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Abstract—Among the pyrazolopyrimidine derivatives used in hyperuricemia, thio-
purinol [4-mercaptopyrazolo-(3,4-d) pyrimidine] exhibits different therapeutic effects
than those of allopurinol [4-hydroxypyrazolo-(3,4-d) pyrimidine]) and oxypurinol [4,6-
dihydroxypyrazolo-(3,4-d) pyrimidine] which leads us to assume that its hypouricemic
mechanism is different. The action of the three derivatives has been compared: (a) as
xanthine oxydase inhibitors: thiopurinol activity is intermediate between that of the
two others, (b) as subtrates of the phosphoribosyl transferase system: the nucleotide of
thiopurinol has been isolated and identified, (c) as natural substrate HGPRT inhibitors
(guanine and hypoxanthine). Finally, their action on PRPP consumption and on its
intracellular level has been specified. In the absence of precise data on the concentrations
realized in vivo with the therapeutic doses used, the interpretation of enzymatic kinetic
data does not appear significant. It seems, however, that allopurinol and thiopurinol
reduce de novo synthesis of purine ribonucleotides by depressing the PRPP intracellular
level.

SEVERAL pyrazolopyrimidines are used in the treatment of hyperuricemia. Allopurinol
[4-hydroxy-pyrazolo-(3,4-d) pyrimidine}, a structural analogue of hypoxanthine, and
its principal metabolic oxidation product, oxypurinol [4,6-dihydroxypyrazolo-3,4-d)
pyrimidine], an analogue of xanthine, are substrates and potent competitive inhibitors
of xanthine oxydase.! 5 They decrease wuric acid formation at the final steps of purine
catabolism, namely the oxidation of hypoxanthine to xanthine and of xanthine to
uric acid. They considerably reduce urinary elimination of uric acid and increase
xanthinuria.

In fact, the mechanism of uric acid inhibition appears much more complex. The
study of oxypurine elimination in treated hyperuricemic patients shows that the
reduction of uric acid is not accompanied by a stoichiometric accumulation of
xanthine and hypoxanthine, and that allopurinol also inhibits de novo purine synthesis.
This metabolic effect has been confirmed by the reduction of *C-glycine incorporation
into uric acid.® Allopurinol acts on purine biosynthesis only after transformation
into its ribonucleotide” and this depends on the presence of HGPRT. Allopurinol is
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Abbreviations: HGPRT, hypoxanthine-guanine-phosphoribosyltransferase (EC. 2.4.2.8); APRT,
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1-allopurinol ribonucleotide; (MPP)RP, 1-thiopurinol ribonucleotide.
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therefore without action in HGPRT deficient subjects. The inhibition is located at
the first regulation step of de novo synthesis, phosphoribosylamine formation by
PRPP-amidotransferase. These findings suggest that the metabolic effect of allopurinol
is not dependent on inhibition of xanthine oxydase and may be partly attributed to
(a) intracellular depletion of PRPP which is consumed in the phosphoribosyltransferase
reaction and (b) formation of allopurinol ribotide, a potent inhibitor of amido-
transferase.®

Another pyrazolopyrimidine derivative, thiopurinol [4-mercaptopyrazolo-(3,4-d)
pyrimidine], also used in the therapy of hyperuricemia, shows a more notable dif-
ference between the uricodepressor effect and oxypurine accumulation in gouty
patients. It appears to be as efficient as allopurinol in the reduction of uricemia and
uricosuria and in the elimination of urate (tophi) deposits, but it does not produce
xanthine accumulation.® Furthermore, in gouty patients with HGPRT deficiency!®
or in Lesch-Nyhan’s disease,'! allopurinol normally decreases hyperuricemia, but
dangerously increases xanthinuria and xanthinemia. In these cases, only the inhibition
of xanthine oxydase is evident. Thiopurinol, however, has none of these effects.
According to Delbarre et al.,° thiopurinol would have little effect on xanthine oxy-
dase and significant action on PRPP amidotransferase, after conversion into its
ribonucleotide.

