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Pipemidic acid ©¥iEEH
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KH BN HRSTIFER

Pipemidic acid (PPA)? {3 —#®D pyridopyrimidine
FRADOPFD 5 Piromidic acid (PA)? i TR
HInHFLO ARLEFT, ZofPEMdi Fig 1
WRT EBHTH S, £#iZ PA 3 X ¢ Nalidixic acid
(NAY® Rk, EEUTS T ARBETCHER TS 325,
REECPABIUNAMEEC L ENTH S, BAR
ETHAeE» 5 &< N 3 h, MBI EBE g6
U, KEFIREHMEKO T IRAPIBMING, X T
12 PPA O in vitro 3 & in vivo HiEifEA% PA,
NA, Cephalexin (CEX), Ampicillin (ABPC), Car-
benicillin (CBPC) % X ¢ Gentamicin (GM) OfE
FBE—MMHEBU ¥ o HET 5,

Fig. 1 Chemical structure of pipemidic acid
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1. fEREA

PPA X0 PA XMPIRITERIhicL DX A
Too A L7 PPA WX=KEMYTH B 2%, £ OIMELHE
K OBETEH LI, NAXHESEHR (v1 v b=
A r v BB Mol BRLChOEHAVE,
Th B DEEFIR KICE T PRz g L DXL b
VR N2/ N B

CEX (EFFz B3, GM (ks 5 Tz 1390,
ABPC (# } Y @ 235 5 BIR8IED, CBPC (3 + U ¥ &
3 5 BEIRIER), Tetracycline (TC) (ERAHE 5 RHZE
&), Chloramphenicol (CP) (=3t) 3s X" Strepto-
mycin (SM) (il 3 REA I X ilm%E A
1o

2. fEFERE

Serratia marcescens X100 ¥ KERAZE B 550
32T, Yersinia enterocolitica MY-79 3 BIUK1%
2EIMREW Y=, Pasteurella multocida M-17
BRI BERRE B ENFRENL LG IR
D%, BRSEHRILEORBENLEMFIRICLOY

FIZERERE L TR L, £ Dfbo i FEHRIXMFERT D
BEHTH B,

3. RNFEBM IR
ELCER LI E b AR B AR RE
B o, HRAEHIIEBCY Y BRI EELHBD
T, ¥&®T Table 1 [Zx1L7z,

Table 1 Media used

Medium . Orgamsm

| - S R

i Streptococcus pyogenes

1BHI S. pneumomae

BHI+5/ Corynebactermm pyogenes
° horse serum Eryszpelothrzx rhuszopathzae
: | e ——— R —
= | Chocolate agar Haemophzlus influenzae
Q[ —
;_'3 ‘GC medium Nezsserm meningitidis

TSB+ Vibrio parahaemolytzcus

3% NaCl|V. algmolytzcus

lTSB the other orgamsms

3 Corynebactermm pyogenes
o Erysipelothrix rhusiopathiae
.2 | Blood agar Streptococcus pyogenes
] S. pneumoniae
g Neisseria memngztzdzs
g | Chocolate agar Haemophzlus mﬂuenzae
Q |- —
o | HIA+ Vzbrzo parahaemolytzcus
E 3% NaCl V. algmolytzcus

HIA | the other organisms

BHI : Brain Heart Infusxon (Difco)

TSB: Trypto-Soy Broth (Eiken)

HIA : Heart Infusion Agar (Eiken)
Chocolate agar: Trypto-Soy Agar (Eiken) +10%
defibrinated rabbit blood

Blood agar: HIA +102% defibrinated rabbit
blood

GC medium : 15g Polypeptone (Daigoeiyo), 1g
Starch Soluble, 4g K,HPO,, 1g KH,PO,, 5g
NaCl, 10g Bacto-Agar (Nissui), lg Yeast
Extract (Difco) and 10g Bacto-Hemoglobin
(Difco) in 1 liter water

These media were all adjusted to pH 7. 3.
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BRI RTNL 37°C & A\ fehs, Yersinia entero-
colitica DEFETIF 25°C & Uiz, i, Haemophilus
influenzae s L% Neisseria meningitidis (Iw— 7V
7 BRI -1,

4. HHEFO MIC {HeRSTHE

EMmER L a -y —Foym, 5t pH 0%
bl X OEEFEED MIC H XFT 2212 Nutrient
broth #7-i% agar, pH 7.0 AV 3% &K F il ER
FREL X YT,

