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Azthreonam (SQ 26,776) oHE ), B-lactamase ZEN
BIOFHE LB L OB IRREER

B H

B-EHBTF -BABRT

JRRERFEFMAEFEHE

Azthreonam ¥, £&H I N1-#D monobactam RILEME CThH Do 7 7 LBEHECRTHH
B85\ A%, E.coli, K.pneumoniae, Proteus |B&HFE, C. freundii, S.marcescens, ¥ kX
O H.influenzae (2%, oxim ZUE 3 cephem RIPAEWECES LILEORNERT I EMN
ERRENZ I b I Nt P aeruginosa 12i¥, CFS LRABEDOM\ B H% =35, P.cepacia
% P.maltophilia X EEDNHRTIT E Ll

Azthreonam %, E.coli }x&'® PBP3 & 1A BRI KD T, sub MIC TiXEA: filament
63527, EEATIBRELHMRE OGNNREERHIZR LD T, L£HERNTOREFRZIREI
BInt, 77 2BHEEDRAEREDE AL, Azthreonam & O TH LM LB HEREY T30
FERBIR~ =) vt MCIPC  MFIPC LoffHAERTHAS 5,

Azthreonam i3, 28R & h’#D monobactam %
HEYETH 5, 77 s BHEBECIHCHENETT
B, 77 ABHRCRFANFVE VbR B, KHF DL
LW AEHE OBK S HEEk, B-lactamase f2
ERREYBAVCTRE Lic, *7c B-lactam REAEHE
GMRESKIEENTS Y, HOoREEECEE Y5
B, EEOKRE LRI ERTF CH2HBEOREN
PRRIBLOCHERELIRLY, v2uT7,—
M) ®=4wEEmR PMN) AR AE, BB
h3IORHCEB LD EXALRTWEDT,
Azthreonam & Zh b EFRRBHET L OB HOES
WAoo B-lactam RILEWE L LB L,

I. #MHE&SETHE

1. FEMBEKR B 32 MIC ofilE

JEREREMNBREFRREZN OS5 S i, Bk
FEIR A EED E.coli 47 #k, K. pneumoniae 45 gk, P.
mirabilis 50 £k, P.vulgaris 41 #, P.morganii 54
Bk, P.rettgeri 30 ¥k, C.freundii 48 fk, S.marcescens
50 ¥k, E. cloacaed5 k. P.aeruginosa 50 %, P. cepacia
45 ¥k, P.maltophilia 29 ¥k, A.calcoaceticus 50 #f
¥ X0 H. influenzae 36 #xX ML 7o Zic E.coli
CS2 iz 52 flifD R (bla) % {5&E L =, Ampicillin
(ABPC) BmEMEKT2 MIC H#ELic, MIC
DOPE R, BARCFEREFSE CPRFRE) i,
108/ml OEIFBWA I 7 R T Ty B —TAK,y b5
FEx & o1

2. B-lactamase iZxt3 5 REM DB

200 ml ® L-broth sz, 37°C TIREHEEH Uik

RO B 2 AR L TED, &%, 0.01M 0
VEREETR S ml HERE L, 10ke OFHEBAMETK
WLIEA D 30 B4 EME LI, 6,000xg, 304, ¥
L 0% 105,000X g, 30 Ao X DB cE kM
W HEEEE UTHER LAY, Richmond £ Ia, Ic,
Ib, I=TEM, WV, X0 V=0XA # PB-lactamase
@ source & LT, E.cloacae Nek 39, P.vulgaris
33, P.mirabilis JY10, E.coli CS2 (RK1), K.
pneumoniae 42, ¥} XU E.coli CS2 (RE45) *{#F
Lo

Vmax DORFE L macroiodo iz k b, K, it pH
IRTRERERTS acidimetry 3RIZ X - 72,

3. AEHEN=) vEAER (PBP) A0 Az

threonam o kDT

E.coli, S.marcescens ¥} X% A.calcoaceticus O
PBP #MMCH T 2 ABFIMEL, SPRATT DFEY
T bfricote Tl b 200ml o L-broth Hic
37°C CIEMIEH L, MBI E. coli NIH] JC-
2 ig K OMifak ik, 0.01M ) vEEEH 8 ml &
WEEEL, K& Liehis 10ke OEHBMIET 30 B
o 10 EAE L7z, 105,000Xg, 30 40 i#EE Tl
s A $ad, 0.01M MgCl, jin 0.05M ) v EpEEIR
e, BAEY 15mg/ml i3 X5 BEE L
Azthreonam DEEHFEL YC-PCG & DEEARESH
BT,

