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Abstract: Objective To establish a UPLC method for the simultaneous determination of benzoylmesaconitine, benzoylaconitine,
benzoylhypaconitine, mesaconitine, hypaconitine and aconitinein Aconiti Lateralis Radix Praeparata (ALRP) and Aconiti Radix (AR),
and to compare the content difference of six alkaloids in the samples with multivariate statistical analysis. Methods Alkaloids in ALRP
and AR were extracted with 0.05 mol/mL hydrochloric acid solution by ultrasonic extraction. The UPLC method was performed on a
BEH Cyg (100 mm x 2.1 mm, 1.7 um) through a gradient elution of acetonitrile and water at a flow rate of 0.1 mL/min with column
temperature at 35 °C. The injection volume was set at 4.0 uL, and the detection wavelength was set at 235 nm. Difference significance

analysis, activity ratio analysis, toxic constituents index analysis, correlation analysis, hierarchical cluster heatmap analysis, principal
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component analysis, and TOPSIS analysis were used for data processing to comprehensively evaluate the quality of ALRP and AR. Results

The method was in accordance with the regulations. Compared with the content of six alkaloids in ALRP and AR, significant difference existed

in mesaconitine, benzoylhypaconitine, aconitine, and monoester diterpenoid alkaloids (MDAs); Significant difference existed in

benzoylmesaconitine and benzoylaconitine; There were no significant difference in hypaconitine and diester-diterpenoid alkaloids (DDAs).
Taking the six alkaloids as indexes, the sample No. 15 of ALRP was the best in quality and the samples No. 7 of AR was the best in quality.

Conclusion The established method is simple, accurate and reliable with good precision, repeatability and stability, which can be used for the

simultaneous determination of six alkaloids in ALRP and AR. It is much more accurate and convenient to conduct the quality evaluation by using

activity ratio, toxic constituents index and multivariate statistical analysis. The study could provide a reference for improving analysis and
determination of ester-type alkaloids in ALRP and AR in ChP, and providing a reference for quality control and evaluation of ALRP and AR.

Key words: Aconiti Lateralis Radix Praeparata; Aconiti Radix; alkaloids; activity ratio; ultra-high performance liquid chromatography;

multivariate statistical analysis; benzoylmesaconitine; benzoylaconitine; benzoylhypaconitine; mesaconitine; aconitinein; hypaconitine
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Table 1 Sources of ALRP and AR
I R ST i /m S (B) /4E (N KA 7]

