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W OE B8 AAETIEH(FP) L2 d (BP) BA B- N BB 4 Al g £ 5Bt ik b B A RIRRE M IERMGE S,
7 ik R IR R I 35 4 &, 3% (microplate alamar blue assay, MABA) | i i3 M /& 25 4% 5 B AT B 47/ #k H37Rv &9 AR 37 B R B
(MIC) # 5% FP . BP B4 B- 1 B Bl 4p ) ) 0 #b 2 55 Be bk AN IR B MR IR IE 25 M -0 3 45 A% 1 R MABA k52 254528
ah 6 RREM G HABRA NG MIC, 0B 47 K B (FIC) RN 4 eg ik shta ZAE A, 4R . FP BP 5 s e di 47
(CLV) 2L CLV B 2R E 2.5 ng/ml 284 %F H37Rv #9 MIC 531 4 2.1 pg/ml; FP/CLV *F 88% &% I JK 4~ & #k 49 MIC b FP #9
MIC 4k 2~4 4% ,BP/CLV %+ 92% %4 I& /& 5 & #k %9 MIC & BP 5 MIC 1k 4~ 8 45 ; FP/CLV 5 sf & & /K 4% 82 44 . & #L5F J8 e, BP/CLV
LA wmEE ALK BR NI RRTIE AW RIAE R BP/CLV 5 A 2wk i £ BRI Z 35 EAER,BP/CLV 5 A KB4 A
FgAeAE R BB A R A AR . 446 . FP/CLV BP/CLV B AP AH RIFeYH &4 &M BP/CLV X IR A5 % Né &K
SR RATHBEASER,
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Research on Activities of in vitro Anti-Tuberculosis of Faropenem and Biapenem*

ZHAO Weijie', LIU Jing', LI Peng’, GUO Zhenyong (1. Office of Drug Clinical Trial Institutions,
Beijing Chest Hospital Affiliated to Capital Medical University, Beijing 101149, China; 2. Dept. of
Pharmacy, Beijing Chest Hospital Affiliated to Capital Medical University, Beijing 101149, China)

ABSTRACT OBJECTIVE: To optimize the type and matching of faropenem (FP) and biexpenem (BP) combined
with lactamase inhibitors, so as to screen out the composition with the strongest anti-tuberculous activity. METHODS
The microplate alamar blue assay (MABA) was adopted to determine the type and matching of FP and BP combined
with lactamase inhibitors by measuring the minimum inhibitory concentration ( MIC) of mycobacterium tuberculosis
standard strain H37Rv, and the anti-tuberculosis activity of the drug combinations was verified by clinical isolated
strains; the MIC of drug combination in two-drug combinations with six anti-tuberculous drugs were determined by
MABA method, and the in vitro drug interactions was evaluated by calculating the fractionated inhibition concentration
(FIC). RESULTS: The MIC of FP and BP combined with potassium clavulanate (CLV) in fixed CLV concentration
of 2.5 wg/ml against H37Rv were respectively 2 pg/ml and 1 pg/ml; for the MIC of clinical isolated strains, the
FP/CLV were 2-4 times lower than FP in 88% of strains, and the BP/CLV were 4-8 times lower than BP in 92% of
strains; FP/CLV was synergistic with sodium aminosalicylate and protionamide, BP/CLV was synergistic with
capromycin, sodium aminosalicylate and protionamide, BP/CLV was partially synergistic with linezolid and
levofloxacin, BP/CLV and clofazimine had additive effect, and other combinations were unrelated. CONCLUSIONS.
FP/CLV and BP/CLV have good anti-tuberculous activity, BP/CLV is more active and has a good combination with
commonly used second-line anti-tuberculous drugs.

