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Influence of Chromatographic Conditions on Matrix Effects of Salbutamol
and Clenbuterol in Pork by Mass Spectrometry
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[ Abstract] Matrix effect exists widely in mass spectrometry and is considered to be one of the key factors affecting the
quantitative accuracy of high-performance liquid chromatography-tandem mass spectrometry Based on isotope dilution mass
spectrometry, this study systematically studied the influence of chromatographic conditions on the matrix effect of
salbutamol and clenbuterol mass spectrometry in pork, including the comparison of matrix effect and its correction factors
under three chromatographic separation conditions, and the influence of different calibration solutions on the quantitative
results. The results showed that the influence of the matrix on the target substance is significantly weakened when the
chromatographic conditions with the best separation effect are adopted. The isotopic dilution mass spectrometry correction
factors of salbutamol and clonbuterol are 1.01 and 1.00, respectively. There is no significant difference between the
measurement results of the solvent calibration solution and the matrix calibration solution. The influence of matrix effect on
mass spectrometry can be effectively eliminated by optimizing the analytical conditions of liquid chromatography and the
accuracy of quantitative results can be improved
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1.1 UE5iRXHA

UltiMate 3000 ¥ A & 4t /TSQ Altis Jit % X
(Thermo Scientific, I ), B4 HL W25 B 1 (ESI);
GR21GII 7% b =X = 3 2 .0 HL (HITACHI, H A ) ; N-
EVAP111 & W4 ( Organomation Associates, 3¢ [# ) ;
SW23 fH /KB R 7 £% (Julabo, 72 [ ); ME235S 2F1#
i RAF-F ME36S fif e K-F- (Sartorius, £ [); Fotector
plus =38 it 4> [ 2 [ AH 2 B (B BB, d D ;
KS-260 #7 & (IKA, T8E); T-18 2JHKALIKA, T8

S5 28 7K b Milli-Q 25 8 1 /K (Millipore, 38
); FEE (o ali, 75 E Merck); 5 (A jgali, 12
Merck) ; H R (8 3% 4, 75 5 Honeywell) ; £ 2 £, T
(f 7% 4ii, 35 [E Fisher Scientific); 1F &4t (154, &
[ Fisher Scientific); 27K (434 2li, KK L)
B~ 7] %) W T 1R /07 2 7 IR 196 8% ( = 100,000 units/mL,
& [H SIGMA ); Oasis®MCX [EFHAEBUHE (6¢c, 150 mg)
(Waters, £ [F ); 0.22 um RN JERR (2235, HE);
0.45 um F N M5 U8 B (22 3%, 1 E) ; GBW(E)061890
LR SRR (99.0%, HETHEFRFEF T ) ; st
82 -Do(CLB-Do, 99.7%, f[E WITEGA); V> T R
(95%, f% [E Dr.Ehrenstorfer GmbH) ; ¥> T Ji% i -D;
(SAL-D3, 98.1%, Ji% K Dr.EhrenstorferGmbH) .
1.2 tREBRRIEH

HERAFREL SAL, CLB. SAL-D3 I CLB-Dy 5 {fi
TN 7 1 N 28 S N £ R X (= o ok |
A% 100 mg-kg ' ARUERE A IA I, —20°C BRI . L
fith £ V0O PP AR BRI 1 AR 1000 pg-kg ! ARE T AR
W, —20°C B URIRAT

VTG HEVR: BLAS B T ARV WGE &, I
FEH, B 1.8 ngkg T BUER
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LR : WA FR vl T AR IGE i, P2 Pk
JREEBORAE T, Bl B 1.8 ng-kg ' AHER T
1.3 ARE@EIEEY

0, 3% # Waters ACQUITY UPLC CSHTM Cig
Column(100x3 mm, 1.7 um) ; #EFEARFLUN 5 ul; #E i
MREE 10°C; Wzl A #H4 0.1% WK, B AR 0.1%
R R, 3 g Aol B 2% 143 1M

LC- I : i 0.25 mL/min, 0.00 ~ 7.00 min, 70%B .,

LC-T: J#i# 0.25 mL/min, 0.00 ~ 1.00 min, 5% ~
25%B; 1.00 ~ 3.00 min,25%B; 3.00 ~ 5.00 min, 25% ~
80%B; 5.00 ~ 5.03 min, 80%B; 5.03 ~ 7.02 min, 80% ~
5%B; 7.02 ~ 10.00 min, 5%B.

