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Simultaneous Determination of 7 Effective Components
Content in Herbal Artemisia annua by UPLC-MS
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Abstract : Establishing a UPLC-MS method for rapid determination of artemisinin, artemisinic acid, artemisinin, dihydro-
artemisinin , kaempferol , luteolin and quercetin in Artemisia annua L. Samples extracted by ultrasound. Chemical compo-
sition was detected bymass spectrometer (AB SCIEX.TRIPLE QUAD 5500) ,andquantifiedby peak area external stand-
ard method. The calibration curves of artemisinin, artemisinicacid , annuaHB, dihydroartemisinin , kaempferol , luteolinand
quercetin were in good lineafity respectively,and the average recoveries were 99.14% (RSD =1.84% ) ,97.22% (RSD
=2.67% ),98.22% (RSD'=2.04% ),101.47% (RSD =2.53% ),97.34% (RSD =3.02% ),101.51% (RSD =
2.56% ) ,100.51% ( RSD«= 3. 03% ) , respectively. The measurement from 50 locations in Chongqing showed that the
method is simple and accurate. It can be used for quality evaluation of Artemisia annua.
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ELSD 5 [l , RS, & AE+ 7 02—
RIS o ABIEFERHAT UPLC-MS J7i: , 57
TP T AR A E T 2 AL B R
Jrd MR S H E AN, R E LR EE A
R A BTN 250 T 2 B T2 3

1 R

ACQUITY UPLC I-Class ( IR 4 T 25 250 AH )
AB SCIEX TRIPLE QUAD 5500 ( AB SCIEX /) i ji
%) s KQ-250B U5 7 Jp i BEAIL ( B L T e A A A A
FRAT) s AW-220 BUHL 7 RF ( HA B H) 5 AEG-
45SM B R ( H AR B .

T s H e WETH &R S KBRRER
T R 200 B (LR 2 R 2R R R A R A
it 5. MUST-13060203 . 13011614 . 13101302 , 13121
11213121011 ,13072505 ) , 75 & £ 2% Bt (191148
Yo AT YR A R A AL 5 :120915) o K2
B /K IR A g (60 ~ 90 °C) (B Hradi) ,
R O (B Eagat) .

T e F b SR AR T 5 P T 7 T A A o S b2

2 #AEEER

2.1 MREBAREHE
PRI & R T ETR H & CR WA H &R

ZR M (AR e 2R A B 2R OGT R a a, FYTE f , A
F10.22 wm BY9ESK , i 0k, DR, 1 Sk BRI
o
2.2 MHHl@iREIE &

HERFRIE 25 B AR 29 0.5 o, JRARELIE,
T 50 mL {2, I 25 mL 50% A7 3 i (60 ~
90 °C)-50% PSR, #75 45 min (300 w) , #EHL 2 ¥%,
J1150% A3k (60 ~90 °C)-50% PN AL 1, Ut
e 4L AR VE TR, B T 100 mL i, E A EZ
JE L8550, 00,1 mL, & 10mL S, #4517, H B
P E R B Z A 0022 wm /Y ESk, T
U8, IS, A BRI L
2.3 BiggH

{435 H: - ACQUITY UPLC BEH C, foif4E (2.1
mm X 100 mm, 1.7 pm ID); B BHAH: & IF A-
0.1% Z4% B(0 ~1 min, A10% —10% ;1 ~ 6 min,
A10% —85% ;6 ~ 13 min, A85% —85% ;13 ~ 14
min ,A85% —»10% ;14 ~ 15 min, A10% —10% ) ; i
#.0.4 mL - min” SRR .30 °C kAR (2 Lo
2.4 FUEEH

SR FH R 59 2% R 5 L (ST 1E 8 1 6 8 A
30, 2 S i A s (MRM) o 5 YU J32 - 550
C 57 P HFRdL I HABBE i S5O 1,

xR REBIEEY
Table 1 Condition of mass spectrometer and chromatograph
D Q1 Mass Q3 Mass DP Volts EP Volts CE Volts CXP Volts

Ml 2 Z Quercetin 30101 151.1 -140 11 -30 -10
T E R Artemisinic acid 233.3 233.3 -65 -10 -12 -13
11251 Kaempferol 285.2 285.2 -150 -8 -12 -15
T E K Artemisia annua 283.3 209.3 66 6 11 4
U H 3 Dibydioarte- 307.3 261.3 61 12.5 17 8
misinin

T8 &% Annua HB 271.3 271.3 66 6.5 15 6
KRR FZ Liteolin 287.2 153.2 196 10 37 4

2.5 REOEHFHER
2.5.1 RBURME ik

HERAFREL 0.50 g 5y (3 3 S0 ) 21 By, 43 %]
BT 25 mL I R 21 kRS, DL 3 I —4H )
T L AR T B 100% A7 ik (60 ~90 °C) -
0% EH 2 %5 80% A1k (60 ~90 C)-20% P .3
260% A% (60 ~90 °C ) -40% i 4 2 50% 4
ik (60 ~90 °C)-50% PN .5 5 40% A7 i (60
~90 °C)-60% PN .6 5 20% A7k (60 ~90 °C)-

