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ISOLATION OF BETULIN FROM BIRCH BARK (BETULA KIRGHISORUM) BY THE
ULTRASONIC ACTIVATION METHOD

Abstract. The work is devoted to the extraction of the pentacyclic triterpenoid betulin from the birch bark
of the Kyrgyz birch by ultrasonic activation.Kyrgyz birch (Betula kirghisorum) is an endemic plant listed
in the Red Book of Kazakhstan. The collection of raw materials was carried out on the territory of the Klin
forestry of the Karkarala State National Natural Park. The dependence of the quantitative yield of betulin
from Kyrgyz birch on the duration of exposure to an ultrasonic field and the concentration of an aqueous
alkali solution was studied. The maximum yield of betulin under the conditions of the ultrasonic method is
observed when exposing to birch bark for 26 minutes in an aqueous alcohol solution of alkali. Betulin isolated
from the birch bark of the Kyrgyz birch was identified using the methods of IR and NMR spectroscopy, high-
performance liquid chromatography. Using the characteristic absorption frequencies in the IR spectra and
the chemical shift in the 1H NMR spectra, the presence of various groups of atoms and bonds characteristic
of the betulin molecule in the compound was determined. Qualitative and quantitative analysis of betulin was
carried out by the HPLC method. This substance was isolated from Kyrgyz birch by ultrasonic activation for
the first time.

To intensify the process of betulin isolation from the birch bark of the Kyrgyz birch, the ultrasonic
activation method was used. The greatest yields of betulin are observed when exposing to an ultrasonic field
for 26 minutes. Compared with the classical methods of betulin extraction, the extraction rate in the ultrasonic
field increases by 5-10 times.

Key words: pentacyclic triterpenoids, betulin, Kyrgyz birch, birch bark, extraction, ultrasonic activation.

Introduction. Recently, interest in betulin and its derivatives has been steadily growing.This growth is
primarily due to the availability of renewable raw materials and the identification of a wide range of practical
valuable properties in them.

Although betulin is found in at least two dozen plants belonging to various genera and families (hazel,
calendula, licorice, alder, thistle, etc.), the main source of betulin is birch bark, which determines the
availability of betulin.It is betulin that fills the cavities of the cork tissue cells on the birch trunks and gives
it a white color [1]. Along with betulin, birch bark extracts also contain its derivatives: lupeol, allobetulin,
betulin aldehyde, betulonic aldehyde, betulinic acid and 3-oxobetulinic (betulonic) acid.

It has been proved that betulin and a number of its derivatives have antiseptic, antioxidant, anti-
inflammatory, antitumor, hepatoprotective and other types of biological activity a wide range of biological
activity [2]. In addition to biological activity, betulin and its derivatives are used in the manufacture of
special protective coatings, plasticizers, antioxidant additives, emulsifiers [3]. Betulin, in addition to the
manifestation of various types of biological activity, has a complex immunomodulatory activity and is able
to enhance the production of key inflammatory cytokines [4].

Birch bark serves as a source of various extractive substances, the content of betulin (triterpene alcohol)
in which is from 10 to 40 %. The outer bark of various birch species is the richest in extractive substances,
the extracts of which are dominated by pentacyclic triterpenoids of the lupan series, and the main component
is betulin [5,6]. The steadily growing interest in betulin and its derivatives is primarily due to the very wide
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range of its applications in various fields [5]. The availability and biological activity of betulin puts it in a
number of valuable natural compounds, therefore, it is currently an urgent task to develop various methods
for extracting betulin [7].

Currently known methods of betulin isolation have the following disadvantages: low quantitative yield,
multi-stage, long-term isolation process. The existing methods of betulin isolation can be divided into two
main groups.One of them is based on the extraction of the outer layer of the bark with various solvents in
the Soxlet apparatus and the isolation of betulin from the obtained extracts. The second group of methods
includes alkaline hydrolysis of birch bark and subsequent alcohol extraction of betulin. The maximum degree
of betulin extraction is achieved with complete hydrolysis of birch bark. However, the exhaustive hydrolysis
of crushed birch bark (1-3 mm) takes place under rather harsh conditions: the concentration of alkali is 20-
25% and the duration of hydrolysis of birch bark is 6-8 hours. [8].

