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Simultaneous Determination of 34 Plant Growth Regulator Residues in Angelicae Dahuricae Radix by
UHPLC-MS/MS
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ABSTRACT: OBJECTIVE To establish an analytical method for the simultaneous determination of 34 plant growth
regulators residues in Angelicae Dahuricae Radix based on UHPLC-MS/MS. METHODS The samples were extracted by
acetonitrile high-speed homogenization, concentrated, injected directly without purification method, separated by a Waters
Acquity UPLC HSS T3(2.1 mmx150 mm, 1.8 pm) column with mobile phase of 0.1% formic acid aqueous solution containing
10 mmol-L~! ammonium formate(A)-acetonitrile(B). The matrix-matched external standard method was used for quantitative
analysis. RESULTS The calibration curves of 34 plant growth regulators showed good linearity with correlation
coefficients >0.995. The limits of detection were 0.01-9.26 pg-kg™!, and average recoveries of 72.4%—100.6%, the RSD <15%.
The plant growth regulators in 35 batches of Angelicae Dahuricae Radix were analyzed by this method. CONCLUSION The
established method is sensitive, accurate, targeted, and simple with rapid pre-treatment, and can be used for screening and
detection of plant growth regulator multi-residues in Angelicae Dahuricae Radix.
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Fig.2 Recovery of different preparation methods
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A1 S Al BRI A AR AU (500 mg/500 mg,

6 mL) 3 FAS[R] 2 (14 154k 75 ik i T Il 3R 25
B MR 3, ERE, MgSOs+PSA+Cis A H
PSA NIHE A HH], XF4sH ha RIS
HABRMBMIER, SEORER. MIKRLR .

WL T R . ISR . 2,4,5-T. 2, 4-"SAKALTIR .
4-FORA LR . 4-FARACTR . 4-MHRE LR | 4-
R TR . AR MR L A% . HLB

2 34 MR EKIET R B BUE AT S 5K
Tab.2 MS/MS parameters of 34 plant growth regulators

FE R RRIR R IR A HOR A M, & A Re e el
(1) 27 7K B A 7K 2, (BATS A 21 Pk 4y A 3 1 )
KR <70%, GCB HAGIE/NTCIREEH, (i HXF
6- R ILIERS | SRR L W O PR T A5
bW HA R i W B L LI GCB/NH, A 1]
WA

TE 5 BT A X A5 A 2 A 7 Ak Ak B AT LU R
Wi 22300 2 B, ek D B R0 4 TR s AT DA R AT

BB T (m/z) FETF(mlz)
has as] . Rt PRI /min
Ql DP/V Pl CE/V PIi CE/V
1 EZ 294.1 85 70 52 124.9 52 EST* 6.8
2 J¥ic i i 216.0 50 143 22 100 21 ESI 4.55
3 Bt 114.2 85 98.2 34 58 31 ESI* 1.58
4 1- 2 BERk 186.1 74 141.1 19 114.9 49 ESI 4.94
5 WEDR 221.0 87 130.9 45 175.1 35 ESI* 5.16
6 T 308.1 90 70.2 55 125.1 50 ESI* 8.07
7 WaEh % 216.0 90 81 24 147.8 16 ESI* 3.87
8 SEATER 165.1 65 81.1 25 123 18 ESI* 7.19
9 % 122.1 68 58 40 63.1 27 ESI* 1.47
10 6-"NILF AL IS 226.2 93 91 35 64.9 69 ESI* 435
11 AT W W e 257.2 90 135.1 33 81.2 42 ESI* 5.21
12 [EEETAE S 216.3 90 173.8 25 104 35 ESI* 6.08
13 Ik Z R 176.0 70 130 20 103 40 EST* 4.75
14 s B e 292.0 90 69 55 124.9 30 ESI* 7.52
15 1,3- 27Kk 2129 75 94 23 76.9 49 ESI* 6.23
16 U 313.0 100 268.9 45 184.9 40 ESI* 6.79
17 FAMZER MR 481.2 110 445.4 16 315 21 ESI* 6.66
18 e 261.8 80 58.1 50 100.2 25 ESI* 4.93
19 m3IIR TR 204.0 65 186 18 143.9 30 ESI* 5.39
20 R A 221.0 85 102 21 127.8 21 ESI* 4.08
21 A-FEFEA T £ 137.8 65 107.8 22 92 28 ESI- 5.06
22 KRB S gt P NS 167.7 80 152.8 17 123 25 ESI- 5.1
23 4-FARE TR 169.0 40 111 17 90.9 41 ESI 437
24 LRSS W 228.6 42 170.8 18 78.8 40 ESI 4.95
25 4-REH LR 276.9 44 218.9 20 126.9 36 ESI- 5.15
26 2,4,5-T 255.0 32 196.9 16 160.7 38 ESI- 5.62
27 TRER 345.0 80 239.1 25 143.1 43 ESI- 4
28 Elidl 245.6 66 126.9 13 91 36 ESI- 5.83
29 IR 271.9 60 159.9 25 124 45 ESI 5.81
30 LR WA 185.0 50 126.9 18 91 37 ESI 4.82
31 5| A g 236.9 110 164.7 22 134.8 34 ESI- 6.16
32 24-CHEAFE LR 218.9 28 160.9 16 124.9 38 ESI- 527
33 i3 263.1 65 203.1 17 203.1 39 ESI- 491
34 e 337.0 100 77.9 21 77.9 45 ESI 6.4
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Tab.3 Average recovery of different purification methods
T AR TR B

