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Abstract: Objective To employ the response surface methodology (RSM) to optimize the preparation conditions for ginsenoside Rhy
(GRhy4) and Rk; (GRk;) using the yields as index. Methods High temperature hydrolysis combined with RSM was used to prepare
GRk; and GRh, from ginsenoside Rg; (GRg;), and the reaction conditions were optimized at the same time. Results The optimal
preparation conditions of GRk; and GRhy were confirmed using Design Expert 7.1.6 software as followss: acid concentration of 0.02%,
reaction temperature of 116.4 °C, and reaction time of 2.22 h, respectively. Under the above conditions, the yields of GRk; and GRh,
were 123.56 mg with conversion rate of 61.78%. Conclusion The preparation conditions obtained from RSM optimization are
suitable for large scale preparation of GRk; and GRh,.
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Shimadzu LC-20A =y 80BAH (B4, H AR E
A7) ; Hypersil ODS2 i (250 mmX 4.6 mm, 5
um), KIEMKFIFFEIRAF; EYELA-DPE 2110 &
G e 28 RAL,  H A ZR 50 AL 38 Bl Pk X2 4
Sartorius BP211D R -Fordr K-, 1 [E 2% 2 F
AF]; KQ-250DB M5B A aE e, RIS
WACEAH AT ; BXM-30R A7 205 S 295K
&, BRI AE R AR R WA .

GRg;, HASZIGSr B, HPLC e &
TrE>95%, W T A SIS Y v i AR AR T A
GRhy Fll GRk; % i HAR SR8 % H i, HPLC WllsE
HRR 503 >98.5%. WEMISAEF K, DU EERS
MEE[H; il 20, S5 Fisher A#]; HAh b4k
R e, bRt T
2 FAEEHR
2.1 HmnanslE

HERAAREL 200 mg GRg, B T =M, #ERIN
AN B ERRKE RIS, BAEE T mEKE
By, WO B RREE, R ERRR R, NS
Wa, BABER=ERE, JOH =AM, HREEE
%10 mL, #2724, it 0.45 um JEME, BN
W, FpHEAT HPLC 2047
2.2 MoRzpmEsE (RSM) SLI&IT

LA GRg NFEA, #t—F|H RSM AL A S %
AR 1 B3 £ S 2% A o
22,1 SEERTE B, BL GRks 1 GRhy AR Al
RfEbR, FHERNELL. BRIREE . RMRIRE. MR
i)\ L AT (R S PR o], Sy 7t i 6 R 257K
(PR B . AR PR R SLIR B e A E T
NS HHREFHIEN 3 NEELE, WRIKE
(XD ZRIEE (X)) FUMNEE (X3, LA GRhy

M GRk; WA R 2 FIE N S48y, RAE AT IE
FIH 3 K% 3 7K°F ) Box-Behnken Design (BBD)
WP AL AN SRR R ) % R R4S, R
3 R 3 KPR RAS, WG Zo2 X
7R, i AR, AR A AR
AR

Y=hot AN+ DAL DA,

Hodr Yy AR, BPANSHELREH GRhy Al
GRk; ZEREZ A, Bov B B F1 By 0 0R 3 AN AE &
WA H . 2ot PO R HFARE . Xiv X, N
f4{E, HR#E Design Expert (Trial Version 7.1.6) #Xff
KVPAL B — AL B f e A K A A
B B AR 1 N 2 AR B ) 2% 26 AR L

IR B PRI A UL R KR, F

RLIR AN PR RAS 2 [0 ) R AU 35 1, BRIk S
HE 3R, WERMEHX £s Fn.
222 ASHERBTF GRhy M GRK; IIE  GRg;
AR AL B S P2 AR ) GRhy F GRks K HPLC-UV 7%
MsE®, ks fF. Hypersil ODS2 filikE (250
mmX4.6 mm, 5 um), ZJE-KARBIH, KA
FEVERL, B 0~30 min, 30%~40%7K; 30~37 min,
40%~50%7K; 37~45min, 50%~51%7K; 45~60
min, 51%~55%7K; 60~75 min, 55%~59%7K;
75~80 min, 90%~30%7K ; AR &4 1.0 mL/min,
R 203 nm, #iRN 30 C. ASMRETEA
Z AR 24 GRhy F1 GRK; [, BE 3 illE,
BCPMAE.

