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[FE] B @SRRIk ATRIT ARG B 5 RS B v S 8 MR A I 40 e B AR A €235 B 1K o i
(LC-MS/MS) Ji ik , IR R R MK 9 R BEAE S B TR MR ARAE . F3E X 2020 4F 9 7 2 2022 4F | A ERHEFHK X
BB UE YT X AT 4 B R B IR A ATRTT AR 1Y 120 B 2 ks G AR B, H RS HIE 90 mg, 1 K 2K, B RIRESE 7
SBAIEREEBEL T, T FRIRZGRT 1 h PREFFIKIL S mL F EP &P, R C18 (il IV ZhH A 0. 1% HHBR/KIFW
TBIAH B: LG A AR 0 4586 BE YR 0L, off FH B0 AR €0 335 - = 5 DU AR T B 06 T O A8 0R AT A DU 40 A, O 4 SR E AT S A T,
SR @V T MK 2 FEP i HPLC-MS/MS W E 2, 5 A 24 B T 0 S I A2 , e M D6 R RAF & b AR = Fh ik B2 1Y
SR FHE P A 4N T 15, 0% , 48 %6 AR AE 89. 03% ~ 110. 10% , AR [HS 3 AE 91. 0% ~ 105. 69% , FE ke i Pk BT, 2 & 4
YIkRESER T E SR, W R B EIR A WREE <50 £ 5560 % 2 A2 HZERFHASEITFE L (P=0.041),
it @ T AR Ik ATRSTARSE B M RS B v L E PR HPLC-MS/MS Wl & 2, ik da e BAF & 4B
B E AT ER IE BTN T IR, 28 A Ja A% B v 26 I PR 1 %2 42 B AR I, FIAT T JE Al

[E4iRA] BB LR RN ARIF A BT R 5 i 201k

[FEHES] R969.1 [ XEkFRERE] A [XEZEHS] 1672-271X(2022)06-0625-05

[DOI] 10.3969/j.issn.1672-271X.2022.06.013

Establishment and application of an LC-MS method for the determination of the concentration of ticagrelor
and its metabolites after percutaneous coronary intervention

QIN Jun',WANG Nan',XIANG Fang',CHU Xiao-ling’, LI Xiang' ,CHEN Qun',CHU Xiao-gian'

(1. Department of Pharmacy , Qinhuai Medical Area, General Hospital of Eastern Theater Command, PLA, Nanjing
210002, Jiangsu, China;2.Department of Pharmacy ,General Hospital of Eastern Theater Command, PLA, Nanjing
210002, Jiangsu, China)

[Abstract ] Objective This study aimsto establish a liquid chromatography tandem mass spectrometry ( LC-MS/MS) method
for the determination of plasma concentrations of ticagrelor and its active metabolites in patients after percutaneous coronary interven-
tion, and to preliminarily explore the distribution characteristics of plasma drug concentrations in such patients. Methods A total of
120 patients with acute coronary syndrome who underwent percutaneous coronary intervention in our hospital from September 2020 to
January 2022 was enrolled. After reaching steady state with oral ticagrelor 90 mg BID, 5 ml of venous blood was collected in an EP tube
within 1 hour before the next dose. All patients signed informed consent. The results were analyzed using a C18 column with gradient e-
lution using mobile phase A: 0. 1% formic acid aqueous solution; mobile phase B: acetonitrile as mobile phase, and detected and ana-
lyzed using liquid chromatography-triple quadrupole tandem mass spectrometer. Results In this study, an HPLC-MS/MS method for

the determination of 2 drugs in plasma was established. Impurities in

FEB 210002 FET, AR K AT B2 M ST IX ( JELAR L plasma did not interfere with the determination of the samples, and the

FHN—ER)AFR(Z BT R T, linearity was good. the inter- and intra-batch variability was less than
A R OBE WIBEE) 210002 TR, AR IX 15. 0% for high, medium and low concentrations, and the absolute re-
AR (SR U4 IR R BE B ) 250 (I 2T ) coveries ranged from 89. 03% to 110. 10%, and the relative recoveries

BIEAEE HIBENT, E-mail :hj99799@ 163. com ranged from 91. 0% to 105. 69%. The sample stability was good and
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met the requirements for quantitative analysis of biological samples. The analysis also revealed a statistically significant difference in the

distribution of ticagrelor Between groups < 50 years old group and >60 years old group(P=0.041).

