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Ceftazidime is a third-generation semisynthet-
ic cephalosporin which is active against a wide
range of microorganisms. It works particularly
strongly against Gram-negative bacteria, the
pathogens which most often cause ophthalmological
infections, i.e., Pseudomonas aeruginosa, Haemo-
phillus influenzae, Neisseria gonorrhoeae, Acineto-
bacter as well as against all Gram-negative
Enterobacteriaceae bacilli. The most important
advantage of ceftazidime, apart from its particular
activity against Pseudomonas aeruginosa, is its
resistance to β-lactamases of TEM, SHV and PSE-1
type. Ceftazidime is applied in the form of intra-
muscular and intravenous injections in the treatment
of serious lower airwaysí infections, urinary infec-
tions, septicemia, cerebrospinal meningitis, infec-
tions of skin, nose, and throat. The 1% or 5% eye
drops containing ceftazidime, depending on the
infected eye area and the intensity of the infection,
are used in the treatment of ophthalmological infec-
tions caused in particular by Pseudomonas aerugi-

nosa (1, 2). One percent eye drops are applied in the
treatment of the infections of external eye structures,
e.g., keratitis and conjunctivitis. Five percent eye
drops, known as enhanced eye drops, are used under
clinical conditions in case of severe infections of
front or internal eye structures, including cef-
tazidime administered systemically. Eye drops con-
taining ceftazidime, which are aqueous solutions,
are not commercially manufactured because cef-
tazidime undergoes rapid degradation in aqueous
solutions, as a result of which the β-lactam ring
opens simultaneously with pyridine release (3ñ6).
The rate of ceftazidime degradation in aqueous solu-
tions depends on temperature, light, composition of
a solvent, pH, ceftazidime concentration and the
type of packaging. The maximal ceftazidime stabil-
ity in aqueous solutions occurs at pH 4.5ñ6.5 (3, 4).
The solution of 0.9% NaCl (6, 7), artificial tears ñ
Sno tears (8) and balanced salt solution (9) were
used as a vehiculum in the eye drops containing cef-
tazidime. The stability of the eye drops prepared in
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0.9% NaCl, stored at the temperature of 4OC, was 4
days for 5% eye drops (6) and 21 days in case of 2%
eye drops (7). In 5% eye drops, based on artificial
tears (8) and stored at the temperature of 7OC, 10%
ceftazidime degradation occurred after 7 days. In
5% eye drops based on balanced salt solution (9),
stored at the temperature of 4OC, the unchanged ini-
tial antimicrobial activity determined against
Pseudomonas aeruginosa was maintained for 7
days. In 0.9% eye drops, prepared in citrate buffer of
pH 6.18ñ6.30 (10), stored at the temperature of 4OC,
ceftazidime antimicrobial activity remained at its
initial unchanged level for the period of about 30
days. A relatively long period of ceftazidime antimi-
crobial activity in 0.9% eye drops prepared in citrate
buffer encouraged to conduct research focused on
the determination of chemical stability of cef-
tazidime with HPLC method in 1% and 5% eye
drops prepared in citrate buffer, i.e., at the concen-
trations which are most frequently used in the topi-
cal treatment of eye infections.

The aim of the studies was to determine with
HPLC method the stability of ceftazidime in buffered
1% and 5% eye drops of proposed formulary compo-
sition, which were stored for 30 days at the tempera-
ture of 4OC and 20OC and protected from light.

EXPERIMENTAL

Chemicals and reagents

BiotumÆ (ceftazidimum), IBA Bioton, of 1.0 g
ampoules with dry active substance for intravenous or
intramuscular injections, composed of ceftazidime
pentahydrate (1.0 g) and sodium carbonate (0.118 g),
citric acid monohydrate, sodium citrate p.a.,
polyvinyl alcohol 72000 (PVA) were from P.P.H.
POCH Gliwice. Phenylmercuric borate, β-
phenylethyl alcohol (2-phenylethanol) and uracil
were from Sigma-Aldrich. Other reagents were: cef-
tazidime standard: ceftazidime CRS Strasburg Cedex
1, pyridine standard for GC (Z.D. Chemipan), water
for HPLC (System Synergy ñ Millipore) and anhy-
drous disodium hydrogen-phosphate, potassium dihy-
drogen phosphate, acetonitrile (J.T. Baker, Holland).

