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Study on spectrum-effect relationship based on antioxidant activity of Artemisiae

Annuae Herba

LAI Liyong'™', XIA Tianshuang', XU Shengyan', JIANG Yiping", YUE Xiaoqiang’, XIN Hailiang"( a. Department of
Pharmacognosy, School of Pharmacy, b. School of Traditional Chinese Medicine, Naval Medical University, Shanghai 200433,
China, 2. Department of Traditional Chinese Medicine, Second Affiliated Hospital of Naval Medical University, Shanghai 200003,
China)

[Abstract] Objective To screen the pharmacodynamic material basic components of Artemisiae Annuae Herba and study
its antioxidant activity in vitro by investigating the spectrum-effect relationship between the HPLC fingerprints of 11 batches of
Artemisiac Annuae Herba (dried aerial part of Artemisia annua L.). Methods  The determination was performed on Aglient C;g
column (250 mmx4.6 mm, 5 um) with mobile phase consisted of 0.2% phosphoric acid solution-Methanol (gradient elution) at the
flow rate of 1.0 ml/min. The column temperature was indoor temperature, and detection wavelength was 220 nm, with sample size
of 10 ul. Using isochlorogenic acid A as reference, HPLC fingerprints of 11 batches of samples were determined. The common
peaks of 11 batches of samples were identified and recorded through TCM chromatographic fingerprint similarity evaluation system
(2012 edition) . Using scavenging rate of DPPH and ABTS free radical as pharmacodynamic indicators of antioxidant effects,
SIMCA 14.1 analysis software was used for PLSR to establish the spectra-effect relationship. Results  There were 48 common
peaks on 11 batches of sample, 11 components were identified as scopoletin, scoparone, isochlorogenic acid B, A, C, luteolin,
apigenin, chrysosplenetin, artemisinin, artemisetin and artemisinic acid. The scavenging activity of 11 batches of samples to DPPH
and ABTS free radicals was detected. The spectrum-effect relationship showed that isochlorogenic acid A, B, C and scoparone were
positively associated with its antioxidant capacity, and variable projection value was greater than 1. It was suggested that these
components were the material basis of antioxidant effect in Artemisiac Annuae Herba. Conclusion  This study investigates the
antioxidant capacity of different substances in Artemisiae Annuae Herba in vitro, and proves that isochlorogenic acid A,B, C and

