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Abstract: Direct-acting antivirals have revolutionized the treatment of chronic hepatitis 
C. Sofosbuvir and simeprevir are prescribed worldwide. However, there is a scarcity 
of information regarding their genotoxicity. Therefore, the present study assessed the 
cytotoxic and genotoxic effects of sofosbuvir and simeprevir, alone and combined with 
ribavirin. HepG2 cells were analyzed using the in vitro cytokinesis-block micronucleus 
cytome assay. Cells were treated for 24 h with sofosbuvir (0.011−1.511 mM), simeprevir 
(0.156−5.0 µM), and their combinations with ribavirin (0.250−4.0 mM). No signifi cant 
differences were observed in the nuclear division cytotoxicity index, refl ecting the 
absence of cytotoxic effects associated to sofosbuvir. However, the highest concentration 
of simeprevir showed a signifi cant difference for the nuclear division cytotoxicity index. 
Moreover, signifi cant results were observed for nuclear division cytotoxicity index in 
two combinations of sofosbuvir plus ribavirin and only in the highest combination 
of simeprevir plus ribavirin. Additionally, our results showed that sofosbuvir did not 
increase the frequency of chromosomal damage, but simeprevir signifi cantly increased 
the frequency of micronuclei at the highest concentrations. The combination index 
demonstrated that both sofosbuvir and simeprevir produced antagonism to the 
genotoxic effects of ribavirin. In conclusion, our results showed that simeprevir, but not 
sofosbuvir, has genotoxic effects in HepG2 cells. 

Key words: direct-acting antiviral, micronucleus test, sofosbuvir (CAS 1190307-88-0), 
simeprevir (CAS 923604-59-5), ribavirin (CAS 36791–04–5). 

INTRODUCTION

Chronic hepatitis C affects approximately 71 
million people worldwide, or about 1% of 
the world’s population (WHO 2017). Chronic 
hepatitis C is an infectious disease caused by 
the hepatitis C virus (HCV) and is the leading 
cause of liver diseases such as liver cirrhosis 
and hepatocellular carcinoma (Sebastiani et 
al. 2014). In this sense, antiviral therapy is an 
important tool in the control of the epidemic, 
when the main objective is sustained virological 
response (SVR) (González-Grande et al. 2016). 

SVR is defined as the absence of detectable 
HCV by nucleic acid testing in blood samples 
obtained 12–24 weeks after completion of HCV 
therapy (Wiktor & Scott 2017). 

Treatment for HCV has evolved signifi cantly 
in recent years, especially with the licensing of 
new direct acting antiviral drugs (DAAs). DAAs 
are antivirals that specifi cally block the action 
of viral proteins during the HCV replication 
cycle, such as nonstructural proteins NS3/4A 
(protease inhibitors), NS5A (NS5A inhibitors), 
and NS5B (polymerase inhibitors) (Geddawy 
et al. 2017). The only therapeutic option for 
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treatment of HCV infection prior to 2011 was 
pegylated interferon alfa (PegIFNa) and ribavirin 
(RBV) for 24-48 weeks, depending on the HCV 
genotype (Flisiak et al. 2017a). In 2011, boceprevir 
and telaprevir, the first protease inhibitors, were 
approved for the treatment of HCV genotype 1 
infection (Jacobson et al. 2011, Poordad et al. 
2011). However, these drugs have been reported 
to have limited efficacy and severe adverse 
effects, and in 2013 they were largely replaced 
by newer DAAs, including sofosbuvir (SOF), 
daclatasvir and simeprevir (SIM). 

The approval of SOF by the Food and Drug 
Administration (FDA) represented a milestone in 
the development of new therapeutic options, and 
created new perspectives in the development of 
potent treatment regimens for chronic hepatitis 
C. Thus, these new DAAs and their combinations 
revolutionized HCV treatment, with shorter 
treatment regimens, lower toxicity, and more 
effective response (SVR > 90%) (Geddawy et 
al. 2017). SOF is an oral nucleotide analogue 
inhibitor of the HCV-specific NS5B polymerase 
with high antiviral efficacy across all genotypes, 
though it should never be used in monotherapy 
(González-Grande et al. 2016, Geddawy et al. 
2017).

