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Rapid determination of tramadol in urine by surface-enhanced Raman

spectroscopy

YAO Xiaojing', JI Peiying', LU Feng?, SHI Guorong’, FU Xiang®( 1. Kong Jiang Hospital of Yangpu District, Shanghai 200082,
China; 2. Department of Pharmaceutical Analysis, School of Pharmacy, Naval Medical University, Shanghai 200433, China; 3. Shi
Dong Hospital of Yangpu District, Shanghai 200090, China)

[Abstract] Objective To establish a method for rapid detection of tramadol in urine by liquid-liquid extraction( LLE) -
surface-enhanced Raman spectroscopy (SERS). Methods Tramadol was extracted from urine with chloroform: isopropyl alcohol
(9 : 1)extractant and detected in urine samples by enhanced Raman spectroscopy (wavelength 785 nm). Results The quantitative
curve of tramadol was Y=204.35X—465.62, r=0.995 2, and the linear range was 1-100 pg/ml. The detection limit of tramadol by this
method ( S/N=3) was 0.53 pug/ml. The sensitivity of SERS was higher than that of conventional methods, and it had reasonable

reproducibility. Conclusion This method is simple, efficient and economical, and can be used for qualitative and quantitative

analysis of tramadol personalized medicine.

[Key words] tramadol; urine; surface-enhanced Raman spectroscopy; potential inappropriate medication

fth o 2 S — Bl B AT B 52 A ah R A
SRR 24, — O T2 18P, T R
T, BT B AR R . I AE, I
Z I FEUNRE . Tl S 2 AR | 275 5
e RE R L YA 1 S A R H R Y TR AN P
SRR, #SZ50E A RN 259 5.
VE SRS AEATE 24 FI 25 (PIM) 1405 2 3L 1 7
P, 2023 4F 7 7 1 Hie, DR i 522 2 7l
IEZIPANC SRe 3 [ ET N & B VAV S uR ¥
B b ith S 2 W77k, A B sz 25 Wi HI R
TEAEANIE 22y

[E£WmB] Wil XA ARZ 0 Sl X T AR R L SR
LT _E YPM202108)

[EEm] Bk, B, FEZ0E, B9 07 25853 Hr 5 1 KR
242, Email:15021187046@163.com

EfEEE] M 3, W, 2500, BF5E 07 20 0 b S i R
242%, Email: 15000611618@139.com

1R 36 % 1 2 22 2 60% 1979 iy B A C 351,
29% B 71 H DA 26 26 PROBCHE H AR ARET, i AS:DU
PRI il ) 22 0 T — MR SR FH s O AH €235 - 5%
AR (HPLC-UV) | S AH 35 -3 156 H (GC-
MS) LW 3 sy i R AR AR, HARXTAERT | 2%
T3, K B A HE vy, AR A FE 2 I R 245 i A D ep
KIEHET . TR h FIHPGE, Tt &
S AT AR A, PR ANRT B HRAR, IE UARTEIG IR
24 et ASHI F 2 S A T R, bR A o
B R PO LA R PR W AT
2015 4, Alharbi %" FI SR TAIG TR HLE O (SERS)
RSN T PRV il 5 22 1 5 i, HAGRR (LOD)
ALK 657.5 ng/ml, 33X B 28 F H HE30T I PR 8 A il
I 2 TR I A 25k B

R TR D BRI T R4 %) SERS {55 5210,
AHFFEHE R - A BU(LLE ) K i gk 3% T SERS
P4 RV A DU B A T 121 LLE-SERS ¥4 £


https://doi.org/10.12206/j.issn.2097-2024.202401072
https://doi.org/10.12206/j.issn.2097-2024.202401072
https://doi.org/10.12206/j.issn.2097-2024.202401072
mailto:15021187046@163.com
mailto:15000611618@139.com

2EsER SRS 20244EX A 25 H a2k X
2 Journal of Pharmaceutical Practice and Service, Vol. 42, No. X, xxx 25, 2024

A MR B 22 05 B ECSEPRIRE Y, AR DRSH AR
HRAT M B 22 LR MG I PR 25 2, A B T8 €
it £ 22 7 G2 it 2 AT 50 PO IR ) A )
e R FESEREARIA il 5 22 25 W) A ELAR FA SR A 25 )
AN RORE RIS R, P R RO . e,
AT E T EFRE RN TS 2ENZ
P25 O PRI, F LSS TRt i FH A A 25 0 15
T 22 H) SERS A6l .

