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Abstract 
 

Reactive oxygen species (ROS) are products of the oxygen metabolism that have important 
functions in the immune effector cells activity and cell signaling. The normal cellular level of ROS is 
dramatically enhanced by environmental stress factors (e.g. UV, heat exposure) or when pathological 
or degenerative conditions are present, resulting in significant damage to cell structures. Compounds 
with the ability to inhibit reactive oxygen species could have a therapeutic potential in reducing the 
damages induced by dangerous levels of ROS. In this study, we investigated five vegetal fractions 
progressively purified by extraction, flash chromatography and preparative HPLC, starting from MCS-
18 (a multi-anionic compound isolated and purified from Helleborus purpurascens plant). The fractions 
were tested as possible antioxidants and/or modulators of ROS production in human PMN cells (with or 
without activation with Pam3Cys). The scavenging capacity of the vegetal fractions was tested by two 
methods performed in non-cellular systems, showing that the investigated products had different 
antioxidant activity, either for peroxyl radicals (Oxygen Radicals Absorbance Capacity - ORAC 
method), or for reactive oxygen species (Total Antioxidant Capacity - TAC method). With a luminol-
amplified chemiluminometric method, we demonstrated that four of the tested fractions increased the 
ROS release from unstimulated human PMN cells and slowly decreased cells viability, suggesting the 
presence of trace amounts of structurally not identified proinflammatory components. The progressively 
purified fractions differently down-regulated the increased ROS levels of PMNs activated with 
Pam3Cys. The purified fraction MCS-Dx significantly reduced ROS levels, in comparison with control, 
without relevant alterations of cells viability. MCS-Dx proved to be a potent ROS scavenger and it 
could be used as adjuvant in antioxidant therapy. With the ability to reduce the generation of ROS or 
their damaging effects, this purified fraction could have an attractive therapeutic potential. 
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Introduction 

 
Reactive oxygen species (ROS) are normal products of cellular metabolism and have 

important roles in cell signaling, both in normal and stress conditions. Effects of ROS on cell 
metabolism have been well documented in a variety of species and include roles in apoptosis, 
induction of host defence genes and mobilisation of ion transport systems [1,2]. Reactive 
oxygen species are used by the immune system as a way to attack and kill pathogens. 
Phagocytes, such as polymorphonuclear granulocytes (PMNs), become activated after 
pathogens internalization and produce high amounts of ROS; this process is known as 
"respiratory burst" [3,4]. 
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The highly reactive oxygen species are molecules or ions presenting radical and non-
radical structure: superoxide anion (.O2

−), hydrogen peroxide (H2O2), hydroxyl radical (OH–), 
singlet oxygen (1O2). These intermediates are formed continuously in cells as a result of 
oxidative biochemical reactions and external factors [5,6]. Cells are normally able to defend 
themselves against ROS damage and this complex process includes different molecule types: 
enzymes (superoxide dismutases, catalases, lactoperoxidases, glutathione peroxidases and 
peroxiredoxins), small cellular antioxidants (ascorbic acid, tocopherol, uric acid, and 
glutathione), heat shock proteins, etc. [7]. For example, catalase and superoxide dismutase 
ameliorate the damaging effects of hydrogen peroxide and superoxide by converting these 
compounds into oxygen and water [8]. 

