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Purpose: A silver nanoparticle obtained by reducing salts with solid dispersion of curcumin
(130 nm, 0.081 mg mL™") was used to counteract against the toxic — edematogenic,
myotoxic, and neurotoxic — effects of Philodryas olfersii venom.

Methods: The edematogenic effect was evaluated by plasma extravasation in rat dorsal skin
after injection of 50 pg per site of venom alone or preincubated with 1, 10, and 100 pL of
AgNPs; the myotoxicity was evaluated by measuring the creatine kinase released into the
organ-bath before the treatment and at the end of each experiment; and neurotoxicity was
evaluated in chick biventer cervicis using the conventional myographic technique, face to the
exogenous acetylcholine (ACh) and potassium chloride (KCl) added into the bath before the
treatment and after each experiment. Preliminarily, a concentration-response curve of AgNPs
was carried out to select the concentration to be used for neutralizing assays, which consists
of neutralizing the venom-induced neuromuscular paralysis and edema by preincubating
AgNPs with venom for 30 min.

Results: The P. olfersii venom-induced edema (n=6) and a complete neuromuscular block-
ade (n=4) that includes the total and unrecovered block of ACh and KCI contractures. AgNPs
produced a concentration-dependent decrease the venom-induced edema (n=6) from 223.3%
to 134.4% and to 100.5% after 10 and 100 pL AgNPs-preincubation, respectively. The
preincubation of venom with AgNPs (1 pL; n=6) was able to maintain 46.5 £ 10.9% of
neuromuscular response under indirect stimuli, 39.2 + 9.7% of extrinsic nicotinic receptors
functioning in absence of electrical stimulus and 28.3 + 8.1% of responsiveness to potassium
on the sarcolemmal membrane. The CK release was not affected by any experimental
protocol which was like control.

Conclusion: AgNPs interact with constituents of P. olfersii venom responsible for the
edema-forming activity and neuromuscular blockade, but not on the sarcolemma membrane-
acting constituents. The protective effect of the studied AgNPs on avian preparation points
out to molecular targets as intrinsic and extrinsic nicotinic receptors.

Keywords: chick biventer cervicis, opisthoglyphous snakes, Philodryas olfersii,

neuromuscular blockade, silver nanoparticles

Introduction
Modern technologies such as nanotechnology have been revealed as a potential approach
for treating ophidian envenomation - a worldwide and neglected disease whose official
treatment is serum therapy' - since these materials have been thought to prevent the spread
of venom through the body.>* This meets with the global strategy of the World Health
Organization for the prevention and control of snakebite envenoming.*

Considering that serum therapy is efficient for systemic but not for local effects
and that it must be administered early after envenomation to increase the odds of
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a successful treatment, which is an unfavourable condition
to inhabitants of rural areas from many countries, the
nanoparticles come as a promising option against
snakebites® and have already shown their value with the
venoms of Naja nigricollis (Elapidae),” Doboia russellie
(Viperidae),” Bothrops jararaca and Bothrops erythrome-
las (Viperidae),® Bothrops jararacussu (Viperidae),”
Daboia  russelii  (Viperidae)
(Elapidae).'®!"

The reasons for use of the nanoparticles include the

and Naja kaouthia

venom toxins bridging as the interface for drug delivery
and targeted therapy,® as shown with the antigen delivery
of encapsulated Naja naja oxiana venom in chitosan nano-
particles targeting tumor cells.'? Also, the herbal Vitex
negundo gold nanoparticle neutralized the acute toxicity,
acute stress, and cytokine response of Naja kaouthia
venom,'’ and the titanium dioxide nanoparticles were
used as an antidote against the lethal activity of Daboia
russelii and Naja kaouthia venoms."' Likewise, chitosan
nanoparticles loaded with B. jararaca and B. erythromelas
venoms were tested as immunoadjuvants on antivenom
production.®

