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8 0 VNN L RPTB S IIBW BN, 2OMREWITH AR MVvEA L, BIIESD
FRE A VERAYE DRI L L ORI TW A, 512, HIVSR R LRPUR IR
RN AR R 2R3, Y EIEE (pharmacokinetics: PK) & #3774 (pharmacodynamics:
PD) HEOSFIIBWTIE, EWIREDR/IEE MIEEE (minimum inhibitory concentration:
MIC) DRI 5L EWHEREFRER (Time above MIC: % T > MIC) # %354 4 7@
B TN LRPUH IO W T AERE D & Bl OfEFEICHE - B84 5 Y
EEEDE= %Y % (therapeutic drug monitoring: TDM) $5 Z &1, &M% 5 IR
B GMEEOR G R BBV TMO THETH L. AFETIEZ, 5D A VN ER LR
WHIZOWT, EMHD I 222 BKMMHEEREIK S o< ~ 75 7 4+ — (Hydrophilic
interaction liquid chromatography: HILIC)-% » 7 A &0 (MS/MS) 12 X % i 2> 5
RE k2L L7z, & MIEE 20 ul ICEWEZRIM L7205, 10 mM BEER 7 €= AV
W80 ul, 7k b=bUI400 ul 2 THE M 247V, mOsBEL 2B 10ul 2514 L
7 MO AT AL, 58 5 2121% Imtakt FEE O S 5 2 UK-Amino (£ &
50mm, PWfE3mm, fE3um) ZMHALL. RYF4 7L 7 A7 L —AF 1t (ESD
BEHOLZEORE=41) 7 (MRM) 12X 0 5O H VSR A RPURSEL, M5 H
535 PDINICIKER MBS, HIRIZ 24 ~ 85% Td o 7. PIHELEE#EE: 2 B v THERK
L 7-BeEaiix, 2.5~ 100 ug/ml @i i PHCAH B AR %05 0.9998 LI BT 70 B A3 &
n, MBS 1.25 ug/ml Th o 7z, FHHE (CV i) S HNEH B X HHE# B ZhE
16 ~53%& 27 ~62% CTRIFTHo72. X5, BMAMRFEFNEOMEER S DKE
(No.1250) #13T, AUNRFABIORNYREL2HEOMAEE 1 g % 28 2 454 O
WABEURT 74 TIZENETNHEG Lz BONTEEFOY T VITONT, MV LA
RV, AOXRRALBIVPFFYXRALD TDM #1To72. A0RRFALT 2% E G505
WF ] Cope i M AP R BRI EE L, M MAE R 529 B X V678 ug/ml ThH -7, —F, F
1) N L DR ML PR EERER I 025 B X OV 05 B C, REIMAETRENZENZEN 621 B
X986 ug/ml Tdh o7z, AL, 20 ul &) HEOIMBERE 2V EOBBEZ VTR -
WLEITo7-0%, EiE%Z20F F HILIC-MS/MS IZIEAT 5 20 OfiE R0 TH Y, Ht
T DI LR T S RO 72 A IVNR A LA REEO G RETH -7, Lad,
ERUEDB X OHBMED BIFT, EBBIOY > TNV E W EERESBETEL I RSN E
o7z, ARWFgEIRe MR A VARA L RIIEEDONA 2V —T v b3Hi72T% <, o
WHEPW~OICH B MRF SN, BIRB X EERHPHIBICBWTEHTH L LEZOLNS.