5. RHEEA

Nutrient broth, pH 7.0 i#BE %% 104 A F/ml
CHEREL, 37°C T 3 R XX 6 MR E, Wiy
Nutrient agar ETRIEL, AEED WA LI-EE,
BIERYNH D LHE LI,

6. DEAZIR

PPA t CBPC 3t tr PPA L GM & ffi4x DEIFIT
4r¢s Nutrient broth, pH 7.0 = Pseudomonas aerug-
inosa Tsuchijima % 2x10% A &/5ml/tube 12705 X
SEREL, 37°C, 24 RIBERE, WORET X HRCHE
=L, HAMROBFELRNC,

AP EENRIL~ v RTI1T D 4 EOERIRIGET
FANTC, 18F 10 Pl ED{kESY 20 g O ddy-s <
v ARG, FEFIETREDOS A IBEKCEREL,
o EoBEL 0.2% carboxymethyl cellulose 1=
BELTEx ., EDy fHIX mEy MEY R DEE
Lic, BRAYEDEBRFEDOHMIKRD LB THS,

L RYWE <~ A2 0.4ml OE¥K (Staphylo-
coccus auveus (A RMEIK, Salmonella typhimur-
ium |3 Nutrient broth, FDDEIL 4 % mucin ¥
fn Nutrient broth k&) »#1: (Staphylococcus
aureus DFEINT) FlXEBRES L CREYER
Lic, RRYEERIL Staphylococcus aureus No.50774,
5x108 A5/ <=w A (6~10 LDy,) ; Escherichia coli
P-174, 6x105 A&E/~w 2 (#J 5 LDyy) ; Klebsiella
pneumoniae No.13, 3x108 AE/~w A (10~50
LDs,) ; Proteus mirabilis P-287, 5x10* 4B/ <Y
A (# 50 LDso) 5 Proteus morganii Kono, 4x10%
HE/<v A (50~100 LDsy) ; Pseudomonas aerug-
inosa No.12, 4x10% AF/~=v A (50~100 LD;) ;
Pseudomonas aeruginosa Ky-44, 5x102 A H/ <=
A (#5 50 LDso) X8 Salmonella typhimurium
S-9, 5x10°5 AH/~v A (50~100 LDy) TH -7z,
BRBFRYEE L 6 Bk 2 BTl Te, 7oL
Pseudomonas aeruginosa Ky-44 D413 0, 3B X
O 6 Feflith D 3@, Salmonella typhimurium D4

SEPT. 1975

%0, 6, 24, 30, 48, 54, 723 XU 78 Bk D 8 [}
ExTlootc, B 1:BH% (Staphylococcus aureus
& Salmonella typhimurium O HETT 2 BEE)
DEFRHORHREZHE Lic, FHFERRIFOEFRIT
0~5%TH-1,

EATHEBRRYE ¢« #fi~» A% pentobarbital (KHA
BU3E) BREF FBARFEMT L, Trypto-Soy Broth (HF)

CHRE LI 0.1 ml (9 100 IDso) % BEREPIICIEA L
RAAFR Ui, RYEEIL Staphylococcus aureus
No.50774 s X0 Klebsiella pneumoniae No.13 T
1% 1.5x105 45/~ A, Escherichia coli P-5101 T
13 1.5x10" &£/~ v A, Pseudomonas aeruginosa
No.12 Tix 1.5x10* £F/=Y ATHot, FHE~Y
ARBREATERS LU E D 2 AR X B, BEIRK
¥ 3, 8, 24, 30, 48 LU S4BRIBICTeoTco R
5 AHIC~Y ARERL, MBEHHL, ToEEE:
B Fim 2 2 v 7 LT 37°C T 1REHEE, BHORBD
BHORIEGBELX B L HE Ui, BERIBARME
LT Staphylococcus aureus TiL Staphylococcus:
Medium No.110 (= v+ v), Escherichia coli ¥ X
% Klebsiella pneumoniae Tit MacConkey Agar
(= v¥v), Pseudomonas aeruginosa Ti¥ King
Medium A (= vy 4% v) ¥ flic, ZORBERTIE<
U AT LieA, BIAFEIERTS L E b, &2
AEZATBBHR L, FERFEMB~T ZAOBENLIX
BRI HCRE I R,

