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ABSTRACT 

Objective: The aim of this study was to investigate the biological activity of dry Folia Betulae (FB) extract. 

Methods: Extracts from birch leaves were obtained by different technological methods–maceration and percolation, extraction with different 
concentrations of ethanol, changes in temperature regimen. The influence of the technological factors on the content of the biologically active 
substances (BAS) was examined. A phytochemical characterization of the extracts and their standardization were made, according to important 
groups of BAS–flavonoids (rutin, quercetin) and terpenes (betulin and betulinic acid), by means of HPLC methods for detection and quantitative 
determination. A model extract, with optimal content of BAS was chosen for subsequent in vitro investigation of its biological activity. Antimicrobial 
activity was studied via in vitro tests using bacterial isolates–Staphylococcus aureus, Escherichia coli and Candida albicans. The physiological activity was 
investigated by using in vitro test with smooth muscle strips. The antiproliferative activity of FB extract on eukaryotic cells was examined on cell cultures 
in vitro. Two cell cultures were used: the mouse lymphoma cell line L5178Y and the serum-free McCoy-Plovdiv cells. 

Results: The dry extract from FB has a dose–dependent antibacterial effect. The bactericidal effect on Staphylococcus aureus is stronger than the 
one on Escherichia coli. Results prove that adding the extract leads to stimulating effect on muscle contractility. It demonstrates biological activity, 
expressed as changes in cell morphology, proliferation and vitality as well as initiation of apoptosis. 

Conclusion: The results obtained largely overlap with literature data and explain some of the applications of this plant in traditional medicine. 
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INTRODUCTION 

Humans use various plants in their daily life as a source of food, spices, 
cosmetics and medicines. It has been known for a long time that the 
leaves of birch (Betula pendula, Roth) (Folia Betulae, (FB) contain a wide 
range of biologically active substances–flavonoids, tannins, terpenes, 
glycosides and essential oils. Anti-allergic, anti-platelet, anti-
inflammatory [1], antitumour [2-4], antioxidant [4] and antimicrobial [1, 
5-7] activities were found for the flavonoids. Antibacterial [8], antiviral, 
antifungal [9, 10] and antioxidative [11] activities have been established 
for the terpenes. Studies were focused on the antitumour activity of 
dammarane triterpenoids (against Ehrich ascite carcinoma) [12, 13], 
isolated from birch leaves. An antiproliferative effect on different tumour 
cell cultures was found for the betulinic acid [14]. The dammarane 
triterpenoids show an antitumour effect, manifested in changing the 
permeability and the micro-viscosity of the tumour cell membranes [15].  

The aim of this study was to investigate the biological activity of dry 
Folia Betulae (FB) extract. For the first time in Bulgaria the 
antimicrobial, antiproliferative and physiological activity of total dry 
extract from Birch leaves was examined. 

MATERIALS AND METHODS 

Plant material 

Plant material (Betulae folium) was collected from an 
environmentally clean region in Bulgaria–Rhodope Mountains, in the 
most appropriate time between June and August. It meets the 
requirements of the European Pharmacopoeia 7. The leaves were 
grinded to a size of approximately 0.5 mm.  

Plant extracts 

Different liquid extracts were prepared, using the method of 
percolation (USP 24, 1151, Process P), maceration (USP 24, 1151, 
Process M) and maceration at increased temperature–50 °C. Thick 
extracts were obtained after removal of the solvent with rotary 
evaporator (Rotavapor R II, BUCHI). Dry extracts were prepared by 
the method of spray drying from two of the most promising thick 
extracts (respectively Dry 1–obtained from D60 and Dry 2–obtained 
from M96) by a Mini Spray Dryer B-290 BUCHI. The obtained 
extracts with their abbreviations, method and preparation 
conditions are shown in table 1. 

 

Table 1: Folia Betulae extracts–technological procedure’s details 

 Indication of the extract Type of the extract Method of obtaining Used extractant Working temperature 
1. P96 Thick Percolation Ethanol 96 % 25 °C 
2. P60 Thick Percolation Ethanol 60 % 25 °C 
3. М96 Thick Maceration Ethanol 96 % 25 °C 
4. D60 Thick Maceration Ethanol 60 % Heating to 50 °C 
5. Dry 1 Dry Spray dryer; Obtained from D60, thick.   
6. Dry 2 Dry Spray dryer; Obtained from M96, thick.   
 

