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Abstract
Purpose  Hospital-prepared topical ganciclovir eye drops made from intravenous infusions are used to treat cytomegalovirus 
corneal endotheliitis. This study assessed the efficacy of these eye drops.
Study design  Experimental study design.
Methods  Ganciclovir solutions (0.5% and 1.0%) prepared by diluting DENOSINE® IV Infusion in saline were stored 
light-shielded at 4, 25, or 37°C for 12 weeks. Every two weeks during storage, macroscopic evaluation was conducted and 
ganciclovir concentrations were determined by high performance liquid chromatography. Ocular surface toxicity and corneal 
ganciclovir concentrations were evaluated following topical instillation of ganciclovir solutions in rabbits.
Results  Ganciclovir solutions maintained transparency for 6 weeks, with precipitation appearing after 8 weeks. Ganciclovir 
concentrations were maintained at ~100% for 6 weeks at 4°C and 25°C and decreased gradually to 90% after 12 weeks. At 
37°C, ganciclovir concentrations decreased linearly for 12 weeks. Rabbit eyes showed no ocular surface toxicity. Following 
instillation of 0.5% ganciclovir solution, endothelial ganciclovir concentrations were 28.0 µg/g at one hour and 4.3 µg/g at 
three hours.
Conclusions  Ganciclovir eye drops seem to be safe and penetrate the corneal endothelium. The drug in eye drop form is 
chemically stable for up to 6 weeks. Eye drops’ development for approval by regulatory authorities, especially with improved 
long-term stability, is anticipated.
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Introduction

Corneal endotheliitis was first characterized by Khodadoust 
and Attarzadeh in 1982 as featuring linear keratic precipi-
tates similar to endothelial rejection, bilateral recurrent cor-
neal edema, and mild iritis [1]. Although this was initially 
considered a presumed autoimmune response [1], involve-
ment of viral infection has been suggested as a pathology for 
corneal endotheliitis due to its poor response to steroid ther-
apy [2]. Potential causative organisms included herpes sim-
plex virus (HSV) and varicella zoster virus (VZV), as DNA 

from these viruses was detected in the corneal endothelium, 
aqueous humor, and trabeculae in some patients with cor-
neal endotheliitis [3–8]. However, many patients have been 
diagnosed with idiopathic corneal endotheliitis, without any 
viral DNA detected in aqueous humor and the patients did 
not respond to acyclovir therapy.

In 2006, we reported the first patient with unilateral cor-
neal endotheliitis exhibiting linear keratic precipitates and 
coin-shaped lesions associated with positive cytomegalovi-
rus (CMV) DNA in the aqueous humor, without any HSV 
or VZV DNA being detected [9]. Subsequently, multiple 
studies, especially from Asian countries, have accumulated 
evidence suggesting that CMV endotheliitis is a new clinical 
entity [10–21].

Systemic and topical administration of anti-CMV drugs, 
including ganciclovir and valganciclovir, proved efficient 
in the treatment of CMV endotheliitis [10–21]. However, 
while systemic drug use was approved for CMV infectious 
diseases, such as CMV retinitis in immunocompromised 
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patients and CMV pneumonitis in bone marrow transplant 
recipients, no topical use of an anti-CMV drug has yet been 
approved by regulatory authorities. Therefore, ganciclovir 
for intravenous infusion (DENOSINE®) or 0.15 % ganci-
clovir gel (Virgan®), which are approved for HSV keratitis, 
are often prepared as eye drops for off-label use as topical 
therapy [10, 12, 14, 19–21]. In Japan, 0.15 % ganciclovir 
gel is not approved for HSV keratitis, so hospital-prepared 
ganciclovir eye drops are widely used for CMV endotheliitis 
as a combination therapy with systemic ganciclovir or as 
a prophylactic therapy [10, 12, 14, 19, 20]. However, the 
extensive and long-term use of hospital-prepared eye drops 
might raise concerns regarding the chemical stability and 
safety of ganciclovir in this form, given the increased num-
ber of cases classified as CMV endotheliitis and the increas-
ing numbers of patients being treated in hospitals.

