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Abstract: Objective The optimum extraction process parameters of Cistanche deserticola were selected to study the effects of
different drying methods on five phenylethanoid glycosides. Methods Single factor screening combined with Box-Behnken
response surface method was used to optimize the extraction process. After optimal conditions were extracted, HPLC method was
used to detect the content of echinacoside, cistanche A, verbascoside, isoacteoside, and 2'-acetylacteoside in different drying
methods, and one-way ANOVA, cluster analysis, principal component analysis and close value analysis were used to analyze the
content of five phenylethanoid glycosides to choose the best drying method. Results Optimal extraction process was as following:
methanol volume fraction was 55.14%, liquid to material ratio was 46.39, extraction time was 38.50 min. Cluster analysis, principal
component analysis, and close value analysis showed that the quality of C. deserticola obtained by freeze-drying method was the
best, followed by drying at 80 C and the lowest at 40 ‘C. Conclusion Using this process to extract C. deserticola, the five
phenylethanoid glycosides are completely and fully extracted. Although the freeze-drying method of C. deserticola has the highest
active ingredient retention, from the production point of view, the 80 ‘C drying method can achieve a balance of cost and efficiency.

Key words: Cistanche deserticola Y. C. Ma; extraction process; Box-Behnken response surface method; drying method; HPLC;

echinacoside; cistanche A; verbascoside; isoacteoside; 2'-acetylacteoside

WESHEAR: 2019-04-17

ESWHE: EXEARRFEESTPIHE (31860349); EEKARRIAELSTIIHH (31860102); HAFRHEIRITHHHE (18YFINA072)
EZ B & M (1995—), B, WiEmsiE, AFHPZEMITL. E-mail: 81566431@qq. com

*BIEEE M, 1, RlEd%, NEZHEMTESFHA . E-mail: guoyh@gsau.edu.cn



¢ %% Chinese Traditional and Herbal Drugs

ES0E F158 201948 *3623 ¢

WK 28 8 % 4 B Y WK %8 Cistanche
deserticola Y. C. Ma B {8 W K % Cistanche
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SRS 2- OB B IS R,
I 70% Y EE I BSOPT BV FE 43 008 1.044 0.61. 0.63.

0.39. 0.48 mg/mL 7R & 5 HE i 0
22 ANRBENEIEEH

Waters Symmetry Cig (250 mm X 4.6 mm, 5
um); FEiE 30 C, AFUAE 1.0 mL/min; ZNAH
N FEE-0.1% IR KAWL, BeMipREE: 0~12 min,
29%~34%HEE; 12~40 min, 34%~40% % ; 30~
35 min, 40%~35%H#; 35~40 min, 30% HE%;
R 330 nm (B 1o

A 1
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-RAREGH  2-WEET A 3-BEAET 4 FBEEETH
5-2- LT R B EAERETY

1-echinacoside  2-cistanche A  3-verbascoside  4-isoacteoside

5-2'-acetylacteoside
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Fig. 1 HPLC of mixed reference (A) and C. deserticola
sample (B)
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B 10 mL 2, N 70% B2 25 o /% 10
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(X)), WEHBUAMALER (V), BEATLMERI, 5
5 FE5 A BAGEF Y=128 049 X—830 189, r=
0.999 5, Z&MEVE 10.4~832.0 pg/mL; KIMET A
Y=87 980 X—416 764, r=0.999 9, £M:JulH 6.1~
488.0 pg/mL; BEIEHEF Y=92 831 X—447 963,
r=0.999 8, Z&PEVEM 6.3~504.0 pg/mL; FEEE
PELF Y=92 831 X—447 963, r=0.999 2, Z{EiEH
3.9~312 pg/mL; 2- LB EEALHEL Y=79 207 X—
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304 428, r=0.999 4, Z&VEJEH 4.8~384.0 pg/mL.
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Table 1 Single factor test condition
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Table 2 Single factor investigation result (brackets for standardized processing of test data)

