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Abstract 
 

The aim of this paper consists in ‘non-stressing’ process’ use that, with respect to traditional 
plants operates under milder temperature conditions. Particular attention was devoted to investigate 
the possibility to purify and concentrate Viscum album extracts with a microfiltration/ultrafiltration 
unit, allowing the preservation of thermolabile compounds from the extracts and their antineoplastic 
properties examination. In vitro investigation of the HeLa cancerous cells interaction with 
biopreparations (extracted, separated and purified from Viscum album through successive 
ultrafiltrations on membranes) highlighted and quantified their cytostatic and cytotoxic impact, 
expressed by the inhibition of protein synthesis and cellular proliferation, by cell viability decrease 
and by the inhibition of cell cultures development.  
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Introduction 

 
The interest for Viscum album L. (Loranthaceae) is justified by its large utilization in 

the traditional medicine. Today, parts of the pharmacodynamic effects are biomedicaly 
capitalized in curative and preventive, single or associated treatments [1]. 

A part of the biologically active compounds is mainly represented by phenolic acids 
(caffeic acid, p-coumaric acid, galic acid, syringic acid), alkaloids, flavonoids (catechine, 
myrecitin, quercitin), lignans, polyalcohols, lectins, polysaccharides, terpenoids, toxins etc. 
[2]. The interest for these compounds is due to their biologic properties revealed as 
hypotensive, anti-oxidative [3], cardiac-depressant [4], cellular agglutinating [5], 
antidiabetical [6], diuretic, antimicrobial [7], inflammatory [8], sedative, antispasmoic, tonic, 
vasohypotonic, immunomodulatory [10] and antitumoral actions [9-13].  

The antineoplastic chemotherapy is characterized by a relatively low toxicity [14, 15]. 
This explains the major importance given to the oncobiologic research, focused on its 
efficiency optimization, by discovering new oncochemotherapeutic agents with directed 
activity on the cancerous cells [16-18].   

This study is focused on the researches performed on the Viscum album L. [19], since 
this is one of the most frequently analyzed, yet a major controversial subject of the medicinal 
plants, due to numerous experimental data and to their heterogeneous character (only to 
remind about the controversy between American and European pharmacy schools about the 
therapeutic use of different mistletoe bioproducts).  
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This paper proposes the utilization of a “non-stressing” extract process, which may 
occur in milder temperature conditions. A particular attention was provided to investigate the 
possibility to purify and concentrate mistletoe extracts by means of a microfiltration/ 
ultrafiltration unit. Previous studies revealed the ultrafiltration performances for the 
concentration of some medicinal plant extracts [20, 21]. Ultrafiltration processes provide 
many advantages over conventional technologies. Their application in the 
phytopharmaceutical industry is particularly interesting, as membrane processes can be 
developed at mild temperatures, avoiding damages caused by thermal processes, thus, 
maintaining the original characteristics of the processed products.  

 
Materials and methods 
 

Plant material: Mistletoe biomass (leaves and stems) was collected at Bod, Brasov 
County, Romania, in July 2006 and was identified by lect. dr. Paulina Anastasiu from 
Botanics and Microbiology Department, University of Bucharest.  

Cell lines, chemicals and equipments: Mycoplasm-negative negroid human cervix 
epithelium carcinoma cells (HeLa ACC 57, DSMZ, Germany), DMEM medium (Biochrom 
AG, Germany) supplemented with 10% fetal bovine serum (Sigma, Germany). Streptomycin, 
penicillin and amphotericin B were purchased from Biochrom AG, Germany. Folin-
Ciocalteu's Reagent, sodium carbonate, acetic acid glacial, caffeic acid, sodium acetate, were 
purchased from Sigma Aldrich (Germany),  Albumin from bovine serum was purchased from 
Fluka (Switzerland) and acetonitrile was purchased from Merk (Germany).  

Microfiltration membrane and ultrafiltration membrane from regenerated cellulose 
were purchased from Millipore (SUA).  

Preparation and concentration of extracts: Extracts were prepared by maceration, 
using the distilled water as solvent, paying attention to the following factors: the herbal was 
crushed with a GRINDOMIX GM200 mill (Retsch – Germany), the contact time between the 
herbal and the solvent was of 24 hours, sporadic, mechanically stirring, operating room 
temperature (22°C±2°C). The herbal’s mass concentration in the solvent was of 10% [22]. 
After filtering the extract through filter paper, each of the filtrates was processed by 
microfiltration (MF) (Millipore filters with 0.45 �m) at 2 bar, followed by ultrafiltration 
(UF), processed at 4 bar pressure. All extracts were sterilized by passage through 
microfiltration membrane. 

