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ABSTRACT

A light and transmission electron microscopy study was per-
formed in skeletal muscles (SM) Gastrocnemius (G) from mice
experimentally infected with Trypanosoma cruzi to determine
changes on microvessels (MV) and neuromuscular junction
(NMJ) of G. In this study 10 male (mus musculus) (20 g) were
infected subcutaneally with 1.10� bloodstream trypomastigotes
M/DID/Ve/02/DSM strain. Five mice were kept as uninfected
controls. The parasites induced a complete paralysis of the
rear limbs and death while still in the acute Chagas´disease.
The histopathology of SM showed inflammatory cell infiltration
by mononuclear and polymorphonuclear leukocytes associated
with marked parasitism in the muscle fibers of G. Indirect im-
munofluorescence revealed interstitial IgG deposit as bands
regularly spaced along the nerve terminals at 40 days post-
infection (pi). At this time T. cruzi antigens and intracellular
amastigotes nests were also observed. The marked inflamma-
tory response and morphological changes in the SM were con-
firmed by transmission electron microscopy. Capillary ultra-
structure was seen to be altered, with points of cell cytoplasm
discontinuity that appear to represent holes in the microvessel
walls. This finding coincided with amastigote nests in myofi-
bers, close contacts between trypomastigotes and endothelial
cells and marked thickening of the basement membrane of the
muscle vessels. Loss of capillary lumen and a process of
ischemia also were observed in the SM of infected mice. The
neuromuscular junction showed degeneration of intramuscular
nerve fibers, reduction in the axon caliber, swollen mitochon-
drial, increase in the actin filaments and microtubules in the

axoplasm, and swelling of the Schwann cells. Increase in the
nerve terminal perimeter and most of the synaptic vesicles
were localized near the presynaptic active zones and scarces
in the axoplasm. At this stage of infection the changes findings
in MV and NMJ of G infected with T. cruzi, as well as ischemia
and alterations in the presynaptic membrane densities in the
active zones, shows that the abnormal mice NMJ is associated
with an activity dependent modulation of the neurotransmis-
sion, producing abnormal motor activity and paralysis of the
rear limbs mice while still in the acute Chagas´disease.

Key words: Trypanosoma cruzi, acute Chagas´disease, skele-
tal muscle, microvasculature, ischaemia, neuro-
muscular junction.

RESUMEN

Un estudio con microscopía de luz y electrónica de transmisión
fue realizado en muestras del músculo esquelético (ME) Gas-

trocnemius (G) de ratones experimentalmente infectados con
Trypanosoma cruzi, a fin de determinar las alteraciones en la
microvasculatura y unión neuromuscular (UNM) de G durante
la infección chagásica aguda. Un grupo de 10 ratones machos
(mus musculus) NMRI (20 g), fueron infectados subcutánea-
mente con 1,10� tripomastigotes sanguícolas de la cepa
M/DID/Ve/02/DSM. Cinco ratones NMRI no infectados fueron
usados como control. Estos parásitos produjeron completa pa-
rálisis de las patas posteriores y muerte de los ratones durante
la infección aguda. La histopatología del ME mostró infiltración
de células mononucleares y leucocitos polimorfonucleares
asociados con marcado parasitismo en la fibra muscular de G.
La inmunofluorescencia indirecta reveló IgG a manera de ban-
das sobre el nervio terminal a los 40 días post-infección (pi).
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En este tiempo, antígeno y grupos de amastigotes de T. cruzi

