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Activity-guided extraction optimization of highly efficient antioxidant plant
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The species of genus Rhodiola L. (Crassulaceae) are mainly distributed in different cold regions of the Northern
Hemisphere of the world. The Golden root (Rhodiola rosea L.) extract is known in the traditional medicine as
adaptogen to treat fatigue, depression and stress-associated diseases. The Golden root extract was selected for a
comprehensive study because it exhibited superior antioxidant properties in a group of other efficient antioxidant plant
species studied here. Consequently, we aimed our study at an antioxidant activity — guided optimization of Rh. rosea
extraction by selection of experimental conditions leading to maximum total polyphenolic content and antioxidant
activity of the extract. Using a set of variable parameters (solvent composition, temperature, ratio solvent-to-raw
material, process duration), it was suggested that extraction in 25% ethanol, at 50°C, using solvent-to-solid ratio of 15
(v/w) and process duration of 3-5 min are optimal extraction conditions for obtaining of Golden root extracts with
maximum total phenolic content (TPC) and antioxidant activity. Metabolite identification in the extract with the best
antioxidant activity was performed by both HPLC and UHPLC/HRMS methods. It was found that Rh. rosea extract,
obtained at optimal conditions, contained 2.29+0.05% of rosavin and 0.80+0.02% of salidroside. The Golden root
extract, obtained in this study at optimal conditions regarding its antioxidant activity, has potential application in the
production of high-quality plant extracts for prevention of cancer and oxidative-stress associated diseases, including
cardio-, neuro- and hepato-degenerative disorders.
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INTRODUCTION isolation of bioactive compounds from different
species of the genus Rhodiola L.: phenylethanoids
(salidroside, p-tyrosol), phenylpropanoids (rosavin,
rosarin, rosin), monoterpenes (rosiridin) [10],
flavonoids [11] etc. Microwave-assisted [12] and
supercritical fluid [13, 14] extractions have been
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studied the antioxidant properties of Rh. rosea

Rhodiola rosea L. (Crassulaceae) is a perennial
plant, known as Golden root, Roseroot, Arctic root.
This plant species is found at high altitudes in cold
regions of Europe, Asia and Nord America. The
Golden root is known from centuries in the
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species: Smilax excelsa L., Sideritis scardica
Griseb., Achillea collina (Becker ex Rchb.f)
Heimerl, Achillea thracica Velen., Inula helenium
L., Clinopodium vulgare L. In this comparative
study we determined a superior antioxidant activity
of the Golden root, which was the reason to initiate
an activity-guided extraction optimization of this
species complemented with antioxidant metabolite
guantification of the extract obtained at optimal
experimental conditions.

EXPERIMENTAL
Materials and methods

Rhodiola rosea rhizomes (Russian origin) were
delivered from a pharmaceutical supplier ‘Bilki’
Ltd., Sofia; Sideritis scardica and Achillea thracica
were collected from the Botanical garden of the
Institute of Biodiversity and Ecosystem Research,
Bulgarian Academy of Sciences (IBER-BAS);
Inula helenium was from experimental botanical
field ‘Beglica’ (the Rhodope mountains); Achillea
collina - from village Bistritsa (Vitosha mountain);
Clinopodium vulgare — from village Zelenigrad
(Province Pernik); Smilax excelsa — from village
Belopolyane (Province Haskovo). The plant species
were authenticated by a botanist Dr. Dessislava
Sopotlieva (IBER, BAS).

Chemicals and reagents

Salidroside (98%), rosavin (98%), DPPH, Folin-
Ciocalteu’s (FC) reagent (2N), gallic acid were
supplied from Sigma-Aldrich Co. (Saint Louis,
MO, USA). LC-MS grade solvents were purchased
from Fischer Scientific (Waltham, USA).

Extraction procedure

Dried ground Rh. rosea rhizomes (1.5 g) were
mixed with the solvent (at different solvent/solid
ratios). The extraction was carried out in a shaker
water bath at various experimental conditions
(Table 1). The mixture was filtered and antioxidant
properties of the extracts were analyzed by Folin-
Ciocalteu- and DPPH-assays.