Stress stimuli like UV, heat exposure, drugs, food products, etc., increase dramatically 
ROS levels. This may result in significant damage alterations of cell structures, such as: DNA 
damage, oxidations of poly-unsaturated fatty acids in lipids, oxidations of amino acids in 
proteins, oxidatively inactivated specific enzymes by oxidation of co-factors [9,10]. This 
situation is known as “oxidative stress” [11]. Oxidation, if uncontrolled, could result in cell 
death and tissue damage and triggers degenerative processes associated with aging and many 
diseases, including atherosclerosis, diabetes, rheumatoid arthritis [12,13] and different types 
of cancers, such as breast cancer and cervical cancer [14,15]. ROS are potential carcinogens 
because they facilitate mutagenesis, tumor promotion and progression. Overproduction of free 
radicals is also present in many clinical situations that involve lung epithelium, pulmonary 
fibrosis, acute respiratory distress syndrome and lung cancer [16,17]. Lung epithelial cells are 
always exposed to a variety of stresses, and are a primary target for ROS [17].  
 Compounds with the ability to down-regulate reactive oxygen species are important in 
therapeutic intervention to reduce the generation or the effects of ROS. Therapeutic 
intervention includes treatment with natural or synthetic antioxidants. Preventive intervention 
for free radical-mediated diseases needs potent scavengers of ROS [18,19]. Many plants 
contain substantial amounts of antioxidants, such as vitamins, carotenoids, flavonoids that can 
be used to scavenge excess of free radicals from the human body [20]. The free radicals 
scavenging potential of natural antioxidants varies among diseases and types of antioxidant 
[21]. There is growing interest on natural antioxidants because of the concern over the 
possible carcinogenic effects of synthetic antioxidants [20]. The major advantages of herbal 
medicine seem to be their efficacy, low incidence of side effects, and low cost. Natural 
antioxidants from plant origin provide a measure of protection that slows the process of 
oxidative damage [21]. In previous studies we demonstrated that some bacterial extracts 
(Curdlan derivatives) could modulate ROS production and release from human activated 
PMNs, but they could not act as oxygen radical scavengers [22,23].   
 Helleborus purpurascens is a perennial flowering plant from the family of 
Ranunculaceae (buttercup). Various species of Helleborus are growing in the spontaneous flora 
of subalpine regions from middle Europe to Caucasus. Helleborus fractions comprise several 
classes of chemical compounds such as lactones (anemonine), bufadienolidic glycosides 
(hellebrin), terpenic saponines or small molecular weight (5kDa) cysteine rich proteins 
(hellethionins) [24]. 

The objective of this study was to investigate five vegetal fractions isolated and 
progressively purified from MCS-18 (a multi-anionic compound isolated and purified from 
Helleborus purpurascens), as possible antioxidants and/or modulators of ROS production in 
human PMN cells. MCS compounds are described to date as multi-component fractions 
isolated from the roots of Helleborus purpurascens, with not fully disclosed chemical 
structure and composition. Preliminary data suggested beneficial effects of this novel herbal 
product, with possible modulatory activity on inflammatory and autoimmune diseases. 
Pharmacological studies [25,26] demonstrated that purified MCS-18 was able to inhibit the 
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expression of specific maturation markers of immature dendritic cells (DC) such as CD80, 
CD86, and especially CD83, leading to a dose-dependent inhibition of the DC-mediated T-
cell stimulation. MCS-18 impeded the formation of the typical DC/T-cell clusters, which were 
characteristic for DC activated cellular immune responses. MCS-18 was also able to reduce 
B-cell proliferation and immunoglobulin production boosted by Toll-like receptor (TLR) 
agonists such as Lipopolysaccharide (LPS), Pam3CysSKKKKx3HCl (Pam3Cys) or Freund´s 
complete adjuvant (FCA) [27,28]. MCS-18 proved to be a potent antagonist of the capsaicin 
activated vanniloid type pain receptors (TRPV1) which explained the local analgesic action of 
the product [29]. 
 
Materials and Methods 
 
Obtaining of progressively purified fractions from MCS-18 

Several fractions from the extract batch he-27 of DoNatur GmbH were prepared 
starting from 1 kg of dried roots of Helleborus purpurascens, which were extracted with 5 l 
methanol:water (90:10) 16 hours at room temperature. Methanol was eliminated by vacuum 
rotary evaporator and the concentrated water phase was extracted twice with a mixture of 
dichloromethane:hexane (1:2) to remove the lipids. The defatted watery phase was then 
precipitated with 1-12 fold volumes of absolute ethanol, the precipitate was dissolved in water 
and the process was repeated twice. This raw product was fractionated primary with 5 g 
aliquots on Biotage Horizon Flash (10) chromatography (HPFC) system, with UV detection at 
254 nm, Lichroprep C18 (Merck) column (24mm x 300mm), in isocratic elution modus with 
20% acetonitrile in water, flow rate of 5mL/minute. The collected samples in test tubes 
(20mL each) were pooled together according to the analytical High Performance Liquid 
Chromatography (HPLC) data and the resulted fractions were noted in the order of their 
increasing retention time, as follows: MCS-a, MCS-b, MCS-c, MCS-d. These four pooled 
fractions were further characterized by Thin Layer Chromatography (TLC) using specific 
staining reagents: anisic aldehyde/sulfuric acid for saccharides, chlor/tolidin for aminoacids 
and proteins, vanillic acid for saponins. The primary fractions MCS-a, MCS-c, MCS-d have 
been applied for biological testing. 

