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A B S T R A C T

Chronic constriction injury (CCI) of infraorbital nerve (IoN) results in whisker pad mechanical allodynia in rats
and activation glial cells contributing to the development of orofacial pain. Whisker pad mechanical allodynia
(von Frey stimuli) was tested pre and postoperatively and conducted during the treatment time. Photo-
biomodulation (PBM) and vitamins B complex (VBC) has been demonstrated therapeutic efficacy in ameliorate
neuropathic pain. The aim of this study was to evaluate the antinociceptive effect of PBM, VBC or the combined
treatment VBC þ PBM on orofacial pain due to CCI-IoN. Behavioral and molecular approaches were used to
analyses nociception, cellular and neurochemical alterations. CCI-IoN caused mechanical allodynia and cellular
alterations including increased expression of glial fibrillary acid protein (GFAP) and ionized calcium binding
adaptor molecule 1 (Iba-1), administration of VBC (B1/B6/B12 at 180/180/1.8 mg/kg, s.c., 5 times all long 10
sessions) and PBM therapy (904 nm, power of 75Wpico, average power of 0.0434 W, pulse frequency of 9500 Hz,
area of the beam 0.13 cm2, 18 s duration, energy density 6 J/cm2, with an energy per point of 0.78 J for 10
sessions) or their combination presented improvement of the nociceptive behavior and decreased expression of
GFAP and Iba-1. Additionally, CCI-IoN rats exhibited an upregulation of IL1β, IL6 and TNF-α expression and all
treatments prevented this upregulation and also increased IL10 expression. Overall, the present results highlight
the pain reliever effect of VBC or PBM alone or in combination, through the modulation of glial cells and cyto-
kines expression in the spinal trigeminal nucleus of rats.
1. Introduction

VBC has received a lot of attention due to the probable action in treat
painful conditions (Yu et al., 2014), showing important roles in various
biological events such as promote nerve regeneration (Sun et al., 2012),
relieves thermal hyperalgesia (Yu et al., 2014), alleviate indices of neuro-
pathic pain in diabetic rats (Jolivalt et al., 2009) and presents
anti-hyperalgesic results in diverse kinds of neuropathies and pain condi-
tions (Song et al., 2009; Kopruszinski et al., 2012; Yu et al., 2014). VBC
therapy shows promise in helping nociception control, it appears to be safe
and there are no reports of adverse side effects due the long-term exposure.
In this line, non-pharmacological treatments also have gained attention as
clinical alternative for treat painful conditions. Photobiomodulation (PBM)
has been demonstrating analgesic and anti-inflammatory effects in
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neuropathic and chronic pain conditions in experimental and clinical
studies (Haslerud et al., 2015; de Andrade et al., 2017). Once current
therapy for the management of chronic orofacial pain conditions is
frequently unsatisfactory and can be limited due to the adverse effects; the
search for new protocols that may offer improvements to traditional pro-
cedures in the management of chronic orofacial pain is highly required.
Recently, because the multiple molecular mechanisms underlying neuro-
pathic pain, several studies with combinate protocols have been performed
aiming the newer concept of multi-target therapy.

Studies has been suggested that VBC can protect neurons from certain
injuries, additionally exhibit important roles in various biological events
to maintain normal neural functions (Hung et al., 2009; Jolivalt et al.,
2009; Hobbenaghi et al., 2013) and are clinically administered (Jolivalt
et al., 2009). PBM is a non-invasive, therapeutically beneficial and
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promotes a wide range of biological effects that regulates neuronal
function in cell cultures, animal models and clinical conditions (Enwe-
meka et al., 2004; Medalha et al., 2012; Cotler et al., 2015).

