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Based on Box-Behnken design and principal component analysis method to
explore extraction process of Angelicae Sinensis Radix-Sophorae Flavescentis
Radix herb pair and effects of different compatibilities on rats with acute
myocardial ischemia

WANG Rui-jiao!, ZHANG Yu-long!, DONG Pei-liang?, HAN Hua!
1. Heilongjiang University of Traditional Chinese Medicine, Harbin 150040, China
2. Institute of Traditional Chinese Medicine, Heilongjiang University of Traditional Chinese Medicine, Harbin 150040, China

Abstract: Objective To optimize the extraction process of the Danggui (Angelicae Sinensis Radix, ASR)-Kushen (Sophorae
Flavescentis Radix, SFR) herb pair and determine the content of chemical components in different compatibility ratios, and study the
effects of different ratios on rats with acute myocardial ischemia in rats. Methods The Box-Behnken design was used to investigate
the extraction process of ASR-SFR herb pair to determine the best extraction process. The chemical contents of the 11 components in
different ratios (1:0, 1:1,1:2,1:3,2:1, 3:1, 0:1) of ASR-SFR, including chlorogenic acid, flerulic acid, senkyunolide I, ligustilide,
levistilide A, sophocarpine, matrine, oxysophocarpine, sophoridine, oxymatrine and kurarinone, were determined by high performance

liquid chromatography. The serum biochemical indexes were measured with a microplate reader, and then the pharmacodynamic
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indicators and the content of chemical components were integrated with principal component analysis, and the optimal ratio of herb
pairs were comprehensively evaluated through two aspects of chemistry and pharmacodynamics. Results The best extraction process
was as follow: 30 times amount of 70% ethanol, reflux extraction for three times, 1 h each time. Compared with ASR-SFR with ratio
of 0:1, the extracted amounts of the six components of Kushen showed a “U” shaped distribution with increasing the proportion of
Danggui in different ratios (1:1,2:1,3:1) of ASR-SFR herb pair. And compared with ASR-SFR with ratio of 1:0, the extracted amounts
of the five components of Danggui showed a “U” shaped distribution with increasing the proportion of Kushen in different ratios (1:1,
1:2, 1:3) of ASR-SFR herb pair. Among the treatment groups of myocardial ischemia rats, the ASR-SFR herb pair (1:2) group had
the most obvious effect, and the improvement degree of the single-drug group was the least obvious. Conclusion The method of this
study is simple and feasible. Analyzing the changes in the composition of different ratios of ASR-SFR herb pair from the perspective
of chemistry and pharmacodynamics can provide a theoretical basis for the development of a new compound for the treatment of
cardiovascular diseases.
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Fig. 1 HPLC of ASR-SFR (1:1) sample (A), ASR sample
(B), mixed reference substances I (C), and SFR sample (D)
(280 nm)
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Fig. 2 HPLC of ASR-SFR (1:1) sample (A), SFR sample
(B), mixed reference substances II (C), and ASR sample (D)
(220 nm)
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Table 1 Linear relation investigation
& G Ry R? LU/ (ngmL ™) EER/(ugmL™) AR/ (ugmL )
2R Y=96.070 0 X+6.833 3 0.999 4 0.402 0~2.412 0 0.40 0.12
BT 2R 1 Y=202.300 0 X+9.9010  0.999 4 0.716 0~4.296 0 0.71 0.21
FENE A T Y=680.730 0 X+10.740 0  0.999 1 0.326 0~1.956 0 0.32 0.10
B A T Y=27.3210X+15.160 0 09996  12.240 0~73.440 0 12.24 3.68
BRHIANEE A Y=352.070 0 X+3.886 7 0.999 2 0.4320~2.5920 0.43 0.13
FAE S Y=110.390 0 X+29.7270  0.999 2 3.240 0~19.440 0 3.24 0.97
S AURR R Y=67.906 0 X+47.140 0 0.999 1 2.680 0~16.080 0 2.68 0.80
1 5E il Y=145.820 0 X+3.973 3 0.999 9 0.624 0~3.744 0 0.62 0.19
w2 Y=124360 0 X+13.4200 0.999 1 1.730 0~10.380 0 1.73 0.52
1 ATl Y=112.460 0 X—0.266 7 0.999 3 0.748 0~4.368 0 0.74 0.22
B Y=79.602 0 X+0.460 0 0.999 2 0.926 0~5.556 0 0.92 0.28

FEAARRR A H (CAD L IR EL (B B EL (C) 3
FERFENEE, DOYH-E S0 R bR B E
HUE (YD Sy AR i BT AT, 32EAT Rl B EX
TR . T IRBGREON AR ES T &, K
H R Bt RS AR N [R) H 55, T Al R i 8 &
BUEREC 1 YN 1 h, $2EL 2 KON EIREL
IFE] 2 h, $&HL 3 UONESREU E] 3 hB2), sSRagik it
HERE 2.

