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Abstract Objective: To establish a simple, rapid, specific fluoroimmunoassay method for the determination of
plasma concentration of linezolid. Methods: Deacetylation linezolid was used to synthesize linezolid derivatives
with single carboxyl structure. The complete antigen was prepared by coupling the linezolid derivatives with bovine
serum albumin and ovalbumin by carbodiimide method. The monoclonal antibody was obtained by immunizing

Balb/c mice with linezolid—bovine serum albumin conjugate, which was labeled with fluorescence subsequently. .
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The linezolid—ovalbumin and goat anti-rabbit antibody IgG were immobilized on the nitrocellulose membrane
as the test line and control line, the competitive immunosuppression model was adopted to establish linezolid
plasma concentration of fluorescence immunochromatographic assay. Based on the above detection methods, the
standard curve of linezolid was established, and the method was validated by methodology. HPLC method was
used to compare the results of the two methods. Results: By optimizing the system, we established the assay, of
which IC50 was 5.28 wg*mL™, the linear range was 0.78-50 pg - mL™', the sensitivity was 0.61 wg*mL™, the
precision was less than 10%, the recovery rate was 78.4%—-123%. No cross—reaction was found in 14 kinds of drugs
whose structures were similar to linezolid or usually combined use with linezolid. At last, this assay and HPLC
were used to detect 67 clinical linezolid blood samples, the results showed that the correlation between the two
methods was better, and the r°=0.929, greater than 0.90. Conclusions: In this study, we successfully established
a simple, rapid, high sensitivity and specific immunochromatographic method for the detection of linezolid, which
contributed to the foundation for the further application of clinical plasma concentration monitoring.

Keywords: linezolid; linezolid derivative; antigen; monoclonal antibodies; immunochromatographic assay; high
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Fig. 1 The structures of linezolid-related compounds
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(100 mg* mL™")8 pL IRA, B A NHS (50 mg* ml! )
12 wL, B5NRA GRS UV 15~60 min.

W 13 ST A W 0 (1600 v+ min™ ) J5 A
AF] 6 mg - ml™ A L B A1 mL A (s A
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Fig.2 The structure of test strip without plastic cover and with plastic cover
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Fig.3 The "H-NMR identification of linezolid hapten derivative
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Fig. 4 The ultraviolet scanning map of linezolid immunogens and

coating antigen
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3. B 96 FLHEE—SIINA PBS 50 wL /K5t IR, 5
2.3.4.5.6 5435MA 50 L AFHE (50,10.5.

1.0.5 ng - ml™") F| 23 g e % BE . @ 96 FLAR M I
R, BATINA 50 L AS[RIFR RS BE oA (1~128
i), 37° I E 1 h PEU 3 K. GIA HRP Frid —
PU,37° W E 1 h J5 Yei 3 K, I A B A1) 100 pL,
15 min J&5 WA 2 1 50w, BRI 450 nm 325,
Vo 30 2oF A o 8 1 ) 2 e g B e R B AR 28 5 Atk I
HEAT ELISA # &5C SRA i , Az il 45 2R an e 1.2 #n
3T N. 1S PR H B 16 T3 45 mF 2 4553 mT LA 3k 5]
0.5 ng - mL™", 2 SHUAMRE 4 T5 50 AT LIk F]

I ng-ml ™", 3 SHUARMRE | J7 50 R G5 v] DLk 5
0.5 ng* mL™ % FNE T AP e B ATk A A

A i S AR s SR, BT LA 5 R B SLAR, BIr LA 2
SHUANEN T — 2P AR R TR
®1 AEFIFRMEREX 1 SHENHIER
Tab.1 Inhibition efficiency of different linezolid

concentrations to 1# antibody

HUARRAREC (T 1) ANTRI ) A fre i 3

(antibody dilution  ( different linezolid concentrations )/ ( ng * mL™)
factor ) 0 50 10 5 1 05

1 329 058 106 142 252 296

2 260 034 061 081 170 231

4 218 024 031 044 105 173

8 147 012 020 024 057 1.04

16 092 011 0.4 016 037 0.64

32 053 009 011 012 020 031

64 035 0.3 013 014 019 026

128 024 010 011 010 012 0.5
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R2 FEFIFRMERKES 2 SHEMHER
Tab. 2 Inhibition efficiency of different linezolid

concentrations to 2* antibody

R4 KRB EENERDREREF SRR IR &
Tab.4 Immunochromatographic assay for different

concentrations linezolid refrence substances

BRI 1) AR
(antibody dilution  ( different linezolid concentrations )/ (ng * mL™)
factor ) 0 50 10 s 105
1 213 060 121 143 208 223
2 152 028 062 086 125 146
4 101 023 042 047 076 097
8 060 015 020 026 043 046
16 032 010 016 017 026 029
32 019 008 000 011 015 019
64 018 013 003 014 015 015
128 012 009 010 010 010 0.10

