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Abstract

The uptake of nucleobases was investigated across the basolateral membrane of the sheep choroid plexus perfused in situ. The maximal
uptake (U ) for hypoxanthine and adenine, was 35.5161.50% and 30.7160.49% and for guanine, thymine and uracil wasmax

12.0060.53%, 13.0760.48% and 12.3060.55%, respectively with a negligible backflux, except for that of thymine (35.1165.37% of the
U ). HPLC analysis revealed that the purine nucleobase hypoxanthine and the pyrimidine nucleobase thymine can pass intact throughmax

the choroid plexus and enter the cerebrospinal fluid CSF so the lack of backflux for hypoxanthine was not a result of metabolic trapping in
the cell. Competition studies revealed that hypoxanthine, adenine and thymine shared the same transport system, while guanine and uracil
were transported by a separate mechanism and that nucleosides can partially share the same transporter. HPLC analysis of sheep CSF
collected in vivo revealed only two nucleobases were present adenine and hypoxanthine; with an R 0.1960.02 and 3.4360.20,CSF / Plasma

respectively. Xanthine and urate, the final products of purine catabolism, could not be detected in the CSF even in trace amounts. These
results suggest that the activity of xanthine oxidase in the brain of the sheep is very low so the metabolic degradation of purines is carried
out only as far as hypoxanthine which then accumulates in the CSF. In conclusion, the presence of saturable transport systems for
nucleobases at the basolateral membrane of the choroidal epithelium was demonstrated, which could be important for the distribution of
the salvageable nucleobases, adenine and hypoxanthine in the central nervous system.  2001 Elsevier Science B.V. All rights reserved.
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1. Introduction nervous system is thus dependent on a continuous and
balanced supply of nucleobases from the brain interstitial

Nucleotides are precursors of the nucleic acids, DNA fluid (ISF) which can come into the ISF either from the
and RNA, which are fundamental in the control of growth blood or by metabolic degradation of nucleosides in the
and metabolism in all living systems. The adult mam- cells. Hypoxanthine and adenine are the principal salvage-
malian brain does not have sufficient metabolic capacity able nucleobases in a number of tissues [5] and are
for the de novo synthesis of nucleotides, so the synthesis of converted to the corresponding nucleotides through the
these molecules from nucleobases, through the salvage action of hypoxanthine-guanine phosphoribosyl transferase
pathways, is essential for the adequate supply of nucleic (HGPRT-ase) and adenine phosphoribosyl transferase (AP-
acid precursors for normal brain function. The central RT-ase), respectively [5]. These salvage pathways also

seem to be most important for nervous tissue homeostasis,
since the activity of HGPRT-ase and APRT-ase in the*Corresponding author. Tel.: 144-020-7928-9292 extension 2531; fax:
brain exceeds the activity reported in any other tissue [12].144-020-7922-8317.

E-mail address: malcolm.segal@kcl.ac.uk (M.B. Segal). Furthermore, a deficiency or the incorrect function of
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HGPRT-ase leads to the neurological disorder, known as (25 000 IU I.V.), then anaesthetised with thiopentone
the Lesch–Nyhan syndrome [25]. Normally the total sodium (20 mg/kg I.V.) and exsanguinated via the carotid
concentration of purines and pyrimidines in the mam- artery. After decapitation, the skull was opened, the brain
malian brain is held relatively constant and indicates that removed then both internal carotid arteries at the base of
there are powerful homeostatic mechanisms for nucleo- the brain cannulated and the perfusate directed into the
tides, nucleosides and nucleobases [17]. anterior choroidal arteries. The brain was turned over, the

Nucleobases can cross the blood–brain barrier to enter choroid plexuses exposed and superfused with an artificial
the brain [2], however the transport capacity for nucleob- CSF. Finally the great vein of Galen was cannulated to
ases at this interface is not sufficient to mediate the influx collect the venous effluent from both choroid plexuses.
of adequate quantities needed to supplement the salvage The perfusion fluid consisted of a modified mammalian
pathways of the brain [30]. Therefore, the other major Ringer solution with the addition of 5 mM D-glucose and
interface to the brain, the choroid plexus, was investigated 4% bovine serum albumin (Fraction V, Sigma Chemical
as a possible route of entry for these molecules into the Company). Evans Blue labelled albumin (0.5%) was also
central nervous system (CNS). added to the perfusion fluid to detemine the CSF secretion

