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S, MR HH BRI A F LRI 0 AR R A 1A%, IR NADESs 69 £ A R 5, B W & £l ek b 3@ id e i
W i % 5% 42 NADESs 4L 2 49 B 7R Y NADESs 87K % Fei At b, St i ad s 44 5k 2 s R ATt . A A E C(VC) A ek
St R AFRIL R AR SR BAFE 2 A 77 @ o3 NADESs et 4078 7) (50 % W B ) 69 3B R . R mARBRAEN AW 1,4-T =
B340 R B LR 49 NADES-11, ZAIRIR T E A :NADES-11 # 1,4-T =B o /g —B2 69 ) R 1:2.5 NADES-11 47K % 18% ik
#Hre 30 mL/g A2 BUAT 1] 30 min 42 BCRE 30 C. NADES-11 6942 Bk & 2% 3% T 50% ¥ 8 (P<0.05) ;NADES-11 # B st 1, 1-
SR R-2-Z AR B kA G W Ry HOR TR RE (261,17 744,34 pg/mL) 3K T 50% W EELFR A4, (420.97 1 175.12 pg/mL) ,
HF IR % % (17.19.360.80 mg VC/g) & T 50% T B2 32 B4 (10.67.,228.54 mg VC/g) . 4518 AAF 5L AL 8 NADESs #2 3 1 ik
B R CEH £ R0 T LR AR TAT.
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Optimization of natural deep eutectic solvent extraction of phenylethanoid glycosides from Cistanche
deserticola by response surface methodology coupled with genetic algorithm
DONG Jiani', ZHAO Longshan’, BO Yukun', YANG Dan', YANG Xuemiao', TAN Yimeng', AN Ming', WU
Guodong' (1. School of Pharmacy, Baotou Medical College, Inner Mongolia Baotou 014060, China; 2. School
of Pharmacy, Shenyang Pharmaceutical University, Shenyang 110016, China)

ABSTRACT OBJECTIVE To optimize the extraction technology for phenylethanol glycosides from Cistanche deserticola by
natural deep eutectic solvents (NADESs) , and to provide reference for the development and utilization of C. deserticola.
METHODS The optimal NADESs was selected using total extraction efficiency of echinacoside, acteoside and isoacteoside as
indexes. Based on single factor test, response surface methodology was used to select the optimal NADESs molar ratio, the optimal
NADESs water content, the optimal liquid-solid ratio; and the results were optimized by genetic algorithm. Using vitamin C (VC)
as positive control, the extraction effects of NADESs and traditional solvent (50% methanol) were compared in respects of
extraction efficiency and antioxidant activities. RESULTS The optimal extraction solution was NADES-11 composed of 1,
4-butanediol and malonic acid. The optimal extraction technology was as follows as the molar ratio of 1, 4-butanediol-malonic acid
was 1:2.5, water content of NADES-11 was 18% , liquid-solid ratio was 30 mL/g, extraction time was 30 min and extraction
temperature was 30 °C. The extraction efficiency of NADES-11 was significantly higher than that of 50% methanol (P<<0.05). ICs
values of NADES-11 extract (261.17 and 744.34 pg/mL) to 1, 1-diphenyl-2-trinitrophenylhydrazine radical and hydroxyl radical
were all lower than those of 50% methanol extract (420.97 and 1 175.12 pg/mL). Ascorbic acid equivalent antioxidant capacity of
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NADES-11 extract (17.19 and 360.80 mg VC/g) was higher
than that of 50% methanol extract (10.67 and 228.54 mg
VC/g). CONCLUSIONS The optimized extraction process of
phenylethanol glycosides from C. deserticola using NADESs is
environmental, stable and feasible.
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TN K2R 91 S BHE W) A% Cistanche deserticola
Y.C.Ma 5545 18 A %5 Cistanche tubulosa(Schenk ) Wight
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2K 50 % WEE R s 8, A #ete R G #E R 2 i oA
BT e Ko S BUCRAIR A B P77, Abbott 57T 2003 4
TR B — 0 AT B A A% S 0 TR R 85 YR A ) A B £