KEYWORDS Faropenem; Biapenem; Activity of anti-tuberculosis; Interaction
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li] B AR AR
1 W8
1.1 1§

CO, 53746 (3£ Thermo A F], 5 HERAcell 150i) ;4=
Yy A (3L E Nuaire A H], #I5R CLASS 1) ; 37 R 1 289%
K e (i S A R AL 858 YXQ-1S-50) ; -80 °C
IR KAE ( B A =i AR 2t 8055 8 MDF-192) ; K
(MR AR 23R A FR A F] L B5 S XS105) 5 A I
BV (LG TR A AR G B A |, A5 YH-200DH ) 5
96 FLICTHE LR ( ZE[E Corning 23 7] , #1524 Coster 3596)
1.2 E#

ZER O BT T ( Mycobacterium tuberculosis, MTB) i fE B
H37Rv( ATCC 27294) H1 B 5 25 4% 9 e DR 5 3 2 4 43E 27 BRIl
PRAY B R e [ RESAZIR I IR SE g = 44t
1.3 RS

SEAHIECINH, Sigma 23], #6755 080M0254V ) 5 725U VD 2
(LFX,Sigma 23 A, 1t 5 : 0001425507 ) ; 32 % £5 55 (FP, IE KK
5 H1 254 B2 |, #E45.01015003) ; FLTH5 RS ( BP, 1F K KI5 6l
AR AL 5. 151216125) 5 5 hr 4k B2 4 ( CLV, Aladdin
Industrial Corporation A H] , #it*5-: D1529045) ; &F [ 4H ( SBT, H
FE 24 A 0 G 52 T, 41t 452 130430201007 ) 5 fil e £ 38
(TBT, Bevtdt ik T4 B A BRA H L iS5 . 30192312080043 ) ;
FIFEE (RIF, Sigma, $1t 5. 78H0773) ; ] 43 W it ( LZD , ¥ 3 i)
A BRAT HS . 11C15210) ;#E 5 E (SM, Sigma 24 7], 15,
117K0719) ; BEPG ¥ B ( MFX, 4 H = 25 R fg A BR A /] dik 5
BXFZG31) ; Z M T HE( EMB, Sigma 23 7 , 41t 5 : 050M0034 ) ; %t
SIKHIREN (PAS, L TS 2 A BRA R, #5 . 1107191 ) 5
FIBFE E (KM, Sigma 2\ 7], #iL 5 25389-94-0) ; 1N B 5 K iz
(PTO, i TREM 25k A FRA AL b5 . M-120201) ; B R
(CPM, Sigma A 5], #1t5 :018K1068) ; B>k K & ( Am, FiEE AR
MRS 2A R R A5 120606) 5 5K B % (CLEF, B 5Tk
B2 R 5. 1003081) . 7H9 #5754 ( 22 H BD A #],
Ht45-:6075662) ; ADC & Fr 3458 WK ( 114 1 - 49 -5 4L fb &
Hfi, 32 E BD 24 H],#t5:2349131) ; Alamar Blue( 3% [E Bio-Rad
AT S :170330) 5 IR-80 ( Tween-80 , 46 5 2% 3K FRH R AT PR
8] S :301C052) ; —HI VA ( DMSO, MP A= ¥ R J7 /A /]
#5.Y190601) , RIF LFX . PTO K CLF Lk DMSO ¥t thl i fits
FEW ;INH .SM .EMB . PAS KM ,CPM .FP .BP .CLV .SBT & TBT
VLK G ZEAR K 4 30 5 e ) B A A7, 0. 22 pum 83K 3 085
LZD MFX J% Am PhFESFIVE AR, )8 -80 C vKAE TR AF
2 AE
2.1 HEHRMEESE
2.1.1 MTB AR#ERR H37Rv BUBES5E ARAEAE—80 °C B A2 A
T4 10% ADC B9 THO }5 373 (% 0. 05% It i-80) 7, fifi i i
ZHRFE S 10° CFU/ml, B T 37 °C 5% CO, RiFAHRiFE 10~
14 d Eib N QA 1 (W 107 CFU/ml) B, DL 5
10% ADC By 7THO 3557 3HF B 10° CFU/ml BB ERE 1
2.1.2 GRS EMRA RS  BUERAED W5 [ 3~4 AW
E PRI TR, WEEE N 0. 9% AL AN 7 0 ph BE ok
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K H M 1 (EHRE N 107 CFU/ml) A 10% ADC # 7H9 15
FRETBN 10° CFU/ml WY BRI T
2.2 96 FLEFLAR B /R I3 35 3 €& 3% ( microplate alamar blue
assay, MABA ) il & &R & iRk & (MIC)
2.2.1 %t MTB #rifii ¥k H37Rv () MIC: 78 96 FL i FLAR LA
THO BiFRIE IR, M BE R RS 200, ZW7E 96 FLAR
Tk BE (H37Rv) LR 1, BLIABUY 100 wl, & LA
“2. L1 WUF B 100 wl, BT 37 CEFRAETH IR 6 4,557
HA Alamar Blue 20 wl F1 20% 1 7i5-80 12.5 pl,37 C 3%
FETHEESR 24 h KRR B AR Ak (N EE 78 ok €4) I Rk 2y
W B 5 SR 25 W B AR B e BE (MIC) ™
x1 W 96 FLIRF AR E (H37RY) ( pg/ml)
Tab 1 Concentration of drugs in 9 microplate (H37Rv) (pg/ml)

