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Abstract-Thiopurinol [4-thiopyrazolo(3.4-d)pycimidine, TPP] and its ribonucleoside (TPPR) were 
effective in oitro against the intracellular and extracellular forms of Leishmania donommi and the 
extracellular forms of I!+. hraziliensis and L. mexicana. They also inhibited the transformation of the 
amastigote of L. donouani to the promastigote. These thio-analogues had about the same activity as 
allopurinol ~4-hydroxypyrazoio(3,4-~)pyrimidine, HPP] and its ribonucleoside (HPPR). The thiopyr- 
azolopyrimidines were converted primarily to the ribonucleoside-S’-phosphate (TPPR-MP) and to an 
unidentified metabolite, but not to any of the adenine ribonucleotide analogues previously shown to 
be formed from allopurinol and its ribonucleoside. There was an antagonism between the growth- 
inhibitory effects of allopurinol and thiopurinol. This is consistent with the findings that the intracellular 
concentrations of TPP and TPPR-MP are sufficient to inhibit the conversion of allopurinol to allopurinol 
ribonucleotide (HPPR-MP) by the hypoxanthine-guanine phosphoribosyltransferase by 30 per cent and 
the amination of HPPR-MP by adenyiosuc~inate synthetase by 50 per cent respectively. Consequently, 
the inco~ora~ion of the aminated product (aminopyrazoiopy~midine) into RNA was substantially 
decreased. The difference in metabolism between the thio- and hydroxyp~razolopyrimidines suggests 
a difference in their mechanisms of action against the pathogenic ieishmama. 

Ailopurinol [4-hydrox~yrazolo(3,4-~)pyrimidine, 
HPP] is an antileishmanial agent in vitro. It inhibits 
the growth of Leishmania donovani, L. braziliensis, 
and L. mexicana. This inhibition can be reversed by 
adenine and its metabolic congeners [l, 21. Similar 
results were shown in Trypanosoma cruzi [3], 7: 
rhodesiense and T. brucei [4]. Biochemical investi- 
gations demonstrated metabolites of allopurinol that 
are unique to these organisms [3-71. The adenine 
nucleotide analogues which are formed from ailo- 
purinol are incorporated into RNA. Because of the 
encouraging results obtained with allopurinol and 
with its ribonucleoside (HPPR) against the extra- 
cellular forms of the three pathogenic leishmanias 
161, these compounds were tested against the intra- 
cellular forms of L. d~nQvun~. Both compounds 
eliminated amastigotes from cultured murine macro- 
phages. The intracellular forms of L. donovani also 
transformed allopurinol into the metabolic products 
described above 171. 

* Author to whom all correspondence should be 
addressed: Dr. J. Joseph Marr, Division of Infectious Dis- 
eases, Department of Internal Medicine, St. Louis Uni- 
versity School of Medicine, 1325 South Grand Boulevard, 
St. Louis, MO 63104. U:S.A. 

The above experimental data have given rise to 
several investigations by other laboratories which 
have borne out the effectiveness of allopurinol 
against several hemoflagellates. Two in vitro studies 
have shown the effectiveness of allopurinol against 
T. brucei and T. rhodesiense [8,9]. More recently, 
Peters et al. [lo] have shown the effectiveness of 
allopurinol in the treatment of visceral leishmaniasis, 
caused by L. tropica major, in mice. One small 
clinical study which used allopurinol in the treatment 
of patients who had pentostam-resistant visceral 
leishmaniasis found that allopurinol was useful in 
treatment of this disease [ 111. A much larger clinical 
trial of allopurinol or its ribonucleoside will be 
necessary to derive conclusive results. One study 
documenting the effectiveness of allopurinot in the 
treatment of acute Chagas’ disease in animals has 
appeared [ 121. 

Because of the results from our laboratories and 
the encouraging data published by others, we have 
looked for other pyrazolopyrimidines which might 
have equal or greater value in the treatment of 
leishmaniasis or trypanosomiasis. In addition to 
seeking agents which might be useful clinically, we 
wished to develop more information about the 
metabolism of these compounds by the parasite 
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in order to gain further insights into the mecha- 
nism of the chemotherapeutic effectiveness of 
pyrazolopyrimidines. 