80% NEHFN 7 *7 0% A1 L (60 ~90 °C)-100% N
B 7 A AN 6] A S G 541 20 mLL, A HR 60 min (3
2200 W) B i iR, R A R B B 7
HEZIE,F%5), 80,1 mL, % F 50 mL &, #
T, WL AR, e A 2208, #7851 0.22 pm (1)
UES, bk, SRR, TE AR AR, 12 2.3
2.4 WU AR AR PE 0 TR, iz AR5, I
SPSS B AT B R A3 A, 45 SRS [RI V0 i 8 R
(P=0.000) FHEHm(P=0.000) HF&HLER(P=
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0.000) .11 ZsH (P =0.000) AJREZ (P =0.000)
FiEz 2 (P =0.000 ) A5 #1352 ), XU 8 3%
(P=0.873) %A W& 50 ; iz H] Duncan 2% AR
[FZEF (K 2) 4 SH RS B0 & =M T
KFERE KT BAERBE R 50% A i ik
(60 ~90 °C)-50% PR -
2.5.2 HMSmEJEMHL

HEBRFRIBOA ARy 0 B (L 2 8 2 50 3 517 4
S5 S 6 SR T S BIRE A4S 3 0y, R
0.50 g, 435 & T 25 mL &S, BAREESHOIA 20
mL 50% 711t (60 ~ 90 °C)-50% N BR¥A W , 75
FEUL 60 min(Zj# 200 W) I, il E 2=, 1 50%
AT (60 ~ 90 °C)-50% PN i 75 W e 75 2 e, %
57,800. 1 mL, & T 50 mL i, #1, B i
IERBZNE, LA, 0.22 wm A3k, i1, B
SRR NN, 12 2.3 5 2.4 TN AR
P AR, iz HAMR T, JF ) SPSS B 47
KRt Z5RRBEXTH & R (P =0.002) AJRH
Z(P=0.003) FILli Z 5 (P = 0. 004 ) A 1 5 5%
M, R (P =0.039) A B 25 m, & LK (P=
0.061) it fz = (P =0.753) WA F#H R (P =
0. 839) A W3 M ; iz H Duncan 3% L AS[RI 2R+
(K 3) ., &5 Sl AR , S Sy
NP E TR AR 551 .
2.5.3 Hhgwyinik

HERAPRIERL 0. 50 g FF ih (b2 ik 5 5 5i) 15 4y,
S3E T 50 mL i, LA3 o —4, 53k 5 4,
SRIGTE AR TRRE S 2251 A 25 mL. 20 mL,
15 mL 10 mL F15. ml ) 50%. £ k(60 ~90 °C ) -
50% TR WL, 88 75 42 H60 min (T3 200 W) |, il &
FNER, FH 50% il fik (60 ~ 90 °C)-50% A i ¥
W, ER B ZI R A H0. 1 mL, & T 25 mL il
o PR, WREE e T e S B2, $24), H1 0.22
pm 8K i BRI, A R R, 4% 2.3
5204 WU AR, iR AR, iz HAMR TR, OF
FH SPSS BT I 2R 43T A5 AR LU XS 5 5
2 (P=0.000) ARERZ(P=0.000) FEMR(P =
0.006) . #fit ¢ & (P =0.000) FI# & L R (P =
0.000) A7 4k i Z 520w, 1L 251 (P =0.320) WA H
FEFE(P=0.422) %A B #F 5 0W; iz A Duncan 32 1
BARRIZEFAE(EK4) BHE L R 25:0.5 B, 45 1L
B S0 T4 TR K. RN Ly 25¢
0.5,

2.5.4 PRI Fhik

HEFRFRI 0. 50 g FESL (3 5 50 ) 15 44, 535
BT 50 mL i, DL 3 Oy —4, 40 S AL A
25 mL [ 50% A7 31k (60 ~ 90 °C)-50% 15 B,
AR E 60 min ( T2 43 524 150,200,250 ,300 .
350 W), ik & $) 2= i, 1 50% A7k (60 ~90 °C)-
50% NS, 245 22 B, #5657, #. 0. 1 _mL, ¥ T
25 mL g, ¥, B, It B 225, 5%
51, 000.22 wm B E Sk 5 U8 SR IR A R
W, 1% 2.3 5 2.4 TUT 154k, PR, iz A
PRkt 5a, JfHI SPSS B A T FR IR 2R 44T, 45 R 4%
BIIEXNHEHEHR(P =0.002) (F &M (P =0.002)
Him R (P =0.000) . 75 (P =0.000)  AKJERL
(P =0.001%) Ak fz & (P =0.000) £ 1 3% 5%
i, X A7 i AP = 0. 060) 3 A i & 505 iz
Duncan 3% LSRR F4E (3R 5) 3R I3 300
W B, & B 5 e A T TR m K. & fE
FEITI A1 300 W,
2.5.5 RIREFI Y ik

HEBRIFRIBCO. 50 g HEAL (3 5 i) 15 3, 435l
BT S50 mL s, A3 o —4, R S LA
25 mL 19 50% A7 (60 ~90 °C)-50% TN R,
A58 75 45 B 30,45 .60 .75 .90 min ( I %k 300
W) JCE B FR, H 50% £k (60 ~90 °C)-50%
PR W 5 2 ZI B #2850, 800, 1 mL, & T 25 mL
s, BT, MRS Ot E R B2, 85,
0.22 pm Y38k, of 98, HUZZ U8, 1F 0 FF o 15 W
$22.3 5 2.4 TUF #AE RPN, iz ARkt
B, 1 HH SPSS B A AT IR R AT . SRR R
XEEZR(P=0.001) FEHmRP=0.000) Hi&sL
Z (P =0.000) Il Z5 1 (P =0.000) A 1 %5
e, XA 3R (P =0.178) KRR FLER (P =0.481)
AT 2= (P =0.431) A7 135200 ;12 A Duncan
BB FZEFHE (K 6) o FREUSE] R 45 min [,
E iR e L VAR RS S =1V S O g Bl D)
[G] &7 45 min,
2.5.6 AREURHM TH ik

