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HISTOPATHOLOGY ‘OF THE HEART AND MUSCLES IN MICE
IMMUNIZED AGAINST TRYPANOSOMA CRUZI

J. F. FERNANDES (1), Olga CASTELLANI (2?) and M. OKUMURA (3)

SUMMARY

Among mice inoculated with high numbers of living Trypanosoma cruzi,
Y strain, cultivated for 3 days in presence of Actinomycin D, survival was 100%,
no parasitemia could be detected and no parasites were found in tissues.

When challenged with virulent blood forms of the same strain, all mice thus

treated survived, while all controls died within 13 days.

Parasitism was much

lower in the immunized than in the control mice, but the acute inflammatory
reaction was much more severe in the first group. This reaction frequently sub-
sided, only a few discrete lesions being found in later examinations.

INTRODUCTION

Several procedures have been tried to in-
duce resistance to infection with virulent T.
cruzi in animals. Those that succeeded were
based on inoculations of living trypanosomes
from the following sources:

1) Blood forms of a virulent strain
inoculated in small dosis (Hauscuxa et al.f).
2) Culture forms of avirulent strain (Hau-
scaka et al®). 3) Culture forms of a vi-
rulent strain attenuated by prolonged growth
in artificial media (Pizzr & PRAGER®). 4)
Blood forms originally virulent but attenuated
by drugs (Corrier?®). 5) Virulent strains
followed by treatment with a suppressive
drug (Browing et al.?, HauscHKaA et alf,
Pizzi et al*?).

All these methods produce a mild infection
with low mortality, the surviving -animals

becoming highly resistant to infection with
virulent strains. On the other hand, no pro-
tection was conferred by injecting parasites
killed by various means (Muniz et al.”, Haus-
cHEKA et al®), These results indicate that
when -a-strong immunity was achieved it was
the consequence of a previous infection. The .
search for “strong immunity without a previ-
ous infection” became the most important
goal in this field.

During our studies on protein and nucleic
acids synthesis by T. cruzi we have found
that Actinomycin D renders the flagellates
unviable and devoided of multiplication
capacity (FErnanDEs et al.*). The living
but irreversibly inhibited flagellates do re-
tain, however, the -ability to induce resistance
in mice in spite of the apparent loss of their
infectivity as indicated by the negative re-
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sults of a throughout search for parasites
in animals inoculated with Actinomycin D
treated  cullures and  their low parasitemia
and long survival following lethal dosis of
virulent blood trypanosomes (FErNaxpes et
al.*).

The present paper is an extension of the
above mentioned work in order o include
pathology studies. The marked and constant
lesions produced in the heart. skeletal and
visceral muscles by infection  with  blood
forms= of the Y strain are well known (OKU-
susa el al®) and we proceeded to investigate
if the picture would be modified in mice
which had previously received the Actino-
myecin D treated cultures,

METHODS

To cultures containing 1.5 > 107 {lagellates
per ml, Actinomyein D was added and main.
tained for 3 days. The medium and the
culluring  condilions  were as  deseribed by
Fervanpes & Casrervani?. The final con-
cenlration of Actinomycin [ was 1 pg per
ml of medium. The coliure was then cen-
trifuged, the sediment washed in saline and
resuspended in a volume of saline ealeulated
to contain in (.2 ml the number of Hagellates
to be injected in cach monse,

Fach of 200 voung adull mice weighling
around 20 g received 0.2 ml of the flagellate
suspension  intraperitoneally  onee a weeke
during 3 weeks, the number of flagellates
increasing from 107 in the last inoculation
to 107 and 3 > 10° in the 2 subsequenl ones.
Eighteen days aflier the last dose, 10 mive
of this group were injected intraperitoneally
with 200,000 virulent blood forms of the
parpsilte Y strain (Siva et al''), At the
same lime a control group of 10 clean mice
of the same weight received a similar ino-
culum, _

Twelve davs after the virulent inoculation
parasitemia was recorded for all animals as
previously  deseribed  (Fernanpes el al”).
On the next day the only surviving  and
very ill animal of the control (non protected |
oroup and one animal taken al random from
each of the other two groups were killed for
the pathology studies.