Ultrafiltration, last step of the extract processing, has given permeate (clear extract) 
and retentate (containing large molecular weight components e.g. proteins, polysaccharides). 
The concentration ratio (expressed as a volumetric ratio between the permeate and 
concentrate) was 2:1. The used installation for micro- and ultrafiltration was the KMS 
Laboratory Cell  CF-1 (acquired from Koch Membrane – Germany). Two flat sheets of 
polyvinyliden fluoride with MWCO 50,000 Da (UF1) and regenerated cellulose with MWCO 
5,000Da (UF2) membranes were used having an effective area of 0.0028 m2. The membrane 
processes were performed in a tangential flow regime, at room temperature (~22°C) and in 
duplicate. 

Determination of total protein and total phenols content in extracts: The initial 
extracts and samples of permeate and retentate obtained from extract ultrafiltration have been 
characterized by determination of the total protein content, using UV-VIS spectrometry, 
through the Lowry method [23]. Total proteins contents were obtained from the regression 
equation of the Bovine Serum Albumin (BSA) calibration curve (y = 0.0034x + 0.0351, 
R2=0.9974) and expressed as BSA equivalent.  
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The total phenolic content was determined by the Folin–Ciocalteu method [24]. 
Caffeic acid (0–100 �g/mL) was used to calibrate the standard curve; total polyphenols 
contents were obtained from the regression equation of the calibration curve of caffeic acid (y 
= 0.0063x + 0.019, R2 = 0.9927) and expressed as caffeic acid equivalent. 

Cell culture, treatments and analysis: The in vitro comparative pre-screening of the 
cytostatic and cytotoxic activities of the Viscum album crude extract, micro- and ultrafiltration 
concentrates and permeates has been performed on HeLa cell line. Mycoplasm-negative 
negroid human cervix epithelium carcinoma (HeLa ACC 57, DSMZ, Germany) cells were 
cultured in DMEM medium (Biochrom AG, Germany) supplemented with 10% fetal bovine 
serum (Sigma, Germany), 100 µg/mL streptomycin (Biochrom AG, Germany), 100 IU/mL 
penicillin (Biochrom AG, Germany) and 50 µg/mL amphotericin B (Biochrom AG, 
Germany), at a density of 5x105 cells in 75 cm3 flasks, in a CO2 atmosphere, with 5% RH at 
37oC. When the cells reached confluence they were taken off the flask using a mixture of 
0.25% trypsin + 0.02% EDTA (Biochrom AG, Germany), in the normal medium and then 
centrifuged at 1800 rpm, for 2 minutes. The cells were seeded at a density of 1x105 cells/mL 
in the experimental tubes containing 2mL of DMEM medium. The medium of the 24 hours 
cell cultures was changed either with a normal one (control cultures) or with one containing 
the vegetal extracts (treated cultures), in dose of 1.5 mg/mL.  

The medium was removed from the test tubes, after 24 and 48 h of in vitro treatment 
and the layers of cells were washed with PBS (saline phosphate buffer). The cytostatic study 
was performed for:   

a) evaluation of the total protein content (Lowry method modified by Oyama) [25] 
and tracing of the protein dynamics;  

b) the cytometrical assessment of the total cellular number with Türk 
haemocytometer using N = n x d x 104 formula, where: N= total cellular number; n = 
number cells from a square of 1/25; d = dilution (= 2); 

c)  the mathematical estimation of the cell proliferation inhibition: % mitoinhibitory 
impact = Nt / Nm x 100, where: Nt = treated sample cells number; Nm = control sample 
cells number; the cytometrical assessment of the living and dead cells number by trypan 
blue exclusion test [26];  

d) the mathematical estimation of the % viability = Nlcn / Ntcn x 100, where: Nlcn = 
living cells number of the treated sample; Ntcn = total cells number of the treated sample.  

 
The cytostatic properties of the studied extracts was appreciated according to 

American prescreening program criteria, which imposed an induced 50% minimum inhibitory 
impact for the potential antitumoral agents in vitro selection [27]. Five culture tubes were 
used and the results were evaluated statistically by Student’s “t” test, for each culture type and 
time interval [28].  

The total extract from Viscum album and three fractions obtained by ultrafiltration 
were used in the in vitro pre-screening, as follows: V1 (aqueous extract), V2 (the aqueous 
extract being pre-concentrate – UF1), V3 (permeate UF2) and V4 (concentrate UF2). 