LC-TI: %+ 0.30 mL/min, 0.00 ~ 3.50 min, 5%B;

3

3.50 ~ 3.60 min, 5% ~ 23%B; 3.60 ~ 8.50 min, 23%B;
8.50 ~ 8.60 min, 23% ~ 70%B; 8.60 ~ 11.50 min, 70%B;
11.50 ~ 11.60 min, 70% ~ 5%B; 11.60 ~ 15.00 min,
5%B.
1.4 [Ri%&s

H I 25 2 F U (ESD), IF i B 5550, Ui g5 i
JE 3.5KV, #§3 (Ny) i 50.0Arb, %l Bl M4 37t 2
10.0Arb, RIS 3 1.0Arb, B T 1651 B 4145 IR ¥
325°C, ZAKIRIE 350°C; SR 22 R i il (MRM);
Q) 1 Qs 4> ¥E R 1k 0.7FWHM; fif 18 15 5 i 55 <.
2.0mTorr,

LC-MS/MS il & F X5 B 1 fi .
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Tab.1 Transition reactions monitored by LC- MS/MS

Compound Precursor (m/z) Product (m/z) Collision Energy (eV) RF-Lens (V)

148.071* 17.89

SAL 240.088 34
166 12.84
151.071* 18.38

SAL-D, 243.125 34
169.071 13.18
202.988* 159

CLB 277 39
131.929 28.16
203.917* 16.56

CLB-Dy 286.038 39
133 28.01
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0.1% H R 21, e’ 2 2 min, 12000 rpm %% #
4°C B URE L 15 min, YW LIS WS 0.45 pm BN
TR, frifib.
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Fig.1 TIC spectra obtained by LC- | \LC- || and LC-Ill
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(D) BEATHEE RN PP, 25403 2 PR . 78 3 Fies
7] F) {538 2 F F, SAL. SAL-Ds, CLB, CLB-Dy Jii
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W55, JuHSEAE LC-M 4&1FF, CLB. CLB-Dy [
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200 8 B b B AIR, MEY% R MEg% 5353 ) 75.18%
H1 74.15%, % LC-1 F1 LC-I1 4514 F Y, LC-TN 4% 4
T ME% &AM 25% . BT SAL #tEE: CLB
K, S22 T B 53 B AN CLB, KA AE A — &
B RN . I ER 2 W] DUE Y, 78 LC-1 F1 LC-II
T, WA SIS HORR R R bRiC Y Z 21
FE SR B SEAFAE 25 5, TR TR A Ah 22 57
B & . XFF SAL, SAL-D;. CLB, CLB-Dy £

LC-1, LC-II, LC-TI %1%~ X} i ME % 1% RSD 43 5il)
H2.62% ~4.72%. 3.51% ~4.91%. 2.01% ~3.91%.
I, A b ESE A LA S A, W BT, MR
IR BT 340 K X H AR AN R 2 AR TP A5
23 AFEEIEEEGET IDMS REEF (0) BIELE

Fe R (2), HeB =R 2 IRl AR R I i vk
M REIE R 7, 5 03 3 iR . X F SAL, LC-1T |
LC-T 043 51 0.87 Fil 0.85, 1 B 763X P 4> &5 14
T, SAL 2Z 2| i JL RN /T SAL-Ds 19 5L A0,
VS TR MEVES VR e B, o SR AR 1 25 R s T 3K
T 5 SR A 13% ~ 15%; 176 LC-M 24T 64
1.01, W] SAL. SAL-Ds 52 2| i FE AW JC 22 5+,
1 R SR FH 5 700 A0 VR o, 00 45 2 5 R A o
T s WA £ 5. T CLB, £ LC- 1T 4%
ZAETF 04 0.78, B CLB 32 3 1% 52 0 50n; B 5 /)N
F CLB-Do 5L 40N , 75 7R HEVE W R, — 3%
FE RN 1) 22 545 T B0 42 45 SR Am IR 29 22%, HE
KL UG B A HE W i #E LC-TT 5 LC- 1 &4 T,
OB 53512k 0.96 F1 1.0, BEH] CLB-Do HE W A RUIH B
CLB 1) 5L B84, P FhAS v s i 3 ml il o 25 1,
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Fig.2 MRM spectra obtained by LC- | \LC- |l and LC-ll
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Tab.2 comparison of matrix effects of SAL, SAL-D3, CLB, and CLB-D9 under different chromatographic conditions

@FEIE/%#F MEa— SAL% MEﬁ’fSAL-DS % MEafCLB% ME/LCLB-D9%
Lo FHE 19.72 22.73 62.13 64.81
RSD 472 3.73 2.62 3.45
Lo SR 28.44 33.40 59.91 76.78
RSD 4.00 4.91 4.49 3.51
LC THIE 75.18 74.15 99.48 99.46
RSD 2.01 3.01 3.76 3.91

24 ARBIESEEX IDMS EE4 RN

J T BAE ik g5ie, B 6 1 & SAL A1 CLB 1Y
FHAERE 3 BT 16 1.5 TR AL BE, 15 2] 1 FE 5 o
S 3 35 S A HEAT 43 BT, 3 i) P S 00 A R
A UE R UE M S N TR HE AR IE A5
FMLE R, Mo SR A B 2551, /0 MiEH
R IE AR B R 25 5 5 E - 0 (1 HfE . 3% 4
9 SAL I E 455, LC- 1 . LC-T1 48 F FiE 7 AL
TE R TEAS B ARSI 45 5N T S A TE VAR E 1Y
ghIL, P LR XT SAL [ il K T %F SAL-D; Ay %