In the current study, we evaluated the in vitro stability of 
ganciclovir eye drops prepared from DENOSINE® 500 mg 
for I.V. Infusion, and examined the ocular surface safety of 
ganciclovir eye drops using a standardized ocular irritation 
test in rabbits. We also evaluated the penetration of ganci-
clovir into the corneal endothelium by measuring the intra-
corneal concentration of ganciclovir by high performance 
liquid chromatography (HPLC) after a single administration 
of ganciclovir eye drops in rabbits.

Materials and methods

Ethics statement

Rabbits were housed and treated in accordance with the 
ARVO Statement for the Use of Animals in Ophthalmic and 
Vision Research. The rabbit experiments were performed at 
Doshisha University (Kyoto, Japan) according to the pro-
tocol approved by the University’s Animal Care and Use 
Committee (Approval No. A18081).

In vitro stability test

Ganciclovir (DENOSINE® 500 mg for I.V Infusion, Mit-
subishi Tanabe Pharma Co.) was used to prepare 0.5% and 
1.0% solutions for use as eye drops. A 500 mg sample of 
ganciclovir was diluted in 10 ml sterile water in laminar flow 
hood, and then diluted in 50 ml to prepare 0.5% solution 
and in 100 ml sterile saline to prepare 1.0% solution. The 
osmotic pressures of the 0.5% and 1.0% ganciclovir solu-
tions were determined with an osmometer (Fiske Model 210 
Micro Osmometer, Advanced Instruments Inc.). Samples (5 
ml) of the 0.5% and 1.0% ganciclovir solutions were stored 
in glass test tubes at 4, 25, or 37°C in a light-shielded condi-
tion for 12 weeks. The appearance, transparency, color, and 
precipitation of the ganciclovir solutions were investigated 

every 2 weeks. The appearance of ganciclovir solutions 
stored at room temperature without light shielding was also 
investigated. The concentrations of ganciclovir in the 0.5% 
and 1.0% solutions were determined every two weeks using 
the HPLC protocol described below. The pH changes occur-
ring in the 0.5% and 1.0% ganciclovir solutions over time 
were determined every two weeks with a pH meter (LAQUA 
F-50, Horiba).

Ocular irritation and pharmacokinetics test 
in rabbits

For ocular irritation tests, 50 μl of 0.5% or 1.0% ganciclovir 
solution was instilled in eye drop form in the right eyes of 8 
rabbits every 1 hour for a total of 10 times (n=4). The ani-
mals were monitored for discomfort and symptoms and signs 
in the conjunctiva, cornea, and lids by macroscopic exami-
nation according to the Test No. 405: Acute Eye Irritation/
Corrosion, OECD Guidelines for the Testing of Chemicals 
(https​://doi.org/10.1787/97892​64185​333-en. Accessed July 
15, 2018). The pH of tears after instillation of 50 μl of 0.5% 
ganciclovir solution was evaluated in the right eyes of four 
rabbits; it was evaluated using pH test paper (universal pH 
test paper; ADVANTEC) after instillation durations of 0, 1, 
3, 5, 30, and 60 minutes.

For pharmacokinetic tests, 50 μl of the 0.5% or 1.0% 
ganciclovir solutions was instilled in eye drop form in the 
right eyes of 12 rabbits (n=3 for each concentration, at 2 
time points). The rabbits were euthanized by injection of 
a lethal dose of pentobarbital into the marginal ear vein at 
one and three hours after ganciclovir solution instillation. 
The corneas were separated into epithelium, stroma, and 
endothelium under a stereomicroscope, and all samples were 
weighed. The corneal specimens were immersed in HPLC 
mobile phase and ground using a stirrer (Three-One Motor 
BL3000, Shinto Scientific Co.), for use in HPLC analysis 
according to the protocol described below for determination 
of ganciclovir concentrations.

