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Abstract
Prenatal cerebrovascular stroke can cause permanent damage to the brain followed by deficits in neuro-muscular functioning. We hypothesize that recovery can 
be enhanced by transcranial direct current stimulation (tDCS) through changes in cortical plasticity. Unilateral hypoxia-ischemia (HI) was produced in rats on 
postnatal day 7 (P7). At P21, anodal tDCS was given to HI pups for 7 days. tDCS treated HI pups showed improved weight, grip strength, gait, motor function, 
and concentrations of brain-derived neurotropic factor cortex ratios compared to non-treated HI animal controls. These findings support tDCS following HI as an 
effective therapeutic for neonatal stroke.
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Introduction
Stroke is defined as permanent brain damage due to obstruction 

of blood or oxygen to the brain. It is known that neonatal strokes are 
recognized in about 1 of 4000 live births per year [1]. Strokes that have 
occurred in newborns often result in life long impairments including 
reduced or lost control of sensory and motor functions, aphasia, 
seizures, learning impairments, cerebral palsy, and death. To date, 
the most promising rehabilitative treatment is physical therapy (PT) 
[2]. However, despite early PT, more a significant percentage will 
progress to severe motor disability that will affect their basic activities 
of daily living [2]. Hence, there is need for more effective rehabilitative 
therapies, particularly for targeted therapies that prevent the secondary 
and tertiary damage processes associated with severe stroke.

Over the last decade there has been a resurgence of interest 
in studying the potential therapeutic effects of non-invasive brain 
stimulation [3-5] and its potential benefits of cognitive and memory 
enhancement [6,7], and neurological disease [8,9] including 
schizophrenia [6] Parkinson disease [10], and stroke [11,12]. Non-
invasive brain stimulation includes a number of technologies including 
transcranial magnetic stimulation (TMS) and transcranial direct 
current stimulation (tDCS), among others. In tDCS, surface electrodes 
are placed on the scalp and a weak direct current (anodal or cathodal) 
is applied. The current generates a weak electric field that alters the 
resting membrane potential of neurons within that field [13]. tDCS 
is considered a safe and unobtrusive way, in children and adults [14], 
to alter regional cerebral processes and elicit changes in physical and 
cognitive functioning, with the added benefit that it does not require 
any surgical procedures, unlike other forms of neurostimulation such 

as deep brain stimulation (DBS). There are now a number of studies that 
have shown that anodal tDCS of the lesioned motor region following 
stroke can result in a significant improvement of motor function in 
adult humans compared to sham stimulation control groups [12].

Plasticity in children’s brains during development is elevated 
relative to adults [15]. We hypothesize that motor recovery is facilitated 
by employing tDCS to further enhance natural plasticity during motor 
reorganization of the infant’s brain following hypoxic-ischemia (HI). 
However, before testing the effects of tDCS on the motor behavior of 
human infants with neonatal HI, it is important to perform preclinical 
tests on a comparable rat model to determine safety, efficacy, and 
natural mechanisms involved. In this study, we use a well-established 
Rice-Vannucci model [16] in neonatal HI rat pups in which tDCS is 
applied to determine whether tDCS will enhance motor performance 
relative to non-HI controls.

Using a ring electrode, animals were electrically stimulated with an 
anodal current protocol of short interstimulation intervals at 200 μA 
each day for one week that were paralleled by multiple neurofunctional 
tests including negative geotaxis, grip strength, and gait analysis. 
Following stimulation and behavior tests, tissue and protein samples 
were collected and used to measure brain-derived neurotropic factor 
(BDNF) levels, which is a marker for plasticity, in a small sample group 



Anderson CL (2017) Transcranial direct current stimulation enhances recovery from motor deficits following hypoxia-ischemia in neonatal rats

 Volume 1(3): 1-5Neurol Disord Therap, 2017         doi: 10.15761/NDT.1000113

of stimulated and non-stimulated animals. We show that tDCS has a 
neurophysiological effect on the neonatal rat brain after HI insult, with 
promising outcomes showing improvement in motor function after 
stimulation.

