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Study on multi-index components of Tibetan medicine Bangna of Aconitum
genus according to fingerprints and chemometrics
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Abstract: Objective To establish the chemical fingerprint and multi-index components determination of Tibetan medicine Bangna
of Aconitum genus, and provide references for the formulation of quality standards of multi-base original medicinal materials and
clinically safe medication. Methods HPLC fingerprint of Bangna was established and evaluated by the similarity evaluation system
of TCM. In addition, the content of the seven components of Bangna from 30 batches and the difference of chemical information
between the two species of Bangna was investigated by principal component analysis and orthogonal partial least squares
discrimination analysis (OPLS-DA) respectively. Results A total of 17 common peaks were identified in the fingerprint that was
established by the determination of 30 batches of Bangna, and seven components of which were identified with 12-epi-napelline,
songorine, benzoylmesaconitine, benzoylaconine, mesaconitine, aconitine, 3-acetylaconitine. Based on similarity results, the fingerprint
had good consistency between the same origin and minor diversity between the different sources. The results of principal component
analysis and OPLS-DA showed that there were some differences in the content of seven components between the two species. Based
on the results of OPLS-DA and ¢ test, it could be determined that the contents of 12-epi-napelline and aconitine of Aconitum flavum
were significantly higher than those in Aconitum pendulum (P < 0.01). Conclusion The fingerprint and multi-component
quantitative analysis methods were used for the quality and clinically safe medication control of Bangna in this paper is simple, easy
to operate, and informative. Moreover, it is necessary to establish and improve the limit determination of diester alkaloids.
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Table 1 Information of Bangna medicinal materials
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0.1%MEE/KIEW (B 1 000 ZT+H 1= 2% 2.5 mL)
(B), FMFEREEVEN, 0~8min, 5%~15%A; 8~
18 min, 15%~25%A; 18~28 min, 25%~27% A;
28~38 min, 27%~33% A; 38~44 min, 33%~36%
A; 44~46 min, 36%~35% A; 46~53 min, 35%~
38% A; 53~60 min, 38%~40% A; 60~70 min,
40%~60% A; 70~74 min, 60%~73% A; 74~79
min, 73%~90% A; 79~84 min, 90% A. KRR
& | mL/min, #i&: 32°C, #FEE 10 ul, K0
£ 0~21 min, 210 nm; 21~84 min, 235nm,
2.1.2 SRRV H A RS RRE 12-R- 3k
Bl FH B PEER WIS Sk 2R
SKIERE B S Skm . kbR 3- R SN I
T, I 0.05%Zh MR- RE A iR e 2, R iR
FE43 TN 2.656+ 2.505+ 0.805. 0.967. 0.849. 3.814.
0.802 mg/mL [ 55 it Xf B b i 2V, P20 RS 25 L
I FIREA XTSRS 1| mL, BT 10 mL iz
B, 0 0.05%hme-H MBI, FRE
XT R SRR, BEGARIR ORAF -
2.1.3 A H & BRSO R GE =50
22 g, K EMOE, B RZEHTRIR Y, izl 6 mL,
FEE NN A BE-BE R 406 (1 0 1D IRAA 80 mL,
FREF R, AT (180 W, 45kHz, /Kif 25 C
PLR) 30 min, 04, FFGE, fhE, #8S, JEd.
R IS8T 40 mL, 40 °C LA R & [RISGA I 4
T, FREREE NI 0.05%EEFR-FER AT 5 mL
Wi, 0.45 pm PALIEME DS, BUEREM, HP1S.
214 FEEEAL BUBEEAMAEN (S17), %
MR “2.1.37 TR 7 ik & v, 3T (43
B, ESHFE 6 IR, LA, DL LA i
NS, THEFRSUE N & AT W AR OR B B
5

)RR KT UG THT A, &5 SR B 45 LA AR G £ B s 1)
1) RSD 7£ 0.03%~1.81%, 5 3HAT WG AH Xof Ut T #H (1)
RSD 7£ 0.49%~2.42%, FHIUIHEHEE RIT.
2.1.5 FoEthilie  BUEEEEZG M (S17) it
AR, 9T 0. 24 4. 64 8. 104 12, 24 h
BERE AT, DAL ki ta il S g, RS IA
B PR FE XS CR B B TR RIAR G U T A, &5 SR A5 LA U1
FHXHF B B IA] ) RSD #E 0.06%~0.31%, #%3LA71k
A XTI TR AR Y RSD 7E 0.62%~2.61%, AL
TRV TRAE 24 h R FEE N