HPLC quantitative determination of the biologically active 
substances: A phytochemical characterization (the presence of rutin, 
quercetin, betulinic acid and betulin) of the obtained model extracts 
was performed via HPLC method for simultaneously quantitative 

determination. It was developed and based on literature data [16-
18] and adapted to the available equipment. HPLC system Varian 
Prostar with a column Microsorb-MV C18 (150 mm × 4.6 mm; 5 μm) 
and PDA detector were used. A mobile phase А (H2O, рН = 3): В 
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(СН3СN) (Labscan) was used, in a gradient mode from 90(А):10(В) 
to 10(А):90(В) and a flow rate 1 ml/min. Rutin and quercetin were 
detected at 368 nm, betulinic acid and betulin–at 210 nm. 
Identification of the substances was performed by the times of 
retention compared to this of pure substances. The quantitative 
determination was made by the method of the external standard. 
Results are presented as mean±SD values, provided from 3 
independent measurements. 

Antimicrobial activity in vitro 

The in vitro study of the antimicrobial activity was performed on 
bacterial isolates Staphylococcus aureus (S. aureus), Escherichia coli 
(E. coli) and Candida albicans (C. albicans). FB Dry 2 extracts, 
dissolved in 1 % DMSO (Fluka) and distilled water, was added to 24 
hours 5 ml glucose broth cultures of S. aureus, E. coli and C. аlbicans 
(0.5 Mc Farland densities). The final concentrations of the extract in 
the media were 1, 2, 4, 10, 20, 24, 40, 50 and 100 mg/ml. The treated 
cultures were incubated for 24 and 48 hours. Untreated microbial 
cultures were used as controls. The effect of treatment was assessed 
by microbial count of the colony-forming units (CFU) in 5% blood 
agar (for E. coli and S. aureus) or in Candida Chromagar (for C. 
albicans). Results are presented as mean±SD values, provided from 3 
independent measurements. 

Antiproliferative activity in vitro  

Two cell cultures were used: mouse lymphoma cell line L5178Y and 
serum-free McCoy-Plovdiv cells. FB Dry 2 extract was dissolved with 
10% DMSO and sterilized by filtration. Final concentrations were as 
follows: 125, 250, 500, 750, 1000, 1500, 2000 µg/ml.  

• Mouse lymphoma cells L5178Y were seeded with an initial 
concentration of 2х105 cell/ml in 24-well plates. The cells were 
incubated with different concentrations of FB dry 2 extract for 2, 4 
and 24 hours. The cell number and vitality of lymphomas were 
determined 24 hours after treatment by haemocytometer using 
Trypan blue solution and dye exclusion method;  

• Serum-free McCoy-Plovdiv cells were plated in 96-well plates 
(200 µl per well suspension with cell number of 2 х105 cell/ml). 
After 24 hours they were treated with the extract in selected 
concentrations for 2, 4 and 24 hours.  

Results are presented as mean±SD values, provided from 3 
independent measurements. 

Physiological activity in vitro 

Isometric force measurements were performed on the smooth 
muscle samples. The preparations were taken from a rat stomach, 
separated in a circulatory direction, without mucosa, and were 
placed in a modified Krebs solution (in mmol/l): 120 NaCl, 5.9 KCl, 
15.4 NaHCO3, 1.2 NaH2PO4, 1.2 MgCl2, 2.5 CaCl2, 11.5 glucose. The 
solution was aerated (with 95 % О2 and 5% СО2) and temperature-
controlled (36±1) °С to create optimal conditions for the 
manifestation of spontaneous contractile activity. One gram of 
preload was applied to the tissues; equilibrium period was 1 hour.  

The evoked contractile activity was triggered with KCl in mmol/l: 5, 
50 and 100 (approximately 5 %, 40 % and 80 % depolarization of 
the resting membrane potential). The initial transient state (Phase 
1) and a subsequent sustained state (Phase 2) were investigated in 
the presence of 0.1 mg/ml and 0.3 mg/ml of the FB Dry 2 extract. 
Registration of the isometric tension was performed using strain-
gauge-measuring bridge and multichannel polygraph Linseis. All 
data were expressed as a percentage of maximal 50 mmol/l KCl 
contractions. Results are presented as (mean±SEM) values of at least 
five independent measurements. 

RESULTS AND DISCUSSION  

Fig. 1 presents the chromatogram of a standard mixture of rutin, 
quercetin, betulin and betulinic acid (Fig.1a), and a chromatogram of 
one of the model extracts (D60 from table 1)–Fig.1b) as an 
illustration of the results presented on table 2.  

