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ARTIKELINFORMATION ZUSAMMENFASSUNG

Schliisselworter: Ethnopharmakologische Relevanz: Extrakte aus den Bldttern von Betula pendula werden traditionell zur Behand-
Betula pendula lung von Patienten mit rheumatoider Arthritis (RA) oder Osteoarthritis eingesetzt.

Flavonoide Zielsetzung der Studie: Wir untersuchten in vitro die antiproliferativen Effekte eines wissrigen Extrakts von Betu-
i\;il;ll:gzyten la pefzdul_a (BPE)—Blétterp auf primdre humane Ly_mphozyten, da aktivierte Lymphozyten bei der Entstehung und
Apoptose Manifestierung der RA eine bedeutende Rolle spielen.

Material und Methoden: Lymphozytenproliferation und -teilung wurden {iber die mitochondriale Dehydrogena-
se-Aktivitdt sowie per Markierung mit dem membrangdngigen Fluoreszenz-Farbstoff Carboxyfluoresceindiace-
tatsuccinimidylester (CSFE) gemessen. Die Analyse der Apoptose erfolgte anhand durchflusszytometrischer und
photometrischer Verfahren durch Oberflichenfarbung von Phosphatidylserin und die intrazelluldre Aktivierung
der Effektor-Caspasen 3 und 7. Dabei wurde gegen Methotrexat verglichen. Zusdtzlich wurde der Effekt des
Extrakts auf den Zellzyklus mittels DNA-Farbung mit Propidiumjodid gepriift. Im Rahmen der Bioassays wurden
BPE-Konzentrationen von 10-160 pg/ml untersucht. Um die polyphenolischen Inhaltsstoffe des Birkenblattex-
trakts zu identifizieren, wurde eine phytochemische Analyse mittels LC-MS und HPLC vorgenommen.
Ergebnisse: Die Extrakte von Betula pendula-Bldttern hemmten dosisabhdngig und signifikant das Wachstum und
die Teilung von aktivierten T-Lymphozyten, nicht jedoch die der ruhenden T-Lymphozyten (CD8+*: 40 ug/ml: 45 %;
80 pg/ml: 60 %; 160 pg/ml: 87 %) (CD4+: 40 ug/ml: 33 %; 80 pg/ml: 54 %; 160 ug/ml: 79 %). Die Hemmung der Lym-
phozytenproliferation durch Apoptoseinduktion (verglichen mit der unbehandelten Kontrolle: 40 pg/ml: 163 %;
80 pg/ml: 240 %; 160 pg/ml: 384 %) und das AusmalR der Zellzyklus-Arretierung waren mit Methotrexat ver-
gleichbar. LC-MS-Analysen zeigten, dass der Extrakt verschiedene Quercetin-Glycoside enthdlt.
Schlussfolgerung: Die Ergebnisse unserer Untersuchung bieten eine rationale Grundlage fiir die Anwendung des
Betula pendula-Extrakts zur Therapie von Erkrankungen des Immunsystems wie der rheumatoiden Arthritis
durch Reduktion der Anzahl von proliferierenden inflammatorischen Lymphozyten.

© 2011 Elsevier Ireland Ltd. Alle Rechte vorbehalten
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1. Introduction

ABSTRACT

Ethnopharmacological relevance: Leaf extracts of Betula pendula have been traditionally used for the
treatment of patients with rheumatoid arthritis (RA) or osteoarthritis.
Aim of the study: We investigated the anti-proliferative capacity of an aqueous leaf extract of Betula
pendula (BPE) on human primary lymphocytes in vitro, because activated lymphocytes play a major role
in the initiation and maintenance of RA.
Materials and methods: Lymphocyte proliferation and cell division was measured by the activity of mito-
chondrial dehydrogenases and by using the membrane-permeable dye carboxyfluorescein diacetate
succinimidyl ester (CFSE), respectively. Apoptosis was analyzed by surface staining of phosphatidylserine
and intracellular activation of effector caspases 3 and 7 in comparison to the drug methotrexate using
flow cytometric and photometrical analysis. In addition, the impact of the extract on cell cycle distri-
bution was investigated by propidium iodide staining of DNA. For the bioassays BPE concentrations of
10-160 pg/mL were investigated. A phytochemical analysis, using LC-MS and HPLC, was conducted to
identify the polyphenolic constituents of the birch leaf extract.
Results: Leaf extracts of Betula pendula inhibited the growth and cell division (CD8*: 40 wg/mL: 45%;
80 wg/mL: 60%; 160 wg/mL: 87%) (CD4*: 40 g/mL: 33%; 80 pg/mL: 54%; 160 p.g/mL: 79%) of activated,
but not of resting T lymphocytes in a significant dose-dependent manner. The inhibition of lymphocyte
proliferation due to apoptosis induction (compared to untreated control: 40 pg/mL: 163%; 80 jg/mL:
240%; 160 pg/mL: 348%) and cell cycle arrest was comparable to that of methotrexate. LC-MS analyses
showed that the extract contains different quercetin-glycosides.
Conclusion: Our results give a rational basis for the use of Betula pendula leaf extract for the treatment of
immune disorders, like rheumatoid arthritis, by diminishing proliferating inflammatory lymphocytes.
© 2011 Elsevier Ireland Ltd. All rights reserved.

