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ABSTRACT
In line with the well-established ethnobotanical use of Arum maculatum for the treatment of
hemorrhoidal disease, we sought to determine the activities of 30% or 70% ethanol extracts of
the plant tubers in an array of pharmacological and biochemical models of some crucial events
implicated in the pathogenesis of this disorder, namely angiogenesis, collagenase activity
remodeling, cyclooxygenase activity, IL-2 secretion and oxidative stress. The tested hydro-alco-
holic extracts from A. maculatum tubers inhibited the proliferation of EA.hy926 vascular endo-
thelial cells, but even at the highest administered concentrations no decrease in viability was
observed. The extracts induced a concentration-dependent decrease in collagenase activity,
whereby the effects were more pronounced at the lower concentration of ethanol in the extra-
gent. Moreover the tested extracts induced concentration-dependent suppression of cyclooxyge-
nase activity (COX-1 and 2), albeit at very high and presumably supraphysiological
concentrations. The extracts augmented the PHA/PMA-induced secretion of IL-2 from Jurkat E.6
(human T-cells), which was more pronounced following exposure to the 30% ethanol-derived
product. The 30% EtOH extract demonstrated anti-radical properties against both stable free
radicals (ABTS and DPPH) and biologically relevant reactive oxygen species (ROS), which could
be considered as important mediators of inflammation and signaling molecules. Our findings
give us reason to conclude that the hydroalcoholic extracts of A. maculatum tubers possess
anti-inflammatory, antiangiogenic and antioxidant effects which in concert could contribute to
its efficacy for the management of hemorrhoidal disease.
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Introduction

Studies that explore the chemical diversity of the sec-
ondary metabolites in plants have been well estab-
lished as a credible strategy for detection of promising
lead compounds and new drugs [1]. Despite the
immense success of combinatorial chemistry and the
availability of miniaturized high-throughput systems
for biological screening, natural phytochemicals still
pose significant advantages over synthetic combina-
torial libraries, as the enzymatic systems of plants
enable them to synthesize complex structures with
complicated stereochemistry, chiral centers, fused het-
erocyclic scaffolds etc., which are virtually not possible
to generate in a chemical lab [2–5]. Moreover, since

the number of thoroughly evaluated medicinal plants
is very small compared to the vast number of avail-
able unexplored species, the pharmaceutical and
medicinal exploitation of plant secondary metabolites
remains a valuable approach for development of new
therapeutic entities [6]. An additional beneficial feature
of natural products is their intrinsic propensity to act
on various cellular targets (e.g. receptors, ion channels,
enzymes) and to display in general low toxicological
potential, which gives reason for these agents to be
regarded as privileged structures in medicinal chemis-
try and drug design [6–8].

By virtue of the complex crosstalk of pathological
mechanisms implicated in the inflammatory processes
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with involvement of vascular events, pro-inflammatory
and immune cells and an array of mediators, none of
the existent antiphlogistic agents is capable of address-
ing the inflammation thoroughly [9]. An exemplary con-
dition where the conservative therapeutic modalities
remain generally palliative is the hemorrhoidal disease.
It is characterized by complex inflammatory, angiogen-
esis and tissue remodeling mechanisms, which current
therapies fail to thoroughly address [10–12]. The interest
towards development of plant-based therapies for hem-
orrhoidal disease is further fueled by the fact that at
present the vast majority of available medications are
confined to plant derived extracts or purified phyto-
chemicals [13–17].

Among the diverse medicinal plants with docu-
mented ethnopharmacological use as remedies for
hemorrhoidal disease, special attention is focused on
Arum maculatum, and related species from this genus,
by virtue of their well-known application in the trad-
itional medicine of the Balkans, Asia Minor and the
Middle East [18–20]. The rationale for the medicinal
use of this herb has been recently validated in a
randomized clinical trial documenting significant
improvement in health-related quality of life outcomes
in patients with hemorrhoidal disease [21].

In continuation of our preceding botanical, auteco-
logical and ethnopharmacological exploration of Arum
maculatum [18, 20, 22], we herein report a pharmaco-
logical evaluation of two hydro-alcoholic extracts of
the plant using several pharmacological endpoints,
namely modulation of collagenase and cyclooxigenase
activities, effects on human vascular endothelial prolif-
eration and viability and antioxidant and antiradical
activities, to characterize its mode of action as a rem-
edy for hemorrhoidal disease.

