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PHARMACOKINETICS OF SALICYLATE ESTER
PRODRUGS OF CYCLIC HPMPC IN DOGS

Reza Oliyai,∗ Murty N. Arimilli, Robert J. Jones,
and William A. Lee

Gilead Sciences Inc., 335 Lakeside Drive, Foster City, California 94404

ABSTRACT

A series of aryl ester prodrugs of cyclic HPMPC have been synthesized and
their physicochemical properties, pharmacokinetics and metabolism have been
evaluated. Chemical stability was dependent on the orientation of the exo-cyclic
ligand; the equatorial isomers were 5.4 to 9.4 fold more reactive than the axial
isomers. The oral bioavailability of cyclic HPMPC from the aryl ester prodrugs
ranged from 11.2% for o-pentylphenyl cyclic HPMPC to 46.3% for butylsal-
icylyl cyclic HPMPC. Cyclic HPMPC was the major metabolite observed for
all the salicylyl ester prodrugs. Cidofovir accounted for 2 to 12% of the total
plasma AUC for butyl-, cyclohexyl- and phenethyl-salicylyl esters of cyclic
HPMPC. Intact prodrug or the corresponding monosalicylyl esters of cidofovir
each accounted for less than 10% of the total AUC for salicylyl ester prodrugs.

INTRODUCTION

Cidofovir ((S)-1-(3-hydroxy-2-phosphonylmethoxypropyl) cytosine; HPM
PC) is a potent inhibitor of herpesvirus replication in cultured cells and in vari-
ous animal models (1). Cidofovir (Vistide�) was approved for first line therapy
of cytomegalovirus retinitis in patients with AIDS (2). Cyclic HPMPC(1-[((S)-2-
hydroxy-2-oxo-1,4,2 dioxaphosphorinan 5-yl) methyl]cytosine) is a cyclic analog
of cidofovir with similar in vivo and in vitro antiviral activity against HSV-2 to
that of cidofovir (3). Cyclic HPMPC is selectively converted to cidofovir within
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cultured cells in vitro (3). Cyclic HPMPC was significantly less nephrotoxic than
cidofovir following repeated intravenous administration to rats, rabbits and mon-
keys (3). Cyclic HPMPC appeared to have an improved therapeutic index compared
to cidofovir. The oral bioavailability of cyclic HPMPC is low: 3.5, 21.9 and 3.1% in
rats, dogs and humans. As a result of the low oral bioavailability of cyclic HPMPC
in animals and humans, a series of novel prodrugs were designed to enhance the
intestinal permeability of the drug.

Material and Method

The concentrations of cyclic HPMPC and cidofovir in plasma samples were
determined by ion-pair reverse-phase HPLC with fluorescence derivatization. The
concentrations of cyclic HPMPC prodrugs and salicylyl HPMPC monoesters in
plasma samples were determined by reverse-phase HPLC with UV detection. All
data were analyzed using non-compartmental methods by PCNONLIN (4).

RESULTS AND DISCUSSIONS

Chemical stability was dependent on the orientation of the exo-cyclic ligand;
the equatorial isomers were 5.4 to 9.4 fold more reactive than the axial isomers.
(5). Axial isomers of salicylyl cyclic HPMPC prodrugs were selected for in vivo

Scheme.
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Figure 1. Concentrations of cyclic HPMPC in plasma following oral administration of alkylsalicylyl
cyclic HPMPC prodrugs to dogs.

evaluation. Both isomers of butylsalicylyl cyclic HPMPC were evaluated for com-
parison. Figure 1 shows the plasma concentration of cyclic HPMPC following oral
administration of its salicylate prodrugs. Oral bioavailability of cyclic HPMPC
from its alkylsalicylyl ester prodrugs ranged from 18.5% for the ethylsalicylyl

Table 1. Oral Bioavailability of Salicylyl Cyclic HPMPC Prodrugs in Beagle Dogs. (Values are
Mean)

% BA as ∗
Cyclic Cmax Tmax

Compound Formulation (dose) HPMPC (µg/mL) (hr)

Ethylsalicylyl PEG 400 18.5 ± 5.78 0.67 ± 0.24 1.90 ± 1.25
cyclic HPMPC (7.9 mg/kg)

Butylsalicylyl 20% PEG 400
cyclic HPMPC in citric acid
Axial isomer (pH 2.2) (8 mg/kg) 46.3 ± 8.97 1.57 ± 0.46 1.50 ± 0.35
Equatorial isomer (8 mg/kg) 36.4 ± 9.26 1.61 ± 0.45 0.60 ± 0.22

Pentylsalicylyl 40% PEG 400 in citric 22.4 ± 5.53 0.75 ± 0.18 1.60 ± 0.22
cyclic HPMPC acid (pH 2.2) (9.2 mg/kg)

Hexylsalicylyl 20% PEG 400 in citric 30.5 ± 4.83 0.97 ± 0.27 1.40 ± 0.42
cyclic HPMPC acid (pH 2.2) (8 mg/kg)

