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Abstract

We previously synthesized a thioetherphospholipid–AZT conjugate (3�-azido-3�-deoxy-5�-(1-hexadecylthio-2-
methoxypropyl)-phosphothymidine, CP-102) with potent anti-HIV-1 activity and significant reduction in cell cytotox-
icity compared to AZT alone. To study the cellular metabolism of the conjugate compound we synthesized a
double-tritium-labeled thioetherphospholipid-AZT conjugate (3�-azido-3�-deoxy-5�-(1-[9, 10-3H]-S-octadecylthio-2-O-
methoxypropyl)-phosphothymidine-[methyl-3H], [3H]CP-102). The intracellular radioactive metabolic products of
[3H]CP-102 treated human lymphoblastoid CEM-SS cells were analyzed by HPLC and thin-layer chromatography.
Results of this investigation provide evidence that a putative intracellular lipid cleavage enzyme metabolizes
[3H]CP-102 to form a thioetherdiglyceride compound that migrates with an authentic 1-S-octadecyl-2-O-methyl-thio-
glycerol standard on TLC. The thioetherdiglyceride metabolite did not react with the ninhydrin reagent indicating it
did not contain a primary amine such as that found on serine or ethanolamine containing phospholipids. Also, the
product did not contain a phosphatidic acid group based on migration characteristics in the TLC plate. The other
major hydrophilic metabolite was 3�-azido-3�-deoxythymidine-[methyl-3H]-monophosphate (AZT–MP) with lesser
amounts of AZT, AZT–DP and AZT–TP. In summary, the best interpretation of these data is that the thioether-
phospholipid–AZT conjugate, [3H]CP-102, is cleaved by a putative intracellular lipid cleavage enzyme to release a
thioetherdiglyceride compound and AZT–MP. The resulting AZT–MP was either dephosphorylated to AZT or
sequentially phosphorylated to AZT–DP and, ultimately, to AZT–TP, the known inhibitory metabolite against
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HIV-1 reverse transcriptase. Phospholipid–nucleoside conjugates may provide a unique approach for developing
anti-HIV-1 prodrugs that do not have a strict requirement for a nucleoside kinase for initial activation of the prodrug
to an antiviral form. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Acquired immunodeficiency syndrome
(AIDS1) is a worldwide illness with epidemic
proportions. Many of the compounds approved
for use in the treatment of HIV-1 infections be-
long to a class of compounds known as 2�,3�-
dideoxynucleoside analogs e.g. zidovudine, AZT,
(Mitsuya et al., 1985), didanosine, ddI
(Dahlberg et al., 1987), zalcitabine, ddC (Mit-
suya and Broder, 1986) 2�,3�-didehydro-3�-de-
oxythymidine, stavudine, D4T (Hamamoto et
al., 1987; Lin et al., 1987), and lamivudine, 3TC
(Coates et al., 1992; Schinazi et al., 1992). Other
RT inhibitors include the guanosine analog (1R,
4S,)-4-[2-amino-6-(cyclopropyl amino)-9H-purin-
9-yl]-2-cyclo-pentene-1-methanol, abacavir
(Daluge et al., 1997), and non-nucleoside RT
inhibitors include Nevirapine, Loviride, Efa-
virenz and TIBO-compounds (Crowe, 1999; De
Clercq, 1997). Although these inhibitors offer
some degree of protection against HIV replica-
tion, they all share undesirable side effects and
induce the emergence of drug resistant mutants
(Arts and Wainberg, 1996).

We have developed a series of novel ether-
phospholipid–nucleoside analog conjugates with
markedly reduced cellular cytotoxicity and im-
proved selectivity for anti-HIV-1 activity com-
pared to the nucleoside analog alone (Herrmann
et al., 1996; Piantadosi et al., 1991). CP-102, a
thioetherphospholipid–AZT conjugate, has been
shown to markedly inhibit HIV replication (Pi-
antadosi et al., 1991). In addition, alkylphospho-
lipid and alkylphospholipid–AZT conjugates
were also shown to inhibit HIV-1 induced
pathogenesis measured by inhibition of cell fu-
sion between treated and untreated infected
CEM-SS cells, and inhibition of virus induced
gp160/gp120 reactivity on the surface of infected

