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1 The brain is a site of infection, viral replication and sanctuary for HIV-1. The treatment of HIV-1
infection therefore requires that an e�ective agent be delivered to the brain. 2',3'-Didehydro-3'-
deoxythymidine (D4T) is a nucleoside analogue which has been shown to have bene®cial clinical e�ects
in the treatment of HIV infection. However, although D4T has been detected in human CSF, the ability
of this drug to cross both the blood-brain and blood-cerebrospinal ¯uid (CSF) barriers and gain
entrance into the brain tissue is not known.

2 This study examined the CNS entry of D4T by means of the bilateral vascular brain perfusion
technique in the anaesthetized guinea-pig.

3 The results indicated that [3H]-D4T had a limited ability to cross the blood-brain barrier (BBB),
which was not signi®cantly greater than D-[14C]-mannitol (a slowly penetrating marker molecule).
Although D4T was found to cross the blood-CSF barrier, the presence of D4T in the CSF did not re¯ect
levels of the drug in the brain tissue.

4 These results can be related to the measured low lipophilicity of D4T, the higher paracellular
permeability characteristics of the choroid plexus (blood-CSF barrier) compared to the BBB, and the
sink action nature of the CSF to the brain tissue.

5 In conclusion, these animal studies suggest that D4T may only penetrate the brain tissue to a limited
extent and consideration should be given to these ®ndings in the clinical situation.
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Introduction

The entry of human immunode®ciency virus (HIV-1) into the
central nervous system (CNS) has been shown to occur early in
the course of infection and to be associated with the
development of neurological disorders, such as the acquired

immunode®ciency syndrome (AIDS) dementia complex (Ho et
al., 1985; Gabuzda et al., 1986; Resnick et al., 1988). The brain
has also been identi®ed as a site of HIV-1 replication and as

such may act as a reservoir for the virus, allowing the periphery
to be re-infected (Black, 1985). The treatment of both the viral
infection and associated CNS disorders therefore requires that

an e�ective agent be delivered to the brain (Portegies, 1995).
However, the free entry of drugs from the blood into the brain
is restricted by the presence of two barriers, the blood-brain

barrier (BBB) and the blood-cerebrospinal ¯uid (CSF) barrier.
The BBB is found at the level of the cerebral capillary
endothelium and is associated with the presence of tight
junctions, metabolic enzymes, and the lack of intracellular

vesicles and endothelial fenestrae (Bertler et al., 1966; Reese &
Karnovsky, 1967; Brightman & Reese, 1969; Westergaard &
Brightman, 1973; Shivers et al., 1984; Watson et al., 1991). The

barrier between blood and CSF is located at the tight junctions
of the choroid plexus epithelium and the dura-arachnoid
boundary (Brightman & Reese, 1969; Nabeshima et al., 1975;

Smith & Shine, 1992). The CSF bathes the exterior surfaces of
the brain and ®lls the ventricles. Although exchange between
brain and CSF is relatively unrestricted, the sink action of the

CSF to the brain tissue prevents the CSF and brain interstitial
¯uid from being in dynamic equilibrium (Davson et al., 1961;
Cserr et al., 1981; Szentesvanyi et al., 1984). Overall, it would

justi®ably appear that the blood-CSF barrier has the same
functional goals as the BBB, with regard to protection and
homeostasis, however the actual behaviour and ultrastructure
of the choroid plexuses are quite di�erent from that of the

cerebral capillaries. The main function of the choroid plexus is
to actively secrete CSF and a variety of proteins, while that of
the BBB is to maintain solute gradients. In turn, both the

cellular and paracellular permeability characteristics of the two
barriers are quite di�erent (Welch & Sadler, 1966; Bouldin &
Krigman, 1975). Consequently the presence of a substance in

the CSF does not necessarily re¯ect BBB permeability, but
does relate to blood-CSF barrier permeability. This is of
special clinical importance since the ability of a drug to cross

the BBB has often been related to the presence of the drug in
the lumbar CSF of patients.