FSES KV FARAH %

WAKEE A% BIAHRE/% FEREHT/% 2-OBEETAER/% 256180

HRARLH0% 40 1.68 (~1.506) 0.29 (—-1.604) 2.14 (-1.803)  0.26 (1.604) 0.42 (~1.826) -5.135
50 1.72(-0.878) 0.30(-0.267) 2.31(-0.344)  0.24 (0.267) 0.57 (-0.321) ~1.543
60 1.84(1.004) 030(-0.267) 2.41(0.515)  0.24 (0.267) 0.66 (0.582) 2.101
70 1.82(0.690) 0.31(1.069) 243 (0.687)  0.22(~1.069) 0.68 (0.783) 2.160
80 1.82(0.690) 0.31(1.069)  2.46(0.945)  0.22 (~1.069) 0.68 (0.783) 2417
Wik 30 1.43(-1.881) 0.22(-1.876) 1.91(-1.868)  0.19 (~1.860) 0.38 (~1.879) -9.364
40 176 (0.180)  0.31(-0.188) 2.26 (~0.209)  0.22 (-0.116) 0.54 (~0.190) ~0.883
50 1.93(0.670) 0.36(0.751)  2.44(0.645)  0.23 (0.465) 0.62 (0.654) 3.185
60 1.92(0.620) 036(0.751)  2.43(0.597)  0.24 (1.046) 0.62 (0.654) 3.669
70 1.95(0.771)  0.35(0.563)  2.48(0.834)  0.23 (0.465) 0.63 (0.760) 3.393
JREUEE/min 20 1.53 (-1.784) 0.27 (—1.349) 2.31(-0.383)  0.19 (0.439) 0.53 (~1.887) ~4.964
30 1.82(0.611) 034(0.797)  237(0.767)  0.20 (0.877) 0.62 (0.472) 3.524
40 1.89(1.189) 0.36(1.410)  2.41(1.534)  0.20(0.877) 0.64 (0.996) 6.006
50 1.76 (0.116)  0.31(-0.123) 229 (-0.767)  0.17 (~0.439) 0.62 (0.472) ~0.741
60 1.73(=0.132) 0.29(-0.736) 227 (-1.150)  0.14 (~1.754) 0.60 (~0.052) -3.825
SRBURE/C 20 1.82(-0.498) 0.32(-1.294) 2.39(0255)  0.25(-0.791) 0.62 (0.359) ~1.969
35 1.97(1469) 033(-0.755) 2.41(0.680)  0.24 (~1.581) 0.57 (~1.886) ~2.073
50 1.89(0.420) 0.37(1.402)  2.31(-1.445)  0.27 (0.791) 0.63 (0.808) 1.976
65 1.87(0.157) 036(0.863)  2.34(-0.807)  0.27 (0.791) 0.63 (0.808) 1.812
80 1.74 (~1.547) 034 (-0.216) 244(1.317)  0.27(0.791) 0.61 (~0.090) 0.255

T4, BHT#%%E, Z-score bpELALFEEE (38 2).
CREVEr RS HUR FE AR TE I, HA SRR
HUREE, B, AP BN 226

2.9 N EEMAHAFRRIZRAE

29.1 WKW HER EFERHEERSE (A,
Wkt (B). #EEUEE] (C) NEARE, 5 FiEL
BEH R & BIVLEREEERRBAE (R, 3T
Box-Behnken {56 % i1 (58 3).

29.2 HREZENM ST FIH Design-Expert 8.0.6.1
By ik 2 W AT R TS, g 2 k%
JClEH 77 FE R=4.51+2.4 A—3.6 B—0.37 C+0.065
AB—0.62 AC—0.047 BC—2.4 A>—4.94 B*—2.24
C?, EARH (P =0.9980, A% ZREHN 0.995 5,
KT EEEL, WK RERVD, A ] H
T 5 PR G R & B LR G 5 (0 2 A AT
o 77 Z2 43 BT (R 4d ] Jn, AR 1 2% (P<<0.001).
KT EZE (P=0.6070). [BIFATTFEH B EHIEE
By, —I AL By C F12 RI0 A2, B2, C2A MR
R . A2 HIAC AEET, AB fil BC AAE
FW. 4E ERTIR, &R LA TR S N R EE

