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14249), Klebsiella pneumoniae ATCC 10031 (IFO
3512), Proteus mirabilis ATCC 21100 (IFO
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Fig.2 Comparison of test organisms for as-
say of carumonam by agar well
method
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Carumonam (zg(potency)/ml)
Test organism :

[ ®  FEscherichia coli NIH]

O—-——0 Klebsiella pneumoniae ATCC 10031
. ®  Proteus mirabilis ATCC 21100
0— — —0  Pseudomonas aeruginosa NCTC 10490

Medium : Sulbenicillin assay agar (pH 6.5)
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FROCTEZ 8mm OflL 4 B£THRE, BFfLICIFE
FREB L UBRBEES0ul ¥OEAL, WKL
boRWRY 34°C, 1REELT,

6) R—I—F 4 RAIEI AT LR Hy %
Aushrb)CEE6mmOR—/—F 4 X7
(Whatman #) ICBRIRE 20 ul ARy b LIz VD%
ERFIR L REfT T 2 LAZEE A v 7HRICHELU 7,

4. 7 B chromatograph/bioautograph &
(TLC/4 A4 —bE)?: BB o< by —+t
(Spotfilm, silica gel f : BF/LARTE) [CBRIFE
#(CRMN & L T 50~100ng f1ff) # v 1 7 o £
vy N TARy b L7, #7110 R@EEEL, 7272
(@7 b= b Y V—KR—EFEE—25%7 =T
K (144 :24:12:1) R 3O)FBELFL—T £ b
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Fig.3 Comparison of media for assay of
carumonam by agar well method
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Test organism : Escherichia coli NIH]

Medium :

® Antibiotic assay medium (DAIGO) No.4 (D4)
O———0 Antibiotic medium 4 (DIFCO) (AM4)

®  Sulbenicillin assay medium (SBM)
o———o NA, HIA. TSA and MH

X B & R

1. BMEMFNEESE

1. B EHOBR BRBREF4HKR OV T
CRMN ORE¥ERR (74— = ViR) BIER L 7%
R% Fig. 21O~ 7, QIERE X P. mirabilis ATCC
21100> E. coli NIH]> P. aeruginosa NCTC 10490
=K. pneumoniae ATCC 10031 DIETH - 72, FEIE
MO#BEEIZE coli NIH]=K pneumoniae
ATCC10031> P. mirabilis ATCC21100>P. aeru-
ginosa NCTC10490 DIETH > 72, ZhoDEER
&0, BEH»E  BRIEM #8874 E. coli NIH] %3,
BRERE L GRIRL, UTOERICH W,

2. BEAESRMEFORE

1) AIEREH © E coli NIH] #REAE L T 3
TH =7zl & D CRMN @ 0.16~40 ug (57
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FHIEADOKRE 313 D4 THRAL %D AM4, SBM #8
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Fig.4 Effect of inoculum size on calibration
curve for assay of carumonam by agar
well method
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[noculum size :

® 0.5%
O=——=0 1%

b o
.2 Y%

BThol,

D4 23 % Fv>, pH 6~8 128 \» T pH O
WA RIZTHEERET LTz, BHIEMOREERY
THOPHEBOWTHRFTH 708, HIEPER
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BE0.5%% L,

3) BERBEOREBIU T — TNk L #E
Ay THEEDHE . 7H—7 2 kD 34°C, 37°C B
BEBLUVEEY v 7ED 3TCHEE DV THER
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Fig.5 Effect of incubation temperature and
vehicle on calibration curve for assay
of carumonam by agar diffusion

method
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Carumonam (zg(potency)/ml)

Test organism : Escherichia coli NIH]

Medium © Antibiotic assay medium (DAIGO) No.4
Vehicle and incubation temperature :

