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Abstract
Purpose: To delineate the vitreal pharmacokinetics of dipeptide monoester prodrugs of ganciclovir (GCV) with
conscious rabbit model using ocular microdialysis and to compare with published results from anesthetized
model.
Methods: New Zealand albino male rabbit was selected as the animal model. Conscious animal ocular microdialysis technique with permanently implanted probes was employed to delineate the pharmacokinetics of GCV,
l-valine-GCV (Val-GCV), and dipeptide monoester GCV prodrugs [Val-Val and l-glycine-Val (Gly-Val)] after
intravitreal administration.
Results: This work employs conscious model to evaluate vitreal pharmacokinetic parameters and compares the
results with previously published data from anesthetized animal, thereby demonstrating the effect of anesthesia
on the vitreal disposition of dipeptide prodrugs of GCV. Results have revealed that area under curve (AUC),
clearance, and last measured plasma concentration (Clast) for all 4 compounds were significantly altered in a
conscious animal relative to the anesthetized model, while mean residence time (MRT) was significantly reduced. However, the AUCs of regenerated Val-GCV and GCV from Gly-Val-GCV and Val-Val-GCV were found
to be unchanged, suggesting higher ocular metabolism in conscious animals.
Conclusion: This study for the first time delineates the vitreal pharmacokinetics of a GCV prodrug in conscious
animals and compares the data with anesthetized animals. Lower vitreal exposure levels were obtained in case
of conscious animal model; however, the elimination rates were not influenced by anesthesia.

Introduction

H

uman cytomegalovirus (HCMV) retinitis is characterized by retinal necrosis, granular lesions, and retinal
edema.1,2 If left untreated CMV retinitis also leads to blurring of central vision, photopsias, floaters, blind spots, and
visual field loss.3 CMV retinitis patients are at major risk of
inflammation of retina, hemorrhage, and retinal detachment,
which eventually may lead to permanent blindness. Although highly active antiretroviral therapy (HAART) has
significantly lowered the number of AIDS patients with
CMV retinitis, it is still the leading cause of blindness in
patients who are not on HAART.4–8
In HCMV retinitis, the inner layer of the retinal blood
vessels are initially infected, which eventually spread outward to the other retinal layers, including retinal pigment
epithelium (RPE).9 The exact mechanism of viral spread in
the retina is not well understood; however, CMV first pen-

etrates the retinal blood vessels, after which it spreads into
the cells of various layers of neural retina.10,11 The key factor
in the progression of CMV retinitis is the replication of virus
in the retinal cells, which occurs in the endothelial cells of
retinal blood vessels, leading into the breakdown of inner
blood retinal barrier (BRB). Breakdown can eventually lead
to the migration of virus particles toward the RPE, nonpigmented epithelium, and retinal glial cells.1,12 RPE may
become disorganized in some cases, which could result in the
breakdown of outer BRB. Such processes could be followed
by accumulation of fluid in the subretinal space, leading to
retinal hemorrhage and detachment.1,12–14
Ganciclovir (GCV: 9-[[2-hydroxyl-1-(hydroxyl-methyl)
ethoxy] methyl] guanine), a 20 -deoxyguanosine analog, was
the first Food and Drug Administration–approved drug for
the treatment of HCMV retinitis. GCV has significant activity
against cytomegalovirus; however, virustatic properties require continuous maintenance therapy in addition to the
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induction regimen to prevent disease relapse. Owing to poor
oral bioavailability, daily infusion of GCV is necessary.
However, systemic toxicity and poor ocular drug penetration
with such infusions have prompted the development of local
GCV therapy, mostly through direct intravitreal administration of solutions and nonbiodegradable implants. Nevertheless, intravitreally administered GCV indicated for
cytomegalovirus retinitis has poor retinal permeability, the
sanctuary site of HCMV. Earlier studies from our laboratory
have utilized lipophilic and transporter-targeted prodrug
approach to deliver higher GCV concentrations to the retinal
tissues.15,16 In one study several dipeptide ester prodrugs
were synthesized and evaluated for their vitreal pharmacokinetics parameters in anesthetized animal model using an
ocular microdialysis technique. These prodrugs appear to
permeate deeper into the retina after intravitreal administration relative to GCV.16
Ocular microdialysis technique to estimate drug and metabolite concentrations in the aqueous and vitreous fluid is a
significant technique.17 Earlier studies both from our own as
well as other laboratories have extensively applied this
technique to study ocular pharmacokinetics of several drugs
and prodrugs.18–22 Moreover, conscious animal model for
ocular microdialysis has already been developed and validated.17,23–27 Studies from our laboratory have demonstrated
the effect of probe implantation in the rabbit eye on vitreal
protein levels and pharmacokinetics.17,23 The studies have
also validated the method of such probe implantation and
recommended that the appropriate recovery time must be
allowed before commencing any pharmacokinetic study in
conscious animal model.
This study compares vitreal pharmacokinetics with or
without the influence of anesthesia. Ketamine and xylazine
are commonly used in combination to induce anesthesia in
rabbits. This combination has been proven to produce suppressive effects on the heart and respiratory rates as well the
intraocular pressure (IOP). These effects may have an impact
on the disposition of drugs in the posterior segment.17,28,29
We report in this article vitreal pharmacokinetics of various GCV prodrugs in a conscious animal model and compared the results with the previously published data from
our laboratory in anesthetized animals.16