HERRFRI 0. 50 g #Edh (5 50/)9 17, I 4R
2,00 E T 50 mL s R O RS, LA 3 0k
— 1,50 R 3 4L A 25 mL (1 50% A5 HiE (60 ~90
C)-50% PIBREE W , B8 7 HE HL 45 min ()£ 300 W),
SERICL 2 A3 Wk, cE B = R, H 50% A i ik
(60 ~90 °C)-50% PN i 75 W , 3 ik, P i g 4061, it
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LEVRW, BT 100 mL i, R B2, B4, L
0.1 mL, & F 10 mL & ffirh  #1, FESA M, IEE S
B2 FE5), A 0.22 wm A8k, i uE, ISR
VERRERRW . $2 2.3 55 2.4 TR FR e, AR 0 1rj
iz FAMRIE TR, OF ) SPSS R4 kA7 B IR 2 43
Bro SERPEBIREHE R (P =0.000) ARBRER
(P =0.000) 7 & MR (P =0.000) Hitfz R (P =

0. 000) FILiZE M3 (P =0. 000 ) A 1 i 5200, 5 &
F(P=0.065) WAHFHE(P=0.450) %H B %
52 532 ] Duncan 5 WS FIZEFHE (R 7) o $2HL
WHCR 3 B, & 053 B & 380 T4 TS e K
Vo FEMAEEE TR ARER AW R
B2 5 3 Uk, S A 3 X, e R K
HoE 2 Ik,

K2 TRBEH-ERINRETE

Table 2 The different solvents-subset of each component

% wEE WHZE Wi R YR
Artemisia annua Artemisinic acid Annua HB Kaempferol Luteolin Quercetin
No. N 1 2 3 4 Noo 1 2 3 Noo 1 2 No. I 2 3 4 5 Noo 1.2 3 No. 1 2 3
1 3 4T 1 047 1 0.052 1 0.002 1 0.003 1 0.005
2 3 16.89 2 04 2 0.067 2 0.007 2 0.008 7 0.008
3 3 17.06 17.06 3 0.49 5 0.067 3 0.011 3 0.011 2 0.009
7 3 17.1017.10 6 0.49 0.49 3 0.069 5 0.0130.013 5 0.014 6 0.010
4 3 17.1317.13 4 0.49 0.49 6 0.071 6 0.0150.015 7 004 5 0.011
5 3 1722017.20 5 0.50 0.50 7 0.071 4 0.0160.016 6 0.014 3 0.014
6 3 1723 7 0.5 4 0.072 7 0.018 4 0.015 4 0.016
B Significance 1.00 0.06 0.20 0.05 0.07 0.12 0.4 1.00.0.07 1.00 1.00 0.28 0.06 0.09 1.00 1.00 0.10 1.00 0.06 0.27
R3O AEME-ERSEILEFE
Table 3 The different granularity-subset of each component
1Lz HiER H R KREBRZR
Kaempferol Artemisia annua Artemisinic acid Luteolin
No. N 1 2 Nox 1 2 No. 1 2 3 4 No. 1 2 3
3 3 6. 88 - 3 0.19 - 7 0. 009 - - - 3 0.010 - -
4 3 - 17.28 ?, 0.36  0.36 3 0.010 0.010 - - 2 0.010 0.010 -
5 3 - 17. 39 7 - 0.55 6 0.011 0.011 0.011 - 4 0.012 0.012 -
7 3 c 17.58 4 - 0.55 2 - 0.011 0.011 - 7 0.012 0.012 -
6 3 - 17.70 5 - 0.55 4 - - 0.012 0.012 6 - 0.013 -
2 3 - 18. 96 6 - 0.55 5 - - - 0.013 5 - - 0.016
Sifﬁiﬁiﬁce > 1.00 0.51 - 0.16 0.17 - 0.06 0.10 0.24 0.15 - 0.24 0.06 1. 00
x4 ARKRBIE-ERAREFE
Table 4 The different liquid to material ratio-subset of each component
HE R R HELK ARBER Hit s =
Artemisia annua Artemisinic acid Annua HB Luteolin Quercetin
No. N 1 2 3 4 5 No 1 2 No. 1 2 3 No 1 2 3 No 1 2 3 4 5
5 3 797 - - - - 5 021 - 3 0.066 - - 5 0.012 - - 50007 - - - -
4 3 - 10.15 - - - 4 - 0.33 2 - 0.075 - 4 0.012 - - 4 - 0.007 - - -
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2:5% 4 ( Continued Tab. 4)

HER H R HELR RIBFR Hit e 2
Artemisia annua Artemisinic acid Annua HB Luteolin Quercetin
3 3 - - 11.30 - - 3 - 035 5 - 0.076 - 3 0.012 - - 3 - - 0.009 - -
2 3 - - - 13.90 - 2 - 0.43 4 - - 0.090 2 - 0.016 - 2 - - - 0.011 -
1 3 - - - -17.50 1 - 0.43 1 - = 0.09 1 - -0.020 1 - - - - 0.011
i M Significance — 1.001.001.001.001.00 - 1.000.07.069 1.000.830.88 - 0.510.090.39 - 1.001.001.001.00 1.00