Folin-Ciocalteu method for determination of
total polyphenol content in different plant extracts

The total polyphenol content (TPC) of the
extracts of different plant species was determined
by the Folin-Ciocalteu (FC) method [19-21]. In
brief, stock solutions of freeze-dried plant extracts,
dissolved in the corresponding solvent at a
concentration of 10 mg/ml were prepared by
ultrasonication (2x5 min, 55°C). The stock solution
of Rhodiola rosea extract was 5-fold diluted before
starting the spectrophotometric measurements
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because of its strong antioxidant activity. The stock
solutions of the other plant extracts were 3-fold
diluted. Then, 20 ul of the corresponding diluted
extract were mixed with 1.58 ml of distilled water
and 100 pl of FC-reagent were added. The control
sample contained the same reagents without plant
extract. After 3-5 min, 300 pl of sodium carbonate
(20% w/v) were added and the samples were kept at
room temperature for 2 h. The sample absorbance
at 765 nm was registered on a spectrophotometer.

The calibration curve was generated using a
gallic acid standard. The TPC was given in gallic
acid equivalents (GAE), according to the formula
C = c.V/m, where C is concentration of the TPC
in mg GAE/g dry extract; ¢ — gallic acid
concentration [mg/ml], determined from the
calibration curve; m — weight [g] of the plant
extract; V — volume [ml] of the extract.

DPPH method for determination of antioxidant
activity of different plant extract

ICso values of the radical scavenging activity of
extracts were determined by DPPH-method [22,
23]. In brief, 1 ml of the corresponding plant extract
(20 mg/ml) was mixed with 4 ml of DPPH solution
(0.004% wi/v) in a test tube. The control sample
was prepared with the same reagents excluding the
plant extract. The blank sample contained only
solvent. The solutions were kept at room
temperature for 1 h in the dark and then decrease of
the  absorption was measured on @ a
spectrophotometer at 517 nm. DPPH inhibition was
calculated according to the formula:

% inhibition = [(Ac — As)/Ac]x100,

where Ac is the absorbance of the DPPH in the
control sample without extract and As is the
absorbance of the DPPH in the sample with plant
extract. The half-maximum inhibitory
concentrations (ICsg) were determined as the
concentration of the extract in the test sample that
decreased the initial DPPH concentration by 50%.

An UV-1600PC spectrophotometer (VWR int.)
was used for FC- and DPPH-assays.

Statistical analysis was done by single-factor
analysis of variance (ANOVA) using Microsoft
Excel software and p-value<0.05 was set as the
lowest level of statistical significance.

Antioxidant metabolite quantification of the
extract with optimal antioxidant activity

UHPLC/HRMS analyses for the antioxidant
metabolite identification in the Golden root extract
were performed on a Thermo Scientific Dionex
Ultimate 3000 RSLC (Germany), consisting of 6-
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channel degasser SRD-3600, high pressure binary
gradient pump HPG-3400RS, autosampler WPS-
3000TRS and column compartment TCC-3000RS.
The LC system was coupled to Thermo Scientific Q
Exactive Plus mass-spectrometer (Germany) with
heated electrospray probe HESI-II. Data acquisition
and processing were done using Thermo Scientific
Xcalibur 3.0 software. An Akzo Nobel Kromasil
Externity XT-1.8-C18 (Bohus, Sweden) narrow-
bore column (2.1x100 mm, 1.8 upm) with
Phenomenex Security Guard ULTRA UHPLC
EVO C18 (Torrance, USA) column was used and
maintained at 40°C. The mobile phase consisted of
systems A (0.1% formic acid in water) and B (0.1%
formic acid in acetonitrile). The following gradient
was employed: the mobile phase was held at 5% B
for 1 min, gradually turned to 95% B over 27 min,
kept at 95% B for 2 min and the system was turned
to the initial condition of 5% B in 1 min. The
system was conditioned at 5% B for 4.5 min before
injection. The flow rate and the injection volume
were set to 300 uL/min and 2 pL, respectively. The
instrument was set at spray voltage 3.5 kV, ion
transfer tube and HESI-II vaporizer temperatures at
320 °C.

