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a b s t r a c t

In the present study toxicity of Frangula alnus Mill. bark, widely used as laxative, was investigated.
Human peripheral blood lymphocytes (HPBLs) were treated with F. alnus bark extract or emodin (emodin
is bark component with laxative property), and cytotoxicity, genotoxicity and parameters of oxidative
stress were assessed. Also, polyphenol content of bark extract and antioxidant activity of the extract and
emodin measured by DPPH, ABTS and FRAP methods were examined. The bark extract (500 mg/ml)
produced cell death and DNA damage, while level of ROS changed at 250 mg/ml. Emodin induced cell
death and DNA damage at 150 mg/ml and 200 mg/ml, respectively, and the increase of ROS was observed
at 25 mg/ml. These results suggest that both, bark extract and emodin, are cyto/genotoxic to HPBLs and
that oxidative stress is involved in the mechanism of their toxicity. The results on antioxidant activity
showed that, unlike emodin, bark extract possess moderate antioxidant capacity (44.6%, 46.8% and
2.25 mmol Fe2þ/g measured by DPPH, ABTS and FRAP assay, respectively) that can be related to relatively
high phenolic content (116.07 mg/g). However, due to toxicological properties use of F. alnus bark as well
as emodin-containing preparations should be taken with caution.

© 2015 Elsevier Inc. All rights reserved.
1. Introduction

Bark of Frangula alnus Mill. (syn. Rhamnus frangula L.), also
referred as Frangulae cortex (Council of Europe, 2008) is widely
used as laxative and can be found as component of herbal laxative
preparations. Laxative property of F. alnus bark has been attributed
to the presence of anthraquinone glycoside derivatives, gluco-
frangulins and frangulins; glucofrangulins are anthraquinone
diglycosides while frangulins are anthraquinone monoglycosides
(EMEA, 2007; Male�s et al., 2010). The predominant anthraquinone
of F. alnus bark is emodin (Kremer et al., 2012).

The group of anthraquinone-containing laxatives is known to
cause melanosis coli and their possible role is also suggested in the
development of colorectal adenomas and cancer (Siegers et al.,
1993; Van Gorkom et al., 1999; Willems et al., 2003). However,
studies on toxicity of bark of F. alnus are lacking. In WHO mono-
graph it is stated that F. alnus bark and other laxatives containing
ijan).
anthraquinone glycosides should not be used continuously for
longer than 1e2 weeks, because of the possible electrolyte imbal-
ance (hypokalaemia) (WHO, 2004). More importantly, hypo-
kalaemia could be aggravated by concomitant use of other
medicinal products that induce the imbalance, such as diuretics
(EMEA, 2007). Additional problem presents anthraquinone-
containing laxative abuse (Van Gorkom et al., 1999).

Studies on cytotoxic and genotoxic potential of several anthra-
quinones such as emodin, aloe-emodin, and danthron, all of which
are naturally occurring, pharmacologically active laxatives, suggest
their possible genotoxic potential (Mueller et al., 1999; Mueller and
Stopper, 1999; Nesslany et al., 2009). However, two-year feeding
study on the toxic effects of emodin on experimental rodents
showed that emodin is not carcinogenic (there was no evidence of
carcinogenic activity in male rats and female mice, and equivocal
evidence in female rats and male mice), although pathological
changes in renal tubule were observed (NTP, 2001). Also, it is re-
ported that metabolic activation is needed, and that metabolite 2-
hydroxyemodin and not emodin acts as genotoxin (Masuda and
Ueno, 1984; NTP, 2001).
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Since toxicological data on F. alnus bark are lacking, the aim of
this study was to explore toxicological profile of F. alnus bark
collected in Croatia whose anthraquinone content is established
(Kremer et al., 2012). In order to evaluate the impact of its active
component emodin on toxicity of F. alnus bark, toxicological profile
of emodin is also assessed. For toxicological studies human pe-
ripheral blood lymphocytes (HPBLs) were treated with F. alnus bark
extract or with emodin and cytotoxicity, the induction of DNA
strand-breaks and parameters of oxidative stress as possible
mechanism of their toxicity were evaluated. Additionally, antioxi-
dant capacities of F. alnus bark extract and emodin as well as
polyphenol content of the bark extract were determined.