tissue-destructive effector cells (Choy and Panayi, 2001). Peripheral
T lymphocytes are the dominant cell types in the synovial filtrate

Rheumatoid arthritis (RA) is a common chronic systemic inflam-
matory disorder that affects approximately 1% of the population
worldwide (Harris, 1990). Its predominant symptoms include pain,
stiffness, and swelling of peripheral joints. The synovial mem-
brane of patients with arthritis is characterized by hyperplasia,
increased vascularity, and a strong infiltrate of peripheral inflam-
matory cells from the blood, primarily lymphocytes. They regulate
cell-mediated immune-inflammation and maintain activation of
macrophages and synovial fibroblasts, transforming them into

* Corresponding author. Tel.: +49 761 270 83220; fax: +49 761 270 83230.
E-mail address: carsten.gruendemann@uniklinik-freiburg.de (C. Griindemann).
1 Current address: Medical University of Vienna, Centre for Physiology and Phar-
macology, Schwarzspanierstr. 17, A-1090 Vienna, Austria.

0378-8741/$ - see front matter © 2011 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.jep.2011.05.018

and there is at least a partial therapeutic effect of T-cell depletion
for patients suffering from RA (Berner et al., 2000).

Several effective therapies, including methotrexate, which act
through the induction of apoptosis of proliferating cells (e.g. T-
lymphocytes), are in use to treat patients with RA (Genestier et al.,
1998). Despite the existence of effective conventional medications,
approximately 60-90% of patients with arthritis use alternative
therapies to avoid side-effects (Rao et al., 1999).

One of these traditionally used therapies includes herbal reme-
dies of members of the Betulaceae family, which grow mainly in
northern Europe (Demirci et al., 2004). Leaf extracts of Betula pen-
dula Roth, also well known as the European white birch or silver
birch, are traditionally used all over Europe to treat rheumatism
and arthritic diseases (Havlik et al., 2010; Saric-Kundalic et al.,
2010). Studies suggest that extracts from Betula pendula have mild
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diuretic effects by inhibiting endopeptidases (Schilcher and Rau,
1988; Major, 2002), and anti-inflammatory capacity (Tunon et al.,
1995; Trouillas et al., 2003). They were also used for the support-
ive treatment of rheumatic diseases in anthroposophic medicine
(Pieroni and Gray, 2008; Girke, 2010).

Because peripheral blood lymphocytes play an important role
in the perpetuation of the autoimmune processes in RA and the
maintenance of these cells might be caused by the dysregulation
of proliferation and apoptosis, we investigated the influence of an
extract of Betula pendula on primary human lymphocytes in com-
parison to the synthetic anti-arthritis drug methotrexate in vitro.

2. Materials and methods

2.1. Aqueous Betula pendula extract preparation

The investigated aqueous Betula pendula extract (BPE) is an
injectable plant extract of birch leaves of Betula pendula Roth which
is marketed by Abnoba GmbH (Pforzheim, Germany) as an offi-
cially registered preparation (Betula folium D3 Abnoba, batch-no.
706 A41 was used for the investigations) according to Section 38/39
of the German Drug Law. The extract is for legal reasons manu-
factured according to method no. 32 of the German Homeopathic
Pharmacopoeia (GHP). The harvested birch leaves are extracted by
maceration in a patented pressing machine under protective atmo-
sphere to avoid any oxidation. The finished BPE contains 1.88 mg
of fresh plant material, corresponding to an anhydrous mass of
0.63 mg, per mL. The finished product is sterile filtered, filled in
glass ampoules and released for sale if all compulsory controls meet
the current specifications for solutions for injection of the European
Pharmacopoeia (EP). All specifications for parenteral medications
were fulfilled according to the EP. Good Manufacturing Practise
(GMP) and quality control according to the EP is monitored from
the German authorities (Federal Institute for Drugs and Medical
Devices; BfArM). This includes proof of plant source identity and
absence of contamination with heavy metals, pesticides, aflatox-
ins and microorganisms. Ampoules from the sales stock were sent
to our laboratory in Freiburg, Germany, where the cell biolog-
ical experiments were performed. For each experiment, a fresh
ampoule of the Betula pendula extract was used and concentrations
of 10, 20, 40, 80 and 160 p.g/mL were tested.

