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FE R B B OB (035 = 5 O AT B (UPLC-MS/MS) #3577 —Fh RAEUE & vl B BES g e ks
WL LE AP R S R BT e o BRR A T8 10 wmol/L BB ) 2- 32 63T J IR A Eh Mk (EHNA) B9 1 mL i
gk b RIEATEE 2 min, 60 Hz vk/K A8 7 A B 40 min, DL BEAN 5 mmol/L B R #4185 W M T s, i A 0. 4
mL/min, AE35 4 40 C, #ERER N 3 WL, % A B2 2 7 J5 (EST) 1E 85 7 U1 e 22 50 Wil ( MRM) A5 28000 il 41 47
R AT 8 M B AT, DARRHE I A e R o8 B, 25 SR o, FERG IS T PN 2 O R UL 3 e, MBS B oy
0.1~160 ng/mL, MR (+*) 7 0.993 0, ¥ H R (LOD) 4 0. 03 ng/mL, E &R (LOQ) 4 0. 1 ng/mL; B 78 Fl.C>
MELHAUE B 3 AT B kR N 43 0 113. 6% .96. 3% 102. 9% , H PIKE 255K 1. 7% ~ 8. 4% , H (ARG %5 3 >y
2.6%~7. 4% AHICHEFN—Bk o445 2B, UPLC-MS/MS 1 AT AT U b I 2 25 T A7 70 I AR A7, T A 0 e
PRGN 28 SR S A 3 A IE A 56 (P<0. 000 1) 5 2R FHIZ T SR REHLINAE 17 43/ ERR 17 403 B0 BIEAE &, /0N BRURI R R
WL 2R AT B S YL L 3. 25~ 8. 78 mg/kg Al 10. 24~ 15. 19 mg/kg, I HE B9F & 143 51 4 5. 37 mg/kg FlI
12. 60 mg/kg., AMFFT A0 AFAI IR & B AT e 4R 46 T —Fh 87 20 RS A L R S AR 0k, AT A e PRI 5T R e
LWHR L AR S HF

KA R OB (- = DU AT B AR 5 O 24

FE4 %S . 0658 XHkiRINEG A

Abstract: A method based on ultra performance liquid chromatography-triple quadrupole mass

spectrometry (UPLC-MS/MS) was developed and validated for the rapid and accurate determi-
nation of adenosine (Ado) in cardiac tissues with high sensitivity and specificity. The samples
were dissolved in 1 mL of ultrapure water containing 10 pmol/L 2-hydroxy-3-nonyladenine
hydrochloride (EHNA) as a stabilizer, ground at low temperature for 2 min, and then ultrasoni-
cally extracted at 60 Hz in an ice-water bath for 40 min. Methanol and 5 mmol/L ammonium ac-
etate solution were used as the mobile phases under a flow rate of 0. 4 mL/min, a column tem-
perature of 40 C and an injection volume of 3 pwL. The Ado in cardiac tissue was qualitatively
and quantitatively analyzed by electrospray ionization ( ESI) positive-ion-switching in multiple
reaction monitoring (MRM) mode. A solvent standard curve and the external standard method
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were used for the accurate quantification of Ado. The results showed that the matrix effect of
Ado in cardiac tissue was very low. A good linear relationship was obtained in the range of 0. 1
-160 ng/mL, and the correlation coefficient (7*) was 0.993 0. The limits of detection (LOD)
and quantification (LOQ) were 0. 03 and 0. 1 ng/mL, respectively. The spiked recoveries of Ado
in murine cardiac tissue were 113. 6%, 96. 3%, and 102. 9% at three spiked levels of low, medi-
um, and high, respectively. The intra-day repeatability ( RSDs) were 1.7% —8.4%, and the
inter-day reproducibility ( RSDs) were 2. 6% —7.4%. Based on the correlation and consistency
results, a positive bias was observed between the proposed UPLC-MS/MS method and the
double-antibody sandwich method. Moreover, the Ado contents detected by these two methods
were significantly positively correlated ( P<0.0001). Cardiac tissue samples were collected
from 17 mice and 17 rats and detected in our laboratory. The content ranges of Ado in the cardi-
ac tissues of mice and rats determined by the developed UPLC-MS/MS method were 3. 25-8. 78
mg/kg and 10.24 -15. 19 mg/kg, respectively ( average adenosine contents: 5.37 and 12. 60
mg/kg, respectively). The developed method is simple, accurate, sensitive, and it is suitable
for the determination of Ado in cardiac tissues. It also provides important technical support for
cardiac clinical research and disease diagnosis.

