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Rapid determination of 9 kinds of aconitum alkaloids in homemade Radix
aconiti Kusnezoffii medicinal liquor by ultra performance liquid
chromatography-tandem mass spectrometry
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ABSTRACT: Objective

alkaloids in

To establish a method for the rapid determination of the content of 9 kinds of aconitum

homemade Radix aconiti Kusnezoffii medicinal wine by ultra performance liquid

chromatography-tandem mass spectrometry. Methods The wild Radix aconiti Kusnezoffii in Yunnan was used as
the main raw material. It was made into 5 kinds of different shapes (whole, peeled, flake, block, powder), and 250 g
was soaked in 900 mL of 52-degree corn to brew liquor, and the soaking time was about 1.5 years. Took 1 mL sample
of medicinal liquor, added 30% methanol water solution (3:7, V:V) to 100 mL, and filtered it with 0.22 um filter
membrane, ready for testing. C;g column and mobile phase of acetonitrile-0.1% formic acid water were used for
gradient elution separation, multi-reaction monitoring mode detection, and quantification was carried out by matrix
working curve external standard method. Results The linear relationship of 9 kinds of aconitum alkaloids was good
in the range of 1-100 pg/L, the correlation coefficients were all greater than 0.999, the limits of detection were
0.63-0.98 pg/L, the limit of quantitation were 2.11-3.26 ng/L, and the recovery rates were 81.14%—-116.01% at low,
medium and high concentrations, the relative standard deviations were 0.97%-11.26% (n=6). According to the
analysis of actual samples, the content of diester alkaloids of 9 kinds of aconitum alkaloids in medicinal liquor was
high, among which aconitine had the most content and strong toxicity. Conclusion This method is simple in
pretreatment, high in sensitivity, good in accuracy and high in detection efficiency. It is suitable for rapid screening of
9 kinds of aconitum alkaloids in Radix aconiti Kusnezoffii homemade medicinal liquor in health emergency

poisoning events, and provides strong technical support for rapid diagnosis of medical treatment and corresponding

FH1TE

emergency treatment measures.
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ZUF, WL R e LU A ISR oAbk
A WIIAFAE R ARG UL, WA I 5E WA 7 0
IO S o PR AL AR A R B DR, DR T K B 1 S 27
B R OE R E RIS N T 5 AR A Y

BT, AU EL L GIEBUE S, B —
FHRE RIS 25T 9 Bl 2 3k S8 A Mol ) e A A (-
AR BRI, XA TR 25 R i 1) 2450 R AN [R]
PR R 5 T A 7 SIS AN, A R 2 v Sk SR A
TR, S A N IR AR SR 5 S A
HEESEHEBES T, BRSPS SR BUIR PRIV 2 80 5 58
TRl S HAR S

1 MR5REE

1.1 #R5IRF

THE LR R 25605, 3 25 Ak kA i,
SAEIRARAE B, 52 B FOKERGE 1 BIIH .

B 3h . Bk R MRS SRR . RE R 23k
T . 2R FR BT % S S . YR S DR R Sk D (ki
=98%) . WD Bd . 3k A (46 B = 99%) (R 7 R/
IREREYREARA A, WEE. 2iF(Ega, £
Sigma-Aldrich 72 w] ); W W& (& 3% 4, 3% B ROE
SCIENTIFIC INC A wl); S23% H i K 3 B 4K o
1.2 UFE5EF

QTRAP 4500 = PUAT IS (ZEE AB SCIEX A
Fl); 1290 Infinity 1T %I @20 RAH 351X . Agilent SB Cig
WEFE(2.1 mmx100 mm, 1.8 um)(3E[E Agilent Technologies

