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Extraction process of Yiaikang Capsules based on multi-component content and
multivariate statistical analysis
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Abstract: Objective To establish an extraction process optimization method based on multi-component content determination and
multivariate statistical analysis, and optimize the water extraction process factors of Yiaikang Capsules (YAKC). Methods Lo(3%)
orthogonal table was selected to investigate the effects of different levels of extracting times (A), extracting time (B) and water addition
(C) on water extraction process of YAKC. The contents of liquiritin, ammonium glycyrrhizinate, baicalin, paeoniflorin, astragaloside
IV, and calycosin-7-O-B-D-glucopyranoside in the orthogonal samples were determined by HPLC, and related methodological studies
were carried out. The experimental data was treated by principal component analysis, principal component score was calculated and
chosen as dependent variable, variance was analyzed to evaluate the influence of various factors. The optimum levels of extraction
factors were selected by multiple comparison. Results The optimized extraction process method was as following: Eight times of
water be added, the drug be extracted for three times, each time for 1 h. Conclusion The established method can reflect the intrinsic
quality of the sample and simplify the data structure, which can provide reference for the further Chinese medicine compound
extraction process study. The optimized extraction method of YAKC is simple and reliable.

Key words: Yiaikang Capsules; extraction process; principal component analysis; variance analysis; multiple comparative analysis;

HPLC; liquiritin; ammonium glycyrrhizinate; baicalin; paeoniflorin; astragaloside I'V; calycosin-7-O-f-D-glucopyranoside
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TR 861 042 1, o 2018 4 B AIDS &
FAEL 64 170 N, FET-NEL 18 780 N, 5 M4EFE
JeR AT NE 80%! .

0 H AT TE T LU @2, RSP
2y LRI BTN, (R R . SEEIEH
BB W 2518 DUARIMTAE . IR 2716 Uk
IPLFAAE T =R PR S HRIEARZS & IR ), 2%
A RS0 R A B R 2 RN AR B ER AR AL
BHEWEHT =Y.

W EE (Yiaikang Capsules, YAKC) J2&ii]
A8 R A B R AL R IR R R TR T SR R %
BN W e R X A2 Ja e i R 252 7055, IF
VENAE B899 =y R X AE FH 259 . YAKC HI3E S
HE, gA . mEHEK, BAERES. R, 1
M JE PRI Tk, 32 B 1 S S R LE
i+ 2GRN AIGIE, ZH7 A o i
i B IR PRIER D WL e L $E i B A7 T &
Fea e A s B Rl CDAT T daf S, PRI
BEECE AR AR SR BT,

NPRIER % T2 &SR R E e, A5
XF YAKC M-I T 2T — B0t 5, Nii—0 It
Rt B A ML AR AL VR TT SRR R AR 2T R
Hefill. YAKC SRS A U HER T AR
WA R Pk PURBAPUMESERE, HE
W EEPA . PURSEMRERTER, Sk
AT PRI 35 2% T BR AR T RS 28 R 40 P G2 The i 52
FAEH KO0, S T R A R T S
HEERS HER LRGN R R,
FERFOOT HIV R385 #0fAE U1, H R A
I P HIV FIPE DS A5 258 BB R Bulig
PRI MR WE G RIS, B
VE R AEAZ A 100 e B i 77 2 AR AP BT HIV-1 24
Pl BB N YAKC $2 5 i s b ML S Rk
Yoo PURTMINRUR S, MAE A T Z0 bR
R AY o

A SEES I I TR RS e SR AT N [A] . JERTn
JKE 3ANFE A YAKC 25T 2 s, K H HPLC
FEIE YAKC KB AP B H B H B, 3%
. AT, ISR B R A A S
07, @ 3 TR L BIE SR, DL
Y EEE AR o IR AR Bt TE AT W 56 4 AT O £ 4
Mr, HEEEFAHEIACR R, DA% E L
ik % K =K, FRIRAAKIRECT &

