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Crotalus durissus terrificus venom (Cdt) is toxic for a variety of eukaryotic cells, especially at high concentrations. However its
effects on host immune cells are not well known. The purpose of this study was to determine the effect of Cdt on functional
status and the mediators production in peritoneal macrophages. The effects of Cdt were analyzed in vitro and were detected using
functional status of macrophages as determined by the H,O, release, spreading percentage, phagocytic index, vacuole formation,
and mediators production. Several functional bioassays were employed: cytotoxicity was determined by taking the lyses percentage
and the presence of hydrogen peroxide (H,0,) in macrophages, using the horseradish peroxidase-dependent oxidation of phenol
red and nitric oxide (NO) in the supernatants of macrophages by the Griess reaction. The tumor necrosis factor (TNF) activity
was detected by measuring its cytotoxic activity on L929 cells, and the production the level of other cytokines was assayed using
enzyme-linked immunosorbent assay. In vitro studies revealed that Cdt produced (a) a discrete increase in the release of H,O,
and vacuole formation; (b) a decrease in spreading percentage and in the phagocytic index; and (c) an increment in the mediators
production. More pronounced increments of IL-6 and TNF were observed after 24 and 48 hours, respectively. Maximum levels of
IFN-y and NO were observed after 96 hours. Interestingly, levels of all mediators presented a discreet decrease, as the amount of Cdt
was increased. In contrast, the IL-10 levels observed for all doses studied here did not alter. The IL-6/IL-10 ratio may possibly reflect
the balance of pro- and anti-inflammatory cytokines in macrophages, which may be manifested in the inflammatory status during
the envenoming processes. Taken together, these data indicate that Cdt have a differential effect on macrophage activation and that
this venom is a potent inhibitor of anti-inflammatory response.

INTRODUCTION It is well known that the lethality and toxicity of snake
venoms can vary according to their age, sex, and nutri-
tional state depending on the geographic region where
the animals were captured [6]. Thus, aiming to minimize
the experimental bias of this investigation, all tests were

carried out on BALB/c mice using a mixture of Crotalus

Snakes venom varies enormously, in terms of their bi-
ological properties, chemical composition, toxicity, bio-
logical actions, and pharmacokinetics, and pharmacody-
namic characteristics. Crotalus venom is considered to be

one of the most dangerous species for humans. This snake
is found in different parts of world, and is responsible for
many clinical cases of envenoming. Its venom contains
a variety of toxic proteins including crotoxin, crotamine,
gyroxin, convulsin, and a thrombin-like enzyme [1, 2]. It
also induces toxic activity causing neurotoxicity, respira-
tory paralysis, hypotension, acute renal insufficiency, my-
otoxicity, hepatotoxicity and hemorrhagic alterations, and
shock [3, 4, 5].

Correspondence and reprint requests to Vera L. Petricevich, Fac-
ultad de Medicina, Universidad Auténoma del Estado de More-
los, Avenida Universidad 1001, Cuernavaca, Morelos 62210,
Mexico; vera.petricevich@uaem.mx

durissus terrificus venom (Cdt) which was obtained from
50 adult specimens, captured in the same geographic re-
gion for all experiments.

Experimental studies have shown that certain venoms
may bring on systemic inflammatory response syndrome
(7,8,9,10].

The positive outcome of the inflammatory response
helps eliminate the chemical, physical, or infectious fac-
tors which originally provoked the inflammation, and it
also repairs damage and/or regenerates the injured tis-
sue. The activated macrophages are widely recognized
as cells which play an important role in the inflamma-
tory process, as well as in the initiation, maintenance,
and control of specific immune response. In response to
venoms, macrophages secrete the so-called nitric oxide
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(NO) and proinflammatory cytokines such as tumor
necrosis factor (TNF), interleukin-1 (IL-1), and IL-6 and
anti-inflammatory cytokines, for example, IL-10 [11].

The production of pro- and anti-inflammatory cy-
tokines is strictly controlled by complex feedback mech-
anisms [12, 13]. Proinflammatory cytokines are primar-
ily responsible for initiating an effect against exogenous
pathogens. However, excessive production of these medi-
ators may significantly contribute to shock, multiple or-
gan failure, and death [11, 14, 15, 16, 17]. In contrast,
anti-inflammatory cytokines are crucial for down regulat-
ing the incremented inflammatory process and maintain-
ing homeostasis for the correct functioning of vital organs
(18, 19].

