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[Abstract] Objective: The functional model of six major components of Astragali Radix-Angelicae

Sinensis Radix combination against the proliferation of vascular smooth muscle cells (VSMCs) was constructed
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by uniform design, the relationship between the compatibility of these six main components and the inhibition of
VSMCs proliferation was analyzed, and the effect of the compatibility of these main components of Astragali
Radix-Angelicae Sinensis Radix on the proliferation of VSMCs as well as the feasibility of uniform design test in
the study of multi-component compatibility of Chinese medicines were discussed. Method: Cell proliferation
and toxicity assay kit (CCK-8) method was used to determine the inhibitory effect of the six components of
Astragali Radix-Angelicae Sinensis Radix on platelet derived growth factor-BB (PDGF-BB) -induced VSMCs
proliferation in rats and the half inhibitory concentration (IC,,) of each component were obtained. Six chemical
components of Astragali Radix-Angelicae Sinensis Radix (formononetin, astragaloside | , astragaloside IV ,
calycosin, ferulic acid and calycosin-7-O-B-D-glucoside) were taken as the independent variables X,, X,, X,
X,, X,, X,, respectively, and the cell proliferation inhibition rate as the dependent variable Y. U, (24°) uniform
design table and mathematical models (including linear and quadratic polynomial) were selected, the stepwise
regression method was used to screen the variables, and the better equations were obtained in theory. The
actually better relationship equations were screened by setting the different dose compatibility of these six
components for verification tests. According to the purpose of the experiment, the selected regression equation
was processed by data centralization, so as to compare the regression coefficients of the data centralization
equation and analyze the correlation between components and efficacy. Result: The six components of Astragali
Radix-Angelicae Sinensis Radix could inhibit abnormal proliferation of VSMCs in a dose-dependent manner. ICy,
values of formononetin, astragaloside I , astragaloside IV , calycosin, ferulic acid and calycosin-7-O-f -D-
glucoside were 123.453, 113.184, 81.655, 141.159, 101.187, 151.016 mg-L", respectively. Two superior models
were selected by experimental verification, including equation 1 of ¥,=73.137 897-0.207 888X,+0.000 508X,’+
0.000 347X X, and equation 2 of ¥,=70.038 433-0.236 665X,+0.000 577.X,+0.000 260.X,.X,+0.000 415X,X,+0.000 370X,X;.
After data centralization, equation 2 was adjusted to Y=-1.480 260-0.146 281X,+0.000 673.X,’+0.000 314X,X,+
0.000 456X,X,+0.000 737X, X,, the regression coefficients showed that the astragaloside I had a positive effect
on the inhibition rate of cell proliferation, formononetin-calycosin, formononetin-calycosin-7-O-B-D-glucoside
and astragaloside IV -ferulic acid had an interaction effect on the inhibition rate of cell proliferation, and the
synergistic effect of astragaloside IV and ferulic acid was higher than other interaction items. Conclusion: The
combination of six main components of Astragali Radix-Angelicae Sinensis Radix can inhibit the abnormal
proliferation of VSMCs, and it is demonstrated that the uniform test design can be used to predict the correlation
between the chemical composition of Chinese medicines with their pharmacological effects, which can provide
an experimental basis for the rational use of uniform design and regression analysis to construct mathematical
models to study the compatibility relationship of Chinese medicines.

[Keywords] uniform design; regression analysis; quadratic polynomial; Astragali Radix; Angelicae

Sinensis Radix; chemical composition; half inhibitory concentrationn (IC,,)
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Table 1 Dose setting of six components of Astragali Radix-

Angelicae Sinensis Radix in cytotoxicity assay

J e B /mg - L

¥ R wR KK BER 5 SER
R ! HH £l EEE

1 0.00 0.00 0.00 0.00 0.00 0.00

2 1.50 2.00 2.00 2.50 2.25 2.50
3 3.00 4.00 4.00 5.00 4.50 5.00
4 6.00 8.00 8.00  10.00 9.00  10.00
5 1200 1600  16.00  20.00  18.00  20.00

6 24.00 32.00 32.00 40.00 36.00 40.00
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Table 2 Dose setting of anti-VSMCs proliferation effect of six

components in Astragali Radix-Angelicae Sinensis Radix

SO b i /mg - L

KE mhy e W BER B SER
¥ 1 H L N

1 0.00 0.00 0.00 0.00 0.00 0.00

2 3.00 2.00 2.00 2.50 2.25 2.50
3 6.00 4.00 4.00 5.00 4.50 5.00
4 12.00 8.00 8.00  10.00 9.00  10.00
5 2400  16.00  16.00  20.00  18.00  20.00
6 48.00  32.00  32.00  40.00  36.00  40.00
7 96.00  64.00 6400  80.00  72.00  80.00

