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Abstract: Objective To study and optimize the preparation method of test solution from Panax notoginseng. Methods The effects
of extraction solvent, liquid-material ratio and extraction temperature on the optimization of the preparation method of test solution of
notoginsenoside and ginsenosides in P. notoginseng were investigated by Box-Behnken response surface methology. The content of
notoginsenoside Ri, ginsenoside Rgi, and ginsenoside Rb1 was simultaneously determined by HPLC. Results The optimum method
was as follow: 75% methanol was used for once reflux extraction, the ratio of liquid-material ratio was 1 : 40, the extraction
temperature was 100 ‘C. Conclusion The optimum preparation of test solution is simple and feasible, and the extraction rate of
components is high, which provides a reference for the preparation of test solution from P. notoginseng.
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G AR TR B, CREZGHL) 2015 SERR
s w1 SRS W o 1y B s W =1, £ 72 i ot
EAF Ri. AZ BT Rg MAS 2F Rby F2BUCE
ik, X0 =M. =tk A& =t mmES i
FR BEARERIT A ARG . HATE A/ R 3R S
IS FemE |, ¥ Box-Behnken ¥it-0a M HVENAL =
Y e A R N O G I M R o 1
il L S B AR A
1 XEEHR
1.1 &8

Ultimate 3000 /& RGRAH (354, Z2BR /R B}
HAF, BIFNTGREREE. BEBsH. 5l
HEAERS . FEIEAE . DAD K 2% . Chromeleon 7 A1l
TAEuh; SHI-4 fHIRBEFEKITER, VLI &IET 54
IX#8) "5 PA100SD HLF 43 i R-F, EilgH AR
WHIR AT, BT-9300HT OGR4 AL, FHARE
R AR PR A A
1.2 X%

=LA ZREATEEARMBARAR, &
TR BR 24 K 5 2 AR B0 % e S HOIEHE ) =&
Panax notoginseng (Burk.) F. H. Chen [FJ 4R, it
1701166; X5 =L 2 Ry (b5 DST171109050)
ANZ AT Re) (L5 DST180323009). AZ 2+ Rb;
(it5 DST180131006), Jifi & 43 513 =98%, I H
RS R E MR A IR AR ARKAR =,
B, R BRI A A =Bk T
i (A5, #it5 180901; B %, #t'5 160108);
kg I, kg AN, ik,
2 FEESHER
21 =tHEELXRINEENE
2.1.1 A AEHESS Thermo Syncronis Cig
FE (250 mm X 4.6 mm, 5.0 pm); VAN ZHE-7K,
B FEBEE : 0~25 min, 24%~40%Z. i ; 25~30 min,
40%~24% LM Bl K 203 nm; #EFE 20 pLs
WA E 1.0 mL/min; #Ei& 25 C; BB EEHRELLL
=B Ry T ENAMLT 4 000.
2.1.2 SRR SARIGH S RS AREON B =R
#H Ri. AZEH Rgiw ASEFH Rbi &R, PR
FIEE=E2H R, 0525 0 mg/mL. AZ 21 Rg
1.580 mg/mL F1 A\ 2 21 Rb; 0.992 5 mg/mL KR &
PORIGRTIN S
2.1.3 A& BURSRAR (G 4 50
0.6 g, MEHRE, HEMAFE S0mL, e,

EERA, B 80 C/AKM LARFFRE 2 h, BG4,
FRE R, IR R, R, JEd, H
SRYET, B

2.1.4 TR 2GS IR A IR
SRS 20 L, % “2.1.17 TR A& 1F
HERE, M. SREFP=LEH R ASEFH Rg
FINZ 2 H Rby BB AK A 6.380 7.620.
18.983 min, X8 -5 a5 AR 7 7 5 R
I (R>1.5), iK1,

2 3
A 1
2 3
T T T T T T T T T T T
0 6 12 18 24 30
t/min

1-=ERHF R, 2-AS i R 3-ASEH Rb,
I-notoginsenoside R; 2-ginsenoside Rg; 3-ginsenoside Rb,
E1 RAXMNRS A) M=t#ilH (B) B HPLC &
Fig.1 HPLC of mixed reference substances (A) and sample (B)