Apparatus

High performance liquid chromatography:
Shimadzu system (Kyoto, Japan) equipped with 20-
A5 degasser, LC-20AD pumps, SIL-20AC autosam-
pler, CTO-20AC column oven, DAD SPD-N20A
detector, CMB-20A control system; CP-502 pH-
meter (Elmetron, Poland), Krioskop 800cl osmome-
ter (Trident Med. S.C. Warsaw, Poland), SP-65W

Table 1. Composition of eye drops containing ceftazidime.

Components (g)
Formulary versions

per 100 g of the eye drops
1% 5%

0(1%) 1 2 3 4 0(5%) I II III IV

BiotumÆ (ceftazidimum) 1.259 1.259 1.259 1.259 1.259 6.295 6.295 6.295 6.295 6.295

calculated as ceftazidime pentahydrate 1.0 1.0 1.0 1.0 1.0 5.0 5.0 5.0 5.0 5.0

Solution of polyvinyl alcohol (PVA)
viscosity η = 43.2 mPas, pH 5.51 - - - 49.5 48.05 - - - 47.5 46.05

0.04% solution of phenylmercuric borate - - 2.5 2.5 - - 2.5 - 2.5

β-Phenylethyl alcohol - - 0.4 0.4 - - 0.4 - 0.4

Water for injection 99.00 - - - - 95.00 - - - -

Citrate buffer I 
(102.01 mM/L tri-sodium citrate dihydrate - 99.00 96.1 - - - 95.00 92.1 - -
7.14 mM/L citric acid monohydrate)
pH 6.24, osmotic pressure: 298 mOsm/L

Citrate buffer II 
(204.02 mM/L tri-sodium citrate dihydrate 
14.28 mM/L citric acid monohydrate) - - - 49.5 48.05 - - - 47.5 46.05
pH 6.10, osmotic pressure: 586 mOsm/L   



Stability of ceftazidime in 1% and 5% buffered eye drops determined by HPLC method 101

T
ab

le
 2

. p
H

, o
sm

ot
ic

 p
re

ss
ur

e 
an

d 
vi

sc
os

ity
 c

ha
ng

es
 in

 e
ye

 d
ro

ps
 c

on
ta

in
in

g 
ce

ft
az

id
im

e 
(n

 =
 3

)

V
er

si
on

s 
1%

  
5%

0 (
1%

)
1

2
3

4
0 (

5%
)

I
II

II
I

IV
  

In
iti

al
 p

H
7.

53
 ±

 0
.0

0
6.

32
 ±

 0
.0

4
6.

25
 ±

 0
.0

1
6.

30
 ±

 0
.0

0
6.

21
 ±

 0
.0

1
7.

75
 ±

 0
.0

2
6.

48
 ±

 0
.0

1
6.

36
 ±

 0
.0

0
6.

43
 ±

 0
.0

1
6.

35
 ±

 0
.0

1

pH
 a

ft
er

 3
0 

da
y 

of
 s

to
ra

ge
 

te
m

p.
 4

O
C

7.
31

 ±
 0

.0
4

6.
30

 ±
 0

.0
0

6.
25

 ±
 0

.0
2

6.
28

 ±
 0

.0
0

6.
20

 ±
 0

.0
1

7.
35

 ±
 0

.0
1

6.
41

 ±
 0

.0
3

6.
31

 ±
 0

.0
3

6.
36

 ±
 0

.0
0

6.
29

 ±
 0

.0
2

te
m

p.
 2

0O
C

7.
23

 ±
 0

.0
0

6.
29

 ±
 0

.0
0.

6.
24

 ±
 0

.0
2

6.
26

 ±
 0

.0
2

6.
18

 ±
 0

.0
1

7.
10

 ±
 0

.0
1

6.
39

 ±
 0

.0
1

6.
29

 ±
 0

.0
1

6.
32

 ±
 0

.0
0

6.
27

 ±
 0

.0
0 

In
iti

al
 o

sm
ot

ic
 p

re
ss

ur
e

[m
O

sm
/L

]
40

 ±
 1

33
2 

± 
0

35
8 

± 
0

34
9 

± 
1

38
6 

± 
1

19
5 

± 
2

47
5 

± 
1

51
7 

± 
1

48
8 

± 
1

52
1 

± 
2 

O
sm

ot
ic

 p
re

ss
ur

e 
af

te
r 

30
 d

ay
 o

f 
st

or
ag

e 
[m

O
sm

/L
] 