Key words: ultra performance liquid chromatography-triple quadrupole mass spectrometry
(UPLC-MS/MS) ; adenosine (Ado) ; cardiac tissue
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spectrometry, UPLC-MS/MS) # 1 & faj 5., 0y i
P, RO, PEREIE SR ; 5 A A 27 3 O AR PR G
JrHI L, UPLC-MS/MS 4% it fif b B 2R A
Qb P AR T B ELAS T AR AT AR AL, O R T AR
% ; 5 3 OB AR €435 5 A L, UPLC-MS/MS 3 i 5
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Sk AR A U AR R LR U
i PR ARSI v 1 28 1, AR SCHR S T — R R L
R T AL B 73, T H2 B0/ BRI R RO i 2 21
KM PR . @4t UPLC-MS/MS, 57 T —# R
TRORE = RE SRS ERAE R R RS PR o o A DU
LHAVRE SRR S s . RO IR 21
RV B, R R R 12 W B b4 R S0

1 SLIEEH

1.1 {EEFnitF

Xevo-TQS i = 0B AR {13 - — 5 POAR T BT 15X
( £ [E Waters /A 7] ) ; Wonbio-E 24 8 ZRBF Y
( B HHIAT]) ;. AL104 237 K- ( 35 [ M 45 8- 4
FIZAXAFA PR ) 5 Milli-Q 8 4l /KA ( 3 [E Milli-
pore /A F)) ; SK8210LHC #8751 YebL ( iRk
I AT PR A E] ) ; STI6R BRI E LHL( £
Thermo Fisher /A #]) ; Infinite M200Pro E#r{Y
(Fi+ Tecan 23 H]) .

M B (4l =99% , % [F Merck 23 7)) ; i
FERRE BB R 2 (46 JE =99% ) | = AR (43 Hr4l)
( % [H Sigma-Aldrich 23 ] ) 5 2-F85E-3- - F fl 2%
W2 £ (hydrochloride, EHNA, 4fi i = 98% , 3% ¥
MedChemexpress 2\ 7] ) 5 /0 I ZH ZURE &« BEHL 158 B
5628 SD K FUFT BALB/c /N BUR O ERE (R IR
7T -80 C,

A S50 BRI A5 3T AL Bl B S50 3 )
TR HRZ 5y 2k it iSO o SAASPZ0921034
1.2 tFmEritE

YERIAREL 50. 0 mg O AEZHZUFE M, BN 2 mL
BLLEH A 1 mL B 4K A 100 wL EHNA B+
R (10 pmol/L) , ¥z #d 3 min /5, %€ 1 min,
FE B LA I A PR N R, AR IR AT S 2 min, 60
Hz 7K 88 75 2 B 40 min, P4 12 000 r/min B0 3
min, WH F 5, 4 0.22 wm JEFE S B85, B 200
pL B T 2 mL 208 2K BER 1 mL,
LI o 2 O BIEARE SR A 38 . 1R HR 28 A A
TR A O IR U A PRI 50. 0 mg T2 mL
BELET L IMA 110 pLARERE (1 pg/mL) )5, 3%

RO A TR ST AL B
1.3 FPREIRER A S

HEBRFR I 2. 0 mg BR AT A5 fE 5, TR0 T 1
mL B 4lisk 53] 2 mg/mL PR MERE &, T-20
CIRATE . BARERE R B 25 O WEARE S 2 BOR A
afigk 3 ) B BE RS Bl 160.80.40,20,10,1.0. 1
ng/mL 1) RFNFRIE TR .
1.4 UPLC-MS/MS &l £

{fi i} Waters XBridge BEH C 4 (100 mmx3
mm, 2.5 pm); WA A HEE, W3 AH B: 5
mmol/L FEFRE KW . B VENLAET .0 ~3 min,
5% A; 3~5 min, 30% A~90% A; 5~6 min, 90% A;
6~6.1 min, 90% A~5%A; 6.1~8 min, 5% A, i
0. 4 mL/min; HEFER 3 pL; A 40 T, SRATH
M55 HL R (EST) |, IF B F A 5 R i)
SXIH AU B SR R AR B S
JEHR 2.5 kV; 540 IR E R 500.0 C 5 & T IHIEE N
150 C; ZAL ST 10 0. 07 MPa; i % 577 AR i
A 1000 L/h, 38 22 B 07 I ( MRM ) A5 X6 0
IR U R AT HEAT 8 FE A0 BT, R RO £ B3 B [ |
BT T E T LR Rl AR S T S AL R
1, Bk H UPLC-MS/MS [t Z i 1 /Y Mass-
Lynxv4. 1 Fil Targetlynx 4% {44054
1.5 W FiENEMNOERESE