Although the pathophysiology of envenomation is
complex and not yet fully understood, venom and im-
mune responses are known to trigger the release of cy-
tokines. In models of severe systemic inflammation pro-
duced by intravenous injection of high doses of venom
or venoms products, the increase in production of proin-
flammatory cytokines significantly contributes to organ
failure and death. These cytokines initiate a cascade of
events that lead to illness behaviors such as fever, anorexia,
and also physiological events in the host such as activa-
tion of vasodilatation, hypotension, and increased vessel
permeability.

In 1997, Cardoso and Mota [20] demonstrated that
the venom of C durissus terrificus inhibits the humoral im-
mune response in mice. Other studies have shown that
the macrophage may play a role in regulating the im-
mune response to this venom [21, 22]. Since then, the
macrophage is integral to the induction of immunity to
this venom, it is presumed that the final outcome of many
inhibitory events may be alterations in macrophage func-
tion [21, 22]. However a detailed description of the events
provoked by this venom, which inhibit macrophage acti-
vation is still unclear.

This study was designed to determine the effect of Cdt
on functional status and mediators production. The levels
of macrophage activation induced by Cdt were related to
the magnitude of the inflammatory response.

MATERIALS AND METHODS

Chemicals, reagents, and buffers

Actinomycin D, orthophenyldiamine (OPD) and
sodium nitrate (NO), fetal calf serum (FCS), RPMI-1640
medium were purchased from Sigma (St. Louis, Mo),
murine anti-IL-6 (clones MP5-20F3 and MP5-32C11), re-
combinant IL-6, murine anti-IFN-y (clones XGM1.2 and
R4-6A2), recombinant IFN-y, murine anti-IL-10 (clones
JES5-16E3 and SXC-1), recombinant IL-10, were pur-
chased from BD Biosciences Pharmingen, and recom-
binant TNF was purchased from Boehring Mannheim
(Mannheim, Germany).

Venom

Lyophilized venom of C durissus terrificus was ob-
tained from the Laboratory of Herpetology, Instituto Bu-
tantan, Sao Paulo, Brazil, and stored at —20°C. The venom
was dissolved in sterile physiological saline [0.85% (w/v)
NaCl solution].

Animals

Female BALB/c mice (6-8 weeks old, weighing 18 g—
25¢g) were purchased from Instituto de Biotecnologia,
UNAM (Cuernavaca, Mexico). The animals were main-
tained and used under strict ethical conditions according
to international recommendations for animal welfare set
by Committee Members, International Society on Toxi-
cology [23].

Peritoneal macrophages

Groups of mice from BALB/c were sacrificed and
their resident peritoneal cells were harvested by peri-
toneal lavage [24]. The peritoneal cavity was injected
with 5mL of cold RPMI-1640. The fluid-distended peri-
toneal cavity was massaged, and the cells were collected
and washed three times by centrifugation at 290 xg for
5 minutes. The cells were seeded in 96-well microtiter
plates at a concentration of 1 x 10° cells/mL, and cul-
tured in RPMI-1640 medium supplemented with 10%
FCS. Cell viability ranged from 90%-97% and was deter-
mined by Trypan blue exclusion. After incubation at 37°C
for 2 hours in humidified 5% CO,, the plates were then
washed twice with RPMI-1640 medium to remove non-
adherent cells and the adherent cells were referred to as
macrophages. More than 95% of the cells were identified
as macrophages by morphology as well as by their abil-
ity to ingest IgG-opsonised red cells. The cells were ex-
posed to different concentrations of Cdt in RPMI-1640
containing 10% FCS. After incubation at 37°C for var-
ious intervals of time in a humidified atmosphere of
5% CO,, the supernatants were collected and stored at
—20°C until assayed for the presence of NO and cy-
tokines.

