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Abstract: Transcranial direct current stimulation (tDCS) is a type of electrical modulation of the nervous system activity
which involves the uses of low current to stimulate specified areas of the brain using electrodes to the scalp. This study was
carried out to investigate if tDCS which is being used in the treatment of various disorders of the brain could have any possible
side effects that might be worse than the treated disorder or any effects of tDCS on the cytoarchitecture of the dorsolateral
prefrontal cortex. A total of 32 adult male Wistar rats were used and were placed into 5 groups (A-E). Rats in group A were
divided into two groups A (SHAM) (tDCS for 30seconds) and A (N-SHAM). Rats in groups B, C, D and E were stimulated for
5, 10, 15, and 20 minutes with 12Volt respectively for the duration of 14 days and the animals were euthanized on the last day
of the experiment two hours post brain stimulation. The specimen were subjected to gross morphological analysis and basic
demonstration of the DLPFC using H & E and special stains. There was no significant difference in the neuronal structure and
the supporting cells of the brain across the groups A (SHAM), B (5MINS), C (10MINS), D (15MINS), E (20MINS) when
compared with control group A (N-SHAM) which suggest that tDCS does not have any neurodegenerative effects and could be
safe in its use as neuro-stimulator to enhance cognitive ability in healthy individuals.
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1. Introduction
Transcranial direct current stimulation is a purposeful
modulation of the nervous system’s activity that involves the
use of constant but yet low controlled current delivered to the
brain area of interest via electrodes to the brain. Evidences
show that tDCS was originally developed to aid the treatment
of various neurological and psychological (mental) disorders
such as major depressive disorder [1]. New experiments and
researches show the possibility of the use of tDCS in the
treatment of schizophrenia [2], memory deficits in
Parkinson’s and Alzheimer’s disease [3]. There is a rapid

growing use of tDCS by the general public to enhance
cognitive ability.
There is little or almost no existent report on the effect of
transcranial direct current stimulation on the cytoarchitecture
of the brain which is the main purpose of this research. The
extensive prospective use of modernized tDCS in the
treatment of various disease raises the concern on the effect
of tDCS on the brain as there could be possible side effects
that might be worse than the treated disorder.
The dorsolateral prefrontal cortex (DLPFC) is also known
as the Brodmann’s area 46 which is between the Brodmann’s
area 10 and Brodmann’s area 45, it occupies the middle
frontal gyrus and the rostral portion of the inferior frontal
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gyrus, the area 46 is based on the cytoarchitecture rather than
the function. It serves a highly important executive role
within the brain and subsequently is the main site of
cognitive control in both humans and monkeys [4]. The
DLPFC has long been implicated in higher cognitive
functions such as switching attention, working memory,
maintaining abstract rules, and inhibiting inappropriate
responses [5]. The DLPFC is also involved in the preparation
of saccadic eye movements [6].
The layers of the cortex is the same in all division and it is
the same in the DLPFC, the different cortical layers each
contain a characteristic distribution of neuronal cell types and
connections with other cortical and subcortical regions. There
are 6 main layers from the outside (pial surface) to the inside
(white matter) and they are the molecular layer, external
granular layer, external pyramidal layer, internal granular
layer, internal pyramidal layer and the polymorphic or
multiform layer [7]. The DLPFC is composed mainly of
spatial selective neurons which makes it have a neural
circuitry that encompasses the entire range of sub-functions
necessary to carry out an integrated response such as
retention in short term memory, sensory input and motor
response such as retention in short term memory, sensory
input and motor signaling [8] this area of the brain undergoes
prolonged development and maturation as it continues unto
adulthood. The area is more functional than anatomical. The
DLPFC is the highest area of the cortex that is involve in
motor planning, organization and regulation [9]. The spatial
selective neurons contained in the DLPFC ensures that the
neural circuitry functions approximately in order to carry out
integrated responses such as sensory input, retention in short
term memory and motor signaling [8].
Transcranial direct current stimulation of the DLPFC
results in a shift in the excitability which occur during and
after stimulation [10]. Research in enhancing working
memory is definitely one of the major things that can be done
with the use of the tDCS. Anodal tDCS applied on the
DLPFC facilitate working memory processes [11]. Findings
show that anodal tDCS over the right DLPFC may prevent
working memory impairment induced by acute stress [12].
Stimulation of the primary motor cortex (M1) and
dorsolateral prefrontal cortex (DLPFC) reduces the
perception of pain. Researches show that anodal tDCS of the
DLPFC could decrease the perception of unpleasantness and
reduces emotional discomfort or pain.