In the next purification step, the primary fraction MCS-d was further separated in two 
sub-fractions by preparative scale HPLC, using the Kontron-Instruments HPLC-system, 
equipped with gradient pump Type 422, automated injector (Autosampler 465) and DAD-type 
430 detector. Linear gradient from 20% to 50% acetonitrile/water during 25 minutes was 
applied and the main sub-fractions resulted from MCS-d were designated with MCS-Dx, 
MCS-EF and tested herewith.  

The progressively purified MCS fractions (MCS-a, MCS-c, MCS-d) and the sub-
fractions MCS-Dx and MCS-EF separated from MCS-d, were dissolved in phosphate buffer 
saline (PBS) as stock solutions of 1 mg/mL and sterile filtered on 0.22μm SS membrane. 
Antioxidant Capacity (ORAC method) 

The antioxidant capacity of the progressively purified products by means of their 
scavenging capacity for peroxyl radicals was quantified by a modified and validated protocol 
based on Prior et al. method [30]. Practical applications of this method were described in a 
recent publication [24]. Briefly, Oxygen Radicals Absorbance Capacity (ORAC) is an 
adequate method for measuring the antioxidant capacity of any hydrosoluble sample using a 
non-cellular system. The assay measures the oxidative degradation of a fluorescent molecule 
(Fluorescein sodium salt) after addition of a free radicals generator, AAPH (2,2’-azobis-2-
amidino-propane dihydrochloride). The fluorescence of samples was measured using an 
automatic system – Fluorimeter / Chemiluminometer (Fluoroskan FL, Thermo) - with a 
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dispenser as endowment and connected to a PC. Data acquisition and statistical processing 
were performed with the dedicated software (Ascent Fluoroskan FL). As calibration curve, 
3.125-100 µM Trolox ((S)-(-)-6-hydroxy-2,5,7,8 tetramethylchroman-2-carboxylic acid) has 
been used; in order to calculate the results, the blank area was subtracted from the net area 
under the fluorescence decreasing curve in the presence of the sample and it was related to the 
net area corresponding to 1 μM Trolox. The obtained values were multiplied with the dilution 
factor. The measurements were performed three times in triplicate. Final data were expressed as 
Trolox equivalents, (TE)/g (1 TE = 1 μM Trolox). All chemicals were purchased from Fluka. 
Total antioxidant capacity (TAC method)                               

The total antioxidant capacity (TAC) of the samples was measured using the Prieto 
modified spectrophotometric method [31]. Briefly, 0.1 ml sample of each tested vegetal 
product (1mg/ml solution) was added to 0.9 ml Reagent A consisting in: 0.6M H2SO4 (Merck), 
28mM Na2HPO4 x 2H2O (Merck) and 4mM (NH4)2MoO4 (Aldrich). After an incubation of 90 
min at 95 ºC, each sample was cooled at room temperature and then centrifuged at 1300 rpm for 
5 min. at 25°C. Absorbance was measured spectrophotometrically at 695 nm and results were 
calculated using an ascorbic acid standard curve. Final results were expressed as ascorbic acid 
equivalents (1 ascorbic acid equivalent = 1 μM ascorbic acid). 
Human polymorphonuclear cells isolation 

Polymorphonuclear neutrophils (PMNs) were isolated using Roos and DeBoer 
adapted method [32]. PMNs were obtained from human whole blood of 5 healthy donors who 
gave their informed consent. Briefly, heparinized venous blood of donors was diluted 1:1 with 
RPMI-1640 medium (Sigma) supplemented with antibiotics (10 IU/mL sodium penicillin-G, 
10 μg/mL streptomycin sulfate) and 2 mM L-glutamine; it was then carefully layered onto 
Ficoll-Paque Plus (Amersham-Pharmacia) and centrifuged at 2500 rpm for 40 min. at 20oC. 
After removal of mononuclear cells, the sediment was collected and then lysated for 30–35 
min. with 0.83% ammonium chloride at 4oC. After total lysis of red blood cells, PMNs were 
centrifuged at 1400 rpm for 15 min. After 2 wash steps at 1200 rpm for 10 min. at 4oC in 
0.83% ammonium chloride and Hank’s Balanced Salt Solution (HBSS), respectively, PMNs 
were resuspended in HBSS at a final concentration of 3x106 cells/mL. The PMNs viability 
was measured by trypan blue and exceeded 98%.  
Chemiluminometric method 

