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Simultaneous determination of 23 plant growth regulator residues in Chinese
materia medica by ultra performance liquid chromatography-tandem mass
spectrometry
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Abstract: Objective To establish an ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) method
for the simultaneous determination of 23 plant growth regulator (PGR) residues in Chinese materia medica (CMM). Methods
Samples were extracted with acetontrile, and then determined by UPLC-MS/MS directly without further clean up. The
matrix-matched external standard method was used for quantitative analysis. Results The calibration curves showed good linearity
in each range with correlation coefficients greater than 0.99. The limits of detection (LODs) were 0.01—20.80 ng/mL for the 23
PGRs spiked in Codonopsis pilosula and Angelica dahurica. The recoveries of the 23 PGRs spiked in C. pilosula and A. dahurica at
three levels of 0.01, 0.04, and 0.1 mg/kg were in the range of 71.0%—101.4%, the relative standard deviation (RSDs) were 0.8%—
15.2%. Commonly used CMM including eight species (63 batches) was analyzed by this method. Conclusion The method proved
to be simple, rapid, sensitive, accurate, and suitable for the simultaneous determination of 23 PGR residues in CMM

Key words: plant growth regulator; residue; Codonopsis pilosula Nannf.; Angelica dahurica (Fisch. ex Hoffm.) Benth. et Hook. f. ex
Franch. et Sav; Atractylodes macrocephala Koidz.; Paeonia lactiflora Pall.; Ophiopogon japonicus (Linn. f.) Ker-Gawl,;
UPLC-MS/MS
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IR (50 mmX2.1 mm, 1.7 um); FHE 40 C;

WEIAH AN 0.1% R (% 5 mmol/L HIREE) #¥,
WA B Ky 4N s BEEEVENREF: 0~5.0 min, 95%~
75% A; 5.0~7.0 min, 75%~25% A; 7.0~10.0 min,
25%~10% A. AR 0.3 mL/min; JEFEART 2 ul.

BT AR R 2 RN (multiple
reaction monitoring, MRM); B4 H/E 3.0 kV;
B URIELE 150 °C; B A 500 °C 5 ¥
AURFRYEE 1000 L/h; HESL R CTUARRRTR 150
L/h; S AABUA R 0.14 mL/min; 23 B4 LK

232 JiESAE BEUE: BSL AR B 0 AR B T S EULE 1.
F1 23 MEVEKADBTNRIESITSE
Table 1 MS/MS parameters of 23 plant growth regulators
% EA fp/min A7 a0 R BT HEFLHLE/V Hilf 4 e 2/V
1 Wt & 0.48 ESI 114.20—98.10" 20 15
114.20—58.20 20 15
2 R 0.48 ESI 121.87—>57.86" 30 25
121.87—62.74 30 20
3 T 0.53 ESI+ 160.99—143.03" 28 10
160.99—~44.16 28 16
4 3-M|kk 418 4.68 ESI* 175.97—~130.04" 2 16
175.97—103.02 2 30
5 6-FRa FEnE 2.55 ESI* 215.99—~81.03" 12 18
215.99—~80.96 12 20
6 Jractf 1 5.01 ESI 216.09—~143.07" 2 14
216.09—~100.04 2 14
7 6-"FFE G FEITS 3.85 ESIT* 226.07—91.06" 36 42
226.07—>65.01 36 22
8 5| i 6.74 ESI 238.96—164.93" 32 34
238.96—~137.98 32 18
9 SR 6.54 ESI 248.02—~129.01" 22 32
248.02—-93.06 22 16
10 ERERINLE 6.82 ESI* 253.07—69.04" 22 16
253.07—207.04 22 10
11 EilIEARLE 7.25 ESI 264.17--70.01" 20 28
264.17—67.02 20 20
12 S 7.16 ESI* 292.02—~70.01" 36 20
292.02—~124.96 36 28
13 EZL:A 6.96 ESI 293.97—>124.96" 62 16
293.97—70.01 62 32
14 A-THFHE 2Ly 454 ESIT 137.93—~107.95" 48 20
137.93—91.92 48 16
15 S-AFE A B AN 4.79 ESI” 167.94—152.99" 20 15
167.94—122.98 20 20
16 - HARA LR 5.85 ESI” 184.91—~126.91" 26 12
17 2-ZE LR 6.37 ESIT 200.90—~142.95" 20 10
18 3-M5E T R 6.31 ESI 202.00—158.05" 14
202.00—~115.99 14
19 2,4-1 6.46 ESIT 218.87—160.89" 22 26
218.87—>124.90 22 14
20 I8 DR o 5.97 ESI” 218.95—~71.06" 2 24
218.95—>99.91 2 8
21 2,4,5-T 6.76 ESI” 253.03—~194.82" 10 28
253.03—~158.83 10 16
22 NS 3.68 ESI” 344.98—239.05" 8 28
344.98—>143.05 8 16
23 2,3,5- =Tl 2K R 6.83 ESI” 498.57—454.58" 20 24
498.57—126.84 20 10
oy SE R T

