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ABSTRACT

Moxalactam (LMOX; a mixture of R-and S-epimers at the C-7 side chain at
the R/S ratio of about 1.1) and Ceftibuten (cis isomer at the C-7 side chain)
are new semisynthetic antibiotics. The epimerization and the isomerization reac-
tions of LMOX and Ceftibuten were found to proceed in the frozen aqueous
solutions in the course of the studies on their stabilities. When the aqueous
solution of LMOX was frozen and stored in a freezer, the R/S ratio increased
to 1.3 after 20 days. On the other hand, the R/S ratio hardly changed when
the solution was kept for the same period in a refrigerator. Thus, the
epimerization reaction had proceeded even in the frozen state with a resulting
change in the R/S ratio at equilibrium ((R/S)eq). In the case of biological samples
of LMOX (human plasma), the R/S ratio decreased to about 1.0 below 1.1 of
the authentic sample of LMOX. Ceftibuten also isomerized to its trans form
in the frozen aqueous solution and plasma.

This study addresses the factors regulating the epimerization reaction of
LMOX and the isomerization reaction of Ceftibuten in the frozen solution and
biological samples to optimize storage conditions using the kinetic data of the
reactions of the both antibiotics in aqueous solution.

The both antibiotics were stable in neutral pH region, but unstable in acidic
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and basic pH regions at 37°C. The epimerization and the isomerization reactions
showed the similar V-shaped pH-reaction rate profiles, most stable at about
pH7. The epimerization rate constant of LMOX and the isomerization rate
constant were found to depend on the electron inductive effect by changing the
substituent at the C-7 side chain. The electron donative substituent stabilized
the both reactions.

The epimerization reaction of LMOX proceeded in the unfrozen region
remaining in the frozen solution with the same reaction scheme as in an aqueous
solution. The reaction rate constants decreased as the temperature decreased
and the reaction stopped completely below the collapse temperature (—19.0°C)
of the LMOX aqueous solution. The (R/S)eq, which was equal to the ratio of
the epimerization rate constants (S-epimer to R-epimer and the reverse),
increased as the temperature decreased. This change in the ratio at equilibrium
could be ascribed to the difference in the activation energy between the two
epimers.

The epimerization of LMOX in frozen urine and plasma was studied during
long-term storage. The (R/S)eq at —10°C was aboud 1.1 in urine, rat plasma,
and rat and human plasma ultrafiltrates and was about 1.0 in human plasma,
but differed from that in aqueous solution (1.47). These differences for the human
plasma and the other biological samples-may result from differences in plasma
protein binding between R-and S-epimers and from the components in urine
and the ultrafiltrates in the liquid region in the frozen samples.

Ceftibuten also isomerized in the liquid region in the frozen huiman plasma.The
isomerization rate constant at 0°C in the frozen aqueous solution was about
5300 times larger than that at 0°C in the aqueous solution. estimated with the
both Arrhenius. plots.

As the result, the biological LMOX and Ceftibuten samples should be
preserved at or below —70°C to prevent the epimerization and the isomerization
reactions because the liquid region appeares to still exist below the collapse
temperature (—19.0C) in biological fluids.

[#E]

FIROAEWE TH % Moxalactam (LMOX) & Ceftibuten HBARREFSICH W T, ¥}
2RI L Z NS 0MEIC > W TRE DB E hz,

LMOX (2, 7 (L{RISK T HRECTE N R 5 R - epimer & S - epimer DRAMD L% 1),
Z0 R/ S 1. 1 ORERREHRTH 5, Z0KIFREGHEERNICHBREFELLCES
5, BRIZTIIH B R/SHAWAL, 20HH%ICIEIR/S HA1.32BL Tz, —
i, HRE R TICHERN TIRET S L, 20BHO R/SHIZIFLAEYE{L T
1oo S LAKIFRO 0 & 5 RRUTH LT, LMOX D4k 2 @ASRTE L 2354

-172-



LMOX Bet Ui buben

OH T Nj;OH
N. 0 x
N—CHS— Y j:l
—Q—CH—CONH-Fl\jj' .\}__ﬁ N—\'l—ﬁ—corm i

COOH C.
HCH,COOH

1213, R/SHANE Aotz Tk, 0SS HTH S, THMHICEMSZRE
ZDIrRELE ¢ cis 1R Ceftibuten DA 4GEL % SRS PRAF L 72 & 2 5, isomerization
BEASELT L trans -(EKDERH W Stz L L, B—F 7 # APUEE O RIE{LOR
ﬁﬁiliﬂ’i’éﬁﬂfﬁtiﬁé&)’ti‘ﬁ' $, P T bAD BEALOEREIC OV TIEIH ST E
iLTL V7

T/’L\.mui’(!i F kg b 2 BT 2o et & EEGER ISR L, K
L\‘C“% DILUEN 77— & 2B, dEDRIE Iz 31 5 LMOX @ epimerization s &
¥ Ceftibuten @ isomerization IS % ik L TW A BRI DM % T - 72, 72, ZTOH
BRI L TEEMOBRAFICHET 4Rt RkD b L L LT