8 192.00 128.00 128.00 160.00  144.00  160.00

25 h) B A (G I3 DMEM 85 32 L1555 1 h s
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Table 3 Validation test grouping of fitting models and doses of six

components
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(O 120.00 110.00 80.00 140.00 100.00 150.00
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F4 AEAREREN 6FLZER 3T VSMCs 41 A F MR F M0 (xts,n=5)
Table 4 Effect of six components at different concentrations on cytotoxicity of VSMCs (x+s,n=5)
W fjpifgf MR ffni“ig e T AN rﬁi”{ig A7 %1%
TN AER 1.50 133.61+3.95 | BEH 2.00 124.67+6.27 | B #LfR 2.25 122.21+7.92
3.00 122.26+7.64 4.00 139.12+9.13 4.50 132.66+9.75
6.00 137.1743.93 8.00 146.28+10.50 9.00 132.35+9.26
12.00 123.22+11.33 16.00 112.13+6.68 18.00 111.24+11.15
24.00 96.09+6.71 32.00 87.33£9.09 36.00 106.58+6.97
R 1 2.00 127.3545.96 | BT & 2.50 136.90+8.85 | i F Bl 2.50 102.28+4.37
4.00 141.0848.56 5.00 134.66+8.86 5.00 103.98+4.96
8.00 127.88+3.25 10.00 135.37+9.64 10.00 105.41+3.34
16.00 121.84+5.34 20.00 122.25%5.41 20.00 100.26%4.28
32.00 96.838.17 40.00 96.32+8.40 40.00 100.39+4.33

TE < 1E % 2H 0 40 LA T R 100%

PDGF-BB i VSMCs 14 4 (19 Jii 1 ¢ )&

3.3 B IH 6 i ik 2= il 43 X PDGF-BB 5 5 1Y
VSMCs 4l Jfd 34 58 i 52 ) LA 28U 261 240 i 3% % 40 361
Rt BR PSR AE R AE 3~192 mg- L E AT 1 7E
8~128 mg L' # K 1 7E 2~128 mg- L' . B 7 %

i 7E 10~160 mg-L" PR iR 7F 18~144 mg-L"' . &
S B TR E 2.5~160 mge LA 5 v JE 44 6t 1 i 417 151
PDGF-BB % 3 iy VSMCs # 5 . | ik 6 4> 1 43 1Y
IC,, 4+ %) b 123.453. 113.184, 81.655, 141.159,

101.187.151.016 mg-L", W5,

x5 AEREIRE 6T 5 X PDGF-BB % S VSMCs 14 58 89 % 11 (X+5,n=4)
Table 5 Effect of six components at different concentrations on proliferation of VSMCs induced by PDGF-BB (x+s,n=4)

o ok i 41 e 344 o o R 41 1 34 5 o o R 41 e 344
/mg-L"! M2/ % /mg-L" /% /mg-L" /%

TR AE R 3.00 6.11£3.69 | HEHH 2.00 3.42+4.94 o] 25 7R 2.25 ~11.34+4.37

6.00 10.93+4.35 4.00 7.60+3.17 4.50 -2.66+3.33

12.00 15.78+6.77 8.00 10.09+5.69 9.00 -5.25+8.13

24.00 18.26+6.21 16.00 11.23+4.25 18.00 0.71+8.14

48.00 23.7245.31 32.00 22.86+8.42 36.00 8.19:6.04

96.00 37.86+1.92 64.00 28.91+7.25 72.00 27.95+4.11

192.00 63.34+8.97 128.00 65.27+7.60 144.00 71.67+7.35

R ] 2.00 -12.10£5.33 || B 5 W 2.50 -9.88+6.47 | B EEITT 2.50 6.37+1.36

4.00 -5.53+4.46 5.00 -5.02+2.18 5.00 9.45+2.88

8.00 1.25+4.21 10.00 0.61+3.58 10.00 10.47+1.72

16.00 1.96+4.33 20.00 3.71+3.26 20.00 12.4242.57

32.00 7.22+5.86 40.00 5.24+2.61 40.00 17.78+2.12

64.00 23.08+2.28 80.00 25.88+4.75 80.00 31.65+2.58

128.00 57.41+2.54 160.00 53.80+4.91 160.00 62.76+0.25

3.4 BApuit i X H 4B SR ] DPS7.05 K
A% o A Y 55 4% DR 2R OB AT 22 T 4k [l I R
W2 I 5% N 53T AR B (r) JF P X
BEABEAT A . 2 on etk r B A LG, [BH &R
B S B H AR X, X, A A A L R AR 5
P4>0.05, 136 B P 25 25 00 it 22 [0 1) 28 £ x40 i e 5