Due to its pangenotypic mode of action, SOF 
is an important component in HCV therapy, being 
part of several treatment regimens for different 
genotypes (Geddawy et al. 2017). Several studies 
have demonstrated a favorable clinical safety 
profile of SOF-based treatment regimens (Liu 
et al. 2014, Beck et al. 2016, Calleja et al. 2017, 
Crespo et al. 2017, Flisiak et al. 2017b, Yang & Choi 
2017); however, few studies have investigated 
its genotoxic profile (FDA 2013a, EMA 2016). The 
genotoxic effects of RBV have already been 
demonstrated in cell culture studies (Joksić et 
al. 2000, 2006, Librelotto et al. 2019), but there 
are few studies evaluating the genotoxic effects 
of DAAs, which are often used in combination. 

In this sense, the present study assessed the 
cytotoxic and genotoxic potentials of two DAAs 
(SOF and SIM), with and without RBV, using the 
in vitro cytokinesis-block micronucleus cytome 
(CBMN-Cyt) assay in human hepatoma cells 
(HepG2).

MATERIALS AND METHODS 
Chemical agents
SOF (Sovaldi™) was manufactured by Gilead 
Sciences (Foster City, CA, USA) and diluted 
with DMSO (Dimethyl Sulfoxide; CAS 67-68-5; 
Sigma-Aldrich, St. Louis, MO, USA) plus DMEM 
(Dulbecco’s Modified Eagle’s Medium; Gibco® 
Invitrogen, Carlsbad, CA, USA). SIM (Olysio™) 
was manufactured by the company Janssen-
Cilag International NV (Beerse, BE, EU) and was 
diluted with DMEM. RBV was manufactured 
by Farmanguinhos (Rio de Janeiro, Brazil) and 
diluted with DMEM. The chemical mutagen 
benzo[a]pyrene (B[a]P) (CAS 50-32-8) was 
purchased from Sigma-Aldrich (St. Louis, MO, 
USA) and was used as positive control at 1 µM. 
The negative control of the SOF experiments 
was DMEM plus DMSO (1%) and of the SIM 
experiments was DMEM. All dilutions were 
prepared immediately before use.

Cell line and culture conditions
HepG2 cells were purchased from Rio de Janeiro 
Cell Bank (HepG2 catalogue 0103). HepG2 cells 
was maintained as a monolayer in 75 cm2 flasks in 
DMEM supplemented with 10% heat-inactivated 
foetal bovine serum (Cultilab®, Campinas, SP, 
Brazil) and antibiotics (0.1% gentamicin and 1% 
penicillin and streptomycin, both from Gibco® 
Invitrogen, Carlsbad, CA, USA) and kept in a 
humidified 5% CO2 atmosphere at 37°C until 
confluence was reached.