TliRRYYE : = A& Pseudomonas aeruginosa
No.12 DAEFAEKHERK 0.05ml (2x10" £5/~v
A, # 10 LDs) #EBACICHETLRRY FRL
oo CORYPFTIHIET INICEIX~ v ADJilish THME
L, BRI LSEmL, <Y AXFETTS
CED, BEIERRPER, 13k X0 3BMBTRY,
HRIIEG S HHD = ADEFRMOHE Lic, JEHK
FRBPEOETFRIZ0~5%TH -1,

BERRYE : i~ v AOMUEFREBEL, TOKTIT
Pseudomonas aeruginosa No.12 DAEF # 9x 108 &
(5~10 IDy) *&te EFAKEK 0.2ml HEMLA,
&Y 0, 3, 6, 24, 27 35 X0 30 B A5t 6 @D
ExTIV, 4 A BREETTOERGOREYHE
L, BBEROBEDONIWEE AR EHE L,
BB TR EBRB LB TR I A,

& 3

1. HEARZ b

PPA O HE A2 % PA, NA, CEX ktot
ABPC L H# 1L T Table 2 753, PPA X Bacillus
subtilis, Staphylococcus aureus, Corynebacterium
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Table 2 Antibacterial spectrum of pipemidic acid compared with that of piromidic acid,
nalidixic acid, cephalexin and ampicillin
MIC (pg/ml)
Organism
PPA PA NA CEX ABPC
Staphylococcus aureus Terajima 25 12.5 100 6.25 0.39
S. aureus 209P, JC-1 12.5 12.5 100 1.56 0.05
S. aureus No.50774 25 12.5 50 3.13 0.20
Bacillus subtilis PCI 219 6.25 3.13 6.25 1.56 0.39
Corynebacterium pyogenes C-21 25 50 400 1.56 0.20
Erysipelothrix rhusiopathiae Agata 100 200 400 1.56 0.05
Streptococcus pyogenes A65 200 400 400 0.78 0.025
S. pneumoniae 1 Neufeld 200 >400 >400 3.13 0.05
Listeria monocytogenes LI-2402 200 >400 >400 25 0.39
Escherichia coli K-12 1.56 3.13 3.13 12.5 3.13
E. coli NIH]J, JC-2 1.56 25 12.5 25 12.5
E. coli P-5101 3.13 12.5 3.13 12.5 6.25
Shigella flexneri 2a EW10 3.13 25 6.25 12.5 3.13
S. sonnei EW33 1.56 6.25 3.13 3.13 0.39
Salmonella enteritidis No.1891 1.56 6.25 3.13 3.13 0.20
S. typhimurium S-9 3.13 12.5 3.13 6.25 0.20
Klebsiella pneumoniae No.13 6.25 50 12.5 12.5 200
Proteus vulgaris OXp 6.25 6.25 6.25 100 200
P. morganii Kono 3.13 25 6.25 >400 200
Vibrio parahaemolyticus S-1 3.13 3.13 1.56 25 200
Serratia marcescens X100 6.25 50 12.5 >400 12.5
Pseudomonas aeruginosa Tsuchijima 12.5 100 100 >400 >400
P. aeruginosa No.12 25 200 100 >400 >400
Neisseria meningitidis Osa 1.56 1.56 3.13 0.39 0.013
Haemophilus influenzae Shiga 1.56 1.56 1. 56 12.5 0.78
Yersinia enterocolitica MY-T79 1.56 6.25 1.56 50 200
Pasteurella multocida M-17 1.56 0.78 1. 56 3.13 0.20
Brucella abortus Kusayanagi 200 >400 >400 50 0.20

pyogenes ¥ —ED /5 ABMECHBENESE YR L
», TOERILPA LiiFEEE T CEX ® ABPC X
hEgghotlc, THIIRL, 75 AEHETIE, PPA X
13EAEDEIR L 1.56~6.25 ug/ml @ MIC {H% 7R
L, £OfEfix PA, NA X0 CEX X b—jicii
Motz, PPA 12 PA X U'NA &A#E CEX Ficid
ABPC 22D Klebsiella pneumoniae, Proteus
vulgaris, Vibrio parahaemolyticus, Serratia mar-
cescens, Yersinia enterocolitica 7t X\ HEEMEY
rTEEbic, PA, NA, CEX kXt ABPC ififtt
DORFBECH L TDH 12.5~25 ug/ml © MIC fE%x R
Lz,
2. BRGEERBEORZE