To extractbetulin, the method of shock-acoustic impact is used. The process consists in preliminary
activation of birch bark and extraction of betulin with an 86% solution of ethyl alcohol. Activation of birch
bark is carried out by shock-acoustic action at a temperature of 70°C. Shock-acoustic activation (realized, for
example, by shock effects on the bottom of the technological volume, made in the form of a membrane made
of elastic material) intensifies the hydrolysis of birch bark, which turns into a homogeneous mass of brown
color. Pre-activation accelerates the transition of betulin into the solution and helps to increase its yield. Next,
betulin is precipitated from the evaporated solution when it is diluted with water and separated by filtration.
The yield of betulin is 43% of the weight of absolutely dry birch bark.

But a significant disadvantage of this method is that betulin is obtained of poor quality, contaminated with
a difficult-to-separate alkali. Therefore, obtaining a pure product requires additional purification from alkali
and related colored substances extracted along with the target product.

In addition, as a result of the shock-acoustic impact, additional destruction of plant raw materials occurs
to a sour cream-like mass with particle sizes up to 1 micron, which complicates the subsequent filtration
process. The reason for this is the mechanical grinding of the bark to a minimum size to ensure accelerated
access of the extractant to the surface of the extracted cell material [9].

It is known that one of the most effective methods of extraction of plant materials is ultrasonic activation.
The task that the ultrasonic activation method is aimed is to improve the quality of the target product. The
main stage of the process is the penetration of the extractant to the surface of the extracted cells by preliminary
activation of birch bark by ultrasonic vibrations with parameters that ensure the formation of exploding
cavitation bubbles on the surface of birch bark particles. The effects of ultrasonic frequency vibrations with
intensity that is sufficient for the formation of cavitation bubbles exploding on the surface of the treated
birch bark samples, which explode during each period of vibration, create extractant flows that penetrate
into the capillaries of raw material particles, preparing the raw material for extraction and then accelerating
the betulin extraction process. Since the structure of the crust is a capillary-porous body, a large amount
of air is present in the capillaries and pores (in the initial and dried raw materials). This air creates traffic
jams that prevent the extractant from penetrating into the raw material. Cavitation bubbles formed due to
ultrasonic vibrations of certain intensity provide effective movement of the extractant through the capillaries
and removal by dissolving air plugs due to the sound capillary effect [ 10]. Thus, the birch bark is impregnated
with the extractant that moves freely along the capillaries and along their outer surface, which makes it
possible to extract most of the cells of the raw materials used. In addition, after filling the capillaries with the
extractant, cavitation bubbles formed on the surface continue to explode and shock waves begin to spread
along the capillaries along the extractant, destroying the structure of the raw material and cell walls, creating
cracks and providing access to the cells of the extractant, preparing the raw material (birch bark) for the
accelerated extraction process.

During the subsequent extraction, the vibrations reduced in intensity are no longer able to mechanically
destroy the particles of the cortex and cell walls (the destruction and grinding of particles will not occur),
but the intensive washing out of the target product by the extractant will be effectively carried out due to
cavitation flows. At the same time, under the influence of ultrasonic vibrations, betulin is washed out more
quickly and actively from the intracellular tissues of birch bark. Thus, the intensification of the extraction
process by ultrasonic vibrations with the specified parameters makes it possible to increase the yield of
betulin. The birch bark activated by the proposed method is extracted faster with ethyl alcohol under the
action of ultrasound, and when cooled, betulin is easilier deposited in the resulting extract, and the precipitate
that subsequently falls out is filtered and dried.

The parameters of ultrasonic exposure are of decisive importance in the implementation of the proposed
method, in which the method for obtaining betulin is implemented with maximum efficiency.
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Birch bark particles previously placed in an ethyl alcohol solution must be activated by ultrasonic
vibrations in the developed cavitation mode, when exploding bubbles store and transfer maximum energy to
the capillaries [11].

Betulin (3,28-dihydroxy-20 (29) - lupen) belongs to the pentacyclic triterpenoids of the lupan series and
is one of the main components obtained from birch bark. Recently, the biological activity of betulin and its
derivatives has been widely studied in different countries of the world [12].

However, there are no works devoted to the isolation and study of triterpenoids of the lupan series from
the bark of the Kyrgyz birch, an endemic plant of the Republic of Kazakhstan, by ultrasonic activation.

The purpose of this work is to study the quantitative yield of betulin by ultrasonic activation from the birch
bark of the Kyrgyz birch (Betula kirghisorum), depending on the extraction conditions.