23 Hl); XS205DU + 540 2 — i KRS 0.01 mg, Hit:
Mettler Toledo A #).
1.3 SSWHIE
1.3.1 &4

SR JFH HEL 555 H, B4 (electrospray ionization, ESI)TF & TRz
;£ )0 Waill(multiple reaction monitoring, MRM)REZAS:
I B FURIE R 550 °C; B TGN 5500 V.,
132 &#&0t

gk Agilent SB Cig#:(2.1 mm=100 mm, 1.8 pm),
FER: 35 °C, WahAH: AN 20, BAHR 0.1% AR K; ik
0.3 mL/min; FEFAF: 5 Lo HAREEVEIAT4: 0.0~1.0 min,
10% A; 1.0~2.0 min, 10%~20% A; 2.0~3.0 min, 20% A,
3.0~3.1 min, 20%~30% A; 3.1~4.5 min, 30% A; 4.5~4.6 min,
30%~40% A; 4.6~6.3 min, 40% A; 6.3~6.4 min, 40%~60% A,
6.4~7.8 min, 60% A; 7.8~7.9 min, 60%~80% A; 7.9~8.3 min,
80% A; 8.3~8.4 min, 80%~100% A; 8.4~9.4 min, 100% A;
9.4~9.5 min, 100%~40% A; 9.5~10.3 min, 40% A; 10.3~10.4 min,
40%~10% A; 10.4~11.0 min, 10% A,

1.3.3 ARBEERHF &

S35 R P PR B R S A, ORI 1 mg/mL
HEEIR, T IRRRE STV R 100 pwg/mL A IV, B
ALK 100 uL F 10 mL B0, ERKE 10 mL, Hil 5%
1 pg/mL MR FRUEA R
134 ¥ 5HEHE

P2 B AR T B O R SRR, BB S B S R
FUEMRCEEH, R, Bk, Butk BiAR), /3l 250 g i2
H1F 900 mL 52 & FORARS VR D, BERTEZh 1.5 4F; 3
SRR IR T 9 R AL TAE S, B T 2 45,
1.3.5 #Henmraz

5 8 HRZGWG 43 B W BGE AR, 28 30% Y Wi T 1
100 1% )5 3% 0 0.22 pm MR UE, EHLIIE .

1.4 EEALE

K MultiQuant 3.0 B {FSEA AL 285 /A AL BE, )
FH Excel 2016 JEAT P24 My . BEEATELER 6 ¥k, SL56
25 JOR R BCREYE + bRUEm2E R

2 HREHR

2.1 FUEFH8IMK

WA A 9 P KA W AR HE VTR 53
S AL BEAT AR 4B, ESTT#EAT I, KGET Q1
MS A T — 5% B2 F, Product Ion Scan (MS2)
AT R R R S, K8 2 M EEE . R
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O L7 R MR e i A T S5, i B R
REFIEE, KUY 9 R HARMEEW L RIERsR, F34b
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BIRFESBE R NER 1 R,

22 BEXHFSNK
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AR AR s G i T B 2 5 Ak, 25K 1 PR,
HPZE-01%F MK IER(E 1a) T AR 7 8 B 448
RRAR, B3RO B LAY, B R BN AREA 5K
BEEHIEE . KR T, HAREE0 G wrt: R AT,
WEIE A, H HA fe 1Y 43 5 B AN A e e A, H B
-0.1%F R KA 2 (B 1) T B (i i A SRR s, (i) 1
AN B Y R 1la ik, HIRR AT gE >k H EEXT B ARk &
YW pEIbiRE )1 55 T N, T3 (A 4 8 AL, R
BB S G TE, RN 2 15-0.1% 7 2
KIEFR; CHE-/KFH BE-K IR R i F o HRRINA, S
™ E R TR AR TR, T4 e B 5 e B 34 AN 3
o PR ZNE-0.1%H BR7KAE R 3 s AR R4 76 BE PR AR
WAH A MIA 20, B HA 0.1%F R K .
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Table 1 Mass spectrum parameters of 9 kinds of aconitum alkaloids
EWBFR EEE T (mv2) FEF(mz) EERENV A RE L /V
572.3% 130 44
EREDS 632.3
354.1 130 52
586.5% 125 44
LEDS 646.3
526.3 125 51
556.3% 120 41
VEED 616.6
524.2 120 48
) 554.2% 100 49
7% F 2 3k 604.4
105.0 100 72
438.2% 131 43
W EED SN 4703
406.1 131 48
542.3% 125 46
R R 5 3 S 574.3
510.4 125 50
) . 540.2% 125 48
2 BT 3 J g 590.3
105.1 125 95
450.3% 100 44
5 3 J 500.3
392.2 100 53
) 436.3% 105 45
53k I 486.3
404.2 105 50
TN ERE T,
2 4005 b 3353
OCF L
363 3.265_
3.0e5
3.4e51 2865
3.2e51 8eSf
3.0e5 2.6e5¢
2 2.8e5[ 2 2.4e5}
5 263l 5 20e5)
= 2.4e5 # 2.0e5¢
8 235l w L
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Total ion flow chromatograms of 9 kinds of aconitine alkaloids in 4 groups of mobile phases
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23 BBERKERNFIELR