In the present study we have considered thiopurinol (MPP) activities as follows:

(a) as a xanthine oxydase inhibitor

(b) as a substrate of the phosphoribosyltransferase system which permits the direct
synthesis of the corresponding ribonucleotide

(c) as an inhibitor of the natural substrates of HGPRT-guanine and hypoxanthine

(d) we have finally determined the influence of thiopurinol on PRPP at the intra-
cellular level.

These activities have been compared under analogous conditions to those of allo-
purino! (HPP) and oxypurinol (diHPP).

EXPERIMENTAL PROCEDURE

Materials. Phosphoribosyl-1-pyrophosphate (Sigma sodium salt) concentration
was measured according to Kornberg,'? the degree of purity varies between 45 and
70 per cent. Allopurinol, oxypurinol and thiopurinol were synthesized according to
Robins!® or were provided by Miss Auscher. 8-'*C-Guanine (51-5 mCi/m-mole),
8-14C-hypoxanthine (47-4 mCi/m-mole), 2-'#C-allopurinol (52-4 mCi/m-mole) and
2-14C-thiopurinol (50 mCi/m-mole) were prepared by CEA (Saclay, France). The
guanine and hypoxanthine are Sigma or Boehringer products. The purine and
pyrazolopyrimidine solutions were prepared each day by dilution of concentrated
stock solutions. The MPP solutions were prepared extemporaneously from the pure
product. The concentrations were verified by spectrophotometry (Table 1). The other
reagents are commercial products of the purest quality.

Isolation of thiopurinol ribotide. Two hundred and fifty umoles of thiopurinol,
5 m-moles Tris-HCI, pH 7-4, 500 pmoles PRPP, 200 umoles MgCl,, 1 m-mole Na F,
500 pmoles 2-mercaptoethanol and purified HGPRT corresponding to 50 ml of red
blood cells in a total volume 100 ml at pH = 8:4 were incubated for 20 hr at 37°,
with agitation. The mixture was heated in a boiling water bath for 3 min, then rapidly



Mechanism of antiuric action of 4-oxy- and 4-thiopyrazolopyrimidines 3063

TABLE 1. PHYSICAL PROPERTIES OF PYRAZOLOPYRIMIDINES

’\max Ap

pH (nm) (Amaz) pKa,

Allopurinol 1 251 7350 9-34
7 251 7340
13 258 6860

Oxypurinol 1 252 5710 774
7 243 6520
13 243 6180

Thiopurinol 1 321 20,200 850
7 321 19,420
13 310 13,280

cooled in ice and centrifuged to eliminate the proteins. The residue was rinsed with
20 ml of distilled water and centrifuged. The combined supernatants were transferred
to a Dowex 50-H* column (x 8, 100-200 mesh, S5cm X 2:5cm?) to remove the
excess of non-transformed thiopurinol. The effluent containing the non-adsorbed
compounds was neutralized with dilute NH,OH to pH 8 and chromatographed on
Dowex 1-formate (x 8, 200400 mesh, 20 cm x 0-5 cm?) at a flow rate of 2-3 ml/
min. The column was washed with 50 ml of 5 mM HCI and eluted by a linear gradient
of lithium chloride (mixer: 5 mM HCI, 300 ml; reservoir: 200 mM LiCl 4 5 mM
HCI). The absorption at 320 nm was monitored with a Gilford 240 spectrophotometer.
The nucleotide-containing fractions were pooled and concentrated under vacuum
using a rotory evaporator, to a volume of about 5 ml. One hundred ml of a mixture of
ethanol-acetone (1:4, v/v) and 1 ml of a 10 per cent barium acetate solution were
added and kept at 0° for 2 hr. The precipitate was centrifuged, washed with 5 ml of
ethanol-acetone, followed by 5 m! of ethanol and dried under vacuum. The preparation
contained traces of two contaminants: the free base and the ribonucleoside. Electro-
phoresis on Whatman MM paper, at 2000 V, with a 50 mM sodium borate buffer,
pH 9:0 separated the pure nucleotide which migrated more rapidly. The nucleotide,
eluted by 0-1 N HCI, was evaporated to dryness and dissolved in 5 ml of double
distilled water.

