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[ Abstract] Objective To develop and validate a robust ultra-performance liquid chromatography-

tandem mass spectrometry (UPLC-MS/MS) method for accurate measurement of norvancomycin
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concentrations in human cerebrospinal fluid (CSF) samples and preliminarily applied to therapeutic drug

monitoring and central nervous system penetration assessment. Methods Vancomycin was used as
internal standard, and the cerebrospinal fluid samples were processed by protein precipitation. The
separation process was conducted on an ACQUITY UPLC®BEH C18 column (2.1 mm X 50 mm, 1.7 pm)
under isocratic conditions. The chromatographic separation employed a binary solvent system consisting of
acetonitrile and an aqueous phase modified with 0.1% (v/v) formic acid. The analysis time was 4.5 min at
a flow rate of 0.3 mL/min. Mass spectrometry was performed in positive ion multiple reaction monitoring
mode with electrospray ionization. Results The linear ranges of norvancomycin in cerebrospinal fluid
were 0.5-50.0 mg/L, and the lower limits of quantification were 0.5 mg/L. The intra-batch and inter-batch
precisions of norvancomycin in cerebrospinal fluid samples were less than 10.5% and the accuracy ranged
from 85.3% to 108.6% . The normalized matrix effect factors of norvancomycin were 89.0%~-103.7% The
recovery of norvancomycin was 89.4%-92.7% from cerebrospinal fluid. The analyte was stable when the
cerebrospinal fluid samples were stored at =20 ‘C or =70 ‘C for 104 days, placed at room temperature for
24 h or 2-8 °C for 72 h, 44 h residence in automatic sampler after pretreatment and treated after 3 freeze-
thaw cycles. Quantitative assessment of norvancomycin distribution into CSF across four clinical cases
The UPLC-MS/MS

method established in this study provides a simple and accurate determination of norvancomycin in human

demonstrated penetration efficiencies ranging from 7.2% to 13.9%. Conclusion
cerebrospinal fluid. The method were validated in accordance with the requirements for the quantitative
analysis of biological samples. The developed method was successfully applied in the clinical study on
therapeutic drug monitoring of norvancomycin.
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Tab 1 Detection ions and parameters

Norvancomycin 718.3 144.1 100
Vancomycin 725.0 144.1 100

80 25 8 10
70 22 10 10

REMEHERMREEROES K%K
240 K W7 B R AR A Al K R R AT 2
We Bl 2 000 mg/L Y I 45 W . P RR 4l K A B I o
— U T A5 W, T A A o o TR TR, TR B ) R
10.20.50,100,500 A 1 000 mg/L. B2 B W
950 pl, 28 B A bR bR o dh 28 T AR 4% 50 pl,
fict il e 5 43 514 0.5.1.0,2.5.5.0,10.0,25.0 f1 50.0
mg /L (4 25 F 5 ot 8 2 bR i 2R A . ) —
3 i £ VR T TR T A TR R, R B 4 0 R 30,
150 #1800 mg/Lo %S FIIA W 950 pl, 43 B A
R R T AR WA 50 pl, B 4> B 15
7.5 F140.0 mg/L 19 2% F U7 i 25 28 05 W45 R i

MERTERAIE S A% PR U 8 R Ar i
ft, IR 4K i L AR AT 2 R 2 000 mg/L Y

AR U £ W, FHRE Sl K R R Y & W, TG TR R BE R
25.0 mg/L W7 8 = W As TAEV W .