1 LT R K PaAt 5 41 501 E: 104°42.417"/N: 31°42.413' 2017-06-24

2 LT R K BaAt 5 4 501 E: 104°42.375'/N: 31°42.529" 2017-06-24

3 LT R K BaAt 3 4 503 E: 104°42.601"/N: 31°42.505' 2017-06-24

4 YL T 3 B K BT 3 4 500 E: 104°42.696"/N: 31°42.487' 2017-06-24

5 YLt T 3 B K BT 5 4 501 E: 104°42.321'/N: 31°42.399’ 2017-06-24

6 YL T 2 B B AT 5 40 507 E: 104°42.274'/N: 31°42.432 2017-06-24

7 YL T I B B 5 41 511 E: 104°42.339"/N: 31°42.668' 2017-06-24

8 YL T 2 B B 5 40 503 E: 104°42.379'/N: 31°42.718' 2017-06-24

9 VLI T RSP BT REAT 4 41 501 E: 104°41.054'/N: 31°42.035' 2017-06-25
10 VLI T RSP EAT 6 20 501 E: 104°42.009'/N: 31°42.828' 2017-06-25
11 VLI T RSP REAT 5 40 503 E: 104°41.745'/N: 31°42.605' 2017-06-25
12 YL T RSP B REAT 2 40 501 E: 104°41.893'/N: 31°42.487' 2017-06-25
13 VLI TR REAT 2 40 501 E: 104°41.773//N: 31°42.446' 2017-06-25
14 VLT AP RE A 3 20 507 E: 104°41.242'/N: 31°43.241" 2017-06-25
15 VLT AP RE A 1 20 511 E: 104°41.246"/N: 31°43.599" 2017-06-25
16 YL T KPR 10 41 503 E: 104°41.820"/N: 31°43.791" 2017-06-25
17 YL T ORTEOUIEAT 6 21 503 E: 104°41.596'/N: 31°43.819’ 2017-06-25
18 VL T RSP B 2 40 503 E: 104°41.301"/N: 31°43.837" 2017-06-25
19 YL T AP HE 4 41 503 E: 104°41.407'/N: 31°43.850" 2017-06-25
20 YL T RSB T IA 10 4 503 E: 104°41.358"/N: 31°44.947" 2017-06-25
21 VLI T RSP AR 2 41 503 E: 104°41.775'/N: 31°45.031' 2017-06-25
22 VL T RSP AT AR 3 40 503 E: 104°41.526"/N: 31°44.814' 2017-06-25
23 YL T RSP BT AR 1 40 503 E: 104°41.755'/N: 31°45.232' 2017-06-25
24 YL T RSP BT AROR 4 20 503 E: 104°42.004'/N: 31°44.793' 2017-06-25
25 VLI TR FEAT AR 6 40 503 E: 104°42.003'/N: 31°45.105' 2017-06-25
26 YL TR PEATMAT 5 4 503 E: 104°42.136//N: 31°44.908' 2017-06-25
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Fig. 1 UPLC of six mixed reference substances (A), ALRP (B), and AR (C)
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Table 2 UPLC analysis of linearity, LOD, and limit of quantitation
% EVEp P LAEVEH/ng K fR/ng 7E 7 fR/ng
2K F I 2 Sk R Y=10142 X+4 7353 0.999 5 7.36~184.00 0.56 1.87
2% G 1 Sk S5 Y=11227 X—10 629 0.999 5 1.36~ 68.00 0.72 2.39
2R F IR 1 3K SR Y=11551 X—10299 0.999 7 1.73~ 86.50 1.04 3.45
B Sk Y=11200 X—17 063 0.999 8 4.28~214.00 0.37 1.23
IR S, Y=12220 X—21 859 0.999 7 8.44~316.50 0.41 1.37
15 3 Y=11906 X—12 314 1.000 0 2.53~126.50 0.44 1.47
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*3 MFoMEMBSEVNESER (X £s,n=3)
Table 3 Determination results of six alkaloids in ALRP (X *£s, n=3)

e R g )