Methods
GCV was obtained as a generous gift from Hoffman La
Roche. Previously synthesized GCV prodrugs were administered by intravitreal injection.30 Linear microdialysis probes
(MD-2000, 0.3210 mm, polyacrylo nitrile membrane, and
0.22 mm tubing) employed for vitreous sampling were obtained from BAS Microdialysis. Microdialysis pump (CMA/
102) for perfusing the isotonic buffer saline was procured
from CMA/Microdialysis. Surgical equipment was obtained
from Henry Schein Surgical Equipment, and sutures were
purchased from Ethicon, Inc. Ketamine HCl was supplied by
Fort Dodge Animal Health, and xylazine by Bayer Animal
Health. High-performance liquid chromatography (HPLC)–
grade solvents were procured from Fisher Scientific.

Animals
Adult male New Zealand albino rabbits weighing between 2 and 2.5 kg were obtained from Myrtle’s Rabbitry.
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This research was conducted under aseptic conditions
strictly according to Association for Research in Vision and
Ophthalmology statement for the use of animals in ophthalmic and vision research. Protocol for performing all the
surgical procedure was also approved by Institutional Animal Care and Use Committee of the University of Missouri–
Kansas City (Kansas City, MO).

Probe recovery
In vitro probe calibration was performed by placing the
probe in isotonic phosphate-buffered saline (IPBS; pH 7.4)
containing the appropriate compound (drug or prodrug or
both) of a known concentration. The probe was perfused at a
flow rate of 2 mL/min with IPBS, and the dialysate was collected every 20 min for 1 h. Relative in vitro recovery of respective compound(s) was calculated by the following
equation.
In vitro recovery ¼ Cd =Cs

(1)

where Cd is the dialysate concentration and Cs the known
concentration of a compound. Concentrations in vitreous
humor were calculated by dividing the dialysate concentration with the in vitro probe recovery value.