1 X5

1.1 A&

BWS415-785H {4 X $i7 & 56 542 (3£ E B&
W Tek Inc.); KQ-250DB #7548 /5 I it pe e (B 1L
T LA A BR A F) ) ; Vortex-Genie2 2 T REE i
BE 7% (3£ H Scientific Industries 225 ) ; TG16-WS
B HLC R S ACE OHLA BR AR BTk
(AR R G A PR F]); TU-1902 %
HMAT LA T (b 8 A 38 AR A BR DT A
F]); Zeiss EVO MA-10 94 HL+ i fo58 (F2 % Carl-
Zeiss ATl ) o
1.2 XA

LR M 5 22 (99.0%, B & 2 R A5
B ) s A7 EIR =41 (C4HsNaO,-H,0, [E 24 4E A1 {2
A BR 2 F]D 5 2 81 (Na,B,O7) . A A fL
(KOH) . iR (AgNO;) . AL 8P (KI) | B R B
(MgSO,) . M (iPrOH) . & )7 (CHCly) . H %
(C;Hg) AN L.k (C4H,0) 3 R 43 M4l W - 157
YN8

ABFFEE T 25 IR S = B fR A A LS R
W, BURE 5 7 BV VRITAfAE T-80 C (IR vKAR . =
57 00 ) R il 2 Z2 WSS B R R IS DL G158, LA
T DA 5fe 7 V2 2 0 B AR 0 N PR AR 19 43 B
BT 2 M AR B ZS 51 2 LU

2 ZWAR

2.1 EikeyH &

K 2% Rk R R i 55 2 X BR O 100 m, P il B
WEEA 100 pg/ml AORRES . PRI 25 B8 /KR IR
W AR PR RS, MRS 2R B R 10, 9. 8. 7. 6. 5,
4,.3,2,1,0.95, 09, 085, 0.8, 0.75, 0.7, 0.65,
0.6, 0.55, 0.5, 0.45 pg/ml Al S LIEK .

22 HRJRHH &

T8 Lee il Mesisel 55 & 17 il s AR e
1E 300 ml LB F/KPAIA 54 mg iR AR AN
PR, SRIGHIA 6 ml FTEDECN 1% IFFERR

—ENESUL, ARSI PTT LY 1 h, HRAWE
FIRERE, IR, FARGEI BRI, B TR O
TSR, BEEORAT
2.3 SERS %4 ¥

BRBEHAIIA S ul KI % (1 mol/L), 5 20 min
LBRRIE R A FE 7, A5 I 10 pl k5 5 ul
FERIR A, FFIA 2 ul MgS0,(0.01 mol/L, HIA Mg*
H A9 2 A J R Jie U LA S A IR 5 ), deJe BT
BV S S E h, 57 RVE TR R
ik, BRI BR R 25 R

PR e it S Z s ek b, R BEE Eh 0.5 ~
100 pg/ml, BEAM, XHEAZS FH BRI SRR Hh T £
el FEAH ] e i L
24 RERELFMH

JERERIN S 8UNF - JWOLPE 785 nm, 43 HE%
Sem’!, BURETE 3 s, HIRECH 1R, HOEDI%N
7mW,
25 HKIEAE

K F BWSpec {45 R 4 21 ) S 185 I s 45 i
PEATRIAE AL B, 2R ST ML AL OE, R )5
FIIH Matlab FRA4 X £ 48 2547 O 15 % B i AR, 26
B 300 ~ 1800 em ™ &k i G K Hs 47 43 #r, PR
FH Origin 8 XX Ab B AT B I 745
26 P HBRMDL a9k FI

¥ 1 mlJREES 0.05 ml — 5 Ve B (25 W i T
RATE 4 ml EP &, SRS, I Na,B,0,/KOH 2%
PR WRTT pH 2 7, BN 1 ml ZEBGAI ST - 5=
P9 = 1, VIV) LM RFER 2 5 £ . fEEIR
TRIZE D5, P 6000 r/min .0 5 min, F%E F
JZWEW, BUF 2 0.5 ml il B, AR T
TEW, MASTEREEN LS K HTi#H—

3 HR5E

3.1 HJRERIE

LEOMEITEFRAE: H AN OO EETTHE 300 ~
700 nm % 4 N XAR B HE AT 58 AR R A, I
NRZE ) 5 1 28 MR A WSO o AR 4P K SBR[ 45 A1
WO Q& 1 T o BR AR BURE Y 28 A0 AT UL
WOETEALAE 419 nm AT — M IO, PRI ST AE,
TSz e R G RSO /NS B 5, B R AP 43
k.