HPLC analyses for quantitative determination of
antioxidant metabolites in the Golden root extract
were performed on a HP1100 system with a manual
injector (Rheodyne, model 7725), fitted with a 20
pL sample loop and a diode-array detector
(G1365B), controlled by ChemStation software
(Rev. 04.03, Agilent Technologies). Analytical
column ChromSep SS, Inertsil 5 ODS-2 (250 x 4.6
mm i.d., 5 um particle size) with a ChromSep guard
column (Varian, Palo Alto, CA) was used. The
mobile phase was acetonitrile/water (5:95, v/v)
containing 0.1% formic acid (pH 3) at a flow rate of
1.0 ml/min. The column compartment was kept at
30°C. The detector signal was monitored at 205,
254 and 280 nm. The extract was filtered (PTFE,
0.22 um) prior to the analysis.

Calibration curves: The absolute calibration
method (external standard method) was used to
establish the calibration curve and to quantify the
analytes. The standard compounds (0.005 g) were
diluted with acetonitrile in volumetric flasks. Five
standard solutions with concentrations in the range
of 0.2-1 mg/ml were prepared and analyzed in
triplicate; the results were presented graphically
(peak area versus concentration). The equations of
the linear calibration curves are given below:

for salidroside: Y = 1436.5 X — 11.8; regression
coefficient 0.992;

for rosavin: Y = 38016.0 X + 36.1; regression
coefficient 0.999;

where Y is the DAD peak area and X is the
compound concentration [mg/ml].

RESULTS AND DISCUSSION

Selection of plant species with superior
antioxidant activity

The variety of experimental methods and target
compounds (salidroside, rosavins), used in the
literature for extraction optimization, led to
different conclusions about the optimal extraction
conditions of the Golden root. Due to the interest in
identification of efficient antioxidants for
prevention of oxidative stress-associated disorders,
we performed an antioxidant activity-guided
optimization of Rh. rosea rhizome extraction. We
established the best antioxidant properties of
Rhodiola rosea rhizomes extract (1) in a group of
extracts of other efficient antioxidant plant species,
such as: Smilax excelsa, aerial parts (2); Sideritis
scardica, aerial parts (3); Achillea thracica, flower
heads (4); Achillea collina, flower heads (5); Inula
helenium, leaves (6); Clinopodium vulgare, aerial
parts (7). The antioxidant activity of the extracts
was analyzed by their DPPH-radical scavenging
activity. The 1Cso values of DPPH-inhibitory
activity of the extracts were calculated as the
concentration of the extract, required to decrease
the initial amount of DPPH by 50%. A lower ICsp
revealed higher antioxidant activity. The
comparison of TPC (Fig. 1) with the DPPH-radical
scavenging activity (Fig. 2) of the total extracts
revealed superior TPC value (374+17 GAE mg/g
dry extract) of the Golden root extract, which
corresponded to its best DPPH-radical scavenging
activity (ICso 29+1 pg/ml). Hence, Rhodiola rosea
rhizome extract was selected for extraction
optimization experiments because it demonstrated
the best antioxidant properties in the group of the
studied efficient antioxidant plant species.
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Fig. 1. Comparison of total polyphenolic content of
different plant extracts. Rhodiola rosea rhizomes (1),
Smilax excelsa, aerial parts (2), Sideritis scardica, aerial
parts (3), Achillea thracica, flower heads (4), Achillea
collina, flower heads (5), Inula helenium, leaves (6),
Clinopodium vulgare, aerial parts (7). The extraction
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was performed in 80% methanol, at solvent-to-solid ratio
10 (v/w) and 65°C for 1 h (3-fold).
180
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Fig. 2. Comparison of half-maximum DPPH-radical
scavenging concentrations (ICsp) of plant extracts. The
extracts numbers are the same as in Fig. 1. Lower ICso
values reveal higher antioxidant activity.

