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Abstract
Quaternary benzo[c]phenanthridine alkaloids (QBAs) sanguinarine and chelerythrine exert a plethora of biological activities. Nevertheless, the speciﬁc cellular target for these alkaloids within the cell was not identiﬁed as far. Several literary data indicate that biological
eﬀects of QBAs could be associated with aryl hydrocarbon receptor (AhR) signaling pathway, including cytochrome P450 CYP1A, however, available information are controversial. In this work we analyzed the eﬀects of sanguinarine and chelerythrine on AhR activity in
rat hepatoma cells HII4E.luc stably transfected with dioxin responsive element fused to luciferase gene (DRE-LUC). Studied QBAs were
tested in submicromolar concentration range (0.0001–1 lM) and in incubation times 6, 24 and 48 h. Transcriptional activity of AhR was
monitored by chemiluminiscence measurement of luciferase catalytic activity. Sanguinarine and chelerythrine did not activated AhR in
any time or dose tested. Chelerythrine (1 lM) but not sanguinarine caused moderate inhibition of AhR activation by 10 picomolar dioxin
(exponential phase of receptor activation). In contrast, AhR activation by 2.5 nM dioxin (saturated receptor) was not aﬀected by either
alkaloid tested. In conclusion, the ﬁndings presented here favor rather for inactivity or modest inhibitory eﬀect of QBAs on AhR
signaling pathways in vitro than for the activation of the receptor. Regarding the concentrations of QBAs occurring in vivo, the use
of products containing sanguinarine and/or chelerythrine has low toxicological potential in terms of the interactions with AhR signaling
pathways.
 2006 Elsevier Ltd. All rights reserved.
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1. Introduction
Quaternary benzo[c]phenanthridine alkaloids (QBAs)
sanguinarine and chelerythrine (see Fig. 1) exert a wide
Abbreviations: AhR, aryl hydrocarbon receptor; BNF, beta-naphthoﬂavone; DMSO, dimethylsulfoxide; DRE-LUC, dioxin responsive element
fused to luciferase reporter gene; FCS, foetal calf serum; CHE, chelerythrine; HepG2, human hepatoma cells; 3-MC, 3-methylcholanthrene; PAHs,
polyaromatic hydrocarbons; PKC, protein kinase C; QBA, quaternary
benzo[c]phenanthridine alkaloid; SA, sanguinarine; TCDD, 2,3,7,8-tetrachlorodibenzo-p-dioxin.
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array of biological activities, among which antimicrobial,
antifungal and anti-inﬂammatory activities are the most
important for practical applications of these compounds
(Walterova et al., 1995). Two principal areas of QBAs
practical use are dental care products (Giuliana et al.,
1997; Hong et al., 2005), and feed additives in pig raising
(Kosina et al., 2004). QBAs have multiple cellular targets
that are determined in particular by: (i) reaction with nucleophilic and anionic moieties of amino acids in peptides and
proteins (Schmeller et al., 1997); (ii) formation of molecular
complex with DNA by intercalation (Maiti et al., 1982);
(iii) inhibition of protein kinase C, Ca2+-dependent protein
kinase C, cyclic AMP-dependent protein kinase, and
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Fig. 1. Structures of sanguinarine and chelerythrine.

