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ANALYSIS

STABILITY OF CEFPIROME SULFATE IN AQUEOUS SOLUTIONS
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Abstract: The influence of pH on the stability of cefpirome sulfate was investigated in the pH range of 0.44 —
13.00. The degradation of cefpirome sulfate as a result of hydrolysis was a pseudo-first-order reaction. General
acid-base hydrolysis of cefpirome sulfate was not observed. In the solutions of hydrochloric acid, sodium
hydroxide, acetate, borate and phosphate buffer, k,, = k,;; because specific acid-base catalysis was observed.
Specific acid-base catalysis of cefpirome sulfate consisted of the following reactions: hydrolysis of cefpirome
sulfate catalyzed by hydrogen ions (ky,), hydrolysis of dications (lezO) monocations (k, HzO)’ zwitter ions
(k3“z°) and monoanions (k, H20) of cefpirome sulfate under the influence of water. The total rate of the reaction
was equal to the sum of partial reactions K = Ky, X ay, + lezo x ) + szzo xf, + km20 x 3+ k, 1,0 X f,. Based
on the dependence k; = f(pH) it was found that cefpirome sulfate was the most stable in aqueous solutions in
the pH range of 4-6.
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Cefpirome sulfate (CPS) (Fig. 1) is a new
fourth-generation cephalosporin for parenteral
administration. It is an oxime-type cephem with a 2-
amino-thiazolylmethoxyimino group in the side
chain at position 7, while at position 3 it is cyclopen-
tapyridine. Those elements in structures are respon-
sible for the high level of resistance to B-lactamases
and the broad spectrum of antibacterial activity of
CPS.

CPS is an active against Gram-positive bacte-
ria, including Staphylococcus aureus and Gram-
negative microorganisms such as Pseudomonas
aeruginosa (1-3). It is clinically available for the
treatment of various infections such as pneumonia
and sepsis as well as urinary-tract and intra-
abdominal infections in adult patients (4-7). The
approved dosing regimen for intravenous CPS is
1-6 g daily in two or up to four divided doses (7).
Fourth-generation cephalosporins have surprising-
ly few serious side effects, which makes them an
attractive for use in the treatment of a wide variety
of serious infections. The most common adverse
symptoms are nonspecific circulatory disorders
(chills, tachycardia, hypertension, nausea, dysp-
nea, cold perspiration, weak concentration, and

dizziness). All adverse effects are of mild or mod-
erate severity and do not last long. Spontaneous
improvement leading to complete recovery can be
observed. As most of the side effects of B-lactams
are caused by the generation of degradation prod-
ucts, it is important to estimate their stability.
Earlier studies have confirmed that cephalosporins
are susceptible to degradation in aqueous solutions
(8-14) and in the solid state (15-24). The degrada-
tion of CPS in the solid state in dry air and at
increased relative air humidity was a first-order
reaction (24). The kinetic mechanism of CPS
degradation was not depending on storage condi-
tions (24). CPS was reported to be stable in the pH
range of 4-7, slightly unstable below pH 3 and to
rapidly degrade at pH 9 and higher in aqueous
solution (12). The degradation pathways both in
aqueous solutions (12) and in solid state (24) were
also described.

The aim of this work was to investigate the
process of CPS degradation in the aqueous solutions
in the pH range of 0.44-13.00 and determination the
total rate of CPS degradation. The obtained results
were compared with other fourth-generation
cephalosporin cefoselis sulfate (CSS) (11).
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EXPERIMENTAL

Materials

CPS was obtained from CHEMOS GmbH,
Regenstauf, Germany. It is a white or pale yellowish
white, crystalline 98% pure powder soluble in water
and conforms to the standards of Japanese
Pharmacopeia XV. All other chemicals and solvents
were obtained from Merck KGaA (Germany) and
were of analytical grade. High-quality pure water
was prepared using a Millipore Exil SA 67120
purification system (Millipore, Molsheim, France).