RS TRME-BERARLEFE

Table 5 The different power-subset of each component

THR HH R HELR NS Hik B 3
Artemisia annua Artemisinic acid Annua HB Luteolin Quercetin
No. N 1 2 3 No 1 2 3 No 1 2 3 No 1 2 3 No. 1 2 3. No. 1 2 3
1 3 126 - - 1 032 - - 10048 - - 10010 - =1 0/016.- -/ 10.0081 - -
2 3 13.313.3 - 3 0.350.35 - 3 - 0.064 - 4 0.012.012 - 2 = 0.019 - 2 - 0.0088 -
3 3 - 15.015.0 2 - 0.380.38 5 - 0.074.074 3 0.012.012 - 3 - 0.020 - 5 -0.0092 -
4 3 . - 16.1 4 - 0.380.38 4 - - 0.076 2 - 0.013 - 5 - 0.0210.021 3 -0.0092 -
5 3 - - 16.4 5 - - 0.42 2 - - 0.079 5 = - 0.017 4 - - 0.022 4 - - 0.011
BAAE 0.410.050.12 - 0.110.090.06 - 1.000.060.39 .- 0.140.111.00 - 1.000.070.11 - 1.000.12

Significance

#6 FAREERSFXTE

Table 67 The different time-subset of each component

HHE R R HHLR TP
Artemisia annua Artemisinic acid Annua HB Kaempferol
No. N 1 2 3 No. 1 2 3 No. 1 2 3 4 No. 1 2 3
4 3 17.36 - - 4 0.38 - - 1 0.071 - - - 1 0.010 - -
1 3 < 1848 - 1 0.39 - - 4 - 0.081 - - 3 - 0.014 -
5 3 - 18.77 18.77 3 - 0.40 - 3 - - 0091 - 4 - 0.015 0.015
3 3 - _18.96 18.96 5 - - 042 2 - - 0.097 0.097 2 - - 0.016
2 3 - - 19.29 2 - - 0.43 5 - - - 0.09 5 - - 0.016
I Pk Significance - /100" 0.18 0.15 - 0.14 1.00 0.09 .069 1.00 1.00 0.09 O0.54 - 1.00 0.08 0.11
R FRXRB-BHIELETFE
Table 7 The different times-subset of each component
HER H R HELR RERFER Mt R
Artemisia annua Artemisinic acid Annua HB Luteolin Quercetin
No. N 1 2 No. 1 2 No. 1 2 3 No. 1 2 No. 1 2
1 3 13.23 - 1 0.35 - 3 0. 007 - - 1 0. 008 - 1 0. 006 -
2 3 - 18.39 2 - 0.46 2 - 0. 009 - 2 - 0.012 2 - 0.014
3 3 - 18.72 3 - 0.51 1 - - 0.013 3 - 0.013 3 - 0.016
e - 1.00 0.64 - 1.00 0.12 - 1.00 1.00 1.00 - 1.00 0.10 - 1.00 0.52

Significance
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Fig.1 Chromatogram

TE AL T8 Z 0 AR O3S 5 B 35 H RN IR (i 195 C. 55
85 0 B L 1] 5 D. SUEUTT 85 23R 0 RO TR €% 1S . 1l 2%
3 Yo B VR €38 1] 5 . AR R B K MRV VR 35 1 5 G i 1 3R %
TR LG IR] s a. 35 15 R RE AL TR S 1 5 b 75 T BRAE ol A TR €l
Kl se. T8 ZRAER R OIE I 5 d. BUETE 8 RN AR (AT 14 5
e. LIS B RE AL (015 145 £, AC R T 3R O VA TR (B 15 6 5.0 I
R AIEIE

Note: A Artemisinin control solution chromatogram; B. ‘Artemisinic
acid control solution chromatogram; C. Annua HB' control solution
chromatogram; D, Dihydroartemisinin control solution chromatogram;
E, KaemPferol and Quercetin controlsolution chromatogram ; F, Luteo-
lin control solution chromatogram; G, Quercetin control solution chro-
matogram; a, Artemisinin samPle chromatogram; b. Artemisinic acid
samPle chromatogram; ¢:“Annua HB"samPle chromatogram; d. Di-
hydroartemisinin samPle chromatogram; e. KaemPferol samPle chro-
matogram; f. Luteolin samPle chromatogram;g. Quercetin samPle chro-

matogram.