High performance liquid chromatography (HPLC)

HPLC analysis was performed on Prominence LC-20AT 
HPLC analysis system (Shimadzu Corp.) on an octadecyl 
silica column (Inertsil ODS-3V C18 (4.6 mm i.d × 250 mm, 
5.0µm), GL Sciences Inc.). The mobile phase consisted of 
0.025 M ammonium acetate containing 0.4 g sodium hexane 
sulfonate and acetonitrile (90:10, v/v). The mobile phase 
was filtered through a 0.45 µm membrane filter, degassed, 
and then pumped at 1.0 ml/min flow rate. The column was 
thermostated at 30°C. The ganciclovir was detected by UV 
absorbance at a wavelength of 254 nm and its concentration 
was determined using a standard curve.

https://doi.org/10.1787/9789264185333-en
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Results

The 0.5% and 1.0% ganciclovir solutions prepared from 
DENOSINE® 500 mg for I.V Infusion were transparent, 
without any color or precipitation. The osmotic pressure 
of the 0.5% solution was 310.33±0.47 mOsm/kg and of 
the 1.0% solution, 334.33±0.47 mOsm/kg, while that of 
saline was 286±0.26 mOsm/kg (n=3). The appearance of 
the 0.5% and 1.0% solutions did not change during 2, 4, 
and 6 weeks of observation at any temperature. However, 
the 0.5% ganciclovir solution preserved at 4°C exhibited 
a white precipitate after 8 weeks, while no apparent pre-
cipitation was observed at 25°C and 37°C in the light-
shielded condition. The 1.0% ganciclovir solution showed 
a white precipitate at 4°C and 25°C after 8 weeks, while 
no apparent precipitation was observed at 37°C in the 
light-shielded condition. After 8 weeks of storage at room 
temperature without light shielding, both the 0.5% and 
1.0% ganciclovir solutions showed precipitated crystals 
(Fig. 1a). After 12 weeks in the light-shielded condition, 
the 0.5% ganciclovir solution exhibited a white precipi-
tate at 4°C and 25°C, while no apparent precipitation was 
observed at 37°C. The 1.0% ganciclovir solution exhibited 
a more evident white precipitate at 4°C and 25°C than 
was observed for the 0.5% ganciclovir solution after 12 
weeks, but it retained its transparency, with no appar-
ent precipitation, at 37°C in the light-shielded condition. 
After 12 weeks of storage at room temperature without 

light shielding, both the 0.5% and 1.0% ganciclovir solu-
tions showed more evident crystal precipitation than was 
observed after 8 weeks (Fig. 1b).

Representative HPLC traces for the 0.5% ganciclovir 
solution showed a peak of ganciclovir (Fig. 2a). The con-
centration of the 0.5% ganciclovir solution was maintained 
at almost 100% for 6 weeks at 4°C and 25°C and then it 
decreased gradually to 90% after 12 weeks. By contrast, the 
concentration decreased linearly to 80% over 12 weeks when 
the 0.5% solution was stored at 37°C (Fig. 2b). The concen-
tration of the 1.0% ganciclovir solution was maintained at 
almost 100% at 4°C for 6 weeks and decreased gradually 
to 90% after 12 weeks. However, at higher temperatures, 
the concentration of the 1.0% ganciclovir solution decreased 
throughout the 12 weeks, decreasing to 85% at 25°C and 
70% at 37°C at 6 weeks, and to 78% at 25°C and 66% at 
37°C at 12 weeks (Fig. 2c). The pH values for the 0.5% and 
1.0% ganciclovir solutions immediately after preparation 
were 10.7 and 10.8, respectively. After 12 weeks, the pH 
values of the 0.5% ganciclovir solution decreased to 10.1 
at 4°C, 9.3 at 25°C, and 9.2 at 37°C (Fig. 2d), and the pH 
values of the 1.0% ganciclovir solution decreased to 10.5 at 
4°C, 9.8 at 25°C, and 9.5 at 37°C (Fig. 2e).

