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ARTICLE INFO ABSTRACT

Keywords: The therapeutic effect of the Light Emitting Diode (LED) treatment in two wavelengths (635 or 945 nm) was
Bothrops asper venom evaluated in the local pathological alterations induced by Bothrops asper snake venom. Mice received irradiation
Edema

of infrared LED (120 mW, 945 nm) or red LED (110 mW, 635 nm) applied immediately, 1 and 2h after venom
injection. LED treatment reduced edema formation in the plantar region and gastrocnemius muscle and sig-
nificantly reduced neutrophil migration and hyperalgesia after the venom injection. Also, both infrared LED and
red LED treatment significantly reduced myonecrosis, as revealed by muscle CK and plasma CK levels.
Histological analysis corroborated the reduction in the extent of venom-induced myonecrosis. In conclusion, our
data demonstrates that PBM with LED light in both red and infrared wavelengths, when applied after en-
venomation in mice, reduces the extent of myotoxicity, edema, inflammatory infiltrate and hyperalgesia, sug-
gesting that photobiomodulation is a potential therapeutic approach that should be further investigated for the

Hyperalgesia
Light emitting diode
LED therapy myonecrosis

treatment of local effects of Bothrops snakebite.

1. Introduction

The majority of snakebites in Latin America are inflicted by species
of the genus Bothrops. The snake Bothrops asper is responsible for
50-80% of snakebite accidents and 60-90% of deaths secondary to
snakebites in Central America and in some regions of Mexico, Ecuador,
Venezuela and Colombia (Gutiérrez, 2010; Herrera et al., 2016; Otero-
Patino, 2009; Saldarriaga-Cérdoba et al., 2017). In untreated cases, or
when antivenom administration is delayed, local necrosis frequently
occurs and may lead to permanent tissue damage and, in some cases,
leads to amputation (Jorge et al., 1999; Saborio et al., 1998). Ad-
ditionally, victims of Bothrops asper snakebite suffer systemic effects of
envenomation, which are responsible for fatalities in severe en-
venomations (Otero-Patifio, 2009).

The local effects caused by B. asper snakebites are characterized by
intense reactions that include edema, pain, local hemorrhage, blisters,
dermonecrosis and myonecrosis (Chacur et al., 2001; Gutiérrez et al.,

2009a; Zamuner et al., 2001). In addition, systemic manifestations in
severe cases are associated with thrombocytopenia, platelet hypoag-
gregation, disseminated intravascular coagulation, cardiovascular
shock and kidney injury (Rucavado et al., 2005; Chugh et al., 1975;
Gutiérrez et al., 2009b). The mainstay in the treatment of Bothrops sp.
snakebite envenomation is the parenteral administration of antivenom
therapy, which is highly efficient in neutralizing the systemic effects,
but has been shown to be partially ineffective in the neutralization of
local pathological and inflammatory reactions (Camey et al., 2002;
Zamunér et al., 2004; Gutiérrez et al., 1998). In order to circumvent the
limitations of antivenom in the neutralization of local effects, various
therapeutic alternatives have been explored at the experimental level,
such as the use of natural and synthetic inhibitors of venom metallo-
proteinases (SVMPs) and phospholipases A, (PLA,s) (Rucavado et al.,
2000, Lizano et al., 2003, Rostelato-Ferreira et al., 2010, Tribuiani
et al., 2017). In addition, photobiomodulation therapy (PBMT) has
been explored for it is potential to inhibit local pathological effects of
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venoms (Barbosa et al., 2008; Doin-Silva et al., 2009; Dourado et al.,
2003; Nadur-Andrade et al., 2012).

PBMT is a medical technique in which exposures to low level lasers
(LLL) or light emitting diode (LED) stimulate cellular function leading
to beneficial clinical effects. Several studies have suggested that PBMT
could be an effective device for wound healing, anti-inflammation and
pain-killing as well as for promoting the processes of regeneration and
angiogenesis in many clinical disorders (de Oliveira Melo et al., 2016;
Magri et al., 2017, Ruaro et al., 2014). Thus, PBMT may be a significant
therapeutic tool in reducing the local effects caused by Bothrops sp
venom.