FRAL 3R 5 R FH 8 R AR e 0 i 1 2 Bcs
AP RS, Al b r) B BT IAR R AL
M, il B G S PP 2 | 70 VR 7 A A AL A AR
TEREAS , SR AT S0 A 0 8 s T2 1 B T B AR A B 25
G A EPUR-PUR- B IR S &Y, 2517 78 0k
WIHRARLS G 22 ks Ja , wm 3,37,5,5/-U H
SRR T w0, AEBUR A AL W 0 ik
7,3,37,5,5"- VU B IR e gl e Ak B 1, TR TR
PEZEM N b — 2D AR, (i ER AR, 7E 450 nm
PR D R B 00 A v R Y
1.6 —HEoH

% Jil GraphPad Prism 9. 0. 0 4%/ 71 ) Bland-
Altman #{( 5 F Fll Pearson #5443 UPLC-MS/
MS 7 FUBL AR e 0 0 1 285 5 1) — Bt . Bland-

x1 BEHREBENEMRESH

Table 1 Retention time and MS parameters of adenosine ( Ado)

Sample tz/min Precursor ion (m/z)

Product ions (m/z)

Cone voltage/V Collision energies/V

Ado 3.01 268.129

119.098 * /136.133 28 40/16

* Quantitative ion.
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Altman HUS B DA FP 7 5 0 5 45 R 25 0H (d) h
DAA AR, PIRR 5 35 I 45 SR B B R B A bR, d 1Y
75 S O FH 22 18 A 1 22 R 3, 95% 2 B N i
T d+1.96 Z [, Bl 95% F—F M H IR (LOA) , 4
95% 1) s ERAE — M DX H) P, JUI A Sy 3k R Ay 32 L
A BT — 3

2 SRS

21 Ak
211 &S Hmtt

%457 Waters XBridge BEH C,, (100 mmx3
mm, 2.5 pm) Waters Acquity UPLC BEH C,,( 100
mmx2. 1 mm, 1.7 um) PHFREES R RERAR T
BRERE R R, SR EW, BRSNS
mmol/L i iR #% /K %5 - H % i, Waters XBridge
BEH C, (a3t (& 1a) X A9 B RO BT, (i
T INX RIS B, ZE B B A T Waters Acquity UPLC
BEH C,, a4 (&l 1b) ; X4 (aiik41 &y Waters XBridge
BEH C 4 i shAH 4 5 mmol/L iR 4% 7Kk 75 - Y it
(& 1) 2 B AR L TR 3 A R 0. 1% HT 2 K- H
Pt (L 1e) |, B i) G e T AR 10 56 B e e, O B
IS AE 53X T RESE TR BN AH A 5 mmol/L g R
B R O T A T, TR E TR RRE
15, E bR 4 o o R g A e >
212 R A R

It Ry AR A B S5 4, 7F EST AR
Hiti(m/z 100~800) , EHELEE -, FEME BEE T
(Al L AT B 4, e bl A e 7 (i 1R 4 2
DB R, RS E SR E LU
JE T 0E S R E LR e i, &G B ARk
BT TET LR MR ERE R R 1 iR, 1E
R T A5 1 i Al b N7 T MRM H AR, X
OO MELH SN A BRI A /55 1% 38 T R 2 o B
TR, R AR AR R e P il
2.1.3 REGI WAL