 

 

Fig. 1 a): HPLC chromatogram of a standard mixture of rutin, 
quercetin, betulinic acid and betulin

 

 

Fig. 1 b): HPLC chromatogram of D60 
 

 

Table 2: Content of biologically active substances in the FB model extracts 

 Extract Rutin (µg/ml) Quercetin (µg/ml) Betulinic acid (µg/ml) Betulin (µg/ml) 
1. P60 54.4±3.1 46.0±3.5 57.6±3.4 33.6±1.5 
2. P96 59.1±3.0 33.4±5.5 91.2±5.3 74.3±3.4 
3. M96 68.0±5.1 93.0±4.4 84.0±5.0 78.0±3.1 
4. D60 79.6±5.4 45.6±2.6 70.6±3.2 61.4±2.2 
5. Dry 1(from D60)  151.2±9.2 51.2±2.9 36.4±1.9 35.6±2.0 
6. Dry 2(from M96) 148.8±8.9 64.0±4.9 75.6±3.9 39.2±2.2 

Values are mean±SD (n=3) 
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Data from table 2 show that the application of different technological 
approaches and various extractants determines the difference in the 
concentration of biological active substances. For example, rutin is 
extracted to a greater extend at higher temperature and lower 
concentration of ethanol (D60), which could be possibly explained 
by its glycoside structure. The non-polar structure of betulin and 
betulinic acid is probably the reason for their better extraction with 
high-concentrated ethanol (M96). 

M96 extracts, in the form of dry extract–Dry 2, was examined for its 
biological activity (antimicrobial, antiproliferative and 
physiological), due to its phytochemical characteristics. 

In vitro study of antimicrobial activity of FB Dry 2 extract showed 
the bactericidal effect in S. аureus broth cultures, treated for 24 and 
48 hours with 10, 20, 40 and 100 mg/ml extract. The concentration 
of 1 mg/ml FB Dry 2 extract caused the bacteriostatic effect on S. 
aureus (CFU 103–104) whereas untreated cultures showed CFU>105. 
FB extract at concentrations of 1, 10 and 20 mg/ml did not influence 
E. сoli growth (CFU>105 after incubation with the extract) but 40 и 
100 mg/ml showed a bacteriostatic effect. The concentrations 1, 2, 4, 
10, 24, 40, 50 mg/ml did not change culture growth of C. аlbicans in 
comparison with non-treated cultures (CFU 105). In summary, the 

Gram positive S. aureus is more susceptible to the bacteriostatic 
effect of FB Dry 2 extract used in lower concentrations in 
comparison with the Gram negative E. coli. However, the prokaryote 
fungus–C. albicans cannot be affected by all applied concentrations 
of the extract. 

Other studies have demonstrated the antimicrobial activity of 
essential oils from FB on Legionella pneumophilla, Fusarium, 
Microsporum gypseum and Rhizopus spp. [19, 20]. Further 
investigations are necessary to elucidate the different susceptibility 
of Gram-positive, Gram-negative bacteria and fungi to the 
antimicrobial effect of FB extract.  

In vitro study of antiproliferative activity of FB Dry 2 extract showed that 
the extract caused irreversible morphological changes in mouse 
lymphoma L5178Y cells several hours after the initial treatment (fig. 2a). 
Reduction of cell numbers was reported after 2, 4 and 24 hours exposure 
to the extract (fig. 2b). Concentration of 1000 μg/ml FB Dry 2 extract 
lead to single living cells for only 2 hours of exposure, while after 4 and 
24 hours all cells were dead. Decrease of the extract concentrations 
increased the number of surviving cells. At a concentration of 125 μg/ml 
(for 4 and 24 hours of treatment) surviving cells were over 90 % and for 
2 hours after treatment there were no dead cells. 

  

 

Fig. 2a): Microphotography of L5178Y cells treated with FB Dry 2 extract for 6 hours with concentrations: 250, 500, 750, 1000, 1500 
μg/ml (x 200) 

 

 

Fig. 2b): Cell numbers in cultures of mouse lymphoma cells treated with FB Dry 2 extract for 2, 4 and 24 hours with concentrations: 125, 
250, 500, 750, 1000, μg/ml 
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Changes in cell monolayer cultures of McCoy-Plovdiv cells were 
observed at 250 μg/ml FB Dry 2 extract concentration. Cells 
acquired round shape, which was even more pronounced at 
concentrations of 500 and 750 μg/ml (fig. 3a).  
 

 

Fig. 3 a): Microphotography of McCoy-Plovdiv cells treated with 
FB Dry 2 extract for 24 hours with concentrations: 250, 500, 

750, 1000, 2000, 3000, 4000, 5000 μg/ml (x 200) 
 

However, at concentrations higher than 1000 μg/ml, cells were not 
round. They remained firmly bound to the substrate, but with 
strongly altered morphology and vitality (fig. 3b).  

 

 

Fig. 3 b): Reduction of cell vitality in cultures of McCoy-Plovdiv 
cells after treatment with FB Dry 2 extract for 2, 4 and 24 hours 
with concentrations: 250, 500, 750, 1000, 2000, 3000, 4000 and 

5000 μg/ml 
 

It has been demonstrated that the cell damage was associated with 
apoptotic program that was triggered by FB extract components. In 
the mouse lymphoma cells, it was found that concentration of 2000 
μg/ml FB Dry 2 extract led to accumulation of Annexin protein on 
the cell membrane even for 2 hours treatment.  