cells as detected with monoclonal antibodies
(Krugner-Higby et al., 1995). So far, the
metabolism of the thioetherphospholipid conju-
gate at the biochemical level has not been re-
ported. Accordingly, we synthesized a double-
tritium-labeled thioetherphospholipid–AZT con-
jugate, 3�-azido-3�-deoxy-5�-(1-[9, 10-3H]-octade-
cylthio-2-methoxypropyl)-phosphothymidine-[me-
thyl-3H] ([3H]CP-102, Fig. 1) and investigated
the metabolic products following treatment of
human T-lymphoblasts (CEM-SS cells). The best
interpretation of the results suggested that the
thioetherphospholipid–AZT conjugate, [3H]CP-
102, is metabolized by a putative lipid cleavage
enzyme to release a thioetherdiglyceride com-
pound and AZT–MP. The AZT–MP is further
metabolized to AZT or AZT–DP and, ulti-
mately, to AZT–TP, the known inhibitor of re-
verse transcriptase activity.

Fig. 1. The chemical structure of [3H]CP-102, a thioetherphos-
pholipid–AZT conjugate. T indicates the presence of the
tritium.
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2. Materials and methods

2.1. Chemicals

Unless otherwise noted all chemicals were of
reagent grade or better from Sigma Chemical Co.
(St. Louis, MO). HPLC solvents were HPLC
quality and were obtained from Fisher Scientific
(Fair Lawn, NJ). AZT–MP, AZT–DP, and
AZT–TP were from Glaxo SmithKline, Inc. (For-
merly Burroughs Wellcome Inc., Research Trian-
gle Park, NC).

2.2. Cells

Human T lymphoblasts (CEM-SS cells) were
maintained in logarithmic growth using RPMI
1640 medium and 20% fetal bovine serum (growth
medium) as previously described (Kucera et al.,
1990; Piantadosi et al., 1991). The cells were
grown at 37°C in T-flasks, spinner flasks, or roller
bottles. The doubling time of the cells was be-
tween 18 and 24 h. The cells were free of my-
coplasma contamination as determined by the
PCR test. The growth medium used for the spin-
ner flask and roller bottles was supplemented with
10 mM HEPES to maintain the medium at pH
7.0 while the cells were cultured outside a CO2

incubator.

2.3. Synthesis of tritiated
thioetherphospholipid–AZT conjugate

2.3.1. Synthesis of [9,10-3H]-1-S-
octadecyl-2-O-methyl-thioglycero-3-phosphatidic
acid (1) (Piantadosi et al., 1991)

�9,10-1-S-octadecyl-2-O-methyl-thioglycero-3-
phosphatidic acid was prepared by reaction of
�9,10-1-S-octadecyl-2-O-methyl-thioglycerol with
POCl3/Et3N in THF (NMR data were consistent
with those previously reported by Piantadosi et
al., 1991). A solution of 12.0 g (0.026 mmol) of
the phosphatidic acid in absolute ethanol (1.0 ml)
was stirred at room temperature over 10 mg of
10% Pd/C under 5.0 Ci (0.086 mmol) of carrier-
free tritium gas for 4 h. The catalyst was filtered

off through a Celite pipet column and the filtrate
blown down nearly to dryness under a stream of
nitrogen to afford 956 mCi of crude product. A
portion (143 mCi) was removed and purified by
silica gel G TLC using CH2Cl2–MeOH–H20
(70:30:4 v/v/v) to afford 32 mCi of approximately
95% radiochemically pure product.

2.3.2. Synthesis of 3 �-azido-3 �-deoxy-5 �-
([9,10-3H]-3-octadecylthio-2-methoxypropyl)-
phosphothymidine-[methyl-3H]

An aliquot of 1 was diluted to a specific activity
of 15 mCi/mmol with cold phosphatidic acid.
Likewise, an aliquot of tritiated AZT was diluted
to a specific activity of 15 mCi/mmol with cold
AZT. The two solutions were mixed and evapo-
rated to complete dryness. Dicyclohexylcarbodi-
imide (230 mg, 1.12 mmol) was added and the
mixture dissolved in 4 ml of dry pyridine and
stirred at room temperature for 3 days. The
volatiles were removed in vacuo and the residue
was chromatographed on a silica gel column (3 g)
using CH2C12–MeOH (15:1, 9:1, 2:1 v/v) as mo-
bile phase to afford 0.86 mCi of �95% radio-
chemically pure product. The structural formula
of [3H]CP-102 is shown in Fig. 1.