Nanoparticles have also been used for more specific
objectives. The silver nanoparticles promote protection
against the neuromuscular blockade induced by Bothrops
Jararacussu venom’ and the proteolytic effects of Doboia
russellie venom,’” while abiotic hydrogel nanoparticle miti-
gates the progression of local tissue damage induced by
a diverse array of phospholipases A, and 3FTX isoforms
found in Naja nigricollis venom.>

The Colubridae snakes Philodryas olfersii (P. olfersii)
and Philodryas patagoniensis (popularly known as green
considered as not

snakes) are opisthoglyphous,

poisonous,'> and restricted to South America.
Envenomation by these species produces similar effects
to those caused by Bothrops sp., which can induce mis-
identification and consequently the treatment with bothro-
pic antivenom.'*'® Although of low occurrence, bites by
opisthoglyphous snakes can induce mild to severe symp-
toms and need to be reconsidered despite their medical
importance.

Particularly to P. olfersii, few snakebites were reported
in the literature. A retrospective analysis pointed 43 cases
treated at Hospital Vital Brazil (Butantan Institute, Sdo
Paulo, Brazil) from 1982 to 1990'" and more cases were
reported in the years after.'® Besides, death has been
reported in Recife (Pernambuco state, Brazil).'® The

symptomatology following these accidents can include

local and

17,19

intense pain, swelling, erythema,

ecchymosis at the site of the bite, but with normal
clotting time.'” Other studies also reported the venom
hemorrhagic, fibrinogenolytic, and edema-forming
activities,”® besides myotoxicity,”' neurotoxicity,”® and
ability to trigger inflammatory cell infiltration.”
Curiously, the venom increases the creatine kinase levels
in mice but does not affect isolated mammalian
preparation.* Contrarily, it causes head drops and paresis
in chick, and an irreversible neuromuscular blockade in

avian isolated preparation,m’25

perhaps a result of its
arboreal ecological niche.?

In this context, taking into account the edema-forming
activity and the known effects of P olfersii venom on
avian preparations, a silver nanoparticle (130 nm) obtained
by reducing salts with solid dispersion of curcumin
(Curcuma longa Linn.) and stabilized with Pluronic F68
polymer?’ was used to counteract the toxic effects (ede-
matogenic, neurotoxic, and myotoxic) of this snake venom
since the strategies to minimize the progression caused by
snake envenoming, especially regarding local effects, are

inexistent and should be of major public health interest.

Materials and Methods

Silver Nanoparticles

The comprehensive nanoparticles in this study consist of
silver nitrate obtained by reducing salts with solid disper-
sion of curcumin (Curcuma longa Linn.). All reagents
were from Sigma—Aldrich® (Saint Louis, MO, USA), as
described by Alves et al.?’ In this mechanism, it is
believed that both the polymeric compound pluronic F68
and curcumin influence the reduction of these salts and
subsequent conversion to metallic nanoparticles.*® Briefly,
using a jacketed glass reactor (250 mL) coupled to the bath
at a temperature of 80—90°C under agitation on an orbital
shaker were added 45 mg of silver nitrate and 135 mg of
solid curcumin dispersion. After 40 min, the solution
obtained was removed from the system and left at room
temperature to cool. Afterwards, the obtained nanoparti-
cles were characterized by Dynamic Lighting Scattering
(DLS, Brookhaven-NanoBrook-90 Plus, New York, USA)
showing an average size of 130 nm. The concentration of
AgNPs is referred to as being 0.081 mg mL™" based on
elsewhere,””*° but additional experiments are needed to
elucidate the real amount. Due to being a complex process
where AgNPs, curcumin and pluronic F68 can contribute
to results, the nanoparticle AgNPs process obtained was
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not purified, but this does not cancel the importance of the
preliminary data described here.