Quantitative ion pair
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Fig. 1 Multiple reaction monitoring chromatograms of 23 plant growth regulators
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Fig.2 Recoveries of plant growth regulators with different SPE methods
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Fig. 3 Recoveries of 23 plant growth regulators with different QuEChERS methods
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i P2 AR RICEChR A S S AR A
SRWINVAE, S5 72.5%EH T LU EVER, UIAEALE
— B IR o Ry T BRI TN 3 AT 45 SR 1
SO, ARSI SR 5 A 2 T U AR R AT i
3.6 FEFIIE
KHZARS.

iR — RV RIREE, % “2.37 Tig&tEadr,
DLUR FE A R AR R, 5 B 3 7 X W T AR R AR B
HATER AR DA, FrAFAH S R B KT 0.99,
LR R KA. L SIN=3 Fil SIN=10 43 5l i 23
Tk A& WA K R (LOD) AilsE &R (LOQ),
A3 B RO TR bR L 2.

®2 WEVEKAHHEERPHOEMERR. UHREHRMESR
Table 2 Linear relationships in matrixes, LODs, and LOQs of 23 plant growth regulators

RS F &M/ (ngmL ) EIER:EE r LOD/(ngmL ") LOQ/(ngmL ")
Btz %% 21.04~2 104.00 Y=1.5X%10* X+1.6x10" 0.999 3 5.26 10.52
HiE 21.04~2 104.00 Y=14X10* X+1.6X10° 0.999 2 10.52 21.04
% W% 10.12~1 012.00 Y=4.5X10> X+4.1 X 10> 0.999 2 2.53 5.06
M1 10.12~1012.00 Y=4.3X10> X+830 0.999 1 5.06 10.12
T e w5 21.24~1 064.00 Y=1.5X10> X+750 0.999 0 10.64 21.24
At 21.24~1064.00 Y=1.2X10> X+2.6X10° 0.998 2 5.32 21.24
3-W|k 2,18 % 15.39~1539.00 Y=2.6X10* X+2.2x10* 0.999 6 3.85 7.70
HiE 15.39~1 539.00 Y=3.2X10* X+7.2Xx10* 0.999 4 7.70 15.39
6-FRF IENENS W% 022~21.52 Y=7.7X10> X—4.0X 10> 0.999 5 0.05 0.11
HiE 022~21.52 Y=1.1X10* X—9.0X 10> 0.999 4 0.11 0.22
Rz i W% 2.12~212.20 Y=4.4%X10* X+4.2%X10° 0.999 0 0.21 1.06
HiE 2.12~212.20 Y=4.0X10* x—4.2X10° 0.999 1 1.06 2.12
6-" FL L FLPE NS w5 0.41~40.76 Y=3.2X10* X—1.6X10° 0.999 7 0.20 0.41
Mt 0.41~40.76 Y=2.6X10* xX—5.2X10° 0.999 0 0.20 0.41
5| S i W% 0.41~40.96 Y=1.5X10* X+9.4%x10° 0.998 2 0.10 0.20
HiE 0.41~40.96 Y=1.1X10> X—890 0.999 5 0.20 0.41
SR WwE 0.21~20.82 Y=6.6X10° X+59 0.999 5 0.05 0.10
HiE 0.21~20.82 Y=3.0X 10> X+430 0.999 4 0.10 0.21
PriaIms W5 4.20~420.00 Y=3.6X10* Xx+1.5%10* 0.999 3 1.05 2.10
HiE 4.20~420.00 Y=1.7X10> X—760 0.999 0 2.10 420
eI AU WE 0.21~20.50 Y=1.5Xx10*x+2.9%x10° 0.999 2 0.10 0.21
HiE 0.41~20.50 Y=700 X—1.2X 10° 0.997 0 0.10 0.20
S5 R WZ 0.48~47.75 Y=1.2%X10*X+1.0x10* 0.998 1 0.05 0.12
HiE  0.48~47.75 Y=7.1X10* X+530 0.999 6 0.05 0.12
EA UL %% 0.10~10.00 Y=2.8X10> X+1.7x10* 0.998 1 0.01 0.03
HiE 0.10~10.00 Y=920 X+3.4X10° 0.999 1 0.01 0.02
A-TH LR YN % 10.62~1 062.00 Y=4.9%X10> X+5.4%X10° 0.998 2 5.31 10.62
HE 10.62~1 062.00 Y=4.6X10* X+2.4%x10° 0.999 9 5.31 10.62
SHFIEAAIARESN %5 25.70~2570.00 Y=1.4X10> X+120 0.998 1 12.85 25.70
HiE 25.70~2 570.00 Y=1.2X10> X—580 0.999 8 12.85 25.70
- RA LT % 30.84~3 084.00 Y=1.5%X10° X—130 0.999 2 15.42 30.84
HiE 30.84~3 084.00 Y=840 X+1.9X 10> 0.996 7 15.42 30.84
2-ZRH LR W% 10.30~1 030.00 Y=520 X—50 0.999 0 5.15 10.30
M 10.30~1 030.00 Y=300 X+9 0.999 7 5.15 10.30
3-mIE TR %% 20.68~2 068.00 Y=190 X—17 0.999 1 10.34 20.68
HiE  103.4~2 068.00 Y=46 X+21 0.997 9 20.68 103.40
2,4- W% 6.13~613.20 Y=330 X+65 0.998 6 3.07 6.13
HiE  12.26~613.20 Y=140 X+6 0.999 2 6.13 12.26
THE A [ W% 2.04~203.94 Y=480 X-+330 0.997 5 1.02 2.04
HiE  2.04~203.94 Y=53 X+36 0.999 8 1.02 2.04
245T W% 15.38~1537.50 Y=770 X+280 0.998 1 7.69 15.38
HiE 30.75~1537.50 Y=270 X+ 140 0.999 8 15.38 30.75
IRFER WZ  41.60~4 160.00 Y=2880 X—730 0.998 8 20.80 41.60
F1E 41.60~4 160.00 Y=2880 X+220 0.999 3 20.80 41.60
2,3,5- = oK R WZ 20.70~2 070.00 Y=870 X—35 0.999 3 10.35 20.70
M1 20.70~2 070.00 Y=3.7X10* X+9.4 X 10 0.994 5 10.35 20.70
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3.7 #HmUE

