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Spinal cord injury (SCI) affects more than 2.5 million peapivorldwide. Spinal cord edema
plays critical roles in the pathological progression of SCThis study aimed to delineate the
roles of aquaporin 4 (AQP4) and N&-K°-CI cotransporter 1 (NKCC1) in acute phase
edema and tissue destruction after SCI and to explore whetheinhibiting both AQP4
and NKCC1 could improve SCl-induced spinal edema and damageRat SCI model was
established by modi ed Allen's method. Spinal cord water catent, cerebrospinal uid

lactose dehydrogenase (LDH) activity, AQP4 and NKCC1 expssion, and spinal cord
pathology from 30 min to 7 days after SCI were monitored. Addionally, aforementioned
parameters in rats treated with AQP4 and/or NKCC1 inhibitar were assessed 2 days
after SCI. Spinal cord water content was signi cantly incrased 1 h after SCI while AQP4
and NKCC1 expression and spinal uid LDH activity elevated & after SCI. Spinal cord
edema and spinal cord destruction peaked around 24 h after SCand maintained at
high levels thereafter. Treating rats with AQP4 inhibitorGN-020 and NKCC1 antagonist
bumetanide signi cantly reduced spinal cord edema, tissuedestruction, and AQP4 and
NKCC1 expression after SCI in an additive manner. These reks demonstrated the

bene ts of simultaneously inhibiting both AQP4 and NKCC1 aér SCI.

Keywords: spinal cord injury, spinal cord edema, AQP4, NKCC1 , spinal cord tissue damage