Surgery
Animals were divided into 4 groups (n ¼ 4/group). Linear
microdialysis probes were implanted into the Male New
Zealand albino rabbit vitreous by a previously published
procedures.17,23 Rabbits were anesthetized with ketamine
hydrochloride (35 mg/kg) and xylazine (3.5 mg/kg) administered intramuscularly. To the anesthetized rabbits, a drop
of tetracaine (0.5%) was administered to their right eye,
which was followed by the topical instillation of 25% povidone iodine. After 5 min, the eye was proptosed, and a 25gauge needle was inserted diametrically across the posterior
chamber and about 3–4 mm below the limbus on the nasal
side, so that it traverses through the center of vitreous
humor. Upon exiting, the outlet end of linear probe was
carefully placed into the needle at bevel edge. It was then
slowly pulled back leaving the dialysis membrane of the
probe (center part) within the sphere of mid vitreous. The
probe was placed in such a manner that the entire membrane
area lay in the vitreous chamber; it was slightly angled, before suturing, so as to avoid contact with the lens. It was
finally fastened by conjunctival sutures (60 nylon sutures).
The probe shafts were then pierced under the upper eye lid
and placed under the forehead skin. Probe ends exit through
the forehead skin near the ears and the opening was closed
by sutures. Intravitreal cephalexin (250 mg) and topical gentamicin (0.3%) were administered to prevent any onset of
ocular infections, and antibiotic skin cream has been applied
above the skin sutures. The probes were intermittently perfused with (pH 7.4) IPBS at a flow rate of 2 mL/min, with the
help of a CMA/100 microinjection pump. Animals were then
allowed to recuperate for 5 days after surgery before any
experiments were initiated. Rabbits were briefly anesthetized
before intravitreal administration and then were placed in
steel restrainers during rest of the sampling period. Subsequent to drug administration, microdialysis samples were
collected at 2 mL/min every 20 min for 10 h. All procedures
were performed under aseptic conditions.
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Pharmacokinetic parameters were determined employing
noncompartmental analysis. Area under the vitreous and
plasma concentration–time curves were estimated by the
linear trapezoidal method with extrapolation to infinite time.
Slopes of the terminal phase of vitreous and plasma profiles
were estimated by log-linear regression, and the terminal
rate constant (lz) was derived from the slope. Terminal vitreous and plasma half-lives were calculated by Equation 2.
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FIG. 1. Vitreous concentration–time profile of ganciclovir
(GCV). Mean values are represented (n ¼ 4).

Intravitreal dose of GCV was 0.4 mmol (100 mg GCV) in a
volume of 50 mL of sterile IPBS (pH 7.4) and doses of valineGCV (Val-GCV), Val-Val-GCV, and glycine-Val-GCV (GlyVal-GCV) were 0.4 mmol each.16

HPLC analysis
Microdialysis samples were analyzed with a HPLC system
comprising of a HP 1050 series quaternary gradient pump
(Agilent Technologies), Alcott 718AL refrigerated autosampler (Alcott Chromatography, Inc.), HP 1100 series
fluorescence detector (Agilent Technologies; lex 265 nm and
lem 380 nm), HP 3395 integrator (Agilent Technologies), and
the Phenomenex. Separation of the compounds was achieved
with C8 (4.6250) column, C8 guard column, and mobile
phase comprised of 15 mM phosphate buffer (pH 2.5) and
acetonitrile. Depending upon the prodrug being analyzed,
the proportion of acetonitrile was varied (2%–5%v/v).

Data analysis
All experiments were conducted in quadruplicate and the
results are expressed as mean  standard deviation. Student’s t-test was applied to detect statistical significance
and P < 0.05 was considered to be statistically significant.
Vitreal concentration–time data were analyzed with a pharmacokinetic software package WinNonlin, version 5.0.

Table 1.

Results
Vitreal pharmacokinetics of GCV and dipeptide prodrugs
were studied in conscious rabbit ocular microdialysis model.
Vitreal concentration–time profile of GCV in a conscious
animal is depicted in Fig. 1. Results generated from the
noncompartmental analysis of concentration–time profile are
tabulated in the Table 1. Results from unconscious or anesthetized animal model published earlier from our laboratory have also been included in this table.16 GCV was
administered intravitreally in same manner consistent with
our earlier study with unconscious animal microdialysis.
From the results it is clear that for GCV, only the area under
curve (AUC), volume of distribution at steady state (Vss), and
last measured plasma concentration (Clast) are significantly
altered in a conscious animal relative to the anesthetized
model. Other pharmacokinetic parameters were not altered
at a statistical significance of P  0.05. AUC, Vss, and Clast for
the present study were found to be 11.8  0.8 mg  min 
mL1, 2.6  0.2 mL, and 8.1  0.4 mg/mL, respectively. Vitreal concentration–time profiles of other peptide prodrugs of
GCV, that is, Val-GCV, Val-Val-GCV, and Gly-Val-GCV,
along with their regenerated parent molecule and/or intermediates after intravitreal injection are depicted in the
Figs. 2–4. Corresponding data by noncompartmental analysis using Win NonLin are tabulated in Tables 2–4.
Vitreal elimination half-lives of the GCV prodrugs, that is,
Val-GCV, Val-Val-GCV, and Gly-Val-GCV, were 67.5  13.2,
44.8  19.2, and 155.9  37.0 min, respectively. AUC of ValVal-GCV (6.3  0.3 mg  min  mL1) after intravitreal administration was observed to be lower than the AUC values
obtained from GCV, Val-GCV, and Gly-Val-GCV. Vss for
GCV, Val-GCV, Val-Val-GCV, and Gly-Val-GCV were