Conclusion A HPLC-MS/

MS method for the determination of ticagrelor and its active metabolites in plasma of patients after percutaneous coronary intervention is

established. The method is stable and meets the requirements for quantitative analysis of biological samples, and has been successfully ap-

plied in clinical practice, laying the foundation for the safe and individualized application of ticagrelor in clinical practice in the future.
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Rttt o AR SRR H g5 4, Sk etk 3l ik
ZEAE (acute coronary syndrome, ACS ) 12 i 5 4F
Ay b s OB PR | A 5 8 LA SR
RESFBIE T ACS KR fai MR . M3k
FEREAL AN TR S il 2 Bl 4R b 5 B0 e AR 3l ik
APEIMARTE B, BN 280 ACS KR SR afi
BTG 7E He bl AR . A P MR
IRIT N TR ACS ke R BT B, ARk,
P2Y, 32 (A 410 4 37 K 5 /) 70 48 B ] DT K (75 ~ 150
mg) BN R ACS B8 H & J ek R B kA AR TT
( percutaneous coronary intervention , PCI) 5 B4R TR
ST L N L S, 2 7
e 46 B, 208 152 5 R B IR I
TN A% Bl U6 AR O — Bl AT Y | BB AE R
P2Y |, S ARSI 3R, TR ACS SB35 AY M Ae
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SR | B — BSCRY R S TS B R Rt R
PLATO W58 ) , [ N S e 17 5 4% T v A Dy 2
TR B IKER B AL (ACS ) JFH B LR P2Y , L/
il

i RWEE 8, FLEG P ACS i PCL ARG &
& B e BB R4 24 50 £ AT BB s, AR AR — W T 24
JAURSE , HL ¥ Sk = AH R 0 A TE S 27 ik 4l . A BE TR
B, 6 it 145 1 24 Wk 3 5 o ot = R G OE AR DG
ACS BATEAEAF e =i v B I BEA 4 BT 0,
X BMI £ FH HIRSCHE A5 Hh i XU R 2 FHZG K
W5 R — 2B N e PR 5 2 5 T A% T ¥ 1) P 24 22 42
P, EHTE A G ACS S A% B 395 1 24 9k S
5B R B D . R, ARBIESY B g
5L ACS JBFH PCI AR 5 5 I 7 A T 145 1L 2% e 32
[ LC-MS/MS J5 £ I AR AE 73 A, Sl PR A ST
A A I T 1 A R A i I 1 2 A A RO AT
TR
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“h 2020 4F 9 H 2 2022 4 1 H R X R BE B 2 1
BT X2 R ACS DL K75 BERE A 25 U i S 4R 1
B 120 6], T AR E S SRR A g
A5, 9515 2 B Be 48 B 2 & b (Ve 5
81YY-KYLL-19-13) , A5 AR H 1 R S 1 Pp % ofie
U I B 2 ORI R 2 65 5 3T I, AL bR it
Oz R ACS LIS A% i it 1) 8 3 s @ LA
FHE S B i85 10 B3 HEBR AR o . O X Bif ] DT AR B
& Bty 1% S 25 M)A 52 1 R @ Ak O s B0 TR
W OHRERHE IR QTG s T B 5
SRRy SRR I AR D MR R G | iR R
S A H AR 1] 19 S8 5 ©TE B 98 B b IR 254K
PE2E ELHG RS WS T RS A0 00 | 245 ) M 1 S8 3
©Z 101 5% W 2L 1 2 ORI FoAth g, T4
AT 1 AER R