There is accumulating evidence that glial cells (astrocytes and
microglia) are involved in the initiation and maintenance of orofacial
pain, playing an important role in peripheral and central mechanisms
(Chiang et al., 2011; Sessle, 2011; Ji et al., 2013; Zhang et al., 2017).
These cells are capable of enhance nociceptive neuron signaling by the
release of pro-algesic mediators (Narita et al., 2006; Mika et al., 2013).
Studies already demonstrated the critical role of glial cells in the devel-
opment of neuropathic and orofacial pain (Chacur et al., 2009; Ji et al.,
2013; Giardini et al., 2017; Liu et al., 2018), and the increased excit-
ability and sensitization of the spinal trigeminal nucleus complex, espe-
cially the subnucleus caudalis (Vc), might be involved in processing
orofacial input (Sessle, 2000; Okada-Ogawa et al., 2009; Ren and Dubner,
2011). Glial cells, both in the CNS or in PNS can be activated by many
different signals and modulators, including the cytokines (Hanisch and
Kettenmann, 2007). Peripheral nerve injury can strongly activate
microglia and astrocytes (Xu et al., 2008; Dubovy et al., 2018), which
increases the production of different substances, including cytokines like
IL1β, IL6 and TNFα (Milligan et al., 2001; Watkins et al., 2003; Johnston
et al., 2004). These cytokines mediate allodynia and hyperalgesia,
playing an important role in nociception (Ellis et al., 2014). Furthermore,
the modulation of glial cells activation by administration of minocycline,
pentoxifylline and propentofylline attenuated the hypernociception in
rats (Ellis et al., 2014; Mei et al., 2014; Kim et al., 2016; Miyamoto et al.,
2017; Abbaszadeh et al., 2018).

Cytokines released from activated glial cells have an important role in
glial-neuron communication, contributing to nociceptive transmission
(Guo et al., 2007; Ren and Dubner, 2008). IL1β from glial cells contribute
to inflammatory temporomandibular joint (TMJ) hypernociception in
rats (Zhang et al., 2018), and inhibition of TNF-α or IL1β in trigeminal
ganglion by selective inhibitors attenuated trigeminal nerve injury
induced mechanical allodynia (Zhang et al., 2016). IL10 is a potent
anti-inflammatory cytokine and also has the capacity to inhibit the pro-
duction of the pro-inflammatory cytokines (Milligan et al., 2012).

The evidence above mentioned suggest that PBM or VCB can be
considered effectives to treat painful conditions, and these analgesic ef-
fects may be related with the modulation of the inflammatory mediators.
Therefore, in this study we also tested the hypothesis that the association
of PBM and VBC will improve the allodynic pain threshold and will
reduce levels of allogeneic substances.

2. Materials and methods

2.1. Animals

Sixty male Wistar rats, weighing between 200 and 220 g (2 months
old, at the beginning of the experimental procedure) were used in all
experiments. Animals were divided into six groups: naive, sham, CCI-IoN,
CCI-IoN þ PBM, CCI-IoN þ VBC and CCI-IoN þ PBM þ VBC (10 animals
per group; 5 was used for Western blot and 5 was used for immunohis-
tochemistry assays). They were housed under a 12:12 light–dark cycle
with free access to food and water; five rats were housed per cage. All
animals were tested during the light cycle at about the same time of the
day (8:00 a.m.–12:00 a.m.). All procedures were approved by the Insti-
tutional Animal Care Committee of the University of S~ao Paulo (protocol
number CEUA 3872071118). All efforts were made to minimize the
number of animals used and their suffering (Zimmermann, 1983). To
minimize stress, the animals were adapted to the experimental envi-
ronment for 3 days before the experiments started.

2.2. Chronic constriction injury of infraorbital nerve (CCI-IoN)

Neuropathic pain was induced via chronic constriction injury (CCI) to
the right infraorbital nerve (IoN) as described elsewhere (Chichorro
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et al., 2006). All surgical procedures were performed aseptically on rats
anesthetized with ketamine (5 mg/100g body weight, intraperitoneally –
i.p.) and xylazine (1 mg/100g body weight, i.p.) administered intraper-
itoneally. After the anesthesia was established, the facial surface between
the eye and whisker pad of the rat was shaved without damaging the
whiskers and sterilized with iodine, and 70% isopropyl alcohol was used
to remove excess iodine. An incision was made in the skin below the right
eye, about 3 mm posterior to the insertion of the whiskers. The muscles
upper lip lift and anterior superficial masseter were dissected so that the
rostral portion of the infraorbital nerve was exposed, close to the
infraorbital fissure. The infraorbital nerve was dissected from adjacent
tissues, and two chromic gut ligatures were loosely tied (2 mm apart)
around the exposed section. The incision was closed with 4–0 silk su-
tures. All surgeries were performed by a single investigator to minimize
variability. For the sham surgery groups, the IoN was exposed but was
not touched or ligated prior to closing the incision. Naive animals, not
exposed to CCI-IoN, were used as controls. The animals were put back in
the cages and observed until the moment they recover, when they were
brought back to the animal facility.

