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EXPERIMENTAL PARACOCCIDIOIDOMYCOSIS IN HAMSTER: TRANSMISSION
ELECTRON MICROSCOPY OF INOCULATION SITE LESION

K. L. R. COELIIO (1), K. TAKEO, M. YAMAGUCIII (2), A. SANO, N. KURITA, S. YOSHIDA, K. NISHIMURA & M. MIYAJI

SUMMARY

Interaction between Paracoccidioides brasiliensis (Pb) and inflammatory cells in hamster testis
was studied sequentially by transmission electron microscopy. In early lesions (six hours after
inoculation), polymorphonuclear neutrophils (PMNs) were the major and mononuclear cells and
eosinophils were the minor constituents of the inflammatory cells. PMNs were later replaced by
mononuclearcells. Viable Pbcells were phagocytosed or surrounded by inflammatory cells. Preserved
Pb cells usually had broad host-parasite interphases, whereas dying ones had narrow interphases. The
outer layer of the fungus wall was sometimes broken by PMN in some focal points, broken pieces being
peeled off and phagocytosed. Small Pb cells were uninuclear, and were often related to broad
interphase. Large Pb cells were multinucleated with irregularly shaped wall, and sometimes had
lomasome and/or myelin like structures. Different interaction patterns of Pb with inflammatory cells
may be due to functionally different host cell flow to the inoculation site or due to the age of Pb cells
or both.

KEYWORDS: Paracoccidioidomycosis; Intratesticular Inoculation; Transmission Electron
Microscopy.

INTRODUCTION

Established and active lesions of paracoccidi-
oidomycosis in humans and experimental animals are
characterized by chronic granulomatous inflammation
with suppurative center containing yeast form of
Paracoccidioides brasiliensis (Pb) 7. Polymorpho-
nuclear neutrophils (PMNs) represent the first inflam-
matory response to the invading Pb cells, and play an
important role on the modulation of the disease ”!'.

In vitro incubation of Pb with human %% '® or animal
3 13 phagocytes has been used to test phagocytic and

killing capacity of those cells. Activity of PMNs may be
modulated, and their digestive capacity is known to
increase by previous contact of the host animal with the
Pb antigen. Among murine PMNSs, collected from peri-
pheral blood, elicited intraperitoneally with thiogly-
collate, or with the antigen in Pb sensitized and non-
sensitized mice, antigen-elicited peritoneal PMNs from
Pb sensitized mice have been reported to have the most
potent fungicidal activity '*. The proportion of ghost
cells increases as a function of incubation time and
increased number of leukocytes ®. Interestingly, PMNs
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from human paracoccidioidomycotic patients have low
ability to digest Pb cells in vitro, although they are able
to phagocytose the latter °.

Phagocytosis is evaluated as an important step to
kill Pb cells but it may not be essential, specially when
the fungal cells are too big for inflammatory cells. Under
this condition frustrated phagocytosis may occur with
gross extracellular release of lysosomal contents. In
human ‘7 and animal ! paracoccidioidomycotic lesions,
PMNs are often observable surrounding instead of
phagocytosing Pb cells.

Ultrastructural studies of Pb cultured as yeast or
mycelial forms have been done for about three decades
+5 Ybut only a few ultrastructural studies have been
published on infected human ” and animal ' tissues. In
vivo model for studying the fungal and inflammatory-
cell relationship is the main point of the present paper,
using intratesticularly inoculated hamster.

Fig. 1 Six hours after inoculation. Damaged testicular tissue represent the
background. One alive and several dead Pb celis are phagocytosed and
involved by PMNs. One small living Pb cell in PMN is surrounded by a
visiblespace between the host cell and the parasite (arrow). Therest are dead
cells (arrow heads) in very close contact with PMNs. One macrophage (M)
and one eosinophil (E) are also seen (5,000 x).

The bar in all the figures indicates 2 wm.
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MATERIAL AND METHODS

Animals
Twenty eight adult male Syrian hamsters of about
two months of age were used.

Tnoculum

Pb strain 18 from the Department of Immunology,
University of Sdo Paulo, Brazil was cultured as yeast
like form on brain-heart-infusion agar slants at 37°C for
seven days. Cells were harvested and suspended in a
sterile phosphate buffered saline (PBS), pH 7.4, centri-
fuged for five minutes at 1,500 rpm, resuspended and
washed twice in PBS, and sonicated once for one minute
at 70 cpm. Viability, estimated by fluorescein-diacetate
technique, was of 78%. Concentration was adjusted to
1x107 cells 0.2 ml" which was the inoculum size per
animal.