Materials and methods

Plant material, extract preparation and
phytochemical analysis

Arum maculatum tubers were collected locally in
Bulgaria. The extracts for the pharmacological studies
were prepared with either 30% or 70% ethanol (EtOH)
by dynamic maceration. Prior to the pharmacological
evaluation, serial dilutions of the air-dried extracts were
freshly prepared using dimethyl sulfoxide (DMSO).

The total amount of protein in the extracts was
determined using the method of Lowry as a rough
estimate for the lectin content. For more thorough
phytochemical characterization, the extracts were fur-
ther assayed by Gas chromatography–mass spectrom-
etry (GC-MS). GC-MS analysis was carried out using a

Trace 1310 GC gas chromatograph, tandem with
Exactive GC mass spectrometer, using a TriPlus RSH
autosampler for liquid probes. For the separation of
the tested compounds, a capillary chromatographic
column Termo TraceGold TG-5SilMS 30m� 0.25mm �
0.25 lm was used. The following temperature gradient
was applied: the initial column temperature was
60.0 �C; thereafter it was increased from 60.0 �C to
270 �C with a temperature change rate of 15 K/min
and maintenance of the final temperature for 15min.
Aliquots of 1 mL were applied using the split mode of
the injector. Helium was used as eluent gas with a
flow velocity of 1mL/min.

Angiogenesis protocol

The human EA.hy926 cell line (ATCC: CRL-2922TM) was
purchased from the American Type Culture Collection
(Manassas, Virginia, USA). Cells were grown in Dulbecco’s
Modified Eagle’s Medium containing 5% fetal bovine
serum and 2mmol/L L-glutamine. Exponentially growing
cells were inoculated into 96-well microtiter plates in
100lL at a density of 5000 cells/well. After cell seeding,
the microtiter plates were incubated at 37� C, 5% CO2,
95% air and 100% relative humidity for 24h prior to
addition of the tested extract and the reference agent.
After 24h, two plates of each cell line were subjected to
MTT-dye reduction assay protocol (see below), to serve
as a measurement of the initial cell population at the
time of drug treatment (Tz). The tested extracts and the
stock solution of the reference compound (in DMSO)
were freshly diluted to obtain the desired final concen-
trations with complete growth medium. Aliquots of 1lL
of these serial dilutions were added to the appropriate
96-well microplates already containing 100lL of
medium, to yield the required final drug concentrations.
Following drug treatment, the plates were incubated for
additional 72h in a controlled environment (in an incu-
bator with 37 �C, 5% CO2, 95% air and 100% relative
humidity). Using seven MTT-absorbance measurements
[time zero (Tz), control growth (C) and test growth in the
presence of extracts or the reference compounds at the
different concentration levels (Ti)], the percentage growth
was calculated at each of the drug concentration levels.
Percentage growth inhibition was calculated as:

½ðTi� TzÞ=ðC� TzÞ�
� 100 for concentrations for which Ti � Tz

½ðTi� TzÞ=Tz�
� 100 for concentrations for which Ti<Tz:

From these bioassay data three dose response end-
points were obtained for each tested agent/extract.
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Growth inhibition of 50% (GI50) is calculated from [(Ti-
Tz)/(C-Tz)]� 100¼ 50, which is the drug concentration
resulting in a 50% reduction in the net formazan pro-
duction increase (as measured by MTT-dye reduction
assay) in control cells during the experimental expos-
ure period. The test concentration resulting in total
cell growth inhibition (TGI) is calculated from Ti¼ Tz.
The LC50 (concentration of drug resulting in a 50%
reduction in the measured formazan absorption at the
end of the treatment as compared to that at the
beginning) indicating a lethal cytotoxicity following
treatment was calculated from [(Ti-Tz)/Tz]� 100 ¼
�50. Values were calculated for each of these three
growth inhibition end-points if the level of activity
was reached; however, if the effect was not reached
or was exceeded, the value for that parameter was
expressed as greater or less than the maximum or
minimum concentration tested.