Antioxidant activity-guided optimization of
Rhodiola rosea rhizome extraction

Effect of solvent, temperature, hydromodule and
extraction duration on the antioxidant activity of
Rhodiola rosea rhizome extract. Different
conditions for Rhodiola rosea rhizome extraction
were applied in order to determine their effect on
the TPC, resp. on the DPPH-radical scavenging
activity of the extracts. We started with
determination of the influence of various
concentrations of aqueous ethanol (0%, 25%, 50%,
80% and 96%), chosen as an ecological solvent, on
the antioxidant activity of the Golden root extract.
The TPC, DPPH-radical scavenging activity and
the yields of the extracts increased using
concentrations from 0% to 25% EtOH (Fig. 3),
however further increase of the ethanol
concentration did not improve the values of the
analyzed experimental parameters. ANOVA test
confirmed that the experimental parameter values
in the range of 25-96% ethanol were statistically
equal. Hence, 25% ethanol was selected as optimal
solvent for Rh. rosea extraction.

Variation of the extraction temperature from
30°C to 70°C revealed that the half-maximum
DPPH-inhibitory concentrations and the extraction
yields were similar at all tested temperatures, while
some higher TPC values were registered at 50°C
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(Table 1). Therefore, operational temperature of
50°C for Rh. rosea rhizome extraction in 25%
ethanol was preferred for further process
optimization.

The effect of hydromodule (HM, solvent-to-
solid ratio v/w) on the antioxidant activity of the
Rh. rosea extract was also examined (Table 1). The
extraction yields significantly decreased at solvent-
to-solid ratios less than 10 (v/w) due to insufficient
guantity of the solvent needed for complete
recovery of the extracted matter. The extractions at
HM15 and HM20 showed the best and statistically
similar values (confirmed by ANOVA) of the
analyzed parameters (TPC, DPPH-ICso, extraction
yields); However, HM15 was chosen as
economically more advantageous parameter over
HM20 because of the lower solvent consumption at
HM15. Consequently, 25% ethanol, temperature
50°C and solvent-to-solid ratio 15 (v/w) were
selected as beneficial conditions for Rh rosea
rhizome extraction.

Variation of the process duration (3, 5, 15, 30,
60 min) at the above selected conditions revealed
that the antioxidant metabolite extraction of the
Golden root proceeds very rapidly and only 3-5 min
were sufficient to obtain Rh. rosea rhizome extract
with optimal TPC, DPPH-radical scavenging
activity and yields (Table 1).

In conclusion, analysis of the impact of
experimental variables (solvent, temperature,
solvent-to-solid ratio, process duration) on the
antioxidant activity parameters, such as half-
maximum DPPH-inhibitory concentrations in
correspondence with total phenol content and
process Vields, revealed that 25% ethanol at
temperature 50°C, solvent-to-solid ratio 15 (v/w)
and process duration of 3-5 min were assumed as
optimal conditions for Golden root extraction.

Antioxidant metabolite quantification in the
extract, obtained at optimal conditions

Using UHPLC/HRMS we identified and
quantified both rosavin and salidroside as efficient
antioxidant metabolites in the Golden root extract,
obtained at optimal extraction conditions in view of
exhibiting optimal antioxidant activity.
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Fig. 3. Results for TPC (3A), DPPH-ICs, (3B) and yields (3C) of the Golden root extract depending on the solvent
composition. 3A. Total polyphenol content (TPC) is given in GAE mg/g dry extract, obtained at initial conditions —
duration 2 h, temperature 70°C, using HM 20 (v/w) and different solvent composition; 3B. ICso [pg/ml] of DPPH-
radical scavenging activity of the extracts, obtained at the same conditions, as in Fig. 3A. A lower ICsy revealed higher
antioxidant activity; 3C. Total extracted matter [% of raw material], obtained at the same conditions, as in Fig. 3A.

Table 1. Effects of variation of the experimental conditions on total polyphenol content (TPC), DPPH-antioxidant
activity and experimental yields of the Golden root extraction after selection of 25% ethanol as optimal solvent.

