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B -2Ca-d3 A AR, R AER 2 LIF LI & 8 )5 , kA 3 B0k A8 6,3k - % 3R 1% (HPLC-MS/MS) 4 AR 2 whdk ] 23 A+ K 7= 4 49
., vA Waters ACQUITY UPLC® BEH HILIC # &, 3% 45,60 mmol/L T8 475 % (A)- Tk (B) A i h ARk AT 4 B e L, ik 4 0.5
mL/min, 428 4 38 °C,#4FF A2 pl, KA LR FBE TR, AL 8 BMBEXRITER Fiath, A TEZHMH BT x40 %
m/z 195.1—110.0 (s=E B ) .m/z 181.1—124.0(F#8) .m/z 181.1—124.0 (&) F*Z%) .m/z 181.1—138.0( 7T 7T #& ) .m/z 198.1—140.1
(RA), KA B FEm & 1946 -F 7= )U=E R £ 1% (AOP) E Uik P ok B R 3 AR = e R B, R ok B 58, 8112
whe AT AT BRA I R B A 64 B T B %) 25 0.200~200.,0.050~50.0,0.050~50.0.,0.100~100 wg/mL(r35 X F0.990), & ¥ T ks
#| % 0.200,0.050,0.050,0.100 pwg/mL; B A |, B R’ 45 5% FE#9 RSD 39 R 3 T 10.37%, 2 & B F 4 85.68%~109.90% , 4% I =1 4 5
93.53%~109.40% (RSD ¥ /s T 15%) , #8 2 M X349 RSD 31 T 15%, 19 45) AOP &)U ik o whmrdk 1B 2 3 A Kl 7= 40 09 R 2R &
5% 4 (27.346 £7.951) . (0.351 £0.223) . (0.428 £ 0.395) . (0.472 £ 0.374) pg/mL, Z5if Fr# HPLC-MS/MS i3 4E /) 2 8%
%, 7T A T AOP # Ui  whwed I 2 3 04X 7= 4 iR B 49 52,
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Method establishment and clinical practice for concentration determination of caffeine and its metabolites
in urine

CHEN Xianglong'*,ZHAO Yang’, HUANG Qiongye®, XU Mingqing®, LI Yue’, LU Chao’, SUN Luning®, WANG
Yongging'"* (1. School of Pharmacy/Jiangsu Key Laboratory of New Drug Research and Clinical Pharmacy,
Xuzhou Medical University, Jiangsu Xuzhou 210004, China; 2. Research Division of Clinical Pharmacology,
the First Affiliated Hospital of Nanjing Medical University, Nanjing 210029, China; 3. Dept. of Pediatrics,
Jiangsu Women and Children Health Hospital, Nanjing 210036, China)

ABSTRACT OBJECTIVE To establish a method for concentration determination of caffeine and its three metabolites,
theophylline, paraxanthine and theobromine in urine, and apply it in clinical practice. METHODS Using caffeine-"C:-d3 as internal
standard (IS), and the urine samples were protein precipitated with acetonitrile; HPLC-MS/MS method was adopted to determine
the concentrations of caffeine and its three metabolites. The determination was performed on Waters ACQUITY UPLC* BEH HILIC
column with mobile phase consisting of 60 mmol/L ammonium acetate (A)-acetonitrile (B) (gradient elution) at the flow rate of
0.5 mL/min. The column temperature was set at 38 °C, and the sample size was 2 pL. The electrospray ionization detection was
operated in a positive mode by multiple reaction monitoring. The detection ions for quantitative analysis were m/z 195.1—110.0 for
caffeine, m/z 181.1—124.0 for theophylline, m/z 181.1—124.0 for paraxanthine, m/z 181.1—138.0 for theobromine, and m/z 198.1—
140.1 for IS. The above method was used to determine the concentrations of caffeine and its three metabolites in the urine of 19
infants with apnea of prematurity (AOP). RESULTS The linear ranges of mass concentration of caffeine, theophylline,
paraxanthin and theobromine were 0.200-200, 0.050-50.0,
0.050 0-50.0, and 0.100-100 wg/mL, respectively. The lower
limits of quantification were 0.200, 0.050, 0.050 and 0.100
pwg/mL (#>0.990) , respectively. RSDs of intra-day and intra-

