
INTRODUCTION
The time of cepha lo sporins has be gun since 1948. The

sub stance iso lated from cul tures of Cepha lo spo rium acre -
mo nium by Gi useppe Brotzu was ef fec tive against
Sal mo nella spp. Cepha lo sporin C iso lated in 1961, was a
first an ti bi otic from the cepha lo sporis.  The first drug
cepha lothin - was launched by Eli Lilly in 1964. Un til this
time the cepha lo sporins made a great con tri bu tion in clini -
cal use. There are cur rently over twenty cepha lo sporin
an ti bi ot ics avail able com mer cially. Unfor tu nately, un til
1964 an ti mi cro bial re sis tance be came a sig nifi cant world -
wide prob lem. An ti bac te rial ac tivi ties of cepha lo sporins
are co in cided with their re sis tance to the deg ra da tion [1].
Cepha lo sporins are sus cep ti ble to deg ra da tion in aque ous
so lu tions [2,3] and in solid state [2, 4-10]. The struc ture
caus ing grater al ka line sta bil ity of cepha lo sporins usu ally
caus ing greater acid deg ra da tion, but on the other hand
an ti bi ot ics should be sta ble at acidic pH es pe cially if
orally used.  Acid- stable cepha lo sporins are one of the
main tar gets of re search of new an ti bi ot ics. 

Ce fose lis sul fate (Fig. 1) is a new, par enteral, fourth
gen era tion cepha lo sporin [11]. It has a broad spec trum of
an ti bac te rial ac tiv ity against Gram posi tive and Gram

nega tive bac te ria in clud ing Pseu do mo nas ae rugi nosa
[11]. Ce fose lis sul fate con tains imi da zopyra zolium
methyl group at the C3 po si tion de ter min ing an ti bac te rial
ac tiv ity against methicyllin- resistant Staphy lo coc cus au -
reus [11]. This group will proba bly de ter mine greater
sta bil ity of ce fose lis sul fate in acid than base pH and wide
pla teau re gion in neu tral pH. The aim of this work was to
clas sify ce fose lis sul fate ac cord ing to ICH guide lines for
sta bil ity test ing.

MATERIAL AND METHODS
Chemi cals and ap pa ra tus.Ce fose lis sul fate was ob -

tained from Xing cheng Chem pharm Co., Ltd. Ta iz hou,
Zheji ang, China. It is white or light yel low crys tal line
pow der con tain ing 99.5% ce fose lis sul fate, 0.1% re lated
sub stances and com plies with the Chi nese Phar ma co poeia 
2005 stan dard. 

All other chemi cals and sol vents were ob tained from
Merck KGaA (Ger many) and were of ana lyti cal grade.
High qual ity pure wa ter was pre pared by us ing the Mil li -
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Fig. 1. Chemical structure of cefoselis sulfate
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pore pu ri fi ca tion sys tem (Mil li pore, Mol sheim, France,
model Exil SA 67120).

The ana lyti cal sys tem con sisted of a qua ter nary pump
(L-7100), an auto sam pler (L-7200), a col umn oven
(L-7360) and di ode ar ray de tec tor (L-7455) (all Merck
Hi tachi prod ucts). As the sta tion ary phase a Li chro spher
RP-18 col umn, 5 μm par ti cle size, 250 mm  4 mm (Merck, 
Darm stadt, Ger many) was used. The mo bile phase con -
sisted of 5 vol umes of ace to ni trile and 95 vol umes of
am mo nium ace tate, 12 mmol L-1, pH of the mo bile phase
was 7.15. The flow rate of the mo bile phase was 1.0 mL
min-1. The wave length of the DAD de tec tor was set at 260
nm. Sepa ra tion was per formed at 30°C. The HPLC
method has been evalu ated and vali dated for the de ter mi -
na tion of ce fose lis sul fate in sta bil ity stud ies [12].
Pho to de gra da tion sta bil ity stud ies were per formed us ing
Suntest CPS+ (At las®) with fil ter So lar ID65. 