The in situ brain perfusion technique has been developed to
examine the movement of slowly moving molecules into both

the brain and CSF simultaneously, and provides an
opportunity to evaluate the movement of anti-HIV drugs
across the blood-brain and blood-CSF barriers (Thomas &

Segal, 1996; 1997a). Both 3'-azido-3'-deoxthymidine (AZT;
Zidovudine) and 2',3'-didehydro-3'-deoxthymidine (D4T;
Stavudine) have been shown to have a clinical e�cacy in

patients with HIV-infection and are now widely used as part of
combination therapies (Dudley, 1995). Clinical and basic
studies have indicated that AZT can cross both the blood-

brain and blood-CSF barriers and enter the brain (Portegies,
1995; Thomas & Segal, 1997a). However, although D4T has
been shown to be distributed into human CSF (Dudley et al.,
1992; Kline et al., 1995), the ability of D4T to enter the brain

tissue has not been demonstrated. The aim of this present
study was to expand on our earlier work, which characterized2Author for correspondence.
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the CNS entry of thymidine and AZT (Thomas & Segal, 1996;
1997a,b) and to examine the passage of D4T across the blood-
brain and blood-CSF barriers in detail. An abstract of this

work has been published (Thomas & Segal, 1997c).

Methods

Bilateral carotid artery perfusion

The experimental procedures described below were carried out
within the guidelines of the Animals Scienti®c Procedures Act
1986, U.K. Adult Dunkin-Hartley guinea-pigs (250 ± 350 g)

were anaesthetized with intramuscular injections of fentanyl-
¯uanisone (1 ml kg71, HypnormTM, Janssen Pharmaceutical
Ltd., Oxford, U.K. 0.315 mg ml71 fentanyl citrate,

10 mg ml71 ¯uanisone) and midazolam hydrochloride
(5 mg kg71; HypnovelTM, Roche Products Ltd., Welwyn
Garden City, U.K.) and then heparinized (10,000 U kg71

i.p.). The common carotid arteries and the jugular veins were

exposed and both carotid arteries were cannulated with
silicone tubing connected to a perfusion circuit. The perfusion
¯uid consisted of oxygenated, twice-washed, sheep erythro-

cytes suspended in a saline-dextran solution (in mM: NaCl
125.1; KCl 3.9; MgSO4.H2O 1.5; NaHCO3 25.0; KH2PO4 1.2;
CaCl2.6H2O 2.5; D-glucose 5; dextran (MW 70,000) 48 g l71)

adjusted to a haematocrit of 20%. The perfusion ¯uid was
thoroughly saturated with 95% O2 and 5% CO2 and warmed
to 378C. At the start of perfusion, the jugular veins were

severed to allow drainage of the perfusion medium. The
perfusion pressure and ¯ow rate were constantly monitored
and maintained at approximately 100 mmHg and
3.7 ml min71, respectively. The [3H]-D4T (0.83 ± 1.50 nM) in

the absence and presence of unlabelled D4T (100 mM) or D-
[14C]-mannitol (0.21 ± 0.47 mM) were then infused into the
in¯owing perfusion medium at a known rate (0.5 ml min71) to

achieve the desired ®nal concentration (all substrate concen-
trations discussed refer to ®nal concentrations in the plasma
perfusate).

Control experiments, which measured the e�ect of perfusion
time on D-[14C]-mannitol space, have shown that prolonging
the perfusion period by up to 30 min does not signi®cantly alter
the permeability and therefore integrity of the BBB (Zlokovic et

al., 1986) and blood-CSF barrier (Thomas & Segal, 1996).
Further studies have also indicated that other physiological
parameters, such as cerebral oxygen consumption, blood ¯ow

and water content, also remain normal during this perfusion
period (Thomas & Segal, 1996). In this present study the
isotope infusion period ranged from 2.5 ± 20 min, after which a