VR ARBUAS |« R 1 A= 40 4 fop P R A 4 A 2 1 A A
Mo FEEWFIR IR A, Choi 2% X & Bl T DESs 25
Yy K ARAK I 2% 775 577 (natural deep eutectic solvents,
NADESs) . £ DESs # kb, NADESs 41 i 5334 2 K
SRAG B W s AE R A, DR, L8 e R R A
B R E LT DESs, CAE N —Fhgg 8 n] 7 i 3
WO Joe o FH T 2590 1 2 i o3 i e Boh e

i Jo7 {17 25 (response surface methodology , RSM )&
— P L R A RO T T 2 IR RS
il . #0414 % 7T (Box-Behnken Design, BBD) /&
RSM i w5 FH 5230 i 11 75 58, BAT SEBR Uk b (i
FATFIE A", 2551 (genetic algorithm, GA ) H A
2 Jay AL YRR S, RREUS B0 W D0 AL AN R, 72 2R
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1.1 EENEE

AHIFFE B Y = 2L # A Thermo U3000 K 580k
A0 £433% 4L . Multiskan GO % Jiff #7122 ( € [#] Thermo Fisher
Scientific 23] ) , BSA224S-CW B H F- 434 K- (b 55
ZFIRLAAL A BR A F] ), TDZ5-WS B 2441 [ 5
A DAL (R VP A DML A PR A R , KQ-500E 7!
PP (R TR A A R A H]D .
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AR 25 1 (F1E5 190802003) 1 F N 52 S 1 24
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FA S AG ] BR 5 (HE 5 AF20051710, 2% 98% ) . &
EACBETE X B 5 (iS5 AF20110904, 217 98% ) . B E&
TEWETE 5 B 5 (415 AF20051701, 413 98% ) ¥4 F Ji%,
BB EWHEARAR A AL, 3-T B (%
C11230698, 4l 99 % )4 F 22 e A AR AT PR
H) 3 S AL IRGE (b5 RH221064, 465 98% ) |1, 3-TN %
(#t 5 RH210167, 4l &F 98% ) . 1, 4- T — i (4t &
RH273071, 4l J&F 99% ) . 1IN IR (Hit5- RH246485, 4fi i
99.5% ) .DL-32 L% (415 RH246485 , 4% 99.5% ) Wil
V4% (415 RH246512, 4l 98 % ) |1, 1- - He-2- —filj ik
7K W (1, 1-diphenyl-2-picrylhydrazy, DPPH) ( #it 5
RH207202, 4l i =98.5% ) ¥y B _F i 5 B #H R A
RN 4E4E 2 C(vitamin C, VC) (1520210525, 4li i =
99.7% )W A KA T S R 24k T AR Al IRE (L5
20190410, 4l =99% ) %% (HE'5 20190529 , 4l i =
99% ) ¥ [ KT LI A~ 50 A FRA 7 5 LR (it 5
980826, 4fi i 90 % ) F KT fbifsm—) s i H
P Ay i ali, i o A i, AR 2K
2 HEEER
2.1 MRHHE ESEBEENRERERETIENE

SR OO g R A T . B AR R
Supersil ODS2 (250 mmx4.6 mm, 5 um) {44, DL 2 )
(A)-0.1% BRIV (B) NIk shAHEA 146 B2 Ve (0~9
min, 90% B—83%B;9~18 min, 83%B—80%B; 18~30
min, 80%B) ; Jit# 4 1.0 mL/min; #1430 °C 5 K £+
R B AN B 5 R R 330 nmy HEFE R 10 pL, %
HE 2020 4F i € HP [ 24 ) (DU ) “9101 43 #r Jr 3 3R ik 48
SR AT e A N 2 A R R
2.2 NADESs #7%i%

2.2.1  A[RZLNADESs (il £ AR SCER[13] 7 1%,
A3 A SAL RS | 22 JCREAIAT HLIR S5 A JERE, LK A i
I, 25 L1 A NAEDSs (36 1) , BAR 5 1 4 - 4 FEZH R,
S3EE R PO JEREE T AR R, 76 80 CTF i #hdi
P, BRI AE R R EE A