) 2RI
S 1 2 3 4 5 [} 1
RIF 0.4 0.2 0.1 0.05 0.025  0.0125 ND
INH 0.8 0.4 0.2 0.1 0.05 0.025 ND
MFX 2 1 0.5 0.25 0.125  0.0625 ND
LFX 8 4 2 1 0.5 0.25 ND
CLF 7.68 3.84 1.92 0.96 0.48 0.24 0.12
LZD 8 4 2 1 0.5 0.25 0.125
SM 16 8 4 2 1 0.5 0.25
KM 04 32 16 8 4 2 1
CPM 64 32 16 8 4 2 1
Am 32 16 8 4 2 1 0.5
EMB 64 32 16 8 4 2 1
ETA 64 32 16 8 4 2 1
PAS 4 2 1 0.5 0.25 0.125 0.062 5

W ND” FR IR K
Note: “ND” means not determined

2.2.2 X 25 BRI R A B R G MIC, J5 ¥k R “2. 2. 17 I, RIF
INH LA 80 pe/ml )55 i 01 i VR BE 0 AT A5 7 B, oA 2 9
R ER 1,
2.2.3 FP BP 5 CLV SBT TBT ¢ Lt ¥ FP BP 4355 CLV
SBT . TBT A HLAEERE— BN 11, B E BE B4 8- Bt
BRI RA RS , 8 E FP BP 15 B- P BRI I3 1
PRl 121,21 4« 1F0 B-PN 15k i i 400 i 500 Dy [ 2 e B
2.5 we/ml 25 4 FhHCEIEC 5, DA B Seab <2, 2. 17 TR AR Bl
HW, 96 TR kT BRI AW AW T 40
16~0.25 wg/ml, T MABA #5152 X H37Rv () MIC, 4 7 i
PRHC Ty 1 Bl J5 5 DR BE 5 %5 27 AR R4 B K i MIC, LA
kR IT
2.2.4  WRTEEIHISHUE 25/ 8- N T I B 1 ) 5 HAB 45
WG RIMHEAE T DIBLIE SE 0, BRI 6 Fh 3 H 26 hish
K24 LZD \LFX ,CPM ,CLF ,PAS } PTO, & X 6 Fhzh¥ 5
“2.2. 3" WARAS Y FP \BP 55 B- P Bk e At 41 ) 550 1) e L il =2
&) (R A A T AE L, 4 BITRE BP/FP +CLV 5 1LZD, LFX,
CPM,CLF, PAS, PTO Wi Wi 25 W) 4 & W% W (25 0 ¥k 2 AL
F2) 42, 2. 17 IR E X H37Rv 19 MIC, RASHA1
PR E (FIC) PFH 25 9 1 S A B A FHT (FIC W3 3—4)
FIC= (MIC, g 1./ MIC ) +( MIC g 1 /MIC ) o
3 &R
3.1 Z5¥3t H37Rv &Y MIC

Zi¥) X H37Rv By MIC: INH 4 0.05 pg/ml; RIF &
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Fz2 WM 96 FLIRETHIK E ( pg/ml)