Thiopurinol [4-thiopyrazolo(3,4-~)pyrimidine, 
TPP] is used in place of allopurinol for the treatment 
of hyperuricemia in some countries. The metabolism 
of thiopurinol in man, although less extensively stud- 
ied, appears to be analogous to that of allopurinol 
except that no thiopurinol ribonucleoside (TPPR) 
has been detected [13,14]. This report compares the 
antileishmanial activity of thiopurinoi and its ribo- 
nucleoside to that of allopurinol and its 
ribonucleoside. 

MATERIALS AND METHODS 

Growt!r expen’metzts. The experimental organisms 
and the method of their growth, quantitation, and 
harvesting were described previously [15,16]. 
Experiments in which the amastigotes were permit- 
ted to transform to the promastigote form also have 
been described previousl’y [2, 171. 

Amastigotes were grown in tissue culture using 
the P388Dr macrophage line. This is a continuous 
murine clone, [l& 191 obtained through the courtesy 
of Dr. H. S. Koren, Duke University Medical Cen- 
ter. The ability of these cells to support the repli- 
cation of the amastigotes of L. donovani was 
reported earlier [20]. Experiments to investigate the 
effects of TPP and TPPR on amastigotes in tissue 
culture were performed as described [7]. 

C~e~~c~Z~. Chemicals were obtained from the 
Sigma Chemical Co., St. Louis, MO, and were used 
without further purification. The thiopyrazolopyr- 
imidines were provided by the Burroughs Wellcome 
Co., Research Triangle Park, NC. Purine and purine 
analogue bases were brought into solution with 0.1 N 
NaOH. Ribonucleosides and ribonucleotides were 
dissolved in morpholinopropanesulfonic acid 
(30 mM, pH 7.1). Compounds tested as antagonists 
of TPP and TPPR were added to the medium at a 
final concentration ten times that of the agonist. The 
pH of the medium was adjusted to 7.1 and sterilized 
by filtration (pore diameter 0.22 pm: Millipore 
Corp., Bedford, MA). 

~ucleot~de analysis. Analysis of perchloric acid- 
soluble extracts of cells for purine and pyrazolopyr- 
imidine ribonucleotides was performed by anion high 
performance liquid chromatography (h.p.1.c.) as 
described previously 1161. 

Enzymatic assays. Nucleoside phosphotransferase 
(EC 2.7.1.77) was partially purified from promasti- 
gotes of L. donovan~ and assayed as described pre- 
viously [6]. The adenylosuccinate synthetase (EC 
6.3.4.4) was purified from promastigotes of L. don- 
ouani and assayed as described elsewhere [21]. 

Antagonism of thiopurinol and allopurinol. Pro- 
mastigotes of L. mexicana were grown in the pres- 
ence of HPP and TPP to determine if there was a 
synergistic, antagonistic, or additive effect of the 
combination. The experiments were done according 
to the method of Elion ef al. [22] and consisted of 
determining several growth inhibition curves with 
increasing concentrations of HPP. Each of these 
experiments contained either no TPP or one of sev- 
eral fixed concentrations of TPP. Ninety percent 

Table 1. Activities of pyrazolo(3,4+f)pyrimidines against 
Leishmania* 

._ 

Organism TPP 
Agent (rtM) 

HPP TPPR HPPR 

L. braziiiensis 20 50 4 3 
L. donovani 100 300 2 0.3 
L. mexicana 110 40 3u 40 

* The concentrations given in the table are those required 
to reduce the number of promastigotes by 90 percent as 
compared to control cultures-that is, an inhibitory con- 
centration (icpo). 

inhibition was chosen to represent a significant 
depression of growth. These data were recorded as 
fractional inhibitory concentrations of each drug in 
the combination necessary to produce this inhibitIon. 

RESULTS 

Effect of thiopyrazolopyrimidines on leishmania 
promastigotes. Table 1 compares the antileishmanial 
effect of TPP and TPPR to that of allopurinol and 
its ribonucleoside. The pyrazolopyrimidine bases are 
of approximately equivalent antileishmanial activi- 
ties. The ribonucleosides are also of essentially equal 
activity and are more active than their respective 
bases, except in L. mexicana where HPP and HPPR 
are of equal potency. 