Instrumentation

Chromatographic separation and quantitative
determination of CPS were performed by using the
Dionex Ultimate 3000 analytical system consisted
of a quaternary pump, an autosampler, a column
oven and a diode array detector. As the stationary
phase a Lichrospher RP-18 column, 5 pm particle
size, 125 X 4 mm (Merck, Darmstadt, Germany) was
used. The mobile phase composed of acetonitrile —
12 mM ammonium acetate (10 : 90, v/v). The flow
rate of the mobile phase was 1.0 mL/min and the
injection volume was 10 pL. The wavelength of the
DAD detector was set at 270 nm. Separation was
performed at 30°C (25).

Kinetic studies

The degradation of CPS in aqueous solutions
was studied at 353 K in hydrochloric acid (pH
0.44-1.39), phosphate (pH 2.22-3.38 and 6.16-7.95),
acetate (pH 4.23-5.58) and borate (pH 8.32-9.84)
buffers. The degradation of CPS in aqueous solutions
of sodium hydroxide (pH 11.24—13.00) was studied at
298 K, 303 K, 308 K and 313 K and obtained results
were extrapolated to 353 K. The pH values of the
reaction solutions and those of the buffer used to cal-
ibrate the pH-meter were measured at reaction tem-
perature. The ionic strength of solutions was adjusted
to 0.5 M with a solution of sodium chloride (4 M). All
solutions of CPS were protected from light.
Degradation was initiated by dissolving an accurately
weighed CPS (2.5 mg) in 12.5 mL of reaction solu-
tion heated to the required temperature. At specified
time intervals, determined by the rate of degradation,
samples of the reaction solutions (0.5 mL) were col-
lected, neutralized if necessary and instantly cooled
with a mixture of ice and water. Ten UL samples of
the solutions were injected into the column.

RESULTS AND DISCUSSION

Changes in the concentration of CPS under
stress study conditions were evaluated by using the

Figure 1. Chemical structure of cefpirome sulfate
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Figure 2. The plot k; = f(ay,) for the degradation of CPS at 353 K
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Figure 3. The plot b/f, = f(f,/f,) for the degradation of CPS at 353 K
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Figure 4. The plot ky/f, = f(fy/f,) for the degradation of CPS at 353 K

HPLC method, which was linear in the range 7.2-
300 mg/mL, precise (RSD 0.3-1.4%) and selective
in the presence of CPS and its degradation products.
The recovery of the method was in the range of RSD
98-104%. The LOD and LOQ were 2.4 and 7.2
mg/mL, respectively (25).

The observed rate constants of CPS were deter-
mined in the pH range of 0.44—13.00. The pH values
of the reaction solutions in HCl were calculated
from the equation pH = -log f,;, [HCl]. The activity
coefficients fy;, were obtained from the literature or
calculated by interpolation of literature data (26).
The pH values of buffer were calculated by average
value pH of buffer of different concentrations. The
observed rate constants were described by the fol-
lowing equation of a pseudo first-order reaction:

Inc,=Incy— k., Xt

where: ¢, and ¢, are the time-dependent concentration
and the initial concentration of CPS, at the time t > 0
and t =0, respectively, k, is the observed rate constant
of the pseudo first-order reaction of CPS degradation.
The observed rate constants are equal to the slopes of
the plots In c¢ps = f(t), with a negative sign (k). The
following statistical parameters of the equation y = ax
+ b were calculated by using the least squares method:
a £ Aa, b £ Ab, standard deviations Sa, Sb, Sy and the
coefficient of linear correlation r. The values Aa and Ab
were calculated for f =n-2 degrees of freedom and o =
0.05. The number of measurements of ¢, for each series
ranged from 8§ to 12.

