JAN. 1977

CHEMOTHERAPY 61

Mecillinam # X ¢ Pivmecillinam © in vitro $iEEERIC DT
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RESZOLOAKR~<=v ) Yy BRELEESERShTL
55, £h 533 H d6-aminopenicillanic acid @ 6
M7 37 EICT v rFHEH amido A LD TH 5,
LUND & TYBRING!{36-aminopenicillanic acid ® N
BHREACOVTRIL, 6 MAIBOHARRBIERD <
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=v Y v 3R 72 26P-amidinopenicillanic acid €D -

WTEE Uko Mecillinam, 68-( (hexahydro-1H-aze-
pin-1-yl) - methyleneamino] - penicillanic acid 368~
amidinopenicillanic acid ® 12T, 20HEHIZ S 5
LB HEICK LTt Ampicillin (ABPC) % Penicillin
G (PCG) it s, r7rBUEHo L KHLTI
ABPC XV #hTWw5. %7 Escherichia coli \ Me-
cillinam 2/EF €2 LK D B-5 7 # s HAEMED
BACRONIBAOHEADPR 72275 2 F DK
B2, BELSHRRICERL THACBRBHCESC &
BEERINTWL 3D, &5 PARKY 5 {2 Mecillinam
& E. coli ©IFHAEME S 23R TH 0 MIAEBEA B
CHEELTWEEEZL TS transpeptidase, D-
alanine carboxypeptidase, endopeptidase 73 & % fH2E L
Bl EHEL TS0 £/ SPRATT® $ JAMES?

513 Mecillinam »EMMEET 2 HEA&EREs v o7
PCG, ABPC, Cephalexin(CEX), Cephaloridine (CER)
BEBEMMEER T 2HEERES v 07 LREL>TL

2 ExRM Ut %7 Mecillinam o BiE/Ef 255 H

hicdEnsd NaCl GE0KEO FEEAZFLL 058
sy B0

Mecillinam @ 3 {7 i pivaloyloxymethyl 23t = =
5 v #4A U7 Pivmecillinam @3 O0# 5TXx kI
n, BEEMICIIKARI N THLL H»IC Mecillinam (C#z
BENTHENERBT 2EE20TLEY, 2C T
F ¢ Mecillinam 20T, T —BPoERIIB LTI
Pivmecillinam, ABPC, Amoxicillin (AMPC), CEX,
Fosfomycin (FOM) 7& & & in wvitro i B {F /Tl % 8%
AT U to

EBRMHEB LUCERFE

1. [ERZEA : Mecillinam ¥ X Pivmecillinam (3
HHERPRHFFEFTA R Lic b O ZH7zo Ampi-
cillin (ABPC), Amoxicillin (AMPC), Cephalexin

(CEX), Fosfomycin (FOM) Zxt ¥ H & LTHA
Lo

2. [EREH  EERIIYIE T Trypticase soy
agar (TSA) (BBL) %%\ >310% 4= 1fu%&in TSA Tk
RARTE UTzo BRERSYHED Staphylococcus aureus (106
#¥), E. coli (88%k), ABPC Tif# E. coli (37%%),
Klebsiella pneumoniae (70%%), ABPC Tt Klebsiella
pneumoniae (43%k), Serratia marcescens (57 #E),
Proteus mirabilis (T7T8k), Proteus wvulgaris (34 %),
Proteus morganii (90%k), Proteus rettgeri (37#%) 3
Foty P OIS (=v 24) THINREE Lo

I MHEANER

1) FRERERE © 2EFRBERFOEX ST
FTRFHCEMIC 1 HEBEOE KA 2cm O E & CEik
L, 37°CTI8~ 20 R O RE OF E4 WIRAYIC
HIE LTco BREOR O NI OR/NEFIBEAR/INEER
1EEEE (MIC) & Uico

i) WARZ I © Nutrient broth (NB) (x4 # V)
4.4ml (T 2 £57 BUE BRI OFEHF0.5ml BXU Try-
pticase soy broth (TSB) (BBL) T1 & iE#H L H%
EE TR L10°CFU/ml IR & LcdbD0.1ml %
Iz, 37°CTI8~20WsflEE#E U 7o WIRMICESHIDIRE
DRSNS OLBR/NEFIREEA MIC & Lo & 7c mini-
mum salts medium % fl> 72 3 Ti1310° CFU/ml &
KA1 HEeHERE L.

4, FHEER: EEEEECXORE Ui, HEHE
B, AR, BHRINFY, HOEERMEEEICOL
TREEBIEBIOURYT - NB 20 THEE U EK IR
RRENCATER L, AR TI0EARE L DEL,
T o= — HREICHE U e &3 Bk 1 ml iC Nut-
rient agar (NA) (=4 4 v) 9ml 2L TEML,
37°CT24~ABKERIRERILE U e 7 v = — B K D AR
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Table 1 Antibacterial spectra of Mecillinam, Pivmecillinam, Ampicillin and Amoxicillin

MIC in pg/ml
Organism Medium — Piv.
Mecillinam mecillinam ABPC AMPC
Staphylococcus aureus FDA 209 P NA 25 100 0.1 0.1
” 308A-1 ” 25 100 0.1 0.2
” 1840 ” =100 =>100 100 100
Streptococcus pyogenes E-14 Blood-NA 0.78 6.25 0.013 0.013
” Dick ” 0.78 12.5 0.025 0.025
” S-8 ” 1.56 12.5 0.025 0.013
” NY-5 ” 0.78 12.5 0.025 0.025
Streptococcus mitis America ” 3.13 25 0.39 0.2
Streptococcus faecium IFO 3128 4 >100 >-100 3.13 1.56
Streptococcus pneumoniae Type 1 ” 6.25 25 0.025 0.025
” Type I ” 3.13 12.5 0.013 0.013
” Type II ” 3.13 25 0.025 0.013
Corynebacterium diphtheriae Tront ” 0.1 0.78 0.006, 0.006
Bacillus subtilis PCI 219 NA 6.25 25 0.013 0.013
Escherichia coli NIH]J JC-2 ” 0.2 3.13 6.25 6.25
” Umezawa ” 6.25 25 1.56 6.25
” K-12 ” 0.05 0.39 3.13 3.13
” 0-78 ” 1.56 25 6.25 6.25
” O-111 ” 0.1 0.78 1.56 3.13
” T-7 ” >100 >100 >100 >100
Klebsiella pneumoniae DT ” 12.5 100 0.78 0.78
Salmonella paratyphi A ” 3.13 12.5 1.56 0.78
Salmonella schottmuelleri ” 0.39 1.56 3.13 3.13
Salmonella hirschfeldii ” 0.78 1.56 1.56 0.78
Salmonella typhi Boxhill-58 ” 0.1 0.39 0.39 0.39
” Watson ” 0.1 1.56 0.78 0.78
Salmonella typhimurium ” 0.78 1.56 0.78 0.78
Shigella dysenteriae =~ EW-1 ” 0.05 0.39 0.39 0.78
Shigella flexneri EW-10 ” 3.13 25 1.56 3.13
” EW-40 ” 0.39 0.78 1.56 3.13
Shigella sonnei EW-33 ” 0.2 25 1.56 3.13
Vibrio colerae Inaba ” 0.78 6.25 1.56 3.13
Serratia marcescens  IFO 12648 ” >100 >100 25 25
Proteus mirabilis IFO 3849 ” >100 =100 6.25 6.25
Proteus vulgaris IFO 3988 ” >100 >100 6.25 6.25
” 0X-19 ” >100 >100 100 50
” 0X-K ” 100 =100 0.78 1.56
Proteus morganii IFO 3168 ” >100 >100 =100 >100
Pseudomonas aeruginosa SP ” >100 >100 >100 =100
” U 31 ” >>100 =100 >100 >100
” N 18 ” 12.5 =100 100 50
” D 363 ” >100 >100 =100 >100
” N 10 ” >100 >>100 >100 =100
” P8 ” >>100 >100 >100 >100

Inoculum size : A loopful of bacterial suspension (108 CFU/ml)
Medium : NA=Nutrient agar (Eiken) Blood-NA=NA supplemented with 10% bovine blood
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Table 2 Antibacterial spectra of Mecillinam, Pivmecillinam, Ampicillin and Amoxicillin

MIC in pg/ml

Staphylococcus aureus
/7
V4
Streptococcus pyogene
V4
”
V4
Streptococcus mitis

Streptococcus faecium

Streptococcus pneumoniae

V4

V4

Corynebacterium diphtheriae Tront

Bacillus subtilis
Escherichia coli

V4

"

V4

"

"
Klebsiella pneumoniace

Salmonella paratyphi

Salmonella schottmuelleri

Salmonella hirsch feld
Salmonella typhi

V4
Salmonclla typhimuriy
Shigella dysenteriae
Shigella flexneri

V4
Shigella sonnei
Vibrio colerae
Serratia marcescens
Proteus mirabilis
Proteus vulgaris

V4

”