Previous studies have demonstrated that LLL treatment decreased
considerably the extent of myonecrosis induced by Bothrops moojeni
(Dourado et al., 2003) and B. jararacussu venoms (Barbosa et al., 2009).
In addition, LLL treatment also prevented edema formation and leu-
kocyte influx in muscle and paw of mice injected with Bothrops venom
(Aranha de Sousa et al., 2013, Barbosa et al., 2008, Nadur-Andrade
et al., 2012, Souza et al., 2011). Moreover, the anti-edematogenic effect
caused by LLL treatment, after B. jararacussu venom injection in gas-
trocnemius muscle, is enhanced when antivenom and LLL were used in
association (Barbosa et al., 2009). Furthermore, LLL treatment was ef-
fective in reducing the hemorrhage and hyperalgesia induced by B.
moojeni venom (Aranha de Sousa et al., 2013; Nadur-Andrade et al.,
2012, Souza et al., 2011). Additionally, Nadur-Andrade et al., (2014a,b)
showed that LED treatment was effective in the reduction of edema,
hyperalgesia and hemorrhage induced by B. moojeni venom.

Owing to the medical relevance of envenomations by B. asper in
Central America and parts of Mexico and South America, a compre-
hensive analysis of the effect of LED treatment on the outcome of B.
asper venom-induced local pathological reaction was performed. In
addition, we compared the near infrared LED and red LED to identify
which is the best for envenomation treatment.

2. Materials and methods
2.1. Animal

All animal care was in accordance with the guidelines of the
Brazilian College for Animal Experimentation and was approved by the
Committee for Ethics in Animal Research of the University of the Vale
do Paraiba (UNIVAP) under number A118/2007/CEP. Experiments
were performed using 45-day-old male Swiss mice (22-25 g), randomly
divided into groups of five animals each. Animals were kept in plastic
cages with water and food ad libitum, maintained under controlled
temperatures (20-22 °C) and on a 12h light/dark cycle.

2.2. Venom

Lyophilized crude Bothrops asper venom (Bav) was supplied by
Instituto Clodomiro Picado, San José, Costa Rica. It is a pool obtained
from more than 40 adult specimens collected in the Pacific versant of
this country. The venoms were dissolved in 0.9% saline solution only at
the moment of its use.

2.3. LED irradiation

A 635nm red and 945 nm infrared LED devices (Super Bright LEDs,
Inc., St. Louis, MO, USA) were employed to irradiate animals. The red
LED parameters were 110 mW of power, 44s irradiation time, and
1.2 cm? irradiated area, which corresponded to an irradiation dose of
4J/cm? The infrared parameters were 120 mW of power, 40s irra-
diation time, and 1.2 cm? irradiated area, which corresponded to an
irradiation dose of 4 J/cm? Animals were irradiated at 0, 1, and 2h
after Bav injection. The LED irradiation angle was kept perpendicular to
the skin surface so that only the point of venom injection was irra-
diated. The LED dose, low enough to avoid any thermal effect, was
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chosen on the basis of studies reported in the literature that had shown
a beneficial effect of the LED therapy on venom-induced local effects
(Nadur-Andrade et al., 2012, 2014a; 2014b).

2.4. Irradiated Bothrops asper venom (iBav)

To verify whether the LED irradiation could change venom toxicity,
the lyophilized venom of Bav was diluted in saline solution and irra-
diated immediately before the injection of the animals, using the same
parameters used to irradiate animals. The rationale of this experiment
was to elucidate if the LED light can modify the biological activities of
the venom.

2.5. Evaluation of paw edema

The ability of the LED to reduce paw edema was studied in mice. To
that end, 50 pL of sterile saline 0.9% (w/v) containing Bav or iBav (2.5
ug/paw) were injected in the subplantar region of the right hind paw.
The left paw received an equal volume of sterile saline alone and served
as control. The volumes of both hind paws were measured plethysmo-
graphically (model 7140 plethysmometer, Ugo Basile, Italy) before and
at 30 min, 1, 2, 4 and 6 h after venom administration. The edematho-
genic effect was calculated as the difference between both paws and
expressed as % increase in the volume of venom-injected paw.