2.1.6 EHE ML KB R HCAE EE 25 R
(S17) K 6 1, Bty 2.0 g, % “2.1.3”7 R
T35 VAT il #s HK Vs, ERE  bT, DLE SkE,
o g S 2 MR U, T B % LA W PR A XS DR B I )
FIUAE o U T AR, 45 SR 3 B &% LA U 1) A o O B IS
[E] fK) RSD 7£ 0.07%~0.35%, % 345 06 [k %o i
AR K] RSD 7£ 0.52%~2.48%, & fl 7k &
2R

2.1.7 FRSUENEMCUE VY B 30 HEBSARZMFE
i, % “2.1.37 RSN E, 1% “2.1.17
TR 00 S A AT JEREAS I SR A3 ) S P, LA ATA
AR BN (P2 RS SRS AR UE TN RSt
BAE) (2012A WO A, LA AR o e R R
B B AT (L IR UL L, 006 Sk R A
RBE AT R R S BV 40 AT AR VR4
DL 1. 2 fIER 2.0 g HRERIARIERTE 17 MLEAE,
PS4 2 A7 A — 55, 33 6o {3 ) B i
L5t R AH R DAD AN, FRIAEH 7
ANERIREE s R B AR Sk R
53 hil; FABR AR R S SR mR . R
B3 JE R, A EY . 12-F-RR S Skh. F
17

X i
A g M AR
——h—s30

5-12-F-BR kb 6-F LR R R O-RPEL Sk 10-K B SRR, 14-81 %30 15-55 kB0 17-3- 2B k0,

5-12-epi-napelline  6-songorine 9-benzoylmesaconitine 10-benzoylaconine 14-mesaconitine 15-aconitine 17-3-acetylaconitine

1 M HPLC
Fig.1 HPLC of Tibetan medicine Bangna
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Fig. 2 Reference fingerprints of references (A), A. pendulum (B) and A. flavum (C)

®2 BEEAAEKEEAMACEITN

NEEIRZI M I S e A R R AL S S

221 RGEENMERE % “2.1.17 BUR ARk %A
BEAT 0T 7 A i i 2 T R 2y B KT 1.5,
PR FEARCEIILE 5000 PAF.

Table 2 Similarity evaluation of 4. pendulum and A.

flavum
Gi's MM | T MBE | WS ARUE
S1 0.910 S11 0.975 S21 0.915
S2 0.913 S12 0.926 S22 0.920
S3 0.970 S13 0.971 S23 0.924
S4 0.931 S14 0.940 S24 0.936
S5 0.964 S15 0.944 S25 0.930
S6 0.920 S16 0.939 S26 0.908
S7 0.987 S17 0.955 S27 0.911
S8 0.944 S18 0.928 S28 0.903
S9 0.941 S19 0.926 S29 0.912
S10 0.961 S20 0.919 S30 0.941

222 LRMESRRHEL $5“2.17 I NS SIE 0.2,
0.5. 1.0, 2.0~ 4.0, 6.0, 8.0. 10.0. 20.0 pL A[FIFEEE
AR BRI, AIEIIZ TR Y=a X+b F1,
Y RETIAR, X OARRNR s R IR, W3 3.

223 EEERLE  BURA XIS RELSLIRE 6
R, sk 7 PR S BT AR T HE RSD {H .
12-R-BR S Sk, 5 E—BEBER . KBSk
Bl R SRR B Skl DSk 3-4

BB R 3-4WE Sif. AR PR &5 S B Rk
PEARAE S ARUEELE 0.910~0.987, R B4R
FEFE 0.903~0.941, H. % 5 SRR AR A
0.802, it Bk ARAE AR B ARl Py 4b 22 F8 S0 i
B—, FhfEsEIEEATE—EER, WMTRERL
Pt ST LXK 49
2.2 A T FHEVIREK S S 2NE

AR SEIGAE VRS FR SR SE Rl L R
BEARZaht i 7 Ml S, R R, W]

5 g R AR RSD {53779 0.90%- 1.00%-
1.82%- 0.57%- 0.73%-. 0.97%-. 0.84%, FK XA
K% B R AT

224 FoEthEilis  BUREBEEZG MG (S17) it
REBIBER, 9T 0. 24 4. 6. 8. 105 12, 24 h
R AT, dsk 7 PR ARERUR A I W T AR T AR
RSD 1. 12-F-BRZkik. HFE—AERE. KH
SRS N U U AEDS U N TRED S T ANETS 17N
3- L WE S Sk R THI AL RSD EL 43 I 1.88%
1.96%- 2.31%- 1.33%. 2.44%. 0.72%. 0.95%, %

*3 WREEMEREHE

Table 3 Linear regression data of reference substance

L% o < /mm EVEpEES ro GMEEE/(mg LT e R/ (mg L) KR (mg LT
12-32-BR 5 Sk ik 210 Y=8.981 X+104.890 09990  5.312~531.2 1.342 0.461
HE—HEER 210 Y=7.869 X+1.119 09999  5.010~501.0 1.065 0.350
7% AT 5 S B 235 Y=11.600 X—0.666  1.0000  1.610~161.0 1.450 0.452
7R F T 3K SR 235 Y=11.301 X+19.024 09997  1.934~193.4 1.651 0.553
S ST 235 Y=11.490 X—1.958  1.0000  1.698~169.8 1.250 0.381
5 3T 235 Y=12.438 X+3.789 09997  7.628~762.8 1.560 0.510
3- 2.1 3L 235 Y=13.456 X+2.650 09999  1.604~160.4 1.475 0.360
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B AR 24 h W FasE M RO .