1 XFEEMR
1.1 X5

Waters2695 = 80UAH (1A%, L& 2695 VT
EHRS. 2996 —HEFESIRNZRF Empower 11
ik TAEY,, 52[E Waters A F]; Waters Acquity Arc
e OB BB A B DY JT VA R B B R Gt FIN-R F
A B FE R 48,2998 A P S A I 5 A Empower 111
Bt T e, 3€E Waters A#F]; ALLtech ELSD
3300HP Z& A GHUN Kl 5%, Bt Biichi 22 5 ; AE240
BATi5r 2 — 53 M RF, it Mettler A ] o a4l
WG~ HEE, [ Fisher Scientific A& s 43 M4l
W2, WL RAGRA R, 8K, Al
X RS R AF (LS 110781-201717, FRED L
96.9% ) B8 57 58 R ] 46 B (A5 111920-201606,
Ji Ry HL 97.6%) . HET (k5 111610-201607,
Ji R # 93.1%) HE R (L5 110731-201720,
JRE T EL 97.7% ) EEH (k5 110715-201821,
JiE T HL 95.4%) . AjEGH (HiL'S 110736-201842,
J B 734 97.4% ) 40 1 [ £l 24 A 2 AT TR
12 %

1] Paeoniae Radix Alba (#£'5 181101). 3%
Scutellariae Radix (#t*5 180505). H % Glycyrrhizae
Radix et Rhizoma (H#t'5 180101). P& Astragali
Radix (5 180901) F0 B 22 /M 7 S BUH 251K Fr
AIRAT], 2 EE 4 v B Z5RTE 78 Be XU AN B AT 53 40l
LR NERBRHEYATZ Paeonia lactiflora Pall. 1T
BER . BT RMEY) IS Scutellaria baicalensis Georgi
HIT AR - S RMEY B % Glycyrrhiza uralensis Fisch.
TR AR 2. GRMEY 5 IS Astragalus
membranaceus (Fisch.) Bge. var. mongholicus (Bge.)
Hsiao, HJFF& (WPEZH) 2015 FERRA KHE
2 HEEHER
2.1 KERIZIERREIEIT

RAERTIASCIR 5 IR, 1B #% Lo(3%) IEACIRER K X
THIERCAES, HHEAFE R (A, FIERNTE (B).
k& () 3 AMREZFRAFRIZKFX YAKC Rz T
2R . SR RAKF I 1
22 HmiRiREIEE

BT, TATRRIGEES. L 2. 1
ATMIL 9 4y Gl 1115 @), A HIE TR,
IR R AR K Lo(3%) IERIREFIATRLE, %
SER R RE R, PR S IR, IRAEIEE A & 250
mL, 45, 35 1~9 SFMIER.
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Table 1 Factors and levels of orthogonal test

S
K -
AR B/h C/fE
1 1 1 4
2 2 2 6
3 3 3 8

23 ZHAEENE
2.3.1 kst

() HEAF, HERE . S5, AHETFESEN
SEREIE 2. VenusiL ASB Cig (il FE (250 mm X
4.6 mm, 5um); VisIAHN LHE-0.05% R KB,
BEFEBENL: 0~5 min, 16%~19%Z.Ji;
19%Z.; 12~40 min, 19%~50%Z.fE; 40~41
min, 50%~100%Z.fiE;: 41~45 min, 100%~16%
B KK 0~12 min, 233 nm; 12~ 16 min,
276 nm; 16~26 min, 278 nm; 26~45 min, 252 nm;
FEIR 30 C; MAAE | mL/min; HEFEE 10 pl.
PR IR A % i S R 45 A& T 3000

(2) HEHFHSEIE OIS/ Phenomenex
Kinetex XB-Cis thif ¥ (100 mm X 4.6 mm, 2.6 pm);
MBI ZHE-7K (32 1 68); 7&K GBI AE I 25 K6
s AR 30 Cs AR E | mL/min; #EFFE 10 pL.
FIRIERECAMET 3 000,

(3) T8 e B T 3] 26 0 2 B0 £ SR A
Phenomenex Kinetex Cis 100A 4 (250 mm X 4.6
mm, 5 pm); JRBIAHNFEE-0.2% FER K, B
FEVEML: 0~20 min, 30%~50%H¥; 20~22 min,
50%~70% FFE; 22~25 min, 70%FEE; 25~28
min, 70%~30% FHBE; Kl P4 260 nm; 415 30 C;
AR 1 mL/min; HEAEE 10 pL. FGERECA
fixF 3 000,

% 45> HPLC i & L] 1~3.