2.6. Evaluation of muscle edema

To measure edema in muscle, animals received an i.m. injection of
Bav or iBav (50 pg/50 uL) in the central part of the right gastrocnemius
muscle and the same volume of apyrogenic saline solution in the con-
tralateral muscle. After 3 and 24h mice were euthanized and their
gastrocnemius muscles were dissected out. Both muscles were weighed,
and the edema was expressed as the percentage of the weight increase
of the venom injected muscle as compared to the contralateral muscle
(Barbosa et al., 2009).

2.7. Leukocyte harvesting and counting

The leukocyte migration into the peritoneal cavity was evaluated
6 h after injection of Bav or iBav (5 pg/cavity dissolved in a volume of
500 pL apyrogenic saline solution) [8]. Leukocytes were harvested 6 h
after venom injection by washing the cavity with 2mL of saline con-
taining heparin (10 U/mL). Aliquots of the washes were collected and
used to determine the total cell counts in a Neubauer chamber after
dilution (1:20 v/v) in Turk solution (0.2% crystal violet staining in 3%
acetic acid). For differential cell counts, cytospin preparations were
stained with Instant Prov stain. Differential cell counts were performed
by counting at least 100 cells, which were classified as either poly-
morphonuclear (PMN) or mononuclear (MN) cells, based on conven-
tional morphological criteria.

2.8. Mechanical hyperalgesia

Testing for mechanical sensitivity (von Frey filaments Touch-Test’
Sensory Evaluators -North Coast Medical) was based on the method of
Chaplan et al. (1994). Mice were placed individually in plastic cages
with a wire bottom, which were in contact with the paws. Filaments
were applied to the plantar region of the left hind paw of each animal
for 5s. To reduce stress, mice were habituated to the experimental
environment one day before the first measurement. Animals were in-
jected with 2.5 g of crude Bav or iBav diluted in 50 pL of sterile saline
into the subplantar surface of the right hind paw. Control group animals
received the same volume of sterile saline. The contralateral paw was
not injected. The pain threshold was measured at 1, 3, 6 and 24 h after
venom or saline injection.
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2.9. Determination of myotoxic activity

2.9.1. Quantification of CK activity

The myotoxic effect on gastrocnemius muscle was evaluated by
intramuscular injection of 50 ug of Bav and the extent of myonecrosis
was assessed by measurement of CK activity both in plasma and in
muscle (residual CK). Groups of mice (18-20g), received an in-
tramuscular injection, in the right gastrocnemius muscle, of either
saline solution (control), Bav or iBav (50 ug) dissolved in 50 pL of saline
solution. For the assessment of plasma CK activity, mice were bled from
the tail at 3 h, blood was collected into heparinized capillary tubes, and
plasma was obtained by centrifugation. Then, at 24 h, mice were sa-
crificed and the gastrocnemius muscles injected with venom were
homogenized in 4mL of PBS. Homogenization was performed in a
homogenizer (Polytron, Lucerne, Switzerland) for 10s. Then, 1 mL of
PBS containing 0.5% Triton X-100 was added. Homogenates were
centrifuged at 5000 g for 5 min, and the supernatant was diluted 1:35
(v/v) with PBS for the quantification of CK activity. The CK activity was
determined in plasma and in gastrocnemius muscle using a diagnostic
kit (LABTEST CK-NAC, Labtest Diagnéstica, Lagoa Santa, MG, Brazil)
using a spectrophotometer (Spectra MAX; 1%4190-340nm, MDS,
Toronto, Canada). The CK activity was expressed in units per liter (U/
L), where one unit is defined as the amount of enzyme that produces
1 pmol of NADH per minute under the conditions of the assay (Barbosa
et al., 2009).

2.9.2. Histological assessment of myonecrosis

Twenty-four hours after venom injection in gastrocnemius muscle,
mice were euthanized with lethal dose of 200 mg/kg of sodium pen-
tobarbital via intraperitoneal injection, and the injected muscle was
excised, sectioned in the middle of the muscle mass, and placed in
Bouin fixative solution (formaldehyde, picric acid, acetic acid). After
routine tissue processing, samples were embedded in paraffin sections
were prepared and stained with haematoxylin—eosin.