Experimental part. Collection and preparation of raw materials. The collection of birch barks of
Kyrgyz birch was carried out on the territory of the Kent forestry of the Karkaralinsky state national natural
park in the summer and late autumn of 2020. The outer part of the birch bark was crushed to particles with a
size of 1-5 mm, dried at 1000C to constant weight.

Method of betulin isolation from birch bark by ultrasonic activation. The extraction was carried out in
an ultrasonic dispersant MOD MEF 91, with an intensity of ultrasonic action W/ cm2-up to 250 (Picture.1).

e : "

Picture 1- Ultrasonic dispersant MOD MEF 91

Methods for studying the quantitative yield of betulin by the ultrasonic activation method. In this
work, we pursued the following goal: to investigate the dependence of the quantitative yield of betulin from
Kyrgyz birch on the duration of ultrasonic extraction and the concentration of an aqueous alkali solution.

All betulin samples extracted from birch bark are white powders.

Physical and chemical research of the product.The resulting substances were identified using thin layer
chromatography (TLC) on Silufol plates.

Melting points were determined on a StuartSMP 10 instrument.

HPLC study of the samples was carried out using a Shimadzu LC - 20 Prominence liquid chromatograph, a
Zorbax column with a size of 150 * 4.6 mm, and a spectrophotometric SPD 20 AV detector. The mobile phase
was a mixture of solvents: acetonitrile - water (3:1). Elution was performed isocratic. Column temperature -
40°C. The volumetric flow rate is 0.8 ml/min. The analysis time is 25 minutes. The detector cell temperature
is 40°C.

The registration of IR spectra was carried out on a Fourier spectrometer FSM - 1201, in the wavelength
range of 500 - 4000 cm -1 in KBr tablets.

NMR spectra were recorded on a BruckerAvance AV-300 spectrometer at a frequency of 300 MHz = (1H)
according to the standard technique, solvent CDCI3.
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Results and discussion. To intensify the process of betulin isolation from birch bark, the ultrasonic
activation method was used. The data on the yield of betulin extracted, using an ultrasonic field in the presence
of sodium hydroxide from the birch bark of the Kyrgyz birch, are shown in the table 1.

Table 1 - Dependence of betulin yield on the duration of ultrasonic exposure and the concentration of
sodium hydroxide

ConcentrationNaOH, % Duration of ultrasonic treatment, min

6 16 26 36
15 2,9 3,1 3.4 3,2
20 6,8 7,5 7,6 7,1
25 15,6 17,2 27,6 26,6
30 10,2 10,6 11,2 10,2

As can be seen from the data presented in Table 1, the maximum yield of betulin under ultrasonic activation
conditions is observed in a 25% alkali solution for 26 minutes.

All betulin samples extracted by butanol from birch bark hydrolyzed in the presence of sodium hydroxide
after recrystallization from ethanol are white powders with a melting point of 243°C.

The substances obtained as a result of the experiments were analyzed using IR spectroscopy. 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. We identified absorption bands characteristic
of the following groups of atoms: there is a broad absorption band belonging to the stretching vibrations of
hydroxyl groups at 3433 cm - 1; stretching vibrations characteristic of C - H groups of the lupane skeleton at
2920 and 2851 cm - 1; stretching vibrations of the C = C double bond at 1639 cm - 1; deformation vibrations
of CH2 groups are observed at 1466cm-1; stretching vibrations of the C - O group are observed at 1111 cm -
1; deformation vibrations of CH3 groups - at 883 cm - 1.

HPLC analysis of the qualitative and quantitative determination of betulin shows that the retention time
for betulin is 5.1 minutes and the purity of the isolated substance is 97%.

Further, thesamplewasanalyzed through the method NMP(Fig.2). Analysis of the IH NMR spectrum
shows that it corresponds to the characteristic spectrum of betulin. So, the multiplet of 3.20 m. d. corresponds
to the proton C3H. Multiplet 2.39 m. d. — proton C19 N. Singlet 0.98 m. d. — protons C23H, singlet 0.77 m.
d. - protons C24H. Doublet of doublets 3, 20 m. d. — protons C28 H2. The doublet at 4.62 m. d. corresponds
to vinyl protons C29 H2.
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Figure 2- 1H — betulin spectrum
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Thus, it has been established that the substance isolated from the bark of Kyrgyz birch is betulin (Fig. 3).
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Figure 3-Structural formulaofbetulin