1.2 FEFHEIFRENE

1.2.1 a#af% FEAHAZRNEHE AR
FIRIA YT 7 5 B A8 B 15 25 (90 mg, 1 K 2 1K) , ik %
AR (H3~5 2, 230~50 h), T R
ZYRT 1 h ZE AT REFKIL, 2 h N B IR =
EP &4, -80 CIRAE, I HH A B 5 B e B 000 2 T
1.2.2 ##B#gAtuaca®tin LC-MS/MS
Ty s ORI CRAS TR, 1) 28 (S
(NA,ZRER I X B PR BE B HE R Y7 X, NA) , F B (S
%, Fisher, 201603 ), & I ( HPLC %, Fisher,
196024 ) , 1 fig (MS 2%, Fisher, 193068 ) , 4fi /K ( MS
%%, Honeywell, DY616) , @ #7 # &t 44 K (2 B, 5%
RS ) BAS HGI% (97% , TRC, 2-AGE-110-1) ; %
I -d7 (96% , TRC, 4-AKT-180-5) ; 2= ¥ £ A Jt
AR IR & (98% , TRC,27-MJC-49-1) ; ¥ 2 A L%
K& i 17 (99. 75% , TRC, 3-MSI-60-2) ; 2 5 15 B .
RS HE 90 me/ (R a4 A ARER T 5K BT i
FIRR I 2545 FR 2> 7], 3it5- . 2005047 ,2007087 ,200834
% 2009063) . @fXER (B T RK) A A% -—
DU KT ER 3 T 3% 1Y ( ACQUITY HPLC-MS -Class,
Waters corporation ), /5 i ¥ I & 0 1 ( Heraeus
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FRESCO021, H 37 ( HA) ) , 27K A% ( Unique-R10, £
BHEED) itk B AR A, TR 51X ( G560E,
F [ Scientific Industries) , % #% (2-20,10-100 ., 20-
200,100-1000 pL, Thermo) , B F K F ( XSR205 (1
Ji 4y Z—), METTLER TOLEDO) , ¥ 75 i1z 15 vk #L
(SB-3200DTD, T B Z EWRLE A A ) | B2 IR A
% (2~8 <) ( MPR-312DCN-PC,
Appliances Cold (R i) ) , K i & £ 46 (- 20 C)
(DW-YL270, A EZ (L7 ) IR AEA
(=70 °C) ( MDF-U54V, Panasonic Healthcare ( I
1)), 564 (100,500 mL, 36 &), @5 &
BN AH A 0. 1% W RRIKESI; W BIHH B LN ;Ui
0.4 mL/min; A& 40 °C; 83% # : Kinetex 2.6
pm XB C18, S0mmx3 mm, & ik 51 i e 1
P2 %, Capillary (V) : 3000 ( ESI+) 4000 ( ESI-) ;
Nozzle Voltage (V). 200 ( ESI +) 500 ( ESI-) ; Gas
Temp (°C):300; Gas Flow ( L/min ) ; 7; Nebulizer
(psi) : 45; Sheath Gas Temp (°C):300; Sheath Gas
Flow ( L/min): 11, © K W X} %. & #% & i
TIC), & 7 & A & B % W i
( Deshydroxyethoxy Ticagrelor, DHTIC) , @ #x i ¥
VR BCR] . v VA VP T A1) < A % R ELAS 25 W s
I A R BRI EE 23500 R 97 % B 98 % 11 R A% Hi
BHEPEACE Y, A 1,808 F1 0. 979 mL Y5,
WTERI 2115 2B 40 5128 2 mg/mL A1 1 mg/mlL 1)
BV, 53 BER B BCRE ROHR B 2000 pe/
ml B85 K8 B 0 S v 1000 wg/mL B T PR A 35
Y110 pL, 45 HINA 80% LIV 443 L, FTAR 2]
35 0. 5 mL #5504 40 000 2 20 000 ng/ml. JF
BFREIR(S0) o PIBRIE R A BC ] - b 25 PR B 4l B 43
HA 96% 1y TIC-d7 & 99.75% () DHTIC-d7, in A
0.959 mL F10. 998 mL ¥ 7, 103 i 5 51 15 21 ¥k £ 43
4 0.5 mg/mL F1 1. 0 mg/mL 259 [F A K N b5
it 55 W, MEB AL IR A i 5 L 1 TIC-d7 &
DHTIC-d7 BYNFR A A5 W, 23 A 80% & s W
440 pL, F4HEAIEF 2 F 0.5 mL W EH D 1500
ng/mL 9 10 £ bR ST W, (5 FH BT 2 6 B 10
£ FTASFIVE BE XK 150 ng/mL (14 2 FhNkR TAEW .
1.3 MEHBAOSIE R E R BRI AR
A 50 pL THRICEFHY 1.5 mL EP 40, A 20 ulL
bR TAES R (1S-1) , A 180 pL M, e ;
%% 5 min, 14 800 r/min,4 °C B.0> 5 min, i EP
B LV 80 wL RREAE, HERER R 3 uL,

Panasonic

( Ticagrelor,

1.4 HEXSEERE 550 SRR M Bk
B L A B i PR R | BE AN AN
HETADRG 2 B 00 M U0 AR M e R T
BRI B R AS E LRI K

1.5 it a R SPSS 23.0 4i it # i f
PGt o3 3 SL R EE T YRR 25 (x2s) R
TN AT ERVEE A Al R, i SRR R 2SI AR
H BRI REAS ¢ KIS XKL, LA P<0.05
REFSAGIFE XL,