ek FHERE  FERE  FARCR
<70% 70%~130% >130%
MgSO4+PSA+Cg 20 12 2
HLB 21 13 0
GCB/NH; 20 13 1

BT BTG g, BRI 22T 3 FORIFIAY
AL EE, (A T A R R R [EeR
B R e V| a0 N NS L v e N X A E i
(14 7 2 LRI S 56 ) w2
3.6 FEEFAUN

FEFURFR IR BGI R TP ER AT LIS M ALY
&N HE T H AR BT 0 o B i B A T
PN S 0 25 SR (R R I o 76 3 A 2% B RE b 0 AT
SN A AE ™ R R 2 W % R 1
GBS AN g VA BB R o AN T At i3
FEVE TR B RS (R A FUAER B 5%, 5 U AE
80%~120%, U35 7] LA Z Mg A2, St
Fb T A 1 32 5 DT e bR YR RIAH RV B2 ) 50% LB T
VL E AR A AR VR, IR 34 PRl K
P HIPACH 7 RS DL BRI, IR E—ERY
BTN o R T LR EE R HERPE, ARLER
5L 0 DC BCAR IR A T 40007
3.7 kSRR
3.7.1  ARUEMZ K FR (limit of detection, LOD) .
7€ B (limit of quantitation, LOQ) ., 54 R
P 25 B o 4 BRI b 1) = 2 3R 91V R 1Y)
RAXHREIAR, e “2.37 TN &M T4,
DIEAED A KA R B R X MR AAAR,
HE TG Y AR, SdlbrEdig, L
fHEME L =3 i LOD, fFMEHt =10 i€ LOQ, =X
45 B W RTE 0.5~100 ng-mL ' S AL & WA X R
$39>0.995, LR RAT o WObR I 2 b5 o vk
(R AT B VA SEERE 6 W, DA e
B BU AR % RSD(RSD<10%), # WK
R, 34 MY AE R RIS R . M
XZ%. LOD. LOQ 455 W3 4,
372 AR ECEE RS B AR DS A H AR
3.0 g, @HN 100 ng-mL™" BITRA X IR ST 1 mL,
fie “2.27 WU HEHATHTAREE, SPATHIE 6 11,
YRR E , SRR EICR, 5 R S,
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A 5T RS RIS R 72.4%~100.6%, RSD {H
K 1.6%~12.3%, L5FFIA I e kvl T A
34 Bl A 4 TR T I G R AT o
3.8 HEAINE

FIFHEEST (R 7 5 35 FLUR A TERE S b A 7 AG I
Hrp 12 itEaEm b Em, mEEN 7.18~
54.68 ng-kg ', 7 L HTEREH 228500 5 EE ok 0.70~
51.10 pg-kg™, 6 fL ATERL MR R 58 0.43~
12.35 pg-kg™', 5 HEETERH 4-REEORTREN, FREA
T 22.87~135.88 ng-kg ', 2 LA ER Y S-A AT
BIARBAN, FREEEN 19.28~24.73 png-kg™, 2 4tH
TR TS, Rl 0.55~1.15 pgkg . 35
b A PR R AR A R R B Y
B 194, & EHEY 54.2%, KB L 6.
K3 RS PR-03)HE TH T A MRM
(SN