The spectrum of the nucleotide solution at pH 7-0 was identical to that of thio-
purinol. The analysis provided the ratios MPP/ribose/phosphorus: 1/1-07/0-98. The
nucleotide structure was established by enzymatic hydrolysis and characterization of
products formed by electrophoretic separation. After alkaline phosphatase (EC
3.1.3.1; Boehringer no. 15 436) hydrolysis, a slow moving component was observed
(thiopurinol-nucleoside). This ribonucleoside was degradated into thiopurinol by
nucleoside phosphorylase (EC 2.4.2.1; Boehringer no. 15 356).

Enzymes. Xanthine oxydase from milk (Boehringer no. 15 347) has an activity of
approx. 0-4 units mg~*, It was diluted 1:50 with a 0-1 per cent bovine albumin
solution before use.

Hypoxanthine-guanine-phosphoribosyl transferase (HGPRT) was purified from
human red blood cells obtained from the “Centre National de Transfusion sanguine”
according Hamet.#
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After removal of hemoglobin by acidification at pH 5-2, neutralization and addi-
tion of DEAE-cellulose, the enzyme was fractionated by (NH,)SO,. The redissolved
enzyme was dialysed, concentrated by ultrafiltration, and chromatographed on
DEAE-cellulose.

Fractions with highest specific activity were pooled and conceniraied by uiira-
filtration. The faintly brownish solution was dialysed and stored at —20°.

The specific activity of the purified preparation (substrate = guanine) was about
85 pmoles hr~! protein, which was between 300 and 400 times that of the initial
hemolysate. The yield was about 40 per cent.

Enzyme assay. Xanthine oxydase activity was determined by recording at 25° the
variation of absorbance at 295 nm of the following incubation medium: (for 3-3 mi)
75 mM glycine buffer, pH 8-0; xanthine, 11-2 or 45 uM; inhibitor, as indicated.
The reaction was started by addition of 50 ul of diluted xanthine oxydase (4 milliunits).
The initial velocity was calculated over the first 90 sec.®

The phosphoribosyl transferase activity was measured according to a previously
described radioisotopic method* and expressed as pmoles of nucleotide formed per
minute.

PRPP determination. The blood used in the PRPP consumption experiments was
heparinized. The red blood cells, washed with cooled isotonic NaCl, were resuspended
in an equal volume of Tris-HCl buffer pH 7-4 containing 5 mM MgCl; and 13 mM
glucose and variable concentrations of orthophosphate buffer, pH 7-4. The final
concentration of the medium was 154 mM. The suspension was incubated at 37°
for 60 min. In the experiments with hemolysate, the red blood cells were frozen and
thawed after addition of an equal volume of bidistilled water.

PRPP was measured by a modification of the method used by Sperling et al,,!®
the *C-AMP formed was separated from radioactive adenine by chromatography
and counted in a scintiilation spectrometer.!?

RESULTS
The inhibitory action on xanthine oxydase

The inhibitory action of pyrazolopyrimidines on the oxidation of xanthine was
determined with two xanthine concentrations, 11-2 and 45 X 10-¢ M. The three
pyrazolopyrimidines inhibit xanthine oxydase in a competitive manner and at various
degrees; the K, of thiopurinol (2-8 x 10~¢ M), is between that of allopurinol
(1-0 x 10-6 M), a strong inhibitor and that of oxypurinol (7-0 X 10~¢ M), a weaker
inhibitor (Fig. 1).

Pyrazolopyrimidines, as phosphoribosyl transferase substrates

HGPRT transforms allopurinol into its nucleotide (1-phosphoribosyl) but has no
action on its oxidated derivative, oxypurinol. Thiopurinol is also transformed into
1-phosphoribosyl-thiopurinol and the reaction is catalysed by HGPRT: the purified
adenine phosphoribosyl transferase (APRT)*® and OPRT have no effect.