2.4. Metabolism of [ 3H]CP-102 in CEM-SS cells

2.4.1. Short term incubation
For short term incubations (� 24 h), 3×108

CEM-SS cells from an exponentially growing cul-
ture were harvested and incubated at 37°C for
6–24 h in 100 ml of growth medium with 70–167
nM of labeled [3H]CP-102 conjugate (specific ac-
tivity 30 mCi/mmol). This concentration of CP-
102 resulted in an approximate EC90 value for
inhibition of virus replication (Piantadosi et al.,
1991). The cells were harvested by centrifugation
(450×g, 10 min) and washed three times with 50
ml PBS. The washed cells were resuspended in 1
ml PBS for subsequent extraction. Approximately
50% of the added radiolabel was associated with
the cells.

2.4.2. Long term incubation
For long term incubations CEM-SS cells were

kept at exponentially growing densities in roller
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bottle cultures (between 5×105 and 2×106 cells/
ml) at 37°C for 2–11 days. The concentration of
[3H]CP-102 was maintained at 0.7 �M (specific
activity 30 mCi/mmol). At selected times, 3×108

cells were harvested by centrifugation (10 min,
450×g) and washed three times with 50 ml PBS.
The washed cells were then resuspended in 1 ml
PBS for subsequent extraction.

2.4.3. Cell extraction
The cell suspension was extracted with 3.75

ml CHCl3:MeOH:1 N HCl (1:2.5:0.25 v/v/v),
vortexed, then 0.5 ml 1 N HCl and 1 ml CHCl3
were added and the mixture was vortexed again.
The extract was centrifuged (450×g, 10 min)
and the bottom CHCl3 layer was carefully re-
moved using a glass Pasteur pipet and saved in
a second vial. To the top aqueous layer was
added 2 ml CHCl3, and the mixture was vor-
texed and centrifuged (450×g, 10 min). The
bottom CHCl3 layer was carefully removed and
combined with the CHCl3 layer in the second
vial. The combined CHCl3 layers were dried un-
der a stream of nitrogen to prepare the lipid
extract for TLC. The aqueous top layer was re-
moved from the tube, leaving behind a thick,
milky protein layer at the interphase that was
discarded. In control experiments, recovery of
the AZT metabolites in the aqueous layer was
determined to be approximately 90% and there
was no observable degradation of the AZT
metabolites under the extraction conditions
used. The removed aqueous top layer was di-
vided into two microcentrifuge tubes, each con-
taining 1.75 ml. The microcentrifuge tubes were
placed in a Speed Vac centrifuge (Savant Instru-
ments) (room temperature, 8 h) in order to
evaporate the aqueous extract leaving behind the
aqueous soluble AZT metabolites for HPLC
analysis.

2.5. TLC analysis of lipid extracts

The dried lipid extract was resuspended in 300
�l of CHCl3: MeOH (2:1 v/v). Seventy-five mi-
crolitres of this solution was spotted on a What-
man K5 silica gel TLC plate (Whatman
International Ltd., Maidstone, England) along

with various authentic standards (CP-102, 1-S-
octadecyl-2-O-methyl-thioglycerol, 1-S-octadecyl-
2-O-methyl-thioglycero-3-phosphatidic acid and
1-S-octadecyl-2-O-ethyl-thioglycero-3-phospho-
choline) (Kucera et al., 1990). The TLC plate
was developed two-thirds the length of the en-
tire plate with CHCl3: MeOH: NH4OH
(50:35:10 v/v/v) and dried. The dried TLC plate
was then developed to the top of the plate in a
solvent system of ethyl ether: hexane: 90% for-
mic acid [60:90:4.5 (v/v/v)]. The developed TLC
plate was air-dried and exposed to a phosphor
screen for 4 h. The exposed screen was scanned
using a Phosphorimager (Molecular Dynamics,
Sunnyvale, CA) to determine the presence and
location of the radiolabeled lipid conjugate
metabolites.

2.6. HPLC analysis of aqueous extracts

Each of the dried aqueous extracts in the mi-
crocentrifuge tubes were resuspended in 150 �l
of an unlabeled authentic AZT standard solu-
tion containing 5 �M each of AZT, AZT–MP,
AZT–DP and AZT–TP. The HPLC analysis
used was a modification of the method used by
others (Molema et al., 1992). The buffer used
was modified to consist of 150 mM Na3PO4

