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Abstract— Betulinic acid was synthesized from birch bark extract (Betula pendula), with betulonic acid being
an intermediate of the synthesis. Both compounds were isolated with a purity of 95%. Genotoxicity and
mutagenicity of the prepared compounds was analyzed by the Ames test and SOS chromotest and it was found
that the substances show no mutagenic and genotoxic activity.
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INTRODUCTION

Triterpene compounds with a lupane skeleton are
widespread secondary metabolites of various plant
products [1]. As many native lupanes and their syn-
thetic derivatives show different biological activities,
they are of great interest in the preparation of valuable
pharmaceuticals.

Betulinic acid is one of the most studied lupanes
and may be isolated from plant raw materials by
extraction. Thus, the yield of isolation of the target
compound from birch bark (Betula alba L.) is 2.5%
[2—4]. Synthesis of betulinic acid from betulin, the
main component of the birch bark extracts of various
species is more promising and the yield may be as high
as 25% by weight of the birch bark [4]. Betulinic acid
shows a number of valuable properties in biomedical
tests, especially in experiments on the investigation of
cytotoxicity against cancer cells [5—7]. Thus, the
in vitro antitumor effect of betulinic acid in RKO and
SW480 colon cancer cells and a significant in vivo
inhibition of tumor growth in mice after oral adminis-
tration of a drug containing betulinic acid has been
observed [8]. The inhibition of prostate tumor growth
has also been reported [9]. A combination of betulinic
acid with radio- and chemotherapy has been shown in
[10] to lead to a significant cytotoxic effect in glioma
cells. The mechanism of this effect was supposed to
consist in the ability of betulinic acid to trigger apop-
tosis through the release of mitochondrial apoptogenic
factors [11]. It should be noted that normal cells were

Abbreviations: NQO, 4-nitroquinolin-1-oxide; MTBE, methyl
tert-butyl ether; r-BuO,H, rert-butyl hydroperoxide.
1 Corresponding author: e-mail: frolova@bionet.nsc.ru.

resistant to the toxic effect, that is, the effect was selec-
tive [12—15].

In addition to a significant antitumor effect, betu-
linic acid shows antioxidant properties [16, 17] and
alcoholic extracts of plants containing betulinic acid
also reveal the anti-inflammatory effect [18]. This
compound was found in experiments on obesity in rats
[19] to inhibit lipase activity and induce adipocyte
lipolysis. The antimutagenic effect of extracts contain-
ing betulinic acid has also been observed [20].

Betulonic acid was considered for a long time only as
a precursor of betulinic acid obtained in syntheses [21],
however, recent studies have shown a number of valu-
able characteristics of betulonic acid such as antiviral,
anticancer, antimicrobial, hepatoprotective, and
immunostimulatory properties [22—27]. Investigation
of the influence of derivatives of betulonic acid in com-
bination with rimantadine on influenza virus has shown
the possibility of reducing both side effects and dose of
the drug due to the use of this combination [28].

Despite such a broad spectrum of valuable proper-
ties of betulinic acid and betulonic acid, the safety of
their use in therapy has not been fully examined.
According to the Bridges principles [29], the first
stages of testing the safety of chemical compounds are
rapid bacterial test systems, namely, the Ames test and
SOS chromotest. Nevertheless, there are no data on
testing betulinic acid and betulonic acid with the use of
mentioned tests. Therefore, in the present work, betu-
linic acid was synthesized from betulin, one of the
main components of the birch bark extract, to prepare
the desired compound in an amount sufficient for
microbiological tests. The samples of betulonic acid,
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Table 1. Genotoxicity of betulinic acid and betulonic acid

Compound (mM) Ic),to
DMSO 1
NQO (1.6) 2.96 +£0.432
Betulonic acid (10) 0.71 £0.15
Betulinic acid (10) 0.83 £0.15

2 At the probability P > 0.95, the values are significantly different
from those of the control.

Table 2. Genotoxicity of metabolites of betulinic acid and
betulonic acid

Compound (mM) Ic),t ©
DMSO 1
Benzo[a]pyrene (2) 2.77 £0.14?
Betulonic acid, (10) 1.15+0.12
Betulinic acid, (10) 0.83 £0.08

2 At the probability P > 0.95, the values are significantly different
from those of the control.

which was an intermediate of the synthesis, were also
examined.

