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Supplemental Materials
Methods
Surgical preparation for electrophysiology and imaging

Mice were anesthetized using urethane (1.5 g/kg i.p. Sigma-Aldrich U2500; (1))
supplemented with isoflurane (~0.5%), if necessary. Body temperature was monitored and
maintained at 36 - 37°C using a water bath blanket. Once anesthetized, the head was stabilized in
a stereotaxic frame with ear bars and an omega-shaped head bar was mounted on the skull with
glue and dental cement. A 2 mm craniotomy was then performed, centered over the hindpaw
region of primary somatosensory cortex, at 1.5 mm from the midline and 1.0 mm from the
bregma, and the dura was left intact. This cranial window was immediately adjacent to the injury
window. The craniotomy was filled with 2% agarose (mixed in artificial cerebrospinal fluid; in
mM: 124 NaCl, 1.3 CaClz, 3 KCI, 2 MgSO4, 1.4 NaH2POa4, 26 NaHCOs3 and 11 glucose) in order
to keep the cortical surface moist and dampen the movement associated with animal breathing.
The head bar was screwed onto a metal post, which was attached to the stage. The cranial
window was then submerged with ACSF for the entire experiment. Neuronal recordings were

made ~2.0 mm from the center of the CCI lesion (Figure 1A).

Intrinsic signal imaging of spreading depolarization

Male C57BL/6J mice were used to avoid known sex-linked effects on spreading
depolarization (SD) susceptibility (2). Animals were anesthetized via isoflurane (5% induction,
1.5%-0.8% maintenance) and mounted to a stereotaxic frame. Monitoring was as above,
supplemented with monitoring of respiratory rate as an additional proxy for anesthetic depth

(RR: 84-96 bpm). The right parietal bone was exposed, thinned to transparency 1 mm from
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sagittal suture, bregma, lambda, and temporal ridge, and coated with silicone oil in preparation
for imaging (3). SD induction burr hole was placed 0.5 mm lateral to the window. The cortex
was illuminated via a white light-emitting diode and OIS (optical intrinsic signal) was collected
with high-sensitivity monochrome CCD Camera (Mightex USB 2.0). Imaging parameters were
adjusted via BUFCCD Camera App [resolution: 696x520 pixels (1:2 bin), CCD freq. 28 MHz,
and frame time (0.1 ms) 10, exposure time 20 ms]. Images were acquired at 0.5 Hz for 2 hours,
controlled by a Master-8 pulse generator (AMPI). A 15-minute baseline was established to
ensure SDs that were not induced by the surgical preparation. Data was excluded from analysis if
SD was present in baseline recordings. A 1 M KCI (potassium chloride) solution was delivered
via syringe pump (WPI SP1001) through a 30Gx1in (regular bevel; BD PrecisionGlide™ Needle)
syringe needle, placed at the corner of the burrhole, not touching cortex, at 1 ml/h for duration of
recording. Excess KCI was wicked from a small depression drilled on the lateral side of burr hole

using lens tissue. Offline analysis of SD transients was made with ImageJ (3, 4).

Histology

Tissue Processing: 48 h after CCI or sham surgery, mice were anesthetized with isoflurane and
then perfused transcardially with cold phosphate buffered saline (PBS) followed by a fixative
containing 4% paraformaldehyde (PFA) in PBS. After the brain was removed, it was postfixed in
PFA for 24 hours and then stored in PBS until it was sectioned. Coronal sections 30 um in
thickness were cut using a tissue slicer (Leica Biosystems) and mounted on Superfrost/Plus
slides. Sections were collected from bregma +2.0 to —3.0 mm that included the cortical impact

site.
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Flurojade-B (FJB) Staining: Staining was performed per published methods (5). Briefly,
sections were incubated in following solutions: 100% alcohol, 3 min; 70% alcohol, 1 min;
distilled water, 1 min; 0.04% potassium permanganate, 15 min; dH20, 1 min; 0.001% FJB in
acetic acid, 30 min; dH20, 3 times, 1 min. Stained sections were dried at room temperature
overnight, were immersed in xylenes and then cover slips were applied using DPX mounting
media. FJB-stained slices were imaged using a Hamamatsu Nanozoomer 2.0 HT (Olympus) at

20X magnification.