2. Materials and methods

2.1. Chemicals

Acridine-orange (AO), caffeic acid, catechin, dihydroethidium
(DHE), dimethyl sulfoxide (DMSO), ethidium-bromide (EtBr),
emodin, FolineCiocalteau reagent, gallic acid, histopaque, mono-
chlorobiamine (MCB), lowmelting point (LMP) and normal melting
point (NMP) agaroses, quercetin, RPMI 1640 medium, rat liver S9
mix, Triton X-100, vanillin, 2,20-azinobis(3-ethylbenzothiazoline-6-
sulfonic acid) diammonium salt (ABTS) and 1,1-diphenyl-2-
picrylhydrazyl (DPPH) solution were purchased from Sigma (St
Louis, MO, USA). All other chemicals used were laboratory-grade
and were purchased from Kemika (Zagreb, Croatia).

2.2. Herbal material and extract preparation

Sample collection of F. alnus bark and analysis of its anthraqui-
none profile are described in Kremer et al. (2012). Bark samples
were collected from ten wild growing plants randomly selected in
locality Hrastelnica, Croatia (46 380N; 16 430E; 164 m a.s.l.) in
September of 2009. About 200 g of bark was removed and mixed to
obtain randomly selected sample. Bark sample was air-dried for
two weeks in a well-ventilated room at 60% air humidity and room
temperature (22 �C), single-layered and protected from direct
sunlight. Its anthraquinone profile was: emodin (69.70%), physicon
(25.90%), and chrysophanol (4.45%) (Kremer et al., 2012).

In this study to mimic possible human exposure aqueous solu-
tion of methanol extract of F. alnus bark was prepared. Briefly, the
extract was made by ultrasonication of grounded herbal material
(5 g) with methanol (14 ml) at 35 �C for 45 min. Homogenized and
macerated plant material was first filtered through Munktel filter
discs grade 388 and then through GHP Acrodisc with 0.45 mm
membrane. Obtained extract was evaporated by rotary evaporator,
dissolved in distilled water and stored at �18 �C in the dark until
use. For ultrasonication Donau Lab Sonic DLS 660-T/H (Elma, Ger-
many) ultrasonic bath was used.

2.3. Blood sampling and treatment

Whole blood samples were taken from a healthy male non-
smoking donor (age 19). The donor had not been exposed to
ionizing radiation for diagnostic or therapeutic purposes, or
vaccinated and treated with drugs that might have interfered with
the results of testing for a year before blood sampling. The subject
gave informed consent to participate in this study. The study was
approved by the Ethics Committee of Faculty of Pharmacy and
Biochemistry, University of Zagreb, and observed the ethical prin-
ciples of the Declaration of Helsinki. Whole venous blood was
collected under sterile conditions in heparinised vacutainer tubes
(Becton Dickinson, Franklin Lakes, NJ, USA) containing lithium
heparin as anticoagulant.
All experiments were conducted on the same blood sample in
order to avoid inter-individual variations in results. The blood
sample was treated either with F. alnus bark extract in the final
concentrations of 10, 50, 100, 500, 750, 1000 and 1500 mg/ml pre-
pared in redistilled water for 24 h or with emodin in the final
concentrations of 5, 10, 25, 50, 100, 150 and 200 mg/ml (emodinwas
dissolved in DMSO; final DMSO concentration in blood samples
was 1%) for 24 h. In each experiment a non-treated control was
included. Testing was done with and without S9 metabolic activa-
tion (10%, v/v) which is routinely used in cytogenetic assays. Blood
samples were incubated in vitro at 37 �C in a humified atmosphere
with 5% CO2 (Heraeus Heracell 240 incubator, Langenselbold,
Germany).

