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Cefazolin is a cephalosporic antibiotic of gen-
eration I, which works efficiently against Gram-pos-
itive cocci i.e. staphylococci Staphylococcus aureus
(excluding MRSA) and Staphylococcus epidermidis,
and streptococci Streptococcus pneumoniae,
Streptococcus pyogenes and Streptococcus viridans.
Cefazolin shows also antimicrobial activity towards
some Gram-negative bacteria such as Klebsiella
pneumoniae and Escherichia coli and towards
anaerobic cocci and bacilli, which are sensitive to
penicillin (1).

Eye drops at the concentration of 1-5% are
used in the treatment of inflammations of eyelids,
ulcerous inflammations of eyelids, conjunctivitis,
neonatal conjunctivitis and pyogenic keratitis (2). In
case of serious infections of the eye such as intraoc-
ular inflammation, inflammation of connective tis-
sue of the eye socket, and ulcerous inflammation of
the corneal epithelium or with corneal perforation,
cefazolin is used systemically combined with the
topical treatment in form of periocular injections or
injections into vitrous body and in form of 5% eye

drops (2). Cefazolin in the topical and general treat-
ment of serious eye infections is mixed with other
antibiotics e.g. gentamicin (3), tobramycin (4, 5) and
ofloxacin (6).

There are no commercial forms of eye drops
containing cefazolin available on pharmaceutical
market. They are prepared ex tempore by hospital
pharmacies for the patients of ophthalmic wards.
Commercial preparations of artificial tears (4, 7, 8),
buffer solutions such as acetate buffer of pH 4.5 and
5.7 and phosphate buffer of pH 7.5, solutions of sodi-
um chloride (8, 9) and 1% glycerol (9) were used as
cefazolin solvents in the eye drops. Stability of cefa-
zolin in the eye drops is dependent on the storage
temperature and pH (8, 9). It is more stable in solu-
tions of acidic pH, e.g. pH 4.5 and 5.7 in comparison
with the solution of pH 7.5 (8). It retained 93% of its
initial contents in the drops after 42 days of storage
at the temperature of 4∞C, while after the same time
in the drops stored at the room temperature only 50%
of cefazolin was left (9).The purpose of the studies
was the choice of necessary additives for the eye
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drops containing cefazolin and the assessment of the
influence of the used additives and the storage tem-
perature on the physicochemical properties and
antimicrobial activity of cefazolin in the drops.

EXPERIMENTAL

Materials

KefzolÆ (Cefazolinum natricum), Eli Lilly
Italia, vials a 1.0 g, dry substance for intramuscular
and intravenous injections; eye drops containing
cefazolin, prepared under aseptic conditions accord-
ing to the formulary composition showed in Table 1;
sterile solutions: cefazolin, citrate buffers, polyvinyl
alcohol (PVAL), preservatives: benzalkonium chlo-
ride, thiomersal, phenylmercuric borate and
chlorhexidine diacetate.

Reagents

Citric acid monohydrate, sodium citrate p.a.
P.P.H. POCH Gliwice, polyvinyl alcohol 72000
(PVAL) P.P.H. POCH Gliwice, Thiomersal BP
1998 ñ Caesar & Loretz GmbH, phenylmercuric
borate Pharma Cosmetic s.c. Cracow, chlorhexidine
diacetate monohydrate ñ Fluka Biochemika, benza-
lkonium chloride NF, β-phenylethyl alcohol (2-
phenylethanol) Merck-Schuchard.

Apparatus

pH-meter (CyberScan 500, Singapore);

osmometer (Trident 800cl, Warsaw); Hˆppler vis-
cosimeter KF10 (Pr¸fger‰te-Werk Medingen-
Dresden); apparatus for membrane filtration ñ
Sartorius; air sterilizer type S.P.W. 65M
(SpÛ≥dzielnia Pracy Marki); autoclave EIMI type
ESS-105 (SpÛ≥dzielnia Pracy MechanikÛw,
Warsaw); densitometer (Mettler Toledo DA-110M);
electronic analytical scales: up to 0.1 mg ñ type
WPS 36/S and up to 0.002 g type WPS 720/C
(Radwag, Radom).