i EXi7 eV e SR i S N S PR PR DX BRI R
1 475.80£18.38 49.13+1.27 124161197 190.88+ 321  1055.8843.00 35454065  649.09+19.42 128221+ 6.24
2 300.85+ 0.80 38531036 115732069 11597+ 0.77 860.26+ 526  31.794+0.15  455.12% 0.96 1014.01+ 5.83
3 22861+ 526 42.8840.40 50.77£2.12  554.20£13.29 94595+ 793  151.674£3.18 322254 632 1651.82£21.42
4 250.19% 1.02 43.10+0.26 125594042 10428+ 0.17 956.80+ 9.68  33454+0.56  418.88% 1.58  1094.52+10.03
5 276.04% 5.00 52.8140.31 86.31+2.12 13697+ 2.12 76193+ 992 40.84+0.12 41515+ 5.70 939.74+11.87
6 201.53£ 0.90 56.12+1.22 42394325 50949+ 721 952.89+10.37 22574052 300.04+ 4.05 1688.09+£17.96
7 33013+ 1.06  101.08£1.73 55471064 33921+ 220 70086+ 2.06 182594192  486.68%& 1.96 1222.66+ 6.01
8 24193+ 0.82 6547+1.11 45.16£1.99  637.30£ 501 80229+ 534 271174145 35256+ 123 1710.76x£11.78
9 21044% 176 32954032 4757£1.63  334.14% 424 904.80% 7.68 77441051 29096+ LIS 1316.38+11.41
10 171.12% 138 26.37+0.23 59.384+1.27 20099+ 170 893.074 9.19 38374078  256.88+ 255  113243+11.37
1 25691+ 0.77 4545133 39.134+2.88 21578+ 238 540.86+ 9.20 65241025 34148+ 491 821.89410.30
12 391.87% 4.22 79.99+1.32 93.461+0.56 26347+ 2.63  930.28+ 8.07 83.73£1.02 56531+ 593  127748%11.38
13 197.92+ 050 27.0240.18 6048071 120.02+ 1.07 68697+ 092 25912040 29142+ 0.99 83291+ 191
14 66832% 3.92 79.52+1.35 38.01£0.69 213.00+ 1.07  246.23% 046 5597047  785.84% 5.58 51520+ 1.28
15 530.38+£11.08  145.74%3.49 1132£0.77 140.63f 2.87 48349+ 8.52 69.59£2.10  789.32+15.31 693.71+13.14
16 22642+ 248 31.9140.72 67.13£036 12477+ 153 667.29+ 549 3538£0.08 32547+ 322 827441698
17 501.30% 1.67 89.14+1.25 56431022 47521+ 6.62  654.82+ 412 142514217 646.86% 245  1272.55+12.25
18 256.45% 3.86 32754092 110.83£2.05 10070+ 232  682.97+11.04 29.56£1.89  400.03+ 6.31 813.23+15.15
19 303.16% 2.49 44.54+0.13 121.01£2.07 107.36%£ 232 801.94% 8.07 28821146  468.72% 0.39 938.12+11.62
20 106.69+ 0.28 16.12+1.13 46.47£2.05 35358+ 427 132087% 3.67  57.08£1.65  169.28+ 337  1731.54% 3.40
21 230.16% 2.66 29.704-0.20 69.66+0.33  157.09+ 086  775.01+ 1.4 40.28£0.66  329.51+% 235 97237+ 123
22 46l.64% 492 60.54+1.17 33.67£1.67 43298+ 487 53146+ 9.67  116.02+1.35 555854 7.65 108047+ 9.38
23 26529+ 1.33 33.6010.36 5826+044 171.54+ 081  728.18%+ 1.74 51.71£025  357.16% 1.07 95143+ 2.67
24 42371+ 052 105.54£1.06  12629£0.58 165.60% 0.65 62494+ 320  8641£139 65554+ 094 876.95+ 4.49
25 17645+ 221 34.34+1.03 58.68£2.50 250.15+ 2.14  1069.97£12.68  89.68+145 26947+ 3.71  1409.80+15.53
26 18412+ 171 24.3942.07 65.18£0.39 27151+ 098 100497£1325  6247+1.04  273.69+ 1.87 1338.95+14.34

RSD/% 4426 57.12 4.74 59.67 27.88 78.26 38.88 28.88
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£4 )5 e HMENHABNEER (X +sn=3)
Table 4 Determination results of six alkaloids in AR (X £s, n =3)
e FEMU(gg )
BN R S SN S VS P 15 3R DX BT T i UG T i