Transmission Electron Microscopy (TEM)
For this analysis, we used as reference silver nanoparticles

obtained by dos Santos et al*’

without the presence of
curcumin. Thus, a volume of 20 uL of each sample (with
or without curcumin) was put on a sheet of Parafilm. Next,
a Formvar-carbon coated EM grid (G200H-Cu, Electron
Microscopy Sciences©, Hatfield, USA) was put on top of
the drop for 20 min. Then, each grid was carefully let dry
for 2 min, followed by 2 washes of milli-Q water. At last,
air-dried the grid for 10 min and stored up to the examina-
tion in a LEO 906-Zeiss transmission electron microscope
(Carl Zeiss Microscopy GmbH, Germany) at an accelerat-
ing voltage of 60 kV. TEM was performed at the Electron
Microscopy Laboratory of the Institute of Biology from
the State University of Campinas.

Philodryas olfersii Venom

The lyophilized venom of P. olfersii results from a pool of
adult specimens kept at the serpentarium of the Center for
Nature Studies (CEN) kindly donated by Dr José Carlos
Cogo, from Universidade Brasil (SP, Brazil). This work is
registered at the National System for the Management of
Genetic Resources and Associated Traditional Knowledge
(SISGEN no. AE18BF2).

Animals

Chicks HY-line W36 (4-8 days) were supplied by Santa
Barbara Poultry Farming (Sorocaba, SP, Brazil) and
housed in metal cages with a sawdust substrate that had
free access to food and water ad libitum. The project was
approved under protocol 159/2019 by the Ethics
Committee on Animal Use - CEUA of the University of
Sorocaba — SP.

Male Wistar rats (400—500 g; 3—6 months old) from the
animal house of the Faculty of Medical Sciences and
Health (Pontificia Universidade Catdlica de Siao Paulo,
PUC-SP, Sorocaba, Brazil) were treated following the
norms of the Research Ethics Commission until the
achievement of experiments. The experimental protocols
were approved by this institutional Committee for the Care
and Use of Experimental Animals under protocol no.
2019/117. The animal experiments were done per the
Guide for the Care and Use of Laboratory Animals,’'
and the Animal Research: Reporting of In Vivo
Experiments (ARRIVE) guidelines.

Rat Dorsal Skin Plasma Extravasation

The rats were anesthetized via inhalation with Isoflurane
(BioChimico®, Rio de Janeiro, RJ, Brazil) and sodium
thiopental (i.p. 50 mg mL™"), with maintenance doses if
necessary. The dorsal skin was shaved, and the animals
received Evan’s blue dye (1 mL kg ') by bulbourethral
penile vein according to elsewhere.”® This was followed
by the intradermal injection (fixed volume: 100 pL) of the
vehicle (saline control), silver nanoparticles (AgNPs con-
trols) and P olfersii (venom 50 pg per site) alone or
previous incubated (30 min) with 1, 10, and 100 uL of
AgNPs, using a random order and balanced site pattern.
Thirty minutes later, enough time for the maximal effect of
the venom according to Rocha & Furtado,'® the rats were
euthanized with an overdose of isoflurane, the dorsal skin
was removed, and the diameters of injected sites (Evans’
blue halo) were measured using a caliper. Plasma extra-
vasation was expressed as % of control. Results were
compared to saline control. Figure 1 shows an experiment
using 8 different experimental protocols (n=6, for each
group) performed on the dorsum of the rat, namely, in 8
randomized areas of application: 1, saline (control); 2,

Figure | Epilated area of the rat dorsum for random application of the different
protocols (I to 8), with n = 6 for each experimental group.
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Venom alone (50 pg per site); 3, Venom (50 ug per site) +
AgNPs (1 pL or 81 ng); 4, Venom (50 pg per site) +
AgNPs (10 pL or 810 ng); 5, Venom (50 pg per site) +
AgNPs (100 pL or 8100 ng); 6, AgNPs (1 uL); 7, AgNPs
(10 pL); 8, AgNPs (100 pL).

