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Comprehensive screening of Aconitum alkaloids in Kampo herbal medicine, in human serum 
and urine by high resolution LC/TOF Mass Spectrometry

Introduction Experimental
The root of Aconitium carmichaeli (Fig.1) is called Bushi or Uzu and
widely used as traditional herbal medicine in both China and Japan.
However, it is a highly toxic herbal medicine because of the
presence of diterpene alkaloids such as aconitine, mesaconitine,
hypaconitine and jeasaconitine. These alkaloids share a common
C19 norditerpenoid skelton and divided into four types, named as
non ester diterpeine alkaloids, monoester diterpene alkaloids,
diester diterpene alkaloids(Fig.2) and lipoalkaloids. Kampo herbal
medicine contained Uzu is hydrolyzed to the non ester and mono
ester diterpene alkaloids and detoxified by decocting in boiling
water. However, there are several reports of patients who had
taken Kampo herbal medicine and developed symptoms of aconite
intoxication. The adverse reactions caused by Kampo herbal
medicine may originate from adulteration, misidentification,
variability in the amount of active ingredients, and improper
processing and preparation. Therefore, to guarantee the safety and
efficacy of use of aconitum type of Kampo herbal medicine the first
prerequisite is to apply comprehensive analytical methods to
monitor a large set of active ingredients, i.e. mainly alkaloids. This
work describes a novel comprehensive screening method for 11
known aconitum alkaloids and other components in Kampo herbal
medicine, human serum and urine using high resolution LC/TOFMS
and exact mass and retention time(option) database.

Table 1. Experimental conditions for LC/TOF-MS 
HPLC : Agilent 1200    
Column   : ZORBAX Eclipse Plus C18(100mm,2.1mm,1.8um) 
Oven temp  : 40 C
Mobile phase : A=ACN  , B=0.1%HCOOH+10mMHCOONH4

5%A---(20min)---45%B---(5min)---100%B
Flow rate : 0.2 mL/min
Injection : 5 µL
MS         : Agilent 6520 Q-TOF LC-MS
Ionization : ESI ( positive ion mode)
Nebulizer gas : 345 kPa
Dry gas        : 10 L/min at 350C 
Mass range : 100-1000Da
Reference : m/z=112.050873, m/z=922.009798
Resolution : >10000 at m/z=121

Sample preparation
Detoxified Buhi, Uzu, urine, serum and gastric contents (GS) of
patient samples were prepared using Solid Phase Extraction (SPE).
The scheme is shown in Fig.3

OH

OCH3

OCOCH3

OCH3

R2

NR1

OCH3

OH

O

OCH3

R3

O OH

OCH3

OH

OCH3

R2

NR1

OCH3

OH

OR3

OCH3

Compounds R1 R2 R3 MW

Aconitine C2H5 OH H 645
Mesaconitine CH3 OH H 631
Hypaconitine CH3 H H 615
Jesaconitine C2H5 OH OCH3 675
Benzoylaconine C2H5 OH COC6H5 603
Benzoylmesaconine CH3 OH COC6H5 589
Benzoylhypaconine CH3 H COC6H5 573
1,4-Anisoylaconine C2H5 OH COC6H5OCH3 633
Aconine C2H5 OH H 499
Mesaconine CH3 OH H 485
Hypaconine CH3 H H 469

Diestre diterpene Non and mono ester diterpene

Fig.2 Aconitium alkaloids and metabolites of Aconitium 
alkaloids 

Screening target compounds by exact mass database
Extracts were analyzed by LC/TOF-MS and 11 target aconitum
alkaloids were screened using an exact mass and retention time
database with the parameters shown in Tables 2

Fig.3 Sample preparation scheme

Table.2 Target screening parameter
Target mass                  : (M+H)+

Charge :  Single charge ion
Mass window :  0.01Da
Retention time window : 1 min
Relative mass error :  5 ppm

Sample (0.5 ml or 0.5 g)
add 10 mL of ethanol, shaking for 1h
centrifuge at 3,000 rpm for 20 min

Supernatant
evaporate by N2 gas

Residue
dissolve in 0.4 ml of 10% ethanol
apply

FOCUS (conditioning with 1 mL of methanol and 1 mL of
water)

wash with water(1mL)
wash with 10% CH3CN/water(1mL)
elute with 0.1% TFA/CH3CN(0.75mL)

+0.2% ammonia/CH3CN(0.75mL)
Eluate

evaporate by N2 gas

LC/TOFMS
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Analysis of 11 aconitum alkaloid standards
11 aconitum alkaloids and metabolite standards shown in Fig.2
were analyzed to construct exact mass and retention time database
for target screening. Extract ion chromatograms (EICs) and mass
spectra of these compounds are shown in Fig.4.

