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Abstract: Thromboxane A, (TXA,), a prothrombotic factor that induces platelet aggregation

and thrombosis, acts as a vasoconstrictor by activating TXA, receptors (TP receptors). TXA, is
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extremely unstable and metabolizes into three major metabolites; 2, 3-dinor thromboxane B,
(2,3-dinor-TXB, ), 11-dehydro TXB, (11-dh-TXB, ), and 11-dehydro-2,3-dinor TXB, ( 11-dh-2,
3-dinor-TXB, ). 8-Iso-prostaglandin F, (8-iso-PGF, ), a prostaglandin-like compound widely
considered the best biomarker of oxidative stress, can also activate TP receptors. The accurate
quantification of TXA, metabolites and 8-iso-PGF,, is critical in cardiovascular disease (CVD).

In this study, a method based on ultra performance liquid chromatography-tandem mass
spectrometry (UPLC-MS/MS) was developed for the simultaneous determination of 2,3-dinor-
TXB,,11-dh-2,3-dinor-TXB,, 11-dh-TXB,, and 8-iso-PGF,, in human urine. Urine samples were
collected from healthy volunteers and patients with CT- or MRI-confirmed ischemic stroke oc-
curring less than 48 h earlier, and cryopreserved at —80 °C within 1 h after collection. The urine
samples were thawed at room temperature and acidified to pH 2. 0—4. 0 using hydrochloric acid.
The supernatant was collected after centrifugation. A total of 1 mL of each urine sample was
added with 100 L of the internal standard working solution and mixed well. The samples were
loaded onto a C18 SPE column (50 mg). The SPE cartridges were preconditioned with 500 pL
of methanol and then equilibrated with 500 pwL of water. After sample loading, the SPE cartrid-
ges were washed with 500 pL of water, 500 pL of 5% methanol aqueous solution containing
0.5% (v/v) ammonia, and 500 pL of 5% methanol aqueous solution containing 2% (v/v) for-
mic acid. The cartridges were dried, and the analytes were eluted with 400 wL of methanol. The
eluents were dried and subsequently reconstituted with 50 wL of 13% acetonitrile aqueous solu-
tion. After filtration through a filter membrane, the samples were analyzed on an ACQUITY UP-
LC® BEH phenyl column (50 mmx2.1 mm, 1.7 wm) via gradient elution using 2 mmol/L am-
monium acetate aqueous solution containing 0. 002% (v/v) ammonia and acetonitrile as the
mobile phases. The flow rate was 0.3 mL/min, and the column temperature was 40 ‘C. The an-
alytes were determined in negative electrospray ionization and multiple-reaction monitoring
modes. The four target compounds showed satisfactory linearity within the relevant ranges,
with linear correlation coefficients ( R*) greater than 0. 99. The limits of detection of the method
were 0. 02 ng/mL for 2,3-dinor-TXB, and 0. 01 ng/mL for 11-dh-2,3-dinor-TXB,, 11-dh-TXB,,
and 8-iso-PGF,,. The limits of quantification were 0.1 ng/mL for 2,3-dinor-TXB, and 0. 05
ng/mL for 11-dh-2, 3-dinor-TXB,, 11-dh-TXB,, and 8-iso-PGF,,. In actual urine, the recovery
rates at the LOQ level were in the range of 91. 48% —104. 87%. The recovery rates at low, medi-
um, and high levels were in the range of 92. 95% —104. 90%. The intra- and inter-day precisions
were in the range of 2. 79% —13. 01% and 4. 45% —13. 67%, respectively. The relative error (RE)
between the average peak area of the mixed matrix and the sum of the ratios of the pure solu-
tion and urine matrices was within +20%. The samples were stable at 4 C for 24 h and at -70 C
for 10 d. The developed method is the first to realize the simultaneous determination of 2 ,3-di-
nor-TXB,, 11-dh-2,3-dinor-TXB,, 11-dh-TXB,, and 8-iso-PGF,, in urine. The method was used
to determine the concentrations of 2,3-dinor-TXB,, 11-dh-2,3-dinor-TXB,, 11-dh-TXB,, and 8-
iso-PGF,, in healthy controls and patients with ischemic stroke, and the results were corrected
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using creatinine. Binary logistic regression analysis was used to construct the prediction model,

and a receiver operating characteristic (ROC) curve was drawn to evaluate the clinical diagnos-

tic ability of the method for the target compounds. TXA, was calculated as the sum of its three
metabolites. The area under the curve (AUC) of TXA, was 0. 849, and the method sensitivity
and specificity were 69.2% and 92. 3%, respectively. The AUC of 8-iso-PGF,, was 0. 775, and
the method sensitivity and specificity were 84. 6% and 76. 9%, respectively. The proposed meth-

od has good clinical value and is expected to assist in the early screening and diagnosis of is-

chemic stroke.