80 - 

0 

iE 
8 
b 
8 GO- 

ui 
2 
0 

-$ 40- 

E 

b 

E 
e 

t- 
20 - 

I 
0 50 

Pyrazolopyrmdine, FM 

Fig. 1. Inhibition of transformation of L. donovani amas- 
tigotes to promastigotes. The experiment was carried out 
as described in Ref. 2. The percentage of transformed ceils 
was defined as the number of cells with a visible flagellum 
per totaf cells counted, multiplied by 100. Usually 150-200 
cells were counted per sample, with four replicate samples 
taken. The counts were made at 72 hr after exposure to 
the pyrazolopyrimidine. Approximately 75 percent of the 
amastigotes transformed to promastigotcs; this was used 
as the reference value to determine percent transformation 

of those organisms exposed to TPP or TPPR. 
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Effect of thiopyrazolopyrimidines on the transfor- 
mation of L. donovani amastigotes to promastigotes. 
Both TPP and TPPR inhibited the transformation 
of amastigotes of L. donovani to the promastigote 
form (Fig. 1). The concentration required to achieve 
50 percent inhibition was approximately 25 PM for 
TPP and 50pM for TPPR. At these concentrations 
a high percentage of the transformed promastigotes 
was significantly smaller and less motile than the 
controls and the remaining amastigotes had not 
undergone the enlargement which indicates the start 
of transfo~ati~n [ 171. 

Effect of thiopyrazolop~Ir~~?lid~~es on the intracellu- 
larforms of L. donovani. Since the above experiment 
indicated that the amastigotes probably were sus- 
ceptible to the effects of TPP and TPPR, the abilities 
of these compounds to inhibit the growth of amas- 
tigotes in macrophage tissue culture were tested (Fig. 
2). The percentage of infected macrophages 
decreased to approximately 15 percent within 7 days. 
During the same time the infected. untreated cells 
had an infection rate of approximately 60 percent. 
At 15 days, the infected cells exposed to TPP and 
TPPR still had an apparent infection rate of 15 
percent; untreated cells were 80 percent infected. 
Neither TPP nor TPPR inhibited the growth of 
uninfected macrophages when present at concentra- 
tions as high as 50 pgiml (326 and 169 PM respec- 
tively). The infected, treated macrophages were 
placed at 26” on day 15 in an attempt to recover 
intracellular organisms from them. No organisms 
grew. Corresponding experiments with untreated, 
infected macrophages yielded amastigotes which 
transformed to promastigotes. 

Metabolism of radiolabeled TPP and TPPR by L. 
donovani promastigotes. The promastigotes of L. 
donouani were incubated for 24 hr at a concentration 
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Fig. 2. Effect of thiopyrazolopyrimidines on growth of 
amastigotes of L. donouani in P33811), macrophage tissue 
culture. TPP was present at a concentration of lO@ml 
and TPPR at a concentration of 20,ng/ml. These values 
correspond to a concentration of 63 ,uM. The activity of the 
infection was monitored using phase-contrast microscopy 
and, at the indicated times, cover slips were removed and 
stained with Giemsa stain. The percent of infected macro- 
phages was determined using light microscopy by counting 
a minimum of twenty high power fields or 200 cells for each 
point. The variation in the method is indicated by the bars 
on the graph. The individual performing the counting did 

not know if the organisms had been exposed to drugs. 

