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RADIOAUTOGRAPHIC STUDY OF THE PROTEIN SYNTHESIS IN THE 
PURKINJE CELLS AT THE ACUTE PHASE OF THE EXPERIMENTAL 

TRYPANOSOMIASIS CRUZ! IN RATS 

J. e. Prates CAMPOS (1) 

SUMMARY 

The Author has studied the rate of protein synthesis in Jhe Purkinje's cell 
of the cerebellum by the radioautographic technique at different times during 
the acute phase of the experimental infestation by the T. cruzi in rats. The 
leucine H 3 was used as a precurs_or of protein and the results of the grain 
counting in the radioautographies showed a sudden lowering in the rate of pro­
tein synthesis which was proportional to the intensity of the local parasitism and 
occurred in the absence of inflammatory infiltration and of direct parasitism of 
the nerve cell itself. 

The Author suggests that this disturbance might be explained by the glial 
parasitism reflecting secondarily on the metabolism of the nerve cells assisted 
by this glia. 

INTRODUCTION 

The mechanism of Trypanosoma cruzi's 
pathogenicity in Chagas' disease is still a 
subject in discussion. However one funda­
mental fact in the development of the lesions 
in this disease is the nerve cell destruction 
of the intra-mural plexuses of the hollow 
organs including the cardiac ganglia. This 
denervation was by the first time quantita­
tively demonstrated by KoBERLE u, 12 , 1'3 , N 

and confirmed by many Authors 1 • 
2

, 
3

, 
7

, 

mainly in the chronic phase of Chagas' 
disease. Quantitative studies of nerve cells 
niade in the acute phase of the experimental 
infection by the T. cruzi yielded to different 
results. There are many works stating the 
neuronal destruction in areas of the central 
and peripheral nervous system 4

• rn, 22 , 25 but 
there are some that deny this statement 6

• 

Thus there is not agreement as the time 
when the nerve cell destruction in Chagas' 

disease occurs. Opinions vary according to 
the ideas of each Author about the mecha- . 
nism of the pathogenic action of the T. 
cruzi. To those believing in the deleterious 
action of products liberated by immature 
parasites by the time of the pseudocysts 
rupture in the tissues 14

• 
1

·
5 and to tho;;e 

who admit the role of the direct parasitism 
of the neurons as a factor of prime irnpor­
tance in its destruction 21, the denervation 
would occur in the early evolutive phase of 
the disease when the tissular parasitism is 
high. To those believing in a hypersensi­
bility mechanism 20 , 21, and in the noxious 
effect of the inflammatory reaction in the 
nerve cell lesion ·23

, 
24 the neuronal des­

truction could happen throughout the course 
of the disease, even in the presence of a 
mild tissular parasitism. 
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The denervation being the factor of pri­
me importance in the pathogenesis of the 
late manifestations of Chagas' disease ( car­
diopathy and "megas") and considering 
that these are the most important clinicai 
manifestation of the disease, it is unneces­
sary to stress the necessity of determining 
how and when the nerve cells lesion hap­
pens. The present work is an attempt to 
approach these difficult questions. 

ln the hope of finding an early functio­
nal disturbance in the neurons and corre­
late it with the evolutive phase of the dis­
ease, an estimation was made of the rate 
of protein synthesis in the Purkinje's cells 
of the cerebellum at different times in the 
acute phase of experimental Chagas' disease. 
This was clone through the study of the 
incorporation, in the cytoplasm of these cells, 
of the DL Leucine 4,5 T (leucine H3 ). 

The protein synthesis in nerve cells is 
great and though its exact role in the cell 
function is not yet known, it is most pro­
bable that this intense synthesis must be 
related to the production of enzimatic pro­
teins 9

• According to HYDÉN 9 the neuron 
under this aspect could be compared to a 
big secreting cell. So we thought that an 
assesment to the rate of protein synthesis 
might be a good indication of the functional 
state of the nerve cell. 

