Hay4HO-NpaKTUIecKi XypHan OPUTNHAJIbHAA CTATbA

OAPMALINA N ' oA e
OAPMAKOJOIMS DOI: 10.19163/2307-9266-2019-7-3-129-137

STUDY OF BAICALIN HYDROLYSIS KINETICS
IN THE PROCESS OF ITS EXTRACTION FROM
SCUTELLARIA BAICALENSIS GEORGI ROOTS

Nikolay N. Boyko'*, Dmitriy I. Pisarev', Elena T. Zhilyakova', Anastasya Yu. Maljutina’,
Oleg O. Novikov?, Marina A. Bocharnikova'

1Belgorod National Research University, 85, Pobeda St., Belgorod, Russia, 308015
2Peoples’ Friendship University of Russia, 8/2, Miklukho-Maklay St., Moscow, Russia, 117198

* Corresponding author: Nikolay N. Boyko. E-mail: boykoniknik@gmail.com

Received 21.11.2018 Review 1 09.04.2019 Review 2 06.05.2019 Accepted for publication: 22.05.2019

The aim of this study was to investigate the kinetics of baicalin hydrolysis in the process of its extraction from
Scutellaria baicalensis Georgi roots.

Materials and methods. For the studies, Scutellaria baicalensis Georgi roots with a particle range of 0.1-0.5 mm
were used. The method of extraction was a simple maceration during a specified period of time, the ratio of
plant raw material : extractant was 1:10 w/v at the temperature of 24+1°C. Baicalin and baicalein contents were
analyzed by reverse phase high performance liquid chromatography (RP HPLC) at the analytical wavelength of
275 nm. The extractant was a water solution of ethanol 26, 43, 59, 72, 81, 97+1% v/v. The time of the extraction
was from 1 to 24 hours.

Results. The experimental points of dependency of baicalin concentration in the extract on the time of extraction
for ethanol solutions with a concentration of 43 and 72% v/v are closely approximated by a linear equation in
coordinates InC=f(t). The value of determination coefficient is more than R?>0,99. Half lifetime for baicalin has
been calculated: for ethanol with the concentration of 43% v/v it is 4.3+0.7 hours, and for ethanol with the con-
centration of 72% v/v it is 42.3+1.8 hours.

Conclusion. Baicalin hydrolysis kinetics in the process of its extraction from Scutellaria baicalensis Georgi roots
with 43 and 72% v/v ethanol concentration. has been studied. It has been established that the process of bai-
calin hydrolysis is well described by the first order kinetic equation. The constants of baicalin hydrolysis during its
extraction from Scutelaria baicalensis roots with ethanol having different concentrations have been calculated.
Recommendations on technology optimization for baicalin or baicalein extraction from Scutellaria baicalensis
Georgi roots have been given.
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Lienb. M3yunTb KUHETUKY rMAPOIM3a balikaMHa NPU ero sKCTPaKLMU U3 KOPHEN WaeMHWKa 6aiKanbcKoro.

Marepuanbl U metoabl. KOpHM WaemHMKa 6alikanbCcKoro ¢ pasmepom Yactuy 0,1-0,5 mm. Mcnonb3yembiii me-
TOZA, SKCTPAKLLMKN — MPOCTasA MaLepaLma B Te4eHMe 3a4aHHOT0 MPOMEXKYTKA BPEMEHM, NPU COOTHOLLEHWUU Cbipbe:
aKcTpareHT 1:10 m/o 1 Temnepatype 24+1°C. CogepskaHme balikannHa u 6alkanemHa aHaAn3MpoBaau C MOMO-
b0 06paTHO-$)a30BOM BbICOKO3IDDEKTUBHOM KUAKOCTHOM XpomaTorpadum (OD BIXKX) npu annHe BoaHbI 275
HM. DKCTpaAreHT: BOAHbIE PAacTBOpPbI 3TaHoMa 26, 43, 59, 72, 81, 97+1% 06. Bpema HacTaMBaHuaA oT 1 go 24 yacos.
Pe3ynbTaTtbl. IKCNEPUMEHTa/IbHbIE TOYKM 3aBUCMMOCTU KOHLEHTPaLUUmM 6alikannmHa B M3BEYEHUMN OT BPEMEHMU
HacTaMBaHWA O/1A 3TaHONA C KOHUeHTpauuen 43 n 72% 06., XOpoLLO annpOKCUMUPYIOTCA IMHENHBIM YpaBHe-
Huem B KoopamHatax InC=f(t). KoadduumeHt getepmuHaumm 6one R?>0,99. PaccumtaHo Bpems nosypacnaga
6aiKanMHa B 3TaHO/E C KOHLeHTpauuen 43% o06., kKotopoe coctaBuio 4,6+0,5 Yaca, B 3STaHO/E C KOHLEHTpaLumel
72% 06., paHHbIM NokasaTtenb paseH 42,3+1,8 yaca.

