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Abstract— B-Lactamase stability, chemotherapeutic activity, and pharmacokinetics of 7-{(Z)-2-(2-
aminothiazole-4-y1)-2-methoxyiminoacetamido]-3-[ 4-(2-pyridyl)piperazinyl Jthiocarbonylthiomethyl-3-
cephem-4-carboxylic acid(CEN1), 7-[(Z)-2-(2-aminothiazole-4-yl)-2-methoxyiminoacetamido]-3-[4-(2-
pyrimidyl)piperazinyl Jthiocarbonylthiomethyl-3-cephem-4-carboxylic acid(CEN2), pivaloyloxymethyl-
7-[(Z)-2-(2-aminothiazole-4-yl)-2-methoxyiminoacetamido]-3-[ 4-(2-pyridyl)piperazinyl Jthiocarbonyl-
thiomethyl-3-cephem-4-carboxylate(CEN1P), and pivaloyloxymethyl-7-[ (Z)-2-(2-aminothiazole-4-yl)-2-
methoxyiminoacetamido]-3-[ 4-(2-pyridyl)piperaziny! Jthiocarbonylthiomethyl-3-cephem-4-carboxy-
late(CEN2P) were examined. CEN1, CEN2, CEN1P, and CEN2P were very stable to the p-lactama-
ses obtained from three strains(Enterobacter cloacae P99, Escherichia coli TEM, and Citrobacter
freundii). Chemotherapeutic activities(EDs;) of CEN2 and CENZ2P against experimental systemic
infections due to Streptococcus pyogenes 7T7A and Escherichia coli 078 were superior to those of
CEN1 and CENIP, respectively. The EDs, values of CEN1, CEN2 were 5.82 mg/kg, 0.89 mg/kg(s.c.,
S. pyogenes T7A) while those of CEN1P, CEN2P were 14.56 mg/kg, 6.40 mg/kg(p.o., S. pyogenes
77A), respectively. The pharmacokinetics of CEN1, CEN2, CEN1P, and CEN2P were investigated
in mice and rats. In mice, peak blood levels of 1.25 ug/ml were recorded within 20 min after
oral administration of a single dose equivalent to 40 mg/kg CEN1P. Cmax of CEN1P was much
higher than that of CEN1 in mice and rats. Oral absorption of CEN2P was much higher than
that of CEN2.

Keywords [] Oral cephalosporins, B-Lactamase stability, EDs, Pharmacokinetics.
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Fig. 1—The chemical structures of 7-[(Z)-2-(2-amino-
thiazole-4-y1)-2-methoxyiminoacetamido]-3-[ 4-
(2-pyridybpiperazinyl]thiocarbonylthiomethyl-
3-cephem-4-carboxylic acid(CEN1), 7-[(Z)-2-(2-
aminothiazole-4-yl)-2-methoxyiminoacetamido -
3-[4-(2-pyrimidyl)piperazinyl]thiocarbonylthio-
methyl-3-cephem-4-carboxylic acid(CEN2), pi-
valoyloxymethyl-7-[(Z)-2-(2-aminothiazole-4-
yl)-2-methoxyiminoacetamido I-3-[ 4-(2-pyridyl)
piperazinyl]thiocarbonylthiomethyl-3-cephem-
4-carboxylate(CEN1P), and pivaloyloxymethyl-
7-[(Z)-2-(2-aminothiazole-4-yI)-2-methoxyimi-
noacetamidoJ-3-[ 4-(2-pyrimidyl)piperazinyl]
thiocarbonylthiomethyl-3-cephem-4-carboxylate
(CENZ2P).
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Fig. 2—Hydrolysis of cephaloridine, cefotaxime, CEN1,
CEN2, CEN1P, and CEN2P by B-lactamase of
Enterobacter cloacae P99.
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Fig. 3—Hydrolysis of cephaloridine, cefotaxime, CEN1,
CEN2, CEN1P, and CEN2P by p-lactamase of
Escherichia coli TEM.
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Fig. 4—Hydrolysis of cephaloridine, cefotaxime, CEN1,
CEN2, CEN1P, and CEN2P by B-lactamase of
Citrobacter freundii.
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Table I—Relative hydrolysis of cefotaxime, CENI,
CEN2, CEN1P, and CEN2P by p-lactama-
ses

B-Lactamase from

C d
OmPOUNe T oacae PE. coli TEM, C. freundii

Cephaloridine 100.90(%)* 100.00 100.00
Cefotaxime 1.13 0.54 0.37
CEN1 0.88 0.40 0.25
CEN1P 0.13 0.13 0.00
CEN2 0.88 0.27 0.25
CEN2P 0.13 0.13 0.00

* The rates of hydrolysis were determined at 30T
with substrate concentrations of 100 uM. The rates gi-

ven are relative to an arbitray vatue of 100 for cepha-
loridine.

