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Abstract Purpose: The antiviral nucleoside analogue
ganciclovir is a potent inhibitor of replication in herpes
viruses and is e�ective against cytomegalovirus infec-
tions in immunocompromised patients. Ganciclovir is
also used in cancer gene therapy studies that utilize the
herpes simplex virus thymidine kinase gene (HSV-TK).
The pharmacokinetics of ganciclovir in adults and chil-
dren have been described previously but there are
no detailed studies of the CNS pharmacology of
ganciclovir. We studied the pharmacokinetics of gan-
ciclovir in plasma and CSF in a nonhuman primate
model that is highly predictive of the CSF penetration of
drugs in humans. Methods: Ganciclovir, 10 mg/kg i.v.,
was administered over 30 min to three animals. Gan-
ciclovir concentrations in plasma and CSF were mea-
sured using reverse-phase HPLC. Results: Peak plasma

ganciclovir concentrations ranged from 18.3 to 20.0 lg/
ml and the mean plasma AUC was 1075 � 202 lg/
ml á min. Disappearance of ganciclovir from the plasma
was biexponential with a distribution half-life (t1/2a) of
18 � 7 min and an elimination half-life (t1/2b) of
109 � 7 min. Total body clearance (ClTB) was
9.4 � 1.6 ml/min/kg. The mean CSF ganciclovir AUC
was 168 � 83 lg/ml á min and the mean peak CSF
concentration was 0.7 � 0.3 lg/ml. The ratio of the
AUCs in CSF and plasma was 15.5 � 7.1%. Conclu-
sions: Ganciclovir penetrates into the CSF following i.v.
administration. This ®nding will be useful in the design
of gene therapy trials involving the HSV-TK gene fol-
lowed by treatment with ganciclovir in CNS or lepto-
meningeal tumors.
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Introduction

The nucleoside analogue ganciclovir (9-[1,3-dihydroxy-2-
propoxy)methyl]-guanine;DHPG) is a potent inhibitor of
replication in viruses of the herpes family and is e�ective
against cytomegalovirus (CMV) infection in immuno-
compromised patients. In the past decade, ganciclovir has
been incorporated into many gene therapy studies in
which mammalian cells are transduced with the herpes
virus thymidine kinase gene (HSV-TK) using retroviral or
adenoviral vectors. Ganciclovir is phosphorylated by
HSV-TK to form ganciclovir triphosphate which causes
DNA termination and cell death in transduced but not in
normal host cells. Central nervous system (CNS) tumors
are a primary target site for many preclinical and clinical
gene therapy strategies. In order to characterize the CNS
penetration of ganciclovir, we studied the plasma and
cerebrospinal ¯uid (CSF) pharmacokinetics of ga-
nciclovir in a nonhuman primate model that is highly
predictive of CSF penetration in humans [3].
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Materials and methods

Drugs

Ganciclovir was purchased from Ho�man-La Roche (Nutley, N.J.)
in 10-ml sterile vials, each containing ganciclovir sodium equivalent
to 500 mg ganciclovir. Vials were reconstituted with 10 ml sterile
water for injection. The appropriate dose of drug was further di-
luted in normal saline to a ®nal concentration of 10 mg/ml or less
prior to infusion via a peripheral or central venous catheter.

Animals

Three adult male rhesus monkeys (Macaca mulatta) ranging in
weight from 8.5 to 10.4 kg were used in these pharmacokinetic
studies. The animals were fed a Non-Human Primate Diet twice
daily and group-housed in accordance with the Guide for the Care
and Use of Laboratory Animals [4]. Blood samples were drawn
from a catheter placed in either the femoral or the saphenous vein
contralateral to the site of drug administration. CSF samples were
drawn from a chronically indwelling Pudenz catheter attached to a
subcutaneously implanted Ommaya reservoir [3]. The reservoir was
pumped four times before and after each CSF sample collection to
ensure adequate mixing with ventricular CSF.

Experiments

Three animals received an intravenous (i.v.) dose of ganciclovir
10 mg/kg, administered as a 30-min infusion. Blood was collected
in heparinized tubes prior to administration, 15 min into the in-
fusion, at the end of the infusion, and at 5, 15, and 30 min and at 1,
2, 4, 6, and 8 h following the completion of the infusion. CSF
samples were collected from the Ommaya reservoir at the same
time-points with the exception of the 8-h postinfusion sample.
Blood samples were immediately centrifuged at 1500 rpm for
10 min. The plasma and CSF samples were stored at )80 °C until
the day of analysis.