Two classes of nucleobase transporters are present in by colorimetric analysis of the arterio-venous difference
mammalian cells: equilibrative and concentrative [21,11]. [7]. The perfusion fluid and artificial CSF were gassed with
Equilibrative transporters are found in most tissues and are 5% CO in 95% O , prewarmed to 378C, debubbled and2 2

selective for a wide range of purine and pyrimidine filtered. The perfusion pressure was monitored continuous-
nucleobases [21], while concentrative nucleobase transport ly and held at 70–90 mmHg for each plexus by adjusting
has been identified in only a few tissues such as the the perfusate inflow rate to around 7.3 ml /g which gave a
placenta [22] and the jejunum [3]. These latter transporters CSF secretion rate within the normal range (approximately

1are Na dependent and mediate the flux of specific 0.19 ml /g /min) [23]. The loss of viability of the prepara-
nucleobases through the membrane against a concentration tion was indicated by a rise in perfusion pressure and a
gradient. decrease in the rate of CSF secretion.

Studies using the isolated, non-perfused choroid plexus The single circulation paired tracer dilution technique
14of the rabbit have shown the accumulation of nucleobases was used to measure the uptake of five C labelled

1and the presence of a Na dependent nucleobase transpor- nucleobases through the basolateral membrane of the
ter with a broad substrate selectivity [34]. However, these choroidal epithelium: adenine (MW 135.1), hypoxanthine
studies do not provide a clear differentiation between the (MW 136.1), guanine (MW 187.6), thymine (MW 126.1)
transport of these molecules into the choroid plexus on the and uracil (MW 112.1). The specific activity of all the test
apical (CSF) side of the tissue from that on the basolateral nucleobases was between 40 and 60 Ci /mmol (ICN
interface [15,6]. In the case of the choroid plexus, such a Pharmaceuticals, Costa Mesa, CA, USA). This technique

14polarization of transport is of particular importance, since measures the uptake of C labelled nucleobases into the
3these two processes have completely different physiologi- choroid plexus relative to the passage of D-[ H]mannitol

cal roles in vivo. (MW 182.2; 15–30 Ci /mmol) during a single circulation
The aim of this present study was to address these through the choroidal circulation. Mannitol was chosen as

concerns and to further explore the transport and metabo- a reference molecule being of similar molecular size and
lism of nucleobases across the choroid plexuses using the physico-chemical properties to the nucleobases with same
isolated sheep choroid plexus perfused in situ [27] in peak and general shape of the recovery curve in the uptake
combination with high performance liquid chromatography studies. Both the test nucleobase and mannitol pass rapidly
(HPLC). The concentration of nucleobases in sheep plas- through the fenestrated capillaries of the choroid plexus
ma and CSF in vivo was also determined to provide better into the interstitial fluid (ISF) of the tissue. The mannitol
understanding of the physiological role of these transport remains predominately in the ISF before diffusing back
processes. into the perfusate, since no specific carrier-mediated

transport mechanisms for this sugar alcohol has been
identified in mammalian cells. The nucleobase follows the

2. Materials and methods same route, but a percentage may also undergo facilitated
transport through the basolateral side of the choroidal

2.1. The isolated perfused sheep choroid plexus epithelial cells. Under these circumstances, the recovery of
14technique the C nucleobase in the venous effluent from the choroid

3plexus will be less than the recovery of H mannitol [18].
All experiments were performed within the guidelines of A small quantity of mannitol and nucleobase may be lost

the Animals (Scientific Procedures, 1987) Act, UK. The from the circulation by passive diffusion through the
isolated perfused sheep choroid plexus technique has been ‘leaky’ tight junctions of the choroidal epithelium, which
previously described [7], and will only be briefly outlined. was corrected for by Eq. (1), see below.
Adult Clun Forest sheep (25–30 kg) were heparinised After the start of perfusion, the temperature and pressure
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were allowed to stabilise for 30 min, then a calibrated side ‘run’. The amount of this backflux can be quantified as a%
loop in the perfusion system was filled with a 0.1 ml bolus of U using the equation:max