Western blot

Western blot was performed similar to our published methods (6). Briefly, mice were
anesthetized and sacrificed with overdose of isoflurane, the brain was rapidly removed, and the
somatosensory cortex was dissected and placed in ice-cold buffer (0.1 M PBS). Frozen tissues
were homogenized in ice-cold homogenization buffer (10 mM NaPO4, 100 mM NacCl, 10 mM
Na pyrophosphate, 25 mM NaF, 5 mM EDTA, 5 mM EGTA, 2% Triton X-100, 0.5%
Deoxycholate, 1 mM Na vanadate, pH 7.4) with a homogenizer, in the presence of protease
inhibitors (complete mini, Roche, in fresh 100 mM Phenylmethylsulfonyl fluoride (PMSF)
dissolved in ethanol). Tissue samples were briefly sonicated and lysed using the buffer, and
centrifuged at 14,000 rpm for 5 min at 4°C. The supernatant was collected and protein was
measured using the DC Protein Assay (Bio-Rad, Hercules, CA). Expression of Glyceraldehyde
3-phosphate dehydrogenase (GAPDH) was used as a loading control. Samples from sham and
CCI mice were run in parallel. Optical density measurements were performed using ImageJ
software and normalized to total protein levels (25 pg total protein). Protein samples (25 pg)

were fractionated by SDS-PAGE (sodium dodecyl sulfate—polyacrylamide gel electrophoresis)
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and transferred to a polyvinylidene difluoride (PDVF) membrane. After incubation with 10%
nonfat milk in 1xPBS for 60 min, the membrane was further incubated with polyclonal
antibodies against KCC2 (1:1,000, Millipore; product no. 07-432) or NKCC1 (1:500, Millipore;
product no. AB3560P), or a monoclonal B-tubulin antibody (1:10,000, Sigma Aldrich; product
no. T5201) at RT for 2 h. The blots were then incubated with a 1:2000 dilution of horseradish
peroxidase-conjugated anti-rabbit IgG (GE Healthcare; product no. NA934) or anti-mouse
antibodies (1:2000, GE Healthcare; product no. NA931) for 2 h at RT. Blots were visualized
with enhanced chemiluminescence (Amersham/GE Healthcare). Optical density measurements
were performed using NIH Image J software and quantified as optical density per 25 pug of total

protein.

Results and Discussion

Cell size measurements during calcium activity

Because we used an activity-dependent cytosolic calcium sensor, whose response
characteristics might affect our area measurements, we only measured neuronal cross-sectional
area from recordings of baseline calcium activity, during which ~96% of neurons were inactive
(the small percentage of active neurons was not included in primary analysis). A low number of
active cells during baseline is not unexpected, as layer 2/3 pyramidal neurons tend to fire fewer
action potentials in vivo under anesthesia (7). We also analyzed the small percentage of active
neurons from Thy1-GCaMP6s mice to determine whether the baseline [Ca*?] changes had an effect
on area measurements. We found no changes (3/6 neurons), increases (2/6 neurons), or decreases
(1/6 neurons) in cross-sectional area during calcium activity compared to baseline (with no

activity). We concluded that changes in GCaMP fluorescence during neuronal activity may
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modestly affect changes in cross-sectional area measurements, though with the small number and
inconsistent direction of change it is difficult to be certain. In any case we conservatively elected

to omit analysis of active neurons in order to prevent any possible biasing of results.

Mechanisms of reduced excitatory input onto pyramidal neurons after TBI

We observed a dramatic reduction in the frequency of excitatory currents after CCI (Figure
2J,K). We hypothesize that these are a consequence of the decreased intrinsic membrane
excitability mediated by neuronal swelling. Alternatively, they might reflect a decreased number
of excitatory synapses, decreased rate of action potential (AP) discharge from excitatory
presynaptic neurons, decreased probability of release from terminals, or decreased size of the
readily releasable pool (9, 10) after injury. We did observe a substantial loss of cortical neurons
close to the lesion site in animals exposed to CCI (Figure 1A,B); thus, it is possible that a loss of
axonal processes due to neuronal death could result in a reduction in the number of synaptic inputs
in the ‘penumbral’ region (just outside area of neuronal death) we recorded. We also observed a
reduction in AP rate (Figure 3D), which could have contributed to the reduction in excitatory
currents and might be due to neuronal loss rather than intrinsic excitability changes. Finally, other
mechanisms, e.g. plasticity- or injury-based reduction in synaptic input (11), are possible and
cannot be ruled out. However, unlike these alternative mechanisms, the intrinsic membrane

changes provide a unifying explanation for all the behavior we observed.