® Agar well, 34°C

o———" Agar well, 37°C

= Cylinder, 37C

3. b MNOEB L UROE

1) MK =N Lk MIES L CHERD
avbho—nMmiE (2>€—7 ; BK) L DER
UTIERR L 1B EdAR &, ) v EREEER (pH 7.0)
THRIRL TR L 7oA 84 & 2 EE L 72, FRIEM
OEAE R 3HERTE R R > 7008, ME TERA
BT 2 HEMAESE 2mm B L7 (Fig.6), L
lao> T, MEFBREOHEIXMBEARIC & 124
MR ERE L CHETILESH D, RBRETIRYD
24 EH 10 EFRT T, RS OBEIEANOEE
WRdsNih o7,

2) ERERETOREY : CRMN %t MES
SURIZMA —20°C {RFEL 7z (Tablel), Z0 %
n%0.1M Y > BEEER (pH6.0) T2 EHART
LLEEMNHEBIN, MEL L VRREL 1 H
BERE T 2583, RBERT 2 EFREERS
RETL L BLrBbhd, Lizss->T, &E
TREIND M ERRAA IG5 EEREfh 4R 13 IE % My -
PH6.0EBE®K (1: 1) KXW HFRIEKRT 5 Z LS
BEThs (Fig. 7).

Fig. 6 Effect of diluent on calibration curve
for assay of carumonam by agar well

method
’/
: -
./5/
/-/
./Q
- 25— /Q,
£ )
E /
5 B
g °/
Eowr &
S
?:’ [)
=3
N
15 /
°
2
Vi
oL//
1 1 1 1 1 1 1 1
0.16 0.31 0.62 1.25 2.5 5 10 20

Carumonam (zg(potency) ml)
Test organism . Escherichia coli NIH]J
Medium : Antibictic assay medium (DAIGO) No.4
Diluent :
[

® (.1M phosphate buffer (pH7.0)
O———0  Pooled human serum

s  “Consera” (NISSUI)

4. CRMNOGBBEARNBEH EE UNE)
CRMN DOHBEWNEE L E. coli NIH] %#3E8&E,
EVVBERE] 51 T No. 4 B 3574
— Vi (£ EBY Y 7)) CEVBIET 5,
MARIE 0.1IM V)V ESEREER (pH6.0) THRER
ERIET 3. MiERAEHD CRMN #E 2Mm#E-pH 6
BER 111 THERERL EEHR» 5K 5,
PRI REER T 10 fELA AR - BHE L, 5
ER CHRIER L 7. Z ¥R 5> CRMN BE+ &
i3 % (Table 2), AEiZ £ 5 CRMN O #iE TIRE
B2 0.1M Y »EEEER (pH6.0) FTH 0.1 4g
(3ffl) /ml T3 3,

5. BREE  EBEH I LEIBEORKAED
72 %, Aminothiazolyl cephalosporin iZBWw: 50T
WBEERY DEMAEREI L7, P retigeri ATCC
9250 #ABRE &£ L, BVDST BEX 2 HEigihy 4+ 3
EREBEOELEMBITIFig 8D LIk,
CRMN QOHIE TREEIZT 7 —7 2 LVETH0.02
ug (FIE) /ml, _—,8—F 4 X 7 ¥ETH0.06 ug
(M) /ml Th -7z, HBEIIHEBOBERMLBEDH
EbAuvusenz,