14of perfusion fluid containing 1 mCi of C test nucleobase
3 U Umax 2 totand 1 mCi of H mannitol. This bolus was ‘injected’, by ]]]Backflux 5 3 100 (3)Umaxmeans of taps, into either the right or left choroidal

circulation and after 20–25s, to allow for the clearance of The significance of the difference between the ex-
the dead space of the tubing, a ‘run’ of 28 sequential one perimental groups was determined by using two tailed
drop samples of venous effluent were collected and a final t-test for two small independent groups.
four min bulk sample. The flow rate was determined by
weight and triplicate samples of the perfusion fluid used

2.3. High performance liquid chromatography analysis
for the bolus were taken. To test for carrier-mediated
uptake and competition, various unlabelled nucleobases or

2.3.1. High performance liquid chromatography (HPLC)nucleosides were introduced into the perfusion fluid by
analysis of the newly forming CSFmeans of a slow drive syringe pump via a ‘t’ piece in the

To investigate whether hypoxanthine (purine base) andperfusion tubing..
thymine (pyrimidine base) were transported intact acrossAll the samples were prepared for radioactive counting
the isolated perfused sheep choroid plexus, unlabelledby the addition of 3.5 ml Ecolite liquid scintillation fluid
nucleobase was introduced into the perfusion fluid via a[ICN Pharmaceuticals]. Counts per min [CPM] were
slow drive syringe pump for 1 min. The mock CSFconverted to disintergrations per min [DPM] by mean of
superfusate was then stopped for 10 s and 20–25 ml of theinternally stored quench curves on a LKB Wallac 1219
newly formed CSF carefully collected from the surface ofLiquid Scintillation Counter.

3 14 the choroid plexus using a micropipete. Samples were thenThe H and C DPM recovered in each venous drop
taken for HPLC analysis as described below.was expressed as a percentage of that injected in the 0.1 ml

bolus [% recovered]. To quantify the facilitated transport
2.3.2. HPLC analysis of the plasma and CSF of theof the test nucleobase during a single circulation through
sheep in vivothe choroid plexus, the ‘uptake’ (U) for each drop was

Clun Forest Sheep (25–30 kg) were anaesthetised ascalculated using the following equation:
described and a 0.5–1 ml CSF sample taken by cisterna

% Mannitol recovered 2 % Nucleobase recovered magna puncture. The neck was then opened and a 2 ml
]]]]]]]]]]]]]U 5 3 100% Mannitol recovered blood sample collected with a hypodermic syringe from

the carotid artery. The blood was then centrifuged at(1)
30003g for 3 min and the plasma removed. The plasma

The loss of nucleobase via the non-specific paracellular and CSF samples were then placed in boiling water for 30s
pathway between the cells of the choroid plexus is thus in order to precipitate the proteins. The deproteinized
corrected for by the inclusion of the mannitol recovery in samples were then taken for HPLC analysis to determine
Eq. (1). the concentration of nucleic acid precursors in these fluids.

The initial unidirectional uptake of the nucleobase was
3 14determined from the samples where the H and C 2.3.3. Condition of analysis

activities had reached close to peak levels (usually between A Varian HPLC system (Varian, CA, USA) consisting of
the 5th to 12th drops). The average uptake value for these a Solvent Delivery System Star 9012, Manual 6-Port
drops was used to determine the maximal cellular uptake, Rheodyne Injector (20 ml sample loop) and Polychrom
the U , of the nucleobase, and is an index of membranemax 9065 Diode array detector with a 4.7 ml flow cell was
permeability and transport. In addition to the U , themax used. Peaks were detected with Star Workstation LC
total uptake [U ] was calculated and included the uptaketot Control Software for Version 4.5. Reversed-phase sepa-
values from all of the 28 single drops plus the final four ration was performed on a 3 mm Supelcosil C column18min accumulation using the following equation: [15 cm34.6 mm i.d.] protected with a guard column.

