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Abstract—[1-[2',5'-Bis- O-(tert-butyldimethylsilyl)- 8-D-ribofuranosyl]-3- N-methyl-thymine]-3’ - spiro-
5"-(4"-amino-1",2"-oxathiole-2",2"-dioxide) (TSAO-m’T) is a potent, selective and specific inhibitor of
human immunodeficiency virus type 1 replication in vitro. Uptake of TSAO-m°T by human CEM cells
is drug concentration-dependent and increased proportionally with increasing initial extracellular TSAO-
m°T concentrations up to 20 ug/mL. Within 6 hr of incubation, the cells were almost completely
saturated with the test compound; further incubation up to 72hr did not markedly increase the
intracellular concentration of the compound. No intracellular metabolic conversion of TSAQ-m’T was
observed in CEM, MT-4 or MOLT-4 cells. Upon intravenous bolus administration of TSAO-m*T to
mice at 0.75 mg/kg, TSAO-m°T was rapidly cleared from the plasma in a mono-exponential manner
(half-life: 22 min; distribution volume: 9.5 L/kg; total body clearance: 17.8 L/hr/kg). TSAO-m*T mainly
accumulated in the lungs, followed by the heart, kidney and liver. Significant amounts of different
metabolites of TSAO-m’T were detected in most tissues, the liver, kidney and spleen being the organs
that showed the most extensive metabolism. The principal metabolites identified were TSAO-m*T
derivatives in which the r-butyldimethylsilyl moiety at C-2’ and/or C-5' had been split off. The free
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base N>-methylthymine was not detected.

Recently, several different structural classes of
chemical compounds have been reported to show a
specific and potent inhibitory effect on human
immunodeficiency virus type 1 (HIV-1%), but not
HIV-2, simian immunodeficiency virus or other
RNA or DNA viruses [1-8]. One of the most
recently reported novel HIV-1-specific compounds is
represented by [1-[2',5'-bis-O-(tert-butyldimethyl-
silyl)- B- D-ribofuranosyl]thymine] -3’ - spiro-5"- (4"-
amino-1",2"-oxathiole-2",2"-dioxide) (TSAO-T)
(Fig. 1) [6,9]). TSAO-T is inhibitory for HIV-1
replication in MT-4, CEM, MOLT-4 (clone 8),
peripheral blood lymphocytes and monocyte/
macrophages at a 50% effective concentration (ECs,)
ranging between 0.017 and 0.076 uM [6,9]. To
demonstrate antiviral efficacy, the TSAO derivatives
have to fulfill stringent structural requirements
(i.e. concomitant presence of tert-butyldimethylsilyl
groups at C-2' and C-5' of the ribose part of the
molecule, as well as an intact 3'-spiro moiety in the
(R) configuration [6, 9-13]. However, the thymine
part of the TSAO-T molecule can be substituted
by other pyrimidines (i.e. uracil, cytosine, 5-

* Corresponding author.

$ Abbreviations: TSAO-T, [1-[2’,5',bis-O-(tert-butyl-
dimethylsilyl) - 8- D - ribofuranosyl] - thymine] - 3’ - spiro - §"-
(4"-amino-1",2"-oxathiole-2",2"-dioxide); TSAO-m’T, the
N°-methyl derivative of TSAO-T; HIV-1, human immuno-
deficiency virus type 1; dThd, thymidine; PBS, phosphate-
buffered saline; PMEA, 9-(2-phosphonylmethoxyethyl)-
adenine.

methylcytosine) and purines (i.e. adenine, hypo-
xanthine, xanthine) [6,9,13] without a marked
decrease in antiviral efficacy. Substitution of an alkyl
(i.e. methyl, ethyl) moiety at N° of the thymine ring
results in TSAQO derivatives that retain full antiviral
potency but show markedly decreased cytotoxicity
{6,9,13]. Consequently, the 3-alkyl-substituted
TSAO-T derivatives possess the highest antiviral
selectivity in cell culture. We have now investigated
the cellular uptake, metabolism and pharmacokinetic
properties of the N°-methyl-substituted TSAO-T
derivative TSAO-m’T.

MATERIALS AND METHODS

Compounds. TSAO-T and TSAO-m’T were
synthesized according to a procedure that has been
described recently [10-12]. Stock solutions were
prepared at 20 mg/mL in dimethyl sulfoxide (100%),
and further dilutions of the test compounds were
made in 10% fetal calf serum-containing culture
medium (for the cell culture experiments) or
phosphate-buffered saline (PBS) (for the phar-
macokinetic experiments).