R3 AEFEMERREY 3 SHAMEIERL
Tab. 3 Inhibition efficiency of different linezolid

concentrations to 3# antibody

NI 2 M fle e
( different linezolid concentrations )/( ng * mL™)

LA A (JT1%)

(‘antibody dilution factor )

0 50 10 5 1 0.5

1 085 021 027 027 052 0.68

2 050 0.13 020 0.6 027 0.38
4 035 013 0.15 0.15 021 025
8 021 009 0.11 0.09 0.13 0.16
16 0.14  0.09 0.09 0.08 0.10 0.11
32 0.10  0.07 0.08 0.08 0.12 0.09
64 013 0.12 0.12 0.11 0.12 0.11
128 0.10  0.09 0.08 0.08 0.08 0.07

3.4 RIS RSN S IR BT I br o it 2k

5 Be 19 0.0.39,0.78 . 1.56,3.125.,6.25 . 12.5,
25 150 pg - mL™" ZR 50 1 275 1 frig o Lt 2047 G 0 45
FNAY T/C AE (RS 5 s 2 mi AR L (R ) Bdis an 3=
4 B, N 0~50 wg + mL™ HeBE R AR Y T/C A1,
AN BE A Z 0] T/C B X A0 5 FE K . FIH Logit-log H.
£ Im1 U9 AR 2R 4 b B 2 bR R 2 an &) 4
Fr/cs 4 p=0D/OD,, g=1-p, y=In(plq ), x=1g (¥ & )
Hrp:OD 2 T/C {H, OD, 2k #k £ 2 0 1) T/C {H 1
(EMCIEppis
y=a+b'x R’=0.998

R Wz e 2

(linezolid concentrations )/ ( g mL™")

T/C fH
(T/C value )

0 6.2
0.39 5.95
0.78 5.34
1.56 5.15
3.125 4.27
6.25 2.72
12.5 1.50
25 0.84
50.0 0.48
4
3
21 °
50+
-1
—9 |
-3 : : ‘ : ‘
-0.5 0 0.5 1 1.5 2
lg/c

B4 FIZEWERES &R TIARAE i 2

Fig. 4 Standard curve of linezolid by fluorescence immunochromatographic

assay
Horfra=1.92, b=-2.66, % M5 4F, 1T 515 1Cs=
528 wg-mlL ™,
35 JriksETE
350 FEUE LR LPEIL B K0 pge mLEE

i 3 o 2 O O 2 )2 B A R AR T 10 Wk, A an
RSP, HT/CAEH W F ¥ {8 X=5.92.SD=0.17,
X-2xSD=5.73, ¥ 3 5 £ 4l h 9 X-2 x SD 1Y T/C
B AE Ry (EAC AT 4 o o il £ X 0 B9 0 2 1Y
B B9 e E h 0.61 Mg'mL_l,Eﬂﬁi}‘*ﬁiﬁirg%
0.61 pg-mL™",

AR S
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£S5 EERNO0 pg mL" FISMEEARLER
Tab.5 The results of repeated tests for linezolid at 0 pg + mL™

JF% (number ) T/ICAK (T / C value )
1 5.94
2 6.18
3 6.35
4 5.95
5 5.84
6 6.31
7 5.92
8 6.06
9 5.96
10 6.26
7 b E
( averjg:e jilue, X) 292
S 0.17
X-2xSD 573

4730 L ARG N o 2 b e o R A JRE A TR B
BRI, BN E AR 10 U, A DB an 3k 6 R, It
SEHT/C AP (E (X)) BRiEf 22 (SD ) LUK %
(RSD ). # 6 /R4 LR T/C {5 RSD & 0 He A
03 pg*mL™ WEER T 10%, By e - BRAMIRIRE T
BR RSD /N 10%, T LAZE MG L 0.78~50 pg » mL™