The chromatographic conditions were based on theO Mannitol recovered2O Nucleobase recovered method described by Stocchi et al. [31]. The limit of]]]]]]]]]]]]]U 5 3100tot O Mannitol recovered detectability for all the nucleobases and nucleosides using
this method was , 0.4–0.5 mM. The mobile phase used(2)
for the separation of nucleic acid precursors consisted of

where o is the sum of tracer recoveries expressed as a two eluants: 0.1 M KH PO , pH 6.0, containing 8 mM2 4
3 14percentage of the H or C contained in the bolus. tetrabutyl ammonium hydrogen sulphate (buffer A) and 0.1

The value of U may be lower than U since some M KH PO solution, pH 6.0, containing 8 mM tetra-tot max 2 4

backflux from the choroidal ISF and from the cells of the butylammonium hydrogen sulphate and 30% (v/v) of
choroid plexus into the perfusate may occur late in the CH OH (buffer B).3
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Table 1
14 aThe maximal uptake [U ] and total uptake [U ] of C labelled nucleobases after a single passage through the choroid plexus capillaries of the sheepmax tot

Hypoxanthine Adenine Guanine Thymine Uracil

U [%] 35.5161.50 30.7160.49 12.0060.53 13.0760.48 12.3060.55max

U [%] 33.0962.98 29.8860.45 12.0961.81 9.2260.75 14.1060.65tot

a All data are expressed as mean6S.E.M., n55–8.

The chromatographic conditions used to obtain the 3. Results
chromatograms were:

The maximal uptake (U ) and total uptake (U ) ofmax tot
14C nucleobases during a single passage through the

0 min 100%A 0%B 10 min 60%A 40%B
choroidal capillaries are shown in Table 1 and dem-

2.5 min 100%A 0%B 13 min 0%A 100%B
onstrates a measurable uptake of nucleobases into the

5 min 80%A 20%B 18 min 0%A 100%B
choroid plexus cells across the basolateral side of the
tissue. The values for the maximal and total uptake of

The gradient was then immediately returned to 100% hypoxanthine and adenine were approximately 30%,
buffer A and the initial conditions were restored in 4 min. whereas the values for guanine and the pyrimidine nu-

21The flow rate was 1.5 ml.min and the analyses were cleobases, uracil and thymine, were significantly lower
performed at room temperature. Peak identification was being slightly greater than 10%.
based on retention times at 254 nm and spectral analysis. The difference between the maximal and total uptake of
To identify the concentration of any nucleobase present in the labelled nucleobases was used to calculate the backflux
the samples, the retention time and the spectra of each from the choroid plexus into the vascular perfusate using
peak was compared to internally stored nucleobase stan- Eq. (3) and the values are given in Fig. 1. These results
dards. These standards were prepared by adding of certain revealed that there was virtually no backflux of most of the
amount of unlabelled nucleobase into the perfusion nucleobases studied from the choroid plexus epithelium
medium. Standards were then placed in boiling water for into the choroidal ISF after a single pass of the bolus
30s in order to precipitate the proteins and then eluted through the circulation of this tissue. However, thymine
through the column under the same conditions as the was an exception with a backflux of 35.1165.37% of
samples. The recovery of nucleobase from the starting U , which means that approximately 30% of the thyminemax

material in standards was .98%. molecules that had initially crossed the basolateral mem-

Fig. 1. The backflux of the test nucleobases from the choroid plexus epithelium into the circulation after a single pass through the vascular circulation. The
values did not differ significantly from zero, except for that of thymine. Values are mean6S.E.M., n55–8, * means significantly difference from zero
[P,0.05].
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brane of the choroidal epithelium, returned to the circula- adenine, as well as a peak for the nucleoside inosine in
tion. micromolar concentrations. The concentrations of hypo-

The effect of competition from the principal, salvage- xanthine in plasma and CSF were (mean6S.E.M.)
able purine base, hypoxanthine, in the perfusion medium 14.7461.83 mM and 50.6662.74 mM, respectively, which