Xof JE VR P )
() HEH., B, A7, 55HRA
X R SR R A REEEARIOH BEE . H IR
ATETHE T BT R, I 70% S A H B
29.04 pg/mL. HEREL 58.2 pg/mL. #%F 281.6
ug/mL. Aj 25 44.0 pg/mL FIFEH, 0.22 um FAfLIE
JEEgEE,  HER IR AR A5 BRI

(2) 35 H O R S TR ) A5 RSB RE
B H O IR, D R R RS SR N 1.004

5~12 min,

2.3.2

t/min
AT 2- TR 3-8 4T ERRe
I-paconiflorin  2-liquiritin  3-baicalin 4-ammonium glycyrrhizinate
Ell YAKC #il@iEif (A) FUEAXRSE (B) HHPLC E
Fig. 1 HPLC of YAKC sample solution (A) and mixed
reference (B)
»

A I T
I s'\
o N /"F“L\ | A
|
B I
/H\.
0 2 4 e 8 10
t/min

2 YAKC #ik@miaif (A) MEREREENRA B) #
HPLC

Fig. 2 HPLC of YAKC sample solution (A) and
astragaloside IV (B)
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A B R A R |

sEmaEnE

o 6 2 s T 30
t/min

Bl 3 YAKC #iX@iziR (A) MESSHEWSERETR
&n (B) B9 HPLC

Fig. 3 HPLC of YAKC sample solution (A) and
calycosin-7-O-p-D-glucopyranoside (B)
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mg/mL FIATR, 0.22 pum MFLIEMIET, HEEM
B R 35 1 R A ) B T R

(3) 5 S T A 3] 26 R T Lt Y VR 10 ) 5 <
i 5 TR E T 5 e 2 A 9] 260 B 6T R, PR A
SEEFEEE AT 161.6 ug/mL R, 0.22
um GRFLIERENE I, BUERBEMRAE N B S S R A A
LT B TR R
2.3.3 AR A I ) &

() HEFF, HERE. AT, E5FSE
M P IR 25 ks S “2.27 U
FERIE S 2.5 mL, BT 50 mL 24, I 70%4
BB R 2, $25), 0.22 um ALIERESE,
SRR E R H R . HRRE . AT, R
o B E AR AR

(2) wEHEEENE SRR & 7
ARG BRI “2.27 BUFFE IS 25 mL, BT 60
mL s F, KR IE T EEREEY S IR, BRR
20 mL, &IFIETEER, IREREAER 2 X,
K20 mL, HFEEKE, [ETEEKGET, Kl
IR EEMIFEAZE 5 mL BT, #2247, 022 um
TALUERE I, ISR E o B FE B 2 e it
A -

(3) T8 T e ) o 2 R 2 B0 Kt VR
2% RS ZE R “2.27 WUFFERIERS 10
mL, BT 25 mL &, MOREmBERZIE, #
57, wEid, BUZRUEWE 10 mL, JKIGHET, BRI
BRI E AR S mL &IH, #85), 0.22 pm FlAL
JEREYE, HUELIEME N BE R I A O E
W5 P R
234 HLMEXRRFEE SRHERI “23.27 OUK
X I VAT, IR R RE 9 AN [ o A BE 1Y) R X T
MV, 0.22 pm RRFLIEREERE, JrafE “2.3.17
T e B S5 A R ERE AT o B TS Y DR B 0 4
A RR (XD, VAETRRIRTECH N AL R (Y, 4
SEAMERIATTRE: AR B LA B3 (R A = e
AR (X0, WETRAMALRR (YV), BRI,
6 NS ENA R MR EREL () FALRIHEE 5351
FHEAF Y=2 070.989 X—5 266.497, r=0.999 92,
LR Y 14.52~290.40 ng; H FRE: Y=662.280
X—2193.46, r=0.999 97, ZM3EFHE 29.10~584.00
ng; ¥ Y=23494.073 X—18 304.58,r=0.999 96,
£RPEVEFE 140.80~2 816.00 ng; 5251 Y=1 717.342
X—6544.498, r=0.999 96, &35 [ 22.00~440.00

ng: HEEHE Y=1.451 X+5.407, r=0.998 46, %%
PEJEHE 502.00~10 040.00 ng; B &5 5 7 i 4 4 b 17
Y=3330.925 X—234 702.28, r=0.999 96, kiU
80.80~1212.00 ng.