Conclusion. A study of the dependence of the quantitative yield of betulin from Kyrgyz birch on the
duration of extraction and the concentration of an aqueous solution of alkali was carried out. The maximum
yield of betulin under conditions of ultrasonic activation is observed at 26 min in an aqueous-alcoholic alkali
solution. In comparison with the classical methods of betulin extraction, the extraction rate in the ultrasonic
field is increased by 5-10 times. With a further increase in the duration of the extraction process, the yields of
the target product decrease.
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BETYJIUHII YIABTPAJIBIBBICTBIK AKTUBTEH/IIPY DAICIMEH KBIPFBI3 KAMBIH
KABBIFBIHAH (BETULAKIRGHISORUM) BOJIIII AJTY

AHHOTauMs. by 3eprrey >KYMBICHI KaWblH KaOBIFBIHAH OCTYIWHHIH ITCHTAIUKIII TPUTEPIICHOUIIH
YIIBTPAIbIOBICTRIK aKTHBTCHIIPY omiciMeH Oeinm amyra apHanraH. Keiprei3 KaiberHb! (Betula kirghisorum)
— KazakcranueiH KpI3pUT KiTaOBIHA €HTEH SHASMUKANBIK ociMmik. Ilukizat Kapkapailbl MeMIIeKeTTiK
VITTBIK TaOWFU MapKiHiH KeHTTIK OpMaHIIBUTBIFBIHBIH ayMaFbIHAa )KUHAIABL. KBpIpFhI3 KalbIHBIHAH OOJTiHIIT
aJBIHFaH OCTYJIWHHIH CaHABIK IIBIFBIMBIH 3€PTTEY YIBTPAIBIOBICTHIK OPICTIH oCep €Ty Y3aKTHIFbIHA KOHE
CUITIHIH CYJBI ePITIHAICIHIH KOHIICHTPAIMICHIHA TOYESIIUIITT apKbUTBI JKYPTi3UImi. YABTPagbIObICTHIK OIiC
JKaFMalbIHAa KabIH KaOBIFRIHAH OOJTIHII ajbIHFaH OCTYTMHHIH MaKCUMAJIIbI IITBIFBIMIBUTBIFBI CUITIHIH CYITBI
— CHHUPTTI epiTiHmiciHae 26 MUHYT yaKbIT apaJIbIFbIHAA Oaiikanansl. KeIpFeI3 KalbIHBl KaOBIFEIHAH OOJTiHIIT
anpiarad oeTynuHHIH KypaMbl MK skore SIMP cieKTpoCKOTHUSCHI, JKOFaphI THIMII CYHBIKTHIK XpoMaTorpadus
OIICTEepiH KOMAAHy apKbUTBI aHBIKTAIABI. MK criekTpiepinmeri cunartaManbiK CiHipy JKuimiri skone SIMP1H
CIIEKTPJICPIHCTI XMMISUTBIK BIFBICYBI OOWBIHIIIA OCTYITHH MOJICKYJIAChIHA TOH aTOMIap MEH OaiTaHbICTapIbIH
KOCBUIYBIHAA OPTYPJIi TONTApBIHEIH O00Mybl aHBIKTAIAbl. betymmare )KTCX omici apKbUIBI cammajblkK JKOHE
CaHIBIK Tajimay >Kypriziunmi. KelpFeI3 KaWbIHBIHAH OCTYJIWH YIBTPAIBIOBICTBIK aKTUBTECHIIPY OIICI apKbLUIBI
AJIFaII peT OOJIIHII aTbIHIbI.

berynmuHai KBIpFRI3 KaWbIHBl KaOBIFRIHAH OOy TIPOIECIH JKBUIAAMIATY YIIH YIBTPATLIOBICTHIK
AKTUBTEHIPY 9iCi KOJIAHBUIIBI. BEeTYIMHHIH €H KOTI IIBIFBIMBI YIIETPAIBIOBICTHIK OpiC KATBHICBIHA 26 MUHYT
YaKpIT apalibIFbiHIa 0aliKaia pl. BeTyarHIl SKCTpaKIUsUIAY/IbIH KIACCHKAIIBIK dIiCTEPIMEH CaJbICThIPFaHIa
YIIBTPAIBIOBICTHIK OPICTET1 SKCTPAKIIHS JKBUIIAMIBIFEI 5-10 ece apTambl.