phospholipid-dependent protein kinase C (Wang et al.,
1997).
There is increasing body of evidence that biological
activities of QBAs could be linked to aryl hydrocarbon
receptor (AhR) signaling pathway and cytochrome P450
CYP1A. The ﬁrst indication that sanguinarine eﬀects
in vivo could be associated with AhR and/or CYP1A
came from the observation, that sanguinarine toxicity in
mice was attenuated by pre-treatment of the animals with
CYP1A inducer 3-methylcholanthrene (Williams et al.,
2000). Similar phenomenon was observed in vitro, when
the cytotoxicity of sanguinarine in primary cultures of
rat hepatocytes and in human hepatoma cells (HepG2)
was signiﬁcantly reduced by pre-treatment of the cells
with CYP1A inducers dioxin, beta-naphthoﬂavone, and
3-methylcholanthrene (Vrba et al., 2004). There are also
indications that CYP1A enzymes could be involved in
the genotoxicity of sanguinarine and chelerythrine. The
production of reactive species that formed DNA adducts
was detected after the incubation of QBAs with rat liver
microsomes isolated from the animals treated with
CYP1A inducers (Stiborova et al., 2002). Hence, in vivo
and in vitro toxicity of sanguinarine could be modulated
by AhR-dependent signaling pathway. Another set of
papers dealt with the eﬀects of QBAs on AhR receptor.
It was described that sanguinarine activates polycyclic
aromatic hydrocarbon associated metabolic and signaling
pathways in oral keratinocytes and tissues (Karp et al.,
2005). The authors demonstrated that sanguinarine
induces AhR-dependent expression of CYP1A and other
genes. Nevertheless, the reliability of these results was
impeached (Dvorak et al., 2005). In contrast, we have
recently reported that sanguinarine and chelerythrine do
not aﬀect basal and dioxin-inducible AhR-dependent
expression of CYP1A1 mRNA and protein in HepG2
cells (Zdarilova et al., 2006). In addition, both alkaloids
inhibited catalytic activity of CYP1A1 (Karp et al.,
2005; Vrba et al., 2004; Zdarilova et al., 2006). We concluded that CYP1A modulates QBAs cytotoxicity and
genotoxicity, but QBAs themselves do not aﬀect CYP1A1
expression (Zdarilova et al., 2006). In present work, as
well as in our previous report, the submicromolar doses
of QBAs were applied on the cells (Zdarilova et al.,
2006). In higher concentrations (approx. 4 lM), the inhib-

itory eﬀects of QBAs against protein kinase C (PKC)
must be taken into the consideration. Since functional
PKC is essential for proper activation of AhR, the application of high concentrations of QBAs on the cells will
logically result in the inhibition of dioxin-dependent
AhR activation (Long et al., 1998). The question of eﬀective inhibitory concentration of QBAs and their intrinsic
cytotoxicity is often the subject of scientiﬁc disputations.
Collectively, the literary data on the eﬀects of QBAs on
AhR transcriptional activity are ambiguous and further
analyses are necessary.
The aim of our work was to determine, whether
sanguinarine and chelerythrine in sub-micromolar concentrations activate AhR and whether these compounds
interfere with dioxin-dependent AhR activation. Rat hepatoma cells H4IIE.luc cells stably transfected with dioxinresponsive elements fused to luciferase gene (DRE-LUC)
were the model of choice. Transcriptional activity of AhR
was monitored as luciferase catalytic activity.
2. Materials and methods
2.1. Chemicals
Dulbecco‘s modiﬁed Eagle‘s medium, minimal essential medium, foetal calf serum, streptomycin, penicillin, L-glutamine, non-essential amino
acids and sodium pyruvate were purchased from Sigma Chemicals (St.
Louis, MO). 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) from Ultra
Scientiﬁc (RI, USA). Sanguinarine and chelerythrine were isolated from
sanguiritrine (CAMAS Technologies, Inc., Broomﬁeld, USA) using column chromatography on alumina (Dostal et al., 1992). Sanguinarine (SA)
in 98.1% purity, M.P. 279–282 C (Southon and Buckingham, 1989) and
chelerythrine (CHE) in 95% purity, M.P. 200–204 C (Southon and
Buckingham, 1989) were obtained. All other chemicals were of the highest
grade commercially available.

