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Several ocular infections require anti-infectious eye drops prepared by hospital pharmacy. Stability of these 
preparations is described in the literature, but studies do not always adequately consider physico-chemical 
parameters or storage conditions. We describe herein a complete study conducted on five anti-infectious eye 
drops containing vancomycin, gentamicin, ceftazidime, amphotericin B and voriconazole. We looked for signif-
icant changes in active pharmaceutical ingredient content, pH, osmolality and subvisible particles. Our study 
was designed to monitor stability at ambient temperature, at 2-8 oC, and also at 2-8 oC after various freezing 
periods. Under ambient storage conditions, eye drops were stable for 15 days, except for ceftazidime, which was 
stable for less than 1 day only. Under refrigeration conditions (2-8 oC), amphotericin B and voriconazole were 
stable for 60 days, vancomycin and gentamicin were stable for 30 days while ceftazidime was only stable for 15 
days. After 90 days freezing and thawing, voriconazole remained stable at 2-8 oC for 60 days, vancomycin and 
amphotericin B for 30 days and gentamicin only for 21 days. Ceftazidime eye drops were stable for only 7 days 
at 2-8 oC after 60 days freezing. Our results are compared to the most relevant publications. Results of this study 
allow the compounding of large batches of harmonized anti-infectious eye drops.

1. Introduction
Several anti-infectious ophthalmic solutions can be administered 
as a treatment for bacterial or fungal keratitis. For bacterial kera-
titis, vancomycin (Cahane et al. 2004; Chiquet and Romanet 2003; 
Bourcier et al. 2003) and gentamicin (Gokhale 2008; Chiquet and 
Romanet 2003; Bourcier et al. 2003) are frequently used. While 
still commercially available, ticarcillin (Bourcier et al. 2003) was 
also widely prescribed, but can currently be replaced by ceftazi-
dime (Wijesooriya et al. 2013; Hue et al. 2009). Voriconazole 
(Al-Badriyeh et al. 2010) and amphotericin B (Wood et al. 1985) 
eye drops can be used for the treatment of fungal keratitis. Topical 
anti-infectious eye drops treatment must be compounded with 
high concentration to enhance efficacy with constant innocuity. All 
these molecules except gentamicin are not currently commercially 
available in a galenic formulation compatible with ophthalmic 
administration. Thus, vancomycin, ceftazidime, amphotericin B 
and voriconazole are only available as prepared by pharmacy staff 
from parenteral anti-infectious drugs. Pharmaceutical preparations 
of fortified gentamicin eye drops (generally 1.4%) can also be 
prescribed for keratitis treatment.
The literature contains several stability studies conducted on one 
of these drugs, but these studies often lack one or more important 
parameter. For ophthalmic preparations, the European Pharmaco-
peia (EP 2017) recommends the evaluation of the concentration of 
the drug, pH, osmolality and subvisible particles and the United 
States Pharmacopeia plans revisions to include these tests (USP 
2017). Moreover, eye drop stability should be studied under three 
different conditions: 2-8 oC (classical storage conditions), -20 oC 
(for preparation of large batches and/or due to high cost of drug 
used for preparation) and 25 oC (if patient or nurse omitted to put 
eye drops in the fridge). Here, we describe a stability study of five 

anti-infectious eye drops under these three storage conditions that 
considers the above parameters.