4. Azthreonam ® E.coli ¥ X U P. aeruginosa

T B o e
E.coli NIHJ JC-2, %7:iX P.aeruginosa 18S o
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L-broth, 37°C —IREIEF R % 104 ml w75 L 5 i
L-broth THR L1, FF|E7N, Azthreonam 1/4~8
MIC % 7213, Cefoperazone (CPZ) 1/4~8 MIC &fn
DRBRERIED, 37°C TIRBEEHRYETIenb, 1~7
W Bz 2 o —#8 % B b JERFARH: T ABEBCR T L
T, WIEHID BEE I % i Lo

5 itk X0 Mg & Azthreonam D IRIFRTH

ZhERD BT

E.coli NIHJ JC-2, ¥ #:i% P.aeruginosa 18S o
L-broth, 37°C —%IRWREFHEW % L-broth THHRL,
105/ml DEEFBEREF - 120 FEFES M e +IEE LML
W 20% BLUEL E, MK 0.75unit (E.coli) #
721, 10 unit (P.aeruginosa) )i, Azthreonam 50%
BB (0.07 ug/ml=E. coli ; 10.5 ug/ml=P.
aeruginosa) fn, ¥ X OIMiE, #ifk, Azthreonam 4
Waiz cABRE® Th T EY, 37°C TIREEREY
Feies b 1~24 BB o —x b, @
BT X o THME IR IRE A% B L, I
¥ L LT, CPZ, Ceftazidime (CAZ) % X 0% Letamoxef
(LMOX) 22T D EREITL - 1o

Bk & Azthreonam & DHHHIAEBHEIEML <
v AR M HER LTI oto ThbbIR s <
v ARER % 10% fetal calf serum jip MCDB 103 k¢
#Sml THFLTESR M REDUBHE. »-1-2
Yy 7%k 7= Falcon multi dish o4& well 2§ 10*
cells F* DM L1z, 37°C, 5% CO, LT T—REEH
L, MMk E 7%, L-CM (conditioned of medi-
um L 929) 20% *%¥%pnL7 1ml o MCDB 103 ¥t
& well Wiz, Mo #iEHAbk—RiEE Lic E. coli
NIHJ JC-2 # M¢ 0 50 #f (5x10° cells/well) =
Lo RFpIz —# o KBk 1~1/4 MIC @ Az-
threonam % 7RH0 LISHE Lo BAIEMNE 4 BRI
A=Ay, FEIMHH L, Saline G TR Hiih,
metanol [EE L ¥ 4  §ef0 TH G %, 2%-glutal
aldehyde [EE, H$-7 ov 285 CEEETHEY
Tis - 19,

6. Azthreonam & Flucloxacillin o7 {Ef D #zt
Azthreonam (% 7 7 A BHEBEICHHEFA G O T
77 AEHEEE O PR f-lactamase K HTHM: penicillin
T#%, Flucloxacillin (MFIPC) % 7:i% Cloxacillin
(MCIPC) LDWBHIEREF = » » —F— NETHRH L
oo T 7B, L-broth 5ml = Azthreonam 0~800
ug/ml ¥ X0, MCIPC ¥ 7:i3 MFIPC % 0~800 ug/
ml fnx 7RSI, S. aureus 209P ¥ 713 E. coli
NIHJ JC-2 # 1x10%/ml L, 37°C —®&iREIEH:

HBEED LRFEDF T HE Lo

II. ™ A

1. BRIRGERRC 3 55D

Fig 1 53X 02D X 51z Azthreonam (t E.coli %5
O K. pneumoniae \2ix CAZ, CPZ 7c & X hifiu 4
BH%m L, Cefotaxime (CTX) &[J%E% fit o504
BIERTH ot 7 Fig 3, 4,5 LU 61TT L5
iZ, Azthreonam & Proteus JRizxt3 2 ¥igE i3
T, WHBEFTXTLE o8- T 7o C. freundii ¥
X O S. marcescens izxt LT3, 2F CTX & RI%T,
S.marcescens T CAZ X b ETFEEERHERD % -
7o (Fig. 7, 8)o E.cloacae 1zi3. CTX % CAZ i=5F\-
BEITH DA, Fig 9 O Lk b BEMKTHT 5 HiBH
(X Azthreonam A1 4 &\

P.aeruginosa =xt+ B41E L, Fig. 10 o X 51z,
CPZ wwixfEn 2" CAZ 12114 %, P.cepacia 1=xf LT

Fig. 1

Sensitivity distribution of 47 clinical
isolates of E.coli to various B-lactam
antibiotics
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w& Fig. 2 Sensitivity distribution of 45 clinical
isolates of K. pneumoniae to various
B-lactam antibiotics
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Fig.3 Sensitivity distribution of 50 clinical

isolates of P.mirabilis to various B-
lactam antibiotics
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Fig. 4 Sensitivity distribution of 41 clinical

isolates of P.wulgaris to various B-
lactam antibiotics

t‘;- 100}~ §$ _;4_.,4 /n o
&L e
‘s & ,// /'/
z < ;/ /]
w . ’l
‘EE Y/ / //
Z s} I
:Z :v// N &
iz o7 N ol
2 A
E ) A ]
Lo .
3 oL-%_+ 4+ 1 ¥ TR T |
© =0.013 0.05 0.2 0.78 3 13 125 50 >100
0.025 0.1 0.39 1.56 6.25 25 100
MIC (ug/ml)

Fig.5 Sensitivity distribution of 54 clinical
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Fig.8 Sensitivity distribution of 50 clinical

isolates of S.marcescens to various
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Fig. 9 Sensitivity distribution of 45 clinical
isolates of E.cloacae to various f-
lactam antibiotics
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Fig. 10 Sensitivity distribution of 50 clinical
isolates of P.aeruginosa to various
B-lactam antibiotics
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Fig. 11 Sensitivity distribution of 45 clinical
isolates of P.cepacia to various f-
lactam antibiotics
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Fig. 12 Sensitivity distribution of 29 clinical
isolates of P.maltophilia to various
B-lactam antibiotics
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Fig. 13 Sensitivity distribution of 50 clinical
isolates of A.calcoaceticus to various
B-lactam antibiotics
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Fig. 14 Sensitivity distribution of 36 clinical
isolates of H.influenzae to various
B-lactam antibiotics
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Fig. 15 Relative hydrolysis ratios of various S-lactam antibiotics by penicillinase-
type B-lactamases produced by gram-negative bacteria
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Fig. 16 Relative hydrolysis ratios of various f-lactam antibiotics by cephalo-
sporinase-type f-lactamases produced by gram-negative bacteria
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Fig. 17 Sensitivity distribution of 52 substrains
of E.coli CS 2 carrying various R (bla)
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W, RO A R TIE T X i o 7o (Fig 11),
P. maltophilia ¥ X O° A.calcoaceticus x5 % Az-
threonam D EI2§5<, CAZ X bhlc b T

7= (Fig. 12, 13), H. influenzae =% L CTix, Fig 14
DX 51 ABPC fiftE#k#%h & T Azthreonam X5\
PN %R T CTX 12idsh 5,

2. PB-lactamase 1Zxf3 % LEHE

Azthreonam (355% 7 5 » BRMEE " R adMfE
%, cephalosporinase (CEPase) o Ia 3 X 0% Ic #
B-lactamase, R7 7 R I Fic k5 MI=TEM, V=0X
A X P.mirabilis, K.pneumoniae h\JettfitEiciE4d
THOLEXOVE & D penicillinase (PCase) % B-
lactamase T XCIKEVWLEHELRL, Fig 15 Xt
16 DX SRELIMKRDBI g\ LichioT Fig 17
DX O 52 HMED RGBla) 75 23 FREELE
E.coli CS2 oUWzt R™ B L RASOMHEH 2T
L7