CARINA S. LIBRELOTTO et al. GENETIC TOXICITY OF DAAS

An Acad Bras Cienc (2021) 93(4) e20200632 3 | 11 

The cytokinesis-block micronucleus cytome 
(CBMN-Cyt) assay
The CBMN-Cyt assay was carried out according 
to Fenech (2007) with slight modifications. 
Briefly, HepG2 cells were seeded on 24-well 
plates at the density of 1 × 105 and incubated 
for 20 h at 37°C and 5% CO2. The concentrations 
of SOF and SIM to be tested in the CBMN-Cyt 
assay were determined based on the solubility 
of both compounds in the medium. Then, 
HepG2 cells were exposed to a 24-h treatment 
with SOF (0.011, 0.023, 0.047, 0.094, 0.188, 0.377, 
0.755, and 1.511 mM), SOF combined with RBV 
(0.094 + 0.250, 0.188 + 0.5, 0.377 + 1, 0.755 + 2, 
1.511 + 4 mM), SIM (0.156, 0.312, 0.625, 1.25, 2.5, 
and 5.0 µM) and with SIM combined with RBV 
(0.156 + 0.250, 0.312 + 0.5, 0.625 + 1.0, 1.25 + 2.0, 
2.5 µM + 4.0 mM). After treatment, HepG2 cells 
were washed twice in Dulbecco’s phosphate-
buffered saline (DPBS) and cytochalasin B (Cyt 
B; CAS 14930-96-2; Sigma-Aldrich, St. Louis, MO, 
USA) was added to a final concentration of 5 
μg/mL in complete fresh medium. Seventy-two 
hours later, CytB was removed and the cells were 
washed twice with DPBS at 37°C, trypsinized with 
350 μL trypsin (Gibco® Invitrogen, Carlsbad, CA, 
USA), and resuspended with complete medium. 
The cells were harvested by cytocentrifugation 
(Cientec, Belo Horizonte, MG, Brazil). Then, 100 
μL of the cell suspension was transferred to 
cytocentrifuge cups and centrifuged for 5 min at 
151 × g to produce one spot per slide. Slides were 
removed, fixed, and stained with Instant Prov 
(Newprov®, Pinhais, PR, Brazil). After staining, 
slides were air-dried and examined under 400× 
magnification using a light microscope. Two 
independent experiments, in duplicate, were 
performed. Data about treatment of HepG2 cells 
with RBV alone were previously published by 
our research group (Librelotto et al. 2019).

The nuclear division cytotoxicity index 
(NDCI) was estimated by scoring 500 cells with 

one to four nuclei as well as apoptotic and 
necrotic cells. The NDCI was calculated using the 
formula [Ap + Nec + M1 + 2(M2) + 3(M3) + 4(M4)] 
/ 500, where M1 to M4 represent the number 
of cells with one to four nuclei, respectively, Ap 
represents the number of apoptotic cells, and 
Nec represents the number of necrotic cells. 
Micronuclei (MNi), nuclear buds (NBUDs), and 
nucleoplasmic bridges (NPBs) were counted in 
1000 binucleated cells (BNC) per experimental 
point and were scored according to Fenech (2000). 
The combination index was calculated per each 
experimental point using the formula CI = [(mA 
/ mAB) + (mB / mAB)], where “m” represents the 
mean MNi frequencies induced by each drug 
alone (mA or mB) and in combination (mAB). 
The relationship is characterized as antagonism 
(CI > 1), synergism (CI < 1), or additivity (CI = 1) 
(Loewe 1957, Ramakrishnan & Jusko 2001).

Statistical analysis
Statistical analysis was performed using the 
Statistical Package for the Social Sciences 
(SPSS) software, version 18.0 (SPSS Inc., Chicago, 
IL, USA). Normality was evaluated with the 
Kolmogorov–Smirnov test and homogeneity of 
variance was evaluated with the Levene’s test. 
The results were expressed as the means and 
standard deviations (± SD). Since NDCI and DNA 
damage values were not normally distributed, 
the non-parametric Mann-Whitney U test with P 
< 0.05 was used to quantitatively determine the 
difference between negative control and treated 
groups.

RESULTS

NDCI was calculated for all treatments with 
SOF, SOF + RBV, SIM, and SIM + RBV as shown in 
Figures 1 and 2. The treatment with SOF alone 
(Figure 1a) induced no reduction in NDCI values, 
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independently of concentration. However, the 
combined treatment of SOF + RBV (Figure 2a) 
was able to reduce NDCI values compared 
to the negative control, and this reduction 
was statistically significant for two combined 
treatments (SOF + RBV: 0.755 + 2 and 1.511 + 4 
mM). In the treatment with SIM (Figure 1b), only 
the highest concentration (5.0 µM) significantly 
reduced the NDCI values. Likewise, combined 
treatment of SIM + RBV (Figure 2b) was able 
to reduce NDCI values only with the highest 
concentrations (SIM + RBV: 2.5 µM + 4 mM).