2.10. Statistical analysis

Mean and standard deviation were calculated for each group. To
establish whether the difference between the mean values of two ex-
perimental groups was significant, the Student t-test was performed,
using a statistical significance level of p < 0.05. When more than two
groups were compared, a two-way analysis of variance was applied,
followed by a Tukey—Kramer test.

3. Results

3.1. Effect of red LED or infrared LED treatment on paw edema induced by
Bav

Intraplantar injection of Bav (2.5 pg/paw) caused a time-dependent
increase in paw volume (edema). The peak increase in hind paw
swelling occurred at 1h and decreased gradually until 6h, but the
edema was still significantly higher than in saline injected (control)
mice (Fig. 1). Irradiated venom (red or infrared LED) had a similar
edematogenic activity as non-irradiated venom. Both LED (635 and
945 nm) irradiations on mice paw significantly attenuated edema for-
mation from 1 to 6h. In the peak of hind paw swelling (1 h) the re-
duction was 70% and 52% by red and infrared LED, respectively,
compared to the response with Bav alone (Fig. 1).

3.2. Effect of red LED or infrared LED treatment on muscle edema induced
by Bav

Intramuscular injection of 50 pug of Bav caused a prominent incre-
ment in muscle weight of envenomated gastrocnemius muscle at 3 h as
well as at 24 h post-injection compared to the control muscle (Fig. 2).
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Fig. 1. Effect of red LED (635 nm) or infrared LED (945 nm) on paw edema
induced by Bav or iBav. Animals were injected in the subplantar region with
2.5 pg per paw of Bav or iBav. LED irradiation was performed immediately, 1 h
and 2h after venom injection. The increase of the paws was evaluated by
plethysmometer in the following times: 0, 30, 60, 120, 240 and 360 min after
venom injection. Data are expressed as % of change as compared to control
paws injected with saline solution. Data correspond to the mean = S.E.M. of 5
animals per group. *p < 0.05 compared to Bav. Error bars indicate SEM.
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Fig. 2. Effect of red LED (635nm) or infrared LED (945nm) on muscle
edema induced by Bav or iBav. Bav or iBav was injected in the right gas-
trocnemius muscle (50 pg per muscle). The contralateral muscle received the
same volume of saline solution. LED irradiation was performed immediately,
1 h and 2 h after venom injection and edema was evaluated at 3 h (A) and 24 h
(B). Edema was expressed as the percentage of the weight increase of the venom
injected muscle, compared to the contralateral muscle (control). Data corre-
spond to the mean *+ S.E.M. of 5 animals per group. *p < 0.05 compared to
control; #p < 0.05 compared to Bav; &p < 0.05 compared to Bav + red LED.
Error bars indicate SEM.
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Fig. 3. Effect of red LED (635 nm) or infrared LED (945 nm) on leukocyte
influx induced by Bav or iBav. (A) Total leukocytes, (B) polymorphonuclears
cells, (C) mononuclear cells. Mice were injected with 5 pg of Bav or iBav in the
peritoneal cavity. The LED device was applied immediately, 1 h e 2 h by contact
in the same local of the venom injection. Animals of the control group received
50 pL of sterile saline solution. Six hours after venom injections, groups of
animals were sacrificed and the inflammatory exudates were removed after
washing the peritoneal cavity. Data correspond to the mean = S.E.M. of 5
animals per group. *p < 0.05 compared to control; #p < 0.05 compared to
Bav. Error bars indicate SEM.

Irradiated venom (red or infrared LED) did not show differences, as
compared to non-irradiated venom in its edematogenic effect in muscle.
Three hours after venom injection infrared LED treatment significantly
reduced the muscle edema formation by 64% whereas red LED treat-
ment reduced it by 60% (Fig. 2A). At 24 h after the Bav injection, the
reduction in the muscle edema was 86% and 61% by infrared LED and
red LED, respectively (Fig. 2B). The effect of infrared LED on muscle
edema exposed to Bav at 24 h was still significantly different from that
of saline-treated (control) mice.
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3.3. Effect of red LED or infrared LED treatment on leukocyte influx into the
peritoneal cavity