Possible role for potassium and Ih currents in excitability changes after TBI

Intrinsic mechanisms besides neuronal swelling could contribute to changes in network

activity. We observed decreases in up state area under the curve (AUC) in CCI neurons which are
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mainly attributable to decreases in duration. We also observed reduced frequency of AP firing in
layer 2/3 pyramidal neurons (Figure 3D). A reduction in AP firing could recruit activity-dependent
potassium channels less efficiently, leading to longer up states (12). However, we observed shorter
up states in CCI neurons associated with reduced neuronal firing. Up state duration can also be
modulated by hyperpolarization-activated cyclic nucleotide—gated (HCN) channel mediated Ih
currents (13), possibly by decreasing the input resistance (Rin), which can effectively shunt
synaptic input (14, 15). Ih currents are enhanced in CA1 pyramidal neurons at 24 h post-CClI injury
(16). However, to our knowledge there is no evidence of cortical lh currents affected by TBI.
Moreover, it is also known that only negligible Ih currents can be recorded from layer 2/3
pyramidal neurons (17, 18) [Suryavanshi, Brennan, unpublished observations]. Changes in Ih
currents also affect neuronal membrane potential (19), and we found no changes in membrane

potential (Figure 2B).

Reduction in presynaptic release probability in neurons of CCI mice

Sensory-evoked excitatory post-synaptic potentials (EPSPs) displayed two types of
behaviors when stimuli were paired at an interstimulus interval of 200 ms. In most cases (82%, 9
of 11 neurons from both sham and CCI mice), sensory stimulation paired at time intervals of 200
ms produced a 20-30% depression in EPSP. In other cases (18%, 2 of 11 neurons), the paired-
pulse protocol induced a facilitation in EPSP amplitude. On averaged data, a depression was
observed in the 2" response in neurons of both sham and CCI mice. This depression was larger in
neurons of CCI mice relative to sham animals (p = 0.02, Mann-Whitney test; n =4 neurons, 4 mice
per group; Supplemental Figure 1). This suggests decreased transmitter release probability after

injury.
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Spontaneous spreading depolarization after CCI

Spreading depolarization (SD) is known to occur in response to CCI (20, 21). We recorded
spontaneously occurring SDs (without KCI stimulus) for 4 h beginning immediately after CCl, in
vehicle and bumetanide-treated animals. We consistently observed a single episode of SD
immediately after CCI injury, but did not observe subsequent SDs in the 4 h recording period
(except in one CCl-bumetanide animal with one full and 3 partial SDs after CCI). We did not
observe differences in SD frequency between groups, though there was a significant difference in
duration of SD, with CCl-bumetanide animals showing the shortest duration of SD (p = 0.01, two-
sided Mann-Whitney test; n = 4-5 mice per group; Supplemental Figure 3). No significant
differences in SD speed were observed between treatments (p > 0.05, two-sided Mann-Whitney

test; n = 5-6 mice per group).

Role of SD-associated neuronal edema in the response to TBI

SD is known to occur after TBI (20, 21) (our data). SD is also known to induce edema in
both neuronal somata and dendrites (22, 23), ([Sawant-Pokam, Brennan,], unpublished
observations). The mechanisms of this edema, which is specific to neurons (astrocytes are not
observed to swell (22)) are incompletely understood at this time. There is also recent work showing
that SD involved in stroke contributes to post-stroke edema, through SD-induced vasoconstriction
and aquaporin-4-mediated perivascular glymphatic flow (24). The question arises of whether the
neuronal edema we observed is due to TBI-associated SD, and whether the effects of bumetanide
might be due to suppression of post-TBI SD. We found that bumetanide treatment had no effect

on either the frequency or speed of SD initiated after CCI injury. The duration of SD was reduced
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with bumetanide treatment, but the implications of this are unclear (Supplemental Figure 3).
Importantly we observed (with one exception) only one SD event in all animals in the four-hour
recording period after CCI — this agrees with prior work (25). There are two implications: firstly,
the single SD induced by CCl is likely extraordinarily difficult to suppress, as it involves, the rapid
destruction of large volumes of tissue, with the consequent release of 145 mM [K*]e from lysed
cells (26). Second, due to the presence of one difficult to suppress SD event, there is very little
signal to noise for the comparison of vehicle and bumetanide treatment. Thus our results should
not be taken as an indication of inefficacy of bumetanide suppression of SD under other

circumstances.

