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THE EFFECTS OF ANTIPURINES ANO ANTIPYRIMIDINES ON 

THE GROWTH RATE ANO NUCLEIC ACID SYNTHESIS IN 

TRYPANOSOMA CRUZ! 

Olga CASTELLANI (1) and J. F. FERNANDES (2) 

SUMMARY 

The effect of several purinc anel pyrimidine analogs on the rate of adeninc 
anel uracil incorporation into nucleic acids of Trypanosoma cruzi have heen 
investigated. 

Likewise, in vitro effect of amethopterin, mitomycin C anel 5-fluorouracildeo­
xyrihoside on the growth of T. cruzi has heen 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 dividing forms of 
crithidiae. 

INTRODUCTION 

The requirements for rich media to grow 
Trypanosoma cruzi in vitro 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 clone 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 
numher 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 anel 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 anel amino acids 
analogs. These difficulties need to be over­
come but very little has been clone in the 
attempts to define the nutritional require­
ments of the flagellate. BoNÉ & PARENT's 1 

work, showing that stearic acid may replace 
the serum requirement for growing the fla­
gellate, is a successfull anel 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 5 , 

13
• ln most media com­

monly employed these compounds are cer­
tainly furnished hy liver or muscle infusions. 
The requirements for purines anel pyrimidi-
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nes for in vitro 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 fiel d 2 • 6 , 11 , 15 • 

ln 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 antifolie ( 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 3

), 

a biological situation that can be of impor­
tance in the aim to get an unviable popu­
lation of T. cruzi. Mitomycin C, a potent 
inhibitor of DNA synthesis in T. cruzi 
(FERNANDES et al.9) 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 medi um 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

• 

lncorporation o/ uracil into nucleic acids 
pyrimidines ~' * - Each experimental flask 
contained 5 X 10° flagellates in a final vo­
lt.me 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 C14 was added to give a 
final concentration of 0.8 µ,mole per ml 
(S.A. = 2.9 X 106 counts per minute per 
µ,mole) . Each flask was incubated for 2 hrs. 
at 30ºC with occasional shaking. The pre­
cipitation and hydrolysis of the nucleic acids, 
the chromatography of the nucleic acid py­
rimidine nucleotides as well as the radio­
activ1ty measurements were carried out as 
previously described ( REY & FERNANDES 13

) • 

TABLE I 

Effect of antipyrimidines on the incorporation of uracil 2 C" into nucleic 
acid pyrimidines of T. cruzi 

Uridylic acid Cytidylic acid 
Analogs added 

1% 
1 

counts/min//Lmole of inhibition counts/min//Lmole % of inhibition 

5 - hydroxyuracil ...... 3,270 33 1.830 1 32 

6 - azauracil . . . . . . . . . . 3,480 29 2,300 15 

5 - bromouracil ........ 3,500 29 2,150 20 

4 - thiouracil .......... 6,000 - 3,120 --
5 - aminouracil ........ 5,600 - 3,500 -
5 - nitrouracil . . . . . . . . . 4,830 - 3,000 --

None .............. 4,900 - 2,700 -

The concentration of analogs was 2 /Lmoles per mi. The results· were expressed as 
counts per min per µmole of the nucleotide, using as molar extintion coefficient of 
uridylic acid 10,000 and 6,200 for cytidylic acid. 

Chromatography was carried out in a column of Dowex 50 H + x 8 (200 - 400 mesh) 
of 0.82 cm of diameter per 4 cm height. The column was eluted with 0.05N HCl, 
collecting 3 ml samples; uridylic acid carne off in the first two tubes and cytidylic 
acid in the tubes 8, 9, 10 and 11. 

** Radioactives uracil 2 C14 and adenine 8 C" used in this investigation were products from 
New Eng!and Nuclear. 
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TABLE II 

Effect of antipurines on the incorporation of adenine 8 C14 into nucleic 
acid purines of T. cruzi 

1 
Guanine A d e nine 

Analogs added 

1 

counts/min/ µmole 1% of inhibition counts/min/ µmole 1% of inhibition 

2 - aminopurine ....... 1,070 - 12,200 -
2 - mercaptopurine .... 527 51 14,000 -
5 - azaguanine ........ 540 44 12,160 -
6 - isoguanine ......... 