Proteus morganii

Pseudomonas acruginosa

7

V4

V

7

Organism Medium — Piv-
Mecillinam [P | ABPC | AMPC
FDA 209 P NA 25 50 0.05 0.1
308A-1 ” 25 50 0.05 0.1
1840 ” 100 >100 0.78 0.78
s E-14 Blood-NA 0.78 3.13 0.013 0.013
Dick ” 0.78 3.13 0.025 0.013
S-8 ” 0.39 0.78 0.013 0.006
NY-5 ” 0.39 1.56 0.006! 0.006
America ” 1.56 12.5 0.2 0.2
IFO 3128 ” >100 >100 0.78 0.39
Type T ” 6.25 25 0.025  0.013
Type T ” 1.56 6.25 0.013  0.006
Type T ” 1.56 6.25 0.025]  0.013
” 0.1 0.78 0.006 0.006
PCI 219 NA 3.13 12.5 0.013 0.013
NIH]J JC-2 ” 0.2 0.78 3.13 3.13
Umezawa ” 0.025 0.2 0.39 0.78
K-12 ” 0.05 0.39 1.56 3.13
0-78 L 0.05 0.39 3.13|  6.25
0-111 ” 0.05 0.39 0.78 0.78
T 7 ” 25 =100 =100 =100
DT ” 0.1 0.78 0.39 0.78
A ” 0.2 0.78 0.78 0.78
” 0.1 0.39 0.39 0.39
it ” 0.1 0.78 0.78 0.78
Boxhill -58 ” 0.05 0.39 0.2 0.39
Watson ” 0.05 0.39 0.78 0.78
i i ” 0.2 0.39 0.78 0.78
EW-1 ” 0.013 0.2 0.2 0.39
EW-10 ” 0.2 0.78 0.78 1.56
EW-40 ” 0.1 0.39 0.78 1.56
EW-33 ” 0.1 0.39 1.56 3.13
Inaba ” 0.78 3.13 0.78 0.78
IFO 12648 ” 0.39 1.56 12.5 12.5
IFO 3849 ” 100 =100 6.25 3.13
IFO 3988 4 100 =100 1.56 1.56
0X-19 ” 0.1 0.78 3.13 3.13
OX-K ” 100 =100 0.2 0.2
IFO 3168 ” =100 =100 =100 =100
SP ” >100 =100 >100 =100
U 31 ” >100 =100 >100 >100
N 18 ” 6.25 25 25 50
D 363 ” =100 =100 >100 >100
N 10 ” =100 =100 >100 =100
P8 ” >100 =100 =100 >100

"

Inoc—;lum size : A loopful of bacterial suspension (106 CFU/ml)

Medium : NA=Nutrient agar(Eiken)

Blood-NA=NA supplemented with 10% bovine blood




64 CHEMOTHERAPY

VOL. 25 NO. 1

K tco
5. WHESHIOTHHERORMEL
1) BEMNE © SREEEH O 2 EHERREERYE
Aty NB T2ARRIRETE UTco BEH A2 ST RO
SRR FRED M A R U RASEEMREE 2R
CHIoICHREDEHEZ & EMIC DE LKL
72o FCDEIICLTHESNATHEEEEAFERZS LS
V> TSB TR LT L, TOHEHDORZHE
HlE Uico
i1) Population 7347 : 273> L 4 £ F R EFERYD
FHEEL NA FIRIC TSB T1RERLHEDIE
FHRIEK. 1ml 22z h £havs—IUBEANT
BOILY, STCTHRRE LAV n=-$E/ELTE
FREIFR A KD 1o
i) 74 % 7 2R © #10° CFU/ml o RE%
& NA FHRICTTF 100 B L1, 000 #g/ml DZEHIK
BRICRLUTHB LcR—re—7 1 27 (EEFK, B
#8mm) A3V DU, ICTURMEERERIN.
FLIEFCOWTHEIEM#ERIE L, F/BIEMHAOan
=—DHEERE Ui
iv) Tt B DREFEHEE © E. coli NIH] JC-2, Klebsiella
pneumoniae DT, Serratia marcescens IFO 12648 {CD
T Mecillinam 18 X810 #g/ml &4 NA SERRICHE
Uleao=—%2M Lo CTh% TSB T1 W #HK
NB THRL10*~10°CFU/ml B & Licb D% LFEE
ZROTITCTHRERERE Ulco FABRMBEL X UM
B DBV R D1/10, 1B XU10EEIREM
BICOWDTRIBRICER % 2 I U THEERERIE Ui,

Fig. 1 Antibacterial activity of Mecillinam

of Staph. aureus (106 strains)
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1005 B DREAEBE A KE R IMLEABST DDLU,
BHIMEHERA T30 2D 0.1ml & MacCONKEY
agar (44 V) FERICT v —-VBEEROTEOL
W, 37T°CTC2UR ISR LT U ABERMED I 0 =~
BOARE Uico R R ICEFIEE MacCONKEY “ERIC
b [EIRR I R A R 2 U 1o

£ B R M

1. IBANRY b5 4 Mecillinam 8 & ¥ Pivme-
cillinam @ 7" 5 s #: 88 (108 CFU/ml, 10° CFU/ml)
Cxtd B HH 571 ABPC 8 XU AMPC (CHi~% 208,
75 spadEE (10°CFU/ml) [ xt9 % Mecillinam @
i3 ABPC 38X AMPC XD & 4 ~16f5# <,
Pivmecillinam ®Zhid E. coli Ti3i@l 53, s
DB TIE ABPC, AMPC LEIBETH-7. L L
15h35 Mecillinam 8 XU Pivmecillinam (3 Proteus
spp. % Pseudomonas aeruginosa 1CXf LTRIZEAE
BN AR 18D o1 (Table 1, 2),

2. BRRDBR(CT MBS

i) Staph. aureus (106 4%) : 10® CFU/ml ¥ Ti3,
Mecillinam (212.5 #g/ml DI T OEETT X TOEKD
REZMIEEY, 100 2g/ml THOASKOBEKOREE L
BHIE U782 5720 ABPC @ MIC i30.1~>100 £g/ml
DOFEFHICA %7 LTco 10°CFU/ml ¥ Ti3, Mecillinam

and Ampicillin against clinical isolates
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Fig. 2 Antibacterial activity of Mecillinam and Ampicillin
against clinical isolates of E. coli (88 strains)
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Fig. 3 Antibacterial activity of Mecillinam, Cephalexin and Ampicillin against clinical
isolates of Ampicillin-resistant E. coli (37 strains)
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@ MIC {312.5~>100 #g/ml IC 7L, €— 2713100
ug/ml (L% 5720 ABPC ® MIC {20.05~3.13 £g/ml
I L, 0.1 £g/ml £0.39 #g/ml L€ —28%H >t
(Fig. Do

ii) E. coli (88%%) : 108 CFU/ml Ei¥% T2, Mecilli-
nam @ MIC {30.2~0.39 2g/ml, 3.13~12.5 ¢g/ml,
>100 zg/ml iLENFhe—7 %2895 3O A%
R~ U7tco ABPC @ MIC 136.25 rg/ml & >100 ¢g/ml
Ce—7 %2895 28D} 2R Lo 10°CFU/ml

Bi¥% Cid, Mecillinam @ MIC {20.05~50 #g/ml {C4>
75 L, #957%230.05~0.2 #g/ml {5 4 L, >100 rg/
ml QE#EIZIEH 5720 —FF ABPC @ MIC i33.13 1g/
ml &>100ug/ml e —2%2FFT32D0 7 v—7|C
Snic (Fig. 2),

iii) ABPC ittt E. coli (37#F) : 105CFU/ml Ei¥k T
@ MIC 2, Mecillinam {30.39~3.13 #g/ml &12.5~
>100 #g/ml 1C434 L, CEX (312.5 #g/ml e —7
ET B8 TER Uice 108 CFU/ml B ©i3, Mecillin-
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Fig. 4 Antibacterial activity of Mecillinam and Ampicillin against clinical isolates of

