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in human plasma, for monitoring clinical therapeutic drug concentrations, and to investigate the effects of adding
stabilizers during the sample pretreatment on mass spectrometry signal intensity. Methods: After protein precipitation,
the sample was subjected to gradient elution using an Agilent TC—Css (2) (150 mm X 4.6 mm, 5 um) column with a
mobile phase system of 0.15% formic acid in water and methanol. The electrospray ionization (ESI) mass spectrometer
was operated in positive ion mode using multiple reaction monitoring (MRM): m/z 300.1 — 141.9 (imipenem),
m/z 359.7 — 97.0 (cilastatin) and m/z 384.1 — 141.1 (meropenem, internal standard). The samples containing and
without 3—(N-morpholino) propane sulfonic acid (MOPS) as stabilizers were pretreated and continuously analyzed
to compare the changes in mass spectrometry signal intensity. Results: Both imipenem and cilastatin showed good
linearities in the concentration ranges of 0.1-100.0 pg * mL™" (r > 0.99). The intra~day and inter—day accuracy ranges
from 95.3% to 108.5%, the precision (RSDs) were less than 9.3%, the extraction recovery rate ranges from 77.4% to
84.3%, and the matrix effect ranges from 97.1% to 111.2%. Imipenem in plasma samples was stable at room temperature
for 3 h, at 4 °C for 6 h, and at —80 °C for 12 d, while it was significantly degraded at =20 “C for 12 d. Cilastatin
was stable under a variety of conditions. The method was robust to changing conditions of column temperature +5 °C,
flow rate + 0.1 mL * min~', formic acid concentration in the aqueous phase + 0.025%, and ion source temperature + 50 °C.
The samples containing stabilizers exhibited significant ion inhibition on mass spectrometry after continuous injection,
while samples without stabilizers had no significant effect on the signal intensity of mass spectrometry. Conclusion:
The method is simple and accurate and can be used for clinical drug monitoring of imipenem and cilastatin.
Nonvolatile salt stabilizers such as MOPS can reduce mass spectrometry sensitivity, and the absence of such
stabilizers is more suitable for long—term analysis by LC-MS/MS.

Keywords: imipenem; cilastatin; liquid chromatography—tandem mass spectrometry; therapeutic drug monitoring;
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Fig. 1 Chemical structures of imipenem (A) and cilastatin (B)
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Fig.2 Typical chromatograms of imipenem (1) cilastatin (2) and internal standard (3)
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Tab.1 Accuracy and precise of imipenem and cilastatin
53HT# (analyte ) e (concentration )/ (pg - mL™) — A (intra—day)(n=5) — IR intor—dey)(n=3)
HERAEE (accuracy ) 1% RSD/% WERAFE (accuracy ) /% RSD/%
e 0.1 108.5 + 8.1 7.5 103.7 + 8.0 7.7
(imipenem ) 0.2 95.3+5.5 5.8 98.1+7.3 75
4.0 95.4+85 9.0 102.1+9.5 93
80.0 98.0+2.0 1.9 98.5+6.7 6.8
PRI T 0.1 101.6 + 4.7 4.7 105.9 + 6.0 5.7
(cilastatin ) 0.2 98.3+4.8 4.9 95.7+3.9 4.0
4.0 104.8 £3.2 3.1 102.3£6.5 6.4
80.0 102.1£1.5 15 104.1 3.8 3.7

2.6.4 ARUDISCARFIEE BN K 3 4SBT Y
JRA ML dfy, AT 6 iy, 4% “2.57 U J5 ik AT 1
Ak PR HERE S AT, I S T LS it A 00 Ay 0 T AR
AEFR 6 Dy A [RIRIE Y 28 A, B O A SR T
VRSB A BRI, 1A B KE Tl S BUS b Aot it
VR, HERE AT, A B IBUS TIBRASE i fo 00 49y 0 T AR
AR AR . FHAERACE: “2.47 I rp A9 23 1 1M ¢
PC AR o AT, TR I TE , A5 i A 90 o 0 ) U

=2

TR FEURIT P B0 T AR o 2 TR I AR o5 1 000 4 0 v

PEHUT IARAE 5L R I I TR AR x 1009% 1542 B 0]
WO R EUS InbRAE SRR A 5 AR TR L / 26
VEWRE S R 5 PRI TN AR L x 100% T3 A Bk
VA — AR o 435 5 W0 e p 1 B [ A o3 L o
N 43 S AE 79.8%~84.3% 1 104.7%~111.2%, V4 ]
AT HR [T AL 3R AN 3 S5 43 I AE 77.4%~80.5% Fl

97.1%~105.3% 45 %5 )% ( RSD ) ¥ < 15%, W3 2.