To evaluate the action of the progressively purified vegetal fractions on the ROS 
production and release from in vitro activated human PMNs, a luminol-enhanced 
chemiluminescence method was used [33]. Briefly, fresh human PMNs were seeded into 96-
wells cell culture plates (Costar), 3x105 cells/well in 100μl HBSS. The cells were incubated 
for 15 min. at room temperature with the tested vegetal fractions, in 3 different concentrations 
(1, 5 and 10 μg); then the cells were activated or not with 0.6 µM Pam3CysSKKKKx3HCl 
(EMC Microcollections GmbH). Pam3Cys is a known Toll-Like Receptor 2 (TLR2) specific 
agonist, knowing that TLR2 activation is followed by PMNs activation and subsequently by 
the release of high amounts of ROS. Next, a chemiluminometric assay was run. Signal 
amplification was achieved with 0.13 µM luminol (5-amino-2,3-dihydro-1,4-
phthalazinedione) (Sigma). The automatic Fluorimeter / Chemiluminometer system 
Fluoroskan FL (Thermo) with a dispenser as endowment and connected to a PC has been 
used. Chemiluminescence signals were registered for 50 minutes and quantified as Relative 
Luminescence Units (RLU). Data acquisition and statistical processing were performed by the 
dedicated Ascent Fluoroskan FL software. The measurements were performed in triplicate. 
Final results were expressed as percent of ROS release vs Pam3Cys control.  
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MTT Viability / Cytotoxicity Assay 
PMNs viability was evaluated by MTT colorimetric method which measures a purple 

coloured formazan compound produced only in the presence of living cells [34]. Briefly, 
5x104 PMNs/well/100μl were incubated in flat-bottomed 96-well tissue culture plates, with 
the investigated products in different concentrations (1, 5, 10 μg/well), for 1 hour at 370C and 
5% CO2 in complete RPMI culture medium (supplemented with 10% Fetal Calf Serum,                 
10 IU/ml sodium penicillin-G, 10 mg/ml streptomycin sulfate and 2 mM L-glutamine). Each 
sample was tested in triplicate. The plates were centrifuged at 800 g for 5 min., the 
supernatants were taken out and 50 μl/well MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) (Sigma), 1 mg/ml in phosphate buffer saline (PBS) solution, 
were added to each well. MTT is reduced by metabolically active cells to insoluble purple 
formazan dye crystals [34]. After 4 hours incubation at 370C and 5% CO2, the plates were 
centrifuged 5 min. at 800 g and the supernatants were removed. The reaction was stopped 
with 50 μl/well sodium dodecyl sulfate 10% solution (Bio-Rad). The plates were kept 
overnight at 370C and then the absorbance was measured at 540 nm, using a Multiskan 
spectrophotometer (Thermo). Average values for triplicate samples were calculated.  
Statistical analysis      
 For chemiluminometric experiments, the coefficient of variation (CV) of each sample 
was less than 20% (each donor sample was tested in triplicate) and final results represented 
the average of triplicate measurements of samples from 5 healthy donors. In the case of the 
MTT assay, CV was less than 20% and final results represented the average of 3 independent 
experiments. For the techniques in non-cellular systems (ORAC, TAC), CV was less than 
10% and for the standard curves (Trolox and ascorbic acid) the correlation factor (R2) was ≥ 
than 0.95; final results represented the average of 3 independent experiments. 

 
Results and discussion 

 
Taking into acount the fact that there are two types of antioxidant products - 

scavengers and inhibitors of  ROS production and release, in this study we aimed to evaluate 
both the action of the investigated fractions on human PMN cells respiratory burst (using a 
chemiluminometric method), and their scavenging capacity for free radicals (quantified by 2 
methods performed in non-cellular systems: ORAC - for peroxyl radicals and TAC - for total 
reactive oxygen species). 
 