Methods

Preparation of sterile solutions of additives 
Citrate buffers I and II, solution of polyvinyl

alcohol (PVAL), 0.5% solution of benzalkonium
chloride, 2% solution of thiomersal, 0.04% solution
of phenylmercuric borate and 1% solution of
chlorhexidine diacetate. The solutions of additives
mentioned above were prepared and examined using
methods described in other publications (10, 11).

Preparation and studies of physicochemical stability
of sterile buffered solutions of hydroxyethylcellu-
lose (HEC), hydroxypropylmethylcellulose (HPMC)
and polyvinyl alcohol (PVAL).

50.0 g of the solutions containing 0.7 g of
HEC, 1.0 g of HPMC and 4.0 g of PVAL were pre-
pared in separate flasks. The weight of the solution,
after the filtration through a fritted glass funnel
Schott G-1, was supplemented up to 100.0 g with

Table 1. Formulary composition of the eye drops containing cefazolin.

Formulary versions
Constituents (per 100 g

I II III IV V VIof the eye drops)
1 2 1 2

Cefazolin 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Citrate buffer I
Constituents of the buffer:
Sodium citrate 3.0 99.0 99.0 99.0 - - - 99.0 -
Citric acid 0.15
Water 96.85 

Citrate buffer II
Constituents of the buffer:
Sodium citrate 6.0 - - - 49.5 49.5 49.5 - 49.5
Citric acid 0.30
Water 93.70 

Solution of polyvinyl alcohol (PVAL) 
viscosity η = 17.11 mPa∑s - - - 49.5 49.5 49.5 - 49.5

Thiomersal - 0.002 0.02 - 0.002 0.02 - -

Phenylmercuric borate - - - - - - 0.001 0.001

β-Phenylethyl alcohol - 0.4 0.4 - 0.4 0.4 0.4 0.4
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the preserved solution of citrate buffer, which was
filtered through Schott G-3 and contained sodium
citrate (6%), citric acid (0.3%), phenylmercuric
borate (0.002%) and β-phenylethyl alcohol (0.5%).

The solutions were poured into infusion bottles
and sterilized at the temperature of 120OC ± 2OC for
20 min. The freshly prepared solutions of hydrogels
and those stored for 12 months at the temperature of
20OC were submitted to physicochemical evalua-
tion, during which the following parameters were
determined: color and clarity, pH, osmotic pressure
and viscosity. The solutions of selected hydrogels,
both freshly prepared and stored for 12 months,
were colorless and clear.
HEC solutions.
Freshly prepared solution: pH 6.10 ± 0.1, osmotic
pressure 369.00 ± 2.10, viscosity 29.24 ± 0.4 mPa∑s. 
After 12 months of storage: pH 6.11±0.1, osmotic
pressure 371.12 ± 3.20, viscosity 23.09 ± 0.3 mPa∑s,
viscosity loss 21.04%.
HPMC solutions.
Freshly prepared solution: pH 6.25 ± 0.2, osmotic
pressure 372.20 ± 4.40, viscosity 11.21 ± 0.3 mPa∑s.
After 12 months of storage: pH 6.23 ± 0.2, osmotic
pressure 368.00 ± 2.50, viscosity 10.18 ± 0.2 mPa∑s,
viscosity loss 9.19%.
PVAL solutions.
Freshly prepared solution: pH 6.10 ± 0.02, osmotic
pressure 379.00 ± 1.73, viscosity 8.80 ± 0.18 mPa∑s.
After 12 months of storage: pH 6.14 ± 0.01, osmot-
ic pressure 376.17 ± 2.40, viscosity 8.69 ± 0.01
mPa∑s, viscosity loss 1.25%.

