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Abstract: Objective To optimize the extraction technology for Xinning Effervescent Tablet (XNET) by central composite design/
response surface method. Methods Based on single-factor test, the independent variables were ethanol volume fraction, extracting
time, and solvent ratio, while the dependent variables were extracting transfer rates of paeoniflorin, hesperidin, and schisandrin, with
their weight calculation for a composite score. Multiple linear regression and multivariate binomial fit were used to estimate
mathematic relationship between independent variables and dependent variables. Response surface description was based on optimal
mathematical model, and then the optimal technical conditions were chosen. Results The best multi-binomial model simulation was
as follows: Y=-209.21 + 6.67 A+ 39.68 B+ 6.59 C + 0.077 AB—0.026 AC—0.59 BC—0.051 A>—8.37 B?—0.13 C? (» = 0.979 3,
P < 0.01). Optimal extraction conditions were as follows: ethanol refluxing extraction, ethanol volume fraction of 65%, extraction time
of 2 h, and solvent ratio of 12 (mL:g). Under these optimal conditions, the average extracting transfer rates of schisandrinthe,
paeoniflorin, and hesperidin were 85.33%, 88.77%, and 93.18%, and the actual extracting rate of catalpol was 88.72%, matching with
the predicted extraction rate of 89.22%. Conclusion The established model can better reflect the relationship between the factors and
indicators, with good and reliable predictability.
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(Xinning Effervescent Tablet, XNET) kKt 2541t
Febe A EOHEIR T 207, DIBeERIRY]L i
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BRI , BEMiE T itls Pl T2
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1 UE5HH

T OB LA 22 BEAS 1100 FR Ay 80BAH €4
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SHREATZTE (LS 110736-200933) #8571
(165 110721-201014) Tibk FEEH (L5 110857-
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alal, RETRRHERM A R A B, 707
af, FRET K AR A R A v I &
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FRT . BA BRE EASE M B O
M) R AT B R E R R e
53904 HRF- Schisandra chinesis (Turcz.) Baill. [
THRRAISE . AAS Paeonia lactiflora Pall. [#)--J5
MR\ ¥ Citrus reticulata Blanco J¢ FLAR 35725 Ff i) T
AR . T4 Lilium brownii F. E. Brown var.
viridulum Baker [P35 R G gk .
2 AEEER
21 CZEEEIRERIZ

FEAET7 5 AR /N B, FRENAL 7 51 %
it 3L 100 g, IO — & & AR £ S REEAT
M, 73 SBEHEIR,  20 nl E SR BCR H AT 251
PR TR TREH I BURIR S, THER R R,

R 2 = BRI R b 4 1 5 R B X R IR R/
I R R L R T
2.2 REGET 3 #IERREL ST BN ZE
220 @iE4A" Diamonsil Cg (i (250
mmX4.6 mm, 5 um), ~jZF . B A S AH -
LTG0 1% IR K E i (17 = 83D Al 4 : 230 nm;
TR WE AR s A K (64 1 36); Al
Pk 250 nm; KEE: 30 C; HEFERE 20 uL.
2.2.2 IR 20 RS BRI 24 R
Wit 7.71 mg 25 mL S, B R TP TR 18.02 mg
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H 50 mL &, HFESITMBERZIE, 25,
HIRE AT 251 308.4 pg/mL. B8 2 360.4 ug/mL ()
XoF FE i A5 Y s TP T FE OGS LSS 1,76 mg & 25 mL
i, HWESAITMBERZIRE, 85, I
WRT-BE FH 70.4 pg/mL [PIX) FE S il 28 9o 53 i RG
HOAT 2545 6 B A #9 0.2 0.5 1.05 2.0~ 4.0 mL
2 10 mL &, H'5 N 1~5. B4 RS 0.5,
1.0~ 2.0+ 3.0~ 5.0 mL #8 57 P50 I Sl i 29 3 1~5
SEIET, HTESEITmRBERZE, wY, S
TR T FR I o 0 ol 26 VB AR 7 I P %o R i
it & 0.5+ 1.0~ 2.0. 3.0, 4.0mL & 10 mL &/,
%5 R 1~50 HI R REE R MR R 20 8L, 325,
BT 75 IR P PG B

223 PRI R I SRR O
12 mL % 25 mL &, H 70% BB JF e R 2
ZI5%, #8259, 1 0.45 um PRALUEME, HUERuEMRI1S .
2.2.4  [TERE I EIE Kb T i e
BN, PRI T 8RS 2584, Hor 1 b g,
VREZ, 55 1Akt 3N —E & — e A
XU SREHAT A, AR EAT BREZBITE S
FESEIROR TLR 1 I 1 SRR3R O, 4% “2.2.37 T
TR BT B R
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R SATF AT T, 233 LA 5 R Ve TR Ky A AR
(Y), XS EERE RO REARER (XD eifilbnifE 2k,
HATEAERNE, fFEET R AT Y=22 932
X+97.876, r=0.999 8, £ JLRIAAT 1 HE 123.36~
2467.20 ng 2 RUEFMZM R B Y=33 098
X+13.468, r=0.999 7, &5 F KR LA 360.4~
3604.0 ng £ RUFILPERX R