of about lox cells/ml in the presence of [4--“S]TPP, 
[4-35S]TPPR, and [U-‘“Clribosc TPPR. All of the 
labeled precursors were added at a concentration of 
5 FLgiml to the incubation medium; this corresponds 
to 33 and 17,uM for the base and ribonucleoside 
respectively. The perchloric acid-soluble extracts of 
these cells were analyzed by h.p.1.c. A radioac- 
tive metabolic product was identified which had a 
retention time and U.V. absorption spectrum identical 
to authentic 4-thiopyrazolo(3,4-d)pyrimidine 
ribonucleoside-S’-phosphate (TPPR-MP). It was 
present at a concentration of 39pmoles/lO~ cells. 
This may be compared to an ATP concentration of 
48 pmoles/106cells. There was no radioactivity in the 
di- or triphosphate region of the chromatogram, 
indicating that the organisms did not phosphorylate 
TPPR-MP beyond the 5’-monophosphate stage. 
There was no detectable conversion of unlabeled 
TPP or [“C]TPPR to allopurinol ribonucleotide or 
aminopyrazolopyrimidine (APP) ribonucleotides. 
This method would detect 1 pmole/lOh cells. The 
thiol group was stable for the duration of the experi- 
ment; no [“S]sulfate was found when the radio- 
labeled sulfur compounds were used. 

When radiolabeled TPPR was used as a precursor. 
labeled either in the sulfur or ribose moiety, 
TPPR-MP was found. The radiolabeled ribose 
moiety remained with the TPPR and was not present 
in any of the compounds in the purine or pyrimidine 
nucleotide pools. 

In addition to TPPR-MP, a second peak appeared 
on the ~hromatogram in the region where the ribo- 
nucleoside monophosphates were eluted. This 
unknown metabolic product is formed from both 
TPP and TPPR, and contains both [“S] and [‘“C]- 
ribose when the appropriate radiolabeled precursors 
are used. This compound can be hydrolyzed by 
alkaline phosphatase to another product. This indi- 
cates that this unknown metabolite contains the 
radiolabeled sulfur moiety and the radiolabeled 
ribose moiety (when TPPR is used as a substrate), 
as well as a phosphate group. The compound has 
not been characterized further. It is present at 
approximately one-fifth the concentration of 
TPPR-MP. This unknown metabolic product is not 
4-thio-6-aminopyrazolopyrimidine ribonucleoside 
monophosphate, 4-thio-6-hydroxypyrazolopyrimi- 
dine ribonucleoside monophosphate, or 4-methyl- 
thiopyrazolopyrimidine ribonucleoside monophos- 
phate. 

Enzymatic studies. Since the above metabolic 
investigations showed that both TPP and TPPR could 
be converted to the ribonucleoside monophosphate, 
enzymatic investigations were undertaken to clarify 
the metabolism of these compounds. An earlier 
investigation [23] demonstrated that TPP was a sub- 
strate for the hypoxanthine-guanine phosphoribo- 
syltransferase (EC 2.4.2.8) of L. donovani. The K’,, 
for TPP was 400 ~_LM with a V’,,, of 27 percent of its 
normal substrate, guanine. The ~*~~~~~ ratio was 
0.06 for the leishmanial enzyme, which was lo-fold 
greater than the ratio for the human enzyme. 

Kinetic studies were performed with adenylosuc- 
cinate synthetase to establish the substrate and 
inhibitor activities of TPPR-MP with this enzyme. 
Substrate activities were determined using highly 
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purified [“Claspartic acid and the high voltage elec- 
trophoresis assay [21]. Inhibitor studies were per- 
formed using the spectrophotometric assay that 
indirectly measured the production of GDP 121,241. 
The substrate assay at 18 mM TPPR-MP revealed 
that the possible product, succino-APPR-MP. was 
not formed. This assay could have detected the pro- 
duction of succino-APPR-MP at a rate of 0.1 percent 
of the rate observed with IMP as the substrate. The 
inability of TPPR-MP to serve as a substrate of this 
enzyme corroborates the in vivo studies which did 
not detect the metabolic formation of APPR-MP. 
Although TPPR-MP was unable to substitute for 
IMP as a participant in the reaction, it was capable 
of inhibiting the conversion of IMP to succino-AMP. 
TRRP-MP produced competitive inhibition versus 
IMP with a K, + S.E of 81 +- 15 PM. The K’,, k S.E. 
for IMP was 9.7 t 1.7 PM. 