Cells. Human T4 lymphocyte cells were kindly
provided by Dr N. Yamamoto (MT-4, MOLT-4)
(Tokyo Medical and Dental University School of
Medicine, Tokyo, Japan) or obtained from the
American Tissue Culture Collection (CEM) (Rock-
ville, MD, U.S.A.). The cells were cultivated in
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Fig. 1. Preparation of tritiated TSAO-m*T. Reaction of TSAO-T with [*H]methyl iodide in the presence
of potassium carbonate gave the N°-methyl! tritiated [P’H]TSAO-mT in high yield.

RPMI 1640 medium supplemented with 10% fetal
calf serum, 2 mM L-glutamine and 0.075% NaHCO;.

Radiochemicals. Radiolabeled TSAO-m*T (sp.
radioact. 75 Ci/mmol), designated [*HJTSAO- £l'
(*H being part of the methyl group in the N
position), was synthesized according to a published
procedure starting from TSAO-T [12, 13] (Fig. 1)
and was obtained from Moravek Biochemicals Inc.
(Brea, CA, U.S.A.). The radiochemical purity was
higher than 99% as revealed by HPLC analysis on
a Lichrocart Superspher 60 RP-8 column (Merck,
Darmstadt, Germany).

Uptake and metabolism of [PH|TSAO-m’T in
human CEM, MT-4 and MOLT-4 cells. The uptake
and metabolism of different concentrations of
radiolabeled [*H]TSAO-m*T was monitored as
follows: CEM, MT-4 and MOLT-4 cells were seeded
at 3x10° cells/mL in 6-mL culture flasks and
incubated with different concentrations of [*HJ-
TSAO-m’T (i.e. 2, 5, 20 and 50 ug/mL for CEM
cells, and 5 ug/mL for MT-4 and MOLT-4 cells).
These concentrations were made by mixing a fixed
amount of radiolabeled [*H]TSAO-m>T with varying
concentrations of cold TSAO-m>T. The total amount
of radioactivity per cell culture was kept constant
(1.66 uCi/mL). After 24 hr, the cells were centrifuged
at 4°, washed three times with ice-cold medium
[without serum, but containing unlabeled TSAO-
m®T (50 ug/mL)] and precipitated with 66% ice-cold
methanol. After centrifugation at 10,000 rpm for
3 min, [PHJTSAO-m>T and its potential metabolites
were quantitated in the supernatant by HPLC
analysis using a Lichrocart Superspher 60 RP-8
column as described below.

In a second set of experiments, CEM cells were
seeded at 3 x 10° cells/mL in 6-mL culture flasks
and incubated with [PHJTSAO-m®T (at 5pug/
1.66 uCi/mL). At different time intervals (i.e. 0, 6,
16, 24, 48 and 72 hr), cells were centrifuged, washed
and precipitated with 66% methanol whereafter
[PH]JTSAO-m°T was quantitated in the methanol-
soluble cell material as described above.

Intracellular retention of PH]TSAO-m*T in CEM
cells after removal of the drug from the culture
medium. CEM cells were seeded at 3 X 10° cells/mL
and incubated with [*H]TSAO-m>T at 5 ug/1.66 uCi/
mL for 24 hr. Then, the extracellular drug was
carefully removed by centrifugation of the cells and
washing the cell cultures three times with warm
culture medium. At 0, 6, 24, 32 and 48 hr after
removal of PH]TSAO-mT, CEM cell extracts were
prepared and [PH]TSAO-m®T was determined by
HPLC as described above.