Results and Discussion
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Fig.4 EICs and mass spectra of 11 aconitum alkaloids
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Target screening of 11 aconitum alkloids
Extracts of the detoxified Bushi, Uzu, urine, serum and GS of the patient were
analyzed. 11 aconitum alkaloids (Fig.4) were searched by using exact mass
and retention time database. Mass chromatograms of 11 target alkaloids are
shown in Fig.5. Abundance and relative mass error of each aconitum alkaloid
are shown in Table 3.
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Conclusions

Results and Discussion
No Aconitum  alkaloids

Urine Serum *GS Urine Serum GS
1 Mesaconine 0.58 -0.32 -0.44 65030 9832 27267
2 Aconine 0.37 -0.84 -0.08 92958 11321 43342
3 Hypaconine -1.39 -0.99 -0.37 7114 21458 2885
4 Benzoylmesaconine 2.11 ND 1.70 3555809 ND 2634078
5 Benzoylaconine 0.97 0.49 1.46 1932122 136343 2071266
6 14-Anisoylaconine 1.60 1.14 2.29 2293815 188261 2766311
7 Benzoylhypaconine 0.36 0.73 0.77 108497 271838 95013
8 Mesaconitine 1.92 -1.94 0.05 585234 2181 34949
9 Aconitine 2.10 0.41 -0.67 550044 1103 36517

10 Hypaconitine 0.57 -1.46 -1.34 64470 725 4571
11 Jesaconitine 1.80 -1.72 -1.09 319321 565 23168

*GS:Gastric contents

Relative mass error(ppm) Abundance
Table 3.  Abundance and relative mass error of each aconitum alkaloid.

Non-target screening of aconitum alkloids
15 alkaloids and 12 lipo-alkaloids were searched using exact mass database. Mass chromatograms are shown in Fig.6. Abundance and relative
mass error of each compound are shown in table 4.

No Aconitum  alkaloids
Uzu Uzu

1 2 3 4 5 1 2 3 4 5
1 Mesaconine -0.59 -0.38 -0.70 1.21 0.38 1.12 61363 49397 2454 ND 263138 449161
2 Aconine -0.26 0.29 -0.03 -0.17 0.34 0.56 70556 62266 7134 47742 48543 203547
3 Hypaconine ND -1.16 ND -0.97 0.35 0.62 ND 5578 ND 3477 68582 142028
4 Benzoylmesaconine 0.03 0.45 1.37 0.18 0.67 0.81 5612322 4277923 393696 3743649 8377849 8851938
5 Benzoylaconine 0.04 0.24 0.66 -0.42 0.42 0.42 8638531 5975249 453583 5496849 4934644 6584757
6 14-Anisoylaconine 0.44 0.75 1.24 -0.06 0.23 -0.10 9327678 6675689 498080 5984089 24273 5444
7 Benzoylhypaconine 0.61 1.58 0.61 -0.13 0.12 0.98 239748 348302 13261 170375 5381188 2099364
8 Mesaconitine 1.56 1.82 -0.47 1.19 -0.70 1.62 794424 965714 27935 813900 10156 2.3E+07
9 Aconitine 0.16 1.29 -0.95 0.57 -0.16 1.56 278134 288407 11318 231393 5053 1.3E+07

10 Hypaconitine 0.34 1.38 -0.02 0.72 -0.21 1.90 317869 435138 14659 320609 112770 1.8E+07
11 Jesaconitine -0.12 0.66 ND -0.14 ND -0.18 269274 154279 ND 132588 ND 9420

Detoxified BushiDetoxified Bushi
Relative mass erroe(ppm) Abundance

No Compounds
Uzu Uzu

1 2 3 4 5 1 2 3 4 5
1 Aconosine -2.06 -1.71 -3.35 -2.16 -1.09 0.61 66428 94347 9228 42926 65768 1355062
2 talatizidine -2.00 -1.98 -1.21 -1.59 -0.03 1.30 22213 41370 5342 15743 53424 388590
3 Atidine -1.12 -1.48 -2.33 -1.86 -0.64 0.86 77988 107060 10356 45736 91408 274981
4 Delcosine 0.41 0.12 -1.10 -0.19 1.70 1.26 186818 171372 32036 115091 483102 2087787
5 Transconitine D -1.11 -2.15 -1.38 -1.97 -2.13 -1.32 2026 2545 758 2099 2368 9877
6 Neoline 1.10 0.94 -1.06 0.62 1.65 1.81 352233 388109 51147 300761 596732 3472610
7 Munzianone -0.65 -0.72 -1.02 -1.33 -1.30 0.77 39215 60319 6401 23846 44661 233764
8 Condelphine -1.56 -1.17 -2.46 -1.48 -5.65 -0.87 22555 47171 1667 11387 8141 33121
9 Delcorine 1.15 0.80 -1.01 0.84 0.33 1.00 517282 476375 34531 374783 138308 207990