CSF sample (approximately 50 ml) was taken from the cisterna
magna and perfusion terminated by decapitation. The brain
was then removed, choroid plexuses excised and the brain

homogenized. Perfusion ¯uid was collected from the carotid
cannulae immediately at the end of the perfusion period. Brain
tissue samples (115+0.64 mg), together with the CSF and
100 ml perfusate samples, were prepared for liquid scintillation
counting. To ensure uniformity all samples were treated in a
similar manner and solubilized overnight in 0.5 ml of tissue
solubilizer (Soluene-350; Canberra-Packard Ltd., Pangbourne,

U.K.) and, prior to isotopic counting, 3 ml of scintillation ¯uid
(Uniscint BD, National Diagnostics, Hull, U.K.) was added.
The samples were counted on a LKB-Wallac 1219 Rackbeta

liquid scintillation counter which automatically corrects the
c.p.m. for chemiluminescense due to the presence of a dual
multi-channel analyser. Counting error was 43% for each
sample. The corrected c.p.m. were then converted to d.p.m. by

the use of internally stored quench curves (counting e�ciency
for 3H was 63% and for 14C was 97%). All samples were
corrected for background (approximately 34 c.p.m. for 3H and

37 c.p.m. for 14C).

Capillary depletion of perfused brain

Capillary depletion analysis was used to separate the level of
radiolabelled D4T that had reached the brain parenchyma
from the level that was retained by the cerebral capillary

endothelial cells. The brain was perfused in situ (20 min) and
removed as described previously. Brain (0.5 g) samples were
then homogenized in 3.5 mls of ice-cold physiological bu�er

(Bowman et al., 1983; Thomas & Segal, 1996). The
homogenate was then diluted with ice-cold 26% dextran (MW
60,000) to achieve a ®nal dextran concentration of 13% and

the sample was re-homogenized (Triguero et al., 1990). An
aliquot of homogenate was removed and taken for dextran-
density centrifugation (5,4006g; 15 min). The capillary-
depleted supernatant and vasculature-enriched pellet were

carefully separated. Homogenate, supernatant and pellet were
solubilized, as described above, before the addition of
scintillation ¯uid for radioactive counting.

The percent contamination of the supernatant with vessels
that failed to pellet has been determined to be 4.97+0.79%
(n=4), by measuring the speci®c activity of the vascular

enzyme marker, alkaline phosphatase (Thomas & Segal, 1996).
This is comparable to that originally published for the rat
(Triguero et al., 1990). These results suggest that there is very

little contamination of the supernatant by the vasculature and
indicate that the supernatant mainly represents capillary-
depleted brain homogenate.

Octanol/saline partition coe�cients

Partition coe�cients for 3H-labelled D4T and D-[14C]-

mannitol were measured and expressed as the ratio of labelled
substance found in the octanol phase to that found in the
aqueous phase (Thomas & Segal, 1996). Triplicate determina-

tions were made.

Expression of results

The RTissue % (ml g71 or ml ml71) represents the amount of
radioactivity in the brain (whole brain, homogenate, super-
natant or pellet) or CSF (CTissue; d.p.m. g

71 or d.p.m. ml71)

expressed as a percentage of that in the arti®cial plasma
perfusate (Cpl; d.p.m. ml71). Plasma-to-CNS unidirectional
transfer constants, Kin, were determined from the multiple-

time uptake data (2.5 ± 20 min) by means of the following
equation (Patlak et al., 1983; Zlokovic et al., 1986; Thomas &
Segal, 1997a):

CTissue�T�

C

pl

�T �

� K

in

� T � V

i

where CTissue(T) and Cpl(T) were radioactivities per unit weight

of brain or CSF and plasma at time T; T being the time of
perfusion in min. Vi is the initial volume of distribution of the
test solute in the rapidly equilibrating space. This equation

de®nes a straight line with a slope Kin (ml min71 g71) and
ordinate intercept Vi (ml g

71).
Unidirectional transfer constants (Kin) represent cerebro-

vascular permeability surface area products (PA) and are
expressed with the same units (Gjedde, 1988; Zlokovic et al.,
1989). Back¯ux transport of the test solute from brain to
plasma is indicated by a departure from linearity of the

experimental points (Zlokovic et al., 1986).