 

te
m

p.
 4

O
C

44
 ±

 1
33

5 
± 

2
36

4 
± 

2
35

3 
± 

1
39

4 
± 

1
19

3 
± 

1
48

4 
± 

0
52

8 
± 

2
49

9 
± 

2
53

5 
± 

2 
 

te
m

p.
 2

0O
C

52
 ±

 1
34

5 
± 

0
37

 2
± 

2
35

9 
± 

1
40

2 
± 

2
22

9 
± 

3
52

0 
± 

2
57

7 
± 

1
53

8 
± 

2
59

3 
± 

3

In
iti

al
 v

is
co

si
ty

[m
Pa

∑s
]

-
-

-
7.

82
 ±

 0
.0

0
7.

48
 ±

 0
.0

0
-

-
-

7.
70

 ±
 0

.0
0

7.
57

 ±
 0

.0
0

V
is

co
si

ty
 

af
te

r 
30

 d
ay

 o
f 

st
or

ag
e 

[m
Pa

∑s
] 

 

te
m

p.
 4

O
C

-
-

-
7.

82
 ±

 0
.0

0
7.

48
 ±

 0
.0

0
-

-
-

7.
70

 ±
 0

.0
0

7.
57

 ±
 0

.0
0 

 

te
m

p.
 2

0O
C

-
-

-
7.

82
 ±

 0
.0

1
7.

50
 ±

 0
.0

0
-

-
-

7.
71

 ±
 0

.0
0

7.
59

 ±
 0

.0
0 

 



102 ANNA KODYM et al.

dry heat sterilizer (Wamed, Poland), AS 446 WPA
steam sterilizer (SMS Poland), Sartorius Expert LE
225D balance (Sartorius, Germany), System
Synergy ñ ultra pure water system (Millipore,
France), pharmaceutical coolers MED-28 (Kirsch,
Germany), Hˆppler viscosimeter KF 10 (Pr¸fger‰te
Werk Medingen, Dresden).

Methods

Preparation of the additives

Preparation of sterile aqueous solutions of
additives: citrate buffers I and II, solution of
polyvinyl alcohol (PVA), 0.04% w/w solution of
phenylmercuric borate were prepared following the
description in (10). Physical properties of auxiliary
solutions after sterilization are shown in Table 1.

Preparation of the eye drops containing cef-

tazidime

One percent and 5% w/w eye drops were pre-
pared under aseptic conditions according to the for-
mulary composition mentioned in Table 1. BiotumÆ
(ceftazidimum) was dissolved in citrate buffer I or II.
After preservation, the solution was filtered through
membrane filter Sartorius with pore diameter of 0.22
µm. The viscosity of the filtered eye drops was
increased with the solution of PVA. 0.04% solution
of phenylmercuric borate and 100% β-phenylethyl
alcohol were used for the preservation of the eye
drops. The eye drops were poured into sterile glass
infusion bottles and tightly closed with rubber corks
and metal bottle caps. Storage conditions were as fol-
lows: the eye drops were stored in pharmaceutical
coolers at 4OC and 20OC for 30 days, protected from
light.

Physical and chemical evaluation of the eye drops

containing ceftazidime after their preparation

and after storage for 30 days at 4OC and 20OC

Organoleptic analysis

For organoleptic analysis, the appearance of
the eye drops was evaluated, i.e., clarity, color and
odor.

pH, osmotic pressure and viscosity of the eye

drops

pH of the eye drops was determined with pH-
meter, osmotic pressure was measured with
osmometer, viscosity was established with Hˆppler
viscosimeter (Table 2).

Chromatographic conditions

Chromatographic separation was carried out on
GraceSmart RP 18, 5 µm, 250 ◊ 4.6 mm column
(Grace, USA). Mobile phase (w/w): phosphate
buffer (0.029 M anhydrous disodium hydrogen
phosphate, 0.019 M potassium dihydrogen phos-
phate) : acetonitrile (968.8 : 31.2), mobile phase pH
7.28, flow rate: 1.5 mL/min., temperature 25OC.
Injection volume was 20 µL and detector wave-
length was at 254 nm.