O the 87" and 238" days after the last
immunizing inoculalion, one mouse was taken
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al random from each of the immunized
groups, having or nol received the virulent
inoculation. and sacrificed.

Hearls of the killed animals were opened
longitudinally 1o permit examination of the
four cavities. Colons were opened longitud-
inally, washed and twisted in spiral so that
the whole lenght of the organ could he
sectioned.,  Fixation was in 109 neatral Tor-
malin =olution for 6 days. Twenty sections
6 micra thick were oblained from each organ
and stained by hacmatoxylin-cosin.

RESULTS

After the inoculations with Actinomycin
D-treated flagellates. no blood parasites were
detected either by careful direcl examinalion
or lhrough xenodiagnosis. Also, no intra-
cellular parasites or lesions were found in
mice killed for tizsue examination (Table |
and Fig. 1).
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Fig. 1 Mpuse heart wventricle 13 dayas after

inpculation with 3x10* forms of T. eruwzi cul-

tivated during 3 days in a medium containing

Actinomyein D i{gee melhods). Observe the ab-

sence of parasitism as well as the normial aspect
of the organ. H.E, 80X,
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TABLE 1

Protective effect of Tryponosoma erusl preincubated with Actinomycin againat a virulent

strain.

Results refer to examination made on day 3 aflter the

lagt Injection of the

Actinomyein D treated [lagellates and day =13 after the inoculation of the wirulent strain

Concentration of the parasile in Percentage
Inoculation ol
Blood* ventricle®® | Aurieless | SUFVIVorsss
Attenuated flagellates (oonteol] L ....o.onia. n L] ] 140
Attenualed fiagellates -+ viralent strain 104 .6 3 18 101
Wirdlenit StEaln o S e e e e bl SM - B 417 AHE 1
|

= Hlond parasites expressed ps Uthe number of parasite in 50 microscopic Telds (= 2800
except when no parasite was found when 4,000 mictoscople fields were e@xamined.

e

nid In the
All survivors were Jgilled

whole microalide:

Following inoculation with virolent try-
panczomes. hoth the protected and the contral
mice showed parasitemia which was, how-
evier, much lower in the 150 group. Table 1
shows these resuliz as well as data on the
surviving lime, Az for parasites and lesions
in lizsues for the 2 groups, resulls were as
Tollows:

13 Mouse having received only the viru
lent flagellates  (the only survivor of the
control group en the 13" davi.

Heart, striated and smooth museles heavily
parasitized, with leishmania nidi in every
evolutive stage, When these nidi were intact
there was no  infllammatory  reaction, but
around  ruplured nidi an intense. lympho-
histioevtie infiliration was observed, These
inflammatory  processes were  preferentially
localized in the avricle. followed by the ven-
tricle base and subepicardiac region of the
right wventricle, In Table 1 and Fig, 2 the
abundance of the myvorardium parasitism can
b appreciated,

21 Mice having received inocolations of
the Avtinomyein D-treated flagellates Tollowed
by challenge with the virolent forms: al
Animal killed on the 13" day after the
virulent inoculation.  The number of leish-

muanta- nidi was much lower than in the

12 months after the inoculation of the virulent

The parasitism in the ventricle and auricle are expressed as the number of Telshoianio

fortns,

conlrol mouse {Table 1) bul a much more
intenze inflammalory process was seen over
the whole ventricle and even in the auricle

-
+ T RBE %
L

Fig, 2 — Mouse heart wventricle, 13 days after
the inoculation of 2X 10° virulent bloml forms of
o opruzi.  Observe the heavy intracellular pari-
sitism wilhoutl inflammatory reaction. ELE, 40005,
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Fig. 3 —