Cytotoxicity assay

In brief, macrophage cells maintained in RPMI-1640
medium supplemented with 10% FCS were seeded at
1 x 10°cells/mL on to a 96-well plate, control and/or
treated cells with different amounts of venom were in-
cubated at 37°C in a 5% CO, atmosphere. After dif-
ferent times of incubation, the supernatants were re-
moved and the remaining live cells assessed by fixing
and staining with crystal violet (0.2% in 20% methanol).
Absorbance was measured in each well by reading at
620nm in a microplate reader. The percentage cytotoxi-
city was calculated as follows: (Acontrol — Asample/Acontrol) X
100.
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FUNCTIONAL STATUS ASSAYS

Hydrogen peroxide

H,0, was measured by the horseradish peroxidase-
dependent oxidation of phenol red [25]. Peritoneal
macrophages were obtained as described previously, ex-
posed at different doses of venom, and incubated for
determined times at 37°C with 5% CO,. The media
were aspirated and the red phenol solution containing
140 mM NaCl; 10mM K,POy; 5.5mM dextrose; and
5.5 mM horseradish peroxidase was added to the adher-
ent cells. After 1 hour incubation at 37°C 10 uL of 1N
NaOH were added per well. The absorbance was mea-
sured at 620 nm, using automatic enzyme immunoassay
reader the levels of H,O, was quantitated by comparison
with standard curve prepared with known concentrations
Of HzOz.

Phagocytosis assays

Binding and phagocytosis of yeast were analyzed in
vitro as described by Zebedee et al [26]. Briefly, 1 X
10° cells/mL were seeded in triplicate on 24-well tissue
culture plates, containing slides and cultured in RPMI-
1640 plus 10% FCS. After incubating at 37°C for 2
hours in humidified 5% CO,, cells slides were rinsed
in normal saline to remove nonadherent cells. The ad-
herent cells were exposed to different amounts of Cdt
and/or saline solution. After various intervals opsonized
yeasts, at an effector-to-target ratio of 1:5, were added
to macrophage cultures for varying periods at 37°C.
Unattached yeasts were removed by washing wells three
times with PBS. The media were aspirated, and the cells
were fixed with methanol for 20 minutes at room temper-
ature and washed three times with PBS and stained with
safranine for 40 seconds. The fixed slides were mounted
with coverslips and were then examined using a micro-
scope at 40 X magnification. Three coverslips per experi-
mental condition were used to determine the percentage
of phagocytic cells. The phagocytic index (PI) was calcu-
lated as follows: number of macrophages with internalized
yeast/100.

Spreading

The macrophage spreading assays were performed as
previously described by Arruda et al [27]. Briefly, 1 X
10° cells/mL were seeded in triplicate, on 24-well plates
containing slides to assess cell adhesion and cultured in
RPMI-1640 plus 10% FCS. After incubation at 37°C for
2 hours in humidified 5% CO,, cells slides were rinsed
in normal saline to remove nonadherent cells. The adher-
ent cells were exposed to different amounts of Cdt and/or
saline solution. After different time periods, the cells were
fixed with methanol and then stained with crystal vio-
let for 1 minute. Slides were mounted with coverslips
and examined by light microscopy at 40 X magnification.
Spread cells from three different areas of each of the trip-
licate wells were counted after being incubated with Cdt.

The spreading index (SI) equals a percentage value of 100
macrophages.

Vacuolation assay

Peritoneal macrophages were obtained and main-
tained as described above. For the vacuolation assay
the macrophages were incubated with the RPMI-1640
medium supplemented with 5% FCS and 1mM/mL
NH4CI?® and exposed to different amounts of Cdt. The
plates were incubated for different time periods at 37°C
with 5% CO,. To detect the vacuoles, cells cultures were
stained with 0.05% neutral red solution for 5 minutes.
The cells were washed with PBS containing 0.2% BSA,
70% ethanol, and 0.37% HCI. Absorbance was deter-
mined using microtiter reader plate at 540 nm. Vacuo-
lating percentage was calculated as follows: (Asmple —
Acontrol/Acontrol) % 100.

MEDIATORS PRODUCTION

Nitric oxide

The levels of NO in supernatants from macrophages
control or exposed to Cdt were assayed by adding 100 4L
of freshly prepared Griess reagent [28] to 100 4L of the
sample in 96-well plates, and then reading the absorbance
at 540 nm, 10 minutes later by comparison with the ab-
sorbance curves of serial dilutions of sodium nitrate in
complete culture medium. The minimum level of NO de-
tectable under the assay conditions was 1 nmol.

