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RISTOPATHOLOGICAL ALTERATIONS INDUCED BY NON-VIABLE CELLS AND
BIOCHEMICAL FRACTIONS FROM PARACOCCIDIOIDES BRASILIENSIS IN MICE
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Non-viable cells and biochemical fractions from Paracoccidioides brasiliensis were obtfained
Jor experimental inoculation in mice and posterior histopathological analysis. Dead total fungus,
total fungus disrupted by sonorous waves, lipids of the fungus, supernatant of the lipid purifi-
cation, integral and disrupted fungus free of lipids were obtained. The six preparations arised
from masses of lyophilized yeasts of a recent isolate of P. brasiliensis (strain JT-1) and from a
"Pool" equitably constituted by four strains maintained in laboratory for a long time (SN, 2, 18
and 192). Different doses of the 12 preparalions were infraperifoneally inoculated and
histopathological analysis were done 30 days later. This analysis showed that all the inoculated
preparations gave origin fo inflammalory foci, except the one designated "supernatant of lipid
purification”. The alterations were detected exclusively in the liver of the animals and occurred
Jrom the smallest dose lested (1 mg), with exception of the lipids of the fungus, where the foci
appeared only from a 3 mg dose onwards. No difference in the capacity of inducing
histopathological alterations was found between the preparations obtained from the receni
isolate (JT-1) and from the older ones ("Pool”). On the other hand, an increase of the number
of inflammatory foci in function of the inoculated dose was observed.
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Paracoccidioidomycosis 1s a human infec-
tton caused by the dimorphic fungus Paracocci-
dioides brasiliensis. This disease 1s endemic in
Latin America where it presents the deep
mycosis of major occurrence. Brazil 1s the
endemic center with the highest number of
cases so far, followed by Colombia, Venezu-
ela and Argentina (Hamdan & Rocha, 1987;
Moreno, 1990; Lacaz, 1991).

Although a high number of researches and
pubhications has been made on this mycosis
and 1its etiological agent, several aspects rc-
lated to the pathogenesis of this disease stili
have to be elucidated. Much 1s still unknown,
from the habitat of the fungus up to the deter-
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mining steps of the different manifestations
and evolution forms of the mycosis {Hamdan
& Rocha, 1987; San-Blas & Castancda, 1990).

The spectrum of the disease can range from
an asymptomatic benign pole up to a malig-
nant pole, presented by severe, progressive and/
or fatal forms. Various intermediate manifes-
tation torms could be detected between the
two poles (Franco, 1987; Franco ct al., 1988;
Conti-Diaz & Rodrigucz, 1990; San-Blas,
1990). Factors related to the host, the environ-
ment, and the microrganism are being blamed
not only tfor the different presentations of the
disease (Franco, 1987) but also for the diver-
sity of the frequency of the several clinical
forms observed in different regions of a same
country or n different countries (Montenegro

ct al., 1988).

As to the microrganism, there is a consen-
sus about the existence of different strains of
the only species described. These differences
have already been demonstrated 1in animals, 1n

terms of degrees of virulence (Kashino et al.,
1985, 1987; Zachanias ct al., 1986; Singer-
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Yermes et al., 1989) and have been associated
with pecultar biochemical characteristics of P.
brasiliensis strains (San-Blas & San-Blas, 1977;
Zachanas et al., 1986; San-Blas & Castafieda,
1990). On the other hand, biochemical frac-
tions of the fungus have been related to the
genests of the inflammatory response in
paracoccidioidomycosis. It has been demon-
strated that cell wall polysaccharides and lip-
1ds, on their own, can induce granulomas when
inoculated experimentally (Silva, 1985; Silva
& Faziol, 1985a; Alves et al., 1987: Franco,
1987).

With the aim to contribute to the knowl-
edge of the pathogenesis of paracoccidioido-
mycosis, the present work studies the effect of
inoculation 1n mice, of non-viable cells and
different biochemical fractions of the fungus
and compares the capacity to induce histo-
pathological alterations of preparations from
ditferent P. brasiliensis strains.