#1 117 NADESs AR IER

NADESs £ iR JEk2 JRH RURRE 2 IR I
NADES-] SRR 130 112
NADES-2 A 13-T-F 112
NADES-3 Eldiy L4TR 112
NADES-4 AR N 112
NADES-5 AfeIg H_f 112
NADES-6 A DL-ERR 112
NADES-7 Afegg K% 112
NADES-8 Eldiy ik 112
NADES-9 14-T7f R 112
NADES-10 14T DL-ERR 1:2
NADES-11 1 4-TZ W 1:2

2.2.2  FESVETA A RAIRBUHCR A BRI AR
WA 0.3 g WM E , BT 100 mLHE M+, 2 FInA
A [R] 40 B% B NADESs K A% 45 %5 771 (50 % Y, % BE ) 3
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LIRS R E R (B2 500 W, A% R 40
kHz) $2 B —E it fa] , B H E = 5 , LA 5 000 r/min 5.0
10 min, B3, AR RE 445, S8 G 1 0.45 pm YA,
WCAE TR, BVASRE SR . 42721700 R 5 3 5E 48R i
VWA R AT BRI B R i
FEHEAS B I FE B SO (% ) = (CxVXN/Mx
1 000)x100% o =Hr, CAFE bl gl DN 47 S5 174 o et vk 32
(mg/mL) , V AFE SR IARF (mL) , N W BeAi 5k, M
R A BT () o
2.2.3 I fE NADESs (it NADESs 4 41 B 77 2%
SN FERRALPE I, A R A R e gk T A
AT R T H bR B a3 i B B, AL, AR5 DA
PASAGTE B SR ALY A1 55 BT 10 B R BUCR N
2 $X 38 bR 0 & NADESs. 45 5 i /%, Bk NADES-7 I
NADES-8 4}, H:4y NADESs it H A7 B4 I BUSCR I
F50% HlE, Hr, DL, 4-T BN iR 0 JERHG
) NADES-11 X #A R 451 B A AEWE 1 AL S B A AEbE 1T
A i AN 08 B i KB . I, A BF Y ik B
NADES-11/E AR BOAR] . 458 ILE 1,
2.3 BEEXBMURINIE

TE TR A2 B B o 72 H , NADESSs 41 5B 43 119 JEE
JR L \NADESs 7% 7K it F R} b A5 R 25 6 3 BOscR A7
FE BT I, AR T2z, S
NADES-11 H11,4- T —FERIN —FRIYEE /R L NADES-11
K BORFEE BRI R AR BRI N R R 75K
2.3.1 NADES-11 " 1,4- T “EEAIN _RRAYEE R
FE NADES-11 %7K 58 30% JBUEFEE R 15 mL/g R EUR

3 ARSI
B TN
B 5B
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50% FITE

1 AEERHI NADESs & 50 % B EExt B iR 925
MERM

JEE 30 °C HREUE] 47 40 min, HEARIE L) 1,4-T —
PN R (FEJR I 1:1.1:2.1:3.1:4.1:5) AW
NADES-11 X} £ B 52, 45 0 WL 24, anfEl 2A
fit7n, 24 NADES-11 9 1, 4-T B FIN R I EE JR ol
L2 0 WA AT B AN A1 S B AL 1 B4R
BORIR BN KA. PR, AR 52564 F NADES-11 H11, 4-
TN R R R 102,

