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Extraction of betulin — natural triterpenoid from Kirgyz birch
Betula kirghisorum, an endemic plant of the Republic of Kazakhstan

On the territory of the Republic of Kazakhstan there are 15 species of birch trees, including 4 endemic spe-
cies. This plant is a low tree with a reddish bark and a loose crown. On the territory of the Kent forestry of the
Karkaraly State National Natural Park, a Kyrgyz birch bark was collected. Birch bark was crushedand dried
to constant weight. From birch bark of the Kyrgyz with extraction method followed by recrystallization from
isopropyl alcohol was isolated betulin. The melting point of the isolated substance was 243 °C. Betulin was
identified by thin layer chromatography and compared with a standard sample. The substance was analyzed
by infrared spectroscopy methods in KBr tablets and high performance liquid chromatography (HPLC). In the
Fourier spectrometer FSM-1201, the characteristic frequencies of the absorption bands were used to deter-
mine the presence of various groups of atoms and bonds characteristic of betulin in the molecule. HPLC was
used to study a sample using a Shimadzu LC-20 Prominence liquid chromatograph. Selected conditions for
the qualitative and quantitative determination of betulin.

Keywords: betulin, Kyrgyz birch, birch bark, extraction, isopropyl alcohol, filtrate, thin layer chromatog-
raphy, Silufol plates, eluent, developer, IR spectroscopy, HPLC.

Introduction

Birch is a genus of deciduous monoecious trees and shrubs of the birch family. Usually 120-140 spe-
cies are distinguished in the temperate and cold zones of the Northern Hemisphere and in the mountains of
the subtropics. In Kazakhstan, there are 15 species of birch trees, including 4 endemic ones: thick birch,
Talas birch, Kyrgyz birch, Yarmolenko birch [1]. The last three species are listed in the Red Book of the Re-
public of Kazakhstan.

Kyrgyz birch grows in a relatively small territory of Kazakhstan. According to literary data, it is found
on the territory of the Naurzum State Natural Reserve and Karkaraly State National Natural Park [2, 3]. Kyr-
gyz birch is a low tree with dirty’white bark and loose crown. The branches are straight or sideways upright,
not drooping; young branches: are gray-red-brown or red-brown. The leaves are ovate or ovoid-oval,
2.7-6.5 cm long, 1.3-4.4 cm wide, widest in the middle or slightly below it, with a wedge-shaped base,
pointed at the end, evenly"doubly serrated, with protruding below it is thick, with brown veins, on pubescent
petioles 0.7—1.7 cm long. Fetal catkins 1.2-2.3 cm long, 0.4-0.8 cm in diameter. The bracts are hard and pu-
bescent. The nuts.are obovate, the wings are already nut or, more rarely, equal to it.

Betulinis a triterpen alcohol of a lupene. Chemical formula C;HgOs is one of the main components de-
rived from birch bark [4]. Recently there has been a steadily increasing interest in betulin and its derivatives
due to the wide spectrum of biological activity of these compounds [5, 6]. It has been confirmed that betulin
and a number of its derivatives possess antioxidant, anti-inflammatory, antitumor, antiviral, antiseptic and
hepatoprotective properties [7, 8]; also betulin derivatives exhibit anti-HIV activity [9]. Various pharmaceu-
tical‘companies produce preparations based on betulin in the form of extracts, pills, syrups and capsules for
the prevention and treatment of various diseases.

In this regard, the purpose of this work is to isolate betulin from birch bark of an endemic plant of Ka-
zakhstan, Kyrgyz birch for the subsequent synthesis of its new biologically active derivatives.

Results and discussion

On the territory of the Karkaraly State National Natural Park, in Kent forest, near the village of Kent in
November 2018, Kyrgyz birch raw materials were collected (Fig. 1).
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Figure 1. Kyrgyz birch (Karkaraly State National Natural Park, Kent Forestry, November 2018)

From birch of Kyrgyz with extraction method, followed by recrystallization from isopropyl alcohol was
isolated betulin. The external part of birch bark (bark) Betula kirghisorum was used as raw material. Birch
bark was crushed to a particle size of 5-8 mm, dried at.100 °C to a constant weight.

The extraction was conducted according to the well-known method [10]. In a round bottom flask with a
volume of 2 liters, equipped with a stirrer and reflux condenser, 400 grams of raw material was loaded.
300 ml of 20 % sodium hydroxide solution and 750 ml of isopropyl alcohol were poured into the flask. Then
the reaction mixture was boiled in a.water bath for 5 hours with vigorous stirring. After boiling, the reaction
mass was quickly filtered from the remnants of unhydrolyzed bark on a Buchner funnel. The filtrate was
cooled and transferred to a paper filter. The precipitate that did not pass through filter paper was dried. Got a
yellow powder.