1 591.80% 0.56 31.70£0.97 3736+ 1.88 54592+ 1.86 46624+ 2.67  60431+024  660.86+ 1.30 1072.59% 4.03
2 36725+ 130 26.48£0.32 38.44+£0.42 43036 1.79 452641 277 65.01£042  432.18+ 1.12 948.00+ 4.22
3 578.03%£ 607  47.96£1.10 50.31£1.19 647.224 870 421.85+ 490 104074045 67629+ 8.03 1173.14+13.61
4 167.69% 1.94  31.05£047 49.2540.83 280.09+ 145 555204+ 128  79.94+133 24798+ 1.73 91523+ 127
S 49046+ 290  48.40+0.82 48.0540.34 46149+ 1.88 478.88+ 243  9020+1.04  586.91% 3.75 1030.57+ 3.51
6 580.37% 3.89 54.76£0.97 19.76£0.10 40335+ 4.87 14686+ 9.54 882214394  654.89+ 2.87 638431591
7 703.51+ 2.84 92.3610.67 3337+£1.15 49777+ 3.62  339.83+ 093  136.63+245 82924+ 3.94 97423+ 382
8 620.75£10.89 84.4410.22 19.06%2.16 56623+ 7.11 432304 241 151.554£056 724251245 1150.08% 5.54
9 30669+ 324  32.66+042 3740177 321334 248 442.84%1493  76.071037 37676+ 4.88 840.24£13.29
10 308.67+ 3.40  36.01£1.06 40.5140.49 32416+ 346 42862+ 3.14  76.63+£1.50  385.18% 2.19 82941+ 5.19
11 57660+ 7.28 44574038 39.09£0.33 47594+ 532 31259+ 3.06  7651+1.53 66026+ 7.37 865.04% 8.12
12 52512+ 1.57 33.98£0.08 36.1540.32 75398+ 7.55  533.68%+ 5.78 120.50£0.91 595.25+ 1.56 1408.16113.83
13 27185+ 2.60 25.3240.59 29.64+0.19 30023+ 2.85 39497+ 826 5581074  326.80+ 2.12 751.00£10.43
14 25888+ 091 40.73£0.62 36.85£2.02 32622+ 150 38030+ 3.19 7761117 33647+ 2.80 784.13£ 571
15 58299+ 491  60.72£0.63 24.631+1.62 47356+ 321 36745+ 2.81 98461223  66833% 542 93947+ 6.56
16 252.65+ 125 23524038 40.1840.94 27936+ 3.01 44681+ 491  50.7240.62 31635+ 0.75 776.89+ 8.39
17 25344+ 141 20374033 3579£1.55 292354+ 350  518.69% 398  41.96+0.54  309.60+ 1.08 852.99% 6.76
18 23879+ 740  21.24£045 35774250 21452+ 633 47048+1141  31.65+0.94 29580+ 9.77 716.65+ 18.57
19 23276+ 2.65  17.70£047 3438+1.84 299.64% 0.77 44397+ 278 37.55+0.81  284.85+ 4.90 781.15+ 427
20 284.06+ 322 18.78+£0.26 40.19+1.12 317.64% 1.64 498284 277 3L174£0.15  343.03% 1.86 847.08% 3.98
21 33539+ 061  33.82£0.62 27.25+1.79 500.54% 029  367.69+ 191  84.4442.69 39647+ 2.62 952.68+ 3.28
22 5246111025  38.89£1.01 18.204-0.50 72662+ 830  269.50+ 220  98.514+3.45  581.70£11.67 1094.63+11.87
23 28095+ 401  29.90£0.26 29.62+1.15 24167+ 374 38187+ 477 43394049 34047+ 3.73 666.94% 8.35
24 397.11% 407 52.07£0.71 24.7140.29 32846+ 033 53063+ 243 82.66+1.19  473.90+ 4.08 941.75% 3.00
25 19592£1148  22.36+0.58 32484285 279.09113.92 4964612426  47.96+1.56  250.76+14.82 824.12439.57
26 33191+ 599  32.05£049 27.75+0.83 46826+ 3.14 40177+ 0.61  93.60+242  391.71% 473 963.63% 438

RSDP% 40.19 48.51 2542 35.56 21.23 40.09 36.67 18.79

HAXWT. 3.5 XM

TCI=0.338 7 Xpa10.183 5 Xya1+0.477 8 Xac
Xoias Xia F Xac 20 BUA B TR G FoB Skl YR SR
EPN 3

26 NN A HB HOPORE (1) B 7 1 B MR FR B0 L 4G
RIWE 4. TEEREY 14.41~48.89, LIFEE
FBECNEF TE bR, 14 SFERBTERL, 15 ST
FEMIRZ o MEFEEVETR 20 S 3 3kl K Sk AN
LS & B B AR E B, 53U sE 2R E
EHAHK.