ABEETE FR TAEAERZ A T 25 HA BN W o0
I T2 fi JE K F 9% R 0 I IR A (No. JSHD2021004, No.
JSHD2021011)

* E—EE WL WSO IR IR 22 . HLIE £ 025-
68305001, E-mail:820695430@qq.com

b ISV B AT 2500 B2 i S0 M- BISe 071 - 85.68%-109.90%; extraction recoveries were 93.53%-109.40%

day precision were not above 10.37%, and matrix factors were

PRAZGY 53 AT IR RZG 3% E-mail : sunluning052 1 @aliyun.com (RSD=15%), and RSDs of stability tests were all lower than
# BIEER TATL2H00, Zoh7 , A4 500, 4. BFgT I IR 15%. The concentrations of caffeine and its three metabolites
252 MR Z5 PR, BT :025-68307601, E-mail: wyqjsph@163.com in the urine of 19 cases were (27.346+7.951), (0.351%
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0.223) , (0.428+0.395) and (0.472+0.374) wg/mL, respectively. CONCLUSIONS The established HPLC-MS/MS method is
simple, sensitive and can be used for the determination of caffeine and its three metabolites in urine samples of AOP.
KEYWORDS caffeine; metabolites; apnea of prematurity; urinary drug concentration; HPLC-MS/MS
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RN Sy BTali s KR 2K
1.3 ZTHER®
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A7
2 FiEEHER
2.1 ‘iESREEG
2.1.1 g

LA Waters ACQUITY UPLC® BEH HILIC (2.1 mm X
150 mm, 1.7 wm) A 3%, 60 mmol/L ZBRE AR (A)-
NG (B) i Uit a0 AH 32647 4 BE R I (0~4.2 min, 1%A;
4.2~4.5 min, 1%A—45%A ; 4.5~6.0 min, 45%A; 6.0~
6.2 min, 45%A—1%A ;6.2~7.5 min, 1%A ) ; i~ 0.5
mL/min ; P& BB (8] 28 7.5 min; AR 38 °C 5 AL &8
2 nLo
2.1.2 FUiEs&M

KM 55 2 U, DL 22 8 e o Wi Sk A 7 1 5
T B IR R 4 500 VISR 650 °C; 5546 ST
N 45 psi; RN 65 psi; AT U N 35 psi; il 4E <
JER 10 psic T Em ot HABSEOL R 1,

F1 UHEE R A= AREES TR EMSH

Bl Efme  EHREEN HAHEN RV RHEEGIAENY R min

R 195.1-110.0 89.0 9 320 200 216
uta 198.1-140.1 770 90 270 250 216
b3 181.1-1240 82.0 80 280 210 256
RIS 1811-1240 740 6. 29,0 190 278
Wil 181121380 9.0 90 240 260 251

22 BRATIE
2.2.1 0T HE A A R SN B T

A5 5 R IO HE PR X R & 10.20 mg . 2% B % BR 5
10.00 mg . Fl] B 0224 X6 B 10,09 mg (34 28 4l B A5 1F
10.00 mg) , 705 & F 10 mL 2B, A 509% H iz
Fif I e 25 A IR R L AR | I P RS I HE v O 1.00
mg/mL [ F—XJ HE A 2 o A 2 R ERAT ] Beoxs) B
10.00 mg (£ 2l FE 4 1F 4 10.00 mg) , & F 10 mL A&l
o TN ST AR i 0 %5, 45 AT R el B B vk
1.00 mg/mL B9 X B8 S A% 20 o RS 25 AR B A 10.00 mg
(4B M IE A 10.00 mg) , B T 10 mL 2 i rh, A
509% HI B i O 2 45, A9 BT it Wk 20 1.00 mg/mL A bR
. FIRSAEA YT — 40 °CIRAFE -
2.2.2  FRUEM LA TR