2.4. Cell viability (cytotoxicity) assay

Indices of cell viability were established by differential staining
of HPBLs with AO and EtBr (Duke and Cohen, 1992). Following
treatment, HPBLs were isolated by Histopaque density centrifuga-
tionmethod (Singh, 2000). The slides were prepared using 200 ml of
HPBLs and 2 ml of stain (AO and EtBr, in final concentration 100 mg/
ml, 1:1, v/v, in phosphate-buffered saline, PBS). A total of 100 cells
per replicate were examined with an epifluorescent microscope
(Olympus BX-51, Tokyo, Japan). Cells were classified as follows: live
cells with functional membrane, with uniform green staining of the
nucleus, and necrotic cells with uniform orange (red) staining of the
nucleus.

2.5. Alkaline comet (SCGE) assay

The alkaline comet assay was carried out as described by Singh
et al. (1988) with minor modifications (Gajski et al., 2008). Briefly,
after the exposure, 5 ml of whole blood was mixed with 100 ml of
0.5% LMP agarose and added to fully frosted slides pre-coated with
0.6% NMP agarose. Once the NMP agarose was solid, the slides were
covered with 0.5% LMP agarose, and cells lysed (2.5 mol/l NaCl,
100 mmol/l Na2EDTA, 10 mmol/l Tris, 1% sodium sarcosinate, 1%
Triton X-100, 10% dimethyl sulfoxide; pH 10) over night at 4 �C.
After the lysis, the slides were placed in alkaline solution
(300 mmol/l NaOH,1 mmol/l Na2EDTA; pH 13) for 20 min at 4 �C to
allow DNA unwinding and subsequently electrophoresed for
20 min at 1 V/cm. Finally, the slides were neutralized in 0.4 mol/l
Tris buffer (pH 7.5) for 5 min 3 times, stained with EtBr (10 mg/ml)
and analysed at 250 � magnification using an epifluorescence
microscope (Zeiss, G€ottingen, Germany) connected through a black
and white camera to an image analysis system (Comet Assay II;
Perceptive Instruments Ltd., Haverhill, Suffolk, UK). The level of
DNA damage was expressed as percentage of DNA in the tail, and a
total of 100 randomly captured comets were examined from each
slide.

2.6. Reactive oxygen species (ROS) and glutathione (GSH) assays

ROS and GSH level in HPBLs was determined using fluorescent
probe DHE and MCB, respectively (Domijan and Abramov, 2011.).
After the treatment, HPBLs were isolated as described above
(Singh, 2000). Afterwards the HPBLs were incubated either with
10 ml of 10 mmol/l DHE for 25 min (to assess ROS) or with 10 ml of
10 mmol/l MCB (to assess GSH) at room temperature, protected
from light. Dyes were prepared in PBS buffer; DHE is a membrane
permeable compound that is oxidized to red fluorescent ethidium
by the action of radicals mostly superoxide radicals (O2

�), thus an
increase of red fluorescence are suggestive of O2

� generation, while
MCB forms a fluorescent adduct with GSH. The slides were
examined under epifluorescent microscope Olympus BX-51



S.R. Brkanac et al. / Regulatory Toxicology and Pharmacology 73 (2015) 923e929 925
connected to the camera (Olympus DP70, Tokyo, Japan) at exci-
tation 450e490 nm and emission 520 nm or more, and excitation
at 380 nm and emission at >400 nm, for ROS and GSH assay,
respectively. Images of the fluorescence were analysed using
software (Lucida 6.0, Wirral, UK). A total number of at least 100
cells were counted in 10 fields of each slide. Identical conditions
were kept in all experimental groups.

2.7. Polyphenolics assays

The polyphenolic compounds were assessed in F. alnus bark
extract prepared in final concentration of 1000 mg/ml. Standard
phenolic compounds were prepared in the same concentration.