2. Investigations and results

2.1. HPLC analytical conditions
The anti-infectious drug content of the solution was determined 
by HPLC. Previously described methods were used for genta-
micin (Kim et al. 2003), amphotericin B (Peyron et al. 1999) 
and voriconazole (Tang 2013). Based on a previously described 
method, the gradient mode was changed to an isocratic mode and 
another column was used for vancomycin analysis  (Ghassem-
pour et al. 2001). The method described for the quantification of 
ticarcillin was used with minor modifications (gradient of mobile 
phase, column) for ceftazidime (Galvez et al. 2007). Parameters 
are given in section 4.1. Injection volumes for each anti-infectious 
sample were fixed at 20 μL.
Gentamicin samples were subjected to derivatization, as described 
in the literature (Kim et al. 2003, 2001). TEA stock solutions in 
ACN (100 μL of TEA in 14.6 mL of ACN) can be prepared and 
stocked for six months at 2-8 oC. Phenylisocyanate reagent (50 μL 
of phenylisocyanate in 10 mL of ACN) must be prepared extempo-
raneously and remained stable only 24 h at 2-8 oC. After opening, 
commercial phenylisocyanate reagent in a sealed glass container 
and under inert atmosphere remained stable for six months at -20 
oC. For derivatization, 500 μL of sample, 250 μL of TEA solution 
and 250 μL of phenylisocyanate solution were mixed, vortexed 5 
min and heated 15 min in an oven at 50 oC. As reported (Kim et 
al. 2003, 2001), a mixture of five structurally related components 
(gentamicin C1a, C2a, C2b, C1 and C2), appeared as five peaks 
on the chromatogram after derivatization. Several peaks resulting 
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from phenylisocyanate excess or its degradation products (reten-
tion time ˂ 5 min) were also observed. Moreover, five small peaks 
(retention times between 6.50 and 10.77 min) were noticed and 
could be due to gentamicin impurities as they are very similar to 
the five peaks of gentamicin.   
Linearity graphs were obtained from the peak area of every cali-
bration point. Regression coefficients R2 were calculated, showing 
good linearity and a linear response in the chosen concentration 
range. Results are summarized in Table 1, and typical chromato-
grams were shown in Fig. 1.
The following parameters were evaluated in the method valida-
tions: selectivity, specificity, linearity, repeatability (within-day 
variation), intermediate precision (between-day variation) and 
accuracy.
Within-day measurements were carried out at two concentrations 
in both cases, with at least ten samples on the same day. After each 

Table 1: Retention time and linearity

Samples Retention time Linearity Calibration line (μg/mL) R2

Vancomycin 8.0 min 0 - 40 μg/mL 2.5-5-10-20-40 0.9999
Gentamicin 17.5-27 min 0 - 1000 μg/mL 62.5-125-250-500-1000 0.9997
Ceftazidime 16.9 min 0 - 1000 μg/mL 100-200-400-600-800-1000 0.9995

Amphotericin B 2.5 min 0 - 2 μg/mL 0.25-0.5-0.75-1-2 0.9994
Voriconazole 16.7 min 0 - 500 μg/mL 10-50-100-200-500 0.9999

Fig. 1: Chromatograms of anti-infectious drugs

analysis, the chromatogram was integrated and the concentration 
was calculated: the percentage of relative standard deviation (% 
RSD) was found to be less than 2, indicating the good precision 
of the methods. Between-day measurements were carried out at 
the same concentrations, with at least 20 samples on at least three 
days. The results for repeatability, intermediate precision and 
accuracy are summarized in Table 2.

2.2. Stability study design
For each anti-infectious drug and each storage condition, a 
bibliographic survey was performed to determine the best stability 
study procedure. We also took into account the expected frequency 
of batch production in order to rationalize costs.
Under ambient storage conditions, vancomycin was studied for 30 
days, gentamicin, amphotericin B and voriconazole were studied 
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for 15 days, and ceftazidime only for 2 days. Under refrigeration 
storage conditions (2-8 oC), vancomycin and gentamicin were 
studied for 30 days, amphotericin B and voriconazole for 60 days, 
and ceftazidime for 21 days. Finally, after 3 months freezing (-20 
oC), vancomycin and gentamicin were studied under refrigera-
tion storage conditions (2-8 oC) for 30 days, amphotericin B and 
voriconazole for 60 days and ceftazidime for 15 days. For each 
parameter, analyses were performed in triplicate at each point of 
measurement. 
The International Conference on Harmonization defined signifi-
cant changes for stability studies as “a 5% change in assay from 
its initial value”. These limitations are applicable to new drug 
substances in pharmaceutical industry, but can be discussed for 
hospital preparations. Stability studies for anticancer drugs or 
active pharmaceutical ingredients (API) with narrow therapeutic 
index should have the same limits than defined by ICH (Bardin et 
al. 2011). For other types of compounded preparations, stability 
limits were frequently defined in the literature as a 10% change 
in assay from its initial value (Chennell  et al. 2017; Ezquer-Garin 
et al. 2017; Friciu et al. 2017; Dreno et al. 2015). Therefore, in 
the present study, limits were also considered as a 10% change in 
assay from its initial value (drug content, pH, osmolality) or as a 
failure to meet its acceptance criterion (subvisible particles). 