225 EEMRI R % PRI EE 2GR
(S17) ¥R 6 17, H4r2.0g, % “2.1.3” WK
AT R AN VAT, R AT, THE T M AR
VIR R oy 1) B, T SR E 45 R ) RSD {H . 12-
F-WR 5 S & B — A E PR 2R H R S Sk
P U TRED SN AN DS 1 IETE RS 1 N RN L7 S e
SK5E = #Lr) RSD B 5378 1.61%. 0.96%-
1.91%. 2.03%-+ 1.46%-+ 1.51%. 1.95%, F*Hi%
J7 5B R .

2.2.6  IFEFEIWCERIRES R FRECCINE R S17 #F
i 1.0 g, “PAT 6 43, R 100%5: BN 7 Fiib &
YIRS, % “2.1.37 TR ikl & AR S iE i
% “2.1.17 UR g% AT IE, s 7 MR
VIR oy I TR AR, U1 B35 1 43 1) 2 = RN [

W 12-R-BRE 3Lk T E—HE PR KW
SN A SN E NP 1 A ST RS 1 A E TS 17
3- £k 5y Sk S 3 [ W 2R 43 0 O 97.48% -

96.15%+ 96.13%. 97.58%-. 95.96%. 97.51%.

95.98%, RSD 43 51 4 2.02%+ 1.18%+1.06%-+ 1.10%.
1.01%-. 0.81%- 1.05%.

2.2.7  FESIIE 43 AIEL 30 HLES SRR S, d2 R
“2.1.37 T AL S VAR A VAR 2,117 TR
PSR, A3 BISE 30 #EAE S 7 AR (3R
4). SRR, BEIRZA T 12-R B k. E
—REBE R 3-CBE S Skhs. R AR .
TR A W ) o £ 0 £ 3 0.013 7~4.257 9 mg/g
0.035 1~2.362 9 mg/g. 0.014 8~0.369 9 mg/g.

0.286 7~3.645 9 mg/g. 0.039 9~0.807 7 mg/g, V-
RSN 0.385 5. 0.366 0+ 0.069 7. 1.099 2.

F4 30 HAMH THRISHRENS K

Table 4 Content of seven compounds in 30 batches of Bangna

WA Y (g g )

XU A M/ (g g )

At APl (mg g )

=) [m}

" A REEH DA ARBESRER B2 BSAE Sk BE R-RBEKE ZTLHERR 3-OBSk
81 ki 0.0133 04027 04160 00361 09768 1.0129 0361 1 22778 0.0332
S2 R 0.0108 04370 04478 0.0352 07632 0.7984 0.1425 23629 0.0375
83 i 0.026 7 0.534 4 05611 00737 06821 07558 0.0305 0.205 4 0.047°8
S4Bk 0.0212 0.5857 0.6069 0.0615 07972 0.8587 0.020 6 0.064 1 0.046 7
S5 kb 0.0311 0.5458 05769  0.0503 07295 0.7798 0.0137 0.1062 0.0376
S6 kb 0.0357 0.695 4 07311 00540 07295 07835 0.0289 0.133 6 0.048 7
ST B 0.0350 07727 08077 0.0560 0.7080 0.7640 0.036 4 0.1915 0.039 1
S8 R 0.0257 0.5825 0.6082 0.0586 07528 0.8114 0.036 5 0.075 8 0.033 1
89 ki 0.0176 05133 05309  0.0530 0.6630 0.7160 0.0210 0.096 1 0.0299
S10 i 0.028 8 0.5042 05330  0.0443 0.8009 0.8452 0.0350 0.0849 0.039 4
SI1 Bt 0.024 3 0.5453 05696 0.0351 09439 09790 0.077 4 0.148 0 0.0427
S12 kb 0.0240 0.585 4 0.6094 0.0540 0.8259 0.8799 — 0.055 4 0.043 3
SI13 kb 0.0276 0.459 4 04870 0.0480 0.7132 0.7612 — 0.063 1 0.0333
S14  BhEEiE 0.0270 0.564 5 05915 00611 07423 08034 0.0232 0.063 5 0.036 9
SIS BhEEdE 0.029 8 0.5575 05873 00658 07523 08181 0.061 4 0.1301 0.038 5
S16 kb 0.029 8 0.6330 06628 0.0618 0.6788 0.7406 0.025 6 0.1137 0.041 3
SI17 kb 0.0217 0.501 1 05228 00544 07587 08131 0.049 5 0.168 0 0.039 8
SIS Rl 0.063 4 0.638 4 07018 00288 13133 13421 03703 0.035 1 0.1124
S19 kb 0.0359 0.1175 0.1534 00776 1.1575 12351 0.0774 02715 0.1227
S20 kbR 0.067 6 03735 04411 00943 05611 06554 0.0322 0.170 6 0.095 3
S21 R — 0.0399 0.0399 — 09129 09129 0.1585 0.049 5 0.0190
S22 R — 0.056 4 00564 00459 05092 0.5551 0.043 6 0.1855 0.228 6
S23 bRk — 0.082 0 00820 0.0267 10584 1.0851 0.075 4 0.1356 0.1747
S24 R — 0.086 9 00869 0.0206 02661 02867 0.0432 0.1992 0.0357
S25 R — 0.084 4 00844 00360 08077 0.8437 0.0330 0.2005 0.069 0
826 REPHE — 0.1318 0.1318 — 24508 24508 42579 0.8389 0.050 0
827 KB — 0.0829 0.0829 — 1.6918 1.6918 0.8973 04072 0.023 4
S28  fREHEEE — 0.084 6 0.084 6 — 17414 17414 0.879 1 13377 0.0148
S29  fREHEEE — 0.1203 0.1203 — 36459 3.6459 1.476 8 0.5340 0.108 1
830 REFHE 0.082 4 0.1208 02032 0.1796 24286 2.6082 1485 1 02754 03699
“—” R T RN