HRAE 13RI R 25 5 ] 15, 35 HbAE A FP G HE A
YA IR A Z b i 95 T RN 22 50 H
il o TSR —FETE TAE R N B IR
RiEMZE I GB 2793-2021 F- AN TR R 4 F K
R EABRE TR, PR TG T L PR H e
TETR TS JE T ANR I AEI I ER . 30 i) d5c KB
PR N 0.05~0.5 mg kg, Hirpr 1 AR A vk
H51.10 pgkg ™, TS R A PR (T 2R SR
0.05 mg-kg™"). ZAMEA M IRAEYPLNE, P
FEEAER, AR IRME AT, HAR B
AU 115 22 5 R R AEARZE R 2k,
WFFEHE 2280 S 256 BRURLAT At s), e
FHR KT BRI 0.04~10 mg-kg ™!, A& FEMIR
BRI o 4-AH RN S-A B A A A 4N
VIR AN HA BOR 2 —, i T A
T, SRR R RS R L, B R
YR, XA A RN R AR R YA R R R S A i
HHEA, HEASUE ., Bom . SR # M, AL
fEERRE 1S SR o

2RI SRR AS AR AR RIAE T 2y
MR R M, B P A B
i bm T A a8 o A AR A 7 R A A —
FE R, T RESZ R A ARfE R R 250 S . TES
SRS PR X I TR S R v ) 22 A R
MRS WM AT, DAPE SRR A K 08 5 5
FEH 2GR FpRE P A BN
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Tab. 4 Linear relationships, LOD, LOQ, and precisions of 34 plant growth regulators in matrixes

75 LEY LR r LMV /g mL! PR /g ke MR /ng-ke  KE%E RSD/%
1 2w =57 014.7x+5 416.185 0.999 5 0.5~50 0.17 0.55 7.75
2 et =267 372x—1 571.148 0.9959 0.5~50 0.12 0.43 6.85
3 Btk =79 885.9x—1 582.252 0.997 9 0.5~50 0.12 0.32 461
4 1-ZEOBERE =80 830.1x+3 401.888 0.999 4 0.5~50 0.17 0.48 2.69
5 WEFRE =26 973.161 94x+1 791.586  0.999 2 0.5~50 0.2 0.35 3.95
6 Sl =58 796.9x+2 753.111 0.998 9 0.5~50 0.1 0.23 4.57
7 WEER =50 149.3x+2 800.983 0.998 0 0.5~50 0.78 3.87 2.96
8 KA =9 344.184 64x+10 961.017  0.999 1 1~100 3.7 18.94 2.57
9 BIE =76 095.4x+8 149.393 0.998 6 1~100 0.02 0.09 2.48
10 6-"F AL SLmEEns y=171 113x+12 820.220 0.998 2 0.5~50 0.32 0.64 7.46
11 RPN mEHE R =38 796.6x+4 438.361 0.998 6 0.5~50 0.48 1.05 4.94
12 BrEhr gt =40 375.5x+22 629.988 0.999 3 0.5~50 0.25 135 6.86
13 WLk R y=2 388.238 74x+17 693.002  0.997 6 5~200 4 15.87 5.29
14 Jsgoms y=37 751.6x+2 990.034 0.998 2 0.5~50 0.11 0.37 4.71
15 1,3-T KM =237 363x+41 258.2 0.998 6 0.5~50 0.01 0.05 7.09
16 WRmEEL =23 994.503 09x+2 016.571  0.999 0 0.5~50 0.16 0.56 8.17
17 RIMEE MR y=786.359 83x+2 392.716 0.999 5 5~200 9.26 23.81 3.01
18 MY y=37 769.9x+2 902.362 0.998 2 0.5~50 0.11 0.22 7.66
19 MIWET R =6 651.698 59x+3 256.790  0.998 6 1~100 4 16.67 4.46