2.2. Cell cultures
The rat hepatoma cells H4IIE-luc, were stably transfected with a
luciferase reporter gene fused to the dioxin-responsive elements (pGduLuc
1.1. reporter) as described elsewhere (Hilscherova et al., 2000; Sanderson
et al., 1996). pGudLuc 1.1 reporter contains MMTV (mouse mammary
tumor virus promoter) fragment as well as 480-bp fragment isolated from
the 5 0 ﬂanking region of the mouse Cyp1a1 gene (Sanderson et al., 1996).
The 480-bp fragment contains four DREs. The cells were cultured in
minimal essential medium supplemented with 10% heat-inactivated fetal
calf serum. Cells were maintained at 37 C in 5% CO2 humidiﬁed
incubator.
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2.3. Cytotoxicity assays

Kit (Promega). The data were normalized per total protein content
determined by biscinchoninic acid method (Stoscheck, 1990).

H4IIE.luc cells were seeded on 24-well dishes at a density of
1 · 105 cells/well using culture medium enriched with foetal calf serum
(10% v/v). Following 16 h of stabilization, the cells were treated for 6, 24
and 48 h with sanguinarine and chelerythrine in concentrations of 0.01–
1 lM or with dimethylsulfoxide (DMSO) as vehicle for control. Neutral
red (NR) incorporation to the cells was measured as an indicator of cell
viability. The concentrations of sanguinarine and chelerythrine that
caused no more than a 20% decrease in cell viability were considered as
non-toxic for further experiments.

2.4. AhR-dependent luciferase activity in H4IIE-luc cells

% ofinhibition of NR incorporation

Rat hepatoma cells stably transfected with a luciferase reporter gene
fused to the dioxin-responsive enhancers (H4IIE-luc) were seeded on 96well culture plates and grown to 90–100% conﬂuence. The cells were
treated 6, 24 and 48 h with sanguinarine (SA; 0.0001 lM, 0.001 lM,
0.01 lM, 0.1 lM, 1 lM), chelerythrine (CHE; 0.0001 lM, 0.001 lM,
0.01 lM, 0.1 lM, 1 lM), and/or DMSO as vehicle for control in the
presence or absence of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD; ﬁnal
concentration 10 pM and/or 2.5 nM). The luciferase activity was measured on a luminometer TECAN GENios using the Luciferase Monitoring

100

3. Results
3.1. Cytotoxicity assessment
Numerous studies employ the concentrations of QBAs
that are without any doubt cytotoxic for the cells. In our
experiments we considered concentrations of sanguinarine
and chelerythrine that caused no more than a 20% decrease
in cell viability as non-cytotoxic. Viability of the cells was
assessed by incorporation of Neutral Red to H4IIE.luc
cells. Rat hepatoma cells were incubated with tested compounds in concentration range 0.01–1 lM for the periods
of 6, 24 and 48 h. In parallel, the incubations with 1% v/v
Triton X-100 or with dimethylsulfoxide (DMSO) as vehicle
were performed to assess maximal and minimal cell damage, respectively. Both QBAs tested, i.e. sanguinarine and
chelerythrine caused dose- and time-dependent damage of
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Fig. 2. Evaluation of sanguinarine and chelerythrine cytotoxicity in H4IIE.luc cells. Rat hepatoma cells were treated with tested compounds in
concentration range 0.01–1 lM and/or dimethylsulfoxide (DMSO) as vehicle for the periods of 6, 24 and 48 h. Cytotoxicity was assessed by monitoring
incorporation of Neutral Red to the cells. Bar plots represent means ± SD from three independent experiments. = the value is signiﬁcantly diﬀerent
from DMSO value at p < 0.05.
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ted 6, 24 and 48 h with tested QBAs in concentrations
0.0001–1 lM. Neither sanguinarine nor chelerythrine
induced AhR-dependent luciferase activity in any concentration and time periods used (Fig. 3). These data imply
that sanguinarine and chelerythrine are not the activators
of AhR.

hepatoma cells. Cytotoxicity of chelerythrine was much
lower than that of sanguinarine. Overall, we can consider
chelerythrine as ‘‘non-toxic’’ in all tested concentrations
and times of incubation. On the other hand, sanguinarine
in 1 lM concentration was cytotoxic after 24 and 48 h of
incubation. Dose- and time-eﬀects of sanguinarine and
chelerythrine on the viability of H4IIE.luc cells are shown
in Fig. 2.