Importantly however, the bumetanide treatment we used to test for SD suppression was
effective in reducing neuronal edema (Figure 4A). The fact that this bumetanide dose did not

affect SD incidence suggests that its effect on neuronal volume is independent of SD.

Possible effects of bumetanide on astrocytic cation chloride cotransporters

Astrocytic swelling has been reported to have effects on network excitability, possibly
through increases in extracellular glutamate (27-29) and activation of NMDAR-mediated slow
inward currents in neurons (30). As bumetanide is known to reduce astrocytic swelling observed
after TBI (31), it is possible that we saw network effects resulting from astrocytic as well as
neuronal manipulation. However, one would predict that reducing astrocyte swelling with
bumetanide would decrease synaptic and network excitability. Instead, bumetanide had the
opposite effect, increasing the frequency of excitatory currents, area-under-curve of up states and

amplitude of sensory-evoked potentials. Though our data do not rule out the possibility of
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bumetanide effects on astrocytes, we conclude that the increased network excitation we observed

after bumetanide treatment is mediated by its effects on neurons.

Reducing neuronal edema increases network excitability when bumetanide administered

immediately post-CCl

To improve potential translation of the protective effects of bumetanide on neuronal edema
to clinical settings, we injected bumetanide post-CCI. Using both synapsinl-driven-GCaMP6f-
injected and Thyl-GCaMP6s mice (cell sizes were comparable between two methods; see
Supplemental Figure 8), the cross-sectional area of neuronal soma was significantly larger in CCI
mice versus sham mice, consistent with results observed between sham and CCI groups. Moreover,
neurons of CCI-bumetanide mice had smaller somatic area versus CCI-vehicle treated neurons (p
=0.0008, one-way ANOVA with Bonferroni's multiple comparisons; CCIl-bumetanide vs vehicle:
***n < 0.001, CCl-vehicle vs sham-vehicle: **p < 0.01; n = 33-75 neurons, 4 mice per group;

Supplemental Figure 4A).

Next we assessed whether the reduction of neuronal edema with post-CCl bumetanide
treatment would produce an effect on excitability, similar to what we observed with bumetanide
pre-CCl treatment. Using the minimal clonic seizure test in animals injected with bumetanide post-
CCI, we saw increases in the percentage of animals exhibiting seizures in CCl-bumetanide treated
animals, compared to CCl-vehicle (CCl-bumetanide: 50 %, CCl-vehicle: 17 %, sham-vehicle: 22
%, sham-bumetanide: 38 %; ChiSqu test; CCI- bumetanide vs vehicle: p = 0.04; n = 8-12 mice per

group; Supplemental Figure 4B). Thus, consistent with our bumetanide pre-CCI treatment, we
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observed an increased susceptibility to seizures when we reduced edema with bumetanide post-

CCl treatment (Figure 7).

Effect of bumetanide administered 48 h post CCI

Administration of bumetanide prior and post- to CCI produced a marked reduction in
neuronal swelling 48 h later (Figure 4A, Supplemental Figure 4A). We tested whether this
protective effect on edema could still be obtained if treatment was initiated 48 h after injury. In
contrast to pre-CCl/sham bumetanide treatment, 48 h post-CCIl administration in Thy1-GCaMP6s
mice had no effect on neuronal surface area (p = 0.001, Bonferroni's multiple comparisons test;
CCl-vehicle vs sham-vehicle: **p < 0.01 and CCI-bumetanide vs sham- bumetanide: *p < 0.05; n

= 42-55 neurons, 4 mice per group; Supplemental Figure 5A).