20 WEAME y=172 363x+24 451.532 0.999 8 1~100 0.27 0.58 1.65

21 A-TiS SR 4N =80 097.5x+347 031 0.998 0 0.5~50 0.01 0.06 1.68

22 S-PHEEAAIARBIEN  y=1 858.897 46x+1 672.738  0.998 3 1~100 3.39 15.29 2.36

23 4-FAALR y=22 467.455 T7x+4 646.282  0.998 7 1~100 0.37 0.85 1.94

24 A-IRRH LR =9 550.210 44x+844.499 0.999 3 0.5~50 0.25 1.39 3.95

25 4-WORA R =29 775.606 45x+3 489.315  0.999 1 0.5~50 0.21 0.98 2.63

26 2,4,5-T =30 418.8x+7 132.533 0.999 0 1~100 0.3 1.06 2.78

27 KEHE y=2 845.513 46x+1 029.185  0.999 0 1~100 1.82 6.8 2.00

28 ALK =183 198x+9 196.569 0.999 3 0.5~50 0.01 0.04 3.78

29 INPRIERE =90 497.1x+6.059 0.997 6 0.5~50 0.09 0.37 3.22

30 4-FRE L] =30 160.2x+1 661.660 0.999 4 0.5~50 0.2 0.81 2.00

31 W5 y=1 543.347 56x+3 622.753  0.997 7 1~100 3.03 14 1.71

32 24-ZHEARHLMR y=25615.677 34x-33.356 0.999 1 0.5~50 0.36 1.16 2.24

33 VIR =20 080.380 8x+164 202 0.996 7 0.5~50 0.01 0.04 2.92

34 HifAle =59 763.0x-2 750.863 0.997 6 0.5~50 0.02 0.17 2.55

=5 34 A A KRR Y A A E R S R (n=6)

Tab.5 Recovery results of 34 plant growth regulators(n=6)

5 =L/ SEE [ R /% RSD/% 5 =L/ XTI R /% RSD/%
1 EZ 100.6 7.5 18 e 73.5 42
2 JHfERR 88.9 3.9 19 5| T R 89.9 2.7
3 BiE® 76.5 3.8 20 I5E I 84.5 12.3
4 1-ZELEUE 79.5 5.2 21 A-Til T A 88.9 3.1
5 WEREE 82.6 8.0 22 - 3 A A1) AR gy A 93.2 8.3
6 JRmEEE 91.3 5.6 23 4-FARA LR 84.2 3.4
7 WHE 72.4 8.3 24 4-TRER TR 83.1 5.0
8 KA 78.9 35 25 4-MRER L TR 82.0 3.4
9 BILE 81.1 32 26 2,4,5-T 81.0 4.6
10 6- " RILASLIES 75.3 3.4 27 HRER 81.3 53
11 PRI 89.6 3.8 28 SR 79.1 7.2
12 BrEhiae 97.8 5.6 29 YT R I 75.8 5.4
13 W2 77.9 11.6 30 4-FHRRA LR 83.1 3.6
14 R 83.6 42 31 5| 2 g 86.9 5.2
15 1,3-2AR 82.2 7.0 32 24-ZEHARE LR 81.3 4.7
16 WKmEREE 99.2 6.1 33 Jit 95 R 85.0 53
17 RMKERNE 87.1 12.1 34 EiNeliS 89.2 1.6
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Fig. 3 MRM chromatograms of Angelicae Dahuricae Radix sample
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Tab. 6 Determination results of actual samples pgkg!
HE OBER SEL R g;ﬁ gﬁﬁﬁ W
CD-02 - 51.17 1.42 — - —
CD-03  24.17 - - - - -
PR-01  42.02 - - - - -
PR-02 - 6.51 0.75 - - -
PR-03 - - — 42.23 - -
SC-02 8.05 — — — - —
SC-03  33.21 — — — - —
SC-08  24.35 - — - - -
SC-12 8.78 36.38 - - - -
SC-16 - - 0.81 - - 0.55
SC-17 18.33 0.70 1.93 — - 1.15
SC-18 - 3.74 — — - —
BZ-01 - 11.94 12.35 - 24.73 —
BZ-05 33.42 - - 135.88 - -
BZ-06 10.24 - - 61.38 - -
BZ-07 54.68 - - 57.36 - -
BZ-08 7.18 - 0.43 — - -
BZ-09 - 1.40 — — 19.28 —
BZ-10 45.52 — — 22.87 - —

4 g

RS2 # ST T UHPLC-MS/MS [A] & 1
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