So lu tions. All deg ra da tion stud ies in so lu tions were
done at ce fose lis sul fate con cen tra tion of 0.4 mg mL-1.
Hy dro lytic re ac tions were car ried out in wa ter (12 h at
90°C), in hy dro chlo ric acid (0.1 M for 8 h at 90°C and 0.01 M
for 8 h at 40°C) and in so lu tion of so dium hy drox ide (0.1 M
for 8 h at 90°C, 0.01 M for 8 h at 40°C and 0.01 M for 2 h at 
21°C). Oxi da tive stud ies were con ducted at room tem -
pera ture in 3% H2O2 for 6 h. Pho to de gra da tion stud ies
were made in wa ter so lu tion, in a pho to sta bil ity cham ber,
at room tem pera ture. The sam ples were ex posed to
1.2×106 Lux h and 6.0×106 Lux h. Suit able con trols were
kept un der dark con di tions.

The so lu tions were stored in heat cham bers in glass
vials ex cept sam ples for pho to de gra da tion, which were
stored in quartz cu vette. Sam ples were taken at in ter vals
shown above, cooled to room tem pera ture and neu tral -
ised. 50 μL of each ob tained so lu tion was ana lyzed imme- 
di ately, us ing the reverse- phase HPLC method [12].
Quan ti ta tive tests were con ducted. The re sults ob tained

are part of the ana lyti cal pro file of ce fose lis sul fate and
may be used for com par ing the sta bil ity of cepha lo -
sporins.

RESULTS AND DISCUSSION
The sta bil ity tests of ce fose lis sul fate were per formed

ac cord ing to the ICH Guide lines for the Sta bil ity Test ing
for Me dici nal Sub stances and Phar ma ceu ti cal Prod ucts.
Ana lyti cal pro ce dures were drawn up for com plex sta bil -
ity test ing, which in volved hy droly sis re ac tions un der
acidic, al ka line and neu tral con di tions as well as oxi da tive 
and pho to sta bil ity re ac tions. The study was con ducted at
dif fer ent pH, tem pera ture, oxi da tive fac tor and with
a vary ing ex po sure time. The tests of pho to sta bil ity were
also done.

Sta bil ity stud ies in hy dro chlo ric acid. At the be gin ning
of sta bil ity stud ies of ce fose lis sul fate in hy dro chlo ric acid 
0.1 M HCl was used. The study was con ducted at 90°C for
8 h. Un der these con di tions, com plete de com po si tion of
sub strate was ob served; there fore, the con cen tra tion of
hy dro chlo ric acid was re duced to 0.01 M HCl and the
tem pera ture was de creased to 40°C. The time of ex po sure
was not changed (Fig. 2). Un der this con di tion, the deg ra -
da tion level was 40 %. Ce fose lis sul fate was clas si fied as
very la bile (Tab. 1).

Sta bil ity stud ies in so dium hy drox ide. At the be gin ning
of sta bil ity stud ies of ce fose lis sul fate in so dium hy drox -
ide 0.1 M NaOH was used. The study was con ducted at
90oC for 8 h. Un der these con di tions, com plete de com po -
si tion of sub strate was ob served. Simi lar re sults in so dium 
hy drox ide 0.01 M NaOH at 40°C for 8 h were ob served,
there fore the con cen tra tion of NaOH, tem pera ture and
time of ex po si tion were re duced. In 0.01 M NaOH and
21°C for 2 h the deg ra da tion level was 85% (Fig. 3). Ce -
fose lis sul fate was clas si fied as ex tremely la bile (Tab. 2).
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Fig. 2. Stability studies of cefoselis sulfate in hydrochloric acid solution



Table 1. Clas si fi ca tion of ce fose lis sul fate into sta bil ity classes in
hy dro chlo ric acid

Drug 
category

HCl
concentration

Time of
exposure Temperature Degradation

level
Extremely labile 0.01 M 2 h 21°C Sufficient
Very labile 0.01 M 8 h 40°C Sufficient
Labile 0.1 M 8 h 90°C Sufficient
Stable 1 M 12 h 90°C Sufficient
Very stable 2 M 1 day 90°C Sufficient

Practically stable 5 M 2 days 90°C No
degradation

Sta bil ity stud ies in wa ter. Sta bil ity stud ies of ce fose lis
sul fate in wa ter were car ried out as shown in (Fig. 4) and
started with in cu ba tion for 12 h at 90°C. The deg ra da tion
level was 65%. Cefose lis sul fate was clas si fied as la bile
(Tab. 3).