2.6 HEFER
2.6.1 HEMHEE

1z I 73 B Bk R G RE RS MERR X Jr A [R) 731
A, MR > TR i B W 2 B>
P B AR TR AN ), DT R IEAS U 6 B ) e S 1 o
2.6.2 ZMXEHFR

FMEERTF SR HHR FELR MEAFTE
ESNIIPA I NS 1LY ORI il o N o
T 10 mL B i R B A 22 T 0. 964 mg
1. 023 mg.0. 990 mg.1.017 mg.0.990 mg.1.000 mg
FI1.040 mg B ENE HR HHEHR. HHE
ESOVEN- T NP NN N S ) 0N
REW, H P s A B MR A 3] R 90 Jo i vk 3 O 7 T R
964. 00, 867.60,771,20,674. 80, 578. 40, 482.00,
385.60 ng - mli's 798 B8 51.15,40.92 30.69 .
20.46.10.23 8.18.5. 12 ng - mL" ;58 2% 1. 98,
1.58.1:39.1.19.,0.99 .0. 50 .0. 099 ng - mL"; %A
FHE%2.03,1.63.1.42 .1.22 1.02.,0.51.,0. 10 ng
-mL” 25/ 1.98 1.78 .1.58 ,1.38.0.99 0. 50,
0. 099 ng » mL"; KB # % 3.50.3.00.2.50.2.00,
1.00.0.50,0.10 ng - mL"; #} fz 2 2.60,2.08,
1.56.1.04 0.52.0.10.0. 042 ng - mL" AW . 4>
SR 2 L, TEA A (1% A, DLJERE B ik B X
REAR R, MS U E (S S0 BRI T AR Y AR, 22
wilbREr 2, TR (% 8) . MR8 WILIA
M EER TSR TELR NEATFEHR LR,
AR RN K 28 00 AR e BE Y Bl N R R R
L8
2.6.3 AAEERBE

W &R FHR TSR MEATER
2% Wy AR B 2R A B S0 R VAR 2 L, SR

I

R

®8 MPAKFE

Table 8 Regression equation

W iy 2 R [l
. . ange
ID Regression equation R 4
(ng - mL™)
5 & Artemisia annua Y=4.17E +3X426 0.9999 964. 00 ~ 385. 60

FH S Artemisinic acid Y=1.83E +5X +5.31le +5 0.9978 51.15~5.12
HE % Annua HB Y=2.23E +4X +5.83e +4 0.9986 1.98 ~0. 099
WA E ZE Dihydroartemisinin Y=2.41E +3X-2.75e +3 0.9996 2.03 ~0.10
1 Z5 ) Kaempferol Y=1.5E +5X9. le +4 0.9993 1.98 ~0. 099
AKJBEFLZE Luteolin Y=5.95E +3X2.38E +4 0.9996 3.50 ~0. 10
Hil iz 2% Quercetin Y=1.77E +4X-5. 5¢ +4 0.9996 2.60 ~0.042
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6 YT, 1325 X0 B A e T A, AR, SR UL 9, K
WA
2.6.4 REMIXE

WG HR FHR HE LR EFHR
2 W AN B 3R B A P 2 L, £ 0.4.8.,12.24 h
PERE . A2t HE Al g 0 T B, THA SR LR 9, K

24 h WiFwRREE R Ao
2.6.5 EH MK

Fi2 2.2 WUR ik, dilas s AT Abikanh 6 4y K
PMEHFEHR FER EEHLR VNEAHTFEHER LE
My AR H R RN e R A, AR (R 9) VAR R
W E A R AT

RO THERINBEEBEE.EEMEMRSD(%)
Table 9 RSD( % ) of the precision,stability , repeatability on 7 components( % )

it 2 TR THH R TR AT HR L= AREETEER itz =
RSD(% ) Artemisia annua Artemisinic acid ~ Annua HB  Dihydroartemisinin  Kaempferol Luteolin Quercetin
K583 Precision 1.21 1.45 0.99 2.37 1.12 2.23 1.89
Fasg Mk Stability 1.81 1.98 1.53 2.47 1.39 2.02 1.72
45
EE@ 1.77 1.92 1.90 2.50 1. 47 1.77 2.14
Repeatability

2.6.6 ImAFEDK R

A3 PR S R IR 05X 7 R4 B 4 R — vk
HHAMHARO0.25 ¢,9 43,70 3 4, 843 43, A
AR 3 BRI AR S AR 47 2.2 T

il £ LA TR, 4 2. 33T € 1 % AR AG I, 52
HREER HHMR THLR NEAHFHR LS

1y AR R I 2R B SR S5 R (3R10)

R 10 fnEEEINSEILER (n=3)

Table 10 Results of recovery tests(n =3)

o K P FH bR
D Level recovery(% ) Average(% )  RSD(%)
L EE Low concéntration 98.2 98.5 97.7 99. 14 1.84
HEE FYk EF Medium/concentration 99. 8 100. 8 98. 5
Artemisia annua vk EE High concentration 100.2 101.3 97.3
¥R Low concentration 95.2 97.2 97.3 97.22 2.67
R Ty i Medium concentration 98. 1 95.3 9.7
Artemisini Fi M High concentration 99.5 98.6 97. 1
R B Low concentration 98.3 97.6 98. 4 98.22 2.04
HHE 1Yk F Medium concentration 100. 3 98.2 99.2
Annua HB Vi EE High concentration 9.6 99. 1 98.3
KR Low concentration 101.2 99.7 102.8 101. 47
WEH R rk & Medium concentration 100. 6 101. 4 101. 4
Dihydroartemisini M JE High concentration 102. 4 101.0 102.7
LV BE Low concentration 99.8 96. 4 97.5 97.34 3.02
\LZs 1 iy iF Medium concentration 97.1 9.3 95.9
Kaempfer MR High concentration 98.5 97.2 97.4
L BE Low concentration 100. 1 102.2 102. 8 101. 51 2.56
NGRS iy iF Medium concentration 102.1 100. 6 101. 4
Luteolin EHJE High concentration 103.2 101. 4 99. 8
K Low concentration 101.9 102.2 99. 6 100. 51 3.03
Wit %2 FYk  Medium concentration 102. 1 100. 3 97.3
Quercetin v BE High concentration 100.2 101. 6 99. 4
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2.7 HmMNESHEXMESHT