B0 11 55 v 6 b A s R A S o0 4 SR 3R

B (3% 60, Fif-1HBR 1 25 F G 5 Sk SR 5 2k
WAL, HAR 4 MY S RSS2
VS ERERE REE) IE () MK 1)l
5rr 6 M S A T — AN AN
FEERE (WEE) IE (5D HX. frhaH
P % =K e 2 5 ) 11 2 R I Sk TR e 5 P
FIEAHR, SRWEEH S KA Sk S R R
FHIEAHR: TR B S L RS ES IS



¢ # % Chinese Traditional and Herbal Drugs 35 50 % 28 6 ] 20194E 3 A + 1467 »

08 g 016
0.7 T 0.14
—~ ok —~
- 06 sy 7012
& 0.5 &0 0.10
£ £
= 04 5008
mﬁ;ﬂ 0.3 mﬁ;ﬂ 0.06
B 02 B 0,04
0.1 0.02
0
12345678 91011121314151617181920212223242526 O 33456 7 8 0101112131415161718 192021 2223 2425 26
Hh b [EE R
0.141 0.8 sk
ok
0.12 07 t
7010 065
o0
& 2 0.5
£ 0.08 £ s
=] =5
0.
S 06 & 03
g g
i 0.04 0.2
0.02 0.1
0 0
12345678 91011121314151617181920212223242526 12345678 91011121314151617181920212223242526
E FEd G 'S g5
L4y " st Foo3or
Dl Re
121 - i 0.25
— ok —
‘ﬁ ‘30.20
£ £
= =015
R &
iz} I 0.10
=S Ji=S
0.05
1234567891011121314151617181920212223242526 O 3456 7 8 910111213 141516 17181920 21 222324 25 26
G FEd G5 FEf g5
091 *% .k -Bﬁ'% H18p sk *% % i
0.8 = sl L6 =il
~ 07 ~ 14 R
o 0.6 212
o0 o0
£ 05 E 10
Z o4 T o8
o 0.3 m@ 0.6
= 0.2 = 0.4
0.1 02
0
O 3456 7 8 90111213 1415161718 192021 2223 242526 12345678 91011121314151617181920212223242526
Fef g s FEf g s
1.8+
1
1.6 | o

12345678 091011121314151617181920212223242526
Bl

A-ZRFREEH SRR BoR R BES SkIEA  COR RS SLRH D-#i%skil E-RS3LA F-%3kH G-MDAs H-DDAs [-3U/#iH
'P<0.05 "P<0.01
A-benzoylmesaconitine ~ B-benzoylaconitine ~ C-benzoylhypaconitine ~ D-mesaconitine  E-aconitine ~ F-hypaconitine =~ G-MADs  H-DDAs

I-activity ratio  "P<0.05 “P<0.01

E2 MF)IISHEDESEERILR
Fig. 2 Comparison on difference of content of alkaloids in ALRP and AR
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Table 5 Results of activity ratio and TOPSIS analysis of ALRP and AR
. RuEE TOPSIS
T MreE T NSHE NS Mrsis e s SRR C ISR
1 0.506 2 6 0.6161 6 0.496 6 8 0.3537 12
2 0.448 8 9 0.4559 13 0.5189 5 0.2591 24
3 0.1951 23 0.576 5 7 0.146 5 26 0.3879 8
4 0.3827 15 0.2710 26 0.5220 4 0.280 7 21
5 0.441 8 11 0.569 5 8 0.458 0 10 0.378 0 10
6 0.1777 25 1.026 2 1 0.170 7 25 0.489 8 3
7 0.398 1 13 0.8512 2 0.346 1 16 0.5725 1
8 0.206 1 21 0.629 7 5 0.207 8 22 0.5139 2
9 0.2210 20 0.398 7 22 0.192 6 24 02754 23
10 0.226 8 19 0.464 4 12 0.363 8 14 0.294 8 19
11 0.4155 12 0.763 3 3 0.291 6 18 0.399 7 6
12 0.442 5 10 042238 16 0.3689 13 0.2790 22
13 0.3499 17 0.4352 14 0.5136 7 0.2849 20
14 1.5253 1 0.429 1 15 0.5144 6 0.303 4 17
15 1.137 8 2 0.711 4 4 0.606 7 1 0.444 9 4
16 0.393 4 14 04127 19 0.452 6 11 03127 16
17 0.508 3 5 0.3630 24 0.3530 15 0.3299 14
18 0.4919 8 04127 18 0.5349 3 0.426 3 5
19 0.499 7 7 0.364 6 23 0.560 3 2 03456 13
20 0.097 8 26 0.4050 21 0.216 0 21 0.398 1 7
21 0.3389 18 04162 17 0.3923 12 0.228 3 25
22 0.5145 4 0.5314 9 0.2877 19 03155 15
23 03754 16 0.5105 10 0.336 1 17 0.3802 9
24 0.747 5 3 0.5032 11 0.486 9 9 03744 11
25 0.1912 24 0.3042 25 0.193 7 23 03021 18
26 0.204 4 22 0.406 5 20 02338 20 0.2110 26
4| i
12 40
i 1.0 35
#o08 | = 30
i
T IE SRR AN RRA NN RN
234567

