10 Bl A% 48 2 i g R RS A [T 247K B2 IR IR A 7 4 75 SR B4 32 KLl R
Rz F

EHK, REIR, AW, A, TR, AL M b ARERZSHE, BM 450016)

WE: B RKEEICRESHEBHERE TR L ERESH T, ARFERGERNS, HE RAEWREKGH
Z YR AN E3EL(2D-LC-UV), {8 —2% & i#AE Aston SC2(3.5 mmx25 mm, S5 pm)*T e 3¢ o 2% fic W7 Wed 3 47 72 2% ) AR 2F

I, RJG2 P4 Aston SBR(3.5 mmx10 mm, 5 um)ABAIRE, MEH#HH 2 H =% &34 Aston SNX4(4.6 mmx130 mm,

5 um)*t B AR AT T A5 BN, gL — YRS A THF-F E-K(0 1 10 1 70), ik 0.8 mL-min!; =4k

AR A BPI-1 45 3 A48-API-3 B4 S A8-F B (20 : 40 : 40), kA 1.2 mL-min'; % sMER % K A 240 nm, &5

R B TIEAREE 9.96~200.04 pgmL' W5 ERERIFHLEXZAHIX ZHK R2=09996); 1&. F. & 3 ANKRAE

# 8 WA= B 19455 B RSD 359<15%. A83FEDE A 85%~115%, STAETR 56 4] & 25 3k B st 47 2, AL 30 41(53.57%)

B o AR AR R P UE L K E A 100~150 pg-mL!, HAMRHBRIKESTE; bk R/ RAMFIRE LA TNV &R R

B 54 04, 8518 AFHaTAERE, AsRES, TREREHE, SFHE, ZHES, RBHIEREN, R
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Construction and Clinical Application of An Analytical Method for Rapidly Detecting Sulfamethoxazole
Plasma Concentration in Heart Transplant Patients

WANG Gaobiao, ZHANG Hanjuan, CHEN Yongyan, HAN Wenchao, DING Rui, YUAN Dongdong"
(Department of Pharmacy, Zhengzhou Seventh People's Hospital, Zhengzhou 450016, China)

ABSTRACT: OBJECTIVE To explore and establish an analysis method for sulfamethoxazole blood concentration in patients
with heart transplantation to guide clinical rational drug use. METHODS A new two-dimensional liquid chromatograph
(2D-LC-UV) based on column switching technology was used. The on-line solid-phase extraction of sulfamethoxazole in serum
was performed using a one-dimensional column Aston SC2(3.5 mmx25 mm, 5 um), then it was intercepted and retained through
the middle column Aston SBR(3.5 mmx10 mm, 5 um), and the target analytes were completely separated and detected by
transfer to the second-dimension column Aston SNX4(4.6 mmx130 mm, 5 um). The chromatographic conditions were obtained
by optimization. The one-dimensional mobile phase was acetonitrile-methanol-H2O(10 : 10 : 70), the flow rate was 0.8 mL-min™';
the two-dimensional mobile phase ratio was BPI-1 basic mobile phase-API-3 acidic mobile phase-methanol(20 : 40 : 40) the
flow rate was 1.2 mL-min”'. The UV detection wavelength was 240 nm. RESULTS The correlation coefficient between the
concentration of sulfamethoxazole and peak area was in the range of 9.96-200.04 ug-mL~! with R?=0.999 6, it showed a good
linear relationship. The intra-day and inter-day precisions(RSD) at low, medium and high concentrations were <15%, and the
relative recoveries were between 85%—115%. The blood concentration of 56 patients in the hospital was measured, and only 30
patients(53.57%) had the blood sample sulfamethoxazole concentration of 100-150 ug-mL"!, and the rest were not comfortable
about the concentration treatment window; there were 0 cases of grade III-IV adverse reactions in the urinary system/blood
system/liver, etc. CONCLUSION This method has a simple pre-treatment, high automation, can be sampled in large volumes,
and has high accuracy and sensitivity. It can meet the requirements of clinical applications. The research results can provide a
methodological reference for clinical therapeutic drug monitoring..

