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Abstract The influence of pH on the stability of cefoselis sulfate was investigated
in the pH range 0.44-13.00. The degradation of cefoselis sulfate in aqueous solu-
tions was a pseudo-first order reaction. General acid—base hydrolysis of cefoselis
sulfate was observed in phosphate and acetate buffers. In solutions of hydrochloric
acid, sodium hydroxide and borate buffer, kops = k,u because only specific acid—-
base catalysis occurred. Specific acid-base catalysis of cefoselis sulfate involved
such reactions as the hydrolysis of protonated cefoselis sulfate molecules (k;),
hydrolysis of cefoselis sulfate zwitter ions (k,) and hydrolysis of cefoselis sulfate
monoanions (k3) under the influence of water. The total reaction rate was equal to
the sum of partial reactions: kpy = k;*F; + ko-F, + k3-Fs where: ki, k; and k3 were
the catalytic rate constants calculated as the mean values of kpy at pH 1.89-3.10,
4.01-6.16 and at pH above 11.24. F,, F, and F; were the molar concentration
fractions of the cefoselis sulfate.
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Introduction

The class of cephalosporins came into being in 1954. Since the isolation of the first
cephalosporin, they have been increasingly applied in the treatment of various types
of infections. At the moment, there are over twenty cephalosporin antibiotics
available commercially.

As the antibacterial activity of cephalosporins is connected with their resistance
to alkaline hydrolysis, their therapeutic effect depends on the stability of the
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Fig. 1 The chemical structure OH
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B-lactam moiety, which is often related to the substituent at position three [1-3]
(Fig. 1).

In a molecule of cephalosporin, the constituent that is the most prone to
degradation is the B-lactam moiety. Any structural modifications aimed at greater
alkaline stability usually result in enhanced vulnerability to degradation in an acidic
environment. In principle, antibiotics are expected to be stable at physiological and
acidic pH, especially when designed for oral administration [1-3]. With a view to
create acid-stable antibiotics, cephalosporins are currently the main target of
research into new anti-infection drugs [1]. It has been found that cephalosporins are
vulnerable to degradation in aqueous solutions [4-8] and in the solid state [9-15].

Cefoselis sulfate (Fig. 1) is a novel, parenteral, fourth-generation cephalosporin.
It has a broad spectrum of antibacterial activity against Gram-positive and Gram-
negative bacteria, including Pseudomonas aeruginosa [16—18]. Cefoselis sulfate
contains a 3-non-acetoxy group at position C3, which determines its antibacterial
activity against methicillin-resistant Staphylococcus aureus. This group is probably
responsible for a greater stability of cephalosporins in acidic than in alkaline media
and a wide plateau region at neutral pH [1].

The aim of this work was to evaluate the stability of cefoselis sulfate at a wide pH
range and to determine the pH range at which it is the most stable. An HPLC method
described previously was used to determine acid—base catalysis of cefoselis sulfate [19].

Experimental procedure
Chemicals, reagents, and solutions

Cefoselis sulfate was obtained from Xingcheng Chempharm Co., Ltd. Taizhou,
Zhejiang, China. It is a white or light yellow crystalline powder containing 99.5 %
cefoselis sulfate, 0.1 % related substances and complies with the Chinese
Pharmacopoeia 2005 regulations.

All other chemicals and solvents were obtained from Merck KGaA (Germany)
and were of analytical grade. High quality pure water was prepared by using the
Millipore purification system (Millipore, Molsheim, France, model Exil SA 67120).

Instrumentation
Chromatographic separation and quantitative determination of cefoselis sulfate were

conducted by using a high-performance liquid chromatograph equipped with an
LC-6A pump (Shimadzu), a UV-Vis (SPD-6AV) detector (Shimadzu) and a
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Rheodyne with a 50 pL loop. As the stationary phase, a LiChrospher RP-18 column,
5 um particle size, 250 x 4 mm (Merck, Darmstadt, Germany) was used. The
mobile phase consisted of 5 volumes of acetonitrile and 95 volumes of ammonium
acetate, 12 mmol L_l, the pH of the mobile phase was 7.15. The flow rate of the
mobile phase was 1.0 mL min~"'. The wavelength of the detector was set at 260 nm.
The HPLC method has been evaluated and validated for the determination of
cefoselis sulfate in stability studies [19].