E3 M) SH/SETERE
Fig. 3 Range and average value of activity ratio in ALRP

and AR
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Fig. 4 Toxicity index of ALRP
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Table 6 Correlation among content of six alkaloids of ALRP and AR

D% Fl F2 F3 F4 F5 F6
Cl 0.204 0.481° -0.140 0.466" -0.087 0.589™
C2 0.161 0.579" -0.196 0.439° -0.255 0.703™
C3 -0.164 -0.310 0.180 -0.277 0.243 -0.439"
C4 0.225 0.271 -0.135 0.436" 0.017 0.378
C5 -0.004 -0.060 0.517" -0.299 0.295 -0.380
C6 0.141 0.458" -0.190 0.471" -0.137 0.626"

F1~6 A7 B8 LS 5 Sk R 2K F LD Sk Rm . 2R IRV 23k SR 353kl RISk 3khl; C1~6 )15 2K H 3T 3k
JEUBR. 2 FPIBE S Sk SR, 2 TRV Sk SRR, B S R SkBs. 153k TP<<0.05 TP<<0.01

F/C1—6: benzoylmesaconitine, benzoylaconitine, benzoylhypaconitine, mesaconitine, aconitine, hypaconitine in ALRP and AR; P<0.05 "P<0.01

HHIR S S R AR E IEAR G BRI Sk
Bl B B 5 )11 5 2R F T 5 Sk . R R G 2 Sk
BB B Skml. DSk AR R R A
TSkl B 5 )1 RO R Sk R R
FE Sk Jm . Sk & B EE MG, 5
7R F IR Sk R B B B R UM O
3.6 RAARESH

T BT 6 Fh AR BT AN [F) A b
TR & &2, KA Heml-1.0 #4347
BRI, sERWE 5 frn. BERE
e ik O 1) SRS R BB S 1 0 R Ah, bt DLdid
RE R 6 PRI R, FELLAEIEIE
IR T S R it PR AR 2025 R /N O,

REDERE R, Mrrah2k, 140

A

FO1
F02
F03
F09
F20
F25
F07
F06
FO8
F11
F17
F22
F04
F18
F19
F05
F13
F24
F10
F26
F12
Fl16
F21
F23
F14
F15

—

1 2 3 4 5. 6.

OO0 ——

e i e

coocooo—=——WwWuauwoow
—OESRIDOWONWLLANRRGGW

15 SHME N—I, HaPoRE RN —3
N5 2 2%, 30 5. 6. 7. 8. 11. 15 A1 22
SRR, HAIRME RN T
1] X2 o A Y A R TG TR A e T R 2
XK. RESERER, WA REERE
BRILE 23k A 2K IR HT 2 Sk SR A BT 2 3k
BRI & b
3.7 ERDOT

WiH SPSS 21.0 GitH 30t 1) 1155 6 FhA4)
BSR4 AT R ™, b SRl
F 7 Fime TP HEMHE>1 ERSE 24, HE
FUT ZTTRAIA 78.259%, FEANT] LAZEAN I W f 14
KGR By KBRS SR e 1| AR
fuf, RIS 1 RO EEAT] LR BIX 2 AR 1S