The intensity and localization of the pro­
tein synthesis, approached by the radioauto­
graphic technique, at a cytological levei in 
neurons and using leucine H3 as a precur­
sor have been studied in many works. 
According to LEBLOND & AMANO 18 the cell 
protein synthetized during the time elapsed 
between the injection of the tritiated amino­
acid and the sacrifice of the animal incor­
porate this aminoacid and can be detected 
in tissue sections by the radioautographic 
technique. 

DROZ & W ARSHA WSKY 8 studying the use 
of tritiated leucine and its incorporation in 
tissue proteins showed, by chemical analysis 
of a pool of sections of different tissues, that 
97'% of the radioactivity was strongly 
bounded to the protein fraction. The sarne 
Authors demonstrated a little loss of radio­
activity in the fixer and alcohols used in the 
tissues processing. 
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LEBLOND & AMANO 18 in the referred pa­
per state that the protein synthesis in the 
Purkinje's cell of the cerebellum is conti­
nuous and that after a single injection of 
leucine H3 the silver grains concentration 
in the radioautographies heightens progres­
sively, atainning a maximum 4 hours after 
the injection. 

By the above listed facts we think worse 
to consider that in the radioautographies 
studied the value obtained by counting the 
silver grains in the cytoplasm of the Pur­
kin j e cells give the rate of protein synthesis 
in the time elapsed between the adminis­
tration of the aminoacid and the killing of 
the animal. 

MATERIAL AND METHOD 

Three experiences were made in which the 
number and age of the animais and the 
doses of the labelled aminoacid varied. 
These variations were due to problems of 
disponibility of animais and of radioactive 
material by the time the experiences were 
made. 

ln each of them, however, there is a 
control group of animais. ln this way the 
experiences represent, when individually con­
sidered, the events related to the rate of 
protein synthesis occurring at different times 
of the acute phase of experimental infection 
by the T. cruzi in the nerve cells studied. 

Experience no. 1 - Fifteen Wistar new­
born rats received intraperitoneally the Y 
strain of the T. cruzi. On the 8 th day of 
the infection when the parasitemia was high, 
four of the survivors animais received one 
dose of 20 mC of leucine H3/g of body 
weight and were killed 90 minutes after by 
bleeding under slight ether anesthesia. The 
CNS was immediately removed and fixed in 
alcohol-formol-acetic-acid. Four healthy ani­
mais of the sarne age received the sarne 
treatment with the labelled aminoacid and 
were used as witnesses. The cerebellums 
were included in paraffin and sections of 
5 µ, were obtained. The sections were put 
in the slides in such a way that each slide 
contained the sections of ali experimental 
and witnesses animais. 
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J.:x1"·ri,~1w1· 110. 2 - ThirLy \'\iislur rats 1 
with agr h.-t,,·ern 18 an<l 21 days \\C,Írc 
injt•t·h;tl iulr:qwritorlNlllr with lhe y ~lruin 
of li••· 7'. rru=i. On th~ l ,l,11l c(3y of lht' 
inÍt'dÍOu ~ f111imal:-:~ :,t .. Jt>c·IN1 hr Lhe high 
pumi-;il(;mir lnd clc•lrrmirwfl on the 8 th day 
of lhe in fcclio11 r<..'<'l'iH·<I iotrapt .. r itoneally 01w 
clo::!C of 5 i~C/ g of 1..o,ly \,·eip;ht o[ lfucint• 
H3 tmd \\c'r(: kill1·d 90 minutes aíler the 
jnjcc.:l i<m. Thrc·c.' lwnlthy an imais of thc 
fi(UH(' :l.p.t• r1•(·c•iv(•<l 1hf' samc lrealmcnl wilh 
1lw aminoadd anel wrre uscd as \\ri111c-~st'.:1;. 

