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INTRODUCTION

The class of cephalosporins came in exist in 1954'. Since
the isolation of the first cephalosporin, they have been increa-
singly applied in the treatment of various types of infections.
At the moment, there are over twenty cephalosporins divided
into five generations available commercially’, which are
characterized by low allergenicity and toxicity as well as a broad
spectrum of activity’. The first-generation cephalosporins are
active especially against Gram-positive bacteria and the succe-
ssive generations have an increased activity against Gram-
negative bacteria. The mechanism of action of the cephalos-
porins involves inhibiting the synthesis of bacteria cell wall*.
Resistance to the cephalosporins may be due to poor perme-
ability of the drug into bacteria, lack of penicillin-binding
proteins, or degradation by B-lactamases. The cephalosporins
consist of a B-lactam ring attached to a dihydrothiazoline ring.
The B-lactam moiety is essential for antibacterial activity but
itis very vulnerable to chemical degradation. It has been found
that the cephalosporins are prone to degradation in aqueous
solutions’® and in the solid state®"®. Cefoselis sulfate (Fig. 1)
is a new, fourth-generation cephalosporin with a broad
spectrum of antibacterial activity against Gram-positive and
Gram-negative bacteria, including Pseudomonas aeruginosa*.
The drug contains a 3-non-acetoxy group (pyrazylmethyl
group) at the C3 position determining antibacterial activity
against methicyllin-resistant Staphylococcus aureus. Cefoselis
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The stability of cefoselis sulfate in various intravenous solutions was studied. 20 mg mL ™" solutions of cefoselis sulfate were prepared by |
using a variety of intravenous diluents and stored in poly(vinyl chloride) minibags for up to 24 h at room temperature (20 °C) and at 5 °C |
and for up to 30 days at -20 °C. Cefoselis sulfate concentrations were determined by high-performance liquid chromatography. The
stability of cefoselis sulfate was affected to the highest degree by storage temperature, composition of intravenous solutions used as |
diluents and the concentrations of their components. When cefoselis sulfate was stored for 24 h in glucose solution (5 and 10 %) at room |
temperature, its stability was above 99.5 % of the initial value whereas the medium of mannitol reduced its concentration to 91.6 % after |
|
|
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sulfate is susceptible to degradation in aqueous solutions'. Its
degradation was studied at 353 K and pH 0.44-13 and was
found to be a pseudo-first-order reaction. The influence of
buffers, ionic strength, temperature, light and oxidizing agents
on the degradation of cefoselis sulfate was also described'®. It
was proved that cefoselis sulfate was the most stable at a pH
range of 4 to 6.5 and the least stable above pH 11.24. As
cefoselis sulfate, similarly to other fourth-generation cephalo-
sporins, must only be administered intravenously, it is important
to evaluate how intravenous solutions used to dilute the drug
affect its stability.
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Fig. 1. Chemical structure of cefoselis sulfate

The aim of this study was to determine the stability of
cefoselis sulfate in different kinds of intravenous solutions
stored at -20, 5 and 20 °C.

EXPERIMENTAL

Cefoselis sulfate was obtained from Xingcheng
Chempharm Co., Ltd. Taizhou, Zhejiang, China. It is white,
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crystalline powder containing 99.5 % cefoselis sulfate, 0.1 %
related substances and complies with the Chinese Pharmaco-
poeia 2005 regulations. Water for injections was obtained from
Polpharma SA, Poland. Sodium chloride (0.9 %), glucose (5 %,
10 %) and Ringer's solution were products of Baxter Manu-
facturing Sp. z o. o., Poland. Jonosteril Basic solution and
mannitol were obtained from Fresenius Kabi, Italy.

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

Chromatographic separation and quantitative determi-
nation of cefoselis sulfate were performed by using a high-
performance liquid chromatograph equipped with an LC-6A
pump (Shimadzu), a UV-visible (SPD-6AV) detector (Shimadzu)
and a Rheodyne with a 50 puL loop. As the stationary phase a
Lichrospher RP-18 column, 5 um particle size, 250 mm 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™, the mobile phase pH 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 was evaluated and validated for the determination of
cefoselis sulfate in previous stability studies'®.

Sample preparation: During the stability study poly(vinyl
chloride) minibags were filled with a solution containing 5 mg
of cefoselis sulfate and diluted to 20 mg mL™" with water for
injections, sodium chloride (0.9 %), glucose (5 %, 10 %),
Ringer's solution, Jonosteril Basic solution or mannitol (20
%), depending on the test conditions. The solutions for the
study were stored at room temperature (20 °C, protected and
unprotected from light) for 2, 6 and 24 h, refrigerated (5 °C,
protected from light) for 6 h and 24 h or frozen (-20 °C, protec-
ted from light) for 30 days and then defreezed at room tempe-
rature.

