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Physicochemical Properties, Stabilities and Pharmacokinetics of
Cephalosporin 3'-Quinolone Dithiocarbamate
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Abstract—A cephalosporin with an aminothiazolylmethoxyimino-type side chain at the 7 position
and bicyclic quinolone dithicarbamate at the 3’ position was synthesized. It has broad and potent
antivacterial activity in vifro. The antibacterial spectrum reflects contributions of both the cephalos-
porin moiety and the quinolone moiety. Thus, this compound was named DACD implying a dual-
action cephalosporin derivative. In this paper, the physicochemical properties (lipid-water partition,
pKa), stability and pharmacokinetics of DACD were determined and compared with cefotaxime
3'-norfloxacin dithiocarbamate (CENO). Stability tests were studied in pH 1.20, 6.80 and 8.00 buffers
and in the presence of AB type human plasma, rat liver homogenate and its B-lactamase. The
pharmacokinetic paramaters of DACD were evaluated in mice after a single intravenous dose of
40 mg/kg. The results are as follows. The lipid-water partition coefficient of DACD was higher
than that of CENQO. The calculated pKa values of CENO and DACD, were 6.82+ 0.03, 7.53+ 0.21,
respectively. In the hydrolysis test, half-lives (t'¥) of CENO and DACD was 66.0 hr and 80.0 hr
in pH 6.80 buffer, 190 hr and 91.4 hr in pH 8.00 buffer. CENO and DACD were rapidly hydrolyzed
in human plasma and in rat liver homogenate. Half-lives (t;», of CENO and DACD were 1.29 hr
and 1.15hr in hyman plasma, 0.62 hr and 0.71 hr rat liver homogenate. In B-lactamase stability
test, CENO and DACD were very stable to the B-lactamases obtained from three different strains.
Half-life (t,») and areas under the curve (AUC) in mice were 2.33 hr and 15.97 (mg-h/l), respecti-
vely.

Keyword [] Dual-action cephalosporins, DACD, pKa, lipid-water partition coefficient, stability test,
artificial gastric juice, artifical intestinal juice, human plasma, rat liver homogenate, B-lactmase
stability, pharmacokinetics.
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7B-(2)1]-7-[[[(2-amino-4-thia-zolyl)methoxyimino ]
acetylJamino]-3-[ [ [ [4-(3-carboxyl-1-cyclopropyl-6-
fluoro-1,4-dihydro-4-0xo0-7-quinolonyl)-1piperazinyl ]
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Scheme 1—Structure of [6R-[6a, 7B(2Z)]1-7-[[[(2-
amino-4-thiazolyl)methoxyimino]-acetyl]
amino]-3-[[[[7-(3-carboxyl-1-cyclopropyl-
6,8-difloro-1,4-dihydro-4-oxo-7-quinolonyl)-
3,7-diazabicyclo[ 3.3.0Joct-1(5)-en-3-y1 Jthio-
xomethyl]thioJmethyl]-8-0x0-5-thia-1-aza-
bicyclo[ 4.2.0 Joct-2-carboxylic acid (DACD).
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Scheme 2—Structure of [6R-[6a, 7B(Z)]]-3-[(acety-
loxy)methyl]-7-[[[(2-amino-4-thiazolyl)
methoxyliminoJacetyk Jamino]-8-0x0-5-
thia-1-azabicyclo[ 4.2.0Joct-2-ene-2-carbox-
ylic acid(cefotaxime).

° o
L S. i COoOH
T ﬁJvﬁ
o, O s 1
oH k

Scheme 3-—Structure of [6R-[6a, 7p(Z)]1-7-[[[(2-
amino-4-thiazolyl)methoxyimine J-acetyl ]
amino J-3-[ [ [ [4-(3-carboxyl-1-cyclopropyl-6
fluoro-1,4-dihydro-4-oxo-7-quinolonyl)-1-pi-
perazinyljthio Jmethyl]-8-0x0-5-thia-1-aza-
bicyclo[ 4.2.0Joct-2-ene-2-carboxylic  acid
(CENO).

thioxomethylJmethyl]-8-oxo-5-thia-1-azabicyclo[4.2.
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Table I—Lipid-water partition coefficient of cefota-
xime, CENO and DACD

n-Octanol CCly
Compound

pH120 pH650 pH1.20 pH6E.50

Cefotaxime 0.09 0.01 0.11 0.05
+0.01 +0.01 +0.02 +0.02

CENO 0.13 0.67 0.08 0.19
+0.02 +0.03 +0.02 +0.08

DACD 1.64 1.50 0.95 0.38
+0.03 +0.09 +0.07 +0.04

Values are Meant S.D. (n=5)
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Fig. 1—First-order plot for the hydrolysis of cefota-
xime, CENO and DACD in pH 1.20 buffer so-
lution at 37C.