'fhe errei 1ellum o( 1l1c_•se animú ls wc-re taken 
off immediah•IY afk r ,11•1,Hh anel lre-ate<l as 
in experi(•nce ~10. 1. 

t:xpait·,wr· ao . .1 - Ou the 19111 duy of 
infl':~lalion. ~ animal:_;: of thr samc g ro1.1p 
11:-i<'cl in c~xperi('llC<' 110. 2, selcctrcl hy $:hOv•·· 
in~ sym1>tom~ of ,·entrai lll''1•vous sysLem 
]('Sion (paralp~is of lhe h incl l<'g:?. ala:\.)' anel 
urinan· inconlincnl't') rl·•·c·ivN1 lhe~ same 
ln·alm~·nl willt ln 1c·im~ H3 a~ 1host" used iu 
cx1wri1·111..'I.' no. 2 ,mel w<-re kill('(l ;;11 th(· 
:::iunc· tinw intuval after injt•(·liou. ~frn· 
100 :\ ht"'ahhy animais oí lhe ~ame ag<· rt•· 

cc.' Í\'f'cl the &tn1<' Lrealmt·nt. Thc- ('('rt'11(•11ums 
\\ere proc·esscd in thl· j:.8JO(' \\'il)' a::: prrviously 
deserihecl for t.·xp(·ri1·nt·1• 1u). l. 

Tn th(' thn·c· c·xp(•rirnenls thc animais W1?rc 
kt·pl nl ru~1 i-;in('(' lhe- clay ht"forc )'('('CÍ\'illj( 

tlu.· aminoa•·icl. 

Tlw ~lidt'~ containin~ lhe H·tlions oí hoth 
infecle<1 anel \\ilnessc.•i- animal:? oí each ex• 
pt•ric .. n(-e wen· i::ulnnilt('d to the radioauto· 
graphk h'du1icp1e' ac·(·o Hlin~ to KoPHIWA & 
J.1m 1.0 Nn r:_ 

Tht" Tlíord K5 liquicl emuh•iou \\'a~ tL;;Nl. 

Aíter an exposun• tinw YUryiug a,·C'ording 
10 tlw u~t·d cl~· of tlw aminoacicl the 
~li<lf-s. Wt•r•• pr1>C-"t'~c~fl and staiued wilh hema· 
loxilin-eosin. The silver grains were C'Ounlcd 
ju thc cyCoplui:-m o í lhe Pu rkinj í•':; C"l•lls mor-
11holog-it·all>' prf•:?('r\·Nl io an lhf' sect ions in 
radl <'Xpt"rit·nC'f". The- counling was macle 
using a relieu)um of knO\\ll dimensions in 
1lw o,·ubr lt•ns o( tlw mir rosrope ( Fif(. 1) . 
] 20 are as of I he ~amt" sizt'" in each section 
wcre counkd. This r<•presenls a total area 
of 8 .266. 2 ,,.:.; in <.·ad i animal. Thl' 1'<.•:;uh:; 

W('J'e expres.."-<'cl in numher of grains J>f'l' 
._, rca of cytoplasm. 

• 
~ 

• 

• • 
• • 

• 
• • 

• 
• 

' • 

F'lg. 1 - 1t.,.u11oautogra1>hY <.1( an animul sacri­
ticed ln the 14•11 d..ly to show the Clisl)(Niition 
Q( lhe gratns ln t.he <'YLOphu;m t\J'ICI n\lclcu:;. 
They were l'O\m~I onty in the ('ytopU,.sm wlth 

1.he n1d or a roll<"ulum. 