(FR11) 4% 2.2 F12.3 TR Jy B 484E, Mk &

2.7.1 H&aE R TSR HHEHOR AT EHR LR AR
R PR IBCEE R4S DB R P i T R 2 A AR RERAIR R R & AT =0y SR L3R 12,
®11 BEHEMKE
Table 11 Origins oftheArtemisinin medicinessamples

e e P FE b

No. Sample No. Sample

1 i 8E ¥ TRV 26 TME

2 = P2 27 PO SBT3 4152 5

3 =R i% 28 VLRI 4 418 D

4 4 FH PRI A 14 4 29 HOIT R RN 4 ZH T i b

5 PR AT S A RS IR 30 LR ETINE 2,41 84 5

6 BN S AR A 3 i F I 31 LR A A3 4

7 P9 PHA= B AR B R 32 HL SRR TR AE 4 ZH AR 1

8 PR 33 BV IR A 4 A1 HikE 2

9 PR HE 2 EZA 34 LR EMEREZE S 4

10 WHEESHIFA 1A 35 LA Sy

11 IS 57 S HUAEAS 1 20 36 TR BT 6 ZH iy

12 PFH T R 3R 2 41 37 LRI 3 20

13 PHFHT TR R IR 1 20 38 LRI CHI N

14 P PRI B A 5K 39 LRGN KA

15 PRI Z AT 5 415 BRI 40 BRI

16 (LY P NES: £ty DA 41 VIR 1 4

17 PP B ARSEERS 2 41 42 BV BIPFET A

18 PR FEFR A L 4 43 S QuiRagi

19 P B P K ] B A e R 44 BV AR 14

20 P BH TR LA 1 4t 45 G- RS 7 20

21 TIMARR A 46 GV AR AR HEN 1

22 JIN BB 47 G

23 FINAT R K 48 WA

24 T3 A1 5 B e Tt 49 L )

25 JTINDSH T RRRE R 8 4 50 BT =R

x12 EERNLER(n=3)
Table 12 Results of content detection(n =3)
Gy Wﬁ% %%@' 1Lz 19 %%% .ﬂ%%%%' HHLR *ﬁﬁ%
No. Quercetin Artemisinic Kaempferol Artemisia Dihydroartemisinin ~ Annua HB Luteolin
(%0) acid( %o) (%o) annua( %o) (%o) (%o) (%o)