2,15 AMKRRFL kEER “2.1.27 BiIF
X R SV, IR R R . FCH R =R R R
WIE /51N 525.004 262.50. 131.30. 65.63. 32.81.
16.41 pg/mL, AZ 2 H Rgy FUEHRES 04 1 580.00
790.00. 395.00. 197.50. 98.75. 49.38 pug/mL, A
Z 2 H Rby BUEIKE 53 7108 992.50.496.30.248.10,
124.10. 62.03. 31.02 pg/mL HIEW . % “2.1.17 T
O LEERE, AN TN =2 R
A=74.543 C+1.6809, r=0.999 0; A3 &+ Rg:
A=91.932 C+1.8447, r=0.9999; AZ '+ Rb:
A=79.685 C+0.188, r=0.999 9. ZE R LW =L
H R\ AZR2H Rgs AZBH Rb 70 AIE 525.00~
16.41. 1580.00~49.38. 992.50~31.02 pg/mL £k
KARL -

2.1.6 REHFEEIAL  RERRA “2.1.27 TR 61
TREXT IR 20 pl, % “2.1.17 TR ek
HEFE 6 IR, S 6 d HEHFENE, dsRIEmAR, THE 3
FhE IR H N AN H [Ag % FE 45 R RSD fH, 4553
W 1, 3 Pl E Ao I AR H AT H R %
RSD<C0.5%, FREALCESHE 2 T R AT
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x1 KFEE. REMMEEMZRER
Table 1 Results of accuracy, stability and repeatability

o K% RSD/%  Fawtt HEM
HpP Ha  RSD/% RSD/%
=tHEHER 024 021 2.55 0.31
ANZRBHFERa 038 029 1.37 0.26
ANZBHFRL 012 0.6 1.36 0.35
2.1.7 FoEtEilEe  HL “2.1.37 TR ks A 4t

REERL 9T 00 1. 24 4. 8. 12, 24 h #Eff
M, ICFABARR T VET A, SR EK 1, 3 P
AT RSD<3%, FHMHRAMIAWTE 24 h
WEAE

2.1.8 FEEMRE % “2.1.37 TR HIRPATH %
6 MR I, % “2.1.17 TR Mg RE,

SRR 1, 3 FhEFRAMETA RSD<0.5%,

KWL EE M RIT.

2.1.9  IFEFEISCRIREE BB RES 6 . BRD
0.6 g, FEWE, FAREMA 10 mL =L H
Riv AZ B Rg MAS B Rby JUEIKE 55N
0.525 0. 1.580. 0.992 5 mg/mL F%} S . 4%
“2.1.37 TR VAR, & “2.1.17 TR ik ik
FE, iPH =LEH Ri. ASEH Rgw ASEH Rb
3 R A BT 2 0 A TR 4y O 102.21%

95.35%192.64%, RSD 43714 2.01% 1.68%-+2.13%.
2.2 BERIW

221 #EEOTARIFELE MK 0.6 g, FEME,

DR 50 mL, Z»AlBLER (40 kHz) $2HC2 h Al
80 CHIAHEHAL 2 h 2 FhE 7 kAT #5160, &
SPAT 34, BRI, HUSRIEWR, MkHERE, SRR

2 fin, RYENRREEEN T =LE2H Ri. ASE
H Rgiv AZEH Rby MIRDUER K, #UE P
KAERIER. =-CR2HRESEON 3 B2 TR
R HCZ AN,

222 RELXREFEL UMK 0.6 g, FEEWE,

I 50 mL FIEE, 80 C/K¥H HIFIREL 2 h, JE
ib, JEWARVEHERE . BRI, N 50 mL HEEF -
FAFPEEL S R, HIME IR P B H R TR, 4R
=B AEAFERR 1 )5, =LE8H Ri. AS
EAF Rgw ASEAF Rby BOIEARB L, #5807
FORBREL 1 IR

223 FREUATIELE HUBMK 0.6 g, FEHFRE, 5
AN 50 mL HFEE. 80%MHEE. 60% FEE. 40%H
B, 20%FEE. 4li/K, M4F47 3 K, 80 C/KEH
PSR 2 h, P8I, JEMUIENE . SR NEK 3,
J& S 5T AR AR 43 B0 100%~60% .

224 BHREEES BUHK 0.6 g, FEEME, 7090
TONEEE 6. 9. 12, 24, 48. 72. 96. 120. 144,
168+ 192mL (1:10. 1:15. 1:20. 1:40, 1:
80.1:120.1:160.1:200.1:240.1:280.1:
320), BT 3K, 80 CARMHHIFIRE 2h, 3E
it BERRIEEAEI . SR 4 PR, JREEA
R EE N 12 10~1 © 40,

225 REUREHESR BUHK 0.6 g, KERE, M
AHEE 50 mL, Z351F 40, 60, 80. 100 ‘C/KisT
PEHL 2 h, JEI, JEMKIEEERENE, BYPAT 3
o SRR 5 i, 458K 60~100 Cla] 3 F
EATRIRECR R, WU SR SRR 2 5
7£ 60~100 C.

