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Physicochemical Properties and Degradation of
New Oral Cephalosporins

Sung Bum La*, Wan Joo Kim* and Ung Kil Jee
College of Pharmacy, Chungnam National University, Taejon 305-764, Korea
*Korea Research Institute of Chemical Technology, Taejon 305-606, Korea

Abstract— Physicochemical properties and hydrolysis kinetics of new some oral cephalosporins
were examined in buttered solution and human plasma or rat liver homogenate. The test cephalos-
porins were 7-[(Z)-2-(2-aminothiazole-4-y1)-2-methoxyiminoacetamido]-3-[ 4-(2-pyridyl)piperazinyl]
thiocarbonylthiomethyl-3-cephem-4-carboxylic acid (CEN1), 7-[(Z)-2-(2-aminothiazole-4-y1)-2-metho-
xyiminoacetamido ]-3-[ 4-(2-pyrimidyl)piperazinyl Jthiocarbonylthiomethyl-3-cephem-4-carboxylic acid

(CEN2),

pivaloyloxymethyl-7-[(Z)-2-(2-aminothiazole-4-y1)-2-methoxyiminoacetamido1-3-[ 4-(2-pyri-

dyDpiperazinyl Jthiocarbonylthiomethyl-3-cephem-4-carboxylate (CEN1P), and pivaloyloxymethyl-7-
[(Z)-2-(2-aminothiazole-4-yl)-2-methoxyiminoacetamido J-3-[ 4-(2-pyrimidyli)piperazinyl Jthiocarbonyl-
thiomethyl-3-cephem-4-carboxylate (CEN2P). The partition coefficient(Ko/w) of CEN1P, CEN2P
were higher than those of CEN1, CEN2. The calculated pKa values of CEN1, CEN2, CENI1P,
and CEN2P were 7.09, 7.75, 4.92, and 5.39, respectively. The hydrolysis of CEN1P and CEN2P
were not depend on the composition of pH of the test medium except weak alkaline buffered
solution (pH 8.00). CEN1 and CEN2 were very stable in pH 6.80 and 8.00 buffer solutions. CEN1P
and CEN2P were rapidly deesterified to CEN1 and CEN2 in human plasma and in rat liver homo-
genate. Half-lives(t)») of CEN1 and CEN2 were 3.49 and 4.93 hr in human plasma, 1.47 and 1.26 hr

in rat liver homogenate, respectively.

Keywords [] Oral cephalosporins, Ko/w, pKa, Hydrolysis, Artificial gastric juice, Artificial intestinal

juice, Human plasma, Rat liver homogenate.
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& Ao AHEE A|kog A EE4S Hoechst
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FRG)% HPLCEA 4 A E, AFEAHABR)S 4}
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& E5F 28 19¢ Ak

7171 UV/Visible £3333% 4 (PU8800, Pye Uni-
cam Ltd., York Street, Cambridge), Z&H A 220}
EIe}® = Waters Associates 2H (8224 510, U6
K Q14E, §374x]7] 24 441, dlo|e} ZERH 730,
Milford, MA)S AHg-3tgiom Z3e #rjd % 7}
E83] C(H7: 8 mm, Z°): 10 cm, $2F27]: 5 pm,
Milford, MA)Y& A3t UVipsmllAl F73H1T
3§ 221}z 272 7] (Ultrasonic Processor, W-380,
Heat system-Ultrasonics Inc., Farming Dale, NY),
WEYAIRE]7](J2-21 M/E, Beckman Instruments
Inc,, Palo Alto, CA) AHS-3l9i Tt
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CEN2: 2432 nm, CEN1P: 248.6 nm, CEN2P: 243.0
nm)l A FFEE EHst FEF AALA

pKa&®H
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fratol n-S8Ed o $ake] pHIE 12000 M= A%
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CEN1 9 CEN2¢] BujAS7l &3] Zo) ol
A xetile] C391x12) oM EA|W A 7] B} el
Aepzlz)eh el e}zl 7b SlE Fo A4
Aol o] Z7] wEQl Ao FAEc x Al
A7)} Aejuda)Hzizlr]9) Wl g &
viAGe] 2ol ¢lglch CEN1, CEN2 2 CENIP,
CEN2PE vjws] 2w n-$%&3) Aldsiebs 5
o4 $:4ke] pH7L 6504 wf ¥-elAl7) €5-3] Zch
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¥ CEN1 % CEN22t} 2440] ¢ & 4 32
okB-o] F4%7} CEN1, CEN2Et} %8 7og
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pKagl H{E - A2 F 72 f4elA pKa
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Zk7t 4.92¢F 5392 A el o] pH 1208
Fayo 2 AH2-F Pmyte] A pH650E FALE
A3+ Pappgtel Aol £7] Wie] fAaoze)
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dx]star ik
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CEN2, CEN1P ¥ CEN2P+ pH 1.20, pH 6.807} pH
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Zt 33HEe) Edle 1A EA Y] w2 Ao
velyicl pH 1206049 7is] SE+ AZ2=A
>CEN2>CEN1>CEN2P>CEN1PS] &2o2 7}5%
37} A8 = ¢dciFig.3 2 Table II). pH 6.809] 4=
Aol AHE-E 5717 3HE Bl vl A 3HA
el oni(Fig.4 ¥ Table II), pH 8.00¢] 4% CEN1
P=CEN2P>4) &84 >CEN1>CEN29] 08 7}
a7 AP cKFig.5 % Table II). o] A Eet
AL QAF9AT 2 A oA oA EATH