The product was recrystallized in isopropyl alcohol. The resulting yellow powder was placed in a heat-
resistant beaker, isopropyl alcohol was poured in and boiled for 10 minutes until the precipitate completely
dissolved. The hot solution was transferred to a paper filter. The resulting filtrate was cooled and left to crys-
tallize for 12 hours. The flocculated precipitate was filtered, dried to constant weight. The product was re-
crystallized to obtain a white amorphous substance several times.

The resulting substance was identified using thin-layer chromatography (TLC) on Silufol plates using
eluting systems:‘benzene—methylene chloride—ethyl alcohol = 5:5:1. Spot detection was carried out with a
10 % solution of phosphomolybdic acid, followed by heating the plate for 3—4 minutes. The substance was
compared with a sample of betulin provided by employees of the laboratory of organic synthesis of Tomsk
State University.

The chromatogram showed that the sample and the test substance are identical. Next, the substance ob-
tained by us was analyzed using infrared spectroscopy (IR spectroscopy) and high performance liquid chro-
matography (HPLC).

IR spectra were recorded on a Fourier spectrometer of the FSM-1201 brand, in the wavelength range of
500—4000 cm™' in potassium bromide tablets (Fig. 2).
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Figure 2. IR spectrum of the sample substance

Using the characteristic frequencies of the absorption bands, the presence in the molecule of various
groups of atoms and bonds characteristic of the betulin molecule was_determined (Fig. 3). The absorption
bands characteristic of the following groups of atoms were identified: there-is.a wide absorption band be-
longing to the stretching fluctuations of hydroxyl groups, at 3433 cm™'; stretching vibrations characteristic of
the C—H groups of the Lupane skeleton at 2920 and 2851 cm '} stretching fluctuations of the double bond
C=C at 1639 cm'; deformation fluctuations of CH, groups are observed at 1466 em stretching fluctuations
of the C—O group are observed at 1111 cm™'; deformation fluctuations of CH; groups — at 883 cm™'. Com-
parison of the IR-spectrum of the obtained sample with the IR=spectra given in various sources, allows us to
conclude that the substance obtained by us is betulin.
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Figure 3. Chemical structure of betulin

HPLC analysis of the sample (Fig. 4) was performed using a Shimadzu LC-20 Prominence liquid
chromatograph, Zerbax column with a size of 150x4.6 mm, and a spectrophotometric detector SPD 20 AV.
The mobile phase was.a mixture of solvents: acetonitrile — water (3:1). Elution was performed isocratic. The
column temperature is 40 °C. The volumetric flow rate is 0.8 ml/min. The analysis time is 25 minutes. The
temperature of the detector cell is 40 °C.
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Figure 4. HPLC substance analysis
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Selected conditions ensure the suitability of the HPLC procedure for the qualitative and quantitative de-
termination of betulin. As can be seen in Figure 4, the retention time for a substance is 5.1 minutes. Accord-
ing to the chromatogram, the purity of the selected substance is 100 %. The melting point determined on a
Stuart SMP 10 instrument was 243 °C.

Conclusion

The work is devoted to the selection of the pentacyclic triterpenoid betulin from birch bark of the Kyr-
gyz. Kyrgyz birch (Betula kirghisorum) is an endemic plant listed in the Red Book of Kazakhstan. The col-
lection of raw materials was collected out on the territory of the Kent forestry of the Karkaraly state national
natural park. Betulin was isolated by extraction from isopropyl alcohol, hydrolyzed in an aqueous solution of
alkali. The substance was recrystallized several times to obtain pure betulin using isopropyl alcohol::Betulin
was identified by TLC on Silufol plates and analyzed using IR spectroscopy, HPLC. As a standard, a sample
provided by scientists from Tomsk State University of the Russian Federation was used. Using the character-
istic absorption frequencies in the IR spectra, the presence in the compound of various groups of atoms and
bonds characteristic of the betulin molecule was determined. The qualitative and quantitative analysis of
betulin was carried out by HPLC. This substance was isolated for the first time from Kyrgyz birch.
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Ka3zakcran Pecny0iuKkacbIHbIH dJHAEMUKAJIBIK ociMairi Betula kirghisorum
KbIPFbI3 KallbIHBIHAH TA0UFHM TPUTEPNEeHOU — OeTyauHai 0ein aay