Total soluble phenols (TP) of F. alnus bark extract were deter-
mined with FolineCiocalteau reagent according to Zhishen et al.
(1999) using gallic acid as a standard phenolic compound.
0.02 ml of extract solution was diluted with 0.1580 ml of distilled
water and then 0.1 ml of FolineCiocalteau reagent was added. Af-
terwards, 0.3 ml Na2CO3 (1.88mol) was added, and themixturewas
incubated for 30 min at 45 �C. The absorbance of the mixture was
measured at 765 nm. The TP content was calculated from the
calibration curve and expressed as gallic acid equivalents.

The content of total flavonoids (TF) of F. alnus bark extract was
determined with AlCl3 according to the method described by
Zhishen et al. (1999) using quercetin as a standard. To 0.2 ml of the
diluted extract solution 0.06 ml NaNO2 (5%) was added. After 5 min
incubation, 0.06 ml AlCl3 (10%) was added and mixture was incu-
bated at room temperature for additional 6 min. Afterwards, 0.4 ml
NaOH (1 mol) and distilled water were added to the mixture. The
absorbance of reaction mixture was read at 415 nm. The TF content
was calculated from the calibration curve and expressed as quer-
cetin equivalents.

Total hydroxycinnamic acids (THA) and total flavonols (TFL) of
F. alnus bark extracts were measured according to the method of
Howard et al. (2003) using caffeic acid and quercetin as standards.
0.25 ml of the extract was mixed with 0.25 ml HCl (1 g/l; prepared
in 950 g/l ethanol) and 4.55 ml HCl (2 g/l). The absorbance of the
solution was read at 320 and 360 nm, respectively. THA and TFL
contents were calculated from the corresponding calibration curves
and expressed as caffeic acid and quercetin equivalents,
respectively.

Proanthocyanidins (TPA) of F. alnus bark extracts weremeasured
according to the vanillin-HCl assay described by Sun et al. (1998)
using catechin as a standard. Vanillin solution (0e300 mg/ml in
methanol) wasmixed with 0.25ml of the extract and 0.75ml of HCl
(conc.). Following 15 min incubation, the absorbance of reaction
mixture was read at 500 nm. TPA content was calculated from the
calibration curve and expressed as catechin equivalents.

All absorbance measurements were performed on spectropho-
tometer (Analytik Jena Specord 40, Analytik Jena, USA).

2.8. Antioxidant activity assays

The antioxidant activity was assessed in F. alnus bark extract or
emodin (emodin was dissolved in DMSO) both in final concentra-
tion of 1000 mg/ml. Standard compounds were prepared in the
same concentration.

Total antioxidant capacity (free radical scavenging activity) was
measured using a stable free radical 1,1-diphenyl-2-picrylhydrazyl
(DPPH) following the method of Germano et al. (2002) with
slight modification. Briefly, 0.05 ml of tested compound (the bark
extract or emodin) was added to 0.95 ml of freshly prepared
0.1 mmol ethanolic DPPH solution and incubated in the dark for
30 min at 25 �C. The decrease in absorbance was measured at
517 nm. The radical scavenging activity was calculated from the
equation:

% inhibition ¼ A0eAt

A0
� 100

where A0 was the absorbance of the control (blank, without tested
compound) and At was the absorbance in the presence of the tested
compound.

The ABTS (2,20-azinobis(3-ethylbenzothiazoline-6-sulfonic
acid)) assay was carried out according to Re et al. (1999). F. alnus
bark extract or emodin (0.02 ml) was added to ABTS solution
(2.0 ml), incubated for 6 min at 25 �C and absorbance was read at
734 nm. The radical scavenging capacity was calculated as percent
of DPPH inhibition, according to equation described above.

The FRAP (Ferric Reducing Antioxidant Potential) assay was
used to estimate the antioxidant activity of F. alnus bark extract or
emodin, according to the original method of Benzie and Strain
(1999). The bark extract or emodin (0.05 ml) was mixed with the
freshly prepared FRAP reagent (0.95 ml) and absorbance was read
at 593 nm after 4 min reaction time. A calibration curve was con-
structed for ferrous sulphate FeSO4 � 7H2O and the results were
expressed as mmol Fe2þ.