—- Cefotaxime, —3- CENO, — DACD

Table II—Apparent first-rate constant (K) and half-life
(t12) for the hydrolysis of cefotaxime, CENO
and DACD in various pH solutions at 37

o,

C
Compound  Solvent K*(X10"*min™!) ty2(h)
pH 1.20 21.3+2.20 543+ 0.33
Cefotaxime pH 6.80 242+ 0.77 478 +4.92
pH 8.00 3.61+0.55 32.1 £2.89
pH 1.20 1.75+ 0.51 66.0 +7.31
CENO pH 6.80 1.69+ 0.42 684 t7.56
pH 8.00 0.61+0.77 190+ 11.7
pH 1.20 144+ 0.35 80.03+ 9.09
DACD pH 6.80 1.32+0.24 8747+ 7.55
pH 8.00 1.26+ 0.25 91.74+ 7.99

Values are Meanz SE.(n=3)
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Fig. 2—First-order plot for the hydrolysis of cefota-
' xime, CENO and DACD in pH 6.80 buffer so-
lution at 37C.
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Fig. 3—First-order plot for the hydrolysis of cefota-
xime, CENO and DACD in 0.2 M-phosphate
buffer solution(pH 8.00) at 37C.
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7H AlSE A s G vl 010470 7]
Z3ledor CENO % DACDXE Ao 29 7153
NGB} HA wh2A 2ss]o] zpzhe] upztr)=
0.624]2k2} 0.71 4} 7 vtebl{vK(Table D). weh] in
vitro ol M2l § A3ES B2 443 of DACD
313HE-2 pHel Wislell= & 338 u9bx] @ oA
e FREY g3 M bRl whEA A4l
=] AT A FrE g Fist o= oS
whE Al sbeald le g AgziHc)

B-Lactamase0{|AM{2] 7128 —Table IVol vtejut
Hpel 7o} 37}%] B-lactamaseel| 3] A EebAle w4
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Table III—Apparent first-order rate constant (K) and
half-life (ti») for the hydrolysis of cefota-
xime, CENO and DACD in 0.05M-phos-
phate buffer solution (pH 7.40), 80%-human
plasma and 20% (w/v)-rat liver homogenate

at 37C
Compound Solvent  K*(X10*min™")  ty,(h)
PBS(pH 7.40) 0.14+0.02 827 697
Cefotaxime plasma 8.79+ 147 1.31+ 0.13
homogenate 112+ 3.55 0.10£ 0.03
PBS(pH 7.40) 030+ 0.06 38.6 *3.66
CENO plasma 897+ 0.25 1.29+ 0.02
homogenate 186 *+1.16 0.62% 0.02
PBS(pH 7.40) 0.15+0.03 76.0 £6.37
DACD plasma 10.1 +0.63 1.15+ 0.04
homogenate 16.3 £ 149 0.71+ 0.04

Values are Meant S.E.(n=3)
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terobacter cloacae P992] B-lactamaseol| 4] ) £t 1
o} o] kA3l 05% olstt rhid A EUE
B Escherichia coli TEM<®} Citrobacter freundii®] B-
lactamaseol} A= A3 7hpislrsl @A @il
ol Ut o g AHEAYL C39 X ofHEA|
A7) 5 713 #E-Ee] Hud Fol=dS o of
At A sl a7 Aot dl solAld A F R A
Fog o o] /1022 gl B
E 2ol & q DACD ¥ CENO+= +x23Hog 4

Table IV—Relative hydrolysis of cefotaxime, CENO
and DACD by B-lactamases

B-Lactamase from

Compound = POOE. coli TEM C. freundii
Cephaloridine  100(%)* 100 100
Cefotaxime 1.13 0.54 0.37
CENO 0.25 0.00 0.00
DACD 0.50 0.00 0.00

*I: The rates of hydrolysis were deternined at 30C
with substrate concentrations of 100 uM. The rates gi-
ven are relative to an arbitray value of 100 for cepha-