Buffer catalysis
At constant pH, ionic strength and temperature,
in the presence of excess acetate, borate and phos-
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phate buffers, the observed rate constant of degrada-
tion of CPS did not depend on the total concentra-
tion of buffers. That indicates that components of
those buffers did not catalyze the degradation of
CPS. To verity that k;,, determined at different con-
centration buffer were statistically insignificant, the
parallelism test was used. In the reaction solutions of
HCI, buffers and NaOH general acid-base catalysis
was not observed, therefore the values of K, = K.

pH-rate profiles
The rate constants k, determined in
hydrochloric acid, sodium hydroxide, phosphate,
borate and acetate buffers were used to calculated
the relationship log k,; = f(pH). The semilogarith-
mic relationship k-pH indicates that in water solu-
tion (pH 0.44-13.00) the following reactions are
possible:
e degradation of CPS catalyzed by hydrogen ions
(ky)s
e degradation of dications (ky,0), monocations
(kz,_,zo), zwitter ions (kmzo) and monoanions of
CPS (kyy,0) under the influence of water.
The total rate of reaction is equal to the sum of
partial reactions rates:
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Figure 5. Log k; = f(pH) profile for the degradation of CPS and
CSS (11) at 353 K. The points are determined experimentally and
the lines were calculated from determined equation

Kon = Ky X ap, + Ko X £ + Koo X £ + Kay o
x f3+ Ky X 4
where f, f,, f;, f, — the fractions of the molecules of
CPS. The values of f,_, were calculated after taking
into account values pK, of CPS that were about 1.62,
3.11 and 11.15 (27).

The catalytic rate constant (k;;*) was calculated
from the plot k; = f(ay") taking into account k; val-
ues from pH 0.44 to 1.39, in which f, + f, — 1. The
plot ky = f(ay") (Fig. 2) was linear with a positive
slope a = ky". The value of k for a;" = 0 is equal b
= kmzo x 1 + k2H20 x £, (b/f, = k1H20 x fi/f; + kZHZO)-
The values of ko and kyy, o were calculated from
the plot b/f, = f (f /f,) (Fig. 3). The plot b/f, = f(f,/f,)
is linear and the slope of this plot is equal ko
whereas k0 is equal to the value for b/f, for f/f, =
0. In the pH range 6.16-13.00 f; + f, — 1, therefore
Ko = Kanyo X f5+ Kypo X G Kpu/fy = ka0 X H/f; +
Kyi,0- The plot of ky/f, = f(fy/f,) is linear (Fig. 4) and
its slope is equal to kyy,o Whereas value of k,/f, (b)
for f3/f; = 0 is equal to k0. The consistency
between theoretical profile calculated from equation
9 and the experimental results indicates that the
equation 9 is correct (Fig. 5).

The influence of ionic strength

In hydrochloric acid and solutions of sodium
hydroxide none influences of the ionic strength was
observed. It confirms spontaneous hydrolysis of
CPS under the influence of water and the hydrolysis
of CPS molecules catalyzed by hydrogen ions.

CONCLUSION

In aqueous solutions, in the pH range
0.44-13.00, the degradation of CPS is a pseudo-
first-order reaction. The hydrolysis of the dications,
monocations, zwitter ions and monoanions of CPS
are the partial reactions of hydrolysis. CPS, similar-
ly to like other 4™ generation cephalosporin - CSS
(11), was the most stable at pH range from 4.0 to 6.5
and less stable above pH 11.24.

The analysis of the relationship log k ; = f(pH)
for the degradation of CPS indicate that CPS is more
stable in acid than base pH values and has wide
plateau region in acidic and neutral pH, which con-
firms influence of 3-non-acetoxy group at position 3
on the stability of cephalosporins (28). A compari-
son the above mentioned relationship for the degra-
dation of CPS and CSS (11) indicates the following:

CSS is more stable in the pH range 0.44-8.00
and 10.00-13.00,

CSS and CPS demonstrate similar stability in
pH range 8.00-13.00.



Stability of cefpirome sulfate in... 27

Stability of CPS and CSS is determined by
spontaneous hydrolysis under influence of water
depending on the substrate charge. For CPS in pH
range 0.44—1.39 hydrolysis of CPS molecules cat-
alyzed by hydrogen ions is observed.

The components of an acetate, borate and
phosphate buffers do not catalyze the degradation of
CPS while the acetate and phosphate buffers cat-
alyze the degradation of CSS (11).

The stability of CPS in the presence of borate
buffer is significantly lower than in phosphate or
acetate buffers. Therefore, the components of borate
buffer should not be used in pharmaceutical formu-
lations of CPS as excipients.