Detection of [PH]TSAO-m*T in plasma. [*H]-
TSAO-m’T was administered intravenously by bolus
injection to female NMRI mice (weighing ~ 20 g)
via the tail vein at a dose of 0.75 mg/kg in a total
volume of 150uL, containing 25% dimethyl
sulfoxide, 12.5% ethanol and 62.5% PBS, and
18.8uCi (15ug) of [PHJTSAO-m?T. Mice were
anesthetized with diethylether before blood was
obtained by cardiac puncture (0.5-1 mL/mouse) at
10, 30, 60 or 90min after administration of [*H]-
TSAO-m3T. One mouse was taken for each time
point. Two independent experiments were carried
out. The blood was collected in heparinized tubes,
and plasma was separated from the blood cells by
centrifugation at 9000 g for 3 min and stored at —20°
until analysis. Plasma extracts were prepared for
analysis by adding 4 vol. of 100% methanol. The
solutions were shaken vigorously for 10-1S5 min at
4°. Then, the samples were centrifuged at 9000 g,
and the supernatants were further clarified by
filtration (0.45 um) and spiked with unlabeled TSAO-
m®T before being subjected to HPLC analysis. The
chromatographic apparatus consisted of a LKB
Pharmacia series 2248 pump, an 2157 automatic
injector and a 2141 variable wavelength detector.
Separation of [PHJTSAO-m*T and its metabolites
from the plasma constituents was performed on a
Lichrocart Superspher 60 RP-8 column (4 X 119 mm)
using the following gradient elution protocol: 2 min
5% acetonitrile in H,O; a linear gradient of 20 min
to 90% acetonitrile in H,O; 10 min 90% acetonitrile
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in H,O; 8min linear gradient to 5% acetonitrile
in H,O and 5min 5% acetonitrile in H,O
(equilibration). The flow rate was 1.0 mL/min. UV
absorbance was measured at 273 nm. Radioactivity
of the eluted fractions was determined by liquid
scintillation counting. The retention times of the
major radiolabeled metabolites were 2-3 min, 10-
11 min, 13-14min, 1819min and 24-25 min.
Detection limit was 100 cpm (~0.80 ng TSAO-m°T).

Tissue distribution of [PH|TSAO-m*T in NMRI
mice. [PH]TSAO-m°T was administered intra-
venously to female NMRI mice (weighing ~ 20 g)
via the tail vein at a total dose of 0.75mg/kg
(18.8 uCi/mouse). After 10, 30, 60 or 90 min, blood
was collected by heart puncture, mice were killed
by decapitation and organs were removed and flash-
frozen in 1 mL of 100% methanol at —20°. Tissues
were then frozen at ~20°until further processed. Prior
toextraction, tissues were weighed, homogenized and
centrifuged at 9000 g for 5-10 min. The supernatant
was then filtered (0.45 um), spiked with unlabeled
TSAO-m°T and analysed by HPLC separation as
described above.

Characterization of the [PH|TSAO-m*T metab-
olites. The retention times of the radiolabeled
fractions were compared with the retention times of
unlabeled TSAO-m>T or TSAO-T, whether or not
lacking the silyl moieties at either C-2’ or C-5', or
both, and N*-methylthymine. The latter compound
was obtained by acidic hydrolysis of N°-methyl-
thymidine (Sigma Chemical Co., St Louis, MO,
U.S.A.) in the presence of 5 N HCI at 95°; the other
compounds were synthesized following previously
published procedures [10~-12].

Pharmacokinetic calculations. [PH]TSAO-m°T
concentrations in mouse plasma versus time after
intravenous administration of [PH]JTSAO-m®T to
mice were fitted to mono-exponential functions (C, =
Cp X e Xe ') using least squares regression analysis.
The elimination rate constant (X,) (0.0313 X min™!)
was derived from the siope of this linearized curve;
the half-life (T,/,) was calculated from the formula:
Ty = 0.693/K.. Distribution volume (Vp) and total
body clearance (Cl) were calculated from the
formulae: V, = Dose/Cyand Cl, = K- V. Average
values for the pharmacokinetic parameters were
calculated from the individual experiments.

Thymidine (dThd) phosphorylase assay. Purified
dThd phosphorylase (Sigma) (1000 U/mL) was used
in the assays. The change in absorbance was
continuously monitored at the wavelength (274 nm)
where the difference between dThd and its free base
thymine was maximal. The reaction mixture
consisted of 0.1 mM nucleoside (i.e. dThd, N°-
methylthymidine) or deprotected TSAO-T (i.e.
without the silyl moieties at C-2’ and C-5") in 100 uM
sodium phosphate buffer pH7.4 and enzyme at a
final concentration of 0.2U/mL when dThd was
used as the substrate, and 2 U/mL when any of the
other test compounds was used as the substrate. The
conversion of nucleoside to free base was monitored
by a decrease of absorbance as a function of time.

dThd kinase assay. The 70% (NH,),SO, precipitate
of a crude extract of CEM cells was submitted to
DEAE column chromatography and subsequently
to affinity column chromatography [using thymidine-
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Fig. 2. Intracellular amounts of [P'H]TSAOQ-m’T following
incubation of CEM cells for 24 hr with different initial
concentrations of [PH]TSAO-m’T.