Figure 1. Specificity ñ a sample chromatogram of placebo version
2: detector signal generated only by 2-phenylethanol (r.t. 37 min.);
uracil as a marker

Figure 2. Chromatograms of the eye drops version 1 immediately
after preparation (a) and after 30 days of storage at 4OC (b) and
20OC (c)
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Preparation of samples for HPLC analysis

Under aseptic conditions, the eye drops were
transferred into glass test tubes using a sterile
syringe and a needle. The samples for HPLC analy-
sis were prepared as follows: the eye drops were
diluted with water for HPLC (100◊ or 500◊ for 1%
or 5% eye drops, respectively), the marker (uracil)
was added and the solutions were then filtered
through 0.45 µm membrane filter into vials. The
vials were placed in an autosampler. Twenty micro-
liters of the examined solutions was injected on the
column. Content of ceftazidime and pyridine was
calculated on the basis of standardization curve
equations. The results of the analyses of ceftazidime
and pyridine concentrations in 1% and 5% eye
drops, stored at 4OC and 20OC for 30 days, are quot-
ed in Tables 3 and 4.

Validation of HPLC method

Specificity

The components of the eye drops (citric acid,
sodium citrate and phenylmercuric borate) did not
show any absorption at the wavelength of 254 nm and
no detector signal was generated during the analysis.
β-Phenylethyl alcohol absorbed at the wavelength of
254 nm (Amax = 206 nm) and it was eluted from the
column after ca. 37 min and did not interfere with the
compounds determined. The analyses of versions 2,
4, II and IV were carried out till β-phenylethyl alco-
hol was eluted from the column, which significantly
extended the time of determinations (a sample chro-
matogram of placebo version 2 ñ Fig. 1). It was pos-
sible to determine ceftazidime next to pyridine
because the retention times of both compounds were
9.5 min and 15.5 min, respectively. Other degradation
products, which appeared in the eye drops during the
storage, did not interfere with the analysis and were
eluted from the column in the time below 7.5 min,
which was shown on sample chromatograms of ver-
sion 1 on the 30th day of storage at the temperature of
4OC and 20OC (Fig. 2.). Resolution of ceftazidime
peaks was not lower than 6.51, while the one of pyri-
dine peaks did not fall below 8.86 during the 30-day-
analysis for each version.

Linearity

Six point calibration curves were prepared for
ceftazidime and pyridine. Ceftazidime calibration
curve in the concentration range of 25ñ150 µg/mL
was described by the equation: y = 314788465x +
8845, pyridine calibration curve in the concentration
range of 2.0ñ20 µg/mL was described by the equa-
tion: y = 212502090x ñ 19894. The performed
analysis of the regression of both curves confirmed
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the relationship between the analyte concentration
and the peak area: linear correlation coefficients
were: r > 0.9999 for ceftazidime and r > 0.9996 for
pyridine.

Limit of detection (LOD) and limit of quantita-

tion (LOQ)

Limits of detection (LOD) and limits of quan-
titation (LOQ) were determined on the basis of the
parameters of the analysis of calibration curves;
regression of ceftazidime and pyridine worked out
from the relationship:

Sy SyLOD = 3.3 ∑ ññññ   ,           LOQ = 10 ∑ ññññ, a                                       a  
where: here Sy = value of standard deviation and a =
directional coefficient of calibration curve.

Limits of detection (LOD) and limits of quan-
titation (LOQ) were: for ceftazidime LOD = 1.88
µg/mL, LOQ = 5.69 µg/mL and for pyridine they
were LOD = 0.66 µg/mL and LOQ = 1.99 µg/mL.

Accuracy and precision

Ceftazidime
Accuracy and precision of the ceftazidime

quantitation method in eye drops were determined
by the analysis of standard solutions of the eye drops
of formulary version No. 1 and No. I at 3 different
ceftazidime concentrations. The solutions were pre-
pared at the level of 80, 100 and 120% of the initial
concentration of the eye drops and contained respec-
tively 8.0, 10.0 and 12.0 mg/mL of ceftazidime for
version No. 1 and 40.0, 50.0 and 60.0 mg/mL of cef-
tazidime for version No. I. For each standard solu-
tion, 3 samples for injections were prepared follow-
ing the procedure mentioned in the paragraph
ìPreparation of samples for HPLC analysisî, then
chromatographic analysis was performed.