The absorbancemeasurements of the antioxidant activity assays
were performed on spectrophotometer (Analytik Jena Specord 40,
Analytik Jena, USA).
2.9. Statistical analysis

Results of the comet assay, ROS and GSH levels are presented as
means ± standard error, while results for cell viability, polyphenolic
compounds content and antioxidant activity as means ± standard
deviation. All results were evaluated using Statistica 12.0 program
package (StatSoft, Tulsa, OK). In order to normalize the distribution
and equalize the variances of the comet assay data, a logarithmic
transformationwas applied. Multiple comparisons between groups
were done by means of ANOVA on log-transformed data. Post-hoc
analyses of differences were done by the NewmaneKeuls test. As
for the cell viability and parameters of oxidative stress (ROS and
GSH), statistical significance was analysed using the Student's t-
test. Results of polyphenolic compounds content and antioxidant
activity were subjected to one-way analysis of variance (ANOVA)
for comparison of means, and significant differences were calcu-
lated according to Duncan's multiple range test. Data were
considered statistically significant at P < 0.05.
3. Results

3.1. Cytotoxicity and genotoxicity of F. alnus bark extract and
emodin

The whole blood was treated with F. alnus bark extract (con-
centration range from 0 to 1500 mg/ml; for 24 h) and cell viability
and DNA damagewere determined. The concentration of 500 mg/ml
of the bark extract significantly reduced cell viability (Fig. 1A;
P < 0.05) and the same concentration (500 mg/ml) significantly
increased DNA damage in HPBLs assessed with the alkaline comet
assay (Fig. 1C; P < 0.05).

Emodin (in concentration range from 0 to 200 mg/ml; for 24 h)
significantly decrease cell viability at 150 mg/ml (Fig. 1B; P < 0.05),
and 200 mg/ml of emodin induced significant increase of DNA
damage in HPBLs (Fig. 1D; P < 0.05).

In experiments in which S9 fraction was used together with
F. alnus bark extract or emodin, no statistically significant increase



Fig. 1. Effects of Frangula alnusMill. bark extract on: (A) cell viability, (C) DNA damage (E) reactive oxygen species (ROS) and (G) glutathione (GSH) level; effect of emodin on: (B) cell
viability, (D) DNA damage (F) ROS and (H) GSH level in human peripheral blood lymphocytes (HPBLs). Cells were exposed to different concentrations of F. alnus bark extract or
emodin for 24 h, and cell viability, DNA damage, and ROS and GSH levels were assessed. DNA damage in the cells was assessed with the alkaline comet assay and is expressed as % of
DNA tail, while ROS and GSH levels were assessed with the fluorescent probes. Cell viability, ROS and GSH levels were expressed as % of control (control set at 100%). *P < 0.05.
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in cell death or DNA damage compared to corresponding control or
compared to treatment without S9 fraction was observed (data not
shown).

3.2. Oxidative stress induced by F. alnus bark extract and emodin

As biomarkers of oxidative stress ROS and GSH levels were fol-
lowed. The level of ROS in HPBLs treated with F. alnus bark extract
(0e1000 mg/ml; 24 h) was assessed by use of fluorescent probe DHE
(Fig. 2AeC). In these experiments lower concentrations of tested
substance were used since oxidative stress was expected at con-
centrations that did not have effect on cytotoxicity or genotoxicity
(since oxidative stress as mechanism of toxicity should precede
these events). The concentration of 250 mg/ml of the bark extract
induced an increase of ROS level (Fig. 1E; P < 0.05). The bark extract
had no significant effect on GSH level in HPBLs assessed with
fluorescent probe MCB (Fig. 2DeF), but slight decrease of GSH level
could be observed at concentrations that induced significant in-
crease of ROS level (Fig. 1G).