2.3. Mechanical (tactile) stimulation

The region below the eye and caudal to the whisker pad, a region
innervated by the second branch of the trigeminal ganglion (Leiser and
Moxon, 2006) was tested using traditional von Frey filaments (Stoelting,
USA), according of the method previously described (Yonehara et al.,
2003; de Oliveira Martins et al., 2013; de Freitas Rodrigues et al., 2019).
Briefly, the rats were acclimated, trained and tested for facial mechanical
sensitivity three days prior to CCI-IoN (baseline, day 0) and on post-
operative days 4, 6, 8, 10, 12, 14, 16, 18, 20 and 22. The threshold in-
tensity of the stiffness stimulus required to elicit a response was
determined by the animals’ withdrawing or by their touching or
scratching their facial regions after the von Frey filaments were applied.
When the animal showed a positive response in two consecutive trials
with the same stiffness value, no further von Frey hairs were tested. All
the groups in the experiment included 10 animals.

2.4. Photobiomodulation

The treatment was similar to that used in previous study (de Oliveira
Martins et al., 2013; Martins et al., 2017a; Martins et al., 2017b; de
Freitas Rodrigues et al., 2019). Briefly, rats were irradiated with GaAs
laser (Gallium Arsenide, Laserpulse-Laser, Ibramed Brazil) emitting a
wavelength of 904 nm, power of 75Wpico, average power of 0.0434 W,
pulse frequency of 9500 Hz, area of the beam 0.13 cm2, 18 s duration,
energy density 6 J/cm2, with an energy per point of 0.78 J. The treatment
with the laser technique was initiated after 3 days of surgery for CCI-IoN
injury animals. The laser treatment was performed every other day,
involving 10 sessions. After sterilization, the spot was kept without
contact with the animal’s skin, directly above the whisker pad. Were
irradiated 5 points, with duration of 18 s per point. Each point was
irradiated with intervals of 30 s and each session had a total duration of 4
min.

2.5. Vitamins B complex

The vitamins B complex, thiamine, pyridoxine and cyanocobalamin
(B1, B6 and B12, respectively) were purchased from Alfa Aesar
(Tewksbury, MA, United States), dissolved in sterile 0.9% sodium chlo-
ride solution (saline) just before use in doses of 180/180/1.8 mg/ml
(subcutaneous - s.c.). The doses of vitamins B were chosen based on
literature study (Kopruszinski et al., 2015). The vitamins B were
administered immediately after CCI-IoN surgery (day 0), then on days 3,
9, 15 and 21 during the treatment, totaling 5 applications.

The schematic drawing of the experimental procedures is presented in
Fig. 1.



Fig. 1. Schematic drawing of the experimental
procedures and VBC/PBM administration
schedule. In A experimental design for rats underwent
treatment with VBC alone; in B experimental design
for rats underwent treatment with PBM alone and C
experimental design for rats underwent treatment
with VBC þ PBM. Rats were allowed to acclimate to
the test chamber for at least 3 days before the first
measurement (baseline – BL). Afterwards, was per-
formed the CCI-IoN surgery, and for group of animals
treated with vitamins cocktail (VBC and VBC þ PBM)
was also injected the first administration of VBC
cocktail; the animals belonging to the group PBM or
VBC þ PBM beginning the PBM application 3 days
after CCI-IoN and follow every other day; the evalua-
tion of the nociceptive threshold by von Frey test was
tested in every other day from day 4 until day 22. All
animals were tested during the light cycle at about the
same time of the day (8:00 a.m.–12:00 a.m.).
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2.6. Western blot assays

Medulla containing the spinal trigeminal nucleus (N¼ 5 per group)was
quickly removed and transferred to a tube containing 200 μL extraction
buffer (100 mM Tris, pH 7.4, 10 mM EDTA, 2 mM PMSF, and 10 μg/mL
aprotinin) in ice-cold (4 �C) during 30 min. Then they were homogenized
using an ultrasonic processor (Sonics & Materials, Newtown, PA). The ho-
mogenates were then centrifuged at 12,000 rpm at 4 �C for 20 min and the
protein concentration of the supernatant was determined using the Brad-
ford protein assay (Bio-Rad, Melville, NY) (Bradford, 1976). Samples con-
taining 60 μg of protein were loaded on acrylamide gradient gel (Miller
et al., 2016) and transferredbyelectrophoresis tonitrocellulosemembranes
using a Bio-Rad Trans-Blot Turbo Transfer System during 30-min protocol.
After transfer, the membranes were treated for 2 h at room temperature
with a blocking solution containing 5% powdered milk, washed and incu-
bated overnight at 4 �C with an anti-GFAP (mouse monoclonal anti-glial
fibrillary acidic protein, clone G-A-5; Sigma), anti-Iba 1, rabbit (Ionized
calcium binding adaptor molecule 1 for western blotting, Wako Pure
Chemicals), anti-IL1β (rabbit polyclonal to IL1β, abcam), anti-IL6 (rabbit
polyclonal to IL6, abcam), anti-IL10 (rabbit polyclonal to IL10, abcam) and
anti-TNF-α (rabbit polyclonal to TNF-α, abcam) diluted 1:1000. The
membranes were then washed and incubated for 2 h at room temperature
with peroxidase-conjugated anti-rabbit or anti-mouse (GE Healthcare)
3