Results
To assess in vivo the degree of HI injury, six high-field magnetic 

resonance (MR) images obtained from a single rat pup (P15) under 
anesthesia eight days after HI injury were obtained (Figure 1) (Agilent 
Magnex Scientific 11.1T 40 cm horizontal magnet at the University of 
Florida’s McKnight Brain Institute). The cortical damage including 
necrosis and white matter injury in the right hemisphere is clearly 
visible in this animal.

The individual weight of each animal was recorded each day, 
starting on the day of HI surgery and ending one week following 
stimulation (Figure 2a). At P23 the HI injured group of rat pups that 
weren’t stimulated (n=13) weighed an average of 46.00 ± 3.89 g, the HI 

group that were to be stimulated (n=14) weighed 45.43 ± 3.82 g, and the 
sham group that wasn’t stimulated or injured (n=8) weighed 56.13 ± 
2.75 g. Over the course of the following week, the weights of stimulated 
animals increased significantly relative to non-stimulated HI animals 
(p < 0.01). At the end of tDCS treatment, animals weighed 105.86 ± 
4.61 g and reached the weights of the sham (untreated) controls (110.88 
± 6.44 g). The HI animals weighed less than both the sham controls and 
the HI-tDCS treated animals 94.77 ± 4.73 g.

Negative geotaxis is a righting reflex in which pups naturally turn to 
their heads upward after they are placed facing downward on an incline 
plane. To successfully perform the test pups, require the ability to pivot 
themselves about a front paw. The time it takes for an animal to right 
itself and complete this task is measured. All pups underwent baseline 
testing for 2 days prior to stimulation to establish baseline estimates, 
with average times collected each day (Figure 2b). On the first day 
of the stimulation period, HI and HI-tDCS treated animals required 
significantly more time to right themselves relative to the sham control 

Figure 1. 11T T2 In vivo Magnetic Resonance Imaging of a P15 rat 8 days after Hypoxic-Ischemic injury. Cortical damage can be seen in the cortex, subcortical white matters, and 
hippocampus, represented by the white regions. This corresponds to the HI injury.

Figure 2. (a) Weight was examined prior to and after treatment. Prior to treatment there was no difference between the HI group (black, n=13) and the HI-tDCS group (dashed, n=14). After 
stimulation, the HI-tDCS group had a marked increase in weight gain, which differed significantly from the HI group at P26 (*p<0.01) with no significant difference between the HI-tDCS 
and sham group (gray, n=8) at this time point. 
(b) Negative Geotaxis: The pups in both the HI (black, n=13) and HI-tDCS (dashed, n=14) groups were similar before testing with a marked increase in the time needed to rotate upward 
when compared with sham pups (gray, n=8). After stimulation, there was a marked improvement in the negative geotaxic reflex in the HI-tDCS group compared with the HI group (*p<0.01 
at P25 and continuing for all other time points). 
(c) Grip Strength: Grip strength was tested on the contralateral paw to the cortical injury. The Sham group (gray, n=8) had higher baseline grip strength and there was no difference in the HI 
groups prior to testing. The HI-tDCS group (dashed, n=14) had an increase in strength compared with the HI group (black, n=13) after 4 days of treatment (*p<0.01). The HI-tDCS group 
approached the Sham controlled group at P29.
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group (p < 0.01). Following the seven-day stimulation period, the tDCS 
treated HI animals righted themselves at an average time of 2.91 ± 0.34 
s compared to the non-treated HI animals that averaged a time of 3.52 
± 0.18 s (p < 0.01). Both groups were slower than the sham control 
group, 1.92 ± 0.17 s (p < 0.01).