1 2 S 3 6 4

1R FEERT S SR 2- K BRI SRR 3-IR IR S Sk 48Tk il 5-% kB 6-1R %Kik
1-benzoylmesaconitine 2-benzoylhypaconitine 3-benzoylaconitine 4-mesaconitine 5-hypaconitine 6-aconitine

5 MF A IS B) PEYHEHSSREME
Fig. 5 Hierarchical clustering analysis and heat-map of content of alkaloids in ALRP (A) and AR (B)
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Table 7 Results of principal component analysis of ALRP and AR

HH gy B Ay 1)
1 2 1 2
REAEE 2.370 2.326 3.506 1.202
7 2 DT R Y% 39.494 38.765 58.440 20.025
R ZE TR/ Y% 39.494 78.259 58.440 78.465
2R R RT3k -0.318 0.863 0.916 0.153
2 R 2 3K Ji ek -0.089 0.900 0.865 0.079
2% R IR 3K SR -0.763 -0.026 —0.464 0.740
B Sk 0.940 0.223 0.773 0.328
WV EED R 0.279 -0.751 -0.558 0.661
L 358 0.848 0.395 0.891 0.281

B BREEIEIC ZKH T Sk AR H i Sk
JRBRAEEE 2 B A R T, RAEE 2 ERir A
R TIX 2 NG ER, BRI,
JNGHRHEE>1 ERS A 2 4, HREM
T ZETTRRRIE 78.465%, WFEAT] LW S e Fff
TREAEE . ZRFMER k. 2R LS LR
Bl B 5 SRR S S 56 1 3 o R A
K | ERFEAR T LR BOX LA B 45
B, BEEIEMAX; RKEBXRSKERES 2 £
B AT, RIASE 2 F A AR L TR

BRI 5 3K RS S, B R IR
3.8 TOPSIS ##f

6 FAVICONMASL RN fa bR, SRR &
MO S TR )1 2 7 EPE M Fe AR A E N,
SR WK 8. MIEEEMWE M ELER, L
FRUELL R K H DPS 3 4423517 TOPSIS 434 CGit
5 S, IR SRR S KB AR TR AR ), S5 R
5. 4iREW, LU o6 MM o v 4R
br, 15 SHtrAEMBERL, 7 5150 RE
il

%= 8 RSD HAENELR

Table 8 Results of attribute weight determined by coefficient variation method

N i JIIpEA
RSD N RSD E
2% I 5 Sk SR 0.442 6 0.1428 0.4019 0.190 5
7% B 1 Sk S5 0.5712 0.1843 0.485 1 0.2299
2% H R IR 5 Sk S 0.427 4 0.1379 0.2542 0.120 5
EIREN 0.596 7 0.192°5 0.355 6 0.168 5
R S 0278 8 0.090 0 02123 0.100 6
55 30 0.782 6 0.252'5 0.400 9 0.190 0
4 e CEWE (UL, §E R HERRI 4 HL O B

ARSI ST T BR /KB A HEE . UPLC Y[R B

ERA T LTI

Z LG T R 2 BHIR I B P
Bro BAOREERSETT ISz, TSRl b 2 i
FEHER . AR PR 1S R A YRR A
Iy WA R R, L AN R BT 6
Tt AR U S BB, T ) S B RE N,
FEERGIAF I E T 45 R — B AT
AN FIFRE 5 R AL 55 B A1 S 00T, R BZ 5

SE BT b 6 FhAD0be & & Ba B2 E B TR
PESRAF T AREE, MRACHE SRR (PR ZL) 2015
RBP4 5 9 BE
{8 & THAE, H 6 FhAms I E 25 R W] &
T2 4T57%; UPLC iLRIENAEAS 6 R/ EVIHAE 8
min A SEELBEINE, KIEEATL T OoHsA; 1+
FUBLELE DDAs Fll MDAs £ &R EE (1R, 3860 —
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VA T B R0 5 AR S i oy RO R AT o DA

26 AN [RI b B AR R B M) TS ) 6 i A Pl s

S50, IR/ THES T MR FR R T

TOPSIS 4 Hral 15 BIAHIT 45 L, (R4l T 15 21

FEONAERR LA RAF 44 o BBt s 455 Hod

F T 472584 B LR #EAT LR (R0 1704

N a2 AL ZG M I G MR RN E

Rt — BRI .