Kinetic studies

The degradation of cefoselis sulfate in aqueous solutions was examined at 353 K in
hydrochloric acid (pH 0.44-1.39), phosphate buffer (pH 1.89-3.10 and 6.16-7.60),
acetate buffer (pH 4.01-5.65) and borate buffer (pH 8.01-9.67). The degradation of
cefoselis sulfate in aqueous solutions of sodium hydroxide (pH 11.24-13.00) was
examined at 298, 303, 308 and 313 K and the obtained results were extrapolated to
353 K. The pH values of the reaction solutions and those of the buffer used to calibrate
the pH-meter were measured at reaction temperature. The pH values of the reaction
solutions in HCl were calculated from the equation pH = —log-ayc; [HCI]. The activity
coefficients ayc) were obtained from the literature or calculated by interpolation of
literature data [20]. The buffers were prepared according to European Pharmacopoeia
7th Edition. The pH values of buffers were calculated using average pH value of
different concentration buffers. The ionic strength of solutions was adjusted to
0.5 mol L™ using the solution of sodium chloride (4 mol Lfl). All solutions of
cefoselis sulfate were protected from light. Degradation was started by dissolving an
accurately weighed sample of cefoselis sulfate (2.5 mg) in 12.5 mL of reaction solution
heated to the required temperature in stoppered flasks. At specified time intervals, which
were determined by the rate of degradation, samples of the reaction solutions (0.5 mL)
were collected. Then they were neutralized if necessary and instantly cooled in the
mixture of ice and water. 50 pL samples of the solutions were injected into the column.

Results and discussion

The HPLC method with UV detection used in this study was found suitable for the
determination of cefoselis sulfate under the stress conditions of hydrolysis (acid and
base), oxidation, photolysis and thermal degradation [19]. The selectivity of this
method for the determination of cefoselis sulfate in the presence of degradation
products was confirmed. The symmetrical peak of cefoselis sulfate
(tr = 14.58 min) was clearly separated from the peaks of the degradation products
formed in the whole pH range (Fig. 2).

The degradation of cefoselis sulfate was a pseudo-first order reaction described
by the following equation:

Inc, = Incy — Kgps - ¢ (1)

where c, and c are the time-dependent concentration and the initial concentration of
cefoselis sulfate, at time t > 0 and t = 0, respectively, ks is the observed rate
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Fig. 2 HPLC chromatogram of cefoselis sulfate (retention time 14.58 min) in the presence of
degradation products (retention time from 1.95 to 9.97 min) following incubation 7.5 min at borate buffer
(pH 8.10) at 353 K
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Fig. 3 Semilogarithmic plot of ¢, = f(t) for the degradation of cefoselis sulfate in borate buffers
(pH 8.00-9.67) at 353 K

constant of cefoselis sulfate degradation. The semi-logarithmic plots In
¢, = f(t) (Fig. 3) were linear and their slopes were equal to the rate constants of the
reactions with the negative sign (—k,,s). The number of measurements of c, for each
series ranged from 8 to 12. The observed rate constants of cefoselis sulfate were
determined in the pH range 0.44-13.00.

Buffer catalysis
The fact that at a constant pH, ionic strength and temperature, in the presence of

buffer excess, the observed rate constants depended on the total concentration of
buffer demonstrated only general acid—base catalysis occurred, which was observed
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in the case of the acetate (pH 4.01-5.65) and phosphate (pH 1.89-3.10 and 6.16-
7.61) buffers. The first order rate constants kp,;; under the conditions of general acid—
base catalysis were calculated from the following equation:

kobs - ka + kB [BT]v (2)

where k. is the rate constant at zero buffer concentration, kg is the catalytic effect
of the buffer, [Bt] is the total buffer concentration.

The plots kops = f([Bt]) obtained for the acetate (Fig. 4) and phosphate (Fig. 5)
buffers were linear and their slopes equaled kg whereas the values of k. for
[Br] = 0 equaled kpy.

The catalytic effect of the acetate buffer was investigated at pH 4.01-5.65. The
observed rate constants were calculated from the equation:

kobs = KpH + kAcH[ACH] + kAC - [Aci] (3)
where AcH is the undissociated acetic acid and Ac is the acetate ion. The total
acetate concentration B, is:

Bt = [AcH] 4 [Ac™] 4)

The observed rate constant was calculated from the pK, of the acetic acid (4.52)
and Eqgs. 2 and 3.

kacu[H*] + kac-Ka (5)
[H'] + K,

From the slopes of the plots, ko = f(Bt) for each pH, the buffer catalytic rate
constants were calculated. The buffer catalytic effect of the phosphate buffer (pH
1.89-3.10, pK, = 2.10 and pH 6.16-7.61, pK, = 6.58) was calculated thus:

Ke,po, [H'] + kn,po; Kq

Kobs = kpn + Br

kobs = ka + BT (6)

[H'] +Ka
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Fig. 4 Plot of ko, = f(Bt) for the degradation of cefoselis sulfate in acetate buffers (pH 4.01-5.65) at
353 K