Inhibition of collagenase and
cyclooxygenase activity

The effects on collagenase activity were assessed using
a commercially available colorimetric assay kit
(BioVision Inc, CA, USA) using 1,10-phenanthroline as a
positive control. The effects on cyclooxygenases COX-1
(from sheep erythrocytes) and COX-2 (human recom-
binant enzyme) were assessed using a commercially
available inhibitor screening assay kit (Cayman
Chemical, MI, USA). The selective COX-2 inhibitor nime-
sulide as well as the non-selective inhibitor indometh-
acin, were used as reference compounds in these
investigations. The aforementioned enzymatic assays
were conducted according to the instructions of the
manufacturer. The inhibition graph for each inhibitor
was constructed from data collected in three independ-
ent experiments. Data were analyzed by non-linear
regression and the results were expressed as half max-
imal inhibitory concentration (IC50).

Immune modulating activity

The immune modulating activity was assessed by the
ability of the tested extracts to influence the production
of IL-2 upon mitogen stimulation in Jurkat (E6-1 clone)
cells. Jurkat E6-1 cells were obtained from the
American Type Culture Collection (Manassas, VA, USA).
Exponentially growing cells seeded in 24-well micro-
plates (106 cells/well), stimulated with 20ng/mL 12-O-
tetradecanoylphorbol 13-acetate (PMA) and 10lg/mL
phytohemaglutinin for IL-2 release and incubated in
the presence of test samples over 24h. The cultured

supernatants were collected and the concentration of
the released IL-2 was directly determined by a commer-
cially available Interleukin-2 DiacloneTM ELISA (enzyme-
linked immunosorbent assay) kit, which was purchased
from Gen-Probe Inc. The procedure was carried out in
compliance with the instructions of the manufacturer,
and IL-2 was quantified (ng/mL) using a freshly pre-
pared standard curve. The tests were run in triplicate.

Antioxidant and antiradical effects

ABTS method
The assay was performed according to Re et al. [23]. It
is based on the decrease of the absorbance value of
the persistent radical cation of ABTS (2,2-azinobis (3-
ethylbenzothiazoline-6-sulfonic acid). The radical has
been pre-formed in buffered water by adding
14mmol/L ABTS stock solution to potassium persulfate
(2.45mmol/L - final concentration). The working solu-
tion was prepared by diluting a volume of the pre-
pared stock solution until its absorbance at 734 nm
reaches 0.70 ± 0.02. Two milliliters for the working
solution were mixed with different concentrations of
the tested extract. The absorbance values were taken
60min after the mixing at 734 nm.

DPPH method
The experiments were performed according to Goupy
et al. [24]. The method is based on the capability of
the tested substance to reduce the purple colored
DPPH radical into a non-radical form with yellow color.
A working solution of the stable DPPH radical in etha-
nol with absorbance of 0.9 at 517 nm has been pre-
pared. Again 2mL of this solution were mixed with
the extract in ethanol at different concentrations. The
obtained mixtures were shaken vigorously and
allowed to stand at room temperature for 1 h. Then
the sample absorbance values were measured at
517 nm using a UV-VIS spectrophotometer.

Two types of samples were prepared for both
assays. The first type were the controls containing the
used stable free radical (where the extract was
replaced with the used solvent). The second type were
those containing the studied extract at different con-
centrations. Fresh radical solution was prepared for
each experiment. The obtained data were presented
as radical scavenging activity % calculated as follows:

RSA% ¼ Acontrol�Asample
�
Acontrol

� �
�100

where Acontrol is the absorbance of the control samples,
Asample is the absorbance of the extract containing
samples. All experiments were performed in triplicate
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and the results are presented as mean values with
standard deviation (± SD).

Chemiluminescence assays

The chemiluminescence (CL) experiments were done
using LKB 1251 luminometer connected with an AT-
type computer via serial interface and automatic
injector. Data collection and processing were done
using MultiUse program ver. 1.08. All measurements
were repeated three times and the luminometer was
set up at 37 �C. The ratio between the chemilumines-
cent response in the presence and the absence of the
extract was named chemiluminescent scavenging
index (CL-SI).