with 4 mM TBAP (Aldrich Chemical Co.) (pH
7.4) and 5% CH3CN. The buffer was run at a
rate of 1.2 ml/min (uv absorbance was measured
at 260 nm) through an Ultrasphere C18 IP
(4.6×150 mm) column (Alltech Associates,
Inc.). The total 300 �l volume of cell extract
was injected at once into the system and 0.3 ml
fractions were collected. Aliquots of each frac-
tion were assayed for tritium by liquid scintilla-
tion spectrometry and the peaks of radioactivity
were identified by the elution profile of the dif-
ferent internal AZT metabolite standards that
were added to each sample. The retention times
of the AZT metabolite standards were 7.83�
0.05, 10.45�0.19, 14.65�0.24, and 16.00�0.39
min (mean�S.D., n=4 experiments) for AZT–
MP, AZT–DP, AZT, and AZT–TP, respec-
tively.
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Fig. 2. (A) Profile of aqueous [3H] products collected from HPLC analysis. Note a large AZT–MP peak and significantly smaller
AZT, AZT–DP and AZT–TP peaks. Arrows indicate the elution of unlabeled standards detected by uv absorbance. (B) Analysis
of radiolabel in each of the four AZT metabolites depicted in (A). Data were obtained by collecting fractions from the HPLC runs
and analyzing the radioactivity by liquid scintillation spectrometry. Each data point represents the % of the total [3H] counts from
each HPLC run. The data are representative of three independent and reproducible experiments. AZT, ; AZT-MP, �; AZT-DP,
�; AZT-TP, �.

3. Results

3.1. HPLC analysis of [ 3H]CP-102 metabolites

Given the chemical structure (Fig. 1), the initial
thioether phospholipid–AZT has a limited num-
ber of metabolic products that can be formed.
Data from HPLC analysis of metabolites in the
soluble aqueous extracts from CEM-SS cells incu-
bated with [3H]CP-102 for 6–24 h (short term
incubation) indicated that the major metabolite
co-elutes with AZT–MP, together with lesser
amounts of metabolites that co-elute with AZT,
AZT–DP and AZT–TP (Fig. 2A). The summed
values (Fig. 2B) of the integrated areas for each
peak depicted in Fig. 2A further suggested that
the primary [3H]CP-102 nucleotide metabolite was
AZT–MP together with lesser amounts of AZT,
AZT–DP and AZT–TP at all time points investi-
gated. Similar results (data not shown) were evi-
dent at all time points analyzed from 2 through 11
days (long term incubation). Aqueous products
were not observed by HPLC when the unmetabo-

lized [3H]CP-102 was extracted as a control, using
the method with 0.5 ml of 1 N HCl described
above. Furthermore, upon storage of CP-102 in
complete medium containing serum there was no
lose of antiviral potency. In summary, these data
are interpreted to suggest that the primary nucle-
otide metabolite of [3H]CP-102 in CEM-SS cells
was AZT–MP with considerably lesser amounts
of AZT, AZT–DP and AZT–TP formed. Intra-
cellular enzymes metabolize [3H]CP-102 to form
the AZT metabolites.

3.2. TLC analysis of CP-102 metabolites

Data from the analysis of intracellular metabo-
lites in lipid extracts from CEM-SS cells incu-
bated with [3H]CP-102 indicated that the primary
metabolite migrates with a similar Rf obtained
with a known authentic standard, 1-S-octadecyl-
2-O-methyl-thioglycerol, (Fig. 3). Comparison of
radioactive spots on the TLC plate using the
Phosphorimager resulted in the following density
values for the thioetherdiglyceride metabolite area
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of the TLC plate: 6 h, 1.1%; 16 h, 1.8%; 24 h,
4.4%.

The thioetherdiglyceride metabolite from the
TLC plate did not react with ninhydrin spray
suggesting that it did not contain a primary amine
such as that found on serine or ethanolamine
containing phospholipids. Futhermore, the
metabolite was not converted to other detectable
metabolites between 1 and 11 days incubation of
CEM-SS cells with [3H]CP-102. Alternatively, the
addition of a phosphate group at the three posi-
tion of the thioetherdiglyceride metabolite would
be expected to result in the formation of a phos-
phatidic acid compound. Unlike the migration of
an authentic 1-S-octadecyl-2-O-methyl-thioglyc-
erol-3-phosphatidic acid standard below the
[3H]CP-102, the thioetherdiglyceride metabolite
migrated above the [3H]CP-102 standard in the
TLC system. These data indicate no detectable
phosphatidic acid in the thioetherdiglyceride com-
pound (Fig. 3). Unmetabolized [3H]CP-102 ap-
peared as a major band with a closely migrating
minor band on the TLC plate. The ratio of the
intensity of these two bands did not change as a

result of long term incubation (2–11 days) of
[3H]CP-102 with cells, suggesting that this minor
band may represent an insignificant contaminant
of the synthetic process.