FH LG RAE: R 43 FE - 2 U8R (SEM) 451
FEGARAR I RIURL, WS AR AR I R T A o AR A
PORE IR, KN 2], HARZ9H 50 nm.



RS RS 2024 4EX A 25 H 4% X
Journal of Pharmaceutical Practice and Service, Vol. 42, No. X, xxx 25, 2024 3

419

0 1 1 1 )
300 400 500 600 700
A (I/nm)

Bl1 B 1 RASADRINAT TS TR L ]
32 pHAAA X & FARKFHEMRML % SERSE5H)

EAL]

W AR TR 1t Eh Z2 X0 RS T R oK, AR
W pH{E, JEIEAL T LX) SERS My 52 . i H
Na,B,0,/KOH 9% MK T TR pH fHIHFETE 4.5~
8 ZIa)Ag Ak, s RIARH SERS %dt . Hil&] 2 AT, BE
A pH Ky 7.0 B, EhfR it 2 SERS {55 f

RN PHS

1
e N e u\.,q“';»;y\»vv,‘ J\_.,,P};Ij_s

Il
| NI PHT

=

H b pHes
2 pHE
‘ EE S pH S5
N ,,N‘kww_m/‘\, e AN WRI:IEV‘

“’”."—*’T”"\’T”MJLWMW.EHEE.
400 600 800 1000 1200 1400 1600 1800
hi2 i (cm™)

2 SRS % IKIRIKTE pH {E 4.5 ~ 8 A SERS iE
33 REEA 6k F BT 5 6 e
Borong S5 58 A BT « FINEE(9 = 1) FEAE
PEE T BERE A AR BRI R HEST A SCPPA
T @ 2 FNEE = 1) LUK H 2R FN 2 Bk E
25 PRBINBRFR EL S R RCR, LA 993.8 em™ (1)

A
14 000 | _%}j:%ﬁﬁ?(m)
12000} — Al

— R

~ 10000} — Lt

3

S 8000}

i

= 6000
4000 |
2000}

0 W‘*’“ R :

400 600 800 1000 1200 1400 1600 I 800
hi 2% (em™)

AT B R 845 . SERS A ili4h 5 7w 25 1 R
Tbs AN LS R i il 5 22 993.8 em ! {5 S LA
5+ FNEE(9 « DVERAEBGRR R, LEEE DA
W e 58, o S0« FNEEQ9 « DAEA S
ZAEBETI(E 3) .
3.4 Jkib D % SERS AR ik geiE
341 LRtk

& 4A AT L, R Z AT BR A B R T h 2
A, 25 R WoR s HIRIRTT IR R RS
25 RIS 704 cm™ F1 800 ~ 850 ecm™ AbfiHir
B2ESHAES . ZTMEEHIRE ST
AIREF 511, K IEA R IE 704 cm™ F1 800 ~
850 e AN EFAEIE 1T 993.8 cm ! AbSZ IR RSy
T 255 TS, AT Ve Pk 4 e PRI
HAEAE I 2 0 AR R oAb, 2R - AR R
(LLE) JR & h it 5 Z Y FT Ab B 75 5, 993.8 em ™' 4b
H AR o TR RIE A 532 PRI TR — 222 55, 17
SRR

4B AT UL, BT AC R 5 25 R A
FEARTN B8 F-7K, 52 A I 2 X r 2 S >l g ek
N, HAFEIEBOK S P F 5 A AL Es o [Rli s 1
PR FLAZ R v o 2% T 5 ih 5 208 i3 4 ¢
R, L [R]) 0 BRAE AR I 4 S b 0, AR —
YEF, XFRRAE 0 W T AT — 22 52 (fl 1] 4B 7T
U)o PRI -T2 B (LLE ) PR+ il o 22 (1 R Ak
PRI, ESCRE T 993.8 em ™! AR AEIEAE S0 .
3.4.1.1  ZFFRRAYE