K2 W 2.2, 17 350 T WM PR AT AT B 2 AR R
W 12 S TR 0 i 25 R, T 509% FFY P B, A DA o
W B 4 0.200,0.400,1.20,4.00,12.0,40.0, 120, 180, 200
pg/mL, 7] A6 5T 2 v R Sk 0.100, 0.200, 0.600, 2.00
6.00,20.0.60.0.,90.0,100 pg/mL , ZH . &) i MR 5 e vk
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Ji #4 4 0.050,0.100, 0.300, 1.00., 3.00, 10.0,30.0,45.0,
50.0 wg/mL 1) R R A A S8 W (LS 43 T f vk
JFE R AIAE Ry e T PR ) o [R) 32 o 5 W e PR v
0.500.6.00,10.0,160 wg/mL, o] A] §if 5 7t e & >4 0.250
3.00.5.00,80.0 pg/mL, 55 f | Il 2 M504 5T i vk 5 1 R
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BT 100 mL & B, A S5 2 2, 15 B g
50.0 ng/mL W AR TAEF R, F 4 °CIRAF4 H o
2.3 RiGEFEATALE

K B BRI AREAS 10 wL, & T 1.5 mL EP &, in
A 223" BN bR TAE# W 150 pL, # JE 10 min; T
4°CF, LA 16 000 r/min &.C> 15 min, BL_F 3% 20 pL, il
ANE 180 pL Fie, IR A1 , B L i b RE 22
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R 2 W 2.2.27 00 a8 i T PR T B MR VA 5 L, 4%
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L 4% 2. 37T T ARG , P4 2. 1 IR 4Rk R
M5 e TR (1B . RS IRER “2.2.27 10 58
FEL B MR B VA5 WL P T IMA B LSA 25 0~4 h R 1Y
PRFEAR 10 L, W HEIR AT, 0 A 2 150 uL, #%
“2.3"T1 N WAL B G , FE 2.1 TR SRR A2
ICSR TR (] 1C) o 55, IRIGFEA H Y I 5
AT A T AR I E
2.4.2  FRUEHIZRZ I

FEE W 2.2.27 0 N RN A PRUERZIAW 5 pL,
FET O IMAZ R 10 wL, i eV AT, 442,373 F 7 vk
TACELG , P42 2. 1T F 2R RE BRI E o LASS AR
Jo i e B R A A bR (X)) A5 1R I AR 435 PN A 06 T AR 1)
HEAE A A A5 (Y) |, SR IR /s — 3 v CIn A L -
UXD)HATERER G . G5R W2,
2.4.3 KRS e A

HR“2.2.27 00 I BIR o o0 U 8 s RN B 4 T
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FHE 2.1 R 2R RE I , 2558 H RS % B 5 i 210
FE 3 d, B EEH DRGS0 T o v R B o A
W JE AT LR, LA XTR 22 (relative error, RE ) 22X UE
£ o RSN, HN L H DR % 19 RSD ¥ K i T
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10.37%,RE N —5.00%~12.00%, 455033,
2.4.4  FEFUEON FHRE IR

6 AR UR I 25 FHIRMEEAS A “2.2.27 1
s TRV, 422 2.37 T F ik WAL B , 44 2.1 7 30
TR E i W T R (A 5 B6 SRR IR ) 25
FURMFEAS , INA CIEUTTE S , BRI “2.2.27 30 i
TAEW e AR TR (B bR A, A 50% H B %
R N 3 wg/mL) , $5“2.3" T F I e AL Bl , 1
Fi 2. 17T R AP HEREI A2 , e SR RN (42) 5 BUEP 4K
HLIMAC2.2.2" T T B TR, M ARG H i
TSIV, 45 2.3 W N Ik AL B, PR 2.1 7T
ZRAFHEREI 0 SR T R (4) o FE R T =A40/4: ¥
100% , HEBU AR = A1/4, X 100% . Z55 o5, nnfk ) &
3 Fh A = 4 110 B S5 IR 7 85.68%~109.90% , $2 B [1]
5%k 93.53%~109.40% ,RSD /N T- 15%,
245 FEMHELE

Fic2.2.27 BT J75 4y AR e T R B A
FEA T W (O e A1 o £ & 5 4391 24 0.500 . 160 pug/mL,
AL AL BE 43 91 R 0.250,80.0 we/mL , 45 5 F G i 1 A 1y
I35 0.125,40.0 we/mL ) , 4% J5 H 46 S4T30y, 43
TR T ACE 10 h SR BCE 20 h K IHZRAE (—40,
—80 °CURAT-45 d) Fl S S ¥kl 31k (—40,—80 °C) Ji5 , 4%
“Q.3"THUF L TRAL R, FEAR 2.1 R SRR E
PR A AR R EE . 25 R BN AR
1 PR SR T R et R, RSD H/NF 15% .
2.5 Ifa PR R
25.1 WA SHEBRRE