P61 30 5 R R LAl P R AN BEH £ 004
PEASE R EAT L 50 A7 o I vk 22 000 5% 2B TR I
J7 i AR r PP EEA 5 IR K LA R S BT N
A5 5Bk TRE I AIBR ARG AR R A 8 S AN E &
A9 Rk Z2 3 S ] 5 R DA R Y U K (R A 4% TR R
HAEMHE. WEReMET,
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Fo HEHRBERTFKEHERESHBIZTEI S EG=6)
Table 6 Values of each factor level and inhibition rate of cell proliferation in uniform design (n=6)
. JF bk v fE /mg - L 90 M 4 5900 R
X EREE X RIERTE ] XKW X, BRI XV X, TR RS (V1%
1 7.500 20.625 35.000 96.250 75.000 178.125 71.880
2 15.000 41.250 70.000 192.500 150.000 121.875 78.280
3 22.500 61.875 105.000 70.000 68.750 65.625 74.250
4 30.000 82.500 15.000 166.250 143.750 9.375 63.400
5 37.500 103.125 50.000 43.750 62.500 187.500 73.950
6 45.000 123.750 85.000 140.000 137.500 131.250 76.430
7 52.500 144.375 120.000 17.500 56.250 75.000 72.560
8 60.000 165.000 30.000 113.750 131.250 18.750 74.890
9 67.500 13.750 65.000 210.000 50.000 196.875 56.730
10 75.000 34.375 100.000 87.500 125.000 140.625 62.760
11 82.500 55.000 10.000 183.750 43.750 84.375 65.560
12 90.000 75.625 45.000 61.250 118.750 28.125 51.860
13 97.500 96.250 80.000 157.500 37.500 206.250 62.630
14 105.000 116.875 115.000 35.000 112.500 150.000 61.600
15 112.500 137.500 25.000 131.250 31.250 93.750 64.000
16 120.000 158.125 60.000 8.750 106.250 37.500 62.750
17 127.500 6.875 95.000 113.750 25.000 215.625 60.570
18 135.000 27.500 5.000 201.250 100.000 159.375 53.670
19 142.500 48.125 40.000 78.750 18.750 103.125 40.590
20 150.000 68.750 75.000 175.000 93.750 46.875 53.830
21 157.500 89.375 110.000 52.500 12.500 225.000 56.510
22 165.000 110.000 20.000 148.750 87.500 168.750 56.940
23 172.500 130.625 55.000 26.250 6.250 112.500 50.980
24 180.000 151.250 90.000 122.500 81.250 56.250 52.410
®7 BAFEHUESHH
Table 7 Fitting analysis of regression equations
I ] )5 77 A2 2 r F P f it
JifE 1 Y,=73.137 897-0.207 888.X,+0.000 508.X,>+0.000 347X X, 0.899 2795 0.0001 3.2  ¥=85.69.X,=7.50.X,=165.00 .X;=5.21,
X,=209.38 . X,=24.27 . X,=109.44
T2 Y,=70.038 433-0.236 665X,+0.000 577X,+0.000 260X, X,+ 0.920 19.94 0.0001 52  Y¥=91.73 .X,=7.50 X,=165.00 .X,=120.00 ,
0.000 415X, X,+0.000 370X,.X, X,=210.00.X,=150.00 ,.X,=225.00
JrFE3 Y,=76.102 678-0.394 420X,+0.000 879X,+0.000 721X, X,+ 0.948 11.54 0.0001 10.1  ¥=10549 X,=7.50 .X,;=165.00 .X,=120.00 ,
0.001 312X,X,-0.000 850.X,X;+0.000 768X X,~0.000 799.X,X,~ X,=8.75.X;=150.00 . X,=221.72
0.000 637X,X,+0.001 364X,X,-0.000 351.X,.X,
Tt 4 Y,=76.582 256-0.419 964X,+0.000 708.X,>+0.000 999X, X,+ 0.950 10.12 0.0002 11.1  ¥=112.36.X=7.50 .X,=165.00 .X,=120.00 ,
0.001 625X X,-0.001 307.X,X,+0.000 799X, X,—0.000 843X,X, - X,=8.75.X,=150.00 .X,=225.00
0.000 908X,X,+0.000 456X, X,+0.001 438X,X,~0.000 386X,X,
JrRES Y,=76.049 709-0.410 155X,+0.000 693.X,>+0.000 982X, X,+ 0.952  8.81 0.0005 12.1  Y=119.18 X=7.50 .X,=165.00 .X,=120.00 ,