Percentage of the recovery calculated in accor-
dance with the formula: 

determined concentrationRecovery (%) = ñññññññññññññññññññññ ◊100%
calculated concentration   

was adopted for the determination of the method
accuracy:

Accuracy of the ceftazidime quantitation
method, calculated as recovery, equaled: for version
No. 1 and standard solutions of concentrations 8.0,
10.0, 12.0 mg/mL: 100.09%, 100.11%, 100.03%,
respectively, whereas for version No. I and standard
solutions of concentrations 40.0, 50.0, 60.0 mg/mL:
100.14%, 100.32%, 99.98%, respectively.

Precision, expressed as % of relative standard
deviation (RSD) was not less than 0.51% for 1%
eye drops and not less than 0.76% for 5% eye
drops.

Pyridine
Accuracy and precision of pyridine quantita-

tion method in eye drops were determined by the
analysis of pyridine standard solutions containing
0.3, 0.5, 0.6 mg/mL of pyridine for version No. 1
and 2.0, 2.5, 3.0 mg/mL of pyridine for version No.
I. Pyridine concentrations in standard solutions cor-
responded to the specified range.

Accuracy of the pyridine quantitation method,
calculated as recovery, equaled: for version No. 1
and standard solutions of concentrations 0.3, 0.5, 0.6
mg/mL: 101.45%, 101.21%, 99.13%, respectively,
whereas for version No. I and standard solutions of
concentrations 2.0, 2.5, 3.0 mg/mL: 100.72%,
100.73%, 100.37%, respectively.

Precision, expressed as % of relative standard
deviation (RSD) was not less than 1.75% for 1% eye
drops and not less than 1.42% for 5% eye drops.

RESULTS

Ceftazidime stability in buffered eye drops
stored at 4OC, determined by the time of 10% cef-
tazidime degradation, was higher in all formulary
versions of 1% eye drops in comparison with its sta-
bility in 5% eye drops (Tab. 4.). The time of 10%
ceftazidime degradation in buffered and not pre-
served 1% eye drops was 27 days, while in 5% eye
drops it was 21 days. In buffered and preserved eye
drops the time of 10% ceftazidime degradation was
24 days for 1% and 15 days for 5% eye drops. In the
eye drops, which were buffered and of increased vis-
cosity, the times of 10% ceftazidime degradation
were 18 days for 1% and 15 days for 5% eye drops,
while in case of buffered eye drops and those of
increased viscosity containing preservatives they
were 18 days for 1% and 12 days for 5% eye drops.
Not buffered 1% and 5% eye drops, prepared in ster-
ile water and stored at 4OC, were characterized by
the same times of 10% ceftazidime degradation as
buffered 1% and 5% eye drops, stored at 4OC. Due
to the low osmotic pressure of these eye drops, i.e.,
40 mOsm/L for 1% and 195 mOsm/L for 5% eye
drops, which is not acceptable for eye drops, not
buffered eye drops prepared in sterile water should
not be used (Tab. 2.).

The concentration of pyridine in buffered 1%
and 5% eye drops in all formulary versions, stored
for 30 days at 4OC and 20OC was significantly below
the concentration of 63 mg/mL, which was adopted
as the concentration that causes no toxic effects fol-
lowing the topical application to the rabbitís eye. 

The physical properties of buffered 1% and 5%
eye drops (clarity, pH, osmotic pressure, viscosity)
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after their preparation and during the time of their
chemical stability (Tab. 2.) fulfilled the require-
ments of Ph. Eur. 6.0 quoted in the monograph
Ophthalmica ñ Eye drops.

During the whole period of storage at both
temperatures, the eye drops remained clear, gradual
yellowing which was observed, occurred much
faster in the eye drops stored at the temperature of
20OC. At the temperature of 4OC the odor change of
the eye drops was almost imperceptible and it was
only slightly more intense for 5% eye drops; pyri-
dine odor appeared very quickly in the eye drops
stored at the temperature of 20OC. Fast ceftazidime
degradation in the eye drops stored at 20OC was
accompanied by the increase of osmotic pressure,
while no pH changes were observed in the eye drops
in which ceftazidime degradation was well
advanced.