Expert 12.0 BAFLEE V3T RAERA 704, 15
WA TR ¥=22.3140.19 A—1.71 B—0.35 C—0.96
AB—4.37 AC—0.26 BC—10.45 A2—1.78 B>—4.63
C2. ZMRI T 2SS R (R 3) BR, RP=
0.965 4, Ut BRI AN A 25 SR LU ER AR, F BN 12.88,
P<<0.000 1, Ut BABLAY HAT B 2 22 5 o PRI L
FPEEORE RN LR ZBEAR R 23 $ R 338 B
B2, TR HUREUR £ BRI B BRI B3

2.2.2 WM EAER L 50 ZE 8 GlId Design LAY kA BB 3. ARYE TR RAG H A
®2 MEEEITSER
Table 2 Design and results of response surface
%5 A%  BIR C Y% | %5 A% B/IR  C Y% | %5 A% B/IR  C Y%
1 90 (+1) 1(=1) 1:20(0) 9.23 7 70 2 1:20 2523 13 90 3 1:20 12.52
2 90 2(0) 1:30(+1) 12.28 8 70 2 1:20 2334 | 14 70 1 1:20 8.28
3 50(-1) 2 1:10(-1) 11.59 9 70 3 1:10 16.53 15 70 1 1:30 1324
4 50 3(+1) 1:20 18.47 | 10 90 2 1:10 1821 16 70 2 1:20 1921
5 70 (0) 1 1:10 1237 | 11 70 3 1:30 1432 17 50 2 1:20 2122
6 50 2 1:30 11.76 | 12 70 2 1:20 2256
*x3 MNEEAREFESR
Table 3 Regression model and variance analysis of response surface
KW CEHM HBE HE Fia P diE P AME 7% FE PE
R 4215 9 529 12.88 <0.0001 | A? 16.78 1 16.78 9.44 0.0184
A 0.12 1 0.12  6.884X1073 0.0018 | B2 11.82 1 11.82  0.67 0.4402
B 22.12 1 22.12 1.25 <0.0001 | C? 10.51 1 10.51 343 0.1066
C 0.80 1 0.80  0.045 0.0032 | #ZE 12.61 7 1.76
AB 2.37 1 237  0.13 0.0024 | KL 5.83 2 292 220 02066
AC 17.09 1 17.09 097 0.0358 | 4Rz 25.78 5 13.16
BC 0.32 1 032  0.018 0.8962 | AN 4331 16
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Fig. 3 Response surface and contour map

BT ZRNREE 1230, AR ECH 70%, 7
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MMERER, XA RRE AT, BAEEE.

223 FEMEENE 7w R R s R Y
TEZRMIEHH-ES AR (120, 1210102,
1:3.20103:0 1,08 1), K20 ER i
W, M “2.1.37 TN AR R ARt Re, ~FATIE 3
R, MAFAEZAH SRR S8R SRIE 4.

®4 TRIEMEEGIF L. FSEREMSH HPLC SE8ME (n=3)
Table 4 Determination of index components of ASR and SFR in different ratios by HPLC (n = 3)

B U (mg-g ™)

S

ZRIRIR BTELIR VIS AN T BRAAEE BCEIANE A AL 20 AP BUE I 35 20 BRI 7720

1:0 0.1058 0.1739  0.084 4 0.984 4 0.1409 - - - - - -
11  0.1064 0.2513 0.1099 1.096 0 0.183 8 0.550 4 0.1171 0.0240 0.1262 0.1461 0.227 1
1:2 0.1438 0.1974 0.1121 0.994 2 0.163 1 0.5313 0.1554 0.0354 0.1378 0.1145 0.207 6
123  0.1139 0.2022 0.094 4 1.344 6 0.199 4 0.512 4 02441 0.0291 0.1692 0.118 8 0.2153
2:1 0.1165 0.2292 0.128 3 0.930 6 0.1121 0.470 7 0.1596 0.0216 0.1426 0.1565 0.2562
3:1 0.1382 0.2805 0.056 6 0.520 5 0.128 1 0.663 1 0.1641 0.0204 0.1551 0.1397 0.203 8
0:1 - - - - - 0.5793 0.1604 0.0224 0.1711 0.106 6 0.199 6
“=7 RN