1 

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 -
Nane . . . . . . . . . . . . . . 945 - 11,900 -

The concentration of the first two analogs was 2 µmole per mi and of others 
were around 0,1 to 0,2 µmole per mi. The chromatography was carried out in a column 
of Dowex 50 H + X 8 (200 - 400 mesh) of 0.82 cm of diameter per 4 cm height; 
the column was washed with 40 mi of lN HCJ; guanine was then eluted with 10 ml 
of 2N HCJ; after washing with more 10 mi of the sarne acid, adenine was collected 
in 10 mi of 6N HCJ. A molar extintion coefficient of 8,000 for guanine and 13,000 for 
ndenine was used to express the concentrations of the purines. 

lncorporation of adenine into nucleic acids 
purines - Each experimental flask contai­
ned about 7 X 109 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 C14 was then added to give a final 
concentration of 0.5 ,u.mole per ml (S.A. = 
0.8 X 106 counts per min per µmole) . 
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
ments were carried out as previously ( CAs­
TELLANI & FERNANDES 2

). 

Efject o/ 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 
medi um (FERNANDES & CASTELLANI 8 ). 

After the centrifugation of a suitable volume 
of a logarithmic growing culture in LIT 
medium, the sediment was resuspended in 
fresh medium kept at 28°C in a measured 

volume in order ta start the experiment 
with 1.5 X 107 flagellates per ml. Ame­
thopterin, mitomycin C or FUDR was then 
added to give the final concentrations indi­
cated. The flasks were incubated at 28ºC 
under shaking and the cells were counted 
in a Coulter electronic cell counter as pre­
viously shown (FERNANDES & CASTELLANI 8 ) 

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 incorporation of uracil into nucleic 
acids pyrimidines of T. cruzi is shown in 
Table I. Only 5-hydroxy, 5-bromo and 
azauracil exert an inhibitory effect in spite 
of the high concentration of all analogs 
studied. 
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ln Table II 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 T. cruzi 
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 folie (folinic) acid and thy­
midine in the culture medium. 

o:: 
w 
a.. 

(/) 

~ 
(/) 

z 
<2: 
<.!) 

o:: 
o 
Li.. 
o 
(/) 

z 
o 
__J 
__J 

~ 

200 

20 

10 

The inhibitory picture hy 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 distrihution picture of the control and 
drug inhibited flagellate population can be 
seen. Flagellates counted in threshold 10 
indicate small and normal size flagellates, 
and those counted in threshold 50 are large 
size flagellates, found in small numher in 
normal culture. ln threshold 30 are counted 
medium size flagellates. ln normal culture 
of any growth phase ahout 90% of the 
population are counted in thresholds 10 and 
30 ( differential counting). ln exponential 
growth phase equal values for each of the 
ahove thresholds are found, while at the 
plateau ahout two thirds of the value are 
found in threshold 10 and one third in 
threshold 80. 

5 ,__ ______ ....._ ____ .__ ____ ....._ ___ __,.___ 
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o 2 3 4 Days 

Fig. 1 - Effect of FUDR, amethopterin and mitomycin C on the growth rate of 
T. cruz,i. Curve 1 represents the contrai. The other curves are respectively: ame­
thopterin 10-'M (curve 2) and 10-3M (curve 3); mitomycin 1 µg/ml (curve 4) and 

10 µg/ml (curve 5); FUDR 10-'M (curve 6) and 10-'M (curve 7). 
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Fig. 2 - Effect of FUDR, amethopterin and mitomycin C on the size of T. crnzi. 
The concentrations of the drugs in LIT medíum are: FUDR 10-'M, amethoptetin 
10-'M and mitomycin 10 µg/ml. The size distribution refers to differential counts 
recorded dayly by counting at threshold 10, 30 and 50. The black cólumns show 
the percentage of srnall flagellates while the intermediary and the widest columns 

show the proportion of medium síze and large (inc!uding 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 90% 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. 