3'-(4-aminophenylphosphate) linked to a carboxy-
hexyl-Sepharose carrier]. Synthesis of the affinity
gel matrix was performed according to the procedure
described by Kowal and Markus [14] and Whiteley
etal. [15], and modified by Lee and Cheng [16]. The
cytosol dThd kinase activity was measured in a
standard reaction mixture containing 2.5 mM MgCl,,
10mM dithiothreitol, 2 uM [methyl-*H]dThd (sp.
radioact.: 900 cpm/pmol), an appropriate amount
of TSAO-T or TSAO-m°T, and 5 uL of the purified
enzyme in a total volume of 100 yL of 50 mM Tris—
HCI pH 8.0. The reaction mixture was incubated at
37° for 15 and 30 min and the reaction terminated
by spotting an aliquot (25 uL.) onto DE-81 discs that
were instantly immersed in ethanol (70%) and
thoroughly washed in ethanol. The filters were then
dried and assayed for radioactivity in a toluene-
based scintillant.

RESULTS

Metabolism of [*H|TSAO-m’T in CEM, MT-4 and
MOLT-4 cells

Upon incubation of CEM, MT-4 and MOLT-4
cells with [PH]TSAO-m’T at 5 ug/mL (8.25 uM), the
intraceliular [PH|TSAO-m’T levels measured after
24 hr were 365, 380 and 380 ng/10° cells (or 602, 627
and 627 pmol/10° cells, respectively). No metabolites
of the parent compound were detected in any of the
three cell lines examined. Uptake of [PH|TSAO-
m’T was not inhibited when CEM cells were
incubated with [PH|TSAO-m’T at 5 ug/mL in the
presence of S-( para-nitrobenzyl)-6-thioinosine, an
inhibitor of the nucleoside transport carrier (data
not shown).

Uptake of PH|TSAO-m>T in CEM cells as a function
of different drug input concentrations

We then studied the uptake of [PH]TSAO-m*T in
CEM cells as a function of different drug input
concentrations. The intracellular concentrations of
[PH]TSAO-m’T after 24 hr of incubation increased
proportionally with the drug input concentration up
to 10 ug/mL (Fig. 2). At higher initial TSAO-m*T
concentrations (i.e. 50 ug/mL), the increase in drug
uptake slowed down. It should be mentioned here
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Fig. 3. Intraceliular [PHJTSAO-m’T levels following
incubation of CEM cells for different times with [*H]-
TSAO-m’T at 5 ug/mL.

that this concentration is more than 1500-fold higher
than the antivirally effective concentration obtained
in human CEM and MT-4 cells (i.e. 0.030 ug/mL)
[6,9].

Uptake of [PH]TSAO-m>T in CEM cells as a function
of incubation time

At an initial [PHJTSAO-m3T concentration of
5 ug/mL, uptake of the drug by the CEM cells was
followed as a function of incubation time (Fig. 3).
Within 6hr of incubation [PH]TSAO-m*T had
virtually reached its maximum intracellular con-
centration. Longer incubation times (i.e. 16, 24,
48hr) did not result in a marked increase of the
intracellular drug concentration. Even after 72 hr
incubation intracellular [PH]TSAO-m’T levels were
only slightly higher than the intracellular drug levels
reached after 6 hr.

Retention of intracellular [PH|TSAO-m*T upon
removal of TSAO-m*T from the culture medium

CEM cells were incubated with [PHJTSAO-m*T
at 5 ug/mL for a 24 hr period, after which the drug
was removed from the extracellular medium. At 6 hr
after removal of the drug only 33% of the intracellular
drug remained intracellularly. Thereafter (at 24, 36
and 48hr) intracellular [PH]TSAO-m’T levels
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Fig. 4. Intracellular decay of [°'H]TSAO-m*T in CEM cells

upon preloading the cells with PHJ[TSAO-m’T (5 ug/mL)

for 24 hr followed by cultivation of the cells in culture
medium in the absence of the compound.
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Table 1. Pharmacokinetic parameters of [PH]TSAO-m’T
in mice upon i.v. bolus injection at 0.75 mg TSAQ-m*T/

kg
Ty Vo cl,
(min) (L/kg) (L/hr/kg)
Individual values 18.0 8.4 19.3
25.6 10.0 16.3
Mean 21.8 9.2 17.8

decreased slightly (Fig. 4). Based on these findings,
the initial intracellular half-life of [*H]TSAO-m
was estimated to be 4.5 hr. However, about 15% of
the drug that was originally taken up was retained
by the cells for at least 2 days.