* 6 EERMNARREIRm T/C {EH RSD
Tab.6 The RSD of repeated tests for different

concentrations of refrence substance T / C value

RTRJe X R ( different concentrations of

b refrence substance )/( g mL™")
( number )
0 0.39 0.78 1.56 12.5 50

1 6.400 5.730  4.950 4.420 1.420 0.500

2 7.470 6.220 6.120 4.380 1.420 0.470

3 5.720 5.770 4.560 5.240 1.540 0.520

4 5.940 5.600 5510 5.590 1.450 0.470

5 5.090 5980  5.650 5.210 1.320 0.480

6 6.630 4.690 6.040 5.270 1.600 0.470

7 6.750 6.310 5.890 4.770 1.510 0.410

8 5.900 5200  5.700 5.010 1.480 0.440

9 6.030 5.770  5.630 4.510 1.650 0.420

10 6.690 6.470 5.220 5.100 1.530 0.500

X 6.262 5.874 5.527 4.950 1.492 0.468
SD 0.632 0.557  0.465 0.390 0.091 0.034
RSD/%  10.088  11.481 8.418 7.880 6.090 7.202

hhiHE i

3.52 KSR ORI C 27 B 2 e e AG I 1R 2
K 5 g 2.5, 20 1 40 g » mL™" 07 23 e i ot
ain, 25 B AGIN 15 U, AN ZS R AR 7 B, AR
AN g5 AR R W i ) S0 FROHRE 5 B (RSD)
BN 10%.

x7 EERNE. PRIREFSMENRRER
Tab.7 The results of repeated tests for linezolid with high.

medium and low concentration

5 W (pgeml) B /(pgeml) IR /(pgenl!)

(number) ( high concentration ) (- medium concentration ) ( low concentration )

1 44.10 18.13 1.83
2 41.28 17.18 2.15
3 46.08 19.91 2.02
4 37.98 21.39 2.16
5 41.31 20.29 1.69
6 43.14 18.56 1.76
7 42.26 19.82 2.20
8 38.55 18.56 2.15
9 38.90 16.81 1.81
10 46.95 18.67 1.92
11 45.93 17.89 1.89
12 47.97 17.29 1.82
13 44.10 19.15 2.15
14 46.99 18.22 222
15 43.51 22.49 1.79
X 43.27 18.71 1.98
SD 3.10 1.53 0.18
RSD/% 7 8 9

353 [ICR keI aa e BEEAEAS , LR npAE
A (40+C, ). (38+C, ). (22+C, ). (18+C, ). (4.5+C, ) Fll
(1.5+Cy) pg - mL™", BASFEAR T E R 3 %, i8I
FRAEAS [ ISR, A I F 5 45 SR AN 3% 8 . .
A 3 A DX R D383 R 78.4%~123.4%
3.54 FESTE K 14 Bl SR A e e 45 A AR AL DL R
156 B3 FH 24 4 5 25 0 0T BE 14 — 2R 90 A o o JEE 0 A 7
LI, 5 590 A ST A RH S 25 0 A B ok 2, 1T
FHE B 1Cso B LA BB W% o (A3 38 W%
(% )= (FIZMERE 1Cs/ HABZGH) 1Cs, ) x 100% ) 45
W 9 iR, AR IE FhiR 2 LI b & 5 K | L- %
SR AN Sk PRI -5 70 2% e g To AT Am) 28 S g 5 B9
g EREME BT TR R 2 RE
R R T AT RSk AR A AR 2
BRI Z e B 28 U N EE/INT 0.000 1% Bt EH A A
5 R RGN A 22 R S A
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Tab.8 The results of standard added recovery tests of high, medium and low concentration
24 e FE S A (7 Ty N =A B oy
o S FE S E LI ARCNIIEN %
( e tyoe) (‘average of actual measured total ~ ( theory standard added ~ ( calculated standard added ( )0
sampleype concentration, Cx )/( pg*mL™)  quantity)/( pg-ml™")  quantity )/( pg-mL™") feeovely 2
PIRFEA (initial sample ) 3.76 0 — —
f=n7d;s 40+C, 37.39 40 33.24 83.1
(high concentration ) 38+C, 34.28 38 30.52 80.3
e 22+C, 23.85 22 20.09 91.3
( medium concentration ) 18+C, 25.97 18 22.21 1234
e 4.5+C, 7.29 45 3.53 78.4
(low concentration ) 2.5+C, 6.17 2.5 2.41 96.4
x99 UHENFANSFEWERIERTXRMHNER 50
Tab.9 The respective results of cross—reaction of 14 kinds _é 0 o
o b o [s]
of drugs with linezolid detection system E"
o]
ESTIE 2 a0
2t 1y S &%
5 ( rate of cross— <1
( drug name ) (g-mL™") . g
reaction ) 5
= 209
FHAEE (trimethoprim ) N/A — E
b2y 25 2= ( azithromycin ) 75.6 <0.000 1% ‘Eg 10 R?=0. 929
K]
FFERIME ( omeprazole ) 157.2 <0.000 1% ﬁ
SUHEME ( fluconazole ) 129 <0.000 1% "0 ‘ ‘ ‘ ‘ ‘ ‘
0 10 20 30 40 50
% HT (teicoplanin ) 12.6 <0.000 1% HPLC
J7 1% (vancomycin ) 235 <0.000 1% B 5 WHREEENES HPLC ERMIGREALIEL
2% ( dopamine ) N/A _ Fig. 5 The comparison of clinical data between HPLC and immuno-
chromatographic assay
KN phenylalanine ) 59 <0.000 1%
L- T %2 ( L-tyrosine ) N/A — 4 -i:‘:l-i%
{842 ( tryptophan ) 519 <0.000 1% FI AR R LT B 2, AEIR T 5 22 PR BH P T ek
¥ (amp ) 526 <0.000 1% YLy A SRR DAL, HAS RSO A X370, FE I PR
ﬂ:%ﬂﬁ%(cephalexin) 216.2 <0.000 1% EX?%“T?E%B(J%&&O 1BIEJHUL’@.@‘EI_%XHLE§I@E/J\
S et A - BRIEMEE IR LS P 8 RS AR B I
N 2 \J :tr g N ﬁ 'L'“A‘ = Y
%}@uﬂé;ﬁ(( cefazolin ) 53.8 <0.000 1% ﬁugﬁx}zﬁ%ﬁéo XTH: ﬂ‘/ﬂij\’ﬁ:lﬁﬁ/]%Um nﬁéﬂi‘(nﬁ 9%‘%‘