Chick Biventer Cervicis (BC) Preparation
Chicks were euthanized via inhalation overdose of isoflurane
(BioChimico®, Rio de Janeiro, RJ, Brazil) and the biventer
cervicis muscles were removed according to Ginsborg &
Warriner’* as described elsewhere.”” Briefly, the preparation
was mounted under a tension of 1 g per 0.5 cm in a 5 mL
organ bath (Panlab® Four Chamber Organ Bath) maintained
at 37°C, aerated with carbogen (95% O, and 5% CO,), and
kept in a Krebs solution with the following composition
(mM, pH 7.5): NaCl, 118.1; KCI, 4.8; CaCl,, 2.5; MgSOy,,
1.2; NaHCQO3, 25; and glucose 11.1. A bipolar platinum ring
electrode was inserted around the tendon within which the
nerve trunk supplying the muscle runs. Field stimulation was
done using a Pulse Generator & Mainframe for up to 4 units
(LE12406TC, Panlab®) stimulator (0.1 Hz, 0.2 ms, 5-12 V).
Muscle contractions delivered from “intrinsic” receptors,
which respond to the neurotransmitter liberated from the
nerve terminal and contractures (depolarizing activity) deliv-
ered from “extrinsic” receptors, which respond to acetylcho-

line added e><ogenously34’36

were recorded isometrically via
MLT0201
(ADInstruments), coupled to a QuadBridge amplifier model
FE224 (ADInstruments). The data acquisition was made

using a PowerLab 4/35 system model 3504/P connected to

a force-displacement transducer model

a computer unity containing LabChart and LabChart Pro
Modules software (ADInstruments). The BC preparations
were stabilized for at least 10 min before the addition of 40
puM acetylcholine (ACh) for 60 seconds (s) or 100 mM
potassium chloride (KCI) for the 60s. Contractures to exo-
genous ACh or KCI were recorded in the absence of field
stimulation before the beginning or after the end of each
experiment as a test for evaluating pre- or post-synaptic
action and, at the same time, the integrity of the sarcolemma.
A concentration-response curve was carried out with 1, 5 and
25 puL of AgNPs, which when added to a bath of 5 mL
capacity, correspond to 0.0162, 0.081, and 0.405 ng mL ™",
respectively.

Creatine Kinase (CK) Measurement

For the quantification of CK activity, samples (100 pL) of
the BC bathing solution were withdrawn from the organ
bath at 0 (control, after exogenous KCl and ACh addition,

but before any treatment) and 120 min after each treat-
ment. The withdrawn volume was replaced with an equal
volume of Krebs solution. The samples collected were
stored for 2 h at 4°C until determining the CK activity
(expressed in U L") at 340 nm (Shimadzu®, model multi
spec-1501) and at 37°C, using a commercial kit (CK-NAC
REF 11.002.00, BioClin®, Belo Horizonte, MG, Brazil).

Data Analysis

All parameters were expressed as the mean + SEM and
were compared among groups using Student’s #-test (con-
tracture responses of ACh and KCl in preincubation
experiments) or one-way ANOVA followed by the
Tukey’s test (edema-forming activity, CK release, pharma-
cological assays and contracture responses of ACh and
KCl of AgNPs’
p<0.05 indicating significance. All data analyses were

concentration-response curve) with

done using Origin© v.9.5 (OriginLab Corporation,
Northampton, MA, USA).

Results

An innovative AgNPs obtained with curcumin resulted in
an estimated concentration of 0.081 mg mL™', which cor-
responds to about 60% of silver nitrate added in the
process, as previously described for other AgNPs obtained
in the absence of curcumin. Figure 2 shows
a photography’s panel obtained through standardized
TEM of these nanoparticles to illustrate the success of
nanoparticle production, using as reference silver nanopar-
ticles obtained in a similar process, but without curcumin.