CNS entry of D4T50 S.A. Thomas & M.B. Segal



Data analysis

The slopes (Kin) and intercept (Vi) of curves were determined

by least squares linear regression analysis and are reported
with their n, regression coe�cients (r) and level of signi®cance
(P). Statistical analysis was performed with randomized blocks
analysis of variance (ANOVA). Student's t test, modi®ed for

inequality of variances where appropriate, was used when the
analysis involved the comparison of two means. Statistical
signi®cance was taken as P50.05.

Materials

Unlabelled D4T was a kind gift of Bristol-Myers Squibb

Pharmaceutical Research Institute (Princeton, NJ, U.S.A.).
[Methyl-3H]-D4T (speci®c activity 18.8 Ci mmol71) and D-
[14C]-mannitol (speci®c activity 32 mCi mmol71) were pur-
chased from Moravek Biochemicals Inc. (Brea, CA, U.S.A.)

and ICN Biomedicals Ltd. (Thame, Oxfordshire, U.K.),
respectively. Radiochemical purity was reported as 497% by
the companies for the two compounds.

Results

The entry of [3H]-D4T into the cerebrum, cerebellum and CSF
was determined over perfusion periods up to 20 min and

compared to the uptake of D-[14C]-mannitol (Figure 1). The
uptake of [3H]-D4T into the cerebrum was 0.47+0.12% and
1.10+0.09% at 2.5 and 20 min, respectively. These values,
together with those measured for the entry of [3H]-D4T into

the cerebellum, were found not to be signi®cantly di�erent to
those values obtained for D-[14C]-mannitol. The entry of [3H]-
D4T into the CSF rose from 0.23+0.07% at 2.5 min to

1.13+0.14% at 20 min and were not signi®cantly di�erent
from those of D-[14C]-mannitol. The results shown in Table 1
indicate that the rate of uptake (Kin) and initial volume of

distribution (Vi) of [
3H]-D4T into the cerebrum, cerebellum or

CSF were not signi®cantly di�erent from those values achieved
for D-[14C]-mannitol.

Capillary depletion analysis enables a more accurate
quanti®cation of the true brain uptake of labeled test drugs.
The separation of the capillary endothelial cells from the brain
parenchyma, identi®es the fraction of the test drug which has

been trapped within the endothelial cell and therefore has not
actually entered the CNS. As can be seen in Table 2 all the
values achieved for [3H]-D4T were not signi®cantly di�erent to

those values obtained for D-[14C]-mannitol (Students t test,
assuming equality of variances). Furthermore, the entry of
[3H]-D4T into the whole brain was found not to be

signi®cantly di�erent to that found in the brain parenchyma
or in the capillary fraction (One Way Repeated Measures
ANOVA). Figure 2 illustrates the e�ect of 100 mM unlabelled
D4T on the uptake of [3H]-D4T into the cerebrum, cerebellum

and CSF. As can be seen there was no signi®cant reduction of
[3H]-D4T uptake into any of the tissues measured. The
octanol-saline partition coe�cients represent a measure of

lipophilicity and were found to be 0.167+0.003 and
0.002+0.001 for [3H]-D4T and D-[14C]-mannitol, respectively.

Discussion

D4T is a pyrimidine dideoxyribonucleoside analogue which
has bene®cial e�ects on the immunological, virological and
clinical markers of HIV-1 disease (Skowron, 1995). However,
the presence of HIV-1 in the brain and the associated

neurological disorders also requires that D4T can cross the
blood-brain and blood-CSF barriers and be distributed into
the brain tissue. This present study quanti®es the ability of

[3H]-D4T to cross both these barriers.
D-[14C]-mannitol is a polar sugar alcohol that only enters

the CNS by simple di�usion along the restricted paracellular

pathways of the cerebral capillaries and choroid plexus
(Prather & Wright, 1970; Sisson & Oldendorf, 1971). Thus
this marker molecule largely remains within the lumen of the
cerebral capillary endothelium and can be used to measure the