KEYWORDS: sulfamethoxazole; two-dimensional liquid chromatography; large volume; blood concentration monitoring;
rational administration of drug
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O IERAB S LA O R 5 503097 F-BL
ARG R 1 G IR, BA e 32 44 5
KA YL b IS PR B e A R
PEIFRIEZ —, BFRHK 5%~15%3, — kY,
T IE G, R FEU LT AP R, AR
KBHAIT, JET-F0E 100%5), HIL, IfRIGST
i — EUIS R HS IR B, R S . R4
Tt i FH R (sulfamethoxazole, SMZ)5 H &R IE
(57 RIFIHEF FIRIT, IGRIIFTE 2B, X Rk
HEEC i B IR YT 7 22 SMZ Il 24 Wk B 2 45
£ 100~150 pg-mL '8 {HJR | fiE SMZ Wk st
E(CEH>200 pg-mL™ f), HAFEEM LK R A A
RS0 A A S 4 sy, ™ AT B R
i SMzUY, BB, b TIGRRIH SMZ 5 i 3
Bhr, X HTT R M 24 e PR R #2081,

1R AOBAE A s R R AT AL BT B, A3 AT AR
AMREE, HEAES HPLC WA, BT, &
AF 5 R AT D146 1 v A5 2 G i B AR [ 78—
e A (3L (2D-LC-UV)], R SMZ IflZ
VR ) —FRoB AT s, B AR S AL R
FRAGAL ST BFN SMZ ¥R BE R ERAI 2, AR T
IR, HFEHAZ,

1 NBE5HF
1.1 XA

YRV A% 1Y (2D-LC/UV) 3% FLC 2420
4 1 Bl AR R S AL G R PR RS A R
N S LC20AT JRAH (33543 [SIL-20A H 3l
HEFERR . DGU-20A EZSBiSHL. LC20AT {Mif%
i B TT ()M SPD-M20A — 12 4 [ 51 46 ) 2% 1 5
XW-80A JE I 1 A i (L I LR AT (U A BR 2
) s Mini- 15K 078 ey 300 WL BLUBS A A B
~Al); TDZA-WS AR B OGRS SE g0 2= AY
I RA BT,

1.2 5

SMZ X} B (9 AR R AR A BRA WD, it
5202109015 4lJF: 98%); BPI-1 Af:A8ahA .
API-3 TR ShAH . I EEATZ M (% 20 240 90
TR A R A R L3 A 4K

R®1 HEBRTFELNEELMG

Tab.1 Chromatographic conditions of sulfamethoxazole

1.3 IR AR IR

56 BIMEAE SR A IG PR 25 s, Hlgh
BT EUEA G G RS TR, &
KB T B N RS B R AR B B S b (90T B 4
5. ZZSDQRMYY-2022-005)iF4T, B4 &l
IFFREZ5,

2 FES5%ER
2.1 HWECHI

K5 B HREL SMZ X} R 5 200.0 mg, fifi FH I
)5, EARZE 100.0 mL, HEEEHN 2.0 mg-mL™!
1) SMZ fifi 5 . AFCT—20 CokFh % H .

2.2 FESLATAL BT

o MLIRE ot B TR O AL, 1238%g Bl
5 min; KR 2 M3 400 uL I ABEA 1000 pL
HEE LR EP &, IWERS))E, & TRiiE
DHLH, 14 000xg B> 8 ming ARJE B O ik
& 1000 pL IMAGERERE T, SERRERE AT
2.3 AR

ERERE R —4E A Aston SC2
(3.5mmx25mm, S5um), H [A] £ Aston SBR
(3.5 mmx10 mm, 5 um), —ZEfEiEH Aston SNX4
(4.6 mmx130 mm, 5 pm),

— B CNE © W : JK=10: 10 : 70,
WiH M 0.8 mL-min!,

TV B AN BPI-1 B S AH K (B
20.0 mmol-L™! WBimR &, =2 M1¥ pH=7.2)] :
API-3 FRMERSIAH[ZK (7% 20.0 mmol- L' (R FREX ,
Wi pH=3.0)] : I [E=20 : 40 : 40, WE K
1.2 mL-min~"',

TBARVENE S SRR

SHMGIN AR 240 nm, FER 40 °C, AR
80 uL, HEAREIERTILE 1.