fueron observados en los cortes del ME. La marcada respues-
ta inflamatoria y las alteraciones morfológicas en el tejido mus-
cular fueron verificadas por microscopía electrónica de trans-
misión. La ultraestructura de los capilares estuvo relacionada
con puntos de discontinuidad en la microvasculatura. Este en-
cuentro coincidió con la presencia de grupos de amastigotes
dentro de las miofibrillas, estrecho contacto entre los tripomas-
tigotes y las células endoteliales y marcado adelgazamiento de
la membrana basal de los vasos sanguíneos. La pérdida del
lumen capilar y un proceso de ischemia también fue observa-
do en el G de los ratones infectados. La unión neuromuscular
mostró degeneración de la fibra nerviosa intramuscular, reduc-
ción en el calibre del axón del nervio motor determinada por una
retracción de la vaina de mielina, inflamación mitocondrial, au-
mento en los filamentos de actina y microtúbulos en el axoplas-
ma e inflamación de las células de Schwann. Aumento del perí-
metro del nervio terminal y vesículas sinápticas fueron observa-
das cerca de las zonas activas presinápticas y escasas en el
axoplasma. En este estado de la infección, los cambios observa-
dos en la MV y UNM de G infectado por T. cruzi, tales como is-
quemia y las variaciones en la densidad de vesículas sinápticas
en las zonas activas de la membrana presináptica pudieran es-
tar relacionadas con la modulación neurotransmisora, produ-
ciendo la pérdida de la actividad motora y parálisis de las patas
traseras de los ratones durante la infección chagásica aguda.

Palabras clave: Trypanosoma cruzi, infección chagásica agu-
da, músculo esquelético, microvasculatura,
isquemia, unión neuromuscular.

INTRODUCTION

The protozoa parasite Trypanosoma cruzi, is the etiologi-
cal agent of Chagas´disease, and represent an important pub-
lic health problem in American continent [39]. The parasite is
naturally transmitted to humans by of the blood-sucking bug
hemiptera of Triatominae sub-family producing variable clinical
manifestations. In Venezuela T. cruzi has been found infecting
the rural and suburban human host and a large variety of
mammalian reservoirs and triatomine vector species [8]. It is
widely known that one of the most notable characteristics of
Chagas´disease in humans is general damage to the cardiac
tissue, and histological lesions observed in other tissues as in-
testinal tract and nervous system are qualitatively similar to
those found in acute chagasic experimental models, as well as
the destruction of nerve cells in the vicinity of ruptured pseudo-
cysts with disintegration of parasites and host cells inducing in-
flammatory reaction [37]. Similar events occur in animals in-
fected with T. cruzi from different geographical regions, where
the parasite circulates between wild and domestic reservoirs
and triatomine vectors [11]. Following the discovery of the in-
tracellular forms of the parasite, a large number of studies
have been carried out to analyze the lesions produced by T.

cruzi, as in the cardiac tissue, nervous, digestive and muscle
systems of experimentally infected animals [9, 19]. In both hu-
man and experimental models of Chagas’ disease, the clinical
and pathogenic studies involving the trypanosome heterogene-
ous population, tissue colonization and the establishment of le-
sions caused by direct action of parasites produce initial altera-
tions to the mononuclear phagocytic system, followed by a pro-
cess of progressive damage of the muscle fiber, their enerva-
tion, neuromuscular disorders and also neurological structures
[12, 13, 30]. There have been reports on microvascular com-
promise, as a factor implicated in the etiology of the cardio-
myopathy associated with acute murine Chagas´disease, and
are attributed to both host and parasite characteristic [1].
These changes disturb the microcirculation and appear to be
associated with a marked parasitism of myofibers, and with the
role of endothelin in the pathogenesis of Chagas´disease [24].

During the acute infection, the target structures compro-
mised may be the muscle itself and the peripheral nerve, neu-
ropathic features, as expressed by type fiber grouping and
grouped muscle fiber atrophy and axonal degeneration as ob-
served in skeletal muscle in mice chronically infected with T.

cruzi [14]. Degenerative and inflammatory processes in the af-
fected tissues as motor neuron, parietal cortex of the brain and
thoracic and lumbar levels of the spinal nerve of mice and rats
may also occur [3, 38]. In this study was used a murine experi-
mental model of Chagas´disease, infected with bloodstream
trypomastigotes, isolated from wild animal Didelphis marsupi-

alis captured in a endemic region in Barinas State, Venezuela,
where most cases have been detected in many Municipalities
with natural acute infection, with relatively high frequency
showing sign of the Chagas´disease [8]. In this study the G
muscle of mice was used, to look into why the animals were af-
fected in the locomotor activity during infection with T. cruzi.