scoparone play a major role for the antioxidant capacity.
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E3 RExtiR&A HPLC B
=2 11 PHEEFSHES HPLC BB IEHAXTR BT E
ErRe) S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 RSD(%)
U1 0.071 0.071 0.071 0.071 0.070 0.070 0.070 0.071 0.070 0.072 0.072 1.060
U2 0.075 0.075 0.075 0.075 0.075 0.074 0.075 0.075 0.074 0.075 0.075 0.540
U3 0.303 0.308 0.308 0.309 0.309 0.309 0.310 0.311 0.310 0.310 0.309 0.680
W4 0.396 0.401 0.401 0.401 0.400 0.401 0.401 0.402 0.402 0.403 0.402 0.450
IS 0.418 0.423 0.423 0.424 0.424 0.423 0.424 0.425 0.424 0.425 0.425 0.460
U6 0.433 0.437 0.437 0.437 0.436 0.436 0.436 0.437 0.437 0.439 0.438 0.340
W7 0.468 0.472 0.472 0.472 0.472 0.472 0.472 0.473 0.473 0.473 0.473 0.300
IR 0.662 0.667 0.667 0.667 0.667 0.666 0.667 0.668 0.667 0.668 0.668 0.250
U9 0.717 0.723 0.723 0.723 0.723 0.722 0.724 0.724 0.724 0.724 0.724 0.280
10 0.731 0.739 0.738 0.738 0.741 0.737 0.738 0.738 0.738 0.738 0.740 0.340
W11 0.794 0.796 0.796 0.796 0.796 0.795 0.797 0.797 0.796 0.797 0.797 0.120
U 12 0.810 0.815 0.815 0.815 0.809 0.814 0.815 0.815 0.814 0.817 0.817 0.310
13 0.823 0.825 0.825 0.825 0.825 0.824 0.826 0.827 0.825 0.826 0.826 0.130
14 0.912 0.912 0.912 0.913 0.911 0.912 0.914 0.914 0.913 0.913 0.914 0.110
15 0.983 0.982 0.983 0.983 0.982 0.982 0.983 0.985 0.982 0.984 0.983 0.100
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G5 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 RSD(%)
16 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0
17 1.038 1.037 1.037 1.037 1.037 1.037 1.037 1.038 1.037 1.038 1.038 0.050
IE18 1.058 1.056 1.058 1.058 1.060 1.060 1.061 1.062 1.060 1.059 1.059 0.160
1519 1.078 1.079 1.078 1.078 1.075 1.074 1.078 1.079 1.075 1.078 1.079 0.170
1420 1.133 1.131 1.131 1.131 1.131 1.129 1.130 1.131 1.129 1.132 1.132 0.110
21 1.157 1.154 1.157 1.155 1.155 1.156 1.156 1.157 1.154 1.158 1.156 0.110
1522 1.190 1.190 1.189 1.189 1.190 1.192 1.188 1.189 1.187 1.189 1.192 0.130
1423 1.199 1.198 1.198 1.198 1.198 1.198 1.199 1.199 1.197 1.198 1.198 0.050
U524 1.215 1.214 1.214 1.214 1.213 1.213 1.213 1.215 1.212 1.214 1.214 0.070
125 1.246 1.244 1.244 1.244 1.243 1.242 1.243 1.244 1.242 1.244 1.245 0.100
1426 1.307 1.306 1.306 1.307 1.306 1.305 1.306 1.308 1.306 1.306 1.308 0.070
127 1.452 1.453 1.450 1.450 1.450 1.450 1.450 1.453 1.449 1.448 1.449 0.110
1528 1.464 1.462 1.463 1.463 1.464 1.463 1.464 1.465 1.461 1.461 1.460 0.110
1429 1.497 1.493 1.495 1.495 1.492 1.492 1.495 1.500 1.492 1.494 1.494 0.160
IE30 1.656 1.655 1.656 1.653 1.648 1.645 1.648 1.649 1.647 1.658 1.659 0.300
1531 1.665 1.665 1.672 1.663 1.659 1.657 1.657 1.658 1.656 1.667 1.667 0.320
1532 1.718 1.718 1.717 1.716 1.711 1.709 1.710 1.711 1.708 1.719 1.721 0.270
U533 1.752 1.752 1.751 1.748 1.743 1.738 1.738 1.740 1.739 1.754 1.756 0.400
1534 1.770 1.770 1.769 1.767 1.762 1.758 1.758 1.759 1.758 1.772 1.775 0.360
I35 1.833 1.834 1.833 1.830 1.825 1.821 1.821 1.822 1.820 1.835 1.838 0.360
36 1.893 1.894 1.893 1.890 1.884 1.879 1.879 1.880 1.879 1.896 1.900 0.420
1537 1.942 1.943 1.942 1.939 1.932 1.927 1.927 1.928 1.928 1.945 1.949 0.430
138 1.950 1.950 1.949 1.946 1.939 1.934 1.934 1.935 1.935 1.953 1.956 0.430
139 2.027 2.027 2.026 2.023 2.015 2.010 2.009 2.011 2.011 2.030 2.034 0.460
1540 2.036 2.036 2.032 2.031 2.024 2.019 2.018 2.016 2.020 2.039 2.043 0.470
41 2.102 2.102 2.101 2.097 2.090 2.084 2.084 2.085 2.085 2.105 2.109 0.450
U642 2.117 2.116 2.114 2.111 2.103 2.097 2.097 2.097 2.098 2.119 2.122 0.470
1543 2.156 2.155 2.153 2.149 2.141 2.135 2.134 2.135 2.136 2.157 2.161 0.490
1544 2.226 2.224 2.223 2.219 2.211 2.204 2.204 2.205 2.205 2.226 2.230 0.470
U545 2.233 2.232 2.230 2.226 2.218 2212 2.211 2.213 2.212 2.234 2.238 0.470
1546 2.267 2.265 2.263 2.259 2.250 2.243 2.243 2.244 2.244 2.265 2.270 0.490
W47 2.329 2.327 2.325 2.321 2.312 2.306 2.304 2.306 2.306 2.328 2.332 0.480
U548 2.363 2.362 2.36 2.355 2.346 2.339 2.338 2.340 2.340 2.363 2.367 0.490