Studies of pharmaceutical compatibility of cefazolin
with selected additives used in the technology of the
eye drops

Under sterile conditions, selected additives were
added separately into 1% solutions of aqueous cefa-
zolin at following concentrations: sodium choride
(0.9%), sodium citrate (6.0%), citric acid (0.3%),

HEC (0.25%), HPMC (0.5%), PVAL (2.0%), thio-
mersal (0.002%-0.02%), phenylmercuric borate
(0.001%), benzalkonium chloride (0.005%),
chlorhexidine diacetate (0.01%), sodium pyrosulfite
(0.01%), disodium EDTA (0.03%). Solutions of cefa-
zolin containing the additives, protected from light,
were stored at the temperature of 4∞C and 20∞C for 14
days and were examined for their color and clarity.
The following examined additives were not compati-
ble with 1% solution of cefazolin:  Thiomersal at the
concentration over 0.003%: sediment appeared after
6 days of storage at the temperature of 20∞C and after
10 days at the temperature of 4∞C.

Benzalkonium chloride at the concentration of
0.005% caused opalization immediately after mix-
ing with 1% solution of cefazolin.

Chlorhexidine diacetate at the concentration of
0.01%, opalization appeared immediately after mix-
ing with 1% solution of cefazolin, which was fol-
lowed by precipitation during the storage at the tem-
perature of 20∞C and 4∞C.

Preparation of the eye drops containing cefazolin
Under sterile conditions cefazolin was dissolved

in the recommended volume of citrate buffer I or II
(Tab. 1). After preservation, the solution was filtered
through membrane filter with pore diameter 0.22 µm
(Sartorius). The viscosity of the filtered eye drops
was enhanced with the solution of PVAL. For the
preservation of the eye drops 2% solution of thiomer-
sal or 0.04% solution of phenylmercuric borate were
used. The eye drops were stored at the temperature of
4∞C and 20∞C and protected from light. Qualitative
assessment of freshly prepared eye drops and during
their storage is presented in Tables 3-9.

Physicochemical evaluation of the eye drops con-

taining cefazolin after their preparation and storage

Organoleptic analysis

The appearance of the drops, i.e. clarity, color

Table 2. Color, clarity and smell of the eye drops containing cefazolin after their preparation and during the storage at the temperature of

4∞C and 20∞C.

Formulary version Freshly prepared 10th day 20th day 30th day

of the eye drops eye drops 4∞C 20∞C 4∞C 20∞C 4∞C 20∞C

Slightly Slightly
Colorless drops

yellow
Colorless

yellow

Transparent, More
I, II.1, III,

clear, smelling No change of smell intense
No change of More

IV.1, V, VI
of antibiotic smell

smell smell

Clear 

II.2, IV.2 After 6 days of storage at the temperature of 20∞C and after 10 days at the
temperature of 4∞C sediment appeared in the drops 
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and smell, was assessed. The results of the analysis
are presented in Table 2. 
pH, osmotic pressure and viscosity of the eye

drops

pH of the eye drops was determined with pH-
meter, osmotic pressure was assessed with osmome-
ter, while viscosity measurements were performed
at the temperature of 20OC with Hˆppler viscosime-
ter. The results are shown in Table 3.

Density of the eye drops

Density of the eye drops was measured with
densitometer. Density of the freshly prepared drops
and of those stored at the temperature of 4OC and
20∞C was in the range d20 = 1.0218 ñ 1.0275 g/mL.

Statistical analysis of the results of the studies of
pH, osmotic pressure and viscosity was based on the
formulary version VI (n = 4, f = 3, α = 0.05, tαf = 3.182).
pH: xñ = 6.16, s = 0.03095, Sxñ = 0.01547, µ =
6.16±0.049, Cv = 0.5018%
Osmotic pressure: xñ = 383.96, s = 2.22669, Sxñ =
1.11346, µ = 383.96±3.54, Cv = 0.5799%
Viscosity: xñ= 7.88, s = 0.10488, Sxñ = 0.05244, µ =
7.88±0.16, Cv = 1.3309%.

Microbiological assessment of the eye drops con-

taining cefazolin

Sterility studies

Sterility of the eye drops was confirmed with
the method cited in PPh V using membrane filters.
After 14 days of incubation on the liquid thiog-
likolane medium (PB1) and on the medium contain-
ing casein and soya hydrolysates (PB2), the bacteri-
al growth was not observed.