BESHEBEE O PPA, CBPC L U'GMIRT 2
RZte% Table 3 1iRT, AT L7 ARHHEN 100 #R 99
Bt 12.5~50 pg/ml @ PPA THAAEIEX R, FD
MIC iz —jic CBPC X v{E<, GM X h@Ebholc,
¥7:, PPA % CBPC k10 GMTitEGHEECLHER
THoteo

3. ATEMME

YA ERMEE S5 PPA Offf% Table 4 I©5R
T PPA 1384 © FiAYERIHEEC RZEHERE & (2IER
B MIC {H%x R L1z, Table 5 (¥ PPA © PA &k O¢
NAfHECHT 5 ERAERLICLDTH B, PPA X
K& D PA 3 XON ATiHEREICH L 12, 5~25 pg/ml
D MIC fix =L, D PA K5I UNA & ORTEMMEL
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Table 3 Sensitivity of clinical isolates of genus Pseudomonas to pipemidic acid,
carbenicillin and gentamicin
MIC (pg/ml)
Drug e - : —

0.78 1.56 3.13 6.25 12.5 25 50 100 200 >200
Pipemidic acid 0 0 0 0 30 54 15 1 0 0
Carbenicillin 0 0 0 0 1 2 48 31 4 14
Gentamicin 24 52 9 7 1 0 3 4 0 0

Figures show number of strains.

Table 4 In vitro activity of pipemidic acid against bacteria resistant to various antibiotics

Organism Mlglgo/fmll’)PA } Resistance to antibiotics
Escherichia coli P-77 1.56 TC
E. coli P-382 1. 56 SM, TC
E. coli P-50¢ 1.56 * SM, ABPC
E. coli P-210 1.56 | ABPC, CEX
E. coli P-47 1.56 } SM, CP, TC
E. coli P-54 1.56 | SM, CP, TC
E. coli P-63a 1.56 SM, CP, TC
E. coli P-209 1.56 ‘ SM, TC, ABPC
E. coli P-50a 1. 56 | SM, CP, TC, ABPC
E. coli P-76 1.56 SM, CP, TC, ABPC
E. coli P-93d 1.56 | SM, CP, TC, ABPC
E. coli P-203 1.56 SM, CP, TC, ABPC
E. coli P-197 3.13 SM, CP, TC, ABPC
E. coli P-218 3.13 SM, CP, TC, ABPC
E. coli P-140a 3.13 SM, CP, TC, ABPC, CEX
Klebsiella pneumoniae P-338 3.13 ABPC
K. pneumoniae P-160 1.56 SM, ABPC, CEX
K. pneumoniae P-224 3.13 SM, CP, TC, ABPC
K. pneumoniae P-286 3.13 SM, CP, TC, ABPC
K. pneumoniae P-258 6.25 SM, CP, TC, ABPC
Shigella flexneri 4a P-330 1.56 ABPC, CEX
S. sonnei P-313 1.56 SM, CP, TC
S. sonnei P-291 1. 56 SM, CP, TC
Proteus mirabilis P-362 3.13 ‘ Cp, TC
P. mirabilis P-161 3.13 i SM, TC, ABPC
P. mirabilis P-74 6.25 | CP, TC, ABPC

SM : Streptomycin, CP : Chloramphenicol, TC: Tetracycline, ABPC: Ampicillin, CEX : Cephalexin.

RELETHoT,

4, HRFDO MIC {ExRisTE

PPA o MIC {#ii Table 6, 7, 8, 9 LT L H0E
MEDOEM, =—AFEEY — L OB L EH pH ©
B LY, ZEALEEIN h-1ed, PABID
NA o MIC {Eiihich BEIhIc, EEHEENHEML
BB 3K E D MIC fEXEL kot

5. FREEH

PPA (% Fig 2 wixRET&kh, 7 FUERE TIX 25
pg/ml, KIBE T 1.56 pg/ml, #EIEE Tit 6.25~
12.5 pg/ml L\ Eo JBEETREIEAHER D b,
MIC LUTOEETIIEWNEAR O,

6. PEAZIER

PPA & CBPC :XU'GM & DOtHABRLFBEEAT
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Table 5 In vitro activity of pipemidic acid
against bacteria resistant to piromidic
acid and nalidixic acid

| MIC Gug/mb)