(B) > HEARIE (A >HEU A (C).,
2.9.3 EAERRECTZSHTM SR &
DRl 20 i AR ) SRR A, SRR ERRE, IR
VEFIRR R . [RIRS, ot i Pl 0t s B R 2K (] A
fhiads, BiERRAR AR, S5RILE 2.
AR FL R 2R SR AN R AR A A, DL S FhoR 2
Bt 2R & R OB N H AR, K H Design-Expert
8.0.6.1 Mt WA EINSEI T ZSH 0N iz
IR 55.14%, WORIEE 46.39, FEHUKE 38.50
min. fEMLERAE N, 5 PP L BEH AT PR SR B0 T
438 5.800,
2.10 I&IFSELE

T REMSEIG 45 R, IR, B R E AT
P, ¥ L ZSH0REE N F BRI 55%, ORI
46, FEHUETE] 39 min, ER 3K, ERNES.
S A SE BT bR UE L AL B R 455V N 5.963,
SRIE 5.800 A2 2.81%, W7 FEILA BT,
Ak G IR T2 &, .

¥ (P EZGH) 2015 SRR AT 9 S
i GBRHEG 50, HEEARFA S EL 50%, A HREL
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Table 3 Response surface experiment result (brackets for standardized processing of test data)
in am B O 5 FK ZREET R A T B % i
MRHFH  WREHA BEAREHE RBEAHEHE 2-LMEBEENE
1 40(-1) 50(0) 30(-1) 1.68(-1.955) 0.29(0.263) 2.14(-0.718) 0.26(1.214) 0.42 (-1.531) -2.728
2 40(-1) 60(+1) 40(0) 1.74(-1.158) 0.17 (-1.802) 1.95(-1.939) 0.02 (—1.843) 0.44 (-2.317) —9.058
3 60(+1) 60(+1) 40(0) 1.71(-1.556) 0.27 (-0.081) 2.23 (-0.140) 0.04 (—1.588) 0.50 (—0.745) —4.111
4 50(0) 50(0) 40(0) 1.91(1.103) 0.36(1.468) 2.44(1.209) 0.21(0.577) 0.62 (0.433) 4.790
5 60(+1) 50(0) 50(+1) 1.82(=0.094) 0.31(0.607) 2.26(0.053) 0.22 (0.704) 0.57 (—0.058) 1.213
6 60(+1) 40(-1) 40(0) 1.83(0.039) 0.35(1.296) 2.32(0.438) 0.21(0.577) 0.67 (0.924) 3.274
7 50(0) 40(-1) 30(-1) 1.90(0.970) 0.27(—0.081) 2.21 (-0.268) 0.18 (0.195) 0.60 (0.237) 1.052
8 50(0) 60(+1) 50(+1) 1.76 (-0.892) 0.19 (—1.457) 1.93 (-2.067) 0.06 (—1.333) 0.50 (—0.745) —6.495
9 50(0) 50(0) 40(0) 1.90(0.970) 0.29(0.263) 2.36(1.017) 0.24 (0.959) 0.68 (1.023) 4.231
10 50(0) 50(0) 40(0) 1.89(0.837) 0.31(0.607) 2.38(0.824) 0.29(1.596) 0.64 (0.630) 4.493
11 60(+1) 50(0) 30(-1) 1.84(0.172) 0.30(0.435) 2.41(1.017) 0.23(0.832) 0.66 (0.826) 3.282
12 50(0) 50(0) 40(0) 1.87(0.571) 0.32(0.779) 2.41(1.209) 0.21(0.577) 0.68 (1.023) 4.159
13 50(0) 40(-1) 50(+1) 1.89(0.837) 0.21(-1.113) 2.27(0.117)  0.12 (—0.569) 0.70 (1.219) 0.491
14 50(0) 50(0) 40(0) 1.92(1.236) 0.36(1.468) 2.41(1.017) 0.19(0.322) 0.66 (0.826) 4.868
15 40(-1) 40(-1) 40(0) 1.82(—0.094) 0.25(—0.425) 2.21 (-0.268) 0.12 (—0.569) 0.57 (—0.058) —1.414
16 40(=1) 50(0) 50(+1) 1.86(0.438) 0.22(—0.941) 2.19 (=0.397) 0.09 (—0.951) 0.53 (—0.451) -2.302
17 50(0) 60(+1) 30(-1) 1.72(-1.424) 0.20(-1.285) 2.08 (-1.104) 0.11 (-0.697) 0.45 (—1.236) —5.746
x4 HENH
Table 4 Analysis of variance
TIERIE  CFITR BHE BT F1H PME | TTZERIE CFO7M BBE ¥ FE PH
A 314,610 7 34.960 396.59 <0.000 1| A? 24200 1 24200 274.54 <<0.000 1
A 45.890 1 45.890 520.61 <<0.0001| B? 102.670 1 102.670 1164.84 <<0.000 1
B 103.770 1 103.770 1177.32 <0.000 1| C? 21.210 1 21.210  240.67 <<0.000 1
C 1.090 1 1.09 1237 0.0098| #%= 0.620 7 0.088
AB 0.017 1 0.017 0.19  0.6748| RIYI 0.210 3 0.070 0.68  0.6070
AC 1.560 1 1.560 17.66  0.0040| 4Rz 0.410 4 0.100
BC 8.836 X107 1 8.836 X107 0.10  0.760 8| KA 315230 16