This G muscle is a strong superficial muscle located with the
soleus muscle at the superficial posterior compartment of the
leg and is vital at walking and running, during knee extension
and flexion performed on the leg. It is a powerful plantar flexor
of ankle inserted on the middle 1/3 of the posterior calcaneal
surface and is supllied by a sural branch of the popliteal artery.
The observations included a parasitological evaluation, a de-
scription of the capillary abnormalities and neuromuscular dis-
orders in the G of mice during the acute phase of Chagas´dis-
ease using light and transmission electron microscopy.

MATERIALS AND METHODS

Mice

A total of 15 male mice two months-old NMRI 20g body
weight were used for this study. They were divided into two
groups. The first group of ten animals was infected with T.

cruzi. The second group of five animals was used as unin-
fected controls. Mice were maintained under balanced food
and water ad libitum.
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T. cruzi strain and experimental infection

Trypomastigotes M/DID/VE/02/DSM strain, isolated from
a wild animals (Didelphis marsupialis) captured in the Obispos
Municipality, Barinas State, Venezuela, was used. Parasites
were characterized by enzyme profiles [20] and maintained in
male mice NMRI by alternate passages. The test mice were in-
oculated subcutaneally with 1 × 10�/0.1 mL bloodstream Tryo-
mastigotes collected by bled via cardiac puncture [19]. The in-
oculum was prepared of parasitized blood, wich was diluted
using phosphate-buffered saline pH 7.2 and counted in a Neu-
bauer chamber by direct microscopic examination [4]. Unin-
fected mice were injected with saline solution. Parasitemia de-
termination was done daily from 5 to 40 days post-infection
(pi), using 10 µL of blood collected cutting the tail tip of each
mouse, put on slides for to count parasite numbers.

Sections Gastrocnemius processing

Skeletal muscle was dissected out of male mice that had
died at 40 days pi, and divided in two pieces. One was
mounted onto the specimen holder using OCT Tissue-Tek
mounting medium and frozen in liquid nitrogen, transversally
cut in sections of 7µm cut at –20°C and stained to perform rou-
tine histological with hematoxylin and eosin methods and im-
munocitochemical studies. Another piece was processed for
electron microscopy.

Immunofluorescence antibody test

Cryostat sections of G of 7 µm were fixed in cold acetone
(4�C) and processed as follows: a) washing for 30 min with so-
lution A (0.15 M NaCl, 50 mM phosphate buffer with 0.1% Tri-
ton X-100, pH 7.4); b) quenching of nonspecific protein binding
sites with solution B (20% normal goat serum in solution A) for
30 min; c) overnight incubation at 4°C with a rabbit anti-T. cruzi

antibody diluted 1:32 with solution B; d) washed with solution A
for 30 min; e) 2 hr incubation in goat anti-mouse IgG-
fluorescein conjugated diluted in 1:100 with solution B; f)
washed with solution A for 2 h. Sections were mounted in 90%
glycerol/solution A and examined using confocal laser scan-
ning microscopy (CCD System, Olympus Optical CO., Japan)
to search for trypomastigotes antigens.

Ultrastructural studies

Another piece of G muscle was fixed by immersion in
2,5% glutaraldehyde in 0.2 M sodium cacodylate buffer, pH
7.4, on ice for 2 h, post-fixed with 1% osmium tetroxide in the
same cacodylate buffer, dehydrated through graded ethanol
solutions and embedded in epoxy resin. Ultrathin sections from
G both the infected mice as uninfected control group, were
double-stained with 2.5% uranyl acetate and 0.5% lead citrate
and examined in a Hitachi H-500 electron microscope.

RESULTS AND DISCUSSION

Parasitemia and clinical finding

Parasitemia patents during the course of the infection
with T. cruzi was observed in all infected mice. The para-
sitemia peaked between 5�� through the 40�� days pi, was of
304.20 ± 55.32 and 283.0 ± 45.10 trypomastigotes/mm� blood.
At this time the animals showed loss of mobility of the rear
limbs and the infected mice died spontaneously while still in
the acute phase Chagas’ disease. The necropsy revealed a
marked abdominal swelling with abundant peritoneal infiltrates,
swollen urinary bladder with a bit of urine, continuous diarrhea,
loss of weight and hepatosplenomegaly. Parasitemia produced
by T. cruzi may be considered as a parameter of comparison
between the virulence, tropism, initial inoculation site and route
of the parasite both in infected animals and humans. Appar-
ently some differences in the parasite strain and in the host´s
genetic background seem responsible for such a wide spec-
trum of clinical manifestations. In addition, the host-parasite in-
teraction may be related to the quality of the immune response
against the parasite, and the onset of the animals death during
the acute phase [21].