PR EEFa AP Rl fth T A AR FR B B R AN B LAY ( =6 )

Tab.2 Recovery and matrix effect of imipenem and cilastatin

b qElEs (recovery) FLFEROV ( matrix effect )

S3HT# (analyte ) e (concentration )/ (pg * mL™") T (mean ) /% RSDI% T (mean ) /% o~
1] 0.2 80.3 6.7 111.2 7.0
(imipenem ) 4.0 84.3 8.3 106.6 74

80.0 79.8 7.7 104.7 53
VYR T 0.2 80.5 4.3 105.3 47
(cilastatin ) 4.0 774 22 99.9 5.4
80.0 80.4 15 97.1 4.1

2,65 FaEMEHEE 247 WUF R ECH 3 A4k
JEE 1) BT 4 000 SR i, 4 i) 2 B I A 7 T T
3 h,4 CHHCE 6h, -20 CHAE 12 d, -80 CHAE
12 d, ViRl 3 YR LA SRR i AL BRLS SRR S R 24 h
FRE M. A5 RREIG FEBRTE 20 CF 12 d FEf#ZY
60% 4b, A 200 F R, P Al b T 78 Lk &1
FYIREORFERGE o A5 AR T IS VA 1) M B O 22
(RE )45 R I3 3,

2.6.6 Tt HMEEE AR 217 WIS A “2.27
T 3 A5 v AR T L U L pH R S R R D
VA AS D A — 7 YO R A 25 A 022 s it P M . 4%
“2.47 T J5 vk O i bR o i 2l 2R R 6 A T R
WEFER 4.0 pg - mL™ 1 i B T4 R i, TLAE 3
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H BRI FE —0.025% (7 ) ZKAH P FF R +0.025%
(8) B TIRIEE -50 °C;(9) B FIHIRIE +50 C. %
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3% SV JHg 4% e RN P At T 7RSS IR AR T DA B A
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Tab.3 Stability of imipenem and cilastatinin under different storage conditions

FUE TSR — R
( stability condition ) WP RERE RS (imipenem ) FERI T ( cilastatin )
02pg mL™" 40pg-mL”" 80.0 pg: mL™ 02pg mL™ 40pg-mL”"  80.0 pug- mL™
23, 3 h ( room temperature for 3 h) 9.3 3.4 -12.1 1.7 15 6.7
4°C,6h(for6hat4C) -1.2 -11.6 -10.6 -3.7 2.1 -37
-20 °C, 12 d (freeze for 12 d at =20 °C.) NA -66.7 -57.5 7.8 7.6 1.3
-80 °C, 12 d (freeze for 12 d at 80 °C.) 7.0 -5.0 8.5 -1.1 -6.2 2.8
A 3 UK (three freeze—thaw cycles ) -5.4 2.3 9.0 -11.7 -8.7 -9.8
SEFEAES A SRS 4 °C, 24 h -1.0 8.2 -4.5 -6.8 -4.1 -4.9

( treated plasma sample in autosampler at 4 °C for 24 h )

1 (note ): NA. WAL T B ( the concentration is below the limit of quantification )

SEAETR b AP WA TR BRI E SRR 5 ETEARIR £5 C ORI £0.1 mL - min™ KA
MIEZS A BLJ7 2255, N R Ir 20 Hr ks P BRIRIE £0.025% B TR + 50 “CIE N8RS
¥)> 005, %W AP E LRI H 2 5. RUA HLRETSE, VL. HARE R 4,