(2) HBRTEER: rRkEE W “2.2.27 TR
G5 N 1~5 IR LRI FFOG) SRV %% 20 pL v EN
AR TR, e A It PR o 1 £ 1 4 Ak A T
SE, DLIR T T RO P ARAR (YD, X IR
FERARAAR (XD ZeifilbrdEhg, R Y=
6.5X10" X+13 048, r=0.999 9, £5HFW TLK T
Wi FAE 70.4~563.2 ng & RIFIEIEL AR,

22,6 FEHUGETTATTE. RERETT . ORI
SE RS B AT 2 R R TR A R A
TR OO BRI, A VR A I PR
WA 20 uL, B “2.2.17 TR Rk A3 T I,
KHAMREAT VS, i LA 1R 2.,
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Fig. 1 HPLC of mixed reference (A), extract solution (B), and negtive solution without Paeoniae Alba Radix,

and Citri Reticulatae Pericarpium (C)
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Fig. 2 HPLC of schisandrin reference substance (A), extract solution (B), and negtive solution without Schisandrae Fructus (C)
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FE R P EZ50) 2010 FFERC—H6 “EAT “BRE T
IR IR J7VE S I E AR AT 25
B B TR I F ) ST o o 2.29%
4.52%. 0.61%.

23 BEZRAWNER

231 LPEERR LS KM N, 4%
b 75 BE EEAREL 10 BRZ5A13E 100 g, ~PATAREL S 4
AN 8 5 EARF T EN 50%- 60%- 70%- 80%-
85% LI, IR ERH 2 K, BRR 1 he PERL, 2
UIEWAFF, WUERAT 22 500 mL, B S mL & 25
mL &=, [ 70% PRI e B R L8, i 2.2.17
TN s 4R e AT 20 PR R T
TEEL ol E R . SR 1.

F1 FRZCEARSBATHE. BEEFMRKFER
HREHNZIG
Table 1 Effect of different ethanol volume fractions
on extraction transfer rates of paeoniflorin,

hesperidin, and schisandrin

LTEAEFR MR | %

% SN P R AF KT
50 70.73 76.73 53.57
60 82.04 83.49 81.92
70 76.49 68.53 76.31
80 67.31 56.92 56.53
85 60.93 50.50 50.93

232 WEARERFELE RN, deat

J7BC LEAREL 10 mE2541 3L 100 g, ~EATAREL S 43,
AN 44 6+ 8+ 10, 12 fE TR 60% L1,
TNFEIGRERE 2 Wk, BRI L h, JERL, 2 KIER AT
RIS A4 500 mL, B 5 mL & 25 mL &3,
70% MR T E B R ZIE, B “2.2.17 IF A
ZAEMEATPIE B LR 1 10 o o 5
SRR ILE RS R . B IER 2.

2.3.3  {RHUNTRE S R R RN, kb
JiBCEE A AIRREL 10 Bk 2544, 3£ 100 g, “PATRREL S
B, N 12 fE AR ECN 60% L8, InFAnl
PR 2 K, BEGEEUN A 7304 0.54 1.04 1.5, 2.04
2.5h, JELL, 2 RIEHA I, ORISR 2 500 mL,
0 S mL 3 25 mL s, FH 70% F BERRE e 55
ZIRE, W “2.2.17 TN GRS e~ 2. R
T AR TR TR, i SR A
ZER WA 3.

x2 FRBRFEENSHE. BREMALKFER
HRENZIG

Table 2 Effect of different ethanol volume fractions

on extraction transfer rates of paeoniflorin,

hesperidin, and schisandrin

SR E
A WM R
4 69.92 58.67 53.08
6 75.26 61.86 68.54
8 78.72 65.11 71.20
10 79.46 69.70 76.99
12 82.27 73.78 81.32

*3 FTRRBENEXMNAZHGE. EREMALKFER
HBRENZIG
Table 3 Effect of different extracting time on extraction
transfer rates of paeoniflorin, hesperidin,

and schisandrin

FEHUE] /h R 1% —
AT BT LR
0.5 59.08 51.92 4254
1.0 68.31 55.85 52.34
1.5 74.10 62.04 75.82
2.0 84.32 81.72 81.96
2.5 85.43 67.72 87.50