MATERIALS AND METHODS

Microrganisms — The P. brasiliensis strains
used 1n this study performed four samples (SN,
2, 18 and 192) obtained from the collection of
the Faculty of Medicine of the Umversity of
Sao Paulo and maintained in laboratory for a
long time, as well as a recent isolate of this
fungus (JT-1), identificd in the Laboratory of
Mycology, Federal University of Minas Gerais,
in January, 1990.

Cultivation — The five strains were culti-
vated 1n yeast phase (36 °C) in solid synthetic
medium of McVeigh & Morton (Restrepo &
Jimenez, 1980). Subcultures done in four or
five day mtervals provided cells in exponen-
tial growth phase (Manocha, 1980; Manocha
et al., 1980). These cells were carefully col-
lected usmg a loop, transferred to the centri-
fuge, washed three times with a sterile saline
solution and, then, frozen and lyophilized. The
strains SN, 2, 18 and 192 were equitably com-
bined in order to obtain a pool.

Viability test — Aliquots of the lyophilized
masses were studied as to cell viability by

fluorescence test as descnibed by Calich et al.
(1978).

Partial biochemical characterization of the
strains — Lyophilized cell masses of the strain
JT-1 and of the pool, obtained as described in
Cultivation, were analyzed as to the total lipid
and carbohydrate contents, Lipids were extrated
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and purnified by the method of Letters (1968)
modified by Hunter & Rose (1972). The total
lipid content was determined by dry weight,
after evaporation in vaccum (Hamdan &
Resende, 1988). Carbohydrates were measured
after sonication of the lyophilized cell masses
iIn MSE equipment. Ninety cicles of thirty
seconds each were done, at a medium nten-
sity and amplitude 4. Under these conditions,
90% of cell rupture (Restrepo et al., 1984),
observed by microscopy, was obtained. Total
carbohydrate content was determined by the

spectrophotometric anthrone technique (Scott
& Melvin, 1953).

The results of all measurements were ex-
pressed as mg of substratum/100 mg of ly-
ophilized cells (mg%) and represent the mean
and standard deviation of at least three experi-
ments carried out for both studied samples (JT-
1 and “Pool”). The *t” student test was used
to determine statistical differences in the total
lipid and carbohydrate contents of the two
samples,

Preparations of the fungus — Six prepara-
tions of the fungus were obtained for experi-
mental imnoculation from the lyophilized masses
of the recent 1solate (JT-1) and six prepara-
tions from a pool of four previous isolates (SN,
2, 18 and 192). The six preparations comprised:
(1) Total integral tungus. (2) Total fungus
disrupted by sonorous waves wherc the cell
masses were weighed, resuspended in phos-
phate buffered saline (PBS) and submitted to
sonication in MSE equipment, as described
above. (3) P. brasiliensis lipids. Purified lipid
extracts, from the samples JT-1 and “Pool”
were obtained as previously described and
lyophilized. (4) Supernatant of the lipid puri-
fication. The purification phase of the lipids
extracted from P. brasiliensis gave origin to a
biochemical fraction corresponding to the non-
lipid material “dragged” in the extraction pro-
cess. This material was lyophilized and desig-
nated “‘supernatant of the lipid purification™.
(5) Integral fungus free of lipids. The remain-
der cells of the lipid extraction were lyophi-
lized and formed the fraction designated ““in-
tegral fungus free of lipids”. At microscopy,
aliquots of this preparation showed the integ-
rity of the yeasts, although part of them
(approx. 30%) had clearly lost their cytoplas-
mic content. (6) Fungus free of lipids disrupted
by sonorous waves. The fraction previously
described was submitted to cell rupture as
mentioned 1 item (2).
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Preparation of the inocula — The 12 prepa-
rations obtained (six for the sample JT-1 and
six for the “Pool”) were, after lyophilization,
stocked at —20 *C. The inocula of each prepa-
ration were made by obtaining a suspension in
sterile PBS containing, for example, 5 mg of
the substratum per ml of suspension, At the
time of inoculation, the suspensions were fur-
ther diluted in sterile PBS to obtain the wanted
doses,