Scavenging capacity of progressively purified vegetal fractions 

Using 2 non-cellular experimental models the scavenging capacity of progressively 
purified products has been tested, either for peroxyl radicals (by ORAC test) or for reactive 
oxygen species (by TAC assay). Our results showed that the investigated vegetal fractions had 
different scavenging activities (Fig. 1 a, b). 



N.S. APETREI, A.-R. LUPU, A. CALUGARU, F. KEREK, G. SZEGLI, L. CREMER 
 

6678  Romanian Biotechnological Letters, Vol. 16, No. 6, 2011 

                             a)        b)   

0

50

100

150

200

250

300

350

MCS-Dx MCS-EF MCS-a MCS-c MCS-d

an
tio

xi
da

nt
  c

ap
ac

ity
 - 

O
R

A
C

 (T
E

*/
 g

)

 

0

200

400

600

800

1000

1200

1400

1600

MCS-Dx MCS-EF MCS-a MCS-c MCS-d

T
ot

al
 A

nt
io

xi
da

nt
 C

ap
ac

ity
 

(a
sc

or
bi

c 
ac

id
 e

qu
iv

al
en

ts
 / 

g)

 
  * 1 TE = 1 μM Trolox  
Figure 1. The scavenging capacity of the progressively purified MCS-products. (a) ORAC method: 25 μg 
purified fraction/system; (b) TAC assay: 100 μg purified fraction in 0.9 ml TAC reagent.  
Data represent the means of 3 independent experiments. 
 

As shown in Fig. 1a, MCS-Dx and MCS-EF fractions had a high antioxidant activity 
for peroxyl radicals: 267.04 TE/g for MCS-Dx and 226.8 TE/g for MCS-EF. The scavenging 
capacity of MCS-a and MCS-d was lower (169.64 TE/g, 153.14 TE/g respectively) and MCS-
c had the lowest antioxidant capacity for peroxyl radicals (110 TE/g). 

When the tested products were investigated by TAC non-cellular assay (Fig. 1b), the 
results obtained showed that MCS-Dx was a powerful antioxidant for ROS (1356.92 μM 
ascorbic acid/g). MCS-a, MCS-c and MCS-d had a low scavenging activity (from 289.92 μM 
to 237.72 μM ascorbic acid/g) and MCS-EF had an antioxidant activity corresponding to 
967.34 μM ascorbic acid/g.  

The results presented above showed that MCS-Dx fraction had the highest capacity to 
scavenge ROS.  
 
Modulation of human PMNs oxidative stress by progressively purified MCS-products 

Using a luminol-amplified chemiluminescence method we studied the effect of the 
investigated purified vegetal fractions on the ROS production and release from Pam3Cys-
activated PMN cells, isolated from the peripheral blood of healthy donors. The results obtained 
showed that the tested products were able to differently down-regulate ROS production and 
release from activated human PMNs, by comparing with Pam3Cys control (Fig. 2).  
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Figure 2. The effects of the investigated purified MCS-products on the ROS release from human activated 
PMNs. Cells were treated with different doses of purified fractions (1, 5 and 10 μg) and after 15 min. were 
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activated with Pam3Cys   (0.6 µM), a specific agonist of TLR2. Results are expressed as percent of ROS release vs 
Pam3Cys control. Data represent the average of triplicate measurements of samples from 5 healthy donors. 

 
As shown in Fig. 2, compared to Pam3Cys control, MCS-Dx demonstrated a good 

antioxidant capacity, especially at high dose (10 µg), when a ROS release of 22.285 vs 
Pam3Cys control was observed. MCS-EF was able to down-regulate the ROS release by 
32.75% (at 1 μg) and 10% (at 10 μg) vs Pam3Cys control, showing a low antioxidant 
capacity. We also observed that MCS-a, MCS-c and MCS-d fractions had significant effect at 
low doses (1 μg) by comparing with MCS-Dx, that had the strongest ROS down-regulating 
effect at high dose (10 μg).          
 MCS-a could decrease the ROS release by 65.03% vs Pam3Cys control, at 1 μg and 
had no effect when its concentration was 10 μg. MCS-c down-regulated the ROS release by 
60.15% (1 μg) and 41.36% (10 μg) vs Pam3Cys control. MCS-d down-regulated the ROS 
release by 69.03% (1 μg) and 48% (10 μg) vs Pam3Cys control, showing that MCS-c and 
MCS-d had similar effect on Pam3Cys-activated human PMNs. 