1 0.0203 £0.0009 0.511 £0.001 0.0331+0.0003 14.78 £0.07 0.0214 +0.0002 0.0083 +0.0000 0.039 1 +0.0003
2 0.0050 £0.0003 0.308 £0.001 0.0266 £0.0002 15.48 £0.23 0.0373 £0.0003 0.0057 +0.0000 0.0254 +0.0003
3 0.0171+0.0004 0.577 £0.001 0.0305 £0.0002 15.51 £0.16 0.0074 +0.0000 0.0090 +0.0000 0. 0384 +0. 000 1
4 0.0021 +£0.0002 0.317 £0.001 0.0166 £0.0002 12.63 £0.15 0.0235+0.0001 0.0116 +0.0001 0.0181 +0.0002
5 0.0029 £0.0002 0.291 £0.001 0.0090 £0.0000 12.03 £0.08 0.0182 +0.0003 0.0135 +0.0002 0.0125 +0. 0001
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2:5% 12 ( Continued Tab. 12)
Gy W&? ﬁ%‘ A iz ﬁ%"‘ff 'Xl’iﬁf%“%{ ' HHLR *E‘%%i‘
No. Quercetin Artemisinic Kaempferol Artemisia Dihydroartemisinin ~ Annua HB Luteolin
(%o) acid(%o) (%o) annua( %o) (%o0) (%o) (%o0)
6 0.0029 £0.0002 0.234 +0.001 0.0088 +0.0000 12.66 +0.18 0.0215+0.0002 0.0107 £0.0002 0.0124 +0.0004
7 0.0409 £0.0004 0.475 +0.001 0.0334 £0.0002 17.49 £0.22 0.0154 £0.0004 0.0072 +0.0000 0.0514 +0.0003
8 0.0060 £0.0001 0.566 +£0.001 0.0235+0.0002 14.71 £0.27 0.0237 +0.0002 0.0167 +£0.0004 0.0254 +0.0003
9 0.0088 +£0.0001 0.428 +0.001 0.0185+0.0002 17.42+0.14 0.0142 +0.0003 0.0116 +0.0001 0.0224 +0. 0004
10 0.0020 £0.0000 0.355+0.001 0.0086 +0.0003 11.63 +0.10 0.0172+0.0001 0.0145 +0.0000"0. 0092 +0. 0000
11 0.0011 £0.0000 0.324 £0.001 0.0079 +0.0002 12.68 +0.12 0.0216 +0.0002 0.0157 +0. 0000 0.007.9 +0. 000 1
12 0.0105 £0.0005 0.417 +£0.001 0.0287 +0.0003 16.62 +0.14 0.0191 +£0.0002 0.0173 £0.0001 0.0370 +0.0002
13 0.0061 £0.0000 0.280 +0.001 0.0198 +0.0001 12.49 £0.18 0.0146 +0.0002 0.0147 +0.0002 0.0347 +0. 0002
14 0.0091 £0.0000 0.336+0.002 0.0174 +0.0002 18.59 +0.26 0.0255 +0.0002 0,0125 +0.0001 0.0165 +0.0002
15 0.0051 £0.0001 0.366 +£0.002 0.0138 +0.0001 18.41 £0.21 0.0081 +0.0001 0.0148+0.000.1 0.0155 +0.0003
16 0.0051 £0.0001 0.355+0.002 0.0134 +0.0002 14.67 +0.12 0.0259 +0.0006 0.0176 0. 0000 0.0134 +0. 0004
17 0.0011+0.0001 0.277 £0.002 0.0038 +0.0000 11.57 £0.27 0.0105 0000 1-:0. 0069 +0. 0000 0.0033 +0. 0000
18 0.0069 +£0.0000 0.316 £0.003 0.0185+0.0002 11.75+0.06 0.0192/+0.0002 0.0054 +0.0000 0.0263 +0. 0001
19 0.0018 £0.0001 0.276 £0.002 0.0075 +0.0000 10.77 £0.11 0.0165 £0. 0003 0. 0068 +0. 0000 0.0075 +0. 0000
20 0.0069 +£0.0001 0.385+0.001 0.0286+0.0002 17.35+0.17" 0.0214 +0:0002 0.0105 +0.0002 0.0315 +0. 0004
21 0.0090 £0.0001 0.299 £0.002 0.0257 +0.0003 17.34 £0.17 0.0302 +0.0003 0.0164 £0.0003 0.0305 +0. 0004
22 0.0390 +£0.0001 0.447 £0.003 0.0285 +0.0002 17.41 £0.14" 0.0203 £0.0001 0.0182 +0.0001 0.0334 +0.0003
23 0.0121 £0.0002 0.411 £0.003 0.0266 +0.0001" 17.58 £0. 14 0.0274 £0.0002 0.0162 £0. 0003 0.0273 +0.000 1
24 0.0114 £0.0001 0.411 £0.003 0.0274 £0.0001 16,64 £0.05  0.0232 +0.0004 0.0172 +0.0001 0.0273 +0.0001
25 0.0152 £0.0002 0.316 £0.002 0.0288 +£0.0001.15.71 £0.18 / 0.0162 £0.0002 0.0157 +0.0001 0.0392 +0.0003
26 0.0142 £0.0002 0.417 £0.003 0.0294 +0.0003 17.44 £0.23 0.0191 +0.0003 0.0084 +0.0000 0.0343 +0.0003
27 0.0050 £0.0001 0.425 +0.003 0.0167 +£0.0001 ~12.81 +£0.09 0.0203 +£0.0002 0.0182 +0.0001 0.0183 +0.0002
28 0.0070 £0.0003 0.401 £0.001 0:0195 +0.0001 " 13.55+0.29 0.0183 +0.0001 0.0193 £0.0001 0.0275 +0.0002
29 0.0089 £0.0003 0.473 £0.002" 0.0224 +£0.0002 18.62 +0.19 0.0113 £0.0002 0.0207 +0.0001 0.0236 +0.0002
30 0.0012 £0.0001 0.428 £0.004 0.0044+0:0000 11.91£0.05 0.0251+0.0003 0.0174 £0.0001 0.0042 +0.0000
31 0.0129 £0.0003 0.363 +0.002 /0.0185'+0.0002 11.58 £0.11 0.0194 £0.0003 0. 0057 +0.0000 0.0273 +0.0002
32 0.0100 £0. 0003 70.492.4£0.002 0.0266 £0.0002 16.57 £0.24 0.0322 +0.0003 0.0195 £0.0001 0.0295 +0. 0002
33 0.0110 £0.0003 0.474 +0.003 0.0305+0.0001 18.55+0.17 0.0291 +0.0002 0.0166 +0.0002 0.0313 +0. 000 1
34 0.0051.£0. 0002 0.456 £0.003 0.0195+0.0003 13.53 £0.26 0.0235 +0.0000 0.0194 £0.0000 0.0254 +0.0004
35 0.0098.+£0.0002 0.423 +0.003 0.0176 £0.0002 12.78 +£0.10 0.0273 +0.0002 0.0227 +0.0003 0.0254 +0.000 1
36 0..0020 £0. 0000 0.358 +0.004 0.0135+0.0000 11.79+0.06 0.0154 £0.0004 0.0201 +0.0003 0.0132 +0.0003
37 0.0021 £0.0001 0.406 +£0.003 0.0100+0.0000 13.35+0.23 0.0183 +0.0002 0.0137 £0.0002 0.0125 +0.0002
38 0.0101 £0:0003 0.346 +0.003 0.0203 £0.0000 17.40+0.08 0.0193 £0.0002 0.0156 +0.0002 0.0242 +0.000 1
39 0.013'1 £0.0003 0.394 +0.004 0.0275 +0.0000 16.85+0.10 0.0301 +0.0003 0.0173 £0.0001 0.0292 +0.000 1
40 0.0080 £0.0003 0.327 +0.004 0.0158 £0.0001 17.53 +0.15 0.0222 +0.0002 0.0148 +0.0001 0.0145 +0.0002
41 0.0260 £0.0003 0.746 +0.003 0.0294 +0.0000 12.85+0.03 0.0324 +0.0003 0.0197 £0.0002 0.0445 +0.0002
42 0.0259 £0.0001 0.344 +0.002 0.0315+0.0002 16.32 +0.18 0.0035 +0.0003 0.0135 +£0.0002 0.0323 +0.0004
43 0.0060 £0.0001 0.344 +0.002 0.0285+0.0001 17.71 £0.09 0.0273 +0.0002 0.0191 £0.0001 0.0343 +0.0003
44 0.0081 £0.0001 0.402 +0.002 0.0328 +0.0002 18.44 +0.11 0.0251 +0.0002 0.0205 +0.0002 0.0483 +0.0000
45 0.0170 £0.0001 0.536 +£0.002 0.0357 £0.0002 15.58 £0.09 0.0035 +0.0001 0.0159 £0.0001 0.0425 +0.0003
46 0.0131 £0.0003 0.449 +0.003 0.0265 +0.0002 12.82+0.09 0.0074 +0.0000 0.0126 +0.0003 0.0362 +0. 0003
47 0.0244 £0.0004 0.512+0.003 0.0315+0.0001 16.46 +0.26 0.0166 +0.0001 0.0083 +=0.0000 0.0383 +0.0003
48 0.0190 £0.0002 0.345 +0.002 0.0362 +£0.0002 16.00 +0.07 0.0192 +0.0003 0.0144 +0.0000 0.0633 +0.0004
49 0.0205 £0.0002 0.514 +£0.003 0.0326 £0.0001 16.72 +0.08 0.0252 +0.0003 0.0193 +0.0000 0.0536 +0.0002
50 0.0200 £0.0002 0.501 +£0.005 0.0358 +0.0001 17.61 £0.25 0.0284 +0.0002 0.0217 +£0.0002 0.0603 +0.000 1
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2.7.2 ABEMSH
UHEBR TER G80E NEaAFER (L%
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Table 13 Results of correlation analysis on Artemisinannua samples