AHIEFEAE T AR . Sz b L U7 0 i A i 4
T 10 e 2504 Bk ik AR b IR« REOR 7 “OHAR
RAM LR, AR 34T T 0E, 3
oS O RE SRS TSR RE AR R R, LR
3. AL H BIBHPERE S, “EDGE R AME 7
DLAR 2 bR AEE 0, AR 3% A AR IR A 4 2R
KA AR bR P MR ZE IR K
DA A BE A 7 2650 10 AH A 2 R4y TP b B A R 2
KA, BRIk =38 2 Ah AR Y DL IR bR HE 2 il

H A AT A AT AR . DRI &5 oKk
B, A ER) o AR N AT BRIk
A AU 7 ) 2

XF 8 63 fL2yAF (AUHE 13 L2404, 5 fbim i,
30 k32, 3R, 3 A, 3HEEAT. 34t
FH2. 3 k40 #ATIE, b 28 ke S
A-TEBEIRTY R, HR P EAE 5.59~168.41 pg/kg, FHIC
WA 1 AR 4R R, BRSO 7.97 pg/ke,
U ORA AR AR AR, JLARFE A R LY
THOLLAR 4.

x3 ERAR “BX7 COHIR” KAMERBNELS
Table 3 Determination results of Expandment and “ZhuangGen” CMM fertilizer

SR/ (ngmL ™)

F izt DTE  BIE DA 4R SRR ORI
B K26 & H 38.79 — 0.01 — —
rR AR IR K R — 200.29 0.40 423 0.29
A% — — — — —
HOROHAR R — 16.01 — 0.72 —
MIPHAR R — 5.63 — 20.03 1.09
TSR — 0.28 — — —
NSRRI — — — — —
NS K E — — — — —
KA — — — — —
N VN — — — — —
F4 LPrEmZFEENE
Table 4 Determination results of actual samples
. B (ngkg )
FEah AR - — — — S
T A AL E 2L S A-TiH HE R YA