MNi, NPBs, and NBUDs frequencies were 
investigated in HepG2 cells using the CBMN-
Cyt assay (Tables I and II). Treatments with 
SOF alone and combined with RBV (Table I) at 
the concentrations stipulated did not increase 

the frequencies of chromosomal damage. The 
two highest concentrations of the treatment 
with SIM (1.25 and 2.5 µM) and four combined 
treatments (SIM + RBV: 0.312+0.5; 0.625+1.0; 
1.25+2.0; 2.5 µM + 4.0 mM) induced significant 
increments in the MNis frequency, compared to 
the negative control (Table II). When comparing 
the induction frequencies of both treatments 
at each concentration, it can be seen that the 
combined treatment (SIM + RBV) led to significant 
increases in frequency of MNis compared with 
the treatment with SIM alone. Frequencies 
of NPBs and NBUDs were also investigated in 
HepG2 cells using the CBMN-Cyt assay, but there 
was no significant increase of these parameters 
at the concentrations analyzed in the treatments 
(Tables I and II).

Figure 1. Effects of the 
exposure of HepG2 cells to 
(a) sofosbuvir (0.01–1.511 mM) 
and (b) simeprevir (0.156–5.0 
µM) on the Nuclear Division 
Cytotoxicity Index (NDCI). 
NC, negative control [in (a) 
DMSO 1% and in (b) DMEM]; 
* Significantly different from 
the NC (P<0.05).
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Figure 3 shows the comparison of MNi 
frequencies induced by isolated (SOF, SIM and 
RBV) and combined (SOF + RBV, and SIM + 
RBV) treatments. Regarding MNi frequency, the 
isolated treatment with RBV differed significantly 
from the treatment combined with SOF at all 
concentrations (0.25, 0.5, 1, 2 and 4 mM) (Figure 
3a) and also from the combined treatment with 
SIM at four concentrations (0.25, 0.5, 1, and 2 
mM) (Figure 3b). Only two concentrations of the 
treatment isolated with either SOF (0.188 and 
0.755 mM) or SIM (0.156 and 2.5 µM) presented a 
statistically significant difference compared to 
the combined treatment with RBV. However, these 
differences are opposite. Treatment with SOF 

(0.188 and 0.755 mM) caused more chromosome 
damage, expressed as the frequency of MNi, 
than the SOF + RBV combination. On the other 
hand, cells treated with SIM (0.312 and 2.5 μM) 
showed less chromosomal damage than those 
treated with SIM + RBV. The combination index 
showed that both combined treatment (SOF + 
RBV and SIM + RBV) had antagonistic effects 
regarding MNi frequency.

DISCUSSION

Due to the great epidemiological importance 
of chronic hepatitis C worldwide and to the 

Figure 2. Effects of the 
exposure of HepG2 cells to 
(a) sofosbuvir combined 
with ribavirin and to (b) 
simeprevir combined with 
ribavirin on the Nuclear 
Division Cytotoxicity 
Index (NDCI). NC, negative 
control [in (a) DMSO 
1% and in (b) DMEM]; * 
Significantly different 
from the NC (P < 0.05).
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clinical importance of the new treatment for 
HCV (Wiktor & Scott 2017), our study provides 
relevant information about the cytotoxic and 
genotoxic profile of SOF and SIM, alone and 
in combination with RBV, using the in vitro 
CBMN-Cyt assay in HepG2 cells. In the selected 
concentrations, it was possible to observe the 
absence of cytotoxic and genotoxic effects of 
SOF both alone and combined with RBV. In 
contrast, SIM alone and combined with RBV 
showed cytotoxic and genotoxic effects. Besides, 
SOF and SIM presented antagonistic effects to 
the well- documented genotoxic effects of RBV.