6. TLC//SA 44—+ CRMN O EHHI#K
HD71d TLC//S4 A4 — MEICDWLTRRETL 72,
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Table 1 Stability of carumonam in serum, plasma and urine
at a freezing temperature (—20°C)
Storing medium | Concentration Storing period (days)
(final pH) (ug/ml) 0 3 7 14
Serum (pH 8.3) 100 1009 94 84 77
20 100 101 85 66
4 100 95 86 79
Serum + Buffer®’ 50 100 95 93 94
1:1 (pH6.6) 10 100 95 91 88
2 100 102 99 91
Plasma (pH 7.6) 100 100 93 87 82
20 100 94 91 71
4 100 98 88 85
Plasma + Buffer 50 100 96 97 98
1:1 (pH6.4) 10 100 98 95 94
2 100 100 99 94
Urine (pH 7.2) 1000 100 92 94 93
200 100 94 92 85
Urine + Buffer 500 100 92 91 89
1:1 (pH6.0) 100 100 100 90 94
Buffer (pH 6.0) 1000 100 97 90 92
o | Residual potency (%), assayed by the agar well method.
»: 0.1 M Phosphate buffer (pH 6.0)
Fig.7 Standard curves for assay of caru- Fig.8 Standard curves for assay of caru-
monam (agar well method) monam (sensitive method)
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Diluent :  ®——@ Buffer (pH 6.0)
O===0 " Serum-buffer (1:1)
Test organism : Eschericha coli NIH]

Medium © Antibiotic assay medium (DAIGO) No. 4

Medium : BVDST agar
Vehicle :
.

® Agar well

O— — —0

Paper disc
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Table 2 Microbiological assay of carumonam
Agar well method
Test organism Escherichia coli NIH]
Inoculum size 0.5ml of cell suspension (OD=0.8, about 10°
CFU/ml)/100 ml of assay agar
Antibiotic medium (DAIGO) No.4 (peptone 0.6
Medium %, yeast extract 0.3 %, meat extract 0.15%,
glucose 0.1 %, agar 1.2 %, pH6.3)
Initial standard solution 1 mg/ml in 0.1 M phosphate buffer, pH 6.0
Diluent for serum samples Serum-0.1 M Phosphate buffer (pH 6.0)
(1:1)
Diluent for urine samples 0.1 M Phosphate buffer (pH 6.0)
Final concentration of Carumonam ;20, 10, 5, 2.5, 1.25, 0.62, 0.31,
standard solution 0.156 ug(potency)/ml
Incubation 16~20 nours at 34°C
Minimal detectabl .
inima f-zec abie about 0.1 ug(potency)/ml in final solution
concentration
Fig.9 Bioautograms of human serum and urine after intravenous administration of carumonam

Rf

1

Solvent (a) Solvent (b)
Rf
1
0.5 carumonam 05— carumonam
[ | 0 | | l
Standard Serum Urine Standard Serum Urine

Solvent (a) . Acetonitrile-Water-Acetic acid-25%NH.OH(144: 24 : 12: 1)

Solvent (b) : Ethylacetate-Acetone-Formic acid-Water(8 : 6 : 2 : 3)

Silicagel plate : “Spot film" (Tokyo Chemical Industry Co)

Test organism : Providencia rettgeri ATCC 9250
Medium . MacConkey agar (pH 8.0)
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Table 3 High-pressure liquid chromatography of carumonam
and related compound I

System item Component or condition used
Instrument ALC/GPC 204 with an autosampler 710B (Waters Assoc.)
Column Stainless steel, 15X0.4cm 1.d.

Packing material

Nucleosil 5Cis (Macherey Nagel Co.)

Mobile phase

(A) 0.005M Tetrabutylammonium hydrogen sul-

fate (pH 3.0) and acetonitrile (85 : 15, v/v)

(B) 0.1 % Ammonium sulfate, methanol and gra-

cial acetic acid (97 :2:1, v/v)

Temperature Ambient room temperature
Flow rate 0.8 ml/min.
Detection UV, 254 nm for serum samples, 313 nm for urine samples

Injection volume

70 wl

Measurement of
peak areas

Data module 730 (Waters Assoc.)