HEEAR-1 — — 49.51 — 32.70
EEAR-2 — — — — 42.49
EEAR-3 — 19.86 — — 61.53
M75-1 — — 12.93 — —
175-2 — — 33.41 — —
MA5-3 — — 8.02 — —
F&-1 — — 1135.13 5.87 —
K2 — — 1 704.49 8.41 —
FX-3 44.65 — 2851.14 19.30 —
FF5-1 — 2.94 16.48 — 10.95
FI£-2 — — — — 7.08
P13 — — 9.42 — 15.98
F1E-1 — — 69.74 — —
Hi1E-2 — — — — —
H1E-3 — — 10.77 — —

MEERRF S 63 HELRA R A KU 170 KA
HAMSIFAZ, EEONTHUIE BRIER. 20,
RO A-RHEEARI R 5 Bl JLrp 2 R0 4-Aif
TR A H A fee e 22 OMEAE 63 HEZG AT R A<k
18%, JLAPfE 3 Mt &k BB, Tk

[EALE AR B OICR 0.5 me/kg) 2~3 fi5. 4-
By 402 A B (- LRl . 4-fi R
Byil . S-S A GUAREM IR S 2 — .
SCRFTRAN KT it 2 08 2 2207, 2% IR 3 2R
PRI, REREZE IR A, XA
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FRAAERB R e, HAR0E. 3w, Bk,
2002 FANVS 235 S ARG “ Atk g i b
RAFK 247 1B, AR R B IRE S 8 AR 2
M, 4-TEER AR 2 s 50%, HrPseZ, A
RFPFZ L T-A R, R rge: (1D 7Efh
R R T A RS AR KR () 4-
TSR A PR R 2, AR BT =
WK R, AR T b RS2, %
E AR TR et e LI rpoge SR, A AR
L A-RHBEERI TR R A H A

R DL B AR, AT, (D AT 2
RN RS RTEL, 5 2 L FIAEART L
YER R AT U, I H AT Re S A A5 BRAH a A= K
W (2> HATC e AR 2 a5 IR, A
AT AL A e — s W, eI 2 e e 4-
TR A B AR AR H 2R i R ) e 7 i LT
G RO I W, DA e rh 26 R A K
T B WA A P A RN W
4 #Hig

ARSI T ST T v O € % - HR B DT
[F] IS 5E 2564 23 Bl AT S Rk R ) T
5, FEXS 250 AT WA 8 i 63 LRk Zipt 1t
ITIGE o ZITIETTAC BRI, RS, P, #fE
i, FFEERE TSk, TR A ) R
AT B 1 2 R E AT

SE 3k

(1] AT, XZCF, R AR TR
A (3] E AR B LA, 2003, 10(2): 99-101.

[2] W, B ik B4R B R A

(3]

(4]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

U [J]. sEEAEILGE, 2011, 25(5): 383-387.
TRIZ AR B B3 v i AR A AR AR R0 A T Ak
It e (3], SRS, 2009(8): 1-6.
LB BN T AL EE A FRLIN SSRGS [D].

HDG R, 2010.

BRI, JHIte, B AR A AT A B
TR ZEE SRR R [T]. TR 2y, 2014, 45(13):
1928-1937.

MREZ, 4 8, AR, 55 MWK RN )22
ZMBEEF MR 2RSS ERFERITT 1] b EIOh
24,2014, 16(5): 399-401.

i 22 A [ bR E—fr ah Th AR 25 B KBk IR [S].
GB 2763-2014, 2014.

BFRE. MR LA 92 B B B AR I T 0
5 [D]. KJ: iHBERIRE, 2014

T, 5K A, AR, 4F. QUEChERS- sy RA0BUAH (4
- FR BB L [R] IN DUE ACR T 21 PR A A 1 71
sk & [J]. (i, 2014, 32(7): 707-716.

Lu Q, WuJ H, Yu Q W, et al. Using pollen grains as
novel hydrophilic solid-phase extraction sorbents for the
simultaneous determination of 16 plant growth regulators
[J]. J Chromatogr A, 2014, 1367: 39-47.

Formy, WA, SRR, & WO G- BT A
BB I B BN S R (3], Uik, 2011,
32(6): 321-332.

[T Y R = R B G = NNt it o T MU BT
N (1] TN AR, 2009, 28(6): 753-756.

X 3, JPRIR, KA BT, [ AH AL - OO vk
W5 2 b ST LT AR B e [J]. AL S b2
31, 2013, 49(6): 654-656.

WU, ¥, Buir ke, %5 b5 Fenton iK71%)
F 5L R Wy B f I B9 (3], BRI REE S5 HEOR, 2010,
33(12): 71-75.