Sample analysis

Ganciclovir levels in plasma and CSF were measured using a
modi®cation of a recently described reverse-phase HPLC assay [6].
Acyclovir (Glaxo Wellcome, Research Triangle Park, N.C.), 5 lg/
ml, was added to 500 ll plasma samples and 110 ll CSF as an
internal standard. Plasma proteins were extracted by adding 500 ll
0.8 M perchloric acid (Aldrich Chemical Company, Milwaukee,
Wis). After incubation on ice for 10 min the samples were centri-
fuged at 12000 g for 3 min. A 660-ll aliquot of the supernatant was
mixed with 100 ll 2 M potassium phosphate bu�er, pH 9.3 (Sigma
Chemical Co., St. Louis, Mo), incubated on ice for 10 min, and
then centrifuged at 12000 g for 3 min. The recovery of ganciclovir
and acyclovir was 80 � 9% and 91 � 10%, respectively. Super-
natant was transferred to an autosampler vial and maintained at
10 °C. CSF samples were directly injected onto the HPLC column.
Standard curves in plasma and CSF were prepared for each ex-
periment by the addition of known amounts of ganciclovir to
plasma or mobile phase, respectively. Standard curves were linear
(r2 > 0.995) over the range 0.06 to 25 lg/ml ganciclovir. The lower
limit of quantitation was 0.06 lg/ml.

The HPLC system consisted of a refrigerated autosampler, an
automated gradient controller, and a programmable ultraviolet
multiwavelength detector (Waters Corporation, Milford, Mass).
The analytical column was a Beckman C-18 Ultrasphere ODS
5 l, 4.6 mm ´ 25 cm (Rainin Instrument Co., Woburn, Mass).
Ganciclovir and acyclovir were eluted isocratically with a mobile
phase of 15 mM potassium phosphate, pH 2.88, with 1% aceto-
nitrile at a ¯ow rate of 1 ml/min for 12 min. The analytical col-
umn was washed with 100% acetonitrile for 5 min and then
allowed to re-equilibrate with mobile phase for 10 min between
samples. Ganciclovir and acyclovir were monitored by ultraviolet

absorbance at 254 nm and had retention times of 11 and 14 min,
respectively.

Pharmacokinetic analysis

Plasma concentration versus time data following i.v. administra-
tion of ganciclovir over 30 min were ®ted to mono- (n � 1) and
biexponential (n � 2) equations:

C(t) �
Xn

i� 1

Aie
ÿki �t

using MLAB (Civilized Software, Bethesda, Md.), a nonlinear
curve-®tting program, where C is the plasma concentration of
ganciclovir at time t, Ai the intercept, and ki the rate constants.
Akaike's information criterion [11] was used to determine which
equation better ®tted the data. All other pharmacokinetic param-
eters were calculated by using noncompartmental methods. The
AUC was derived by the linear trapezoidal method and extrapo-
lated to in®nity using the terminal elimination rate constant [2].
The total body clearance was calculated by dividing the dose by the
AUC. The volume of distribution at steady state (Vdss) was cal-
culated using the area under the moment curve [8]. The CSF pen-
etration was determined by dividing the AUCs in CSF (AUCCSF)
by the AUCs in plasma (AUCP).

Results

Plasma and CSF pharmacokinetics

The disappearance of ganciclovir from the plasma fol-
lowing an i.v. infusion over 30 min (Fig. 1) was best
described by a biexponential equation. Ganciclovir was
rapidly eliminated from the plasma with a mean t1/2a
of 18 min (range 11 to 24 min) and a mean t1/2 b of
109 min (range 103 to 116 min). The mean plasma AUC
to in®nity was 1112 � 170 lg/ml á min (range 919 to
1236 lg/ml á min) and the mean plasma AUC to the last
time-point was 1075 � 163 lg/ml á min (range 893 to
1209 lg/ml á min). The mean plasma clearance was
9.4 ml/min per kg (range 8.1 to 11.2 ml/min per kg). The
pharmacokinetic parameters for each animal are shown
in Table 1.

Fig. 1 Plasma concentration versus time pro®le of ganciclovir
following i.v. ganciclovir 10 mg/kg administered over 30 min.
Values are the geometric means from three animals (bars SD)
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Ganciclovir was detected in the CSF after i.v. ad-
ministration with a peak level occurring 30 min follow-
ing completion of the infusion. The mean peak CSF level
was 0.66 lg/ml (range 0.30 to 0.99 lg/ml). The mean
CSF ganciclovir AUC was 168 lg/ml á min (range 83.3
to 249 lg/ml á min). The penetration of ganciclovir into
the CSF, as represented by the ratio of the AUCCSF to
the AUCP, was 15.5 � 7.1%. A representative concen-
tration versus time pro®le of ganciclovir in plasma and
in CSF after an i.v. ganciclovir dose is shown in Fig. 2.

Toxicity

No hematological or other organ toxicity was observed
following a single i.v. ganciclovir dose of 10 mg/kg.