Determination of antimicrobial activity (stability)

of cefazolin in the eye drops using microbiological

method

The antimicrobial activity of cefazolin in the
freshly prepared drops and during their storage at
the temperature of 4∞C and 20∞C was determined
using cylinder-plate method, which is described in
PPh V. The test strain Staphylococcus aureus ATCC
6538P was used. The results of the antimicrobial
activity of cefazolin in the eye drops are shown in
Table 4.
Statistical analysis of the precision of the method of
the antimicrobial activity determination of cefazolin
in the drops, in comparison to the standard solution,
was based on the freshly prepared drops of formula-
ry version VI (n = 9, f = 8, α = 0.05, t αf = 2.306).
The antimicrobial activity of cefazolin in the stan-
dard solution: xñ = 27.61 mm, s = 0.05596, Sxñ =
0.01865, µ = 27.61 ± 0.04, Cv = 0.20%.
The antimicrobial activity of cefazolin in the drops:

Table 3. pH, osmotic pressure and viscosity of the eye drops containing cefazolin, freshly prepared and stored at the temperature of 4∞C and 20∞C.

Viscosity (mPa∑s)pH Osmotic pressure (mOsm/L)
of the drops 

Formulary Freshly 30th day Freshly 30th day after their 
version of prepared prepared preparation
the drops drops 4∞C 20∞C drops 4∞C 20∞C and after 30 days

of storage 
(4∞C and 20∞C)

6.17 6.11 6.16 342.33 310.67 325.33
I

± 0.01 ± 0.01 ± 0.01 ± 0.58 ± 3.78 ± 2.89
1.09 ± 0.01

6.18 6.16 6.18 380.67 347.67 352.67
1

± 0.01 ± 0.01 ± 0.01 ± 2.08 ± 1.53 ± 2.39
1.09 ± 0.01

II
2 6.16 6.17 6.17 382.67 360.11 353.87

(interaction) ± 0.01 ± 0.02 ± 0.01 ± 3.11 ± 1.28 ± 4.13
1.09 ± 0.01

6.15 6.14 6.17 368.33 354.00 350.33
III

± 0.02 ± 0.02 ± 0.01 ± 2.52 ± 2.64 ± 1.53
7.80 ± 0.13

6.19 6.20 6.20 384.67 345.33 342.33
1

± 0.02 ± 0.01 ± 0.01 ± 3.21 ± 3.06 ± 4.16
7.81 ± 0.14

IV
2 6.17 6.16 6.18 387.22 353.16 348.20

(interaction) ± 0.01 ± 0.01 ± 0.01 ± 3.91 ± 4.01 ± 3.11
7.81 ± 0.13

6.15 6.16 6.20 380.00 343.67 350.67
V

± 0.02 ± 0.01 ± 0.01 ± 3.00 ± 2.52 ± 3.21
1.09 ± 0.01

6.16 6.12 6.21 383.96 352.67 358.67
VI

± 0.05 ± 0.02 ± 0.01 ± 3.54 ± 0.58 ± 2.52
7.88 ± 0.16
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xñ = 27.60 mm, s = 0.07070, Sxñ = 0.02357, µ = 27.60
± 0.05, Cv = 0.2561%.
The antimicrobial activity of cefazolin in the drops
is equivalent to 99.96% activity of cefazolin in the
standard solution.

Studies of anti-microbial efficiency of preserva-

tives: thiomersal and phenylmercuric borate in

the eye drops containing cefazolin (preservation

assay)

The antimicrobial efficiency of preservatives
such as 0.002% and 0.02% thiomersal and 0.001%
phenylmercuric borate mixed with 0.4% β-
phenylethyl alcohol was examined with the preser-
vation assay according to PPh V using test microbial
strains mentioned in PPh V, i.e. Pseudomonas
aeruginosa ATCC 9027, Staphylococcus aureus
ATCC 6538, Candida albicans ATCC 10231 and
Aspergillus niger ATCC 16404. Moreover, the bac-
teria which are dangerous for the eye but were not
mentioned in the preservation assay of PPh V, were
also included in the study. These were MRSA KO1,
Listeria monocytogenes and Bacillus cereus KO2.
Additional non-pharmacopeal test microorganisms,
which were included in the studies of antimicrobial
efficiency of preservatives in the drops, were clini-
cal strains isolated from the eyes of patients. The
results of the studies are presented in Tables 5 and 6.

