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SUMMARY

The effect of several purine and pyrimidine analogs on the rate of adenine
and wuracil incorporation into nucleic acids of Trypanosoma cruzi have been

investigated.

Likewise, in vitro effect of amethopterin, mitomycin C and S-fluorouracildeo-
xyriboside on the growth of 7. cruzi has been studied. The addition of any
of these substances to a T. cruzi culture leads to the appearance of the known

unbalanced growth picture, with aberrant morphological

crithidiae.

dividing forms of

INTRODUCTION

The requirements for rich media to grow
Trypanosoma cruzi in viiro were well known
soon after the discovery of this organism.
Although research workers have succeeded
in getting very convenient media to enable
a production of large mass of trypanosomes,
very little has been done in the direction
to define the complex constituents of. the
culture media. Generally those constituents
are an amino acids source like tryptose,
peptone or similar substances, serum, hemo-
globin or hematin and an organ infusion,
such as liver, heart, .brain. Such complex
media - although very good to get a great
number of protozoa do represent a disad-
vantage when we want to study metabolic
processes by the use of labeled precursors,
such as amino acids, purines and pyrimidi-
nes as well as to study the effects of meta-

bolic analogs of those substrates or cofactors
highly concentrated in the medium as vita-
mins, purines, pyrimidines and amino acids
analogs. These difficulties need to be over-
come but very little has been done in. the
attempts to define the nutritional require-
ments of the flagellate. BoNE & PaARENT’s!
work, showing that stearic acid may replace
the serum requirement for growing the fla-
gellate, is a successfull and important con-
tribution in the study of the nutrition of
this parasite.

We have shown that the parasite has a
very limited ability to synthesize purines
and pyrimidines ® **. In most media com-
monly employed these compounds are cer-
tainly furnished by liver or muscle infusions.
The requirements for purines and pyrimidi-
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nes for in vifro growth of the organism can
be a promising field of research in the
attempts to find a chemotherapeutic agent
against the flagellate. Previous works from

_ this laboratory have already started the ex-
ploration in this field % & % 15,

In the paper to be presented, a new list
of purine and pyrimidine analogs has been
studied as inhibitors of nucleic acid syn-
_thesis of T. cruzi.

The effect of an antifolic (amethopterin)
and of fluorouracil deoxyriboside (FUDR)
on the growth rate and size distribution of
the flagellate population will be presented.
These agents establish what is known as
unbalanced growth (CoHEN & BARNER?),
a biological situation that can b€ of impor-
tance in the alm to get an unviable popu-
lation of T. cruzi. Mitomycin C, a potent
inhibitor of DNA synthesis in 7. cruzsi
(FERNANDES et al.’) exerts an even more
remarkable picture of unbalanced growth,
with curious alterations in the morphology
of the protozoa in division.

MATERIAL AND METHODS

Trypanosoma cruzi used in these studies
was obtained from cultures in LIT medium 8.
The organisms to be used in the experi-
ments on nucleic acids biosynthesis were
washed by centrifugation in 0.15M NaCl
and resuspended in Ringer Krebs phosphate
as described by CasTeLLANI & FERNANDES 2,

Incorporation of uractl into nucleic acids
pyrimidines ** — FEach experimental flask
contained 52X 10° flagellates in a final vo-
Iume of 3.6 ml of Ringer Krebs phosphate
containing the inhibitor. The concentration
of the inhibitor is indicated in the Table I
and the uracil 2 C'* was added to give a
final concentration of 0.8 umole per ml
(5.A. = 2.9 X 10° counts per minute per
umole). FEach flask was incubated for 2 hrs.
at 30°C with occasicnal shaking. The pre-
cipitation and hydrolysis of the nucleic acids,
the chromatography of the nucleic acid py-
rimidine nucleoctides as well as the radio-
activity measurements were carried out as
previcusly described (Rey & FErNaNDES *%).