14on the initial uptake of the test C nucleobases is shown gave R 3.4360.20, while the concentration ofCSF / plasma

in Fig. 2. The presence of 0.2 mM unlabelled hypoxanthine adenine was 8.2661.17 mM in plasma and 1.6360.05 mM
in the perfusion fluid caused a significant inhibition in the in the CSF (R 50.1960.02).CSF / plasma

14maximal uptake of C-labelled hypoxanthine, adenine and HPLC analysis of newly formed CSF collected from the
thymine (P,0.01, P,0.01 and P,0.05, respectively), choroid plexus perfused with a nucleobase-free medium
whereas the uptake of guanine and uracil were not affected did not demonstrate any nucleobase in the nascent CSF.
(P.0.05). However after the addition of 200 mM of unlabelled

In the presence of 0.1 mM of the corresponding hypoxanthine to the perfusion medium, HPLC analysis
unlabelled nucleoside inosine in the perfusion medium the revealed that only hypoxanthine was present in the CSF, at

14maximal uptake of C hypoxanthine into the choroid approximately the same concentration as in the CSF in
plexus cells was reduced to 17.9361.16% (mean6S.E.M., vivo (50.6762.96 mM, n54). After the addition of 100
n57, P,0.01 versus control). Similarly, the maximal mM of unlabelled thymine to the perfusion medium HPLC

14uptake of C thymine was reduced to 8.1461.16% in the analysis established that only thymine was present in the
presence of 0.1 mM of unlabelled thymidine, a reduction CSF at a concentration of 5.2260.30 mM (n54).
of about 30% (n54, P,0.05 versus control). These results
reveal the nucleobases and nucleosides compete for the
same transport site on the basolateral membrane of the 4. Discussion
choroid plexus cells.

An attempt was made to investigate the sodium depen- The blood–brain barrier generally has a low permeabili-
dence of nucleobase uptake using a sodium-free (choline ty for nucleic acid precursors [4,2,35], an exception being
replacement) perfusion fluid. However, the absence of for the nucleosides, adenosine [20] and thymidine in the
sodium from the perfusate appears to damage the choroid guinea-pig [32,33]. It has also been shown that the
plexus and gave unreliable results. Further experiments transport capacity for purines at the blood–brain barrier is
using a modified low sodium perfusate are under in- only sufficient to replace 2–3% of the total purines in the
vestigation. brain every 24 h [29]. Although the brain can recycle the

The aliquots of plasma and CSF from the 7 anaesthet- majority of purines and pyrimidines the fact that the
ized sheep in vivo and of standard solution were analyzed transport for these molecules across the blood–brain
by the HPLC. Spectral analysis of these chromatograms barrier is very low suggests that the choroid plexus may
identified only peaks for the nucleobases hypoxanthine and form alternative route of entry into the brain to supplement

14Fig. 2. Maximal uptake [U ] of C labelled nucleobases after a single pass through the choroid plexus capillaries in the control group and after additionmax

of 0.2 mM of unlabelled hypoxanthine in the perfusion medium. Values are mean6S.E.M., n54–7. Significance: **P,0.01, *P,0.05.
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this supply. Although it has been argued that the surface nucleobase that have crossed into the cells of the choroid
area of the choroidal capillaries are much less than the plexus from the choroidal ISF. Since the total uptake did
surface area of the blood–brain barrier, a recent mor- not differ from the initial uptake for most nucleobases, this
phometric study has suggested that because of the infold- indicates that there is no backflux into the vascular system
ing of the basolateral membrane, the surface area of this (Fig. 1) and that the nucleobase has either been metabo-
interface is equivalent to 25% of that of the blood brain lised and trapped within the choroidal cells or rapidly
barrier and if the surface area of the apical microvilli is transported into the CSF across the apical side of the cells
included this represents a total area equivalent to some which can be at a rate that exceeds the transport across the
50% of the blood–brain interface [13]. It is thus likely that basolateral membrane [23]. In contrast, the backflux of
the choroid plexus may play a more important role in the thymine exceeded 30%, which suggests that |1/3 of the
regulation of the brain microenvironment than had previ- thymine molecules that have initially crossed the basolater-
ously been thought [28]. al membrane of the choroid plexus reappear in the

circulation within the next 4 min.
To determine the fate of purine and pyrimidine nucleob-