3aKknouyeHue. M3yyeHa KMHETUKA rMAaponm3a BaikaanHa Npu ero SKCTPAKLUMM U3 KOPHEN WaeMHUKa 6alikanb-
CKOTO C MOMOLLLbIO 3TAHO/A C KOHLeHTpaumen 43 n 72% o6. YctaHOBNEHO, YTO nNpoLecc rmaponnsa bakanmHa
XOPOLLIO OMUCbIBAETCA KUHETUYECKUM YPaBHEHWEM NepBOro nopaaKa. HalnaeHbl KOHCTAHTLI MpoLecca rMapoan-
3a 6alikaMHa BO BPeMsA ero SKCTPaKLMU U3 KOPHEN LWAeMHUKA 6aliKaIbCKOro C MOMOLLbO STaHONa Pa3IUYHOM
KOHLUeHTpaumu. [aHbl peKomeHAaLmMm No ONTUMMU3ALLMN TEXHONOTUM BblaeneHna 6arikanmHa unv bankanemHa
N3 KOpHEeM WnemHMKa 6alikanbCcKoro.

KnoueBble c10Ba: KOpeHb WAeMHUKa balikanbCKoro, 6akanuH, 6anMkanenH, rmaponmns, peakLma nepBoro no-

pAAKa, Bpemsa noaypacnaga

INTRODUCTION

Scutellaria baicalensis Georgi is a plant of Lamiace-
ae family that grows in the Russian Federation in Trans-
baikal, Amur River and Primorye regions, as well as in
Mongolia and China. The plant raw material used for
medicinal purposes is the root.

The root contains flavonoids (baicalin — more than 9%,
baicalein — up to 5%, wogonoside — up to 4%, wogonin — up
to 0.7%, scutelarein, etc.), steroids (beta-sitosterol, stigmas-
terol, etc.), coumarins and some other compounds [1, 2].

Biologically active compounds (BACs) from Scutel-
laria baicalensis Georgi roots have different useful phar-
macological effects. They have effects on the central
nervous system (sedative, hypotension, and anticonvul-
sant). BAC from Scutellaria baicalensis Georgi roots are
useful for liver as they demonstrate hepatoprotective
and antioxidant activities; besides, they decrease in-
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flammation processes, inhibit the growth of pathogenic
microorganisms (bacteria and viruses), have a cytotoxic
effect on different cancer cell lines, etc. [3—18].

Therefore, BACs from this type of plant raw material
(PRM) have useful pharmacological properties, and all
kinds of research in the field of technology of their ex-
traction is important.

According to the known scientific literature data,
the type of extractant, the temperature and time of the
extraction have a great influence on the qualitative and
quantitative composition of the extract obtained [19, 20].

These kinds of influence are determined by the pres-
ence of the active form of beta-glucuronidase enzyme
in the cells of Scutellaria baicalensis Georgi roots. After
wetting the raw material with the extractant containing
water, this enzyme starts hydrolyzing baicalin actively to
its aglicone (baicalein) and glucuronic acid [21].
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This fact should be taken into account during the
development of quality control methods and extraction
technology of BAC from this PRM.