Kimani 4 ff 5% . 7 il 5 2 () SERS LA 452,
660, 704, 804 836, 993.8, 1172, 1253, 1288, 1448
11603 cm™ ZbAgug Sy =04, & S WAR, Ak
P 804, 836 5 993.8 cm ! FEAR Mk FE 5 % T SERS
=5 AR, (AR I KL IS SERS By U4 5 1th 2 £ 804,
836 cm ™' AbIEE A, HUARWFGY L 993.8 om ! Ak R
Tt S 2R R I

16 000 - B
. .
— A5 FIEE (9:1)
14000 | =y
12 000 S mﬁz
- — Lk
5 10000 L
=
s B000F
B 6000}
4000 |
2000 \\M\, ! b
0 VAV WA NN Y el

400 600 800 1000 1200 1400 1600 1 800
hi B (% (cm™)

B3 BETR-KEBUERBAREIATIFSH SERS ik
A ZE FURBOINAR; B ISR



2EsER SRS 20244EX A 25 H a2k X
4 Journal of Pharmaceutical Practice and Service, Vol. 42, No. X, xxx 25, 2024

A 993.8

— HIALHE 25 FURWINGR
— ZEFARBR
— =HR

ol

v RV LR | ‘-‘JJ‘-""«"W"\'\I‘-M

R (a.u.)

400 600 800 1 000 1200 1400 1 600 1 800
unfz (cm l)

J RKETK
(NP PV W W ILM/MM
|

%J‘ HLSIR
M A DA SN

oo SRS

PR (a.u.)

WA

400 600 800 1000 1200 1400 1600 I 800
hi B A% (em™)

B4 ARG ESRAHERE LD SMENT i

25 HIRH 2

705 993.8

1252
452 660804836 ﬂ 1174 77 448 1603
=z

\»\,\/\./VV\.} M//\,\‘/\l e M A

rooa 1398
804 930

36
7Tm/v
460 660 860 1 600 1 2.()0 1 400 1 éOO 1 éOO
P20 (cm™)
E 5 z=HAREMNRSRZA SERS HiLE

3.4.1.2  SLARZGWINIRR

ééﬁlﬂjc@k, S AR 22 S BT L LURIE 254
TR AR, HAATT R RFAE I AE 993.8cm™
B A0S, 3T RS S e i Eh 22 AR . S Tk —
A B0IE LA L 2454y [R) Bt A B ok R T i 2 22 G G
WA T3, A5 R LLE i 4 #1514 ]
SERS #5251 R W0 S ABHLE | BTHE i S ith 5 2
FIREA . HE 6 AL 25 F RO Sk b e | PTG
AR 2] 993.8 em ™! AMFFAEWE, TR 2 1 PRI
INSARLE | BTFE A e it = Z2 AT ] LA B s 51
M2 993.8 e ' AL IYRFEIE . [H I, SERS 254G
LLE AT DL SE BOGE [R] Bsf Al FH Sk A0 5 BT it 9 2
AR DRI P S 22 1

993.8

\
\ J N 2z
AV AP \’\/\’\Am\ L/\f’v’/\ W VVW/\ N,

i (a.u.)

1099 A/ \ -
Vo SRR
YN

P (a.u.)

WMJ\W\me\ja
S

mosw m01mmzm1momm1mo

hLgfs (em™)
SARBRP D SFESMEYREARKR
FLfRiE. Pt

B 6 SERS #Mzs

25 FHIRBOIAR . FTALBRS 25 R B. K SR 4

23 LRI

3.4.2  ZAE. R FERAAS I R

B AN [ v B 2 1 PR b R it 5 2 (1
5.10. 20, 30. 40, 50, 60. 70. 80, 90, 100 pg/ml),
HE X L B T P2 U A g A h it
FrPrE eI e, DA I 993.8 em™" Y AH X 5 JiE
(Y) AHNALAR, SRR 1 D 225 B S TR B (X0) R
AB KR, LA LR B 7 2 R ¥=204.35X-465.62, [1]
JAF%L=0.9952, Ehf@ith 2 AR EEAE 1 ~ 100 pg/ml
70 L SRR 06 993.8 om ! A A X R I R R 4R
KR,

BB IR R TR M 22508 Rt V5 W A R
4 E’i@alﬂﬂEB%E’JXEEKE(S/N—N)*H&{WJK
(S/N=3)4354 1.54 ug/ml F1 0.53 pug/ml,