@ Springer



290 Reac Kinet Mech Cat (2013) 108:285-292

3.50E-04
3.00E-04 7.61
2.50E-04 -
Tll)
= 2.00E-04 -
-3
[=]
X
1.50E-04 7.12 6.51
6.16g 3.10
1.00E-04 - 2.06
1.89
5.00E-05 : . . . .
0 0.1 0.2 0.3 0.4 0.5

B, [mol L]

Fig. 5 Plot of kyps = f(Br) for the degradation of cefoselis sulfate in phosphate buffers (pH 1.89-3.10
and 6.16-7.61) at 353 K

Table 1 Catalytic effect of buffers on the degradation of cefoselis sulfate

Phosphate buffer Acetate buffer Phosphate buffer

(pH 1.89- 3.10) (pH 4.01-5.65) (pH 6.16-7.61)

Keg;po, = 8.06 x 107> L mol™" 57! Kaci = 8.28 x 107> L mol™' 57! kipo; = 1.99 x 107> L mol™' s~
ki,po; = 8.68 x 107> L mol ' s~ kac = 3.71 x 107> L mol™" 57! Kippoz- = 1.72 x 107* L mol ™" 57"

kHzPO; [Hﬂ + kHPOf’ K,
[H']+Kq

Kobs = ka + Bt (7)

From Egs. 6, 7 ki and the buffer catalytic rate constants of the acetate and
phosphate buffer components were calculated (Table 1).

In the reaction solutions in HCI, borate buffer and NaOH, general acid-base
catalysis was not observed, therefore the values of ks were equal to k,y. To verify
that the differences between k., values determined at different buffer concentra-
tions were statistically insignificant, the parallelism test was used.

pH-rate profile

The values of kyy determined in hydrochloric acid, sodium hydroxide, phosphate,
borate and acetate buffers were used to calculate the relationship log ki = f(pH)
(Fig. 6). The semilogarithmic relationship kyy-pH indicates that in aqueous
solutions (pH 0.44-13.00) the following reactions are possible:

e degradation of a protonated cefoselis sulfate molecule (k;)
e degradation of cefoselis sulfate zwitter ions (k)
e degradation of cefoselis sulfate monoanions (k3)

under the influence of water.
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Fig. 6 Log k,u = f(pH) profile for the degradation of cefoselis sulfate at 353 K. The points are
determined experimentally and the /ines were calculated from Eq. 8

The total reaction rate is equal to the sum of partial reaction rates:
ken= ki -Fi+ ko -Fo+ k3-Fs (8)

where F;, F, Fs;—the molar concentration fractions of cefoselis sulfate. The values
F,_3 were calculated from the pK, values of cefoselis sulfate (2.8 and 10.4). The
catalytic rate constants k;_3 were calculated as the mean values of k,y at pH
1.89-3.10, 4.01-6.16 and at pH above 11.24.

The correctness of Eq. 8 was verified by a good agreement between the
theoretical profile calculated from Eq. 8 and the experimental results (Fig. 6).

The influence of ionic strength

The ionic strength in hydrochloric acid and in sodium hydroxide solution did not
affect the stability of cefoselis sulfate, which confirmed that only spontaneous
hydrolysis of cefoselis sulfate took place.

Conclusion

In aqueous solutions, in the pH range 0.44-13.00, the degradation of cefoselis
sulfate is a pseudo-first order reaction. The hydrolysis of the protonated molecules,
zwitter ions and monoanions of cefoselis sulfate constitutes the total reaction of
hydrolysis. A catalytic effect was observed in the phosphate (pH 1.89-3.10 and
6.16-7.61) and acetate (pH 4.01-5.65) buffers. Cefoselis sulfate was the most stable
at pH 4.0-6.5 and the least stable above pH 11.24.

The relationship log k,y = f(pH) of cefoselis sulfate indicates that it is more
stable in acidic than in alkaline media and that it is characterized by a wide plateau
region at acidic and neutral pH, which confirms the influence of the 3-non-acetoxy
group at position 3 (Fig. 1) on the stability of this cephalosporin.

@ Springer



292 Reac Kinet Mech Cat (2013) 108:285-292

The catalytic effect of phosphate and acetate buffer components on the
degradation of cefoselis sulfate is significant and does not depend on the buffer
type, whereas the components of a borate buffer do not catalyze the degradation of
cefoselis sulfate. The stability of cefoselis sulfate in the presence of a borate buffer
is lower than when phosphate or acetate buffers are used, despite their catalytic
effect. Therefore, the components of acetate, borate and phosphate buffers are to be
avoided as excipients in pharmaceutical formulations of cefoselis sulfate.
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