Cytokines

The levels of cytokines IL-6, IL-10, and IFN-y in the
culture supernatants were assayed by a two-site sand-
wich enzyme-like immunosorbent assay (ELISA) [29]. In
brief, ELISA plates were coated with 100 yL (1 yg/mL) of
the monoclonal antibodies anti-IL-6, anti-IL-10, or anti-
IFN-y in 0.1 M sodium carbonate buffer (pH 8.2) and
incubated for 6 hours at room temperature. The wells
were then washed with 0.1% phosphate-buffered saline
(PBS/Tween-20) and blocked with 100 yL of 10% FCS in
PBS for 2 hours at room temperature. After washing, du-
plicate supernatant macrophage culture samples of 50 uL
were added to each well. After 18 hours of incubation at
4°C, the wells were washed and incubated with 100 uL
(2 pg/mL) of the biotinylated monoclonal antibodies anti-
IL-6, anti-IL-10, or anti-IFN-y as second antibodies for
45 minutes at room temperature. After a final wash, the
reaction was developed by the addition of OPD to each
well. Optical densities were measured at 405 nm in a mi-
croplate reader. The cytokine content of each sample was
read from a standard curve established with the appro-
priate recombinant cytokines (expressed in nanograms
per milliliter). The minimum levels of each cytokine de-
tectable in the conditions of the assays were 0.01, 0.78, and
0.3 ng/mL for IL-10, IL-6, and IFN-y, respectively.

To measure the cytotoxicity of TNF present in the su-
pernatants taken from the macrophages, a standard assay
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FiGure 1. Effect of Cdt on macrophage activation. Groups of BALB/c female mice were sacrificed and their peritoneal macrophages
collected and exposed in vitro to different amounts of Cdt. After different times of incubation of the cultured peritoneal macrophages,
the cytotoxic and vacuolating percentages were determined at 24 hours; the levels of H,O, and phagocytic index were determined at
48 hours; spreading percentage was determined at 12 hours. Each point represents the mean value of samples from five experiments
in different groups of five mice. Statistical differences between the treatments were P > .01.

with 1929 cells, a fibroblast continuous cell line was used
as described previously by Ruff and Gifford [30]. The per-
centage cytotoxicity was calculated as follows: (Acontrol —
Asample/Acontrol) % 100.

Statistical analysis

Data are expressed as the mean + standard deviation.
Statistical analyses were performed by Student ¢-test and
the level of significance was set at P < .05.

RESULTS

Effect of Cdt on in vitro activation

The effects of different doses of Cdt were analyzed
by detecting levels of cytotoxicity, H,O,, vacuole for-
mation, phagocytic index, and spreading percentage in
macrophages as summarized in Figure 1. Groups of mice
were sacrificed and their macrophages, which were col-
lected using peritoneal lavage, were then exposed in vitro
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to different amounts of Cdt and incubated under the
same conditions for different time periods. For all exper-
iments when 5 pug/mL of Cdt were used, the results ob-
served were similar to those obtained for the culture con-
trol (result not shown). Macrophages exposed over 24
hours to 1-20 yg/mL of Cdt do not cause lyses. In con-
trast, the highest cytotoxicity percentage was observed in
macrophages exposed to 25 yg/mL (Figure 1). The high-
est levels of H,O, were observed 48 hours postexposure,
in macrophage cultures treated with 10 ug/mL of Cdt
(Figure 1). All the Cdt amounts were capable of stimu-
lating vacuole formation in macrophages exposed to Cdt
over 24 hours (Figure 1). The highest vacuolating per-
centage was observed for macrophage groups exposed to
15 ug/mL of Cdt. Figure 1 also shows that Cdt was capa-
ble of inhibiting phagocytosis and spreading percentage.
The phagocytic index and spreading percentage presented
by macrophages exposed to Cdt for 48 and 12 hours, re-
spectively, were significantly lower when compared with
control culture (Figure 1).

The NO and cytokine production in macrophages ex-
posed to different amounts of venom are illustrated in
Figure 2. The levels of IL-6, TNF, and IFN-y were high-
est in macrophage groups exposed to Cdt for 12, 48, and
96 hours, respectively, when compared with macrophage
control (Figure 2). Interestingly, among the groups of cells
exposed to Cdt, the maximum levels of IL-6, TNF, and
IFN-y were observed with 10 yug/mL (Figure 2). Figure 2
also shows that no difference was observed for levels of
IL-10 among all groups of macrophages exposed to Cdt.
Moreover, for all cytokines studied here, with exception of
IL-10, a discreet decrease was observed, when the amount
of Cdt was increased. The highest levels of NO were ob-
served among macrophages exposed to 15 ug/mL of Cdt
for 96 hours (Figure 2).