2.2. Preparation of human peripheral blood mononuclear cells

Human peripheral blood mononuclear cells (PBMC) were iso-
lated from the blood of adult donors obtained from the Blood
Transfusion Centre (University Medical Center Freiburg, Freiburg,
Germany). All experiments conducted on human material were
approved by the Ethics committee of the University Freiburg.
Venous blood was centrifuged on a LymphoPrep™ gradient
(density: 1.077 g/cm3, 20 min, 500 x g, 20°C; Progen, Heidelberg,
Germany). Afterwards cells were washed twice with medium and
cell viability and concentration was determined using the trypan
blue exclusion test.

2.3. Cell culture and primary human material

PBMC were cultured in RPMI 1640 medium supplemented
with 10% heat-inactivated FCS (PAA, Coelbe, Germany), 2 mM
L-glutamine, 100U/mL penicillin and 100U/mL streptomycin
(Invitrogen, Karlsruhe, Germany). The cells were cultured at 37 °C
in a humidified incubator with a 5% CO,/95% air atmosphere.

2.4. Activation of peripheral blood mononuclear cells

PBMC (10°) were stimulated with anti-human CD3 (clone
OKT3) and anti-human CD28 (clone 28.6) mAbs (both from ebio-

science, Frankfurt, Germany) for 96 h in the presence of medium,
methotrexate (1 mg/mL; Sigma-Aldrich, Taufkirchen, Germany)
and Triton-X 100 (0.5%; Carl Roth, Karlsruhe, Germany) as controls
or different concentrations of BPE, respectively. After cultivation
the cells were assessed as described below.

2.5. Determination of cell proliferation

Cell proliferation rate was determined in three independent
experiments by the WST-1 assay, commercially available from
Roche (Mannheim, Germany) and was accomplished according to
the manufacturer’s instructions. The assay is based on the cleavage
of the tetrazolium salt WST-1 by cellular enzymes to a formazan
dye. The absorbance was measured with an ELISA reader (Tecan,
Crailsheim, Germany) at a wavelength of 450 nm.

2.6. Cell division tracking using CFSE

PBMC were harvested and washed twice in cold PBS and
resuspended in PBS at a concentration of 5 x 106 cells/mL. CFSE
(carboxyfluorescein diacetate succinimidyl ester, 5mM; Sigma,
Taufkirchen, Germany) was diluted 1/1000 and incubated for
10 min at 37 °C. The staining reaction was stopped by washing twice
with complete medium. Afterwards, the PBMC were additionally
stained with anti-human CD4 and anti-human CD8 mAbs (both
from ebioscience, Frankfurt, Germany) and cell division progress
was analyzed from three independent experiments using flow
cytometry.

2.7. Flow cytometric estimation of cell cycle distribution

Cellular DNA content of three independent experiments was
measured after permeabilization of PBMC by fixation with 70%
ethanol and staining of the DNA with Pl master mix (40 pg/mL pro-
pidium iodide, 100 ug/mL RNase; both from Sigma, Taufkirchen,
Germany and PBS), allowing the identification of the generally
called “Go/G1"-, “S"-, “Gy"-phase peaks of cells on a DNA content
frequency histogram. Analysis was performed by flow cytometry.
The software Modifit® (Verity Software House, Topsham, USA) was
used to analyze the DNA frequency histograms and to estimate the
proportions of cells in particular phases of the cell cycle.

2.8. Determination of PBMC apoptosis and necrosis using annexin
V and propidium iodide staining

The levels of apoptosis were determined in three indepen-
dent experiments using the annexin V-FITC Apoptosis Detection
kit (ebioscience, Frankfurt, Germany) according to the manufac-
turer’s instructions. After annexin V staining, propidium iodide (PI;
ebioscience, Frankfurt, Germany) was added and the cells were
incubated for additional 10 min in the dark, followed by a flow cyto-
metric analysis to determine the amount of apoptosis and necrosis.