Luminol-dependent chemiluminescence in a system
of NaOCl generated hypochlorite
The assay was carried out using 1mL of K2HPO4/
KH2PO4, pH 7.4, containing 0.1mmol/L luminol,
0.06mmol/L NaOCl and the tested extract at different
concentrations. In the control the extract was omitted.
The chemiluminescence was measured every 50 milli-
seconds after the addition of NaOCl using the ‘flash
assay’ option of the MultiUse program.

Luminol-dependent CL in a system of KO2 gener-
ated superoxide anion radical
The experiments were performed using 1mL samples
in 50mmol/L buffer, pH 7.4, buffer containing
0.1mmol/L luminol, and the tested extract (or buffer
for the control sample). Due to the fast release of
superoxide, the CL response was registered immedi-
ately after the addition of 20mL KO2. It was measured
for 1min every 50ms.

Data analysis

The data processing and statistical analysis of the
experimental data were performed using GraphPad
Prism software for PC. The statistical significance was
analyzed using Student’s t-test with p� 0.05 set as sig-
nificance level.

Results and discussion

Phytochemical analysis

The total protein content, as a surrogate marker for
the lectin content, was 9-fold higher in the extract
obtained using 30% ethanol (6mg/mL) vs. the 70%
ethanolic extract (0.67%). The GC-MS data for the
extracts are summarized in Table 1. The analysis
revealed the presence of hydrocarbons, alcohols, thi-
ols, carbonyl derivatives, terpenoids, fatty acid esters,
as well as the nitrogen-containing compound (N-(2-
ethyl phenyl) benzamide. With the only exception of
the latter compound, the % area of the detected spe-
cies was higher in the 70% ethanolic extracts.

Antiangiogenic effects

The antiproliferative effects of the hydro-alcoholic
extracts of the plant were evaluated in an immortal-
ized human umbilical vein endothelial cell line
EA.hy926, using a modified MTT-dye reduction assay
protocol to allow discrimination between the cell
growth inhibitory effects from the lethal cytotoxicity,
after 72 h continuous exposure. The sesquiterpene lac-
tone hydroxyarthemisinine (ART-OH) was used as a
reference compound in this study in line with its well
established angiostatic activity.

Table 1. GC-MS data of the volatiles of the extracts of Arum maculatum roots.

No. Compound R1(min) Formula Exact Mass: BP

% area

30% EtOH extract 70% EtOH extract

1. Benzamide, N-(20-ethylphenyl)-(N-(2-Ethylphenyl) benzamide) 6.39 C15H15NO 225.115364 105 4.44 2.21
2. n-Nonadecanol-1 6.71 C19H40O 284.307917 71 2.24 3.75
3. 2-Undecanethiol, 2-methyl- 6.99 C12H26S 202.175522 69 12.14 22.71
4. Benzene, 1-ethyl-3-methyl (3-Ethyltoluene) 7.57 C9H12 120.0939 105 3.61 7.2
5. Benzene, 1-ethyl-3-methyl 8.11 C9H12 120.0939 105 3.36 6.7
6. 3-Decyn-2-ol 8.35 C10H18O 154.135765 97 8.21 14.2
7. Mesitylene (Benzene, 1,3,5-trimethyl) 8.62 C9H12 120.0939 105 13.94 19.22
8. 2-Hexyl-1-octanol 8.85 C14H30O 214.229666 57 8.8 12.4
9. a-Pinene oxide (3-Oxatricyclo[4.1.1.0(2,4)]octane, 2,7,7-trimethyl) 9.87 C10H16O 152.120115 67 2.07 3.75
10. Carveol 10.58 C10H16O 152.120115 83 4.89 5.2
11. Benzene, (1-methylpropyl) (2-Phenylbutane) 10.81 C10H14 134.10955 105 2.66 3.92
12. p-Cymene 11.19 C10H14 134.10955 119 2.79 4.1
13. 7-Hexadecenal 11.88 C16H30O 238.229666 57 6.29 8.3
14. n-Nonadecanol-1 14.61 C19H40O 284.307917 71 7.4 11.5
15. 1-Decanol, 2-hexyl- 19.37 C16H34O 242.260965 57 8.08 12.2
16. 2-Hexyl-1-octanol 23.51 C14H30O 214.229666 57 5.47 7.23
17. Carbonic acid, decyl hexadecyl ester 27.22 C27H54O3 426.407295 57 2.17 3.21
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As evident from the MTT-dye reduction assay dose-
response curves (Figure 1) and from the calculated GI50
and TGI values (Table 2) the tested A. maculatum extracts
caused strong inhibition of the proliferation of EA.hy926
cells in a concentration-dependent manner. Noteworthy,
even at the highest exposure intensities tested there was
practically no significant decrease in cell viability. The
angiostatic activity observed with our experimental sys-
tem was more pronounced following exposure to the
30% ethanol-derived extract of the plant.