REFERENCES

1. Chaudhury A.: Indian J. Med. Microbiol. 21, 52
(2003).

2. Tumah H.N.: Pharmazie 59, 854 (2004).

3. Bergeret M., Boutros N., Raymond J.: Int. J.
Antimicrob. Agents. 23, 247 (2004).

4. Lindenmann J., Kugler S.A., Matzi V.,
Porubsky C., Maier A. et al.: J. Antimicrob.
Chemother. 66, 160 (2011).

5. Timmers G.J., van Vuurden D.G., Swart E.L,
Simoons-Smit A.M., Huijgens P.C.: Haemato-
logica 90, 1005 (2005).

6. Hayashi H., Yamashita T., Nakata T., Huji T.,
Kojima T. et al.: Int. J. Antimicrob. Agents 19,
405 (2002).

7. Sauermann R., Delle-Karth G., Marsik C.,
Steiner I., Zeitlinger M. et al.: Antimicrob.
Agents Chemother. 49, 650 (2005).

8. Patel G., Rajput S.: Acta Chromatogr. 23, 215
(2011).

9. Ikeda Y., Ban J., Ishikawa T., Hashiguchi S.,
Urayama S., Horibe H.: Chem. Pharm. Bull. 56,
1406 (2008).

10. Jelinska A., Dobrowolski L., Oszczapowicz I.:
J. Pharm. Biomed. Anal. 35, 1273 (2004).

11. Zalewski P., Cielecka-Piontek J., Jelinska A.:
React. Kinet. Mech. Cat. 108, 285 (2013).

12. Sugioka T., Asano T., Chikaraishi Y., Suzuki
E., Sano A. et al.: Chem. Pharm. Bull. 38, 1998
(1990).

13. Fubara J.O., Notari R.E.: J. Pharm. Sci. 87,
1572 (1998).

14. Zalewski P., Cielecka-Piontek J., Jelinska A.:
Asian J. Chem. 25, 7596 (2013).

15. Medenecka B., Jelinska A., Zajac M., Batdyka
M., Juszkiewicz K., Oszczapowicz I.: Acta Pol.
Pharm. Drug Res. 66, 563 (2009).

16. Jelifiska A., Medenecka B., Zajac M., Knajsiak
M.: Acta Pol. Pharm. Drug Res. 65, 261 (2008).

17. Zajac M., Jelinska A., Zalewski P.: Acta Pol.
Pharm. Drug Res. 62, 89 (2005).

18. Jelinska A., Dudzinska 1., Zajac M., Oszcza-
powicz I., Krzewski W.: Acta Pol. Pharm. 62,
183 (2005).

19. Zalewski P., Cielecka-Piontek J., Garbacki P.,
Jelinska A., Karazniewicz-t.ada M.: Chromato-
graphia 76, 387 (2013).

20. Zajac M., Jelinska A., Dobrowolski L.,
Oszczapowicz L.: J. Pharm. Biomed. Anal. 32,
1181 (2003).

21. Jelinska A., Zajac M., Gostomska J.,
Szczepaniak M.: Farmaco 58, 309 (2003).

22. Zalewski P., Cielecka-Piontek J., Jelinska A.:
Centr. Eur. J. Chem. 10, 121 (2012).

23. Jelinska A., Zajac M., Jakubowska M.: React.
Kinet. Catal. Lett. 73, 325 (2001).

24. Zalewski P., Skibinski R., Cielecka-Piontek J.:
J. Pharm. Biomed. Anal. 92, 22 (2014).

25. Zalewski P., Skibinski R., Cielecka-Piontek J.,
Bednarek-Rajewska K.: Acta Pol. Pharm. Drug
Res. 71, 731 (2014).

26. Pawelczyk E., Hermann T.: The fundamentals
of stability of drugs (Polish). PZWL,
Warszawa, Poland 1982.

27. Evagelou V., Tsantili-Kakoulidou A.,
Koupparis M.: J. Pharm. Biomed. Anal. 10;31,
1119 (2003).

28. Akaho E., Nakayama H.: J. Antibiot. (Tokyo)
56, 379 (2003).

Received: 22. 09. 2014