The level of ROS in HPBLs after the treatment with emodin
(0e200 mg/ml; 24 h) was significantly increased already at 25 mg/ml
(Fig. 1F; P < 0.05). Emodin had no significant effect on GSH level in
HPBLs, however, a decrease in GSH level could be observed at
concentration that induced an increase of ROS level indicating that
oxidative stress is involved in the mechanism of emodin toxicity
(Fig. 1H).

Since cytotoxicity and genotoxicity experiments with S9 fraction
indicated that no toxic metabolites of F. alnus bark extract or of
emodin are produced, in these experiments S9 fraction was not
used.



Fig. 2. The level of reactive oxygen species (ROS; AeC) and glutathione (GSH; DeF) in human peripheral blood lymphocytes (HPBLs) treated with Frangula alnus Mill. bark extract
(0e1000 mg/ml; 24 h). Level of ROS was assessed using fluorescent probe dihydroethidium (DHE; red fluorescence) and GSH level using monochlorobiamine (MCB; blue fluo-
rescence). A, D e control; B, E e 500 mg/ml; C, F e 1000 mg/ml. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this
article.)
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3.3. Total polyphenol content of F. alnus bark extract

The contents of TP, TF, THA, TFL and TPA of the F. alnus bark
extract are presented in Table 1. These data illustrates that more
than half of the extracted phenolic substances in the bark extract
were flavonoids. Additionally, TPAs were detected in F. alnus bark
extract. The production of proanthocyanidins (condensed tannins)
is rarely studied in plants though this group of flavonoids are
considered to be the most powerful antioxidants responsible for
the antioxidant activity of wine, teas and fruits (Matkowski, 2008).

3.4. Antioxidant activity of F. alnus bark extract and emodin

Results of antioxidant activity of F. alnus bark extract and
emodin measured with DPPH, ABTS and FRAP assays are presented
in Table 1. Antioxidant capacity of F. alnus bark (1000 mg/ml)
assessed with DPPH and ABTS assays indicate that F. alnus bark has
moderate antioxidant activity. The moderate antioxidative activity
of bark extract is confirmed with FRAP assay. On the other hand,
emodin (1000 mg/ml) showed low or no antioxidant capacity
measured with DPPH and ABTS assays, as well as with FRAP assay.

4. Discussion

Nowadays interest for herbal/natural products is increasing,
however in most cases clinical data and toxicological studies of
such preparations are lacking (Silva et al., 2008). In EU several drugs
based on F. alnus bark are available on the market (Van Gorkom
et al., 1999; Vitalone et al., 2012). Since laxative effect of prepara-
tions based on F. alnus bark (as well as other anthraquinone-
containing laxatives) is exerted by damaging epithelial cells that
can lead to development of colorectal carcinoma, only short-term
Table 1
Level of total phenols (TP), total flavonoids (TF), total hydroxycinnamic acids (THA), total fl
and DPPH radicals (%), ABTS radicals (%) and ferric reducing capacity (mmol Fe2þ/g) of th

Extract/compound TP (mg/g) TF (mg/g) THA (mg/g) TFL (mg

F. alnus barka 116.1 ± 3.3 75.2 ± 1.5 61.8 ± 0.3 58.3 ± 0
Emodina e e e e

Standarda e e e e

a 1000 mg/ml.
use of such preparations in case of occasional constipation is rec-
ommended (Van Gorkom et al., 1999; WHO, 2004; EMEA, 2007).
Although Nusko et al. (2000) in a prospective case control study on
patients on colonoscopy found no connection in anthraquinone-
containing laxative use and colorectal carcinoma, more recent
Italian surveillance on reports of suspected adverse reactions
associated with herbal laxatives (anthraquinone-containing laxa-
tives) showed that such preparations should be used only for
limited period of time (Vitalone et al., 2012). In present study we
systematically approach to the problem of possible toxic effect of
F. alnus bark on human health from the aspect of cyto/genotoxicity
and separately investigated toxicity of F. alnus bark and its active
component emodin. The toxicological study (cytotoxic and geno-
toxic potential of tested substances) was performed on primary
human cells, HPBLs, using widely accepted biomarkers for the
evaluation of genome damage after exposure to different physical
and/or chemical agents as well as to wide range of natural products
(Collins et al., 2008; Dusinska and Collins, 2008; Garaj-Vrhovac and
Gajski, 2009). To check possible metabolic activation of F. alnus bark
or emodin, in toxicological studies S9 fraction was included.

