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Analysis of metabolic regulator Meldonium residues in meat by
hydrophilic interaction chromatography-triple quadrupole mass
spectrometry
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Abstract A method for determination of the residue of metabolizing regulator meldonium in meat
was established by hydrophilic interaction (HILIC) chromatography tandem mass spectrometry. Meat
samples were extracted by ammonium bicarbonate and acetonitrile buffer, purified by HLB solid
phase extraction column, separated by HILIC chromatography, determined by triple quadrupole mass
spectrometry multi reaction monitoring mode (MRM), and quantified by matrix matching external
standard curve. The results show that the linearity is good in the concentration range of 5— 1000
pug-kg', and the determination coefficient #* is greater than 0.995; The limits of detection of
mildonium in pork and shrimp were 0.2 ug-kg' and 0.3 ug-kg' respectively, and the limits of
quantitative were 0.7 pg-kg™' and 1.0 pg-kg™' respectively; Blank meat and shrimp spiked 5, 10 and
50 pg kg™ concentration of meldonium, the recovery rate is between 81.8% and 109.5%. The method
is simple, sensitive and accurate.

Keywords liquid chromatography-triple quadrupole mass spectrometry, mildonium, meat,

metabolism regulator, doping.
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9% B % (meldonium, mildronate ), X FRAJE B, el 15— Fh A K AL HEFUH T sh W358, Lah, 15 R 221 P B i
U, AERRINAE A 1 PRZG 9 7R T7 B FRG  h ZiR AT M AN SR8 s . sz sh R BN =, iz sh Rz shfe f1 . it A
VL Rz sl e IR S5 R HEVE . PRI, 2016 4F, SR R4 I ol (WADA) e 95 BE 81 (B85 TV B ) S4. 338 S AR g
PR A TR ORI A A S e, ER AR E BB T 2021 4F KA ORI IR M A R B i TETE R ),
BRI GRS I 7 T A P B TR AT AR AT AR, L v S8 BE R I S A5 A H PR 20 pgke

56 J5 B RSN Ty B H5 TRORA (633 - 7% &G WU K 5 (LC-ELSD)., YR AH {6 1% - 88 B i i 5 (LC-MS/MS). #illfi 7 (4,
FE%-HR R G 1k (SFC-MS/MS)., WA (B3 -1 43 JE i i (LC-HRMS) %61 -9, LC-ELSD ¥l i 43 it ) 4, H.5) 2 FE
T, W R AR TIRE /AT 752 ; SFC-MS/MS 43 B33 B e, (H1EAH (354 57 52 BE i oK s, RIE A . Rt
BEA Y43 8T LC-MS/MS H T3 800, REUE =, JrHHiae Jyim, Bl A KBRS . BE i B EH AR Z
— . SERE R AR R, T AL B — R PR AR B O 3K, H TG AL R R 3R | I BEAREL S, i sh
Bt P S5 B B A T A BRI ST M R UL ARGE . X T s A VR, SRR B s, T B A R T AR B T 8, UL, AR
ST Eh IR TP S R AR BRSO e, LA S IR M T A AR 0 B YR 4 ) Y5 Yo

7R SR B R R A % s B B, HLB [ AR A5 B Ak, 25K /R R (033% - 5 B8 i ce M e B0, 357 T OB AL O
w5 B R BR BR BRI i, WP AR ERURCR | L BRUN ST TR ST, FRIEAT T ERAN A O IR R R LT R L E
RGPS S, AT S5

1 MBS (Materials and methods)
1.1 REH R

IS SEIKAE A3 5 = 5 DU AT B 15 ER ] &2 48 LCMS-8045, SHIMSEN Styra HLB [ 4 #% B it (60 mg, 3 mL),
[EFAAE UYL, B OHL, IRTETR2I7E.