TABLE 1

Effect of antipyrimidines on the incorporation of uracil 2 C® into nucleic
acid pyrimidines of 7. cruzi

Uridylic acid

Cytidylic acid

Analogs added

counts/min/ugmole % of inhibition

5 — hydroxyuracil ...... 3,270
6 — azauracil .......... 3,480
5 — bromouracil ........ 3,500
4 ~— thiouracil .......... 6,000
5 — aminouracil ........ 5,600
5 — nifrouracil ......... 4,830

None .....ovvvvnnen 4,900

counts/min/umole | % of inhibition
33 1.830 32
29 2,300 15
29 2,150 20
— 3,120 —_—
— 3,500 —
— 3,000 —
— 2,700 —

The concentration of analogs was 2 pmoles per ml.
counts per min per upmole of the nucleotide,

The results were expressed as
using as molar extintion coefficient of

uridylic aecid 10,000 and 6,200 for cytidylic acid.
Chromatography was carried out in a column of Dowex 50 Ht x 8 (200 — 400 mesh)

of 0.82 cm of diameter per 4 cm height.
collecting 3 ml samples;
acid in the tubes 8, 9, 10 and 11.

*# Radloactives uracil 2 C* and adenine 8 C*

New England Nuclear,
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TABLE II
Effect of antipurines on the incorporation of adenine 8 C* into nucleic
acid purines of T. cruzi
Guanine Adenine
Analogs added
counts/min/umole | % of inhibition [ counts/min/pmole | % of inhibition
2 — aminopurine ....... 1,070 — 12,200 —
2 — mercaptopurine 527 51, 14,000 J—
5 — azaguanine ........ 540 44 12,160 J—
6 — isoguanine ......... 1,220 — 16,800 —
6 — (1'-methyl-4-nitro-5-
imidazolil) thiopurine 780 17 13,300 ——
2 — amino-6-(1'-methyl-
4’-nitro-5’-imidazolil)
thiopurine ......... 1,000 _— 11,760 —
NONe .............. 945 — 11,900 —

The concentration of the first two analogs was 2 pmole per ml! and of others

were around 0,1 to 0,2 gmole per ml.

The chromatography was carried out in a column

of Dowex 50 H1t x 8 (200 — 400 mesh) of 0.82 cm of diameter per 4 cm height;
the column was washed with 40 ml of 1N HCI; guanine was then eluted with 10 ml
of- 2N HCI; after washing with more 10 ml of the same acid, adenine was collected

in 10 ml of 6N HCI.

A molar extintion coefficient of 8,000 for guanine and 13,000 for

adenine was used to express the concentrations of the purines.

Incorporation of adenine into nucleic acids
purines — Each experimental flask contai-
ned about 7 X 10° flagellates in a final
volume of 3.6 ml of Ringer Krebs phos-
phate containing the inhibitor at the con-
centrations indicated in Table II. Adeni-
ne 8 C was then added to give a final
concentration of 0.5 umole per ml (S.A. =
0.8 X 10° counts per min per umole).
Each flask was incubated at 30°C with occa-
sional shaking, for 2 hrs. The separation
and chromatography of the nucleic acid pu-
rines as well as the radioactivity measure-
wments were carried out as previously (Cas-
TELLANI & FERNANDES ?).

Effect of amethopterin, FUDR and mito-
mycin. C — The experiments to study the
effect of amethopterin, FUDR and mitomy-
-cin C on the growth rate and size distri-
bution of T. cruzi were carried out in LIT
medium.  (FERNANDES &  CASTELLANI ®).
After the centrifugation of a suitable volume
of a logarithmic growing culiure in LIT
medium, the sediment was resuspended in
fresh medium kept at 28°C in a measured

velume in order ta siart the experiment
with 1.5 X 107 {lagellates per ml. Ame-
thopterin, mitomycin C or FUDR was then
added to give the final concentrations indi-
cated. The flasks were incubated at 28°C
under shaking and the cells were counted
in a Coulter electronic cell counter as pre-
viously shown (FErRNANDES & CaSTELLANT ®)
but using different thresholds to permit the
evaluation of the size distribution of the
cell population.

The organisms used for the stained pre-
paration were from cultures of 5 days. Me-
thylic alcohol fixation and Giemsa staining
were used.