Histopathologic findings

Skeletal muscle fiber showed inflammatory process, con-
sisting of lymphomononuclear cells and polymorphonulear leu-
kocytes, macrophages and plasma cells in the muscle fiber at-
ropy. Group of T. cruzi amastigotes were seen concentrated
near inflammatory foci (FIG. 1 A) and some sections of G
showed prominent parasitism associated with destruction of
muscle cells close to at blood vessel walls. Sections of SM
also showed IgG-T. cruzi, antigens and attached fluorescent
parasites inside of the skeletal muscle fibers. Pathological
studies of the acute phase of Chagas’ disease have showed
that the initial tissue alteration by T. cruzi affects the mononu-
clear phagocytic cells. This is followed by an invasion of the re-
maining organs, attributed to both host characteristics and viru-
lence of the parasite, where macrophages and muscle cells
are the main targets for invasion of T. cruzi during acute infec-
tion [22].

Ultrastructural finding

This study showed changes in the infected muscular fi-
ber with alterations in the vessels and neuromuscular junc-
tions. Parasite group into muscle fiber (FIG. 1 B) was followed
by an inflammatory response and skeletal muscle damage. It
was characterized by marked swelling of the interstitium, with
lymphocytic foci and degenerated fibroblast together with free
red blood cells as compared with G of uninfected mice. Inflam-
matory cell infiltration was predominantly monocytes, neutro-
phils, fibroblast and macrophages in phagocytosis processes.
This infiltrate formed large areas of expansion with local disin-
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tegration of myofibrils, as well as a large increase of mitochon-
dria frequently occupying interfibrillar spaces in these areas
and in the vicinity of the walls of the vessels of atrophic muscle
fibers, together to amastigotes nests. Free parasite also fre-
quently appeared in the swollen interstitium together with cellu-
lar debris (FIG. 2 A-C). It is possible that the mechanism of in-
jury may be due to continuous parasitic invasion of the muscle
fibers, release of cytokines, or both, susceptibility to parasite

antigens, similar to the chronic cardiomyopathy of Chagas´dis-
ease [2, 26]. In these conditions cellular damage may be attrib-
uted to early parasitism, which may occur 3-4 months pi or in a
few days as in humans, who have become infected with T.

cruzi through an insect vector, involving morphological
changes in the skeletal muscle, as well as its nerve supply [5],
as observated in the sections of SM, in which the microvascu-
lature showed holes in the endothelial layer usually associated
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FIGURE 1. A) HISTOLOGICAL SECTION OF Gastrocnemius OF INFECTED MICE WITH T. cruzi THAT SHOW

INFLAMMATORY CELLS AND NEST OF PARASITES. HEMATOXILIN-EOSIN 400X. B) ELECTRON MICROGRAPHS THAT

PRESENT A PARASITE GROUP AND LOSS OF MUSCLE MIOFIBRILS. SCALE BAR: 1µm / �� ������� 	��
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FIGURE 2. ELECTRON MICROGRAPHS THAT SHOW AREA OF INFLAMMATION IN THE MUSCLE INTERSTITIUM.

A) CONTAINS INFLAMMATORY INFILTRATE THE POLYMORPHONUCLEAR CELLS. B) ACTIVED EOSINOPHIL.