Clearance of [*H|TSAO-m*T from plasma in mice

The decay of TSAO-m*T in plasma was determined
after i.v. bolus administration of 0.75 mg [*'H]TSAO-
m>T/kg to mice. Higher doses were not feasible due
to the insolubility of the compound. Plasma drug
concentrations versus time were fitted to a mono-
exponential function to determine the elimination
rate constant and plasma TSAO-m®T half-life. The
correlation coefficient of the linear regression curve
was 0.984 (data not shown). TSAO-m°T was rapidly
cleared with a plasma half-life of 22.1 min and a
total body clearance of 17.8 L/hr/kg (Table 1) (Fig.
5). However, it cannot be excluded that a much
slower elimination phase occurs in plasma beyond
the detection limit of our HPLC method.

Tissue distribution of [PH|TSAO-m°T in mice

[PH]TSAO-m°T levels in mouse tissues at 10 min
after i.v. bolus injection of [PHJTSAO-m’T at
0.75mg/kg (18.8uCi) are shown in Table 2.
Although the order of magnitude of the TSAO-m3T
levels in the individual tissues varied markedly from
one experiment to another, the order of highest to
lowest [PH]TSAO-m>T levels between the different
organs was similar in three independent experiments.
Within 10 min of injection high levels of ["H]TSAO-
m>T were found in the lungs (265-5427 cpm/mg wet
tissue). The heart and kidney contained 15-fold
lower [3H]TSAO-m3T levels, whereas the liver,

c
2 100
Bz
ga 80
Qe
8o 60
o
Sk
2]
24 40
%5 20 .
[ 0 e
0 30 0 %0

TIME AFTER INJECTION (min)

Fig. 5. Elimination curve of [’H]TSAO-m>T in mice upon
i.v. bolus injection.
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Table 2. Absolute tissue distribution of [PH]TSAO-m’T and relative [*H]JTSAO-m*T concentration
in tissue versus plasma at 10 min after i.v. bolus injection of ['HITSAO-m*T

Concentration of [PH|TSAO-m*T

(cpm/mg wet tissue)

cpm [PH]TSAO-m’T tissue

Tissue Individual experiments Mean cpm [*H|TSAO-m*T plasma
Lung 1858 265 5427 2517 44.8
Heart 108 142 232 161 323
Kidney 102 138 214 151 3.06
Liver 23 33 217 91 1.53
Spleen 52 60 128 80 1.56
Muscle 62 92 73 76 1.64
Thymus 56 58 72 62 1.30
Plasma 39 41 68 49 1.00
Blood 23 33 65 40 0.77
Brain 6 11 18 1 0.22

spleen, muscle and thymus contained 25-40-fold
lower [PH]TSAO-m’T levels than the lungs. Brain
tissue contained the lowest amounts of [PHJTSAO-
m°T, but these levels were still significant and easily
detectable (11 cpm/mg wet tissue) (Table 22’.1'
When the ratios of the [*H|TSAO-m’T con-
centration in the different tissues to the [PHJTSAO-
m®T concentration in the plasma were calculated
from the values in Table 2, it became evident that
within 10min of exposure the lungs markedly
accumulated the compound (44.8-fold), while the
heart and kidneys showed only 3.06-3.26-fold higher
TSAO-m’T levels than those found in plasma. In
contrast, brain tissue contained TSAO-m’T levels
that were 5-fold lower than plasma (Table 2).
When the [PHJTSAO-m®T levels in the different
tissues were determined at 90 min versus 10 min
after injection of the compound, a decay of the
compound of 25-fold in plasma, 10-20-fold in the

heart, kidney and lungs, 4-6-fold in the brain, muscle
and thymus, but only 2-fold in the liver and spleen
occurred (Table 3). The highest tissue versus plasma
ratio of [PHJTSAO-mT (at 90 min after injection)
was found in the lungs (200-fold) as compared to
36- and 23-fold in the liver and spleen. Brain drug
levels at 90 min after injection were equal to plasma
[PH]TSAO-m?T levels (Table 3).