HI TR P 2 20 i D OR B HL PR S G
AR 2 e AR 2 T A B BGR Hh AinA 100
pL EHNA F25E 7 (10 wmol/L) 3 i b7 B 4% 15 K
HAESRHGS B PR, o 1 0 A b P ORI 20 21
R, AR SCERAS T 5 FRERIGR6 0 JIE 20 2 rp i
TR AR 2 (Kl 2a~e) . S5REM,
FRAE ARG | B 7 VIR SR i, Jo 220, JoHi 2
RGO AE 5, A 4. 64 x 107, K2k 1 75 45 /N (&
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Fig. 1 MRM chromatograms of Ado using different
columns and mobile phases
a. column; Waters XBridge BEH C,g; (100 mmx3 mm, 2.5
pm) ; mobile phase: 5 mmol/L ammonium acetate-methanol;
b. column: Waters Acquity UPLC BEH C,; (100 mmX2. 1 mm,
1.7 pm) ; mobile phase: 5 mmol/L ammonium acetate-metha-
nol; c. column: Waters XBridge BEH C,; (100 mmx3 mm, 2.5
pm); mobile phase; 0.1% formic acid aqueous solution-
methanol.

2a) s $EHGRI A Z-7K (20:80, v/v, 8 2b) | ZJiE-7K
(80:20, v/v, [ 2¢) fi4l g (& 2d) B, Ado il i
(B (AR e e ™ 5, B SR BGR h R &
SR, MR ORI A 2, B A% 0 5 70%
(1) e R A B IBGRI B i 1 (B e G, R 1. 59%10°, £
B ) (R A% 7 o [ B A 2 e | L SRR MR P A
K(El 2e) , XA RER = ERRBIA T O b iy i
FBEAEY Ko+, Ko Fik— o0, S BURBOR
TR % TR I, 25 b SRR R B A
BT A BRIOSCR  DR] ab 2 5 4 /K O B BGRI #E AT Je
2.2 FERFWIE
221 HERHN

30 3 B AR 5 v B £ 5 A L/ 38 e R
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Fig. 2 MRM chromatograms of Ado with different
extraction solvents
a. water; b. acetonitrile-water (20:80, v/v) ; c. acetonitrile-
water (80 :20, v/v); d. acetonitrile; e. 70% perchloric acid

aqueous solution.

( signal suppression/enhancement, SSE ) 14 Jk
> . SSE=8,/8,x100% , Hrfr S, #1 S, 435
SRR SR v 1 2 A R RN A 1T R b o 4k A R
Y SSE KT 100% , 7% W 7775 5 5 19 58 3000
SSE {HART 100% , 2= 771 5 5 41 1 4 1 ; SSE {H
7 80% ~120% I, & LT A4 N sE M 5/, S 4
SRR B AR E I 2 2t 7 B8 Y'=52290. 1X+

84 918. 6, HH 2K (1*) = 0. 993 0, ¥ Hr i il 2k £&
PR Y=59221.9X+70 115.2,7*=0.993 0, H:
H XA IR I B YR E (ng/mL) |, Y N5 5 1 0 56
J& ., SSE {H M 113.26% , 7£ 80% ~ 120% YL [F P4 , 15 HH
B M 2 2 H R P 6 AR 55 /N, ] LA 22, AN
BEAMEEBE AR, P IH A S 6 SR 98 50 A oA it 2 ok
O WELHZURE A T T 50 AT
222 %X F LOD 1 LOQ

I FHHER 7K T iR A 1 A 25 W A T R R, 15 31
AN ) o B Vi B Y R 9 s AR o T ARV, DI 1Y
J R E (X, ng/mL) A AR {5 5 0 107 5 B
ARBR(Y) , 7 IR B9 FIBR I I £ 5 IR 9 LOD
HLOQ 435I LA 3 f5 0 10 f5 5 M LA . 45 R
B BEFTE 0. 1~160 ng/mLil Bl £ 1 ¢ RIS
i, LOD F1 LOQ 433124 0. 03 ng/mL #1 0. 1 ng/mL,
223 EREFETE

PR 1.2 TR AL B AR A HEA T AR DI RIORS
B PE S, 78 25 RO AR i 6 J5 b 43 Sl s i i
H 5(0.1.10 .80 ng/mL, n=6)3 A [EKF- 1 g
HFRE TARW AR (A LR A ) A 7 i
2 BRI H RS 25 B2 RN H RS 2% B2 43 31 ok [7)
—K 6 AT MATF H AR H (n=3) w45
PR AR IR 22, 25 R 3R WD, B 7 RO IR 2H 21
{AS RN= I g a7 N i v/ O O N e N T B gz 7
113. 6% ,96. 3% .102. 9% , H A5 % B 43 51 4 8. 4% |
3.5% 1. 7%, H [RGB 2 73 01K 2. 6% 7. 4% 5. 5%
DL 25 R BT 57 040 W 4 2 Hp A I Ty v
SEIWERG T, v R T SCBRAE L A T
2.3 LEREE R