2. Materials and Methods
Thirty two (32) adult male Wistar rats with average weight
of 150g were used for this research. The animals were
grouped into 5 (A, B, C, D and E) of 6 animals in groups B,
C, D and E except group A which was divided into A (sham)
and A (N-sham) with four animals in each. Rats were housed
in plastic cages and given food and water ad libitum. Group
A (sham) was the sham control that was stimulated for
30seconds and group A (N-sham) were not given any
stimulation. Groups B, C, D and E were electrically

stimulated using the same volts but with different durations.
The transcranial direction current stimulation device used
in the experiment was the Brain Stimulator tDCS travel
model V2.0, which was ordered from the brain stimulator,
based in California, United States of America. The electrodes
were adapted to be suitable for the rat model.
GROUP A1 (sham): Control group was given a sham
(stimulated for 30 seconds) for 14 days
GROUP A2 (N-sham): Control group which was not given
any stimulation
GROUP B: Stimulated with 12V for 5 minutes daily for
the duration of 14 days
GROUP C: Stimulated with 12V for 10 minutes daily for
the duration of 14 days
GROUP D: Stimulated with 12V for 15 minutes daily for
the duration of 14 days
GROUP E: Stimulated with 12V for 20 minutes daily for
the duration of 14 days
Animal fur medial to the ears of each experimental
animals was shaved off to double-check the electrode-scalp
contact. Brain stimulator was used to stimulate the
experimental animals’ brain and the electrodes were placed
on both sides, medial to the ears and were held in place with
tape. The duration and voltage used in the present study were
selected based on previous works [13-17] and also based on
the pilot study that we conducted.
On the last day of the experiment, two hours after the
experimental procedures, the animals were euthanized. The
extracted tissues were fixed in 10% formol saline, and then
processed 48hours later for routine histomorphological
analysis. Hematoxylin and Eosin staining method was used
to demonstrate the general histology and morphology of the
dorsolateral prefrontal cortex of the control and the
stimulated groups and Luxol Fast Blue and Bielschowsky
stains were used to demonstrate the Nissl substance,
neurofibrils and senile plagues respectively.
Photomicrographs of the H&E stained slides were
imported into Image J software for both the neuronal cell
count and glia cell (supporting cells) count and the values
obtained were evaluated by one way analysis of variance
(ANOVA) using GraphPad Prism 6 (GraphPad Inc. San
Diego US), this was followed by Student Newman-Keuls
(SNK) test for multiple comparisons. A value of p< 0.05 was
considered to indicate significant difference between groups.

3. Results
Figure 1 shows the photomicrograph of the H & E staining
of the prefrontal cortex of the brain at X100 showing the 6
layers which are the molecular, external granular, pyramidal,
inner granular, ganglionic and multiform layer of the cerebral
cortex across all the groups. There was no significant
difference between group A (N-SHAM) and A (SHAM).
There was no observable difference across the groups B, C,
D and E when compared to group A (N-SHAM) and between
each other.
Figure 2 is the photomicrograph of the H & E staining of
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the prefrontal cortex of the brain at X400 showing
identifiable neuron, neuropil and glial cells. There was no
significant difference between the group A (N-SHAM) and
group A (SHAM) in the general histology. There was no
observable difference across the treated groups B (5MINS),
C (10MINS), D (15MINS), and E (20MINS) when compared
to group A (SHAM).
Figure 3 is the photomicrograph of the Luxol Fast Blue
staining of the prefrontal cortex of the brain at X400 showing
identifiable myelin sheath, neuron and neuropil. The
structure of the myelin sheath, neuron and the neuropil in
group A (N-SHAM) is not difference from that of group A
(SHAM). There was no significant difference in the structure
of the myelin sheath, neuron and neuropil when compared to
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groups B (5MINS), C (10MINS), D (15MINS), and E
(20MINS).
Figure 4 is the photomicrograph of the Bielchowsky’s
staining of the prefrontal cortex of the brain with identifiable
nerve fibers (Axon and Dendrites), neuron and glial cells.
There was no observable difference in the cell processes
(Axon and Dendrites) of groups A (SHAM) when compared
with group A (N-SHAM). The pyramidal cells are well
displayed in the sections and there was no significant
difference across all groups. There was no observable
difference across all groups B (5MINS), C (10MINS), D
(15MINS), and E (20MINS) when compared to group A
(SHAM).