Kinetics. The quantity of nucleotide formed from allopurinol and thiopurinol is
proportional to the quantity of enzyme, in so far as the percentage of transformation
remains less than 30 per cent. It is also proportional to the incubation time. One unit
of enzyme catalyses the transformation of 1 pmole of substrate per minute.
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FiG. 1. Xanthine oxydase inhibition by HPP, diHPP and MPP. Dixon plot of inhibitor concentration
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The optimum pH (Fig. 2) is between 8-2 and 8-6 for allopurinol and around 7-5 for
thiopurinol. The pH modification, reported by Miller and Bieber for 8-azaguanine,'®
corresponds to a difference in pKa. We have determined the pKa, of thiopurinol by
the spectrophotometric method of Shugar and Fox:?? it is less (8:50) than that of
allopurinol (9-34).2*

The initial velocity reaction was determined as a function of the pyrazolopyrimi-
dine and PRPP concentrations. We report only the curves obtained with HPP,
because the limited quantities of *C-MPP at our disposal did not permit us to
analyze the reaction mechanism thoroughly: however, the results that we obtained
showed that thiopurinol behaved like allopurinol and only the kinetic constants
were different. The representation by double inverse plots of the initial velocity as a
function of the PRPP and pyrazolopyrimidine concentrations for a series of fixed
concentrations of the other substrate is presented in Fig. 3. The increase in the
concentration of the second substrate modifies the slope of the curve but due to the
weak affinity of the enzyme for the pyrazolopyrimidines the point of convergence of
the lines is difficult to determine. With a HPP saturation concentration, the pyro-
phosphates inhibit the reaction in a non-competitive manner, while, the isotopic
exchange between !*C-HPP and the nucleotide exists only in the presence of pyro-
phosphates (Table 2): these various results illustrate a mechanism of an orderly
sequential reaction, the same as for guanine, hypoxanthine?? and adenine.!8

Michaelis constants have been deduced graphically by the secondary representation
of the reciprocal of molar concentrations (1/S) of allopurinol and PRPP. For an
infinite concentration of the other substrate, the K, values are indicated in Table 3.

TABLE 2. ISOTOPE EXCHANGE BETWEEN ALLOPURINOL OR THIOPURINOL AND
RIBONUCLEOTIDES

14C-nucleotide formed

(nmoles)

1. Allopurinol 2-1*C-35 uM (60 min at 37°)

+ IMP (70 oM 0

+ IMP 70 uM 4 PP 1 mM 0-64

+ (HPP)RP 70 uM 0

+ (HPP)RP 70 uM + PP 1 mM 072
2. Thiopurinol 2-*4C-34 pM (90 min at 37°)

+ IMP 70 uM 0:02

+ IMP 70 uM + PP 1 mM 021

+ (MPP)RP 70 uM 0-04

+ (MPP)RP 70 uM + PP 1 mM 0-19

TABLE 3. MICHAELIS CONSTANT OF PHOSPHORIBOSYL TRANSFERASE REACTION
WITH ALLOPURINOL AND THIOPURINOL

Substrate Ky Substrate

variable M) Fixed
HPP 645 PRPP
PRPP 240 HPP
MPP 870 PRPP

PRPP 320 MPP
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The velocity was compared by measuring the nucleotide formation in the presence
of a diluted hemolysate of human red blood cells in the presence of 1 mM PRPP
and of 500 uM bases. Expressed in nmoles/hr and per mg of hemoglobin, they are
respectively: guanine = 160, hypoxanthine = 99, allopurinol = 2-5, thiopurinol =
27.
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FiG. 3. (a) Double reciprocal plot of initial velocity against HPP concentration, PRPP concentrations

as indicated. Inset shows a secondary plot of reciprocals of maximal reaction velocities (obtained

from the ordinates of (a) against concentrations of HPP and PRPP. (b) Double reciprocal plot of
initial velocity against PRPP concentration, HPP concentrations as indicated.
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The inhibition of hypoxanthine-guanine-phosphoribosyl transferase by the pyrazolo-
pyrimidines

The initial transformation velocity of '*C-guanine into *C-GMP and of 4C-
hypoxanthine into !*C-IMP was measured in the presence of increasing concen-
trations of HPP, diHPP and MPP with a saturating concentration of PRPP (2 mM).
In the absence of an inhibitor the K,, of HGPRT for guanine (K, (G) = 1-52 x
10~¢ M) and hypoxanthine (K,, (Hx) = 2:06 x 10~% M) were analogous to those
published previously.?* With the purified preparation of HGPRT we could not
show any significant inhibition by oxypurinol. In contrast, allopurinol and thio-
purinol inhibit the formation of IMP and GMP (Fig. 4). It acts as a non-competitive
inhibitor for the second substrate PRPP (Fig. 5). The constants of K] inhibition were
determined graphically according to the Dixon representation [1/v = f(1)] and the
values obtained are shown in Table 4.