Fetalo] 379 ol] B-lactamaseol] 3
Fio]l sty wEe ]S <}
o}

M| 4ESEf—CENO % DACDE 40 mg/kgsh
100 mg/kge] &2 AHWFal FalFEal o AP
Folsti AW etEFelE %48 43} Fig 63} Table
Vel viehd vie} 3to] 40 mg/kge] g3Fo 3 A3
A F JAFEE FAsle] A7t we) aeze
Yebdg o 7T FHEES vl A% el
th. CENO% 7|7} 2.08417), 64177421 9] F4lo}
WA o] 143.20(mg-b/D), =352 1381%% }
e}l ut DACD HH3E717) 0.92217), 64]7}71=] 9
41 oteliwidg-e ek} 28y} Christenson'™
o] Ro 23-9424c) ths) 20 mg/kge) o2 M=
o3t ZAF AHLEFe ARE F Aol
AL 7b7k olf-2ollA] 74, el 19, NellA] 45,
HRE| A 75(mg-h/DE vebl oo in vitro®} in vi-
trodl| A 2] st el ya) B LR 7]
aldto] 7 shAl Yebyte} o ¥ aslgdc). =3 Ro 23-
9424 33Ee] mbgsoAe] wbrle 133

h=

P DACDSHiHgo] ©f 2 ueha Saloldmae
Table V—Pharmacokinetic parameters of CENO and DACD in mice
Compound Route Dose 120 t13 Croax Toax AUCy. Vdss UR.
(mg/kg) (h) (h) (mg/l) (h) (mg.h/D) (m/) (%)
CENO Lv. 40 0.19 2.08 - — 143 7.62 13.81
+33.7
100 0.11 3.08 — - 190 32.3
+0.14
s.C. 40 - — 3.24 0.54 7.79 —
+ 042 +0.16 +1.06
100 — — 6.75 0.67 17.63
+0.45 +0.08 +2.79
p.p. 100 - - N.D. N.D. N.D. - -
DACD Lv. 40 0.10 0.92 — — 16.0 40.3 0.40
+1.92
100 0.19 2.33 - — 35.7 118
0.55
s.C. 40 — - N.D. N.D. N.D. —
100 - - N.D. N.D. N.D. —
p.o. 100 - - N.D. N.D. N.D. —

Values are Mean+ SE. in mice(n=4)
UR.: % of dose excreted in urine
N.D.: Under deteetion limit
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Fojgeps wald o) DACD7F 23 A viekyc)
CENO$} DACDE 7+z} 100 mg/kgo & Al FAL8)&
@) CENO2| FAlolzlini= o) 190.4(mg-h/)) DACD+=
35.72(mg-h/DE 83 F/HIAE dolz Ade
f-AHgE oFAkg Molrh @]z SPF O ICR oh$-2of
s CENOs} DACDE 40 mg/kge) &sfo 2 73
Folstn mejAHe 2 el Pig FHal| bioassaydt
Az AAHHE A2YE gk ole 7 oIE
25 01M-NaHCO; &0z &axA Foidlaln
7o) 7t shqHE-o] pH7} okt el ol & e dd
o A7E Foistunt F oulgse) fjdod alg
235 5H5HEo) pHH S E S 27} 2 shs 2 nfela
33tEo] AR e MNELeR £F57 #2 oA
242 7o) F slale g AQyzsEick CENOsH DACDE
ztzy 0.5%-CMC2} 0.1 M-NaHCO; &-4ell e .2
48§ 2)7)ey ol¢oll 40 mg/kgs} 100 mg/kgo 2
shpabeta 835 d 54 23 DACDSA=
AEHA dgteyt CENOs4+& 100 mg/kge.2 o
shpabstan dEFed 54 A3 DACDeA =
ZZEA ¢igkert CENOS A& 0.5%-CMC, 100
mg/kg o 2 FoJ8E ul 64]7171R| 2] FAtoleH A O]
7.95(mg-h/l)& 7]1E-3k3]2.m 0.1 M-NaHCO; 494,
mg/kge ® T wf FAloleHAo] 7.79(mg-h
M= el 05%-CMCE AH8-8bgl & o R 24
ofeA{o] 2uf o] FriEle] fepykch

a4 E

MEe Fod-ad Agzrxaiel DACDY &)
Ax=4lz CENOE vWuEdRE st slgEe &
2lsheta] A fppeiATet pKad AL
b Ao pHe| Wit wE s, Al
#4933 72 suA e B4 7hpE-8), B-lac-
tmaseell X2} shial 5 BHgtEe] AW A4S
HES] 28 A dEE e A A oL
e AR =dsidrh

In vitro’}e] A&el 4] DACDS fFRuwiASE
HREAMET) zlow pH 120, pHE680 = pH800
Lol A 7REsl7t 3 E ] kol DACDE £
gjatatao g obdE Aul g FAskH g4 W 4

=z}
ZRA o) Bl A= wheA shpEav AdgEne
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