Experimental model — The experimental
model used in this study comprised white, non
1sogenic, male mice (Mus musculus) with age
from seven to eight weeks. Twelve groups were
formed, corresponding to the twelve prepara-
tions studied, Each group contained 12 ani-
mals, nmine were treated and three remained
control.

Inoculated doses — Each dose of all prepa-
rations were 1noculated in triplicate (three
mice). The doses chosen were 1, 3 and 5 mg
for all preparations, except the onc designated
“supernatant of lipid purification”. The latter,
being a fraction obtained in very small quan-

tities, was 1noculated in smaller doses, 1.e.,
0.5, 0.75 and 1 mg.

Inoculation” procedure — The inoculations
were done intraperitoneally and the inocula
were composcd of 1 ml of suspension of prepa-
rations 1n the treated groups and 1 ml of diluent
(PBS) 1n the control group.

Follow-up and sacrifice — Each group of
inoculated mice was kept under observation
for 30 days. At the end of this period the
animals were sacrificed under deep anesthesia,
through ether inhalation, followed by bleeding
by cutting the axillar artery,

Preliminary experiments — Prior to the group
formation, inoculation, follow-up and sacrifice,
preliminary experiments were made to clect a
suitable period of follow-up and sacrifice of the
animals. A group of 12 mice received, each
three, the highest tested dose (5 mg) of each one
of the following preparations obtained from the
pool of P. brasiliensis strains: total fungus dis-
rupted by sonorous waves, lipids, and fungus
free of hipids disrupted by sonorous waves, The
three remainder animals represented the control
of this preliminary experiment. Each one of the
three mice inoculated with each preparation
was sacrificed, respectively, after 7, 15 and 30
days post-inoculation. At the same intervals,
each one of the controls was sacrificed.

Histopathological study — All mice were
necropsied and hiver, spleen, kidneys, intes-
tine, peritoneal membrane, diaphragm and lungs
were removed. The samples were fixed 1n 10%
formalin, embedded in paraffin, slices were
cute 1 5 pm thick and stained by hematoxy-
lin-eosin for microscopic analysis, Histopathol-
ogical examination was aimed at detecting
specific (granuloma) and non-specific (conges-
tion and hemorrhage) alterations. The alter-
ations observed were semiquantified. In case
of presence, they were classified in low, me-
dium and high intensity for the phenomena
congestion and hemorrhage. In relation to the
inflammatory foci, the mean was calculated
according to the number counted in three sec-
tions, being classified in rare (+), medium (++)
or numerous (+++). The signs represent 1 to 3,
3 to 6 and more than 6 foci, respectively. In
all the cases, the changes were recorded when
they occurred in at least two of the three mice
inoculated with each dose.

RESULTS

The wiability tests done in the preparation
“total integral fungus” did not show any viable
cells. Therefore, this study does not refer at
any moment to the infectton caused by P.
brasiliensis, but only to the capacity of differ-
ent preparations to induce tissular inflamma-
tory responses.

Total Iipid and carbohydrate contents of
the samples JT-1 and “Pool” are shown in Table
[. Comparison of the means of the measure-
ments by the “t” test showed a higher amount
of lipids and carbohydrates in the strain JT-1
(p < 0.01).

TABLE 1

Total lipid and carbohydrate contents (mg%) of a
pool of four strains (SN, 2, 18 and 1¢2) and of the
sample JT-1 of Paracoccidioides brasiliensis
in yeast phase

Lipids Carbohvdrates
Strains _ _
X g X 3
“Pool” 7.0 0.00 26.5 0.71
IT-1 9,71 0.53 52.42 1.02

X:average of at least three experiments.
s:standard deviation.