2.3. Results
Initial physico-chemical parameters are reported in Table 3. 

Table 3: Physico-chemical parameters of studied eye drops

Formulation pH (+/- 10%) Osmolality (+/- 10%) mOsm/kg

Vancomycin 50 mg/mL, NaCl 0.9% 3.11 (2.80 - 3.42) 335 (301-368)
Gentamicin 14 mg/mL, NaCl 0.9% 3.96 (3.56 - 4.36) 303 (272-333)
Ceftazidime 20 mg/mL, NaCl 0.9% 6.99 (6.29 - 7.69) 359 (323-395)

Amphotericin B 5 mg/mL, G5% 7.46 (6.71 - 8.21) 364 (328-400)
Voriconazole 10 mg/mL, water for injection 6.37 (5.73 - 7.00) 513 (462-564)

Physico-chemical parameters remained above stability limits 
(˃ 10% change from its initial value for pH and osmolality and 
failure to meet acceptance criterion for subvisible particles) for any 
storage condition and for any studied molecule. However several 
decreases in content (˃ 10%) of the pharmaceutical products were 
observed as reported in Figs. 2, 3 and 4. 

Table 2: Repeatability, intermediate precision and accuracy 

Samples
(Concentration levels, μg/mL)

% RSD within-day % RSD between-day Bias

Vancomycin (10 / 7.5) 4.61% 1.91% 3.89% 1.69% 2.40% - 0.50%
Gentamicina (250 / 500) 6.17% 3.82% 5.39% 4.67% 0.94% - 1.49%
Ceftazidime (200 / 500) 0.18% 0.52% 0.46% 1.18% 2.60% 0.50%

Amphotericin B (1 / 0.75) 2.15% 1.70% 2.35% 3.84% 0.59% - 2.60%
Voriconazole (100 / 200) 0.62% 0.35% 1.65% 4.95% - 4.24% - 3.05%

a method validation for gentamicin was realized with total peak area of the four first peaks of derivatized gentamicin.

Fig. 2 Ambient temperature stability of anti-infectious eye drops

Under ambient storage conditions, vancomycin, gentamicin, 
amphotericin B and voriconazole eye drops were stable for 15 days 
(Fig. 2). As expected, ceftazidime content quickly decreased, and 
ceftazidime eye drops were stable for less than 1 day.

Fig. 4: 2-8 oC stability of anti-infectious eye drops after 90 days freezing

Fig. 3: 2-8 oC stability of anti-infectious eye drops

Under refrigeration conditions (2-8 oC), amphotericin B and 
voriconazole were stable for 60 days, vancomycin and gentamicin 
were stable for 30 days while ceftazidime was only stable for 
15 days (Fig. 3).
After 90 days freezing and thawing, voriconazole remained stable 
at 2-8 oC for 60 days, vancomycin and amphotericin B for 30 
days and gentamicin only for 21 days (Fig. 4). Since content of 

ceftazidime eye drops after 90 days freezing quickly decreased, 
we repeated the stability study after 30 days and 60 days freezing. 
Stability after 60 days freezing is reported in Fig. 5, showing that 
ceftazidime eye drops were stable for only 7 days at 2-8 oC after 60 
days freezing. Similar results were obtained after 30 days freezing.
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Analysis between different times was performed with a non-para-
metric Friedman test. Significant differences were found, even if 
the limit values (10%) were not reached. Significant differences 
were found for vancomycin (p˂0.02) and gentamicin (p˂0.05) 
under ambient storage conditions, for each drug (p˂0.05) except 
for gentamicin for 2-8 oC storage conditions and except for genta-
micin and vancomycin for thawing storage conditions. Moreover, 
a significant decrease of the slope of the regression line was 
observed for vancomycin (p˂0.001) and gentamicin (p˂0.02) 
under ambient storage conditions, and for vancomycin (p˂0.001) 
and ceftazidime (p˂0.02) for 90 days thawing storage conditions. 
This statistical analysis emphasized the importance of continuing 
analyses during stability study even if the limit value is reached, as 
the lack of data (for example for amphotericin B and ceftazidime 
under ambient storage condition in our study) can be damaging for 
statistical analysis.