FRWE EE IR, R R RAT,
r=0.999 9, HEME, FEE&FRE MRS RSD £
0.35%~0.50%; GRk; F1 GRh, [ h0#E [A] i K 7E
98.2%~102.3%, RSD<<2.0%, % J7yEA] LAH F#
ZLR =4 GRk; Al GRhy [ %€ Bl 5E
223 BEAFE RSM AT IR SR B 3 aE
ANOVA 73t BEHA FERIAHC REUH F S0 A
P ERAG, Hod P<0.000 1 # 0 NIEELF, BT
B EE 3K, BCPME, A x 5 £oR.
2.3 RSM {1t GRg; #%& GRk; #1 GRh,

2.3.1 BBD R R SIS 45 IR, i 520 GRks
F GRhy AR 32 BRI FE (X)) 2RI (X))
R R[] (X3) 3 NMEREKZ. RSM 70 HKH 3
PRI 2K 3 KF 3 15 ANl st (e B2 T 43 B e o e it
LA % GRKs AT GRhy 100 LT 73 B 56 K 35 G
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LRI 1. K 1~12 4D R ss, %
AR il AR A & GRks M1 GRhy 520
13~15 Ay segs, Rk el i 5l
B4R 7 . BBD LI it 54 R W& 1. A
4 Design-Expert 7.1.6 XI5 1 1 SEI0 3R 31T [H1 15
WhE, TR 1 AR

#*1 BBD IWiIH5ER
Table 1 BBD experimental design and results

GRk;+GRh, 4 i /mg
RIS X%  X/C Xyh -
S ToE
1 0.01(-1) 100 (-1) 2 (0) 21.62 29.08
2 0.05(+1) 100 (-1) 2 (0) 24.51 26.65
30.01 (1) 120 (+1) 2(0) 99.34 97.15
4 0.05(+1) 120 (+1) 2 (0) 65.35 57.83
5 0.01(1) 110(0) 1(-1) 2261 21.96
6 0.05(+1) 110(0) 1(-1) 2596 30.59
7 0.01(-1) 110(0) 3(+1) 9822 93.51
8 0.05(+1) 110(0) 3(+1)  42.58 43.14
9 0.03(0) 100(-1) 1(-1)  20.62 13.76
10 0.03(0) 120(+1) 1(-1)  43.68 46.39
11 0.03(0) 100(-1) 3(+1)  41.69 38.81
12 0.03(0) 120(+1) 3(+1)  98.61 105.44
13 0.03(0) 110(0) 2(0) 101.04 108.02
14 0.03(0) 110(0) 2(0) 110.23 108.02
15 0.03(0) 110(0) 2(0) 110.32 108.02
232 RSM wit 54K 0 TS iE RN

F2, 2 AT, HIA P<0.000 1, FoaEAE
ERZE, RUMRERWHNAY (V) 53R X X,
X; 155 R . ANOVA iR ke 2% (R =
0.985 3, FRITFEAI O] LUERE 98.53%M1SLI0 45
R ORI P=0.060 7, XA ZRALE (P>0.05),
Uik 22 1) R AL R 22 51 kD o 152 F=52.13 T A5
RIAEH B . B YUE R (R =0.966 4, £
BRI REST 3.36% A8 b ATl RE o LA AR
FEZH (CV) =10.32 SR kAT i sz mt B
PEFIRTE M. W3R 3 B, il GRks 1 GRhy K]
HREFEZ X, I X 00 (P<0.000 1), HKE X,
IR (P=0.003 8). UL4F, FTLLEHKRT X2,
HAMZRF S8 XM X7 BEREE (P<
0.000 1), XFTFAZHIT, %FF GRk; fl GRhy A fl =
HIFZMAR N XX XoXos XX ZC HAEF

T A Y RT LS B R e EE R

#*2 % GRK; 71 GRh, BISLR T ESER

Table 2
polynomial model of preparation of GRk; and GRhy

KIR PSR AHE ¥y F{E P REM

R 2262878 9.00 251431 52.13 <0.000 1 &3
& 337.63 17.00 48.23

KT 274.80  3.00 91.60 5.83
aliiR 7= 62.83  4.00 15.71

Analysis of variance for fitted quadratic

0.060 7 AN

#=3 TESWMEEARENH
Table 3 Analysis of variance of response variables (¥) and

independent variables (X}, X;, X3)
R HHE  CPIM %77 F1H PfH

X 1 871.53  871.53 18.07  0.003 8
X, 1 492528 492528 102.12 <<0.000 1
X, 1 353641 353641 7332 <<0.000 1
XX, 1 34040 34040  7.06  0.0326
XX 1 87025 87025 18.04  0.003 8
XX, 1 289.00  289.00 599  0.0442
X2 1 368224 368224 7634 <<0.000 1
X’ 1 279672 279672 5798  0.000 1
X’ 1 871.53  871.53  84.69 <<0.000 1