1: higher than pool;t = 7.3, p < 0.01.
2:higher than pool;t = -29.43, p < 0.01.
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Preliminary experiments revealed that sig-
nificant histopathological alterations have not
occurred up to the 15th day post-inoculation.
Therefore, a period of 30 days was chosen for
the follow-up and sacrifice of the 144 animals
which formed the experimental group in this
study.

No macroscopic alterations of the viscera
were detected in any of the treatments. The
results described hereafter represent microscopi-
cal changes only.

Focal inflammatory processes were com-
posed of mononuclear cells, the latter almost
exclusively represented by macrophages. They
were not defined as granulomas because of the
non-characteristic arrangement of these cells
as well as their small si1ze. These observations
are referred to as “inflammatory foci of mono-
nuclear cells” and were detected exclusively
in the liver of the animals, distributed through
the parenchyma or, frequently, around the
vessels, Some of these structures are shown 1n
Figs 1 and 2. All the inoculated preparations
gave origin to inflammatory foci, except the
one designated “supernatant of lipid purifica-
tion”’. This alteration was observed from the
smallest dose tested (1 mg), with exception of
the lipids of JT-1 and “Pool”, where the foct
appeared only from a 3 mg dose onwards.
Results are shown in Tables 11, Il and IV. The
other preparations are not graphically repre-

TABLE 11

Semiquantified histopathological alterations observed
after inoculation of Preparation I :Total integral
fungus (“Pool™)

Dosis Inflammatory  congestion  Hemorrhage
(mg) foci Intensity/ Intensity/
; Viscera Viscera
1.0 + + Lung 0 _
Kidney
3.0 + + Liver + Lung
Lung
5.0 T + Liver + Lung
Lung
Kidney
Spleen

{}: no alterations.

+:1 to 3 inflammatory focior small areas of congestion
and/or hemorrhage.

++: 3 to 6 inflammatory foci or medium areas of con-
gestion and/or hemorrhage.

+++: more than 6 inflammatory foci or big areas of
congestion and/or hemorrhage.
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TABLE 111

Semiquantified histopathological alterations observed
after inoculation of Fraction 6: Lipids (Strain JT-1)

' Congestion Hemorrhage
?;51}5 InﬂarglﬂTiatnry Intensity/ i
; Viscera Viscera
1.0 0 + Kidney + Lung
3.0 + + Lung 0 -
20 A + Lung + Lung
Kidney -

_—

0: no alterations.

+: 1 to 3 inflasnmatory foci or small areas of congestion
and/or hemorrhage. -

++: 3 to 6 inflammatory foci or medium areas of con-
gestion and/or hemorrhage.

+++: more than 6 inflammatory foci or big areas of
congestion and/or hemorrhage.

TABLE 1V

Scmiquantified histopathelogical alterations observed
after inoculation of Fraction 7: Supernatant of
lipid purification {(“‘Pool™)

Congestion Hemorrhage

?;Sis lnﬂa?z}r;amry Intensity/ Intensity/

5 Viscera Viscera

0.50 0 + Liver 0 —
Lung

0.75 y + Lung 0 —
Kidney

1.00 0 + Lung 0 —
Kidney

{:no alterations.

+: 1 to 3 inflammatory focior small areas of congestion
and/or hemorrhage.

++: 3 to 6 inflammatory foci or medium areas of con-
gestion and/or hemorrhage.