INTRODUCTION

Spinal cord injury (SCI) refers to damages to any part of the alpiord, which causes changes in
body functions below the injury siteY{u and He, 201 The prevalence of traumatic SCI varies
from 236 to 1,298 per million people globallyrlan et al., 2013 Acute SCI is often a progressive
process and the primary mechanical trauma is usually followed beries of secondary injuries
including ischemia, vascular changes, electrolyte dexsrcedema, and loss of energy metabolism.
Those changes in injured and adjacent areas after the acteingary phase can signi cantly
increase the severity of SCIgtor and Fehlings, 1991; Fan et al., 2018chemia resulted from
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tissue compression, thrombosis, and vasospasm caudesnter of Fourth Military Medical University (Xi‘an, China).
progressive neuronal death and aggravates other seconddrgey were housed in facility maintained at 22—24 45-55%
injuries (Tator and Fehlings, 1991; Norenberg et al., 2004; Podaumidity, 12:12 h light: dark cycle with free access to fond a
et al., 201)) Water was accumulated in spinal cord in the acutewater. All rats were allowed to acclimate for 1 week before
phase of SCI and associated with spinal edema formation arekperiments.
motor function recovery I(i and Tator, 1999; Sharma et al., A rat SCI model was established with a modi ed Allen's
2005. method Chen et al., 2013 Brie y, rats were anesthetized by
Lactate dehydrogenase (LDH) is a ubiquitously expressedtraperitoneal injection of pentobarbital sodium at 50 mg/k
soluble cytoplasmic enzyme which is released into extrdeell and xed on a stereotaxic apparatus (DL Naturegene, Beijing,
space when the integrity of plasma membrane is compromise@hina). After shearing hair and disinfecting with 75% ethbian
(Chan et al., 2003 The leakage of LDH into extracellular spaceabout 3 cm incision was made at the 12th rib, skin was opened
has been widely used as a marker of cell de@tie et al., 2013; and muscles around the spinous process were separated. The
Wang etal., 204 spinal cord was exposed by removing the T11-T12 vertebral
Aquaporin 4 (AQP4) was strongly expressed in rodent anglate and opening the canalis spinalis to expose dura mater
human spinal cord tissues\gsic et al., 2006; Misu et al., 2007;spinalis. The T10 and T13 spinous processes were clamped to
Shibuya et al., 2008which allowed fast water movement in ensure the location of injury. The contusion was introdueéth
and out of neurons and astrocyte¥ang et al., 2008 Spinal a customized IH-0400 Spinal Cord Impactor (PSI, Lexington,
cord AQP4 level was elevated after chronic SCI and its lev&lY, USA) at the spinal cord corresponding to the T12 spinous
was correlated with spinal cord water conteritigsic et al., process. The rod was 20g and 2.5 mm in diameter. The striking
2006. Overexpressing AQP4 in glia promoted brain edema afteforce was 20 2.5 gcm and contact time was 1s. Then
acute water intoxicationYang et al., 20Q&ut the studies with the muscles were realigned and wound was closed. The rats
AQP-null mice yielded con icting conclusions on whether /&8  in sham group were undergone the same procedure except
protected against or exacerbated SCI induced spinal edema agpiinal cord contusion. The body temperature was maintained
neuronal dysfunction $aadoun et al., 2008; Yang et al., 2008t 36.0-37.0C with incandescent lamp and rectal thermometer
Kimura et al., 2010; Wu et al., 20)4Nevertheless, it has been monitoring throughout the operation. After operation, rateve
established that AQP4 played a critical role in the patholalgic individually housed and given tetracycline (10 mg/kg, SQJ an
processes after spinal cord injuries. buprenorphine (0.05 mg/kg, SQ) twice daily for 3 days. The
Cation chloride cotransporters, jak©-Cl cotransporter 1  bladder was emptied manually three times daily until ratsaver
(NKCC1), playing signi cant roles in cellular ionic homeosis. capable for re ex bladder emptying. Nine rats were excluded
and the accumulation of intracellular watet.( et al., 2008  from further experiments due to death (2 rats from time-coairs
was transiently overexpressed in spinal cord tissues aftér S&tudy, 1 from bumetanide group), insu cient injury (1 rat fro
(Hasbargen et al., 20).0In brain, NKCC1 mediated cerebral SCI group, locomotor function recovered iQ24h), and no
edema and neuron death after traumatic brain injubyu(et al., or too little eating/drinking (4 rats from time-course styd1l
2008; Hui et al., 20)6Kinase Wnk1 (With no lysine) regulated from TGN-020C bumetanide group). Rats were euthanized at
the spinal cord edema and chronic phase neuropathic paispecied time from 0 to 7 daysn(D 7 at each time point) by
after SCI via modulating the expression and phosphorylation ointraperitoneally administering 150 mg/kg pentobarbitatiw25
NKCC1 (Ahmed et al., 2014 Pretreatment with AQP4 inhibitor mg/kg phenytoin. Spinal uid was collected by direct cistern
TGN-020 signi cantly reduced focal cerebral ischemia indd magna puncture llahat et al., 2012 Spinal cord around the
brain edema Igarashi et al., 20)1whereas bumetanide was striking site (2cm in length) was collected and divided irto
shown to attenuate brain edema after traumatic brain injuryportions across the epicenter for assessing water contesitrélo
(Hui et al., 201% Based on these observations, we hypothesizegentral section), for RNA work (rostral dorsal section), for
that it could be bene cial to simultaneously inhibiting A@P protein work (caudal ventral section), and xed for histologl
and NKCCL1 after SCI. This study aimed to investigate whetheworks (caudal dorsal section).
concurrently blocking NKCC1 and AQP4 could additively or  For drug treatment, 200 mg/kg of TGN-020 (Sigma-Aldrich,
synergistically inhibit spinal cord edema and tissue danaitgr  St. Louis, MO) (garashi et al., 20)1and/or 0.3 mg/kg of

SCI. Bumetanide (Sigma-Aldrich)Jleary et al., 20)3dissolved in
0.1 ml normal saline was administered intra-peritoneallyvii
MATERIALS AND METHODS before induction of SCI{ D 7 in each treatment group). Those

animals were sacri ced 48 h after SCI.
Establishment of Acute SCI Rat Model
All procedures were approved by the Institute of Animal Care
and Use Committee of Tangdu Hospital, Fourth Military Medical BBB Locomotor Rating Scale
University. All methods were performed in accordance withThe 21-point (0-21) Basso, Beattie, and Bresnahan (BBB)
“the Regulations on the Care and Usage of Laboratory Animaldbcomotor rating scale was used to assess the behaviorssof rat
issued by the Ministry of Science and Technology of the Paopldefore and 0.5, 1, 3, and 7 days after injunyY 7), which was
Republic of China. Total 100 adult female (8-week old) Spragudsased on the observation of hindlimb movements of a rat freely
Dawley (SD) rats were purchased from Laboratory Animamoving in an open eld Basso et al., 1995, 199®uring the
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FIGURE 1 | Acute SCI caused rapid and sustained increase of spinal cordiater content and tissue damage.(A) The change of BBB score after SCIN D 7. *p <
0.05 compared to pre-SCI, #p < 0.05 compared to 0.5, 1, 6, 12, and 24 h, p < 0.05 compared to 72 h. (B) Spinal cord water content was assessed by the
percentage of the difference of wet weight and dry weightN D 7. *p < 0.05 compared to control (0 h).(C) Pathological changes of spinal cord adjacent to injury sig
were examined by HE staining. Apparent cavities were seen 6after spinal cord injuries (scale bar 56m). NC, sham. (D) Quantitative analysis of cavity spaces.