3.3. Time-course and dose–response eﬀects of TCDD on
AhR-dependent luciferase activity in H4IE.luc cells

3.2. Eﬀects of sanguinarine and chelerythrine on basal
AhR activity in H4IIE.luc cells

We challenged rat hepatoma cells for the periods of 6, 24
and 48 h with two diﬀerent concentrations of TCDD
(10 pM and/ 2.5 nM), the concentrations representing
exponential phase of AhR activation and saturated AhR,
respectively. Treatment of H4IIE.luc cells with TCDD in
both concentrations caused a growing induction of AhRdependent luciferase activity, the eﬀect of 2.5 nM TCDD
being more pronounced (Fig. 4A). The average fold

In order to determine whether sanguinarine and chelerythrine activate AhR or not, we analyzed their eﬀects
in rat hepatoma cells stably transfected with dioxin-responsive elements fused to luciferase gene (H4IIE.luc cells), the
experimental model routinely used for the screening on
AhR activators (Hilscherova et al., 2000). Cells were trea-
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Fig. 3. Eﬀects of sanguinarine and chelerythrine on basal activity of AhR in H4IIE.luc cell line. Cells were treated 6, 24 and 48 h with sanguinarine (SA;
ﬁnal concentrations 0.0001 lM, 0.001 lM, 0.01 lM, 0.1 lM, 1 lM), chelerythrine (CHE; ﬁnal concentrations 0.0001 lM, 0.001 lM, 0.01 lM, 0.1 lM,
1 lM) and/or DMSO as vehicle for control. Luciferase activity was measured by chemiluminiscence as described in Section 2. Bar graphs represent
means ± SD from three independent experiments. Within each experiment, four parallel measurements were acquired.
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Time course of AhR activation by TCDD
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Fig. 4. Eﬀect of dioxin on AhR-dependent luciferase activity in H4IE.luc cells. AhR activity was monitored as catalytic activity of luciferase by
chemiluminiscence as described in Section 2. Panel A: Time-course – cells were treated for 6, 24 and 48 h with 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD;
ﬁnal concentration 10 pM and 2.5 nM) and/or DMSO as a vehicle for control. Bar graphs represent the means ± SD from three independent experiments.
– the value signiﬁcantly diﬀerent from the control value (DMSO) at p < 0.05. Panel B: Dose–response curves – cells were treated for 6, 24 and 48 h with
TCDD in ﬁnal concentrations from 1 · 1013 M to 5 · 108 M. The plots represent the means ± SD from three independent experiments.
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induction of luciferase activity by 10 pM/2.5 nM TCDD
was 2.2 ± 0.4/3.3 ± 0.5 (after 6 h of the incubation);
4.1 ± 1.0/5.4 ± 1.6 (after 24 h of the incubation) and
4.4 ± 0.8/5.1 ± 1.0 (after 48 h of the incubation), respectively. In dose–response experiments, rat hepatoma cells
were treated for 6, 24 and 48 h with TCDD in ﬁnal concentrations ranging from 1 · 1013 M to 5 · 108 M. Dose–
response eﬀects of TCDD on AhR-dependent luciferase
activity show typical sigmoid proﬁle (Fig. 4B).
3.4. Eﬀects of sanguinarine and chelerythrine on AhR
activated by TCDD
In the next series of experiments we analyzed the potential capability of sanguinarine and chelerythrine to inhibit
dioxin-dependent AhR activation. Cells were treated 6,
24 and 48 h with TCDD (10 pM and/or 2.5 nM) in the
presence of tested alkaloids (0.0001–1 lM) and/or DMSO
as vehicle for control. Sanguinarine did not aﬀect AhR
activation by both 10 pM and 2.5 nM TCDD in any time
period tested (Figs. 5 and 6). Signiﬁcant decrease of lucifer-