Angiogenesis is central for the pathogenesis of
hemorrhoidal disease [25–28]. Hence, the aforemen-
tioned findings indicate that the modulation of the
endothelial proliferation, which is a pivotal event in
neovascularization, at least partly mediates the in vivo
effects of A. maculatum.

Effects on bacterial collagenase activity as a
model of mammalian matrix metalloproteases

The modulatory effects of the tested extracts on
matrix metalloproteases (MMP) were evaluated on
bacterial collagenase as a model enzyme, using a com-
mercially available colorimetric kit. The reference
inhibitor 1,10-phenanthroline was used as a positive
control in accordance to the manufacturer’s instruc-
tions. The data from this bioassay are summarized in
Table 3 and Figure 2. The tested extracts caused con-
centration-dependent decrease of the collagenase
activity, whereby the extract derived with the lower
ethanol concentration proved to significantly outclass
the other tested plant material, in line with the above
presented MTT-bioassay data.

The MMP activity is crucial for the angiogenesis
processes and it has been well demonstrated that
modulation of these enzymes is implicated in the
mode of action of different drugs used to treat hemor-
rhoidal disease [27, 29]. On these grounds, the estab-
lished collagenase inhibitory activity of the tested
extracts could be considered as an integral element of
its multifaceted mode of action.

Effects on the activities of cyclooxygenases COX-1
and COX-2

Given the central role of prostaglandins and the related
eicosanoids for the pathogenesis of the inflammatory
process and tissue remodeling in hemorrhoid disease, we
sought to determine the ability of the tested extracts to
inhibit the activity of the constitutive and inducible forms
of cyclooxygenase, namely COX-1 and COX-2. The evalu-
ation was carried out using a commercially available

colorimetric assay kit, where the clinically employed non-
steroidal anti-inflammatory drugs (NSAIDs) indomethacin
and nimesulide served as reference inhibitors of the
respective cyclooxygenase isoforms. The calculated IC50
values are presented in Table 4. Both extracts demon-
strated inhibitory effects on cyclooxygenase, but only at
extremely high concentrations, the activity of the 30%
ethanolic extract being superior. Considering the IC50 val-
ues, however, these effects are not likely to contribute to
the efficacy of the medicinal plant in the treatment of
hemorrhoids.

Immune modulating activity

In line with the well-established immune modulating
effects of Arum lectins, we tested the ability of the plant
extracts to affect the mitogen-activated secretion of IL-2
in Jurkat E.6 cells as a model of human T-lymphocytes,
using a commercially available ELISA kit (Figure 3). As
evident from the presented results, the tested extracts
increased the production of IL-2. This effect was more
pronounced at the extract derived with the lower etha-
nol concentration, which could be ascribed to the less
pronounced denaturing of the plant lectins, as com-
pared to that with the 70% ethanol extraction. These
macromolecular compounds have been well established

Figure 1. Antiangiogenic effects of A. maculatum extracts
against EA.hy926 cells after 72 h. exposure (���-assay).

Table 2. Antiproliferative effects of the tested A. maculatum
extracts against EA.hy926 vascular endothelial cells (MTT-dye
reduction assay).
Treatment series GI50 (mg/mL) TGI LC50
A. maculatum extract (30% EtOH) 152 ± 21 338 ± 19 >1000
A. maculatum extract (70% EtOH) 277 ± 17 489 ± 23 >1000
Hydroxyarthemisinine (ART-OH)� 0.87 ± 0.1 4.06 ± 0.4 >14
�Positive control.