ARBFFEHIPARRIE R - (1) JAIE <34 J 5 (2) T4 I
WG {2 | I B (22 ) ] > 20 s, SR AL DR RO R <
100 ¥ /min) 828 {7 1ML A AT EE <80%

AW 5% 00 HE BR AR AE R - (1) R IR >38.5 °C ol <
36.0 °C 5 (2) I PRV SCE S 0 W LA | oAl fif 28 R Sk
s (3) I PRUE S Ay ke S e I A s 0 5 (4) I IR I 8
SCHHI2 W IR FEAE /N 45 W % 5 (5) 2140 i e FH >65%
5 <40%:; (6) iR 25 &, >20 mg/dL 8% i <1 mL/(kg-h);
(7)o AR P IE S B kS48 AR PR A A L 3l ) 2 3
S5 (8) P HE MY S R ML e , AR Bk 7 2R K
BARZEGMESE; (9) Py B ML Il IV 4% ; (10) FrafpH 2
PP 455, ANt B e il GE it 2455 (11)
W2 e REAGE R B WY e R I 2 RS AT
S A (12) BESEARE P s ) F1RIORS #2245 5
(13) B2 A Y0 (i FH i E 2 25 ) s 24 W LR 7 5 (14) A2
BRI R AU LA Se R A R 4
2.5.2 FORLRIER

W BE 2021 4F 11 H —20224F 3 T8 104 {5 4at b
WA Y 19 151 AOP BB L, Herr B3¢ 9 9, 2o % 10 4], A i
(27.7+ 1), A 1A (1.08 +0.34) kg, AHFFE %
2215 e S 2 AR PR B 2 /8 P55l 2021-SR-547
FrA BOLIE A28 T RE R =
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m/z 195.1—110.0  6.94 m/ 181 1—124.0 6.40 m/z 181.1—124.0 6.94
uip RS
6.14.
300 300
1.26 /186360 52/\
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z 0.4 2532718 363 438 305“ Z 5 “\ 2
g g 2
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T T T T T
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LI S
1000 1000
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E E = - 2
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T Wb
15 000
>
E 210000
s g
£ E 5000
0 T T T T T T T
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
t/min #/min
B.iE it PR BT RV BRI
mlz 195.1—110.0 m/z 181.1—124.0 m/z 181.1—124.0
e - S
15X 10° e 2000 R Al
6000
. 1500
2z 1.0X10° z
2 1.0X 10 2 24000
25010 g
=5 500 £ 2000
3.25 4,43, 4,86 5796.41
0 T T T T T T T 0 T T T T T T 0 T T T T T T T
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 0 1 2 3 4 5 6 7
t/min t/min t/min
m/z 181.1—138.0 m/z 198.1—140.1
10 000 1.5X10" WR
8000
!
2 6000 " Z 1010
s ] A i 5
£ 1000 E 5000
2000
0 u T T T T T T 0 T T T T T T
0 1 2 3 4 5 6 7 0 1 34 5 6 7

t/min

C. 4525 0~4 h 5 JBLIRIFEAS
Bl mnmEE R A=A E i E

R2 UMEFE RS EETES & MEEE

TRlA By r AR (pgmL)
TR Y=0291540.007 0997 0200~200
KH Y=0.579+0.002 0998 0030~50.0
Al Y=16704-0.019 0998 0.050~50.0
pLT ¥=0347X+0.001 0997 0.100~100

2.5.3  JHZIEBL A Ty vk B w25
JITA R LA 45 T A 15 el PR 3 559 9 [ R Al
fasigma S.p.A., [E 255 HJ20181129, HL4% 1 mL:20 mg
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CHSTHmMER 10 mg)]. 2250 R : DL 20 mg/kg(LAZh k5,
FRRE R S B A, R R S e, SR 30 min )5,
[E]B% 24 h, L4 10 mg/kg AR &, B 24 h 12 ik
15 min, REFASRRIINME R A SR R 1 0~4 h 5 IBUR
JUPRIAEAS  F22 2.3 300 R J5 i Wb 8 , P 2. 170 I 4%
PR . 255 R, BB LRI HmED S e e
WA R R A SR VA R 1) A (27.346 + 7.951) | (0.351 +
0.223).(0.428 +0.395) ,(0.472 +0.374) ug/mL.
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=3