Fig. 3 shows the number of leukocytes in the peritoneal cavity of
mice 6 h after i.p. injection of Bav (5 pg/cavity). Bav stimulated a mi-
gration of leukocytes that was significantly higher than that of saline-
treated (control) mice (Bav: 9.59 + 0.38 x 10°cells/mL; control:
1.25 + 0.28 x 10° cells/mL). Irradiated venom by red or infrared LED
exerted a similar effect on leukocyte migration as non-irradiated
venom. Fig. 3A shows that both LED treatments reduced total leukocyte
migration caused by Bav (red LED: 2.52 = 0.36 x 10° cells/mL, In-
frared LED 2.59 =+ 0.29 x 10°cells/mL). The differential leukocyte
counts indicated that most of the Bav-induced increase in cell migration
was attributable to PMN rather than MN cells (Fig. 4 B, C). The infrared
LED and red LED treatment significantly reduced PMN influx induced
by Bav (Bav: 0.86 = 6.75 x 10° cells/mL; red LED:
0.71 * 0.23 X 10°cells/mL; Infrared LED: 0.31 + 0.07 x 10° cells/
mL). The number of MN was not modified in any of the treatments used
(Fig. 3C).

3.4. Effect of red LED or infrared LED treatment on hyperalgesia induced by
Bav

Intraplantar injection of Bav (2.5 pg) induced a significant decrease
in nociceptive threshold (hyperalgesia) from 1 to 6h (Fig. 4). When
animals were treated with red LED the hyperalgesic response was sig-
nificantly reduced from 6 to 24 h. The infrared LED treatment promoted
a reduction of the threshold from 3 to 24 h after venom injection.

3.5. Effects of red LED or infrared LED treatment on myotoxicity induced by
Bav

3.5.1. CK activity

Bav caused an increase of CK levels in plasma of animals
(2510 = 290 U/L). As shown in Fig. 5A, there was a significant re-
duction in plasma CK levels, with Red LED (670 + 520 U/L) and in-
frared LED treatment (360 + 110 U/L) as compared to the venom
group. Furthermore, Bav caused a decrease of residual CK levels of the
gastrocnemius muscle 24 h after venom injection (553 + 131 U/L),
compared to control muscle (2660 + 156 U/L). LED treatment sig-
nificantly increased residual CK content by infrared LED (1642 + 255
U/L) and red LED (1415 *= 82 U/L) (Fig. 5B).

3.5.2. Histological assessment of muscle damage

Sections of gastrocnemius muscles of mice that received Bav, iBav or
saline injection are illustrated in Fig. 6. The photomicrography illus-
trating the control gastrocnemius muscle was histologically normal in
aspect with a typical structural organization of skeletal muscle
(Fig. 6A). Fig. 6B shows significant changes in gastrocnemius muscle
after 24 h of Bav inoculation, including the appearance of necrotic areas
of muscle tissue. It included edema, represented by intersticial en-
largement, loss of myofibrils, hypercontracted fibers and a massive
infiltration of inflammatory cells. Histological alterations induced by
iBav (red or infrared LED) were similar to those induced by non-irra-
diated venom (Fig. 6C and D). The venom group of mice treated with
red or infrared LED showed some differences in the necrotic picture in
relation to non-irradiated envenomed mice. The extension of damaged
area in irradiated mice showed fewer destroyed fibers and a decrease in
disorganization of myofibrils. Foci of more preserved fibers were in-
termingled with injury fibers. In addition, the extent of inflammatory
cell infiltrate was clearly reduced in comparison to non-irradiated ones
(Fig. 6E and F). There was no difference between red and infrared LED
treatments.
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Fig. 4. Effect of red LED (635 nm) or infrared LED (945 nm) on mechanical hyperalgesia induced by Bav or iBav. Bav or iBav were injected into the plantar
surface of the hind paw of mice. Mechanical hyperalgesia was measured by von Frey filaments before, 1, 3 and 6 h after venom injection. Red LED (A) or infrared LED

(B) were applied directly on the site of injection. Results are presented as mean