Conscious Animal Vitreous Pharmacokinetic Parameters of Ganciclovir
After Intravitreal Administration
Ganciclovir

Parameters
AUC (mg  min  mL1)
lz (103/min)
t1/2 (min)
Vss (mL)
Cl (mL/min)
MRTlast (min)
Clast (mg/mL)
Tlast (min)
aRepresents

Conscious animal

Anesthetized animal

11.8  0.8
2.3  0.08
294.8  10.1
2.6  0.2
6.7  0.4
204.9  12.1
8.1  0.4
600

33.7  3.5
1.9  0.3
364.7  68.4
1.5  0.2
3.1  0.7
244.1  32
20.1  2.5
600

P Value (<0.05)
a

NS
NS
a
a

NS
a

NS

significant difference at P < 0.05.
Abbreviations: AUC, area under curve; Clast, last measured plasma concentration; MRT, mean residence time; NS, not significant; Vss,
volume of distribution at steady state.
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FIG. 2. Vitreous concentration–time profiles of valineganciclovir (Val-GCV) and regenerated GCV. Mean values
are represented (n ¼ 4).
2.3  0.08, 1.3  0.3, 1.9  0.2, and 2.1  0.6 mL, respectively.
Figures 2–4 also show concentration–time profiles of regenerated GCV, which illustrate that sustained vitreal GCV
levels are maintained after intravitreal administration of all 3
prodrugs. Similarly sustained regenerated levels of Val-GCV
were also observed after administration of the dipeptide
monoester GCV prodrugs.

Discussion
The primary aim of this study was to compare vitreal
pharmacokinetics in rabbits with or without the influence of
anesthesia. The anesthetized animal data for GCV and dipeptide prodrugs of GCV have been previously published
from our laboratory.16 Effect of anesthesia and a comparison
between conscious versus unconscious animal microdialysis
model has been studied earlier with model drug compounds
that were stable in vitreous humor.17,23 No study has been
performed so far to compare the effect of anesthesia on a
prodrug that can potentially be enzymatically hydrolyzed in
vitreous humor. This study is highly significant as it can delineate the effect of anesthesia on vitreal pharmacokinetics of
prodrugs along with their metabolites in the vitreous humor.
Ocular microdialysis is a valuable technique to study ocular pharmacokinetics. It significantly reduces the number of

1000

Val Val GCV
Regenrated Val GCV

Concentration (µg/ml)

Regenerated GCV

10

1

0.1

0.1

Regenerated GCV

100

10

1

0.1

Regenerated Val GCV

100

0

100

200

300
400
Time (min)

500

600

FIG. 3. Vitreous concentration–time profiles of valinevaline-ganciclovir (Val-Val-GCV), regenerated GCV, and
Val-GCV. Mean values are represented (n ¼ 4).
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FIG. 4. Vitreous concentration–time profiles of glycine
valine-ganciclovir (Gly-Val-GCV), regenerated GCV, and
Val-GCV. Mean values are represented (n ¼ 4).