Figure 1 Brain and CSF uptake of [3H]-D4T and D-[14C]-mannitol
plotted against time. Uptake is expressed as a percentage ratio of
tissue to plasma radioactivities (RTissue%; ml 100 g71). Each point
represents the mean+s.e.mean. Kin and Vi values were determined as
the slope and ordinate intercept of the regression lines for [3H]-D4T
(plain lines) and D-[14C]-mannitol (dashed lines).
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plasma volume of the brain and the paracellular permeability

of the choroid plexus. Another advantage of this internal
standard is that it is of similar size (MW 182.2) to D4T (MW
224.2) and is slowly, if ever, broken down by mammalian tissue

(Sisson & Oldendorf, 1971). Figure 1 and Table 1 show that
there is a linear relationship between time and the uptake of D-
[14C]-mannitol into the brain tissue. This suggests that D-[14C]-
mannitol can enter the guinea-pig CNS through the

paracellular pathways of the cerebral capillaries. Figure 1 also
shows that the actual entry of [3H]-D4T into the brain was not
signi®cantly di�erent to that observed for D-[14C]-mannitol.

However, although there was a signi®cant relationship
between time and the uptake of [3H]-D4T into the cerebrum,
no statistically signi®cant relationship was found between time

and the uptake of [3H]-D4T into the cerebellum (Table 1). This
suggests that although [3H]-D4T, like D-[14C]-mannitol, has a
very limited ability to cross the BBB, it is uncertain whether

D4T can enter the brain tissue via the paracellular pathways of
the capillaries.

Capillary depletion analysis quanti®es how much radio-
activity has entered the capillary endothelium (capillary

fraction) and therefore determines how much radiolabelled
drug has crossed these vessels at the site of the BBB and
actually entered the neurones and glia (brain parenchyma). As

can be seen in Table 2 all the values achieved for [3H]-D4T
were not signi®cantly di�erent to those baseline values
obtained for D-[14C]-mannitol. This also suggests that [3H]-

D4T has a very restricted transport across the BBB.
The unidirectional transfer constant (Kin) for the entry of

[3H]-D4T into the CSF was also not signi®cantly di�erent to
that obtained for D-[14C]-mannitol. This would indicate that

[3H]-D4T can cross the blood-CSF barrier and enter the CSF
by di�usion probably via the paracellular route. D4T has
previously been shown to be distributed into human CSF, with

a CSF-to-plasma ratio of 16 to 97% having been observed
(Dudley et al., 1992; Kline et al., 1995).

If we assume that the guinea-pig has a similar cerebrovas-

cular surface area to that of the rat, then the surface area of the

cerebral capillaries is approximately 155 cm2 and that of the
basolateral surface of the choroid plexus is 25 cm2 (Keep &
Jones, 1990). Thus the similar Kin values shown in Table 1 for

the movement of [3H]-D4T into the cerebellum and CSF
con®rm that the BBB and the blood-CSF barrier have di�ering
permeability characteristics (Bouldin & Krigman, 1975). It has

been suggested that the brain endothelium contains a low
number of neutral or weakly charged, but highly permeable,
hydrophilic pores (Crone, 1984). Fenstermacher & Johnson

(1966) measured the e�ect of molecular size on the re¯ection
coe�cient of the BBB and computed a pore radius of
approximately 0.8 nM. In contrast, the presence of channels

10 nM in diameter have been indicated in the choroidal
epithelium (Welch & Sadler, 1966). Electrical resistance is a
measure of both cellular and paracellular ionic permeability
and both the cerebral endothelium and choroidal epithelium

have higher electrical resistances than peripheral endothelial
capillaries (approximately 1 to 2 O cm2). However, the
choroidal epithelium (26 O cm2) has a much lower resistance

than the cerebral endothelium (1462 O cm2) (Zeuthen &
Wright, 1981; Butt et al., 1990).