af
&
513
=

0.837 0.815 0.778 0.821 0.811 0.834 0.864 0.776 0.823 0.806 0.838

25 HRAMMERHER (1-(A—A4,) =A4,) x100%, LAHEE (Y) % DPPH [
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#3 11 #MPHEEHS HPLC EiGHEEIERHEXTIEER

G5 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 RSD(%)

11 0.221 0.718 0.167 0.215 6.001 18.615 0.134 0.037 0.545 0.046 0.033 232.240
:9) 0.539 2.042 0.539 0.505 11.735 36.124 0.337 0.055 1.571 0.192 0.041 223.380
I3 0.065 0.102 0.060 0.131 0.300 0.356 0.050 0.035 0.070 0.032 0.028 100.170
154 0.066 0.061 0.059 0.088 0.121 0.476 0.033 0.015 0.064 0.021 0.026 139.490

] 0.134 0.056 0.104 0.130 0.183 0.339 0.145 0.084 0.080 0.054 0.073 64.820
U6 0.391 0.338 0.288 0.344 0.243 0.408 0.321 0.169 0.271 0.131 0.077 39.430
147 0.987 0.201 0.214 0.514 0.385 0.315 0.850 0.405 0.308 0.251 0.482 57.330
I8 0.375 0.295 0.217 0.584 0.686 0.903 0.376 0.150 0.338 0.143 0.305 59.310

U9 0.533 0.646 0316 0.766 2.647 4.610 0.201 0.130 0.674 0.112 0.332 139.510
%10 0.223 0.058 0.024 0.137 0.259 0.464 0.189 0.008 0.051 0.039 0.023 104.800
11 0.225 0.203 0.202 0.236 0.365 0.952 0.079 0.120 0.145 0.112 0.069 101.160
12 0.119 0.213 0.234 0.245 0.516 0.872 0.116 0.072 0.117 0.055 0.049 105.050

%13 0.197 0.181 0.207 0.214 0.376 1.106 0.085 0.107 0.143 0.111 0.061 116.600
14 0.055 0.151 0.081 0.096 0.132 0.242 0.064 0.129 0.067 0.047 0.058 57.120
15 0.125 0.315 0.186 0.226 0.295 0.477 0.109 0.138 0.179 0.062 0.126 58.660
%16 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0

