampin on two different cell cultures,
one with high metabolic capacity (human hepatoma cell line, HepG2) and one without
this capacity (human larynx carcinoma cell line, Hep2), compared to the former one.
In fact, we developed a procedure to distinguish between the direct toxic effects of
rifampin and toxic effects of its metabolites produced by liver cells. We also
investigated the effects of rifampin in both cell lines by electron microscopy to
identify the main organelles that are affected by the drug. In cell culture experiments,
we can study pure toxic effects of a substance, independent of other organs or the
whole organism.
Materials and methods
Materials
Rifampin was kindly provided by Hakim Pharmaceutical Company (Tehran,
Iran). The substance was dissolved in DMSO. DMSO, MTT and DMEM powder
were purchased from Merck Company (Tehran, Iran). Gentamicin was purchased as
injectable ampoules from Daru Pakhsh Pharmaceutical Company (Tehran, Iran).
Cell cultures and treatments
HepG2 and Hep2 cells were obtained from Pasteur Institute Collection of Cell
Cultures, Tehran, Iran (ECACC No. 86121112) and were cultured in 25 cm2 DMEM
supplemented with 10% FBS and gentamicin (with a final concentration of 100 mg/l)
under standard conditions and subcultured in the ratio 1:3 twice per week. Passages
1–15 were used for experiments. Cells were seeded at a density of 1000 cells/well in
96-well plates (Greiner, UK) and incubations with various concentrations of rifampin
were started 24 h after seeding and continued for 48 hours.
Cytotoxicity assay
HepG2 cells were cultured in 96 wells plates at a concentration of 1 × 103
cells/well, and incubated at 37 ºC, in a 5% CO2 incubator. After 24 h the culture
supernatant was changed and different amounts of rifampin were added to produce
final concentrations of 5, 10, 20, 50 and 100 µM in culture medium. The plates were
incubated for 48 h. Then, 20 µl of MTT (methyl-tetrazolium [3-(4,5-dimethylthiazol2-yl)-2,5- diphenyltetrazolium bromide]) (Sigma, USA) at a concentration of 5 mg/ml
was added to each well. The plates were incubated for 4 h at 37 ºC in a 5% CO2
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incubator. The growth medium was removed; 200 µl of DMSO and 20 µl of glycine
buffer were added and incubated at room temperature for 30 min.
The absorbance of each well was measured by an ELISA reader (Microplate reader
MR 600, Dynatech, USA) at a wavelength of 570 nm. Determination of percent of
growth inhibition was carried out using the following formula:
Growth inhibition (%) = [(C – T)/C] × 100
Where C is the mean absorbance of control group and T is the mean absorbance of
test group.
Transmission electron microscopy (TEM)
HepG2 and Hep2 cells were grown in 150 cm2 tissue culture flask. When cells
reached to near 100% confluency, they were incubated with different concentration of
rifampin for 24 hours. Then cells were detached and washed twice with DMEM
medium without serum in order to remove the proteins of serum. The cells were fixed
for overnight in 2.5% glutaraldehyde in phosphate buffer (pH 7.3) at 4 ºC. The cells
were washed three times in phosphate buffer (10 min each times, 4 ºC), then postfixed
in 2% OsO4 in phosphate buffer for 1 hour at at 4 ºC. The cells were washed twice in
water and dehydrated using ethanol. Then the cells were infiltrated and embedded in
low-viscosity epoxy resin (Spurr resin). Thin sections of about 70-100 nm were cut
on a LKB Ultramicrotome (Type 4801A, Sweden)) with a diamond knife (Diatome,
Switzerland). Sections were picked up on 300 nm mesh copper grids and stained with
2% aqueous solution uranyl acetate for 3 min and Reynold’s lead citrate for 5-10 min.
Then the cells were viewed and photographed with a LEO-912 AB (Germany)
transmission electron microscope. Control sections were prepared with cells
incubated with the solvent (DMSO).
Statistical evaluations
The data were expressed as mean ± standard deviation (SD) of 8 independent
experiments. Wherever appropriate, the data were subjected to statistical analysis by
one-way analysis of variance (ANOVA) followed by Tukey-Kramer test for multiple
comparisons. A value of p<0.05 was considered significant. Instat for Windows
version 3 software was used for the statistical analysis and excel 2003 was used for
producing diagrams.
Results
Cytotoxicity assay
HepG2 cells- Figure 1 shows the results of MTT assay in HepG2 cells cultured
for 48 hours in DMEM containing different concentrations of rifampin (see above).
Rifampin did not produce a significant reduction in cell number in 5 µM
concentration (p<0.05), but produced significant dose-dependent reduction in cell
number in 10 (p<0.01), 20, 50 and 100 (p<0.001) µM concentrations. The drug
reduced the number of cells by 12.32%, 37.58%, 55.63% and 76.42% in 10, 20, 50
and 100 µM respectively. DMSO did not reduce the number of cells to a significant
amount and was not toxic to cells.
Hep2 cells- As can be seen in Figure 2, rifampin did not produce a significant
reduction in cell number in all concentrations (p<0.05) in this cell line. In the other
words, rifampin is not toxic to Hep2 cells.
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Figure 1- The effects of Rifampin on HepG2 cell growth in MTT assay.
HepG2 cells (1000 cells per well) were grown in MEM for 24 h and exposed to
Rifampin for an additional 24 h.
Rifampin concentrations are in µM.
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Figure 2- The effects of Rifampin on Hep2 cell growth in MTT assay.
Hep2 cells (1000 cells per well) were grown in MEM for 24 h and exposed to
Rifampin for an additional 24 h.
Rifampin concentrations are in µM.