24 kLR

AL M EIESRET, 251X SMZ X I
VWL MROF A2 5 e FR WA e R B I3 R s
MAEPEATIE, 50 E 1, SMZ Rt E >y
7.77 min, FF ELIRE PR BAS T4 A e 1,
VLA R IR R AT

Iy HiRR T t/min i TR AL i /mL - min~!
H AR5 — A AR R AR B 0~2.0 Aston SC2(3.5 mmx25 mm, 5 pm) — A A 0.8
SRz 7/ E=L L R AN eyt U 2.0~4.7 Aston SBR(3.5 mmx10 mm, 5 um) — AR AR 0.8
HARYIEE — 4 (i 43 B i 72 4.7~11.5 Aston SNX4(4.6 mmx130 mm, 5 pum) AR AN 1.2
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Fig. 1 Specificity test

A-standard  solution;
sulfamethoxazole.

2.5 LA

I BC e B A 28.81 pg-mL! SMZ X BE %5
W 28.81 pg-mL " 1) SMZ HbR I3 1 (4% 3 4
SEATREAR), 4% “2.27 WUF Bk B S H AT AT A
M (EREE 80 L), THEE NI I 5 V5 ¥k 11 e i R =
XoF FYEL it A R I W T R L R TPA T 1k 1 R B A
ng%%%,%ﬁﬂMwwh%%m%ﬁﬁﬁ
ARTTIEAC IR, FETARON A5 3] T A S0HE R
2.6 FrAEfZ AL

WECHILF) SMZ BFBInAZS 3K, 535
53] 0.00, 9.96, 20.74, 43.21, 72.01, 120.02,
200.04 pg-mL ' M RIIREVS R, & 227 BN
DAbRHE, #E <237 WUF S TR AT, L
SMZ R BE(X) R H AR, WETRF(Y) MR AS &, 15
3| SMZ FrifEZely ¥=32 820X-1970.9, FHEZ%L
R*770.999 6; SMZ ZEME 4 9.96~200.04 pg'mL™,
EERBRA 9.96 pgrmL!,
2.7 R RIORS 2 A AR

B 2Oy BB SMZ i & 053 A 2 1L
K, WRARE] 4 AV BRI 5 5 ok i PR
(9.96 pg-mL™") {1£(28.81 pg-mL™"), F1(90.02 pg-mL ™),

B-serum sample; C-blank serum; 1-

P E AR F 255 2023 4R 7 5 40 55 13

5(150.03 pg-mL B REE, AR A 10 4>
SEATRES, ¥ U227 TR IR EEMAE, 4 ANk
FEAERIH IE 5 Wk, VIR HZ 1k, ELE
WsE s d, W HNAH RS RE; JRREE 80K
FESE YA S X bR R e, TR TS R
WERHRE . S5 R W 2, H WM H G % E
RSD<15%, AHXT I HAE 85%~115%, UiHlJr
PG % BERERR B R 4T, 2 & FBRSA 9.96 pg-mL™!
(S/N=10).

=2 HAEERERHN/BEEE

Tab. 2 Method recovery rate and intra-day or inter-day
accuracy

H P %5 BE (n=5) F ()RS %5 B (n=5)

R ——— y

pgemL-t  WWEME/  RSD/ [EMeR/ WE(H/  RSD/ [EMCR/
pg-mL! % % pg-mL! % %

%ﬁégf 10.31+£0.69 6.68 103.55 9.88+0.90 9.10 99.24

1(28.81) 27.77+2.50 8.9
$1(90.02) 93.07+5.94 6.38
#3(150.03) 156.91+4.32 2.76

96.39 27.00+2.36  8.77 93.70
103.4 98.85£6.26 6.33  109.90
104.6 141.45+7.71 5.45 94.30

