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ABSTRACT 
 
Compared with Asian countries cancer is one of the most common diseases in the Western world. Studies show that 
a phytoestrogen-rich diet could have a protective effect against cancer. The effect of phytoestrogens is specific to 
hormone-dependent diseases like breast and prostate carcinoma. The article deals with the microwave supported 
preparation of ethanolic extracts from different parts of local plants like the berries of the sea buckthorn 
(Hippophae rhamnoides) and the bark of the European beech (Fangus sylvatica). Their cell biological anticancer 
action on cellular metabolic features (adhesion, respiration and extracellular acidification) in the breast cancer cell 
line MCF-7 was investigated. The analysis of secondary plant metabolites by means of preparative and mass 
spectrometric methods provides information about the important substances and classes of substances which 
influence the proliferation inhibition on breast cancer cell lines. The intention of this study was to evaluate and 
discuss the structure-activity relationships of the obtained extracts and compare the herbal ingredients in 
connection with the cell activity tests for the whole plant extracts and their fractions. So this study gives new insights 
in the anticancer function of extracts and fractions of sea buckthorn berries and European beech bark. 
 
Keywords: sea buckthorn juice (Hippophae rhamnoides), beech bark (Fangus sylvatica), LC-MS, anticancer 
activity, phytoestrogens 
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INTRODUCTION 
 

Cancer is a generic term for different diseases. These diseases can affect any part of the body and are characterized 
by uncontrolled growth and spread of abnormal cells. If the uncontrolled growth of cancer cells is not covered, it can 
result in death. On the world scale, according to the World Health Organization [1,2] cancer is a very popular 
disease with 14.1 million new cancer cases and 8.2 million cancer deaths in 2012 [3]. Worldwide deaths caused by 
cancer are projected to rise to 13 million in 2030 [3]. With an annual estimated incidence of 1,676,300 new cases, 
breast cancer is the most common cancer among women worldwide  [3-5]. However, recent studies showed clearly 
that incidences of breast cancer are not equally distributed worldwide and strong differences are found between 
Europe and Asia [3]. A comparison of breast cancer diseases between Europe and Asia shows that Asia has 
considerably fewer newly diagnosed cancer cases than Europe. According to the World Cancer Report 32.1% of 
approx. 7.1 million Asia women from the total female population were diagnosed with breast cancer in 2012 [3,1]. 
On the other hand, the number of European women is much higher, the incidence rate was estimated to be about 
40% (out of a total female population of approx. 4.6 million) [3]. Some scientists assumed that this distribution can 
be attributed to the traditional diets [6-12]. In Asia people eat food that is mostly rich on phytoestrogens for example 
soya products and rice [13-16]. This phenomenon is often discussed as the reason for the lower cases of breast 
cancer in Asia [11]. Other studies determined that in the developing countries cancer rate will increase in the next 
years, due to western lifestyle which is assumed to be associated with the increasing risk of developing cancer [3]. In 
Germany the interest to combat and prevent breast cancer is also very high because of the 73,000 newly diagnosed 
cases every year. After all, the standard cancer treatment is still symptomatically treated by surgery, chemotherapy 
and radiation. These methods are dangerous and physically demanding for the patients. A popular new approach to 
fight against cancer is the hormone-supported therapy. Specifically, some studies have shown that it is assumed that 
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phytoestrogens are able to positively influence the growth of breast tumors [17-21]. Therefore it is possible to exert 
a direct influence to their own health and nutrition to reduce the risk to suffer from breast cancer [22,23].  
 
Phytoestrogens are secondary plant metabolites, which act as phytoprotectants against predators. They can be 
divided into three main groups: isoflavones (e.g. genistein), lignans (e.g. secoisolariciresinol) and coumestanes 
(e.g. coumestrol). The main stocks for these phytoestrogens are fruits and vegetables, such as soya, beans, berries or 
red clover. 
 
These phytoestrogens from plants may show activity towards mammalian estrogen receptors when supplied as food. 
In addition they may also modulate the effectiveness of endogenous estrogens. This biological response is based on 
their structural similarity to 17-estradiol and their ability to bind to the human estrogen receptors [24]. 
 
To find a new source for possible cancer drugs we choose local plants such as European beech bark or sea buckthorn 
berries for the production of extracts containing phytoestrogens. 
 
Common beech (Fangus sylvatica) is a deciduous tree about 40 m high and native in the most parts of Europe. With 
a total forest area of 14% is this one of the most common deciduous trees in Germany. With their astringent, fever 
reducing and antiseptic affects people used bark extracts previously against different diseases like respiratory 
diseases, stomatitis (infections of oral mucosa) and colds. Furthermore with a beech logging of 7 million square 
meters per year, Fangus sylvatica is one of the most important deciduous trees as lumber and industrial wood [25].  
 
Sea buckthorn (Hippophae rhamnoides) is a shrub which reaches from 0.5 up to 6 meters. The plant grows naturally 
in sandy soil and is popular over a wide area of Europe and Asia. Sea buckthorn has been shown to have a potent 
antioxidant activity, mainly attributed to its flavonoids and vitamin C content [26]. Sea buckthorn berry components 
have potential activity against cancer. Today the product line includes different teas, oils and vinegars, spirits, juice 
and spreads or cosmetics. However, through more difficult harvesting conditions and a long period from 6 to 8 years 
for the first harvesting, sea buckthorn becomes a quite expensive resource. 
 