AT AT A R e B A T IAR SR 5, DA SR I
e EEXT BARE AP A2 . el I8 30%. 50% . 70%.
90% . 100%& B HEA TIARIEES, “PATIEES 6 UK, 455 R W
WCRSE I AR R 22 R, IR BICRINEE 2 Bis, 5 Fhik
R B R TE 82.11%+1.46%~105.37%=3.19%3 B4
AR PO 8 L Sk I T Sk DR AT vk 2 3k
R 3 AheE 2 1 S Iga T th — 2 AN, R
TSR o SEE0 R, 20T BT U R R T 30% K
B I S O, S BOR BEME 6 1 it B AL A,
PRI 32 900 245 V9 i S 2 5 T I
24 HREAFNER

) 28 290 BB oA E = TR S AR, 2 TR
FAAS TR AR A E00 BT A B, SPATSEE 6 IR, 558 R
PBCRE I EEARE ZE TR, W13 3 7R .30%.50%.70%
90% I B2 fr A5 BRI 7E 81.64%+2.48%~102.46%+2.49% 2
Vi), i P BT 2 S SR R 4R BCRE y 73.69%42.38%, X F

A 8 AL LAY BE BRI TE 90% A A7, 5 AR >
B HEEXE 9 By Sk A Wi i SR RO S S AR, (HBR
30% HBEAL, 153k SRR IR 1% 3k TR, €6 335 0 349 oy — A 04 4y
SR TR0, 43 R o P A AR 0 B30 348 o 3 A A
K, ULHIVE RO BN . A% IR, AR 30%H
T AR by o 5 2T R S AR R YRR o
25 ERMNAHER

FE TR ST A AT R R LA TR B S, AR
B b T R B B AR S b %ot BRI 5 7
Bl SR BN T PRV . 5351 F 30% HH B 70 A 25 (1 2570
PRI AR VB SR A TR, LA 5SS 7 R 9 75 i (L )
By AR RPN, A5 RRUNART 80%, WIA77E3 )5
R T 120%, W] AF 7E R g Ak 8 T
80%~120%Z 7], J& T 1E# L, JCHT E Lo B A
S RO 3 Hr Q18] 2 B, 9 b 1 3k 28 A el 1 5 Jo sk
NITE 90%~110%Z [, JoW] i FEBUn, ik T riksh
Ak

R2 TEBRBERET 9 ME L34 YA EYE (%)

Table 2 Recovery rates of 9 kinds of aconitum alkaloids under different liquor concentrations (%)