R R R RS E S ERE LR AR

L B4 T 7K AH 60 mmol/L 2, R4k W FAa HLAH
M WIANTR L8], >4 /KA -5 A HILAR B0 46 L4510 1099
ik, PR K 3 R It = 4 () o B S R R B e i, LRV
B IE M RREEE]  HeAb AT ST (RE S T AL 3R 2
DUPERR (7 2 AR VR T B PR , AT A 3 iy 75 1

 mpRRkE Al (n=5) HlE(n=15)
Gl (‘/ 'L) SRR RSD/ RE SURENEE RSDI RE/
v (wgnl) % % (Wl % %
IR 0200 0194001 637 =500 0.19£001 445 =500
0500 055£003 478 1000 054£004 678 800
6.00 6714039 586 118 6544029 446 900
100 1062040 359 1060 109£051 466 990
160 155004797 514 =302 160211140 712 003
K 0050 005£001 892 0 0055001 930 0
0.1 014+001 638 1200 013001 849 400
150 1682008 487 1200 1633009 558 867
250 D013 45T 960 270017 632 800
400 036£260 635 590 496£283 639 740
il IS 0050 005£000 555 0 0055000 743 0
0.125 035001 795 1400 013£001 823 400
150 1584009 588 53 152+009 581 13
2350 2505019 76 0 2545016 63 160
400 056+321 15 640 B0 695 840
T 0.100 0112001 464 1000 010001 1037 0
050 0265002 610 400 024002 905  —4.00
300 204018 649 —600  292:022 131 267
500 5105031 598 380 497£036 128 —060
800 1966+346 434 043 T630£5T 741 —435
3 it

I 24 e 3 A 2 e R 5 FH ) MO = B, {EL |l T
JLAY I /b IS B84 I TRORR AR SR AR e X, kI PR L
BRI T8 R 25 v B W OB AR 251 AR 50
FoARFE T ) FE v 5 LAl o £ /8,
P 2R KR, DA sk e X B L AN B B 5
AT MR FEAS , 5= JLPRIBREAS i SE 7 2R AR R A
P, AT 5 R PR Ml /D B LA AP IR B i B
[Fi] B 5 F ST i M 00 B 7= J LA P i e 1 R A3 7 40 g e
BE kB 2 AR, 2945 84% Ak Sk ) #
W, 129% 5EA AR, 4% S Ay T ol 5™ T A [RAS
ATl B A A8 RE ) A7 AR 22 5 DRIk [) AN s i
W DR R AR 3 7 4 Vo R 3 R A 1 T A i e PR A E AR ) A
PRI DL, o] AT 23R A A

AW ST T ARG I AOP H JLBR W i A1 Bz
SAMUH = R B ) i, — IR PR S8 L5 I
AT 4R I R RCRA 2 A I 8. AOP L ik 45 T
MR ER IR R ) 38 8 FE 45 2 )5 0.5~2 hik B 29k B
WAEART , L2459 3 A T L g 10~20 mg/L , {HLIHG3 Bl i AS
B AEARWISE =Y, Cattarossi 5T # B
Jif ity 29~ 34 JE L7 LAt o ME VG YT 24 h P9 i 24 v
JEE RN DR 253 A A e, L3 F AT 1, SR kG
PREG U FE AT LIAE RIS IMER R S I A R B, A
WF 5T 7R, AOP f8 L R v win il DR i) o & ok 3 o
(27.346 £ 7.951) pg/mL, IGITRCR BT, HAR M I R
N X FIAFEZ VR T WINE R e 30 (H TR
ARG GERAFAE—E IR A Re 8 KA AR — RS

HILIC o A% 9 7 sh AH 8 5 & A W E R S M OB
FAFEAN RGT /S K R A% & S, A
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25 bR AHESE T HPLC-MS/MS 7 3546 fai B

RBUEZ R, /] 0T AOP S8 LRI e A K 3 Rl G
Y FE I E
S 3Lk
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