Grip strength is a common measure of the rat’s neuromuscular 
system following HI. Grip strength was tested on the contralateral paw 
to the cortical injury. Data from this test was collected in each group 
before, during, and on the last day of the treatment period and means 
plotted in Figure 2c. Before treatment, grip strength was equivalent 
in HI and HI-tDCS treated animals and each were weaker than sham 
animals that had not been injured (p < 0.01). At P25, midway through 
treatment, grip strength had increased significantly in the HI-tDCS 
group compared with the untreated HI animals and this difference 
continued for the remainder of the measured time points (p < 0.01). 
At the end of treatment, the HI- treatment tDCS group’s cohort grip 
strength approached the sham controls.

To assess the individual’s condition in their ability to walk, gait 
analysis data was collected at two time points, before (P21) and after 
(P29) tDCS treatment in two of the animals from each group. Results 
can be seen in Figure 3. Base of Support, Print Area, and Phase 
Dispersion Area measurements were all significantly different (p < 
.05) for various models using the normal theory linear mixed model 
framework (two-way ANOVA with subject-specific random effects) 
with variables of group and time point. The Print Area data was shown 
to be significantly different (p < 0.05) when using the model comparing 
group and time point additive vs time point, comparing time point 
vs intercept, and comparing group and time point interaction vs 
intercept. Base of Support was shown to be significantly different 
(p < 0.05) when using the model comparing group and time point 
interaction vs group and time point additive, and comparing group 
and time point interaction vs intercept. Phase Dispersion Area from 
right foot to left hand was shown to be significantly different (p< 0.05) 

when using the model comparing group and time point interaction vs 
group and time point additive. Phase Dispersion Area from left foot to 
right hand was shown to be significantly different (p< 0.05) when using 
the model comparing group and time point additive vs time point, and 
comparing group vs intercept.

The ratio of brain-derived neurotrophic factor (BDNF) expression 
in injured versus non-injured cortex for each rat pup is shown in Figure 
4. BDNF expression was higher in tDCS treated animals compared to 
non-treated HI control animals when tested in a subset of animals on 
P30 (n=5 for HI-tDCS, n= 4 for HI) and P36 (n=2 for HI-tDCS, n= 1 
for HI). The BDNF ratio increased by an average of 1.202 from tDCS 
treated animals to non-treated HI control animals at P30 and 2.602 at 
P36.

Discussion
From this study, we can conclude that chronic tDCS treatment is 

innocuous and improves motor deficits associated with HI injury, with 
the tDCS treated rat pups showing improvement in overall movement 
ability, strength, and weight gain. Furthermore, results suggest that 
improvement in motor function most likely represent augmentation 
of plasticity, which can be seen in neonates and is supported by the 
BDNF results. The results of this study are significant in that, unlike 
other studies that aim to assist in preventing functional loss as a result 
of injury, an improvement was seen in tDCS treated animals during the 
tertiary or chronic phase of the injury. Prior to stimulation, the injured 
animals showed significant motor deficits and changes in behavior 
compared to the sham controls. While aiming to prevent the HI event 
from damaging the neonatal brain and hindering development is 
crucial, having a treatment for the large population of neonates with 
established deficits and cortical damage is also important, making the 
results of this study, showing functional improvement outside of the 
acute phase of the injury, significant.

Figure 3. Catwalk Gait Parameters: 
(a) The Base of Support is the average width (cm) between the Front Paws of each animal when walking. 
(b) The Print Area is the surface area of each Hind Paw when the animal is making contact while walking. Phase Dispersion Area is the mean temporal placement of two paws within two 
consecutive initial contacts, used to measure the
coordination of the animal’s paw placement. Here we looked at the Right Front to Left Hind
 (c) and Left Front to Right Hind 
(d) phase dispersions for the Sham (gray, n=2), HI (black, n=2), and HI-tDCS (dashed, n=2) groups.
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It is believed that tDCS may facilitate the remapping of the brain via 
cortical plasticity by blocking or suppressing the activation potential of 
neurons [17]. With tDCS, the plastic nature of the developing brain 
could be enhanced [17,18] as a putative mechanism for motor recovery. 
The pups in the HI group improved over time suggesting inherent 
plasticity over time, While the HI-tDCS treated group demonstrated 
improvement of motor function much more rapidly over time and 
were approaching the sham control motor abilities. After tDCS 
treatment, the HI injured brain hemisphere did show an increase in 
BDNF levels compared to those that did not receive tDCS and parallels 
similar findings from other groups with this measure [5,19].