9Kt B T
30% 50% 70% 90% 100%
E RS 100.90+2.45 98.47+2.56 99.4242 47 95.09+1.69 96.05+2.12
5 30 95.42+0.92 94.42+2.25 93.11+1.91 94.28+1.89 92.50+3.55
=PRI 98.74+2.94 98.34+2.45 93.46+1.77 97.91+1.80 93.78+2.83
R 15 31 100.71+£2.95 96.59+2.58 95.8242.06 95.88+1.92 95.38+1.68
R 3k S5 95.27+3.14 90.08+1.79 87.69+1.67 86.79+1.11 86.58+3.44
2% F T U0 5 3 D 102.74+3.81 98.43+5.02 101.93+4.76 103.60+6.91 105.37+3.19
2 I 5 3k D 96.90+2.68 95.50+5.44 95.89+1.31 97.20+3.97 94.90+2.59
15 3 S5 97.80+1.95 98.52+1.60 97.24+1.35 95.52+2.98 98.52+2.09
53k 84.17+1.24 82.11%1.46 83.85+2.95 89.59+1.07 89.60+2.67
#3 FRFEFRSET 9 Mo 24 YREAIRIER %)
Table 3 Extraction rates of 9 kinds of aconitum alkaloids with different methanol volume fractions (%)
. FH R AR B B
30% 50% 70% 90% 100%
e 102.46+2.49 99.75+2.45 95.50+2.38 100.68+3.25 94.07+2.82
5 358 98.42+0.95 101.36+1.37 100.93+2.28 94.40+1.56 96.05+2.21
PR 91.19+2.72 96.76+3.26 97.51+3.87 96.35+2.86 97.7242.70
2R 55 3 J5 100.08+2.93 97.63+1.51 97.34+1.83 97.81+1.75 94.63+2.80
U3k 5L 96.18+3.17 97.73+1.92 92.18+2.54 94.54+2.82 92.69+2.68
AR R 5 3 S 91.41%3.39 100.17+3.21 98.71+7.38 96.57+3.72 95.60+2.89
2R T 5 3k S 97.30+2.69 89.08+4.95 100.35+4.09 97.76+4.04 89.28+4.55
5 3k 5L 94.38+1.88 98.11+1.68 90.77+1.53 91.88+1.78 92.47+1.33
05 K e 85.40+1.26 81.64+2.48 82.73+2.06 84.34+1.79 73.69+2.38
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Fig.2 Matrix effects analysis of 9 kinds of
aconitum alkaloids

26 FEFER
261 ZMEZEER
FRE 1.3.3 BB hR A PR R R P IR, JF

K AR AR U B 25 1 XA o R R AT A, R AR A (X,
/L) A FRIER 5T v B, INARARY) SR X I g T A
FLRMESE IR . [ AR L A 5 R B B Y BR (limit of
detection, LOD)FlI5& & 2 (limit of quantitation, LOQ)UIZE 4 fif
7R, 9 PSS A MIEAE 1~100 pe/L JEEINEIEC R BT,
HEFRBIIRT 0999, BUAS (IZHBRLST, S A K-
2.0 pg/L BRESL, 18 BZIBREEBT A (E I LL(SIN), FF3158 3
F5F0 10 A%45 M LU A AV B 51219 LOD #1 LOQ, LOD 2y
0.63~0.98 pg/L, LOQ 4 2.11~3.26 pg/L, SZIe%H 2 0]i% )7
HHA RPN R, R REE, EHAT 9 fhesk
A B A U 43 AT
262 FHMEDKREMEEHXR

HUAS (UG 3, B 2 Sk A Wity 15 3 o Rk
FEIARIKF 2. 6. 20 pg/L, R R S A -4 7
FE 6 WK, THAINER ENSCR AR X FRE (R 22 (relative  standard
deviation, RSD), Z5HUNZE 5 iR, 9 FhE kA Yrmgmnin
[F iR 81.14%~116.01%, RSDs A 0.97%~11.26% (n=6),
A B B e

4 9MBLAEMBAOLMTER. @FFIE. HXFRE. LODs 1 LOQs

Table 4 Linear ranges, regression equations, correlation coefficients, LODs and LOQs of 9 kinds of aconitum alkaloids

