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Scanning electron 

microscopic study of a 
Ciloxan bottle blocked 
by ciprofloxacin crystals 

Abstract 

Purpose To report blockage of a commercially 

available ciprofloxacin bottle by white 

crystalline deposits. This study evaluated the 

ultrastructural features of the ciprofloxacin 

crystals. 

Methods A patient underwent intensive 

topical treatment of an infectious corneal ulcer 

with commercially available ciprofloxacin 

0.3% ophthalmic solution. During treatment, 

the patient was unable to obtain medication 

from the ciprofloxacin bottle and required a 

new prescription. Examination of the bottle 

revealed that about 50% of the medication 

remained, but compression of the bottle with 

any amount of force failed to deliver any 

medication. On closer examination, a white 

material partially filled the nozzle track of the 

bottle and was on the outer bottle near the 

nozzle and the inner surface of the bottle cap. 

These white crystalline deposits were 

evaluated by scanning electron microscopy. 

Results Plate-like, needle, cable and 

spaghetti-like crystals were found. The needle 

crystals formed multiple petaloid patterns. 

Conclusions This is the first report of 

blockage of a commercially available 

ciprofloxacin 0.3% bottle by ciprofloxacin 

crystals and the inability to deliver medication 

from the bottle. Ultrastructural study of the 

white crystalline deposits revealed four types 

of ciprofloxacin crystals. 
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Ciprofloxacin ophthalmic solution is 
commercially available in a 0.3% concentration 
(Ciloxan, Alcon Laboratories, Fort Worth, TX), 
which is effective against a wide range of ocular 
pathogens, except fungi and viruses.1 Because 
of the drug's broad -spectrum coverage of ocular 
pathogens and the ease of using a single, 
commercially available ophthalmic antibiotic 
solution compared with a pharmacy
compounded, fortified antibiotic solution, 
ciprofloxacin has increasingly been used to treat 
infectious keratitis and corneal ulcers. 
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The adverse effects of ocular ciprofloxacin 
have been described as mild and not serious? 
One side-effect is the formation of a white 
crystalline precipitate on the superficial portion 
of the treated cornea.1-5 

The author previously reported the first 
description of the ultrastructural features of 
these white crystalline ciprofloxacin deposits on 
the cornea and soft contact lens.6,7 This is the 
first report of blockage of a commercially 
available ciprofloxacin 0.3% bottle by 
ciprofloxacin crystals and the ultrastructural 
characterisation of the white crystals in the 
bottle. 

Materials and methods 

A patient underwent intensive topical treatment 
of an infectious corneal ulcer with commercially 
available ciprofloxacin 0.3% eye drops for a total 
period of about 6 weeks. During treatment, 
dense white ciprofloxacin crystalline deposits 
formed in the nozzle tract of the bottle, the outer 
surface of the drug delivery side of the bottle, 
and on the inner surface of the bottle cap (Figs. 
1, 2) after the bottle had been open for about 3 
weeks. The bottle was stored at room 
temperature. The bottle cap was replaced 
between periods of use. About 50% of the 
original drug solution remained in the bottle, 
but the patient was unable to use it because the 
deposits blocked the neck of the bottle. 
Mechanical compression of the bottle failed to 
release the blockage. These crystalline deposits 
were studied using scanning electron 
microscopy (SEM). 

SEM 

The specimen was mounted on an aluminium 
SEM stub with double-sided adhesive tape, 
sputter-coated with 20 nm of gold, and viewed 
under Zeiss DSM-940 and Cambridge 
Stereoscan-120 scanning electron microscopes. 
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Fig. 1. Ciprojloxacin bottle with white crystalline deposits on the 
outer surface of the bottle and the inner surface of the bottle cap. 

Results 

Four types of crystals were detected by SEM: plate-like 
crystals (Fig. 3), needle crystals, cable crystals (Fig. 4) and 
spaghetti-like crystals (Fig. 5). Fig. 6 displays the four 
types of crystals seen in this scanning electron 
microscopic study. 

The plate-like crystals were flat with a smooth surface 
and appeared to form a sheet-like pattern. The needle 
crystals, which formed multiple petaloid patterns, were 
shorter compared with the other types of crystals. 