3. Discussion
Results obtained in this study were compared to the literature for 
each studied molecule and reported in Tables 4-8. Different studies 
in the literature lack at least one of our storage temperature param-
eters. Our work is the first example of stability studied for five 
anti-infectious eye drops under three different storage conditions. 
The stability of 50 mg/mL vancomycin eye drops in NaCl 0.6% 
found in our study was close to the best results from several studies 
(Table 4). Moreover, after 90 days at -20 oC, vancomycin eye 
drops can be stocked for 30 days at 2-8 oC. To our knowledge, this 
parameter has never been studied. Our results suggest that hospital 
pharmacists can produce larger batches of vancomycin eye drops, 
with the resulting cost-effective rationalization of production time 
and volume.
The stability of 14 mg/mL gentamicin eye drops in NaCl 0.9% at 
ambient temperature was found here to be higher than the stability 

Fig. 5: 2-8 oC stability of ceftazidime eye drops after 60 days freezing

Table 4: Vancomycin eye drop stability

Reference Formulation Ambient temperature 2-8 oC -20 oC/2-8 oC

Sautou-Miranda et al. (2002) 25 mg/mL, G5% 90 days / n.d.
Barbault et al. (1999) 50 mg/mL, NaCl 0.9% 15 days 21 days
Fuhrman and Stroman (1998) 31 mg/mL, HMPC/ Dextran/ benzalkonium/ EDTA/water 7 days 10 days 45 days/ n.d.
Chédu-Legros et al. (2010) 50 mg/mL, G5% 28 days 75 days/ n.d.
Chédu-Legros et al. (2010) 25 mg/mL, NaCl 0.9% 30 days/ n.d.
Present study 50 mg/mL, NaCl 0.9% 15 days 30 days 90 days/30 days

Table 5: Gentamicin eye drop stability

Reference Formulation Ambient temperature 2-8 oC -20 oC/2-8 oC

Ho et al. (2001) 8 mg/mL, NaCl 0.9% 7 days 42 days
Ho et al. (2001) 14 mg/mL, NaCl 0.9% 7 days 42 days
McBride et al. (1991) 13.6 mg/mL 90 days
Arici et al. (1999) 13.5 mg/mL, commercial eye drops mixed 

with commercial parenteral form
21 days (antimicrobial activity) 21 days (antimicrobial activity)