HALEH
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X—T7— K AU LRPUREE, IE, BRI EERRAZ o~ s 2757 1+ — (HILIC),

UK-Amino ## 7 &, % VT A

AR, EERL AR T AT A RIEAEIRED
BEPWEIML Twa. [WREZ, 24550555 2 23
Wa EMBLL, #ab - FREALE T 2 7~ 300 i kg
FEDSEAI L T a1, 205 iR o H A K
YiiE DR AR 2 0] L X8 5\ IEEIE 2 PR S o H
WYHTHY, FRIHIGICBWTITEELHRE L
o TWwWa, BE, PUREL X )RR DL
i3 %720, FEWHEEE (pharmacokinetics: PK)
& 3714 (pharmacodynamics: PD) BFLEHIZ oW
72 LA 3 0 38 1E A I AT B S T 347, PK-PD
a2 -l oBIEME Ao L, %
D) 7 & OV O W BIH] 7 & OERIR K
ERHE SN Tn 5B,

HIVISRA L RPUEIEILB-T 7 7 2 RPUHEIEIC
WEHAET AREA R ICER I N5 E L ON
W T, MBERESEHEER DD ) REICE) < &
ENTwRW 2ok, BEEcER, 220
RGP AT MVvEA L, WIMES DO FEIED 5
WITEEHR M RGYE ORHRE L LA fH I Tw
PR R S R B AR A% N - A g P
WSR2 /T, PK-PD BHHOSHIZE W
TUE, Wi /3 E LR E (minimum
inhibitory concentration: MIC) LA b7 5 X< £
WHERERERY  (Time above MIC: % T > MIC) # %2
T5947I/T A, 20w, PiHEERED5
WIS 2 WG OERICE 2% T >
MIC DREEDSVLE L ENTWS, —F, EIEMHE
LCHEGICEDTF 714 5F v =2 a3y 7 REEHE
HRENMEE R STWBRMMW k) TR
H, A VAR BGRPLRFE I DV T AR &1
HHOFEFICFEE - i O ICSEY M £ =
% 1) v 7 (therapeutic drug monitoring: TDM) %
TAHZ L, HEHmE D PIREN L IIREOR
HRRBIZBWTHOD THEETH 51419,

BESk, v MEHEITH A LSRR A RPUEEOHE T
- S B I EH 2w s T & 72
B, BMEGEIER S NICL RO BRIBESLET
Hotz. Tz, HWrEE LTI (reversed phase:
RP) 77 rxHvi-gdpkru~x 797 14—
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BE5H (MS/MS)

(high-performance liquid chromatography: HPLC)
B—fNTdH - 72. RP-HPLC Tld R A % <
(B 10 ~2540LAE), F72, UVEHEZRIC X B HEE
NBLOCEREOK S HHESE LTHEHIATY
Z) 17-19)'

AW TIE, & MHE (20 u) 25, M2 -
A L B & O R B BLUK MR AH B AR 2 1
~ 29 7 4 — (Hydrophilic interaction liquid
chromatography: HILIC)-% ¥ & 2 B &4 (MS/
MS) #ExHWT, €74 24 (biapenem), 785=+X
# 2 (panipenem), £ I-X4% 2 (imipenem), KX
%24 (doripenem) B XA TR 2L (meropenem)
5FFD B NN A RPLHIEIZOWT, 45 EERE
3553 DM - WO EIKE R NA ANV —T v b
HILIC-MS/MS 55813 AT A e RS L 7D T3 5.

SR

Y7 A LT Meiji Seika 7 7 V= (HE), /5=
NALIH-ZI ORRD, AR AFKEARAK
B (KPR, FUNRLIIHETFHRBIE (KR B
X OYWEREEY) . (Internal Standard: IS) @ ¥«
5 1)~ (piperacillin) 1ZK1EE I Pharmaceutical
(n) 22ozhenftssnsz. 41 IRF2AE
Sigma-Aldrich #1: (St. Louis, MO, USA) 7 5 A
L7z, 7T M= MY, BHKB X OZEOMORE
(3 LC-MS H F 721333 IS T 5 S 02 H
L7-.