Exp. Ne Variable Constant TPC DPPH-ICso Extraction
experimental experimental [GAE mg/g] [pg/ml] yield [%]
parameter parameters

la 70°C HM20, 1 h 384.7 £30.0 27+5 43 +£4
1b 50°C HM20, 1 h 420.6 £33.5 27+3 42+£3
lc 30°C HM20, 1 h 396.0 =30.0 281 40+2
2a HM 20 50°C,1h 4203 +23.5 27+0 42+3
2b HM 15 50°C, 1 h 406.7 £ 17.7 26+3 37+1
2c HM 10 50°C,1h 388.3£13.5 2043 301
2d HM 7 50°C, 1 h 362.0+11.6 31£1 211
3a 3 min 50°C, HM 15 3704+ 11.4 29+ 1 38+2
3b 5 min 50°C, HM 15 380.0 £ 2.1 34+1 37+2
3c 15 min 50°C, HM 15 389.6 +15.5 33+04 37+2
3d 30 min 50°C, HM 15 377.7+3.4 33+1 38+2
3e 60 min 50°C, HM 15 387.3+15.0 34+2 35+£5

The values are given as an average of two independent experiments + SD; TPC - total phenolic compounds, given in
milligrams GAE (gallic acid equivalents) per gram dry extract; 1Cso - concentration of the plant extract (in pg/ml),
which decreases the initial DPPH concentration by 50%; HM — hydromodule [solvent-to-solid ratio (v/iw)]. All
experiments, described in the table, were performed in 25% ethanol, selected as optimal solvent for Rh. rosea
extraction; Experiment 1 (a-c) set the parameters for optimization of the extraction temperature at a constant solvent-to-
solid ratio; Experiment 2 (a-d) set the parameters for optimization of the solvent-to-solid ratio at a constant temperature,
selected in the previous experiment 1; Experiment 3 (a-e) set the parameters for optimization of the extraction duration
at constant temperature and solvent-to-solid ratio, selected in the previous experiments 1 and 2.

ratio, calculated for CyoH29010 429.1755 m/z). Exact
mass of the protonated molecular ion of salidroside

Exact mass of the protonated molecular ion of
rosavin was found at 429.1751 m/z (mass-to-charge
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was found at 301.1286 m/z (calculated for C14H2 07
301.1282 m/z). Quantitative HPLC-analysis
determined that the chemical composition of the
Golden root extract obtained at optimal
experimental conditions (given above)
corresponded to a content of 2.29+0.05% of rosavin
and 0.80+0.02% of salidroside.

CONCLUSION

In this study we performed an activity-guided
extraction optimization and antioxidant metabolite
guantification of Rhodiola rosea rhizome extract,
obtained at optimized extraction conditions. We
found that extraction of the Golden root in 25%
ethanol, at 50°C, solvent-to-solid ratio 15 (v/w) and
extraction duration for 3-5 min creates the most
beneficial conditions for obtaining of extracts with
optimal TPC and DPPH-radical scavenging
activity. The chemical composition of the Golden
root extract, obtained at optimal extraction
conditions  for its antioxidant  properties,
corresponded to a content of 2.29+0.05% of rosavin
and 0.80+0.02% of salidroside. Being a powerful
antioxidant with no major toxicity, the Golden root
extract with optimized antioxidant properties is a
feasible pharmaceutical agent in the prevention of
cancer and oxidative stress-associated neuro-,
cardio-, hepato-degenerative disorders.
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OINTUMU3UPAHE HA EKCTPAKIIUSITA HA PACTEHUSI C BUCOKA
AHTHOKCHUIAHTHA AKTUBHOCT: M3CJIEABAHE HA Rhodiola rosea L. (3JIATEH
KOPEH)

.M. Usanosa'*, C.C. bosymxuesal, I'. Aurenos!, I1.T. Heasutkos?, . HenemueBa-AHTOHOBAS,
®.B. I]Beranosa’