ln 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
trol culture ( about 10%) 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 trypanosomes and 
crithidiae with typical aspects. The dividing 
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CA.STIZ:I.L ,'\N I. o. & FERNANOgs, J . F. ECci tos de nnll pui-l nns e t1 n1lplrlml(lln1u: tl() ('rC!'; • 

l'iffll,_' IHU l' nn i,inle1,:c de 1°u'ld,1s lltlf' l~1('U~ cio 1rr.,,r,•niosot1HI ('rl<:'i ,_ N ('t) . I JtHI . lltí'II . ll'Q/1, S,in 
l ' rm lo 1 : 27ã.2:-t'l, H)i>.'l. 

forms. of 1lwr-:c~ c·rilhiclin" i-lhow lwo n11dl·i, 
1.,,0 k i1u-lúpl.:i:...I:... ~uul lwu flu~••llú or d iífN 
oí !-ô11d 1 íorm~ fiy pn·:-l·nlinµ: 01w nuc:lt'US 
or oní' 1uwl1·u:1- nud <>O<' fl,l~•·llum. 0 1lwr­
,, i:-t\ i11 (lit· flHi!;(·llnh':-- cuhival<·d in 111(_. pn ... 
f-4:' lll't' o í milomy<·in (: a dl't'p mnrpholoµ: ira l 
altNal ion i:õi fouocl. l)(•,;;icl(':ôl lfw i:. izc· irHT('a.il.l~. 

'l'lw:-:c· a hl•r.nl iúns n ÍÍl'('l maiul)1 l hl· divid ing 
fon11:; ,11ul t·an h(' l'il'('II iu F'ig. :1 and :mmma• 
ri:t.<•tl in fc .. w word'4 : 

] ) Commonly. l h e:- kinNopht~l is. mud , 
l•if.fgc'r lhan llu- nonnal anti fl•) c--ri 1hidia pr,· • 
N•nb .livi,l1·d kinl'l uplu!-,I l'Vc_•n wlw11 lwo 
•·•1ual or t111(·qual ílagella a n· íound. 

2 > Dividiu~ fo rm~ p re8('nl ptnli{1lly or 
a lmo~I eomplt'h'ly d ividcd eyloplasm even 
wlwu only on<· 1111<·l1'U$ ls íouncl. Sl·V<'1";.1J di-

- ' .. 
' 

\ ... 
\ . 

, ...... 

, 

... 
F i}!. !J (A) - Cunlról /ln,tcllaks in culluré 
(lu rlllJ! 5 11.-i~•:, i n J.["f médi um, :-:hówl nl! no n n.d 

íl l\!l(linn form8 <Jf c rith idi.'u.•, 8$0 X. 
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,•ü.lin~ forms prc-~<'nl posh•rio r 111111 nol un· 
terior q •lopla:lm íi:-:),,ion :mel of1e11 two, lhn·c­

Ol' CV('n mon· po:-lc_•rior c_·ytopl:tílm íi~~io1H• of 
, \'Urial ,le ll°ng-ht ;.ll't' found. 

3) Har<'ly douhl<' mtc·h·i ort: found. F n ... 
qu<·nll)' onf• nuc·lc.-us i~ íou1HI P \' t'n in l h O!-l' 

for in:- :-lu)\o; in~ a parli.tlly divifl1~, I <·ylopla!-m. 

T ht·t:t' al►(• rranl morpholog ical íorrn~ an· 
foun<l in snrnHe-r dq.;rt·t.· wilh FUDH :md 
t~w·n Jc.s5. \\ Üh lHtwlhoplrrin . 