Azthreonam ® K; f#ii, Tablel o 51z 1a #
CEPase 13/ & <, MEBTMEEE G, Ic Bicit
Dl ECBRER LS, I, I, V Ktk v 8 B-
lactamase it Ky {HIZEED TR E QP iz & A &
A LIV LIchi»T, R7 723 FRBEHT1ED
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Table 1 K. values of Azthreonam to various types
of B-lactamase produced by gram-negative

bacteria
Enzyme Spe‘Ci‘fic Kn (uM) K¢ (uM)
activity
Type Source (unit/mg) | CER, ABPC | Azthreonam
Tal| E. cloacae Nek39 201.0 125 0.014
Ic | P. vulgaris 33 139.8 132 52.8
1 | P. mirabilis JY10 256.5 50 37,300
I |E. coli CS2/RK1 863.6 50 23,200
N | Klebsiella 42 100.6 36 15,300
V | E. coli CS2/RE45 18.0 26 2,850

Fig. 18 Competition of Azthreonam to the

penicillin-binding proteins of E. coli.
The membrane fraction was pret-
reated with indicated amounts of
Azthreonam at 30°C for 10 min,,
followed by the addition of “C-PCG
at 30°C for further 10 min.

Azthreonam

E.coli NIHJ JC-2

pg/ml

125 5 1 0.2 0.04 0
e come omme 1 A
1B
e 3
P e 4

B-lactamase IIX MK D I, HaFfttcts
MHED B EAEHELNDT, R7 5 A FOBEL Az
threonam REFMEHE LT WEEZDRD, HBABEM
e X HWHERRIEE O LR, Ta ZUBESR & KR 4RE
3% Enterobacter /e FICIRONBTHS S,

3. Azthreonam @ PBP 349 5 &S HEM

Azthreonam X, E.coli o PBP =%t L Fig. 18 ©
ERD, EBEETIARIVIR, RRBENGLD
L 1B HEET B, S.marcescens X N A calco-
aceticus @ PBP (Fig.19) ¥, BEET 3K, 25
uglml OFRERECRTNTOEYICEIEY T

L EDEERD S, sub MIC o Azthreonam 4T
TEEIN-EIL filament (EAZ LW EE 2 bR B,
CHIIKBEOBEBRIC LS E 50

Fig. 19 Competition of Azthreonam to the
penicillin-binding proteins of S.
marcescens and A. calcoaceticus. The
membrane fractions were pretreated
by indicated amounts of Azthreonam
at 30°C for 10 min., followed by the
addition of 1¥C-PCG at 30°C for 10min.
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25 5 1 0.2 0 25 5 1 0
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Fig. 20 Bactericidal effect of Azthreonam and Cefoperazone on E.coli NIHJ JC-2
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Fig. 21 Bactericidal effect of Azthreonam and Cefoperazone on P.aeruginosa 1835
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Fig. 22 Synergy of bactericidal effects between the complement and sub-MIC
cephem antibiotics or Azthreonam
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Incubation time (\h;J.)
o——eo Without complement
o——o With 0.75u complement/ml
and 20% inactivated human serum

Fig. 23 Light-microscopy of mouse cultured macrophages phagocytizing the
cells of E.coli NIH] JC-2 in the presence of 1/8 MIC of Azthreonam
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4. Azthreonam DB 1D K

Azthreonam 3, Fig. 20 X 21 TRt &k,
E.coli 33X P. aeruginosa izxf L, sub MIC Tix
BB 4MIC Ll limikes & CPZ LREED

BREN%RT,
5. Witkk XU M¢ r Azthreonam D HHIRE
fEM

E.coli NIHJ JC-2 wxt L, Fig.22 o X 5L, Az
threonam 0 50% FEBFLWEE (IDso) FFET T,
Witk L ORI IR EIER BB LR S, TOER
i, LMOX X h#EFHBH CAZ X il BRI
CPZ ik, v FOMEEHCKHTHEARENF 1D,
WEDFHET I VLD O LI EEINMET T %,

sub MIC o Azthreonam FFE#E T CREHEINIEIL,
filament L3543, 2% Mo i LS REMLI NS,
1/8 MIC @ Azthreonam T¥% M¢ MNEETHITEE
PHRILFETED 2 ERRET HENL Fig 23 OXER
#&Th, Fig24d 0BBEHETIHES i,