P<0.05 NEET, P<0.01 AHkEE

P <0.05 significant difference, P < 0.01 more significant difference
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Fig.2 Optimized response surface map of extraction process of C. deserticola
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Table 5 Results of process verification (brackets for standardized processing of test data)
BoEAtIk TR Liavhoy

Fa R5GH WIKEH A BEIERH FBEALEE 2- LI FE B AL
1 2.19 (1.560) 0.33 (0.146) 2.57 (1.176) 0.34 (1.678) 0.73 (1.214) 5.775
2 2.34 (2.389) 0.38 (0.325) 2.63 (1.462) 0.29 (1.117) 0.64 (0.318) 5.611
3 2.22 (1.726) 0.34 (0.182) 2.75(2.034) 0.27 (0.893) 0.79 (1.812) 6.646
A 2.25 0.36 2.64 0.30 0.72 5.963
2% 1 2.07 (1.357) 0.24 (0.112) 2.64 (1.021) 0.32 (1.326) 0.72 (1.224) 5.040
2k 2 2.21 (1.756) 0.23 (0.109) 2.70 (1.261) 0.33 (1.483) 0.71 (0.602) 5.211
2k 3 2.11 (1.457) 0.24 (0.213) 2.64 (1.018) 0.35(1.623) 0.71 (0.717) 5.028
A 2.13 0.24 2.66 0.33 0.71 5.093

40 min) & AR R 3 M EERERG I, SR ER
IS aE RIAT IO . A 3R I T2 L 2 BV T A3 1
5 PP OB R SR A VR i 0.87, A iR 2
HHRILRE 1R SR 46 R0 B SR 5 B NP FR A
AL T2 25 ik 2.08%, £ 03 7% 5
i DA 2 i B R 10 B AR I R NV $R
b, ARACHIERE T Z L2 0K 0.75%, TEHEZ%
o BAERSIERE R B, 25 A R R L 5 A
3 PR EE B ANEAR . Rk, MRACE R 2P
W AT SRR A TR, e S TR 2R A R FR B T
BT A LA
211 ARIFIBEIZARETHMAEE

B AR AR EE S )R A 4 mm (IR Fr, $%hn R
VEHEAT AL FE

(1) WiT: FERHOE R EARG, 5E 2541 &K &4
th, BE K ERT 10.0%H 254 & H

(2) BT fEEIR 253 CHEMTF, #%HT
WARZE, WM EKE, BEKERT 10.0%1
i H

(3) T BHRARESHET 40, 60, 80,
100, 120 CHAFTHA, HEKEMT 10.0%H)
M.