+++: more than 6 inflammatory foci or big areas of
congestion and/or hemorrhage.

sented since they follow the same pattern as
shown 1n Table II. Besides, an increase of the
number of foci in function of the inoculated
dose was observed. None of the 30 control
mice presented this change,

Congestion and hemorrhage were frequently
detected in different organs of the mice mocu-
lated with the 12 preparations (Tables II, Il
and IV). Congestion occurred also in one or
another viscera of the control group and hem-
orrhage was not significantly observed in these
animals.
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Fig. 2: liver. Inflammatory focus of mononuclear cells (HE X 500,

DISCUSSION

The granuloma rcpresents the histological
pattern typical of infection caused by
brasiliensis (Franco, 1987; Franco et al., 198¥;
Moreno, 1990). This structurec has frequently
been induced i experimental models mocu-
fated with this fungus.

However, there are
conflicting reports as to its obscrvation duc to.

among others factors, the route of moculation
(Moscardi & Franco, 1980; Singer-Vermes ¢t
al., 1989). On the other hand, 1t has been shown
that biochemical fractions of P. brasiliensis
and of fungi agents of cromoblastomycosts,
arc mducers of granuloma when inoculated 1n-
travenously or itraperitoncally m mice or rats.
These fractions correspond to the lipid of the
microrganisms, to ccll wall polysacchandes,
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to fungus free of lipids disrupted by sonorous
waves and to dead P. brasiliensis (Silva, 1985;
Silva & Ekzlerian, 1985; Silva & Fazioli,
19085a, b; Alves et al,, 1987).

In this study, the hepatic inflammatory foci
found in association with the inoculation of
the preparations described and of others not
referred to yet in the literature, were not con-
sidered as granulomas due to the non-charac-
teristic arrangement of the cells, However, some
authors believe that the presence of macroph-
ages and lymphocytes, observed in the foci
found, 1s sufficient to designate them granu-
foma structures.

As to the capacity of provoking a tissue
reaction of the host, the results found agree
with what was previously published 1n the lit-
erature for total non-viable fungus, fungus free
of lipids an lipids purified of P. brasiliensis. It
was also observed that cell rupture, liberating
the cytoplasmic content, did not increase the
capacity of inducing inflammatory foci n re-
lation to the integral preparations. This obser-
vation, as well as the one referring to fungus
free of lipads, integral or disrupted, which also
induced inflammation, confirm reports of au-
thors mentioned previously, that cell wall po-
lysaccharides are involved in the genesis of
the tissue response of the host. Likewise, the
results referring to the purified lipids agree
with these reports.

The fraction designated *“‘supernatant of lipid
purification” was the only one which has not
induced inflammatory foct, probably in func-
tion of the small dosis inoculated and, in cor-
respondence, the low concentration of carbo-
hydrates which, comprehensibly, 1s minute 1n
this fraction, as well as the total absence of
lipids (Hamdan, 1991).

No difference in the capacity of inducing
histopathological alterations was found between
the preparations from the recent 1solated sample
(JT-1) and from the older ones (**Pool”). The
partial biochemical charactenization of the pool,
equitably composed by the strains SN, 2, 18
and 192, showed that the sample JT-] has a
much higher carbohydrate content than **Pool”.
Since the polysaccharides are associated to the
genests of the granuloma as mentioned, it was
expected that this strain and its fractions would
be more efficient as to induce inflammatory
foct than the *Pool”. However, this was not
observed. The findings suggest that the total
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content of polysaccharides might be less
important, in relation to the capacity of caus-
ing tissular response, than the presence of
specific carbohydrates among these polysac-
charides.

In relation to the non-specific alterations, it
was not observed any association with the 12
inoculated fractions and congestion, since this
phenomena was also found in the animals of
the centrel group. Furthermore, an increase of
the mmoculated dosis has not correlated with
the extent of this alteration. On the other hand,
hemorrhage was not significantly observed in
the control group, nor in the mice treated with
the fraction “supernatant of lipid purification™,
which has not induced any inflammatory foci
either. This fact suggested association of this
phenomena with the inoculated preparations
that were able to induce inflammatory foci 1n
the liver of the mice. However, this alteration
was not always present and its extent has not
showed correspondence with the increase of
the noculated dosis. In addition, hemorrhage
has not occurred in specific organs, as ob-
served with the inflammatory foci, that was
found only in the liver of the treated mace.
These inconstant findings and also, the infinity
of causes that may be related to congestion
and hemorrhage, have not allowed association
of these phenomena with the inoculation of
different preparations of the fungus.