The ribonucleoside of thiopurinol was phosphoryl- 
ated by a nucleoside phosphotransferase partially 
purified from promastigotes of L. donovani. The 
kinetic data are similar to those found previously for 
the ribonucleoside of allopurinol (61. The K’,, for 
TPPR was 3.4 mM; the K’, for HPPR was 4.6 mM. 
The V’,,, value for TPPR was appreciably greater 
than that reported for HPPR: 
34 vs 17 nmoles.min~‘.(mg protein))’ respectively. 
The ability of nucleoside phosphotransferase to 
phosphorylate the ribonucleoside of thiopurinol cor- 
roborated the in vivo results given above. 

Antagonism of thiopurinol and allopurinol. Sev- 
eral experiments were performed to determine 
whether TPP and HPP had synergistic, antagonistic, 
or additive effects on the growth of leishmania. 
Inhibition curves were determined with L. mexicana 
using TPP and HPP at various concentrations. A 
fractional inhibition index was calculated to illustrate 
the relationship between the two compounds [22]. 
This is shown in Fig. 3. The curve indicates an 
antagonism between the two compounds, most 
marked at lower concentrations of TPP. At these 
concentrations of TPP, a high concentration of HPP 

Allopur~nol FIC 

Fig. 3. Antagonistic action of thiopurinol and allopurinol 
in L. mexicana. A synergistic effect of the two drugs would 
produce a line which is concave and to the left of the dotted 
line; an additive effect would produce a line which falls on 
the dotted line; an antagonistic effect results in a line which 
is convex [22]. FIC is fractional inhibitory concentration. 

Table 2. Inhibition of [‘“CIHPP metabolism in L. mexicana 
by TPP* 

Cellular nucleotides 
[‘JC]HPP + [“CIHPP 

+TPP only 
(pmolesilOhcells) 

HPPR-MP 
APPR-MP 
APPR-DP 
APPR-TP 

14.0 19.5 
0.4 0.8 
0.2 0.3 
0.04 0.09 

Total HPP nucleotides 14.0 19.5 
Total APP nucleotides 0.704 1.38 
RNA @g/lo6 cells) 12 15 
APP nucleotides in RNA 0.064 0.19 

Cell density (X 106iml) 64 67 
Concn. TPP (PM) 66 0 

* Allopurinol was present at a final concentration of 
7 pM and a specific activity of 52.4 mCi/mmole. Organisms 
were incubated for 2 hr with or without TPP and then for 
4 hr with HPP. 

is less effective than when HPP is used alone; as the 
concentration of TPP increases, the biological effect 
of the latter becomes important and the curve returns 
toward the theoretical curve for additive effects. 

Effect of thiopurinol on allopurinol metabolism. 
In view of the antagonism between TPP and HPP, 
L. mexicana and L. donovani promastigotes were 
grown to mid-log phase and then separated to three 
aliquots of 100ml containing 5 X lo6 organisms/ml. 
At zero time TPP was added to two of the aliquots, 
and all three flasks were incubated at 26” for 2 hr. 
At this time [6-‘4C]HPP was added to the flask which 
did not contain TPP and to one of the flasks which 
did. All three flasks were incubated 4 hr longer, the 
organisms were collected by centrifugation and then 
processed for analysis by h.p.1.c. In agreement with 
the enzyme studies, there was inhibition of both the 
HGPRTase and the adenylosuccinate synthetase 
when both compounds were present (Table 2). The 
inhibition was not sufficient to prevent the formation 
of aminopyrazolopyrimidine ribonucleotides or 
HPPR-MP, but there was a 66 percent decrease in 
the amount of HPP incorporated into the RNA as 
4-aminopyrazolo(3,4-d)pyrimidine when TPP was 
present. 

DISCUSSION 

Both TPP and TPPR were effective against the 
three pathogenic leishmania tested (Table 1). The 
sensitivities of these organisms to the base were 
approximately the same as to allopurinol. Their sen- 
sitivities to TPPR were approximately the same as 
to allopurinol ribonucleoside. 