We also observed significant weight gain in the stimulated vs 
non-stimulated HIE control. This increase would be consistent with 
improved motor behavior observed in other measures and reflected in 
improved ability of the life sustaining tasks vise vie improved suck, that 
are involved with food consumption or an increase in appetite of the 
stimulated group.

The benefits of an animal study that these experiments bring into 
consideration comes from the fact that the rats scalp was peeled away 
for the entire duration of the week of tDCS. There is much debate about 
the underlying mechanisms behind the effects of tDCS [20]. There has 
been growing knowledge of how peripheral nerve stimulation can affect 
the CNS reportedly producing many similar effects to that of tDCS 
[21]. The data suggesting a high percentage of current shunting through 
the highly conductive scalp may suggest that the main mechanism of 
tDCS depends on the nerves under the skin [22]. This has casted much 
doubt within the public and scientific community [23]. However, 
in our experiment electrodes were attached directly to the skull and 
surrounded by dental cement which might greatly reduce any stray 
current through the scalp.

Location of stimulation may be another significant factor. For 
example, there may be advantages to stimulating over the non-
injured side of the brain, because of intact connections, well known 
current densities and topography, and less disturbance by the lesion 
[11]. In this study, we employed anodal neurostimulation. However, 
examining the role of cathodal stimulation may be equally important, 
especially in regard to the concept of competition for neural pathways 
and recreating a balance in activity. The time points of both the 
injury development and the period in which to stimulate need to be 
considered when developing the appropriate protocol as well. Tracking 
behavior results at several times after stimulation will help to determine 
if tDCS treatment has a lasting improvement on the motor function 

following HI injury. Most noninvasive brain stimulations studies have 
targeted the hand area of M1 to improve motor hand function [5]. 
Our results suggest that diffuse stimulation of M1 motor area may be 
necessary to promote recovery. However, future studies may employ 
both focal and non-focal arrangement of electrodes in order to induce 
more widespread neuromodulation in multiple functional brain 
areas and systems following hypoxic-ischemia. Moreover, depending 
on the location and size of the cortical injury, tDCS might not be 
efficient to improve a post stroke deficit, especially if the perilesional 
brain tissue does not contribute to the brain function that is impaired. 
Task free functional MR imaging might be used to clarify whether the 
perilesional functional activation pattern can predict the individual 
response to tDCS. However, even if the cortical area that is targeted by 
tDCS is relatively far away from the site of cortical infarction, it is likely 
that electrical current will spread to all areas of the brain due to the 
distribution of the fluid space filled with cerebrospinal fluid. Modeling 
the expected field distribution of the tDCS-induced tissue current in 
the brain may provide estimates as to which brain regions are effectively 
stimulated by tDCS based on the calculated field distribution [24].

Methods
Animal Model of Hypoxia-Ischemia (HI)

All protocols were approved by the University of Florida’s 
Institutional Animal Care and Use Committee. Sprague-Dawley rat 
pups were ordered from Harlan Labs (now Envigo). For this study, the 
Rice-Vannucci model for neonatal HI [25,26] was used. This widely 
used surgical technique creates relatively consistent neonatal hypoxic-
ischemic models [27]. Rat pups were removed from their den at P7 
and a random subset of those pups from each litter were individually 
anesthetized with isoflurane [3%]. The anesthetized pups were then 
placed on a 37°C heating pad and anesthesia was provided through 
a small plastic tube, attached to the nose and mouth. A 1 cm mid-
line incision was made longitudinal in the neck and the left common 
carotid artery (CCA) was found and then ligated with a cauterizing 
tool. The incision was closed using a cyanoacrylate adhesive and then 
the pup was placed back in the dams for 90 minutes to recover. The 
average time for each ligation was 8 minutes. For the sham control 
group, the remaining pups from each litter underwent anesthesia and 
had the same incision made on the neck but was then sealed without 
any manipulation of the CCA.