The data presented, as well as those previ-
ously reported 1n the literature, show the rel-
cvance and necessity of further studies on bio-
chemical fractions of Paracoccidioides
brasiliensis 1n an attempt to throw light on the
pathogenesis of paracoccidioidomycosis.

REFERENCES

ALVES, L. M. C.; FIGUEIREDO, F.; BRANDAO
FILHO, S. L.; TINCANI, 1. & SILVA, C. L., 1987,
The role of fractions from Paracoccidioides
brasiliensis in the genesis of inflammatory response.
Mycopathologia, 97: 3-1.

CALICH, V. L. G.; PURCHIO, A. & PAULA, C. R,
1978. A new fluorescent viability test fungi cells.
Mycopathologia, 66: 175-177.

CONTI-DIAZ, I. A. & RODRIGUEZ, 11., 1990,
Paracoccidioidomicosis: aspectos clinicos. fntercién-
cia, 13: 224-220.

FRANCO, M., 1987. Host-parasite relationships in para-
coccrdioidomycosis. S Med. Vet Mycol,, 25: 5-18.

FRANCO, M.; MOSCARDI-BACCHI, M.; BACCHI, C.
E.; DEFAVLERI J; PERACOLI, M. T. & BIAGIONI,
L. M., 1988. Pathogenesis of Paracoccidioides
brasiliensis granuloma. X Congress of the Interna-
tional Society for Human and Animal Mycology —



Mem. Inst. OQswaldo Cruz, Rio de Janeiro, Vol. 88 (1), jan./mar. 1993 117

[SHAM, Barcelona, p. 138-142,

HAMDAN, J. 8., 1991. Fragdes bioguimicas de
Paracoccidioides brasiliensis e sew papel na génese
da doen¢a causada por este microrganismo. Estudo
experimental em camundongos. Ph. D). Thesis,
Universidade Federal de Minas Gerais, 278 p.

HAMDAN, J. S. & RESENDE, M. A, 1988, Lipid com-
position and effect of amphotericin B on yeast cells

of Paracoccidioides brasiliensis. Mycopathologia,
102: 97-105,

HAMDAN, J. S§. & ROCHA, R. L., 1987. Epidemiologia
da Paracoccidioidomicose. An. Fac. Med. Univ. Fed.
Minas Gerais, 36: 52-61.

HUNTER, K. & ROSE, A. H., 1972. Lipid composition
of Saccharomyces cerevisiae as influenced by
growth temperatures. Biochim. Biophys. Acta., 260:
639-653.

KASHINO, 8. 5; CALICH, V. L. G.; BURGER, E. &
SINGER-VERMES, L. M., 1985. In vivo and in
vitro charactenistics of six Paracoccidioides brasi-
liensis strains. Mycopathologia, 92: 173-178.

KASHING, 8. S.; CALICH, V. L.; SINGER-VERMES,
L. M.; ABRAHAMSOHN, P. & BURGER, E., 1987.
Growth curves, morphology and ultrastructure of
ten Paracoccidioides brasiliensis isolates. Myco-
pathologia, 99: 119-128.

LACAZ, C. 8, 1991. Paracoccidioidomicose, p. 248-
297. In C. S. Lacaz; E. Porto & J. E. C. Martins,
(eds.). Micologia Médica. Sarvier, Sao Paulo.

LETTERS, R., 1968. Phospholipids of yeasts, p. 303-
319. In A. E. Mills, (ed.). Aspects of yeast metabo-
lism. Blackwells Scientific Publications, Oxford.