Representative anterior segment images are shown for 
the pre- and post- ocular irritation tests, following instilla-
tion of 50 μl of 0.5% ganciclovir solution every 1 hour for 
10 times (Fig. 3a). Bright field and fluorescence staining 
images obtained by slitlamp microscopy showed no evident 
changes in the anterior segment, including the cornea, iris, 

Fig. 1   Appearance test of 0.5% and 1.0% ganciclovir solutions. A 500 
mg amount of ganciclovir (commercially available as DENOSINE® 
500 mg for I.V Infusion, Mitsubishi Tanabe Pharma Co., Osaka, 
Japan) was diluted in 10 ml sterile water, and then diluted in 50 ml 
and 100 ml sterile saline to prepare 0.5% and 1.0% solution, respec-

tively. Samples (5 ml) of ganciclovir solutions were stored in glass 
test tubes at 4, 25, or 37°C in a light-shielded condition for 12 weeks. 
The appearance of ganciclovir solutions stored at room temperature 
without light shielding was also investigated. Representative images 
of samples stored for 8 weeks (a) and 12 weeks (b) ware shown
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Fig. 2   Stability of ganciclovir concentration and pH in 0.5% and 
1.0% ganciclovir solutions. (a) Ganciclovir concentrations of 0.5% 
and 1.0% ganciclovir solutions prepared from ganciclovir (commer-
cially available as DENOSINE® 500 mg for I.V Infusion, Mitsubishi 
Tanabe Pharma Co., Osaka, Japan) were determined by high perfor-
mance liquid chromatography (HPLC). Representative HPLC trace 
shows the peak of ganciclovir in the 0.5% ganciclovir solution. (b) 
Samples (5 ml) of 0.5% and 1.0% ganciclovir solutions were stored 
in glass test tubes at 4, 25, or 37°C in a light-shielded condition for 
12 weeks. HPLC showed that concentration of 0.5% ganciclovir solu-
tion was maintained at almost 100% for 6 weeks at 4°C and 25°C 

and decreased gradually to 90% after 12 weeks, while it decreased 
throughout 12 weeks in a linear fashion to 80% after 12 weeks. (c) 
Concentration of 1.0% ganciclovir solution was almost 100% at 4°C 
and decreased gradually to 90% after 12 weeks. The 1.0% ganciclovir 
solution stored at 25°C or 37°C decreased in concentration gradually 
throughout 12 weeks, showing 85% at 25°C and 70% at 37°C at 6 
weeks, and 78% at 25°C and 66% at 37°C at 12 weeks. (d)The pH of 
the 0.5% ganciclovir solution decreased to 10.1 at 4°C, 9.3 at 25°C 
and 9.2 at 37°C after 12 weeks. (e) pH of 1.0% ganciclovir solution 
decreased to 10.5 at 4°C, 9.8 at 25°C and 9.5 at 37°C after 12 weeks
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Fig. 3   Ocular irritation and 
pharmacokinetics tests in rab-
bits. (a) As an ocular irritation 
test, 50 μl of 0.5% and 1.0% 
ganciclovir solutions were 
instilled in rabbit eyes every 1 
hour for 10 times. Representa-
tive bright field (upper) and 
fluorescence (lower) images of 
pre- and post- ocular irrita-
tion test obtained by slitlamp 
microscope are shown. n=3. 
(b) The pH of rabbit tears after 
instillation of 0.5% ganciclovir 
solution was evaluated using pH 
paper. Representative images 
showed that pH paper indicated 
a similar pH of rabbit tears and 
the ganciclovir solution imme-
diately after instillation. The 
pH of tears decreased within 
one minute and became normal 
after 3 minutes. Experiments 
were performed in triplicate in 
independent rabbits. (c) A 0.5% 
and 1.0% ganciclovir solutions 
were instilled in rabbit eyes and 
concentrations of ganciclovir 
in corneas were determined 
by high performance liquid 
chromatography (HPLC). 
Representative results obtained 
by HPCL show the presence of 
ganciclovir in the corneal epi-
thelium, stroma, and endothe-
lium. Red arrows indicate the 
peak of ganciclovir
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and conjunctiva. Evaluation using Test No. 405: Acute Eye 
Irritation/Corrosion, OECD Guidelines for the Testing of 
Chemicals, revealed no ocular discomfort or damage or 
severe alteration to the conjunctiva, cornea, and lids. Gan-
ciclovir is an alkaline drug with a high pH, so we evaluated 
pH changes after instillation into the rabbit eye. The pH 
value for the 0.5% ganciclovir solution was approximately 
9–10 at the time of instillation; however, the pH value of the 
tears decreased within one minute and became neutral after 
3 minutes (Fig. 3b).