Taking these results, it was possible to establish the op-
timal conditions for macrophage exposure to Cdt. Thus in
the following set of experiments, the macrophages were
exposed to 10 ug/mL of Cdt.

Effect of Cdt on functional status

To evaluate the functional status of macrophages,
mice were sacrificed and their macrophages collected
using peritoneal lavage. Those were then exposed to
10 pg/mL of Cdt. The effects of venom on macrophages
were determined by measuring oxygen intermediate
metabolites, phagocytic index, and percentage of spread-
ing (Figure 3). The highest levels of H,O, were observed
among macrophages exposed to Cdt over a 48-hours pe-
riod, when compared with those obtained from con-
trol cells (P > .05) (Figure 3). In this case, the acti-
vation was not confirmed using the phagocytic index.
For macrophage groups treated with Cdt for 2 hours the
phagocytic index was significantly lower, when compared
with those obtained from control cultures (P > .001)
(Figure 3). The highest phagocytic index was observed
for macrophages exposed to Cdt for 12hours, which

thereafter decayed (Figure 3). After 48 hours, the phago-
cytic index remained constant (results not shown).

The spreading test is based on the ability of macro-
phages, which have been activated, to adhere to plastic and
to spread. Macrophages exposed to 10 ug/mL of Cdt pre-
sented a significantly lower percentage spreading, when
compared with those obtained from control macrophages
(P >.001) (Figure 3). For macrophages treated with Cdt,
it was also observed that the percentage of spreading pre-
sented a discrete increment with an increase in the time
that they were exposed to Cdt for up to 72 hours, decay-
ing thereafter (Figure 3).

Effect of Cdt on vacuole formation

In order to determine the vacuolation in macrophage,
cells were obtained as described above. The extent of vac-
uolation was quantified over a period of 12 hours up to
120 hours, using neutral red assay. As shown in Figure
4, the vacuolating percentage was discretely higher for
macrophages exposed to Cdt for 48 hours, when com-
pared with those obtained from control cultures. The vac-
uoles started to appear at 12 hours until 48 hours after ad-
dition of Cdt at 10 yg/mL, decaying thereafter (Figure 4).

Effect of Cdt on mediators production

To evaluate the ability of Cdt to induce the production
and liberation of NO and cytokines, groups of mice were
sacrificed and their macrophages, which were collected by
peritoneal lavage, were exposed in vitro to 10 yg/mL of
Cdt for different time periods.

As shown in Figure 5, the levels of NO of the macro-
phages in vitro exposed to Cdt increased up to 96 hours,
decreasing thereafter. The levels of NO in the groups of
macrophages exposed to Cdt were significantly higher
than those obtained from control cultures (P > .01).

The kinetics of cytokines production is shown in
Figure 5. The in vitro exposition of macrophages to Cdt
resulted in IL-6 production. The maximum production
of IL-6 was detected among cultures exposed for 24 hours
(Figure 5). TNF production was significantly higher for
macrophages exposed to Cdt for 48 hours (P > .001)
(Figure 5). Figure 5 also shows that the levels of IFN-
y started to appear after 48 hours in macrophage groups
exposed to Cdt. The maximum levels of IFN-y were ob-
served in cultures exposed to Cdt for 96 hours (Figure 5).
With respect to IL-10, two peaks were observed, one of
them at 48 hours and the second one at 96 hours (Figure
5). Although macrophages exposed to Cdt presented an
increase in IL-10 levels, these increments displayed no dif-
ference, when compared with those obtained from control
cultures (Figure 5).

DISCUSSION

In Brazil, C durissus terrificus is responsible for the
majority of accidents among humans. Snake venoms have
been shown to consist of a mixture of many toxic proteins
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FIGURE 2. Mediators released by peritoneal macrophages from BALB/c female mice. Peritoneal macrophages were obtained and ex-
posed in vitro to different amounts of Cdt as described in “materials and methods.” The levels of IL-6 were determined after 24 hours,
for IL-10 and IFN-y after 72 hours. They were assayed by ELISA assay using monoclonal antibodies as the probe. TNF levels were
determined after 48 hours by standard assay with 1929 cells. NO levels were determined after 96 hours by the Griess colorimetric
reaction. Each point represents the mean value of samples from five experiments in different groups of five mice. Statistical differences

between the treatments were P > .01.

