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Abstract Excessive Aβ deposition in the brain is asso-
ciated with the formation of senile plaques, and their
diffuse distribution is related to Alzheimer’s disease.
Thirty rats (EG) were irradiated with light-emitting di-
ode (photobiomodulation (PBM)) in the frontal region
of the skull after being inoculated with the Aβ toxin
in the hippocampus; 30 rats were used as the control
group (CG). The analysis was conducted at 7, 14, and
21 days after irradiation. We observed a decreased in
Aβ deposits in treated animals compared with animals
in the CG. The behavioral and motor assessment re-
vealed that the EG group covered a larger ground dis-
tance and explored the open field than the CG group on
days 14 and 21 (p < 0.05). The EG group was statisti-
cally significant in the spatial memory test compared to
the CG group on day 14. The use of PBM significantly
reduced the presence of Aβ plaques and improved spa-
tial memory and behavioral and motor skills in treated
animals on day 21.
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Introduction

Alzheimer’s disease (AD) is a progressive neurodegenerative
disorder clinically characterized by cognitive and memory
dysfunction accompanied by classical hallmark pathologies
such as intraneuronal neurofibrillary tangles (NFTs) and ex-
tracellular amyloid plaques [1–3].

The excessive deposition of the amyloid-β (Aβ) pro-
tein in the brain with the formation of senile plaques and
their diffuse distribution in the cerebral cortex results in
the progressive loss of synapses in extensive areas provid-
ing the earliest clinical signs of AD: short-term memory
loss [3]. The role of neuroinflammation and oxidative
stress in AD has already been established [4].
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They cause an accumulation of plaques because Aβ pep-
tide active astrocytes and microglia participate in the produc-
tion of toxins and inflammatory cytotoxins, contributing to the
neurodegenerative process [5–7], and thus creating a vicious
circle. The Aβ peptide is produced by the cleavage of the
protein called amyloid precursor protein.

Once formed and released into the extracellular environ-
ment, Aβ has two destinations: it can remain in its monomeric
form or initiates the process of polymerization, which will
form oligomers and/or fibrils [8]. In cases of AD, the presence
of anomalous proteins, particularly the Aβ peptide, can trigger
oxidative stress through the formation of reactive species of
oxygen and nitrogen (ROS), which in turn, are significant in
the occurrence of mitochondrial injuries [4].

The mitochondrial collapse that follows seems to be caused
by the direct toxic action of the Aβ peptide, which leads to
synaptic loss, cellular death, oxidative stress, and inflamma-
tion; these processes have been implicated in several neuro-
degenerative diseases, including AD [4, 9]. Low-level laser/
light-emitting diode (LED) therapy (LLLT) (<200 mW) or
even noncoherent LEDs in the red or near-infrared (NIR)
w a v e l e n g t h r a n g e a r e c ommo n l y k n ow n a s
photobiomodulation (PBM) [10].

Lasers (coherent radiation) and LEDs (noncoherent radia-
tion) produce beneficial cellular effects in controlled trials
[10]. During the LLLT, the absorption of red or NIR photons
by the cytochrome c oxidase in the mitochondrial respiratory
chain cause an increase in cellular respiration at appropriate
energy and power densities [11].

The effects include an increase in mitochondrial respira-
tion, ATP synthesis [12–14], and nerve cell proliferation
[15], among others. Through the analysis of increased cyto-
chrome oxidase, Rojas et al. [16] reported that PBM induces
brain metabolic and antioxidant effects. In another study, these
authors reported an increase in memory retention and oxygen
consumption as the result of cytochrome oxidase stimulation
in the frontal cortex of rats [17].

Significant results were seen when transcranial PBM was
applied in neurodegenerative diseases, such as in Parkinson’s
and Alzheimer’s diseases that were experimentally induced in
rats [18–20].

At this time, few studies have been conducted to evaluate
the use of LED therapy and its effects on senile plaques and
behavior state related to the AD model in rats following a
treatment protocol with PBM. This study is based on previous
studies regarding the physiological effects of LED over neu-
rological tissue and cell structures in neurological diseases.
Our hypothesis is that this treatment will improve impaired
behavioral states in rats with AD through the photobiological
action of the treatment, diminishing the presence of senile
plaques.