Table I—Lipid-water partition coefficient of cefota-
xime, CEN1, CEN1P, CEN2, and CEN2P

n-Octanol CCL
Compound — =50 pH650 pH120 pH6.50
Cefotaxime __ 0.09* 001 011 0.05
+001  +001 002 £002
CEN1 0.04 038 006 007
+002  +002 002 +003
CEN1P 0.04 3801 002 1067
+002  +163 001 +123
CEN2 0.02 029 003 0.01
+002  +£002 001  *0.00
CEN2P 0.53 2600 027 663
+002  +263 +003 034

*. Values are Meant S.D. (n=5)
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Fig. 1-The chemical structure of 7-[(Z)-2-(2-amino-
thiazole-4-yl)-2-methoxyiminoacetamido]-3-[4-
(2-pyridyDpiperazinyl]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-
y1)-2-methoxyiminoacetamido]-3-[ 4-(2-pyridyl)
piperazinylJthiocarbonylthiomethyl-3-cephem-
4-carboxylate(CEN1P), and pivaloyloxymethyl-
7-[(Z)-2-(2-aminothiazole-4-y1)-2-methoxyimi-
noacetamido]-3-[ 4-(2-pyrimidyl)piperazinyl ]
thiocarbonylthiomethyl-3-cephem-4-carboxylate
(CEN2P).
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Fig. 2—The chemical structure of cefotaxime, [6R-[6a,
78(2)11-3-[(acetyloxy)methyl]-7-[ [ [ (2-amino-4-
thiazolyl)methoxyimino Jacetyl Jamino]-8-0xo-5-
thia-1-azabicyclo[ 4.2.0]oct-2-ene-2-carboxylic
acid.

Table II—Apparent first-order rate constant (K) and
half-life(t,) for the hydrotysis of cefotaxime,
CEN1, CEN2, CEN1P, and CEN2P in
aqueous buffered solutions at 37C

Compound Buffer solution K* (x10"*min)  t;2 (h)

pH 1.20 91264220 543 033
Cefotaxime pH 6.80 242+ 0.77 4776 492
pH 8.00 361055 3201+ 2.89

pH 1.20 530+ 074 2181+ 1.80

CEN1 pH 6.80 157+ 023 7375+ 6.38
pH 8.00 338+ 028 3419+ 165

pH 1.20 906+ 073 1275+ 060

CEN2 pH 6.80 1474031  78.77+10.09
- pH 8.00 2611031 44.25% 3.09
pH 1.20 193+033 5970+ 612

CEN1P pH 6.80 225+ 066 5135+ 9.65
pH 8.00 883+ 124 1308+ 1.09

pH 1.20 205025 5635+ 404

CEN2P pH 6.80 280+ 057 4122+ 509
pH 8.00 883+ 068 1308t 059

*: Values are Meant SE. (n=3)
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Fig. 3—First-order plot for the hydrolysis of cefota-
xime, CEN1, CEN1P, CEN2, and CEN2P in
pH 1.20 buffer solution at 37C.

—&- Cefotaxime, —3- CEN1, —a- CEN2,
— CEN1P, — CEN2P

1.9

Log 96 Remaining Drug

0 25 50 75 100 125 150 175 200 226 250
Time (min)

Fig. 4—First-order plot for the hydrolysis of cefota-
xime, CEN1, CEN1P, CEN2, and CEN2P in
pH 6.80 buffer solution at 37C.

—5- Cefotaxime, —= CEN1, —- CEN2,
—<~ CEN1P, — CENZP

3} CEN2& 4417 2% Fol £ 90%0] 4 A& 2.
O A7) SRS o ad HEESe tha
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2.24
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Log 95 Remaining Drug
o

0 25 S50 75 100 125 150 175 200 225 250

Time (min)
Fig. 5—First-order plot for the hydrolysis of cefota-
xime, CEN1, CEN1P, CEN2, and CEN2P in
0.2 M phosphate buffer solution (pH 8.00) at
37cC.
—&- Cefotaxime, -5 CEN1, —a CEN2,
—&~ CEN1P, —— CEN2P

2.2

2.14

Log 98 Remaining Drug
o

0 25 50 75 100 125 150 175 200 225 250

Time (min)

Fig. 6—First-order plot for the hydrolysis of cefota-
xime, CEN1, CEN1P, CEN2, and CEN2P in
0.05M phosphate buffer solution (pH 7.40) at
37C.