*2 TERBARTEREIHNRENE (X £s5,n=3)

Table 2 Content of indicator components by different extraction methods (X £s, n =3)

PR =-HLEF Ri/(mgg™) AN BH Rg/(mgg™) NS BH Rbi/(mg-g™) =B REH/ (mgg!)
B P R 6.04+0.23 36.63+0.29 33.36+0.03 76.03+£0.48
[m] 2 7.2040.44 42.234+0.31 37.2840.06 86.7120.20

#3 AERBATITIRERSWRESIH (X £5,n=3)
Table 3 Content of indicator components by different extraction solvents (X *s, n = 3)

W =21 Ri/(mgg ™) A& 21 Rgi/(mg-g™") A& 21 Rbi/(mg-g™") =LA EH/ (mgg™")
F 6.7140.32 36.024+0.85 28.15+0.81 70.88+1.98
80% H % 10.8740.29 46.7240.40 32.79+0.21 90.38+0.67
60% H iz 9.9440.91 43.26+4.30 30.10+3.73 83.30+8.84
40% H 7 8.76+0.71 37.18+2.29 28.15+1.36 74.09+3.00
20% H % 10.17£0.20 43.96+0.05 26.62+1.73 80.74+1.59
alizK 9.3040.14 39.104+0.86 2021+1.12 68.62+0.66
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x4 TREBLRLETHEGRINRESY (X £5,n=3)
Table 4 Content of indicator components at different liquid-material ratio (X *s, n = 3)
R L =-BRE#H Ri/(mgg™h) NS RBH Rg/(mgg™) NS BH Rbi/(mgg™") = tREH/ (mgg")
1:10 11.4240.11 39.71+1.98 29.88+1.07 81.01%3.16
1:15 11.02+0.68 37.161+0.71 27.81+1.20 75.98+1.81
1:20 10.8740.35 43.09+0.62 32.334+0.70 86.28 +1.43
1:40 9.631+0.32 39.36+3.21 27.45+2.98 76.44+2.55
1:80 8.28+0.08 38.794+0.92 27.17+0.95 74.24+1.80
1:120 8.31+0.52 33.22+1.51 37.10+3.82 75.831+3.96
1:160 7.254+0.35 40.361+2.29 29.41+1.37 77.01+4.01
1:200 6.361+0.05 32.64+0.11 34.171+0.63 73.171+0.58
1:240 6.061+0.57 34.01%2.05 33.70+1.19 73.77+1.43
1:280 5.03%0.10 30.7710.61 29.26+1.58 65.0610.87
1:320 2.69+0.28 33.854+0.71 28.59+0.58 65.13+1.20
x5 TEREEE THESRBIHREDSH (X £s,n=3)
Table 5 Content of indicator components at different extraction temperatures (X £s, n = 3)

%/ C =tLEH R/(mgg") ANZEH Rg/(mgg™) ANZEH Rbi/(mgg™) “tHEEH/ (mge)
40 5.934+0.39 32.20+1.02 26.19+1.10 64.32+2.51
60 6.57%0.06 34.42+0.22 27.194+0.15 68.194+0.05
80 7.20+0.44 42.234+0.31 37.28+0.06 86.711+0.20

100 7.70+0.46 38.1540.51 27.841+0.43 73.69+0.79

2.3 Box-Behnken Mg N E R ALIREN T 2
2.3.1 MRS TE R R R R R SR A
IERE b, DAREBGAR (XD BHREE (). $E
WA (X)) fERESEN, D=t EiEni
(Y, BRI 3 PRl &0 8z A Ny NAE AT
Box-Behnken M [ 11, [FZ A KF LK 6,
KH Design-Expert BT 5iHRE0 77 %8, X2
BOAR BRR LG SRBUR BT, SR AEK 7.
232 IR KA Design expert 10.0.4 %X
PR EAR AT Z H B i, 433 2 B 2 W07 R
N Y=80.10+0.96 X;+3.09 X>+4.01 X;—3.81
XiXo—1.16 X1X3—1.83 XoX;—6.78 X2—1.76 Xo*+
0.33 X3%, JZEMHT IR 8. P<0.05 NEFHI. P<
0.01 MM EZET, mTLURBSREGRE (X)) N E