The validation of HPLC method used for quan-
titative determinations of ceftazidime and pyridine
concentration in the eye drops showed that the
method was characterized by specificity, accuracy,
precision and linearity.

DISCUSSION

Previously published results of the studies (10),
which indicated that the application of citrate buffer
of pH 6.18ñ6.30 in 0.9% eye drops containing cef-
tazidime, stored at the temperature of 4OC, guaran-
teed no change of 100% initial antimicrobial activi-
ty of ceftazidime in the eye drops during their stor-
age for 30 days, were taken into account in the
process of developing the composition of 1% and
5% buffered eye drops.

Due to the different nature, condition and
course of infection, the composition of the eye drops
was developed at two ceftazidime concentrations
(1% and 5%) and in five formulary versions for each
concentration.

The HPLC analysis of ceftazidime concentra-
tion in buffered 1% and 5% eye drops, prepared
under aseptic conditions according to the composi-
tion of the formulary versions No. 1ñ4 (1% eye
drops) and No. IñIV (5% eye drops), stored at 4OC
and 20OC, provided data concerning the influence of
ceftazidime concentration, particular additives and
storage temperature on the stability of ceftazidime,
measured by the time of 10% ceftazidime degrada-
tion in the eye drops.

The selection of preservatives for 1% and 5%
w/w eye drops containing ceftazidime was related to
the results of the preservation efficiency test of 0.9%
eye drops, carried out in accordance with the meth-

ods of Polish Pharmacopoeia VI, which showed that
in 0.9% buffered eye drops phenylmercuric borate at
the concentration of 0.001% in the drops combined
with 2-phenylethanol at the concentration of 0.4%
was effective against the test strains of bacteria
Staphylococcus aureus ATCC 6538, Pseudomonas
aeruginosa ATCC 9027, Candida albicans ATCC
10231 and Aspergillus niger ATCC 16404. Apart
from that, it showed a high antimicrobial activity
against Listeria monocytogenes, the test strain which
was not mentioned in the preservation test (10).

Citrate buffer turned out to be an appropriate
solvent for ceftazidime because in comparison with
other solvents, which were used so far in the eye
drops containing ceftazidime such as 0.9% NaCl (6,
7), artificial tears (8) and balanced salt solution (9),
citrate buffer guaranteed much longer stability of the
drops. Besides, citrate buffer was essential in the
proposed formulary versions of 1% and 5% eye
drops on account of the fact that it put the eye drops
to the acceptable osmotic pressure and pH similar to
pH of lacrimal fluid (Tab. 2.). Citrate buffer of pH
6.10ñ6.24 did not decrease the stability of cef-
tazidime in 1% and 5% eye drops. It results from the
comparison of ceftazidime stability in not buffered
eye drops (versions 01% and 05%) and buffered ones
(versions 1 and I) (Tab. 3).

Auxilliary substances: phenylmercuric borate,
β-phenylethyl alcohol and polyvinyl alcohol
decreased the stability of ceftazidime in the eye
drops, but in a degree which did not exclude their
application in the composition of the eye drops. The
lowest stability of ceftazidime was observed in the
eye drops containing preservatives including
polyvinyl alcohol, formulary versions No. 4 (1% eye
drops) and No. IV (5% eye drops). Stability of cef-
tazidime in 1% eye drops was 18 days and in 5% eye
drops it was 12 days (Tab. 3).

CONCLUSION

Storage temperature had the biggest impact on
ceftazidime stability in the eye drops. The eye drops,
protected from light, should be stored at the temper-
ature of 4OC. The stability of the eye drops depend-
ed also on ceftazidime concentration in the eye
drops as well as on the presence of auxiliary sub-
stances in their composition: phenylmercuric borate,
2-phenylethanol and polyvinyl alcohol.

Several daysí stability of ceftazidime in 1%
and 5% buffered eye drops, stored at the temperature
of 4OC, established with HPLC method and deter-
mined by the time limit of 10% ceftazidime degra-
dation in the eye drops, gives pharmacies the oppor-
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tunity to prepare eye drops containing ceftazidime
on the basis of prescriptions. Depending on the
nature and course of infection, the eye drops may be
prepared at the concentration of 1% or 5% and
according to chosen formulary version in order to
meet the needs of the individual patient.
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