2 & R

2.1 HEEER

2.1.1 #AFH ELRITCRAMEERET,
DHTIC .DHTIC-d7 , TIC ., TIC-d7 & H #5245 ¥ J 7] {3z
R NS WA 5] K 3.5 .3.48 .3.51.,3. 51 min,
HFRAbE AN AR 6T R, J0 2% 06 T4l 2, &
LVRG . AT EA Bm BRI BEVE AR I A i
H R R A T 1% R EL I PR A Bk B, SR AR
B

21.2 HASLAZETR TICHIKRENY=
0. 022615X+0. 008650 ( R* = 0. 99922869) ; DHTIC T
2R m 9 J7 B Y = 0.028250 + 0.028721 (R =
0. 99920823 ) ; H A5 16 4 1 i B 14 22 B A A 2 1
KFR, TN SR e E TIRILE 1,
2.1.3 ERRRG(BXTERE) REREE -~
[l 2 1) 2 A 25 LI ISR I 7E 80% ~ 1109% Z (1],
HARXHRAE IR 22 (RSD% ) $4/NTF 10% , 754 TRICR
(R SCIbRIE AN TR BE I & Rl 259 (o b A Y
FRIH— R A3 51 R 1 20, 45 5 & BTG PR 5t
£ 5,100 800 ng/mL & 150 ng/mL NARH H ME ¥
YIE T PG N, A% B 1% 76 10,200,1600 ng/
mL AR 150 ng/mL HH ME 734 it ¥ 75 5 3
FEARELA S

2.1.4 #EA5EAKL Ui K3 AHREXT
HEEE 5 HERAS 25 WAL S B HE AR FTHE Y RSD #4775
5 gL R A 2 IR At PN R TE]) RSD 7R 15%
AN RSB0 45 R A7 G A R & o3 BT IR IR
W2,

2.1.5 RERHAEAR REVEREMN 2 M2 (&,
i) BE S 7 ZIHERE , ZIRCE 6 h,4 °CUKFATLE 24
h, DL J2-80 C 41 F I al T il , RE [HH A
HE I Z N, R 2 MW re LR 5 T IR e fa
. W3,
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®1 BRHEREEHERHMHOEETR (n=6)

— D -
s | ) 3 4 5 6 ) BUE RS Ea MR
(x+s,ng/ml) (%) (ng/ml)
TIC 3.98 3.53 3.71 4.34 3.88 3.93 3. 89+0. 27 7.02 4
DTHIC 1.76 1. 81 1.90 1.94 2.10 1. 84 1.89+0. 12 6. 34 2
K2 AEIREXIELS 5 #X &AW G HPLC-MS/MS X H#L A it B2 2 2=
i TIC( ng/mL) DHTIC (ng/ml.)
10 200 1600 5 100
ARXT SR (% ) 87.5 101. 41 103. 45 94. 94 102. 4
86. 95 104. 65 104.7 90. 75 99. 35
106. 55 100. 29 103. 52 101. 11 95. 61
100. 04 106. 64 105. 58 103. 12 105. 82
108. 71 94. 35 98. 94 96. 74 90. 33
xxs( %) 97.95+10. 3 101. 468+4. 72 103.238+2. 56 97.332+4. 93 98. 702+6. 01
RSD( %) 10. 51 4.65 2.48 5.06 6.09
£33 AFmMEHEEREREFEERIGMIEESE
iH TIC(ng/mL) DHTIC(ng/mL)
N
10  RE(%) 200 RE(%) 1600 RE(%) 5 RE(%) 100 RE(%) 800 RE(%)
ST RV 7 Ve 9.568 —4.32 200.573 0.29 1678.997 4.94  4.887 -2.25 113.312 13.31 815.332 1.92
FIRHE 6 h e 10.381  3.81 213.286 6.64 1597.617 -0.15  5.168 3.37 102.870 2.87 817.374 2.17
BUE AR 40 h HE 10,640 6.40  196.007 -2.00 1604.516 0.28  5.139 2.78 106.244  6.24 862.993 7.87
4 CUKSEMCE 24 h¥REE 10.445  4.45 205.955 2.98 1567.817 -2.01  5.541  10.81 97.613 -2.39 688.336 —13.96
2 R 2 e 10.477  4.77 180.745 -9.63 1508.950 -5.69  5.506  10.11  90.632 -9.37 698.533 -12.68
2.2 IfPREFAE T4 FEAEHBEZENBEREEREFTEREDERE
2.2.1 AALREH A4l 120 G745 M 5 HERE
KA ANIGTT AR 1 S et ik 25 & AE SR E AR T ks AR E TIC (ng/mL) DTHIC (ng/mL)
AV AR R O A SR P2 Il R 4y <50 % 367.46+251. 01 41.71+76. 56
N Vo] 4 . 50 < <60 & 416.52+198.75 78.41+46. 63
B A ISR GRSt i A8 2 4R T ! _
>60 % 486.37+204. 89" 69. 81+52. 49