Bav. Error bars indicate SEM.
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Fig. 5. Effect of red LED (635 nm) or infrared LED (945 nm) on creatine
kinase (CK) release induced by Bav or iBav. Mice were injected in right
gastrocnemius muscle with 50 ug of Bav or iBav, dissolved in 50 pL of saline
solution. The groups received irradiation immediately and again 1 h and 2 h
after the inoculation of the venom. Three hours after venom injection, mice
were bled from the tail, and the plasma CK activity was determined (A). The
animals were killed 24 h after administration of venom, both right and left
gastrocnemius muscles were dissected and homogenized, and the residual CK
activity was determined (B). Results are expressed in units (U/L), where a unit
corresponding to the phosphorylation of 1 pmol of NADH, per min at 25 °C.
*p < 0.05 compared to control; #p < 0.05 in comparison to Bav. Error bars
indicate SEM.
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4. Discussion

Antivenoms are the main therapeutic approach used to treat sna-
kebite envenomations. Although antivenom has proven highly effective
in the neutralization of systemic effects, they are only partially effective
in the neutralization of the local effects induced by Bothrops sp.
(Gutiérrez et al., 1986, 1998; Zamunér et al., 2004; Picolo et al., 2002).
For this reason, researchers have increasingly sought alternatives for
the treatment of venom-induced local effects. Here, we used the LED
treatment to counteract the main manifestation of local tissue damage
induced by the venom of B. asper. LED is a non-invasive, low-cost
procedure that has been used in clinical practice to promote wound
healing, stimulate tissue regeneration, and relieve pain, inflammation
and edema (Yeh et al., 2010).

In order to verify whether the LED irradiation would be capable of
altering the venom components and thus decrease their ability to cause
tissue damage and inflammation, venom solutions were irradiated be-
fore injection in mice. Results demonstrated that venom subjected to
prior irradiation showed the same toxicity profile observed with non-
irradiated venom, demonstrating that the beneficial effects of LED
treatment on venom-induced damage are not mediated by a direct in-
activation of venom toxins by LED light, which is consistent with ob-
servations from our group using LLL irradiation (Barbosa et al., 2009).
In this previous study, the irradiated lyophilized B. jararacussu venom
did not affect myotoxic effect. Hence, the beneficial effects observed in
our experiments are more likely due to changes in susceptibility of
tissue to the action of venom.

Wavelength is considered a relevant parameter for beneficial out-
comes of PBMT and determines the ability of a light to penetrate tissue.
Studies have shown that shorter wavelengths in the rage of 600-700 nm
penetrate more superficially, and longer wavelengths in the range of
780-950 nm, penetrates deeper in tissues (Chung et al., 2012). In this
study we used the wavelength of 635 and 945nm, and the results
showed that both wavelengths produced positive results in all para-
meters analyzed, with no significant difference between them, with the
exception of muscular edema, in which the red LED showed a better
response. Dourado et al. (2011) carried out a study using 632.8 and
904 nm and reported that 632.8 nm laser produced a better angiogenic
effect while 904 nm laser light improved fiber regeneration of muscle
fascicles in gastrocnemius muscle exposed to snake venom. Another
study, evaluating snake-envenomated gastrocnemius muscle of mice
using enzyme biomarkers found that irradiation with 904 nm was su-
perior to treatment with 632.8 nm laser light (Dourado et al., 2017).
Moreover, Nadur-Andrade et al. (2014a) reported best results with
635 nm LED irradiation when compared to 945 nm LED light assessed
venom-induced hyperalgesia. Although studies using red or infrared
wavelengths showed some differences, both red and infrared
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wavelength consistently produced positive outcomes in different
models of venom-induced local injury.

Prominent local edema is a common clinical finding in envenoma-
tions by Bav, occurring in 95% of the cases (Otero-Patino, 2009). In this
study, the edema formation induced by Bav, measured on plantar and
gastrocnemius muscle, was significantly reduced by both LED treat-
ments used, when compared to venom-injected mice that did not re-
ceive irradiation. This result is similar to those of Nadur-Andrade et al.
(2012) that showed an effective reduction in edema formation by LED
treatment after injection of B. moojeni venom. Olivo et al. (2007) re-
ported that Bav releases PGE, via expression of COX-2, contributing to
the edema formation in mice. Therefore, we suggest that the LED
therapy acts by reducing the levels of PGE, induced by Bav, with the
consequent effect on edema formation; this hypothesis is based on
studies showing a reduction of PGE, after PBMT irradiation in animals
injected with myotoxins isolated from B. jararacussu venom (Santos
et al., 2018).

