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Physicochemical Characteristics of Cephalosporin Derivative, CKD-604 :
Stabilization and Solubilization in Aqueous Media
Soo Yeon Kwon, Hee-Jong Shin* and Chong-Kook Kim'

College of Pharmacy, Seoul National University, Seoul 151-742, Korea
*Chong Kun Dang Research Institute, Chonan 330-830, Korea
(Received June 4, 1999)

ABSTRACT-To formulate the parenteral delivery of a new cephalosporin derivative, 7-3-[(2)-2-(2-aminothiazol-4-y1)-2-

methoxyiminoacetamido]-3-[(2,3-cyclopenteno-4-carbamoyl- 1 -pyridinium)methyl]-3-cephem-4-carboxylate

sulfate(CKD-

604), the stability and solubility of CKD-604 in various aqueous media were investigated. The degradation kinetics of CKD-
604 in aqueous solutions (ionic strength 0.1, pH 1-8) were studied at 37°C. The observed degradation rates followed pseudo-
first order kinetics. The pH-rate profile exhibited a minimum degradation rate at pH 5. The Arthenius activation energy was
14.2 kcal/mol in pH 5 buffer solution. Excellent agreement between the cephalosporins' theoretical pH-rate profile and the
experimental data indicated that the degradation pathway of CKD-604 could be predicted according to the general pathway
of cephalosporins. The solubility of CKD-604 was 8.16 mg/m/ at 25°C. To enhance the solubility and adjust the suitable
pH, CKD-604 was solubilized by using sodium ascorbate, ascorbic acid and urea. The compositions were obtained to satisfy
optimum pH and concentration, and the total amount of additives was several times of the active ingredient, CKD-604.

Keywords—Cephalosporin derivative, Degradation, Rate constant, pH-rate profile, Arrhenius plot, Solubility, Solubilization
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Figure 1-Chemical structure of CKD-604.
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Figure 2-HPLC chromatograms of CKD-604. The retention time of
CKD-604 was ranging from 5.5 min to 6.0 min. (A) blank (B) 10
pg/mi standard aqueous solution.
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Table I-Constituents of Various Buffers (u=0.1)
pH

(pH measured) Composition
L) 0.1M HC1
3(29)  0.IMHCI96 mi +0.1M Glycine 404 m/
4 (4.05) 0.1M Acetic acid 410 m! + 0.1M Sodium acetate
90 m/
0.1M Acetic acid 148 m! + 0.1M Sodium acetate
S5G1D 355 my
6 (5.94) 0.1IM NaOH 56 m! + 0.1M KH,PO, 500 m! +
’ 0.IM KCl1 444 ml
7(7.02) 0.1IM NaOH 291 m/ + 0.1M KH,PO, 500 m! +
’ 0.IM KC1 209 mi
8 (8.03) 0.1M NaOH 461 m/ + 0.IM KH,PO, 500 m/ +
’ 0.IM KCl1 39 m/
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Figure 3—pH-solubility profile of CKD-604 at 21°C.
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Figure 4-Plots of observed pseudo-first order kinetic degradation of
CKD-604 at various pH values (37°C, u=0.1). Key : @; pH 1
(?=0.9417), O; pH 3 (’=0.9976), W; pH 4 (’=0.9994), [J; pH 5
(*=0.9997), A; pH 6 (’=0.9998), A; pH 7 (1*=0.9998), ¥; pH
8 (’=0.9992). The line is regression line.
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Figure 5-Rate-pH profile for the degradation of CKD-604 in aque-
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Figure 6—Accelerated breakdown of CKD-604 in aqueous solution

at elevated temperatures (pH 5, p=0.1). Key : @; 37°C (*=0.9841), i;

45°C (’=0.9866), A; 60°C (r"=0.9893), ¥; 75°C (’=0.9967). The

line is regression line.
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Table II-Observed Degradation Rate Constants and Half
Lives of CKD-604 in pH 5.0 Buffered Solution

Temperature

Degradation rate constant tip E

C) oy () ) (keal/mol)
37°C 1.05 X 107 66.6

45°C 1.87 X 10? 327 142
60°C 6.67 X 107 104  (@=0.9998)
75°C 2.01 X 107 34

2xoA Bl g, vi], € SA3UAE BT
vl Table MEHE 25°C & 4°CoMY] EHEE=AZT 2
shelf life(to)e 123 A7 25°CoiME 242t 3.31X10° bt
2 13Y, £°CME 27 059X 10° h! 2 74Y0]30}. u}
ZA CKD-604E BT FARIZ A8t & 79 Ad2olx
gdow TE & FA ANESAY, W B3R Al £Y o
) AR&-stedof gt

f71A0]) 98t CKD-6042) 71858}

ool Al AFs Hpgl 7ol CKD-6049] &3z A2
(21°0)0A 8.16 mg/mi(eF 0.82 wiv%)ol3L L X3} 8-
9] pHE 248 94 A S4ANE Ee SEANPE 3]
A3 A=Y pHE TE5A71A] Z31EL 7] W&l o] oF
S FES v== /1838 A7IEA HEE pHE A"
4 AEE Folsitt. B AFoME §71XF e §7187]
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Table II-Solubilization of CKD-604 in Aqueous Solution with Various Organic Acids

Formulation Observation
Additives CKD-604 Precipitation Equilibrium
wiv% w/v% point pH
Sodium Aécorbate 3 15 Afer 1 day <2
4.6 20 After 1.5 days <2
13.74 15 After 12 hours -
Urea 18.32 15 After 4 days 1.77
23 15 After 5 days 1.91
.. 6.64 15 Precipitated immediately -
L-Arginine " . .
13.28 15 Precipitated immediately -
2.96 15 Precipitated immediately -
L-Histidine 5.92 15 Precipitated immediately -
11.84 15 Precipitated immediately -
. 5.56 15 Precipitated immediately -
L-Lysine .. . .
11.16 15 Precipitated immediately -
Table IV-The Precipitation Time for Various Formulations of CKD-604
Formulation Observation
CIS/)\;%M As cci%itgn\:z % Azzisdco‘;t;i/c% Urea wiv% Time of precipitation pH
15 20 11 0 Precipitated immediately 3.89
15 18 9 20 After 5 hours 3.97
15 20 11 30 After 3 days 4.11
18 20 11 30 After 3 hours 4.02
18 30 16 30 After 5days 421
20 20 11 0 Precipitated immediately 377
20 20 11 30 Precipitated immediately 3.95
20 30 16 30 After 3 hours 4.16
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