Klebsiella pneumoniae (70 strains)
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Fig. 5 Antibacterial activity of Mecillinam, Cephalexin and Ampicillin against clinical isolates
of Ampicillin-resistant Klebsiella pneumoniae (43 strains)
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am, CEX oW 31D MIC fEd PPEL 15> (Fig,
3o

iv) Klebsiella pneumoniae (70%%) : 108 CFU/ml &%
Tod MIC (2, Mecillinam, ABPC & {C12.5~>100
u#g/ml [T43%5 U, Mecillinam Ti3#94%, ABPC Ti3
#981% DB #: 43100 #g/ml 12> LE (WA ETH > 1o
108 CFU/ml Ei¥% i3, Mecillinam @ MIC 33 & LT
0.1 ¢g/ml 1537 L, ABPC D% hi325~50 #g/ml &
>1004g/ml \Cv— 2 %G 3 50M%&R Ui (Fig. 4),

v) ABPC Tt Klebsiella pneumoniae (43%%) : 108

CFU/ml H#%T®D MIC 3 Mecillinam, {325~>>100
ng/ml W45 L, #993%05100 1g/ml 150> LEnllt
THhoteo T2 CEX 139 XT100 2g/ml P L TH -
720 108 CFU/ml &i#% <3, Mecillinam, CEX & &iCHi
b5 < 150, Mecillinam ¢ MIC (20.1~25 #g/ml
WL, CEX OZhid6.25 ug/ml iCR&e—2%
BT 201%RL1c (Fig. 5

vi) Serratia marcescens (57 #%) : 10° CFU /ml B
Ti3, Mecillinam ® MIC 29 XT 100 2g/ml P ¢
% o720 ABPC D% 11350~>100 #g/ml 1C53%i L,
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Fig. 6 Antibacterial activity of Mecillinam and Ampicillin against clinical isolates of
Serratia marcescens (57 strains)
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Fig. 7 Antibacterial activity of Mecillinam and Ampicillin against clinical
isolates of Proteus mirabilis (77 strains)
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#160% 45100 2g/ml P ETH 5720 10CFU/ml BT
13, Mecillinam @ MIC 3#54%3 100 1£g/ml DI LT
Hotehs, BOBRZWERTEKSH oo —7 ABPC
Ti210°CFU/ml R OB A LB EALER U, T<b
THORIWNE S LEBETH > (Fig. 6)o

vii) Proteus mirabilis (77#F) : 10° CFU/ml i ¢
3, Mecillinam ® MIC 33 X7T100 #g/ml 2l LC &
5720 ABPC {33.13, 258 X% U >100 £g/ml il <
he-7269 3 3O #H%ER Lice 10°CFU/ml
Bk Ti3, Mecillinam O#HEHIZHEL L0, MIC &
0.39~>100 #g/ml OIEWEFIC 27 L 720 ABPC (T
1.56 #g/ml [CK&EBC—-2%2F T 2 0% %R LIko

10* CFU/ml &% <13, Mecillinam D713 & 5 1CH
12D, #81%50.2~3.13 #g/ml IC53 Lico ABPC
DHHEII S PPHL LY, #9179 %530.39~1.56 £g/ml
1oy Lie (Fig. 7)o

viii) Proteus vulgaris(34%%) : 108 CFU/ml &% <3,
Mecillinam &> MIC {3100 #g/ml t$ > L2l ETH
>720 ABPC (31 ¥k12136.25 #g/ml TZ Dz 9 XT
100 #g/ml LI 1 C&H 5720 106 CFU/ml @&k Tid, Me-
cillinam Tt L€ 52 M 2R #0s% < 120, 0.39,
3.13, >100 1g/ml LZNZENFHDE — 705D o720
ABPC @ MIC 23 #RICB > T1.56 #g/ml Th-otk
78, K100 #g/ml DI LT dH o fco 10* CFU/ml
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Fig. 8 Antibacterial activity of Mecillinam and Ampicillin against clinical

isolates of Proteus vulgaris (34 strains)
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Fig. 9 Antibacterial activity of Mecillinam and Ampicillin against clinical isolates of
Proteus morganii (90 strains)
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Fig. 10 Antibactegrial activity of Mecillinam and Ampicillin aginst clinical
isolates of Proteus rettgeri (37 strains)
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Bi#% T2, Mecillinam @ MIC {30.39 #g/ml =€ —7
LT B AERL, 3HDA100 1g/ml DI ETH -7,
ABPC & 0B st < 152 MimhsiZs & f17- (Fig,
8)o

ix) Proteus morganii (90%) : 108 CFU/ml Ei#% T3,
Mecillinam @ MIC {39 ~XT100 £g/ml DI L TH Y,
ABPC 391%531001g/ml Pl EC%H 5720 10 CFU/ml
H#i# T&, Mecillinam {3100 #g/ml T#i84% D Btk D
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Table 3 Effect of horse serum on the antibacterial activity of Mecillinam and Pivmecillinam
MIC (pg/ml)
Organism Mecillinam Pivmecillinam

0% | 10% | 20% | 50% | 0% | 0% | 20% | 50%
Staph. aureus FDA 209 P 25 25 25 25 50 50 50 50
E. coli NIH]J JC-2 0.2 0.2 0.2 1.56 0.39 0.39 0.39 3.13
Klebsiella pneumoniae DT 0.05 0.05 0.05 0.2 0.2 0.2 0.2 0.39
Shigella sonnei EW-33 0.05 | 0.05| 0.05| 0.2 0.2 0.2 0.2 0.39
Salmonella typhi Boxhill-58 0.1 0.1 0.1 0.39 0.2 0.2 0.2 0.39
Serratia marcescens IFO 12648 0.39 0.39 0.39 3.13 1.56 1.56 1.56 6.25
Proteus vulgaris IFO 3988 50 50 50 50 100 100 100 100

Nutrient broth was used as the test medium.
Table 4 Effect of medium pH on the antibacterial activity of Mecillinam and Pivmecillinam
MIC (pg/ml)
Organism Mecillinam Pivmecillinam
|

pH6’pH7’pH81pH9 pH 6 | pH 7 | pH 8 | pH 9
Staph. aureus FDA 209 P 25 25 12.5 6.25 | 100 50 25 25
E. coli NIH]J JC-2 0.1 0.1 0.2 1.56 0.78 0.78 0.78 3.13
Klebsiella pneumoniaec DT 0.05 0.05 0.2 0.78 0.78 0.78 0.78 3.13
Shigella sonnei EW-33 0.05| 0.05| 0.1 0.39 | 0.39| 0.39| 0.39| 1.56
Salmonella typhi Boxhill-58 0.05 0.05 0.05 0.39 0.39 0.39 0.39 0.78
Serratia marcescens IFO 12648 0.2 0.39 | 100 100 1.56 1.56 | 100 100
Proteus vulgaris IFO 3988 100 100 100 100 100 100 100 100

A loopful of bacterial suspension (106CFU/ml) was inoculated.

Nutrient agar was used as the test medium.

RBE AL LS 5720 ABPC & #7182 % $3100 2g/ml
1O LENPIETH -7 10 CFU/ml Bk iz, Me-
cillinam OB < 1% 5 M AICH > 7258, ABPC
DZi310° CFU/ml R DFAE L IZZRABETH -1«
(Fig. 9o

x) Proteus rettger: (37#F) : 108 CFU/ml &% T3,
Mecillinam @ MIC (33 XT100 #g/ml 2I EThY,
ABPC ©Z#1312.5~>100 #g/ml T4 4 L 720 108
CFU/ml E¥% T3, Mecillinam, ABPC & & T Dk
CBOTHENSHEBRINBE A8 H oo 10* CFU/
ml E¥% T2, Mecillinam, ABPC & {2108 CFU/ml &
BOHA LD HEL MIC O %R L, Mecillinam
12#960% DMk DFREZ0.78~3.13 #g/ml THIE L 72
(Fig. 10)o

3. MBERCEIETHERFOXE

Staph. aureus FDA 209P, E. coli NIH]J JC-2, Kle-

bsiella pneumoniae DT, Shigella sonnei EW-33, Sal-

monella typhi Boxhill-58, Serratia marcescens 1FO
1264833 J: U8 Proteus vulgaris IFO 39881CD \> T 4 &Y
L7zo

1) EMiEDR% : Staph. aureus FDA 209P B XU
Proteus vulgaris IFO 3988iCxf 9~ % $iEH /113, BIE
50%RINC L DAL LIEd o720 T DMDBEMKICKH T S
P 1320 BT OIRIMBE TREAL LIS 5 78, 50%
BINTIRPPET L (Table 3)o

ii) =i pHOE S  Staph. aureus FDA 209P (Tt
LTR7 A7 VT, fioBERICK UTIZERMEN THE
HDEH I N, $RIC Serratia marcescens IFO 126481C
LTk pH 7L 8 D TE LWIE N DEENED S
7z (Table 4),

iii) BB OEE « Staph. aureus FDA 209P, E.
coli NIH]J JC-2, Shigella sonnei EW-33, Salmbnella

typhi Boxhill-58 CIZHFEIRIC K 5 F LI B 0%

(b3 1505 > f2o Klebsiella pneumoniae DT Ti310°



70

CHEMOTHERAPY

VOL. 25 NO. 1

Table 5 Effect of inoculum size on the antibacterial activity of Mecillinam and Pivmecillinam

MIC (pg/ml)

Organism Mecillinam Pivmecillinam

100 | 100 | 100 | a0r o100 | a0t | n0e | a0 | w0t |00
Staph. aureus FDA 209 P | 12.5|12.5 | 25 25 25 50 50 50 100 100
E. coli NIH]J JC-2 0.1 0.1] 0.1 0.1 0.39] 0.39] 0.78 0.78 0.78 0.78
Klebsiella pnewmoniae DT 0.05 0.05 0.05=100 |==100 0.05/ 0.39] 0.78=100 [==100
Shigella sonnei EW-33 0.05| 0.05 0.05f 0.05| 0.1] 0.1{ 0.39] 0.39  0.39 0.39
Salmonella typhi Boxhill-58 0.05 0.05 0.05 0.05 0.1} 0.2 0.39 0.39 0.39 0.39
Serratia marcescens  IFO 12648 | 0.2 | 0.2| 0.2 0.39/=:100 0.78/ 0.78/ 1.56/ 12.5 |=100
Proteus vulgaris IFO 3988 0.39/ 12.5 | 100 |=100 [>100 1.56(100 (100 100 [>100