Pyrazolopyrimidine effects on the erythrocyte concentration of PRPP in vitro

As Hershko et al.?* have reported, the erythrocyte concentration of PRPP varies
in vitro with the orthophosphate concentration of the medium (Fig. 6a). We can
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FiG. 4. Inhibition of IMP and GMP formation by HPP and MPP. Double reciprocal plot of initial
velocity against hypoxanthine or guanine concentration. The concentrations of HPP and MPP are
indicated. PRPP concentration = 1 mM.
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TABLE 4. INHIBITION CONSTANT OF ALLOPURINOL AND THIOPURINOL UPON
GMP or IMP FORMATION

Inhibition constants K,
(variable substrate/fixed substrate) (mM)

Inhibitor G/PRPP PRPP/G Hx/PRPP PRPP/Hx
HPP 11 27 17 2-8
(comp) (incomp) (comp) (incomp)
MPP 0-77 21 1-35 24
(comp) (incomp) (comp) (incomp)

therefore study, the effects of variable PRPP concentrations on ribonucleotide forma-
tion from pyrazolopyrimidines and the effect of pyrazolopyrimidines on the intra-
cellular PRPP level.

(1) Ribonucleotide formation is at the same time a function of the pyrazolopyri-
midine concentration of the incubation medium and of the PRPP intracellular level
(Fig. 6b). The phosphoribosyl transferase activity varies according to the substrate
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and declines in the order Hx > G > HPP > MPP (Fig. 7). This order does not
correspond to that of the velocity determined with the hemolysate: the stronger
formation of IMP in relation to GMP is probably due to a faster rate of entry of
hypoxanthine into the red blood cell.
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FIG. 6. (a) Effect of Pi on PRPP formation in intact erythrocytes (60 min/37°). (b) Nucleotide forma-
tion in intact erythrocytes at various levels of Pi (60 min/37°).

(2) Ribonucleotide synthesis brings about a consumption of intracellular PRPP.
In Fig. 8, we have compared the rate of ribonucleotide formation of HPP and MPP
and the erythrocytic PRPP level at the end of incubation. The ratio between the two
is approximately stoichiometric. The hemolysate also forms PRPP, but as Hershko
et al.** have reported using the same incubation conditions, this synthesis is less.
In the presence of HPP or MPP, the PRPP level in the medium declines.

This decrease of PRPP noted in the red blood cell or the hemolysate in the pres-
ence of pyrazolopyrimidines is not due to an inhibition of the PRPP synthetase
system. Fox et al.25 have already shown that the decrease in PRPP only takes place
in the presence of HGPRT and that blood cells deficient in HGPRT (subjects with
Lesch-Nyhan’s disease) maintain a normal PRPP level when they are incubated with
allopurinol. We have confirmed this observation and have noted thata 5 x 10~ M
concentration of allopurinol and thiopurinol does not modify in vitro the activity of
the red blood cell PRPP synthetase, purified according to Fox and Kelley.2¢
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DISCUSSION

Purine structural analogues, the pyrazolopyrimides, in the free base form, are
potent xanthine oxydase inhibitors. This action, already demonstrated for allopurinol
and oxypurinol, has been shown for the 4-thio derivative, thiopurinol. Its inhibitory
activity (expressed by its K, for xanthine oxidation) is intermediate between that of
allopurinol and that of oxypurinol.

Delbarre!? explains this weaker inhibitory action of thiopurinol by a decreased
ability for electronic transfer when the —OH of C, is replaced by —SH. However,
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the inhibition constant for xanthine oxydase is not really different enough from that
of allopurinol to explain the differences of activity demonstrated in vivo.

The pyrazolopyrimidines also interfere with the phosphoribosyl transferase sys-
tems either as substrates or as inhibitors. The behavior of oxypurinol differs from
that of allopurinol and that of thiopurinol.