Finully. in t.·ontrol <·ultm·t•~ il ,•ar ial,ll· p 1·0 -

porlio11 of n ithiíli,w cl iíf('rt·11IÍHk lo lhe mc_•. 
Lac-yc·lic· ÍOJ'OlS. ln l lii~ expn i11wnt this pro­
porLio11 \\'fü! '1i~h. 10 lo 20;; o í nwlnryd i,· 
forms lwing founcl. H<>Wl'\'1•r, will1 mito• 
mycin an<I F'UDH oo d ií((>renlialion dicl 
OCCll l' . 

5 Qs ... 

l 

l'ig. :l nn - Jo~l~lgellates ln C'ullurc du rin~ !S 
days ln t.J1' m E",llum (·01lta1n1nu 10 t,t !;: per mi 
or m itomydn e . r;nol'mm.is fl:;agei l~lt<."S :;J\f1win1< 
abnor mal d ivkllng form~ o f •·rlth llli{1(' ~nd )'l \ l • 

de11r. k inet<1pln!IL 11 1HI flngc•llu m n11.,:,rttl.lon. sxo X , 
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d mcnlo (! ll;~ i,i1Hc:,;(! de {1C'it l 0!-1 llU("f~l("()l( (lo 'I'rynUJt/1/Xiilll(t, Cl'll ;i. lkr. /11RI . Meil. tro1,. ·"''º 
P<Wlo 7:Ziã•2~::i. U)65. 

f'ig. :-l CCt - Enormoua t 1age11n1e, s l\owing 
a bnormnl dl\l l<iln)( ío rm.s oi c·rilh lcll:w a nd á hrtl)r. 
mal c·yl.opll'lsm (i:,;sivn, a flcr ã c1a>•s ln I.JT me• 
11ium Mnl.alí1h\Jt 10 µg 1,c.•r m i o r m ltomydn e. 

880 X . 

DISCU$STON 

'l'hc s(·areh for n c·lwmot lw1·ap1•11 IÍC' agt·nl 
:ti,;aiusl Clmgas' cli~Nt::c• ha.,;; lw<' n a \lt"r }r 

cli~appoiult-cl fi<•ld of work. ln ~pik oí 1lw 
known cfr·1wnde·rn:c· of rid t nw1..lia lo ~1·ow. 
Trnx11wso11u1 t·rn:,i. whcn anchon•d wilhin 
llw hosl ('(•Jls appnl rs higfil}' rC'sislanl to <ln )' 

kiud ví !>1uhshtnet'8. Puri,w, pyrimic]irn: anel 
mwl1•it· at·itl:; inhihi1ors roni-l-lilul1..• 1l1c lttr· 
~rsl puol of <'ÍÍ<'d Ín· mt lahol ic inhihi1ors 
~1g;.1 i nsl mic·roorgau i:-tm:-- :rn<l ('VC.'ll c:antt'r 
1..·c•ll:a:. How1,.•vt'r, T. cru;i remains l'<.'Si:-laut 
lo llw I r i<·cl a~tnl~ f rom lh is ar<·a az,, $-=.hown 
by !\ ;\KMI UHA & J AMI:$ ):! and lfw pn·::;enl 
iun•!iligalion. l lowl'Vf'r, llw mosl hopdul 
an·u íor lhis inhifiitor:,:. l rials, i:; j usl lhe 
11uC'l1·ic• ac.-icls íic•ld, <l~ :.hown hy HHWITT 
d nl. 1<• and in papers í rom ,l;i::; labora• 
tory :.-. e.. r. "· !), 11 , n, i:.. Tht~ rder lo the 
d wmotlwrapc·utic· poi111 of view as well as 

llh· pO:-:!iihilily of ~Nl in,o 1)011 d rul(•nl :-:l rn in 
or T . <·n~:;,: or o rgani,:1,rn~ cl<.·void o í mu hi­
plinll ion 1..·opadly • l•\ :u, ., '11rns el a l.1

• 
11 >. 