The descending order of thickness of the crystals was 
as follows: plate-like crystals, cable crystals, needle 
crystals and spaghetti-like crystals. The plate-like 
crystals, cable crystals and needle crystals were straight, 
while the spaghetti-like crystals formed multiple 
curvilinear patterns. Morphologically similar crystals 
seemed to interdigitate among themselves. 

The crystals with a similar morphological pattern 
seemed to group together. In some areas, a single type of 
crystal was seen; in other areas a combination of the 
different crystalline forms was seen. 

Discussion 

Ciprofloxacin 0.3% solution is the first of the 
fluoroquinolone antibacterial agents that was approved 
for ocular use in the United States. Before this, fortified 

Fig. 2. Magnification of the ciprojloxacin bottle showing the white 
crystalline deposits on the outer and inner areas of the drug delivery 
side of the bottle. 

antibiotic solutions were formulated in the pharmacy 
and used to treat corneal ulcers. The ease of availability 
of ciprofloxacin and its broad-spectrum coverage of 
bacterial pathogens led to its increasing use to treat 
infectious keratitis and corneal ulceration. Ciprofloxacin 
continues to be used in place of standard, combination
fortified antibiotics that have a limited shelf life. 

The potential side-effects of topical ciprofloxacin 
include formation of white crystalline deposits on the 
superficial cornea and the eye lashes, discomfort, 
foreign-body sensation, chemosis, punctate epithelial 
erosion, eyelid oedema, conjunctival hyperaemia, 
tearing, itching and superficial punctate keratitis? The 
most common ocular side-effect associated with 
ciprofloxacin therapy is the formation of a white 
crystalline precipitate on the corneal surface?·3 In a 
clinical study of 148 culture-proven cases of bacterial 
keratitis treated with ciprofloxacin 0.3°/" solution, 35 
patients developed a white crystalline precipitate on the 
corneal surface? In 25 of these patients, the precipitate 
was located in the area of the corneal ulceration? 

The author first reported the scanning and 
transmission electron microscopic features of these white 
crystalline deposits on the cornea and soft contact lens? 
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Fig. 3. Scanning electron micrograph of ciprofloxacin deposits 
showing large plate-like crystals. Scale bar represents 10 /Lm. 

Fig. 5. Scanning electron micrograph displaying spaghetti-like 
crystals of ciprofloxacin. Scale bar represents 10 /Lm. 

The ultrastructural study demonstrated the presence of 

plate-like crystals on the cornea and soft contact lenses.6•7 

In addition, three other types of crystals, namely needle, 

cable and spaghetti-like, were observed in the present 

study. The exact mechanism for the formation of these 

white crystalline deposits is not fully understood. The 

bottle cap had the plastic security seal still attached to the 

cap (Fig. 1), and this may have prevented complete 

closure of the bottle cap and consequent exclusion of air. 

This may have contributed to evaporation of the solution 

and allowed deposits to form within the nozzle of the 

bottle and in the bottle cap. It is important for the patient 

to remove the plastic security seal and discard it prior to 

use of the medication. It is also equally important to 

replace the cap firmly after each use, follow the 

manufacturer's recommendation regarding storage of the 

medication between use, and possibly to discard the 

drops about 28 days after opening the seal of the 

medication bottle. 

Blockage of the ciprofloxacin bottle nozzle by these 

crystals prevents use of the medication, and could not be 

resolved by mechanical compression of the bottle. 

This is the first report of blockage of a commercially 

available ciprofloxacin 0.3% bottle by crystals and the 

inability to deliver any medication from the bottle. 

Ultrastructural study of these white crystalline deposits 

revealed four types of ciprofloxacin crystals. 

Fig. 4. Scanning electron micrograph displaying cable crystals of 
ciprofloxacin. Scale bar represents 10 /Lm. 

Fig. 6. Four types of ciprofloxacin crystals are seen: plate-like crystals 
(lower left), needle crystals (upper right), cable crystals (lower right) 
and spaghetti-like crystals (upper left). Scale bar represents 100/Lm. 
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