Oxypurinol, the oxidation product of allopurinol by xanthine oxydase, is not a
substrate of HGPRT. This was reported by Krenitsky ef al.27 and, with our purified
erythrocytic HGPRT preparation, we could not show ribonucleotide oxypurinol
formation. Moreover, oxypurinol did not inhibit the enzyme.

Furthermore, Fox ef al.?® have verified that oxypurinol does not induce a measur-
able depletion of intraerythrocytic PRPP, in vitro as well as in vivo; our incubation
experiments confirmed these results.

Allopurinol and thiopurinol are substrates of HGPRT. The kinetics of the reaction
as a function of the concentration of base and phosphoribosyl pyrophosphate, the
non-competitive inhibiting action of pyrophosphate and the isotopic exchange be-
tween the marked base and the nucleotide, indicate a similar reaction mechanism to
that which has been demonstrated for the natural enzyme substrates, guanine and
hypoxanthine, namely an orderly sequential reaction:

PRPP  HPP PP (HPP)RP
PRPP PP '

E < E-PRPP = E< N E< = E<HPP)RP = E
HPP (HPP)RP

The affinity of the enzyme for the second substrate, PRPP, is not altered by the
first substrate: the K, (PRPP) values are of the same magnitude as the base, either
guanine, hypoxanthine, allopurinol or thiopurinol. However, the affinity of HGPRT
for pyrazolopyrimidines is much weaker : the K,, values which areless than 5 X 107 M
for natural purines (Hx and G) or substitutes (6-mercapto-purine, 6-thioguanine)
reach 5 X 10~* M for the analogue derivatives with a pyrazolopyrimidine ring.

Guanine inhibits the incorporation of *C-Hx into *C-IMP and hypoxanthine,
that of !*C-G into !'*C-GMP. This competitive type inhibition is found with
allopurinol and thiopurinol. As in the cases of purines where the K; inhibition con-
stant is very near K,,, the K, of the two pyrazolopyrimidines are elevated, as well
pis-a-vis the first substrate, Hx or G (competitive inhibition) as the second substrate
PRPP (non-competitive inhibition).

If, as Hill has done for an important G and Hx structural series of analogues, one
compares the values of the constants of inhibition to those of X, of the two natural
substrates of HGPRT,?° the ratio K,/K,, represents an expression for the inhibiting
effect: a powerful inhibitor has a ratio much less than 1. In the cases of allopurinol
and thiopurinol, this ratio is very high and these derivatives are practically without
action on the phosphoribosyl transferase reaction under physiological conditions.

In subjects deficient in HGPRT the pyrazolopyrimidines are without action.?®
only the ribonucleotide form acts on purine synthesis. It is admitted that the regula-
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tion of de novo synthesis is assured at the level of the first reaction, phosphoribosyla-
mine formation. The intensity of this reaction is controlled by two important factors:
(1) the availability of substrates, glutamine and phosphoribosyl pyrophosphate, and
(2) the activity of the responsible enzyme regulator, PRPP-amidotransferase, allo-
sterically inhibited by numerous purine ribonucleotides.

(a) Of the two substrates of the amidotransferase reaction, glutamine hardly
influences phosphoribosylamine formation, because its concentration is relatively
higher. PRPP appears to be the limiting factor. Its intracellular concentration is
only known in erythrocytes'®-39:3! and in fibroblast cultures:®? it is very low (ery-
throcytes: 3-6 x 10~ M; fibroblasts: 13 x 10~¢ M) and we can suppose that it is
of the same level in other cell types.

Actually these concentrations do not reflect the PRPP synthetase activity which
functions under its maximum capacity. It is especially dependent on the low concen-
tration of ribose phosphate and on the presence of an elevated level of certain inhi-
bitors (2,3-diphosphoglycerate in the erythrocyte).

PRPP is the indispensable substrate for multiple synthesis reactions and in partic-
ular, for purine, pyrimidine or pyridine ribonucleotide formation which uses the
same phosphoribosyl transferase pathway and consumes PRPP.3° The low PRPP
intracellular concentration must satisfy these multiple needs of synthesis.