“—” undetected

2.3 YHF-EFBFEEAKREOARMATEHZ
SD K ip 10%/KA % (3.0 mL/kg) JFEEF,
HALEE, A€ 15 mino KEEHTE HARIE A DU R T,
2B AR MC A TS B H IR
I Ay O Pl ], IR S 00 ARG A BT E S

SD K RMH 2B W, IRAEME 28 s S
HIERACYIIT B0 2 em, R LS A 23 B L
WZ. 1R85 3 4 WIAT MR, 0 OB, B8R
ODHTZ 2mm 4 H 6~0 FHREIZES L 0.3~0.5
mm REGFHRKRAATES, EO00E, RiEsEs
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KRG 2R 25T ig, % 0L Lh 02T 2.7
g/(kg-d) (258D, IR0 25 7 R AR AR 25 5
TKe TIEME 4K, E8ighzh7d. RIRZJE
1h, H5mL &FEANETEE KR, T

4 °C'F 3000 r/min &0 GZ0344% 10 cm) 20 min,
B by, 23T 0.5 mL Eppendorf &+, —80 ‘CiK
FEARAT, IR SR % CK-MB. CK. LDH
26 S B F IL-18 IL-6 25400 K 1 f K E k47
R, g5 R 0R 5. SXFRA L, g+ CK. CK-
M. LDH. IL-1B. IL-6 /KFRZEF i (P<0.01),
ANEELZ AT A, Mg+ CK. CK-M. LDH.
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VA-85 Z2 500 ] LSS O L2 45 B L.
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Fig. 4 Electrocardiogram of samples of ASR-SFR with different compatibility ratios
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#*5 MBEEWIERINE (X£s,n=8)
Table 5 Determination of serum biochemical indexes (X £ S, n=8)
5 PiilEv) R E/(ng L)
(gkg™) CK CK-MB LDH IL-1p IL-6
it R - 936.86+63.86 1.00%0.11 11.42+0.18 22.0140.95 1.85+0.08
it - 2210.124+122.76"  59340.22"  24.154+0.85"  74.094£3.04"  3.23£0.13"
BV E| 2.5 1423.09£132.60%  474%0.65"  16.68+£0.44%  3251+£1.27%  23140.11%
HFES 11 A% 2.5 1198.52+55.74"  2.7740.15%  13.81+042%  32.87+1.26%  2.01£0.07*
HFES 12 4%t 2.5 1489.55+69.29%  3.651049%  13.8310.66"  36.45+1.50%  2.37%0.10%
M-S 103 A% 2.5 1477.07+67.27* 236+024%  145110.91%  30.95+2.00%  2.1020.09*
M-S 2 1 1A 2.5 1 468.73 +36.62" 3.07+£029%  153140.79%  4325+2.01%  2.6210.10%
Y- 5 3 0 1A% 2.5 1960.01+107.57% 3944021  17.34+0.84"  41.944+2.09"  2.2140.09"
e 2.5 1410.56+£93.76"  438+0.48%  12.96+0.48"  33.82+1.95%  2.00%0.08"

LXHRALEE: “P<0.01; SHERHLLE: #P<0.05 #P<0.01
**P <0.01 vs control group; *P < 0.05 #P <0.01 vs model group

PRREAT R Gt oA, SR SPSS 26.0 B {47
PCA.

24.1 PCA NVE4EHLERRE Y. S HIKAFIA
FIRCAL (1014 1220 132302514 3:1) Z5%hA
ST VR MK BRI 22 5, PAEOAL 22 o & s ok S
R FTBRER . ¥ )55 R 1. BANEE . RS AR
A WHESHE. EAPRL. FLEm. S, FLR
Bl S HA A LR AR CK. CK-MB. LDH. IL-1B.
IL-6 MM i, S SPSS 26.0 X Hdi it 17 hx
HEALFI PCA, W 5. 11 MEER R 5 AN EARE
FRARALI) PCA 25 LK 6, DIRFIEME KT 1 AHREL
FaitE, 12155 1 B MR AEAE AN I 22 TR 3 5301
N 8.473%K1 52.957%, 5 2 TR HIEHEAE AN )5 %
TR 5 3.96 7% 24.796%, 5 3 K B4
HEAE RN TG ZEDTHRZ S N 2.242%F1 14.010%, HT 3