2.3.2 NADES-11 /K [#%E NADES-11H11,4-T —
PSRN R A EE R E ol 122 TRORHEE O 15 mL/g 3R BUE
JEE ok 30 °C HREHE] A 40 min, ZEERTR S KR (10% |
20% .30% .40% .50% ) i) NADES-11 X & B R 1 5
Wi, 45 5 DL 2B Wi 2B R, 24 NADES-11 & /K &l
20% I}, WA SR B AS TR AN S5 B AL 1 B4
PR B E R . HIL, AL 5 0 NADES-11 [ &
IKE R 20%
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2.3.3 WRHE  [H%E NADES-11 711, 4- T RN —
PR () JEE IR EE Ry 122 FRIUEE S 30 € \NADES-11 7% 7K
K 20% FEIURF ] 40 min, AR (10,20,
30,40 .50 mL/g) X #EBUSCR A 25 R UL 2C, Gl
2C IR, MR 30 mL/g BF, WA SR A 1 B AL T
B ALRET 19 BEEBUSCRB R R R . I, AR 5L
B 7 YRR A 30 mL/g .
2.3.4  AREUNE]  [5 % NADES-11 1, 4- 7 ZFEHIA
TR R EE A 15 2 SRIBURE N 30 °C \NADES-11 %
IKHEH 20% KR 30 mL/g, 5 ZEAN Rl HEHUAT ] (20
30.40.,50 .60 min) XJ FEEACE A0, 25 L WK 2D, 4
& 2D Fit /i, 2442 BUSHA] 2 30 min B, 78 SR AGHE L B AL
BEAF AN S B S AE R A0 SR ECR IR Bl K. M,
ARSI 5 SRR ] 24 30 min
2.3.5 4REBUEEE [ NADES-11H1,4-T MK
TIRIMEEIR R 12 FEELET )24 30 min NADES-11 %%
IKHEN 20% BORFEE A 30 mL/g , % A [ R U EE (30
40.,50.,60,70 C)XHHEIECR M, 4558 WK 2E,
I 2E FIt7i , AN R BRI B TP SR 4 1 L B A 17 i
B AL IR BRCE I 220 A K, BRIk, AWFFE
REARBERENY A 5 1 SR 30 CTF HFT TAE S I
24 BBDEWEXE GAURIIZ
2.4.1 BBD SRR TF LR AWV AER R LRI
fili b, X AN SR G TT BB AE T AL B AR TR T 48
BUSCR 0 2.5 1 3 N Z——NADES-11H1,4- T
PEEAIN R 1Y R K HE (X)) \NADES-11 75 7K i (Xo) FiK
B (XG) S A28 &, DA R b SR 35 11 B e
5B B AR SR IO (Y) Sy 1WA, £ 1] Design
Expert 12.0 4cF%31 3 £ 3 /KF 1 BBD 225 . BBD 52
B 2R 5K AR 2, 5200 R S A5 R LR 3.

#2 BBDXEMEZESKE

KF X X X
-1 Il 10 2
0 122 2 30
I 13 30 40

2.4.2 Gt or A AR R Design Expert 12.0
AR 3 S EIdE E T 2 e Mk AL A AR 2 3 F
HARBL ST R 250 [B] ) 572 : Y=1.221 54+0.003 64X+
0.018 18X,+0.029 30X, — 0.001 71X.X,+0.003 17X.X:+
0.000 06X.X; —0.013 38X,”— 0.000 43X’ — 0.000 64X:".
[F]Esf, >R Design Expert 12.0 #0/4:%5 3% 3 i SL 00 85im 1464 7
Ti 2203 MT BRI 40 R AP BRI R RN
0.993 1 . R.’ 4 0.984 2, FHZARTIAH G B B U, H 55K
INAE RE At 3D 5 BB P<<0.000 1, 2 B AR 7Y 1)
AT R AN BRI P>0.05, 3 BRI E LA
R4t
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%®3 BBDIEARSHR