Key words: ultra performance liquid chromatography-tandem mass spectrometry ( UPLC-MS/
MS) ; 2,3-dinor thromboxane B, (2,3-dinor-TXB, ) ; 11-dehydro-2,3-dinor thromboxane B, (11-
dh-2,3-dinor-TXB, ) ; 11-dehydro thromboxane B, (11-dh-TXB, ) ; 8-iso-prostaglandin F, (8-

iso-PGF,, ) ; urine; ischemic stroke
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Table 1 MS parameters of the target compounds and ISs
Compound Retention Precursor Product QI Pre CE/ Q3 Pre IS
pou time/min  ion (m/z) ion (m/z) Bias/V \% Bias/V
2,3-Dinor thromboxane B, 2.0 341.35 167.10* 10.0 12.0 14.0 2,3-dinor-TXB,-d9
(2,3-dinor-TXB, ) 123.05 10.0 19.0 21.0
11-Dehydro-2, 3-dinor thromboxane B, 2.2 339.30 277.35* 19.0 11.0 27.0 11-dh-TXB,-d4
(11-dh-2,3-dinor-TXB, ) 235.30 10.0 14.0 14.0
8-Iso prostaglandin F,, 2.3 353.35 193.20* 18.0 26.0 11.0 8-i50-PGF,,-d4
(8-is0-PGF,, ) 309.15 11.0 20.0 13.0
11-Dehydro thromboxane B, 2.5 367.30 304.95 18.0 16.0 19.0 11-dh-TXB,-d4
(11-dh-TXB,) 161.10* 10.0 20.0 15.0
2,3-dinor-TXB,-d9 2.0 350.35 167.20* 17.0 12.0 10.0
140.90 18.0 15.0 21.0
8-is0-PGF,, -d4 2.3 357.35 313.15 18.0 21.0 20.0
197.30* 18.0 26.0 20.0
11-dh-TXB,-d4 2.5 371.35 165.40* 20.0 20.0 10.0
309.10 22.0 18.0 19.0
* Quantitative ion.
PR | bifi £ TR Wk BE 3 K, 8-iso-PGF,, M 1o B AR, 1H. 8
i R ELAL S e ss . ih T H ARG A TE 1 2sdietxs, 20
BB AR S PRIER R AR e, R e /KA =
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a4 i RIS 1 23
221 LHEEEHBHREEZER 2 3
FRAE 25 H A 43 B 4 06 T FR R PR A 0 1 R A ERAEL %‘ 2]
y X E @ (ng/mL) JEATAUE 4Pk 119, #0045 £ ]
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(R*)¥AF 0.99, KPR (LOD) LU (S/N) 20 nanTxe,
=3 i, =R (LOQ) VL S/N=10 #iiE,2, 3-di- S 139
nor-TXB, # H B 4 0.02 ng/mL, 5& &N 0.1 £ 104
=
ng/mL, KA Hirfb &9k R4 0. 01 ng/mL, & = 05
=R 0.05 ng/mL, o .
222 ERBEFN 0 ! 2 ’ !
\ . N — /mi
SLFRRR B ] Cao %61 77k , BIRE R 4743 e
SIS N \ N N R 1 4 L S YR SRR /mL) B
BT RO TR WREAS ) T — #HIRA WORE AR it B RO RERRM (S na/mL 8

AT RN PEA 3 B H UK S (2, 3-dinor-TXB, ,
1. 80 ng/mL; 4% 3 #{b54,0. 90 ng/mL) (1) HAx

Fig. 1 Extracted ion chromatograms of the four target

compounds in the mixed standard (5 ng/mL)
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Table 2 Linear equations, correlation coefficients (R?), linear ranges, limits of detection (LODs) and
limits of quantification (LOQs) of the four target compounds

Compound Linear equation R? Linear range/ (ng/mL) LOD/ (ng/mL) LOQ/ (ng/mL)
8-iso-PGF,, y=1.227402-0.00167152 0.9993 0.05-10 0.01 0.05
2,3-dinor-TXB, y=0.216489x+0.00263317 0.9986 0.10-20 0.02 0.10
11-dh-2,3-dinor-TXB, y=1.15989x+0.00819179 0.9987 0.05-10 0.01 0.05
11-dh-TXB, y=1.932012+0.0226548 0.9996 0.05-10 0.01 0.05

y: chromatographic peak area ratio of each target compound to corresponding internal standard; x: mass concentration of target

compound, ng/mL.