6. Azthreonam &PURFEEW ==V v EDBPHIE

A

Azthreonam %, PCase CIEFMDOPRE SR =
vy v THBH MCIPC %7:0% MFIPC t#izfhe5b
&, Fig25 X 51 S.aureus wxf LT E.coli iz
HUTHSHLYBEDHAIEArRDL R %, S aureus
kIO E.coli wxt3% MCIPC Lo FIC index

Fig. 24 Electron-microscopy of mouse cultured

macrophages phagocytizing the cells of
E.coli NIH]J JC-2 in the presence of
1/8 MIC of Azthreonam

70118

Fig. 25 Synergy of Azthreonam with cloxacillin and flucloxacillin
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TEhEh, 0.75 LU 0.38 TH-7o
1. & » Y [

Azthreonam (¥, 7' 5 2[BHEENCIEERILEEVAS, 7
7 AR TR EREEYADEVCIEN ¥ R T, R
Proteus |&, Citrobacter J&, Serrvatial@, H.influenzae
7 EVTiREE 3 R cephem 1B & LA HIWHIET
%4 %, P.aeruginosa 1zit CPZ 1z » CFS L [E)#&
EDS% b2,

REMEOESET S B-lactamase (21X, CEPase %!
TH-Th, PCase MTH-»T L e KD BEZIT
s\ 5 2, Ic BIUAOBERICIIEAEBRIELELDOT,
fittE gL Enterobacter 1 r, T OBEXSECIELHE
BT WTHS 5,

Azthreonam %, E.coli, S.marcescens, A.calco-
aceticus /¢ &' PBP3 R XU 1A zF V- HIFME% 1Bs
CHREEOBMMEE R, HiX sub MIC © Azthreo-
nam fF{EFTEHEIN A & filament {3 % »5, MIC
*ETEESBETRE L ADR S,

Azthreonam DB DO —DiL, H£AEDRLEHINF &
DHNNRFILZ ETHD, T bRENERI L
BEORA L, IDg ® Azthreonam ¥ LB ¥ 5 &,
E.coli T4, P.aeruginosa THIGIHIRAERIAD
o, HCOZEA TIIAE L OMAINREFEA HIZ
<\ P.aeruginosa TIThDEDOLNII-Z &%, K
DEERICHIC ED X 5 1Kt % 2 BRE o

LAlED &b, Azthreonam 175 AMEEIC L A&
RETFRES B A, 7T A ERAE

», MLEORARPEDBEITIL, 1A SHDOFEINE
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bhEs s, BOEFRABELhBEDT, 77 25MH, Bk
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AZTHREONAM : ITS ANTIBACTERIAL ACTIVITY,
STABILITY TO p-LACTAMASES, AND THE SYNERGY
OF BACTERICIDAL EFFECT WITH THE
COMPLEMENT, AND MOUSE CULTURED MACROPHAGES

Takesur Yokora, Reiko Yosuipa and Eiko Suzukr
Department of Bacteriology, School of Medicine, Juntendo University, Tokyo

Azthreonam is the first synthetic monobactam. The activity of Azthreonam to gram-positive
bacteria was weak, although it manifested higher or same growth inhibitory effect on E.coli, K.
pneumoniae, every species of genus Proteus, C.freundii, |S.marcescens and H.influenzae than 3rd
generation oxime-type cephem antibiotics. Azthreonam showed antipseudomonal activity as strong
as cefsulodin to P.aeruginosa, the activity, however, was moderate to P.cepacia and P.maltophilia.

Since Azthreonam possessed a high binding affinity to the penicillinbinding protein (PBP) 3 and 1A
of E.coli, S.marcescens etc., bacterial filamentaous cells were induced iz vitro in the presence of this
drug. Azthreonam, however, was expected marked bactericidal activity iz vivo because of its synergy
of bactericidal effect with the serum complement and macrophages.

In cases of mixed infections by gram-positive and gram-negative bacteria, combination of Azthreonam
and semisynthetic f-lactamase-tolerant penicillins, i.e. cloxacillin, flucloxacillin etc., was recommended
because of their mutual compensation of antibacterial spectra.