2. BEEE B X OVEEHE (QC) Bt fER

5AEH D A VN A LRI EE DS & VIS O %48
Y, WA ORYEZFEEFEL-0b, il
KTHEML, RAAHEER (1mg/m) & L7z &
LI, ZORMEREAER 2 BALKTHRL, 5~
4,000 ng/10 ul DFEHEFH Z/ER L, ACTHREL T1
HUWICHR L7z, K9y 771 — MiSEE3EY
ZHRAH LT W R 5 447 & FREL L 72 1L 4%
7= VLU TIER L7 F72, MEHEH oYM
AEE RSy 77— MSE20 ul 24720 50 ~
2,000 ng O i £ i P C mif GO AR HE R & v L C i
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Table 1 Optimized MS/MS parameters

Compound MRM transitions  DP EP CE CXP
(m/z) V) (V) (eV) (V)
Biapenem 351 — 110 36 75 22 6
Panipenem 340 — 210 41 9 27 6
Imipenem 300 — 126 26 45 25 4
Doripenem 421 — 274 31 75 23 6
Meropenem 384 — 141 36 6.5 23 4
Piperacillin (IS) 518 — 143 56 9 20 4

DP: Declustering Potential, EP: Entrance Potential, CE: Collision
Energy, CXP: Collision Exit Potential.

L7z, &b, BEfHf (25~ 100 ug/ml) FE¥EXI
) rERISELTHML, NEREEZEIC X - TE
L7z, SWEEH (quality control: QC) #EHIM
A OFEYRINEE & Rk D HET, FIv 7T
) —b MIMAE 20 pl | 50 ~ 2,000 ng D3y i i pH
T L, —80CTHRAELT3INHUMNIZHEH L.

3. MY AT AT T4 T 5% T VOfER

HEYPRMAEEIX, Fo v 77—k MSE 20 ul
IZHTRLD & 9 I S FED A VSRR L RPTR 3B &
CISZHRML7ZDL, 10mM BT =7 A%
W8ul, 7 bF=F U N400ul ZEMLAD 2T
19,600 X g C 3 4.0 B2 4T, B 10 ul %
HILIC-MS/MS 53 v AT 2277514 L7z,

4. irEE B L OEN:

ARGHE Y AT H12iE Agilent 1100 HPLC (Agilent,
Santa Clara, CA, USA) & API2000 bV 7 )V U &
i A MS/MS 2% (AB Sciex. Framingham, MA,
USA) % on line TEH 72D % H\w7-.

HPLC W 5fFiE, LT OBETIT-> 72 A
7 L Imtakt #E# O NEAH 77 F 2 UK-Amino (& &
50mm, W& 3mm, K &E3um), » J &K :
40C, BEM : AD10mM BERE 7 ~ E= 7 LB
(pH 68), BA7E =Pt N, V=775
F B%) :65% (0min) =+65% (1 min) = 5%
(2min) 5% (59min) =65% (6min), # 7 A
e - 0.5 ml/min, PEHEA®R 10 ul

HESHIZZLZ b A 7L —4 % »{t (Elec-
trospray ionization, ESI) # D14 + v € — F
(positive ion mode) TiT-72. MSA ¥ ¥ —7 x—
ABKFERREEIAF Y — ABIE 5200V, £ F >~
V—AME 1 500C, AT IAYF—=HAE (EHliEze
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Z) 1 85psi, B—F —HAE (BHEZEL) : 30 psi,
H—T A AL (ERiEaEFR) 30psi, 7VAF ¥
YE— NIZBIF - EHP : mz 50-550, 7 — & I
0 AAEER - 150 ms, peak “PEIE : 06-0.75, =2V
VarNARERTARMH L. SEINE=Y
1) ¥ % (multiple reaction monitoring, MRM) + 5
YV Y a VIEEEWITHIE L MS/MS 785 X —
Y —DOwrEfH%EE (Table 1) L, 77— 7 BHTIX
Analyst 142V 7 F 7 7 (AB Sciex) % MW T
17z,