Jn ll1l' in!ci:;lcd aninml~ thc numher o{ 
para~itary p&:.udocysts \\as estimatecl anel 
tlw r~uh:; •·xpr(•~·d iu pluls 1 +) from one 
LO fiw•. 

n1-;su1.-rs 

Thc Li:?$ukir púrn51l1s111 was slig hL in 
Ih(' animais killt·d 011 lhe snt ( + ) and 
] ,1,ll1 ~ + +} <hry~ of i11 f•~1t11 io11. Ho\,cvcr, 
Lhose killed oo tlw 191

" clay ~hº"'cd a 
high concentra tion oí para~ilary pscuclo­
c·ysls ( + + + + +). ]n 1hese animafs 1hc 
panh;Ík!i " 'erc frcquenlly found in 1lial cells 
l>t:hH•<.·n Lhe Purki11je1

:; nl'urons (Fjg. 2). 
Para.si!<-~ W('r(' not fou nt.1 ju th(~ nerve ccll 
i1self anel iníiltration oí iorlammatory reli~ 
in thi~ area of Purkinje·s cells wa~ not 
01Jsen1cd. 

The results oí th4.• :,;iln •r g rH iui,; cou11t ing 
in the lhree expericncfs are ~ummariz.('cl in 
the Gr:iphs 1 to VI (Figs. 3, li ancl 5). 
The:?C gra1)hs show in nb~d~ae lhe num• 

Zl 
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Fig. 2 - se<-Uon o r the t't'r<'b('llum or a rnl 
k.llh.-<i in tht H)•• day. lt can t>e seen lhe eon • 
<.'t.>ntr;Hh)n 1)f 1mrasitcs in th<' gl:(11 c-ell~ a round 
the Porkin,Jc-'s <·ells and t h.._, al)!.1Cn<·e ot infl;lm• 

mnlory infil tr~Hlo11. 

he ,· oi' p.rain$ in c-;wh t·~~)1fli11c•1I .tn·a and i11 
orclinates lht· 1111nilwr of area~ \,ith th<" 
~ame numhc..·r of g rn ins. Tht,Sl' rt•i:-uh~ rdc-r 
to ~roups oí animal~ iuft·•·lt'd und \\ illlt~ 
in t·,u-h <·xpNit'lltf'. 

OI SCUSSIOK 

T lw Crnphs l 10 V I show that 1Ju: fn·• 
qut'n<·y of arras tontainin~ tlw sunt• num­
ht>r of silw·r ~?Taint- it- nol si~n iíit·:111tly dií­
frn .. ·nt ju lfü· 1wn1· 1·1·11:-: of jnf(Th-<I an<t 
\\'ltfll•~·~ nuimals in t·xi:writ>nc·e numht•r 01u: 

18 111 da y) . 1 n ('Xp('rienct- numhf'r hrn 

( 1 l 111 da y J I lu•rt' is a dc-a r lrnclcm:y i n lhr 
in ícc..·ted ;rroup lo a lo,H•ri111 in lhe numl_ ... ., 
or ~)r('llt- \\llh IU0rt· 1hu11 t•ltH'll ~•·a 111:-
1hou~f, l lu· hii;rlw~t írt·qm•m·~· of areas c:011-

lninill~ 1lw Mmc- m1ml1t·r of :rrains is t lw 
sanw in inÍ<'th'·cl anel c..·ont rol ~rvups. ln 
t·xperirnte nu ml..,·r thrrt• 1191h da)') H i~ 
Jllll ui Íct-1 l fu• ~rt'tl lt ·r Íft't(Ut'll(. y OÍ a n.•a~ 
c·o111.:i i11i11~ a IO\\t'r 1111ü1IH..•r o í ~•·a io~ in 
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in íN·lt-11 animal with rdrre-111.:t> to tho!-t· of 
tlw c·onlrol group. 

Ou t l1t· ollll'r ~i,lt" ou r n•fl1hS; :::how a 
greah.·r c·o1wt>ntration oí pa rMih's in irn i­
ma l~ kHll·d on thr 19111 chw of thr inft•c·tio u 
lt•xp. no. :.11 than in Ih~~ killed <m lhe 
s•b and } ,J'tl t t.·Xp. no. 1 tHlfl 2 ~ ,:x~tti~ 
,·ely ). Tho~ lhuc is an i11vt•1':,;t• rdation· 
i-h.ip l,c•l\\'et~n thr clegn.·t: of i.i :-..'lóUlar parn~i­
tis-m :md th(.. ru te o í iocorporation or tlw 
leuc..-ine W1 i 11 tht• c·ytoplasm of 1lw Pur• 
kinjc's c..-elk 