Pups were then placed in a hypoxic chamber and exposed to either 
a mixture of 8% oxygen and 92% nitrogen gas for 150 minutes or a 

Figure 4. Brain-Derived Neurotropic Factor: The ratio of BDNF from the cortex of the injury side of the rat pup brain to the cortex of the non-injured side. BDNF was calculated from 
protein samples from both the HI-tDCS (dashed) and HI (black) animal groups. Samples were collected at postnatal days 30 (P30, n=5 for HI-tDCS, n=4 for HI) and P36 (n=2 for HI-tDCS, 
n=1 for HI).
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normal oxygen atmosphere (Sham control). Temperature within the 
chamber was maintained at 37°C using a heating pad. At the end of the 
150 minutes, pups were returned to the dam and there until weaning 
from the mother at P21.

Magnetic resonance imaging

At P15 (8 days after HI injury), animals where anesthetized with 
isoflurane (2%) and scanned with an 11T MRI system (Agilent Magnex 
Scientific 11.1T 40 cm horizontal magnet at the University of Florida’s 
McKnight Brain Institute). The head of the rat pup was positioned 
in a custom-made cradle with an adjusted bite-bar to maintain 
head position. Anesthesia, respiration, and body temperature were 
monitored throughout the scanning process. T2-weighted 11 Tesla 
scans were acquired with 0.5-mm slices to assess the cortical damage 
throughout the brain because of the HI injury.

Transcranial direct current stimulation

After weaning at P21 (14 days’ post injury) both the HI and sham 
rat pups from each litter were removed from the dams and individually 
anesthetized with isoflurane (4%). Most clinical tDCS applications use 
rectangular-pad electrodes or a configuration of smaller ring electrodes. 
Work by Datta (2009) has revealed that ring electrodes enhance focality 
and have a more targeted brain modulation [28]. For this reason, and 
to avoid shunting that is involved in the larger surface electrodes, we 
also used a ring electrode in this study (Figure 5a). To ensure consistent 
placement of the stimulating electrode throughout the stimulation 
period the scalp was incised and a metal stimulating electrode was 
placed over the skull and cemented into place and illustrated in Figure 
1. A small incision was made over the rat pup’s cranium, exposing 
approximately 1 cm2 of the skull. A 9 mm2 ring electrode which 
served as anode was then placed onto the area of the cranium roughly 
corresponding to area of the ischemic injury and cemented into place 
using a glass Ionomer luting dental cement (Prevest Denpro Poly Zinc 
Dental Cement) onto the right frontal epidural space. This cement was 
chosen due to its non-toxic components and did not require the use of 
cranial screws, maintaining the ideal factors of transcranial stimulation. 
Each animal was given 24 hours to recover.

The following day, each animal was individually anesthetized 
with isoflurane (1%). The anodal electrode was then connected to a 
commercial neural stimulator (Multi Channel System STG 1008). A 
reference surface electrode (2.5 cm2) was constructed from a flexible 
2x3.5” self-adhering electrode sheet designed for transcutaneous 