Table 8 Influence of medium pH on MIC

Organism

»PPA PA | NA
Escherzchza colz K 12, NA-r* | 25 |>400 | 200
E. coli P-84 25 [>400 |>400
E. coli P-174 25 [>400 |>400
E. coli P-184 25 |>400 >400
E. coli P-233 25 |{>400 |>400
E. coli P-244 25 |>400 |>400
E. coli P-307 25 [>400 |>400
E. coli P-447 25 [>400 | 400
E. coli P-509 50 | >400 [>400
Proteus mirabilis P-287 12.5|>400 |>400
P. mirabilis P-334 12.5>400 >400
P. rettgeri P-438 12.5| 400 | 400
P. morganii P-114 25 [>400 >400
Klebszella pneumomae P 256 100 >400 ‘>400

* A nalidixic ac1d resistant strain made iz vitro.
All other resistant strains are clinical isolates.

Table 6 Influence of serum on MIC

MIC (pg/ml)
Organism pH
PPA PA NA
6.0 25 :13 Sg 25
6.5 | 25 .13 | 25
S-TEW eus 7.0 | 25 12.5 | 50
erajima 7.5 25 25 200
‘ 8.0 25 50 i 200
60 156 078 15
. .5 | 1.56| 0.78| 1.56
E'Kc—‘ilzl 7.0 1.56 | 1.56 | 1.56
7.5 | 1.56 1.56 | 1.56
8.0 | 1.56| 3.13| 3.13
6.0 | 3.13| 3.13 1.56
. 6.5 1.56 3.13 1.56
S. flezneri 7.0 | 1.56 | 6.25 3.13
a 7.5 1.56 | 12.5 | 6.25
8.0 1.56 | 25 6.25
6.0 12.5
P. aeruginosa ?g gg
Tsuchijima 7: 5 12: 5
8.0 12.5

The broth-dilution method.

Table 9 Influence of inoculum size on MIC

Horse MIC (ug/ml) | MIC (ug/ml
Organism | serum Organism ‘13°IC“I““‘* (#g/‘m)
U | PPA | PA | NA (ilution) “ppa [ pa | NA
S. aureus 0 25 | 125 100 o L o100 [>100 | ~100
Terajlma 40 25 . 50 300 10t 100 | >100
: —! | 102 50 | 30 |~ 100
E colz .0 1.56 | 1.56 * 1 S. aureus 108 25 30 100
K-12 " 40 1. 56 6.25 10 Terajima 104 25 10 100
e | — 108 25 10 50
P. aeruginosa | 0 12.5 } 108 25 10 50
Tsuchijima | 40 12.5 | 107 12.5 50
The broth-dilution method. 100 3.13 3.13
10t 3 13i 3.13
102 1.56 3 1.56
; 3
Table 7 Influence of sodium cholate on MIC E.Kc_ollzz ig4 % gg‘ :13 8 ;g
— —— 108 1.56 1 0.78
) i Sodium MIC (,ug/ml) 108 0.78 1 0.78
Organism | cholate |— — - 107 0.78 0.78
s PPA PA NA S o
o 50 12.5 | 100 10 > 1230
. 10t 25 >100
e, 1B o | el P
;5 50 50 P. aeruginosa 108 12.5 | 100
———s — Tsuchijima 10¢ 12.5 | 100
E. coli L0 1.56 1. 56 3 105 12.5 | 50
s 1 1.56 | 3.13| 3 108 6.25 | 25
.- 1. 56 6.25 107 6.25 12,5
0 25 The broth-dilution method
P. aeruginosa 3
Tsuchg,;,m; é gg * One drop of each dilution of an overnight
culture was used as inoculum.

The agar-dilution method.
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Fig. 2 Bactericidal action of pipemidic acid
S. aureus Terajima E. coli K-12 P. aeruginosa Tsuchijima P. aeruginosa No.12
control control control control
8 | 0—0 50ug/ml - 0—o03.13ug/ml I 0—o0 25ug/ml - 0—050ug/ml
o—e25 . o—e12.57
X—X12.57 X | %—x6.257
e - - -
H
Sal I " _
S
&
E2f = - -
BS
0k L L L
1 1 1 1 5; 1 1 | 1 LC 11 1 1 L L 1 11 )
01 3 6 24 01 3 6 ' 24 01 3 6 ° 24 01 3 6 24
Incubation time (hour)

Fig. 3 Combination effect of pipemidic acid
and carbenicillin or gentamicin

Pipemidic acid(ug/ml)
6.25 3.13 1.56 0.78 0
6.25 - - - - -
= 3.13 - - - i+ +
TE | 156 | — - + + +
5\
3 lom | - -+ o+ 4
© 0.39 | — + + + +
0 - + + o+ +
Pipemidic acid(ug/ml)
6.25 3.13 1.56 0
0.2 - - - -
= e
EE | 01 - - + +
9| e | L T
£3 | 0.05 - + + +
&)
0 - + + +

+ : No inhibition of bacterial growth.