The main objective of the present study was to evaluate the
effect of PBM (LED 627 nm) treatment on the presence of

senile plaques in rats with AD induced by the administration
of Aβ25–35 toxin in the hippocampal region and on their spa-
tial memory and behavioral state.

Methods

Sample

The sample was composed of 60 male Wistar rats (Rattus
Norvegicus) weighing between 200 and 250 g. They were
placed in acrylic cages in pairs and kept in a light/dark cycle
of 12 h with water and food ad libitum. The present study was
approved by the Animal Use Ethics Committee of the
Midwest State University (Unicentro) under protocol number
045/2013. All procedures were conducted in accordance with
the CEUA.

Directive for experiments including animals

Animals were divided into two groups, treated and nontreated;
they were subsequently subdivided into six groups of ten an-
imals in each group as follows: nontreated for 7 days and
euthanasia on day 8, nontreated for 14 days and euthanasia
on day 15, nontreated for 21 days and euthanasia on day 22,
treated for 7 days and euthanasia on day 8, treated for 14 days
and euthanasia on day 15, and treated for 21 days and eutha-
nasia on day 22.

Surgical procedure for the Aβ25–35 inoculation

The Aβ25–35 1 MG protein was acquired from the Sigma-
Aldrich and used dissolved in 0.1 μl of DMSO and 0.9 μl of
distilled water; this solution was incubated for 72 h at 4 °C.
Animals (n = 60) were anesthetized intra-abdominally with a
solution in the proportion of 80 mg/kg of hydrochloride keta-
mine (Ketamine, 10 ml bottle) to 15 mg/kg of hydrochloride
xylazine (Dopaser, 10 ml bottle) and taken to a stereotaxic
apparatus (David Kopf, EUA) where their heads were fixated
by the temporal bone and upper incisors. Cannulas made with
30 × 09 needles (5 mm long) were implanted in the hippocam-
pal region and directed to the hippocampus CA1 area accord-
ing to the stereotaxic coordinates in the atlas by Paxinos and
Watson [21]. The following stereotaxic coordinates were
used: AP = −3.12 mm, ML = ± 1.8 mm, and DV = 2.8 mm
using bregma as a reference and lambdoid and bregmatic su-
tures on the same horizontal plane. After the implants were
placed, the cannulas were fixated in the calvaria using a self-
curing acrylic prosthesis. A stainless steel wire was inserted
into the cannula to prevent occlusion. A screw was placed in
the anterior section of the skullcap to fixate the wire. The
animals were allowed to rest for 5 days before being anesthe-
tized again and submitted to the stereotactic process for the
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Aβ25–35 inoculation. Using a Hamilton syringe, 2 μl of the
Aβ25–35 (Sigma-Aldrich) peptide was inoculated in the CA1
region of the hippocampus as described in Freir and Herron
[22]. The peptide solution was injected at 0.1 μl per minute
(with a total time of 20min) to prevent backflow and allow the
toxin to be absorbed into the brain parenchyma.

Study characterization

Animals rested for 21 days after the intracerebral injection;
one animal from each group was randomly selected to be
euthanized for the verification of presence of senile plaques
in the brain; if senile plaques were present, the study
proceeded (Fig. 1).

Protocol assessments

Behavioral and locomotor measurement

The open field test [23] provides simultaneous measurements
of locomotion, exploration, and anxiety. To conduct the test,
animals were individually placed in the center of an arena and
exposed to the open field for a period of 5 min and their
behaviors were filmed. The etiological analysis of their behav-
ior assessed the following: frequency and duration of walking,
standing and grooming, and the number of fecal boli. Walking
was measured by the number of rectangles covered using all
four paws. Standing was considered when the animals sup-
ported themselves solely on the hind paws. Grooming was
considered as movements of the front paws along the head
or body. Fecal boli were counted after the animal was removed
from the arena. The arena floor was cleaned with alcohol and
extensively dried, and air was allowed circulating between
each animal.