2.9. Caspase-3/7 assay

The caspase-3 and -7 activities were measured from three inde-
pendent experiments using the protocol supplied by Promega
(Mannheim, Germany). The assay is based on a luminogenic
caspase-3/7 substrate, which contains the tetrapeptide sequence
DEVD for caspases. Following caspase cleavage, the substrate for
luciferase (aminoluceferin) is released, resulting in the luciferase
reaction and the production of light. Hereby, the luminescence is
proportional to the amount of caspase activity and was measured
using a microplate reader (Tecan, Crailsheim, Germany).
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2.10. Data analysis

For statistical analysis, data were exported to SigmaPlot®
(Systat Software Inc., Erkrath, Germany). Data are presented as
mean + standard deviation and statistical significance was deter-
mined by Student’s paired t-test. Pvalues <0.05 (*) were considered
statistically significant and <0.01 (**) were considered highly sta-
tistically significant, compared to the respective control.

2.11. Preparation of Betula pendula extract for phytochemical
analysis

The BPE content of 24 phials was combined (24 mL). The com-
bined aqueous solution was fractionated and concentrated with
solid phase extraction (SPE) using Strata C18-E (55uwm, 70A),
2 g/12 mL Giga Tubes (Phenomenex, Germany). The SPE cartridges
were washed twice with one cartridge volume of acetonitrile
and equilibrated three times with 1vol. of aqueous 0.1% formic
acid (FA). The aqueous Betula pendula solution containing 0.1%
FA was applied to the cartridge, washed three times with 10%
acetonitrile/90% H,0 containing 0.1% FA and eluted twice with
60% acetonitrile/40% H,O containing 0.1% FA. Excess solvent was
reduced by roto-evaporation and the Betula pendula fraction was
dried to powder by lyophilisation. The dry Betula pendula pow-
der was dissolved in 0.5mL H,O (pH 2.8 with FA) and analyzed
by LC-MS.

2.12. Liquid chromatography-mass spectrometry (LC-MS)

LC-MS analyses were performed on an UltiMate 3000 RSLC-
series system (Dionex, Germering, Germany) coupled to a 3D
quadrupole ion trap mass spectrometer equipped with an orthog-
onal ESI source (HCT, Bruker Daltonics, Bremen, Germany). HPLC
separation was carried out on a Hypersil BDS-C18 column
(4.0mm x 250 mm, 5 wm, Agilent, Santa Clara, CA, USA)at 20°Cand
a flow rate of 1.0 mL/min. Water (pH 3.1 with FA) and acetonitrile
were used as mobile phase A and B, respectively. The follow-
ing gradient program was used: 14% B (Omin), 19% B (20 min),
95% B (22min) and 95% B (29min). The eluent flow was split
roughly 1:8 before the ESI ion source, which was operated as fol-
lows: capillary voltage: 3.7 kV, nebulizer: 30 psi (N3), dry gas flow:
8L/min (N3), and dry temperature: 340°C. The mass spectrom-
eter was operated in an automated data-dependent acquisition
(DDA) mode where each MS scan (m/z 80-750, average of 5
spectra) was followed by MS?2 scans (m/z 40-750, average of 3
spectra, isolation window of 4Th, fragmentation amplitude of
1.0V) of the two most intense precursor ions, and MS? scans
(m/z 40-750, average of 3 spectra, isolation window of 4 Th, frag-
mentation amplitude of 1.0V) of the two most intense fragment
ions in each MS? scan. The flavonoid aglyca were identified by
spectrum matching to an in-house library containing the MS”"
spectra of 57 reference flavonoids using ESI compass 1.3 for HCT
(Bruker Daltonics). Finally, four of the identified components were
confirmed by comparison of the retention times, UV- and MS-
spectra with the reference compounds quercetin-3-0O-galactoside
(hyperoside), quercetin-3-0O-glucoside (isoquercitrin), quercetin-
3-0-rhamnoside (quercitrin), and quercetin-3-0O-arabinoside (avic-
ularin) (all from Carl Roth, Karlsruhe, Germany).