Tab 2 Concentration of drugs when added into
96 microplat ( pg/ml)

Bt 4xMIC(1) 2XMIC(2) MIC(3) 1/2xMIC(4)
LZD(N) 2 1 0.5 0.25
LFX(L) 2 1 0.5 0.25
CPM(C) 8 4 2 1
CLF(F) 0.96 0.48 0.24 0.12
PAS(P) 0.5 0.25 0.125 0.0625
PTO(B) 8 4 2 1
FP/CLV(FP) 8/2.5 4/2.5 22.5 1/2.5
BP/CLV(BP) 4/2.5 2/2.5 1/2.5 0.5/2.5

T xMIC RBRTT B AREZSH S B-IBENE MR L5 % H3TRv B MIC B9 4 £%
Note:;the concentration was 4 times of MIC of drug against MTB
&3 FP/CLV SMERZHGFMAEKA N RRINEER
Tab 3 Inhibitory effects of FP/CLV combined with
anti-tuberculous drug

IH  FP/CLV LZD(N) LEX(L) CPM(C) CLF(F) PAS(P) PTO(B)

MIC, 2 0.5 0.5 2 0.24 0.25 2
MIC, 2/0.063  1/0.25 2/0.5 2/0.06  0.25/0.03 0.25/0.5
FIC 1.125 1 1.25 1.25 0.375 0.375

VL FP/CLV U2 o825 MIC, Jy#265 MIC, MIC, Jf 2 FEGHBeA ) MIC, YR I 80 4
H pg/ml

Note; FP/CLV is set as a single drug, MIC, is the MIC of the single drug and MIC, is the MIC
of combination of two drugs, both with the concentration union of pg/ml

X4 BP/CLV SHZRATWAEKE N ANMNEER
Tab 4 Inhibitory effects of BP/CLV combined with
anti-tuberculous drug

uiH BP/CLV LZD(N) LFX(L) CPM(C) CLF(F) PAS(P) PTO(B)

MIC, 1 0.5 0.5 2 0.24 0.25 2
MIC, 0.5/0.063 0.5/0.063 0.25/0.25 0.5/0.06 0.125/0.03 0.125/0.5
FIC 0. 625 0. 625 0.375 0.75 0.375 0.375

V. BP/CLV BE B2 MIC, J 32580 MIC, MIC, o 2 25 £ MIC YR I B0 2

y, ml
g Mgl\?ote; FP/CLV is set as a single drug, MIC, is the MIC of the single drug and MIC, is the MIC
of combination of two drugs, both with the concentration union of pg/ml
0.05 wg/ml;LZD SM . LFX 4 0.5 pg/ml; MFX 5 0. 125 pg/ml;
PAS 4 0.25 pwg/ml; EMB PTO KM ,CPM 3 2 pg/ml; AM K
1 wg/ml;CLF 25 0. 24 pg/ml,
3.2 ZMtieR 5> BEkA MIC

25 BRI IR 3 B bk b, 21 Bk Tt 2 25 454% Bk (MDR-TB B
B, BT RIF A1 INH (258 BBE ) 4 R T2 T 24 45 4% 1 ik
(XDR-TB Rtk , RUE RIF INH AFAo] US4 DL K 3 Fh — 4
TSR i — R SRR R ) (BB AR ) .
3.3 FP/BP 5 B- N BEtBZESH 5 HIEC LE

%t H37Rv (4 MIC 43518 . FP \BP #5° 8 pg/ml,3 F -1
Tt iz Bt 410 161 751) 247 > 64 pug/ml, FP/CLV & 2/2 pg/ml, FP/SBT,
FP/TBT ¥4 4/4 pg/ml; BP/CLV & 1/1 pg/ml, BP/SBT,
BP/TBT ¥4 2/2 wg/ml, LIVLH5E FP BP 5 CLV 414, iff—
HDE FP BP 5 B-BEREEEDHI7) 430 L 1:1.2:1 4 1L
21 G R B- PR 16 700 Sy 2 Wk (2.5 pg/ml) B 250 4
A H37Rv 1 MIC, 553, LeAsil oy 121 5 B- P9 IOk e it 41 <1
FIEH AT A 2.5 pg/ml B2 W E R MIC FAIK, FP ZE4L4
M2 weg/ml,BP FEH G TR 1 weg/ml, 7% [H N SR 2 A 52 ik
HREGRPIEAY NP E IR CLV Wk Y e
2.5 pg/ml, A GEBE T B-PN BE i Bl S0 ) Oy Ok