Present study 14 mg/mL, NaCl 0.9% 15 days 30 days 90 days/21 days

previously reported for the same formulation (Table 5) (Ho et al. 
2001). We found that gentamicin remained stable after 30 days 
at 2-8 oC, but also that 90 days freezing at -20 oC decreased its 
stability at 2-8 oC to 21 days only. To our knowledge, this param-
eter has never been studied, and, as reported for vancomycin, our 
results suggest that larger batches can be realized. 
Several studies described the use of Sno Tears® for the compounding 
of viscous ceftazidime eye drops (Barnes and Nash 1999; Barnes 
1995). As other drugs, Sno Tears® is not commercialized world-
wide, and could be replaced if not available. Such artificial tears 
solutions contains several excipients/active pharmaceutical ingre-
dients (for example, Sno Tears®: benzalkonium chloride, disodium 
edetate, hydroxyethylcellulose, polyvinyl alcohol…) increasing 
the risk of physico-chemical incompatibilities with ceftazidime. 
Taking these points into consideration, we preferred to test the use 
of a worldwide available solvent: NaCl 0.9%. 
Ceftazidime eye drops 20 mg/mL in NaCl 0.9% were found to 
be very unstable (Table 6). Under ambient temperature, stability 
appeared to be less than one day, contrary to findings from previous 
studies. Therefore, it is very difficult to apply an expiration date 
to eye drops left outside the fridge, since temperatures in hospital 
wards or patients’ homes vary more than in the laboratories where 
stability studies are carried out. The stability of frozen ceftazidime 
eye drops was found to be shorter than previously reported in the 
literature (60 days versus 75 days (Chédu-Legros et al. 2010)). 
Moreover, our findings imply that eye drops can only be stocked 
for 7 days at 2-8 oC after thawing.
Amphotericin B is incompatible with NaCl 0.9%, (WHO 1999) 
and must therefore be solubilized with 5% glucose or with water 
for injection. The stability of 5 mg/mL amphotericin B eye drops 
in 5% glucose was found to be shorter than reported in the litera-
ture (Peyron et al. 1999) at ambient temperature (Table 7). More-
over, although stability for as long as 120 days at 2-8 oC has been 
reported, we only studied stability over 60 days at 2-8 oC. We also 
found only 30 days stability after 90 days at -20 oC. 
Voriconazole eye drop preparations are made from the commercial 
parenteral voriconazole. This formulation contains cyclodextrin as 
excipient, leading to hyperosmolar eye drop formulations (Dupuis 
et al. 2009). Therefore, in order to decrease osmolality, water for 
injection must be used rather than NaCl 0.9%. Voriconazole eye 
drops 10 mg/mL were reported, both in the literature and in our 
study, to be very stable, whatever the temperature is (Table 8). Our 
study found that voriconazole can be frozen for 90 days and still 
remains stable for 60 days at 2-8 oC after thawing. When the cost 
of parenteral voriconazole is taken into consideration, these results 
justify the production of large batches, with less risk of discarding 
expired eye drops.
Compounding of studied eye drops were realized with NaCl 0.9% 
(vancomycin, gentamicin, ceftazidime), G5% (amphotericin B) or 
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water for injection (voriconazole), and are therefore easily repro-
ducible worldwide. We assume that eye drops were unbuffered in 
order to avoid unforeseen physic-chemical incompatibilities, such 
as the recently described incompatibility between amphotericin B/
bicarbonates in mouthrinses (Jolivot et al. 2012) as this association 
was also described in eye drops formulation (Dermu et al. 2015).
Since 2014, we dispensed these eye drops to many patients, 
without any report of undesirable effect. The number of dispensed 
eye drops since 2014 is summarized in Table 9. 

Table 9: Dispensed eye drops since 2014

2014 2015 2016 2017 Total

Vancomycin 471 360 367 129 1327
Gentamicin - 256 418 128 802
Ceftazidime - - 140 59 199
Amphotericin B - - 25 23 48
Voriconazole - - 86 42 128

We described comprehensive stability studies on five anti-infec-
tious eye drops. Our results were close to those reported in the 
literature, with the advantage of compiling comprehensive data 
within one study. Contrary to most previously described studies, 
the full range of recommended physico-chemical parameters and 
storage conditions were studied. Our findings should encourage 

Table 6: Ceftazidime eye drop stability

Reference Formulation Ambient temperature 2-8 oC -20 oC/2-8 oC

Barnes (1995) 50 mg/mL, Snotears® 7 days
Barnes and Nash (1999) 50 mg/mL, Snotears® 1 day 5 days
Kodym et al. (2011) 50 mg/mL, citrate buffer 2 days 12 days
Chédu-Legros et al. (2010) 50 mg/mL, NaCl 0.9% 75 days
Present study 20 mg/mL, NaCl 0.9% Less than 1 day 15 days 60 days/7 days

Table 7: Amphotericin B eye drop stability

Reference Formulation Ambient temperature 2-8 oC -20 oC/2-8 oC

Peyron et al. (1999) 5 mg/mL, G5% 13-16 daysa 120 days
Dermu et al. (2015) 5 mg/mL, G5%/sodium bicarbonates 60 days/4 days
Present study 5 mg/mL, G5% 7 days 60 days 90 days/30 days

a Under different storage conditions: 13 days under exposure to light and 16 days without light 