Thl' p it·l ure oí unf1uhuwPii ~rowlJ1 c·ln 1rly 
ohtaitH'd hy lh(' atlion of roilotH)'<·in e :mel 

_. fl'OH desc n ·<':: rommc->111:-:. Th1.· :,;lugµ-ish 
g iarH vrgan ism:-: :-how :mch a high proport ion 
or olinranl moq>holoJ!ie;.1I form~ lhtll their 
gl'lll"l it· sl m <·h1r(• c·o11l1..t ht· dr1·ply nÍÍt'l'll'tl. 
'l'hl'~ nlinormnl clivid in~ fo rms ,u,1y indi• 
n •ll' pc:::;ibly ,rn il"n·vc•n;il,lc inhilii1 io11 v í llw 
rc:pn;dulive afii)ity t1.1ul/or inft>c·l ive· n q>~,­
rily oí th(• wholt' popul~1t ion. lí 1hi:-: i:-­
ll"m .. · u vat(·i nal ion ap rot1d1 as ll'i<•cl wi1h 
;WI i no myc.-i n I n•ah•d ílúgt•llak~ p l't~p,rrnt ivn 
t F1mN\.'1Dt:s & C.,$'1'10 . l,.\~ J ' ) mu:-il 1 ... ll' i<·cf. 
Similar ahNranl íorm:,; nrL" found iu hiwk• 
riu I anc.l m:unmnlit\n edis 1 1 ;.is n•~uh o í 
mitom}'<:in .ac:lion. Jn lhe pres(•nl inw·:-:ti­
g1;1 liún, t lw d fic-i.-·nt 1,lorkagc of t lw kitwto• 
pla.st el ivision a ppr·,ni; 10 :::uggc->~I mn1'f• de·• 
ri:iilt-d sludy of mito,n rdn in ordn to un­
dnsland hNtc·t· Jh<' flagtllnt(• d i\•ision. Qu1•:::. 
li(rn::: of SC'Vt'rnl núlun·~ c·ould hC' <l ll:"\\'C'· 
rvc!. As (~x;.nnplc•s \H' eoulcl ask wlw1lwl' 
tlwrc· is a nw~~ag<:.' r r<11u lhe nw.cro1rnd1·us 
tv the k inc•loplasl ~o onl(·r lhis mic-ronuc·ll·u::. 
•·an divicl<'. Wlwllwr lhe 't·onlrol of ll;.1. 
gcl.lum format ion and d1·wlop1Hc111 is n·latNI 
wilh sonw ~lnl,I(• nlf•:-:-l· 11ger ril,onudc.-ic ~t C'id 
origirwted írom (lt•o;"'yu m:l•·i(' aci<I oí lh(• ki -
11ctonud1..•u~ aF. lo~irally t·xpt·ded or from tlw 
manonuclt•u:: 1 hnt S(•t•lll:; h·:5,'; aífeçlecl 1 •Y 
1nilomy<.:in. 

RESUMO 

Ejeitü,i d,• antipnriua.-; ,. witipirimiditws ,w 
crr•,w•inu~nto ,. 1w sinu•;,t' de~ ácido," ,wcléfros 

do Trypanosoma nu:ei 

O::1 Aulon .. s c•::11ul.H<l0l o 1·fr· i1u de el in·r· 
:;o:; ;.11ullo~os dt· pur ina <' pirirhidinu 11:1 i 11• 

c·orporação dt-. ,Hl<'oinn t ' ur{l('ilu 110s úc·itlos 
nudéicos <lo Tr)'panosoma <'ru:,i. 

Tnmhém íoi t>Sl 1.1tl<ldO o efeilo in r:ilru ela 
nowtopte rin,1, mi lomidna C t' 5 -fl1101'11rn1·ila 
d(•soxi rihot1íclc•o 1)0 ('l'(•s(•i llll'lllO do T r-ypmw­
st,ma <:ru~i. A neli<:ão dt• q 11alqw·1· urna 
clc:-ta::: d ro~ws ,l n1II oru elt· 7' l')'/lflflO.wm111, 

cru:,1:, conduz ao apnrr rim(·1110 do C'Ollht•(· idu 
1.·n•s<'imculo não !.;)h\1)1·t·ado. com formas de· 
('r itídkt cm d iviAAo, ('Orn morfologia al1f•l'· 
1·anle. 
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