C) TRYPOMASTIGOTE AND CELL DEBRIDS. SCALE BARS: 1µm / ��
�
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with platelet-fibrin aggregates at the point of rupture. In the vi-
cinity of intramuscular amastigotes pseudocysts, the endothe-
lial cells showed ultrastructural alterations characterized mainly
by various degrees of swelling and hypertrophy, a large in-
crease in cytoplasmic vesicular structures and a reduction in
the size of intercellular specializations and increase of the elec-
tron density lumen. Besides, large amount of extracellular cell-
debris were always observed in associated with altered endo-
thelial cells, mainly inflammatory response, swelling of endo-
thelial cells, altered mitochondrias, and capillary occlusion. The
capillary endothelial cytoplasm abnormalities play a significant
role in the pathogenesis of Chagas’ disease and have been
compromised with abnormalities of the coronary microcircula-
tion in acute murine Chagas´disease [7, 10]. Some reports
have shown changes in the intramuscular vessels of animals
infected with T. evansi, T. cruzi and Toxoplasma gondii, repre-
sented by capillary endothelial cytoplasm abnormalities that in-
duced proliferation of organelles, decrease of pinocytic vesi-
cles, degenerative changes and necrosis of the infected skele-
tal muscle [35, 36]. In this study the endothelial hypertrophy,
progressive reduction of the vascular lumen and total luminal
obliteration observed, giving rise to blood vessel ischemia
(FIG. 3 A-D), as compared with G the non-infected mice
(FIG. 4 A, B). In this muscle tissue the parasites also were
found inside active macrophage and the altered endothelial
cells (FIG. 5 A-C). This reduction of the capillary lumen have
been associated [25] with processes of autoimmunity in T.

evansi parasitized horse and with ischemic mechanisms, at
least in part in the chronic phase of experimental cardiomyopa-
thy in rabbits infected with T. cruzi [28]. Other authors have
found endothelial layer cells discontinuity reduce the protective
role of the endothelium, participating in the genesis of vaso-
spasm and usually with platelet fibrin aggregates at the point of
rupture, and leading to the focal pathology as in acute chaga-
sic myocarditis and segmental vasospasm and expansion in
the microvascular bed in dogs, rats and acute murine T. cruzi

infection when studied the microcirculation flow [27, 29, 32].

On the other hand, the capillary vessels damage in
skeletal muscle of a patient with advanced Chagas´disease
with cardiac involvement, could eventually lead to deficient
blood perfusion through the muscle and cause anaerobic
metabolic changes affecting muscle function; other muscular
abnormalities are probably due to reduced oxygen in the ab-
normal muscle microvasculature. These changes could affect
oxygen extraction affecting the functional capacity of the in-
fected mice [18]. In the animals infected with DSM-strain the
nerve-muscle preparations exhibited marked changes, as the
axonal degeneration as shown by myelin digestion chambers,
was present together with mitochondrial swelling, signs of
Schwann cells damage indicating a demyelinating process and
the presence of onion figures in the Schwann cells cytoplasm
of the infected nerves (FIG. 6 A-C). The nerve terminals from
nerve-muscle preparations showed changes in the distribution
of subcellular organelles, axoplasm becomes more electron

dense and there was pronounced mitochondrial swelling. Most
of the synaptic vesicles were closely packed at the synaptic
side, near the active presynaptic zone and scarces in the axo-
plasma (FIG. 7 A-C). None of the features described above
could be observed in the non-infected control group. Based on
typical clinical findings related to decreased motor activity,
common symptoms observed in the all infected mice with T.

cruzi, included progressive neuromuscular junction disorders,
which may become associated with decreased muscular func-
tion, as consequence of the micropathological changes of the
intramuscular nerve fibers [31]. This alterations in NMJ of G af-
fect the presynaptic membrane densities in the active zones
and the postsynaptic membrane densities become larger,
which shows, that in the normal adult mammal NMJ there is an
activity-dependent modulation of the neurotransmission-related
structures in response to slight physiological functional de-
mands as observed in normal adult rats trained to walk, indi-
canting a precise inverse relation between the amount of loco-
motor activity and the complexity finally attained by the motor
nerve terminals [34]. In this study, it is possible that alterations
in the skeletal muscle fibers and motor nerve terminal of the
NMJ at 40 day pi with DSM strain, may be at least due in part
to strain behavior [6], which produced irreversible decrease of
motor activity and paralysis in the rear limbs in the experimen-
tal model used. It is possible that inflammation and parasites
rupturing and releasing antigen in infected skeletal muscle, be-
come associated with the membrane surface and development
of inflammatory neuropathy [16, 17]. On the other hand, it is
possible the existence of plastic changes in the branching pat-
tern, as revealed by studies in the extensor digitorum longus

muscle of adult rats housed in metallic cages or trained to
walk, indicating a precise inverse relation between the amount
of locomotor activity and the complexity finally attained by the
motor nerve terminals [15, 33].