Figure 1. H & E stained prefrontal cortex (100X). As; group A (SHAM), An; group A (N-SHAM), B; group B (5MINS), C; group C (10MINS), D; group D
(15MINS), E; group E (20MINS). 1= molecular layer, 2=external granular layer, 3= pyramidal layer, 4= inner granular layer, 5= ganglionic layer, 6=
multiform layer.
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Figure 2. H & E stained prefrontal cortex (400X). As; group A (SHAM), An; group A (N-SHAM), B; group B (5MINS), C; group C (10MINS), D; group D
(15MINS), E; group E (20MINS). N=Neuron, G=Glial Cells, Np=Neuropil.
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Figure 3. Photomicrographs of sections of the prefrontal cortex stained with Luxol Fast Blue to demonstrate the myelin sheath integrity. (400X). As; group A
(SHAM), An; group A (N-SHAM), B; group B (5MINS), C; group C (10MINS), D; group D (15MINS), E; group E (20MINS).
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Figure 4. Photomicrographs of sections of the prefrontal cortex stained with Bielchowsky silver impregnation to demonstrate the nerve fibers (Axons and
Dendrites) (400X). As; group A (SHAM), An; group A (N-SHAM), B; group B (5MINS), C; group C (10MINS), D; group D (15MINS), E; group E (20MINS).
N=Neuron, G=Glial Cells, Np=Neuropil, Cp=Cell Processes/ Neurites.

HISTOMORPHOMETRIC RESULTS
Figure 5 shows histomorphometric result of the neuronal
cell count across all groups, no significant difference was
observed in groups A [SHAM] [47.00±4.97] and A [N-SHAM]
[36.50±2.96] when compared with the rest of the treated
groups B [5MINS] [34.00 ±5.03], C [10MINS] [39.75±4.77],
D [15MINS] [39.75± 4.77], E [20MINS] [39.50±4.05].

Figure 6 shows histomorphometric result of the glia cell
count across all groups, there was no observable significant
difference in groups A [SHAM] [74.50±2.96] and A [NSHAM] [73.00±8.01] when compared with the rest of the
treated groups B [5MINS] [79.25±7.01], C [10MINS]
[87.00±8.80], D [15MINS] [88.00±8.03 ], E [20MINS]
[75.50±5.06].

4. Discussion

Figure 5. Neuronal cell count across all groups. Values are mean ± SEM of
data obtained; p values (p˂0.05). A (SHAM) (tDCS for 30 seconds), A (NSHAM) (no tDCS), B (5MINS) (tDCS for 5minutes), C (10MINS) (tDCS for
10minutes), D (15MINS) (tDCS for 15minutes), E (20MINS) ( tDCS for
20minutes).

Figure 6. Glia cell count across all groups. Values are mean ± SEM of data
obtained; p values (p˂0.05). A (SHAM) (tDCS for 30 seconds), A (N-SHAM)
(no tDCS), B (5MINS) (tDCS for 5minutes), C (10MINS) (tDCS for
10minutes), D (15MINS) (tDCS for 15minutes), E ( 20MINS) (tDCS for
20minutes).