— : Inhibition of bacterial growth.

Method : The broth-dilution method.
PN L & H, Fig 3 nd X 5 iRl EBRRD
bhic,

7. BESITHR

< 9 ADERARRIIEC 3515 PPA ORYBHTELNE
% PA, NA, CEX, ABPC 3sXx 1t CBPC tii#ELT
Table 10 ZiRT, £HRRYGETIE PPA (2 PA X8
NALRERY 7 F v RERPECE TH-et’, £
DAz CEX, ABPC %t 0' CBPC X hgghots,
WolEd, 77 ABREEREYETIE, PPA 3fbo 5HE

BRI RB LT RTCOBEECHERT, £ EDs fH
1t 11.7~186 mg/kg/dose TH-7-, —i&iz PPA ©
7 5 AEEERYEMEC 3 3 5 21X PA, NA, CEX,
ABPC X0 CBPC X higi, %i, HfIEHER IO
NATHEE e bW RBEC S PPA 3B TH -7,

Br#sic X3 PPA ofiBBEHRY, BREtEHRO
No.12 TIXETFTH LI L5 CBPC 0 Frh LiZFR LT
Hotenl, CBPC kLUGMitE D Ky-44 # Tix
CBPC 38R T H B DI L PPA X BHTH -1,

EAHEERYSETIE PPA 5 X0'PA X7 F o BRERK
PFEC AR TH - 72s, CEX k0t ABPC it L%
DIERIXEEH - oo KIBEREUETIX PPA @ ED; fE
% 3.5mg/kg/dose T, PA LizF%ELL, NAODH
3%, CEX, ABPC % X0t CBPC 0/ TH-to Bl
HIEERGYETIE ABPC BEHTH o1, o 4F)
ERTHY, £D EDy fEiz PPA TiX 11.9 mg/
kg/dose THbH, PA, NA k1t CEX oy 1,
CBPC Dfy Y4 THolc, BFBERIIETIX PPA ©
ED;, fEiix 29.1 mg/kg/dose ‘T CBPC o ¥, fho
AFD Y10~ LT TH 1,

FIREE O fifids X UM RRRYETIL L THE5 D CBPC
R EAEERSTHDORK L PPA 305 THE
T, %0 EDy fHIZFIRE R 82.6 3LV 173 mg/kg/
dose THoTz,

= "

PPA 3{b2ekgsnyiciz PA? 108 NA® LELIL
TW5A, HIEFAECIETRASHEEEXHBELTW
%, PEARZ rATIE PPA X PA LEKE EEL
Tr7 5 LBMHEE 7FoRERECERDTHB, PA
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Table 10 Effect on various experimental infections in mice
ED;, : mg/kg/dose (MIC : pg/ml)
i;‘:f:g“ Organism PPA PA NA CEX ABPC | CBPC
po po po po po sc
. 237 >800 >800 13.9 2.2 8.1
Systemic | S. aureus No.50774 (25) (2.5) (50 (6.25) ©.2) (1.56)
) 26.7 65.6 33.7 213 120 53.6
E. coli P-5101 @13 | azs | @13 | 3azs | 625 | 125
. 145 >800 >800
E. Coll P—174, NA-r (25) (>400) (>400) —_ bt —_
Lo 11.7 28.8 24.8 53.8 5.2 27.2
S. typhimurium S-9 | 3733y | (12.5) | (3.13) | (6.25) ©.2) 0.78)
. 22.6 >100 49.8 8.2 383 380
K. pneumoniae No.13 | 5”50, (50 azs) | @az.s (200) (400)
P. morganii Kono 21.5 56.3 25.6 >800 | >1,600 20.3
CEX, ABPC-r (3.13) (25 6.25) | (54000 | “(200) (3.13)
P. mirabilis P-287 50 >800 >800 16.2 >1,600 200
NA-r a2.5) | (54000 | (54000 | (12.5) | (>400) | (100
. 103 >400 259 >1,600 | >1,600 116
P. aeruginosa No.12 | o5y {200) (100) | (>400) | (>400) | (100
5 P. aeruginosa Ky-44 186 >1,600 >200 >400 >1,600 >800
| " 'GM, CBPC-r (25) (400) (200) (S400) | (>400) | (>400)
Ascending | S. aureus No.50774 182 882 >400 <3.1 <0.8 —
kidney
infection
E. coli P-5101 3.5 4.7 6.6 44.2 36.3 27.9
K. pneumoniae No.13 |  11.9 39.6 40.8 35.4 >800 400
P. aeruginosa No.12 29.1 562 306 >1,600 1, 350 130
Pulmonary | p. geruginosa No.12 |  82.6 >1,600 | >200 >800 | >1,600 | 1,238
Bj’:gg(l) n P. geruginosa No.12 173 — — — - >800