ase activity after 24 and 48 h of treatment with 1 lM sanguinarine (Figs. 5 and 6) is rather manifestation of
sanguinarine cytotoxicity (Fig. 2) than the inhibition of
AhR activity by this alkaloid. Chelerythrine caused moderate inhibition of TCDD-dependent AhR activity in
H4IIE.luc cells treated with 10 pM TCDD, however, the
inhibition was statistically signiﬁcant only for 1 lM chelerythrine and 6 h of incubation. In contrast, the activation
of AhR by 2.5 nM TCDD was not aﬀected by chelerythrine
in any concentration and time tested. Collectively, sanguinarine and chelerythrine in submicromolar concentrations
do not inhibit dioxin-dependent AhR transcriptional
activity in rat hepatoma cells.
4. Discussion
In this work we bring the evidence that quaternary
benzo[c]phenanthridine alkaloids (QBAs) sanguinarine
and chelerythrine in submicromolar concentrations do
not aﬀect transcriptional activity of aryl hydrocarbon
receptor (AhR) in rat hepatoma cells H4IIE.luc stably
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Effect of sanguinarine on AhR activated by 10 pM TCDD
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Effect of chelerythrine on AhR activated by 10 pM TCDD
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Fig. 5. Eﬀects of sanguinarine and chelerythrine on AhR activated by 10 pM TCDD in H4IIE.luc cells. Cells were treated 6, 24 and 48 h with 2,3,7,8tetrachlorodibenzo-p-dioxin (TCDD; ﬁnal concentration 10 pM) in the presence of sanguinarine (SA; ﬁnal concentrations 0.0001 lM, 0.001 lM, 0.01 lM,
0.1 lM, 1 lM), chelerythrine (CHE; ﬁnal concentrations 0.0001 lM, 0.001 lM, 0.01 lM, 0.1 lM, 1 lM) and/or DMSO as vehicle for control. Luciferase
activity was measured by chemiluminiscence as described in Section 2. Bar graphs represent means ± SD from three independent experiments. Within each
experiment, four parallel measurements were acquired.
– the value signiﬁcantly diﬀerent from the TCDD value at p < 0.05.

*

transfected with dioxin-responsive elements fused to luciferase reporter. This is supported by the ﬁndings that: (i)
AhR-driven luciferase activity was not increased by QBAs;
(ii) TCDD-induced luciferase catalytic activity was not
altered by the presence of QBAs.
Putative interactions between QBAs and AhR received
an attention in recent years. There are indications that
AhR and/or CYP1A modulate cytotoxicity of sanguinarine
both in vitro (Vrba et al., 2004) and in vivo (Williams et al.,
2000). AhR-dependent signaling pathways play a role in
modulation of sanguinarine genotoxicity as well (Stiborova
et al., 2002). The ﬁndings of these papers are that activation of AhR by various ligands attenuates cytotoxicity
and augments genotoxicity of sanguinarine. However, the
mechanism was not elucidated yet. The role of CYP1A
enzymes in this process is not clear and should be further

studied. Surprisingly, the approach of speciﬁc inhibition
of CYP1A1/1A2 was not employed in any of the papers
mentioned above. The phenomenon of the modulation of
QBAs toxicity by AhR activation is attractive issue for
molecular biologists and molecular toxicologists from
mechanistic point of view. On the other hand, studying
the eﬀects of QBAs on AhR transcriptional activity is
highly important in terms of the safety assessment for food,
cosmetic and medical products containing QBAs. Interestingly, despite of the AhR importance in many cellular
events, comprehensive study of the eﬀects of QBAs on
AhR-signaling pathways was not performed until this year.
Recently it was reported that sanguinarine activates polycyclic aromatic hydrocarbon associated metabolic pathways in human oral keratinocytes and tissues (Karp
et al., 2005). However, these data were the subject of dispu-