(4) BT 7680 CUKFIKINAETA 1 h
J&, BTHETRETENS (AT 600 Pa. A%k
56 C), T 12 h 5B . BASH T R
(140 PR A 28 4 e 2 TR 925 B A R B B T 25 S 40047 42
B, % “2.27 Tk 23 aT A il o

IR 6 SE R, ANFEFEIEN S TR s
FEtF R AT . Hr, FESEEERES
BEHREKTEMZER 45 %, BEEAE TR SRS
RAREEAAZEIR 115, MEF RS SR E RIS
BHZEL 3 5,

*6 ARTHERARNTRANEHRD S HRCEFLXRENBUELER (n=3)

Table 6 Determination of mass fraction of five phenylethanoid glycosides from C. deserticola in different drying methods (n = 3)

FEsE/ (g g™

AR VBN
FAR B H AR A BEACHEY BRI 2- LR B S T

i+ 4 832.587° 710.534° 10 224.817¢¢ 38.034¢ 2485.543¢
i+ 7 069.126° 930.701% 13 619.880°¢ 1392.057%® 3 482.823¢
40 CHET 6 031.002° 2 630.170* 3 999.760° 641.8320¢ 4 468.848
60 CHET 8 034.979° 2 675.116* 18 738.615%4 557.911% 6 441.495%¢
80 CHtF 14 425.7722 2 679.503* 25 401.254b¢ 1356.051% 8500.003%
100 ‘CHETF 8 677.509° 2704.355% 23 821.763% 1742.931° 8 142,917
120 ‘CHEF 4991.590° 1 183.523% 24 296.983b¢ 1 033.144° 6 105.496%¢
BT 14 028.612° 1 883.523% 44 407.415° 507.711b 4 757.285b¢
P 0.004 0.107 0.002 0.001 0.019

51 PAEFR A 2 WE S, FFIAE 7R RR B A 2 57 5 2% (P<0.05)

P values in the same column show the inter-group differences, values in the same column followed by different letters show significant different at P <0.05
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2111 FEITEST T BRI A F
BT IERT R 5 PP B SR R, SR
SPSS 20.0.0, #iE 8 FhH1E X NHLE, 5K
CWEE R R BONR A &, 3T R
T (R 6). MM RERM, FRIWKEE A Mo
Ab, AT A Hosth 4 R 2 TR B
BEER . WHKREWNTTRELT, BRESIERE
H R4, HoAth 4 Fhok 2B 2800 i 2 2 BUR AR,
A EEER (P<0.05). KWHRHEL 80 CHTT
BN, BREBESAENE Saah, HAh 4 Fhox 20
R R ES B m, ZRRE (P<0.05. 1&
Fi T b RO A oy 2 R AR
(P>0.05), VAT ET S RAREE A S8

WK
2002 RIHT T R TR AT

g5, KM SPSS 20.0.0 Xf 5 Fik ZBEH R/ #E4T
R (B 3D RAHIAERGE R J7 R
VENSRE M7 2lm FHEAE 5 I, 4§07 508
N33 Hrp A 2K WETL Bl 40 CHETRK
HEH—3: BE: 100 CHAF. 120 CHA. 60 C
Bt 80 CTHEF#HIIR N —K: C3K: BikETEMA
2. MIEFERT 10 B, A 81 B 8% H]—
e Wi B+, 40 CHFL 100 CHEF. 120 C
M. 60 CTHEF. 80 CHETEIR L 133 1)
FEMERBOAH R, R BT SRAL.  TTv R R R
BSOS R HUR] DA VR T AR AR A
st U o
2.11.3  FERH b (PCA) KA SPSS 20.0.0 i
17 PCA, HIZR 7 AIAIHT 3 A s RFATT ZE ik
N 93.269%, HIILATERAET 3 N T HE S A
g, PFrCAET 3 AMEHEN TR AT . AR
XHT 3 AN o B TR P R AT 46 PR 28 A R R AT
AR TEATHRERE R (Bl 4. £ 8), H,
BR=SF 77
0 3 10 15 20 25
-
]
40 CHF—
100 CHEF
120 "Ci}iﬁr‘}
60 CHET
80 CHEF—
BT 1
B3 ARFRARNBAREERRESH
Fig. 3 Cluster analysis of C. deserticola samples by different