A loopful of bacterial suspension (104, 105, 10%, 107, 108 CFU/ml, respectively) was inoculated.
Nutrient agar was used as the test medium.
Table 6 Effect of test medium on the antibacterial activity of Mecillinam and Pivmecillinam
MIC (ug/ml)
Organism Mecillinam Pivmecillinam

NA | TSA |MHA| HIA BHIA| NA | TSA | MHA | HIA | BHIA
Staph. aurcus FDA 209 P 25 1 25 12.5 | 25 50 50 50 50 50 100
L. coli NIH]J JC-2 0.2 t 0.2 0.2 0.2 0.78 0.78 0.78 1.56 1.56 3.13
Klebsiella pneumoniac DT 0.05 0.1} 0.05 0.1] 0.39] 0.39 0.39 0.39 0.39 3.13
Shigella sonnci LEW-33 0.05 0.1 0.1 0.1 0.39 0.39 0.39 0.39 0.39 3.13
Salmonclla typhi Boxhill-58 0.05 0.05 0.1 0.1, 0.39 0.39 0.39 0.78 0.39 3.13
Serratia marcescens 1FO 12648 0.39| 1.56/ 0.39] 0.78 1.56/ 1.56 100 3.13 1.56, 12.5
Proteus vulgaris IFO 3988 100 ilOO 50 50 100 [100 |>100 |-r100 |[>100 |>>100

A loopful of bacterial suspension (106 CFU/ml) was inoculated.

NA : Nutrient Agar
HIA : Heart Infusion Agar

TSA : Trypticase Soy Agar
BHIA : Brain Heart Infusion Agar

Table 7 Effect of brand of nutrient agar on the antibacterial activity of
Mecillinam and Pivmecillinam

MHA : Mueller Hinton Agar

MIC (ng/ml)
Organism Mecillinam Pivmecillinam

Eiken | Nissui | Difeo | Eiken | Nissui | Difco
Staph. aureus FDA 209 P 12.5 25 25 50 50 100
E. coli NIHJ JC-2 0.1 0.1 0.013 0.78 0.39 0.2
Klebsiella pneumoniae DT 0.05 0.1 0.025 0.78 0.39 0.2
Shigella sonnei EW-33 0.05 0.05 | 0.013 0.39 0.39 0.2
Salmonella typhi Boxhill-58 0.05 0.05 | 0.013 0.39 0.39 0.2
Serratia marcescens IFO 12648 0.2 0.39 | 0.05 1.56 1.56 0.39
Proteus vulgaris IFO 3988 50 100 6.25 | 100 100 3.13

A loopful of bacterial suspension (106 CFU/ml) was inoculated.
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Table 8 Concentration of metal in culture medium

£/1000 ml
Medium —
Na K Ca 1 Mg ‘ Zn l Fe

BHIA (Difco) 4.316 0.624 0.0395 0.0307 | 0.000832 | <<0.00312
HIA (Eiken) 2.920 0.440 0.0760 0.0216 | 0.000960 | <<0.00240
TSA (BBL) 2.600 0.244 0.0840 0.0208 | 0.001080 | <<0.00240
NA (Eiken) 2.240 0.875 0.0980 0.0252 | 0.000735 0.00455
NA (Nissui) 2.275 0.910 0.0490 0.00875 | 0.002210 0.00322
NA (Difco) 0.391 0.253 0.0483 0.02300 | 0.000230 | <<0.00138
MHA (Eiken) 2.394 0.494 0.0608 0.00988 | 0.000228 | <<0.00228
NB (Eiken) 2.700 0.106 0.0061 0.00774 | 0.000432 0.00270

BHIA : Brain Heart Infusion Agar
TS A : Trypticase Soy Agar
MHA : Mueller Hinton Agar

HIA : Heart Infusion Agar
NA : Nutrient Agar
NB : Nutrient Broth

Table 9 Effect of salt on the antibacterial activity
of Mecillinam against E. coli NIH]J JC-2

MIC (sg/ml)

Salt mg/ml

0 [0.313\0.625 1.25 [2.5] 5 | 10
Nacl |01l — | — lo.2 |o.2 0.39 50
KCl 0.1 — | — |0.1 0.2 0.39 50
MgCl: | 0.1 0.1]3.13 | 6.25 [12.5 50 | —
NaNOs | 0.1 — | — |o.2 |o.2 0.39 50
KNOs (0.1 — | — |o0.1 |o0.2 0.2 0.3
NasSOs | 0.1 — | — [o0.1 |o.2 0.39 50
K:SO: | 0.1 — | — (0.1 |0.1 0.1] 0.39
MgSO4 | 0.1 0.1|1.56 | 6.26 [12.5/ 50 | —

Minimum salts medium (K:HPO4 7.0g, KH:PO4
3.0 g, Nascitrate-2H20 0.5 g, MgSO4+-7H:0 0.1g,
(NH4)2S04 1.0 g, Glucose 2.0 g, H20 1000 ml,
pH 7.0) was used as the test medium.

A loopful of bacterial suspension (10.CFU/ml)
was inoculated.

~107 CFU/ml ORI, Serratia marcescens IFO 12648
Ti210'~10® CFU/ml D[4 G, Proteus wulgaris IFO
3988 Ti13104~10° CFU/ml O R T# L { MIC 2% 1t
L7z (Table 5)o

iv) EHIEDE %  Mecillinam # X Pivmecillinam
OFi B fid NA Tid TSA, Mueller hinton agar
(MHA), Heart infusion agar (HIA) &RIERENPR
# ¢, Brain heart infusion agar (BHIA) Ti3&E b5y
M ofz (Table 6)o Ttz NA (=44 ) BLU NA
(=9 24) TIIABED, NA (Difco) T3 & HICH

WHE )2 R Lic (Table 7). T 5 i FHRIEHE
THELLBARI Table 8 IRT T & T, Na
SR EENICHEEENR SN, Na SESRIDII
NA (Difco) TOHEIMBERDH, Na S EOKE LS
V> BHIA TbIBEIMEDP S o ZOMOEEAR
EVBET) & DRI VIRETS BB I3 ERYD S s o Teo

v) REDEDEE . Mecillinam DI ENICEXIZ
TREOKOESE, E. coli NIH] JC-2 %A\ Tt
U 720 Mecillinam o $i 8§ 7713 NaCl, KCl, NaNO,,
Na,SO, ®10 mg/ml, MgCl,, MgSO, ®D0.625mg/ml
PLERMT 2 EHONICET Uico LinL KNO; I
LU K,S0, i3 10mg/ml ZFEMLTHIEEAEHEN
BZE(L U of (Table 9),

4. REER

1) SEHIPEEE L REFE & ORYEY: © Biophotometer
(Bio-Logll) (JASCOJOUAN) % F\>#10* CFU/ml @
B PRI C B & [RIRFIC R A AR N U C37°C TR
¥:38 Uico E. coli NIHJ JC-2 i30.054g/ml T %
AR S o 0.1 £g/ml T3 6 Kk % THHI
BEAEEMNET, TORMM LT 0.28KT0.39 1g
/ml Tt 4 R E THEBIRD Uicds, ThlIBR3H
BEBIHN L 72o 0.78 sg/ml T3 4 RIS B 10 CFU
/ml DI F& 18070 Klebsiella pneumoniae DT TiZfd
NOFEHIEEE T S FFITRI 2 R £ TR OISR
Si7co 0.05 £g/ml Tid 2 I DIRIZ & A EERIZE
LU o720 0.1 £g/ml L) b Ci3 XIS UTH
A U, 8IS CHEHMMI R Shiid ot
Serratia marcescens IFO 12648(30.39 #g/ml 2| D%
KRS CHBDSIRA U1chs, E. coli NIH]J JC-2%° Kle-
bsiella pneumoniae DT DFAITI ETETIIIEL, X
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0
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HHBELEEL LTOHEROBAR I EHRINT,
BPfE 75 dose response {Z DO NS oo Proteus
vulgaris IFO 3988(20.1 #g/ml TRLMIIHLEZ N,
0.39 #g/ml DI ETIIEAS IS EENBED SN,
UL LS ICEFRELAE LTHEHOBALBRSh
135 5720 Proteus mirabilis IFO 38497Ti3 {fi] L DIEX]
BECHEFNRN% 2 K THEBE8EMN L. 0.1
usg/ml TROPIEHENR S, 0.39 #g/ml T3 2K
RILI% C O T HEBBED Lichs, 8 RH%KICEY
inUtc. BHBEEL X SIKE LTHIRIZERORE
b, EWLSEBORBARZRD S 0IEh -7 (Fig.
11,

i) MEERICE XX THEEEROZE | LFEEM
1°10*~10° CFU/ml DK ICEEH% RAREEDS 1 1g/ml
LIBEDIWHEMUTITCTIRBIER L /2o E. coli

Time (hours)

NIHJ JC-2i310° CFU/ml LIF D # i B & T3 3 AR
#3043 % T3 ARG OXHREE & R ICE ORI
BRI, TOBRFHICHD Lico 10'CFU/ml &
KT, B FRRI%IZIE—ETH Y, 10° CFU/ml
BT, B3 LM% TRl chlki
BEAEBEL LI 5

Klebsiella pneumoniae DT BN OERBEETDH,
FABRMEBIFMAZICRERSE ML, 2%
10°CFU/ml I TOEMEETIZ, 955073 H MO
LD SNTz. 107 CFU/ml Bk Tid, BEIZPPR
DR 7R U e ds, 108 CFU/ml B Tl 0 L 72.