Table 8: Voriconazole eye drop stability

Reference Formulation Ambient temperature 2-8 oC -20 oC/2-8 oC

Dupuis et al. (2009) 10 mg/mL, water for injection 30 days 30 days
Amorós-Reboredo et al. (2015) 10 mg/mL, water for injection 90 days/14 days
Al-Badriyeh et al. (2009) 10 mg/mL, water for injection, benzalkonium chlorure 98 days
Al-Badriyeh et al. (2009) 20 mg/mL, water for injection, benzalkonium chlorure 112 days 112 days
Present study 10 mg/mL, water for injection 15 days 60 days 90 days/60 days

the pharmaceutical compounding of large batches of harmonized 
eye drops, with beneficial effects for clinicians, patients and 
hospital costs. 

4. Experimental

4.1. Instrumentation
pH was determined with a Thermo Scientific® Orion 4 Star pH-meter, calibrated with 
Radiometer Analytical® standard etalons (pH 4.005, pH 7.000 and pH 10.012). Osmo-
lality was determined with Löser® manual osmometer type 6, calibrated with 300 
and 900 mOsm/kg standard solutions. Sub-visible particles were determined under 
a Zeiss optical microscope at X10, with Kova® slide. Standardized 1.0% polystyrene 
microsphere suspensions in water (Polysciences®), of 25 μm and 50 μm diameter, 
were used as references for determination of particle size. Analytical conditions are 
given in Table 10.
Chromatography was carried out on an automatic high performance liquid chroma-
tography Dionex® Ultimate 3000 with a UV diode array detector. The set-up was 
connected to an HP 1702 computer equipped with chromatographic data processing 
software (Chromeleon Chromatography Management System, Version 6.80 SRH 
Biold 3161, 1994-2011 Dionex Corporation). 

4.2. Subvisible particles experimental conditions
According to the European Pharmacopeia, a volume corresponding to 10 μg of active 
pharmaceutical ingredient (this volume was calculated for each eye drops: vanco-
mycin: 0.2 μL, gentamicin: 0.896 μL, ceftazidime: 0.5 μL, amphotericin B: 2 μL and 
voriconazole: 1 μL) must contain less than 20 particles of any size greater than 25 
μm, less than 2 particles greater than 50 μm and no particles greater than 90 μm. Each 

Table 10: HPLC conditions

Samples Columns Mobile phases λ

Vancomycin Nucleosil C18, 5 μm, 
4.6 X 250 mm

ACN / THF / 0.1% TEA in water adjusted to pH 6.2 with phosphoric acid (9/1/90), 1.5 mL/min 205 nm

Gentamicin Capcell Pak C18, 
3 μm, 4.6 X 50 mm

ACN with 0.1% TFA / water (40/60), 1.5 mL/min 240 nm

Ceftazidime Lichrospher C18, 
5 μm, 4.6 X 250 mm

Phase A: phosphate buffer pH 5
Phase B: mobile phase A/methanol (66/34), gradient T0 min 100 % A, T20 min 45%A/55%B, 0.8 
mL/min

254 nm

Amphotericin B Kromasil C18, 5 μm, 
4.6 X 250 mm

ACN / water with 1% acetic acid (46/54), 1 mL/min 406 nm

Voriconazole Nucleosil C18, 5 μm, 
4.6 X 250 mm

ACN / methanol / 0.05 M ammonium acetate in water (20/40/40), 0.5 mL/min 256 nm
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Kova® slide counting grid representing a volume of 1 μL, these limit values were 
transposed for a known volume of 1 or 2 μL, as summarized in Table 11.

Conflicts of interest: All Authors declare that they have no conflicts of interest.
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Table 11: Subvisible particles limit values in anti-infectious eye drops

Sample Volume (μL) corresponding to 10 μg Kova® slide grids to count Particles ˃ 25 μm Particles ˃ 50 μm Particles ˃ 90 μm

Vancomycin 50 mg/mL 0.2 1 100 10 0
Gentamicin 14 mg/mL 0.896 1 22 2 0
Ceftazidime 20 mg/mL 0.5 1 40 4 0
Amphotericin B 5 mg/mL 2 2 20 2 0
Voriconazole 10 mg/mL 1 1 20 2 0
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