RESULTS AND DISCUSSION
Synthesis of Betulinic Acid

Synthesis was performed via the described tech-
nique [4] with some modifications concerning purifi-
cation of the target compound. The birch bark extract
mainly composed of betulin and lupeol was used as an
initial sample. In the first stage of synthesis, betulonic
acid was prepared using Jones reagent (chromium(IV)
trioxide in a mixture of dilute sulfuric acid and ace-
tone), followed by reduction with sodium borohydride
to yield betulinic acid. The target compounds were
purified by recrystallization.

Measured melting points and 'H and *C NMR
spectra of betulonic acid and betulinic acid coincided
with those reported in [30—32]. The prepared samples
were shown by HPLC and LC-MS analysis to be char-
acterized by a purity of 95%.

Investigation of genotoxic properties of betulinic
acid and betulonic acid by the SOS chromotest. Cyto-
toxic properties of many compounds are based on
their ability to induce DNA damages leading to pre-
vention of replication [33]. The SOS chromotest was
developed to detect these damages and determine
their causative agents. The SOS chromotest is a quan-
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titative colorimetric method for analyzing the activity
of genotoxins. The test is based on the induction of
SOS response of E. coli cells, with this response, in
turn, inducing a number of functions as a reaction to
DNA damage or termination of its synthesis. The
structural gene of -galactosidase (/acZ) being con-
trolled by the promoter of DNA damage-inducible
gene (din-gene), the SOS chromotest consists in the
analysis of B-galactosidase activity and makes it possi-
ble to measure the ability of various physical and
chemical mutagens to induce expression of din-genes
in E. coli [34, 35]. In E. coli PQ37 strain (F—, thr, leu,
his-4, pyrD, thi, galE, galK EIE galT, srl300::Tn10,
rpoB, mpsL, urvA, rfa, trp::Muc—, sfiA::Mud(Ap, lac),
cts, lacAU169, PhoC) used in the SOS chromotest, the
structural gene of P-galactosidase (lacZ) was intro-
duced under the control of the promoter of sfi4 din
gene, so that 3-galactosidase activity was dependent on
the expression of this gene and induced under the influ-
ence of many genotoxic agents on the bacterial cells.

The analysis consisted in determination of the rel-
ative [B-galactosidase activity in E. coli PQ37 cells
induced by the influence of a supposed genotoxic fac-
tor. The analyzed compounds were tested by the con-
ventional technique [36] with some modifications
reported in [37].

Certain doses of potential genotoxic factors may
inhibit the protein synthesis, thus, leading to incom-
plete determination of 3-galactosidase induction. The
ability of compounds to induce DNA damages result-
ing in prevention of replication is referred to as geno-
toxicity. In order to correct this influence, the synthe-
sis of the total protein, B-galactosidase activity, and
alkaline phosphatase activity (the latter is a constitu-
tively expressed enzyme) was determined in the incu-
bation period. The ratio of 3-galactosidase activity to
alkaline phosphatase activity obtained at the same
exposure doses indicates the induction of sfid gene
even in the case of inhibition of the protein synthesis.
The I(c) induction factor of lacZ gene expression
(induction of B-galactosidase activity) is the propor-
tion of the ratio of B-galactosidase activity to alkaline
phosphatase activity at a specified dose of a damage
factor to the same ratio obtained in the absence of the
factor. This value shows the magnitude of the damag-
ing effect of a given agent.

The SOS chromotest was performed both with and
without metabolic activation providing actually full
spectrum of possible metabolites.

The values of [3-galactosidase induction factor
obtained after incubation of the test strain with betu-
linic acid, betulonic acid, and their metabolites are
summarized in Tables 1 and 2. The studied com-
pounds were used in the highest possible concentra-
tions taking into account their solubility limits in
DMSO.
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Standard mutagens such as 4-nitroquinoline
1-oxide (NQO) and benzo[a|pyrene were used as pos-
itive controls in concentrations enough to induce an
appreciable SOS response of E. coli PQ37 cells. It
should be noted that there was no significant differ-
ence between the value of the induction factor
obtained with the negative control and those obtained
with betulinic acid and betulonic acid. Meanwhile, the
reference NQO and benzo[a ]pyrene showed high val-
ues of the induction factor (Tables 1 and 2).

Investigation of mutagenic properties of betulinic
acid and betulonic acid by the Ames test. The standard
test histidine-dependent Sal/monella typhimurium TA
98 (hisD3052) and TA102 (hysG428) strains devel-
oped by Ames [38] and containing various mutations
in the histidine operon [39—41] were used in the Ames
test to detect the potential mutagenic activity of syn-
thesized compounds [41]. The induction of mutations
was tested by taking into account the reverse mutations
from histidine auxotrophy to prototrophy resulting
from a nitrogenous base substitution or reading frame
shift caused by the influence of mutagenic factors. The
base substitutions were detected by TA102 strain,
while the reading frame shift was revealed by TA98
strain [39]. Thereby, the Ames test makes it possible to
detect the mutagenic activity of various chemical
compounds such as hydroperoxides, phenylhydrazine
quinones, aldehydes, and other agents inducing base
damages as well as the mutagenic activity of various
radiations [40]. TA102 strain is a standard strain used
to evaluate the mutagenic effect of oxidants.