At specified time intervals, samples of the reaction
solutions were collected, diluted and 50 uL of the solutions
were injected onto the column.

RESULTS AND DISCUSSION

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

All infusion solutions of cefoselis sulfate were transparent.
The greatest pH change relative to the initial pH was 0.03.
Solutions of cefoselis sulfate were defined as stable when the
substrate loss was not greater than 10 % relative to the initial
value.

Cefoselis sulfate was stable over a period of 2 h at room
temperature in sterile water, sodium chloride (0.9 %), glucose
(5 % and 10 %), Ringer's solution, Jonosteril Basic. At room
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Fig. 2. HPLC chromatogram of cefoselis sulfate in 0.9 % sodium chloride
(retention time 14.58 min) in the presence of degradation products
(retention time from 1.95 to 9.97 min) after incubation 24 h at 20 °C

temperature, cefoselis sulfate was the most stable in glucose
(5 % and 10 %) and the least stable in a 20 % solution of
mannitol. Due to the fact that in mannitol (20 %) precipitate
was observed at room temperature (Table-1). Table-2 summa-
rizes the data of the stability of cefoselis sulfate stored at 5 °C
in poly(vinyl chloride) minibags protected from light.

TABLE-1
STABILITY OF CEFOSELIS SULFATE STORED AT ROOM
TEMPERATURE IN POLY(VINYL CHLORIDE) MINIBAGS

Unprotected from light Protected from light
Intravenous Intravenous

solution D e solution D s (%)

Sodium 0 100.00 Sodium 0 100.00

chloride i gg;i chloride i gzgg

0.9 % : 0.9 % .

24 91.42 24 89.32

0 100.00 0 100.00

Water for 2 92.40 Water for 2 93.96

injections 4 95.99 injections 4 95.02

24 89.08 24 91.12

0 100.00 0 100.00

2 100.00 2 100.00

Cucose 4 10000 | G4 10000

6 100.00 6 100.00

24 99.68 24 99.90

0 100.00 0 100.00

2 100.00 2 100.00

Cluose 4 10000 | FE g 10000

6 100.00 6 100.00

24 99.53 24 100.00

0 100.00 0 100.00

. 2 91.66 . 2 98.74

M;gn%f"l 4 83.78 M;gnt;o“’l 4 9810

6 80.99 6 97.34

24 Precipitate 24 95.46

0 100.00 0 100.00

. , 2 95.69 . X 2 96.12

Rmes 4o | R 4 o

6 91.23 6 93.76

24 90.76 24 92.79

0 100.00 0 100.00

Jonosteril 2 99.72 Jonosteril 2 100.00

s 4 95.24 O 4 99.96
Basic Basic

6 92.36 6 99.48

24 90.07 24 97.92
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TABLE-2
STABILITY OF CEFOSELIS SULFATE STORED AT
5 °C IN POLY(VINYL CHLORIDE) MINIBAGS

PROTECTED FROM LIGHT
Intravenous Intravenous

solution H®) 6 () solution 6 0
Sodium 0 100.00 Glucose 0 100.00
chloride 6 100.00 59 6 99.45
0.9 % 24 100.00 24 97.94
0 100.00 . s 0 100.00
lvr;i‘:; Jor 10000 Nneers 6 9850
24 94.79 24 91.58
Glucose y ALY Jonosteril y oSy
10 % 6 98.52 Basic® 6 100.00
24 97.53 24 100.00

Table-3 summarizes the data of stability of cefoselis
sulfate stored for 30 days at -20 °C in poly(vinyl chloride)
minibags protected from light.

TABLE-3
STABILITY OF CEFOSELIS SULFATE STORED FOR
30 DAYS AT -20 °C IN POLY(VINYL CHLORIDE)
MINIBAGS PROTECTED FROM LIGHT

Intravenous Intravenous
solution 6 () solution 6 ()
Sodium
chloride 0.9 % 100.00 Glucose 5 % 100.00
‘Water for 98.27 e 99.62
injections solution
Glucose 10 % 100.00 L] 90.30
Basic

The greatest impact on the stability of cefoselis sulfate in
intravenous solutions applied in this work was demonstrated
by the temperature at which they were stored and by their
components as well as their concentrations. Since cefoselis
sulfate is stable at room temperature, it may be administrated

intravenously for 2 h without being protected from light as
protection against light has negligible effect on its stability,
except when Jonosteril and mannitol are used as intravenous
solutions. This cephalosporin, dissolved in intravenous solu-
tions such as these used in this study, may be stored at a tem-
perature of 5 °C for up to 24 h.
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