RESULTS

The effect of pyrimidine analogs on the
rate of incorperation of uracil into nucleic
acids pyrimidines of T. cruzi is shown in
Table I. Only 5-hydroxy, S-bromo and
azauracil exert an inhibitory effect in spite
of the high concentration of all analogs
studied.
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In Table IT are shown the data on the
effect of purine analogs on the rate of in-
corporation of adenine into nucleic acids
purines. No inhibitory effect on the rate
of incorporation of adenine into nucleic acids
adenine was detected. However 2-mercapto-
purine and 5-azaguanine do inhibit the con-
version of adenine to guanine compounds, as
shown by the low rate of incorporation of
the labeled precursor into the nucleic acids

guanine,

The effect of amethopterin, FUDR and
mitomycin on the growth rate of 7. cruai
is shown in Fig. 1. The concentration of
amethopterin and even FUDR necessary to
bring a deep degree of growth inhibition
is relatively high. This is certainly due to
the presence of folic (folinic) acid and thy-
midine in the culture medium,

200
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o
1

5 - !

The inhibitory picture by the above men-
tioned drugs is related to cell multiplication.
Growth in size of individual {flagellates
does occur. This is shown in Fig. 2, where
a size distribution picture of the control and
drug inhibited {lagellate population can be
seen. Flagellates counted in threshold 10
indicate small and normal size {lagellates,
and those counted in threshold 50 are large
size flagellates, found in small number in
normal culture. In threshold 30 are counted
medium size flagellates, In normal culture
of any growth phase about 90% of the
population are counted in thresholds 10 and
30 (differential counting). In exponential
growth phase equal values for each of the
above thresholds are found, while at the
plateau about two thirds of the value are
found in threshold 10 and one third in

threshold 30.

1 1

0 I

l ° .
2 3 4 Days

Fig. 1 — Effect of FUDR, amethopterin and mitomycin C on the growth rate of

T. cruzi.

Curve 1 represents the control.

The other curves are respectively: ame-

thopterin 10-M (curve 2) and 10-3M (curve 3); mitomycin 1 pxg/ml (curve 4) and
10 wug/ml (curve 5); FUDR 10-*M (curve 6) and 10-*M (curve 7).
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Fig. 2 — Effect of FUDR, amethopterin and mitomyecin C on the size of T. cruzi
The concentrations of the drugs in LIT medium are: FUDR 10-fM, amethopterin
10-M and mitomycin 10 pg/ml. 'The size distribution refers to differential counts
recorded dayly by counting at threshold 10, 30 and 50. The black columns show
the percentage of sinall flagellates while the intermediary and the widest columns
show the proportion of medium size and large (including giants) flagellates.

On the other hand the size distribution
picture of the population cultivated in the
presence of the drugs is completely diffe-
rent from the control. With FUDR and
mitomycin, 80 to 909% of the population
consist of large crithidiae, counted in thre-
shold 50. With amethopterin, a less marked
alteration is found. All these crithidae are
alive and slow motile organisms.

In stained preparation this size alteration
can be nicely confirmed as can be seen in
Fig. 3. The difference. in size between the

control flagellates and those exposed to the
mitomycin is so marked that most of the
flagellates counted in threshold 50 of the con-
irol culture (about 109) are probably in-
soluble particles from the medium and not
the giant crithidiae of the FUDR or mito-
mycin cultures.

Another feature in Fig. 3 we want to call
attention refers to the remarkable alterations
among the division forms of the flagellates.
The control cultures show irypanosomes and
crithidiae with typical aspects. The dividing
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forma of the=e crithidiae show wo noeled,
lwo  Kinctoplasts and two Tagella or diller
of such Torms by presenling one nueleos
(hher-
wise, in the Hogellates enltivated in the pre-
sence o mitomyein C a deep morphological

alteration is found, besides the size inerease,

or one nuclens and one Hagellum,

These alterations alfect mainly the dividing
lorms and can b seen in Fige 3 and summa-

rizedd in few words:

L1 Commonly, the Kinctoplast is much
Digger than the normal and oo erithidia e
sents divided  kineloplast even when two

equal or unequal Magella arve Tound,

2y Dividing forms  present partially  or
almost  completely  divided  eyloplasm - even
when only one nuclens i= found,  Several di.