3.4.3  OKE% R FIMERDEE

B“3.42" W 52453510 5. 50, 80 pg/ml
IR, 4300 T 1 dF L N EE I E 6 1k,
A5 H RS % B FH )RS %5 5 (RSD) K ofE 1 )3
(RE) L 1. Z5RERM K. . m & H VK
EE . H ADKE 2 B SR B A R A

R1 EWE BEERERE

e i @?i’l' RSD HINKE (n=6)  HIEAEHE (n=6)
(hg/ml) (33 (=5) RoD( %) RE(%) RSD(%) RE(%)
5 93.01 3.92 3.38 —-1.47 4.61 —4.03
50 96.5 4.27 3.33 —2.64 4.68 4.67
80 94.9 4.68 3.54 -2.92 4.65 —4.91

3.4.4  PREmEDSEE
3,427 30N AR E g BCHIAG. h s (s,
50, 80 pg/ml) 3 UK EE I INBRIE WL, B R EE 3 1)
mﬂinn, Fi¢ “2.37 5 A FEIE A SERS I, AR
SEIR S PRUR B F AT RIeR, L 1.
3.4.5 Rtk
I [ IR0, el 3 vk BE A R ih S 22 m
PRESW, T-25 C R R )E, 4% “2.37 W~ Ab 351 H



B R 25)1S 5

20244EX H25 H 424 HXW

Journal of Pharmaceutical Practice and Service, Vol. 42, No. X, xxx 25, 2024 5

SERS 5, FMFEAS & VRfl 5 I, 115 RSD, I
= 1,
35 3BEFATRRGMEG ST LR

T b A 3467 Al FH it 22 B B IRIERE AR,
SERS A4k S5 nl DL A8 i iH 50 H o PR P il
ZIRHEIE . MRAERAEZ TS 8% AL B, C IR
P il B 22 BE 4 A 39.55, 33.74 27.57 pg/ml.
[Htt, SERS 454 LLE A LASEEU AR F il o 234 TR
Wt S Z A RAEIE

4 ZEip

XF H Alharbi 55U () AF 5 4 FH N T PRV AR
PURLS, AT — XTI IR IR i 5 2 B
FUSZ PR IEATRE I, 2R ] LLE fif Zb B 7 32 BRI
W XS 52 SERS (5552 ma, it 2 i e
PR 2 B AR5 A 24 (530 ng/ml), UEH T A5 546
TSI PR S 2 A A, BLOJTIA TR L =
8. 2%, v LU il 5 2 A A 24 16 5 P R e
AT, It — Y A RS 25

iasill8
[ &%k ]

[1] MOULIS F, ROUSSEAU V, ABADIE D, etal. Serious adverse
drug reactions with tramadol reported to the French pharma-
covigilance database between 2011 and 2015[J]. Therapie,
2017, 72(6): 615-624.

[2] TIANF Y, YANG R N, CHEN Z Y, etal. The prevalence and
factors associated with potentially inappropriate medication use
in Chinese older outpatients with cancer with multimorbidity[J].
J Geriatr Oncol, 2022, 13(5): 629-634.

[3] EL-SAYED A A Y, MOHAMED K M, NASSER A Y, et al. Si-
multaneous determination of tramadol, O-desmethyltramadol
and N-desmethyltramadol in human urine by gas chromatogra-
phy—mass spectrometry[J]. J] Chromatogr B, 2013, 926: 9-15.

[4] CHENGPS, LEE C H, LIU C, et al. Simultaneous determina-
tion of ketamine, tramadol, methadone, and their metabolites in
urine by gas chromatography-mass spectrometry[J]. J Anal Tox-
icol, 2008, 32(3): 253-259.

[5] HEJABRI KANDEH S, AMINI S, EBRAHIMZADEH H. Si-

multaneous trace-level monitoring of seven opioid analgesic

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

drugs in biological samples by pipette-tip micro solid phase ex-
traction based on PVA-PAA/CNT-CNC composite nanofibers
followed by HPLC-UV analysis[J]. Mikrochim Acta, 2021,
188(8): 275.

YU B R, CAO CT, LI P, et al. Sensitive and simple determina-
tion of zwitterionic morphine in human urine based on liquid-
liquid micro-extraction coupled with surface-enhanced Raman
spectroscopy[J]. Talanta, 2018, 186: 427-432.