24 BRET-MEEEMELHFRRIZ
2410 RV AR FRE L IR L, e
(LS H T 25 R 25 A R 45 DR 35 B B ) 7K P
Flo ARSZIGUIATZF . R Ak TR R
HHEERRR, HERINE N CEAAR 0 (AD $2HL
IR (B) RNREEAE R (C)o MR A B IR,
AHZE® S KT, AR —a. =1, 0. 1. ok
s AR FTARR ) S bR E Y LK 4.
DIATZGHE . BT TUWR FREH A o 52
fabr, X HBATROE REOEC, Horp R EREF )
2R, HACE RECE R 0.4, ATTT. R
HIRE ZREIYE R 0.3, GaTEN =224
X034+ AR R X 0.3 4 TR I R R X
0.4. KM AR SRR ERI A, 2 FIR$RI A
SETT RN E 25 AT e RS R o ARG VT S 2 R LK 4.
2.4.2 BAUPLE KPS EE A Design-Expert
8.0.6 FATIHEAT RN RIS 4T, LA 25 8 4R b I 45
BRI NRONVAR, X R RT 2 e gt Rl R
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Table 4 Arrangement and results of central composite design of extraction technology for XNET

R AL% B/h Ci Gl — R
ST W Rk R %
1 54.20 (-1) 2.26 (1) 4.96 (-1) 80.745 3 72.207 0 64.978 3 71.8770
2 67.50 (0) 0.50 (-1.316) 8.00 (0) 61.2955 54.472 2 36.923 7 49.499 8
3 67.50 (0) 2.50 (1.316) 8.00 (0) 88.851 4 89.838 9 87.745 4 88.705 3
4 67.50 (0) 1.50 (0) 8.00 (0) 79.050 1 72.6154 73.494 8 74.897 6
5 54.20 (-1) 0.74 (~1) 11.04 (1) 843513 692315 47.198 8 64.954 4
6 67.50 (0) 1.50 (0) 12.00 (1.316) 86.343 8 88.472 5 82.548 5 85.464 3
7 67.50 (0) 1.50 (0) 8.00 (0) 89.802 3 73.452 0 82.241 9 81.873 1
8 85.00 (1.316) 1.50 (0) 8.00 (0) 73.454 2 42.0199 45.829 1 52.973 9
9 67.50 (0) 1.50 (0) 8.00 (0) 82.583 2 75.658 6 79.809 1 79.396 2
10 80.80 (1) 2.26 (1) 11.04 (1) 82.741 7 63.2857 70.714 2 72.093 9
11 54.20 (-1) 226 (1) 11.04 (1) 790366 948142 73.745 3 81.653 4
12 80.80 (1) 0.74 (-1) 11.04 (1) 76.104 6 48.678 8 42.354 7 54.376 9
13 50.00 (—-1.316) 1.50 (0) 8.00 (0) 85.4104 78.9859 52.934 7 70.492 8
14 67.50 (0) 1.50 (0) 4.00 (—-1.316) 74.613 7 63.891 0 59.105 7 65.193 7
15 67.50 (0) 1.50 (0) 8.00 (0) 89.697 5 71.709 2 76.547 3 79.040 9
16 54.20 (-1) 0.74 (-1) 4.96 (-1) 68.865 1 60.901 3 32.2790 51.8415
17 80.80 (1) 2.26 (1) 4.96 (-1) 76.206 3 59.341 3 69.715 4 68.550 4
18 67.50 (0) 1.50 (0) 8.00 (0) 83.0622  72.554 4 77.694 5 77.762 7
19 67.50 (0) 1.50 (0) 8.00 (0) 81.6154 72.524 1 82.843 5 79.379 3
20 80.80 (1) 0.74 (-1) 4.96 (-1) 67.136 7 46.488 2 23.083 2 43.319 6

RIHUA, 2 TG MERAE TN Y=56.7—0.36
A+15.07 B+1.84 C (+=0.807 7, P<<0.01), &
R 5 FE R Y=-209.21+6.67 A+39.68 B+6.59
C+0.077 AB—0.026 AC—0.59 BC—0.051 A*—8.37
B*—0.13 C* (+=0.979 3, P<<0.01). MIUS ITFEH)
FIRRET A, T 2 e kBT RN r B,

H AR 5 PR AR 2 (AR AR DGR 22, IRl &
AME, TPERZE, RUEAE BIEH 2 0tk i i
BTG Zo0 RIE TR r im, AROR
B, BTl Oy R TR

243 SN mFE S WAL, oo IR
FRRAUATIC AN 2, Ut B AN R 30 1k 45 314
RN, BERRL ARG S0 R, UEWZ T R S
TEOALAIREE, RAFHh B T BB A 13 0 5
CPEARFATH . SEHUN i RIS A5 R OCR, Ak
DR o SR ()6 255 VP2 IR s i B AT v i f
P, ORI AL B SR, A LI R K
NHEFRH A BCL AC. AB.