Based in other findings, the results have showed that is
possible that clinical presentation findings during early T. cruzi

infection, can be at least in part due to both motor endplates
and nerve terminals of the neuromuscular junction disorders
affecting neurological structures [23], reflected in the progres-
sive muscular dystrophy, with inactivation and loss of mobility
in the rear limbs of the infected mice, as occurred in infected
mice with DSM-strain isolated the wild mammalian that live in
the geographic area where Chagas´disease is endemic.

CONCLUSIONS

In this work, it was described the effect of Trypanosoma

cruzi infection with DSM-strain in the model murine, on micro-
vasculature, neuromuscular junction and motor nerve terminals
lesions of Gastrocnemius muscle. The common pathological
clinical finding in mice acutely infected was the change in the lo-
comotor activity. The results of the present study show ultra-
structurals changes in the skeletal muscle fiber, affecting normal
function of the G muscle on infected mice. It determines the
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FIGURE 3. ELECTRON MICROGRAPHS OF BLOOD VESSELS IN TRANSVERSE SECTIONS FROM T. cruzi

INFECTED-MUSCLE. A) ONE OF THE THREE ENDOTHELIAL CELLS THAT FORM THE VESSEL IS SWOLLEN (SMALL

ARROW). THE INTERCELLULAR SPECIALIZATIONS ARE PUNCTUATED AND HIGHLY ELECTRON DENSE

(ARROWHEADS). THE CAPILLARY LUMEN IS FILLED WITH A GRANULAR MATERIAL (ASTERISK). B) ALTERED BLOOD

VESSEL SHOWING A LARGE NUCLEUS (N) OCCUPYING ALMOST ALL THE ENDOTHELIAL CYTOPLASM. NOTICE THE

REDUCTION IN THE CAPILLARY LUMEN, SUCH THAT, ONLY ONE ERYTHROCYTE IS ABLE TO PASS THROUGH IT

(C AND D). COMPLETELY OBLITERATED BLOOD VESSEL AND NO LUMEN CAN BE OBSERVED (SMALL ARROWS)

GIVING RISE TO ISCHEMIA. NOTICE AN INCREASE IN THE ROUGH ENDOPLASMIC RETICULUM (ARROW), FREE

POLYRIBOSOMES, AS WELL AS AN INCREASE IN ENDO-EXOCYTIC VESICLES AT THE LUMINAL SIDE OF ENDOTHELIAL

CELLS. THE INTERCELLULAR SPECIALIZATIONS BETWEEN ENDOTHELIAL CELLS ARE SEEN PUNCTUATED AND

FRAGMENTED (ARROWHEAD). CELL DEBRIS AND IN IT D) ARE CAPILLARIES. SCALE BARS: 1µm. / ��
�
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course of earlier stages of pathological processes represented
by irreversible decrease of the locomotor activity and paralysis
of the rear limbs of the mice during the course of infection.

This finding was attributable to presence of amastigotes
and inflammatory infiltrates associated with tissue destruction,

as well as to capillary alterations that could eventually lead to
deficient blood perfusion through the muscle and cause an-
aerobic metabolic changes affecting muscle function. Other ob-
served changes in the same muscle had been associated with
morphologic alterations of nerve terminal motor of the neuro-
muscular junction of G muscle [15]. Particularly, the axonal
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FIGURE 4. ELECTRON MICROGRAPHS OF SKELETAL MUSCLE FROM NON-INFECTED MOUSE (CONTROL).