and enzymes, with diverse and complex pharmacologi-
cal effects. Despite increasing knowledge concerning the
pathophysiology events following snake envenoming, the
inflammatory response has scarcely been investigated.
Macrophages are a critical part of immune response
and play a fundamental role in both humoral and cellu-

lar immune responses. The macrophages function as ef-
fectors cells because they are able to rapidly recognize,
internalize, and destroy a large number of pathogens, or
they may act as accessory cells, recruiting and activating
other immune cells. The present antigens to lymphocytes,
modulate T cell functions, and secrete a large number of
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Ficure 3. Functional status of macrophages. Peritoneal macrophages were obtained and exposed in vitro to 10 ug/mL of Cdt for
different times as described in “materials and methods.” The activation of the cultured peritoneal macrophages was determined
by measuring the oxygen intermediates metabolites (H,0,). The phagocytic index and percentage spreading were determined as
described above. Each point represents the mean value of samples from five experiments in different groups of five mice. Statistical

differences between the treatments were P > .01.

inflammatory mediators, which play roles in the ampli-
fication of both humoral and cell-mediated immune re-
sponses [31, 32, 33].

In order to establish the optimal conditions for
macrophage-venom interactions, the effects of Cdt on
cytotoxicity percentage were studied. This study showed
that 5-15 ug/mL of Cdt did not induce cytotoxicity in
peritoneal macrophages from BALB/c mice. The high-
est cytotoxicity percentage was observed in cultures of
macrophages exposed to 25 ug/mL of Cdt.

The macrophages exhibit different phenotypes, which
are mostly related to their cell morphology, surface anti-
gen expression, and function. This phenotypic hetero-
geneity is a consequence of a series of down-regulations of

certain cellular processes and the up-regulation of others
[34, 35]. This study shows that Cdt induced the morpho-
logical changes in macrophages and that these changes
were not dose-dependent on the venom used.

Particles internalization by macrophages and other
phagocytic cells results in the generation of phagocytic
vacuoles. The typical characteristic of such vacuoles is
their progressive maturation along the endocytic path-
way, leading to fusion with late endosomes and ulti-
mately lysosomes, where ingested material is degraded
[36, 37]. In this study we observed the presence of vac-
uoles after 10 yug/mL of Cdt exposure. We also observed
that the presence of large vacuoles and membrane pro-
jections were not damaging. The cells presented plasma
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FIGURE 4. Vacuole formation. Peritoneal macrophages were ob-
tained and exposed in vitro to 10 ug/mL of Cdt as described in
“materials and methods.” After different periods of incubation
at 37°C in an atmosphere of 5% CO,, the cells were stained
with neutral red for 5 minutes. The absorbance was determined
at 540 nm, and the results were expressed as described before.
Each point represents the mean value of samples from five ex-
periments in different groups of five mice. Statistical differences
between the treatments were P > .01.

membrane integrity and well-preserved mitochondria
profiles, characteristic of good cell viability. Previous au-
thors have shown that the increased number of vacuoles
during stimulation was probably due to the increased exo-
cytosis of inflammatory proteins, which could be detected
in their culture supernatants [38].

The particles which are ingested by phagocytic cells
through a receptor-mediated mechanism involve exten-
sive cytoskeleton rearrangements and membrane remod-
eling [39]. The results obtained in this study have shown
that the Cdt induced a decreasing phagocytic index. These
observations are in accordance with other authors who
have described macrophage exposition to Cdt venom
(21, 22].

The present study evaluates the spreading ability of
macrophages. Those nonexposed to venom obtained be-
tween 72% up to 76% ratio of macrophage spreading. In
contrast, among macrophages exposed to Cdt, the spread-
ing percentage was about 44%. Under the conditions used
in the present study, Cdt demonstrated a significant in-
hibitory effect on macrophage spreading which was also
related to modest activation. These results suggest that
the concentration of Cdt did not directly effect variations
in the levels of H,O; released by peritoneal macrophages.
Since spreading is an important mechanism in the inter-
action between the phagocyte and the particle to be en-
gulfed, any substance which inhibits macrophage spread-
ing, also interferes with the phagocytosis process [21, 22].