We next analyzed network excitability assessed as seizure susceptibility in sham and CClI
mice subjected to vehicle and bumetanide treatments at 48 h post-CCl/sham. As expected based
on neuronal edema results, we did not see any change in the percentage of animals exhibiting
seizures between CCl-bumetanide and CCl-vehicle treated animals at the 5 mA stimulus intensity
(CCl-bumetanide: 30 %, CCl-vehicle: 40 %, sham-vehicle: 10 %, sham-bumetanide: 20 %; p >
0.05, ChiSqu test; n = 10 mice per group; Supplemental Figure 5B). Thus, the effects on neuronal
size and excitability observed with pre- and post-treatment of bumetanide is reduced when the
treatment is delayed for 48 h post-injury. This indicates that there are differences in the mechanism

of this edema between 2 and 48 h post injury (see Discussion).
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Bumetanide effects on network excitability 48 h after CCI are likely due to changes in

cotransporter gene expression

Bumetanide has a half-life of 47 minutes in mice (32); thus it is highly unlikely that the
effects we observed 48 h after treatment could be due to binding of NKCC1 (or KCC2) by the
drug. We tested the effects of bumetanide delivered 30 min before CCI on the expression of
NKCC1 and KCC2, 2 h after CCl. Both KCC2 and NKCCL1 expression were increased in
bumetanide- compared to vehicle-treated CCI cortex (KCC2 - p = 0.005, Kruskal-Wallis test with
Dunn’s multiple comparisons; CCI- bumetanide vs vehicle: **p < 0.01; CCl-bumetanide vs sham-
bumetanide: p > 0.05, CCl-vehicle vs sham-vehicle: *p < 0.05; n = 5-7 mice per group; NKCC1 -
p = 0.008, Kruskal-Wallis test with Dunn’s multiple comparisons; CCl-bumetanide vs vehicle: p
< 0.05; CCl-bumetanide vs sham-bumetanide: p < 0.01, CClI-vehicle vs sham-vehicle: p > 0.05; n
= 5-7 mice per group; Supplemental Figure 6A,B). This resulted in an effective reversal of the
increased NKCC1/KCC2 ratio observed after CCI with vehicle treatment (Supplemental Figure

7).

We also tested whether bumetanide pretreatment (prior to CCI) was required for its effects.
We delivered bumetanide immediately after CCI and recorded neuronal volume and seizure
susceptibility 48 h after CCI. The phenotype was similar to bumetanide delivered prior to injury,
with a normalization of neuronal volume and an increase in seizure susceptibility (Supplemental

Figure 4, compare with Figure 4A, 7).

Finally, we tested for effects of bumetanide when the drug was delivered at the 48 h time

point, 45 min prior to measurement of neuronal volume and seizure susceptibility. In contrast to
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bumetanide delivered either 30 min before or immediately after CCl, there was no difference in
neuronal volume compared to vehicle treated animals (i.e. edema was not reduced) and there was
no difference in seizure susceptibility (i.e. it was similar to vehicle treatment) (Supplemental
Figure 5, compare with Figure 4A, 7, Supplemental Figure 4). Taken together these data suggest
that the effects of bumetanide are due to changes in cotransporter expression, rather than direct

cotransporter binding by the drug.

Mechanisms of SD and seizure susceptibility after TBI

Like neuronal excitability, SD and seizure susceptibility are subject to parameters that may
exert opposite influences. In part, these parameters are identical: increased neuronal volume
should, other things equal, be associated with a decrease in excitability, increased neuronal
chloride content with an increase. However, for network events like SD and seizures, the
characteristics of the extracellular space become potentially important. Neuronal (or astrocytic)
swelling restricts the interstitial space, increasing ion concentrations and extracellular space
tortuosity (33, 34). Other things equal these changes might increase susceptibility to SD (34),
though the reality might be complex; e.g. increased tortuosity might contribute to local increases
in [K*]e, but might hinder propagation. Our data do not allow us to measure all of the relevant
parameters, but they strongly suggest that even in the presence of factors that might increase SD

susceptibility, the reduction in neuronal intrinsic excitability predominates 48 h after CClI injury.

Our data might appear to contradict work in brain slices, showing that neuronal volume
perturbations with hypo-osmotic agents are associated with increases in excitability, and that a