Experimental procedure

All animals were inoculated intratesticularly (the
right testis) under superficial ether anesthesia. Four
animals were sacrificed by bleeding through aorta sec-
tioning under ether anesthesia, six, 12, 24 hours, two and
three days afler inoculation. Two or three animals were
sacrificed five, seven and 14 days after inoculation. Only
the right testis was collected from each animal, and
tissues containing inoculation site lesion were taken and
fixed immediately in 2.5% phosphate buffered gluta-
raldehyde at pH 7.2, for at least four hours. Then the
material was washed with buffer and post fixed in 1%
osmium tetroxide for two hours, washed, and immersed
in 5% uranyl for four to 12 hours, dehydrated with
ethanol and embedded in araldite. Ultrathin sections
were cut and stained with uranyl acetate and lead cytrate.
Samples were examined under Hitachi H-700 H or Japan
Electron Optic Laboratory JEM 1200 transmission elec-
tron microscope.

RESULTS

Host-parasite interactions

In the initial inoculation site lesion (six hours after
inoculation) alive and dead Pb cells were observed,
mixed with damaged testicular tissues. They were in-
volved in inflammatory cells, i. e., PMNs besides a
small number of mononuclear cells and eosinophils
(Figs. 1-2). Small Pb cells were phagocytosed by PMNs
or macrophages, and large ones were surrounded by a
team of inflammatory cells (Fig. 1). From 24 hours after
inoculation on, PMNs were gradually replaced by
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Fig. 2- Six hours after inoculation. Living Pb cell with two layered cell wall
(W). The outer layer is fibrilar and more electron-dense, and the inner layer
is homogeneous and less electron-dense. The plasma membrane is thin,
regular and electron-dense with some corrugated segments. A few
mitochondria (M) and glycogen patticles (G) are seen. Note the wide host-
parasite interphase {I) which appears mostly empty. The inner limit is the
outer layer of the fungal wall (W) and the outer limit is a continuous
surrounding plasma membranes of inflammatory cells with intimate
intercellular connection (arrows) (mag. 20,000 x).

mononuclear cells, and later by epithelioid and a few
giant cells. Dead fungi were involved in PMNs or
macrophages but most of living Pb cells were in contact
with PMNs during all the experimental period.

Contacts between inflammatory cells and Pb were
very close or separated by a host-parasite interphase;
this interphase was usually an irregular space that was
enclosed or open to extraccllular milieu. It was en-
closed when its inner limit was represented by a reg-
ular and well preserved fungal cell wall surface and
other limit represented by a continuous inflammatory
cells cytoplasmic membrane (fig. 2); in this case this
space was empty or contained some amorphus, fibril-
lar and/or vesicular material. The interphase was open
when the surrounding inflammatory cells intercellular
junctions were loose, leaving a channel between the
fungus containing space and extracellular milieu (fig.
3). This latter type of host-parasite interaction was
associated with a very well preserved fungal cell or
with a fungal cell which outer layer of its wall was
broken and torn to pieces; sometimes these pieces
were peeled off and phagocytosed by inflammatory
cells leaving an irregular cell wall surface and only
confinuous inner layer in contact with fungal cell plas-
ma membrane (Fig. 3).

Protoplasms of some fungi with broken cell wall
were still preserved (Fig. 3); others were in different

Fig. 3 - Two days afler inoculation. Pb cell circumscribed by a team of
PMNs. Notethe cell wall of irregular thickness, some parts of the outer layer
being broken to pieces, peeled off and separately phagocytosed (arrows).
Fungal protoplasm is preserved, multinucieated (N) with glycogen particles
(G) and some lipid droplets ( ).

The host-parasite interphase is irregular with areas where contact between
fungus and PMNs is very close. Inflammatory cells have loose intercellular
connection and interphase is open to extracellular milieu (mag. 7,200 x).

stages of degencration beginning with vacuolar changes
(Fig. 4) and ending with granular amorphus transforma-
tion. When protoplasm was totally destroyed inflamma-
tory cells as PMNs or macrophages sometimes invaded
the empty cell wall.

Fungal cell morphology

Pb cells were always present at the inoculation site
lesion and, their number was higher during the first
hours up to one day after inoculation and gradually
decreased towards the end of experiment. They were
represented by living, dying and dead cells with variable
sizes.

Small living cells had two layered thick and regular
cell wall with fibrilar and more electrondense outer layer
and homogeneous and less electrondense inner layer;
plasma membrane was usually thin, electrondense and
regular. Subcellular structures were represented by a
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7Fié. 4- Seveni;; after inoculation. Pb cell with a pégally disrupted
protoplasm showing three nuclei (N), peripherally placed mitochondria,
scattered glycogen particles (arrows) and the ill-stained plasma membrane.
Cell wall is irregular in thickness with broken points, and is in a very close
contact with inflammatory cells (Mag, 12,000 x).

single nucleus, few mitochondria, endoplasmic
reticulum and a few lipid droplets.