Cytotoxic effects were measured by NDCI 
in all treatments, and only the cells exposed 
to the highest concentration of SIM exhibited 
significantly reduced cell proliferation compared 
to the negative control. For this reason, the 

chromosomal damage was not evaluated for 
this concentration. It is possible that these 
results were caused by RBV. In vitro genotoxicity 
studies using cultured human lymphocytes 
(Joksić et al. 2000, 2006), CHO-K1 (Chinese 
hamster ovary), and HepG2 cells (Librelotto et 
al. 2019) also demonstrated that different RBV 
concentrations inhibit cell proliferation. It has 
been proposed that the cytotoxic effect of RBV is 
due to induction of cell death and suppression 
of cell division and proliferation (D’Souza & 
Narayana 2002). 

The results observed in our study 
demonstrated that treatments with SOF, alone 
and combined with RBV, did not increase the 
frequency of chromosomal damage (MNi, NPBs, 
NBUDs) independently of dose. These results, 
regarding the absence of genotoxic effect of 

Table I. Cytokinesis-block micronucleus (CBMN) cytome assessment of sofosbuvir alone and combined with 
ribavirin in HepG2 cells. 

Treatments Chromosomal Damage
MNia NPBsa NBUDsa

Sofosbuvir
NC 8.25 ± 3.45 0.50 ± 0.50 1.75 ± 0.71

CP (B[a]P 1 µM) 21.00 ± 6.24b 0.0 ± 0.0 12.00 ± 5.00b

0.094 mM 9.13 ± 3.36 0.50 ± 0.50 1.88 ± 1.64

0.188 mM 10.00 ± 2.19 0.0 ± 0.0 2.67 ± 2.31

0.377 mM 9.50 ± 3.66 0.0 ± 0.0 1.75 ± 1.50

0.755 mM 8.67 ± 2.34 0.0 ± 0.0 1.00 ± 0.0

1.511 mM 7.29 ± 4.54 0.0 ± 0.0 2.00 ±1.41

Sofosbuvir and Ribavirin
NC 4.50 ± 1.76 0.0 ± 0.0 0.50 ± 0.50

CP (B[a]P 1 µM) 19.25 ± 6.18b 0.50 ± 0.50 9.50 ± 6.45b

0.094 mM + 0.250 mM 6.00 ± 3.03 0.0 ± 0.0 0.50 ± 0.50

0.188 mM + 0.5 mM 4.16 ± 2.13 0.50 ± 0.50 0.0 ± 0.0

0.377 mM + 1 mM 7.16 ± 3.76 0.50 ± 0.50 0.75 ± 0.30

0.755 mM + 2 mM 3.00 ± 1.00 0.50 ± 0.50 0.0 ± 0.0

1.511 mM + 4 mM 4.75 ± 0.95 0.0 ± 0.0 0.50 ± 0.50
NC: negative control (DMSO 1%, dimethyl sulfoxide): PC (B[a]P 1 µM): positive control (benzo[a]pyrene), MNi: micronuclei, NPBs: 
nucleoplasmic bridges, NBUDs: nuclear buds.
a Values are given as mean ± standard deviation.
b Significantly different from the negative control group (P < 0.05) (Mann-Whitney U).
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SOF, are in accordance with data published by 
American (FDA 2013a) and European (EMA 2016) 
evaluation reports of SOF. These reports revealed 
that SOF does not induce any genotoxic effect, 
as observed in other genotoxicity assays, such 
as the in vitro reverse mutation assay (bacteria), 
in vitro chromosome aberration assay (human 
lymphocytes), and in vivo micronucleus assay. 
On the other hand, the results found in our study 
revealed genotoxicity of SIM that is not reported 
in the full review report of SIM issued by the FDA 
and EMA (European Medicines Agency). According 
to FDA (2013b) and EMA (2014), SIM did not show 
genotoxicity in the following tests: Ames test, 
L5178Y TK+/- mouse lymphoma cells, and in vivo 
mouse micronuclei test. Our study, using the 
CBMN-Cyt assay in HepG2 cells, showed genotoxic 