Tyiiinai ce3aep: MeHTANUKITI TPUTEPIICHOUATAP, OCTYIINH, KBIPFBI3 KAWBIHBI, KAWBIH KAOBIFBI, SKCTPAKITHSI,
VIABTPAIBIOBICTHIK AKTUBAIINSI.
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BBIJIEJTEHUE BETYJIMHA U3 BEPECTHI BEPE3bI KHPTU3CKOM
(BETULAKIRGHISORUM) METO/IOM YJIbTPA3BYKOBOW AKTUBAIIUU

AHHoTanusa. Pabora mocBsflIeHa W3BICYEHHIO TEHTALMKINYECKOTO TpUTEpIIEHOWa OeTyanHa U3
OepecThl Oepesbl KUPTU3CKOH METOIOM YABTPa3ByKOBOHM akThBaluu. bepesa kuprusckas (Betulakirghisorum)
SBJISICTCSl SHAEMHUYHBIM pacTeHreM, 3aHeceHHbIM B Kpacuyto kaury Kazaxcrana. COop cbipbst ObII IPOBEICH
Ha Tepputopun Kenrtckoro necandectsa KapkapalnHCKOro rocyjapCTBEHHOTO HAIMOHAJIBHOTO TIPUPOIHOTO
napka. [IpoBeneHo uccnenoBaHue 3aBUCHMOCTH KOJIMUECTBEHHOTO BBIX0a OETyIMHA U3 Oepe3bl KUPIU3CKOH
OT MPOAOJDKUTEIBHOCTH BO3ACUCTBHUS YIBTPA3BYKOBOI'O TOJSI M KOHLIEHTPALUY BOJHOTO PACTBOPA LIEIOYH.
MakcumalnbHBIH BBIXO/ OCTYJIMHA B YCIIOBHSX YABTPa 3BYKOBOTO METOJIa HAOIIOIAeTCs P BO3/ICHCTBUY Ha
OepecTy B TeueHHE 26 MHHYT B BOAHO-CIIMPTOBOM PACTBOPE ILEJIOYH. BeTysnnH, BbIeIeHHbII U3 OepecThl
Oepes3bl KUPru3CKoH, uaeHTH(UIHUpoBanu ¢ ucnoias3oBanueM meronoB MK- m SIMP - cnexrpoxonuu,
BbICOKOA((PeKTUBHOM skuAKOCTHON Xpomarorpadun. C MOMOLIBIO XapaKTEPUCTUUECKUX YaCTOT IONIOIICHHUS
B criektpax MK u xummdeckoro cupura B IMP1H — criekTpax ObLIO ompesesieHo HAIMIHE B COCITUHEHUN
Pa3IMYHBIX TPYTIIT aTOMOB W CBA3EH, XapaKTEePHBIX ISl MOJIEKynbl OeTynuHa. Metomom BOXKX mpoenenst
Ka4eCTBEHHBIM W KOJIMYCCTBCHHBIN aHamu3 OerynuHa. V3 Oepe3bl KUPrUu3CKOM JTaHHOE BEIIECTBO METOIOM
yABTPa3BYKOBON aKTHBAIIUU BBIJIETIEHO BIIEPBBIE.

st uHTeHCHUKAaLUKU ITpoLecca BhlIIeIeHNs OeTyarHa 13 OepecTbl Oepe3bl KUPrU3CKOW HCIIOIb30BAIN
METOJl YJIbTPa3ByKoBOH akTuBanuu. HaumOosblime BbIXOABI OETylMHA HAOMIOOAIOTCS INPU BO3ACHCTBUU
YABTPA3BYKOBOT'O I0JIs1 B TedeHue 26 MuH. [lo cpaBHEHMIO ¢ KJIACCMYECKMMH METOAAMH SKCTPAarupOBaHUs
OeTylMHa, CKOPOCTh SKCTPAarupOBaHHS B YIILTPa3BYKOBOM TI0JI€ TIOBBINIaeTcs B 5-10 pas.

KioueBble cioBa: HCHTaL[I/IKJ'H/ILICCKI/ICTpI/ITCpHGHOI/IZ[LI,6CTYIH/IH, 6epe3a KHUpPrusckas, 6€p6CTa,
OKCTpaKUus, yJIbTPa3ByKOBAs aKTHBAIUs.
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