Kaszakcran PecnyOnnkachlHbIH ayMarbIHIa KalbIHHBIH 15 TYpi, COHbIMEH Katap 4 3HAEMHUK Typi Ke3jaeceni.
KpIpFbI3 KallbIHBI KbI3bUIIAY KaOBIFBI MEH OOPIBULAAK yIIackl Oap anaca araml. KpIpFbI3 KailbIHBIHBIH KAOBIFbI
Kapkapassl MeMJICKETTIK YITTHIK TaOWFH TapKiHiH ayMarblHZa KeHT OpMaHIIBLIBIFBIHAA IKHHAJJIBL.
KalibIHHBIH KaOBIFBl YHTAKTAIABI JKOHE TYpPAKThl cajMakka JediH kentipiagi. KeIpFbI3 KalBIHBIHBIH
KaOBIFBIHAH SKCTPaKIUsIIay OMiCIMEH OeTYNIMH M30NpONWI CHUPTIHEH KaifiTa KpHCTanJay apKbUIBI OeiHII
ansiHasl. Bertinren 3aTThIH KaitHay Temnepatypackl 243 °C kypazpl. XKykakadbaTTel XxpomMaTorpadust spiciMer
OeTyJIMH aHBIKTAIIBI XKOHE CTAaHAAPTTHI YJriMeH camblcThipbuinbl. 3ar KBr tabnerkaceinga uHQPaKbI3bLT
CIIEKTPOCKOMHS JKIHE JKOFaphl THIMAI CYHBIKTBIK XxpoMatorpadus (KTCX) amicrepimen tammangsl. DCM-
1201 @ypbe CcHEKTPOMETPiHIE JKYTHUIy JKOJAKTAPBIHBIH CHIATTAMaNbIK O KUUTIKTEPiHIH KeMeriMeH
MoJieKynana OeTylIWHIre TOH aTOMJAApIBIH OpPTYPJi TONTAphIHBIH JOHE OalIaHBICTHIPABIH Oap eKeHAIri
anpikranasl. Yiridi JKTCX ranpay Shimadzu LC-20 Prominence cyYHBIKTBIK XpoMaTorpagbIHEIH KOMeTiMeH
KYPprizinni. beTynuaai canaiblk xKoHe CaHABIK aHBIKTAY XKaFJalnaphl )Kacabl.
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Bbijesienne 0eTyJIMHA — NPUPOAHOrO TPUTEPNeHONIAa U3 Oepe3bl KHPTHU3CKOii
Betula kirghisorum, 3aiemu4noro pacrenus Pecnnyoimku Kazaxcran

Ha teppuropun Pecnybnuku Kaszaxcran npouspacraer 15 BunoB Oepes, B TOM 4ucie 4 dHIEMHUYHBIX BUAA.
Bepesa kuprusckast nmpencTaBisieT co00l HEBBICOKOE JIEPeBO C KPacHOBAaTOW KOpOW M phIXioil kpoHoil. Ha
tepputopnn Kenrckoro necnmuectBa KapkapaawmHCKOTO TocyZapCTBEHHOTO HAIMOHAJIBHOTO IPUPOJHOTO
napka ObLI IpoBesieH cOop OepecTsl Oepe3bl KUPru3ckoil. bepecty m3menbyanu U Cymmian 0 HOCTOSHHOTO
Beca. 3 OepecTsl Oepe3bl KUPTH3CKOH METOJOM SKCTPAKIUH C IOCIEAyIomel IepeKkpucTaum3anieil u3
M30MPOIIIIIOBOTO CIIMpTa OBLT BEIENEeH OeTynuH. TeMrepaTypa IUIaBICHUS BBIICJIICHHOTO BEIIECTBa. COCTAB-
msima 243 °C. BerynuH uASHTHGHIUPOBAIN C MOMOIIBIO TOHKOCIOHHONH XpomaTorpaduu U CPaBHHBAIU CO
CTaHAAPTHBIM 00pa3lioM. BelecTBo aHaIM3NPOBAIN METOJaMH HH(PPAKPACHON CIIEKTPOCKOINHM B TabJIeTKaxX
KBr u BoicokoaddexTrBHOI sxunkoctaoit xpomarorpaduu (BIXKX). B dypee-cnekrpomerpe PCM=1201 ¢
MIOMOIIBIO XapaKTEPUCTHUECKUX YACTOT II0JIOC TOTJIONIEHHs OBLIO OMpeeNeHo HalHdue B MOJIEKYJe pas-
JIMYHBIX TPYMIT aTOMOB U CBsI3eH, XapakTepHbIX 11t OetymmuHa. BOXKX nccnenoBanne oOpasna IIpoBOIMIOCH
¢ MOMOIIKIO JXKUAKOCTHOTO Xpomarorpada Shimadzu LC-20 Prominence. [lomoOpans! yCIIoBHs Jiisl KayecT-
BEHHOTO 1 KOJIMYECTBEHHOTO OIpe/ieNIeHUsI OeTyNnHA.

Kniouesvie cnosa: Gerynun, Gepe3a kuprusckas, OGepecta, SKCTpaKIMs, H30INPONMIIOBBIA CIUPT, QUILTPAT,
TOHKOCIJIOWHast XxpoMarorpadus, mactuabl Silufol, amoenT, npossateins, MK-cnexkrpockomnus, BIXX.
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