electrical nerve stimulation from Medical Products, Inc. Each electrode 
was attached to the rat pup’s chest after the hair had been removed 
using a small Velcro fixed vest. The HI pups were then separated into 
two groups: nonstimulated (HI) and tDCS stimulated (HI-tDCS). For 
the tDCS treated group, the stimulating parameters were the same 
for every animal, with a specific current protocol of short anodal 
interstimulation intervals. Safety limits of tDCS in rats have suggested 
current levels between 143 μA and 286 μA with stimulation times 
ranging from 10 to 90 minutes that do not produce tissue damage 
even after daily use [29]. An electric current followed a 13-3-13 
configuration in which current slowly ramped up over 3 minutes to a 
total of 200 μA, maintained for 13 minutes, turned off for 3 minutes, 
then immediately back on at 200 μA for another 13 min before it was 
ramped down to 0 μA (Figure 5b). Previous studies have shown that 
repetitive interval currents like that used here extend beneficial effects 
after the stimulation [30]. Each animal was stimulated once a day for a 
total of one week. The non-stimulated HI and Sham groups underwent 
anesthesia, were connected to the stimulator for the same duration, but 
without current being applied. After a short recovery period following 
anesthesia, all animals were returned to the dams.

Neurobehavioral assessments

To determine if tDCS stimulation produced positive changes in 
motor performance for the hypoxic-ischemic rat pups, we compared 
a number of neurological signs, reflexes, and motor coordination 
measures between the age-matched sham pups, age-matched non-
tDCS treated pups, and age-matched tDCS treated pups were 
performed using the following common neurobehavioral tests for 
neonatal hypoxic-ischemic rats. The pups underwent evaluation 
testing using the negative geotaxis test, a catwalk gait analysis, and grip 
strength testing, thus primarily examining motor function. Negative 
geotaxis was performed for each rat approximately 15 minutes before 
anesthesia.

Weight: Total body weight was recorded daily (Veritas - S Series 
Precision Balances) beginning from the day of postnatal HI surgery 
to the end of the stimulation period. Each animal’s weight was used 
to ensure the animal’s health and as an indirect measure to determine 
whether any improvement in motor performance from tDCS treatment 
resulted in increased physical function that included appetitive 
behaviors in the home cage.

Negative Geotaxis: Negative Geotaxis test is a reliable tool for 
detecting motor capabilities of these animals [31]. A negative Geotaxis 

Figure 5. (a) Illustration of ring-electrode and placement over the skull in rat pups during tDCS treatment following HI injury. A small ring electrode was placed under the scalp and cemented 
into place over the skull and corresponding ischemic injury site. This arrangement maintained the position and corresponding stimulation site over the course of the stimulations. 
(b) Electrical Stimulation Parameters: Electronic current was ramped over 3 minutes to a total of 200 μA. Current remained at 200 μA for 13 minutes, off for 3 minutes, then immediately 
back to 200 μA for another 13 before ramping down to 0 μA.
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test [32] was performed each day from P19 to the end of the stimulation 
week at P29. The handler placed each pup’s nose facing down on the 
center a fine-grit board set at a 45-degree angle and then released. A 
digital stopwatch was used to record the time required for the pup to 
pivot and completely turn its body upwards. The test was performed 
five times for each animal and average recorded each day.

Grip Strength Test: The Grip Strength test is a common metric 
used to quantify the effect of HI on a pup’s muscular system and 
measure used in the pediatric evaluation of human infants of stroke 
and cerebral palsy [33]. First, the paw on the same side of the injury 
(left) was taped down to the body of the animal and paw on the 
contralateral side tested. Using a grip strength-testing device (Bioseb In 
Vivo Instruments, Model BIO-GS3) the handler briefly allows for the 
pup to make contact with a spatially designed metal grid and then pulls 
them off as they begin to gain grip. Highly accurate sensors sample at 
a rate of 100 Hz to determine the maximal peak force developed by the 
animal’s grip of the grid as it is being removed. Each pup was tested on 
the device 5 times and the results are averaged on three separate days: 
Once before stimulation (P21), in the middle of the stimulation week 
(P25), and after stimulation (P29).