Therefore, the decision to study the process of bai-
calin hydrolysis during its extraction from Scutellaria bai-
calensis Georgi roots was made up. Moreover, this infor-
mation may be used as a starting point for optimization
of BAC extraction technology from this type of PRM in
further researches.

The aim of this study was to investigate the kinetic
process of baicalin hydrolysis during its extraction from
Scutellaria baicalensis Georgi roots.

MATERIALS AND METHODS

Object of investigation

Scutellaria baicalensis Georgi roots were purchased
from LLC Pharmaceutical shop “Medicinal plants”,
Kharkiv, Ukraine, lot No. 921217, best before 1X/2020.
For the studies, the roots were ground to the particle
fraction of 0.1 to 0.5 mm using high-speed multifunction
grinder HC-500Y, China.

Extraction method

For the studies, a simple maceration method for a
certain period of time was used. Hereby, the PRM:extract-
ant ratio was 1:10 w/v at the temperature of 24+1°C. For
that, a precisely weighed amount of 1.0 g of ground PRM
was put into an airtight flask, 10.0 ml of the extractant
was added, then the flask was sealed and left for a spec-
ified period of time. After that the extract was decanted,
centrifuged at 3,000 rpm for 5 min. and delivered to the
analysis for the contents of baicalin and baicalein.

Before the analysis, the extract was additionally cen-
trifuged at 13,000 rpm for 5 min. Hydroethanolic solutions
26, 43,59, 72, 81, 97+1% v/v were used as extractants.

Sample preparation

The analysis of the initial content of baicalin and bai-
calein in the plant raw material was carried out by a sim-
ple maceration method under the following conditions:
ethanol 43% v/v was used as an extractant, the ratio of

plant raw material : extractant was approximately 1:50
m/v, the extraction time was 30 min at the temperature
of 95+5°C (water bath). A precisely weighed amount
of 1.0 g of ground PRM was put into a flask, 50.0 ml of
extractant (ethanol 43% vol.) was added; the flask was
connected to a backflow condenser and the process of
extraction took place in water bath for 30 min.

Then the flask was cooled, the extract was decant-
ed and the plant raw material was rinsed out with an
additional portion of the extractant (5.0 ml). The ob-
tained extract was added to the great bulk of the extract
and weighed. The ultimate extract was analyzed by the
method of reverse phase high performance liquid chro-
matography (RP HPLC). The density of the extract was
determined by method 1 according to general pharma-
copoeia monograph 1.2.1.0014.15 [22].

The contents of baicalin and baicalein in the plant
raw material (Xl,z’ %) was calculated by the following
equation (1):

_C-M-100

X
Yomp )
where
C — baicalin or baicalein concentration, g/ml;
M — mass of the extract, g;
m — plant raw material, g;

p — density of the extract, g/ml.

Method of analysis

Qualitative contents of baicalin and baicalein in the
extracts were analyzed by reverse phase high perfor-
mance liquid chromatography (RP HPLC). The analyses
were carried out with Agilent Technologies equipment,
Agilent 1200 Infinity series, the USA. More details on RP
HPLC analysis conditions are described in this work [23].

As standards, baicalin and baicalein of the State
Pharmacopoeia of Ukraine with the content >95.0 were
used. The analytical wavelength was 275 nm.

The main parameters for the validation method of the
analysis and suitability of RP HPLC system for the determi-
nation of baicalin and baicalein are presented in Table 1.

Table 1 — Main parameters for validation method of the analysis and suitability of RP HPLC system
for baicalin and baicalein determination

Pharmacopoeia

Parameter limitation [22] Baicalin Baicalein
Retention time (t.), min.* - 22,6+0,5 29,4+0,5
Asymmetry coefficient (T) 0,8-1,5 1,35 0,94
Separation coefficient (R) >1,5 1,58 1,62
RSD of peak’s area, % <2,0 1,6 1,5
LOD, g/ml = 2,9-10° 3,9-10°
LoQ, g/ml - 8,8-10° 1,2-10°
Determination coefficient, r? >0,98 0,9992 0,9999

Calibration linear equation,
C(g/ml)=f(S(mAU-s))

C=(2,520,10)-107-S C=(1,7810,01)-107-S

* Note. The mean value and its confidence interval (Mean+SEM) are calculated with repeat counts n=3 and significance level P=0.95.
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RESULTS AND DISCUSSION
Fig.1 presents a chromatogram of the extract during
the determination of baicalin and baicalein contents

in the plant raw material according to the subsection
“Sample preparation” in the section “Materials and
methods”.