Discussion

Our results show that the elimination from plasma in a
nonhuman primate was biexponential with a clearance
of 9.4 ml/min per kg (�184 ml/min per m2) and a ter-
minal half-life of 109 min following i.v. administration
of a 10 mg/kg dose. In comparison, studies in adult
humans after doses of 2.5 to 5 mg/kg have demonstrated
that elimination is biexponential with a clearance of
4.2 ml/min per kg (�155 ml/min per m2) [7] and a ter-

minal half-life of 102 to 216 min [1, 7]. Thus, the plasma
pharmacokinetic parameters of ganciclovir after i.v.
administration are similar in nonhuman primates and
humans.

There is limited data about the CSF penetration of
ganciclovir in humans. Fletcher et al. measured CSF
ganciclovir concentrations at a single time-point in three
adult patients who were receiving an i.v. dose of 2.5 mg
ganciclovir every 8 to 12 h. The CSF concentrations
ranged from 0.5 to 0.62 lg/ml between 0.25 and 5.7 h
following drug administration. These CSF concentra-
tions were 24 to 67% of the concurrent model-predicted
plasma concentrations [1]. However, comparison of
concurrent CSF and plasma time-points often leads to
inaccurate estimates of overall CSF drug exposure. For
example, in our study CSF ganciclovir concentrations
range from 3% to greater than 100% of the simulta-
neous plasma concentrations, re¯ecting the fact that the
clearance of agents from the CSF may be slower than
the corresponding plasma clearance. The overall CSF
drug exposure relative to plasma exposure is better es-
timated by comparing the CSF and plasma AUCs. In
our study, the CSF to plasma AUC ratio for ganciclovir
following a short i.v. infusion was approximately 16%.

In in vitro CNS tumor models of rat or human
glioma cells transduced with a retrovirus vector and
exposed to 0.1 lM (0.025 lg/ml) ganciclovir, DNA
synthesis has been shown to be inhibited within 1 h and
cell survival to be decreased by 50% in 5 h [12]. In ad-
dition, transduced rat glioma cells demonstrate dose-
dependent sensitivity to ganciclovir. The survival rate
was 15% to 20% following exposure to 0.1 lM
(0.025 lg/ml) ganciclovir in one cell line versus no sur-
vival after exposure to 30 lM (7.5 lg/ml) [9]. However,
using colony formation assays, the same authors have
reported that the survival rate was 30% following ex-
posure to a dose of 3 lM (0.75 lg/ml) [9]. In our studies,
CSF concentrations exceeded 0.6 lg/ml in two of the
three animals and were greater than 0.025 lg/ml for at
least 6 h in all three animals. Thus, following a dose of
10 mg/kg in the nonhuman primate, concentrations of
ganciclovir that are cytotoxic to transduced cells in some
in vitro systems can be achieved without evidence of
systemic or CNS toxicity.

The ability to achieve cytotoxic ganciclovir concen-
trations in the CSF following i.v. administration has
important implications for the treatment of CNS tumors

Table 1 Pharmacokinetic parameters following administration of ganciclovir 10 mg/m2 i.v. over 30 min in three animals

Animal ClTB plasma
(ml/min/kg)

Vdss
(l/kg)

AUC plasma
(lg/mlámin)

AUC CSF
(lg/mlámin)

CSF:plasmaa t1/2 (min)

a b

Jé 8.9 13.6 1123 83.3 .073 11 103
L976 11.2 8.9 893 173 .192 24 109
J128 8.1 8.2 1209 249 .201 19 116

Mean � SD 9.4 � 1.6 10 � 2.9 1075 � 163 168 � 83 .155 � .071 18 � 7 109 � 7

aRatio of the AUC ®tlast CSF to AUC ®tlast plasma

Fig. 2 Representative concentration-time curves from a single
animal (animal J128) for ganciclovir in plasma and CSF following
an i.v. dose of 10 mg/kg administered over 30 min
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with gene therapy. In most ongoing clinical trials, the
HSV-TK-containing vector is delivered directly to the
tumor via stereotactic surgery. Since ganciclovir cannot
be administered directly into the tumor, the ability of the
drug to penetrate the CNS is critical to the potential
success of this approach. This is particularly important
for strategies designed to treat neoplastic meningitis.
The feasibility of intrathecal administration of HSV-
TK-containing vectors followed by i.v. or intrathecal
administration of ganciclovir has been demonstrated in
rodents with 9L gliosarcoma [5, 10] and additional
preclinical studies of this strategy in nonhuman primates
are in progress. Our data provide preliminary evidence
that adequate CSF concentrations may be attained after
i.v. ganciclovir administration, potentially eliminating
the need for frequent intrathecal injections. However,
further in vitro studies are required to accurately de-
termine the concentrations of ganciclovir required for
cytotoxicity in a variety of CNS and leptomeningeal
tumors.
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