Y=-3 51037410 462.75 X, +58.86 X,+74.24 X;—
46.13 XX, —737.50 X;X3+0.85 XoXs—73 931.25
X°—0.26 X,"—31.15 X5,

Y Wi NAE, BN GRks A1 GRhy A2 s 2 Fl, X
X X 43 5l szl el AR A 1) % GRKs Fll GRhy
1) 3 MR,
233 WA AT S KSRk 15 L
IR AN AT, # A4 B B HAE 3D FH 2D i B
M B, FEArla s IR, 28 X
X A XG0 il AR & GRks Al GRhy RIS
—RRUE, SRR TR AT s W HH 5 0 ST P 5 A
RIAZ TN 5055 : Sm RIMEE, WEERR
2 AMHEE CEE) REEHESE, mERNER 2
MEZE B THEAARE, Bk F:

AR BT eh S RAMER H: X AT X, X
GRg, ¥4k % GRk; f1 GRhy fUmf K, —HER
W42 2 (P<<0.000 1); 17 Xy XF 35 WA sl e,
EZRAEE (P=0.0038),

HE 1-A 7JUEH, A%, X F X A
YEM . X2 X GRk; Fl GRhy AE i E MR 2 E, 5
IR 5 22 43 BT B 45 FRAH —E (P<<0.000 1), B il



© 2210 ¢ ¢ %% Chinese Traditional and Herbal Drugs 35 48 % %5 11 3 201746 A
A B C
120.0
£ £ 2
S N H PR y
. \/ R ‘
11‘5\.6“‘\"”//' 0.04 25~ o 25 _Tis0
X/C 105.0 " 0.02 X,/% Xoh 15 0.02 X% X/h 15 105.0 XyC
A2 B /mg A2 B /mg A B /mg
2.5
£ <
) <
1.5

0.02 0.04
Xi/%

0.04

Xi/%

1 Xiv X, §1 X3 % GRk; #1 GRhy, 4 R 2 H M 2 i [ B A S 2k
Fig. 1 Response surface plots and contour plots of three factors affecting yields of GRk; and GRhy

PRI R R SR E R B OCE EL . )\ 3D M Y
it i BT LLE HBEE X, I, GRks A GRhy AR
FCERETE N 5 X, L, Xy X GRk; Al GRhy A2
B SN (P=0.003 8).

B 1-B ATLURBL T X 5 X WAHEARER, @
R Ty 22 W RS s R MR T AR, —E A EAE
HEREZE (P=0.0038), 4 X;¥is% 2.5 h i,
GRk; fl GRhy A= sl AP0, nTREH T =% 1 #%
&I B i KB, TREFE X, 53] 0.03%, GRk;
A GRhy AERCEIA B KA, S, B X I3,
TR R R R

1-C 7 J NI 8] 5 5 R BE 2 [R] R AF LA
M, ZHRZLHEAREE (P=0.044 2), 2D ZEELE
[, 1F X3i5%) 110 CAEARINE, BEE X K1
B, GRk; il GRhy 2E B #i6m, X, N 2h /2
A, GRks 1 GRhy 42 ik Bl KE, 1518
W B
2.3.4 IGURPESEEG AR Design Expert #X 44T 28
ER AR GRg, #4% GRk; Ml GRhy I fE T &5
BONBRIKIE R 0.02%, RNEEH 1164 C, KM
A 2.22 h, FEIEZ6AF T GRk; il GRhy Z Flldg K
9 123.56 mg, 13N 61.78%, R IEK 4.

ZRERSLPREEM AT, B RSM ARALJE 1
il LERAHE I ARRIKEE N 0.02%, KRR

*F 4 WIFMSTEERZMEHE T GRKk; #1 GRh ERER
FNE S snE
Table 4

experimental values of GRk; and GRh, quantity at optimum

Optimum conditions and predicted and

conditions

H&EM X/% X/'C Xyh

At 0.02 1164 2.22 123.56 CHME)D
SERRZAE 0.02 1200 2.20 117.60 (SZ{E)

120 °C, JRMEFA]IJY 2.2 he JFYUAIESSE S AT SEME,
KH BRI A H ) GRk; A GRhy A BRE £ T2
ZHGEAT 3 UCPATSER, ARAE LS R GRk; Al
GRh, A BE AN (117.60+10.50) mg, ZHIE S
PR PR Ll el . 45 9, FIF RSM i
53 HTiE AT BBD SRB0 B v L0153 201 i A i
GRg; fill#% GRk; fl GRhy ) LS H LT 5E, A
A SR A
3 it

GRg, & =R B BRE, BET 12
HAVER, WnPrEaEpior Las g MaRy . bubig,
IS AMPK {5 538 B it 4% 0 w8 2 0 i A
2OP] 0 GRg, fE IR P FVER TR, S GRhy,
B S Btk — B AT, R AR C-20 MK RN 1T A2 ik
GRk; Al GRh"%. ASZIGLL GRgy A, K
Fe e AR, X AR R GRk; £ GRhy
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