ALMASOUD N, ALOMAR T S, XU Y, et al. Rapid detection
and quantification of paracetamol and its major metabolites us-
ing surface enhanced Raman scattering[J]. Analyst, 2023,
148(8): 1805-1814.

ZHU Q X, LI X H, LI D, et al. A rapid therapeutic drug moni-
toring strategy of carbamazepine in serum by using coffee-ring
effect
Molecules, 2022, 28(1): 128.

ZHU Q X, YU X Y, WU Z B, et al. Antipsychotic drug poison-

assisted surface-enhanced Raman spectroscopy[J].

ing monitoring of clozapine in urine by using coffee ring effect
based surface-enhanced Raman spectroscopy[J]. Anal Chim Ac-
ta, 2018, 1014: 64-70.
ALHARBI O, XU Y, GOODACRE R. Detection and quantifi-
cation of the opioid tramadol in urine using surface enhanced
Raman scattering[J]. Analyst, 2015, 140(17): 5965-5970.
MARKINA N E, MARKIN A V, WEBER K, et al. Liquid-lig-
uid extraction-assisted SERS-based determination of sulfame-
thoxazole in spiked human urine[J]. Anal Chim Acta, 2020,
1109: 61-68.
DOCTOR E L, MCCORD B. Comparison of aggregating agents
for the surface-enhanced Raman analysis of benzodiazepines[J].
Analyst, 2013, 138(20): 5926-5932.
LEE P C, MEISEL D. Adsorption and surface-enhanced Ra-
man of dyes on silver and gold sols[J]. J Phys Chem, 1982,
86(17):3391-3395.
KIMANI M M, LANZAROTTA A, BATSON J S. Trace level
detection of select opioids( fentanyl, hydrocodone, oxycodone,
and tramadol) in suspect pharmaceutical tablets using surface-
enhanced Raman scattering( SERS ) with handheld devices[J]. J
Forensic Sci, 2021, 66(2): 491-504.
TR B Ik, YDATT, B, S R R IS SR BSOS AR
R BRRRBTFE R [J]. T EZ50, 2017, 20(12): 2277-2281.
JUTE, SRME. SKRIRHTE =P SCH) BTy R m s b 2O
WF5E [J]. TR E 240, 2014, 17(7): 1089-1093.

[¥eFsBHA]  2024-01-31 [fEEIBHAT  2024-06-27

[AxgE] Bk


https://doi.org/10.1016/j.therap.2017.03.004
https://doi.org/10.1016/j.jgo.2022.02.006
https://doi.org/10.1016/j.jchromb.2013.02.019
https://doi.org/10.1093/jat/32.3.253
https://doi.org/10.1093/jat/32.3.253
https://doi.org/10.1093/jat/32.3.253
https://doi.org/10.1007/s00604-021-04931-w
https://doi.org/10.1016/j.talanta.2018.04.094
https://doi.org/10.1039/D3AN00249G
https://doi.org/10.3390/molecules28010128
https://doi.org/10.1016/j.aca.2018.02.027
https://doi.org/10.1016/j.aca.2018.02.027
https://doi.org/10.1016/j.aca.2018.02.027
https://doi.org/10.1039/C5AN01177A
https://doi.org/10.1016/j.aca.2020.02.067
https://doi.org/10.1039/c3an00669g
https://doi.org/10.1021/j100214a025
https://doi.org/10.1111/1556-4029.14600
https://doi.org/10.1111/1556-4029.14600

	1 仪器与试剂
	1.1 仪器
	1.2 试剂

	2 实验内容
	2.1 溶液的制备
	2.2 基底的制备
	2.3 SERS检测步骤
	2.4 光谱采集条件
	2.5 数据处理
	2.6 尿液中盐酸曲马多的液-液萃取

	3 结果与讨论
	3.1 基底的表征
	3.2 pH值对去离子水中盐酸曲马多SERS信号的影响
	3.3 不同溶剂的液-液萃取对检测信号的影响
	3.4 尿液中曲马多SERS检测方法验证
	3.4.1 专属性
	3.4.1.1 空白基质的影响
	3.4.1.2 共服药物的影响

	3.4.2 线性、范围和最低检测限
	3.4.3 精密度和准确度
	3.4.4 提取回收率
	3.4.5 稳定性

	3.5 3例患者真实尿液的曲马多测定结果

	4 结论
	参考文献