Since CP-102 has a thioether bond at the 1
position and a methoxyether bond at the 2 posi-
tion (see Fig. 1), the compound is expected to be
resistant to phospholipase A hydrolysis. In point
of fact there was no detectable cleavage of the
bonds at the 1 or 2 positions of the glycerol
backbone as indicated by HPLC or TLC analyses.
These data taken together with data from HPLC
analysis of cellular aqueous extracts indicating
that the major metabolite was AZT–MP, support
the conclusion that an intracellular lipid cleavage
enzyme similar to phospholipase C is most likely
involved in the metabolism of [3H]CP-102.

4. Discussion

Results of this investigation revealed that dur-
ing incubation of human lymphoblastoid CEM-
SS cells with the potent anti-HIV-1
thioetherphospholipid–AZT conjugate ([3H]CP-
102), (Piantadosi et al., 1991) the conjugate was
metabolized by a putative lipid cleavage enzyme
to yield on HPLC a peak identified with AZT–
MP as the major nucleotide metabolite with lesser
amounts of AZT, AZT–DP, AZT–TP (Fig. 2A)
and a thioetherdiglyceride metabolite (Fig. 3). The
interpretation made is that AZT–MP was either
dephosphorylated to AZT by a phosphatase en-
zyme and/or phosphorylated to AZT–DP and
AZT–TP (Fig. 2A and B), thus bypassing the
requirement for a cellular nucleoside kinase activ-
ity. The AZT–TP metabolite is the known in-
hibitor of reverse transcriptase activity required
for replication of HIV-1 (Furman et al., 1986;
Tornevik et al., 1995).

The intracellular phosphorylation of free AZT
to the monophosphate is facile and high concen-
trations of the monophosphate can be reached in
the cell. The metabolite is a very poor substrate
for the next kinase in the cascade, thymidylate
kinase. Because of this the achievable concentra-
tion of the active triphosphates was reported by
others to be several orders of magnitude lower

Fig. 3. Phosphorimage of TLC plate showing location of lipid
soluble radioactive products after 6, 16, and 24 h (short term
incubation) treatment with [3H]CP-102. DG=1-S-octadecyl-
2-O-methyl-thioglycerol standard.
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than AZT–MP (Lavie et al., 1997). Also, it has
been reported that in other human lymphoblas-
toid cells (MT-4) AZT alone is readily phosphory-
lated to AZT–MP while AZT–DP and AZT–TP
are generated to a 200–600-fold lower extent than
the AZT–MP (Balzarini et al., 1989). Although
AZT–MP is the major metabolite and at high
concentrations can be responsible for growth in-
hibitory effects on cells, it is unlikely that the
antiviral activity of CP-102 is due to nonspecific
cell growth inhibitory activity associated with
AZT–MP for the following reasons. It has been
reported (Tornevik et al., 1995) that the toxic
concentration in CEM cells was 350 �M AZT–
MP, a concentration more that 300-fold greater
than the starting concentration of 0.7 �M CP-102
used in our experiments. From our HPLC analy-
sis we calculate that the maximum intracellular
AZT–MP concentration in our experiments was
0.4 �M. Also, we (Piantadosi et al., 1991) and
other investigators (Herrmann et al., 1996) re-
ported that a thiophospholipid AZT conjugate
(BM21-1290; FZV) similar in structure to CP-102
was at least ten-fold less toxic on HIV infected
cells and uninfected bone marrow cells compared
to AZT alone. In addition, FZV was well toler-
ated by various animal species including nonhu-
man primates given highest doses of 300
mg/kg/day, p.o. for 6 months and passed pharma-
cology/toxicological/efficacy and clinical phase I
and phase II pharmacokinetics, tolerability and
efficacy in human volunteers (Bogner et al., 1997;
Girard et al., 2000). Our hypothesis (Krugner-
Higby et al., 1995) is that CP-102 and FZV are
less toxic than AZT because the lipophilic conju-
gates (CP-102 and FZV) partition into cell mem-
branes and the lipid cleavage enzyme releases
AZT–MP, via hydrolysis slowly over several
hours within the cell providing a more continuous
supply of AZT–MP and decreasing peak AZT–
MP levels.