5. KMiEAROVERK

PR HE 1 2 T W 72 A i D TR LA =
By (25, 50, 10, 20, 50, 100 ug/ml) B LT
IS GOug/ml) #KIv 7790 — MIFEIZHEMLT
BIALEE 2 47wy, Bi % HILIC-MS/MS 12T MRM il
L CTHET L7z, BEARE (x) 1L, &3 /IS
O¥—7smfElt (v) % 2 Fhic L 2 EMR0E 5
M (AT weight = 1) THRIEL, HE#HE L.
BHBRRIEY 7 F IV / R=25 4~ ) 4 X (S/N
) 3 #MHBRS (limit of detection: LOD) & L7z.
EE FIRIEE (lower limit of quantitation: LLOQ)
BLOEE LIREE (upper limit of quantitation:
ULOQ) X FDA OAEKEBAATICET A 44 KT
A HE T, WENIL%ZBAT, BEER
80 ~ 120% DHPANICH HIEE L Lz, RF%ET
1%, ULOQ i A oA L2850 ug/ml, Z Dl 4 3
WH 100 pg/ml & FNENikE L7,

6. KGR L HJE

AoMriko HNZES) - HZENE, 5OV
INRA DR SRICOWT, Eh2h 3O
@ QC #AFZ MRM JllE L, K - BHEEIC X D EH
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L7z, HWZBENZFE—HMNIZ 3HEHORED QC i
B2 6 e L, HEZEX 6 HEIZH/zoT 11
TOWE L THELHEELYRER L KIS
EEHER 7 (relative standard deviation: RSD) %
WCRHE L, BEIEX R vy 770 =t bnsEy >~
TOVIEEE (BRGEAE) (2R3 2 5 i BE O Al k) 3t
(relative error: RE %) #%=*15% AN % #7426 3
EL72W,

7. EEBLO< MY v 7 AR5

MR, 3HEEHOBEE O QC k& ik, %
6T L, €O MRM 7 0= b7 5 LD — 7
(A CIIREA IR R 2 L, HEE T
VAT AEALTHLON Y- 2T (B) &l
BLTEMELZZ (A/B X 100). <~ M1 v 7 ZA%hH
FERBEFRNT Yy 77—k MSEZFTLIE (F
W wly) Lzob, EnEhE Ui oRER %
WML T oh-¥—20HkE (C) L2 LTH
ML ((C/B—1) X 100)]). 7z, bz L
LA ECEHWTHEBLA (A/C X 100).

8. MEMRMIC X etk

5 T D A NN L RPEHEIZOWT, 3D
RO QC Wk 2 ik, Zh 2 4CT 48 R,
—80C T~ 4 H 2 5 NI 12 AR, MRM #llE
L, b NS et (Stability) % &Ffi L 7-.
9. 5k
RIFFETHEE L 200> AT 2% v, EEIC
WP PG ENTRT V7 4 7 Hh BRI L 72 4
P TNV OWTEY M REDE=FY) V7
(therapeutic drug monitoring: TDM) %47\, [
RIS O HEVE 2 M) L7z, AP akbaid, Ak
F AR OMEEE SO KRR (No1250) =7
DHIZFER L7z, PURELREICX ST LIVF—JE)S
BWZ E R L 7R ABERZ 71 T
L, REEOHBB LI oW TER 2 H
WCTTAHHL, HHERICLZ2MREL A &
HAZX B ay 78007 5 E00EOED
1To729 Z CHRYERGRBEZERL7z. FY AR A
(Volunteer A : 30 5%, 1£ ¥ 65kg : Volunteer B :
33 %, AT 68 kg) F oz A gk A (Volunteer
C:367%, MHE60kg; Volunteer D : 48 %, A HE
72kg) \2oWT, #NFN1g &AM ATEK 100 ml
ICCTHRL, 2K 24514 BDKRT 714 71230
SETENENETHFELZ. WIhORT VT4
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TR LTOHELERICZERZNR A TRA LT
YRALDOFENISEERL, BETH L L2
RBL72) A THEEYO RN G- 217> 7z FRIMLEH
5ai (0), $5# 025 05 075 1, 2, 4, 6, 8k
BICAT - 72, $RELL 722k k (EDTA ) 3%
i 30 0 HeiE 0, 1,800 g T 104y, @Ol Ti%
724 % 34T £ T — 80°C CTHiM FAE L 72.