hyperosmotic agent, mannitol, is linked with decreases in seizure-like activity. There may be key
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differences in preparation that account for this discrepancy. Brain slice preparations typically use
osmotic changes to study seizure-like activity (35-40). Acute hypo-osmolality in vitro can enhance
[K*]e concentration, field effects, and EPSP input by reducing extracellular space through
astrocytic swelling, ultimately enhancing neuronal synchronization and seizure activity (35-40).
However, acute osmotic changes (minutes) have little effect on neuronal volume (41-43), likely
because neurons lack aquaporin channels (41-43) (but see (44)), and neurons swell on longer time
scales (hours-days) with regulated mechanisms (42). Moreover, changing extracellular osmolality
does not change the intrinsic membrane properties of neurons (38, 39, 45, 46). To our knowledge,
no studies have explored the effects of osmolality on endogenous membrane properties in vivo.
Acute osmotically mediated changes in excitability observed in brain slices likely model a
mechanistically relevant component of brain injury, as alterations in EPSC input (possibly
mediated by increases in extracellular glutamate) and ionic changes (increases in [K*]e) can occur
early in injury. From the translational standpoint, the net effect of the multiple changes associated
with injury may be more important. Our data shows that as neurons swell after TBI, both neuronal
membrane excitability and network activity decrease. This is further supported by other in vivo
work which shows reduced sensory-evoked neuronal firing after TBI (47, 48). In sum, though our
data may appear contradictory to acute osmotically evoked seizure models in brain slices, this in

vivo work is probably the most predictive translationally.

No difference in lesion size or cell death after bumetanide treatment

We tested whether the inhibition of NKCC1 with bumetanide which is responsible for
increased excitability was also responsible for the changes in cortical lesion size and

neurodegeneration. Data shows that the area of cortical contusion lesion in the ipsilateral cortex as
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a percentage of the contralateral uninjured cortex was 15% in CCl-vehicle group, whereas the area
of lesion was 14.26% in the CCIl-bumetanide group at 48 h post-injury. No changes in lesion area
were detected between vehicle and bumetanide-treated groups (p > 0.05, two-sided unpaired t-test;
n =5 mice per group; Data not shown). Analysis of flurojade (FJB) staining indicated that there
was substantial cell degeneration at 48 h after CCI injury. Robust staining was observed on the
ipsilateral side to the impact in the perilesional area (i.e., around the lesion site). As expected, we
did not see any cell death in sham-treated animals. In order to compare FJB staining between
vehicle and bumetanide groups, we measured number of positive neurons in the perilesional area.
There was no difference between groups (p > 0.05, two-sided unpaired t-test; n = 5 mice per group;
Data not shown). Importantly, the blockade of neuronal swelling with bumetanide increases the
incidence of SD and seizures. Though we observed no expansion of lesion size and neuronal death,
it is difficult to conclude that these might not be damaging events, given evidence for both SD and

seizures in worsening outcomes in brain injury (49, 50).

Spatial profile of CCl-associated changes in excitability

Our seizure data affirms that excitability effects observed after CCI are not exclusively
associated with pericontusional domains but rather have global effects on network activity. We
show increases in seizure susceptibility after edema treatment by using the minimal clonic seizure
model with corneal stimulation (51). This protocol induces seizure phenotypes illustrating
consistent pattern of whole brain activation: corneal stimulation likely takes advantage of visual
pathways and is known to involve forebrain (52, 53). Moreover, seizure behavior such as forelimb
clonus was not lateralized (i.e., restricted to one forepaw). Prior work supports that TBI is

associated with both ipsi- and contralateral changes in KCC2 expression, suggesting that we might
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anticipate a similar effect in the non-injured hemisphere (54). These observations do not prove that
there has been a change in baseline excitability beyond the ‘injury penumbra;’ however it does
show that the excitability changes we observe, whether they be local or more diffuse, have

widespread effects on network excitability.
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Supplemental Figure 2. Chlorothiazide (10 mg/kg, i.p.), a peripherally active diuretic, lacks
effects on neuronal edema. We imaged neuronal cross-sectional area with in vivo two-photon
microscopy of GCaMP6f-injected mice 48 h post-CCl/sham treated with chlorothiazide. Similar
to CClI vehicle-treated neurons with increased cross-sectional area relative to sham-vehicle group,
CClI neurons treated with CTZ also have larger cross-sectional area, relative to sham-CTZ neurons
(p = 0.001, one-way ANOVA with Bonferroni's multiple comparisons test; CCI-CTZ vs sham-