Fig. 10 Typical chromatograms in HPLC analysis of carumonam and related compound I in human

serum (2) and urine (b)

(a) (b)
: Injection C Injection
4.40 f
206 carumonam 5.10 carumonam
C— Injection ; : Injection
3.83 S X
related related
compound I compound I

)

6.73

Mobile phase : Composition A in Table 3

T b= MUV R@QTRERAL -5S, B 1~
1.5 B¥fd, Rf0.39 113, RHBRK 2ng ; % 7- el
TFNFROEM L & 3 RRIRR 2~2.5 BRRE,
Rf0.35 {31, BRIEBRAK 1ng TH > 72, CRMN &
R 537 0.15 LA LBEh, CRMN :RBEOHEE
e b ORI BN, ZhoDRIcE DiEE

gErEz 5013, CRMN 2857t hOMiE, R
DINAA A — b 75 5% Fig. 9 @R LTz,

II. HPLC &

1. &HRE BEBE I~ S5 7 4 -2
WTIEBEHDIRE® #8%E L L T Table3 iZRL:
FEERELI, ZOBLCCROBEEFEICOWTHE
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1) FIEER | & MRPOENBBINEYE D
BRr TR RLT 20, UVREED 7 4
N —ERERET LR, 313 nm THEYDORE
LYY ot, MBOHEIIHEISLEE D 2
Wwizsd 254 nm THEIETEETH D, »D, 313nm X
DHEBEE TRAIETE T,

2) BEIHE | KA 0.005M BB kET + 7 7 F
V7vEZTA(PH3.0)-7E b=+ VL (85:15)
BLUB0.I%FEE T v E=Y -2 ¥ 7 — -k
B (97:2:1) DLW THELK, WTRORIESB
wTH CRMN 2D 8-7 7 ¥ LBBEK E&WE
1) ORBEEEMAIRETH - 12h3, BB TEREE
L CHRFERO P Y 7 b o3 i b o 14RO
IVBL TR EEZOND, HEROICBIT 28T
iz 2rov 275 A% Fig 10 IR T,

2, 7H#—7 ke HPLC % & OFEES
BERABF 3412 CRMN 285 Lz 201
BRE L VRFORKBEL 7 —7 2 VEB LU
HPLCH#ic kW EEL, ZDEDHEBEM 2R 72
(Fig. 11, 12), MAIEEDOHEEIZBFTH > 72,

* =
BEDEFNEBEORERE BT, EARN

EEZRFRHEARERS L CAIERSEZE L o0
5, SEDTH—7 x VEOREIIZBE W T, RBREK
ELTGEELT E coli NIH] 3 [ BRI EEE
REEICBWT 70547 x=0— ), aY A F
Y, ET AU F LR EDHMRAIEICHE SN T
53DTH3, KEIHET 2 HIZALEH & L TE
ELRMEMEREM (54 7] No. 4 O HEKIZ

Fig. 11 Comparison of carumonam concentra-
tions in serum samples measured by
microbiological assay and HPLC
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Fig.12 Comparison of carumonam concentrations in urine samples measured by microbiological

assay and HPLC
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BICEREL, BRI/ & 5 EREOMMENG *
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ASSAY METHODS FOR CARUMONAM
IN BIOLOGICAL SPECIMENS

TAKESHI FUGONO and KENICHI MAEDA

Central Research Division, Takeda Chemical Industries, Ltd., Osaka

Assay methods for pharmacokinetic studies of carumonam and its metabolites were developed.
For microbiological determination of carumonam, an agar-well method, using Escherichia coli NIH]
as the test organism and antibiotic medium No. 4 (DAIGO) as the test medium, was established. The
sensitivity of the method for carumonam was about 0.1 ug(potency)/ml. A method with higher
sensitivity was also elaborated by using Providencia retigeri ATCC 9250 and DST agar supplemented
with 0.15% bile salts and 0.2 mg% crystal violet ; the sensitivity of this method was about 0.02 ug
(potency)/ml. A bioautographic method using the same Providencia strain, was devised for detection

of antibacterially active metabolites.

Carumonam and its open #-lactam ring hydrolysis product, Related Compound I, was quantitatively
determined by an HPLC method on a Nucleosil 5C,s column using 0.005M tetrabutylammonium
hydrogen sulfate (pH 3.0)-acetonitrile (85 : 15 v/v) as a mobile phase.