/ M
1.0 7 PENE AR T
W P P B A R 3R R
SRR
0.5 5 - ML
- %%ﬁ ANE SR
1L-6 AR R, .,
SN CK-MB e
A~ LDH ’ 2 Al 8
CK -
05 - IL-1B

PC1

0.5 0.5

05 0.5 PC3

AN R ARTT Z DT Tk 3] 91.763%>85%,
BRI, SR HCHT 3 AN 32 B E R 2 H w8 2 250 A2 A%
oy mAE IR bR SR AR AR T A Uy, B
RETHEAH 16 Mt B EM 91.763%E 58, AFH
TR B

242 ZEEVPNMEAINE R 7 A&, ATLUH 3
MR Ziy Zow Zs BRI 16 MR A FAC
LU A -7 S 20 AT 22 A VAN RS2, A HH 4R
PEAE (H Yi~TYie YOARRHELIIAZ R 43508
71=0.267 ¥,+0.276 Y2+0.272 Y3+0.256 Y4+0.268
Y5+0.295 Ys+0.292 Y7+0.306 Yz+0.292 Yo+0.313
Yi0+0.314 Y1;—0.082 Y12—0.127 Y15—0.172 Yi4—
0.147 Y15—0.136 Y16 Z>=0.138 ¥1+0.126 Y>+0.071
Y3+0.093 ¥440.119 ¥5+0.076 Ys+0.100 ¥74+0.079
Ys+0.070 Y9+0.063 Y19+0.057 Y11 +0.455 Vi +

1.0+
L s W52 01 it
0.5 ® I
MF-TES 11 AR
M-S 13 2kt e
[ ]
0 YIHES ;2 it
e b4 -
-0.5 M-S 3 01 %
E1E
-1.0F _ . . ot ‘ .
-1.0 -0.5 0 0.5 1.0
PCI1

5 PCA HTTE
Fig.5 Loading plot of PCA
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*6 HE-ESUFROMENIERIFHEEMTIBE

Table 6 Characteristic value and contribution rate of chemical constituents and biochemical indexes of ASR and SFR

- WIGHRFIEE o WG RAE(H
Bt TETRE%  REUTETTIRE/ % it T ETTERER /% BT EZ TR/ %
SRR IR 8.473 52.957 52.957 W2 1.864X107'5  1.165X107 100.000
Rl 2R 1R 3.967 24.796 77.753 BURTE 3.692X 1071 2.308X107'S 100.000
HINENEET 2242 14.010 91.763 B 2.743X107'6 1.714X107'5 100.000
B N 0.504 3.148 94.911 CK 1.363X 10716 8.517X107'6 100.000
RCYIHAEE A 0.354 2213 97.124 CK-MB -1.163X 10716 —7.269X 1076 100.000
AWESW 0197 1.231 98.355 LDH  -3.390X107% —2.119X107!5 100.000
ARG 0.172 1.074 99.429 IL-1B —3.998X 10716 —2.498X 107! 100.000
1 5 il 0.091 0.571 100.000 IL-6 —1.584X10715  —9.903X 107! 100.000
T ERFOBETREFEEE Zy, b FAENGE TN RS, NS A S b5

Table 7 Load coefficients and eigenvectors of principal

components
b Hor R HL R &
By 1A 2 sy 3 A 1 AT 2 A 3
£ R 0.779 0275 —0.446 —0.050 0.223 0.024
R ZR TR 0.804 0.251 —0.411 —0.038 0.212 0.019
PENIEZNERT 0792 0.142 —0.527 —0.078 0.243 —0.011
B A I 0.745 0.185 —0.581 —0.096 0.261 0.000
KRGS A 0.780 0.239 —0.529 —0.075 0.249 0.013
FESHBL 0.858 0.151 0459 0.215 —0.083 0.020
FALFEBE 0.849 0.199 0.383 0.194 —0.055 0.029
T E B 0.892 0.159 0.283 0.167 —0.021 0.015
i 2 0.850 0.140 0.495 0.225 —0.097 0.018
PR 0911 0.125 0.311 0.175 —0.031 0.007
T S 0914 0.113 0.350 0.187 —0.045 0.005
CK -0.239 0.908 0.179 0.074 —0.020 0.232
CKMB -0.370 0.774 0.089 0.030 —0.008 0.201
LDH —0.503 0.840 —0.088 —0.030 0.046 0.216
IL-1B —0.430 0.861 0.139 0.044 —0.023 0.226
IL-6 -0.397 0.843 —0.095 —0.022 0.057 0.213