2.13. Semi-quantitative analysis of the flavonoid glycosides

The content of the major flavonoid glycosides in the SPE fraction
was determined by HPLC-DAD using a simple two-point calibra-
tion with hyperoside as an external standard. The analyses were
conducted on a Shimadzu prominence system equipped with a SIL-
20AC HT auto sampler, an LC-20AD pump, a CTO-20 AC column

oven, and an SPD-M20A diode array detector (Shimadzu Austria
GmbH, Vienna, Austria). The column and the elution conditions
were identical to LC-MS. A stock solution of hyperoside (purity
>99% by HPLC, Carl Roth) was prepared by dissolving 0.96 mg in
1mL DMSO and completion to 5.0 mL with methanol. The two
calibration solutions with 38.4 and 7.68 pg/mL were obtained by
stepwise 5-fold dilution with methanol. Ten microlitres of the SPE
fraction and the two calibration solutions were injected in tripli-
cate. The chromatograms at 354+ 2 nm were used to determine
the peak areas.

3. Results

3.1. Birch leaf extract reduced the growth of activated human
PBMC

For a first characterization, we evaluated the effect of BPE on
cell growth and performed proliferation assays with increasing
concentrations of BPE (10-160 wg/mL) on stimulated and rest-
ing human PBMC in comparison to methotrexate (Fig. 1). As
shown in Fig. 1A, BPE significantly reduced the proliferation of
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Fig. 1. Effects of the Betula pendula extract on cell proliferation of human peripheral
blood mononuclear cells. Isolated human PBMC either activated with anti-CD3/CD28
mADbs (A) or unstimulated (B), were cultured in the presence of medium, methotrex-
ate (1mg/mL) or Betula folium extract (10-160 pwg/mL). The cells were further
analyzed for cell viability using the WST-1 assay and quantified by spectropho-
tometric analysis. Data are presented as mean and standard deviation (SD) of
three independent experiments. The asterisks represent significant differences from
untreated stimulated cells (*P<0.05, **P<0.01).
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Fig. 2. Effects of the Betula pendula extract on cell division of peripheral human blood mononuclear cells. CFSE-labeled primary human PBMC were antibody-activated
(anti-CD3/CD28 mAbs) and cultured in the presence of medium, methotrexate (1 mg/mL) or different concentrations of Betula pendula extract (10-160 pg/mL). Cell division
analyses were assessed by flow cytometry and pictured as representative dot plots (upper panel) and histograms (lower panel) in (A) for CD8* PBMC and (B) for CD4* PBMC.
Results are summarized for CD8 (left graph) and CD4 (right graph) in (C) and data are presented as mean and standard deviation (SD) of three independent experiments. The
asterisks represent significant differences from untreated stimulated cells (*P<0.05, **P<0.01).

antibody-activated PBMC in a dose-dependent manner (40 pg/mL:
0.29+0.10; 80 wg/mL: 0.25+0.08 and 160 pg/mL: 0.18 +0.03)
compared to untreated control (0.5440.1). The effects were com-
parable to that of methotrexate (1 mg/mL: 0.25 4+ 0.09). There was
no effect of BPE on proliferation of resting PBMC (Fig. 1B).

3.2. Birch leaf extract inhibited cell division of activated human
PBMC

We further evaluated the impact of BPE on cell division of acti-
vated PBMC using flow cytometric-based analysis of CFSE-labeled

cells (Fig. 2). The CFSE label is inherited by daughter cells after
cell division and each dividing cell loses fluorescent intensity. The
data shown in Fig. 2C indicate that the BPE treatment at concen-
trations of 40, 80 and 160 pg/mL caused a dose-dependent cell
division inhibition of PBMC, especially of CD8* (40 pwg/mL: 25.7%;
80 png/mL: 18.7%; 160 pg/mL: 6.2%), as well as of CD4* (40 p.g/mL:
27.9%; 80 wg/mL: 19.3%; 160 p.g/mL: 8.9%) PBMC subpopulation in
comparison to untreated cells (CD8*: 47.1%; CD4*: 41.7%). In the
presence of methotrexate, which was used as a positive control, the
cells showed a comparably strong inhibition of cell division (CD8*:
10.1%; CD4*: 5.2%).
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Fig. 3. Effects of the Betula pendula extract on apoptosis and necrosis of peripheral human blood mononuclear cells. After activation of human primary PBMC with anti-
CD3/CD28 mAbs in the presence of medium, methotrexate (1 mg/mL), Triton-X 100 (0.5%) or different concentrations of Betula pendula extract (10-160 pg/mL), the cells
were stained with annexin V and propidium iodide (PI) to assess the percentages of viable (annexin V~/PI~), apoptotic (annexin V*/PI~) and necrotic (annexin V- /PI*) cells.
The cells were analyzed by flow cytometry and representative results a depicted in (A). Results from analysis of apoptotic (B) and necrotic (C) cells are summarized and data
are presented as mean and standard deviation (SD) of three independent experiments. The asterisks represent significant differences from untreated stimulated cells alone