Our results indicate that F. alnus bark extract is cyto- and gen-
otoxic to HPBLs (in concentration above 500 mg/ml), and that by
addition of S9 fraction no toxic metabolites of F. alnus bark are
produced in the course of our study. On the other hand, bark extract
at concentration of 250 mg/ml did not induce cytotoxicity and
genotoxicity, but caused significant increase of ROS production
indicating that the mechanism of toxicity and genotoxicity of
F. alnus bark is at least partially through oxidative stress.

Similarly as F. alnus bark, emodin was cytotoxic (150 mg/ml) and
genotoxic (200 mg/ml) to HPBLs, and its toxicity is observed at lower
concentrations than that of F. alnus bark. Our previous study on
anthraquinone content of F. alnus bark revealed that emodin is the
avonols (TFL) and total proanthocyanidins (TPA) of Frangula alnusMill. bark extract,
e bark extract and emodin.

/g) TPA (mg/g) DPPH (%) ABTS (%) FRAP (mmol Fe2þ/g)

.5 56.7 ± 0.3 44.6 ± 0.8 46.8 ± 1.2 2.25 ± 0.07
e 2.4 ± 0.1 0.3 ± 0.0 0.49 ± 0.09
e 94.9 ± 0.0 98.0 ± 0.1 72.5 ± 1.00
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predominant anthraquinone (around 70%) in the bark extract and
that it is present in concentration of 2.03mg/g (Kremer et al., 2012).
This indicates that emodin, although present in low amount in the
bark of F. alnus, greatly contributes to its toxicity. This observation is
in line with study of Helmholz et al. described in EMEA (2007) in
which dose-dependent increase in the mutation rate for emodin
and for F. alnus bark extract was found, and similarly in that study
emodin had higher mutagenic potency than the extract itself.
Emodin, as well as other herbal originating anthraquinones, was
positive in the Ames test (Westendorf et al., 1990; NTP, 2001), and
toxic, genotoxic and mutagenic in eukaryotic cells (Mueller et al.,
1999; Mueller and Stopper, 1999). Emodin induced micronuclei in
Syrian hamster embryo cells at concentrations from 13.75 to 25 mg/
ml (Gibson et al., 1997), dose-dependent increase of micronuclei
(significant increase at 74 mmol/l; corresponding to 20 mg/ml) in
mouse lymphoma L5178Y cells (Mueller et al., 1996) and in the
same cell line (L5178Y cells) emodin induced moderate increase in
relative mutation frequency at concentration of 30 mmol/l (that
correspond to 8.1 mg/ml) (Mueller et al., 1999). On the other hand,
on L5178Y cells concentration of 56 mmol/l of emodin (equal to
15.1 mg/ml) did not induce an increase in comet assay tail intensity
(Mueller et al., 1999), but that concentration is 10 times lower than
the one that significantly increased tail intensity in our study. In a
recent study in vitro and in vivo experiments showed that emodin is
embryotoxic (Chang et al., 2012). It is implied that emodin toxicity/
genotoxicity is exhibited by its biotransformation to more toxic
metabolite (Masuda and Ueno,1984; Masuda et al., 1985). However,
study of Mueller et al. (1999) showing that emodin induces gene
mutation and micronucleus formation in mouse lymphoma L5178Y
cells in the absence of S9 fraction indicate that for toxic effect of
emodin no metabolic activation is required. Results of our study
confirmed that observation, since in our experiments with S9
fraction level of cell death or DNA damage was comparable to
emodin treatment alone. In our study emodin at concentration of
25 mg/ml increased production of ROS in HPBLs but did not showed
cytotoxic and genotoxic effects, confirming its pro-oxidant prop-
erties already tested for increasing sensitivity of tumour cells to
anticancer drug (Yang et al., 2004). Our study confirmed cytotoxic
and genotoxic potential of emodin and more importantly we
showed that F. alnus bark extract and emodin are cytotoxic and
genotoxic to primary human cells.