There are many different methods to obtain extracts from plants e.g. the conventional methods such as soxhlet, ultra 
sonic, etc. [27-29]. All these methods need a lot of time and solvents. A new method is the microwave assisted 
solvent extraction [30,31]. It can be alternatively used for extraction of natural products, facilitating the separation 
and isolation of secondary metabolites such as alkaloids, saponins, tannins, flavonoids and essential oils. For the aim 
of this work we used this as an alternative and fast method to obtain plant extracts for the LC-MS and anticancer 
activity measurements. In this work we evaluate and discuss the structure-activity relationships of the examined 
extracts and compare the herbal ingredients in connection with the cell activity tests.  

 
EXPERIMENTAL SECTION 

 
Chemicals 
Absolute ethanol obtained from MERCK, with the purity ACS, ISO, Reag. PhEur was used as extraction solvent. 
The LC-MS Chromasolv® grade solvents, methanol with 0.1% formic acid and water with 0.1% formic acid were 
obtained by Sigma-Aldrich, Switzerland. Reference compounds biochanin A, catechine, -estradiol, hesperidin, 
kaempferol, quercetin, quercetin-3--D-glucoside, rhamnetin, rutin hydrate, rutin trihydrate, secoisolariciresinol, 
taxifolin and vitexin were purchased from Sigma-Aldrich. Fisetin and isorhamnetin were acquired from 
Sigma-Aldrich, Switzerland as well and quercetrin was from HWI ANALYTIK GmbH (Rülzheim, Germany). All of 
the standard samples were dissolved in a concentration of 1 mg/ml in pure ethanol. Phytoestrogens were identified 
by comparing the mass spectra and retention times with those of the reference compounds, or the mass spectra 
published in the literature. The HPLC gradient grade methanol from J.T. Baker was used as eluent for the 
preparative separation. 
 
Plant Material 
Sea buckthorn (Hippophae rhamnoides) berries juice was purchased from the Sanddorn Storchennest GmbH 
(Ludwigslust, Germany). The growth areas are situated in Ludwigslust (Mecklenburg-Vorpommern, Germany) with 
an altitude above sea level of 22 to 64 meters. From the beginning of August till the end October the little sea 
buckthorn berries were picked manually. The berries were frozen and stored in a deep-freeze warehouses at < -20 °C 
for further processing. Approximately five to six kilograms berries were used for the production of one liter sea 
buckthorn juice.  
 
Beech bark was received (Fangus sylvatica) from the sawmill Drewes & Suderow GmbH 
(Malchow [Mecklenburg], Germany]. The tree has been felled in the immediate surroundings of Malchow in 2007. 
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The mechanical comminution of the raw-material was done with the help of a cutting mill into wood chips with a 
size of 0.25-1.0 mm. 
 
Extraction procedure 
Five ml of the sea buckthorn juice were clarified by centrifugation at 40,000 RPM for 10 minutes at 18 °C. The 
resulting clear liquid is the stock solution for preparing samples for the LC-MS  and for cell activity tests.  
 
For the beech bark extract three grams of beech bark shavings were used. The shavings were extracted with 27 ml of 
absolute ethanol in a CEM MARS Microwave Synthesis System. An extraction time of 30 minutes at 800 W 
microwave power and 60 °C temperature proved to be best. 
 
LC-MS Analysis 
The plant extracts were analyzed on a Finnigan Surveyor high pressure liquid chromatography (HPLC) system 
equipped with a Finnigan linear trap quadrupole (LTQ) mass spectrometer (Thermo Scientific). The 
chromatographic separation was performed on a Kinetex C18 column (2.6 u, 100 A) produced by Phenomenex. The 
temperature of the column was set at 30 °C. As mobile phase a gradient was used. Solvent A was methanol with 
0.1% formic acid (LC-MS Chromasolv®, Fluka) and solvent B was water with 0.1% formic acid 
(LC-MS Chromasolv®, Fluka). Elution of the extracts were performed by the following solvent gradient: 40% A to 
95% A (10 min), 95% A isocratic (10 min), 95% A to 80% A (10 min), 80% A to 40% A (5 min) and 40% A 
isocratic (25 min). The flow rate of the mobile phase was 0.2 ml/min and the volume of injection 5 µl. 
 
The compounds were identified by ion trap technology and the mass spectrometric detection was realized with 
electron spray ionization. MS spectra were recorded consecutively in one segment with two scan events in the range 
m/z 90.00–2000.00. In the first scan event a full scan was conducted in a positive ion mode with a skimmer induced 
dissociation of 35.00. In the second scan, a full scan was realized in a negative ion mode with a skimmer induced 
dissociation of 95.00. All Data were evaluated and interpreted with Xcalibur and Mass FrontierTM Software 
(Thermo Scientific, Dreieich, Germany). The obtained data were compared with standards and characteristic 
fragmentation patters using databases for substance classification. 
 
Preparative HPLC 
The ethanolic plant extracts were fractionated on a Knauer HPLC system connected to a fraction collector Foxy 
Jr. FC from ISCO inc. (Lincoln NE). As mobile phase an isocratic eluent with  40% HPLC gradient grade methanol 
(J.T. Baker) and 60% ultrapure water was used. The chromatographic separation was performed on a 
Eurospher-10 C18 column (250 x 10 mm) (Knauer) with a flow rate of 3 ml/ min. The run time and UV detector 
setting were varied for the different extracts.  For the sea buckthorn extract we used a run time of 40 minutes and 
350 nm, for the European beech extract the run time was 30 minutes and the UV detector set to 280 nm.  
 