A RIR A B ([E2Y), ZB2%k (Sigma), Z i (Honeywell), 1F & %8 (Merck) , 38 B8k (ZKEH) >98% (BT ).
12 SEEe st

38 % (4384 Shim-pack Velox HILIC(50 mm x2.1 mm LD., 2.7 um), #ish#H: A 24 10 mmol-L™" Z R # /KA K,
BN A:ZJE=95:5(V/V); i 0.3 mL-min™', B F ¥ B, 0—6 min, 80%—72%B, 6.5—7.5 min, 50%B, 8 —11 min,
80%B; A 35°C, AR 1 uL;

R Sk B AR BST, IE B A B S B +4.5 kV; S ALARHE : AR 3.0 Lomin'; IR E: &
A, 10 L'min'; TSR K 10 L-min'; DL {7 : 250°C; i#HsEHR B . 400°C; B F IR : 300°C; AR £
S WE I (MRM); B B4 B (8] : 150 ms; $EIR B (8] : 3 ms; 38 B 4% B T X 147.2>58.25, i f fE—27 eV; 147.2>59.25,filli 4% AE
~19 eV; 147.2>42.10, i BE 55 eV; Hirp 147.2>58.25 B 7% Jy e /B FxF, HoAr e Meg 74
1.3 FESRTALEE

R SERNE . IR 25T, YR, MERRFREURE S 1.0 g, B T 50 mL B0 , #ERRIIA 50 mmol L™ BRIR S 4% /K. 2
{5 (3:7) 8 v 10.0 mL, iR 30 s, A8 HEHL 5 min, 17500 r-min~ #J% 30 s, iMA 10 mL 1F O\ 4%, F4218%4], 4000 r-min™
HE B0 10 min, F2EIECEEZ, W 2 mL #ad HLB FAIZE B, W AR, 1 0.22 um JE B JEIE, #L.
14 ARAERSBE

FEFARIE R 5 TAEMBC ] DAAS B 36 BEEZ (AR 5 A 25 FHRE i, 3 R A R 45 25 3R, LS AR ),
HNAE BbR i TR, Be iR )E o 0.5, 1, 2. 5. 20, 100 ng-mL™" A 3L R DB kR TAE MR, BF _EHLIHT.
1.5 EtERENE

DAGR BRI [R) | a2 M 2 B S T L9 S o, 3 B o TAE i 4 e &

2 ZR5HS (Results and discussion)
2.1 Bkt

9 BB B IR AT A, JB T WAL A Y, R IE B TR 5B L [MHH], —ZE S B RTA R 18 m/z
147.1. XA ES F HEAT 909, RiEBE N —20eV B, 5.5 % SRR R m/z 59.1, 4S8 KAl g 55 -55eV, T AR /N
FIRE A m/z 58.1., m/z 42.1. FITLES 4 A s Ab ik, X RE T REUEA T O 4L, fefE MRM 24025 I 1.2 556 5 F.
22 g

B AEAR SR, 1gP M-1.4, B ILTE R AR C8. C18 it L LAt 8. INE5H L&, SRR SR8 IR AR 5 1 X770, mT
SIS ARBE AR B AR B XM A LA, 2345 TS o Al SR B8 X R B8 | 5 4 B AR SR i Bk k. iR 2ok VR ]
@3 (HILIC) B 2 k47 73 #r, I 5 B it 1% e 2% ) i 3 808 20 . A SCXF EE T Silica, Diol, Amide 45 JL A WL Y
HILIC [ 5 1 i f4 B2 43 85 fiE /1. Shim-pack Velox HILIC(50 mm x 2.1 mm L.D., 2.7 yum) , PC HILIC(150 mm x 2.0 mm
LD., 3 um) , Shim-pack Diol HILIC(50 mm x 2.1 mm L.D., 2.7 pm) . Inersil HILIC(150 mm x 2.1 mm L.D., 3 pm) , Inersil
Amide( 100 mm x 2.1 mm LD., 5 um) . Glycan BEH Amide( 150 mm x 2.1 mm LD., 1.7 um), Diol X} F 38 B¢ 1 {# B ¢
559, MELLr B LT B T PG PR Amide (003 AR X 55 B B PR BE AT, T LA B DA 3R T R Y T, (R AR T R
T o 22, RIS SEORE OB B/ . A0 25 19 Glycan BEH Amide 1 TG ¥ES2 3043 89 5 Silica [f 12 AH 4 (4 338 4 Xof 26 i 4
T 06 1 5 B 43 B 00 R B 4, Shim-pack Velox HILIC., PC HILIC W2 (o 3 A% X T4% P . MR 35 5t T4t 44 R S o4 4
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&, 1L, Shim-pack Velox HILIC SR FH (4 2 52 0o 3R FURE 19 25 SRR E IS, AR 20005, bR, B8 & Jo i U e 1) pR 43 b7, A%
A FF Shim-pack Velox HILIC i (& 1).