(*P<0.05, **P<0.01).
3.3. Birch leaf extract induced apoptosis in human PBMC

To determine whether the BPE-mediated reduction of cell
growth and inhibition of cell division of activated PBMC was of
apoptotic or necrotic origin, we first combined the annexin V and
propidium iodide staining (Fig. 3). This allowed the discrimina-
tion between viable (annexinV~/PI~), apoptotic (annexinV*/PI*) or
necrotic (annexinV—/PI*) cells. After exposure of PBMC to BPE, the
data revealed a concentration-dependent increase of apoptotic*
cells (Fig. 3B) (40 pg/mL: 163.3%; 80 wg/mL: 239.9%; 160 pg/mL

348.1%, compared to untreated cells), whereas the percentages of
necrotic cells was still low (Fig. 3C).Activation of caspases, a family
of cysteine proteases, is an essential step in various forms of apo-
ptosis. The activation of effector caspases 3 and 7 was confirmed
by photometrical analysis, which showed strong pro-apoptotic
activity of methotrexate-treated activated PBMC (compared to
untreated control:605.8%, Fig. 4). The data further showed a dose-
dependent pro-apoptotic effect of BPE in comparison to untreated
controls (see Fig. 4) (40 pg/mL: 322.1%; 80 pg/mL: 480 pg/mL and
160 pg/mL: 531.9%).
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cell proliferation of the activated PBMC after BPE treatment could
also be a consequence of cell cycle arrest. Therefore, we analyzed 0
the effect of BPE on cell cycle progression using flow cytometry. anti-CD3/28 + O+ + + + + +
Fig. 5 shows that at 40, 80 and 160 pg/mL, BPE caused a dose- mAbs:
dependent arrest in the Go/G; phase (Fig. 5A) (untreated: 85.5%; methotrexate: - + - - - - -
40 pg/mL: 93.6%; 80 wg/mL: 96.4%; 160 pg/mL: 97.6%) and a con- )
. : g / ¢ concentrations - - 10 20 40 80 160
comitant reduction in the number of cells in the S phase (Fig. 5B) of BPE
(untreated: 11.8%; 40 pwg/mL: 3.9%; 80 wg/mL: 2.6%; 160 wg/mL: [ug/mL]:

1.9%) and G, /M phase (Fig. 5C) (untreated: 2.7%; 40 wg/mL: 1.03%;
80 g/mL: 0.85%; 160 pg/mL: 0.45%) of the cell cycle compared to
untreated cells. Methotrexate showed similar effects (Gg/G1: 96.4%;
S: 2.7%; G2 /M: 0.9%).

3.5. Phytochemical analysis of the birch leaf extract

For further interpretation of the observed effects of the BPE,
it is important to know it's molecular composition. For this
purpose, we carried out sample cleanup by SPE followed by
LC-MS analysis, and identified several flavonoid-glycosides. The
major phenolic components in the SPE extract were found to
be quercetin-monoglycosides (see Fig. 6 and Table 1). Four

Table 1
Flavonoid glycosides identified by LC-MS and semi-quantified by HPLC-DAD.

Fig. 5. Effects of the Betula pendula extract on cell cycle distribution of periph-
eral human blood mononuclear cells. Flow cytometric analysis of DNA histogram of
human primary PBMC treated with anti-CD3/CD28 mAbs in the presence of medium,
methotrexate (1 mg/mL), Triton-X 100 (0.5%) or different concentrations of Betula
pendula extract (10-160 pg/mL). (A) Go/G1 sub-phase, (B) S sub-phase and (C) G2/M
sub-phase distribution of cell cycle (%) from three independent experiments. Data
presented are mean =+ SD and the asterisks represent significant differences from
untreated stimulated cells (*P<0.05, **P<0.01).

of these constituents were confirmed by comparison of the
retention times, UV- and MS"-spectra with the reference com-
pounds quercetin-3-0O-galactoside (hyperoside), quercetin-3-O-
glucoside (isoquercitrin), quercetin-3-O-arabinoside (avicularin),
and quercetin-3-O-rhamnoside (quercitrin), which is in agreement