Anolher fott to l,1• ~l rt:.~!"-l·d i..:-: tlw 11011 

t•xi~kn<·t' of ly1npho•1)b:-.mocitit· infillrulion 
near lhl" ~ludit·d c•f'll:-:. T lwrc tu·r ~oow pa• 
pera pulilii:lwd iu wh ic.-h tht" ,-\ 111hor"' work• 
ing wil h ollwr orgarns - ht"arl. i uh•~linrs and 
pc•riphnal nt•n·ou~ ~rh•nl emphasize tlw 
imporl am·c• oí lht> in(lnrumuto ry proc~ in 
1lw n'lt'l·hanism oí tl,t· 11(•1·H· cdl le-~io11. 
1hou~h they do 1101 ~pt'<·ify C"Xa('tly ho,, thi:-: 
happcn::: «:. -?\, :!l. 11'1 th t~ c·N t·hdlum ooly 
spart1(.' g lial grnnulomas WH(' ím1111I iu pni• 
,,a~wular shuation as it i~ alri•tul~r clt--sc:rihNL 
lar others :.. Thus 1lw Í1111c-1 iooal d i:5lur· 
li~ll('t~ íound in tllt' m•u rons c·annot hc rc..-h11-
t·d to this "iuílannnatory merhanism ... 

To lhe pa1·Miti:1;m of the ,wrn:- ct>II i1~1•H 
- daimf'1i hy ::i.omc people a~ tlw Í(lc·I. 1'(•~­
po 11:-iblt• for tlw 1U.'lirontd cit•)-llrurt ion in 
f.ha~as· <list•a~· - tlu )' rolt• tan hc ~i,·en in 
thf' nern· tel1 disfu1Ktion oh:--c-rwd in thi~ 
work. hec..·au~· 1hi~ dlrc•tl parasi tis:m \\US not 
found 1•v<·n iu aoimal:-- wi1h a h igh c..-om·c·n­
lralio11 or pal'Miles in tlw cerd,(·11um. \r i1 h 
rl·~1w('( to thl" parasiti:...m o( t lu- 11N,·r CTII 
\\' l • would likc-- to empl1ai-izi· 1lw t·lo~t• anato, 
mie relation oi' lht· IH' l'\' t• C'1•ll::i. and lhe gHu 
\\ hirh l'1tn-lo1, tlwm almost c•omplt·tc..-ly. 
o,aking il ilifficuh to ~tale. if you han· 1hi1·k 
:<t~C'1 io 11:--. that th<' parasites i:trt· iu llw 1w1·n· 
(•f'II anll not in tht-. glitL 

T l1(.' s 1Hldt•n app1~an'ntc· o f tlw 1-ien t' l'(-'ll 
d i~funcl iofl flu ri nj! lhf' acult~ pht,:::f' of 1hc..­
expcrimental iuÍ<-"('lion ln· lh1· 7'. t'rn:.i. 
!5ho,\C_•cl in thi~ paper b) ~ 1lw lowc~riu~ in 
tht• rolt· o f pl'oh-i11 :-ynllw~i:-- in Purki nje·s 
1'('111'-. proporlional to 1lw lotai 1issular para· 
~iti~m and \,·ithout inílammator\" infih rntic..m 
and parasitism o f tlu• nnn' c·c..:11 itsdí sug• 
grsl..._ ati an c•xplaiml ion lo Íl: 1) o 1u·t,·<-' 
rd l ll·~ion dt.·k rr)'1i1u:1i Ji,, sionw k iucl o í 
~uh~lHnn.· liht•rah-11 1,y lht". paras-ill' hut stil1 



CAMPOS, J. C. P. - Radioautographic study of the protein synthesis in the Purkinje cells at 
the acute phase of the experimental trypanosomiasis cn,zt in rats. Rev. Inst. Med. trop. Süo 

Paulo 11:25-33, 1969. 