N D 7.*p < 0.05 compared to control (0h),# p < 0.05 compared to 6h, b < 0.05 compared to 12 h, Cp < 0.05 compared to 24 h, $p < 0.05 compared to 72 h.

evaluation, rats were allowed to freely walk on the open eld fo Reverse Transcription PCR and

4min. Quantitative Real-Time PCR (qPCR)
Total RNA from rat spinal cord tissues was extracted with
Determination of Spinal Cord Edema RNeasy Mini Kit (Qiagen, Shanghai, China) according

The level of spinal cord edema was expressed by water contenttihn manufacturers manual. The rst strand cDNA was
the spinal cord tissue. A 1.5-cm spinal cord tissue band cedter synthesized with a reverse transcription kit from Tiangen
around the injury site was weighed for the wet weight andBiotech (Beijing, China) according to manufacturer's piatb
weighed again for the dry weight after it was dried for 24 h inQuantitative real-time PCR was performed with TransStart
an 80 C oven. The water content in the spinal cord tissue wagop Green gPCR SuperMix from TransGen (AQ131-01,
calculated as (wet weight—dry weight)/wet weight100% (i  Beijing, China) on a ABI 7300 (Applied Biosystems, Foster

etal., 2016; Cabrera-Aldana et al., 2017 City, CA) with primers CTCAACGCACCTAACAGGGA and
GACGGAAGGCGGTTTTCAAG for NKCC1; CTGGGGGCA
LDH ACtiVity Assessment GGCAATGAGAG and GGGAGGTCCACACTTACCCC

for AQP4; and GATGTGGATCAGCAAGCAGGA and
dAAAACGCAGCTCAGTAACAGTCC for Actb. The reaction
facturers instruction. Bri >0 of spinal uid program was consisted of 96 for 3 min foIIowgd by 40 cycles
manuiacturers instruction. Brney, Of spihal. UId Was — ¢ o5 = 305, 55C 20's, and 72 20s. The relative mRNA levels
mixed with 250m matrix bu er, 50 m coenzyme | working 1 Ct _ .
solution and incubated at 3T for 15min. Then 250m  Vere calculated by 2 method with Actb as the internal

2,4-dinitrophenylhydrazine was mixed in and the mixturecontml'

was incubated another 15min at 37. The reaction was

stopped by 250m of 0.4 mol/lL NaOH and left at room Western Blot

temperature for 3 min before read at 440 nm. Spinal uid LDH The total protein of the spinal cord tissues was extracted
activity (U/ml) D (ODsample ODcontrol)/(ODstandard ODplank)  using RIPA lysis bu er. Total proteins of each group (4®)
Standard Concentrationdilution factor/sample volume (ml). were resolved in 8% sodium dodecyl sulfate polyacrylamide

LDH activity in spinal uid was analyzed using an LDH
activity assay kit (NJJCBio, Nanjing, China) according t
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FIGURE 2 | Acute SCI elicited cell death and tissue destruction in spad cord. (A) Spinal uid LDH activity was analyzed with commercial LDH aétity assay Kkit.

(B) Pischinger's methylene blue staining showed decrease of dedrites and appearance of cavities 6 h after SCI and furtherrpgressed until at least 7 days after injury
(scale bar 50mm). NC, sham. (C) Quantitative analysis of number of dendrite per eld (200x)\ D 7. *p < 0.05 compared to control (O h),” p < 0.05 compared to 6 h,
‘b < 0.05 compared to 12 h, Cp < 0.05 compared to 24 h, $p < 0.05 compared to 72 h.