%

Ingredients

F: Relevance

wHm

GE-E

o gk TR g TRE gammx wmeg| N aREE
Quercetin acid Kaempferol annua Dihydroartemisinin ~ Annua HB Luteolin
¥ Kz Z Quercetin 1
H &R Artemisinic acid 0.543** 1
11251 Kaempferol 0.751** 0.523"* 1
& Arlemisia annua 0.394 " 0.214 0.630" " 1
WA 7 2 Dihydroartemisinin -0. 116 0. 066 0. 081 0.133 1
T8 £ % Annua HB -0. 095 0.290 " 0.119 0.218 0.279 " 1
AR EZE Luteolin 0.766 " * 0.488 " * 0.919** 0.4657% 0..056 0. 145 1

TE: "8 0.01 KU B RZEARR, " 7 0.05 JK-F(XUM) b BEARR

Note: * P <0.01;* P <0.05.

7 BhSr A S REOE R FE R &
5 IR AR IR M B AR AR R B IE A SC (P
<0.01) , RIYETS E 250 b, LA By AR R B
BN R T AR A o 1 T () I s 7
XWEESHHR UEHFER HEHLREALE
TEARSS, RIFET B 2541 v, 35 R LT R TRl
CER I RS T 7 2K Y R 4 Rl ] F 49 Ui 5 A
AFHR AELAMGTEERFEME(P <
0.05) s Ll AR B 3K M B 21 3% B S AR R
MIEASE (P <0.01) s PR IRy & i 5 L Ax iy A2
B MR R A SRR E A IEASC (P <0.01) .

3 it

3.1 RBEARERE
FEMHENEEEMEERY T ENE, A 5
R A R WA S RS EE %A
FR  PEIPUA R I e H 48 T JoK S Lk AT
itk (60 ~90 °C) AN B!, 2252 i 2 47 i ik (60 ~
90 C) FHIN A I IR A 1A WU e AR s 3 U X 42
TR R G AR A AR I R ORI
[, I AT DA ) s KAt Ak BRRE i, oI e PR X A
PRI HEAT AL s SR BORECE 58 FE ol 75 Ja i
W UEAGT I SRS AV 5 T A A
WX (P =0.42) , B #H W00 58 OB T4
Vs SRR ECE g€, L2 8y 1 &5 1 Bl UCEC g

WD SR Ry B — L
3.2 BEKHRE

TSR ) EL 38 2 G-k, HBE-IK, -0, 1%
B2, CIE0. 1% TR B o3 1 43 B 3801, 45
IHHRBEAR L B9 43 T (LA ZE 0. 1% 2.2 J i sh Af
B, AR ARG, VeI BE 5%, HL Gy Beil . B8 ik B,
B M B ALy B R S Rk LA T,
TEIE B AT (i e, B S A 40 4 28 485 X1 g
N 11 B2 2 Y SR = W Al = = Y e =
R &S CRMARBRER, 7B B &R
it iz Z AN 2518 .

3.3 UPLC-MS 2R & MK 5 a8 FE

i MRS R 2 & R T BRI R
REWR R FERMTE L ELETE
ZIR MR EE R P ER S R ROR Mk
M &M R Ao, 75 2% FR & U A
K JE A B Be iy 22 ARSI .

Bifi 7 245 64 o B PO B TR, — IR 245 B 1) SO &
FEA 2R A B, A RBON 532 e 2 1) — e
bro BB B —BREGHF h K B2 R RN (B S
J7 A E AR R PE AR P E , A8 SCR A UPLC-
MS 3, 5 4§ i 4=-HPLC , HPLC-UV , HPLC-ELSD
F1 HPLC-UV-ELSD ¥k b4, AT LA AE 5 0 B[] Py, 0
TE W Z2 14y, RARE T i, A L B
RO, T LYW T FSAS o AR 5238 7 3% 0 4RF s FE TR
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