4.1. Nucleobase transport from the vascular perfusate ases after they had crossed the basolateral membrane,
into the choroid plexus epithelium HPLC spectral analysis was performed on the chromato-

grams from 20 ml samples of newly formed CSF collected
The use of radiolabelled nucleobases is essential in from the surface of the choroid plexus. The conditions

transport studies since the flux can only be measured with used in this study had been recently applied to separate and
tracer concentrations of these molecules. To study this identify nucleic acid precursors in small samples of
movement by HPLC analysis would require a much higher aqueous humour [24]. When the choroid plexuses were
concentration of nucleobase which could saturate the perfused with the nucleobase-free medium, HPLC analysis

14process. Nucleobases used in this study have a labelled C failed to detect any of these molecules in the newly formed
atom in the purine or pyrimidine ring, which are quite CSF. However, when the unlabelled hypoxanthine was
stable structures, and therefore, the radioactivity we mea- introduced into the perfusion medium (0.2 mM), only

14sured in C channel reflects the intact molecule. The intact hypoxanthine was detected in the chromatogram of
major advantage of the in situ vascular perfusion of the the newly formed CSF and the concentration in the CSF
sheep choroid plexus is that it can be used to study the represented 25.3361.48% of the concentration in the
uptake of radiolabelled molecules across the basolateral perfusion medium. When this experiment was repeated
side of the choroid plexus in complete isolation from with 0.1 mM unlabelled thymine, only intact thymine
exchanges across the blood–brain barrier. In addition, a could be detected in the newly formed CSF, but the
further advantage of this method is that the concentration R ratio was only some 5.2260.30% ofCSF / Perfusion medium

of molecules in the perfusate can be accurately controlled the concentration in the perfusion medium. This latter
and is independent of both enzymatic degradation in value could be the result of the significant backflux of
plasma and of sequestration into red blood cells which can thymine from the choroidal epithelium into the circulation.
occur in vivo. Overall these results suggest that hypoxanthine and

Both hypoxanthine and adenine are central substrates for thymine can cross both the basolateral and apical mem-
the synthesis of nucleotides through the salvage pathways branes of the choroidal epithelium as intact molecules and
of the central nervous system, and hypoxanthine has been enter the CSF. The possible reason for the lack of backflux
identified as the most important salvageable nucleobase in for hypoxanthine is the rapid transport from the cell into
the brain [30]. The results obtained for the maximal uptake the CSF through the apical membrane.
(U ) of hypoxanthine and adenine are similar and are These results are completely different from those ob-max

approximately 30% (Table 1). These values are close to tained for the transport of nucleosides from blood into the
the U value for adenosine [23] and for some of the CSF using the same technique. When unlabelled adenosinemax

essential amino acids (measured by the same technique) was present in the perfusate (0.1 mM), no trace of this
[27]. Since the U can be used as an index of a molecule could be detected in the newly formed CSF,max

membrane transport, these results suggest that the basola- although, the adenosine metabolite, hypoxanthine was
teral membrane of the choroidal epithelium has a high present [23]. Since the uptake of labelled adenosine across
transfer rate for salvageable nucleobases. In contrast, the the basolateral membrane was very high (U .35%), it ismax

U values obtained for the other purine base, guanine, possible that the choroidal epithelium acts primarily as anmax

and the pyrimidine bases, thymine and uracil, were much enzymatic barrier and not a physical barrier between the
lower which indicates that this interface has a lower vascular compartment and the CSF for this nucleoside. The
transfer rate for these nucleobases and suggests that they difference in the fate of nucleosides and nucleobases in the
are less important in the salvage pathways. choroidal epithelium may reflect the role of adenosine in

The difference between the initial uptake (U ) and the neuromodulation in the brain [14,10] since it is essentialmax

total uptake (U ) can be used to indicate the fate of a that the barriers of the brain provide a complete separationtot
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between the adenosine in the circulation and that in the hypoxanthine and adenine, and one nucleoside, inosine,
nervous tissue. could be detected in the CSF or plasma of the sheep in