In several studies beneficial properties of F. alnus bark have been
reported such as antifungal (Manojlovic et al., 2005), antiviral
(Sydiskis et al., 1991), antibacterial (Kremer et al., 2012) and anti-
oxidant (Kabi�c et al., 2008; Kremer et al., 2012). Therefore, our next
step was to check antioxidant capacity of the same F. alnus bark
extract that was used for toxicological studies. In order to compare
antioxidant property of F. alnus bark extract and emodin, antioxi-
dant capacity of emodinwas determined. Additionally, polyphenols
content of F. alnus bark extract was assessed.

The F. alnus bark extract showed relatively good antioxidant
capacity assessed by DPPH, ABTS and FRAP assays. These results are
comparable with only few studies testing antioxidant property of
F. alnus bark (Kabi�c et al., 2008; Kremer et al., 2012). In both
mentioned studies antioxidant properties of the bark extract were
attributed to its high phenolic and flavonoids content. This is
probably the case in our study as well, since in tested F. alnus bark
extract we found high level of phenolic compounds. On the other
hand, our results showed low antioxidant activity of emodin, which
implies that emodin is not contributing to F. alnus bark antioxidant
capacity. Several studies suggest that emodin is good scavenger of
free-radical species (Yen et al., 2000; Vargas et al., 2004). Although,
Tian and Hua (2005) found that aloe-emodin (another anthraqui-
none) has low antioxidant activity. Such discrepancy in results can
be explained by the difference in model tests, methods used and/or
concentration of substance.
Use of anthraquinone-containing laxatives is approved by

health agencies, including WHO, however only short-term use of
such preparations is advised (WHO, 2004; EMEA, 2007). Results of
our study indicate that use of laxatives based on F. alnus bark or
emodin is not harmless and might pose a threat to human health.
This is even more important since exact composition and the
amount of active component in such preparations is rarely known.
Herbal composition depends on harvest season, plant origin and
drying processes; some constituents during drying (oxidation)
could transform to more toxic compounds (Silva et al., 2008).
Additionally, plants belonging to same genus can have significantly
different composition of anthraquinones. For example, main
anthraquinone in Frangula rupestris (Scop.) is physicon (Kremer
et al., 2012). Therefore, taking results of our study into account,
higher level of emodin in plant material used for such preparations
can lead to undesired effects. This is especially important in cases of
self-medication or in abuse of anthraquinone-containing laxatives,
such as use for weight loss. In many cases weight-reducing prod-
ucts contain anthraquinones, and users are unaware of their pres-
ence (Van Gorkom et al., 1999). In recent years use of herbal/natural
products is increasing due to belief that they are much safer than
synthetic drugs (Silva et al., 2008). Therefore, it is very important
that composition of preparations based on F. alnus bark is deter-
mined, labelled correctly, and that their short-term use is
highlighted.

To the best of our knowledge, this is the first report showing that
F. alnus bark extract, although having moderate antioxidant prop-
erties, is cytotoxic and genotoxic to human cells and that its
mechanism of toxicity is probably through oxidative stress. The
biologically active component of F. alnus bark, emodin, was found to
greatly contribute to its toxicity while simultaneously that
anthraquinone exhibited low antioxidant activity. Taken together,
these results indicate that use of F. alnus bark and herbal prepara-
tion based on F. alnus bark or emodin in treatment of constipation
should be taken with caution.
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