AL G 2 B i TR IE A
RUFAE M BEIERT PR B M . R 2 B AN
TOPSIS 73, RHLi 26 A FhiEHb FIF 570 )1 2 F
ain () 6 FAEVIRRSE B B kAT R i, ASRG
PR B A S (2 S & . 256G 2 Fh o Tk,
DAZR PR BRI 5 S S, % PG 5 Sk IR, 4 BRI
535 BT Sk, S SRR S Sk 6 A A4
WAV FERR, 15 SRR ERRL, 7915
FEm PRI F—UE% T, AR
53LHY, 1515 2504 1 ARV By & A
HEZE S, GIEZE R A R — 7.
B
[1] = EZ# [S]. —#6.2015.

2] BERX, %, 3 &F NS S5HFARM ).
I E £ E 24, 2000, 11(10): 900.

[3] ARKHE, ARJuHE, skt 2 PUNIE X 23k 254
ANFEFAL 6 FhAEYmR S BT LA T (3], A R 2 g
&, 2013, 38(17): 2761-2767.

[41 #% &, ¥z, PR AREZEGI T 6 FAER
TR [1]. 82, 2017, 39(12): 2555-2559.

[5]  XURk2, xizede, SEGE. PR RG] & =R Ea R
AR EEERTA ] NB2EEEZ, 2016,
27(4): 864-866.

[6] &Fmede, & I, GEAOR, . SFEFEEE X AR
SEWHEEMR [J]. ZBRFE, 2014, 42(30):
10519-10520.

[71 #EH, ik, ARz, 5. )15 HPLC FFiEE i
WA 6 FhiG AL AR SR E (1], VoA Ak
&, 2011, 31(2): 217-221.

(8]

(91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

B g, R, RS, AN [R5V B Sk
SRR O T AR MR S S [J]. TR EA, 2011,
34(1): 39-42.

Xie Y, Jiang Z H, Zhou H, et al. Simultaneous
determination of six Aconitum alkaloids in proprietary
Chinese medicines by high-performance liquid
chromatography [J]. J Chromatogr A, 2005, 1093(1):

195-203.

ET5, mykig, FEANE, &5 SRS IR A R
TRMEINEMRAN 3] HE SRR RE, 2013,
19(14): 101-104.

VST, BB, SRR, 55, UPLC-MS/MS V&€
BT 13 MM [J]. PR E, 2016,
31(5): 505-508.

JEANE, Gyitil, HAGH, 5. AFEMEI TN T 6
e B A Pk B BB (0], b E SIS T A AR,
2013, 19(21): 96-100.

kER, EMMA, B B, S PRSI
B TR B ZR G IR EL (0] P ETZRE, 2015,
40(13): 2582-2588.

SR, AR GITEE SN NER AT D). &
#: AR B 25K, 2016.

M, skiERk, 7K 75, 55, UPLC VLRI I K3

10 ANRERATAE S (1], PEL, 2018, 49(4):
928-934.

C1 S VR S /= I o & O I N iV - S DR 2 1
ZRNAERNER ST [J]. A, 2017, 38(22):

184-191.

BWRK, #h & EHAMZ RS B s
R GEEN (1] 2Pk E, 2015, 3509):

1585-1590.

TRICRR. ERSP o HTAE SPSS HHRAER A (1], T
5T, 2005(12): 31-34.

/N e, REHITE, RLE, 55, ANIE R T e
VTl A 2R KD B E R B VR (0], B R B
22t ik, 2013, 33(8): 666-668.

BIEW], X, XSRRK,EE. DY JE b X VL
A 4 Rz KR & =W E 2 s ge it b
[J]. shEZ4, 2018, 49(23): 5657-5664.

3