Fz6 FEFRKFRX
Table 6 Factor level table

K LEs -
Xi/% X2 X3/C

-1 60 1:10 60
0 80 1:25 80
100 1:40 100

EI0, BREEE (X)) NEZFEDL REIUER (XD A
ANEFE, 2 WIiH, X? (P=0.000 8) N
T, RPFRIEIRSWPBIAZLMIERR: A
XD HERE L (X)) 022 HAEH .3 (P=0.018 6.
PR B i 2 M5 (P=0.004 3), HARMATEEAR
BE (P=0.1577), UiW] IR REECLT S 455 %%
BbR- S SR ) OC R, BETI AN AT =L 2 A 2R
BP0 [FHTFREH 2=0.920 0. Rug®=
0.8172, FUNZMAI AT AR 81.72%M NAH 1324k,
AR, AR AR (CV) =3.28%, WWiZT
RS

. F Design expert 10.0.4 B2z il 5 i b o0t i
PAEAR R =i B 555 sl SRLE 2. |
PAF AT B 2 A R EUA RN 76.69% FEE, KK
EboA 10 33.03, $#REUEEA 100 C. B Sprm]
VEME, HHABIE RIRBUE R 75% TEE, BREEEA
1140, $#BUGREEA 100 C.
2.4 IUEIRIE
2.4.1 RIETZHUE  RIERA T ZHEATIAF R
5%, FAT 3 W, E=tLaBERES B BN
83.64. 80.79. 82.64 mg/g, “FIJE N 82.36 mg/g,
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# 7 Box-Behnken M EIRI & IT R LR
Table 7 Design and results of Box-Behnken response surface methodology
F5 X% X2 X/C =LREHR/A(mgg) AZEH Rg/(mgg!) ABBH Rbi/(mgg?)  Y(mggl)

1 -1 0 1 9.94 40.67 28.82 79.42
2 1 0 -1 11.41 39.11 31.07 81.59
3 1 -1 0 10.14 41.47 28.08 79.70
4 0 0 0 8.32 37.11 28.36 73.79
5 -1 -1 0 10.18 41.12 30.41 81.70
6 1 0 1 9.14 38.61 27.86 75.61
7 -1 1 0 8.27 38.73 28.41 75.41
8 0 0 0 7.94 34.96 27.03 69.94
9 0 -1 -1 10.38 43.43 30.20 84.01
10 0 -1 1 10.00 40.12 29.52 79.65
11 0 1 1 9.54 34.75 25.38 69.67
12 0 0 0 8.52 31.45 21.75 61.72
13 0 0 0 10.28 40.81 30.32 81.41
14 1 1 0 10.07 40.71 29.81 80.60
15 0 1 -1 10.05 37.30 27.79 75.14
16 -1 -1 9.90 38.92 28.33 77.16
17 0 0 0 8.84 35.43 25.31 69.57
RS HESH WRIZHAEINE, RT3 Ik, 4R IR 9. 10,

Table 8 Analysis of variance

RIS TR AmE B FE PHE

A 501.90 9 55.77 8.94 0.004 3"
Xi 7.36 1 736 1.18 03133
X 76.32 1 76.32 1224 0.010 0
X 128.84 1 128.84 20.67 0.0026
XX 58.03 1 58.03 931 0.0186"
XiX; 5.41 1 541 087 03827
Xo X3 13.44 1 13.44 216 0.1855
X2 193.50 1 193.50 31.04 0.0008"
X2 13.04 1 13.04 209 0.1913
X3? 0.46 1 0.46 0.07 0.7940
B 43.64 7 6.23
RANI 30.23 3 10.08 3.01 0.1577
R 13.41 4 3.35
MIRZE 545.55 16

"P<0.05 "P<0.01

L TRI{AE 84.80 mg/g #2ilr, FHIZAA HA R =M
WS %, T2 REn1r.

242 AR =D EHTIRITZKIE B
K0.6 g, FEERRE, 7alte (PEZH) 2015 R
=T SRS TR & TR T VA EERE

243 NAFEFK=tRmiEAT IR T ZRE B
K 0.6 g, MEME, 2iliE (RFEZH) 2015 4R
= AT AR T A T VA A T v A B
s IR, BT 3R, ARIE 1.
3 g

HUEAB T I (R E 2580 ) 2015 R =BT~
TrENE T E = RIS & N =R
TR o 1B B R WA, AR A
Box-Behnken ¢ 11- i N [ vE X H gt AT 004k . S256
i, =R Ry ASEE Ry MIASE1F Rby
JR BB BRI A B, AR DA AN 5 T SR
WA WRE . RN B A SR P I R, TRk
G T B o NFRFR IR PR P o RN N 7 B 4 B8
P AT i A, 78 3 a6 iE iR ae i S fik 13
7 R FERAR =B AR R =Bk EeE
55, @ 525 AT ORI, AT DL 3
R =t iabEss = L2 Ri. AS 2T Rg f
NS BH Rby MiEHE, @i (FEZGR) =+
P R ) £ iR — Rk, A =B R
A . A FERLAR =k B IR
3R R EL R ORI, R B ISR A
T HAFAE — T8 200, 1230 R A Fr 4k ST SEER A 7%
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LEEH/ (mgg")