Transcranial direct current stimulation of the DLPFC
results in a shift in the excitability which occur during and
after stimulation [10]. Research in enhancing working
memory is definitely one of the major things that can be done
with the use of the tDCS. Anodal tDCS applied on the
DLPFC facilitate working memory processes [11]. Findings
show that anodal tDCS over the right DLPFC may prevent
working memory impairment induced by acute stress [12].
Stimulation of the primary motor cortex (M1) and
dorsolateral prefrontal cortex (DLPFC) reduces the
perception of pain. Researches show that anodal tDCS of the
DLPFC could decrease the perception of unpleasantness and
reduces emotional discomfort or pain.
There is dearth of literature on the effects of transcranial
direct current stimulation on the cytoarchitecture of the brain
and this was the specific purpose of the present study. The
extensive prospective use of modernized tDCS in the
treatment of various disease raises the concern on the effect
of tDCS on the brain as there could be possible side effects
that might be worse than the treated disorder.
In the present study, as shown in figures 1-6 there were no
significant
differences
in
the
histology
and
histomorphometric analysis of the prefrontal cortex structures.
The neurons and the glial cells where not morphological
different across the treated groups when compared with
group A (N-SHAM) which served as the morphological
control and this may have been as a result of the duration,
frequency or intensity of the stimulation.
Figure 2 showed the photomicrograph of the H & E
stained prefrontal cortex at 400X. Group A showed a well
demostrated neurons with its prominent cell body and darkly
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stained nuclues which is centrally placed and clearly
observable cytoplasm with a clearly obsevable dendrites
projecting out of the cell body and the neuroglias are well
demostrated across the photomicrographs. These features in
group A was also observed across the rest of the treated
groups without any feaures of prominent eosinophilic
cytoplasm or neuronal swelling (which are signs of neuronal
damage) within the cytoplasm of the treated groups.
The Luxol fast blue (LFB) is a commonly used stain for
the integrity of the myelin sheath or to detect demyelination
in the central nervous system [18]. In the present study,
Figure 3 showed the photomicrographs section stained with
LFB. Photomicrograph slides of Group A showed a well
define myelin sheath fibers and these ware also observed in
the rest of the treated group without any form of
demyelination, which is an indication that tDCS does not
affect the integrity of the myelin sheath.
Bielschowsky technique is a silver staining method used to
demonstrate neurites (axons, dendrites), nerve fibers and
neurofibrillary tangles [19] in the present study, as shown in
Figure 4, the photomicrographs of the control group showed
well demonstrated neurons with clearly observable cell
processes which were also observed in the rest of the treated
groups. The cytoarchitectural findings from the presents study
suggest the neuroprotective or neuro-enhancing effects of the
tDCS on the brain rather than neurodegeneration and this can
be corroborated with the works of Maria [20] who worked on
the effects of tDCS on the hippocampus and reported an
increase in hippocampal long term potentiation (LTP) and
learning and memory following Anodal tDCS. Her results also
corroborate the positive effects of tDCS on the brain structure
and function that tDCS enhances rather than serving as
neurodegenerative. LTP is a persistent strengthening of the
synapses that is based on recent pattern of activity which
produces a very long lasting increase in transmission of
impulses in between two neurons and this is considered as one
of the major cellular mechanism that underlines learning and
memory [21, 22]. Findings from the present study was also
supported by the earlier report [23] that investigated that tDCS
effects on repetitive mild traumatic brain injury in rats brain
and reported therapeutic benefits of the tDCS on loss of
consciousness and electrophysiological changes such as
induced neural plasticity and early recovery of loss of
consciousness. This would not have been possible if tDCS had
neurodegenerative effects on the neurons and supporting cells
of the brain. Based on the result shown in figures 1-4 and the
histomorphometric analysis in figures 5 and 6, it is evident that
short term transcranial direct current stimulation of the brain
have no significant effect on the histomorphology of the brain.
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research only demonstrates the short term of tDCS on the
brain, so the possibility of the transcranial direct current
stimulation causing neural degeneration over a long period of
time should be further investigated.
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