Large fungi had two or occasionally three layered
cell wall in close contact with plasma membrane; their
subcellular structures were represented by multiple nu-
clei with nucleoli, mitochondria, endoplasmic reticulum
with or without attached ribosomes and a variable
amount of lipid droplets. Glycogen particles were in
most of cases dispersed or in small groups at random
(Figs. 2, 4, 5), but sometimes assembled in large groups
at the center of protoplasm or in contact with the plasma
membrane (Fig. 3). Small Pb cells were not rich in
glycogen particles. Dividing Pb cells could not be ob-
served, but sometimes chromatic material was arranged
as grumous structures.

Similarly to other fungi, the Pb plasma membrane
was a thin trilaminated structure with an electron-lucent
middle layer between two electron-dense layers. How-
ever, the Pb plasma membrane showed local irregularity
in thickness. Some budding peints were in close contact
with this thickened segments. Sometimes the irregular-
ity corresponded to plasma membrane corrugation (Fig.
2) or protrusion of small vesicles which appeared to be
secreted from the plasma membrane (Fig. 5), a loma-
soma like structure. Moreover intracytoplasmic mem-
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brane system were seen with variable shape as redupli-
cation of the plasma membrane or as a concentric mem-
brane arrangements similar to myelin figures. Interest-
ingly, these membrane systems were never observed in
small, young Pb cells.

DICUSSION

The purpose of this experiment was to study the
interaction of inflammatory cells with the fungus and its
morphology.

It is known that after PMN influx as the first re-
sponse of animal tissues to invading microorganisms,
granulomatous lesion develops when the invaders are
not digested. Granulomatous lesion may develop early
when an individual has abnormal PMN function °.

Based on this knowledge, in vitro investigations
have been carried out in order to study the interaction
between PMNs and Pb by co-culturing them. According

&gs%. EEs : : S

Fig. 5 - Seven days after inoculation. Living Pb cell showing the cell wall
with fibrillar and electron-dense outer layer; inner layer is homogeneous
and more clectron-lucent. Note wide interphase containing fibrillar (arrow
heads)structures extending from the outer layer of the cell wall. From space
to space the plasma membrane presents bunchs of vesicle like structures
protruding from its outersurface towards the cell wall (arrows). Cytoplasmic
structures, such as nuclei (N) and mitochondria (M), are well preserved
(mag. 15,000 x). (Inset) Vesicle like structures (mag. 52.500 x).
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to those assays different proportions of Pb are
phagocytosed and killed by inflammatory cells within
few hours as measured by different methods including
TEM.

In our model six hours after Pb inoculation, besides
a number of PMNs a few mononuclear cells and
eosinophils were also seen mixed with disrupted testic-
ular tissue and several living, dying and dead Pb cells.
Fungal cells were phagocytosed or circumscribed by
PMNs and preserved or in different stages of digestion.
The viability of inoculum was 78%, but the proportion
of dead cells found in early lesions appeared to be higher
than 22%. These data indicate that killing of Pb cells by
PMNs started early after inoculation as observed in vitro
assays. In vitro studies comparing PMNs collected from
sensitized mice peripheral blood and thioglycollate -
induced peritoneal exsudate from non sensitized ani-
mals, the killing capacity of the former was higher and
appeared to be mediated by toxic products liberated
during the oxidative metabolism of antigen elicited
PMNs from sensitized mice interacting with Pb %,

Inflammatory cell migration, induced by different
subcellular fractions of Pb inoculated into the peritoneal
cavity of rats, have shown that lipid and polysacharide
Pb fractions were responsible for cellular influx four
hours after challenge '. In this experiment the early
cellular increase was due to PMNs with maximum peak
between one and two days. They gradually decreased up
to three days and there was concomitant mononuclear
cells increase. This sequence might be due to the acti-
vation of complement system and subsequent che-
motaxis for PMNSs; another suggestion was the possibil-
ity of macrophages being initially stimulated by above
mentioned fractions, producing chemotactic factors for
PMNs 2, If so, a few mononuclear cells present at the
beginning of our experiment might be responsible for
PMNs exudation in the lesion a few hours after inocu-
lation. Inflammatory cells were always present, pha-
gocytosing or involving fungal cells but something lead
to different interactions between them. Sometimes a
wide host-parasite interphase appeared to be enclosed
surrounding preserved fungal cell. Othertimes the
interphase had an irregular amplitude, was open to
extracellular milieu, the inflammatory cells been often
in close contact with the fungal cell wall; this wall was
sometimes broken to pieces and peeled off by splitting
at the middle of its thickness. After this damage, inner
layer and plasma membrane, although morphologically
preserved seemed to be unable to keep the fungal life.