Metabolism of [PH|TSAO-m>T in different tissues of
mice

[*H]JTSAO-m3T was converted to varying radio-
labeled metabolites depending on the tissue examined
(Table 4). The lungs which accumulated the highest
levels of [*H]TSAO-m°T poorly metabolized the
compound. In fact, 93% of the radiolabel found in
the lungs was unchanged parent compound. Only
a small amount of a radiolabeled metabolite
characterized by a retention time of 2-3 min (and

Table 3. Absolute tissue distribution of [PHITSAO-m’T and relative [*H]TSAQ-m*T
concentration in tissue versus plasma at different time points after i.v. bolus injection of
PH|TSAO-m°T

Concentration of [*H]TSAO-m*T
(cpm/mg wet tissue)

Time after injection (min)

Tissue 10 30 60 90
Lung 5427 (80)* 2522 (87) 2429 (209) 580 (200)
Heart 232 (3.4) 77 (2.6) 54 (4.7) 12 (4.1)
Kidney 214 (3.2) 81 (2.8) 39(3.4) 16 (5.5)
Liver 217 (3.2) 147 (5.1) 176 (15) 105 (36)
Spleen 128 (1.9) 158 (5.4) 234 (20) 68 (23)
Muscle 73 (1.1) 56 (1.9) 34 (2.9 16 (5.4)
Thymus 72(1.1) 38(1.3) 30 (2.6) 17 (5.7)
Plasma 68 (1.0) 29 (1.0) 12 (1.0) 2.9 (1.0)
Blood 65 (0.95) 27 (0.92) ND+ 7.6 (2.6)
Brain 18 (0.26) 8.7 (0.30) 13 (1.1) 2.9(1.0)

* In parentheses are the tissue/plasma ratios for PH{TSAO-m’T.
t Not determined.
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Table 4. Relative tissue distribution of PH]TSAO-mT and its metabolites at 10 min after
i.v. bolus injection of [PH]TSAO-m’T

Percentage of total radioactivity*

Retention times (min)

Organ 2/3 10/11 13/14 18/19 23/24
Lung 5+6 1+1 0.1 x0.1 22 93+ 9
Heart 143 1£2 0 61 54 + 46
Kidney 24+ 8 9+2 0 12+2 56+9
Liver 30+11 28+3 12+4 11+2 19 +17
Spleen 237 1+£2 0 6*5 70 = 13
Muscle 16+4 12 0 7+1 78+ 5
Thymus 25+5 3+5 0 65 66 = 10
Plasma 28 +7 103 8+ 14 15+13 40 + 33
Blood 34+9 46 7+12 1417 42 + 34
Brain 529 0 0 0 48+9

* Data are the means =SD for three independent experiments.

referred to as metabolite 2/3) could be detected. In
contrast, in liver tissue at least four different
radiolabeled metabolic products, designated metab-
olite 2/3, metabolite 10/11, metabolite 13/14 and
metabolite 18/19 as based on their retention times
by HPLC analysis, were detected. Both metabolite
2/3 and metabolite 10/11 were present in higher
levels than the parent compound TSAO-m>T. While
shortly (10 min) after injection, the metabolites were
present in the organs at lower levels than the parent
compound, at later times (i.e. 30, 60 and 90 min),
there was a marked decrease in [PH]TSAO-m>T and
a concomitant increase in metabolite 2/3 (Table §).
Meanwhile, the metabolites 10/11, 13/14 and 18/19
almost completely disappeared (data not shown).

Characterization of the [PH|TSAQO-m*T metabolites
found in different tissues of mice

Attempts were made to characterize the different
radiolabeled metabolites by comparison of their
retention times in the HPLC analysis with those of
different reference TSAQO derivatives (Fig. 6). It
should be mentioned that the retention times of the
radiolabeled metabolite peaks are delayed 1-2 min
when compared to the retention times of the
unlabeled (cold) metabolite peaks due to the set-up
of the UV recorder versus the fraction collector.
Our examinations revealed that metabolite 18/19
co-elutes with the TSAO-m>T derivatives lacking
either the 2'-silyl moiety [designated TSAO-m3T(2'-
OH) or metabolite 18/19a] or 5'-silyl moiety
[designated TSAO-m?T(5'-OH) or metabolite 18/
19b]. Metabolite 10/11 co-eluted with the TSAO-
m>T derivative lacking both the 2’- and 5'-silyl
moieties of the molecule [designated TSAO-
m>T(2',5'-OH) or deprotected TSAO-m>T]. Metab-
olite 2/3 has been unable to be characterized so far.
It was clearly different from the free base N°-
methylthymine (m>T).