gel electrophoresis (SDS-PAGE) and then transferred ontblicroscope (Olympus, Shanghai, China). The areas of cavities
polyvinylidene uoride (PVDF) membranes (Millipore, Bedford, were assessed using Digimizer software (MedCalc Softwhee bv
MA). After the membranes were blocked in5% non-fat milk Ostend, Belgian) and number of dendrites was quanti ed with
at room temperature for 30 min, they were incubated withimageJ software (NIH, Bethesda, MD).

anti-AQP4 (ab46182, Abcam, Cambridge, MA), anti-NKCC1

(ab5979'1, Abcam), or an.b'—actin (A2066, Sigmfa, St Louis, Immunohistochemical Staining

MO) antibody at 4.C overnlght_. After 3 washes W_'th PBST’_ thePara n-embedded spinal cord tissue at injury site was cut
membranes were mc_ubate_d with proper horseradish peromdasg—t a thickness of 6 micron. Slides were depara nized and
conjugated goat anti-rabbit IgG antibody at room temperatur

for 60 min, and visualized with the enhanced chemiluminesee
(ECL) substrate (ThermoFisher, Shanghai, China). The ésag
were scanned and analyzed with ImageJ (NIH, Bethesda, MD).

rehydrated by washing in xylene and passing through ethanol
gradient. Endogenous peroxidase activity was quenched with
freshly made 0.3% hydrogen peroxide and antigens were heat
retrieved in citrate bu er. Slides were blocked with normal
goat serum at 37T for 30min, incubated with antibody
Histological Examinations against AQP4 (ab46182, Abcam) or NKCC1 (ab59791, Abcam)
The histology of spinal cord was evaluated by hematoxylin andvernight at 4C, rinsed with 0.01M PBS 3 min for 3 times,
eosin (HE) staining and Pischinger methylene blue stainingncubated with FITC- (for AQP4) or Cy5- (for NKCC1)
(Khedkar et al., 209)2The left ventral section of spinal cord was conjugated goat anti-rabbit IgG antibodies at &7for 30 min,

xed in formalin and embedded into para n. The &m coronal conterstained with DAPI. The slides were dehydrated with
sections were cut from the tissue block and stained with Hiihst alcohol gradient, xylene cleared, and mounted with neutral
or Pischinger's methylene blue before evaluated microsatlpi gum. The images were obtained with an Olympus IX71
with an Olympus IX71 Inverted Fluorescence Phase Contradflicroscope.
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Statistical Analysis gradually distorted and damaged as cavitations appeared 6t aft
The data were expressed as meanstandard error (SE). injury, then the destruction of spinal cord structure became
The sample size was 7 rats in each group. Statistical analyggegressively profound during the duration monitored (7 days
were performed using the SPSS16.0 (IBM, Chicago, IL). TH&gures 1C,D.

di erences between groups were analyzed using stuti¢ests Meanwhile, the LDH activity in cerebrospinal uid was
or one-way analysis of variance (ANOVA) followed by post-signi cantly increased from 1614.67 26.08 to 2892.33 25.97
hoc bonferroni test.P-values less than 0.05 were consideredJ/g protein 6 h after SCI and peaked at 24 h after injury (3953.46

statistically signi cant. 58.50 U/g protein), which then reduced but maintained at
high levels until at least 7 days after SEigure 2A). Pischinger's
RESULTS methylene blue staining showed reduced number of dendrites
and increase of tissue cavities from 6 h after SCI and dettad
Acute SCI Caused Spinal Cord Edema and until at least 7 days after SCFigures 2B,3.

Neuronal Loss

The locomotor activity of rats was lost after immediately SCI .

shown by the plunge of BBB score to near 0 and remaining ther@C| Induced the Upregulation of AQP4 and

for about a day before visible joint movements. BBB scormsdo  NKCC1 Expression in Spinal Cord

modest increase from day 1 to day 7 after S&g(re 1A). The mRNA levels of AQP4gure 3A) and NKCC1 Figure 3B
Traumatic SCI caused rapid occurrence of spinal edema whiabf spinal cord were signi cantly elevated 6 h, peaked 24 h, and

peaked at 24 h and lasted at least 7 days after SCI. The spinglcreased from the peak but maintained at high levels until 7

cord water content was seen signi cantly increased 1 h @2.9 days after injury. Similarly, AQP4 and NKCC1 protein rapidly