The affinity for the PRPP of various enzymes which catalyse these reactions is
very variable and generally weak (0-02-0-5 mM). Nevertheless, amidotransferase has
the highest K,, (PRPP) (0-20-0-40 mM)?22 its affinity for example is 10-20 times less
than that of APRT32 and OPRT.3* As the X, vis-d-vis the PRPP is very elevated in
relation to the intracellular concentrations, the PRPP-consuming reactions occur
according to a first order kinetic and their velocity is very sensitive to little variations
in PRPP concentration.

For each reaction which uses PRPP we must take into account its K, vis-d-vis the
PRPP and at the same time the concentration of the second substrate. Under
physiological conditions, among all these reactions, the de novo purine ribonucleotide
biosynthesis represents the most active pathway. The others are reactions of weak
intensity and they function well under the phosphoribosyl transferase capacities,
because the intracellular concentration of their second substrate is very low and for
some even not measurable.

The available PRPP concentration constitutes the most important factor which
in man limits de novo purine synthesis.?® On the other hand, besides amidotransferase,
HGPRT represents the principal enzyme which uses PRPP under physiological
conditions and a deficiency in HGPRT is accompanied by a PRPP elevation in the
erythrocytes®! and the fibroblasts,?® without having a modification of the intensity
of the synthesis.

The fact of supplying a substrate for the HGPRT, natural or not, brings about a
PRPP consumption and a reduction especially in de novo purine nucleotide synthesis.
This action has been demonstrated iz vivo in man with orotic acid, as well as on fibro-
blast cultures3?-3® and with hypoxanthine which reduces in vitro the purine fibroblast
synthesis.>® Likewise, allopurinol lowers the amount of PRPP in erythrocytes in vivo
and in vitro?3 and inhibits purine fibroblast synthesis.3®

Our results also show an erythrocyte PRPP consumption in vitro with allopurinol
and thiopurinol, all the more important since PRPP synthesis is more intense.
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(b) Allopurinol ribonucleotide inhibits amidotransferase (K; = 0-6 x 1073 M).
One can also suppose that thiopurinol nucleotide possesses a similar action and that,
associated with AMP or GMP, the synergistic effect would be particularly intense.
We have verified this possibility, but it does not appear to be responsible for the
hypouricemic action found in vive. The quantities of (HPP)RP and (MPP)RP formed
remain small and one can calculate, like Krenitsky et al.2? from the kinetic constants
Ve and K, that with the supposed concentrations in vivo, hypoxanthine forms
1000 times more nucleotide than allopurinol or thiopurinol.

One can also suppose that the inhibitory effect on xanthine oxydase induces
hypoxanthine accumulation which HGPRT transforms into IMP: from where we
get PRPP consumption and amido transferase inhibition. This explanation is not
satisfactory because allopurinol inhibits de novo synthesis in fibroblast cultures,
deprived of xanthine oxydase.

Murray?® found it difficult to understand the role of the means of purine salvage
and more particularly the transformation of hypoxanthine into IMP in the erythro-
cyte, because PRPP concentrations are much smaller than the value of K, (PRPP)
of HGPRT. However, this way pathway is functional. The same question is asked
for allopurinol and thiopurinol which consume large quantities of PRPP, although
the kinetic constants of HGPRT for these two substrates and PRPP are not favorable.

The concentration that is obtained in vivo with pyrazolopyrimidines in therapeutic
doses is uncertain. We can estimate it to be 10 uM, in other words on a level corre-
sponding to 1/50th K,, concentration for which the phosphoribosyl transferase reaction
velocity is low.2? However, allopurinol inhibits de novo purine ribonucleotide syn-
thesis in fibroblast cultures at very low concentrations, hardly different from those
which exist in the extracellular fluids of treated subjects.®®

Of all the hypotheses which have been postulated to account for the action of
allopurinol on purine synthesis, the competitive effect on PRPP consumption between
the phosphoribosyl transferases and amidotransferase appears to furnish the most
satisfying explanation of the de novo purine synthesis inhibition, but we must realize
that there is a considerable difference between the interpretation that we obtain
from the study of phosphoribosyl transferase kinetics for allopurinol or thiopurinol
and the recorded effects ir vitro or in vive.
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