2-Ethylhexylsalicylyl 20% PEG 400 in citric 34.4 ± 4.83 2.10 ± 0.62 1.20 ± 0.27
cyclic HPMPC acid (pH 2.2) (10 mg/kg)

Phenylsalicylyl PEG 400 (9.3 mg/kg) 27.8 ± 6.16 2.70 ± 0.51 1.40 ± 0.42
cyclic HPMPC

Phenethylsalicylyl 20% PEG 400 in citric 35.3 ± 3.37 0.85 ± 0.15 1.50 ± 0.35
cyclic HPMPC acid (pH 2.2) (8 mg/kg)

Cyclohexylsalicylyl 20% PEG 400 in citric 22.7 ± 4.43 0.98 ± 0.36 0.90 ± 0.22
cyclic HPMPC acid (pH 2.2) (8 mg/kg)
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cyclic HPMPC to 46.3% for the butylsalicylyl cyclic HPMPC [Table 1]. Cyclic
HPMPC was the major metabolite for all of the salicylyl ester prodrugs of cyclic
HPMPC. Cidofovir accounted for less than 10% of the total AUC. Intact prodrug
or salicylyl HPMPC monoester were also detected in plasma and each accounted
for less than 10% of the total AUC. The oral bioavailability of cyclic HPMPC from
the two stereoisomers of butylsalicylyl cyclic HPMPC were not significantly differ-
ent (P > 0.05). The extent of conversion to cidofovir was similar for both isomers.
No prodrug or monoester was generated from the equatorial isomer while both
species were detected for the axial isomer. Salicylyl ester prodrugs successfully
delivered cyclic HPMPC to the systemic circulation with minimal exposure to cid-
ofovir. This approach may allow oral delivery of cyclic HPMPC while minimizing
cidofovir-related toxicity.

REFERENCES

1. Bronson, J. J., et al. (1990 ) “Immunobiology and Prophylaxis of Human Herpesvirus
Infections”.

2. Vistide�Package Insert.
3. Bischofberger, N. et al. Antimicrobial Agents and Chemotherapy, 1994, 38, 2387–2391.
4. PCNONLIN� Version 4.2, Statistical Consultants, Inc.
5. Oliyai, R. et al. Pharm. Res. 1999, 16, 1687–1693.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
0
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Order now!

 

Reprints of this article can also be ordered at

http://www.dekker.com/servlet/product/DOI/101081NCN100002566

Request Permission or Order Reprints Instantly! 

Interested in copying and sharing this article? In most cases, U.S. Copyright 
Law requires that you get permission from the article’s rightsholder before 
using copyrighted content. 

All information and materials found in this article, including but not limited 
to text, trademarks, patents, logos, graphics and images (the "Materials"), are 
the copyrighted works and other forms of intellectual property of Marcel 
Dekker, Inc., or its licensors. All rights not expressly granted are reserved. 

Get permission to lawfully reproduce and distribute the Materials or order 
reprints quickly and painlessly. Simply click on the "Request 
Permission/Reprints Here" link below and follow the instructions. Visit the 
U.S. Copyright Office for information on Fair Use limitations of U.S. 
copyright law. Please refer to The Association of American Publishers’ 
(AAP) website for guidelines on Fair Use in the Classroom.

The Materials are for your personal use only and cannot be reformatted, 
reposted, resold or distributed by electronic means or otherwise without 
permission from Marcel Dekker, Inc. Marcel Dekker, Inc. grants you the 
limited right to display the Materials only on your personal computer or 
personal wireless device, and to copy and download single copies of such 
Materials provided that any copyright, trademark or other notice appearing 
on such Materials is also retained by, displayed, copied or downloaded as 
part of the Materials and is not removed or obscured, and provided you do 
not edit, modify, alter or enhance the Materials. Please refer to our Website 
User Agreement for more details. 

 

 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
0
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1

http://www.copyright.gov/fls/fl102.html
http://www.publishers.org/conference/copyguide.cfm
http://www.dekker.com/misc/useragreement.jsp
http://www.dekker.com/misc/useragreement.jsp
http://s100.copyright.com/AppDispatchServlet?authorPreorderIndicator=N&pdfSource=Dekker&publication=NCN&title=PHARMACOKINETICS+OF+SALICYLATE+ESTER+PRODRUGS+OF+CYCLIC+HPMPC+IN+DOGS&offerIDValue=18&volumeNum=20&startPage=1411&isn=1525-7770&chapterNum=&publicationDate=03%2F31%2F2001&endPage=1414&contentID=10.1081%2FNCN-100002566&issueNum=4%267&colorPagesNum=0&pdfStampDate=07%2F28%2F2003+10%3A57%3A12&publisherName=dekker&orderBeanReset=true&author=Reza+Oliyai%2C+Murty+N.+Arimilli%2C+Robert+J.+Jones%2C+William+A.+Lee&mac=eu5mq2a1642XOOdWqyQJCw--