Catwalk Gait Analysis (CGA): The Catwalk procedure is an 
automated gait analysis method that allows easy quantitation of a large 
number of locomotor parameters during normal walking behavior. 
The Catwalk procedure was initially developed by Hamers, F.P., et 
al., in 2001[34] to investigate locomotor function following spinal 
cord injury in rats. The Catwalk is a commercially available hardware 
and software system (Noldus Information Technology, CatWalk XT, 
Leesburg, VA). In this experimental procedure rats are allowed to walk 
along a 1.25-meter enclosed walkway with a glass plate as the walking 
surface. This glass plate emits light from a light emitting diodes, such 
that light is internally reflected except at those areas where the animal 
makes contact with the glass plate. A high-speed color camera that is 
positioned underneath the glass plate captures temporal and spatial 
data on the relative brightness of contact and non-contact areas. The 
Noldus software records and translates the digital values into indices 
of motor function.

The goal was to have the rat walk from one end of the runway to 
the other end in less than 10- seconds without stopping. A minimum of 
three footstep cycles, where one complete cycle is defined as placement 
of each of 4 paws, was collected during this 10-second time period. 
Three 10-second trials of a complete footstep cycles were needed for 
a complete analysis. The total time required per testing session did 
not exceed 5-minutes. All three groups of animals were tested once 
before stimulation (P21) and once after the 7 days of stimulation were 
complete in a subset of animals (sham n=2, HI n=2, and HI-tDCS n=2). 
The Catwalk measures examined in this study were:

Base of Support: average width (cm) between the Front Paws of 
each animal when walking and is typically smaller in HI animals.

Print Area: calculated surface area of each Hind Paw when the 
animal is making contact while walking and is often larger in animals 
with HI deficit.

Phase Dispersion Area: which is the mean temporal placement 
of two paws within two consecutive initial contacts, used to measure 
the coordination of the animal’s paw placement and is generally much 
higher in HI animals.

Brain derived neurotropic factor

The expression of brain-derived neurotropic factor (BDNF) is 
commonly used as an indirect measure of neuronal plasticity in the 
brain. There are now a number of reports supporting tDCS’s effect may 
be due to plasticity as measured through changes in BDNF expression 
[5,19]. Brain-derived neurotropic factor was measured using the 
Promega BDNF Emax Elisa kit (Thermo Scientific, Modified Lowry 
Protein Assay). Protein samples were collected and diluted using the 
brains from HI injury animals and HI-tDCS treated animals using a 
subset of animals. We collected the right and left cortex and the right 
and left hippocampus in cold SEB buffer: 250mM Sucrose, 10 mM 
Hepes KoH (pH 7.5), 1mM EGTA with protease inhibitors added. The 
tissue was then homogenized and sonicated for 30 seconds, centrifuged 
at 1000g for 5 minutes, and supernatant stored at -80ο Celsius. The 
concentration of BDNF was determined using a standard Modified 
Lowry Protein Assay protocol (Termo Scientific). BDNF is estimated 
in picograms of BDNF per microgram of protein and BDNF ratio is 
calculated as the ratio of BDNF in injured vs uninjured cortex. Samples 
were collected at two time points, P30 (n=5 for HI-tDCS, n= 4 for HI) 
and P36 (n=2 for HI-tDCS, n= 1 for HI).

Statistics

A normal theory linear mixed model framework was used, which 
is a two-way ANOVA with subject-specific random effects, with 
variables of group and time point was used for the Catwalk analysis. 
The full statistical model: 𝑌𝑖𝑗𝑘=𝛼𝑖+𝛽𝑗+ 𝛾𝑘+(𝛽𝛾)𝑗𝑘+𝜖𝑖𝑗𝑘, where 𝑌𝑖𝑗𝑘 
is the outcome variable of interest, 𝛼𝑖 is the subject-specific random 
intercept, 𝛽𝑗 is the main effect of treatment group, 𝛾𝑘 is the effect of the 
time point, and (𝛽𝛾)𝑗𝑘 is the interaction term. Statistical differences 
between were considered significant at p < 0.05.
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