secondary antibody, diluted 1:5000. β-actinwas used as an internal control
(1: 10,000; Sigma). The specifically bound antibody was visualized using a
chemiluminescence kit (Amersham Biosciences). The blot was analyzed
densitometrically using the NIH-Scion Image 4.0.2, quantified by optical
densitometry of the developed autoradiographs (Scion Corporation, USA)
and corrected by the optical density for β-actin, whereas samples from
control animals were used as the standard for normalization of the results
(assuming 100% for naive animals).

2.7. Immunohistochemistry

Rats (N ¼ 5 per group) were deep anesthetized with ketamine (5 mg/
100g body weight, ip) and xylazine (1 mg/100g body w, ip) and trans-
cardically perfused with 300 ml saline (0.9% NaCl), followed by 300 ml
cold (4 �C) 0.1 M phosphate buffer (PB, pH 7.4) containing 4% para-
formaldehyde. Then the medulla and upper cervical spinal cord were
removed and post-fixed in the same fixative solution for 4 h and then
transferred to 30% sucrose in 0.1 M PB for cryoprotection for 48 h at 4 �C.
Transverse frozen spinal sections (50 μm thick) of the caudal medulla and
upper cervical spinal cord were cut with a sliding microtome adapted for
cryosectioning (Leica SM2010 R Sliding Microtome; Heidelberg, Ger-
many) and collected and then stored free floating in 0.01 M PB. All
sections were blocked with 2% goat serum in 0.01 M PBS containing
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0.3% Triton X-100 for 1 h at room temperature and then incubated
overnight at 4 �C with one of the following primary antibodies: anti-Iba1
(1: 500; rabbit polyclonal antibody for immunocytochemistry; Wako
Pure Chemicals) and anti-GFAP (1: 500, mouse monoclonal anti-glial
fibrillary acidic protein, clone G-A-5; Sigma). The sections were
washed three times in 0.01 M PBS (10 min each) and then incubated for
2 h at room temperature with the biotinylated secondary antibodies (goat
anti-mouse IgG or goat anti-rabbit IgG, Jackson ImmunoResearch,
1: 200) and then incubated for 1 h 30 min at room temperature with the
avidin-biotin complex (1: 100; ABC Elite kit, Vector Laboratories). After
washing, the sections were reacted with 0.05% 3, 30-diaminobenzidine
and 0.01% hydrogen peroxide in PB. Intensification was conducted
with 0.05% osmium tetroxide in water. The sections were mounted on
gelatinized slides, dehydrated, cleared, and cover-slipped. The material
was analyzed using a Nikon E1000 upright microscope coupled to a
Nikon DCM1200 digital camera and digital images were collected.
Figures were mounted with Adobe Photoshop CC2018. Manipulation of
the images was restricted to threshold and brightness adjustments of the
whole image. Controls of the experiments consisted of the omission of
primary antibodies, and no staining was observed in these cases (data not
shown).

2.8. Statistical analysis

Results are presented as the means � standard error of the mean.
Statistical analyses of data were generated using GraphPad Prism,
version 7.00 (Graph-Pad Software Inc., San Diego, CA). Behavioral data
were analyzed using two-way repeated measures ANOVA with Tukey’s
test comparing groups (treatment x time). Statistical comparison for
Fig. 2. Effect of VBC and PBM on pain threshold induced by chronic constriction
von Frey test, expressed in grams. Measurements were determined before (baseline),
(3d-1st), and at different intervals after VBC administration and PBM sessions. In A m
to the control groups; In B mechanical pain threshold of VBC group compared to the
threshold of PBM group compared to the baseline value, control groups and to the CC
to the baseline value, control groups and to the CCI-IoN group. The results represen
comparison with control groups (naive and sham) and #p ˂ 0.05 for comparison wi
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Western blot data was performed using one-way ANOVAwith differences
between means were evaluated by the Tukey’s test. In all cases, a value of
p � 0.05 was accepted as statistically significant (Snedecor et al., 1946).