We also administered 0.5% and 1.0% ganciclovir solu-
tions in rabbit eyes to evaluate the ganciclovir pharmacoki-
netics. Representative results obtained by HPLC confirmed 
the presence of ganciclovir in the corneal epithelium, 
stroma, and endothelium, as shown in Fig.3C. The concen-
trations of ganciclovir in the endothelium were 28.0 µg/g 
at one hour and 4.3 µg/g at three hours after instillation of 
0.5% ganciclovir solution, and 56.3 µg/g at one hour and 
5.3 µg/g at three hours after instillation of 1.0% ganciclovir 
solution (Table 1).

Discussion

Since our first case report of CMV corneal endotheliitis [9], 
several groups have detected CMV DNA in the aqueous 
humor of patients with corneal endotheliitis and reported that 
those patients responded to anti-CMV treatment [10–21]. 
In vivo laser confocal microscopy has shown that the corneal 
endothelial cells of patients with CMV endotheliitis exhibit 
a high reflection area surrounded by a halo of low reflection 
(owl’s eye morphological features) [16]. This owl’s eye mor-
phological feature is generally observed in CMV infection 
in kidneys, lungs, and other organs [22], supporting CMV 
infection of the corneal endothelium [16]. In addition, an 
in vitro study has demonstrates that cultured human corneal 
endothelial cells efficiently support CMV replication [23]. 
This accumulating evidence shows that CMV is a causative 
pathogen of certain cases of “idiopathic corneal endothelii-
tis” and that CMV endotheliitis is a new clinical entity.

A national survey of CMV endotheliitis in Japan con-
ducted by the Japan Corneal Endotheliitis Study Group 
(JCESG) demonstrated clinical manifestations in 109 eyes 
of 106 patients with CMV endotheliitis [19]. Systemic and 
topical anti-CMV drugs, used singly or in combination, were 
tested in 104 of the 109 eyes (95.4%). Seventy-four eyes 
(67.9%) received systemic drugs (ganciclovir or valganci-
clovir) and 82 eyes (75.2%) received ganciclovir eye drops 
prepared from ganciclovir systemic drops. The combined use 
of systemic and topical anti-CMV drugs tends to be more 
effective than either systemic or topical treatments alone 
[19]. Future randomized studies are still necessary, while 
systemic as well as topical therapies are currently recognized 
as beneficial. Topical administration of ganciclovir eye drops 
is used as a combination therapy with systemic treatment 
and a prophylactic therapy for long-term use [20].

Hospital-prepared ganciclovir eye drops made from 
the ganciclovir systemic drops or 0.15 % ganciclovir gel 
(approved for HSV keratitis) can effectively treat CMV 
endotheliitis [10, 12, 14, 19–21]. As the 0.15 % ganci-
clovir gel is not approved in Japan, 0.5% ganciclovir eye 
drops’solution is widely used in Japan for clinical research 
under approval by institutional review boards. [10, 12, 14, 
19, 20]. Here, we showed that the appearance of 0.5% and 
1.0% ganciclovir eye drops remained unchanged during stor-
age for 6 weeks, but white precipitation or crystals appeared 
after 8 weeks. The 0.5% ganciclovir solution maintained its 
concentration at almost 100% for 6 weeks at 4°C and 25°C, 
but the concentration decreased linearly at 37°C. These data 
suggest that the 0.5% ganciclovir eye drops are stable for 6 
weeks and that storage in a refrigerator should be encour-
aged. The pH of the 0.5% ganciclovir solution was stable at 
4°C, but its pH is higher than the usually approved pH for 
eye drops. However, our ocular irritation tests conducted in 
rabbits revealed no severe irritation or adverse effects. Inter-
estingly, the pH of tears increased immediately after admin-
istration and then become neutral within 3 minutes. These 
pH changes probably reflect the limited buffering capacity 
of the ganciclovir solution, enabling the tears to reduce the 
pH immediately.