! Huemumym no unocenepna xumus, Bvreapcka axademus na nayxume, 1113 Cogus, Bvreapus
2 dapmayesmuuen paxynmem, Meduyuncku ynusepcumem, 1000 Copusi, Bvrzapus
8 Uncmumym no opeanuuna xumus ¢ Lenmvp no gumoxumus, Bvneapcka axademus na naykume, 1113 Cogpus,
bvacapus

ITocThlWIa HA ~ KOPUTHpaHa Ha
(Pestome)

Pacrenusra ot pon Rhodiola L. (Crassulaceae) ca pasmpocTpaHeHH TNIABHO B Pa3iWYHH CTYIACHH PaliOHH Ha
CEBEpPHOTO MONYKBI00. ExcrpakThT ot 31aren koped (Rhodiola rosea L.) ce usmon3sa B TpaaunMOHHATA MeTUIMHA
KaTO aJIalTOreH 3a JICYCHHEe Ha yMopa, JCTpecHs U OOJNeCTH, NPEIH3BUKAHU OT cTpec. EKCTpakThT OT 3/maTeH KOpeH
Geme u30paH 3a 33ABIO0YCHO HM3CIICIBAHE TIOPAIH MPEBH3XOJAHUTE MY AaHTHOKCHIAHTHH CBOMCTBa Cpel rpymara OT
apyru e(heKTHBHUA aHTHOKCHIAHTHH PAacTHTEIHH BHIOBE, M3CIEOBaHH B Hacrtosimarta pabora. Excrpakumsra Ha Rh.
rosea Geme onTHMH3HpaHa Bb3 OCHOBA Ha aKTHBHOCTTA Ha SKCTPaKTa 4pe3 MOA0O0p Ha EKCIICPHMEHTAIHH YCIOBHSL,
BOJCIIM [0 MaKCHMAIHO TOTAIHO ()CHONHO ChIbPKAHHE M MAaKCHMalHa aHTHOKCHAAHTHA aKTHUBHOCT. Ype3
OINTUMHU3HpPAHe Ha NPOMEHJIMBH CKCIICPHMEHTAIHU IapaMeTp Osxa HAMEpPEeHH CIICOHUTE ONTHMAJHH YCIOBHS Ha
eKCTPAKIUs 33 MOJIy4aBaHe Ha eKCTPAKT OT 3JaTeH KOPEH C MAKCHMAIHO ChIbPXKAHUE HA MONMU(EHOIN 1 MAKCHMAaIHA
AHTHOKCHJIAHTHA aKTHBHOCT: pa3TBoputen 25% eranon, temneparypa 50°C, chOTHOIICHHE Pa3TBOPUTEI/CypoBUHa 15
(V/w) u mpoasmkuTenHOCT Ha mporieca 3-5 MuHyTH. VAeHTHDUIMPaHETO HA METabOMUTH B €KCTPaKTa ¢ Hali-modpa
aHTHOKCHIaHTHA akTuBHOCT Oemie mposemeno upes HPLC u UHPLC/HRMS wmetomu. VYcranoseno Gere, ue
ekcTpakThT OT Rh. rosea, momydeH mpu ONTHMAaIHUTE YCIOBHUS, chabpxa 2.29+0.05% pozasua u 0.80+£0.02%
Cainapo3un. EKCTpaKT'I)T OT 3JIaTCH KOPECH, IMOJYYEH B HACTOAIICTO U3CJICABAHC IPU ONTHUMATIHU YCJIOBUSA OTHOCHO
AHTUOKCUAAHTHATaA MY AaKTHUBHOCT, HWMa MNOTCHUHUATIHO IPUIIOXKCHUC IIpU IMPOU3BOACTBO HAa BUCOKOKAYECTBCHU
PACTUTEIHU €KCTPAKTH 33 MPEBEHIMSI Ha OHKOJIOTMYHH 3a00IsIBaHus M GOJIECTH, CBbP3aHU C OKCHAATHBEH CTPEC, BKIL
Kap/Iuo-, HEBPO- U XeNaro-IereHepaTUBHI 3a00IISIBAHUSL.
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