3. Results

3.1. Antiallodynic effects of B vitamins and photobiomodulation

CCI-IoN produced allodynia in rats submitted to the surgery when
compared with the naive and sham rats (p ˂ 0.001). Allodynic effects
were observed in the rats 3 days after injury and remained for at least 24
days after CCI-IoN, when the experiments were carried out (Fig. 2-A).
The statistical analysis carried out indicates that there are significant
differences considering the treatment factor F (5, 338) ¼ 57,47, p <

0.0001; time F (11, 338) ¼ 5,693, p < 0.0001; besides evidencing inter-
action between time and treatment F (55, 338) ¼ 2,68, p < 0.0001.

The application of the Tukey’s test, shows, in particular, that subcu-
taneous administration of VBC alone attenuates tactile allodynia induced
by CCI-IoN, producing a small antiallodynic effect from the 2aS until the
5aS (after two doses of VBC; p ˂ 0.05) and significantly reduced tactile
allodynia from the 6aS of treatment (after three doses of VBC; p ˂ 0.001)
returning to basal levels and remain until the last session evaluated
(Fig. 2-B). PBM, alone, also reduced tactile allodynia from the 3aS (p ˂
0.002) and remains until the last session evaluated when compared with
CCI IoN rats (Fig. 2-C). The combined treatment of VBC plus PBM
resulted in significantly reduced tactile allodynia induced due to CCI-IoN
from the 3aS (after two doses of VBC and two PBM session, p ˂ 0.001),
returning to basal levels, and remain until the last session evaluated
(Fig. 2-D). This combination reached the maximal antiallodynic effect in
injury of Infraorbital nerve (CCI-IoN) in rats. Pain threshold as measured by
3 days after the lesion, at which time we also conducted the first session of PBM
echanical pain threshold comparing the CCI-IoN group to the baseline value and
baseline value, control groups and to the CCI-IoN group; In C mechanical pain
I-IoN group and in D mechanical pain threshold of VBC þ PBM group compared
t the mean � SEM of ten animals per group. ***p ˂ 0.004 and ****p ˂ 0.001 for
th Baseline (BL).
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the 7aS (p ˂ 0.0001; compared with CCI-IoN rats) and was more effective
that VCB or PBM alone (p ˂ 0.004; compared with CCI-IoN rats, for both).
In both cases, for VBC or PBM alone, maximal antiallodynic effect was
lower than the maximum effect of the combination of VBC and PBM.
Comparing the animals that received any one of treatments (VBC, PBM or
VBC þ PBM) with the animals taken as control (naive and sham) we did
not find differences from 2aS until the last session evaluated. Also, the
nociceptive threshold of the CCI-IoN-untreated group did not change
significantly during the entire experiment, as shown in Fig. 2.
3.2. Immunoreactivity of GFAP and Iba-1 in the spinal trigeminal nucleus

Immunohistochemistry for detection of GFAP, a specific marker of
astroglial cells, for normal as well as reactive condition, revealed that in
naive and sham animals, there was a baseline expression of GFAP in the
spinal trigeminal nucleus. After CCI IoN astroglia showed a significantly
higher in GFAP staining, compared to the baseline, with a swollen hy-
pertrophic appearance indicating an activated phenotype (Fig. 3-A).
Treatment with VBC, PBM or their combination resulted in a significant
reduction in the number of GFAP-positive cells comparing with the
injured group.

Immunohistochemistry for Iba1, a specific marker of microglial
activation, revealed a baseline immunoreactivity of microglia in both
naive and sham animals. After CCI-IoN a highest number of activated
microglia was observed in the spinal trigeminal nucleus and the treat-
ments also decreased the immunoreactivity of microglial marker Iba1
(Fig. 3-A).

In the absence of the primary antibody only background staining was
evident (data not shown).
5

3.3. Effects of CCI IoN, VBC or PBM on the protein expression of GFAP,
Iba1, IL1β IL 6, TNF-α, and IL 10 in the spinal trigeminal nucleus

Protein analysis by western blotting revealed that CCI-IoN increased
the expression of the both GFAP and Iba1 comparing with control groups
(naive and sham animals) and the treatment of injured rats with VBC,
PBM or its combination reduced the Iba1and GFAP expression. For Iba1
expression, the treatments also had the same effect (F (5, 23) ¼ 23,66 for
treatment effect, p < 0.0001) when compared with the injured group
(Fig. 3-B). For GFAP expression all kinds of treatments showed the same
effect with a significant decrease of GFAP expression (F (5, 28) ¼ 16,86 for
treatment effect, p < 0.0001) when compared with the CCI-IoN group
(Fig. 3-C).