L E B/ (mgg™)
=]
LR EF/(mgg™)

N

(=

.
—_
(=3
(=]

o
S oo /10 s
0, e
40 34 ___‘—*—h__\_‘__/ X/% 100 90 30 - ‘——___/60
3

X3/ C

X,
=EREE/ (mgg")

=hLEEF/ (mggh) = LEEH/(mgg™h)

100

X/C

60 70 8 90 100
Xl/% XZ

2 REUEF (X). BHEEE () FIREURE () KIRE(ER
Fig. 2 Interactions among extraction solvent (X1), liquid-material ratio (X2), and extraction temperature (X3)
*9 TENEZLHIRIMIZHIE (HH8E X £5s,n=3)
Table 9 Verification of extraction process of P notoginseng powder with different particle sizes (pharmacopoeia
method, X £s, n =3)

FE Fi42/um =tLBEF R/(mgg") ASEHFRg/(mgg!) AZEFRb/(mgg') Z=-tLHAZH/(mgg")
WA 1 213.934+7.06 4.71£0.06 31.14£1.04 28.13£0.05 63.97+£0.92
Mk2  170.02+2.72 5.0840.45 31.50%0.14 31.68£1.10 68.25+1.69
A3 103.77+2.78 6.841+0.84 37.11+0.64 29.7740.42 73.72£1.89
Mik4  90.38+8.28 4.55+0.33 30.95+2.62 28.73£0.36 64.23+3.31
ik s 72.7740.13 4.28+0.36 29.77+1.43 26.87+1.94 60.93+3.74
AREN 59.8940.06 4.2940.36 28.64+2.38 27.69£0.75 60.62+1.99

10 FEMFE=tLHORMIZEIE ((RILE, X Ls,n=3)
Table 10 Verification of extraction process of P. notoginseng powder with different particle sizes (optimization method, X =*s,
n=3)

T Hi4%/um =tLBH R/(mggl) ASBEF Rg/(mgeg!) AZBH Rb/(mgg!) =tLEBFH/(mggl)
WAk 213.934+7.06 11.39+0.06 43.1740.11 30.3940.14 84.9540.31
k2 170024272 11.20£0.30 42.01£0.20 30.7440.44 83.9440.94
k3 103.774£2.78 11.72+0.26 42.8640.58 30.9540.46 85.5341.30
k4 90.38+8.28 11.04+0.64 41.9241.23 28.8140.86 81.784+2.73
Wiks 72774013 10.8540.10 41.9440.71 28.8510.46 81.64+1.27

ik 6 59.89£0.06 10.02+0.17 38.53+0.24 28.18%0.13 76.7310.54
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Fz 11 FEFRP=tMERITZEIUE (X £5,n=3)

Table 11 Verification of extraction process of P. notoginseng powder from different manufacturers (X *s, n=3)

R H(mgg ) MAHEFED B (mgg ™)

G
ZERHR AZEHRy ASEERN  ZER8EH ZtEHR AZEHRy  AZEHRL  ZLEEH
ATTF 4412056 2056+197  1628%142  4125%395 12414009 43242029  31.90+£0.08 87554038
BI'%  341%£013 20142070 13762045  3730%129 11162004 4539069 30324014  86.86%0.79

ARSI =B Riv AZ R Rg fIA

Z A Rby & & E JEMEL (hEZ ) 2015 4

FEAE 5 ML A Ky RNA-21 RIK B2 [J]. 80
K22 BEEERR, 2014, 49(1): 48-52.

BT R S R e, AR T e ey (81 XUBKAG, IhFEe, XU, S =LA
(50%), (EAHEIACEAIEI] ARG, AN 73500 et s oo "
. \ . 5| SR, T T oR s, s 1 6-10.

?&g\ ARGIE, ERPERL, PDOy=EROT R [9] LiuZL, Xie L Z, Zhu J, et al. Herbal medicines for fatty
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10.1002/14651858.CD009059.pub2.

S [10] FKAAE, RET, BOIY, & =LEEHUGERRE

(11 HEZ [S]. —#E. 2015. I U7 FFE R BRI R A R IR R B R ARBT I ATT A [J].

[2] Xia W, Sun C, Zhao Y, et al. Hypolipidemic and FRE R TGRSR E, 2014, 34(1): 56-61.
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