The sea buckthorn berries juice was cut into 12 fractions with the following time slots: fraction 1 (6.7-7.6 min), 
fraction 2 (8.1-9.0 min), fraction 3 (9.5-10.1 min), fraction 4 (10.5-11.8 min), fraction 5 (12.1-13.5 min), fraction 6 
(13.9-14.7 min), fraction 7 (15.4-16.2 min), fraction 8 (16.6-19.0 min), fraction 9 (19.4-20.3 min), fraction 10 
(23.0-26.0 min), fraction 11 (31.5-34.5 min) and fraction 12 (35.3-38.0 min). For the ethanolic European beech 
extract the following time slots were used: fraction 1 (5.2-6.1 min), fraction 2 (8,4-9.4 min), fraction 3 
(9.4-10.8 min) and fraction 4 (12,1-13.6 min). The received fractions were reduced and concentrated in an argon 
inert atmosphere at 60 °C. Afterwards the fractions were analyzed molecular and cellular biological. 
 
Cell culture conditions 
The estrogen-positive breast cancer cell line MCF-7 (ATCC no. HTB-22) was cultivated in Dulbecco’s modified 
Eagle’s medium (Invitrogen, Germany) with 10% fetal bovine serum (PAN Biotech GmbH, Germany) and 1% 
gentamycin (Ratiopharm, Germany) and maintained at 37 °C and in a 5% CO2 atmosphere. Medium was changed 
every two days. Confluent cells were passaged by treating them with 0.05% trypsin – 0.02% EDTA. 
 
Live cell monitoring of adhesion, acidification and respiration 
Online monitoring of the cellular processes was performed with the Bionas® 2500 analyzing system [32] with the 
metabolic chip SC 1000 (Bionas GmbH, Rostock, Germany) and the measurement software Bionas15002 CS1.47. 
Prior to experiments, chips were cleaned with 70% ethanol for 10 minutes, washed with phosphate buffered saline 
(PBS) and were adapted to the measurement medium for 5 minutes. Measurement medium was composed of 
Dulbecco’s modified Eagle’s medium without NaHCO3 (Invitrogen, Germany), 0.1% charcoal stripped fetal bovine 
serum (PAN Biotech GmbH, Germany) and 1% gentamycin (Ratiopharm, Germany). The pH value was set to 7.4 
and afterwards the medium was sterile filtered. On each chip 2 x 106 cells were seeded with normal cell culture 
medium and were let to adhere overnight so that approximately 80% confluence on the sensor chips was reached. 
Bionas measurement of cell adhesion, acidification and respiration was carried out with a pump rate of 56 μl/min for 
24 hours [32,33]. Within the first four hours cells could adapt to the new measurement medium. Thereafter cells 
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were treated with the plant extracts (final dilution 1:1000) with the solvent Ethanol (control) for 20 hours. Every 
measurement was repeated three times, obtained data were evaluated and normalized with the software 
Bionas15002 Data analyzerV1.07.  
 

RESULTS AND DISCUSSION 
 

Identification and structure elucidation of compounds in the sea buckthorn juice and beech bark 
LC-MS measurements were carried out with samples of sea buckthorn juice and ethanolic beech bark extracts to 
compare the chemical fingerprints of the solved ingredients. The chromatograms figure 1 show the different samples 
scanned with different modes (figure 1, negative scan mode A and C; positive scan mode B and D) to detect the 
positive and negative ion current in the MS.  

 
Figure 1: LC-MS chromatograms of the different scan modes. A: negative scan mode of the sea buckthorn juice, NL: 9.91E05 BasePeak 

F: ITMS- cESI sid=95.00 Full ms (90.000-2000.00)MS B: positive scan mode of the sea buckthorn juice, NL: 8.71E05 BasePeak 
F: ITMS+ cESI sid=35.00 Full ms (90.000-2000.00)MS C: negative scan mode of the beech bark extract, NL: 5.33E05 BasePeak  
F: ITMS- cESI sid=95.00 Full ms (90.000-2000.00)MS D: positive scan mode of the beech bark extract, NL: 5.27E05 BasePeak   

F: ITMS+ cESI sid=35.00 Full ms (90.000-2000.00)MS 
 
The fingerprints of the two samples indicate a number of different ingredients. Simultaneously recording of both ion 
currents allow a lossless analysis and registration of all ions (figure 1). Depending on the size and weight of the 
different plant-based ingredients electrospray ionization will produce simple charged ions such as [M+H]+ and 
[M-H]-. 
 
The structure of the detected compounds were identified by HPLC-ESI-MS investigations either by  comparison 
with standards or identifying substances by their characteristic fragmentation pattern using databases. MS-MS and 
MSn experiments were performed by isolation and fragmentation of the most abundant pseudo molecular ions. A 
typical HPLC chromatogram of sea buckthorn juice and European beech bark is shown in figure 1. Most of the 
interesting compounds elute in the first 30 minutes. The LC-MS analysis in ESI positive and negative mode of these 
compounds revealed the presence of many glycosides flavonoids in both extracts. 
 
It is well known and has been described in the literature that sea buckthorn berries contain many flavonoids    
[26,34-37]. They are structured with two aromatic rings, which are based on the backbone of 
2-phenylchromen-4-one. By the different substitution patterns on both aromatic rings arise a large number of 
different compounds like isoflavones, flavanones, flavones and anthocyanins [38]. Among other we identified 
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quercetin-3--D-glucoside, rutin, hesperidin isorhamnetin-deoxydiglycoside or isomers of xanthorhamnin and 
scopoletin, bond to glucoside or rutinoside (table 1, table 2). 