CTZ: **p < 0.01, CCl-vehicle vs sham-vehicle: *p < 0.05; n = 49-66 cells, 3-5 mice per group).
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Supplemental Figure 3. Bumetanide reduces duration of CCl-evoked spontaneous spreading
depolarization activity. In CClI-vehicle treated animals, SD activity was sustained for
approximately 150 s. However, the duration of SD in CCI animals was significantly reduced
following bumetanide treatment, compared to CCl-vehicle (*p = 0.01, two-sided Mann-Whitney

test; n = 4-5 mice per group).
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Supplemental Figure 4. Bumetanide administered immediately post-CCl eliminates neuronal
edema and increases network excitability. A. Quantification of neuronal cross-sectional area
shows reversal of edema with bumetanide post-CClI treatment (p = 0.001, one-way ANOVA with
Bonferroni multiple comparisons test; CCIl-bumetanide vs vehicle: **p < 0.01, CCl-vehicle vs
sham-vehicle: **p < 0.01; n = 32-70 neurons, 4-5 mice per group). B. Bumetanide induced
reduction of post-CCI neuronal edema increases network excitability, as assessed by increases in
the percentage of animals exhibiting seizures (CCI- bumetanide vs vehicle: *p = 0.04, ChiSqu test;

n = 8-12 mice per group; number of mice showing seizures and group size are indicated for each

group.).
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Supplemental Figure 5. Bumetanide administered at 48 h post-CCl fails to reduce neuronal
swelling. A. Quantification of neuronal cross-sectional area shows no changes in neuronal edema
with bumetanide (p = 0.001, one-way ANOVA with Bonferroni multiple comparisons test; CCI-
bumetanide vs sham-bumetanide: *p < 0.05, CCl-vehicle vs sham-vehicle: **p < 0.01; n = 42-55
neurons, 4 mice per group). B. Plot showing the percentage of animals with seizure activity (%) in
sham and CCI animals treated with vehicle or bumetanide. Consistent with no effect on neuronal
swelling, bumetanide injected at 48 h post-CCl does not affect seizure susceptibility (CCI-
bumetanide vs vehicle: p > 0.05, ChiSqu test; n = 10 mice per group; number of mice showing

seizures and group size are indicated for each group.).
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Supplemental Figure 6. Cation chloride cotransporter expression in the injured cortex 2 h after
CCI. A. The protein expression level of KCC2 was significantly decreased 2 h after TBI.
Bumetanide significantly elevated KCC2 expression in CCI mice, relative to CCl-vehicle
animals (p = 0.005, Kruskal-Wallis test with Dunn’s multiple comparisons; CCl-bumetanide vs
vehicle: **p < 0.01; CCl-bumetanide vs sham-bumetanide: p > 0.05, CCl-vehicle vs sham-
vehicle: *p < 0.05; n = 5-6 mice per group). B. Although, NKCC1 expression levels were
unaltered after TBI, pre-treatment with bumetanide significantly upregulated NKCC1 expression
at 2 h after TBI, relative to CCl-vehicle and sham-bumetanide (p = 0.008, Kruskal-Wallis test
with Dunn’s multiple comparisons; CCl-bumetanide vs vehicle: *p < 0.05; CCl-bumetanide vs
sham-bumetanide: **p < 0.01, CClI-vehicle vs sham-vehicle: p > 0.05; n = 5-6 mice per group).

All lanes within the boxes were run on the same gels.
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Supplemental Figure 7. Alterations in the expression ratio of chloride cotransporters 2 h after
traumatic brain injury. Increase in the ratio of NKCC1 to KCC2 expression levels in CCI-
vehicle group, compared to sham-vehicle. This increase was moderately reversed by bumetanide
when given 30 min prior to CCI injury (p = 0.03, Kruskal-Wallis test with Dunn’s multiple
comparisons; CCl-bumetanide vs vehicle: p > 0.05, CCI-vehicle vs sham-vehicle: *p < 0.05; n =

5-7 mice per group).
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Supplemental Figure 8. Cell size measurements of layer 2/3 sensory cortical neurons in Thyl-
GCaMP6s mice and Synapsinl-driven-GCaMP6f-injected mice. Somatic area was comparable
between two groups (p > 0.05, two-sided unpaired t-test; n = 9-12 mice per group). Due to no
differences in cell size based on the two methods, we combined these data into one experimental

group (i.e., ‘bumetanide administered immediately post-CClI”).

Availability of Data:

All raw data generated in this study, including electrophysiology, two photon imaging, histology,
and Western blot, as well as all analysis and statistical data, are available upon request from the
corresponding authors: Punam A. Sawant-Pokam and K.C. Brennan, 383 Colorow Drive Room
280A, Department of Neurology, Salt Lake City, Utah 84108, USA. Phone: 801.512.4282 (PASP),

801.581.8129 (KCB); Email: punam.pokam@utah.edu, k.c.brennan@hsc.utah.edu.
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