[#Fb L EE]

LMOX » Ceftibuten (3 /kiZ%iféh T epimerization % 72(3 isomerization i & 47 ff
SOEH BRI L, FRZ o RO EE # o pH KA S RERAE 2 E{bT5 2
ERTEL, ThbE, Wbkame i VaopH-rate 7e 774 L2310, p L
LRETH 7. LMOX TIF 7 M0 AN KX 3k 7 = 7 — 1 3kh%, Cehtibuten
T 7T 3 2 F 7 — 3k ALERF o fiiidY, epimerization 3 L UF
isomerization B2 282 B LI Tz x LT, W{bAaYra 4 100 400 R ¥ 2 VI fif ik
FWTRORIGIZLBEB LA WS Enh o1z, T2, LMOX & SIS 2 >
Carbenicillin (23 W T L EED#ERE 1R, F72, 70 EHRILD R 5FEED
WA B (3R RIEDHE DR D& LT 5 2 Lot o712,

s Lok & LMOX 7Kg NSRS ¥ %
L2k 2 5, Fig. 1 1TRT & 912, LMOX
IRV S AR T L i Lf KET L EZDHpIC
(SRR BES AL T 5 2 L A GRS AL7c, B
FARIET CRZ 2 LMOX ? R/ S Hoknz
iz, 7KiFied &S, R -epimer & S-
epimer D THRIGEERNTERST Z LA TE
72 Z @ epimerization SO (FHiFEIREE T
LAAET DieiAuistrh TERITT 2 2 Lo
. Fig, 2 T 50, SRRANTe  Morsorie phtogpls of o LMOX
epimerization B3, fRAFRE IR R 21T, frozen state at —10C. The channels (a),
¢ ORI E Artheius A1 %, D Ol
Epimerization BOw#/% (ky : R - epimer = Fig. 1

=173 -



S - epimer; k2 : epimer — R - epimer ) »
Arrhenius 7’0 v FHE DR B BT
HREEZRT I eh s, FHEKENDR /S K

((R/S)eq) 3BENMET &AL
2o THIT LML, epimerization KsdE
BEDEHE LT AN X —DEH(R/S)eq?
RETHIEERTH B LT -72.0E-
T, ORI TR TFE L v LMOX
IKEROBIREBE (—19.0C) LIFTHEL
THIENTREN, ZhEEALTEL
HT&7,

MEERPR 7 & DHE L7z EEs0E T,
KB E (IR -7 R/ S Lo EsE{LE R
L7z, R (R/S)eqic B KT RAK
FDFBEFRIL 2, urea X NaCl %
EDRPERFHERTH S L0500 -
2o NaClizi&# o (R/S)eqd W LIET
Holol s, AFF o DEHEER:
BREN(R/S)eqics LIFTHELFEL
(A~ Fig. 312/ T&512, (R/S)
eqIBREDRBEEL A F 4 » DN E
PRITBI g, o0, U, HEEHE
BThFH+ o HEBRDEES LMOX ) R -
epimer & S - epimer AL EMICR L - 72
WEBEH 2R, HFF OEHICKE
L72(R/S)eqicenfzbneEZ s,
SR D EMREIFR P T, LMOX 7/
DA FF L RED A FF AFEIHFEDKRD
WS EBRE LA 720, 44 A HICBMES
CEL(R/S)eqicllRKTB2InEHEZ S
FIDAR

Kic, s LR (R/S)eqz A
m3E, AM¥ERI;ASER Tl L2 L 2,
BHAAHD (R/S)eqh 1. 1%k 2DICHt
L, A8 Ti31.012 % » 72 (Fig. 4), —
5COEKIBERMGT, SMBEAMETLT
3~ (HSA)KiE#EP TR - epimer & S -
epimer NEOHARERDIE 2 A, A
RIZEHNRONL, SN Ehn, A

15 8P4
»
x »
2 14; "
v A
O 1.3 © . o
o
E °
1.2
N/ S IR
= m  -100%
T 4.1 0 -~13.0%
& =110
1.0 v v v ~
(4] 20 40 60 80 100
TIME (DAY)

Time courses of the R/S ratio of LMOX at
various temperatures in the frozen solution.
The initial concentration was 0.1% (w/w).
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Influence of cationic ion on the (R/S) ratio
at —10.0°C 'in the frozen state. The initial
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Time courses of the R/S ratio at —10.0°C
(circle) and —17.5C (square) in the frozen
human plasma (closed) and its ultrafiltrate
(open). The initial concentration of a R/S
mixture was 0.1% (w/w).

Fig. 4
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Time courses of the R/S ratio of LMOX in
the frozen human plasma at —20°C and —70C.
The initial concentration of LMOX was 0.1%
(w/w).

Fig. 5
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Arrhenius plots of the isomerization rate
constants, k: (@), in the unfrozen and the
frozen solutions.
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