The targets of the thiophospholipid–AZT con-
jugate are not entirely clear, however, two targets
are proposed: (1) inhibition of infectious viral
particle formation by the lipid component; and (2)
hydrolysis of the thioetherphospholipid–AZT
conjugate yields AZT–MP that is converted to
AZT–TP resulting in reverse transcriptase inhibi-

tion. We have published evidence that ami-
doalkyldiglyceride compounds (CP-90, CP-51)
alone inhibited HIV-1 induced cell fusion between
infected and uninfected cells (Krugner-Higby et
al., 1995). Also, amidoalkyldiglycerides alone and
amidoalkylphospholipid–AZT conjugates each
caused a marked inhibition of HIV-1 induced
gp160/gp120 reactivity with specific monoclonal
antibody on the surface of infected and treated
cells and blocked virus attachment to host cells
(Krugner-Higby et al., 1995). Although AZT–TP
inhibition of reverse transcriptase activity is most
likely the primary mode of action of CP-102
against HIV, it is possible that the lipid
(thioetherdiglyceride) metabolite of [3H]CP-102
also contributes some inhibitory activity against
HIV-1 infection and pathogenesis. Another possi-
ble explanation for the lipid metabolite mode of
action could involve inhibition of protein kinase
C (Daniel et al., 1987, 1988). Reportedly, protein
kinase C induces phosphorylation of the virus
receptor complex and allows entry of HIV-1 into
CD4+ cells. Inhibitors that block protein kinase
C prevent HIV-1 entry and infection of host cells
(Fields et al., 1988). Furthermore, there is evi-
dence that phospholipid compounds similar to
CP-102 interact with cell membranes, where they
can inhibit protein kinases in a dose- and time-de-
pendent manner to bring about inhibition of cell
signaling pathways (Ruiter et al., 1999).

In comparison to our metabolic studies, an-
other anti-HIV-1 phospholipid–AZT conjugate
(dimyristoylphosphatidylazidothymidine) was re-
ported to undergo a different metabolic pathway
(Hostetler et al., 1991). This putative anti-HIV-1
compound was deacylated with subsequent cleav-
age by a phosphodiesterase to yield AZT or
AZT–MP. The difference in the metabolic path-
way is explained by the structure of [3H]CP-102
(Fig. 1), which has no acyl esters; therefore
[3H]CP-102 is cleaved by a lipid cleavage enzyme
at the phosphodiester site yielding the
thioetherdiglyceride compound and AZT–MP as
the major nucleotide metabolite. Similar to our
data, it has been reported (Herrmann et al., 1997)
that FZV was hydrolyzed by thymidine-kinase
negative cells to yield AZT nucleotides and no
free AZT. Finally, cellular metabolism of a
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oxyetherphospholipid–acyclovir conjugate yielded
acyclovir-MP (Hostetler et al., 2000). In each of
these studies, the metabolic activation of the phos-
pholipid conjugate prodrugs bypasses the need for
phosphorylation by a nucleoside kinase.

A number of properties make our phospholipid–
AZT conjugates attractive as novel agents for the
treatment of HIV-1 infections and AIDS. Phospho-
lipid–AZT conjugates have a markedly reduced
toxicity against bone marrow progenitor cells and
significantly improved selectivity index against
HIV-1 infection due to reduced cell cytotoxicity
compared to AZT alone (Herrmann et al., 1996;
Kucera et al., 1998; Piantadosi et al., 1991). Also,
CEM-SS cells tolerate at least 11-days continuous
incubation with 0.7 �M of the conjugate without
any adverse effects on cell growth. Phospholipids
have the potential for being active against AZT
resistant HIV-1 due to their unique site of action
involving cell membranes and signaling pathways
(Ruiter et al., 1999). It is possible to conjugate other
small molecular weight antiviral agents to phospho-
lipids (Hostetler et al., 2000) for the treatment of
a variety of infectious diseases in addition to HIV-1
infection and AIDS. Phospholipid conjugates are
biologically active after oral administration in a
variety of animal species including primates. Two
independent clinical phase II trials indicated that a
thioetherphospholipid–AZT conjugate decreases
HIV plasma virus loads in ARC/AIDS patients
(Bogner et al., 1997; Girard et al., 2000). Thioether-
phospholipid–AZT conjugates are metabolized in
both resting and activated human PBL and the
anti-HIV-1 activity can be mediated in thymidine
kinase negative cells (Herrmann et al., 1997).

In conclusion, the best interpretation of our data
is that the thioetherphospholipid–AZT conjugate
([3H]CP-102) is metabolized intracellularly by a
putative lipid cleavage enzyme to yield the nucle-
otide AZT–MP and a thioetherdiglyceride com-
pound. The AZT–MP can be dephosphorylated to
AZT by a phosphatase and/or sequentially phos-
phorylated to AZT–DP and AZT–TP.
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