PEBERBTZS I S8 2021 £E55 21 55 5 )

2.5 pg/ml BIZ5HIH A,
3.4 %t 25 Bkl RS BHERH MIC

FP/CLV( Lk FP BUim v i 3R7m ) &F 4 BRIl R 4> B R ¥ MIC
h 8 we/ml, XF 13 BRlf R B EE) MIC 7 4 peg/ml, 5F 7 #RIIG
PRAYBSHE 10 MIC N 2 we/ml, X 1 BRI R 43 85 Bk 19 MIC
1 wg/ml, FP/CLV X 22 BRI R ST B0k ( i 88%,22/25) 1) MIC
It FP 9 MIC % 2~ 4 f%; BP/CLV ( L\ BP Fif ik JiF R ) X
4 BRI R Y BRI MIC 9 8 weg/ml, Xt 4 B I PR 43 85 0k i MIC
K4 peg/ml N 1T ARIG R 2B RS MIC 28 2 peg/ml, X 5 B
RATESRE B MIC 25 1 wg/ml, %F 1 AR I R 23 25 Ak 19 MIC
0.5 pg/ml,BP/CLV X 23 BRIl R 43 85 bk (  92%,23/25) 1
MIC [t BP 4 MIC fif 4~ 8 13 ( BASL(E AT ) ,

3.5 {KSMBEEIER

FP/CLV 5 PAS .PTO Z [ ) FIC 4 0. 375, .78 FP/CLV
5k 2 52 A RIME R, FP/CLYV 5 1LZD | LFX . CPM,
CLF R eVER; BP/CLV 5 CPM ., PAS . PTO Z[f] 4 FIC X
0.375, 7% BP/CLV 5 CPM .PAS .PTO Z [H]F£7E KL 47 1y 13 5]
fEHI; BP/CLV 5 CLF [ FIC K 0. 75, BBk Wi & A7 AEAHNAE
H1;BP/CLV 5 LZD \LFX [ FIC 2 0. 625, AR5 FEIVEA
4 itig

JUR TR 2 4 T 200 R ) 2 B A A, R R T — R R
OB RS AN LB EE IR 2 D, DR KA AL TE 1
4-3 EHEAH FCHE T A, VT AR B- PN IS i Bl 2 B T 25 W A il
{BJEAE MTB H ,4-3 SE I 3-3 BEREIIAFAE . SLEM R AL T %
SIS IR BERE Y LE AR 24 5 S 25 A% T b T R DT 3-3 B
PR LIRS, AT Ik 80%, iR BEIEIE R L, D-F; KA AL
TR, F I, A 4259 0] 5 A3 dl D, D-RBKES L, D-F%
JREEINE, MTB A REREAR K, (RAMIFsE 45 SRR, W R 1 3 FP
KInT il D, D-R KRR L, D-5E IKEE "