Serratia marcescens IFO 12648 310° CFU/ml DI F
DOERERE CHERORLE R LN, TORER E.
coli NIHJ JC-2 % Klebsiella pneumoniae DT Tk
BI2EbTNLTHolo 10°CFU/ml HHK T, B
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Fig. 12 Effect of inoculum size on the bactericidal activity of Mecillinam

E. coli NIHJ JC-2

Klebsiella pneumoniae DT.

Serratia marcescens
IFO 12648
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Fig. 13 Effect of the time of drug addition on the bactericidal activity of Mecillinam
E. coli NIHJ JC-2
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Serratia marcescens IFO 12648
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Btz & A EE{LET, 10°CFU/ml Dl LD % Tl
imL# (Fig. 12)o
ili) FREMERICE X2 HANRMN R O « K104

CFU/ml OBk~ LFEEEZH O TIRBIEE Lo HE
BARAIE 13 S TAIT10%, 10%, 107, 10°CFU/ml DR EEIC
B UK S THEA £ R KB BN 1 2g/ml L1835 K51C
FmL, E#EFT 720 E. coli NIH] JC-2, Klebsiella
pneumoniae DT, Serratia marcescens IFO 12648 D >
TRICH LTS, KRB S BERMEN S IR -
TREMERALRES L (Fig. 13)o

Time (hours

Time (hours)

iv) REFERCBXIZTHEOEERGORE L E. coli
NIH]J JC-2010° CFU/ml, Klebsiella pneumoniae DT
d10° CFU/ml, Serratia marcescens IFO 12648 M 10*
CFU/ml OEMWICHEH% K KIRED 1 ug/ml L1556 K
SITHRIMLT 2L, U FNIREBEIUHEIERL
t-o E. coli NIH] JC-2 B XU Klebsiella pneumoniae
DT OGN HE R XD OIRBEETRIFTHY,
BEFARREEECLOMIADONI, Serratia
marcescens IFO 12648 T3 3L BB TL O
POEEBROMMMBR SN, 2 REME TiREE
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Fig. 14 Effect of growth condition on the bactericidal activity of Mecillinam
E. col» NIH] JC-2 Klebsiella pneumoniae Serratia marcescens IFO 12648
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Fig. 15 Effect
E. coli NIH]J JC-2

Nutrient broth,

Time (hours)

of NaCl on the bactericidal activity
Klebsiella pneumoniae DT

Time (hours)

of Mecillinam

Serratia marcescens IFO 12648

Control Nutrient broth+
Nutrieut broth+ NaCl(1 %), Control
9 Nutrient broth + 9 NaCl(1 %), Control 9
gaCl(ll%), Nutrient broth,

—~ ontrol —_ ~ C 1
28 S8 Nutrient broth, & g ontro
"é“ i)o Control _5.0
27 7 7
5 \\‘\\ 5 5

6 \ 4 6 6
w LN , w 2
E 5 \\ \\ ﬁﬁ‘crff{‘ﬁ%l;f“h* E 5 \\\\\\ Nutrientﬂ broth + E 5 Nutrient broth +
2 AN \ Mecillinam (1 #g/ml) S NN NaCl(1%), Rl B aNaCl(1%),

AN P — - SN Mecillinam (1 ug/ml) ~om ~ar—= Mecillinam (1 #g/ml)
» 4 AN = 4 N - = 4 Ry
S N I 5 -~ 5 S~
33 Voot 8 3 Bt S T
,l‘\lduu:iﬁm bzlolh,/ D Nutrient broth, Nutrient broth,
) ecillinam (1 ug/ml ) Mecillinam (1 ug/ml) 2 Mecillinam (1 ug/ml)
0 1 2 4 6 0o 1 2 4 6 o 1 2 4 6

Time (hours)

BETIOHEPOHICHIE L fco —HEFRRINMC X 2ERD
B3 BEREET X DFEHT, E coli NIH]J JC-2,
Klebsiella pneumoniae DT DFA L3RI -7 (Fig.
14),

v) REEMAICE Xi2F NaCl 0% : NB BXU
NaCl 1% (w/v) )0 NB iC, E. coli NIH]J JC-2iZ10°
CFU/ml, Klebsiella pneumoniae DT 210° CFU/ml,
Serratia marcescens IFO 12648(310* CFU/ml 7553 &
IEHEL, CHICHESE RKIREDNL 2g/ml 2135 &
SICMATIREIE 3 U fco E. coli NIHJ JC-28 K U
Klebsiella pneumoniae DT D% HI| 6 1D K FREEHIIT
B BRI 1 %D NaCl IRINC & 0 13 LA SEEA
ZUF s o fohs, Serratia marcescens IFO 12648 o 14
b2 1 % NaCl RIS TRPRIFTHotco —HH
FIOBBEEHIZ A N OBEHKTS NaCl [TX DRI L1
(Fig. 15),

Time (hours)

Time (hours)

5. WEHSEHE JURER ORI

i) BEEMIRDE ¢ E. coli NIHJ JC-2 3 EIHAITHE
OIS LR AR Uicd, €O®ROMY: ERIZW 5P
WTH o720 Tz 6 # YL MIC 55200 #g/ml T3>
TeEEEERES T RO THRRTHL, REW
i MIC 3/EF L/ (Fig. 16),

ii) Population 2347 : TSB CT1#%¥#E L7z E. coli
NIH] JC-2, Klebsiella pneumoniae DT, Serratia ma-
rcescens IFO 1264838 XU Proteus vulgaris IFO 3988
DFEEHIC & 2 10 BRI DEBK A TN TR BEED
Mecillinam % & YHRICHEEE LT3T°CTHREFEL, 4L
1o v = —$ARE U TEZRIRZ Rk fco 1BERL
D3 v =¥k NIRKICERICHIEL > 52 CIKET S
R REIC K D EDSH D, E. coli NIH] JC-2i3 24k
MTRBRHTEY, 48~T2M R HKIC v = - HHE
VHEEE 1L oo 2 DD Tl 24~ 48R REE BRI
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Fig. 16 Development and extinction of resistance to Mecillinam
E. coli NIH]J JC-2

1600

MIC (ug/ml)
&

1251
6.25
3.13
1.56
0.78
0.39

10 15

Number of transfer

HETE/co TNhTNDOBEKICK D RIS o Tcres — D
IR MERONE S 7S, Serratia marcescens IFO 12648
% Proteus vulgaris IFO 3988 T3 #1107° D E|A T400
ng/ml DL LD #E 2 FE LT (Fig. 110 X
\C Serratia marcescens IFO 12648{CD\>7T0.39, 6.25
BLU400 #g/ml OEXEETERICELcan=—-D
population 434741775 5720 0.39 #g/ml DFEHR L D5
BEL7-o o= —DERMBEBEKOZN EIZIZEBED ¢
% — VAR LUTze L L6.258 XU400 £g/ml D¥EEI%E
BAUTEREIVDEEL /2 v = —DERIMRIIEHKOTH
LZRIBD, 150400 g/ml EFFERIOBEL /a0
= — TN b FEHER NS B L 400 vg/ml EFHE
ic B 2 MEEMNIZZEETH oo (Fig. 18),

One step Mecillinam i & 75 - 72 B D Btk biC
DNTHEN Uzo E. coli NIHJ JC-2 Mecillinam 0.1
1g/mlEBER K O 57BE LIEK TS, #REEDICRK
AL FMEED, 8RBRICIIIZIZEKDOAETRIFRIC
L 1Eotce L L1.56 £g/ml OEFH SHEERKLD
SyE L7cBERKTIE, 100 g/ml EEERICEL B0 =
—“BRHMRBITIECTRD U 7208, 6.25 ug/ml P FD
BECBI 2ERMM 2 — VITTEAEENRDS
015 o7 (Fig. 19), Serratia marcescens IFO 12648
@ Mecillinam 400 #g/ml SHERE D8k L 72 Bk
T3, SRR DBREARECY, 8RR X DEK