Abbreviation ; sc, subcutaneous; po, oral.

FIUNATIRZ & A EEFHOFZBEH I LT HHHEE
A%iRt. PPA LHEWHE L OMCAZETENRR bR
WAL PA SIXUNALRAKTH S, PPA (X PA
FIONATEEC L HHBEONEERAYRT, ¥
2D X 5 CHEIML A Y CREMESREL LD, £
DEADOHEBIISEOMERETH S, PA KLU NA
TIRMEB MM pH 27 4 Y o4 MIC (i
NERTBH, PPA © MIC fHiZohbHiRXhid:A
CHBINholc, =7 ADERIBRYE TIIFEDH
Lxhic PPA 137 F EREICIZFEER LR &S 7edh

ot 75 alatkEicit PA, NA, CEX, ABPC ¥
0" CBPC X b —fcEh oY s R 4R Lic,

AFNTE 7, PA 3 X0 NA iR HOVCRNEC X
ARAFEC L HFH TH oo DX S IBIF in vivo
BRI LD 7 T AR XA\ in vitro HIEME
BOlcdizd i, HH® TRTLED, HENEBE
DRV ERIVCRBPLER L BECHEEL T35
LELLNRD, BEERESETIE PPA 3R 5 TE
BHTHD, FORORECIZHRIETHRERCLS
CBPC DR X VR T, BORECRBER
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BIECHRLTFODI N LD BELZBLE, ZO
BREIEE IS, &E CBPC XU GM IZHBFIC
it DERBHEE D S |E I TV 551010, PPA 23
CBPC kXU GM MR BERIMEC AR TH - 1o
2, 20 X5 EOBRRHEDERIC PPA 23>
b Lz EEREBL T3,

] (]

PPA (8-ethyl-5, 8-dihydro-5-o0x0-2~ (1-pipera-
zinyl)-pyrido (2, 3-d] pyrimidine-6-carboxylic acid)
X PA B CTRHEEIRAH L pyridopyrimidine &
BRAEFTH D, ARNIRBELEL 7 7 2 BHHE
IU—8,D /' 7 s BUECHEE®RYRL, £D7 7 A
FEHERC T 3 UEEIEA—Ac PA, NA, CEX /&
X i@ otc, PPA (IHUAEWE & IR EMMER RS T,
PA 8 XO'NA fitEEC b H 5 BEO WEFRA . R~L
7co AFIO MIC fEIXMEL = —AEEY — £ DERINE S
X5 pH OB Lt X D H T HhBEIh I 1o,
EEEEoMMC L Y ER L, PPA X MIC koD
BETIIREFEA%ZRL, CBPC :sXU'GM &ixHh
BRI ERA LTz, ~ 9 R B0 5 84 D EREY EYUET
i, PPA BEnHE5TEETHY, FD/ 5 s MEHE
RBYE x5 Rk —iic PA, NA, CEX, ABPC
L CBPC X hiidotc, ¥fo, PA X0 NA it
HERIIEC S BT Holc. FIMEESYETIX PPA
REOBETHEG THY, TOBRITETHFCLS
CBPC ozhR X h L T T,

(AP RM AT 24 A» 5 48EIFTH 5,)
x [

1) MATsSuMOTO, J. & S. MINAMI: Pyrido (2,
3-d]) pyrimidine antibacterial agents. 3. 8-
Alkyl- and 8-vinyl-5, 8-dihydro-5-o0x0-2-
(1-piperazinyl)-pyrido (2, 3-d) pyrimidine-6-
carboxylic acids and their derivatives. J.
Med. Chem. 18 : 74~79, 1975