# tr (min) [M—H]- (m/z) Proposed structure Main fragment ions (>10% Rel. Int.) SPE fraction conc. (j.g/mL)

1 129 4771 Quercetin-O-hexuronide MS? [477.1]: 301.0 17.2+0.7
MS3 [301.0]: 178.8, 150.9, 107.1

2 13.7 4771 Quercetin-O-hexuronide MS? [477.1]: 301.0 n.d.
MS? [301.0]: 178.8, 150.9, 107.0

3 14.1 463.1 Quercetin-3-0-galactoside (hyperoside) MS? [463.1]: 300.9 257+1.1
MS3 [300.9]: 270.9, 254.9, 178.9, 150.9

4 14.9 463.1 Quercetin-3-0-glucoside (isoquercitrin) MS? [463.1]: 300.9 2.7+0.1
MS?3 [300.9]: 270.9, 254.9, 178.9, 150.9, 107.1

5 18.0 4331 Quercetin-3-0-arabinoside (avicularin) MS? [433.1]: 300.1 7.8+0.3
MS? [300.1]: 270.9, 254.9, 178.8, 150.9

6 20.6 4471 Quercetin-3-0O-rhamnoside (quercitrin) MS? [447.1]: 300.9 3.44+0.1

MS? [300.9]: 270.9, 254.9, 178.8, 150.9, 107.0
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3 like rheumatoid arthritis, by diminishing the amount of inflam-
1000+ matory lymphocytes. During early stages of rheumatoid arthritis,
S 800- 1 large numbers of lymphocytes are recruited from the peripheral
< blood in response to injury or infection. Clearance of unwanted
%‘ 600 effector cells at the end of an inflammatory response appears to
S 400, be due to loss of survival signals derived from interactions with
= 5 stromal cells, leading to apoptosis and subsequent phagocytosis of
200- 2 4 6 dead cells. In chronic inflammatory diseases, the resolution phase
. A \ L)\ A becomes prolonged and disordered, leading to persistence of the
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Fig. 6. The flavonoid glycosides in Betula pendula extract. HPLC chromatogram
showing the DAD response at 35442 nm. Proposed structures of corresponding
compounds 1-6 can be found in Table 1.

to previous results (Pietta et al., 1989). In addition, a high and a
low abundant quercetin-O-hexuronide were identified. Based on
the literature data on Betuala pendula, the more abundant of these
two is most likely quercetin-3-0-glucuronide (Pietta et al., 1989).

Flavonoids, in particular quercetin, have been indicated to pos-
sess immunomodulatory activity in previous studies (see Section
4), and thus may explain at least part of the activities of the
BPE described above. Therefore, we conducted a semi-quantitative
HPLC-DAD analysis of the major quercetin-monoglycosides iden-
tified by LC-MS. The concentrations of the constituents in the SPE
fraction were determined using a simple two-point calibration with
hyperoside as an external standard (Table 1). Since the UV spectra
of the individual quercetin-3-0-glycosides are highly similar, the
response factors were calculated based on the ratios of the molec-
ular weights. The concentration in the BPE might be less up to a
factor of 48 (the recovery of the SPE was not evaluated), which gives
at least the following concentrations: 535 422 ng/mL hyperoside,
358 4+ 15 ng/mL quercetin-O-hexuronide, 162 &+ 6 ng/mL avicularin,
70 + 3 ng/mL quercitrin, and 56 + 2 ng/mL isoquercitrin.

4. Discussion

Leaf extracts of Betula pendula are traditionally used all over
Europe for the supportive treatment of patients with RA or
osteoarthritis. Because peripheral lymphocytes play an important
role in the perpetuation of rheumatoid arthritis, and the mainte-
nance of these cells is caused by a dysregulation of proliferation
and apoptosis, we investigated the effects of a birch leaf extract on
primary human immunocompetent cells in vitro.