 
Table 1: List A/ Structures of some identified plant ingredients of the sea buckthorn berries and European beech bark, A: identified in 

the sea buckthorn berries juice, B: identified in the beech bark 
 

 Substance R7 R3 R3' R4' R5' 

O

O

R3'

R5'

R3

OH

R7

R4'

 

quercetin-O-pentoseB OH O-pentose OH H H 
isoquercetinA OH O-glucoside OH H H 
isorhamnetinA OH OH OCH3 H H 
isorhamnetin-3-glucosideA OH O-glucoside OCH3 H H 
isorhamnetin-3-glucoside-7-
rhamnosideA 

O-rhamnoside O-glucoside OCH3 H H 

isorhamnetin-3-rutinosideA OH O-rutinoside OCH H H 
isorhamnetin-3-sophoroside-7-
rhamnosideA 

O-rhamnoside H O-sorphoside H OCH3 

kaempferol-rutinosideA OH O-rutinoside H H H 
quercetin-3-glucoside-7-rhamnosideA O-rhamnoside O-glucoside OH H H 

 rutinA OH O-rutinoside H H OH 
 xanthorhamninA OCH3 O-gal-rha-rha OH OH H 

 
 

Table 2: List B/ Structures of some identified plant ingredients of the sea buckthorn and European beech bark, A identified in sea 
buckthorn berries juice, B: identified in the beech bark 

 

O

O

R3'

R5'

R3

OH

R7

R4'

 

substance R7 R3 R3' R4' R5' 

hesperidinA O-rutinoside H OH OCH3 H 
taxifolinB OH OH H OH OH 

taxifolin-O-pentoseB OH O-pentose H OH OH 

glucodistylinB OH O-glucoside H OH OH 

 
We also found flavonoids linked to a trisaccharide. These flavonoids bind mainly the sugar molecules over their 
C3 -, C5 - or C7 - hydroxyl group standing atom.  
 
Rutin is responsible for bright orange color of the sea buckthorn berries. The other ingredients like hesperidin 
protect the plant against predators or infections caused by fungi [39]. The glycosidic bonds influence the polarity of 
the flavonoids and their solubility, so it is easier for the plant to store these compounds into their vacuoles [40,38]. 
The occurrence of many triglycosidic bound flavonoids is another interesting aspect of the sea buckthorn berries. 
For example in xanthorhamnin the trisaccharide is bound over the C3 - atom to the simple aglycone rhamnetin. This 
can be clearly seen in the fragmentation pattern of the mass spectrum. In the ESI negative scan we found [M-H]- at 
m/z 769. At m/z 623 [M-H-C6H10O4]

- there is the loss of the first sugar fragment a rhamnose. The second sugar 
fragment also rhamnose was split off with a mass difference of 163 amu and the third sugar fragment with 147 amu 
standing for a galactose. This is visible in the mass spectrum by the mass peaks at m/z 460 [M-H-C12H21O9]

- and at 
m/z 313  [M-H-C18H31O13]

-. At m/z 313 there is the simple aglycone rhamnetin. 
 
Following Rösch and Llorach there are also indications for flavonoid systems with hydroxycinnamic acid 
derivatives in the ethanolic sea buckthorn extract [26,41]. The main mass fragments [M-H]- in the ESI negative scan 
mode at m/z 991 and at m/z 961 could be quercetindimethylether-3-hydroxferulylglucosyl-glucoside-7-rhamnoside 
and quercetin-dimethyl-ether-3-cafferoylglucosyl-glucoside-7-rhamnoside. 
 
The dried bark of the European beech mainly consists of lignin (40.4%) and different carbohydrates (35.2%) such as 
glucose (18.5%), xylose (10.5%), arabinose (2.9%), rhamnose (0.8%) and mannose (0.5%) [42]. These compounds 
are a part of the cellulose and hemicelluloses and form together with lignin the structural and support plant 
substances [43,44]. Even though the high share of the woody material it was possible to extract secondary plant 
substances by the use of microwave extraction. A typical LC-MS chromatogram of the European beech bark extract 
is represented in figure 1. Once again it is obvious that many phenolic compounds mainly ionize negative via ESI 
(figure 1 C and D). There are also many glycosides flavonids and some aglycones. The special feature was the 
occurrence of many molecule fragments similar to lignans. This group of substances consists of phenylpropanoid 
molecules (dimeric C6C3 structure) which are linked to the middle -C atom [45]. The different structure variants are 
the results of the different configuration and combination of the C3-side chain [46,47]. In comparison to the sea 
buckthorn berry extract the beech bark extract is rich in lignans or molecule fragments similar to lignans which are 
not completely identified yet. Furthermore, it was possible to isolate an oligometric proanthocyanidin (OPC) at a 
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retention time of 8.47 min it consists of catechine dimers or trimers. In the mass spectrum this substance is proven 
by the following fragment patterns  (figure 2).  