Another important event of the inflammatory response evoked by
Bav is the leukocytes influx into the inflammatory focus (Zamuner
et al., 2005). In our study, LED irradiation was significantly effective in
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Fig. 6. Effect of red LED (635 nm) or
infrared LED (945nm) in the myo-
toxic effect in gastrocnemius muscle
injected with Bav or iBav. (A):
Control gastrocnemius muscle injected
with saline solution presents normal fi-
bers; Muscle injected with (B): Bav, (C):
iBav red LED and (D): iBav Infrared
LED. Note typical alterations due to
myonecrosis, such as loss of myofibrils
(m); hypercontracted fibers (f) and
presence  of inflammatory cells
(*).Muscle injected with Bav and irra-
diated with (E): red LED or (F): infrared
LED present most of the fibers with
normal morphology (arrows) and fewer
inflammatory cells as compared to
venom-injected muscle. Haematoxylin/
eosin (HE). Scale bar 5 ym.

reducing the total number of leukocytes as well as of neutrophils in the
peritoneal cavity. Zamuner et al. (2005) suggested that the leukocyte
influx caused by Bav is related to increased levels of pro-inflammatory
cytokines, particularly IL-6. In this regard, Nadur-Andrade et al. (2016)
showed a modulating effect of pro- and anti-inflammatory cytokines IL-
6, TNF and IL-10, as well as kinin B1 and B2 receptors, at mRNA
transcriptional level, in paw tissue, after injection of B. moojeni venom.
From this point of view, it is likely that, in our experimental model, the
LED irradiation acts by decreasing the synthesis of pro-inflammatory
mediators, important for the recruitment of inflammatory cells, and
thus, reducing the number of these cells at the site of venom injection.

Pain is another characteristic manifestation in Bav envenomations
in humans and experimental animals (Arroyo et al., 1999; Chacur et al.,
2001). We have shown here that LED treatment is effective in reducing
nociception induced by Bav. The mechanism by which PBMT reduces
nociceptive effects after venom-induced hyperalgesia is unknown;
however, Nadur-Andrade et al. (2016) demonstrated that PBMT is ef-
fective in decreasing nociceptor activation at the spinal cord level after
B. moojeni venom injection.

Local myonecrosis is a prominent effect of envenomings by Bav and



G.R.S. Campos et al.

the consequence is the loss of muscle mass with impaired regeneration
(Hernandez et al., 2011, Gutiérrez et al., 2009a). The ability of LED to
reduce myonecrosis caused by Bav was evaluated by biochemical and
histological techniques. LED treatment was able to reduce the incre-
ments in CK activity in plasma and increased the CK content in muscle.
Histological examination of muscle tissue injected with Bav showed an
intense myonecrosis, with interstitial edema, vascular congestion, and a
massive infiltrate of inflammatory cells, characteristic of Bothrops ve-
noms (Gutiérrez et al., 2009a). The treatment with the two LEDs re-
duced skeletal muscle damage caused by the venom, corroborating the
biochemical analyses. Other studies showed reduced myonecrosis after
LLL irradiation in experimental models of envenomation (Aranha de
Sousa et al., 2013; Barbosa et al., 2009; Doin-Silva et al., 2009). This
protection of acute muscle damage may be related to an increasing
resistance of muscle fibers to the action of myotoxic PLA,s present in
Bav, perhaps conferring the plasma membrane of muscle cells with
increased stability, a hypothesis that needs to be evaluated.

In conclusion, our data demonstrate that PBM with LED light in red
and infrared wavelengths, when applied after Bav injection, reduces the
extent of myonecrosis, local edema, hyperalgesia, and inflammatory
infiltrate in mice. The effect is likely to depend on the protective action
of irradiation in tissue components, and not in a direct inactivation of
venom toxins, since irradiated venom showed similar toxicity as non-
irradiated venom. Although the mechanisms involved in the effects of
LED therapy are not fully understood, the results hereby presented,
suggest that PBM may become a complementary tool for the treatment
of snakebite envenomations, especially in the reduction of the extent of
local tissue damage.
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