235 RESEERL HU “2.27 TR 5 SRR
oyl “2.3.37 TR Jkm &R IR, 0 BITE
“2.3.17 TSAF N ESLHFENE 6 U, WISk
Iy UETHI AR RSD 1B N 0.1%~2.4%, LA
R4f.

23.6 EEMRK H 227 TR 5 SEEABT, 4
AR “2.3.37 TR ikl 6 bk, o mifE
“2.3.1 7T N IIE , WA AR T 534 RSD
B 0.3%~2.6%, FIFZHEEZMERLT.

2.3.7 FaEtERE H “2.3.57 1R R R
VR, A RIAE “2.3.17 TR T 0. 24 4. 6.
8. 24 h HEFEIE, MAF I ol A RSD
HN 0.1%~2.2%, R A M RAE 24 h WA E
PER LT .

2.3.8 AR 2 A

() HEH., HEmes. AT, Skt
FISCREG: AR 64 “2.27 T NSRS
SHERTET 2.5 mL, 4 E T 100 mL )i,
PRI S H 5 H 0.570 mg/mL. HHEREZ 1.102
mg/mL. %1 6.480 mg/mL. AjZjE 0.451 mg/mL
(TR A HE VAT 1 mL, N 70% £ B2 15 A B 22 %)
FE, #85), 022 pm FUFLIERREIE, EXERIEMEN
BRIV . 3% “2.3.17 TUR&AENE, HE IR
BIWCER, S5 4 AR 3 RE mI 55 0o
100.50%-+ 99.75%- 101.36%-. 101.26%, RSD 434l
N 1.40%. 1.25%. 0.88%- 1.68%.

(2) EERPE IR R RLE: 5 ER6
€227 TR AT ER 5 SR 15 mL, 2l
HT 60 mL 70w kb, BRI N
0.652 mg/mL [ B H H /KR 1 mL, fn/K Al IE
TREREE 5 IR, FFR 20 mL, &IFIETEE, ik
FARAER 2 Wk, BIK 20 mL, FEZKE, ET
B JZKIHET, FRIEMR A ERE S mL &
A, #8S), 022 pm GALIEREIE, EXSHIERAE
NBER ST . 1% “2.3.17 TR A&AENE, HHEN
FeERIc e, 25 B2t ey 95.45%, RSD
N 2.43%.

(3) it S oo T o e 0 DO [ Wi R e
L6 U “227 TN ORISR S SAEMIEWR S
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mL, 758 T 25 mL BT, BOREEMARE
WPEDY 0.285 mg/mL H T 6 5 55 P A1 26 W 0o 1L
W1 mL, N ARERREEZIEE, 5, JE, sk
JEV 10 mL, KT, BRI P ERA T E R A
5mL &, S, 0.22 pm BSLUEBE g, Hs:
PEWAE B A 1% “2.3.17 TR SRAFIE,

THEINFE RN R, 4
N 2.16%.

2.3.9 FESIE B “2.27 TUREEREWL g
“2.3.37 TR A AR TR, A BIFE “2.3.17
THARAE T DU 5E 5 T AE0RE R - FR AR O 1 T R
RN 2.

SERECE N 98.30%, RSD

*2 EXHBESHERSENEER

Table 2 Orthogonal test results of determination of each sample

IR/ (ugmL ™)

oy
i e ety s WOt WERY AR AENARTT
1 174.188 86.210 93.778 1394.422 13.44 21314
2 176.808 93.234 104.570 1 564.268 18.10 22.950
3 189.364 93.046 92.490 1 290.544 15.54 22.224
4 336.244 175.820 170.278 2559.650 31.86 39.620
5 464.296 235.404 183.456 2 606.784 42.12 58.739
6 226.062 461.112 92.458 1 644.820 23.50 33.595
7 700.734 350.436 213.546 3 846.522 58.54 62.098
8 468.750 224.028 190.476 3253.904 46.24 54287
9 461.112 229.246 178.862 2 740.704 36.76 68.394
24 Bitoth *3 ETFHEES
2.4.1 iﬁk%ﬁﬂ‘ﬁ @)Eﬁ SPSS 19.0 g}aﬁ-fﬁﬁ:ﬁ; Table 3 Factor load matrix
At Bk 6 MR bRE B BT RS T sy ERET 5% EHET 1
(1) KMO F1 BartLett’s 56 : BartLett’s #6561 HERE 0990 | HE 0.983
P {E ] 0.000, /T 0.001, FFEHEE S T HEEH 0.988 | AiZiF 0.973
Hr. KMO ¥:5: Z2%08 0.857, KT 0.8, UiHIAH HEE 0986 | BAESHMWAMET 0933