This present study also indicates that the entry of a drug

into the CSF does not necessarily re¯ect levels of drug in the
brain tissue. This is partly the result of the very slow turnover
of brain extracellular ¯uid, which drains into the CSF (Cserr et

al., 1981; Szentesvanyi et al., 1984), but is also related to the
rate of bulk ¯ow of the CSF out of the ventricles (Collins &
Dedrick, 1983). Thus the CSF acts as a sink to the brain rather
than the brain acting as a sink to the CSF (Davson et al.,

1961).
The peak serum concentration of D4T after an oral dose

(0.67 ± 4.0 mg kg71) has been shown to be 4.4 ± 18.5 mM
(Dudley, 1995). Figure 2 shows that an excess of unlabelled

Table 1 The calculated unidirectional transfer constants (Kin) and initial volumes of distribution (Vi) for [3H]-D4T and
D-[14C]mannitol into the brain and CSF

Cerebrum Cerebellum CSF
Isotope Kin

(ml min±1 g±1)
Vi

(ml 100 g±1) n, r, P<
Kin

(ml min±1 g±1)
Vi

(ml 100 g±1) n, r, P<
Kin

(ml min±1 g±1) n, r, P<

[3H]-D4T
D-[14C]-mannitol
P

0.34+0.10
0.20+0.05

NS

0.25+0.15
0.55+0.07

NS

17, 0.64, 0.01
52, 0.48, 0.001

0.22+0.13
0.35+0.10

NS

0.64+0.19
0.64+0.13

NS

16, 0.41, NS
34, 0.52, 0.005

0.41+0.17
0.36+0.09

NS

13, 0.59, 0.05
31, 0.60, 0.001

Values+s.e.mean have been determined as the slope and ordinate intercept of the regression lines in Figure 1 and are reported with
their n, regression coe�cients (r) and level of signi®cant (P). Students t test was used for the comparison of the Kin and Vi values for
[3H]-D4T and D-[14C]-mannitol. NS is not signi®cant.

Figure 2 The e�ect of 100 mM unlabelled D4T on the uptake of
[3H]-D4T. Uptake is expressed as the percentage ratio of tissue to
plasma activities (RTissue%; ml 100 g71). Values are the mean+
s.e.mean for 3 ± 6 animals.

Table 2 Distribution of [3H]-D4T and D-[14C]-mannitol
(baseline) between the brain parenchyma and capillary
endothelial cells

RTissue %+ s.e.mean (ml 100 g±1)
Cerebrum [3H]-D4T

(n=5)
D-[14C]-mannitol

(n=4)
P

Whole brain
Brain parenchyma
Capillary fraction

0.85+0.14
0.77+0.12
0.42+0.21

0.86+0.28
0.55+0.13
0.72+0.31

NS
NS
NS

Students t-test was used to compare [3H]-D4T and D-[14C]-
mannitol values. NS is not signi®cant. n is the number of
experiments.
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D4T (100 mM) has no signi®cant e�ect on the uptake of [3H]-
D4T (0.83 nM) into the cerebrum, cerebellum and CSF, which
would suggest that a saturable uptake system is not involved in

the entry of [3H]-D4T into the CNS. Therefore there is a linear
relationship between concentration and the rate of transfer of
D4T into the CNS. Thus the RTissue % values and the
unidirectional transfer constants (Kin) reported in Figure 1

and Table 1 are valid for D4T concentrations of 0.83 nM to
100 mM in the perfusate, a range that includes the plasma
concentrations observed in humans. The passage of D4T into

human lymphocyte H-9 cells has been examined and also been
found to be via non-facilitated di�usion (August et al., 1991).
Furthermore, studies in an ex vivo model of human maternal-

fetal placental transfer showed that D4T distribution was rapid
and appeared to be through simple di�usion (Bawdon et al.,
1994). D4T transfer across the Macaque placenta was also

found to be passive (Odinecs et al., 1996)
We have previously examined the CNS entry of [3H]-

thymidine and [3H]-AZT (Thomas & Segal, 1996; 1997a,b).
Thymidine is the parent compound of both AZT and D4T and