In the current study, we demonstrated that an aqueous leaf
extract of Betula pendula inhibited the growth and cell divi-
sion of activated T lymphocytes in a dose-dependent manner
(40-160 pg/mL). At these concentrations the reduction on cell pro-
liferation of peripheral blood mononuclear cells was of apoptotic
origin and nearly the same in CD4* as well in CD8* lymphocyte sub-
population. Apoptosis is a form of programmed cell death that is
essential for normal development, cancer prevention, resolution
of inflammation (Liu and Pope, 2004) and could be detected by
surface staining of phosphatidylserine and intracellular activation
of effector caspases 3 and 7 using flow cytometric and photo-
metrical analysis. The combination of annexin V and propidium
iodide staining allows analyzing apoptotic and necrotic cells in
parallel. Our data clearly indicate that, compared to methotrexate
and detergent (Triton-X 100), which were used as positive con-
trols for apoptosis and necrosis induction, respectively, the leaf
extract of Betula pendula mainly induces apoptosis, whereas only a
small proportion of necrotic cells were detectable. These inhibitory
effects suggested that the Betula pendula leaf extract could be ther-

inflammatory lymphocyte infiltrate, tissue hyperplasia and ulti-
mately tissue scarring. Persistence of a lymphocyte infiltrate at sites
of chronic inflammation reflects a distorted homeostatic balance
between factors that enhance cellularity (lymphocyte recruitment,
proliferation and retention) and those that decrease cellularity (cell
death and emigration) (Akbar and Salmon, 1997; Buckley, 2003).
Methotrexate-induced apoptosis promotes the resolution of an
inflammatory response by reducing the number of inflammatory
cells (Liu and Pope, 2004).

Remarkably, non-activated T lymphocytes were resistant to
apoptosis up to 160 wg/mL BPE demonstrating selectivity towards
activated lymphocytes. Methotrexate-treated resting peripheral
blood mononuclear cells, on the other hand, showed an inhibi-
tion on proliferation, which is in contrast to published data from
Genestier et al. (1998), that showed no influence of methotrex-
ate on resting peripheral blood mononuclear cells. This could be
due to the different kind of activation stimuli or doses used in
the assays.

Besides apoptosis induction, the decrease in cell proliferation
was further due to an arrest in the Gy /G phase and the concomitant
concentration-dependent decrease (40-160 wg/mL)in the percent-
age of peripheral blood mononuclear cells in the S- and G, /M phase
of the cell cycle.

Members of the Betulaceae family are known to contain
appreciable amounts of polyphenolic compounds (Keindnen and
Julkunen-Tiitto, 1998) and several compounds of this diverse group
of phytochemicals have attracted increasing interest in the past due
to their physiological actions as immunomodulators (Wattel et al.,
2004; Nair et al., 2006; Sternberg et al., 2008). It has been shown,
that quercetin, a flavonoid aglycone, has been effective in in vitro
models (Jackson et al., 2006) and also in animal models of rheuma-
toid arthritis (Guardia et al., 2001; Mamani-Matsuda et al., 2006).
Furthermore, immunosuppressive effects of quercetin on dendritic
cell activation and function (Huang et al., 2010) and inhibition of
expression of inflammatory cytokines through attenuation of NF-
kB and p38 MAPK in a human mast cell line have been shown (Min
et al., 2007).

Betula pendula Roth is known to contain mainly flavonoid-
glycosides, such as quercetin-3-galactoside, quercetin-3-glucoside,
quercetin-3-rhamnoside and quercetin-3-glucuronide (Keindnen
and Julkunen-Tiitto, 1998). In the aqueous birch leaf extract, which
has been used for this study, we could confirm the presence of these
typical polyphenolic compounds using LC-MS (see Table 1).

It is known from the literature, that flavonoid-glycosides given
orally were absorbed and eliminated very quickly in humans
(Scholz and Williamson, 2007). However, the birch leaf extract
of this study is clinically used for rheumatoid arthritis as subcu-
taneous injection in the inflamed joint area. Therefore it may be
possible, that flavonoids in relevant concentrations remain locally
in the tissue for some time and can perform their immunomod-
ulatory properties. Furthermore, our investigations show that the
concentrations of this preparation can be considered as clinically
relevant, because the doses that were effective in vitro can be
obtained locally by subcutaneous injection.

The extract used in this study (Betula folium D3 Abnoba) is a
product with marketing authorization for subcutaneous injection
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in humans and the dose-response relationship in comparison to the
synthetic drug methotrexate provides proof for a clinical relevance
of the demonstrated effects. In single patients of our outpatient
centre with RA, we have seen beneficial clinical courses after serial
subcutaneous injections of the commercial birch leaf preparation
(Betula folium D3 Abnoba) in the area of inflamed joints (unpub-
lished observations).

5. Conclusion

In conclusion, although it's efficacy has to be confirmed in
clinical placebo-controlled studies, our results provide a strong
rational base for the local parental use of the leaf extract of
Betula pendula in the treatment of immune disorders, like rheuma-
toid arthritis, through diminishing of proliferating inflammatory
lymphocytes.
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