effects of SIM at the highest concentrations (1.25 
and 2.5 µM) and in four combinations with RBV 
(SIM+RBV: 0.312+0.5; 0.625+1.0; 1.25+2.0; 2.5 µM+4.0 
mM). SIM alone and combined with RBV may 
lead to increased MNi frequencies, indicating 
the possibility of promoting chromosomal 
mutations associated to aneugenic and/or 
clastogenic events in HepG2 cells. The MNis are 
small, extranuclear bodies observed as a result 
of chromosome fragmentation (clastogenic) or 
whole chromosome loss (aneugenic) during 
cell division and are used as a marker of 
chromosome damage and instability (Schmid 
1975, Fenech & Morley 1985, Fenech 2000). 

In our study, the genotoxic mechanisms of 
SIM were not investigated, since this was not 
one of the objectives of the study. Therefore, 

Table II. Cytokinesis-block micronucleus (CBMN) cytome assessment of simeprevir alone and combined with 
ribavirin in HepG2 cells.

Treatments 
Chromosomal Damage

MNia NPBsa NBUDsa

Simeprevir

NC (DMEM + H2O) 3.75 ± 1.26 0.0 ± 0.0 0.0 ± 0.0

PC (B[a]P 1 µM) 18.75 ± 6.80b 0.50 ± 0.50 9.50 ± 6.08b

0.156 µM 4.75 ± 1.26 0.0 ± 0.0 0.50 ± 0.50

0.312 µM 6.25 ± 2.63 0.0 ± 0.0 1.00 ± 0.0

0.625 µM 6.75 ± 3.10 0.0 ± 0.0 1.00 ± 0.0

1.25 µM 6.75 ± 1.71b 0.0 ± 0.0 0.0 ± 0.0

2.5 µM 7.00 ± 2.71b 0.0 ± 0.0 0.50 ± 0.50

Simeprevir and Ribavirin 

NC (DMEM) 4.75 ± 0.96 0.0 ± 0.0 0.0 ± 0.0

PC (B[a]P 1 µM) 18.75 ± 6.80b 0.50 ± 0.50 9.50 ± 6.08b

0.156 µM + 0.25 mM 5.50 ± 1.73 0.0 ± 0.0 0.0 ± 0.0

0.312 µM + 0.5 mM 9.67 ± 0.58b 0.0 ± 0.0 0.0 ± 0.0

0.625 µM + 1 mM 8.25 ± 1.26b 0.0 ± 0.0 0.0 ± 0.0

1.25 µM + 2 mM 9.25 ± 1.71b 0.0 ± 0.0 0.0 ± 0.0

2.5 µM + 4 mM 14.25 ± 2.50b 0.0 ± 0.0 0.0 ± 0.0
NC (DMEM+ H2O): negative control (Dulbecco’s Modified Eagle’s Medium; water), PC (B[a]P): positive control (benzo[a]pyrene), 
MNi: micronuclei, NPBs: nucleoplasmic bridges, NBUDs: nuclear buds.
a Values are the mean ± standard deviation.
b Significantly different from the negative control group (P<0.05) (Mann-Whitney U test).



CARINA S. LIBRELOTTO et al. GENETIC TOXICITY OF DAAS

An Acad Bras Cienc (2021) 93(4) e20200632 8 | 11 

further studies should be performed in order to 
elucidate these processes. However, it is known 
that mutagenic chemicals can induce genomic 
changes in DNA directly or/and indirectly, but 
some substances need to be metabolized before 
they acquire their mutagenic capacity (Kirsch-
Volders et al. 2003, Mateuca et al. 2006). SIM is 
metabolized in the liver and in vitro experiments 
with human liver microsomes indicated that 
simeprevir primarily undergoes oxidative 
metabolism by the hepatic CYP3A system (FDA 
2013b). 