ER IR DA TR R e 2 — v &R LTc (Fig. 20),

i) 4 R/ ZWRE E coli #WBRHELELT
Mecillinam, FOM D% 7 4 2 7 1C & 5 REHIEMAAD
an = —QfF #r5 MR HETOF %% HE Lo
FEERE 5 BROMEFIC X DK I 5 IEFI3 O35
MHHRRACED S N IEOARIOBEIEE S, DTRICED
WIENR SN B AW DIER» 5 k5 —EMEZR Lo
L L Mecillinam TEWINOEFICE DT bl A
itk EBbhdan=—RBRHINKEMo/e —F
FOM TREMICIDEBEDOZEIHZH, LFhbao
= —DOWBE AW 7. (Table 10)o & 5iC Mecillinam
RS DERER S B E. coli (30%K) ICDWLTH Ak DB
AT o 700 MHEFNCK LE DL DEKOHEIENE—F
THotedl, ZOMOERICBI AHIEFIZENTSH
5720 Mecillinam TROWIFNOEKICBOTH HHHE
¥R o =—-DOH BN RS 0iid o cds, FOM
TRABEBKTHIESERIC2 v = =238 6 vz (Table
1o

iv) Mecillinam it DIFREREE : One step THYEE
L7z E. coli NIHJ JC-20> Mecillinam itk o 34 5#
EEIHEAERIEHTOEBKOT N X DOIRDE
<, THEBRDEECHOLIED LB LB LTZNLIT ORE
OFEFZRMUIEMTRISICHERENET L
(Fig. 21)o Klebsiella pneumoniae DT D4, HEH|E
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Fig. 17 Survival curves for E. coli NIH] JC-2, Klebsiella pneumoniae DT,
Serratia marcescens IFO 12648 and Proteus vulgaris IFO 3988 on
nutrient agar containing Mecillinam
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Concentration (ug/ml)

IS TiaHk S one step MR E ORIICIZEA L
MR DZEOSILI o 1ot TR BEICAV D &
RUBIUCENLT OREE OREAEZGRM LIk Til,
Ttk I2 2 U  SPEEBEDSET L1z (Fig. 22) 6 Serratia
marcescens IFO 12648 X 1) one step T4 U 7oAk
DRI INBEHIC B 5 398 il B 13 1 #g/ml SrpEvk
XD 10 #g/ml 5y B BETED > foo F Il ERK DS HE
KAV LR LB LTZNL T OREDORR 2 Stk
HoC BT BT 95 5 d E. coli NIH] JC-2,
Klebsiella pneumoniae DT X 023 U7 it i BRD S
LEMTH o (Fig. 23)0

Concentration (ug/ml)

v) RARE < v 2 OFEFERIRERBERERILS UL T
NS DEDOEFIRZMDZEAL : Pivmecillinam & 2113
ABPC %< v 2(C3 HHEOHSE L, BE5/%OHKME D
FLEREEROE(LE BEF Lico FH & 5812104~
10°CFU/g feces T & o /- B ¥ i3 Pivmecillinam %
0.15%1>(20.5mg/mouse 5 L THIFLAEEILL
13 o 72h8, 2.5 mg/mouse ¥ 5ICLDERSMICHD L
120 F 7z ABPC 0.53 %1>i32.5 mg/mouse #5.Ti3,
BRIZIZ & A (L LTSh 5 s, 12.5 mg/mouse 25
T3 10° CFU/g feces I FICHA Lz (Table 12),

Pivmecillinam 0.5 # X ¥ 1 mg/mouse, ABPC 2.5



JAN.

1977

CHEMOTHERAPY

77

Colony forming unit (log 10)

Fig. 18 Survival curves for first-step resistant cells of Serratia marcescens
IFO 12648 isolates from colonies of the stock culture growing on the
plate containing 0.39, 6.25 and 400 pg/ml of Mecillinam
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Fig. 19 Survival curves for Mecillinam-resistant, cells of E. coli NIH] JC-2
after transfers without Mecillinam

Culture originally isolated from
0.1 pg/ml plates
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Fig. 20 Survival curves for Mecillinam-resistant
cells of Serratia marcescens 1FO 12648
after transfers without Mecillinam

Culture originally isolated from 400 ug/ml plates
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Concentration (g/ml)

B XU 5mg/mouse % 2PED =Y T 7 HifH &5
LTHEH, F85KT 7 BRICEHERIEHE XU
Pivmecillinam @ 0.2, 1, 5 #g/ml, ABPC o 5, 25,
125 ug/ml 2&7F L 7-3EHhic B 2 IERBEE A RIE
Lo

RAREAZT TOIRRONRED v v 2 FEFEHIHER
BERERIS, SEERHI R th 104~10° CFU/g feces O&FAIC
H -1z (Fig. 24),

Pivmecillinam 0.5 mg/mouse 5. Tl < v 2 Off{k
PEMEFMALCLOBLOESDEERH > 7208, EHE
ARINBEEHNC B 1T 2 BHICER IR SIS 5120 L
UK 5 3 ~4 HEH X O EXSFEIICE T 558
oL, 7THEWR 24 E bEFIMRMNE LOTM
FHIC BT 2 0 BEEIIZIZR U TH o720 X6 ITHHA]
5T T HRICBOTS, BHEENS X ORME#
ICB 50 BEREEI3IZIZE U TH - 720 Pivmecillinam
1mg/mouse % 2[XD~ v R ICH 5T 5L, 14 TIIHE
H52HHDOAMRBMELRE Tt D1
BITiZ 3 BT THKOBOBR S hicht, ZO®EY
Bl APIORFSEHMICRET 5EKII—EL
3, THHRTHEH 1 BLUS5 ug/ml SFEICET
BRI RRERINEICB T 520 L0 BEL ED
o7t FIEFREKRT 7 HRICBI 3 HBHBRMB &
CIRINEE M T ORI AR SR T & FIZERBETSH
-7z (Fig. 25),

ABPC 2.5 mg/mouse %/5.1C & 0 FLEH 5% B 1 $32
HXOBREFICHEML, ARSI ERETH-
Too TS 4 HEB X V125 ng/m]l D) b @ s
Z A ERADBED ST REKRT 7 AR TIRRSH&
TRICHERGBEINZERSBL TS E & DIC, 125 ng/
ml SHEHEMCHRET 2 IR INE <12 572, ABPC
5mg/mouse 51K D EHIE—RANCHEINT 548, D
BRGBWD Utco HE5#KT 7 BETIE, HEKRTRICHN
HHOE L SINg % & & $iC125 vg/ml BFEHMTO

Table 10 Comparison of the inhibition zone in the disk susceptibility

test against E. coli

Mecillinam Fosfomycin

E. coli

100 pg/ml 1000 pg/ml | 100 pg/ml ‘ 1000 pg/ml
NIHJ JC-2 | 17% (25 )#*—%#x |20 (27 )— | 19 (22.5)4 l 28 (33 )+
Umezawa 20.5(26.5) — 23 (28.5) — 9 (18.5) - | 20 (29 )t
K-12 19.5(26 ) - 22.5(29 )— | 18.5(24 ) | 28.5(34 )+t
0-78 19 (5 ) — 17 (28 )— | 18 (21 )#F | 26.5(31.5)4
0-111 24 (28.5) — 28.5(31.5)— | 20 (22 )+ ’ 28.5(33 )+

* : Inner inhibition zone

diameter (mm)

*% : Quter inhibition zone diameter (mm)
*¥% 1 Colony formation in inhibition zone

Medium : Nutrient agar (Eiken)
Inoculum size : 108 CFU/ml

Disk : It was steeped into antibiotic solution at the indicated concentration.
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Table 11 Comparison of the inhibition zone in the disk susceptibility test
against clinically isolated strains of E. coli