For expression of cytokines Western blot analysis showed an increase
of expression of proinflammatory cytokines, IL1β, IL6 and TNF-α in the
CCI-IoN group (Fig. 4-B, Fig. 4-C and Fig. 4-D, respectively) in the CCI-
IoN group when compared with the control groups (naive and sham, p
˂ 0.05). After the treatments (VBC, PBM and VBC þ PBM) we observed a
decrease of expression (IL1β, F (5, 23) ¼ 23,66 for treatment effect, p <

0.0001; IL6, F (5, 21) ¼ 6,97 for treatment effect, p¼ 0.0006 and TNF-α, F
(5, 16) ¼ 21,75 for treatment effect, p < 0.0001) when comparing the
groups CCI-IoNþ VBC, CCI IoNþ PBM and CCI-IoNþ VBCþ PBM to the
CCI-IoN group (p ˂ 0.01, p ˂ 0.001 and p ˂ 0.001, respectively). For the
anti-inflammatory cytokine interleukin-10 (IL10) we didn’t see alter-
ations after CCI-IoN when compared with the control groups (naive and
sham) and after the treatments we saw an increase of IL 10 expression in
the groups CCI-IoN þ VBC, CCI-IoN þ PBM and CCI-IoN þ VBC þ PBM
when compared with control groups and CCI-IoN animals (p ˂ 0.05;
Fig. 4-E). CCI-IoN induced a significant increase of proinflammatory
Fig. 3. CCI-IoN induces increased expres-
sion of glial cells; In A compare the
expression of Iba1 and GFAP in the injury
ipsilateral side among the five groups, Scale
bar, 50 μm. Effect of VBC and PBM on the
expression of Iba1 and GFAP in the spinal
trigeminal nucleus of chronic constrictive
injury of infraorbital nerve rats. In B and C a
substantial decrease in Iba1 and GFAP
expression was identified in the spinal tri-
geminal nucleus after VBC and PBM treat-
ments relative to the expression in the CCI-
IoN rats (Iba1 ***p ˂ 0.05 and ****p ˂
0.001; GFAP ***p ˂ 0.001 comparing with
the CCI IoN group; #p ˂ 0.05 comparing to
the control groups). Data were normalized
from naive rats’ GFAP and Iba1 expression.
Data are presented as the mean � SEM of 5
animals per group.



Fig. 4. VBC and PBM attenuates the overexpression of IL1β, IL6 and TNF-α at protein levels induced a significant increase in the expression of IL10. Effect of
VBC and PBM on the expression of IL1β, IL6, TNF-α and IL10 in the spinal trigeminal nucleus of chronic constrictive injury of infraorbital nerve rats; Correspondingly,
A Western blot analysis demonstrated that IL-1β (B), IL6 (C) and TNF-α (D) levels were increased in the spinal trigeminal nucleus of the CCI-IoN group compared with
those in control groups (naive and sham) (#p ˂ 0.05) and decreased in the CCI-IoN þ VBC, CCI-IoN þ PBM and CCI-IoN þ VBC þ PBM groups compared with those in
CCI-IoN group (**p ˂ 0.01 and ***p ˂ 0.001); in E IL10 level didn’t alter after CCI-IoN compared with the control groups (naive and sham) and increased after the
treatments compared with the others groups (p � 0.05). Data were normalized from naive rats’ IL1β, IL6, TNF-α and IL10 expression. Data are presented as the mean
� SEM of 5 animals per group.
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proteins. The treatment with VBC and PBM or their combination thus
prevented the increased expression of the proinflammatory proteins on
the spinal trigeminal nucleus after the infraorbital nerve ligation; and
resulted in enhanced expression of the anti-inflammatory cytokine
interleukin-10.

4. Discussion

It is well accepted that glial cells actively participate of peripheral
sensitization induced by inflammation and peripheral nerve injury
(Zhang et al., 2017; Liu et al., 2018), and this process is triggered by a
wide range of mediators released by glial cells around the site of tissue
damage. The main inflammatory mediators released by glial cells after
nerve damage are cytokines (Donegan et al., 2013; Mika et al., 2013).
Therefore, relating our behavioral data with the western blotting protein
analysis we suggest that IL1β, IL6 and TNF-α expression can be consid-
erate as a marker of pain related behavior, since the increased level of
these protein in CCI-IoN group was concomitant with the installation of
nociceptive behaviour and the treatments with VBC, PBM or VBC þ PBM
decreased its expression and improved the nociceptive behaviour. These
data reinforce the idea that glial cells play important roles in peripheral
and central mechanisms involved in the initiation and maintenance of
orofacial pain (Sessle, 2011; Hossain et al., 2017; Fan et al., 2019).