As the SOS chromotest, the Ames test allows eval-
uating the direct mutagenic effect of a substance and
its possible metabolites. The highest possible concen-
trations of studied compounds (in terms of their solu-
bility limits in DMSO) were used.

The Ames test was performed via the original
method [39]. The NQO and #-BuO,H mutagens and
benzo[a]pyrene promutagen were used as standard
mutagens. Data in Tables 3 and 4 show that the test
S. typhimurium TA98 and TA102 strains being used,
betulinic acid, betulonic acid, and their metabolites do
not induce any base substitution mutations and frame-
shift mutations, whereas the standards show a pro-
nounced mutagenic effects.

Thus, according to the Ames test and SOS chro-
motest, neither betulinic acid and betulonic acid nor
their metabolites show noticeable genotoxic and
mutagenic effects.

EXPERIMENTAL

Chemicals of reagent grade (Russia) were used in
the synthesis of betulinic acid and betulonic acid.
NMR spectra of compounds dissolved in pyridine-ds
were recorded on a AV-400 spectrometer at frequen-
cies of 400.13 (for '"H NMR) and 100.78 MHz (for
13C NMR). The multiplicity of signals in 3C NMR
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Table 3. Mutagenicity of betulinic acid and betulonic acid

Nyto
Compound (mM) S. typhimurium | S. typhimurium
TA98 TA102

DMSO 21+4 322 +27
NQO (1.6) 93+ 11* —
t+-BuO,H (0.011) — 760 + 362
Betulonic acid (10) 18+ 5 327 £ 28
Betulinic acid (10) 19+4 3220+ 16

2 At the probability P > 0.95, the values are significantly different
from those of the control.

Table 4. Mutagenicity of metabolites of betulinic acid and
betulonic acid (S. fyphimurium TA9S starin)

Compound (mM) N,*o
DMSO 60 £ 11
Benzo[a]pyrene (2) 154 £ 172
Betulonic acid, (10) 6110
Betulinic acid, (10) 56 £ 10

4 At the probability P > 0.95, the values are significantly different
from those of the control.

spectra was determined via the standard methods by
experiments in J-modulation mode (JMOD) with off-
resonance suppression. Melting points were measured
with the use of a Kofler instrument. A Milichrom lig-
uid chromatograph was used to perform analytical
HPLC.

Preparation of Betulin Concentrate

The bark of Betula pendula has been harvested in
April 2012 near the city of Novosibirsk (Akademgoro-
dok). The bark was air dried at room temperature and
separated manually to obtain the outer bark and bast.
The outer bark (100 g) was minced with scissors to
obtain pieces of 1 x 5 mm size and extracted with
methyl tert-butyl ether (MTBE) in a fluid percolator,
with the extractant being preheated to 47°C. The sol-
vent was added to a raw material so that the solvent
layer was from 0.5 to 1.0 cm above the raw material and
the ratio of the former to the latter was from 1.5 to 2.
After one hour of infusion, the extract was drained
through the bottom valve and a new portion of the sol-
vent was added. The process was repeated four times to
achieve the complete extraction of lipophilic compo-
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nents and the combined ether extracts were evapo-
rated to dryness on a rotary evaporator under reduced
pressure (from 20 to 30 mmHg) provided by a water jet
pump. The yield of extract was 38.4 g (38.4% by weight
of the air-dry raw material). The content of betulin in
the resulting extract determined by HPLC was 80.2%,
that is, 30.8% by weight of the air-dry raw material.

Synthesis and Isolation of Betulinic Acid
and Betulonic Acid

The synthesis and isolation was performed by the
previously proposed method [4]. The standard Jones
reagent in acetone (5 mL) containing chromium tri-
oxide was added dropwise to a stirred solution of 0.5 g
of the birch bark extract (mainly composed of betulin
and lupeol [2]) in acetone (20 mL) at 0°C. The mixture
was stirred with a magnetic stirrer for 1 h, diluted with
water to 80 mL, extracted with MTBE (4 x 20 mL) and
the combined organic layers were extracted with 2%
aqueous sodium hydroxide solution (3 x 20 mL) and
washed with water (3 x 20 mL) to neutral reaction.
The evaporated dry organic layer contained a lupe-
none concentrate. The combined aqueous extracts
were acidified to pH 2 with 10% hydrochloric acid
and extracted with hexane (2 x 20 mL) to remove ali-
phatic impurities, followed by extraction with MTBE
(3 x 20 mL), washing the ether extract with water
(3x20 mL) to neutral reaction, and evaporation to
yield a concentrate of betulonic acid. Recrystallization
from ethanol-hexane mixture resulted in 0.4 g of bet-
ulonic acid.