As edema is an event that initiates rapidly after
a P olfersii snakebite, we hypothesized that the AgNPs
could minimize this effect. As such, we evaluated the
AgNPs protection resulting from the venom intradermal
injection on the vascular permeability in rat skin shown
(Figure 3, and Tables S1 and S2). Note that the P. olfersii
venom increased plasma leakage to 223.3% of control and
that the inhibition of venom-induced edema by AgNPs
was effective with concentrations above 10 pL - not sta-
tistically significant when compared to saline control.

Ex vivo assays were carried out using the functional
chick Biventer cervicis (BC) preparations. Figure 4A
shows the concentration-response curve using AgNPs in
amounts (in volume) of 1, 5, and 25 pL added into the
organ-bath (5 mL of volume). Note that an amount as
small as 1 pL. of AgNPs (which in 5 mL contains around
0.0162 ng mL™"), selected for further preincubation assays

with P. olfersii venom, induced a slight but significant
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Figure 2 Images obtained from transmission electron microscopy (TEM, 60 kV, 100.000X). (A) Milli-Q water. (B) AgNPs 0.08] mg mL™" in absence of curcumin used as
a reference.” (C) AgNPs 0.081 mg mL™' synthetized with curcumin. The latter image denotes the successful production process of curcumin-silver nanoparticles. Bars=200

nm.

300+

n
[=]
o
L
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100 -+

Plasma extravasation
(% of Control)

P. olfersii + 1 10 100
AgNPs (uL)

Figure 3 Extravasation of plasma in the dorsal skin of rats. The rats were
anesthetized, and the dorsal skin was epilated. The animals received Evan’s blue
dye (100 pL per 100 g) through the urethral bulb penile vein. Then, they were
injected intradermally (fixed volume: 100 L) of the vehicle (saline control), AgNPs
(I, 10, and 100 pL) and P olfersii venom alone (50 pg per site) or previously
incubated (30 min) with I, 10, and 100 pL of AgNPs, using a random order in
balanced and standardized sites. Thirty minutes later, the diameter of the injected
sites (Evan’s blue halo) was measured. Plasma leakage was expressed as
a percentage of the control (% control). The columns represent the mean + SEM
(n = 6). *p <0.05 compared to the control. *p <0.05 compared to the poison.

(compared to Krebs control) neuromuscular blockade of
around 24 + 12% at the end of 120 min. The blockade
induced by AgNPs was concentration-dependent under
indirect stimuli.

The BC preparations allow interpreting either the indir-
ect evoked stimuli as shown above (Figure 4A), as the
contractures induced by exogenous ACh and KCI in
absence of electrical stimuli (Figure 4B and C, respec-
tively). This is possible since the avian preparation, differ-

ently than mammalian tissues, has multiple innervated

fibers with a larger number of endplates distributed along
its length. In this analysis, otherwise, the silver nanoparti-
cles alone affected only virtually the amplitude of ACh or
KCI contractures since results were not statistically differ-
ent from Krebs control. The minor concentration of
AgNPs was selected for further preincubation assays, by
myographical criterium.

In the sequence, we tested the ability of 1 pL. AgNPs to
inhibit the neuromuscular activity of P. olfersii venom.
Figure 5A shows experiments elicited indirectly, resulting
in ACh release from terminals in the endplate region. Note
the rapid installed neuromuscular paralysis induced by
snake venom. The preincubation of AgNPs 1 pL with 50
pg mL™" of venom for 30 min before the addition into the
organ-bath significantly protected the preparation against
the neuromuscular blockade induced by the venom alone,
around 46.7£10.9%
response at the end of the experiment, under indirect

maintaining of neuromuscular
stimulation. Figure 5B shows a characteristic myographi-
cal register of P. olfersii venom on BC preparation indu-
cing a rapid increase in the amplitude of twitches followed
by a complete and irreversible neuromuscular blockade.