Sta bil ity stud ies in the pres ence of an oxi da tive fac tor.
In the first stage of sta bil ity stud ies in the pres ence of an

oxi da tive fac tor ce fose lis sul fate was in cu bated in 3%
H2O2 at 21°C for 6 h (Fig. 5). The deg ra da tion level was
17%. Cefose lis sul fate was clas si fied as la bile (Tab. 4).

Photosta bil ity stud ies. Pho to sta bil ity tests were per -
formed as shown in Fig. 6. Sam ples were ex posed to
1.2×106 Lux h and the deg ra da tion level was 47%.
Cefose lis sul fate was clas si fied as pho to la bile (Tab. 5).
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Table 2. Clas si fi ca tion of ce fose lis sul fate into sta bil ity classes in
so dium hy drox ide

Drug 
category

NaOH
concentration

Time of
exposure Temperature Degradation

level
Extremely labile 0.01 M 2 h 21°C Sufficient
Very labile 0.01 M 8 h 40°C Sufficient
Labile 0.1 M 8 h 90°C Sufficient
Stable 1 M 12 h 90°C Sufficient
Very stable 2 M 1 day 90°C Sufficient

Practically stable 5 M 2 days 90°C No
degradation

Fig. 3. Stability studies of cefoselis sulfate in sodium hydroxide solution

Fig. 4. Stability studies of cefoselis sulfate in water



Table 3. Clas si fi ca tion of ce fose lis sul fate into sta bil ity classes in
wa ter

Drug category Time of exposure Temperature Degradation level
Extremely labile 2 h 21°C Sufficient
Very labile 8 h 40°C Sufficient
Labile 12 h 90°C Sufficient
Stable 1 day 90°C Sufficient
Very stable 2 days 90°C Sufficient
Practically stable 5 days 90°C No degradation

Table 5. Clas si fi ca tion of ce fose lis sul fate into sta bil ity classes for
pho to sta bil ity stud ies

Drug category Total exposure Temperature Degradation level

Photolabile 1.2×106 Lux h 21°C Complete or
sufficient

Photostable 6.0×106 Lux h 21°C No degradation

CONCLUSION
On the ba sis of the re sults of our study, ce fose lis sul fate

is clas si fied as fol lows: in acidic con di tions – very la bile
(0.01 M HCl, 8h, 40°C, 40% deg ra da tion), in al ka line con -
di tions – ex tremely la bile (0.01 M NaOH, 2h, 21°C, 85%
deg ra da tion), in neu tral con di tions – la bile (wa ter, 12h,
90°C, 65% deg ra da tion), in the pres ence of an oxi da tive
fac tor – la bile (3% H2O2, 6h, 21°C, 17% deg ra da tion). In
pho to sta bil ity stud ies ce fose lis sul fate was photola bile.
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Table 4. Clas si fi ca tion of ce fose lis sul fate into sta bil ity classes in
the pres ence of oxi da tive fac tor

Drug category H2O2 con-
centration

Time 
of exposure Temperature Degradation

level
Extremely labile 1% 30 min 21°C Sufficient
Very labile 1% 3 h 21°C Sufficient
Labile 3% 6 h 21°C Sufficient
Stable 3% 1 day 21°C Sufficient
Very stable 10% 1 day 21°C Sufficient

Practically stable 30% 2 days 21°C No
degradation

Fig. 5. Stability studies of cefoselis sulfate in the presence of an oxidative factor