(A /B2 LAETEE/(ug/L) LR )y AHOC R B LODs/(ng/L) LOQs/(ng/L)
5 3. 1~100 Y=9507.11606X+22079.26 0.9993 0.63 2.11
WEEDST 1~100 Y=20816.55836X+55516.90 0.9994 0.72 2.41
EREDRTY 1~100 Y=14708.66395X+39406.30 0.9994 0.98 3.26
7% R Bk 2 3 J 1~100 Y=7392.97411X+13122.17 0.9990 0.98 3.25
2 IR 3k T 1~100 Y=2934.84931X+4052.66 0.9993 0.82 2.73
2 R BRI 5 Sk I 1~100 Y=3979.10007X+20784.64 0.9995 0.94 3.13
53 AR 1~100 Y=10791.09853X+43425.60 0.9993 0.86 2.86
W EED SN 1~100 Y=3110.39000X+218604.00 0.9990 0.68 2.27
B3k SR 1~100 Y=11053.05683%+52141.30 0.9991 0.91 3.03
5 9 ML FEE YA MIREWER SEEE (n=6)
Table 5 Recovery rates and precision of 9 kinds of aconitum alkaloids (n=6)
a=L/EA JFRAK-/(ug/L)y  BIE/%  RSDs/% a=L/EA TFRAKE/(ug/L)  BICR/%  RSDs/%
2 98.09 2.82 2 99.51 11.26
5 3 8 6 94.26 5.19 7R R BT 5 Sk I 6 108.54 3.04
20 95.42 0.97 20 96.90 2.76
2 95.86 7.84 2 93.30 5.93
W EEP R 97.07 2.39 1 3% T 92.07 3.06
20 98.74 2.98 20 97.80 1.99
2 100.77 2.22 2 94.47 5.01
EREDR T 95.34 2.54 R 3% U, 95.49 3.15
20 100.90 2.43 20 95.27 3.29
2 98.24 3.89 2 85.75 3.80
R FR Bk 1% Sk SR 6 94.55 2.20 B 3k T 6 81.14 3.02
20 100.71 2.93 20 84.17 1.47
2 116.01 6.89
7% BB TR 1 3 T 6 96.33 7.27
20 102.74 3.71
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2.7  SEBREE AN

TGN 1.3.4 Jrikiilgs, 2 1.3.5 FiEmRLiE,
R UG 1) 2 S3COAR 35 - SR R BT kX 9 Ao Sk 264k
PIBHEA TR . 5 FORIREAS S S 25, ¥R 5 Fh
G R AWK, HE R0 BT hmh . RSk, AR
T % Sk D R A% FR T K il b, S Sk i A
&, HIEE N 165.80~224.35 mg/L, Hi4x 4 Fh i 3250 Wy,
S REMRT 15.00 mg/L,

3 I AG 2 TR i PR TR B () K (2 4, 9 Ry sk
AWK, I B LUER T A Y s 2, & ik
564.02 mg/L, FFERTIEYIGIRZ, BEMEA DR D . B
MR, R 2T e SR T A e e e, BEPERROKR,
N 5 | R ARGV

3 4 i

ABIFFEHESL T — i i ORAR (3% - A B B ok, 52
B R 250 v 9 b 5 Sk S A W Bl DR RGN S o e i
BRI 8 7 X207 A T 5 TR I E, LSRR 2 R AR,
OTIE PR | RS B . RZO X SRR A
Frkill, 295R BN, FE 25T v XUR L 5 3k e A W i 5
JE R, FEPER, $8/R T B 2 TR T E A P RE X
W, AnlE H AR . AP 19 75 i A 5 H AR
TRENTZ, AR A P R R A R
TIA e, DL RAR /R TR 5 2530 v B S R A AT AR e A
R AR 0, O IO S Ak v 2 DR 3 PR 75 A5 R i PR )
HERfZ W LARSR AL PSR RO ORIGE, JFE RBUE | 0 Hril
JE R R LTy TR B O, HE T I )
AL . AP AR AR ] B R AT ) B BOR 3L
R, MR LEIR . BETANTER A, RN L
VERLEC T REEASR IS, RGVER A A 7k
X S BRI, I ST R B KU I AG B, BT
AT PR P 23 AN At B AL BT S8 3 O B2 A Bl

SE 3
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