17 1.130 0.724 0.667 1.118 0.879 0.891 1.175 0.356 0.943 0.466 0.849 31.770
IE18 0.104 0.101 0.185 0.115 0.241 0.060 0.089 0.224 0.053 0.108 0.087 51.150
%19 0.551 0.465 0.406 0.497 1.441 1.610 0.265 0.566 0.291 0.253 0.229 79.600
1420 0.050 0.093 0.222 0.077 0.080 0.171 0.041 0.214 0.047 0.079 0.029 69.220
21 0.086 0.169 0.206 0.138 0.095 0.248 0.085 0.079 0.120 0.066 0.058 50.140
1622 0.096 0.098 0.081 0.120 0.130 0.177 0.105 0.050 0.112 0.069 0.078 33.720
1523 0.251 0.842 0.321 0.530 0.626 0.594 0.206 0.256 0.418 0.121 0.353 52.610
U624 0.237 0.280 0.147 0.286 0.324 0.264 0.244 0.138 0.289 0.122 0.176 30.790
1525 0.445 0.565 0.441 0.730 0.725 0.619 0.486 0.121 0.558 0.243 0.306 40.560
1526 0.175 0.211 0.243 0.279 0.427 0.832 0.121 0.107 0.199 0.093 0.120 83.960
1527 0.050 0.045 0.030 0.090 0.161 0.245 0.056 0.006 0.071 0.028 0.027 95.860
1428 0.063 0.243 0.054 0.177 0.170 0.123 0.049 0.036 0.127 0.018 0.080 68.020
1429 0.107 0.125 0.092 0.177 0.361 0.428 0.091 0.015 0.109 0.053 0.041 90.430
I&30 0.080 0.390 0.063 0.298 1.373 1.312 0.065 0.019 0.113 0.026 0.030 148.400
131 0.071 0.216 0.066 0.163 0.244 0.216 0.065 0.023 0.100 0.030 0.158 64.710
1432 0.027 0.071 0.019 0.054 0.303 0.210 0.030 0.014 0.032 0.017 0.018 131.430

U433 0.160 0.445 0.234 0.380 1.852 2.801 0.146 0.036 0.261 0.087 0.075 151.790

1534 0.114 0.280 0.166 0.312 0.777 1.295 0.117 0.019 0.159 0.054 0.055 128.230
I35 0.336 1.630 0.399 1.267 6.102 5.469 0.423 0.117 0.603 0.123 0.317 141.670
36 0.070 0.330 0.042 0.260 1.421 1.875 0.063 0.004 0.116 0.013 0.021 167.530
1537 0.153 0.999 0.269 0.774 3.799 5.304 0.195 0.088 0.399 0.071 0.106 159.420
1438 0.304 0.702 0.221 0.534 3.139 3.099 0.303 0.068 0.400 0.101 0.143 140.610
IE39 0.090 0.447 0.148 0.331 1.801 2.513 0.123 0.022 0.194 0.042 0.033 159.710
1540 0.084 0.285 0.091 0.199 1.102 1.365 0.043 0.076 0.122 0.021 0.016 151.000
41 0.190 0.366 0.232 0.172 1.131 2.101 0.068 0.033 0.226 0.055 0.039 152.190

42 0.157 0.322 0.185 0.229 1.672 2.273 0.121 0.028 0.231 0.047 0.052 155.930
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£ S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 RSD(%)
1543 0.065 0.137 0.091 0.109 0.535 1.037 0.049 0.017 0.093 0.027 0.027 157.670
W44 0.059 0.108 0.068 0.049 0.303 0.650 0.019 0.012 0.062 0.017 0.014 156.080
U645 0.110 0.234 0.138 0.113 0.747 1.344 0.045 0.020 0.135 0.033 0.025 153.940
1546 0.083 0.114 0.089 0.161 0.705 1.559 0.064 0.024 0.127 0.032 0.049 170.940
W47 0.108 0.285 0.176 0.201 1.054 2.412 0.039 0.039 0.161 0.037 0.038 175.050
W48 0.389 0.878 0.171 0.854 4.399 5.353 0.419 0.045 0.356 0.065 0.162 155.940
T4 AERmERARSSE TUBEEE A, WAEALBOLEE 4., % ATLIOLTE 4,
FI F TR T ik 75 r DPPH [ LT K% (%) =(1-(4.~4y) +A4,) x100%,
DPPH Y=0.021 8X+0.005 7 0.999 9 'f#\:iitlill__l'j ABTS a H:{ %Yjﬁ;[;/%ﬁ%jj (mmol/L TI'OIOX) _
ABTS Y=0.447 6X+0.012 4 0.997 3