SRS N X R L —
RAT  EEEEHT  REREEF Y
1 -1 0 -l 1.594 1 0.1450 0.0505 17896
2 0 -l 1 1.506 4 0.1427 00529 17020
3 1 -l 0 15991 0.1491 00560 1.8042
4 -1 | 0 1.568 8 01426 0.050 1 17615
5 0 I 15235 0.1414 0.0503 17152
6 0 0 0 16189 01500 00523 18212
7 1 0 -l 15492 0.1435 0.0508 17435
8 0 0 0 1.625 4 01524 00530 18308
9 -1 0 1 14975 0.1375 0.0477 16827
10 0 -1 -l 15469 0.1440 00514 17423
11 0 0 0 16190 01500 00525 18215
12 0 0 0 16136 01511 00523 18170
13 ! 1 0 15570 0.1447 0.0516 17533
14 0 0 0 16178 0.1515 00529 18222
15 0 | | 1.5083 0.1414 00496 16993
16 | 0 | 15637 0.146 1 0053 4 17632
17 -1 -l 0 15535 0.1411 00493 17439
F4 EVEFHERMFESHER
JERE  FAR A i F P B
i 0.0376 9 0.0042 11144 <0.0001 53
X 0.0009 | 00009 %9 0.001 6 0¥
X, 0.0005 1 0.0005 13.6 0.008 3 ¥
X 0.0026 | 00026 6849 <0.0001 BE
)0 é 0.0012 | 0.0012 3125 0.0008 B¥
XX 0.0040 1 0.0040 106.76 <0000 1 B¥
XX, 0.000 1 1 00001 397 00867  ARE
X 0.0008 | 0.0008 2009 0.0029 £
x 0.0079 | 00079 2162 <0.0001 i%
X 00175 1 00175 46537 <0000 1 ¥
S 0.0002 3 0.000 1 210 02425 Ri#
R 0993 1
R} 09842

2.4.3 MW NN TET AR BT A g P e ot R
e ARE S AT A A S A NFL L S
R HZW SR 55, B IRE RO B3, R R8s AR
21, iz i Design Expert 12.0 #1122 il 4% B Z 4 H x
A3 S BB M P o 7 ey ] R A e £ 1 (11 3)
A 3 ) 1 T P T 2R 3 A S TREES SR T LR
PR T, 2 W S AR IR A AR B B SR B LN, EL
2 PUZEXT AR B 5200 () 58 55 0047 < Xo > X0 > Xoo H
AR R AT, X5 X X X B AR A B

244 GAMLAL XS UESLE: R BBD 5555 it 37 i
BRI Ay GA (38 Iy B pREL, 1 Matlab R2020b 3+
(1) GA PLAb T HAR M — 2D X SER B e Tk . #EI%AR
BTG , oAt I B 5 - S48 o B J B AR (R A, 36
BB AR BCR O R 2R K (1) . GATRALSR R 45
SN NADES-11 91 1,4- T “EEFMIN BRI EE /R H 1+
2.49 NADES-11 % /K & 18.11% WK H 29.74 mL/g, fi
FETE N B (HARBLAT 1 SR BAR ) R 1.83% . R fliF
B AR TOE CI0 S5 A E1E S : NADES-11 /1 1,4-T
PSRN R AYEEJR L 1:2.5 NADES-11 %7K & 18% i
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Y%

X/ %

1.0 1.5 2.0 2.5 3.0
X

B. X FILX. 145 m 2R IR

Y%

N
o
SN

c“"“\
S

Y%
X,/(mL/g)

1.0 1.5 2.0 2.5 3.0
X

D. X FLX 5 r 2R R
YI%

Y%

/ RN
R R R RSRISI
R

R

<

X/(mL/g)

‘V

10 15 20 25 30
X/ %
E. X1 10 37 i T P F. X HLX AR 2R

B3 HEZEXERB S SRR RS0 AL i T E
MEFLE
BELE 30 mL/g. HAE IE I M SE50 250D T 3 O TR
SCE L A5 2 3 A H bR B4 Y B AR B O (1.82 +
0.01) % , 5 UI{E 1.83% #30 , RWIULAL 1) T2 400k
NI
2.5 NADES-11 51& 4587 IR BER tL i
2.5.1 $RBRCEM LA 205 LA NADES-11 ¥l #%
“0.4.47 TR B Al A AR L 2020 AF i € E 24 ) (— )
PRI AL 457 751 (50 % H R ) EA TRE Al BRI, He AR
PIE PR . SC00E A 31k, R FH SPSS 18.0 4k
R A T T B DA x + s R KB K
Ha=0.05, 255 BN, NADES-11 X i3 25 B AL
BEAE A5 B A AR M R IR 1 B3 & 1 50% FH i
(P<<0.05). Z5HULES5,
2.5.2 PUrAALIETERIHLES  $242.5. 17T R Jy il A% 2
it B2 BOR , R % 1 B 2 FPRE i 42 U 025,50, 100,
150,200,500,1 000 uL, 435 & F 10 mL &+, FHKH
FRAS T Ve 4 0.,0.08.,0.17.,0.33.0.50.,0.67 . 1.67.3.34
mg/mL [R5 S VS VR . I R [ o e vk 1 VC
T8, VA7 BEA: X6 BEAG IR