Affinity of TSAO-T and TSAO-mT for dThd kinase

Both dThd analogues TSAO-T and TSAO-m’T
were evaluated for their inhibitory effects on purified

CEM cytosol dThd kinase. The compounds did not
prove markedly inhibitory to dThd kinase at
concentrations up to 1000 uM (data not shown).

Affinity of N3-methylthymidine and deprotected
TSAO-T for dThd phosphorylase

N°-Methylthymidine and deprotected TSAO-T
(lacking the silyl groups at both C-2’ and C-5") were
evaluated for their susceptibility to hydrolysis by
dThd phosphorylase. While 100uM dThd was
completely hydrolysed by 0.2 U of the enzyme within
5 min at room temperature, N>-methylthymidine and
deprotected TSAO-T were completely resistant to
phosphorolytic cleavage upon treatment with 2 U of
dThd phosphorylase for 15 min (data not shown).

DISCUSSION

TSAO derivatives belong to a novel class of
lipophilic nucleoside derivatives that are charac-
terized by two peculiar structural characteristics: (i)
the presence of a 3’-spiro moiety, and (ii) the
presence of r-butyldimethylsilyl groups at both C-2’
and C-5' of the pentose moiety. The silyl groups
make the TSAO molecule lipophilic (partition
coefficient in octanol/water: >20) (data not shown).
These silyl groups are quite firmly linked to the
nucleoside. In fact, the compound is very stable in
physiological solutions (i.e. PBS pH 7.2) at room
temperature and nointracellular metabolites (besides
the parent compound) were detected in at least three
different human cell lines upon prolonged exposure
of the cells to the compound.

The lipophilicity of TSAO-m3T is most likely
responsible for the rapid uptake of the compound
into human T-lymphocytes. Indeed, most of the
compound is taken up by CEM cells within 6 hr
upon initial exposure of the compound to the
cells. Moreover, the drug tends to accumulate
intracellularly within this short period of time, since
at least 20-fold higher levels of TSAO-m’T
are recovered intracellularly than initially added
extracellularly.
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Table 5. Disappearance of "HITSAO-m’T and appearance of metabolites as a function of time in
several murine tissues

Radioactivity (per cent of total)

Time after
injection of Metabolite
[FHITSAO-m*T Metabolite ~ Metabolite ~ Metabolite 23/24
Tissue (min) 2/3 10/11 18/19 (TSAO-m’*T)
Lung 10 0.6 0.1 0.8 98
30 13 0.2 0.6 98
60 15 0.2 0.3 98
9% 39 0.7 0.5 95
Heart 10 12 0 7 81
30 19 0 4 77
60 38 0 0 62
90 64 0 0 36
Kidney 10 17 10 13 59
30 32 12 12 43
60 43 18 15 24
90 51 25 5 19
Liver* 10 17 26 9 39
30 23 14 10 45
60 19 14 5 57
90 18 16 5 55
Spleen 10 15 0 0 85
30 11 0 0 89
60 12 0 0 88
90 24 0 0 76
Muscle 10 20 0 7 73
30 21 6 0 69
60 33 6 4 58
90 42 6 3 49
Thymus 10 25 0 0 75
30 33 0 0 67
60 48 0 0 52
90 58 0 0 42
Plasma 10 31 8 9 52
30 42 13 5 41
60 64 13 4 19
920 90 0 0 10
Brain 10 41 0 0 59
30 42 11 0 47
60 53 0 0 47
9% 81 0 0 19

* Only liver contained significant amounts of metabolite 13/14 (i.e. 9, 8, 6 and 5% after 10, 30,

60 and 90 min, respectively).

These observations may reflect specific distribution
and binding of the compound, as well as an active
transport mechanism, although it is unclear which
transport system would be responsible for the uptake
of TSAQ derivatives by the cells. Also, the decay
of intracellular TSAO-m°T levels in CEM cells is
clearly biphasic: a rapid disappearance of the
compound within the first 6 hr, followed by a very
slow decay of the compound upon further incubation
of the cells. Thus, the kinetics of uptake of the
compound by the cells almost mirrors the kinetics
of release of the compound from the cells into the
extracellular medium.