& X

l. YSAARZ PVBELOMRM Z7a~ b7 4
RYF 4 7 ESLi:& Hv72 MS € Ti&, 5 HiE
OWMHEB LIS IETVTHOEAIZBWTEH 71
M oAb IM+HI"TH 5B mz 351 (E7 XA
L), m/z 340 OS= A L), m/z 300 (£ I ~<A
L), m/z421 (RURRL), m/z 384 (X~ %
L) BXWmz 518 (IS) HEER LB
(Table 2). ¥72, MSA* ¥y v TGN LRSS
gk FE TS =Y —AF &L TMS/
MS Wi %247 o728 2 A, ET7TXALH351, 265,
170, 110 (R=ZA¥—=72), /=R L7958 340, 296,
210 (N—=2¥—7%), 4 3I~RAL25300, 170, 141,
126 (R—=2ZAE—=72), FYRKALH42], 342, 298,
274 (R—Z¥—7), ATHZAH 384, 254, 141
(R=2Z2AE—2) BIXOISH 518, 359, 143 (~N—
A¥—=7) IZBWT, EnhEnh7uy s M4 o9
Bigtx 7z (Table 2). HILIC-MS/MS &% Hw 72
MAEHICHEAE S 5 SHF O B VSR A L SRPUH 3
DORKFERESIICBITS MRM b5 v V¥ a v
7 RALHD mz 351 =110, /S=XA LD m/z
340 = 210, 4 I RFA LD m/z 300~ 126, K1) ~4
LS m/z 421 = 274, A TNRFR LD m/z 384 — 141,
IS A% m/z 518 = 143 1IcF ik E L7z (Table 1).
KF v 7 71) —t Mi#EZHWRNRBRTHE L
72MRM 7 u=< + 79 4% Fig. 1 IZRT. wWTh
DY D 355 UNICBER SRS, Ny 2 s
S Y RIARNBEFEAER VAR 7O NS
AR S N B GORFEREIZZEENR, €T
NRALDL00 55, /S=XALDLIT 55, 4 I A
AN13L 45, ISH 1814, FUNRRAHN232408
XATRALD 28353 Th o 7.

2. HWENY) F—=va v

WP 2 W72 filE, €7 A4, X
RAL, A IRFZABIPFY XA LD 4IEYH
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Table 2 Structures of analyte derivatives and their characteristic product ions

Stracture Compound MW* MS MS/MS
m/z (relative  Assignment Precursor  Product ion Assignment
intensity, %) ion m/z m/z (relative

intensity, %)

Biapenem 350 351 (100) [M+H]" 351 351 (29) [M+H]*
T/\ 265 (78) [M-C;H0.+H] *
s N
Niw/ 170 (71) [CHNOs+HI*

110 (100) [CsH/Ns +H] *

o Panipenem 339 340 (100) [M+H]* 340 340 (64)  [M+H]*
o 296 (40) [M-C.H50 +2H]*
N
He D 210 (1000 [CsHsNOsSI*
Lo z Vo en. 12 (34)  [CoHuN+HI*

Imipenem 299 300 (100) [M+H]* 300 300 (5) [M+H]*
170 (71) [C;HoNO,S-H] *
141 (61) [C/HNO,+H] *
126 (100) [CeHNOz + HI*

Doripenem 420 421 (100) [M+H]* 421 421 (25) [M+H]*
342 (56) [M-H2NO,S +2H] *
298 (43) [M-C;HgN»0.S1*
274 (100) [CioH17N30:S,-H] *

Meropenem 383 384 (100) [M+H]* 384 384 (20) [M+H]*
254 (70) [M-C¢H12N,O-H]
141 (100) [CHiN,0T*

Piperacillin (IS) 517 518 (100) [M+H]* 518 518 (6) [M+H]*

]
ey 0
HyC i\f ; 0 ., 160 (21) [CeHoNO,S+H] *
HN S s ch. N
i ‘)j’ : 143 (1000 [CoHsNOS +H]

o -

5 ° N\5<(‘HV

D/“UH

* MW : molecular weight.