1472

Z. Dvorák et al. / Food and Chemical Toxicology 44 (2006) 1466–1473

Effect of sanguinarine on AhR activated by 2.5 nM TCDD
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Effect of chelerythrine on AhR activated by 2.5 nM TCDD
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Fig. 6. Eﬀects of sanguinarine and chelerythrine on AhR activated by 2.5 nM TCDD in H4IIE.luc cells. Cells were treated 6, 24 and 48 h with 2,3,7,8tetrachlorodibenzo-p-dioxin (TCDD; ﬁnal concentration 2.5 nM) in the presence of sanguinarine (SA; ﬁnal concentrations 0.0001 lM, 0.001 lM,
0.01 lM, 0.1 lM, 1 lM), chelerythrine (CHE; ﬁnal concentrations 0.0001 lM, 0.001 lM, 0.01 lM, 0.1 lM, 1 lM) and/or DMSO as vehicle for control.
Luciferase activity was measured by chemiluminiscence as described in Section 2. Bar graphs represent means ± SD from three independent experiments.
– the value signiﬁcantly diﬀerent from the TCDD value at p < 0.05.
Within each experiment, four parallel measurements were acquired.

*

tation (Dvorak et al., 2005). Indeed, sanguinarine failed to
induce AhR-dependent CYP1A1 expression in human
hepatoma cells HepG2 in our experiments (Zdarilova
et al., 2006). To resolve whether sanguinarine activates
AhR or not, we analyzed the eﬀects of sanguinarine in
rat hepatoma cells stably transfected with dioxin-responsive elements fused to luciferase gene (H4IIE.luc cells). This
experimental model is routinely used for the screening of
AhR activators (Hilscherova et al., 2000). The data
presented here clearly show that sanguinarine and/or
chelerythrine in submicromolar concentrations do not activate AhR in H4IIE.luc cells. In contrast, we have described
elsewhere strong activation of AhR by structurally close
alkaloid berberine in HepG2 and H4IIE.luc cells (Vrzal
et al., 2005).

Based on the cytotoxicity assays we have challenged
cells with submicromolar concentrations of tested QBAs.
The rationale for testing QBAs in submicromolar concentration is further supported by recent pharmacokinetic
study on rats (Psotova et al., 2006). There is a perpetual
disputation among the scientists about the choice of QBAs
concentrations. In certain cases it is a philosophic rather
than scientiﬁc debate. Should we apply the substances to
the cells in ‘‘non-toxic’’ concentration, i.e. in concentration
which do not alter normal cell functions? What is the rationale for the treatment of the cells with ‘‘inactive’’ concentrations? Is there always strict diﬀerence between ‘‘nontoxic’’ and ‘‘inactive’’ concentration? For instance, QBAs
have been respected for a long time as inhibitors of protein
kinase C (PKC). Treatment of the cells with 4 lM
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chelerythrine eﬀectively impaired TCDD mediated activation of AhR, because active PKC is essential for proper
AhR activation (Long et al., 1998). On the other hand,
QBAs in concentration 2–5 lM cause 50% decrease in
viability after 3–6 h in many cell lines (Walterova et al.,
1995). Our ﬁndings presented here imply that QBAs in submicromolar concentration do not aﬀect TCDD-mediated
activation of AhR.
In conclusion, we demonstrate that at the doses investigated (i) sanguinarine and chelerythrine are not activators
of Ah receptor-mediated transcriptional activation of
Cyp1a1; (ii) Sanguinarine and chelerythrine do not aﬀect
TCDD-mediated AhR activation. Our data favor rather
for inactivity or modest inhibitory eﬀect of QBAs on
AhR signaling pathways in vitro than for the activation
of the receptor. Taken together with concentrations of
QBAs occurring in vivo (Kosina et al., 2004), the use of
products containing sanguinarine and/or chelerythrine
has low toxicological potential in terms of the interaction
with AhR signaling pathways.
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