10 3% XF AR AL ABEL S 100 pl, JE7K HEE 150 ul,
I E LA S, 100 pwl, DPPH TAEW 150 ul, 25
HALINASER S 100 pl, DPPH TAEK 150 ul 5 iR
A, R E TR N E 0.5 h, T 540 nm I K A5
X HRFLIE G Ag, M2 FLCRE A, 25 AL
Ay, DPPH [ H 2595 Bk 38 (%) =(1-(A4,-44) +4,) %
100%, fitiX 5 DPPH H H 3 ¥ & 68 71 (mmol/L
Trolox ) =ty AbRE B £k 5 2 Fr 45 Trolox A4
BEx10, 250 0L F 5. 11 L E RN T, BE5 8
*5: S8)I5 kR DPPH H FH 21 HE I Feiik

#=5 EFEMEMNFHERN (mmol/L Trolox)

i DPPHY4 R fE ABTSTERRRE
Sl 2.725 6.243
S2 1.336 2.025
S3 2.765 4.521
S4 3.110 7.190
S5 1.617 2.848
S6 0.970 0.853
S7 5.057 8.641
S8 6.477 10.453
S9 2.025 2.575

S10 4.731 8.313

S11 5321 9.848

2.53 ABTS HHEETHIRAE S E

11 A A W (S5 ST~ 11, #%42.2.27
TR 5 2 %) 4 1 ml, I JC /K B EE 9 mi Ff B
10 £%; X REFL DA S 100 pl, oK HEE 150 pl,
W E LI AAER S 100 pl, ABTS TAER 150 pl, 25
FIFLINATE/K 2B 100 ul, ABTS TAE 150 pl, i&
A1 E T ZEIRN 6 min, T 405 nm I AR A5 X R

FRABRUE ] i1 26 5 72 Fr A5 Trolox YR %10, 4%
WU 5. 1TSS, A 8(%i5: S8)IF
Fr ABTS H HHERYHE T At
2.6 K FNOM

B 5 FHEPUEATEMESS R 3 B AT I
T R S A SIMCA 14.1 3 4-#9 7 PLSR A1,
SRR MR, U 3~ g 8. I 10~ g 27, I 29, IE
32~ U4 34, U 38, U4 40, I 42~ I 43 Ik 46 5
DPPH H i &7 B % 2 1EAH ¢ 1§ 3 ~ 16 29, 1§
31~ 04 35, U6 38, 15 40, 1% 42 ~ 5 44 1§ 46, 1E
48 5 ABTS [ G BRAC R IEAC, 45 WK 4,

AERE (VIP) FH T IPAG B~ A A8 56 PR A2
P E A, VIP>1 3R] [ A8 HE0 R AR 3 ) ST 10
EE, TR X A R BREE I B IEM S, B
VIP>1 i, 45 R WoR, i 20 2 W o7
Hst DPPH [ 315 BR A8 71 19 5Tk R /MR 55
SRR A(16 FU5)>F 4R B(15 5 U%) > 8 N
fik (14 505> JE R C(23 S1%); 758 20 A RS
T B o T ABTS [ H IR TE BRBE 1 1) STk K
IIMEIRN 8 JE R A(16 S5 ) >R JF R B(15 %5
W) >SS BR R R C(23 S0 > R (14 51, 42
TN B4 55 T R DU R T S IE AR G, S5 R L
K5,
3 g

FIH HPLC 70022 75 v 29 A 1 [ 3, g ofe
) . o ARSI 3 A 2 R BN A . SRR
IR IR, 76 LNE-0.1% WK . HEE-0.1% MR 7K
LA, B BE-0.1% BEFR /K AL S AH ) 43 B 4%
R, B8 RS R B AME; AR
TKAHCH 0.2% BERRIK IS, /7 B FEAS 3 T4 . o
FERTINE L T 20K T £ o i g O, & 930
EE PR TSR A LIE, S5 %85 220 nm
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