We also studied the effect of all five MCS-products on ROS production and release 
from human PMNs, without activation with Pam3Cys. The results obtained are presented in 
Fig. 3. 
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Figure 3. The effect of progressively purified fractions on the ROS release from human PMN cells. Cells were 
treated for 15 min. with different doses of purified products (1, 5 and 10 μg). Results are expressed as percent of 
ROS release vs control (unstimulated cells). Data represent the average of triplicate measurements of samples 
from 5 healthy donors. 
 

As shown in Fig. 3, compared to the control (unstimulated cells), MCS-Dx vegetal 
fraction slowly decreased the ROS release from human PMNs (between 94.45% and 69.87%). 
The treatment of PMN cells with MCS-EF determined a ROS release from 129.75% (1 μg) to 
114.81% (10 μg), showing that this vegetal fraction slowly increased ROS production.              
MCS-a, at 1 μg induced a ROS release of 126.09%, and 175.36 % when its concentration was 
10 μg. MCS-c produced a ROS release between 235% (1 μg) and 133.41% (10 μg) and the 
ROS production and release induced by MCS-d was from 181.95% (1 μg) to 112.43% (10 
μg). The results showed that MCS-a, MCS-c and MCS-d purified fractions up-regulated the 
ROS production and release from PMN cells, comparatively with the control. 
 
The effect of the progressively purified vegetal fractions on cells viability  

Using the MTT viability/cytotoxicity assay we studied the effect of progressively 
purified vegetal fractions on human PMN cells viability (Fig. 4).  
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Figure 4. The effects of MCS-products on PMN cells viability. Cells were treated with the purified fractions 
used in 3 different concentrations (1, 5, 10 μg). Results are expressed as percent of cells viability vs control 
(unstimulated cells). Data represent the average of 3 independent experiments. 

 
As shown in Fig. 4, the viability of PMN cells was slowly affected by the treatment 

with the progressively purified vegetal fractions. At the highest dose (10 μg) the viability of 
PMNs was near 80%.  
       
Conclusion  
  

In our study we investigated five progressively purified MCS-products from 
Helleborus purpurascens as possible antioxidants and/or modulators of ROS production and 
release from human PMN cells. To evaluate the action of the investigated products on human 
PMNs respiratory burst we used a luminol-amplified chemiluminometric method. Concerning 
MCS-EF, MCS-a, MCS-c and MCS-d fractions, the increase of ROS release in human 
unstimulated PMN cells could be high enough to produce cell death, taking into account that 
ROS can also attack their origin cells. This mechanism can also explain the ROS decreased 
values (by comparing with control) in the case of cells stimulated with Pam3Cys. 

In a dose of 1 µg, MCS-Dx has not modified significantly neither ROS production, nor 
PMN cells viability. When applied in a dose of 5 µg, this product down-regulated ROS 
production and release (73.84% ROS release vs Pam3Cys control), but it has not modified 
significantly the cells viability (93.38% viability vs control). The decreased value of ROS 
release observed at MCS-Dx dose of 10 µg (69.87% ROS release vs Pam3Cys control) could 
be correlated with the decrease of cells viability (80.16% viability vs control), also suggesting 
the presence of trace amounts of structurally not identified proinflammatory components.A 
significant decrease of ROS values against control has been observed in luminol-enhanced 
chemiluminometry on Pam3Cys activated PMNs.  

Taking into account the fact that luminol-enhanced chemiluminometry measures the 
quantity of ROS released by the cells, the decreased ROS values against control could be due 
to ROS scavenging process made by MCS-Dx purified fraction and not mainly to an action at 
cellular level. The results obtained in non-cellular systems (ORAC and TAC) confirm this 
hypothesis. We can conclude that MCS-Dx fraction is a potential ROS scavenger and it could 
be used as adjuvant in antioxidant approaches. 

The products with the ability to reduce the generation of ROS or their effects are 
important in therapeutic intervention. Altogether, the results obtained in both 
chemiluminometry and in non-cellular models showed that more advanced purification of the 
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MCS fractions was needed (as shown in the case of MCS-Dx) to improve their potential 
modulatory activity for free radical-mediated cellular processes. 
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