The rapid uptake of [PHTSAO-m>T by the cells
in vitro is in agreement with our in vivo (mice)
pharmacokinetic data and may explain the unusually
high values found for the distribution value (Vp:
9.5L/kg) and total body clearance (17.8 L/hr/kg).
The Vp, values are indicative of an extensive uptake

of the compound by the different organs (tissues),
and the high body clearance is indicative of a rapid
renal clearance or rapid uptake by the tissues.

TSAO-m°T is rapidly cleared from the plasma
when administered as an i.v. bolus, its half-life being
2min. The plasma [PH|TSAO-m®T level has
declined to the detection limit at 90 min after i.v.
administration. Both the plasma half-life and body
clearance of [PH]TSAO-m*T are higher than those
reported for the 2',3'-dideoxynucleoside analogues
(i.e. 3'-azido-3'-deoxythymidine: T,;: 10-15 min;
Cl: 1.9-2.6 L/hr/kg) [17-20] and acyclic nucleoside
phosphonates (i.e. PMEA: T,,: 7-12 min; Cl;: 1.2~
2.4L/hr/kg) [21]. These properties may well be
related to the lipophilicity of the compound.

In contrast to the lack of metabolism of TSAO-
m®T in cell cultures, TSAO-m’T seems to be
metabolized in vivo since various metabolites were
found in several murine tissues (i.e. liver, kidney,
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Fig. 6. HPLC profile of different TSAO derivatives.
Abbreviations: m*T, N°-methylthymine; TSAO-m*T(2’-
OH) and TSAO-T(2’-OH), the TSAO-mT and TSAO-T
derivatives, lacking the silyl group at C-2’; TSAO-m*T(5'-
OH) and TSAO-T(5'-OH), the TSAO-m’T and TSAO-T
derivatives, lacking the silyl group at C-5'; TSAO-
m’T(2',5-OH or deprotected TSAO-m’T) and TSAO-
T(2',5’-OH or deprotected TSAO-T), the TSAO-m°T and
TSAO-T derivatives, without the silyl groups at both C-2'
and C-5'.

spleen, thymus and heart). At least three metabolites
have been unambiguously characterized, i.e. the
TSAO-m’T derivative lacking the silyl moiety at C-
2’ (metabolite 18/19a), the TSAO-m’T derivative
lacking the silyl moiety at C-5’ (metabolite 18/19b),
and the TSAO-m’T derivative lacking the silyl
groups at both C-2' and C-5' (metabolite 10/11).
However, the eventual metabolite seems to be
metabolite 2/3, which tends to accumulate pro-
gressively with time in different tissues. From the
appearance/disappearance pattern of the different
metabolites we may postulate that metabolite 2/3 is
the end-product of a reaction sequence in which
metabolites 18/19 and 10/11 probably act as
intermediates or, alternatively, is progressively
formed directly from the parent compound (Fig. 7).
Metabolite 2/3 is clearly different from the free m*T
base. In fact, radiolabeled m3T could not be detected
in the different tissues. This is in agreement with
our observations that N3-methylthymidine and
unprotected TSAO-T (lacking both silyl groups) are
not substrates for purified dThd phosphorylase.
TSAO-m®T accumulates in the lungs far more
than in the other organs (i.e. heart, kidney). Tissue
levels by far exceed those of plasma levels (i.e. an
average of 45-fold for lungs versus 3.23- and 3.06-
fold for heart and kidneys, respectively) at 10 min
post administration to the mice. Moreover, the
longer the time ¢lapsed between compound
administration and compound detection in the
various organs, the greater the amounts of TSAO-
m®T accumulated in the lungs, liver and spleen

S
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Fig. 7. Proposed metabolic conversion of [PH]TSAO-m*T
in the liver.

versus plasma (Table 3). The reason for the
preferential accumulation of TSAO-m?T in the lungs
is unclear.

In view of the neurological disorders associated
with AIDS, it is of particular interest to note that
the brain contains low but significant levels of TSAO-
m>T. Although TSAO-m®T levels in the brain are
low, they may suffice to achieve a therapeutic effect
since TSAO-m®T was found to be antivirally effective
at a 50% inhibitory concentration as low as 30 n}g/
mL [6,9]. Thus, our data indicate that TSAO-m°T
is able to cross the blood-brain barrier, and thus
may be able to inhibit virus replication in the brain
compartment.
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