25~ 100 ug/ml, X TRAR LD 25~ 50 ug/ml O T, Em FREBEEL I OEHEEBRIMEEZENENR
FWHET, WINDHMHERE 09998 L EOBIFARE 25 ~50ug/ml B L7100 ug/ml THh - 7-.
MME %2R L7z (Table 3). MRS X 1.25 ug/ml Table 4 ZHWNZS B X OCHMZ# O HBLN %
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RS S HHHD A VNN L RPUREE O HNZEH) I
DWTIIHEEEADY 1.6 ~48% T, EHEEAT92 ~ 106%
Thotz. /2, HHABIZNENHED 2.7 ~

Plasma spiked ' i
6.3% T, HEEAEE~104%ThHh-72. WINLDRE

Intensity (%)

o /@:?:f;?im G ERBBEE R
RKOW T AT HIIBITA< M) v 7 A%E, H
‘ I & O A H & Table 5107, WL I
100 1 Pa}n};;ZrBeLnZIO (ESI*) 24 ~8% T, MWMRIENT2~98%TH-72. F
501 /&f’ L0 S HED VSN A RHE I TILD £ oF ¥
0 AR b7y a v OREEZTRECKT RSN,
100 4 Imipenem ESI* <X M)y 7 AREIE -5 ~—65%Th-o7z.
Svm@WHm/\; (1597) K9y 77—t MY Y 7B B IR
0 VLI 5 FEF D /7 VN R 2 RPUR 31 4°C T 48
1001 piveracitin (i5) o HEBIBRAEATSA ~ 112%, —80°C T 43HMIE X U712
50 | m/z: 518143 A (21e4)  BMRLEDZNEN 89 ~108%, 91 ~114% Th -
0 72 (Table 6). F1U XA AIZDOWTIRME L0 ug/
_ ml DEEMED84% TH - 2Pk, wFhd +£15%
100 | Doripenem ESI* .
% 1 miz 421274 k (2390) DN E Rif 2 F3IEZ R L7z,
0; 3. B9k
LIS L 72 iE 2 VT, FYRRA T2
100 Meropenem ESI* AaRA N1 g % 20 i 5 40 iR DR NS
50 | e 38414l J\ GO RS T4 T A% QBE24) RIS T
o N BSNMAEH > 7 VIZDO VT, HILIC-MS/MS 4+
0 ! e (i) . Y W (Fig 2) BLUTSHFC L 5 TDM #47 - 72 (Fig.
Fig. 1 MRM chromatograms for five carbapenems 3. FUNALEGH 24) & WhEGHR, €
and IS in human plasma by HILIC-MS/MS. NZENO02D W (K547 A) F7213 05 iR
Drug-free plasma (20 ul) were spiked with (K5 v5 47 B CTHEEMPEECEL mMIEH

LLOQ concentrations of each drug and 1 ug of

IS, respectively. %#@?‘%E{ﬁi‘ 621 ug/ml (7]:‘\ 3 v 7— /f T A) js J: Z}‘

986ug/ml (X574 7B) Tholz. K7~

Table 3 Regression equations, LODs, LLOQs and ULOQs

Compound y=ar + b* Correlation Concentration LOD LLOQ ULOQ
a =SD b =SD coefficient (¥) range (ug/ml)  (ug/mD  (ug/ml)  (ug/ml)
Biapenem  0.0010 = 0.00002 0.0036 = 0.00523 0.9998 25 — 100 1.25 25 100
Panipenem  0.0036 = 0.00011  —0.0553 = 0.00835 0.9999 50 — 100 1.25 5.0 100
Imipenem  0.0011 = 0.00012  —0.0028 = 0.00600 1.0000 25 — 100 1.25 25 100
Doripenem  0.0017 %= 0.00012 0.0183 = 0.01344 0.9998 50 — 100 1.25 5.0 100
Meropenem 0.0031 % 0.00022 0.0104 = 0.01937 0.9998 25 — 50 1.25 25 50