it was found to have a signi®cantly greater rate of entry into all
areas of the CNS as measured by the in situ brain perfusion
technique in anaesthetized guinea-pigs. In addition, the rate of

entry of [3H]-AZT was found to be signi®cantly greater
(Students t test) than that for [3H]-D4T into both the cerebrum
(P50.005) and the cerebellum (P50.01) by a factor of

approximately 2.7. However, the rate of entry of [3H]-AZT
into the CSF, as determined by multiple-time point analysis,
was 0.77+0.16 ml min71 g71 and was found not to be

signi®cantly di�erent than that obtained for [3H]-D4T. This
agrees with data from a clinical trial in children (Kline et al.,
1995) and laboratory based studies in adult rhesus monkeys
and adult and infant macaques (Schinazi et al., 1990; Keller et

al., 1995), which have shown that D4T and AZT enter the CSF
to a similar extent.

Previously, we have shown that thymidine crosses the

blood-brain and blood-CSF barriers using a saturable
transport mechanism (Thomas & Segal, 1996; 1997b). In
contrast, AZT was found to only enter the brain and CSF by a

di�usional process (Thomas & Segal, 1997a). D4T would
appear to be similar to AZT in that it enters the CNS purely by
passive di�usion (Figure 2). Both D4T and AZT are thymidine
analogues with a modi®ed 2',3'-dideoxyribose moiety contain-
ing either a 3'azido function (i.e. AZT) or with unsaturation at
the 2',3' position (i.e. D4T). Earlier studies have observed that
modi®cation of the 3' position of the sugar greatly reduces

nucleoside interaction with the rabbit leukocyte and murine
erythrocyte nucleoside transporters (Taube & Berlin, 1972;
Gati et al., 1984). Furthermore, previous studies have

demonstrated that the active nucleoside transport system in
rabbit choroid plexus will transport thymidine, but not
nucleoside analogues modi®ed in the 2'-, 3'- or 5'-position
(Spector, 1982; Spector & Huntoon, 1984; Wu et al., 1992).
Thus this present study con®rms that neither D4T or AZT can
use the nucleoside transport processes present at the blood-
brain and blood-CSF barriers of the guinea-pig. It also

suggests that the absence of an a�nity for the nucleoside
transporter is responsible for the lower rates of CNS entry for
D4T and AZT when compared to thymidine.

The octanol-saline partition coe�cient determined for [3H]-
D4T was 0.167 and a similar value of 0.11 has previously been
reported (Schinazi et al., 1990). The hydrophilic control, D-

[14C]-mannitol, mainly partitioned in the saline phase yielding
a partition coe�cient of 0.002. It would appear that the greater
lipophilicity of AZT (octanol-saline partition coe�cient of

1.020+0.023) when compared to D4T, allows it to cross the
BBB to a signi®cantly greater extent (Thomas & Segal, 1997a).
However, the passage of these nucleoside analogues across the
blood-CSF barrier would appear to be independent of

lipophilicity and, since the uptake of D4T and AZT was
found not to be saturable (Figure 2; Thomas & Segal, 1997a),
further suggests that their CSF entry is via the paracellular

route. Schinazi et al. (1990) also found that penetration of D4T
and AZT into simian CSF was independent of lipophilicity.
However, they suggested that this was due to the transport of

the compounds via a carrier-mediated process.
The rapid clinical evaluation of new drugs active against

HIV requires that pharmacological properties be carefully

considered to determine optimal therapies in patients (Dudley,
1995). This present study has demonstrated that the BBB
permeability to [3H]-D4T is very low in the anaesthetized
guinea-pig. However, it would appear that [3H]-D4T can cross

the blood-CSF barrier via the paracellular route, but this
pathway does not allow signi®cant access of the drug to the
brain parenchyma. Furthermore, there is no speci®c transport

system involved in the CNS entry of [3H]-D4T. Overall, this
study would indicate that D4T can only penetrate the brain
tissue to a small extent. Although caution must always be

extended when applying the results of animal studies to the
clinical setting, the results of this present study do require
clinical consideration.
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