The ED50 of ganciclovir for CMV replication is 
reported as 100–1600 ng/ml [24]. The concentration of 
ganciclovir in the aqueous humor following administration 
of 0.15 % ganciclovir gel in human patients varied widely 
among individuals: we reported that it ranged from 24.3 
to 691.0 ng/ml (average: 162.0±202.4 ng/ml) [20], while 
Waduthantri and colleagues recently reported a range of 
0.67 to 33.53 ng/ml (average: 17.4±30.6 ng/ml) [21]. To 
the best of our knowledge, no report has yet described the 
concentration of ganciclovir in patients administered hos-
pital-prepared ganciclovir eye drops. In the current study, 
we showed that following instillation of 0.5% ganciclovir 
solution in rabbit model the concentration of ganciclovir 

Table 1   Concentration of ganciclovir in corneal epithelium, stroma, 
and endothelium after instillation of ganciclovir solutions in rabbit 
eyes

Data were shown as average ± standard deviation (µg/g)

Time (hour) 0.5% ganciclovir 1.0% ganciclovir

1 3 1 3

Epithelium 31.3±1.0 4.3±1.0 58.3±4.2 8.3±1.7
Stroma 886.7±38.6 59.7±2.1 1227.0±130.3 140.0±35.6
Endothelium 28.0±4.3 4.3±2.1 56.3±7.7 5.3±2.5
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in the corneal endothelium was 28.0±4.3 µg/g at one hour 
and 4.3±2.1 µg/g at three hour. Our current findings indi-
cate that the concentration of ganciclovir in rabbit corneas 
was higher in the corneal endothelium than the ED50 level, 
which provides additional pharmacokinetics’ data support-
ing the clinical observation that the 0.5% ganciclovir eye 
drops are beneficial for treatment or prophylaxis [10, 12, 
14, 19, 20]. However, future development of anti-CMV 
eye drops that optimizes the concentration, frequency of 
application, and duration of drug use is anticipated.

One potential risk of hospital-prepared eye drops is 
microbial contamination. Multiple studies report various 
rates of microbial contamination of eye drops [25–31]. For 
instance, 64 (29%) of 220 eye drop preparations used for 
the treatment of ocular diseases tested positive for micro-
organisms [25]. In an extended care facility, 10 (8%) of 
123 multi-dose solutions were contaminated with bacte-
ria, though only 30% of the contaminated solution bottles 
were classified as dirty [30]. In terms of preservative free 
eye drops, 8 (8%) of 95 multiple application containers 
were contaminated [29]. Conversely, no contamination 
(0%) was observed in 49 preservative-free antibiotic eye 
drops (or eye drops containing diluted preservatives) [31]. 
A limitation of our current study is that we did not inves-
tigate the possible contamination of our eye drop prepa-
ration. The sterility of hospital-prepared ganciclovir eye 
drops used by patients must be confirmed in future studies.

In conclusion, we showed that both 0.5% and 1.0% 
ganciclovir eye drops prepared from ganciclovir systemic 
drops and stored light-shielded at 4°C and 25°C were 
stable in appearance, concentration, and pH for 6 weeks 
when. Our data support the safety and efficacy of the gan-
ciclovir eye drops in current use in patients, but approval 
of topical ganciclovir drugs by regulatory authorities is 
needed. The issues of limited shelf stability, high pH, and 
the potential risk of microbial contamination of ganciclo-
vir in the corneal endothelium await future development 
by pharmaceutical companies.
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