In this study, we explore the antiallodynic effect of VBC, PBM or their
combination on CCI-IoN induced pain. CCI-IoN induced astroglial/
microglial proliferation and astroglial/microglial activation; we also
found a low IL10 protein levels in CCI-IoN rats; however studies using
different models of sciatic nerve injury (crush, CCI) already have
mentioned a transiently decrease of IL10 after nerve injury (Powell et al.,
6

2000; Okamoto et al., 2001; Stoll et al., 2002; George et al., 2004); and,
besides the beneficial effects of IL10, this relative deficiency of local IL10
protein may be essential for effective nerve de- and regeneration (George
et al., 2004). Our data indicate that VBC, PBM or VBC þ PBM could
attenuate the CCI-IoN induced allodynic pain, and VBCþ PBMwas faster
and more effective to ameliorate the pain-related behavior due to
CCI-IoN. In addition, the treatments also reduced glial cells (microglial
and astrocytes) activation and levels of expression of the proin-
flammatory IL-1β, IL6 and TNF-α, and also increased the expression of
anti-inflammatory cytokine IL10.

Most recent studies suggested administration of vitamin B complex
(i.e., B1, B6 and B12) alone or combined as treatment for controlling
acute and chronic neuropathic pain following temporary spinal cord
ischaemia and CCI-IoN in rats (Yu et al., 2014; Kopruszinski et al., 2015).
As demonstrated in this study, VBC could ameliorate the allodynic
behavior in CCI-IoN rat model of orofacial pain. Furthermore, we showed
an important role in regulate the glial activation, proinflammatory and
anti-inflammatory cytokines production, events which may be involved
in the development and maintenance of chronic pain (Ji et al., 2013).

Comparing the antiallodynic effect of VBC with others pharmaco-
logical and nonpharmacological treatments, the beneficial role of VBC in
orofacial pain condition due to nerve injury could be more meaningful in
clinical use, due to the absence of significant side effects. The mecha-
nisms underlying this anti-nociceptive effect of VBC are not fully un-
derstood. Proinflammatory cytokines can produces central and
peripheral sensitization acting in different ways. For example, TNF-α can
enhances excitatory synaptic transmission; IL6 inhibits inhibitory syn-
aptic transmission and IL1β can both enhance excitatory synaptic trans-
mission and reduce inhibitory synaptic transmission (Kawasaki et al.,



D.O. Martins et al. Brain, Behavior, & Immunity - Health 2 (2020) 100040
2008). In our study VBC treatment provide a decrease in proin-
flammatory cytokines, reduces glial cells markers and improve
pain-related behavior. These data suggest a potential role of VBC in
regulating synaptic plasticity and neuronal excitability contributing for
an efficient relief of orofacial pain. Other studies showed that the
administration of B vitamins alone or in combination demonstrated
antinociceptive and neuroprotective effects in orofacial neuropathic pain
models in rats (Kopruszinski et al., 2012; Tamaddonfard et al., 2013).
Studies also revealed that the deficiency of vitamin B1 (thiamine) could
be associated with neurodegenerative diseases (Jhala and Hazell, 2011)
and microglial activation (Wang and Hazell, 2010); furthermore, a syn-
thetic S-acyl derivative of vitamin B1 inhibited inflammatory mediators
and enhancing anti-inflammatory factor production in activated micro-
glia (Bozic et al., 2015). Vitamin B6 has anti-inflammatory activity, and
supplementation with high doses (100 mg/day) could suppresses plasma
IL6 and TNF-α levels (Jankowski and Koerber, 2010). There are also
some data showing antinociceptive and anti-inflammatory effects of
vitamin B12 (Tamaddonfard et al., 2013). We confirmed that VBC
significantly attenuated CCI-IoN-induced allodynia in a rat model of
orofacial pain. More interesting, the decreased activation of glial cells
was accompanied by a corresponding decreases expression of the pro
inflammatory cytokines IL1β, IL6 and TNF-α, pointing out that VBCmight
be an important antiallodynic mediator inducing analgesic effect through
downregulating glial cells activation (astrocytes and microglia) and the
synthesis of inflammatory factors which have a well-documented roles in
pain facilitation (Watkins et al., 2006).