 
 

Figure 2: Mass spectrum of OPC in beech bark extract F: ITMS : - c ESI MS sid=95.00 Full ms 90.00-2000.00 
 
Through the negative ionization by ESI a base peak [M-H]- with a value of 865 amu for the OPC is found. After 
splitting-off of one catechine molecule a value of 577 amu is to be found for the remaining fragment [M-288]. The 
separation of the second catechine molecule leads to the mass fragment with a value of 289 amu for a single 
catechine molecule. This compound is important for the protection against predators, UV radiation and to altered 
climatic conditions. This substance is found in large quantities in the shells and cores of the fruits and vegetables 
like apples, strawberries, onions, peanuts and oranges [47]. Studies have shown that the OPC has a dose-dependent 
growth inhibition on colon cancer cells [48]. Furthermore, the OPC's are able to increase the effect of vitamins 
[49,50]. Further analysis showed that other structures similar to flavonoids are also components of the beech bark 
extract. Special for the beech bark is that many flavonoids are structurally based on taxifolin. The bioflavonoid 
taxifolin, also known as dihydroquercetin, has a molecular structure similar to that of quercetin without the double 
bond in the C-ring. This missing double bond has a big influence on the properties of the taxifolin. So the double 
bond from the quercetin is the reason for its antioxidant activity [51], but may also cause mutagenicity and toxicity 
[52]. Taxifolin is less mutagenic and toxic than quercetin but has also an antioxidant efficacy, but this effect is 50% 
lower than the effect of quercetin [51]. These two components can be correlated to the plant metabolism. Taxifolin 
and quercetin are metabolites of the herbal flavonoid biosynthesis [53-57]. In this case, taxifolin is one of the 
possible precursors of quercetin, which will be formed by the enzyme flavonol synthase belonging to the group of 
oxidoreductases.  
 
Besides the pure taxifolin at a retention time of 13.33 min we could also identify the glycosidic linked metabolites 
glucodistylin at a retention time of 11.91 min and a taxifolin-O-pentose at 12.59 min. For the glucodistylin we found 
the mass trace for the whole molecule at m/z 467 in the positive ion mode and in the negative ion mode at m/z 465 
and the fragments at m/z 303 [M-C6H12O5

.]-, m/z 285 and m/z 151. The mass trace of taxifolin-O-pentose and its 
fragments were only identified in the negative ion mode. 
 
The comparison of both plant extracts shows that we could identify many different and complex secondary plant 
compounds. One special feature is that we could also identify multiple glycosidic-linked flavonoids in the sea 
buckthorn berry extract. In the ethanolic beech bark extract there were only known flavonoids and their simple 
glycosides. The occurrence of lignans or fragment patters of lignans may be not evidenced for the sea buckthorn 
berries. Only in the bark of the European beech we could find some fragments which indicate the occurrence of 
lignans. 
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Cell test for the extracts of the sea buckthorn berries juice and European beech bark 
The most interesting ingredients are isoflavones and lignans because these substances are known to posses cancer 
preventing properties on breast cancer cells. The LC-MS analysis showed that sea buckthorn as well as European 
beech contain many of these components, so that these plant extracts may be chemopreventive and anti-tumorigenic. 
In order to check these properties we analyzed the metabolic effects on the breast cancer cell line MCF-7, a 
well-established cell line for studying hormonal responses in breast cancer. Furthermore it was shown that MCF-7 
respond well to plant-derived phytochemicals and phytoestrogens and therefore are suitable for the screening of new 
anticancer drugs [18,58,19,59-61].  
 
For analyzing the metabolic features of the cell line MCF-7 in response to the native plant extracts of sea buckthorn 
(Hippophae rhamnoides) and European beech (Fagus sylvatica) we used the Bionas® 2500 analyzing system in 
combination with Bionas® metabolic chip SC1000. This system allows a continuous online monitoring of adhesion, 
acidification and respiration in a living culture of adherent cells. Prior to treating with the plant extracts the cells 
were able to adapt to the measurement medium for 3 – 4 hours. After this adaption phase (highlighted in gray, 
figure 3) the cells should maintain a stable level of adhesion, respiration and acidification before adding the plant 
extracts (figure 3).  

 
Figure 3: Continuous metabolic measurement of the human breast cancer cell line MCF-7 cells on Bionas® sensors of chip SC 1000 with 
the Bionas® 2500 analyzing system using the software Bionas15002 CS1.47. Before treatment, cells were allowed to adhere and adapt to 

the measurement medium for 3 - 4 h on the chips (gray area). Start point of the exposure with the plant extracts of 
Hippophae rhamnoides and Fagus sylvatica or with the vehicle ethanol (control) which was set to 100%. Adhesion, acidification and 

respiration was evaluated with the software Binos15002Data AnalyzerV1.07 (n=3) 
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The Bionas measurements revealed significant alterations in the metabolic features of MCF-7 after treatment with 
both plant extracts. The control treatment with the extracting agent ethanol (0.1% final concentration) showed no 
influence on the adhesion or acidification rate of MCF-7, only the respiration value increased up to 30% indicating 
for stable cell culture conditions and metabolically active cells. After exposure with the extract of 
Hippophae rhamnoides MCF-7 cells revealed significant changes in the acidification rate reflecting the fact that the 
extract itself harbors a low pH-value. However, no influence on the adhesion was observed while the respiration rate 
slightly decreased (approximately 10%). In contrast, the extract of Fagus sylvatica displayed a drastic reduction of 
cell impedance resulting in nearly 50% loss of cell adhesion and a continuously rising acidification rate which is due 
to an elevated production of metabolic acids. Probably, it is a hint for the initiation of apoptosis because 
programmed cell death is often associated with cytoplasmic cell acidification and loss of adhesion [62]. The 
respiration rate was not affected.  
 