MANOCHA, M. S., 1980. Lipid composition of
Paracoccidioides brasiliensis: comparison between
the yeast and mycelial forms. Sabouraudia, 18: 281-
286,

MANOCHA, M. S.; SAN-BLAS, G. & CENTENQ, S.,
1980. Lipid composition of Paracoccidicides
brasiliensis: possible correlation with virulence of
different strains. J. Gen. Microbiol., {17: 147-154.

MONTENEGRO, M. R.; FRANCO, M. & MENDES, R.
P., 1988. Paracoccidioidomycosis: clinical forms.
X Congress of the International Society for Human
and Animal Mycology — ISHAM, Barceleona, p. 149-
153,

MORENQO, A. R., 1990. Actualizacion sobre la para-
coccidioidomicosis y su agente etiologico, 1986-
1989, Interciencia, 15: 193-199.

MOSCARDI, M. & FRANCQO, M. F., 1980. Paracocci-
dioidomicose experimental do camundongo. Rev.

Inst. Med. trop. Sao Paulo, 22: 286-293.

RESTREPQ, A.; CANO, L. E. & OCHOA, M. T., 1984,
A yeast-derived antigen from FParacoccidicides
brasiliensis useful for serologic testing. J Med.
Vet. Mycol., 22: 2329,

RESTREPO, A. M. & JIMENEZ, B. E., 1980. Growth
of Paracoccidioides brasiliensis yeast phase on a
chemically defined culture medium. J. Clin.
Microbiol., {2: 279-281.

SAN-BLAS, G., 1990. Paracoccidioidomicose: a micose

sistemica da Ameénca Latina. fuferciencia, 15: 191-
192,

SAN-BLAS, F. & CASTANEDA, E., 1990. Biologia de
Paracoccidioides brasiliensis. Interciéncia, 15: 212-
215.

SAN-BLAS, G. & SAN-BLAS, F., 1977. Paracocci-
dioides brasiliensis: cell wall structure and viru-
lence. Mycopathologia, 62: 77-86.

SCOTT, T. A. & MELVIN, E. H., 1953. Determination
of dextran with anthrone. Anal. Chem., 25: 1656-
1661.

SILVA, C. L., 1985. Granulomatous reaction induced
by lipids isolated from Paracoccidioides brasilien-
sis. Trans. R. Soc. Trop. Med. Hyg., 79: 70-73.

SILVA, C. L. & EKZLERIAN, 8. M., 1985. Granulo-
matous reactions induced by lipids extracted from
Fonsecaea pedrosoi, Fonsecaea compactum, Cla-
dosporium carrioni and Phialophora verrucosum,

J. Gen. Microbiol., 131: 187-194.

SILVA, C. L. & FAZIOLI, R. A,, 1985a. A Paracoc-
cidicides brasiliensis polysaccharide having granu-
loma inducing, toxic and macrophage-stimulating
activity. J. Gen. Microbiol., 13]: 1497-1501.

SILVA, C. L. & FAZIOLI, R. A, 1985b. Role of the
fungal cell wall in the granulomatous response of
mice to the agents of chromomycosis. J. Med. Mi-
crobiol., 2{): 299-305.

SINGER-VERMES, L. M.; BURGER, E.; FRANCO, M.
F.; BACCHI, M. M.; MENDES-GIANNINI, M. J. &
CALICH, V. L., 1989. Evaluation of the pathoge-
nicity and immunogenicity of seven Paracocci-
dioides brasiliensis isolates in susceptible inbred
mice. J Med. Vet Mycol., 27: 71-82.

ZACHARIAS, D.; UEDA, A.; MOSCARDI-BACCHI,
M.; FRANCO, M. & SAN-BLAS, G., 1986. A com-
parative histopathelogical, immunological and bio-
chemical study of experimental intravenous
paracoccidioidomycosis induced in mice by three

Paracoccidioides brasiliensis tsolates. J Med Vet
Mycol , 24: 445-454,