244 ROV AR Design-Expert 8.0.6,

x5 EEARBEFESTER

Table S Results of variance analysis of regression model

FERWE AR AmE FE P1H
A 3127.21 9 26.08 <<0.000 1"
A 26427 1 19.83 0.001 2™
B 1503.33 1 112.83  <0.000 1™
C 359.16 1 2696  0.0004"
AB 4.83 1 036  0.5607
AC 8.59 1 0.64 04407
BC 14.72 1 1.10 03180
A’ 575.10 1 43.16 <0.000 1"
B’ 162.57 1 12.20 0.005 8"
c? 10.64 1 0.80 03926
W7 133.24 10
AT 106.77 5 4.03 0.076 0
afiiR 7z 26.46 5
BIRZE 326045 19

R E IS, R B

**significant difference, ***extremely significant difference
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22T ZRE 1S90 55 & R ) 1) = 4 250, i T e AR 45
R (B 3D, dl kIR ny DLW A R 28
VR SR 2, JEf e S i &, M
AR BAE 50%~85%, LU [A]7E 0.5~2.5h,
COPE AR 4~12 £, AR Bk a3 77 1,
AR AT SRR 2L 63.55%, SN [H]
224 h, PRI 12 %, AT H ZEA YRk 89.22
mg/g. T IERAERIATE, BT 24T R
12 55 65% LW, RHXIEH 2 he

245 BIFRALK  FEEREERIUT 24T,
DA AR B 3 Oy FE i, 45 R R IE L AT
B 2 380 e A %53 5 85.33%88.77%493.18%,
ZEL VRS 0 il A 88.37. 88.98. 88.80, ik 88.72,
CEAVE SRR LU, i ZEF [ e R = (T
DAE — SSIE)/ FIAE] 73508 0.85%. 0.24%.
0.42%, ZiEriF2> RSD 4 0.35%. WIS 1%L
SR AT R (P, Pk 12 A AR A
IR, HBATE T, 4R WK 6.

B

B3 ZEFRSH. RENEMZRESNEEEINZEN N EENESKE

Fig.3 3D response surface and contour maps of ethanol volume fraction, extracting time, and solvent ratio on composite score

*6 WIERIER (n=3)
Table 6 Results of validation tests (n = 3)

HRE 1%

e LAV TRIME / % Wz /% RSD /%
Fk T GESN:S R 7
1 84.82 88.61 92.85 88.37 0.85
2 85.82 88.91 93.27 88.98 89.22 0.24 0.35
3 85.34 88.80 93.42 88.80 0.42
3 it TXPP TR B AT AT P, R B AR . A

AR I LAV R ok T Kby
PR R 53, O sl . W, B
EF T AT BEAT SR ZRAL S, & PEIK
SRR AR R AR HRONE A B DR B 6 P BAT S
ZESEIRIE,  RXAF T LUIRE G i 126456 10 00 s i 2
BRI, T BRI A9 80 1 e AR AN 2 S B 1
IRAEME AT o FESEBRA ™ R IR £ 2 vt i A
FACPEH Lo B PS5, A e i itis

2 ) Y A0 12 T 0 e v A e R 5 28] 4% K1 35 1) £
ACHAEI Oy S o e 45 SR AT 70 ik e it
THIS . ALRrh QR B BRI AR
WA R B B S AR, R HIR B ARIE S
Ak, P LURAEI AR AT 5 5

A AR I 5 T RS IONEL, R BLER
2 IR CRER RE AT R Fde B ok, Ferp fink
THREH . AT BT R R NG Al iA
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80%LA by A SIZBR KA ™ (1) #) B 2% R S R Bl e
H2 o

LRI O TR AR LR R s, IR PEa
5, FRL DRI R rh R R I AN BE £ 2 I 3 K
T 5, J5L BRI AT R 2 vk 1 FRPE ook 3,
KRG A GREEEIHR, T SRR B SR IS e
B9, 60%~70% L5 0E )1, BEs Tk T
FH B G MBI HH R

ARSI IGAE B R 28 S0 1R Ak _F s R e
SR HIV2AS 2 SRR B, U ) RO 1% £
WA BT TR TEREH 3 Pl 8 &1
BT, XT3 s e A% AT B 2y e AT 1) 27
HVESY, LRI LASE VT2 S Wi AR 1D i )3 T 1 R 45
2, AT IR 2 R 3 B LR A H e A T
H, e 7RSI T 24 T/ 2.5 h
FEIUR AR, SR AR Al K, B 1o
B TR, HOAT G5 B ARRAE, K P
[F) (R s AR TG 2.24 hosE 20 2 h, Bt DA AR SR I T 2
12 f5 5 65% LBEHEE 2 ¥R, BEHK 2 h, fEILSAT:
THREFLEG VS S EIE R 88.72%, 5 TN
FEAR 3, RMIVETIACR R AP, nTEE.
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