* Slope (@) and intercept (b) are expressed as mean values * SD with six different calibrators (2.5, 5.0, 10, 20, 50 and
100 pg/ml), in duplicate, on 6 consecutive days. Calibration curves were constructed by plotting peak area ratios of a
test compound to an internal standard against drug concentrations.

374



11538 S D A SN (VAP S e B ST S I E

Table 4 Precision and accuracy for carbapenems in QC samples

Intraday (7 =6) Interday (z =6)
Compound  Concentration Concentration Precision Accuracy Concentration Precision Accuracy
added detected (%) (%) detected (%) (%)
(ug/ml) (ug/ml) (ug/ml)
Biapenem 25 23+0.11* 438 92 24 +0.15* 6.3 96
50 529 + 281 5.3 106 51.0 £ 161 3.2 102
100 101.1 = 1.92 19 101 102.3 = 3.77 3.7 102
Panipenem 50 5.1 = 0.09 1.8 102 52 = 0.23 44 104
50 49.1 = 2.08 4.2 98 519 + 321 6.2 104
100 98.8 = 1.62 1.6 99 101.6 = 3.13 31 102
Imipenem 25 2.6 = 0.10 38 104 24 =014 58 96
50 49.7 £ 0.79 1.6 99 481 = 1.60 3.3 96
100 959 = 2.31 24 96 945 = 295 31 95
Doripenem 50 43 x012 2.8 86 44 =017 39 88
50 484 £ 092 1.9 97 499 + 146 29 100
100 956 = 1.70 1.8 96 98.7 = 271 2.7 99
Meropenem 25 2.3 +=0.07 3.0 92 2.3 = 0.09 39 92
50 47 £013 2.8 94 48 =015 31 96
50 471 = 2.30 49 oLt 489 + 1.77 3.6 98

* The values are means = SD.

Table 5 Matrix effect, recovery and extraction efficiency

Compound Spike  Matrix effect Recovery (%) Extraction efficiency (%)

(ug/ml) (%) (mean * SD) (mean * SD)
Biapenem 25 —64.6* 255+ 09 720 £ 26
50 —46.3 388 = 0.7 724 £ 12
100 —431 240 =05 738 £09
Panipenem 5.0 —549 444 £ 14 984 £ 32
50 —316 62.6 = 1.6 915 £ 23
100 —278 682 = 1.1 944 £ 16
Imipenem 25 — 4838 380 £ 1.3 74.3 = 26
50 —255 577+ 13 774 £ 1.7
100 —-212 626 = 1.6 794 = 20
Doripenem 5.0 —209 633 1.9 80.0 = 24
50 —135 708 £ 0.8 818 = 1.0
100 —155 718 =28 849 £ 09
Meropenem 25 —10.6 764 £ 1.8 855 = 20
5.0 —6.7 817 £22 876 £ 24
50 —49 848 =38 89.2 £ 40

*Each value represents the mean of 6 experiments. SD: standard deviation.
Negative values account for signal suppression.
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Table 6 Stability in QC samples at 4C and —80C