\I‘
(<)

— 1

il
—

Fig., 8 Ay — Control fagéllates in cullure
during 5 days in LIT medium, showing normil
dividing Torms of crithidine 880 3,
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viding Torms prezent posterior and nol an-
lerior evtoplasm Tission and often two, three
or even more poslerior eyloplazm lizeions of
variable Jenght are fonnd,

3 Hm':*]}' double nuclei are found,  Fre-
quently one nuelens s Tound even in those
forme showing a partially divided evioplazm,

These  aberrant morphological  Torms  ane
found in smaller degree with FUDR and
even less with amethaplerin,

Finally. in contral cultures a variable pro-
portion of erithidiae dilferentiote o the me-
taeyelic form=. In this experiment this pro-
portion was high, 1 o 2000 of metacyelic
forms  being  found. wilh
mycin and  FUDR dilferentiation
Breur,

milo-

dlid

However,

s

e

T

In cullure
contalning 10 gp per mi
of mitomyein ©0 Enormous Tlagellaotes showing
nbnormal dividing forms of crithidiae and o=
clear, Kinetoplast and Tagellum alteratlon. =S80

Fig. 3 1B} Flagellates
davd In LIT medivm

during 5
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Fig. 3 (C) — Enormous

flagellates
abnurmal dividing Torms of crithidiae and abnore-

showing

mal eytoplasm Fisslon, aller 5 davs in LIT me-
tivm contalnlng 10 pg per ml of mitomycin O
BED x.,

DISCUSSION

The search for a chemotherapeutic agent
nst Chagas' diseaze has been a very
disappointed ficld of work,  In spile of the
known dependence of rich media o arow.
Trypunosome eruzi when  anchored  within
the host cells appears highly resistant to any
kind of sulstanees,  Purine, pyrimidine and
nucleic acids inhibitors constitule the  lar

wost pool of elTective melabolic inhibitors
againsl  microorganisms  and  even  caneer
veells, erici remiing  resistant
lo the tried agents from this arca as shown
by Nawamura & James ™ and the presen
investization,  However,  the most hopelul
arca Tor this inhibitors (rials, is just (he
nueleie acids ficld, as shown by Hewitt
el al' and in papers [rom  this labora-
tary S % h B fed b Mot Thesewovefar o fthe
chematherapeutic point of view as well as

H"".t' Ve, TI.

£

sintese de Acidos nueléicos  do

Efeltos de anlipurinag e antipirimidinag no  cres-
Tramanogon

cruzi. RBev. fast. Med, trop. Sdo

thee possibility of getting non virulent strain
of T, ervzi or organizms devoid of multi-
plivation capavily {(Fegsxanpes et al® "),

The picture of wobalanced growth learly
obtained by the action of mitomyein € and
FUDR  deserves  comments.  The  sluggish
#ianl organisme show such a hish [rrojaariion
of aberrant morphological forms= that their
genetic structure could be deeply alfected.
These abnormal dividing forms may indi-
cale: poesibly an fveeversible inhilition of the
reprodutive  ability  and/or infective  capa-
vity of the whole population,  1f this =
trae o vaceination  aproach as Lried  with
actinemyein  treated  flagellales  preparation
{Femnavoes & Casrrinant 7)) must he Lried,
Similar aberrant forms are found in bacte-
rig b oand mammalian cells ' s orvesull of
milomyein action,  In the present investi-
gation, the effivient blovkagze of the kineto-
plast division appears lo sugoest more de-
tailed study of mitomyein in order o un-
derstand better the Hagellate division,  Quw
licns of  several could he answe-
red As examples we could  ask whether
there is a message [rom the macronueleos
to the kinctoplast in order this micronuelens
can  divide,  Whether the vontrol of  fla-
gellum formation and development is related
wilth some stable messeneser vibonueleic acid
originaled Trom deoxyoucleic acid of the ki-
netenucleus as logically expected or from the
macrenucleus  that  secms less alfected by
mitemyein,

nalures

RESUMD

Efeitos de atelipurings ¢ anfipivimidings no
creseimento o o sintese de deidos noeléices
do Trypancsoma cruzi

(s Avlores estudaram o eleilo de diver-
sos andlogos de purina o pivimiding na in-
varporacio de adeninag o wracila nos deides
nucléicos do Trypanosomae crusi.

Também foi estudado o efeito in vitro da
ameloplering, mitomicing C ¢ 5-lluoruracila
desexiribosides no erescimento do T'f'”:mrr;-
some cruzt, A adicio de qualguer uma
destas drogas a coltura de Trypanosoma
eruzt, conduz a0 aparecimento do conheeido
crescimente ndo balaneeado, eom formas e
crilidia em  divisio, com morfologia  aber-
ranle,
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