REARGEEEL,  F R BT 4 R B A By r sk
FPES

(2) FHIEE 77 Z DTk Z AR 73 R4k
Fr R R LR 3, RRAFAE AN 5 ZE o mk R 45 R W3R 4,
FEIE 4. HBATHERERT AL, 2 1 FRr RS
RS 6 FiEb R S EE R BR 4 TTHL B
1 R B AEAE R 5.710, KT 1, AIfREE 95.167%

LB R, AR SEIGRE b 6 MR bR &
B 95.167%ME R & A B A, 51 ERD
FRORFAE A 78 28 v T HAth 3 2 R RFAE B, 2258 2 2
oy JE, FRLEAAC A T2, IS 1 En
BE T SRISFE AT 6 R AR R R L ) 2
E R

=4 HSHEEMAEREE

Table 4 Eigenvalue and variance contribution rate

N BIAE AR SR A
it TIETHRE % BRTETIRE% A TIETRE/ Y% BARTTE TR/ %
1 5.710 95.167 95.167 5.710 95.167 95.167
2 0.161 2.685 97.852
3 0.090 1.506 99.358
4 0.023 0.380 99.741
5 0.013 0.209 99.950
6 0.003 0.050 100.000
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fus
& 3
#
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1 -
0_
1 2 3 4 5 6
B i
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Fig. 4 Scree plot
(3 ZEfy (VD WE: DEREU R

EAl 74573 T LAAH B2 3 B o e B I A T i, o
=R | B M e 5 i = v = o Y, A A
N7 2 TR R A A N 25515348« RIAC S IR
501 F R R 0 7 = T A 3 oy R AE
B, @& TR 6 Fifabr o & EME R E
B (95.167%), MR THHEE 1 F . EBARK
Y=2.389 5 X;X0.951 67 (X AR F1E) iHHE A5
9 MEMBILEETR . SiRNAER S,

242 IERRETTESH DLERIRRE 3 4R
G35 MR AL B IE A IR AR 25 Rk AT o b, S5 R
5. 60 MIAEDERATEN, & FFEX 28 L FIK
FIR R BBy A>C>B, RIEXRE (A) P
4 0.005<<0.01, FIZERE (B) SiKE (O
) P B> 5N 0.046. 0.033, —F/NTF 0.05, ¥
R . BT ). /K &%) YAKC K3 T
SH BE R R S AR 13 FME (KO
b BB BRI K B 3 3G, il A
by i 2 (3

243 ZEIBRSITAEHEFZKTIEE XK
(A, BIZERE] (B). BZKE (C) 3 ANFmA
RIOAFEIK T 2 ELE 0T, RIS as Rk

#*®5 EXRERITRAEER
Table S Orthogonal test design and test results

FSES
R — A
A/K Bh O/ D(#%E)
1 1 1 1 1 —2.643
2 1 2 2 2 —2.280
3 1 3 3 3 —2.560
4 2 1 2 3 0.178
5 2 2 3 1 1.552
6 2 3 1 2 -1.677
7 3 1 3 2 3.950
8 3 2 1 3 1.880
9 3 3 2 1 1.599
K —7.483 1485 -2.440 0.508
K 0.053 1.152 -0.503 —0.007
K3 7.429 -2.638 2942 —0.502
R 14912 4123 5382 1.010
®O6 FENNLE
Table 6 Results of variance analysis
K EHETIGM AmE 5E OFHE Pl
A 37.056 2 18.528 218.488 0.005
B 3.498 2 1.749  20.627 0.046
C 4.956 2 2478 29.221 0.033
D (i %) 0.170 2 0.085
B