Mecillinam Fosfomycin
E. coli i T

iMIC*? 100 pg/ml 1000 pg/ml 100 pg/ml ‘ 1000 #g/ml
E- 2 0.1]16.5%k(20 )*** ekl o] (26 Y- |17 (21 )| 27 (81 )#+
91 0.1{13 (20 ) - 18 (23.5)— | 18.5(22.5)+ | 27.5(30 )+
-16 | 0.1{20.5 (23 ) ~— 23.5(27 )— |16 (19 )H-| 26 -+
-19 | 0.1]19 (22 ) - 22.5(24.5)— | 16.5(21 )+ | 25.5(30 )+
-25 | 0.119 - 21.5 — 118.5(22 )+ | 28.5(32.5)+
-31 | 0.1]20.5 - 24 — |17 (20.5)H |27 (31 )+
-33 ] 0.1)13 (2 ) - 18.5(22.5)— | 14 (17.5)+ | 25.5(30.5) +
-37 | 0.1]18 - 19 — |16 (20 )H-|25.5(29 )+
-65 | 0.1|18.5 - 1 21.5 — 118 (22 )+ |29 (83 )+
68 | 0.1119 (23 ) — |93 (26 )y— | 18.5 + |28 (32.5)+
-73 | 0.1]20.5 - 21 — 1 17.5 - | 26 -
=74 | 0.1120 - 23 — 120 (23.5)+ |28 (32.5)+
-76 | 0.1|15 (19.5) - 17 (20 )— | 20 (22.5)HF | 28.5(31 )+
-79 | 0.1|17 - 18.5 — |16 (21 )| 23.5(27.5) +
81| 0.1]13 (9 ) — 15.5(21 )— |17 (21 )-H | 25.5(28.5) +
83| 0.1/17 (21 ) - 19.5(23.5) — | 18 (2.15)+ | 25.5(29 )+
30 | 0.2120.5 - 22.5(25 )— | 16 + | 27.5 A
-36 | 0.2]18.5 (21.5) — 21.5(23.5) — | 17.5(21 )4+ | 26 (29.5) +
-44 | 0.2 |11.5 (21.5) — 14 (22.5)— | 17.5(21 )4+ |27 (81 )+
-58 | 0.217.5 (20.5) — 19 (21.5)— | 15.5(19 )+H- | 25.5(30) +
59 | 0.2116.5 (20 ) - 20.5(23 )— | 19 (23 )| 27.5(32 )+
-61 | 0.2 22 — 24 (27 )-|21.5 1+ 130.5 +
-62 | 0.2|17.5 (21.5) — 21 (25 )— |21 4130 (33.5)+
-63 | 0.2|18 (21.5) — 19 (24.5)— | 20.5(23.5)4- | 28.5(32 )+
-64 | 0.2 21 - 23.5 — 113 + | 21.5 +
-66 | 0.2 |19 - 23.5 — |18 (22 )H-|26 (30.5)+
-70 | 0.2]20.5 (24.5) — 22.5(26 )— | 20.5 -+ | 29.5(31.5) +
-85 | 0.2|14 (19 ) - 17.5(21 )— |18 (22 )+ |26 (30 )+
-89 | 0.215.5 (20.5) — 17 (22 )= |19 (22 )+ |27 (31 )+
94| 0.2|10 (6.5 — 17 — | 16.5(21.5)H | 24.5(29.5)+

*:108 CFU/ml
** : Inner inhibition zone diameter (mm)
**% 1 Quter inhibition zone diameter (mm)
**k% : Colony formation in inhibition zone
Medium : Nutrient agar (Eiken)
Inoculum size : 108 CFU/ml
Disk : It was steeped into antibiotic solution at the indicated concentration.
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Colony forming unit (log 10)
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Colony forming uni

Fig. 21 Growth rate of E. coli NIHJ JC-2 and its Mecillinam-resistant mutant

with and without Mecillinam
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Fig. 22 Growth rate of Klebsiella pneumoniae DT and its Mecillinam-resistant

mutant in nutrient broth with and without Mecillinam
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Fig. 23 Growth rate of Serratia marcescens IFO 12648 and its Mecillinam-resistant
mutant in nutrient brothTwith and without Mecillinam
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Table 12 Effect of Pivmecillinam and Ampicillin
on the number of lactose-ferment ba-
cteria in feces of mice

x Dose Nufmber(off bacteria
Antibiotic | in feces (cfu/g)
(mg/mouse) Pre- Post-
o treatment| treatment
0.1 8.7x10% | 1.6x10*
0.1 1.8x108 | 2.7x10*
0.5 2.4x10° | 2.9x10°
Pivmecillinam 0.5 7.1%105 | 9.6x 105
2.5 2.8x10* <103
2.5 3.3%x10% | 2.0x10%
0.5 4.0x10% | 2.9x10°
| 0.5 | 3.0x10°| 3.3x10°
| 25 1.0<10° | 3.8x10°
ABPC 2.5 | 2.0x10° | 3.2 108
12.5 2.5%x10° <10?
. 12.5 2.7x10° <10%

Antibiotic was administered orally once a day for
3 days.

SEEENGE L (L (Fig. 26).
BEBLUEER

Mecillinam 3 7" 5 2 [B¥: 8 & O & Pseudomonas

aeruginosa *F< 75 LR M ICX DROLITE AR
U BERIR=v ) v SR BHERA RS b5 2%RL

Time (hours)

7o F 1z ABPC [if¥:DEGK 4 8 E. coli % Klebsiella
pneumoniae \CxfLTd CEX X0ENIIEIAEZRL
720 Lp LAFIOMIE R BSEORFICLDE{L Lo
ZO 1 DTN D B o PIEH S BEI N A5
1ZE Na 8NN &S Mecillinam DOHET
i3 NaCl §RBICKOEALT T EnHERIN/ TD
C & RBBMER AR 4 IREIORMN U kB a3
L2 HENRBTI S ICHEREI N/ GREENWOOD &
O’GRADY? (3 NaCl FiNC & VRBEEELE B8
BT 5 Mecillinam OHEHERE L, RBENE
DI CEOMIEHENM BC BT &, BB EDN
BOREH CEANBEOFMENRE B & REDT L
ZREL, CHIZEHIEREZD 2 MERICIIEEKA
RBLEDRZ MRS FEEL, BB EOED MIRIE
BELICK WD IEEER LTS, —F TYBRING &
MELCHIOR (3'® EpsiiCE 4 OBRE H 5 0 I3FEE
EAZRIN U T O BEEL REEEEZLT Me-
cillinam OREEAZBRET L, HWEHBERELEE
BHEERASG T SN2 8RBEZ Db OIIEEERICE
ENICRES ST, XFOERBEBio~=v Yy v &
BRILDCEEMA LI

AR ORBENSHERERIC K VEEERT 57,
ZOREIR HIRE ICK DR TR, FRERE E.
coli T, BHEERICKSBZHOE (b3 &3 LK
TV, —J), EEK 2> 8 ABPC ¥ E. coli T3,
B-lactamase {H¥: & R QR A ZIS Z R L HANTITH
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Fig. 24 Number of lactose-ferment bacteria in feces of mice
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Fig. 26 Effect of Ampicillin on number of lactose-ferment bacteria in feces of mice
ABPC 2.5 mg/mouse
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101
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FTRCENBDHS NTBEY®, Klebsiella pneumo-
niae, Serratia marcescens, Proteus spp. 15 & T #HH
BICLBE N OBAMBEE TH - 7chs, TOERIE
BICL O BVRIL 5 o Serratia marcescens % Proteus
vulgaris TRIEHKIAF I CEAMHEMIIL W S one
step mutant 2S24RERERTCARBICBONECLE, T
No OB Hd % Mecillinam @ R & - WEERS T
WCERENERBERICKZENOELDOERE LT
%% 5N 3. Klebsiella pneumoniae T3 K| BNk
HERRE T CICHL.5KEEZEL, LOEEERVS
{152 L BEEABRIET 3 18 EDBRKRBTH SN,

Sulfa #|b HEERICKY in vitro FIEHINELE
508, TOERE LTS EARMNBRER AR ET

Number of bacteria (log CFU/g)

Number of bacteria (log CFU/g)

m— (ug/ml
5 ug/ml
25 ug/ml
= 125 ug/ml

10+
o Opug/ml
s 5 ug/ml
9t ezzzn 25 ug/ml
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RO EBITIRONEIDTH B L INTYL
5!3)N15)°

Mecillinam DFEHIER 3 HEEE P T O D DI
BEMOBOICLOEEINIH, TOREIIHREIC
X DRI > TWOIzo E. coli % Klebsiella pneumoniae T
BEBEBRNE 155 EREEASEION S HE[IH
S7cht, BnsWw oK DEBMIELTL AR KD SIERICH
WL TWLARKICREEASHMHEEIN, KT LOEE
ZDHDORFFHOKRE N R L THLEDTRELES
ICEZObN Do JAMES'WHAUR LTS K HIC, AEIL
B D cell divison cycle Db AR S N1 RKHiDRIGA
BERCHET S0 LT, BHEEESZVLEAICE
LIS 4324 BT Fp 1k B (Stationary phase) (C#T
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%1%, EHOERZHICZTISORRNS (EET
BT EMHREING,

R=y ) YD in vitro Titlh: WG ZBERICHTTT S
DONR—HITH BH3, AF|Tid one step mutation (T
&% BN 2R OEM IS LHESRS
UM L one step TRHkRRIG B & Holt U CHETERE R AV
FLTBY, I5ICehsd OEKICTEEDITORET
RHEERAI ST —ERESEBL L5 LBRBBoN
Too EBAFILIAIC SO i £ HHE T one step
mutant 23 HELS 2 C EMWMEIN T 31070, —J
< 2 DEMFE DI, B % EEE O Pivmecillinam (x4 5
itttk #8 05 ABPC & bl U CH ICR D &0 S A3 7S
Boltee FlEHE N BIRE UBE, WEEOH
HRBEFICRED NI 5 oo HET in vitro Ttk
WEORE &M in vive Tithk #5 © #EIT/IIBICK
Mexiva &R 59, in vivo TOMMWHRICOLTIE
I 5 ICHIRICRATINERETH A Do