2.8 FRRE T HEPEFNER B AN

BB SMZ A BOIMAZ LK, Tk
S F 25 3 A & (000pgmL) , E & TR
(9.96 pg'mL™"), VK EEFE 5L (200.04 pg-mL )R E
WA S A ARIEH E 2 2020 4F R U3
9012 #RAEARIE, I B vl SE P R B AN o 4%
“2”ﬁ?ﬁ%&ﬂ Fde “2.37 TR A4

HAT 5097

XF 5 Ay e W BE SO A TR B T AR AT, 4
W5 AN SE ( HER I R(102.32+2.70)%, KB R
2.62%, MR REMERF G EOR (£15%Z M),

PR WA Z T, E%*Eﬁ&
RAGTTFREE , 5 URZS FIRE S v i 8% B AN 3
FREY 20%, BREABN AT AER, JfHZ ﬁ%ﬁ
MR AR S S B, PRI S RS,
RIATTH Bk R ARONE , A it AT — 2D B DR T R Y
YR RIORS 25 5
29 RUEMFEE

2.7 IR Rk BT, R 24 h,
20 CHR-AF 30d J5, EVRRL S K, #% “2.27 Wi
TR B AT AT, A5 3, IR
B, SMZ HEabAE IR A T W T (=11 % A ) A
KGR (10% LA PNFF AR, FE Tk R AT
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#=3 REEAR
Tab. 3 Test of stability

. SRk B :|'!|f—‘1~‘ i3 hl ¢ J W) 2 e B
pg-mL ng-mL % RSD/%
Wi 24 h 28.81 28.3442.43 98.00+8.44 8.73
150.03 160.66+4.47 107.09+2.98 2.53
-20 C30d 28.81 28.40+3.15 98.59+10.94 9.97
150.03 155.1249.73  103.40+6.48 5.31
R VRR 5 ) 28.81 29.27+1.30 101.60+4.51 4.44

150.03 148.80+£6.56  99.18+4.37 4.41

3 SMZ MZGiRE N

IR £ 2 B DRAG DN A 32 oA HIS B il 6 - 1 JR g
Il 2 5 sk e FR e A7 1 R IR AR 56
B0V, (A T VRGN SMZ I 253 . mRE i IR
UL BHEE A 2GR B 25 24, JTARIE LIV IR 32 4k
AENE ) e R A 1O, BORIR P 7 e R g 7 3 d
J&, THRZ4)5 2~3 h ] EDTA HisE% R, 2h K
PEIRSLER A, AR “2.27 TR kAL F S,
FE SMZ [MLZ5 gk i, AR E SR SMZ 4524
ORI, 25 4,
T4 EREAWINE SR

Tab. 4 Results of clinical samples

R HIS PG £ 5 T IR Y s oK, SMZ gk 2
T EAE 100~150 pg-mL ' 28], Z5RER. OfElg
i BV S HEFR 8 2530 1 25 25 I REAR B 13
i 23.21%(13/56); Qi 3077 77 R FUBEAR 24351 0
30, 5§ 53.57%(30/56) ; D1 i ¥ B AE 150~
200 pg'mL™!, & 1.79%(1/56), SEBIR RS/
ARG S K A T~V AN R 0 i, S5 556
B, PR SMZ ja 77 B Rl s SR g, A
DAEEXT SMZ HEA T8 FLIM 25 v BE I, SRy i R A A

25 2P UL ORI
4 g

I i ] A AR SMZ e B AGH D (1 3k T O TG
FBRKZ<100 pgrmL™!, NAEETH LI IK T K (AIT
IR FEAE 100~150 pg-mL~'-¢l) . HPLC-MS!4!SIl]
WAE R, f£% HPLC AikbHi& -0 H ik
FERERCAG, #RAEd R 2%, ARG YT 25 WA 7
e AR P49 Sl PRI ¥