 
Figure 4: Online monitoring of the three metabolic features (adhesion, acidification, respiration) in the cell line MCF-7 during the 

treatment with the control substance, the plant extract of Hippophae rhamnoides and Fagus sylvatica in comparison with selected active 
fractions (Fraction 10 and 12 from Hippophae rhamnoides; fraction 4 from Fagus sylvatica). Grey shadowed: adaption phase of the cells. 

Adhesion, acidification and respiration was evaluated with the software Binos15002Data AnalyzerV1.07 (n=3) 
 
The comparative analysis of the influence of both plant extracts on the breast cancer cell line MCF-7 resulted in 
different cell responses. While a native extract of the berries of Hippophae rhamnoides showed relative little effects 
on the metabolism of MCF-7, the extract of the bark of Fagus sylvatica caused a great decrease in cell impedance. 
Both plant extracts were able to reduce the viability of MCF-7: Hippophae rhamnoides decreased the rate of oxygen 
consumption (respiration) and Fagus sylvatica the cell impedance (adhesion). However, the extract of 
Fagus sylvatica seems to have more potential as an anti-tumorigenic mixture because the significant reduction of 
adhesion and increase in acidification let to the conclusion that MCF-7 is getting apoptotic. It was already proven 
that the loss of extracellular matrix results in apoptosis, termed anoikis and cytoplasmic acidification is sufficient for 
killing cells by the inhibition of sodium/hydrogen exchange [62,63]. 
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Fractionation of sea buckthorn berries juice and European beech bark extract and their metabolic anti-tumor 
activity 
Testing the complete extract in cell assays indicated strong effects on the used cancer cell lines. Therefore the 
extract was fractionated depending on the chromatograms with UV detection of the different plant compounds. The 
fractions were used for the in vitro studies. The most active extracts were investigated in detail with LC-MS. 
 
The influence of the fractions on MCF-7 cells was verified again by the metabolic measurement of the three cellular 
parameters: adhesion, extracellular acidification and respiration (figure 4).  
 
Fractions of the sea buckthorn berries extract: Fraction numbers 10 and 12 of the sea buckthorn berries juice 
caused significant alterations in the extracellular acidification and respiration rate in comparison with the control 
treatment. Fraction 10 resulted in a doubling of the acidification rate. The O2 consumption rate was reduced to the 
same level as with the full extract. Detailed studies revealed that fraction 10 consists of a mixture of mono- and 
triglycosides the following substances could be identified: isorhamnetin-3-rutinoside, isorhamnetin-4-glucoside, 
quercetintriglucoside (glu-rha-rha) and xanthorhamnin.  
 
The isolated fraction number 12 showed a comparable effect on the metabolic effects as the full extract. A 2.5 to 
3-fold increase in acidification and reduction of the respiration of about 20% were observed. The LC-MS analysis 
revealed that this fraction contains quercetindimethylether-3-cafferoylglucosyl-glucoside-7-hamnoside and also 
traces of xanthorhamnin. The cell impedance as an indicator for the cell adhesion was neither affected by the full 
extract nor the fractions.  
 
Fractions of the beech bark extract: In contrast to the sea buckthorn extract and its fractions the full extract and 
fraction 4 of the European beech bark reduce the adhesion of MCF-7 cells significantly. Treatment with the full 
extract and fraction 4 lead to a continuously decrease in cell impedance while the full extract displayed the strongest 
effect with a 60% reduction after 24 hour exposure. Fraction 4 contains not only flavonoids such as 
taxifolin-O-hexoside or taxifolin-O-pentoside and catechines but also many typical fragments of lignans. For 
example, different resinols and a secondary metabolite with a structure like secoisolariciresinol was found. This mix 
of compounds reduced the MCF-7 cell impedance up to 40% of the control value. The acidification rate was not 
significantly influenced but the respiration rate increased slightly under the influence of fraction 4 as well as the full 
extract.   
 
The comparison shows that the active sea buckthorn fractions contain mixtures of different glycosylated flavonoids. 
In the beech bark fraction besides the glycosylated flavonoids also lignans are found. Despite the differences in the 
content all isolated fractions altered the metabolism of the breast cancer cell line MCF-7. Their effect is less 
pronounced than for the full plant extracts. The components identified act at different metabolic pathways. The sea 
buckthorn berries fractions primarily acts on the acidification and respiration rate whereas the extract of the 
European beech changes the cell impedance. These results clearly illustrate that not only lignans – as it is often 
suggested – have a good inhibition of growth rate of mamma carcinoma. Also flavonoids with different 
glycosylation pattern generate a similar effect on the cell growth of mamma carcinoma. Whereas the adhesion rate is 
only influenced by the compounds identified, the cell respiration rate was reduced by 20%.  
 

CONCLUSION 
 

The extract samples of bark and berries from sea buckthorn (Hippophae rhamnoides) and European beech 
(Fagus sylvatica) were analyzed by cell biological and analytical methods. The analytical results show that the 
extracts consist of many different secondary plant compounds like flavonoids, lignans and other phytoestrogens. In 
the beech bark extract and fractions we found mainly lignans where as in the sea buckthorn berries extract and 
fractions glycosylated flavonoids were found. The cell biological results also indicated that the plant extracts have 
an possible anticancer effect based on the effect against the breast cancer cell line MCF-7. Full extracts of sea 
buckthorn berries did not influence the adhesion rate. But the fractions of sea buckthorn berries extract who contain 
double or triple glycosylated flavonoids were also increase the adhesion rates as well as the full beech bark extracts 
who mainly include lignans. Both extracts were able to alter the cell metabolism of the breast cancer cell line 
MCF-7. Whereas the extract of the sea buckthorn primarily addresses the acidification and respiration rate, the 
extract of the European beech revealed a significant influence on the cell impedance.   
 