F4 TWAEERER
Tab. 4 Results of robustness study

Srbi S el BRI SR e
(analyte)  (experimental condition ) (theoretical conc?ntra[lon) /' (measured concvintratlon )/ ( accuracy )/% RSD/% P
(pg-mL™") (pg-mL™)
N[l (1) 4.0 3.89£0.22 97.4 5.7 0.603
(imipenem ) (2) 3.73+0.30 933 8.0
(3) 3.900.38 97.6 9.7
(4) 3.89+0.16 97.3 4.1
(5) 3.90 +0.36 97.4 9.3
(6) 3.88+0.22 97.1 5.6
(7) 3.85+0.31 96.2 8.2
(8) 3.66 +0.37 91.6 10.0
(9) 4.04+0.24 101.0 6.0
PYREM T (1) 4.0 4.02+0.15 100.5 3.6 0318
(cilastatin ) (2) 3.93+0.15 98.2 3.7
(3) 3.98£0.11 99.6 2.7
(4) 4.14+0.20 103.6 4.9
(5) 4.07+0.27 101.9 6.7
(6) 3.97 +0.20 99.3 5.1
(7) 3.92+0.13 98.0 3.4
(8) 4.06 +0.07 101.4 1.7
(9) 3.93+0.17 98.2 43
2.7 R P 2 v B DM (Coin )o GRS TE 3 HEIELA D,

VERE 3 AT TR RS /PO R TSR R R R A2 C, 25 AR K, O 0.86~3.5 pug - mL,
2 d, MR BIRRAS I EAERE, TR -2y JFHAE | BEE D Rl T A IN2YS Co. B T 5E &
AT 30 min NCREEIMEAE . BFEM E TR D28 LR, B PER] AR B /NERUE S % (glomerular
%, 103000 re min ™" B0 10 min AN IS ¥ “2.57  filtration rate, GFR ) IV REEERG / P8 &t T 4M4h 25 5 &
THUFSA TS A 0 A 0 S e 5 e AP w At T RAR ST e pe A v T ol 2 v R LR 5

RO
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Tab.5 Patient’s general information and plasma concentration of imipenem and cilastatinin

GFR/ Coin/(pg - mL7")
g% (No. ) PER (sex) Ay (age) 54 (dose ) -
’ o e (mL*min™) ! ° W ek R (imipenem ) VUM T ( cilastatin)
1 J 1 (male ) 85 105.5 500 mg tid 3.51 11.02
2 J 1 (male ) 77 127.7 500 mg tid 1.37 7.05
3 J3PE (male ) 78 22.1 500 mg bid 0.86 > 100.0

1 (note ): tid. T R252%5 3 IR ( dosed three times daily ); bid. T R252 2 IR ( dosed twice daily )

2.8 R RN B R A M 4 RG-SR . K 10 ANBRifE I RRE B A IR TR

B i S B 5% mE RN VS Rl T i Uk R O ARZRIERE R ERE RS IR 5 60,120 180,240, 300
10 pg - mb™" FOARUE ML AR 5, AT 10 00, 42 DL R s FORTIS 10 AAr i 2R ff s 1 AR 9 S Y94, S50 4R
B il Re s FIHEXF iR T AL B . RS AR B MOPS 3& {555 B U, B8 i Sk B A8k . o3 il
T, FH AR 4l K % i 8 25, e SR B 0.5 mol - L7 Bessra AP Al Al T B e FE 4R 10 pg - mL™" AObRHE
f) MOPS ¥ ¥, 75 S8 AL BN VA 0 pH, BE R pH IMRESS  SBAT 10 40y, % “2.47 TR ik A & 7
6.8 I EFNAM . KK FEMS 5 MOPS ¥ ¥d% 1: 1 JHATALIUR , LARIRE 7 s ERE 20T, 80 5ok
() E R G, BUR A 90 100 pLF 1.5 mL EP 45, BERYAR{L . S50 3 Fiom o USIAs e 7l i br v i
T PIBRTE I 10 pl, L) 400 L, i 5E 1 min 27, JREESIR e LEEREZY 120 V)5, WG ES Fe P4 ]
13300 r* min™" 50> 8 min, B EIHR 4 pL JEEESMT T B PR B3 A o 0 W R AL TS S AR

Oy 10 AMRAEMSEAE SRS | RIS B, JESEERE 300 NMRESR , TWREES g PG A T AN
SRR R VG R TR N AR AR AP SAE L AR ARl AR T Ak

120 A 1207 B .
l .................. PP T e
n o
2 . & . a a A (imipenem )
»QS »QS ------------------------------------------------- -
= g0 4 = 04 PR T
> > . .
£ E= (cilastatin )
g g .
£ £ N
E( 40— e . @ 40 (internal standard )
= a =
° °
0 T T T 0 T T T
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PEFEEL (numbers of injected samples ) PEREEL ( numbers of injected samples )
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Fig. 3 Changes in MRM signal intensity after continuous sample injection
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