“— below the limit of quantitation
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5 R AR T I R Sk ik A I S Sk R L BT
5Kt kb 3- 41 Sk E A PR SR
YESN, BORTE AL R 12--BRS kil & B4
EBR . WHAPIR . BURSEEE, SBIRAH
D —5 0 @k, PR 7 R AE W BR L  3TT
VR BE AR 2548 1 26 20 B Bl 4 o FL 25 2w DA
TR UF M AR 24 4 1) o B 3 — M o 8 I AN [ 7 b
B AR5 h4 2 B 5E 70 M, AR B Bk e Ak e A
IREAE A — 5 IBNE, ME SRk
BRI 5 Sk g 2 Foft XIS R A= el , L) DR B8
EAEGE EMHEANEZER, REHREERLS L
0 R R e T R P S SRR Y 3 . P
i R — A 0T Bk e AR B Bk R A Y 2 A VR TE AN
YRt — 2 (I EE R T .
23 ETUFHEFWNAEEREREGH LW

RAILIR S5
AT SEAFHLIX A AN R JE JRS H 250 e Lo
PCA « bR

B R Bk
100
50 ‘
§ 0 ,%
-50
-100
-150
2200 -100 0 100

t[1]

I AT HOEL 3 Z A L S e 22 e, o 30 A
A 7 Bl & B85 S\ SPSS 23.0 #1 SIMCA
13.0 BAFHEAT RS0 ER T (PCA) FIIE
TN I F B Mt (OPLS-DA) . HAR 4
OPLS-DA H7r & 8 ZL 4 % 5% (variable importance in
the projection, VIP) ZH#AT 734, A B
VIP EHAEE (E0KT 1D WK vk K,
DA VIP>1.2 fE i, G t 2bs e A AR 6 2k e
PRI R B E 22 . k4h, SRA Graphpad
Prism BPFXF 32 B2 5 0 HEAT ¢ 4556 0Bt » P<<0.01
R EVE -8

PCA 1 OPLS-DA 455358 7R 30 #Li 254
KI5 2 35, HpaHE S1~825 v—3,
SRR N R R S26~S30 35, FERIE
BIR B, HAH T AR R A IR X
T . 45 B Wk il AR Bk bR 2 P R
FRTEIX 7 MLy & LA — e ER. I
Kl 3,

OPLS-DA p

100’ s -

50
&0

-50

-100
~200 -100 0 100
t[1]

3 BEWAHMBUFITEFZ DN

Fig.3 Chemometrics analysis of Bangna

iHid OPLS-DA H748 fE s B VLR VIP 1357 K
(B 4> AT, BRpRANR B2 2 2H 18] 2 S DTk
BORH) 2 NAREAR YN 12-28-0k 2 .0 (VIP=1.8)
ALk (VIP=1.75), UiBHiZ 2 PPk o e Bhie ik
FIER BB R i 2 1R 25 B 25 S 1) R Bl o o R
S BB AR B R AR P X 2 PP o AT ¢ K
b, ARIKE S, KRR BEEEER 2 Flik
e EEYWEER THRES (P<001), 5
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