Heart wvenivicle of & mouse thal wis
inoculnled with 3% 100 forms of T evez enltlvated
in the presence of Actinomyeln D, Tollowed by
a challenge dose of 2x 100 virulent forms (gee

methoids). The animal waa killed 13 days after
the incculation of the virulent forms. HOE, B0

(Fige 30, Skeletal muscles showed few pa-
rasites bul an intense myositis  (Fig, 4},
The colon had few leishmania nidi and mikd
myosilis. The Auverbach plexunszes showed in-
Hammation. b1 Animal killed on the 69t

day after the virulent inoculation (on the

87 day after the last immunizing inocuola-
tion ). There was a remarkable change Trom
the previons picture: the intracellular para-
silism was conspicoously down, sinee in all
sevelions of the ventricle only one leishmania
nidus and a dizerete interstitial inflammation
found  (Fig. 5. The inllammatory
process was chieflly located in the subepicar
diae and subendocardiac regions of the right
ventricle, mainly close to itz baze, The skeleral
muscle presented o diserete inflammation,
There was partial lesion of the nenrons of
the Averbach plexus and an inflammatory
process of the museular laver of the colon.
e Animal Killed on the 22000 day after the

wenre
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Fig. 4 — Btriated muscle of the same mouse of
Fig. 4, Obs=erve the intense Inflammation with-
oul parosites. FLE A

virlenl inocalation {on the 238" day afller
the last immunizing inoculation). The colon
and skeletal musele appeared normal, A dis
crete inflammatory process | lymph-histioeytic
type and perivascular) and some  elongated
cells around o muscolar necrotic arca werr
found in the ventricle (Fig 6.

DISCUSSION

The high degree of immunity  developed
by mice submitled to our process of pro-
tection  was  demonstrated by the  hyper
sensitivity of their tissues o 7. cruzi mate-
rials, Pe. by the intensity of inflammatory
reactions, followed by inflammatory oedema
and Fiber dissociation in spite of a low intra-
cellular parasitism, The tissue reaction seem-
ed even more marked on the 69" day afler
the virulent inoculation, a picture similar to
the immune reaction described by BriTo ',
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~ Heart wentricle of & mouse on the &8
day after the challenge dose of virulent forms of

Fig. 5

T. eruzl. The animal had been protected by

previous inoculation of Actinomycin treated fla-

gellates as deseribed under Fig, 3, Note the

inflammatory reaction withoul intracellular pa-
ragltes, F.IE. B0,

However, all the inflammatory reactions
subsided and, aler 7 months, the organs
presented a normal strocture, except for a
very discrete juxtavascular inflammatory in-
filtrate. A probable process of hypersensi-
livity as descrilied by Okumura et al® has
heen Tound onee, accompanying a lesion of
the pulmonary artery,

RESUMO

Histopmiologie do  coragio e misculos em
camundongos imunizados contra o
Trypanosoma cruzi

Lotes de camundonges foram  inoculados
com elevado nimera de T, cruzi da cepa
Y. Magelados vives que tinham side culti.
vados por 3 dias em presenga de Actinomi.
cina 1), Observamos nestas condigdes sobre-
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Fig, & — A% described umder Fig, 5 with the
exception that the anlmal was killed 220 days
arter Inoculation of the virulent Torms. HE. #00x .

vivénein de 1009 ¢ auséneia de parasitas
no sangue ¢ beeidos dos animais inocolados.

Quando éstes animais recebiam vma ino-
culagio  de formas sanguicolas virulentas,
ocorria 1009  de  sobrevivéncia  enguoanlo
morriam lodos oz seus contrdles, isto @, Lo
dos o= animaiz que receberam como indeulo
apenas os llagelados das formas sanguicolas
virulenlas  (ndo imunizados). Observamoes
também parasitismo muilo menor entre os
animais imunizados que nos controles, mas
a reagio inflamatdria ern mais inlensa en-
Lre os animais imunizados, Fsta reaciio qua-
2¢ desaparcee, permanecende apenas insigni-
ficantes lesdes observadas em exames poste-
riores,
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