2) SHmMIZU, M.; S. NAKAMURA & Y. TAKASE :
Piromidic acid, a new antibacterial agent:
antibacterial properties. Antimicr. Agents &
Chemoth. -1970 : 117~122, 1971

3) LESHER, G. Y.; E. J. FroELICH, M. D.
GRUETT, J. H. BAILEY & R. P. BRUNDAGE :

D

5)

6)

(p)

8)

9

10)

11)

1, 8-Naphthyridine derivatives. A new class
of chemotherapeutic agents. J. Med. Pharm.
Chem. 5 : 1063~1065, 1962

KL, RRE— EEET : HHUEHM Pipe-
midic acid 0% | Hi#EEA, Chemotherapy
19(5) : 379~386, 1971

MILLER, L. C. & M. L. TAINTER: Estima-
tion of the ED;y and its error by means of
logarithmic-probit graph paper. Proc. Soc.
Exp. Biol. Med. 57 : 261~264, 1944
HAKAY, ARE—, BRBZ, EHEET : Pipe-
midic acid ORIY, 7B ko HEitt, Chemo-
therapy 23(9) : 2724~2729, 1975

ENGLISH, A. R.; J. A. RETSEMA, V. A, RAY
& J. E. LyNcH: Carbenicillin indanyl so-
dium, an orally active derivative of car-
benicillin. Antimicr. Agents & Chemoth.
1:185~191, 1972

MiILLER, A. K.; B. M. Frost, M. E.
VariaNT, H. Kropp & D. HENDLIN:
Phosphonomycin. V. Evaluation in mice.
Antimicr. Agents & Chemoth. -1969 : 310~
312, 1970

BryAN, L. E.; M. S. SHAHRABADI & H. M.
VAN DEN ELZEN: Gentamicin resistance in
Pseudomonas aeruginosa : R-factor-mediated
resistance. Antimicr. Agents & Chemoth.
6 :191~199, 1974

KORFHAGEN, T. R.; J. C. LoPER & J. A.
FERREL : Pseudomonas aeruginosa R factors
determining gentamicin plus carbenicillin
resistance from patients with urinary tract
colonizations. Antimicr. Agents & Chemoth.
7 : 64~68, 1975

WATANAKUNAKORN, C. & T. BANNISTER:
Comparison of the in vitro activity of BL-
P1654 with gentamicin and carbenicillin
against Pseudomonas aeruginosa. Antimicr.
Agents & Chemoth. 6 : 471~473, 1974



VOL. 23 NO. 9 CHEMOTHERAPY 2667

ANTIBACTERIAL PROPERTIES OF PIPEMIDIC ACID
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HiroOMI KATAE, AKIRA MINAMI, KATSUHISA NAKATA,
SATORU INOUE, MASAMITSU ISHIYAMA
and Yuji Kuso
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Pipemidic acid, 8-ethyl-5, 8-dihydro-5-oxo0-2-(1-piperazinyl)-pyrido (2, 3-d] pyrimidine-6-carboxylic
acid, is a new derivative of piromidic acid. It was active against gram-negative bacteria including
Pseudomonas aeruginosa as well as some gram-positive bacteria. Its potency against gram-negative
bacteria was generally greater than that of piromidic acid, nalidixic acid and cephalexin. Cross-
resistance was not observed between pipemidic acid and various antibiotics, and most of bacteria
resistant to piromidic acid and nalidixic acid were moderately susceptible to pipemidic acid.

The activity of pipemidic acid was scarcely affected by the addition of serum, sodium cholate or
change of medium pH, but was subject to the influence of inoculum size. Its action was bactericidal
above minimal inhibitory concentrations. Additive effect was observed when pipemidic acid was used
in combination with carbenicillin or gentamicin. Pipemidic acid was effective by the oral route on
various experimental infections in mice. Its iz vivo efficacy against gram-negative bacteria was
generally better than that of piromidic acid, nalidixic acid, cephalexin, ampicillin and carbenicillin.
The infection with bacteria resistant to piromidic acid and nalidixic acid was successfully treated
with pipemidic acid.

In Pseudomonas aeruginosa infections, orally administered pipemidic acid was more effective than

subcutaneously injected carbenicillin.