Table 3. Inhibitory activity of the tested extracts on bacterial
collagenase.
Treatment series IC50 (mg/mL)

A. maculatum extract (30% EtOH) 318.1 ± 14
A. maculatum extract (70% EtOH) 548.6 ± 27
1.10-phenanthroline� 21.17 ± 3.9
�
Positive control.
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as central for some of the biological effects of the plant
[30, 31]. Moreover the Arum species also contains muco-
polysaccharides, which are also known as immune-mod-
ulating bioactive substances to contribute to the
established activity [32].

Antioxidant and antiradical effects

As a next step, we evaluated the ability of the more
active 30% EtOH derived extract to act as a free-rad-
ical scavenger and antioxidant, in line with the import-
ant contribution of oxidative stress to inflammation in
general and to the pathogenesis of hemorrhoid dis-
ease in particular. To evaluate the anti-radical proper-
ties of the tested extract, a battery of in vitro chemical
chemiluminescent and spectrophotometric model sys-
tems were employed. The spectrophotometric assays
were used to deterime its capability to decrease the

concentration of the ABTS	þ (2,20-azino-bis(3-ethylben-
zothiazoline-6-sulphonic acid) and DPPH (2,2-diphenyl-
1-picrylhydrazyl) radicals. Both assays have been well
described in the literature as indirect methods based
on the reaction of the potential antioxidant with the
unnatural, colored persistent radicals which are chem-
ically different from the radicals normally responsible
for the autoxidation in real systems. The methods are
often used for preliminary screening procedures of
pure compounds, biological samples, extract and
many authors use them to compare the observed
effectiveness of the tested compounds.

The tested extract demonstrated radical-scavenging
activity against both the ABTS and the DPPH radicals
(Figure 4), suggesting the presence of components
which could execute their antiradical properties by
hydrogen atom transfer and single electron transfer
mechanism. The scavenging abilities of the tested
extract were concentration-dependent. As the sample
concentration of the extract increased, the amount of
the stable free radical in the sample decreased. A lin-
ear dose–RSA % dependence was observed only in
the ABTS system. The studied concentration interval
was from 0 to 0.61mg/mL, and at the highest concen-
tration, the RSA% reached around 75%. In the DPPH
assay, the maximal tested concentration was 1.11mg/
mL and at this concentration of the extract, the
observed RSA % was 55%. The concentration depend-
ence of the radical-scavenging activity served as a
basis to calculate the concentration at which this par-
ameter decreased with 50%. Lower C50 values indicate
better expressed radical scavenging properties. For the
ABTS system, the C50 value was 0.409 ± 0.025mg/mL
and for the DPPH system, 0.924± 0.018mg/mL.

Further, we evaluated the capability of the extract
to scavenge biologically relevant reactive oxygen spe-
cies (ROS), superoxide anion radical and hypochlorite,
using chemiluminescent model systems. For our
experiments we chose luminol-enhanced chemilumin-
escence. Luminol was chosen as a luminophore due to

Figure 2. Inhibition of collagenase activity by A. macula-
tum extracts.

Table 4. Inhibitory effects of the tested extracts on cyclooxy-
genase (COX-1 and COX-2) activities.

Treatment series

IC50 (mg/mL)

COX-1 COX-2

A. maculatum extract (30% EtOH) 589.90 ± 23.4 499.1 ± 20.5
A. maculatum extract (70% EtOH) 978.1 ± 47.9 > 1000
Nimesulide 11.36 ± 3.2 0.42 ± 0.07
Indomethacin 5.6 ± 0.9 0.74 ± 0.09

Figure 3. Effects of A. maculatum hydro-alcoholic extracts on PHA/PMA-induced secretion of IL-2 in Jurkat E.6 cells (human
�-cell model).
Note: � Indicates statistical significance at p< 0.05 vs. PHAþ PMA alone; # indicates significant difference vs. the 70% EtOH extract; paired t-test.
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its lack of selectivity and the fact that it can react with
all ROS generated in the sample. This enabled us to
compare the obtained data from assays evaluating
anti-radical properties against different ROS.