10 Dehydrobicoloridine -1.40 -2.52 -2.93 -2.03 -1.05 -1.72 28730 13685 1982 15971 18321 14601
11 Hypognavine 0.27 -0.03 -1.63 0.23 1.48 0.72 217523 185430 15803 148066 165108 67392
12 Circinasine C -0.98 -1.25 -2.74 -1.31 1.71 1.10 54268 38858 2819 30513 205178 1232573
13 pyroaconitine 0.77 0.04 -2.32 0.51 0.56 -0.05 306736 186640 8073 182478 121081 66334
14 Delphinine 3.71 -0.17 0.16 0.34 0.98 1.44 12102 14824 505 9135 1509 1813570
15 Deoxyaconitine -2.34 -2.23 -2.70 -1.56 -0.93 1.35 9549 12577 248 8213 6602 2478404
16 Benzoylmesaconine-8-linoleate 1.24 0.65 -1.00 1.32 1.21 1.72 1288777 891884 9698 1384422 1321222 1587627
17 Benzoylaconine-8-linoleate 0.75 0.63 ND 1.87 1.34 2.68 859242 554876 ND 1006987 632512 763393
18 Benzoyldeoxyaconine-8-linoleate -2.83 -3.07 -0.69 -1.57 2.13 -2.05 9751 5134 4124 11356 2381 2500
19 Benzoylhypaconine-8-linoleate -0.12 -1.01 -0.14 1.54 0.76 2.44 306883 203069 1708 317999 374311 707938

Relative mass error(ppm) Abundance
Detoxified Bushi Detoxified Bushi

Fig.6  EICs of detected 19 components in each extract
Table 4.  Abundance and relative mass error of each components. 
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No Compounds

Urine Serum GS Urine Serum GS
1 Aconosine 0.00 -2.57 1.02 241994 3581 1000676
2 talatizidine -0.53 -1.39 1.85 123197 2503 378328
3 Atidine -4.69 -3.08 -4.56 78308 1853 620121
4 Delcosine 2.11 -0.88 1.27 486752 30004 2124270
5 Transconitine D -1.34 ND -0.15 2670 ND 9396
6 Neoline 1.98 -1.25 1.32 611794 12476 1863379
7 Munzianone -0.07 3.78 1.28 49590 801 203774
8 Condelphine -3.56 -1.44 -0.35 17794 648 48049
9 Delcorine 1.91 -0.65 1.35 638789 23774 1128422

10 Dehydrobicoloridine -0.60 ND 1.19 55043 ND 302261
11 Hypognavine 1.12 -1.40 2.05 230188 2724 786904
12 Circinasine C 0.43 -0.84 1.52 100660 10017 574200
13 pyroaconitine 1.81 1.54 1.75 922843 1034 1213607
14 Delphinine 1.33 ND 15.35 40802 ND 40697
15 Deoxyaconitine -1.08 ND -0.47 30217 ND 13783
16 Benzoylmesaconine-8-linoleate ND ND 1.32 ND ND 1384422
17 Benzoylaconine-8-linoleate ND ND 1.87 ND ND 1006987
18 Benzoyldeoxyaconine-8-linoleate ND ND -1.57 ND ND 11356
19 Benzoylhypaconine-8-linoleate ND ND 1.54 ND ND 317999

Relative mass error(ppm) Abundance
Detoxified Bushi Detoxified Bushi

1. 11 target aconitum alkaloids gave protonated molecules as the base ion
in the mass spectrum with relative mass errors of less than 3 ppm.

2. All target alkaloids were detected in detoxified Bushi and Uzu.
However, amounts of diester alkaloids in detoxified Bushi were less than
10% of the levels found in Uzu.

3. All diester alkaloids were detected in urine, serum and gastric contents
of the patient.

3. 15 alkaloids and 4 lipo-alkaloids were identified in detoxified Bushi
and Uzu using an exact mass database with less than 5 ppm error.

4. 4 lipo-alkaloids were detected in only gastric contents of the
patient.

5. We have demonstrated that the use of LC-QToF together with an
accurate mass database can be used to screen for targeted alkaloid
compounds in herbal samples.
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