The combination index evaluation 
demonstrated that SOF and SIM antagonized the 
genotoxic effects of RBV. These results reveal a 
significant reduction in MNi frequency after the 
combined treatment, compared to the treatment 

with RBV alone. Recently, Librelotto et al. (2019) 
demonstrated that RBV was genotoxic to CBMN-
Cyt in HepG2 and CHO-K1 cells, and other studies 
have also clarified the genotoxic profile of RBV 
(Joksić et al. 2000, 2006, D’Souza & Narayana 
2002). Although such antagonism mechanisms 
were not evaluated in the present study, 
our results are of considerable importance, 
since they demonstrate that the combination 
of RBV with SOF and SIM decreases the well-
documented genotoxicity of RBV when used 
alone. Studies demonstrate that SOF and SIM 
are substrate/inhibitor for the efflux transporter 
P-glycoprotein (de Kanter et al. 2014, Kirby et 
al. 2015, Ouwerkerk-Mahadevan et al. 2016), and 
this glycoprotein is expressed on the surface 
of HepG2 cells (Cantz et al. 2000, Decaens et 

Figure 3. Comparison 
of the micronuclei 
frequencies obtained 
for the treatments 
with SOF, SIM and 
RBV used individually 
and their respective 
combined treatments. 
(a): Treatments with 
SOF, RBV, and SOF + 
RBV; * Significantly 
different from the SOF 
+ RBV group (P < 0.05) 
(Mann-Whitney U). 
(b): Treatments with 
SIM, RBV, and SIM + 
RBV; ** Significantly 
different from the SIM 
+ RBV group (P<0.05) 
(Mann-Whitney 
U). A: antagonism, 
obtained through the 
combination index. a: 
Values are the mean 
± standard deviation. 
MNi: micronuclei. 
SOF: sofosbuvir. SIM: 
simeprevir. RBV: 
ribavirin.
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al. 2008). Due to unknown mechanisms, an 
influence on RBV absorption/metabolism could 
occur when RBV and SOF or RBV and SIM are 
combined (Chan et al. 2004).

Since several treatment regimens are based 
on the combination SOF + RBV, the conjoint 
use of these drugs should be studied in detail. 
Moreover, particularly in clinical practice, it is 
important to know more about the genotoxic 
effects of DAAs, since these drugs can be used 
by various age groups, each characterized by 
their own epidemiological profiles. For example, 
a large number of HCV patients is also infected 
with the human immunodeficiency virus (HIV), in 
view of transmission routes both viruses share 
(Peters & Klein 2015). HIV-infected patients often 
use antiretroviral drugs with known genotoxic 
effects (Schilling et al. 1995, Von Tungeln et 
al. 2004, Carter et al. 2007, Torres et al. 2007, 
Guimarães et al. 2013). The combined use of 
DAA and antiretroviral drugs has been evaluated 
primarily regarding the potential drug-drug 
interactions and overlapping toxicities (Soriano 
et al. 2017), but there is no data on the risk of 
DNA damage caused by combination of these 
drugs.

One of the limitations of the present study 
was that the highest concentration of SOF 
stipulated is factually restricted by the maximum 
concentration allowed for the solvent in the 
culture (1% DMSO) (OECD 487 2016). In other 
words, the absence of cytotoxicity observed 
for the highest concentration of SOF used was 
possibly due to the fact that we could not further 
evaluate the effects of higher levels of the drug.

In conclusion, exposure of HepG2 cells to 
SOF and SOF + RBV did not induce cytotoxicity, 
chromosomal damage, or complex genomic 
changes. In contrary, SIM alone and associated 
with RBV has the ability to cause genotoxic 
effects independently of the doses used. In 
addition, the combination index demonstrated 

the antagonistic effect of SOF and SIM on the 
genotoxic effects caused by RBV. Considering 
the great importance of SOF-based treatment 
regimens in HCV therapy, our results are relevant 
in that they demonstrate the genotoxic safety 
profile of SOF and its combination with RBV.
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