Pharmaceutical interaction of thiomersal with

cefazolin in the eye drops and studies of its influ-

ence on the physicochemical and microbiological

properties of the eye drops 

In order to find out the reason for the pharma-
ceutical interaction in the drops of versions II.2 and

IV.2 (Tab. 1) the drops of formulary composition
shown in Table 7 were prepared. The drops were
clear immediately after their preparation. However,
during their storage sediment appeared in the drops
of formulary compositions: d, e and f, which proved
that cefazolin interacted pharmaceutically with
thiomersal, while the other constituents of the drops
were compatible with cefazolin. 

The consequences of the observed interaction
were studied in the drops prepared according to the
formulary composition presented in Table 7 (symbol
d). In particular, it was examined whether the
antimicrobial activity of cefazolin decreased and if
thiomersal retained its required preservation effi-
ciency in the eye drops. The studies were based on
the separation of sediment on membrane filters of
poresí diameter 0.22 µm and the determination of
the antimicrobial activity of cefazolin in the drops
(filtrates), followed by the preservation assay. The
results are shown in Table 8 and 9.

The sediment collected on the filters was put
into Kjeldahl flask, nitric acid of the concentration
of 904 g/L was added and the mixture was heated
for 6 min with a burner while being mildly boiled.
After cooling it down and adding the solution of
sodium hydroxide of the concentration of 398 g/L,
yellow sediment appeared which might have been
mercury oxide as the described analysis is cited in
PPh V as the identification reaction for thiomersal.

RESULTS AND DISCUSSION

The eye drops submitted to analysis were 1%
sterile aqueous solutions of cefazolin in citrate
buffer of pH 6.15-6.20, preserved with 0.002%

Table 4. Results of the studies of the anti-microbial activity of cefazolin in freshly prepared drops and in those stored at the temperature
of 4∞C and 20∞C in comparison with the standard substance (%).

Anti-microbial activity of cefazolin in the eye drops in comparison
Formulary with the standard substance (%)
versions Test strain Staphylococcus aureus ATCC 6538P

of the drops Freshly prepared drops After 30 days of storage

4∞C 20∞C

I 100.36 ± 0.73 100.00 ± 0.73 99.63 ± 0.36  

1 100.00 ± 0.36 100.00 ± 0.36 100.00 ± 0.18

II 2
(interaction) 100.00 ±1.55 100.00 ± 0.36 100.00 ± 0.18

III 99.92 ± 0.72 99.64 ± 0.36 100.00 ± 0.18

1 99.27 ± 0.37 100.00 ± 0.36 100.00 ± 0.18
IV 2

(interaction) 99.27± 0.37 100.00 ± 0.18 99.63 ± 0.36

V 100.00 ± 0.18 100.00 ± 0.36 100.00 ± 0.33

VI 99.96 ± 0.20 100.00 ± 0.18 100.00 ± 0.18
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thiomersal or 0.001% phenylmercuric borate mixed
with β-phenylethyl alcohol (Tab. 1). PVAL proved
to be the most useful for increasing the viscosity of
the drops. After 12 months of storage at the temper-
ature of 20OC the viscosity loss of PVAL solution
was insignificant and equaled 1.25%, while under
the same conditions the viscosity of HPMC solution
decreased by 9.19% and the viscosity of HEC solu-
tion was lower by as much as 21.04%. Among
examined additives, the pharmaceutical interaction
with 1% solution of cefazolin was initiated by
preservatives such as higher than 0.003% concentra-
tion of thiomersal, 0.005% benzalkonium chloride
and 0.01% chlorhexidine diacetate.

The influence of the constituents of the drops
on their physicochemical and microbiological sta-
bility was examined based on the analysis of the
drops prepared according to six formulary versions
(Tab. 1).

The drops, protected from light, were stored
for 30 days at the temperature of 4∞C and 20∞C.