FRamwl Ve, S8 ase —%. HoHEITKRIE)S,
2 Fofr g IE VA5 B ARG I 25 SR A A R . LC-TT
2 T 1E YR A5 380 A 0 5 SR LA AR ], 156 BH 7% A 14
TR % T SAL Fl SAL-Ds (9 58 540 /5 I AH ]
CERA R 3 PP AT, B TR IE VR A B 25 S nT
DLAE M, LC- 1 44 T 245 L b LC- 1T #1 LC-
5544 B 485 50 9 s 12% 1 18%, 136 B R i i Fi
FE TR TE I [R5 28 AR AR 30 43 X i 2 1 ik
TriieAl, PRIEFE RN XF H AR F R R AR e 1)
— 5tk
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Tab.3 comparison of the IDMS calibration factors (6) of SAL and CLB under different chromatographic conditions

LC-1 LC-T LC-I
O(SAL) 6(CLB) O(SAL) 6(CLB) O(SAL) 6(CLB)
1 0.90 0.98 0.86 0.80 0.99 1.00
2 0.90 0.95 0.90 0.80 1.05 1.01
3 0.91 0.97 0.82 0.81 1.02 1.03
4 0.82 0.96 0.82 0.76 1.04 1.03
5 0.79 0.92 0.85 0.76 1.01 0.95
6 0.89 0.98 0.85 0.76 0.97 0.98
AV 0.87 0.96 0.85 0.78 1.01 1.00
SD 0.05 0.02 0.03 0.02 0.03 0.03
RSD(%) 5.40 2.26 3.10 2.76 2.81 2.74
R4 SALHRMLER
Tab.4 Test results of SAL
EA{L: pg/kg
I I 11}
S S/ M N S/ M S S/6 M
1 2.43 2.80 2.87 2.29 2.69 2.56 2.36 2.34 2.24
2 2.38 2.74 2.79 2.19 2.58 2.57 2.28 2.26 2.25
3 2.37 2.72 2.60 2.04 2.40 2.26 2.36 2.33 2.31
4 2.43 2.80 2.71 1.98 2.33 2.30 2.32 2.30 2.27
5 2.38 2.74 2.54 2.11 2.48 2.37 2.34 2.32 2.33
6 2.37 2.72 2.63 2.03 2.38 2.35 2.31 2.28 2.31
AV (ug/ke) 2.39 2.75 2.69 2.10 2.48 2.40 2.33 2.30 2.28
SD (ug/kg) 0.03 0.03 0.11 0.12 0.14 0.13 0.03 0.03 0.04
RSD (%) 1.22 1.22 4.24 5.48 5.48 5.47 1.36 1.36 1.68

32 58 CLB Myl 45 5, LC- 11 i A AR I
VRS TE A5 1) 14 G ) 45 SR /N T Rk o R DE YRR E 1)
S5, Ui 3L X CLB A9 40 il K F X CLB-Dy,
o 25 BAmAR, 5L gm s —8. H o T IE
Je . 2 PR IF YA 2 0 K 2 SR LA A R . LC-

M5 LC- T AL, 2 FhA IE A5 B AG I 2485 5 56 A+
], Ui B AE 1% 2 F F 325 4T CLB Fil CLB-Dy [ 3
JEAMRIAE AR R . 36 4 fnge s eSS Rty
2.3 "R IE R A 45 AR [R], [R) Bt A T PR - R4 7
T HRHIE

®5 CLBHEMER
Tab.5 Test results of CLB

BAfI: ng/kg
I Il 1
S S/6 M S S/6 M S S/6 M
1 3.09 3.22 3.25 2.73 3.50 3.43 3.33 3.33 3.32
2 3.10 3.23 3.24 2.72 349 347 3.26 3.26 3.26
3 3.18 3.31 3.36 2.56 3.28 3.30 3.31 3.31 3.22
4 3.12 3.24 3.27 2.57 3.30 3.37 3.32 3.32 3.23
5 3.27 3.40 341 2.58 3.31 3.37 3.58 3.58 3.46
6 3.31 3.45 3.43 2.49 3.19 3.31 3.55 3.55 3.45
AV (ug/kg) 3.18 3.31 3.33 2.61 3.35 3.37 3.39 3.39 3.32
SD (ug/kg) 0.09 0.10 0.08 0.10 0.13 0.07 0.14 0.14 0.11
RSD (%) 2.88 2.88 2.52 3.75 3.75 2.02 4.08 4.08 3.25
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