¥ ¢ 8

1. Mecillinam @ in vitro JiE /1% Pivmecillinam,
ABPC XU AMPC & HEi#iE} Ufco Mecillinam (3
75 AEHEEICH LTid ABPC $ AMPC %324,
Pseudomonas aeruginosa %< 75 sRRBREDE (T
LU TIREN BB %R L7co Pivmecillinam DHiEH
$3i2 Mecillinam X904 253, WMEBOHERRZ 5
LREBRTH o720

2. Mecillinam (3 Ei K 2> # O E. coli, Klebsiella
pneumoniae, Serratia marcescens, Proteus spp. \{CHIEE
S%RL, HROBBETHEEEREDINT S EBE
WA R Bk % 1AM H D, }IC Proteus spp.
TE L oTe T1AKIZ ABPC it E. coli ® Kle-
bsiella pneumoniae (Cxt LT HHEII%EIR Lico

3. Mecillinam OHUEEA 33 BICKIOE/LLK
25, chizEE LTHEMbO NaClEBICKEbDTH
Stce FTBEEBEBICKVMENBELUILLTIHE
B - B H 08, = OBERICIIMIMEZ A, AR
Do REERARE ECORM, H51>3 B-lactamase
BELERRIS S EMICES L, »ORBEROBES ORER
BREICK DRI 5o

4. Mecillinam (3 E. coli, Klebsiella pneumoniae
WIS IS RBETER %R L 1cds, Serratia marcescens
e 2 F/EERI358{ , Proteus vulgaris % Proteus
mirabilis {3 UCIBEERAER U o KHOK
BER SRR, BRI, BHoRESME, NaCl
DI EC L DE/ LT

5. In vitro T Mecillinam OfEfA—EH 338
BERNCZ ) 7o, AFNCH LTtk e e Lico 7
Bon/ MR EHEALES T RO THRINT 2 LB
(L U7ehs, ZORRBPEREICK D RIS > fco RHNCTH
P& 1o LEOMEREIEHRO TN LD bEL, &5
VT At B D W R B (3 T & B WLIZ T h I T OIRED
HHEASLEMTI—BIET L7zo —J# Pivmecillinam
H 23 ABPC ZROHE Lic~ v 2 OFEPIANER
B O MRS IR AIRNC R A BD I o 1.

AL FMASEIIB L OSIFE 1 AZ T EDLN
7o

X ik

1) LunD, F. & L. TYBRING : 68-Amidinopeni-
cillanic acids — a new group of antibiotics.
Nature (London) New Biol. 236 : 135 ~ 137,
1972

2) MELCHIOR, N. H. ; J. BLoM, L. TYBRING &
A. BIRCH-ANDERSEN : Light and electron mi-
croscopy of the early response of Escherichia
coli to a 68-amidinopenicillanic acid (FL 1060).
Acta Path. Microbiol. Scand. Section B. 81:
393~406, 1973

3) PARK, J. T. & L. BURMAN : FL 1060 : A new
penicillin with a unique mode of action. Bio-
chem. Biophys. Res. Commun. 51 (4) : 863~
868, 1973

4) GREENWOOD, D. & F. O'GRADY : FL 1060 : A
new beta-lactam antibiotic with novel propa-
ties. J. Clin. Path. 26 : 1~6, 1973

5) GREENwWoOOD, D. & F. O'GRADY : The two
sites of penicillin action in Escherichia coli. J.
Infect. Dis. 128 (6) : 791~794, 1973

6) MaTsuHAsHI, S.; T. Kamiryo, P. M. BLU-
MBERG, P. LINNETT, E. WILLOUGHBY & J.
L. STROMINGER : Mechanism of action and
development of resistance of a new amidino
penicillin. J. Bact. 117 : 578~587, 1974

7) GOODELL, E. W. & U. SCHWARZ : Sphere-rod
morphogenesis of Escherichia coli. J. Gen.
Microbiol. 86 : 201~209, 1975

8) SPRATT, B. G. : Distinct penicillin binding
proteins involved in the division, elongation,
and shape of Escherichia coli K 12. Proc. Nat.
Acad. Sci. USA, 72 (8) : 2999~3003, 1975

9) JAMES, R. : Identification of an outer membrane
protein of Escherichia coli, with a role in the
coordination of deoxyribonucleic acid replic-
ation and cell elongation. J. Bacteriol. 124 (2) :
918~929, 1975

10) TYBRING, L. & N. H. MELCHIOR : Mecillinam



JAN. 1977

CHEMOTHERAPY 85

11)

12)

13)

14)

15)

(FL 1060), A 6R-amidinopenicillanic acid
derivative : bactericidal action and synergy in
vitro Antimicr. Agents & Chemoth. 8 (3) :
271~276, 1975

JAMES, R. ; J. Y. HAcA & A. B. PARDEE:

Inhibition of an early event in the cell division
cycle of Escherichia coli by FL 1060, an ami-
dinopenicillanic acid. J. Bact. 122 (3) : 1283~
1292, 1975

RoHOLT, K. ; B. NIELSEN & E. KRISTENSEN :

Pharmacokinetic studies with Mecillinam and
Pivmecillinam. Chemotherapy (Basel)21 : 146~
166, 1975

INEARBEZ, KB B, +R6EE, KHREZ:
Mecillinam OKB EICHT 2 HENB LT B~
lactamase €% 9 2 #8EE , Chemotherapy 25 : 94
~99, 1977

KoHN, H. I. & J. S. HARRIS : Mode of action
of the sulfonamides. I. Action on Escherichia
coli. J. Pharmacol. 73 : 343~361, 1941

GARRETT, E. R. & O. K. WRIGHT : Kinetics
and mechanisms of action of drugs on microo-

16)

17)

18)

19)

20)

rganisms. VI. Quantitative adherence of sulfon-
amide action on microbial growth to a rece-
ptor-site model. J. Pharm. Sci. 56 : 1576~1585,
1967

Woobs, D. D. : The biochemical mode of
action of the sulphonamide drugs. J. Gen.
Microbiol. 29 : 687~702, 1962

BRYSON, V. & M. DEMEREC : Patterns of re-
sistance to antimicrobial agents. Ann. New
York Acad. Sci. 53 : 283~289, 1950

KNUSEL, F. : Microbiological characteristics
of rimactane : P 9 ~ 14, Symp. Rimactane.
CIBA Ltd. Basel, 1968
AUSTIN, S. & J. SCAIFE :
selecting RNA polymerase mutants. J. Mol.
Biol. 49 : 263~267, 1970

HeNDLIN. D.; B. M. Frost, E. THIELE, H.
Kroprp, M. E. VALIANT, B. PELAK, B. WEI-
SSBERGER, C. CORNIN & A. K. MILLER : Pho
sphonomycin II. Evaluation in vitro. Antimicr.
Agents & Chemoth. 297~302, 1969

A new method for



86 CHEMOTHERAPY VOL. 25 NO. 1

IN VITRO ANTIBACTERIAL ACTIVITY OF MECILLINAM
AND PIVMECILLINAM

Masarumi Nakao, TosHIYUKI YAMAZAKI and KaNnj1 TsucHIYA
Central Research Division, Takeda Chemical Industries, Ltd., Osaka, Japan

The in vitro antibacterial activity of mecillinam and pivmecillinam was investigated and the following
results were obtained.

1. Antibacterial activity of mecillinam against gram-positive bacteria was inferior to that of ampicillin
(ABPC) and amoxicillin (AMPC), while it was superior to that of ABPC and AMPC against a wide range
of gram-negative bacteria except Pseudomonas aeruginosa.

2. Mecillinam was active against clinical isolates of E. coli, Klebsiella pneumoniae, Serratia marcescens

and Proteus spp.
It was demonstrated that the number of sensitive strains increased at small inoculum size and this was

remarkable in Proteus spp. Mecillinam was also active against ampicillin-resistant strains of E. coli and
Klebsiella pneumoniae.

3. The kind of medium influenced the antibacterial activity of mecillinam and it was mainly due to
the concentration of NaCl in the medium. Furthermore, the antibacterial activity of mecillinam against
several bacterial species and strains was influenced by inoculum size.

As the cause of this phenomenon, mutation rate, time which requires to exhibit the bactericidal activity
after the addition of the drug, or productivity of B-lactamase of the organism are complexly concerned.
The degree of concern of these causes differs from one test organism to another.

4. Mecillinam acted bactericidally against E. coli and Klebsiella pneumoniae, but not so distinctly against
Serratia marcescens and its action against Proteus wulgaris and Proteus mirabilis was bacteriostatic.

The bactericidal activity of mecillinam was influenced by inoculum size, time of drug addition, culture
condition of the organism and addition of NaCl.

5. The organism, which had been exposed to mecillinam once or continuously in vitro, gained resistance
to the antibiotic.

The resulting resistant strains became sensitive after transfers in the medium free from the antibiotic,
and its process differed among the test organisms. The strains which became resistant to mecillinam grew
more slowly than the parent strains and the growth speed of them still fell in the medium containing the
antibiotic. The lactose-ferment bacteria in the feces of mice, which had been administered pivmecillinam
or ampicillin orally, gained resistance to each antibiotic in a similar way.