Spatial memory assessment

The Morris water maze [24] was used to assess spatial mem-
ory. This test was firstly described 20 years ago to investigate
spatial learning and memory in rats. The Morris water maze
consisted of a circular tank (90 cm in diameter, 50 cm in
height) filled with water to a depth of 29 cm and maintained
at 24 ± 1 °C. Four points are established to the north, south,
east, and west (N, S, E, W) edges of the pool. In the center of
one of the four quadrants, based on these cardinal points, there
is a platform, invisible to the rat, placed at approximately 2 cm
below the water level. This acrylic platform is transparent with
an area of 11 × 14 cm on which the animal can support itself
and escape from the water. The walls of the pool contain
visual hints composed of geometric designs and figures that
serve as reference points for the animal.

Protocol for irradiation

The Superbrightled model RL5-R12008 PBM transducer was
used at 627-nm emission. The optical power of the device was
previously measured by the ThorLabs optical wattmeter mod-
el PM100D, which was set at 70 mW and 627 nm [25]. The
PBM system contains seven LEDs with an encapsulated LED
diameter of 5 mm. The LEDs were geometrically arranged
circumferentially with an angle of 15° in their order of irradi-
ation, forming one dot that focuses the light on one single
location in order to achieve useful irradiation intensity levels
for the clinical application of phototherapy. Inside the device,
a spacer projected an irradiation area of 1 cm2 on the sample;
the encapsulated LEDs were placed at 1 cm from the scalp.
The application method was based on time. The PBM system
was stationary positioned in skin contact at the frontal region
in the rat’s head; the irradiation was applied once a day for
100 s, at the irradiation dose of 7 J/cm2 with potency of
70 mW for 21 days.

Histological analysis

Animals were euthanized in a CO2 chamber, and death was
confirmed visually. The brain was removed, sectioned near
the cannula channel, placed in 10% formalin, sent to the pa-
thology laboratory, and placed in paraffin. Three 2-μm sec-
tions with an interspace of 10 μm were cut and stained with
hematoxylin and eosin (HE) and with other dyes for the im-
munohistochemical analysis.

Statistical analysis

The data were analyzed with the SPSS 20.0 software. One-
way ANOVA and the Tukey’s post hoc test were used in the
parametric data, and theMann–WhitneyU test was used in the
nonparametric data. Differences were considered statistically
significant at p ≤ 0.05.

Results

Histological analysis

The histological analysis showed that at 7, 14, and 21 days
after the PBM treatment, all irradiated groups showed a sig-
nificant reduction in the amount of Aβ as indicated by blue
arrows compared to the nontreated group at 21 days (Fig. 2).
Figure 2a, b displays the limited presence of Aβ plaques in
both groups after 7 days. Morphological alterations in the
hippocampal region were evident in the treated group.
However, there was a large quantity of astrocytes around the
injured region in the nontreated group (severe level) while the
presence of these cells was lower in the treated group (intense
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level). On day 14 (Fig. 2c, d, as indicated by the yellow arrow
in A) in the nontreated group, an intense presence of senile
plaques in the hippocampus was observed distributed
throughout the CA1 anterior region, intense presence of astro-
cytes throughout the tissue, and a morphological increase of
the hippocampus. An intense presence of senile plaques was
observed in the treated group; however, it was distributed
throughout the hippocampus with a moderate presence of as-
trocytes. On day 21, extensive tissue necrosis with severe
deposition of Aβ plaques, morphological alterations in the
hippocampus, intense edema and severe levels of immune
glial cells were observed in the nontreated group. In the treated
group, a moderate level of senile plaques and a mild presence
of astrocytes was observed throughout the hippocampal re-
gion (Fig. 2e, f).

The immunohistochemical analysis shows positive results for
markers for the presence of the beta amyloid protein was lower
in the treated group than in the untreated group (Fig. 2a–f).