LB AH S N R 5 WY, 4 B AT — E RS2 IR, XFEE T 10 mmol- LT LR B K L 0.1% HERIK L 0.1% H R+
10 mmol-L™" ZFRE /K 3 Fha IFAMA R, 35N H g B0 3 14 4 X, H 36 8 8 5 3 o TP e 2 18] ) 43 5 2 R %, TR
B B T %o S i o R 3 A I AR EE T, BRI, e 2 #E 10 mmol- L LR EEAE R i shAH IR ).
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Fig.1 MRM chromatogram of meldonium in pork and shrimp matrix(Velox HILIC Column)

23 HiAbHEE LR

LT RN, MR, KR, 5P Bl A S K E s A SR EGRF EAT AR I, e AN, RIS R BN
wERE, FRAEARE A IR o B E TR K, T — 8 W LA B AR SO T K/ (1:9,777) L K12 K
(1:9, V/V, & 1% H R ) . 0.1 mol-L™" B8 2% h ik /2 )5 (1:9,7/V) | 0.1 mol-L™" EDTA-Mcllavine 7K ¥ ¥ ( pH=4.0. 7.0,
10.0) . 50 mmol-L™" f iR & B/ LN (3:7,V/V) $E IR, 20 ng g™ FL i L AR TH 54 OHCR, 7K/ 2 (1:9,1/v) S Bk %
54%, F AR BOGRF 0T L 80%—105% M HEHCR . K /ZHE (19,077, & 1% H ) A3 BUHCR 90%, 5 2B iE )
pH B, SRS 20 55 B %5 0.1 mol L™ SR 2% vhtk/Z 5 (1:9,V/V) . 0.1 mol-L ™' EDTA-Mcllavine 7K #£ pH=4.0,
7.0, 10.0 ¥ LLSZER 90% LA I A9 $ BOR, (H 5 Wi R R 1Y 2% v il 25 2 16 JBOT 18 T IR AL TE J 45 il 3 SE Wt T, 7 B AE 1
Ak A R 25k 50 mmol L™ IR S 5%/ 2K (3:7,7/v) 4 BGRI, MG U3 3 A Y, TR] A8 ok v 9 mT LALL PR 0 B, 1L A
B 25 W 78 50 4y BRI, SEEL T 101% MOSR AR, eAbh, SR IGH /K AH B AN &5 T 50% 1] LA sk 5 5 0 30nr, A FF
HILIC #2537

MR BRI A 3R R AS [a], SR FH W A [0 40 A8 BG4 Ak 7 20 — FhJ& 0.1 mol- L™ EDTA-Mcllavine #2H, i fb il B styra
MCX, SCX, WCX [ AH#E BUHE ; 55 —FhJ& 50 mmol- L™ Bk B2 &84/ LM (3:7,V/V) $ B, styra HLB [& A % BUkE ¥ 4k X
pH=4.0 f#§ 0.1 mol-L™" EDTA-Mcllavine $& U , £ SCX A — & M- B, >4 L AREIRBRE KCI, 5 8 e b BRI 70 R L.
50 mmol L™ iR & /2 (3:7,V/V) 4R BUS , 4 HLB ¥k, 220 f& 8 78 SPE A I, S B o8 2 Ve, B4 LA
W, LALIR, FIER AT 3K 95%. HLB ¥k, AT LLSEBUGHAE & o 5545 Pk AR P 4 4. R D B 209 3% T 48 &Y
TR S0 28 s T A AR BBGR, HLB AL Ay b 27 =X
2.4 FEFFRLN