drying methods

®7 FHHESRMGETHE

Table 7 Eigenvalues and cumulative variance contribution

rate
RS FHEEH FERERE% R ETERE/ %
1 2.749 54.981 54.981
2 1.193 23.861 78.843
3 0.721 14.426 93.269
4 0.248 4.951 98.221
5 0.089 1.799 100.000
1.0
B REERET
o
0.5- o WA BAH
(o]
& 04
= BT A
o (o]
—0.51 o 2-CEREEEIENE
LA
_1.0_
05 -0.5
sy 103 05 3105 3
B4 ERPETESE
Fig. 4 Principal component load scatter plot
*= 8 WA TFHErAERE
Table 8 Initial factor load matrix
5%y 1 2 3
A5G 0.796 0.488  —0.096
AT A 0.740 -0.334  -0.563
B 0.622 0.709 0.212
SESICHET 0.613  —0.494 0.592

2L B SR 0.897 -0312  -0.002

2- AR ESTENE . MR . AR A 7258
1 Eo EAR A, WS 1 s E Rk
X 3 MEE . BEIERE RS 2 Tl AR
AT, AR ESERE T (S B R B RTE S 2
B o R, B3 A BB R LR BN
5 R WIEALL, ATLAEE 3 AN 7155
PR F1=0.289 X1+0.269 X>+0.226 X;+0.223
X440.326 X5; F>=0.409 X;—0.280 X>+0.594 X;—
0.414 X3—0.261 Xs; F3=-0.132 X;—0.781 Xo+
0.294 X;+0.820 X;—0.003 Xs. Z&159 (F): F=
0.549 81 F1+0.238 61 F>+0.144 26 F5, iSRS
HRZER 7, HHF (RO HEAE 1 WG T
KR, A 2 880 CHET, HFAHE 38100 CF
1, HE4 4 28 N 120 CHET. 60 CHET. BT
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W, 40 CHET. BUbn W, WikTERNRETR
i, 40 CHCT R ZE TR DT 5.

2114 EUMEE N B UMEZR 2 E S E &
A (B) Mm% mE (W, HHE SRR

B (d) Mg AmMES (), FirEEYME (C)
HHEF, CEMENE 0, PEERIEEY. & 10 BLH,
AR TIETT ORI, Hk O 80 CHET,
BZENA0 CHEF X 5 R A PCA 45 R —3K.

®9 AEFBEAREXNME. RETISHF

Table 9 Principal component values, comprehensive scores and ranking table for different drying methods

F 4770 Fi P> F3 F Her
A+ 4717329 7 186.647 1 836.999 13 740.975 7
FAF 6 817.258 9235.557 3 475.281 19 528.095 6
40 CHT 4954394 2 674.002 -1 161.430 6 466.966 8
60 ‘CHT 9 500.984 11 755.806 2797.433 24 054.222 5
80 CHT 13 703.918 17 458.319 4557537 35719.774 2
100 CHE+ 11 662.255 14 095.134 5150.841 30 908.229 3
120 CHtF 9 472.838 14 121.326 6 388.953 29 983.117 4
BRI 16 261.107 30 136.477 10 135.023 56 532.606 1

®10 BYMEERGESITFNMER

Table 10 Close value method comprehensive evaluation

result
T 77 5 d; I; G HeFp &t R

iy 0.613  0.087 9.497 7
T+ 0.522  0.161 7.968 6
40 CHET 0.651  0.090  10.101 8
60 CHET 0.435 0256 6.451 4
80 CTHLT 0.265  0.487 3.434 2
100 CHET 0362 0332 5.190 3
120 CHT 0.463  0.288 6.837 5
BT 0.064  0.667 0.000 1

3 it
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15 B 5 PR LT 2564 AR AR 43 3 55.14%,
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80 CHETHES, (HEEALHETT I &0 /E 80 CHt
FHE SR T AR TR . Bk, 80 CHET
FE 4 FhOR I R o B 50 B8 e TR T 1
R, (BERAREE . IR TR B ST 5R
BOHET 80 CHETRES, HERAEAEEME.
PCA T YMEIE D HTHRR B 40 CHETHRE S o
R EZE, HUCHIT. BT, HEMERIX —45 R
[ R X 3 My T R Ak, T 28
AT (A1 ECRT, PR R A RO F oA £ R /K A
(PIBGAR Bl 56 4 KE, dREdAT ROV . X —45 R 5 R
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WA FIRTEE N+, BA T2, WARAE