0.59%), peaked at 24 h after SCI (76.41.09%), and reduced accumulated in spinal cord after SCI, peaked around 24 h after

thereafter but kept at signi cantly higher levels than thdt o SCI, and reduced thereafter but maintained at signi cahityher

uninjured spinal cord (70.54 0.71%Figure 1B). Accompanied levels compared to uninjured spinal cords (0 h) through atti@as

by spinal cord edema, the histology of spinal cord tissue wadays after injury Figures 3C,D.
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FIGURE 3 | Acute SCI caused upregulation of AQP4 and NKCC1 expressiormhe mRNA levels of AQP4A) and NKCC1 (B) at different time points after SCI were
analyzed by quantitative PCR(C) AQP4 and NKCC1 protein levels at different time points afte8Cl were assessed by western blot(D) Quantitative analysis of the
changes of AQP4 and NKCC1 protein in spinal cord after SCN D 7. *p < 0.05 compared to control (0h),” p < 0.05 compared to 6 h, p < 0.05 compared to 24 h,
Cp < 0.05 compared to 72 h.
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FIGURE 4 | Blocking AQP4 and / or NKCC1 reduced spinal cord water contehand tissue destruction 48 h after SCI. Spinal cord water cornt (A) and LDH activity
of cerebrospinal uid (B) were signi cantly reduced by TGN-20 and bumetanide after SCITGN-20, and bumetanide additively reduced spinal cord edermm and
cerebrospinal LDH activity(C) HE and methylene blue stainings showed that TGN-20 and bumanide relieved SCl-induced tissue degeneration (scale bai03mm).
Quantitative analyses of cavity are¢D) and dendrite numbers per eld (200x)(E) NC, normal control (uninjured spinal cords); BU, bumetan&l TGN, TGN-020; HE,
hematoxylin and eosin staining; MB, methylene blue stairgaN D 7. *p < 0.05 compared to NC; # p < 0.05 compared to SCI; p < 0.05 compared to BU; Cp < 0.05
compared to TGN.

Blocking AQP4 and NKCC1 Additively reduction of spinal cord edemé&igure 4A). Meantime, TGN-20
Reduced SCI-Induced Spina| Cord Edema and or bumetanide signi cantly inhibited SCI-caused inase
and Damage of cerebrospinal uid LDH activity from about 30% to
Rats receiving AQP4 inhibitor TGN-020 or NKCC1 blocker More than 50% Kigure 4B). Consequently, SCI caused spinal
bumetanide before SCI had signicantly lower spinal cordcord tissue destruction was substantially reduced by TGN-
water content compared to untreated SCI rats, and concornitarP20, or bumetanide, or bothFgures 4C—f TGN-020 and
administration of TGN-020 and bumetanide resulted in fusth bumetanide reduced cavity area by about 30% respectively,
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FIGURE 5 | Bumetanide and TGN-020 inhibited SCl-induced upregulatioof AQP4 and NKCC1.(A) The mRNA levels of AQP4 and NKCCL1 of rat spinal cord 48 h
after SCI were analyzed by qPCR(B) The changes of AQP4 and NKCCL1 protein levels in rat spinal cdd8 h after SCI with or without TGN-020 and/or bumetanide
treatment were assessed by western blot(C) Quantitative analysis of AQP4 and NKCC1 protein levels in $@ats after TGN-020 and/or bumetanide treatments(D)
Histoimmuno uorescence detection of changes of AQP4 (greepand NKCC (red) protein levels of injured rat spinal cord sige treated with TGN-020 and/ or
bumetanide (scale bar 5amm). NC, normal control (uninjured spinal cords); BU, bumetiade; TGN, TGN-020.N D 7. *p < 0.05 compared to NC; * p < 0.05
compared to SCI; p < 0.05 compared to BU; Cp < 0.05 compared to TGN.

and the combination of TGN-020 and bumetanide reducecdcord after acute SCI, which in turn cooperatively contritdite

the cavity area by more than 50%igures 4C,D. Meanwhile, spinal cord edema, spinal cord neuron death, and destruction
TGN-020 and bumetanide signi cantly reduced SClI-causeaf spinal cord tissues. Blocking either AQP4 or NKCC1 with
loss of dentrites in monotherapy or combinatorial treatmenttheir speci c inhibitor partially relieved the damaging e ect

(Figures 4C,B. of SCI in rats but blocking AQP4 and NKCC1 with TGN-020

. and bumetanide concurrently produced signi cantly stronge
AQP4 and NKCC1 Functionally Interacted protection against SCl-induced edema and tissue destmiatfo
with Each Other after Acute SCI spinal cord than either one of them.