F o AP AL 4 A R A S AR R, N B AR RE 7 A — R R, BRI TR . FE TSN (ME) =R i R BUS TR
TN/BEIARERS W, 25 ME> 1 I, 2900 52T B9 TR0 ; 24 MB<< 1 I, 3290 K B B4 %08 ; >4 ME £+ T 0.8—1.2 2]
A, 308 DA R AS A A T S ) T 5 sl 35 S P A R, 8 S I 91 L W) A A i R O AR g, AT A i S Ay M),

SR FH 35 5 DG Fc s o 0 Y0 P e 1 B 2 23R 5 V5 0 s o A Y 10 o o T 2 A0 3R 10 EL AR A TR T o) 2R 99k B ) 7 771
o o I 2 R 35 T b o ph 2, VA TRARME TR L A IR JE TN £k | R SE T N 4R 45 SR R, B A R RRL N A 59%, R AL
TE 27%, YAEAE B 50 A0 5 TR S 30007 . g S8 5 B0 07 o) e VR A P S ), AR SR FH 2 5 DE IE A b i 428 1 i
2.5 SMERYSREUE

e I 1.4 795 B JL B VG B R SRR W, DL M A5 S8 B B AE R TR L MRS T P R MEVE R RN 2R P R R S5 R
B, 26 BEBIAE 5—1000 pg-kg™ SR, ZeME R 4F, 2>0.995, AU 1/C2. Lhas AL SR 5 (5 e e, S 00 5E 3 Wk, A
3AEEME LT B, 10 545 1R e H R S B, A 36 B B AE MG A L MR T s HE R A3 310R 0.2, 0.3 pgrkg ™, SEEERR Y
EERLE 0.7, 1.0 ugkg . Kt BRI R CRAIFER IR M A RIB45 TAETE B Y ZER. S8 B SE brafi i 26 . A FR
FisE B RR LR 1.
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Table 1 Calibration and detection limits of meldonium in pork and shrimp matrix

& AR SR Fi5E R o i R/ (pg kg ™) FER MR/ (ngkg")
A Y=136318.3X +8170.1 0.9988 0.2 0.7
LN Y =34568.9X +9147.8 0.9955 0.3 1.0

2.6 IR R
PeFEas RGP L IF, BET 5. 10, 50 pg-kg ™" W BE B R I WGE:, BEAS bR BE 6 ASFA7, + B T4 A Ak 21 5 304k
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M, FALIE, DEFAMr g g R, A PR, i 2w L, 25 B bR R 81.8%—109.5% 2 ],
RSD<15%.

F2LHELERIA  HFIET TR I

Table 2 Recovery and precision of meldonium in pork and shrimp

B 951y Wl /(ng-kg™) [/ % RSD/%
5 81.8 6
B 10 88.6 5
50 100.6 3
5 88.9 15
LIS 10 90.9 15
50 109.5 12

2.7 SEBRAE A
W EWSE T 4 036 AL 3 I ERRR SR BEAT TIN5, 255 s, 7 (e a2 R A H SR

3 45#%(Conclusion)

A SCHESE T 3R K AE F 0 3% - = 58 PUAL AT T3 (HILIC-MS/MS) 43 BT A 35 B e 5% 58 5 R I Jr 32 %007 ok A
HILIC #208, A7 30U g T i 1 0 T, b 5 {1 B M 4 2% 2, SR FH 36 S DG Bic b o il 2R 2 8 i, Al 17 366 sy
SE B VERA B R0, SEE R RS TR L IR BR P 5—1000 pg-kg ™' BTSN Ltk BLAE, 058 R 7>0.995; SR HIBR R 8 4%
S PRI, Styra HLB [ AHZE AL 772, 5. 10, 50 pug-keg™ AR [l % 81.8%—109.5% 2 i), RSD<15%, [l 2
HiF.
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