Previous studies demonstrate that PBM is effective in ameliorate pain
related behavior due to nerve injury (de Oliveira Martins et al., 2013;
Martins et al., 2017b), inflammation (Neves et al., 2018), after experi-
mental unilateral temporomandibular joint (TMJ) disc injury (de Freitas
Rodrigues et al., 2019) and improve morphological recovery of the pe-
ripheral nerve (Rocha et al., 2017; Martins et al., 2017a). According to
our immunohistochemistry and Western blot results, PBM application
attenuated the expression of GFAP, which is up-regulated as astrocytes
are activated, and the expression of Iba1, a marker associated with
activated microglia in the treated groups when compared to the CCI-IoN
group. We found similar results for VBC administration and PBM therapy.

The most interesting result of our study was that the combined
treatment didn’t show a significant performance in cellular and molec-
ular assays comparing with the results of with each treatment alone but
reaches a better antiallodynic effect as seem in the behavioral tests;
suggesting this combination produced a functional synergistic interac-
tion in CCI-IoN rats and produce a complete reduction of tactile allodynia
in these animals earlier. To our knowledge, this is the first report about
the synergistic interaction between PBM and vitamins B cocktail. While
there has publishing’s data about the use of PBM or vitamins B cocktail to
treat acute and chronic neuropathic pain, their specifics mechanisms of
action remain unclear. Our results clearly demonstrate increased
expression of glial cells after CCI-IoN and treatments could prevent this
upregulation.

Peripheral nerve injury can strongly activate microglia and astro-
cytes, these cells can produce chemoattractant, chemokines, and cyto-
kines (Johnston et al., 2004). Main proinflammatory cytokines include
IL-1 alpha/beta, TNF-alpha, IL-6, IL-8, IL-17, and IL-18, these cytokines
can stimulate the function expression of other inflammatory mediators,
leading to exacerbated sensitization, including painful condition (Chiang
et al., 2012). Cytokines may also contribute to the reactive oxygen spe-
cies (ROS) production and to generating oxidative stress (Yamada et al.,
2020). It is suggested that PBM act systemically in the oxidative stress
markers and cytokine production (in both gene and protein) through glial
cell activity, with an effect similar to some kinds of nonsteroidal
anti-inflammatory drugs (NSAIDs) (Aimbire et al., 2007; Wu et al., 2014;
Yamada et al., 2020). The antinociceptive effect of VBC has been docu-
mented, mainly related to their anti-inflammatory effect which may be
due to inhibition of action and or synthesis of inflammatory mediators
(Xu et al., 2016; Zaringhalam et al., 2016), but can be also by inhibition
7

of nitric oxide synthesis (Moallem et al., 2008).
The inhibition of pro-inflammatory cytokines is essential to reduce

pain behavior after nerve injury and this process seems was dependent
upon the spinal trigeminal nucleus microglial reactivity. Our finding
suggest a direct relationship between glial cells activation, release of
inflammatory cytokines and pain related-behavior, here we believe that
the treatments, VBC and PBM, may interfere with glial activation,
resulting in the rebalancing of proinflammatory and anti-inflammatory
cytokines, which can regulate nociceptive neuronal excitability contrib-
uting with the antinociceptive effect of PBM and VBC treatments.

There are some limitations to our study. Mainly, we need to further
investigate the exact mechanism of regulation of glial cells in our model,
as well as whether glial cells inhibition (with specific antagonists) can
result in different effects of the treatments in behavioral allodynia and
protein expression. Nevertheless, our results suggest an important role
for the use of VBC and PBM as a promising candidate for the treatment of
pain due to nerve injury. Given that the combination of VBC and PBM
used here was better in revert the allodynic behaviour, the use of this
protocol may improve the treatment of pain-related to nerve injury and
became an inexpensive and safe approach.

In conclusion, our study demonstrated that the treatment with VBC or
PBM or combined treatment VBC þ PBM significantly attenuated CCI-
IoN-induced nociceptive response. Furthermore, Western blot and
immunohistochemistry data indicated that the anti-nociceptive effect of
VBC and PBM might be mediated through inhibition of glial cells acti-
vation and the consequent production of glial-derived inflammatory
mediators in the spinal trigeminal nucleus. Collectively, our data suggest
an additional implication for anti-nociceptive mechanism of VCB and
PBM and it may be dependent on IL10 expression.
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