Blockade of AQP4 with TGN-020 not only inhibited SCI  The accumulation of blood and/or water (edema) in spinal
induced upregulation of AQP4 mRNAF(gure 5A) and protein  cord after SCI raises intrathecal pressure, which may result
(Figures 5B-D levels of spinal cord, but reduced NKCC1 greater tissue damage and exacerbate locomotor functiss lo
expression as wellF{gure 5. Similarly, bumetanide inhibited (Leonard et al., 20)5Controlling or resolving edema has been
both SCl-induced NKCC1 and AQP4 overexpressiBigre 5.  extensively studied as an e ective therapy for Sl ét al., 2014,
Blocking both AQP4 and NKCC1 resulted in markedly Hu et al., 2015; Zhang et al., 2Q1Either chemicals4u et al.,
decrease of their mMRNA and protein levels after SCI compare@014; Zhang et al., 20)L6r surgical interventionifu et al., 201p

to treatment with either bumetanide or TGN-020 alone resulted reduction of spinal cord edema after SCI was medliate

(Figures 5A-D. at least partially by AQP4.
AQP4 expression was elevated after SCI and mediated spinal
DISCUSSION cord edema which was inhibited by treatments inhibiting AQP4

expression or AQP4 activityW(u et al., 2014a; Huang et al.,

The current data showed that water channel AQP4 and in uen2015; Hu et al., 20)5Pretreatment with TGN-020 resulted in
NaC-KC-Cl cotranporter NKCC1 were upregulated in spinal more than 40% reduction in brain edema and more than 30%
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reduction in the size of cortical infarction in a mouse modél AQP4 protein level after traumatic brain injuryZfiang et al.,
focal cerebral ischemidgarashi et al., 20)11t also has been 2016. The current data demonstrated that not only inhibition
shown that upregulation of AQP4 mediated cerebral edema andf NKCC1 downregulated SCl-induced AQP4 expression but
neuronal death after traumatic brain injur)K@poor et al., 2013; vice versa also. Inhibiting NKCC1 and AQP4 activities with
Xiao and Hu, 2014; Zhang et al., 2QJ&nd inhibiting AQP4 bumetinade and TGN-020 cooperatively reduced both spinal
expression with safranal led to attenuation of edema, redlucecord edema and spinal cord tissue damage resulted from SCI-
apoptosis, and inhibition of in ammation after traumatic SCI induced neuronal death and intracellular swelling. Moregver
(Zhang et al., 200)5Surprisingly, partial sciatic nerve transactionNKCC1 and AQP4 had similar expression pattern after acute
and chronic constriction injury on the left sciatic nervedimced  SCI, which was consistent with previous report that NKCC1 was
AQP4 upregulation and astrocyte swelling and activation indenti ed as one of the gene positively correlated with AQP4 in
spinal cord Qklinski et al., 201p Based on the functional SCIrats [esic et al., 2005

interaction between AQP4 and NKCCL1 in the central nerve In conclusion, this study demonstrated that AQP4 and
system, it was shown bene cial to simultaneously inhibjuily-  NKCC1 shared similar expression patterns after acute SCI.
induced upregulation of AQP4 and NKCC1 after traumatic brainAQP4 and NKCC1 functionally interacted with each other and
injury (Zhang et al., 2006 The current study was a proof of in uenced the expression of each other, which mediated acute
concept that concurrently blocking AQP4 and NKCC1 afterSCI induced disruption of ion and water homeostasis, cytaoxi
SCI could have better e ect than inhibiting either one of them edema, and neuronal death. Simultaneous inhibition of AQP4
Further studies were warranted to elucidate the mechanisnand NKCC1 provided better protection against spinal cord
e ects on motor function recovery, proper regimen, possibleedema and spinal cord tissue destruction after acute SCI.
adverse e ects, and appropriate agents for the combination of

AQP4 and NKCC1 antagonists to treat spinal cord injuries.
NKCC1 has been shown to be upregulatéttgmer et al.,
2008; Coté et al.,, 2014nd activated by WNK1 (with no
lysine 1) @hmed et al., 2014 after SCI, which mediated
astrocyte swellingJ@yakumar et al., 20).and neuropathic pain
(Cramer et al.,, 2008; Ahmed et al., 2D1NKCC1 specic
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