0.001 756X,X,-0.001 469X, X,+0.000 705X,X,~0.000 959.X, X~
0.001 049X,X,+0.000 599X,X,+0.000 162X,X+0.001 497X, X~
0.000 402X, X,

X,=8.75 . X,=150.00 .X,=225.00

3.5 WA R G B RIE IR i K 3 AR
it AT 6 T X 0 A 30 40 i G SR A R RS S PR AR, o5
- 148 -

P38 o 2 25 B o AR AR 5 AN O R AT EI A
IO 8 TN AL , WL 3 8 o i A TN AL 5 5 B L 1) AR XS



529 B 3 W] HEXBAFZRS Vol. 29, No. 3
202342 H Chinese Journal of Experimental Traditional Medical Formulae Feb. ,2023

i 22 , 355 B4 5 R S 2 A X 25 7 by 52 B [l )51
P06 A8 1 T, 2 2 AR D 25 =1 (Y =Y )/
Yomu|x100% . LR 9. Z5H LM R 1~5 0344
X 22 3 5 6.32%. 6.58% . 12.44% . 17.91% .
19.75% , AR 45 - 28 K0 X i 22 /N I 285 6 52 50 1 1O T
ST, LA R A R Y R S RS e LG eRA, R
B YERI<100, 523 R4 R R S R A
H g, X RE 1 R 2 0T S8 e 22 R AT 25
Ko, ok R RS, 455 P>0.05, R —H 25T
Gt . UWE R 6 Ik N A R LR
AT CE R A 6 4 =2 1] YR OC R AT LA
FH A8 18007 7 2 47 1

#8 BIERBPEFROTNES LIRE0=7)

Table 8 Predicted and actual values of each equation in

verification test (n=7)

Y%

iRl WL A2 A3 R4 HES L
TS WOMAE WO WA BE fE

1C,, 4 60.58 63.41 6128 6095 60.95 70.30
¥Iopl 2 40 7152 72.86  74.12  74.54 7445 74.43

TR VA FI A 85.69 8477  69.93  57.98 55.35 76.76
2R FIE4 8599 91.73 7042 67.16 68.80 86.83

R34 85.98 91.33 105.49 112.35 119.09 87.08

x9 BFEMNESKREMEXNRE

Table 9 Relative deviation of predicted and actual values of each

equation
AH X 22 /%
2450
L A2 A3 4 TS
IC,, 41 13.83 9.80 12.83 1330  13.30
ek 24 3.92 2.11 0.42 0.14 0.03

HRE IR FIEY4 11.64 1044 8.90 2447 27.89
J5 R 2 3R L) A 0.97 564 1890 22.65 20.76

Ji R 3 SR LR 1.27 488 21.14  29.01 36.75

3.6 AR RIHRE R T RIT6eANA
T SN HZ B ERER  EBFEE T 64 A
AR 1Y J7 A 2 AT A R BB o RO R e Y
BHARME 0, HEO R 209 [l H RBONRE i LA
AR Z A OC F O T AR 2 h S S BRI ik £
Tt X [m] 0 R B8 0 W X A [ AR I AT 4R
i AR S AR S R AT BLE L AR X T s
o] 9 J5 # Y=-1.480 260-0.146 281X,+0.000 673.X,+
0.000 314X.X,+0.000 456X X,+0.000 737X X,, %% H
FER I Sl B R AT T M RO IS B 1 3

BCVEFH 5 15 0 A8 ORI B B8 5 B A AR RO B AR
S 8 T A8 L[] 05 2R R0 TE A, BIRT A i 3 5
il % 1F ] 38 BR3¢ B0 B g L e A R
e BT A [ I 2R R K, U I 2 X 4 i 4 i 4
R B P A AR SR R T Hoph 3 B0,
3.7 BN KRR AR 2 &I Y RO O
Z.HX5Y,X5 Y/ER GBS E R, 7E K5 5
PP A A 2R B T, A0 A o R N B
AT T X YPER AR MG, X5 X.X5
D AESERL U RS VIS S E N VNN EY
] 7B 7B S A T B B v, 0 A o R R
X, 5 X% v /R B ow 8 H S AR Y 52 B
B A 240 6 335 410 o) 3 1) A B 52 2 0 X, LY
BRI O R P U AE 20~40 mg- L', B B iR SR
BT BUEFE 0~20 mg- LA BY YIE AR, Bl & 2% 15
S BT 2R R 25 A A i 3, Y B G L B
5 B B8 [ I B KA IS, 20 A 3 A 0 ) %
Mo W1,
4 itit