As the criteria of the qualitative assessment of
the drops the following studies were considered:

organoleptic analysis, pH, osmotic pressure, densi-
ty, viscosity, antimicrobial activity (stability) of
cefazolin in the drops and the preservation efficien-
cy of thiomersal and phenylmercuric borate mixed
with β-phenylethyl alcohol in the eye drops. The
studies were also carried out in order to find out the
reasons and consequences of the pharmaceutical
interactions in the drops containing 0.02% thiomer-
sal (Tab. 7, 8, 9).

During 30 days of storage the drops were clear
with the exception of the drops of versions II.2. and
IV.2., in which sediment appeared (Tab. 2). The
drops stored at the temperature of 4∞C were clear,
while those after 20 days of storage at the tempera-
ture of 20∞C turned slightly yellow and had more
intense smell. pH of the drops stored at both tem-
peratures did not change, whereas the osmotic pres-
sure of the drops decreased significantly (Tab. 3),
although it stayed within the range of tolerance for
the eye till the end of the studies.

The antimicrobial activity of cefazolin in the
drops after 30 days of storage at both temperatures
did not lower and retained 100% of its initial activi-

Table 7. Pharmaceutical interaction of cefazolin in the eye drops.

Constituents of the drops Volume (g) Symbols of the drops
per 100 g

a b c d e f
of the drops

Kefzol Æ

(Cefazolinum natricum) 1.0 + + + + + +

Citrate buffer I 99.0 + - - + - -

Citrate buffer II 49.5 - - + - - +

solution of PVAL 49.5 - - + - - +

(η=17.11 mPa∑s) 99.0 - + - - + -

thiomersal 0.02 - - - + + +

interaction ↓ Clear solutions ↓ sediment *

* particles of sediment appeared after 6 days of storing the drops at the temperature of 20∞C and after 10 days at the temperature of 4∞C

Table 8. Results of the studies of the antimicrobial activity of cefazolin in the eye drops containing sediment and after the separation of
sediment.

Antimicrobial activity of cefazolin determined using the test strain
Constituents of the drops (g) Staphylococcus aureus ATCC 6538P in comparison with the standard

substance (%)

Freshly prepared drops After 30 days of storage at the temperature 
of 20OC

Containing sediment After the separation
of sediment

Cefazolin 1.00
Citrate buffer I 99.0
Thiomersal 0 0.02 100.00 ± 1.41 100.00 ± 1.55 100.00 ± 1.85
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ty. It was also true for the drops with the sediment,
which, as the studies showed, contained thiomersal.
The analysis proved that the storage temperature and
used additives did not decrease the antimicrobial
activity of cefazolin in the drops, which turned out
to be much more stable than those of ceftazidime
(10) and cefuroxime (11).

Used additives did not influence the results of
the determination of the antimicrobial activity in the
drops either. It is confirmed by the antimicrobial
activity of cefazolin in the freshly prepared drops,
which is very similar to the standard substance.
After 30 days of storage at both temperatures, the
viscosity of the drops, enhanced with polyvinyl
alcohol up to 7.88 mPa∑s, did not change (Tab. 3).

The results of the preservation assay showed
that 0.002% thiomersal mixed with β-phenylethyl
alcohol did not meet the requirements of PPh V in
relation to the cell reduction of Pseudomonas aerug-
inosa ATCC 9027 (Tab. 5). However, 0.02% con-
centration, in spite of the presence of sediment, met
those requirements. After the separation of sedi-
ment, the cell reduction of the test strains was too
low and did not satisfy the requirements of PPh V
(Tab. 9).

At the used concentration, phenylmercuric
borate mixed with β-phenylethyl alcohol met the
requirements of the preservation assay in relation to
the pharmacopeal test strains and to Listeria mono-
cytogenes. Slightly worse results were observed in
case of the cell reduction of MRSA (Tab. 5) and
Bacillus cereus (Tab. 6). The composition of the
drops of versions I, III, V and VI, their pH (6.15-
6.20), protection from light and storage at the tem-
perature lower than 20∞C guarantee physicochemi-

cal and microbiological compatibility of the drops
with the requirements of PPh V and satisfactory
microbiological stability of cefazolin in the eye
drops; therefore, the drops containing cefazolin
could be prepared in pharmacies as formulary med-
ications.
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