The necessity to evaluate the capability of the
extract to decrease ROS concentration is due to their
role at the same time as signaling molecules and
mediators of inflammation. The superoxide anion rad-
ical and hypochlorite are key targets when seeking
substances influencing inflammation-induced oxidative
stress. The former is a mediator of free radical toxicity:
via participating in subsequent reactions it generates
other ROS which contribute to the propagation of the
oxidative stress injury (H2O2) or are the most potent
species that oxidize the basic components of bio-
logical membranes – proteins and lipids (peroxynitrite,
hypochlorite, hydroxyl radical). The superoxide anion
radical is generated by NADPH oxidases which are pre-
sent in a variety of cells, especially phagocytes and
endothelial cells, playing a central role in the genesis
of the inflammatory response. Hypochlorite is

produced as a result of the myeloperoxidase induced
oxidation of chloride ions accompanied with the
reduction of hydrogen peroxide. The hypochlorite con-
centration in the samples corresponds to the levels
detected during macrophage oxidative burst.

Typical chemiluminescent curves obtained in the
chosen systems are summarized in Figure 5. For each
assay the program software requires control samples
(containing PBS, luminol, the reaction-initiating agents
– hypochlorite or potassium superoxide, but without
addition of the extracts), blank samples (containing
PBS, the tested extract, and the reaction-initiating
agents) and the experimental samples with different
concentration of the extract to calculate the chemilu-
minescent scavenging index (CL-SI, %). CL-SI was used
as indicator of the scavenging properties in both sys-
tems. The obtained CL response is proportional to the
area under the kinetics curves. In the presence of sub-
stances with scavenging properties, the concentration
of the radicals and, respectively, the CL signal will
decrease. Lower CL-SI corresponds to higher anti-rad-
ical potency. As evident from the data in Figure 5, in
both systems, the balnk sample (which contains all
sample components except luminol) overlaps the X
axes, which indicates lack of CL signal due to direct
interaction of the tested extract and the other sample
components. In both systems, the controls had a max-
imal peak of the CL curve and reaction curve area —
integral suggesting capability of the tested extract to
decrease the concentration of both the superoxide
anion radical and hypochlorite in vitro. In other to
quatify the observed scavenging effect in both sys-
tems, CL-SI was calculated and the obtained data are
presented in Figure 6.

These findings imply that the extract possesses a cap-
ability to decrease the chemiluminescent signal in both

Figure 4. Concentration dependence of the anti-radical activ-
ity of the 30% EtOH extract determined in stable free radical-
based systems.

Figure 5. Typical chemiluminescent curves obtained in the chemilumiescent model systems used for evaluation of the superoxide
anion and hypochlorte scavenging activity.
Note: X-axis, time of analysis [s]; Y-axis, intensity of chemiluminescence signal - relative units [RU]. Blank samples contained PBS, the tested antioxidants,
and the reaction-intitiating agents; control samples contained PBS, luminol and the reaction-initiating agents but without the tested antioxidants.
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experimental systems and hence is capable of scaveng-
ing the corresponding ROS. The observed effect was
concentration dependent and the CL response tended
to decrease with the increase in the concentration of
the tested extract. This effect was more noticeable in the
hypochlorite-containing system, where at the lowest
tested concentration of 0.16mg/mL, the observed
decrease was more than 15% compared to the control.
At the same concentration, there was no statistically sig-
nificant decrease of the CL-SI value compared to the
control in the superoxide system. This difference in the
capability of the extract to influence the CL signal was
observed at all the tested concentrations. At the max-
imal concentration of 1.63mg/mL, the CL-SI ratio in the
hypochlorite system was 5 times lower compared to the
control and more than 3 times lower compared to the
one determined in the superoxide system. Again C50 val-
ues were calculated. For OCl\bar, the C50 value was
0.421±0.023mg/mL and for O2

	�, 4.037±0.121mg/mL
(determined using an extrapolation method, as it was
not within the tested concentration range). These data
indicate that the efficacy of A. maculatum as a traditional
remedy for hemorrhoids is at least partly mediated by
antioxidant and antiradical effects. This well corroborates
the pharmacological profiles of most phytochemicals
applied topically or systemically as antihemorrhoidal
agents, the vast majority of which are potent antioxi-
dants and free radical scavengers [33–36].

Conclusions

Our study showed that A. maculatum is endowed with
pleiotropic anti-phlogistic, antiangiogenic, antioxidant

and antiradical activities. These activities, in concert,
address some key elements of the inflammatory and
tissue remodeling processes implicated in the patho-
genesis of hemorrhoidal disease.
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