KA SCEEST ) UPLC-MS/MS 32 [] i il 52 34
By RO IR 2L (17 Oy KRR 17 /N R &
i, L RN 3 R, 7R 17 iy RGO IEZH 2
o IR S VL Y 10,24 ~ 15,19 mg/kg,
HON 12,60 mg/kg; 7F 17 43 /NFUL IEA 2 it

TEVEE A 3.31 ~8.75 mg/kg, Rt SR

5.37 mg/kg.
2.4 FFIRERN T R EXEN—BIES T

SR ARSI 7 3 TR A X 34 403 RO IE AL (17
PR B 17 /N B S AT, anfEl 4
Jrw , LAOSUHL AR J& 0 35 10 0 2 {8 ok 18 A6 45 (X,
mg/kg) , UPLC-MS/MS i [ & {5 A 2645 (Y,
mg/kg) , LA FIH . Y=0.9894X-2. 198, »° =
0.9226, P<0.000 1, & HBEAAGITFE L, W
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Fig. 3 Content levels of Ado in the heart tissue
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Fig. 4 Correlation test between two methods for
Ado determination

AT R I 25 SR 3857 43 A T [l )3 7 R A, 2% 9
PRGN 512k P B G 0 5 SR EL A Wi e ) 2 A 56

1 GraphPad Prism 9. 0. 0 {4 f#) Bland-
Altman H5 E , 43 HF UPLC-MS/MS 32 FlBU 14 e
O P AR 7 s A 2 SR ) — SOk, W s TR,
Bland-Altman 5341 5 715 PG Fh 7y 325 000 2 i 1 7 o 22
HHY 95% — B M AR LOA &y 0.153 1 ~ 4.483 0
mg/kg, BIR 97. 06% 1) s V& AE 95% Y — Bk T BRI

FEL LA, A AT AR 2 .0 72 46 0 {E 38 UPLC-MS/MS
PAFE B E B R, BT IE O A I 25 SR e T
UPLC-MS/MS 74 i I 7 {8, 22 18 /9 48 X {8 5e KA
4.130 mg/kg, (T2 K 2. 318 mg/kg, =1l
MIRRIEZE R 1. 104, 25 b, WiRh 7 B AE O IE 4120
JRHE ARG I A A — E AR A IR 22, X T B2 i T
Jr s FH R ST AR S0 ok SR B 1/ BRI A AR
FrE I OISR TR R 2 TE IR B A
WA — 8 W 25, A8 B 0 IR 23 b R 1
FE . EETE AT B IR 20 b iR B A 5
T5 A R, AR SCRTHE ST (0 7 2% T DL ELR 4
()23 Bl

5
L LoA=44830
—_— 44 © o ©
B o] o
=24
Eh ]
E 3] 2 o o
3 il ° ° o Mean—23180
T§ 5] ~ [S) a5°
g5 ] ° ©
5 ] o o
;E 11 o o
= 1 o °
g LOA=0.1531
s 0i:::::::::::::::::::::::::::::::::::::::::::
-1 °
.. .
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Fig. 5 Consistency test between two methods for
Ado determination
LOA: limits of agreement.
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F UPLC-MS/MS il 5 50> fE 20 28 vp i) B 4 35 i,
BTN ] 45 05 1 0 R AR — i 22 31 ELE
A b AR SO ST 9 0 B R A VR T T B

R 2 ARXFFEINF ESXEBERIRN A EXTLE

Table 2 Comparison of the method developed in this study with assays reported in the publication

Method Samples LOD Ref.
Electrochemical method plasma and serum 1.0 mmol/L (0.27 ng/mL) [14]
Electrochemical method plasma 8.3 mmol/L (2.22 ng/mL) [15]
Electrochemical method in vivo 0.1 mmol/L (0.026 ng/mL) [16]
Hydrogel aptasensor serum and urine 0.09 mmol/L (0.024 ng/mL) [17]
LC-UV health foods 1000 ng/mL [18]
UPLC-MS/MS cordyceps products 0.01 ng/mL [19]
HILIC-MS/MS serum and urine 0.01 mmol/L (0.026 ng/mL) [24]
UPLC-MS/MS heart tissue 0.03 ng/mL this work

HILIC: hydrophilic interaction liquid chromatography.
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