Acknowledgments 
Financial support of this work was provided by the Deutsche Krebshilfe (FKZ: 107821). We acknowledge the 
skillful assistance help of Sandra Klehn, Institute of Chemistry, University of Rostock. We thank our partners in the 
project for helpful discussions. 
 

 



Kragl U. et al                 J. Chem. Pharm. Res., 2015, 7(5):175-185 
______________________________________________________________________________ 

184 

REFERENCES 
 

[1] P Bolye, B Levin. 2008, World Cancer Report 2008. World Health Organization. International agency for 
research on Cancer. Lyon 
[2] WHO. 2012 Cancer- Fact sheet N°297. www.who.int/mediacentre/factsheets/fs297/en/index.html. Accessed 
Access Date: 20.03.2012  
[3] J Ferlay, I Soerjomataram, M Ervik, R Dikshit, S Eser, C Mathers, M Rebelo, DM Parkin, D Forman, F Bray. 
2013 GLOBOCAN 2012 v1.0: IARC Cancer Base No. 11 [Internet] Lyon France: International Agency for 
Research on Cancer. Availble from: http://globocan.iarc.fr, accessed on 28.01.2014.  
[4] DM Parkin, F Bray, J Ferlay. CA Cancer J Clin, 2005, 55, 74-108. 
[5] P Boyle, M Smans. IARC SCI PUBL, 2008, 156, Lyon, France: International Agency for Research on Cancer. 
[6] G Gilani, J Anderson. Phytoestrogens and Health. Champaign, Il,USA: AOCS Press, 2002   
[7] H Lee, Gourley L, S Duffy, J Esteve, J Lee, N Day. Lancet, 1991, 337, 1197 - 1200. 
[8] M Messina, S Barnes. J Natl Cancer Inst 1991, 83 (5), 541-546. 
[9] M Messina, V Persky, K Setchell, S Barnes. Nutr Cancer, 1994, 21, 113 - 131. 
[10] P Pisani, F Bray, D Parkin. Int J Cancer, 2002, 97 (1), 72 - 81. 
[11] C Duffy, K Perez, A Partridge. CA Cancer J Clin, 2007, 57, 260-277. 
[12] H Adlercreutz, W Mazur. Ann Med, 1997, 29, 95-120. 
[13] G Kuhnle, C Dell'Aquila, S Aspinall, S Runswick, A Mulligan, S Bingham. Nutr Cancer, 2009, 61 (3), 
302-309. 
[14] J Dwyer, B Goldin, N Saul, L Gualtieri, S Barakat, H Adlercreutz. J Am Diet Assoc, 1994, 94, 739-743. 
[15] D Clarke, V Bailey, A Lloyd. Food Addit Contam A, 2008, 25 (5), 534-547. 
[16] S Tian, K Nakamura, T Cui, H Kayahara. J Chromatorg A, 2005, 1063 (1-2), 121-128. 
[17] S Franceschi, A Favero, C LaVecchia, E Negri, L DalMaso, S Salvini, A Decarli, A Giacosa. Int J Cancer, 
1995, 63 (6), 785-789. 
[18] N Engel, C Oppermann, A Falodun, U Kragl. J Ethnopharmacol, 2011, 137 (2), 1003-1010. 
[19] N Engel, J Lisec, B Piechulla, B Nebe. PLoS One, 2012, 7 (10), 12. 
[20] H Adlercreutz. J Steroid Biochem Mol Biol, 2002, 83 (1-5), 113-118. 
[21] WG Helferich, JE Andrade, MS Hoagland. Inflammopharmacology, 2008, 16 (5), 219-226. 
[22] A Favero, M Parpinel, S Franceschi. Biomed Pharmacother, 1998, 52 (3), 109-115. 
[23] MH Do, SS Lee, PJ Jung, MH Lee. Nutr Cancer, 2007, 57 (1), 20-27. 
[24] GCG Kuhnle, C Dell'Aquila, YL Low, M Kussmaul, SA Bingham. Anal Chem, 2007, 79 (23), 9234-9239. 
[25] D Grosser, W Teetz. 1998 Buche. In:  Einheimische Nutzhölzer (Loseblattsammlung). Nr. 7, 
Informationsdienst Holz, Holzabsatzfond - Absatzförderungfonds der deutschen Forst- und Holzwirtschaft 
Arbeitsgemeinschaft Holz e.V., Bonn  
[26] D Rösch, A Krumbein, C Mügge, LW Kroh. J Agric Food Chem, 2004, 52, 4039-4046. 
[27] E de Rijke, P Out, WMA Niessen, F Ariese, C Gooijer, UAT Brinkman. J Chromatogr A, 2006, 1112 (1-2), 
31-63. 
[28] S Sporring, S Bøwadt, B Svensmark, E Björklunda. J Chromatogr A, 2005, 1090 (1-2), 1-9. 
[29] X Pan, G Niu, H Liu. Biochem Eng J, 2002, 12, 71-77. 
[30] Vr Camel. TrAC Trends Anal Chem, 2000, 19 (4), 229-248. 
[31] JRJ Pare, JMR Belanger, SS Stafford. Trac Trends Anal Chem, 1994, 13 (4), 176-184. 
[32] E Thedinga, A Kob, A Keuer, S Drechsler, R Niendorf, W Baumann, I Freund, M Lehmann, R Ehret. Toxicol 
Appl Pharmacol, 2007, 220 (1), 33-44. 
[33] H Rebl, B Finke, K Schroeder, J Nebe. Int J Artif Organs, 2010, 33 (10), 738-748. 
[34] UK Sharma, K Sharma, N Sharma, A Sharma, HP Singh, AK Sinha. J Agric Food Chem, 2008, 56, 374-379. 
[35] D Rösch, M Bergmann, D Knorr, LW Kroh. J Agric Food Chem, 2003, 51 (15), 4233-4239. 
[36] ME Olsson, KE Gustavsson, S Andersson, A Nilsson, RD Duan. J Agric Food Chem, 2004, 52 (24), 
7264-7271. 
[37] JS Kim, YS Kwon, YJ Sa, MJ Kim. J Agric Food Chem, 2011, 59 (1), 138-144. 
[38] B Watzl, G Rechkemmer. Ernahrungs-Umschau, 2001, 48 (Heft 12), 498-502. 
[39] A Ortuno, A Baidez, P Gomez, MC Arcas, I Porras, A Garcia-Lidon, JA Del Rio. Food Chem, 2006, 98 (2), 
351-358. 
[40] SA Aherne, NM O'Brien. Nutrition, 2002, 18 (1), 75-81. 
[41] R Llorach, A Gil-Izquierdo, F Ferreres, FA Tomas-Barberan. J Agric Food Chem, 2003, 51, 3895-3899. 
[42] J Michels. 2009, Abschlussbericht Pilotprojekt "Lignocellulose-Bioraffinerie". DECHEMA e.V.  
[43] E Weiler, L Nover. Allgemeine und molekulare Botanik. Thieme Verlag, 2008  94-98. 
[44] P Schopfer, A Brennicke. Pflanzenphysiologie. Elsevier, München. 2006  23-30. 
[45] T Larkin, WE Price, L Astheimer. Agro Food Ind Hi-Tech, 2000, 11 (6), 24-27. 
[46] SE Kulling, B Watzl. Ernahrungs-Umschau, 2003, 50 (Heft 6), 234-239. 
[47] A Simons. Das OPC-Gesundheitsbuch. Das Geheimnis, durch Genuß gesund zu bleiben. Bern, München, 
Frankfurt am Main:Scherz, 1998   