X TSR 2T, A [ 1) B- P ok g it 410 o4 390 LA B 7 1 24
Y155 B- P T P T 0 ok 390 A ) 1 I B, RGP O R R TR
X AT RE S 4l B 1Y T 25 AL A OC, X MTB FR fE#k H37Ry,
FP/CLV AU HE R 118, MIC 5 2 pg/ml; 24 BP 5 CLV
FIMRBEHL 1: 10, H MIC 1 wg/ml, X FHATH % L&A
CLV #300, BT LA PR &% FH BaT 2 78 Ak 5 7 4 18 240 10 8 (&
CLV125 mg) ,CLV WK EE N 3~4 we/ml; [y 1 5 6 S
WHREA L, AR E T ARG LT FPLBP () MIC,
CLV #e# o [ ¥ ¥ (2. 5 wg/ml) if FP BP i) MIC Il FP BP
5 CLV ¥EEH N 1118 FP BP B9 MIC A[E], AT LU T
JE SIS AN AR, 7RG S2 5258 CLV A B 3 R 1%
SEVRIE 2.5 pg/ml, HBARZEBITEAEIRIT I R I ATk
HEIGIPIRZYS B-PIBEEEHD HI 7 )7 v, A BT % F
B FP B4 LZD kR WE R 0 O R AT T 240K, 25 R
7R, FP G RANREIE R )5 B (LZD -+ IR BERE ) BT
T (H AR B s i L A SR A D PR - PR R e T o 70 g
KEJEFP [ BATEMEMR S 53— e 45 Ak FP 2
Ml ARSI S MTB Pk i i il e 25 T INH Y

it 24 5 A% 14 HH B T R B s ) P LA — 1 ol
TR TR (5 v R 245, 0 R F 2 R BB G 2 1
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AU GERORIIRYT LR 2545 R IR SRR
FHERE 2 s BRI eI TRYT T R, B R 2
VAR ELAE FOC R B, HAT RAF D[R4 9 25 W16k 5 2
05 FE AT LA R 7R wT ATES T ORI A 17 2 20 25 14

e, #Em T gew A 25 A B R b, AR5, FP/CLV 5

PAS PTO Z[i],BP/CLV 5 CPM PAS PTO Z [H] 7 7E K 4f 1

PRREFEHT, PR e 3697 7 S, LR BT 45 R n] DL B2

IS

NGBl 25 i A I PR W R & T, BP R 4 R 2 >

1 pg/ml FR 200 VR 38 A 4 Bl e P st o B0k MITB f MIIC

24 BP/CLV 5 PAS . PTO 43 BIBKA i FHi , H MIC #F— 2B [ &

0. 125 pg/ml, G, NHRIG B, X Se 25 4l & 7T DL A R Af

PPRIVET . P TR YT T 25 25 R0 1097 R e 4 T — B g

BT, TR, 7 10 &8 e e 2 06 20 % B N 2512 BP

M) A PERF T 25 SR 268, 1 000 mg % 8 h 45240 1 YR FH 2507

% A RERE AR M T 52, HOR R B b X e 22 R Gk, BT LA

Hez ekt i T e e g > 5340, X TR MTB, fnfife i 53

AT B, FP AL I 5w A DU T 6 4, DR, ASBIF 5 45 Rt )

NI R IR YT R

TERRTT BRI A YD, Wk R LD 159 (BP KB

b B A i W] ARG Y71 25 S5 A0 B T I T 25 45 4%

Ji, B LR 25 % MTB (19 MIC ¥E T FP, A58 FP/CLV

(¥ MIC tm5 T BP, H iy Tl 25 25 i iy 7 A 2 5 2218 A

H B 2B 12007, BT AT 17 25 30 5 8 7 4, i 2

i 245 R TR T 1 — A 07 12320 TR, VR e i 2 MR 2

TR 25— AT LT IR 24 &, PP AEIX — 7 T A ke ) £

BT R B AR ] MTB (AR R A R 1 — A

WEEH, CEA R A, FP B MEX  REHb e pe 2 25 241

FARARINY . B, A EX FP k05T,

ARG ERAAFTEE SR R : (1) B3R S5 RAU RS 52

B ah AR, 25 0T AU AR B R 25 B UK N BT TR

PUSE 1, T LA AR S 52 50 1) 285 SR 3 5 BE R P R 5 R AT B0 AE

(2) th TA5 A% T e — b SR A4 i A 25 A T T PN 9 A A1

SEAEII S R S IRI 2 i 25 42 245 00 1) 400 L PN 7 45

WRR B RAE MRS B A8, (3) TS %

SRR 2T R A RE /Y, R TERE Sl R vy, m]

B2 PR by 285 W) A 5 3 S5 v 9 7K Jife 3 RS 24 0 1 A2 B 1

ko XL R T — B nRTSE Hor,

S 3Lk
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