2GS 2022 4F55 33 B4 13 )

—1.780 1
o RS
—1785 - CPEERIE
—1.790 r
—1.795 |

—1.800 |

e
= —1805 |-
b
—1810 | *
—1815 | -
—1.820 }
—1.825 famL,
—1.830
0 10 20 30 40 50 60
AR IEL
A AL
40
35
Xy
Y=297364
30
m 25
bt
A 9 etg144
X -
#
15
10
X
5 T=2.4940
0
X X, Xo
B. &l
B4 GAMRUER
B B AT
1.700 a R
B AT
1.600
1500
% 1.400 -
: M
500+ a
0.135
0.090 3
0.045
o0

NADES-11 509% HIfis
a: 5 50% HEEL A, P<0.05

5 NADES-11550% FEZREX IR B LL 1

(1)DPPH H M 3L IEBR LSS . S 2% SCHRHRGHE 1) 7
U 100 pL NADES-11 254 .50 % B4R U
VC T 96 fLAR ', A 0.38 mmol/L DPPH % 100
uL, VR AT, 2R EIE A 30 min, SR 5 K FBEHR (X AE 517
nm KA AR (4) o [RIE R it i
TADPPH A (JC/K 1) ARSI 45 SR A Ao, BF A
(7K ) +DPPH ¥ Wi F AR I 25 A0 A,o THE 25 ot
DPPH [ fh B (43742 : DPPH [ LI 4% (9% ) =[1—
(4—A40)/4]¥100% o BTk RS 3N E L. RA
SPSS 18.0 315 4 HE i 4T DPPH [ 1h 3 () 21 B B
W B (1Cs0) SBi A i iR 4 1 (ascorbic acid equivalent anti-
oxidant capacity , AEAC) , #5537 , FEWFE i i e B
P, £ FE AT DPPH H 363 — 2 A8 BRI 1 , i
SSITUF YR A VC>NADES-11 42 U4 > 50 9% HI i #2 5t
Y. @RS,

China Pharmacy 2022 Vol. 33 No. 13 - 1609 -



K5 ZEHEMMIDPPHEHRHEMEZREBEHEMNIC, 0
AEACTMEL R (n=3)

v DPPH i RIEAIE
ICo/(pg/ml)  AEAC/(mgVC/g)  IC«/(pg/ml)  AEAC/(mgVC/g)

NADES-11 {847 26117 1719 74434 360.80

50% RN 4097 10.67 1175.12 2854

Ve 449 268.56

(2) 5 A BRI BRI . S % Uk E 9 7
EPOHLT.5 mmol/L 1928 — 2 3F 20 pL . 0.2 mol/L A B4R
ERGZ MR 40 pL FIRE SRR 30 pL T 96 FLAR TR AT, F
JA 7.5 mmol/L /1 FeSO. %5 20 pL Al 0.1 % H.O. %5
20 pL, 7£ 37 CF 18 5 1 60 min, 2R B bR 1 FE 536
nm AN A, [FIET , BAE S 750 (O AR A i Rl
AR5 AR 25 00 R Aos FEFE S 700 RO AR FE i, [7)
i LAZKAR R 0.19% HLO. Rl AE JE R &5 e h 4,0 11
RS REE B B AT PR R 3 A T BR R
(%) =(A—A4:)/(A—A0)x100% , G5 i B 1% 3
AL, #IR“2.5.2(1) "I F I FA SRR XTI [
H 1Y ICs Fl AEAC, 255 S , ZEMIF 90 o o Vi Vi 1]
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