0.388 Yi3+0.421 Yi4+0.432 Yi5+0.423 Yie: Z3=
—0.298 ¥1—0.275 ¥,—0.352 ¥3—0.388 Y4—0.353 Y5+
0.307 Ys+0.256 ¥74+0.189 Y3+0.331 Y9+0.208 Y10+
0.234 Y1;40.120 Y12+0.059 Y13—0.059 Yi4+0.093
Y15—0.063 Yigo

HUER 1~3 E R I ZE DTk on (52.957%)-
o (24.796%)+ a3 (14.010%) 1EAREL Ziv 2. Zs
NFFEM R T, MELZEEWPNMEE: F=uZ+
wZotasZs, B F=0.52957 Z;+0.247 96 Z,+0.140 10

AEAL i B T 5 2 55 2 Bk 24 A [F) e 4R
AT D LERILK R ZR VT Fo B0 il Sk
T V-5 S G0 AN R BC L A oy B A A AR A
LRETMIR/N

M 8 T LUE Y, BEE 24 3-5 S R L AN ]
A, CRETRRS FEIe KRG JOZHER, Bk
G IH-E S AR, O LER IR BRAT AN R R

Mk, HAhHH-E S0y 10 2 I FAEIS S &
rACE, BRI SRCEOY 12 ROl

R K SR RIS RO«

*8 YA, HSRRAGRHENEE MG CALERMARE
&5 ()

Table 8 Comprehensive evaluation of single drug and its

different compatibilities of ASR and SFR in treatment of

myocardial ischemia in rats (F)

5 Zi 7 7 F Her
LA -1.89 -0.18 —2.69 -14224 7
HHES 101 239 061 —0.62 10276 5
BHES 12 242 1.07 -017 15231 1
HHES 103 237 058 —043 13387 2
HHES 201 228 033 011 1.1102 4
BHES301 146 141 071 12223 3
W -0.44 -1.07 3.07 —0.0682 6
3 Wig

AS206#) Box-Behnken VEALIE 457557
YR T2, AR BT EE, B YO MIH- 54
ST T AT AL, B e S SR B 2 R
b 1030, SEEARFECN 70%, $EEURECH 3 IR,
FER 1 ho FESAEFRIURAT T, I8 XK HPLC %
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W MA-E SR 11 ANz &
&2, o TARKE FEEREN. 5XH-55
0:1 L&, YH-ESAFMEEK (1:1.2:01.3:
D B BEE S =, 2 6 Bk b
WEE “U” Boafi; 54¥H-52 1:0 i, 4
H-ESAREEEL (101, 1020 1:3) RESvhpEE
S BITHE, 2 5 M IREICE R R “U”
By Ai. BAEHIA-55 10 3 0 11 AN IS R
Ho WP AHTME. SSEL TR, PR
AU ANV 1) 22 498 1) B i P55 R R D R A 2 ) PR 6 [
TER, MR AE A FEC LL A2 me oy 184k, Fopk
WUEEA it — DR TS BHUEAT I, 2555 A
e AT G AR P B AT A — 5 5

ARSI PCA ¥, ¥ 250 B 7 o & &
HIEEN 16 N 48in TS, WER 3
ML ZE GRS, THEAH M- E S KNSR E
BbAE, 2 MBGT A, B — ML
M ZEEIT BT - ARG 24852 7 DA RIRC LG 1 2%
HRME FRADPHET, SH49EE 2R A 1
2 T LR IR BRT RO I, 10 3 IRz, A,
T2 AL SRR A .

M IA-T5 S AR AE 7 R AR v 28, H
B A AH SR R R0 70 B A a7 o LRI ) 4 FH AL
AN DA DA 2 TR 24 3502 1 P 22 5 THL 70 AT
ZENTECALAL, 7870 Uk BH 250 AT A AU 2
FALBR 24 2 [ fT BN, T B N B IR R A S
INGY TN o AR SEEBG A 25 5 v 2 A AN TR VK LA
Fe s i AR BB PE 2 A0 25 1 i, DL ) A A
TURERIR AW I o A0 1 O 24 )3-7 2 A R C B
I ECATLEAT A B R 2GR R 7, J8 S 3 o)
SINTER B — IRAREEAT RS, TRIE HX TRYT O
LR IR R AR EE P RE N 1 2, ek G BT
5, NREHHE SRR IR N H B E T —%
IRFHAARE , XK 2 V-5 2 20T KO TR YT O I
W 7 A TR T = .
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