355 IfRIMEEAR IS5 HPLC 2 g IR A S2 5k
ST AR 2 R I 249 HPLC AGN: | 122 07 ¥k 45
A A TEAE  Hypersil ODS2 ;Wi sh Al : Z0E -0.01%
WilR (27:73 ) 5 ik : 1 ml - min™'; FERERE: 20 pl; 4
AR 254 nm; #2330 °C. FIH HPLC (5 F1
PENCAIEIZ NI, 43 BRI 67 51 ) 23 e Joig 11 24 8 3%
(R INLTE FEAS , SEA T80 L X, A5 A e bE b &5
WS Frm . 2 FRAS ] 4 5 2 A6 I PRAE A A DG 4
e R*=0.929, KT 0.90,

TR I 259 E 1 Wl , AR AR 25 W i R0As 7,
/DT 24 B R 7 A A RS B 0 e
YRR B 2 WA L 245 AN SRy ), 45 4 HR B
PERCERRYE A AR RIS B AT 7 5
AR BN AL TR YT 45 50, [R1 B R B B S R A1 i 24 5%
AN LK AR e R 2 e i R ) S B2, T )
s s g 1 PR P 245 45 B

R TS S /NS D R AR i
() R NV TR U B IR SR TR 45 S
W T2/ N FHU AR, ARSI i AR /N

AR S
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PRI SR, B R i A Ak
IHA PR RS ATE Y T S BSA I
BT, St e/ N SR AR AR il T
RS PEIR Z e B B e BT, SE T SO g IE AT
LIS T R e e i 25 e B PRSI A . 5
P PETL M SRR, AR SRS T 3 AR ST REPTIA,
R AT TR SR AR AR HA 1 #k

AR SIZ Iy FE ST G 2 B AR 2 B S T A AR
FeSEHERAS, 5 14 FAH S R JC 38 X g 5 RAK
J£0.61 pg-ml ™" TER 0.7~50 wg - mL™' AEHE
INT 10%, e IR R BE TR0 78.4%~123.4% 3 4+t
Rl RAEA S HPLC ¥ HLg , Ao ERcy . FARSE
65 1] £ 1 R AR X R 2 e g s AR A R4 1400 2 A G
I PR 205 A D R E S A S
PESFE. An SR T 1 o I PR AR 2% 1 g i 245
R ARSI , KA AR IR T 22 ) 2 M g i 245 4 A
I R B o 7 B )R, PR N R B AR R 5
SRR AR R R 2 R T R R N 0BT A3
FHZS R BY T 5, BAT ) i v R
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