 
Results and discussions  

 
 Table 1 shows the protein and total polyphenol concentration in Viscum album initial 
aqueous extracts and after concentration by micro- and ultrafiltration. 
Variation of permeate flux under operating constant pressure (4 bar) during the ultrafiltration 
processes is shown in Fig.1. 
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Table 1. Concentration of protein and total polyphenol in aqueous extract from V. Album 

Process  Protein concentration, 
mg/mL 

Polyphenols concentration, 
�g/mL 

Permeate 
flow, 

L/m2h 
 permeate concentrate permeate concentrate  

Aqueous extract of  V. album 3.79 - 168.41 - - 
Microfiltration   (MF) 3.26 - 139.53 - 128.5 
Pre-concentration (UF1) 3.07 - 168.27 - 61.7 
Concentration  (UF2) 1.72 5.51 94.56 179.32 53.8 
 

The experimental values of the flux show the decrease tendency in time, specific to all 
of the pressure driven membrane separation processes. The loss of permeate flux in cross-
flow ultrafiltration is caused by concentration polarization and membrane fouling, but by 
using flow reversal the formation of stable hydrodynamic and concentration boundary layers 
at the membrane surface was prevented.   
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Fig. 1 Permeate flux decline vs. time during ultrafiltration of mistletoe extract 
 

 The protein synthesis process of the HeLa cells cultures was investigated, expressed 
by the total proteins concentration and by the protein dynamics for cytostatic activity 
estimation. The aim was to highlight and appraise the protein synthesis inhibitory impact 
induced by the V1, V2, V3, and respectively by the V4 extracts (Fig.2).  
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Fig. 2 The protein dynamics of the HeLa cellular cultures, treated with different Viscum album extracts, as 
compared with a control cultures.  
 

 The HeLa control cultures evolution is analyzed at 24, 48 and 72 hrs intervals, by the 
mean values of total proteins concentration: 273.8, 348.6 and 390.2 µg protein/culture. 
Progressively increasing the protein concentration leads to the protein synthesis 
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intensification, also correlated to the cellular replication rate increase. The results of the HeLa 
cultures treated with mistletoe biopreparations are given bellow (see fig.2.):  

- protein content was successively of 110.7 (V1), 125.4 (V2), 98.6 (V3) and 313.7 (V4) 
µg protein/culture at culture age of 48 hours;  

- protein content was of 61.3 (V1), 68.5 (V2), 42.3 (V3) and 278.7 (V4) µg 
protein/culture at the culture age of 72 hours.  

 The evolution of the protein average concentrations, estimated at various stages of the 
HeLa - control and mistletoe extracts treated cultures - leaded to the registration of some 
protein dynamics specific to each experiment. Thus, if the untreated tumoral cell cultures 
protein dynamics present an ascendant trend with progressively increased amplitude, the 
protein dynamics of the treated cell cultures reveals a descendent trend of decreased 
amplitude. These data emphasize the protein synthesis inhibitory impact induced by the 
mistletoe extracts, and the effect intensity depended on extract type. The maximum inhibitory 
potential, which reaches the level of the cytostatic and statistic significance, characterizes the 
ultrafiltration concentrate (V4), followed by V1 crude hydrous extract, V3 and V2 
ultrafiltration concentrates. The cytostatic effect could be directly correlated to the mistletoe 
lectins content (complex proteins of high molecular weight [MW=30-120 kDa]), being of 
about 3 times greater in retentate than in permeate and about 1.4 times greater in retentate 
than in aqueous extract. 

 Another evaluation parameter of the mistletoe extracts cytostatic effect was the total 
cellular number (the cellular proliferation degree), as a result of the bioactive agents 
interference with the cancerous cells mitosis. These results are summarized in table 2 with 
living and dead cells number. 
 