—& Cefotaxime, -5~ CEN1, —&- CEN2,
—- CEN1P, —+ CEN2P

b = <dch
Altg ol el T — Al AHEE AE
A& 005M it S3o(pH 7.40)0.8 3] A 5}e]

u
wn

Log 9 Remaining Drug
- N
- 'l

o

N
@

0

75 100 125 150 176 200 225 250
Time (min)
Fig. 7—First-order plot for the hydrolysis of cefota-
xime, CEN1, CEN1P, CEN2, and CEN2P in
80% human plasma at 37C.
—&- Cefotaxime, -5~ CEN1, —~ CEN2,
—& CEN1P, —+ CEN2P

0 25 50

Alg-atglon 0.05M Qi 2h3ol(pH 7.40)HH o) 4
o] RS A An 74 FES WS A
A EAst] 005M <4kl $heel(pH 7.40) &
g WA 4FE& 4 F 9UirKFig. 6). ¥ A
83 o] 7 AHEES 74 &8-S HPLCZ
AeFste] A7t we} EXE S A3} Fig 79 o}
ehd e} Ze] 571x] FPE BFI} 1xEEA 6
we} A43) 7l J-2 o 4 9dde CEN1P}t
CEN2P7} t}2 3lghEdc) slpiar) wiasA 218
S92 AE=4], CEN1, CEN29) &0 71584
5)gicK(Table III). ¢37)4) CEN1P2} CEN2P 3H3tE-&
7l 7F A5 CEN13} CEN27} A =gl e
w7l 72 069 2 0.76 hrE Yeblley) Tae
Hel 3t YA d)A}Eol] A3 B Do) o5y S-
1108(5-10069] =gl LA|ua o Ad) 3}3HEo)
AN EAS= esterased] €3 S-1006, =l
A T =R Fage Huslch webdy
CENIP ¥ CEN2P3}8-2¢] 727} CEN1 % CEN2
9] C491x]ell FLEZALAN A7} o2 Aoz
AR EAFel] EAshe B2 v 5ol E45
o weA spRaEe] oladl Ajte] oA
CEN1 9 CEN23}3}Eo| S Aog FA5glon
oo} o] HAFolA] Al43] JlpEalEle AL pH
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Table INI—Apparent first-order rate constant (K) and
half-life(t,;) for the hydrolysis of cefota-
xime, CEN1, CEN2, CEN1P, and CEN2P
in 0.05 M phosphate buffer solution (PBS,
pH 7.40), in 80% human plasma and in 20
w/v% rat liver homogenate at 37C

Compound  Medium  K* (x10°min) ti» (h)
PBS(pH 7.40) 0.14+0.02 82.67+697
Cefotaxime plasma 879t 147 1.31+0.13
homogenate 111.60%£ 355  0.10+ 0.03
PBS(pH 7.40) 0.22+ 002 53.54+0.28
CEN1 plasma 331055 349+035
homogenate 785+1.03 147+0.11
PBS(pH 7.40) 0.284+0.07 41.22+0.60
CEN2 plasma 234+£028 4931+0.35
homogenate 9.14+ 181 1.26%0.15
PBS(pH 7.40) 0.18+£ 001 6348+0.21
CENIP plasma 16.77£ 266  0.69+0.06
homogenate 4390+ 145 0.26+001
PBS(pH 7.40) 024+ 001 4838+0.12
CEN2P plasma 1525+ 229 0.76%£0.07
homogenate 35451221 0.33+0.01

*: Values are Meant SE. (n=3)

74090 X12) b Ado) w9 & AUz RE A4S 8
%7t HEE 343 0.06 M 24k k3] 7] Jff
Zo] ofzt EAFe) o) 5 3FEL pua Ay
F47F sy gEe e Atgsicl

EF 2t ZEXUolEAMel Jp4Es —Fig. 8¢l
vrebd whst zle] AlEebalo) A} 4144 A8 E
AL w7E 01041708 71819 om CENIP %
CEN2PE Aol 71583 A7 ncl Ax
w2 A 218 Ele] zhzke) wizbvlE 0.26 R 0.33 hrE
vietll . CEN13} CEN29] ubgdbr|x 74b7b 147 9
1.26 heg el c(Table D). w2}y in vitroAol) A
9 ¢ AR5 By *}}7“’5‘ wj CEN1, CEN2, CEN
1P R CEN2P 3g%E-2 pHel gfoll= 2 J3g
A ok A Ade TT‘ZIBI'L}‘ 5ol A A A o)
TNz EaEel e CEN1, CEN2 Xt} o|Sg
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Fig. 8—First-order plot for the hydrolysis of cefota-
xime, CEN1, CEN1P, CEN2, and CEN2P in
20w/v% rat liver homogenate at 37C.
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