An alcoholic solution of potassium borohydride
was added to a solution of 0.2 g of betulonic acid in
10% aqueous-alcoholic solution of potassium hydrox-
ide (2 mL) at 8°C. The reaction mixture was stirred for
1 h, acidified with 5% hydrochloric acid and extracted
with MTBE (3 x 20 mL). The resulting extract was
washed with water (3 x 20 mL) to neutral reaction and
evaporated to dryness to yield a concentrate of betu-
linic acid. Recrystallization from ethanol-hexane
mixture resulted in 0.18 g of betulinic acid (28% of the
initial raw material).

The standard mutagens such as NQO, #BuO,H,
and benzo[o]pyrene, substrates such as p-nitrophe-
nylphosphate  and  o-nitrophenyl-3-galactoside
(Sigma), ampicillin (AppliChem, Germany), Bacto
agar of special purity grade (Difco, USA), and other
chemicals of reagent grade (Russia) were used in
experiments. The induced rat liver S9 microsomal
fraction was kindly provided by V.I. Kaledin (Institute
of Cytology and Genetics).

Three bacterial strains were used in the work. E. coli
PQ37 strain (sfid::Mud(Ap lac) cts, lacAU169, mal*,
uvrA, galE, galY, PhoC, rfa) [35] provided by P. Quil-
lardet (Institut Pasteur, France) was used in the SOS
chromotest. S. typhimurium TA98 (rfa, AuvrB, +R) and
TA102 (#fa, +, +R) strains [37] from the collection of
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B. Ames (University of California, USA) were
employed in the Ames test.

SOS Chromotest

The SOS chromotest was performed via the stan-
dard technique [34] with some modifications [37]. An
overnight FE. coli culture (PQ37 strain) was grown to an
ODs5, 0f 0.45 (2 x 108 cells/mL) with shaking at 37°C
and diluted tenfold with LB medium. Aliquots
(600 uL) of the suspension of bacterial cells were
placed into a test-tube containing a solution (10 uL) of
the test compound, with the exception being
benzo[o|pyrene in the experiment with metabolic
activation. The samples were incubated with shaking
at 37°C for 2 h, followed by analysis of the enzyme
activity.

In the test with metabolic activation, the bacterial
culture was diluted tenfold with the activation mix-
ture, B-galactosidase activity and alkaline phosphatase
activity was then measured and the induction factor
was calculated as the proportion of the ratio of
[3-galactosidase activity to alkaline phosphatase activ-
ity observed at the studied dose of a damage factor to
the same ratio obtained in the absence of the factor.
The SOS chromotest was carried out twice in tripli-
cate and the result was shown as the /(c),, mean value
of the induction factor calculated via the standard
method [34].

Ames Test

The Ames test was performed according to the
method proposed in [39]. An overnight S. typhimurium
culture (TA98 (rfa, AuvrB, +R) and TA102 (rfa, +, +R)
strains) was grown to an ODss;, of 045 (2 x
108 cellsymL) at 37°C for 16 h and the culture
(100 pL) was placed into a test-tube containing a solu-
tion (10 pL) of the test compound. Two milliliters of
0.6% top agar containing histidine and biotin (for
TA9S strain) or only histidine (for TA102 strain) were
added, the mixture was thoroughly stirred by rota-
tional movements of the test-tube between the hands
and poured into Petri dishes containing 3% minimal
glucose agar. In experiments with metabolic activa-
tion, a mixture (0.5 mL) of S9 was added to each 2 mL
of top agar. The dishes were kept to dry the agar, ther-
mostated at 37°C for 48 h and the colonies of rever-
tants germinated into the underlying layer of the
minimal glucose agar were counted. The Ames test
was performed twice in triplicate and the result was
shown as the N, mean value of the number of rever-
tants per dish.

Statistical analysis was performed via the procedure
described in [42]. The Student’s 7-test was used to deter-
mine the significant differences between the mean val-
ues of samples. The measurement error (o) was deter-
mined as a standard deviation from the mean of inde-
pendent measurements of the same sample [43].
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