animals to generate a complete pharmacokinetic profile.
Moreover, conscious animal model enables design cross over
where the same animal can serve as a control. However,
probe implantation may lead to trauma and tissue injury,
which could ultimately lead to alteration in drug disposition.
The eye is a specialized organ that provides a very small
physiological sampling compartment for pharmacokinetic
studies. Thus, it is imperative to allow the animal to recover
from trauma, which otherwise can result in erroneous findings. Previous studies have also shown that vitreal protein
concentrations are elevated by almost 2.5-fold for about 8 h
after the probe implantation.17
No studies were conducted previously to evaluate the
change in pharmacokinetic profiles of prodrugs that can be
absorbed and eliminated by carrier-mediated uptake processes on the retina and other ocular tissues. Such prodrugs
can also revert back to parent drug upon various enzymatic
and chemical hydrolytic processes.
Earlier studies suggested that various physiological processes, including respiratory and heart rates, are influenced
under anesthesia. In fact, it may cause a suppressive effect on
such processes, which may lead to slower blood flow and
fluid exchange. Although diffusion mainly governs the distribution of a compound in the vitreous, convective forces
may also play an important role in this process. Such forces
are developed due to the pressure differences between the
anterior part of the eye and the retinal surface.31 Thus, any
change in the pressure gradient that alters convective forces
in turn could affect the distribution of a compound. Previous
studies have also postulated that combination of ketamine
and xylazine employed as anesthetic in unconscious model
has been shown to alter the IOP, which thus might alter the
distribution of the drugs and prodrugs. In addition, anesthesia can also slow down any tissue uptake processes involved in the distribution of drugs and prodrugs, thereby
leading to higher concentrations in the vitreous chamber.
These physiologic changes are probably the reasons why
anesthesia might have lead to higher steady state levels in
contrast to the conscious animal experiment. In the current
study the IOP in the probe-implanted eye would have been
normal, assuming complete recovery of animals. In such
normotensive eyes 50 mL intravitreal injection may have
transiently increased the IOP resulting in drug loss through
the needle hole in the sclera. This process may have
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Conscious Animal Vitreous Pharmacokinetic Parameters of Valine-Ganciclovir and Regenerated
Ganciclovir After Intravitreal Administration of Valine-Ganciclovir
Val-GCV

Parameters

Conscious animal

Anesthetized animal

AUC (mg  min  mL1)
lz (103/min)
t1/2 (min)
Vss (mL)
Cl (mL/min)
MRTlast (min)
Clast (mg/mL)
Tlast (min)

14.1  3.8
10.5  2.0
67.5  13.2
1.3  0.3
13.7  3.2
91.9  6.2
0.9  0.1
453.3  30.5

22.3  4.5
7.6  1.4
91.2  14.1
1.6  0.3
8.3  1.4
177.3  22.8
4.3  1.8
600

AUC (mg  min  mL1)
Cmax (mg/mL)
Tmax (min)
MRTlast (min)

1.0  0.2
2.5  0.2
240  190.8
298.1  7.7

Regenerated GCV from Val-GCV
3.1  0.8
5.2  1.3
340.3  68.2
331  45

P Value (<0.05)
a

NS
NS
NS
a
a
a
a

a
a

NS
NS

aRepresents

significant difference at P < 0.05.
Abbreviations: AUC, area under curve; Clast, last measured plasma concentration; GCV, ganciclovir; MRT, mean residence time; NS, not
significant; Val, valine; Vss, volume of distribution at steady state.

contributed in part to the lower AUCs obtained in the conscious animals in relative to anesthetized ones.
Conscious animal data presented in this article suggest a
decrease in the exposure levels of prodrugs; however, no
effects were observed on the elimination rate from the vitreous. It was also noted that vitreal half-lives resulted from
this study are comparable to the unconscious animal study
published earlier.16 Other pharmacokinetic parameters that
were found to be significantly altered in case of conscious

animals include Clast and MRTlast. Regenerated AUCs of
GCV and Val-GCV in the vitreous humor were found to be
unaltered relative to anesthetized model. Even though the
AUCs of prodrug administered intravitreally are found to be
significantly less, the AUCs of regenerated parent drug
(GCV) and intermediate (Val-GCV) are similar to unconscious model, which suggests that more prodrug is probably
enzymatically cleaved in conscious animal, thereby maintaining steady concentrations in the vitreous.