Compound  Concentration Stability (%) *
added (ug/ml) 4T —-80C -30C

(48 h) (4 weeks) (12 weeks)
Biapenem 25 97 * 144** 99 =22 100 = 2.6
50 101 =57 106 = 25 93+ 1.0
100 103 = 35 102 =45 94 +67
Panipenem 5.0 112 £ 4.3 108 = 3.3 105 = 9.2
50 89 + 44 99 + 32 102 £ 1.2
100 95 =27 101 =14 92 =58
Imipenem 25 106 £75 98 = 2.0 105 = 24
50 106 = 4.0 106 = 1.3 103 £ 20
100 100 = 3.0 99 =21 96 = 34
Doripenem 50 84 =88 89 92 91 £ 15
50 99 = 5.0 98 =22 114 £ 38
100 103 £57 98 + 3.6 112+ 19
Meropenem 25 109 = 80 99 £ 69 97 £ 31
50 106 =79 100 =58 104 = 20
50 103 £ 25 103 £ 5.1 103 =56

* The values obtained from QC samples freshly prepared and analyzed

immediately were set at 100%.

** Each value is mean = SD (n = 6).

TAT ADKDEEIMPEEIMKC,
ERBAD L Tworz, T2, Auxraik58 2
%) IZowTIE, Hu#EGHEwI D 05 R Tk
IR BRI L, ARSI 28 529 (KT~
F47C) BLXU678ug/ml (K547 D) T
Hotz. 2ANDERT VT4 7 Tl gz 274
THRLZZ2b00, MPREOHERIZ2 ALY, 1TT
FkeTH o7 (Fig 3).
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0
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Fig. 2 MRM chromatograms obtained by the present
method from the plasma of four healthy male
volunteers 0.25 or 0.5h after intravenous ad-
ministration of a single 1-g dose of doripenem
or meropenem. The amount of piperacillin
(1 ug) was spiked as the IS.
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Fig. 3 Plasma concentrations of doripenem and
meropenem versus time after intravenous ad-
ministration of a single 1-g dose of doripenem
or meropenem in four healthy male volunteers.
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IN HUMAN PLASMA BY HILIC-MS/MS
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Abstract —— Carbapenems are 3-lactam antimicrobial agents with an exceptionally broad spectrum
of activity, which inhibit bacterial cell wall synthesis by binding to penicillin binding proteins. The car-
bapenem drugs are time-dependent antibiotics, which implies that their activity is primarily related to
the time during which their plasma concentration remains above the minimal inhibition concentration
(MIC) for the offending organism. The regimen should be based on PK-PD theory and should be useful
in clinical practice including against anaerobic infections. In the present study, a new, sensitive, specific,
and rapid method was developed and established for the analysis of five carbapenems (biapenem, panipe-
nem, imipenem, doripenem and meropenem) in human plasma samples by hydrophilic interaction liquid
chromatography (HILIC)-tandem mass spectrometry (MS/MS). A small volume of plasma (20 ul)
spiked with compounds was diluted with 80 ul of 10-mM ammonium acetate followed by a simple protein
precipitation with 400 ul of acetonitrile. After centrifugation, the clear supernatant extract was directly
injected into the HILIC-MS/MS, without any solvent evaporation or reconstitution steps. The chromato-
graphic separation of the carbapenems was achieved on a Unison UK-Amino HILIC column (50 mm X
3 mm id, particle size 3 um) with a linear gradient elution system composed of 10 mM ammonium ace-
tate (pH 6.8) and acetonitrile at a flow rate of 0.5 ml/min. The mass spectra obtained by HILIC-MS
showed base peak ions due to [M + H]* for biapenem, panipenem, imipenem, doripenem, meropenem
and piperacillin (internal standard, IS) Recoveries of these five carbapenems in plasma were 24-85% and
the lower limits of quantitation were 2.5-5.0 ug/ml. The intra- and interday coefficients of variation for
all drugs in plasma was less than 6.3%. Furthermore, the present study provided a short analysis time
(35 min) and high sensitivity with lower LLOQ concentrations. The method was successfully applied to
actual analyses of real plasma samples, derived after intravenous administration of doripenem or merope-
nem, which followed the present method.

Key words: carbapenem, hydrophilic interaction liquid chromatography (HILIC), UK-Amino column,
tandem mass spectrometry (MS/MS), human plasma
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