* 3630 °

¢ %% Chinese Traditional and Herbal Drugs

FE50% F153 201948 H

HIPR e (BT TR TR, HON - RAER AL
e AWPRAREY], KRB IR 1
T, RERE TR E) L $R s TR R A AT
PR AR GER T R A B, 1T LB I 2 4R e AT A
KOBHREA WG, [EFRIIMRRZM . %
JERF O, RATE I 2 AR 80 "CHE
TORRAET I . A R Mo iU %
FEAN AT 2O RACR o B ) 22 5%, il B
RANTIT TR 22 0t RUIRER 25 8L 29 R0 520

S3EHk

[1] HEZ# [S]. —#E. 2015.

(2] AbEEEE, A%, BERZE, 5. “UBIANZT WIREM
BIRHE bR [J]. EOAR, 2012, 21(2): 286-293.

3] EBA. BRI P OR S ) S ORI R FLR fig 4l
tETEWIFT [J]. HHHZY, 2014, 45(16): 2344-2348.

[4] Bk %, BROH, WETX, & RRERTTFEE ().
TN IT, 2013, 36(6): 469-475.

[5] Wang L L, Ding H, Yu H S, et al. Cistanches Herba:
Chemical constituents and pharmacological effects [J].
Chin Herb Med, 2015, 7(2): 135-142.

[6] Boakye-Yiadom M, Han L F, Li W, et al. Chemical
constituents from stems of Cistanches deserticola [J].
Chin Herb Med, 2016, 8(3): 293-296.

(7] &R, BEEE, AZ%E, & T W R
AP Z 4 I 17 2 PR 1 4 5 S DR AT (3],
24,2018, 49(1): 173-178.

[8] Morikawa T, Pan Y, Ninomiya K, ef al. Acylated
phenylethanoid oligoglycosides with hepatoprotective
activity from the desert plant Cistanche tubulosa [J].
Bioorgan Med Chem, 2010, 18(5): 1882-1890.

[9] Nan Z D, Zhang M B, Zeng K W, et al. Anti-

inflammatory iridoids from the stems of Cistanche

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

deserticola cultured in Tarim Desert [J]. Chin J Nat Med,
2016, 14(1): 61-65.

RE, £, RE, F W EVEIACS K
TSR s — A T2 5 [J]. hHEZ, 2018,
49(20): 4753-4759.

GEHEE, BRYSTS. WA N A IR AR T 2 T T R K
AR &[] B LR 5 4, 2011, 17(19):
296-299.

Xu Q, Shen Y'Y, Wang H F, et al. Application of response
surface method-ology to optimise extraction of flavonoids
from fructus sophorae [J]. Food Chem, 2013, 138(4):
2122-2129.

&M, B W, FhF 77, %5 Box-Behnken -
MERAEAREE PRSI T2 [1]. 2, 2019, 502):
382-387.

X, PRI, RATIR. WS EAE AL T 2 ST
ZHRIRH P e EYG T, 2014, 32(8):
1960-1962.

B 5%, Bk, BREM, % BTGB EERNIE
ZZHk FH Box-Behnken 1110 B V2 AL 40 35 22 A Bl 5
TEWR [J]. HZE, 2018, 49(8): 1823-1828.

mkf, 2R, £ 2, 5. Box-Behnken M [y
DL AN RS I T2 [J]. T 52, 2015,
46(8): 1151-1155.

2 IR F 4B K, % EARh-mEER AR
MM EERE SN & LZ I hEZ, 2014,
45(11): 1540-1544.

TUEAE, PR, DUREE, 5. PUACEM BRI 7E 2t e
[0]. BRI 51K, 2015, 30(6): 737-741.

FkE, KEE, KL 7), . Box-Behnken MiNi[HI %
AR TSGR T & (&FH) Wi LE
W [J]. EZ, 2015, 46(5): 671-678.

JEERAL, SR, % WE. RIA Excel #HAT#VIMEELS
EVEY [ EEBAIETAE, 2010, 4(4): 186-187.