DADA A Sig=275 4 Ref=off (2015-06-02 SCUTELARIALRS40ET D)

mAU

1000 [a

3007

00 i

100

14231

bR
3130

8.286

12.031

12 816

13808

b 15 264
1

5.847

28362
|

=

I

26.449

28712

16.790
17.103
18.283
19.194
5§

T T
0 5 10 15

T
20 75 0 "'i"|

Figure 1 — Chromatogram of the extract obtained during determination of baicalin and baicalein contents
in the plant raw material
Note: the analytical wavelength was 275 nm; | — baicalin; Il — baicalein.

As Fig.1 shows, baicalin (1) dominates in the extract
obtained (the retention time was 22.4 min). After the
substitution of the experimental values of baicalin/
baicalein peak area into the regression equation (see
Table 1), the concentration of these substances in the
ultimate extract was calculated and then the calculation
of their contents in the plant raw material was carried
out using the equation (1). The initial content of baicalin
in the plant raw material was 14.8% m/m, and the one
for baicalein was 1.89% m/m.

Fig. 2 presents a chromatogram of the extract at
the analytical wavelength of 275 nm obtained under the
following conditions: ethanol 72% v/v was used as an
extractant, the time of maceration was 13.3+0.2 h, the
temperature was 24+1°C, and the ratio of the plant raw
material to the extractant was 1:10 m/v.

As Fig. 2 shows, the two substances, baicalin (I) and
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baicalein (II), dominate in the extract, while in the PRM it
was only baicalin that was dominating. It means that for
13.3 £ 0.2 hours of infusion, hydrolysis of baikalin occurred
with the formation of a significant amount of baikalein.

The results of RP HPLC analysis of baicalin and bai-
calein yield into the extracts at different concentrations
of ethanol under the above-mentioned conditions (the
time of maceration — 13.3+0.2 h, the temperature —
24%1°C, and the ratio of the plant raw material to the
extractant — 1:10 m/v) are presented in Fig. 3.

The yield of baicalin was calculated compared to
its initial value in PRM. The yield of baicalein (X,), was
calculated equivalent to its hypothetical content in PRM
given that the total amount of baicalin (X ), transforms
into it (X,=X,+X -Mr_/Mr =1,89+14,8-270,2/446,4=10,9%
mass.). The repeat count is n=3, and the significance lev-
elis P=0.95.
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Figure 2 — Chromatogram of the extract from Scutellaria baicalensis Georgi roots
Note: analytical wavelength was 275 nm; | — baicalin; Il — baicalein
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Figure 3 — Dependency of baicalin and baicalein yield on ethanol concentration

Empirical graphs presented in Fig. 3 show that un-
der the experimental conditions (the time of maceration
of 13.3+0.2 h, the temperature of 24+1°C, the ethanol
concentration of 43% v/v, the PRM / extractant ratio of
1:10 m/v), a considerable part of baicalin disintegrates
up to baicalein. Herewith, the yield of baicalin into this
extractant was 6.2% of its initial content in the PRM, and
the yield of baicalein was 44.5% of its hypothetic con-
tent in the PRM. These values make it possible to cal-
culate the percentage of converted baicalin, which was
44.8%={100-[(10.9-1.89)-44.5/100]-446.4/(270.2-14.8)},

Tom 7, Beinyck 3, 2019

i.e. almost a half of baicalin of its initial content in
the plant raw material disintegrated. Its residual part
(49%=100-44.8-6.2) did not possibly dissolve in the
ethanol of this concentration and remained in the PRM.
That fact requires additional studies.