Table 3. Conscious Animal Vitreous Pharmacokinetic Parameters of Valine-Valine-Ganciclovir
and Regenerated Valine-Ganciclovir and Ganciclovir After Intravitreal Administration
of Valine-Valine-Ganciclovir
Val-Val-GCV
Parameters

Conscious animal

Anesthetized animal

AUC (mg  min  mL1)
lz (103/min)
t1/2 (min)
Vss (mL)
Cl (mL/min)
MRTlast (min)
Clast (mg/mL)
Tlast (min)

6.3  0.3
17.4  6.9
44.8  19.2
1.9  0.2
35.3  1.8
50.5  6.4
0.8  0.2
293.3  11.5

29.4  3.2
10.1  2.2
68.6  12.3
1.3  0.3
8.9  1.8
138.4  25.6
7.2  1.1
600

AUC (mg  min  mL1)
Cmax (mg/mL)
Tmax (min)
MRTlast (min)

1.5  0.6
3.6  1.9
120  105.8
304.5  15.3

Regenerated Val-GCV from Val-Val-GCV
2.2  0.5
3.9  1.6
460  105
333  28

AUC (mg  min  mL1)
Cmax (mg/mL)
Tmax (min)
MRTlast (min)

2.7  1.0
12.5  7.2
140  69.3
231.8  64.6

Regenerated GCV from Val-Val-GCV
3.5  1.2
6.3  1.6
420  96
349  48

aRepresents

P Value (<0.05)
a

NS
NS
a
a
a
a
a

NS
NS
a

NS
NS
NS
a
a

significant difference at P < 0.05.
Abbreviations: AUC, area under curve; Clast, last measured plasma concentration; GCV, ganciclovir; MRT, mean residence time; NS, not
significant; Val, valine; Vss, volume of distribution at steady state.
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Table 4. Conscious Animal Vitreous Pharmacokinetic Parameters of Glycine-Valine-Ganciclovir
and Regenerated Valine-GCV and Ganciclovir After Intravitreal Administration
of Glycine-Valine-Ganciclovir
Gly-Val-GCV

Parameters

Conscious animal

Anesthetized animal

AUC (mg  min  mL1)
lz (103/min)
t1/2 (min)
Vss (mL)
Cl (mL/min)
MRTlast (min)
Clast (mg/mL)
Tlast (min)

13.7  3.5
4.6  1.0
155.9  37.0
2.1  0.6
15.3  3.7
103.3  11.9
2.6  0.5
600

AUC (mg  min  mL1)
Cmax (mg/mL)
Tmax (min)
MRTlast (min)

1.5  0.8
4.0  1.8
186.7  150.1
300.4  26.4

AUC (mg  min  mL1)
Cmax (mg/mL)
Tmax (min)
MRTlast (min)

3.4  0.7
9.7  2.7
93.3  30.5
248.1  25.7

50.1  8.6
4.1  0.7
169.1  24.7
1.4  0.4
5.1  1.5
208.5  32.6
20.1  5.2
600
Regenerated Val-GCV from Gly-Val-GCV
1.8  0.4
2.8  0.9
180  58
307  26
Regenerated GCV from Gly-Val-GCV
2.6  0.8
3.1  1.2
260  86
343.8  53

P Value (<0.05)
a

NS
NS
NS
a
a
a

NS
NS
NS
NS
NS
NS
a
a
a

aRepresents significant differences at P < 0.05.
Abbreviations: AUC, area under curve; Clast, last measured plasma concentration; GCV, ganciclovir; Gly, glycine; MRT, mean residence
time; NS, not significant; Val, valine; Vss, volume of distribution at steady state.

Conclusions
Conscious animal microdialysis was performed to delineate any effect of anesthesia on the vitreal pharmacokinetics
of various peptide prodrugs of GCV. Results revealed a
lowering in exposure levels of drug and prodrug in conscious
animals, although vitreal half-lives remained almost the
same. The technique is suitable when a new drug molecule is
to be tested or when the results from preclinical studies are
designed to guide clinical studies. Also, drugs having long
vitreal half-lives should be studied in a conscious animal
model.
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