SITIEE A AT 6 17 ) , THIA B AR AN
B B EEAR A By, PR EL 6 13 JRTBEEAS (CREE A
ANV ) |, 430 T H 5 E AR 4 0P b i 7 ) L A
Yo s IRATRFEAR Ry LR SE T 3:7 37 :3(v/v)
RAY, 2008 5 B AN R e L FAE g, 5%
Yrao MZE(RE),,; =1-y,,/(y,%x0.3+y,x0.7) , i
5= 1-Y5.,/ (Y, x0. T+y,%x0.3) . FiREKW, LI E
RE ¥J7£+20% LAY, U6 WA 3 R0 I A 52 i 5 bRk
EYR R E R,
223 EREFEEE

VLSEBRIRFESEAT 4 Fhfb &P B AR &
4 AR IFRIRES , B KF 1T 6 W4T SR,
THA DR H NS 25 B TEAN [A) R T RS
THAH SR, Wk 3 i, & B BRAKCE R inds
[l 3y 91. 48% ~ 104. 87% , A% . P &5 K - Jin [ml
R A 92.95% ~ 104. 90% , H NKE 2E BE 2. 79% ~

x3 AMERKEYE 4 DK ETHMIRERE,
HAFHEHEZEE(n=6)
Table 3 Recoveries, intra-day RSDs and inter-day
RSDs of the four target compounds at
four spiked levels (n=6)

Average 9
Compound Spiked/ recovfry oD
(ng/mL) /% Intra-day Inter-day
8-is0-PGF,, 0.05 104.53 7.18 8.06
0.10 98.43 7.90 6.97
0.90 92.95 5.62 5.90
8.00 97.33 4.36 4.78
2,3-dinor-TXB, 0.10 101.47 4.83 9.67
0.20 100.93 6.64 8.88
1.80 104.73 3.89 6.78
16.00 101.13 2.79 4.45
11-dh-2,3-dinor-TXB, 0.05 91.48 10.97 11.72
0.10 97.60 3.37 9.61
0.90 100.57 8.13 7.74
8.00 95.50 5.86 6.37
11-dh-TXB, 0.05 104.87 13.01 12.31
0.10 104.90 3.42 13.67
0.90 98.85 8.26 7.68
8.00 96.53 4.95 5.82

13.01% , H [AIKG 25 By 4. 45% ~13.67%,
224 REH

B PR WA & i A K (2,3-dinor-TXB,, 0. 20
ng/mL; HA4y 3 Fik4497,0. 90 ng/mL) 5 (2, 3-di-
nor-TXB, ,16 ng/mL; H:4x 3 k&4, 8 ng/mL)
PR HIR G AR ER IR, T 7KF 4 AR OF
HEFTRTAL IR, 53 5005 55 S AE AR 2 (4 C) TilUE 24
h #1-70 CTHUE 10 d WEGEN, 458 8RN, 7 L
KUEF, Bt A& = M AHXHR 2287+ 15% P,
FARESAE LR R TR RS
2.3 SCEREESET

K a7 B 0 e SE PR AR S AT I R R
1 EN H AR A P06 A H bR HAE AR A bR o il
RAFENREE  JFHWLEF A IE . F TXA, 9 3 Frot i
YIImAEAS (R N TXA, B9 &, 45 R 17— 00 Lo-
gistic [A1J9 73 #7142 ROC HiZk (WE 2) ., 8-iso
PGF, 4 F L AUC) M 0.775, £k I HefEe
W 1 SR BHRE RN R S BE 4 0 Dl 84. 6% Fil 76. 9%
TXA, 1) AUC A 0. 849, i 2k I fe 412 Wi 2 19 R A
JEFVER S BE 4 900 R 69. 2% F1 92. 3% , /R 1% Hi 24k
A ELA Bt B A e A

o4 e
] i
0.8
£ 06
2 1
Z
z |
3 04+
0 1- — 8-i30-PGF,, AUC=0.775
=l ----TXA, AUC=0.849
4
0 0.2 0.4 0.6 0.8 1.0
1-Specificity

2 8-is0-PGF, 1 TXA, i ROC H#i%
Fig. 2 Receiver operator characteristic (ROC)
curves of 8-iso-PGF,, and TXA,

AUC: area under the curve.
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