408

Pharmacologyonline 3: 405-413 (2007)

Vahdati-Mashhadian et. al.

TEM observation
HepG2 cells- Figure 3 shows a control HepG2 cell with clear mitochondria and
endoplasmic reticulum. Lipid bilayers of organelles are distinct from cytoplasmic
media without any signs of damage. Figure 4 shows a HepG2 cell exposed to 50 µM
of rifampin. Damage to cellular organelles and elongation of them with abnormal
shape and without normal structure is obvious. Inflammation of rough endoplasmic
reticulum is also evident. Nucleus deformation and chromosomal condensation can
be clearly observed in Figure 5. No obvious damage to cell was observed in cells
exposed to 5 µM of rifampin (Figure not shown).
Hep2 cells- These cells were not affected in microscopic evaluation, as they were
not affected in MTT cytotoxicity assay (Figure not shown).

Figure 3- Electrone microscopic photo of a control HepG2 cell with clear and normal
organelles (Magnification ×50000).
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Figure 4- Electrone microscopic photo of a HepG2 cell exposed to 50 mM rifampin
for 48 hours. Damage to cellular organelles with abnormal shape and structure is
obvious.

Inflammation of rough endoplasmic reticulum is also evident.

(Magnification ×80000).

Figure 5- Electrone microscopic photo of a HepG2 cell exposed to 50 mM rifampin
for 48 hours. Nucleus deformation and chromosomal condensation can be clearly
observed. (Magnification ×31500).
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Discussion
In this study, the effects of rifampin on two different cell lines with different
metabolic capacity were investigated. Results of MTT assay with HepG2 cells show
that the drug have significant toxicity on these cells. Toxic effect was evident from
the concentration of 10 µM (8.23 µg/ml) and increased in a concentration-dependent
manner. On the other hand, maximum therapeutic plasma concentrations of rifampin
are 7-10 µg/ml (16) that overlaps the lowest toxic concentration in our experiments.
Isefuku et al (15) reported that rifampin can inhibit the proliferation of osteoblast-like
cells in vitro at concentrations of 10 µg/ml and above. In clinical setting, hepatic
toxicity is a rare incident (16) because in vivo environment produce a better and more
effective protection against toxic agents. HepG2 cells may also be more sensitive
than normal hepatic cells against toxic damage due to rifampin.
Electron microscopic examination of HepG2 cells additively confirmed the
results of MTT cytotoxicity test. The drug damaged cellular organelles including
endoplasmic reticulum and mitochondria. Similar TEM data was reported in an in
vivo animal experiment (7) and our results are in agreement with them.
Rifampin did not adversely affect Hep2 cells in all concentrations tested. To our
knowledge, there is not any clinical report of rifampin in laryngeal tissue. These cells
are originated from larynx carcinoma cells that possess lower metabolic activity
against foreign substances and they may not have significant expression of phase I
metabolic enzymes. This may explain why results do not agree with each other in the
two cell lines.
As reviewed by Knasmuller et al. (17), HepG2 cells express a wide range of
phase I enzymes such as cytochrome P450 (CYP) 1A1, 1A2, 2B, 2C, 3A and 2E1,
arylhydrocarbon hydrolase, nitroreductase, N-demethylase, catalase, peroxidase,
NAD(P)H:cytochrome c reductase, cytochrome P450 reductase, and NAD(P)H,
Quinone oxidoreductase and phase II enzymes such as epoxide hydrolase,
sulfotransferase, glutathione S-transferase (GST), uridine glucuronosyl transferase,
and N-acetyl transferase. Some of these enzymes present in higher concentrations in
growing than in confluent cells (18). Rifampin is metabolized by hepatic microsomes
to various active and inactive metabolites. The drug also induces the most important
cytochrome P450 enzyme responsible for the metabolism of foreign compounds
(CYP3A4), including itself (19). The drug produces renal damage as well, as kidney
is the second organ rich in metabolizing enzymes. It appears that phase I metabolism
is responsible for the production of reactive metabolites that damage cellular
macromolecules and produce lipid peroxidation. Electron microscopic examination
of HepG2 cells exposed to 50 mM rifampin also shows disruption of membranes of
cellular organelles including mitochondria (Figure 4).
Meanwhile, DNA
condensation (Figure 5) confirms DNA damage possibly due to reactive metabolites
of the drug. HepG2 cells have been found to be a suitable tool for genotoxicity
testing (20). There is argument on the value of in vitro assays for detecting
hepatotoxicity, but drugs which tested positive in these assays (e.g. greater than 50%
effect at 30 µM in HepG2 cells), there was high probability of human toxicity (i.e.
they had high specificity) (21).
In conclusion, we designed an experiment distinguishing direct toxicity of a
substance and indirect toxicity due to active metabolites of it resulting from metabolic
activation. We are going to develop our experiment using antioxidants and free
radical scavengers that theoretically may significantly reduce these effects in hepatic
and other cell lines.
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