The venom alone abolished completely the contrac-
tures in response to both (Figure 5C and D, respectively).
Thus, the preincubation of AgNPs with venom showed the
significant protective role of AgNPs, preserving around
39.2 £ 9.7% of nicotinic ACh response, and 28.3+£8.1%
of KCI sensitivity on the sarcolemma.

Figure 5E shows the obtained results of creatine kinase
(CK) activity in aliquots collected from the bath after
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Figure 4 Chick Biventer cervicis preparation. (A) Concentration-response curve of AgNPs under indirect stimuli showing a concentration-dependent effect. (B) and (C)
show the contracture response to ACh and KCl, respectively, being: [l Krebs control (n=7) Venom (n=4) AgNPs 0.08] mg mL™" (I pL, n=6)
*| Preincubation (n=6). Each point represents the mean+SEM. *p<0.05 in all subsequent points, and in all concentrations compared to control. #p<0.05 compared

among AgNPs.

2 h of each experimental protocol. Note that no statistical
change was observed in treated preparations with AgNPs,
venom or preincubated samples (AgNPs + venom) in

comparison to the control.

Discussion
The silver nanoparticles production using a curcumin solid
dispersion as a reduction agent is an innovative approach
where curcumin substances and pluronic agents can both
contribute to AgNPs production, by mechanisms that
remain unclear. Here, the protective role of AgNPs was
evaluated against the toxic effects of Philodryas olfersii
snake venom on mammalian (in vivo) and avian (ex vivo).
Although P olfersii is considered a non-venomous
snake,'* bites by these opisthoglyphous snakes can lead to
misidentification with those caused by the Bothrops
genus.'* ' Then, to establish differences among them is
important to address the appropriate treatment. Differently
to Bothrops snakes, P. olfersii venom does not cause labora-
tory abnormalities or coagulation disorders,'® but causes

. . 16.2
other common similar symptoms, such as edema.'®*

In this study, the rat dorsal skin model was selected to
evaluate the ability of AgNPs in protecting against the
venom edema-forming activity, since this is a rapid event
experimentally installed after P. olfersii injections. Plasma
extravasation can have multifactorial causes’’ as those
seen in some snake venoms.*® Interactions between plate-
lets and mast cells are among the mechanisms by which
snake venoms induce plasma extravasation; this effect,
also seems for P. olfersii venom,* can lead to hypovole-
mic shock or hypothermia, along with non-specific tissue
injury and inflammation.>”-*°

Considering that nanoparticles have a role in passive
(achieved by extravasation through increased permeability
of the vasculature) and active (achieved by internalization
for expressing their cytotoxic potential) targeting in cancer
treatment,*” it is attractive to think that silver nanoparticles
were able to avoid the edema induced by the P. olfersii
venom mainly by their passive ability in accessing the
venom’s compounds and decreasing their toxicities.

Our pharmacological results shown in Figures 4 and 5
were performed in a functional ex vivo chick BC prepara-
allows

tion, which evaluating the integrity of the

https:
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Figure 5 Chick Biventer cervicis preparation. (A) The protection of AgNPs is showed in preincubation experiments. (B) Myographical register showing the irreversible
neuromuscular blockade-induced by 50 g mL™" P. olfersii venom. (C) and (D) show the contracture response to ACh and KCl, respectively, which were blockade by the
venom. (E) CK activities of experimental groups. Note that the venom alone did not induce CK release in this experimental model. In preincubation assays the comparison
among (A) with (C) and (D) there was a positive correlation between indirect stimulation with exogenous ACh addition, but not between exogenous KCl and CK
determination. Each point represents the mean+SEM. *p<0.05 in all subsequent points and concentrations compared to control. “p<0.05 compared to the venom. Arrow in

D is indicative of the blockade of the venom.

neuromuscular junction machinery via indirect stimulation
and in absent stimulation (face to exogenous addition of
ACh and KCl), besides additional ability by direct stimu-
lation by an unknown function independent of the
myofiber.*!