100 
EXPERIENCE no. 1 

8 th DAY 

80 
(f) 

e:! CONTROL GROUP 
w 
a:: 

60 e:! 

Li.. 
o 

d 40 
e 

20 

6 7 8 g 1 O 11 12 13 t 4 15 16 17 18 19 20 21 

no. O F G R A I N S P E R A R E A 

1 00 

80 

(f) 

e:! 
w 60 INFECTE □ GROUP 
a:: 
e:! 

L.i.. 
o 

40 
d 
e 

20 

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

no. O F G R A I N S P E R A R E A 

Fig. 3 - These graphs show that at the Sth da:y, when it was very low the local 
parasitism in the cerebellum, there is not a signifiéant difference between control 
and infected groups of animals with reference to the rate of the labelled amino-

acid incorporation. 
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Fig. 4 - Here it can be seen that the highest frequency of areas contains the 
sarne number of grains in the control and infected groups but in the infected 
group there is a tendency for the disappearance of the areas with more than 

eleven grains. Here the parasitism in the cerebellum was still Iow. 



CAMPOS, J. C. P. - Radioautographic study of the protein synthesis in the Purkinje cells at 
the acute phase of the experimental trypanosomiasis crnzi in rats. Rev. Inst. Med. trop. São 
Paulo 11:25-33, 1969. 

100 EXPERIENCE no. 3 

19 th DAY 

(/') 80 
e:! 
w 

CONTROL GROUP cr 
<{ 

60 
l.L. 
o 
ó e 40 

20 

o 2 3 4 5 6 7 s 9 ro 11 12 13 1 4 1 s 16 11 

no. O F G R A I N S P E R A R E A 

100 

(/) 80 
e:! 
w 
cr INFECTED GROUP 
e;( 60 
Li... 
o 
à 
e 

40 

2 O. 

t 

o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

no. O F GH A I N S P E R A R E A 

Fig. 5 - At the 19 th when it was the highest the cerebellar parasitism. It is 
clear the great lowering in the aminoacid incorporation in the infected group 

with reference to the control one. 
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not demonstrated and 2) a lesion of the 
parasitized glial cell reflecting in the neuron 
assisted by this glia, considering that "the 
neuron and its glia represent a biochemical 
and functional unit" as it was well demon­
strated by HYDÉN 9

• 

At last it can be stated that in the acute 
phase of the experimental infection by the 
T. cruzi, in the rat, there is a metabolic 
disfunction of the nerve cell represented rn 
this work by a reduction in the rate of 
protein synthesis in the areas sampled, rn 
the cytoplasm of Purkinje's cells of the ce­
rebellum and this disfunction is concomitant 
with the raising of the local parasitism of 
glial cells and occurs in the absence of in­
flammatory infiltration and of direct para­
sitism of the nerve cell itself. 

RESUMO 

Estudo autorradiográfico da síntese de 

proteínas nas células de Purkinje do 
cerebelo na fase aguda da tripanoso-

miase cruzi experimental 

O Autor estudou a taxa de síntese protéi­
ca nas células de Purkinje do cerebelo pela 
técnica radioautográfica em épocas evoluti­
vas diferentes, na fase aguda da infestação 
experimental pelo T. cruzi em ratos. Foi 
utilizada a leucina H 3 como precursÕr de 
proteínas e os resultados obtidos evidencia­
ram uma nítida diminuição na taxa da sín­
tese protéica no citoplasma daquelas célu­
las - que foi proporcional ao grau do pa­
rasitismo local do tecido e ocorreu na au­
sência de infiltrado inflamatório e de para­
sitismo - direto da célula nervosa. 

O Autor sugere que êste distúrbio tenha 
ocorrido por parasitismo da glia, refletindo 
secundàriamente sôbre o metabolismo dos 
neurônios por ela assistidos. 
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