28 P R A B A L R TR R B
SEAE Sy A SRR B RN . AR R ER

REA NG WS/

RIE H e ERERIR 1,

REA JLBT %%/ e/ RIE H A SRR 1,

i mL-min~! ug-mL! g dedfAEsR A 0 s mL-min! pug-mL! g ERiesnlb(
1 87.92 41.76 1.6 0 30 84.52 118.99 32 0
2 78.22 44.10 2.4 0 31 98.04 122.33 32 0
3 31.17 54.14 1.6 0 32 87.28 124.81 32 0
4 69.26 57.71 32 0 33 67.46 126.26 2.4 0
5 12.76 59.29 32 0 34 61.46 127.74 3.6 0
6 66.27 61.92 1.6 0 35 87.28 129.39 32 0
7 27.11 65.85 3.2 0 36 89.06 129.53 3.6 0
9 75.55 73.50 2.4 0 37 65.28 130.27 2.4 0

10 14.28 74.34 32 0 38 100.70 137.24 1.6 0
11 51.03 76.80 2.4 0 39 56.23 139.26 32 0
12 63.07 79.60 2.4 0 40 49.87 144.13 2.4 0
13 89.14 80.00 2.4 0 41 42.41 150.00 3.6 0
14 77.62 81.11 2.4 0 42 51.94 161.96 3.6 0
16 44.38 82.78 32 0 43 92.91 230.30 2.4 0
17 67.80 85.88 32 0 44 68.20 47.26 4.8 1
18 63.19 90.64 2.4 0 45 14.24 69.12 4.8 1
19 14.78 94.73 32 0 46 14.95 76.09 4.8 1
20 66.12 96.95 3.2 0 47 28.48 81.66 4.8 1
21 91.62 101.63 2.4 0 48 21.15 97.20 4.8 1
22 63.34 101.77 2.4 0 49 98.63 99.04 4.8 1
23 34.26 102.91 2.4 0 50 17.86 103.74 4.8 1
24 92.06 105.38 32 0 51 15.46 112.89 4.8 1
25 51.66 105.63 2.4 0 52 18.91 118.50 4.8 1
26 52.43 107.08 1.6 0 53 9291 131.30 4.8 1
27 76.59 107.59 32 0 54 90.30 139.56 4.8 1
28 68.20 11491 1.2 0 55 67.48 148.49 4.8 1
29 89.14 116.38 2.4 0 56 18.19 171.80 6.4 1
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Zei U DI R IGIRFRE N B, PR TA
T o AR T7 R R DB AR 1) 4 (05 )R 2
i A AR AS 280 — 2 €6 3% 4 0 20 2 B oKk s M
BT, i AL B E Y R
o ht, M —20 B o, 3G A A A
Ff, [RIBFHEIN o B AT AR . SEEUER, AT
PR >90% , R 2 R M AR MRS R A ik
SR, AR 9.96~200.04 pg-mL Y, HA BN
LMEXRFR(R=0.999 6), [FIE}, HTFLEME®E, A
AT LA U IR RS 2B T 9 HIS E i 7 7 Jee e
WS TS oR , 0] DU FHALRE BT SMZ (1)1
GBSO i H, AR R R . AR ERAE
W, B T AREAR, MR RARZEDN), @
WA 15 min RO sE R, I — AN FEAL TR
11.5 min, FEFAREIIRIASTT 2oy, MoRR T %
ANKE S A3 BRI S A L AT AR I PR A A 1
R PEREER, AR 25 B W i s, Fe
e 08 ey 0 TR (2 T Ak B B T L R AR 3 A
R —EfEF MR, HA B RIE R R,
ST LE SR AT MG ARG T 25 PR it ) 2t 5%

AW 5K 3 57 A 00 O ik A I DR B
SMZ J/7 R E I It 245 v B A 44 BEGIE PR B AR 25
2751 et FH 2 118 B8 E i £ PR B s v, R B SMZ
W IRARRAN 53.57%. L, $REIFRIGITRCR,
AMUERISWT . BIRITH, T B I 2 v A
Bl RIS TS 2, dk el I R AS RS,

i b, AR SRR A RO A 4 kA
(2D-LC-UV), 7 — Pl i 7 2[5 AH 25 B S 4
A, Pl B M SMZ I 253 B8 RGN 7512
AT RA AT B R Ak . Adhil, RIRFUHERE,
R FNERS B DA, e RIG YT 251 W D 4
HorkEs%,

REFERENCES

[1] ZHANG R F, ZHAO K Y. Current situation and progress of
heart transplantation[J]. J Med Res([E2£F5E4%7), 2008,
37(7): 4-6.