The presence of 0.2 mM unlabelled hypoxanthine in the vivo. The concentration of hypoxanthine in the CSF
perfusion medium caused a significant inhibition of the greatly exceeded the concentration in plasma with the

14 14 14maximal uptake of C hypoxanthine, C adenine and C R ratio being .3, while the same ratio forCSF / plasma

thymine through the basolateral membrane, whereas there adenine was only 0.2. HPLC analysis of human plasma
14was no significant change in the uptake of C guanine and and CSF has also found that hypoxanthine was at a higher

14C uracil (Fig. 2). These results strongly suggest that the concentration in CSF (2.560.5 mM), being 4–5 times
salvageable nucleobases, hypoxanthine and adenine, as greater than that found in plasma (0.660.1 mM), while
well as thymine, share the same saturable transport sys- adenine was not present in measurable concentrations in
tem(s) at the basolateral membrane of the choroid plexus CSF [9]. In contrast, thymine, guanine, uracil or cytosine
whereas the transport of uracil and guanine are probably were not detectable (,0.1 mM) in human CSF or plasma
mediated by a different transport protein. This agrees with [9].
the conclusion that the transport of most of the nucleobases Our results suggest that, although the permeability of
into the rabbit choroid plexus in vitro was carried out by basolateral membrane (U ) for adenosine and hypoxan-max

the same transport system [34]. Such results imply that an thine were similar, the latter molecule accumulates in the
increase in the plasma concentration of one salvageable CSF and a possible reason for such a difference between
nucleobase can affect the influx of the other into the CSF. R of two salvageable nucleobases could be theCSF / plasma

These findings are different from the results obtained in difference in the rate of utilization in the brain tissue. This
most other cells (e.g. human vascular endothelial cells would suggest that the rate of adenine utilization in the
ECV 304 in vitro [19]), which showed no competition brain (through the action of APRT-ase) exceeds the rate of
between hypoxanthine transport and that of adenine or adenine influx from the plasma. Such a finding could
thymine and confirms the importance of a balanced supply reflect the role of adenine nucleotides in the metabolism of
of salvageable nucleobases into the CSF. the brain and adenosine in neurotransmission and neuro-

In the majority of cells, nucleobase transporters are modulation [14].
clearly distinct from those used for nucleosides [21,8] but It is important also to emphasize that the concentration
some cells possess nucleobase transporters, which overlap of hypoxanthine in the bulk phase CSF was actually the
in their various properties with the nucleoside transporters same as that determined in the newly formed CSF col-
[1,21,19]. In this study the addition of unlabelled inosine, lected from the surface of the choroidal plexus in spite of
as the corresponding nucleoside, to the perfusion medium the fact that the plexus was perfused with 200 mM of

14led to a decrease in the uptake of C hypoxanthine by hypoxanthine (about 13 times higher than the concentration
|50% (P,0.001 versus control). The addition of un- in plasma). This would imply that choroidal epithelium
labelled thymidine to the perfusing medium also led to a represents a powerful homeostatic mechanism, so the

14decrease in the maximal uptake of its nucleobase, C transport parameters at this tissue for hypoxanthine are
thymine, by 30% (P,0.01 versus control). Such a result important in the control of the concentration in CSF and
clearly demonstrates that nucleobases and nucleosides can that only small amount of this base is derived from brain
share the same carrier for transport through the basolateral metabolism.
membrane of the choroid plexus in the sheep. These In most tissues hypoxanthine is further oxidised to
findings differ from the results obtained in the rabbit xanthine, and xanthine to uric acid through the action of
choroid plexus in vitro, which showed no competition for xanthine oxidase [5]; uric acid being eliminated from the
transport between the purine base, hypoxanthine, and the cells into the ISF as the final product of purine catabolism
nucleosides [34]. One explanation for such a difference [5,25]. In contrast to the very high concentration of
could be that such in vitro studies are primarily concerned hypoxanthine, both uric acid and xanthine could not be
with uptake through the apical-CSF side of the choroid detected even in trace amounts in the CSF sheep. There-
plexus, whereas the technique applied in this study, fore, it can be assumed that the brain tissue of the sheep
measures the transport from an intact vascular circulation has only a low capacity to convert hypoxanthine to
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