Annexin binds to the phospholipid phosphatidylserine translocated 
outside of the cell membrane. This was an early indication of 
apoptosis occurred. That was also proved on human tumour cell 
lines–the hepatocellular carcinoma HEp G-2 cells and the 
adenocarcinoma PC3 cells (results not presented). There are many 
data in the literature showing that compounds such as betulin and 
betulin acid, inducing apoptosis and possessing antitumour and 
antiproliferative activity, have been isolated from the bark of birch 
and many other plants [8, 12, 19-21]. 

This gives us grounds to assume that apoptosis observed, was 
probably due to these compounds, thoroughly present in the extract. 
The results show higher sensitivity of tumour cells to extract 
exposure compared with McCoy-Plovdiv cells. These results are 
consistent with the literature [21].  

In vitro, study of physiological activity of rat’s corpus stomach 
sample was illustrated on fig. 4. Spontaneous contractile activity was 
shown with: tonic (TT) and phasic (PhT) isomeric force tension as 
well as two phases of KCl-depolarisation solution. 
 

 

Fig. 4: Mechanogram of smooth muscle samples showing tonic 
tension (TT), phasic tension amplitude (PhT), an initial 

transient state–Phase 1 (Ph1) and a subsequent sustained 
state–Phase 2 (Ph2) of KCl-depolarisation solution (KCl-

contracture) 
 

Introduction of the FB Dry 2 extract into the smooth muscle bath (at 
concentration from 0.1 to 0.9 mg/ml) have a biphasic effect on the 
smooth muscle isometric tension. Following increase of the 
concentration, FB extract potentiates isometric force generation. At 
higher concentrations the extract inhibits the spontaneous muscle 
activity (fig. 5).  
 

 

Fig. 5: Dose-response curve of FB Dry 2 extract. Average values 
of phasic (PhT) and tonic (TT) tension are presented as 

mean±SEM of 10 (PhT) and 5 (TT) separate samples 

 

Stimulation effect of FB Dry 2 extract concentrations of 0.1 mg/ml 
and 0.3 mg/ml were investigated by evoked KCl-contracture. The 
initial transient state (Phase 1) and a subsequent sustained state 
(Phase 2) are illustrated in the presence of 0.1 mg/ml and 0.3 mg/ml 
of the extract (on fig. 6).  

Adding FB extract into solution with smooth muscle strips leads to 
stimulating effect on the spontaneous contractility. The intensity of 
the effect is proportional to the concentration of the filtrate in doses 
up to 0.3 ÷ 0.5 mg/ml. The higher doses lead to reduction of the 
contractility. The biphasic profile of the dose–effect curve supports 
the assumption for the depolarizing effect and Са2+-influx through 
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the voltage-operated calcium channels (VOCCs) at low 
concentrations of FB extract. At higher concentration, the increased 
quantity of intracellular Са2+probably activates the К+-efflux through 
the Са2+-dependent К+-channels, hyperpolarizes the membrane and 
leads to smooth muscle relaxation [22]. KCl-induced response is a 
standard tool-set as a calcium-sensitizing stimulus [23].  

Applied after priorly treated with FB extract muscle strips, Phase 1 
and Phase 2 are changed significantly at 100 mmol/l KCl-contracture 
(that corresponded to 80 % depolarization of the membrane).  

This suggests that FB extract changes the complex Ca2+-signaling 
system than simply activation of VOCCs. 

 

 
a) 

 
b) 

Fig. 6: Effect of 0.1 mg/ml and 0.3 mg/ml FB Dry 2 extract on the size of the KCl-contracture Phase 1 (a) and Phase 2 (b). Values are 
mean±SEM (4 rats; 8 strips) 

 

In general, the total extract from FB demonstrates biological activity, 
which is expressed as changes in cell morphology, proliferation and 
vitality as well as in initiation of apoptosis in L5178Y cells and 
McCoy-Plovdiv cell lines. Dried FB extract possesses dose-dependent 
antibacterial activity in vitro on S. аureus and E. coli cultures, being 
more prominent in S. aureus. The in vitro treatment of C. аlbicans did 
not produce antimicrobial effect. A possible explanation for that may 
be associated with various mechanisms of maintaining Са2+-
homeostasis (C. аlbicans) and the difference in intracellular Са2+-
stores (E. coli). The physiological activity is probably due to the 
breach of the Ca2+homeostasis on the membrane transport level and 
ryanodine-and caffeine-sensitive intracellular stores.  

CONCLUSION 

Our study showed that the application of different technological 
approaches and extractant defines the difference in the 
concentration of biological active substances of Folia Betulae 
extracts. The results obtained largely overlap with literature data 
and explain some of the applications of this plant in traditional 
medicine. These promising results give grounds to continue with 
further investigation and clarification of the antitumour activity of 
the extract.  
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