[2] FISHMAN J A. Treatment of infection due to Pneumocystis
carinii[J]. Antimicrob Agents Chemother, 1998, 42(6):
1309-1314.

[31 ZHAOTM, SHE D Y, XIE L X, et al. Clinical characteristics
of Pneumocystis pneumonia in non-AIDS patients and

approaches to diagnosis and treatment[J]. Chin J Nosocomiol

P E AR F 255 2023 4R 7 5 40 55 13

[4]

[3]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(PAEER B 2%58), 2014, 24(6): 1384-1386.

HE X Q, SHEN Y Z. Research progress in the diagnosis and
treatment of Pneumocystis pneumonia[J]. Chin J Mycol(7[E
HR %K), 2018, 13(4): 247-251.

BROWN G R. Cotrimoxazole - optimal dosing in the critically
ill[J]. Ann Intensive Care, 2014(4): 13.
S5 TP R LR BLZILL AH el o IR A RO 7,
2021.

STEVENS R C, LAIZURE S C, WILLIAMS C L, et al.
Pharmacokinetics and adverse effects of 20-mg/kg/day
trimethoprim and 100-mg/kg/day sulfamethoxazole in healthy
adult subjects[J]. Antimicrob Agents Chemother, 1991, 35(9):
1884-1890.

CARMONA E M, LIMPER A H. Update on the diagnosis and
treatment of Pneumocystis pneumonia[J]. Ther Adv Respir Dis,
2011, 5(1): 41-59.

ZHANG W, SHE D Y, XIE X W, et al. The application of
next-generation sequencing in the diagnosis of Preumocystis
pneumonia in non-HIV infected patients[J]. Chin J Tuberc
Respir Dis(HHRE5 AP Z45K), 2020, 43(10): 844-849.
JAY P. Sanford. SHRGUMAYIRITIRME[M]. FEHHE, B
Jent: HEPPRBERICE LA, 50 i, 2021.

TROL, M, BheL3s, %, HPLC & AR s
SMZ 1l TMP Y [T]. " EZ5ER, 1997, 11(6): 48-49.
LIAO F L, SONG X K. Determination of the main
components in compound sulfamethoxazole tablets by
HPLC[J]. Lishizhen Med Mater Med Res(ii¥ [H B [E25),
2005, 16(12): 1212-1213.

ZHAO Z L, TAN J F, ZHUO H T, et al. Pharmacokinetics and
relative bioavailability of co in healthy
volunteers[J]. Chin Pharm J(*F[E 252224 ), 2000, 35(4):
257-259.

FENG S Y, CHEN Z, CAI L R, et al. Pharmacokinetics and
bioequivalence of compound sulfamethoxazole tablets in
Chinese healthy volunteers[J]. Chin J New Drugs( E #2542
), 2019, 28(16): 2019-2024.

ZHENG H, DING S P. Determination of sulfamethoxazole and
trimethoprim concentration in human plasma by HPLC-
MS/MS[J]. Chin J Clin Pharmacol( [ llfi PR 25 3 2= 2% 3%),
2020, 36(18): 2901-2904, 2935.

SHAO J, MAO F F, TU X D. Studies on the dissolution and
bioavailability of trimethoprim-sulfadiazine-sulfamethoxazole
tablets[J]. Acta Pharm Sin(Z42£244t), 1992, 27(5): 375-380.
LUO X M, XU Y, HE X X, et al. Simultancous
determination of sulfamethoxazole and trimethoprim in

trimexazole

human plasma in patients with Pneumocystis carinii
pneumonia by HPLC- DAD[J]. Clin Med J(Il& R 25413457
&%), 2016, 14(5): 24-28.
o E 2 SR T A I S B F 2y, R
B Y TG ZE 5 2, R B R A A Y
. TSR L THIRYT 259 W D BT RAIE Y & R IR (2021
O], HE 252428, 2021, 56(17): 1443-1448.
Weh B3 2022-07-02
(B3 W EE)

Chin J Mod Appl Pharm, 2023 July, Vol.40 No.13

- 1857 -