The appearance and activation of macrophages are
stages on the path to rapid events, responsible for the
development of many pathological lesions. A number of

stimuli such as microbial infection, tissue injury, and
tumor cells can activate macrophages. In culture, the
macrophages provide the secretion of various substances,
and biological activity can vary from induction of cell
growth to cell death. To define the optimal conditions for
macrophage exposure to Cdt, inflammatory responses in
the mouse model were investigated. Cytokines are a group
of regulatory and immunomodulatory proteins involved
in a number of physiological processes. With respect to
the proinflammatory cytokines, they induce local and sys-
temic inflammatory manifestations. These last manifes-
tations include fever, an acute-phase response, and the
induction of systemic shock in severe inflammatory re-
sponse. The proinflammatory cytokines are the principal
mediators of the inflammatory response. Previous stud-
ies have shown that proinflammatory cytokines such as
IL-1, IL-6, and TNF [40, 41, 42] are key intermediates of
an over-responsive host-response reaction. TNF exerts a
wide spectrum of biological activities which contributes
to the pathophysiology of septic shock and probably con-
tributes to systemic inflammatory response in enveno-
mated mice [11].

Under the conditions used in the present study, we ob-
served that the exposure of macrophages to Cdt may alter
TNF production. TNF production peaked after 48 hours,
decaying thereafter, whereas IL-6 peaked after 24 hours.
The decrease of IL-6 and TNF levels after 24 and 48 hours,
respectively, has also been observed by other authors
[8, 9, 10, 11]. Thus these results show that the murine
macrophages exposed to Cdt are stimulated to produce
the proinflammatory acute-phase cytokines, TNF, and IL-
6. The induction of these proinflammatory cytokines by
macrophages in response to Cdt may be an important fac-
tor in the pathogenesis induced by this venom. Another
point demonstrated by this study was the observation that
the phagocytic index was lower in culture macrophage
treated with Cdt. Inhibition of phagocytosis was not ac-
companied by a decrease in the release of TNF and IL-6.
IFN-y is a key cytokine in host defenses against intracellu-
lar organism [43]. The present study shows that Cdt is ca-
pable of stimulating murine peritoneal macrophage to re-
lease IFN-y. IL-10 is a pleiotropic cytokine recognized for
its inhibitory activity on a variety of immune functions.
IL-10 exerts anti-inflammatory effects on macrophages
and dendritic cells by suppressing production of inflam-
matory cytokines such as TNF-a, IL-1, and IL-6. Among
all cytokines analyzed in this study, only IL-10, which is
a product of macrophages exposed to Cdt was not al-
tered.

It has been suggested that overproduction of inflam-
matory cytokines has been, may be, a major factor in sev-
eral diseases associated with tissue damage. The ratios of
IL-10/TNF and IL-6/IL-10 indicate the inflammatory sta-
tus of the cells. The results obtained in this study showed
that the IL-6/IL-10 ratio could possibly reflect the bal-
ance between pro- and anti-inflammatory cytokines in
macrophages, which may represent inflammatory status
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F1GURE 5. Cytokines released by peritoneal macrophages from BALB/c mice. Peritoneal macrophages were obtained and exposed in
vitro to 10 ug/mL of Cdt for different periods of time as described in “materials and methods.” IL-6, IL-10, and IFN-y were assayed
by ELISA using monoclonal antibodies as the probe. TNF levels were determined by standard assay with L929 cells. NO levels were
detected by the Griess colorimetric reaction. Each point represents the mean value of samples from five experiments in different
groups of five mice. Statistical differences between the treatments were P > .01.
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in envenoming processes. Low IL-10 secretion was
observed in those macrophages treated with Cdt because
they are unable to mount the anti-inflammatory response.

NO is an inflammatory mediator directly related to
cell activation which contributes to the death or inhibi-
tion of a variety of pathogens [44, 45]. The present study
showed that Cdt is capable of inducing NO production in
peritoneal macrophages. These results agree with previ-
ous reports which showed that macrophages exposed to a
variety of snakes venoms have significantly enhanced NO
production [8, 9, 11].

However, the exact mechanism by which this over-
production of inflammatory mediators takes place is
not completely understood. In conclusion, it is clear
that macrophages exposed to Cdt exhibit morphological
changes and differential levels of activation, which may
also indicate an exaggeration of proinflammatory activity
coupled with an inadequate anti-inflammatory compen-
sation.
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