(1) FUARE L BT 45 R K OKP 1 d
BRI LR e R AR 7. SR3EH], BT

B2 WEGRE 1 IREE, P{EN 0.009; FIZ 3 k5
R 2 RELEE, PAE N 0.009, 8] =# 2 FAkH i
#, B K>K>Ky, RIETZ IRBOER: 3 K.
(2) HIZE I A] 2 8 Lo B 25 SR oK Pk
FIER ) 2 BB TE R NEER 8. AR KWAFIE

F7 HERBSELBRSHER
Table 7 Results of multiple comparison analysis of extracting times
- - - 95% L {3 1X ]
(D pE A (JO (D WA O FHZE A~D) bRfEiRZE PME
ERRE NRRE
1 2 -2.5120 0.237 77 0.009 —3.5350 —1.4889
3 —4.970 2 0.237 77 0.002 —5.9933 —3.9472
2 1 25120 023777 0.009 1.488 9 3.5350
3 —2.4582 023777 0.009 —3.4813 -1.4352
3 1 49702 023777 0.002 3.9472 59933
2 24582 0.237 77 0.009 1.4352 3.4813
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Table 8 Results of multiple comparison analysis of extracting time

(D FUERE (h) (J) H{EWE (h)

STz (I~D

95%E (5 X [A]
PRk 2 P{H

FRRME FRRME

1 2 0.1111 0.23777 0.686 -0.9120 1.134 1
3 1.374 6 0.23777 0.029 0.3516 2.3976

2 1 -0.1111 0.23777 0.686 —1.134 1 09120
3 1.263 5 0.23777 0.034 0.240 5 2.286 6

3 1 -1.3746 0.23777 0.029 —2.3976 -0.3516
2 —-1.263 5 0.23777 0.034 —2.286 6 —0.240 5

1 h 5F# 2 h LbE:, PEA 0.686, KT 0.05, ¥t
B - #2 R AEE, Al 2h 5R0Z 30 L, PAE
4 0.034, W FHEZREREE, HK>K>Ks,
I EH R 1 h A0 AR, PRI R B )6 48 1 he

(3) hKEZ BT R oK FESEE:
KEZHLE ISR INE 9. iR EWIKE 4

f5 6 {5208 P 1E AN 0113, & Z A RAEE L
P2 615 8 52 A1 PAEA 0.040 /M7 0.05,
T AR ZE R, T K> Ko > Ky RNk
HIEFEAMEN 8 5.

ik H S FE BRI T 2264 AsBICs, BIZGHA
hn 8 fEEsK, FIREPEE 3 Ik, FHK 1 h.

®9 MKEZEHRSHER

Table 9 Results of multiple comparison analysis of water addition

(D kE 5 (D Ik

S ZE (D

95% .15 X [f]
FrRfE iR 22 P1E

TIRE ERRE

4 6 —0.646 2 0.237 77 0.113 —1.669 2 0.376 9
8 —1.794 4 0.237 77 0.017 —2.8174 -0.771 4

6 4 0.646 2 0.237 77 0.113 -0.376 9 1.669 2
8 —1.148 2 0.237 77 0.040 -2.1713 —0.1252

8 4 1.794 4 0.23777 0.017 0.771 4 2.8174
6 1.148 2 0.237 77 0.040 0.1252 21713

2.5 TZWE

AL DT R, CPATAREGE . H B, 5.
AJEEGRAL 3 4 (Y 1115 ), IRIEILE
BRI T 25 AT IR S8, 455 5 MRl i &
W RSD HIITE 3.0%2 N, 3 W FEMFE R85
B F¥IME N 4.111, RSD N 0.44%, WHZ L2HE
RO A PR R, R Aew, VIS,
3 g

YAKC N5 77, HlnBEak, BAMm&
5, DL —RbR O S RO FRARLIE T2, IR
B, MEURERBFINERE. HE. B, 315,
FIATSIN T R B0, SORSRIRE R 4 k259
W& O SR . B S TR A A PR
HEA., B, EXH . AT NIRRT o
Fi, DU AR BRI N e T &, AT LA 48
BRI T Z . MRIEAFI RS P, AR Se 5k AN R

FORMOE AL, AFAIE, AR OB &FIE 6 4
AT, R, EE M. FaE MRk 2
RLER,  PRIE T I B4 R AR I

I3 A 6 Ao R B P O R AR R EAT IR A
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