On the empirical curves obtained, the maximum for
baicalin yield in ethanol with the concentration range of
70+5% v/v is clearly seen, and for baicalein it takes place
in ethanol with the concentration range of 53+10% v/v.
It is interesting to notify the existence of the intercep-
tion (isobestic) point of empirical curves for ethanol with
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the concentration of 62+3% v/v, at which 50% value of
each component yield is observed.

Moreover, the curves also show that baicalin and
baicalein are practically not extracted by ethanol with
the concentration of less than 30% v/v and more than
90% v/V.

In ethanol with the concentration from 40 to 60%
v/v, the maximum vyield of baicalein up to 45-50% from
its hypothetic content in PRM is seen. It can probably be
explained by its partial solubility in ethanol at this con-
centration, as it has already been mentioned above.

From the abovementioned data we can suppose
that the activity of a beta-glucuronidase enzyme in
Scutellaria baicalensis Georgi roots is not inhibited by

ethanol and has a high level of activity in ethanol with
the concentration from 30 to 90% v/v.

The next stage of the work was connected with
the study of baicalin hydrolysis kinetics in Scutellaria
baicalensis Georgi roots under the same conditions of
the extraction process.

For this purpose, ethanol with the concentration of
43 and 72% v/v was used. Hereby, an assumption that
hydrolysis of baicalin should occur in the first order
reaction was made, thus the experimental data in
coordinates InC=f(t) should be closely approximated by
the linear regression equation.

The results of processing of the obtained
experimental data are presented in Fig. 4.

Maceration time, hours

0 I I I I 1
, 0 5 10 15 20 25
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Figure 4 — Dependency of change in baicalin concentration in the extract on the maceration time
with ethanol 43 and 72% v/v in coordinates InC=f{(t)

As Fig. 4 shows, the experimental points for the
dependency of baicalin concentration in the extract
on the maceration time are closely approximated in
the predicted coordinates by the linear equation (the
determination coefficient is more than R%>0.99, which
indicates the functional dependency between the pa-
rameters).

Therefore, this experiment confirms our assumption
about the mechanism of baicalin hydrolysis in Scutellaria
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baicalensis Georgi roots. It follows the first order kinetic
equation. It should be pointed out that hereby, ethanol
affects the energy of the enzymatic hydrolysis process
and slows it down with an increase in the concentration
of ethanol in the extraction mixture.

The constants obtained, as well as some other
derivative parameters that can be calculated from them
in the view of chemical kinetic laws for the first order
reactions, are presented in Table 2.
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Table 2 — Values of experimentally obtained constants and some other derivative parameters

Constant/parameter Ethanol 43% v/v Ethanol 72% v/v
Slope of regressive curve, 1/h (k) 0.15+0.02 0.0164+0.0007
Intercept, b -4.8+0.2 -4.610.1
Initial concentration of baicalin, g/ml (C =exp[b]) 0.0082+0.0004 0.0101+0.0002
Half lifetime of baicalin, h (t, =In2/k) 4.610.5 42.3+1.8

As Table 2 shows, the values of the derivative pa-
rameter of the initial baicalin concentration in etha-
nol, 43 and 72% v/v, are close but statistically different
(0.008240.0004<0.0101+0.0002, g/ml). Moreover, the
values calculated are less than the ones determined ex-
perimentally for baicalin in PRM by 1.8 and 1.4 times,
respectively (0.0148+0.0007 g/ml). These inconsisten-
cies require additional experiments and theoretical in-
terpretation.

It should be pointed out that such a derivative pa-
rameter as half lifetime of baicalin in ethanol with the
concentration of 43% v/v is by about one order lower
than the one in ethanol with the concentration of 72%
v/v (4.6+0.5<<42.3+1.8, h).

The half lifetime baicalin values calculated show
that to obtain the extract with a maximum baicalin con-
tent and a minimum baicalein content, it is reasonable
to use the technology of rapid extraction (for 1-2 h) and
ethanol with the concentration of 70-80% v/v.

And if baicalein extraction is necessary, it is recom-
mended to use maceration for not less than 12 h and
ethanol with the concentration of 30-60% v/v.

In general, the results obtained give the possibility
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