Table 2. The living, dead and total cells number variation (x104) under the condition of the HeLa cell incubation 
with a dose of 1.5 mg/mL of the biopreparations from Viscum album 

Cytostatic activity Cytotoxic impact 

Total cells no.* Living cells no.* Dead cells no.* 

 
 

Experi-
mental 
group 

X*104±ES p X*104±ES % 
Viabi-
lity 

p X*104±ES %  
Cytotoxi-

city 

p 

Control 
48 h 

98.5±6.42(5) – 94.6±5.34(5) 96.0 – 3.9±1.08(5) 4.0 – 

V1 36.2±2.53 (5) <0.002 13.3±8.9 (5) 36.8 <0.001 22.9±8.62 (5) 63.2 <0.001

V2  16.9±0.67 (5) <0.001 2.54±0.52 (5) 15.0 <0.001 14.36±2.7(5) 85.0 <0.001

V3 29.2±10.04(5) <0.001 8.68±2.50(5) 29.7 <0.001 20.5±9.65(5) 70.3 <0.05 

V4 28.9±2.67 (5) <0.001 1.5±0.67 (5) 5.2 <0.001 27.4±2.0(5) 94.8 <0.001
* corresponding to the same control or treated cultures, the last aspect being requested to assess their in vitro 
cytotoxic impact 

 
The action of the vegetable mistletoe extracts on cell viability has been analyzed in 

vitro, in the next experimental model. This impact was expressed by numerical differences 
between living and dead cells, as they were traced with a trypan blue stain (see table 2).  
 The comparative analysis of the living and dead cells number for the HeLa cell 
cultures, control and respectively for 48 hrs treated cell cultures with mistletoe extracts, in a 
dose of 1.5 mg/mL, reveals a different behavior of those two cell culture types. Thus, the 
Viscum album products diminished the neoplastic cells viability, as it is separated from the 
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initial, crude extract by successive ultrafiltrations. Therefore, they are also characterized by a 
high cytotoxic effect, while the maximum potential was registered in the case of  V4 fraction 
(94.8%), followed by the V2 and V3 extracts (85% and 70.3%).  
  An influence of the mistletoe preparation on the HeLa cancerous cell culture evolution 
was noticed, its degree depending on the bioactive compound effect on the protein synthesis 
process, on the replication process and on cell viability (Fig.3).    
    

Fig. 3. The effect of the Viscum album based extracts on the HeLa tumoral cell cultures development 
 

 The neoplastic cell cultures incubated with the tested mistletoe extracts were 
compared with those assigned to the control cell cultures, considered to be 100%. The 
bioactive agents inhibitory potential upon HeLa cultures development depends on the used 
preparation, the most active being V4 (71.7%, at 48h and 89.2%, at 72h) successively 
followed by V1, V3 and V2.  
 The comparative analysis on the Viscum album extracts cytostatic and cytotoxic 
potential with the standard value (at least 50%) - stipulated in vitro prescreening program [14, 
26] for discovery of new antineoplastic agents – led us to the appreciation that V1, V3 and V4 
products, in this experimental model, have significant cytostatic and cytotoxic effects.  
The slight difference between the in vitro cytostatic and cytotoxic efficiency of our crude and 
ultrafiltrated mistletoe extracts (V1, V3 and V4), could be assigned to the presence of various 
active biomolecules in the biopreparations final composition. 
 The most active V4 extract potential would probably result from the high viscolectins 
and alkaloids content (retained on membrane with MWCO of 5,000 Da). The viscotoxines 
increased presence in the V2 extract (retained on the membrane with MWCO 50,000 Da) 
explains its significant cytostatic and cytotoxic impact upon HeLa cells cultures. The presence 
of all types of the active chemical structures in the V1 crude extract is correlated to its high 
cytostatic and cytotoxic effectiveness in vitro, the amplitude of its impact being close to the 
one of V4 product, the most active concentrated extract. 
 
Conclusion 
 
 These results revealed that the Viscum album extract could be purified and 
concentrated successfully by micro- and ultrafiltration. 
 As a conclusion, in vitro investigation of the interaction of some preparations – 
extracted, purified and concentrated from Viscum album through successive micro- and 
ultrafiltrations on membranes (UF1 membrane with MWCO 50,000 Da and UF2   membrane 
with MWCO of 5,000 Da) – on the HeLa cancerous cells has highlighted and monitored their 
cytostatic and cytotoxic impact. The cytostatic effect could be directly correlated to the 
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mistletoe lectins content, which is about 3 times greater in retentate than in permeate and 
about 1.4 times greater in retentate than aqueous extract.  
 The bioactive agents inhibitory potential upon HeLa cultures development depends on 
the used preparation, the most active being V4 (71.7%, at 48 h and 89.2%, at 72 h) 
successively followed by V1, V3 and V2. In the same time the highest cytotoxic effect was 
registered on V4 fraction (94.8%). 
 The biopreparations extracted, purified and concentrated from Viscum album, by the 
membrane processes, turn them into the perfect candidates for their characterization as 
autochthonous, original oncochemotherapeutic agents. 
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