A) LOW MAGNIFICATION VIEW OF THE INTERSTITIAL SPACE BETWEEN FIVE MUSCLE BUNDLES WHERE THREE BLOOD

VESSELS (ARROWS), FEW COLLAGEN BUNDLES (STARS) AND FIBROBLASTS ARE PRESENT AS WELL AS A SATELLITE

CELL (S). NOTICE THAT THE ENDOTHELIAL CELLS AND THE VASCULAR LUMEN SHOW NORMAL ULTRASTRUCTURAL

CHARACTERISTICS. AT HIGHER MAGNIFICATION. B) THE ENDOTHELIAL CELLS OF A BLOOD VESSEL SHOW FEW

MITOCHONDRIA, A LARGE NUMBER OF ENDO-EXOCYTOTIC VESICLES AND THE CHARACTERISTIC INTERCELLULAR

SPECIALIZATION (ARROWHEADS). SCALE BARS: A= 1µm; B= 5µm. / ��
�
������ �� ����������� ����
������ ��

�$����� �������
��� �� ��
�� �� �����
���� �� #��
� ��� ��)� �����
� ��� ������� ��
���
����� ��
�� * 	����

���������� ����� 
��� #���� ���
������ %����	��( ���� ����
��� %��
������ � ���������
�� ��
�� �����
�� ��� ����

��� ������ ��
���
� %��� �� �����#� ��� ������� ����
������� � �� ����� #������� ��� �����
����
����

��
����
���
������ �� �����
� ������� � ����� �����
�� �� ��� ������� ����
������� �� �� #��� ���
����� ����
��

����� ��
���������( �� 
��� �$���� �� #�������� ����������
���
���� � ���������
���� ���������'�������

��
����������� %����'� �� ����	��� ������ �� �� ������ �+ !", �+* !"�



600

Gastrocnemius �������� ���	�� 
� �	��� �
���� 
���	�
�� � ���� �� �����	
� �� � 	����������������������������������������������

FIGURE 5. ELECTRON MICROGRAPHS SHOWING: A) T. cruzi (ARROWS) IN THE MUSCULAR INTERSTITIUM NEAR

THE ALTERED BLOOD VESSEL AND ASSOCIATED WITH A LARGE AMOUNT OF CELL DEBRIS (D). B) A PARASITE INSIDE

THE ACTIVE MACROPHAGE (ARROW). C) INSET OF (B) WHICH SHOWS DETAILS OF THE PARASITE NEAR THE

MACROPHAGE NUCLEUS (N). SCALE BARS: A, C= 1µm; B= 3µm / ��
�
������ �� ����������� ����
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elimination, swelling of the Schwann cells, changes in synaptic
morphological parameters as the presynaptic membrane den-
sities in the active zones, producing neuromuscular disorders
in skeletal muscle fiber modifying the motor activity of the mice
with acute Chagas infection.

Emphasized the need for further studies of some aspects
of the biology and behavior of T. cruzi strains with high virulence
and isolated from the same geographic area, mainly in central
region of Venezuela, where T. cruzi frequently circulates be-

tween triatomine bugs, peridomestic animals and the human
population exposed to infection and to a clinical presentation
similar as showed by experimental animals used in this study.
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FIGURE 6. ELECTRON MICROGRAPHS SHOWING THE NERVE FIBER OF Gastrocnemius FROM INFECTED MICE WITH

T. cruzi. (A, B) PRESENT REDUCTION IN THE AXON CALIBER, SWELLING OF THE SCHWANN CELL AND CYTOPLASMIC

ONION FIGURES. (C) DETAIL OF AN AXON SHOWING MITOCHONDRIAL SWELLING IN THE AXOPLASM. SCALE BARS:

2 µm / ��
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FIGURE 7. ELECTRON MICROGRAPHS OF NEUROMUSCULAR JUNCTION FROM T. cruzi-INFECTED SKELETAL MUSCLE.

(A, B) SHOWN THE NERVE TERMINAL WITH SCARCES SYNAPTIC VESICLES AND MITOCHONDRIAL SWELLING IN THE

AXOPLASM. C) PRESENT NEUROMUSCULAR JUNCTION OF Gastrocnemius HEALTHY MOUSE WITH LARGE AMOUNT OF

SYNAPTIC VESICLES REGULARLY DISTRIBUTED IN THE AXOPLASM AND NORMAL MITOCHONDRIAL ASPECT. SCALE

BARS: 1 µm / ��
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