Kragl U. et al                 J. Chem. Pharm. Res., 2015, 7(5):175-185 
______________________________________________________________________________ 

185 

[48] YJ Kim. World J Gastroenterol, 2005, 11 (30), 4674-4678. 
[49] A Simons, A Rucker. Gesund länger leben durch OPC. Der natürliche Vitalstoff für das neue Jahrtausend. 
MayaMedia-Verlag Dr. Andreas Gößling, 1999   
[50] YR Lu, LY Foo. Food Chem, 2000, 68 (1), 81-85. 
[51] H Böhm, H Boeing. Z Ernahrungswiss, 1998, 37, 147-163. 
[52] PS Makena, SC Pierce, KT Chung, SE Sinclair. Environ Mol Mutagen, 2009, 50 (6), 451-459. 
[53] CJ Tsai, SA Harding, TJ Tschaplinski, RL Lindroth, YN Yuan. New Phytol, 2006, 172 (1), 47-62. 
[54] E Ono, M Hatayama, Y Isono, T Sato, R Watanabe, K Yonekura-Sakakibara, M Fukuchi-Mizutani, Y Tanaka, 
T Kusumi, T Nishino, T Nakayama. Plant J, 2006, 45 (2), 133-143. 
[55] E Ono, M Fukuchi-Mizutani, N Nakamura, Y Fukui, K Yonekura-Sakakibara, M Yamaguchi, T Nakayama, 
T Tanaka, T Kusumi, Y Tanaka. Proc Natl Acad Sci U S A, 2006, 103 (29), 11075-11080. 
[56] H Halbwirth, S Martens, U Wienand, G Forkmann, K Stich. Plant Sci, 2003, 164 (4), 489-495. 
[57] E Lewinsohn, L Britsch, Y Mazur, J Gressel. Plant Physiol, 1989, 91 (4), 1323-1328. 
[58] G Fouche, G Cragg, P Pillay, N Kolesnikova, V Maharaj, J Senabe. J Ethnopharmacol, 2008, 119 (3), 455-461. 
[59] N Engel, A Falodun, J Kuhn, U Kragl, P Langer, B Nebe. BMC Complem Altern M, 2014, 14:334. 
[60] BK Tiwary, S Bihani, A Kumar, R Chakraborty, R Ghosh. BMC Complement Altern Med, 2015, 15:22. 
[61] AR Nikolic, ET Petri, OR Klisuric, AS Celic, DS Jakimov, EA Djurendic, KM Penov Gasi, MN Sakac. 
Bioorg Med Chem 2015, 23 (4), 703-711. 
[62] R Gottlieb. Apoptosis, 1996, 1, 40-48. 
[63] RC Bates, A Buret, DF Vanhelden, MA Horton, GF Burns. J Cell Biol, 1994, 125 (2), 403-415. 

 
 