W (P =0.001) W AH (P =0.000) Kl (P =
0.000) .PCI AJ5 (P=0.000) K& IF ] Hb /R B 52
(P=0.004) i ZRARITFE X,

2.2.2 ABHEREHRKHHBASEREALFA
FHB GG iEFdn FH @ AR LC-MS/MS
JEESF R ST R WHO X 4E 8 Be iy %143, %A
HEFYFRBAWE AT I THkES
AR 22 B A AH DG, 235 SR 2 BB At 3 % B HL T AR
WY 3 2 Bk E 2R TG E X (P=0.078),
(HEARIRIB AW BEAE <50 % 5>60 % 2 2 [H 2%
FHAGI R (P=0.041) , [0 & I EEE
ARSI A B v L 2V S AR IR R OE L, WL
4,
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5<50 ##F i, « P=0.041;3 MEB B Z AWk ELE S
TG 245 X (P=0.078)

MY 4 AH OC BF 55 B, B K& i 3% M ARC-
124910XX HY & F H i Xk B F AR X 1
AU B ET, FRATHEXT T H AR AR IE 7
BT o 7, & BE7E I B AR X T A7 e TP
AR B R 1AM S S T R R
TRV RIS 0. 1% TP R- 21 R Vi 3 A AR
BRI TE] VI A6 1 AT, ASBIFSY Ay 57 T I A I
PRI I AET AL /N 245 400 85 A B 1% 19 LC-MS/MS 5
LEL ZOTIEWERRE = R ELTA(E
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— T A RE ACS BE M HE N4 R B
AR R T AR B U I /MR O S, BLAR
B i BT I KA R 2 S, R
L S 11 A QI v B 2 7 €
) XU o BRI H I XUES: A1, BA SRR 5T 2 B
52 PCLIF IR E M B 108 1 4R ACS (&,
I I ) e JRU It A 8 488 o

AMFGERT ALLERF B FEAR TR T L B, 2 41
B (LAVER SR ) FEARIE R TR PCL AR S B
FERZIS T T REAFAEZE S . T oh  EX AR EA T
A3 BEWFIE A I A% i 145 100 24 Ve 5 T 2 W% 18 i 33
hn, HAE <S50 % 5>60 % 2 42 [AfFAE B &2 5%,
T B 5 5 Wk B VT REAEAE AR OC I, H 2 IEAR G,
BANE LRI IRIETE . — %) 40 2@ FEY
W R 57 200 mg BMEHRIB )G 4RI =65 %
HBF AR AUC 1 Cmax 43 FI34 I 529%F11 63% ; 4
PR L5 MR AUC F1 Cmax 43585 37%H152% ,3iF
SET AR PERIXT 25BN 12 27305 (PK/PD) 52
M) 5 PR FT AT A B I/ Al R A i SR 2 3R A, PRk
WFFEE I RAERE PERIXPTRGE A IR IRE X, X
AT RE SRR B A B MR A D BRI A C,
{BHAREA S/ H PK/PD B2 505 Hi iy P R
MESER RSN (AR S ME A A ReiF o, REARARF AT SR
B XSRSt AR >T75 % IRl
FHAE §§ 72 51 4% 25 ( NSAIDs ) gt 25 44 561
REPLACE-2 #F5¢ /_M" | otk i 2 PCI RJF kA=
(1% B 1 vl Fe o oS b5 W e B S o T B
SO AR AR A OC I K LA A AR AR 4
B BB

AHFST % 120 4] PCI AR5 ACS 3 10 1fn
WHREARVEAT 0T, #2577 ACS e PCI ARJS I h
BiAg IR M AR HPLC—MS/MS 48 B, J5 v
FoE HAT A AR e i B ek, IF s i H T
I S . AL 245 e T8 W 00 iy 5% SRIE S 1 A% B 35 4%
W S5 AN RN BFRRAE 22 (6] PT RE A7 A AH e XY
Fuw T RIS A P E O R R TR RS,
X6 T ACS BEE LI/ INR 2590 1 AR AR R 7 FT
A L EMIRIRER I T —E NS H M.
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