Behavioral and locomotor measurement

Figure 3 shows the presence of plaques on days 7, 14, and
21 between groups. The quantification of plaques through
antibody immunohistochemistry showed that the amount
of senile plaques in the hippocampal region increased
over time from the Aβ toxin inoculation in the nontreated

group compared to treated group on day 14. On day 21,
the nontreated group showed greater amount of senile
plaques than on days 7 and 14 (p < 0.001). The statistical
analysis showed a significant difference (p < 0.001) when
compared with the treated group on day 21, when we
could observe that senile plaques did not progress in re-
lation to day 14 in the treated group.

Figure 4 shows the distance traveled by the rats in the
open field test. After 7 days of irradiation, the animals in
the treated group covered a mean distance of 1250 ±
154.3 cm whereas those in the nontreated group covered
a mean distance of 380.8 ± 142.8 cm; however, these re-
sults were not statistically significant (p > 0.05). The dis-
tances covered by animals in the treated and untreated
groups were 1428 ± 16.79 and 476.2 ± 16.79 cm (p =
0.028) and 734.6 ± 59.5 and 1975 ± 276.8 cm (p = 0.028)
after 14 and 21 days, respectively.

With regards to the Morris water maze test (Fig. 4), a sta-
tistically significant difference was observed between the
groups after 14 days of PBM irradiation; the animals in the
treated group required a mean time of 1.748 ± 0.56 s to find
the center of the maze whereas those in the nontreated group
required 4.533 ± 0.12 s (p = 0.028). No statistical differences
(p > 0.05) were observed between groups on day 7 and 21. On
day 7, the animals in the treated and nontreated groups re-
quired mean times of 2.833 ± 0.34 and 3.645 ± 0.98 (p =

Fig. 1 The circle demarcates the location where the induction of the process for the deposition of beta amyloid toxin occurred
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0.23), respectively. The mean speed was 2.475 ± 0.78 and
4.72 ± 1.02 on day 21 in the treated and non-treated groups,
respectively.

Discussion

Few studies have demonstrated the action of photother-
apy with positive effects on neurological conditions
such as AD, Parkinson’s disease, and dementia. The
results of the present study confirm the benefits of the
PBM treatment in the Alzheimer’s disease model using
the inoculation of Aβ25–35 in rats. Here, we observe a
decrease in Aβ toxin deposits in the hippocampal

region with improved performance in behavioral and
motor tests.

Effects of PBM on senile plaques

Our study evaluated the deposition of Aβ between 7 and
21 days in rats. The nontreated group shows the greatest
amounts of this protein, particularly on day 21. This finding
demonstrates that the accumulation of Aβ in the hippocampal
region leads to significant immunological alterations such as
increased levels of Aβ toxin, astrocytes, and glial cells in
comparisons between treated and nontreated groups. The
PBM treatment promotes positive results in the inflammatory
process decreasing the levels of βA (Fig. 2c–f). The

Fig. 2 Histological analysis after
the PBM treatment
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accumulation of Aβ in the brain is one of the main pathological
processes in AD patients. The formation of these deposits ini-
tiates a series of cellular events that can elicit an immune re-
sponse involving cells such as those in the microglia and astro-
cytes, which secrete pro-inflammatory by-products such as cy-
tokines and prostaglandins [4–8] and play an important role in
AD [6]. This process was observed in the histological analysis
in our study (Figs. 2 and 3) through an intense presence of
astrocytes in the nontreated group, which resulted in a severe
deposition of amyloid plaques. Hashmi et al. [26] reported that
the PBM treatment assists in preventing neurodegenerative dis-
eases due to the activation of transcription factors that lead to
the expression of many protective factors such as antioxidants
and antiapoptotic factors. Hanczyc et al. [27] explain these ef-
fects by showing that amyloid fibrils, which includes Aβ, have
great ability to absorb photons due the presence of chromo-
phores in themolecular structure of their fibrils, thus confirming
the phototherapeutic effects of the PBM treatment.