Table I—Chemotherapeutic activity of CEN1, CEN1P,
CEN2, and CENZP against experimentally
induced septicemia in mice

Median Effective
Dose(EDs, *mg/kg)

Compound Organism
s.C. p.o.
CEN1 S. pyogenes T7A 5.82 -
E coli O 78 4.00 -
CEN1P  S. pyogenes T7A - 14.56
E. coli O 78 - >25.00
CEN2 S. pyogenes TTA 0.89 -
E. coli O 78 013 -
CEN2P  S. pyogenes 77A - 6.40
E. coli O 78 - 14.30

*EDs: dose in mg/kg affording protection against lethal
infection in 50% of treated mice.
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g. 5—Mean blood levels of CEN1 and CENI1P in
mice(n=4) after a single subcutaneous or oral
dose of 40 mg(potency)/kg body weight.
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CEN1 % CEN29] MIC3lte] CEN27} CEN1Xt} 7}
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of P& vox & AAE ehdis 2 U
Stk Seartazzini 542 AT-& ARz rzE 34
Aol 3t oral activity®t EDg3t Atole] #AIE 4
A 83t vehdl RAF7F 1~03 HEolmd FT4
AAZA L slgAde]l & Basksirl oleba
CEN19] RA)7}F 0470132 CEN29] R=|4&= 0.16
o2 veht} RA¢E 7[E22 8l o CEN2xr}
CEN1e|] o] AT AAZAe] Ak 7PsAe] e
o2 o &=t

M2 EE| —NMRI albino miceS o=
CEN1& 40 mg/kg®) &3Fo 2 HA3FA R A+F
*}3k3, CEN1P:= 40 mg/kgs H75Foistm A<k
E59E =A% A7 Fig. 55 Table Il viehd
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Table III—Pharmacokinetic parameters of CEN1, CEN1P, CEN2, and CEN2P in mice

Dose: 40 mg(potency)/kg

Compound Route t12(h) Cuax(mg/l) Thax(h) AUC,_ (mg.h/l)
CEN1 s.C. 0.23+ 0.02* 28.64+ 4.54 0.23% 0.03 1342+ 2.58
p.o. — — — -
CEN1P p-o. 033+ 0.11 1.25%£0.32 0.31+0.10 1.01+ 0.05
CEN2 s.C. 0.27+ 0.06 26.76+ 2.18 0.30+ 0.04 1741+ 2.31
p.o. 0.34+ 0.09 0.46+ 0.04 047+ 0.14 0.60+ 0.23
CEN2P p-o. 0.57+0.27 0.96+ 0.12 037+ 0.01 1.26+ 0.20
* Values are Meant S.D. in mice(n=4)
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Fig. 6—Mean blood levels of CEN2 and CEN2P in
mice(n=4) after a single subcutaneous or oral
dose of 40 mg(potency)/kg body weight.
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Fig. 7—Mean blood levels of CEN1 and CENI1P in
rats(n=3) after a single subcutaneous or oral
dose of 20 mg(potency)/kg body weight.
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Fig. 8—Mean blood levels of CEN2 and CEN2P in
rats(n=3) after a single subcutaneous or oral
dose of 20 mg(potency)/kg body weight.
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Table IV—Pharmacokinetic parameters of CEN1, CEN1P, CEN2, and CEN2P in rats

Dose: 20 mg(potency)/kg

Compound Route tyz(h) Cra(mg/l) Taa(h) AUC,— (mg.h/l)
CEN1 s.C. 0.54+ 0.08* 9.86+ 2.82 0.21+ 0.00 8.24+ 2.20
p.o. - - - -
CEN1P p.o. 0.19+ 0.05 0.49+ 0.02 0.53% 0.08 037+ 0.11
CEN2 s.C. 048+ 0.11 16.30+ 0.71 0.5410.12 18.00+ 1.03
p.o. - - - -
CEN2P p-o. 0.38+ 0.02 0.40+ 0.05 0.62+0.11 0.56+0.01

* Values are Meant S.D. in rats(n=3)
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