HmAAEAE EHEWIS0 ul WA b
A 10 pL AR T AR W (7 % %, 25.0 mg/L) .
50 plL 10% BRI W L TR AT 5 BRI 300 plL 1, 1R
)34 °CTF 13 800X g &0 10 min, B 50 pl. [ IE W
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C: Lower limit of

quantification of CSF sample at 0.5 mg/L for norvancomycin; D: Clinical sample (3.34 mg/L norvancomycin in human CSF).
1 ARERPERATHERNAGHARAEE

Fig1 Representative chromatograms of norvancomycin and internal standards in human cerebrospinal fluid

ERAHBERR WIS IG KRR A
%@ijmﬁwwmmﬁ%ﬂm?%%Mﬁﬁ¢
W R R W E . 49 B T
(0.8 g, q12h) IR Y7 X Bl 28 R G B gy, H I T
2 Wy e i -t ] il £ 1R 3 T R ROl UL T A TR
2 A B A B 1 AR (G 242) IB TR R &
T 8 R BEAE FH 2556 4 7 5 GRBIARZS) RERAE
0.696 mg/L LA I, KFHAB W@ 1) MIC, 55 3 i /8 3%

F Ve BE % B TE 0.5~1.0 mg/ Lo 44 88 35 15 5 AU &
WAUCS I 3, BB &R AUC jpe/ AUC g
RS

o i

ABIE 5T S IF YR T — ] T I Ml
ZH TR R W UPLC-MS/MS Jrik. 5Bt



570

MH AR (BEA D) 2026457 A ,53(4)

Analytical area/IS area

1=0.331x+0.012 9 (=0.999 7)
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Analytical concentration/IS concentration
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Fig 2 Typical calibration curve of norvancomycin in human cerebrospinal fluid
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Tab 2 Intra-batch and inter-batch precision and accuracy of

norvancomycin in human cerebrospinal fluid

Precision (%)

Intra-batch (n=5) 2.0 3.6 1.9 6.2
5.8 2.8 2.2 5.8

5.5 2.4 4.4 3.2

Inter-batch (n=15) 1.5 9.2 5.6 7.3

Accuracy (%)

Intra-batch (n=5) 81.6 94.5 103.4 108.6
98.6 106.9 92.5 97.1

104.6 85.3 94.2 97.5

Inter-batch (n=15) 94.9 95.6 96.7 101.1

*3

% 81 patientID-+ 242 + 346 516 =522 N
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Pt 5 R 25 40 R B - 1) A 2%
Fig 3 Concentration-time profiles in the cerebrospinal fluid of

patients administered norvancomycin (800 mg, q12h, ivgrt)

2 J7 AR LG AR B DL P A B A AT
[B] 5 4% 58 HPLC-UV 2 5 4, H R B FRe S v
5 42 B i R (89.4%6~92.7% ) 5 T UPLC-MS/
MS % (52.07%~67.79% ) .

BENAERALEERNERTAYRBEENNERFEN

Tab 3 Drug esposure and cerebrospinal fluid penetration of norvancomycin in human cerebrospinal fluid

242 Female 71 70 78
346 Female 46 55 35
516 Female 50 56 60
522 Female 50 50 32

64.62 Acute meningitis 0.8 g,q12h 13.9
154.16 Acute meningitis 0.8 g,q12h 9.8
87.66 Acute meningitis 0.8 g,q12h 11.9
146.76 Acute meningitis 0.8 g,q12h 7.2

Scr: Serum creatinine; CLcr: Creatinine clearance.
AW 58 R AT AL B OR B U E R
50 ul. 10% (v/v) W ER W, FEANA 300 pl. Z NGR4T
B DLTE , & 7% 48 45 Bl o 89.490~92.7%
WEAT A 5% 2R FH e SRR F A7 2 P TE |, 1H /8 U TR 11 548
1% V2% 52 i €0, 3% A 2 i 5 (5 T PR P A 200G 23
R AIG I g 238 7 AR 8 A I ST B B IR IR

T R TR B R 5 o 1 NG VS IR AT B F U U
PRI 5« (1) R UL N, 32 B IRIOR 5
ik (40.8%0~64.0%) ; (2) K& 20% W ERE W &
JiE B T AR & 93.4%0~107.3% 5 (3) R &
10%6 B9 W R V5 W RN 2N, B B IRT e 8 Oy 89.4 06~
92.7% o LR VA, I oA B R AT DL A
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