This sequence was suggested by the presence of Pb cells
with partial destruction of their outer wall layer and
protoplasms in different steps of aspects: sub-cellular
structures still maintained, partial destruction with va-
cuolar degeneration, total destruction and transforma-
tion to ghost cells. Intercommunication of the space
around the outer wall layer with extracellular milieu was
described for lobomycosis and its role on antifungal
drug effectiveness discussed 'S. Through this channel
foreign substances may arrive from or the fungal met-
abolic products scape to the interstice. PMNs may be in
different stages of activation as shown in vitro experi-
ment. On the other hand smaller Pb cells usually have
thicker cell wall and are more often preserved and relat-
ed to wider host-parasite interphase; larger Pb cells have
thinner cell wall, more often broken and with irregular
thickness. PMNs in contact with different strains of Pb
with variable virulence tested in vitro have shown dif-
ferent digestive ability ° and virulence have been related
to the cell wall biochemical composition .

The preserved protoplasm in early stage of cell wall
damage may correspond to an aged, less resistant Pb cell
to the PMNss digestive actions. Based on above data the
authors suggest that as the fungal protoplasm degener-
ation progresses the interphase disappears and fungal
and inflammatory cells contact becomes very close.

Pb cells were always present from the beginning up
to 14 days after inoculation. Most of sub-cellular struc-
tures of preserved Pb cells were similar to what have
been described by other authors but some details are
worthy of comments. Most of cell walls were seen with
two layers and the middle layer possibly correponded to
the splitting point when they were destroyed. Large
amount of glycogen has been described for small fungi
by other authors ** but ours showed little or none. Living
fungi presented regular cell wall and regular or irregular
plasma membrane, sometimes with thickened segments
related to budding points; budding sites in vitro have
been related to cell wall changes * which was sometimes
seen in our samples. Vesicular structures protruding
from the plasma membrane towards the cell wall were
similar to what has been described as lomasome which
function is not known yet *but they were present from
space to space in preserved fungal cells.
Intracytoplasmic membrane system often seen as myelin
like structures were usually close to the plasma mem-
brane as described for Arthrinium aureum . Similar
structures have been described in bacteria as mesosoma
and originating from invagination and reinvagination of
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the plasma membrane; in fungal cells it has been related
to septum formation in mycelial form. It also seems to
take part in cell wall development and some relationship
between mesosome and mitochondria has been de-
scribed.

From the present study we can say that Pb cells are
directly or indirectly chemotactic for PMNs which ac-
tively phagocyte or involve the invaders; digestive ac-
tivity may be observed by intrastructural changes since
the beginning of this experiment starting with breaking
of the cell wall. However not all phagocytosed Pb cells
are digested and the survivors are possibly responsible
for the following steps of chronic disease observed in
hamsters inoculated as in this experiment .

RESUMO

Paracoccidioidomicose experimental em hamster:
microscopia eletrénica de transmissio da lesdo do
local de inoculagido

Y

Estudou-se sequencialmente, 3 microscopia ele-
tronica de transmissdo, a interagdo entre Paracocci-
dioides brasiliensis (Pb) e células inflamatérias em
hamsters inoculados por via intratesticular. Seis horas
ap6s inoculagdes havia predominéncia de neutréfilos,
estando presentes algumas células mononucleares e
eosinéfilos. Os neutréfilos foram progressivamente
substituidos por células mononucleares. Fungos vidveis
apresentavam-se fagocitados ou circunscritos por célu-
las inflamatérias, geralmente com ampla interface hos-
pedeiro-parasita. Fungos mortos ou degenerados eram
acompanhados de interfase estreita. A camada externa
da parede do Pb era &s vezes quebrada quando em
contacto com neutréfilos, em vérios pontos, sendo os
fragmentos dessa parede descamados e fagocitados.
Células flingicas pequenas com um tnico nicleo se
relacionavam com ampla interfase enquanto as células
majores e multinucleadas apresentavam paredes irregu-
lares, por vezes, contendo lomasoma e/ou estrutura se-
melhante & mielina. Diferentes padres de interagio do
Pb com células do hospedeiro podem ser decorrentes do
afluxo de células inflamatérias funcionalmente diferen-
tes ao local de inoculagdo ou & idade dos fungos ou
ambos os fatores.
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