According to Yang et al. [28], irradiation with LED induces
nerve regeneration after trauma and reduces the inflammatory

process, which supports the observation of extensive tissue
necrosis in the intense edema and severe levels of glial cells
(Fig. 2e, f) on day 21 in our study. The same authors used LED
632.8 nm and reported a reduction in the formation of Aβ,
which inhibited the production of ROS and the presence of
astrocytes. Bortoletto et al. [29] and Giuliani et al. [30] report-
ed that the use of low-level laser therapy increased ATP syn-
thesis and that the modulation of oxidative stress occurs in
PC12 cells under infrared light.

Sommer et al. [20] applied LED 670 nm in cultured cells
and confirmed a reduction of Aβ. The same authors proposed
the LED application as a treatment for AD.

According to Yang et al. [7], senile plaques are surrounded by
activated microglia and astrocytes, which secrete pro-
inflammatory factors in the area such as cytokines and prosta-
glandins. Sofroniew and Vinters [31] report that astrocytes (glial
cells) play an important role in the organization and maintenance
of the brain interacting with neurons that are involved in the
secretion of neurotransmitters andmodulation of oxidative stress.
An interesting result in our study was the presence of increased
agglomeration in the dentate gyrus (Fig. 2; B—treated group on
day 21). This structure is also responsible for neurogenesis where
any of these cells, after formation, will functionally integrate
around the brain [32]. Costa et al. [33] showed in their study that
the dentate gyrus would be responsible for implementing spatial
and temporal tasks in rats. Therefore, we could infer that the
PBM treatment stimulates the dentate gyrus to produce cortical
neurons and thereby improve cognitive performance.

Effects of PBM on spatial memory and behavioral state

The hippocampus and its subregions, for example, the dentate
gyrus, are responsible areas mediating the recognition of con-
figurations, spatial and temporal behavior, and episodic mem-
ory [34–36]. It also displays particular importance in memory
and learning processes [37]. In AD, Counts et al. [36] reported
that prior to the onset of disease, a premature disruption occurs
in the CA1 area gene affecting the cascade ofmolecular events

Fig. 4 Distance traveled by the
rats in the open field test

Fig. 3 Mean and standard deviation for toxin beta amyloid

754 Lasers Med Sci (2017) 32:749–756



that will trigger AD, which leads to a synaptic failure causing
cognitive impairment. In the present study, both treated and
untreated groups did not differ in the distance traveled in the
open field test and Morris water maze test (Fig. 4) on day 7
post-Aβ inoculation, demonstrating that a lesion in this area
could harm or affect motor and behavioral tasks.

Some studies have shown that lesions in the hippocampus
and dentate gyrus affect the process of recognition and perfor-
mance in spatial and temporal tasks. Bueno et al. [37] showed
that rats with an experimentally caused injury in the dentate
gyrus were able to acquire tasks; however, their memory ac-
quisition process becomes slower and they lose spatial and
temporal discrimination acuity. Eichenbaum et al. [38] dem-
onstrated that rats, even with hippocampal lesions, were
skilled in the Morris water maze task. Our results in the
Morris water maze show that there was no difference between
groups in the late stage of AD; however, the PBM-treated
group showed better performance than the untreated group.

Our study is the first to demonstrate the effects of PBM in
AD models on behavioral and locomotor tasks. Michalikova
et al. [39] report that rats exposed to infrared radiation show an
improvement in cognitive and behavioral aspects.

Our study indicates the beneficial effect of PBM treatment
on behavioral tasks in the early stages of AD by demonstrating
the improvement in motor and behavioral performance in
treated animals compared to nontreated ones.

Conclusion

The use of PBM in rats with AD showed a significant reduc-
tion in senile plaques after 21 days of treatment in the treated
group compared to the nontreated group.Moreover, the results
of the evaluation of behavioral motor state were satisfactory.
The early diagnosis of AD associated with the proposed use of
PBM, which is a low-cost and noninvasive procedure and
with absolute unknown contraindications, could lead to the
achievement of relevant results that would improve the quality
of life of people affected by this disease. Further investigation
using a population of patients with AD is required.
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