Evidence for the antileishmanial effect of TPP and 
TPPR on the amastigote forms of L. donovani is 

shown in Fig. 1. Both compounds prevented trans- 
formation of the amastigote to the promastigote. 
These data are similar to those obtained earlier with 
allopurinol and allopurinol ribonucleoside, both of 
which could prevent transformation [2,6]. Since 
these organisms were not in their usual intracellular 
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environment, their metabolism of pyrazolopyrimi- 
dines might not reflect that of the intracellular form 
and might actually be closer to the metabolism of 
the promastigote. The data in Fig. 2, however, argue 
against this possibility and show the effectiveness of 
these compounds in reducing the percentage of 
infected host cells in a P388D, macrophage tissue 
culture system. The antiparasitic effects of TPP and 
TPPR were evident by 5 days, and at 7 days the 
infection reached an apparent minimum of 10-15 
percent of cells. Counting by light microscopy was 
not accurate below this; however, the data support 
the conclusion that all of the organisms were elim- 
inated from the infected cells. At the completion of 
the experiment the cells were placed at 26”. This 
killed the macrophages and would have allowed any 
viable amastigote to transform in the overlying 
medium. There was no growth. Like allopurinol and 
allopurinol ribonucleoside [7], the thio-compounds 
have an antileishmanial effect against the intracellu- 
lar form of L. donouani. 

The metabolic studies with intact cells and the 
studies with purified enzymes demonstrated that TPP 
can be activated directly by the HGPRTase to 
TPPR-MP and that TPPR can be activated by a 
nucleoside phosphotransferase to the same product. 
There was no conversion beyond this to the ribo- 
nucleoside di- or triphosphates and no incorporation 
into nucleic acid. It is of interest that there was no 
conversion of TPPR-MP to the aminopyrazolopyr- 
imidine ribonucleotides. The latter could not be 
detected in either the metabolic studies or by assay 
of the adenylosuccinate synthetase in uitro. This 
indicates that the mechanism of action of the thio- 
analogue of allopurinol may be different from that 
of allopurinol. Allopurinol is converted by these 
organisms to the aminopyrazolopyrimidine ribonu- 
cleotides, and incorporated into the RNA [5,6]. A 
similar metabolic sequence occurs in T. cruzi [3] and 
the African trypanosomes [4]. 

To investigate the relationship between allopuri- 
nol and thiopurinol. the two agents were added 
together to growing cultures of L. mexicana. Marked 
antagonism was noted at low concentrations of thio- 
purinol. At higher concentrations of TPP the bio- 
logical effect of this compound became more prom- 
inent and the antagonism decreased. These data 
suggested that TPP and HPP might compete at the 
same locus with the cell, and subsequent experiments 
were done using radiolabeled HPP to determine if 
TPP could interrupt the metabolism of this com- 
pound. The data presented in Table 2 indicate that 
there was a 30 percent inhibition of the HGPRTase 
and a 50 percent inhibition of the adenylosuccinate 
synthetase by TPP and TPPR-MP as determined by 
their abilities to form HPPR-MP and APPR-MP. 
respectively. The concentration of allopurinol ribo- 
nucleoside monophosphate was decreased about 30 
percent in the cells to which TPP was added. It is 
problematic whether this decrease was adequate to 
explain the antagonism of the two agents. Since the 
intracellular concentrations of TPPR-MP exceeded 
its K, by at least lo-fold, it was not surprising to see 
significant inhibition of adenylosuccinate synthetase. 
Although this locus of inhibition may have con- 
tributed at least in part to the antiprotozoal activity 

of TPP, it does not account for the selectivity. 
TPPR-MP was also an inhibitor of mammalian 
adenylosuccinate synthetase with a K, to K,,,(IM~) ratio 
of 1.5 compared to a ratio of 8.4 with the enzyme 
from L. donouani (T. Spector, unpublished data). 

The decrease in aminopyrazolopyrimidine ribo- 
nucleoside was about 50 percent. This was reflected 
in the 66 percent decrease of APP incorporation into 
RNA in the presence of TPP. Recent investigations 
[25] have shown that HPP is an inhibitor of RNA 
and protein synthesis in these organisms. The obser- 
vation that HPP-TPP antagonism was related to a 
decreased incorporation of APP into RNA supports 
the hypothesis that the mechanism of action of HPP 
in these organisms is to inhibit RNA synthesis or 
function. The mechanism of action of TPP remains 
unknown, but may be related to the inhibition of 
these two enzymes and a secondary decrease in RNA 
synthesis. 
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