The concentration-response curve of AgNPs showed
that 1, 5, and 25 pL did not interfere with the contracture
response of ACh nor KCI (Figure 4B and C), compara-
tively to Krebs control. These results are interesting to
evaluate the ability of AgNPs against the total blockade

induced by P. olfersii venom on the contractile responses
5A),
membrane.

P. olfersii venom is devoid of the enzymatic activities
related to phospholipase A,, fibrinogenase, platelet aggre-
gant, nucleotidase, and DNAase.2%4? However, the venom

(Figure nicotinic receptors and sarcolemma

expresses serine proteases, metalloproteases, C-type lec-
tins, and high alkaline phosphatase activity.*** Future
studies are needed to correlate which venom component
is responsible for the neuromuscular blockade elicited by
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indirect stimuli; still, we observed that the venom fails in
inducing such blockade in lower temperatures <37°C (data
not shown).

The venom completely blocks the contractures evoked
by the addition of exogenous ACh (Figure 5C) and KCI
(Figure 5D) in absence of stimulation. Silver nanoparticles
preincubated with venom partially abolished (around 50%)
the blockade indirectly induced by the venom alone
(Figure 5B), showing certain efficacy against targets
responsible for the paralysis activity. Successful use of
polymer nanoparticles to sequester the major protein tox-
ins in elapid snakes was described by O’Brien et al® but
silver nanoparticles certainly display a different interaction
with the components of this venom.

In absent stimulation, the AgNPs protection level of
ACh-induced contracture (48.6 = 8.4%) was higher than
the KCl contracture (28.3 + 8.1%), which shows that the
protection was addressed to preserve nicotinic receptors
more than the sarcolemma. It also can be interpreted that
the venom had minor access to both intrinsic/junctional
(elicited by indirect stimulation) and extrinsic/extra junc-
tional (elicited in absence of electrical stimulation face to
exogenous ACh addition) postsynaptic  nicotine
receptors.>>%44 The addition of KCI, which directly
depolarizes the tissue resulting in muscle contracture, is
widely used in Biventer cervicis preparation to evidence
the presence of compounds that affects the muscle mem-
brane potential;*’ a reduction of KCl-induced contracture is
indicative of myotoxic damage to tissue.** The results in the
present study are consistent with the findings of myotoxins
in the Philodryas olfersii Duvernoy’s gland secretion,* and
myotoxic effects seen in experimental models,?'**-*>3
including in human accidents (edema, erythema, ecchymo-
sis, regional lymphadenopathy, neurotoxic and myotoxic
effects, but without coagulative disorders).'®

Yet, these results of exogenous KCl addition do not
correlate with the amount of CK released into the bath.
The reason by which this biomarker was not good to
measure the damage caused by this venom may involve
a tardive release as shown by Philodryas patagoniensis,”'
and P. olfersii."® In this latter venom, the maximum CK
released in blood was obtained after 180 min, whereas our
experimental protocols were measured at 2 hours long.

A critical point in this work can be addressed to the
presence of curcumin in the colloidal dispersion of
AgNPs.
pathologies,>* but here there was no protection against

Curcumin has been applied to tissue

the sarcolemma damage induced by venom. On the other

hand, it is postulated that curcumin can inhibit phospholi-
pases, metalloproteinases, and protein kinase,™ >’ which
is aligned to this work and could be a positive character-
istic of these nanoparticles. Finally, this study also brings
to light the use of AgNPs as a co-adjuvant for the treat-
ment of local effects induced by snakebites, which are not
effectively neutralized by conventional serum therapy.

Conclusions

AgNPs interact with constituents of P. olfersii venom
responsible for edema and neuromuscular blockade, but
lesser on the sarcolemma membrane-acting constituents
than ACh. The protective effect of the studied AgNPs on
avian preparation points out to molecular targets as intrin-
sic and extrinsic nicotinic receptors.
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