[l U9 43 A7 4 E e 2 R A5 S T £ BT 20 eR 400G
F At [ AR g AR R AT I (5 R e A
SR A Hi 2 3 PR AR A S B W E LAy R
{14 S5 A0 At S B 2 8 A G S0 1) Tl 09 R L T A 4
XA o ) BT IR B A B 2 5 S o b
Al 1% >R Y A R0 B BUHE G AR e B i iR TR
SR AR | il 2 1 IR 2 500l I A5 R R 3¢ 35 AR i )
R F P T I HOR A Y, N ECE e POk B, I
55 B0 Z2 B4 14y R A L R R e Ok 1Y) 25 9 T
fHAH B oG Rkt 217, ARBEIE 8 56k H CCK-8
A B -2 19 2 AR 2 LA A IE H VSMCs 11 4
JfL B M A X VSMCs 1 G 1 90 1 T 3158 R A% R
I3 1 1C, , 38 2ok B 51 B 1 K3 25 [l IH 43 17 15 31 38 i
A B ) S A AR R ] UE G R R AL,
Ff 38 2k X B A T A Y B UE  #R A A A o3 TR fh G
R R ARSI B AR - 6 A L
Sy B ECAR G R, DA S 5 PR A% k200 4 4 0 o R
FMEMCR. HERNERL EH6MNHAR,
X 8B W5y 22 0] AT BEAEAE A AR SRR R
WK 22 T2 2 A A1 U A5 TR A 40 B, Shy (1 A5 AU 4L A
TR, AR S92 50 356 B 4 45 PR 28 5000 K OF 4, B[RS I
F 24K 8 24 . ik Z 1 ] T AL rh gl
A5 SR A BRI, — Y R R 38 B
28 A S8, ABAS 52 50 B AT 3% 24 4> [6] 119 7K
FHA ARG T Rk 2 A A PR
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80, . 7830 80 78.30
75 . . 73.58 175 73.58
704" 68.85 70 68.85
2 65 L. 64.13 65 64.13
> 60 : B 5940 604" I 59.40
55 .. L5468 55 54.68
50 " " m49.95 50 49.95
45 4523 45 45.23
40+ = 40.50 40+ 40.50
0 20 40 60 80 100 120140160 180 0 20 40 60 80 100 120 140 160 180
-1
X /mg-L X, /mg Lt
A B C
88.40
82.62
76.84
71.06
65.28
59.50
53.92
47.94
42.16
36.38
30.60

TEAX S YRR BRI BX, S YR BRI s C.X X, 5 YAETR =4e il i 18, D.x, X 5 YR =4 il i 1 B.XG XG5 VAR

= ol
E1 EAFE2EELXESMNERNMEX R

Fig. 1 Relationship between each independent variable and response value in regression equation 2

B A R AT AR R . 25 R ORI
Ak 2 B 4 % IE B VSMCs 6 W] & 3 PEAE I, A TA]
Jo e R Y 4% 43 X PDGF-BB 5 (9 VSM Cs 44 7
BAT M e .

FE T3 53 B P50 A 11 0 22 30 SRS A v A S
GRS A RS FRER M PY<0.05, BLH X 54>
J7 BRAE A1 B a5 45 T R 20 i 3 A S R Y
PLE SRS R AT . A I r KONEIT A
Ty FE 5> T fE A>T R 3> R 2> 1L F R/NEIF R
FREIHR2>TRISFTRSHRS, FRSGIA
MEHAERZ TG ANSHEREZ, il
K AH 5 i (] B AR Y 2 B0A T 0 AR e M 4 2 B
M), 7E S B AR A5 7 6 v, 3200 9 24 JE 0 — f R v /b
AR o Ll A A5 2 20 6 B B A A S T S S
BrRAAE, & SLERIE b Inl 9 50 BT 09 B 08 5 R B AR r B K
RS iz A b, T 68 ) 9 A — 5 SR dF L $2 R Il
T 53 B 45 0 O AR X, R AR i O AN — R o —
1, T3 AR BT B AN R 28 & % . filn, 4 7% 2
Xof 245 4 390 6 5 e N B 0L AR BE AT PR A A, E R
B AR 1 /NN G M 5 2 T o A A AR A
T 25 49 ) ek X ) 7 A T B, S AR ARy A
4 Y B R, I R AT 220 56 A 58 UE X B 5 Y A A5 2
W3R 2 4 A 1 i ik T L B T T R S A g
AR R E LGRS E IR
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