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Chronic constriction injury induces aquaporin-2
expression in the dorsal root ganglia of rats
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Abstract

Aquaporins are a family of water channel proteins involved in water homeostasis in several tissues. Current
knowledge of aquaporin expression in the nervous system is very limited. Therefore the first aim of this study
was to assess, by immunohistochemistry and immunoblotting analysis, the presence and localization of aquapo-
rin-2 in the spinal cord and dorsal root ganglia of naive adult rats. In addition, we evaluated aquaporin-2
expression in response to chronic constriction injury of the sciatic nerve, a model of neuropathic pain. Our
results showed that aquaporin-2 expression was not detectable either in the spinal cord or the dorsal root gan-
glia of naive rats. However, we showed for the first time an increase of aquaporin-2 expression in response to
chronic constriction injury treatment in small-diameter dorsal root ganglia neurons but no expression in the
lumbar spinal cord. These data support the hypothesis that aquaporin-2 expression is involved in inflammatory

neuropathic nerve injuries, although its precise role remains to be determined.
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Introduction

Water is quantitatively the major component of organisms.
Because its movement across cell membranes is a funda-
mental property of life, the cloning of aquaporin-1 (AQP1),
the archetypal water channel, has stimulated research into
water transport and osmoregulation in mammals (Denker
et al. 1988).

AQPs are small hydrophobic membrane proteins that
facilitate bi-directional water transport across the plasma
membrane in a number of tissues, including the nervous
system (Manley et al. 2000, 2004). This family of proteins
contains at least 13 subtypes, which are ubiquitously distrib-
uted (Verkman, 2002a,b). Despite a common molecular
structure, AQPs are classified, according to their substrate
specificity, as water-selective AQPs (AQPO-1-2-4-5-6-8-11) or
aquaglyceroporins (AQP3-7-9 and 10), which allow the pas-
sage of small solutes, such as glycerol and urea (Borgnia
et al. 1999; King et al. 2004; Yakata et al. 2007); AQP12 is
intracellular and its function is unknown (Ishibashi, 2006).

To date, only a few subtypes have been described in the
rodent central and peripheral nervous system. In particular,

Correspondence

Prof. Luigi F. Rodella, Unit of Human Anatomy, Department of
Biomedical Sciences and Biotechnologies, University of Brescia,
V.le Europa 11, 25123 Brescia, Italy. T.: + 39 03 03717485;

F: + 39 03 03717486; E: rodella@med.unibs.it

Accepted for publication 37 July 2009
Article published online 9 September 2009

AQP1 is expressed in the chorioid plexus, where its deletion
reduced cerebrospinal fluid production (Frigeri et al. 1995;
Oshio et al. 2005) and in glia cells of the peripheral nervous
system (Gao et al. 2006). AQP4 is expressed in astroglial cells
(Nielsen et al. 1997; Badaut et al. 2001; Oshio et al. 2004)
and is correlated with the blood-brain barrier (Saadoun
et al. 2002). AQP9 is localized in astroglial cells, endothelial
cells of pial vessels and catecholaminergic neurons and par-
ticipates in water transport across the blood-brain barrier
and in neuronal metabolism (Badaut et al. 2001, 2004).

Chronic pain is widely present in the general population
but there are few treatments which can provide relief for
many patients. Chronic constriction injury (CCl) is used as an
animal model of chronic neuropathic pain (Bennet & Xie,
1988) that causes pathophysiological changes in which the
ion channel and receptor functions are impaired, causing
neurochemical and ultrastructural alterations (Richards
et al. 1980; Schafers et al. 2003; Nesic et al. 2005).

A number of studies have provided indirect evidence of
osmosis contributing to altered pain perception (Solenov
et al. 2002; Oshio et al. 2006; Shields et al. 2007). Forty years
ago Hitchcock (1969) reported that intrathecal injections of
cold saline in patients with intractable pain led to immedi-
ate relief. In another study, Jawett & King (1971) used an
in vivo preparation of dorsal roots from either monkeys or
cats to examine the effects of saline of various osmolalities
on the firing of A- and C-fibers. Interestingly, they found
that distilled water or hypotonic saline resulted in differen-
tial blockade of C-fibers, with little or no effect on A-fibers.
It has been proposed that differences in water flux underlie
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the preferential conduction block of C-fibers. Although
anatomical differences among A- and C-fibers were offered
as a possible explanation, Oshio et al. (2006) suggested that
the differential expression of AQPs in C-fibers may account
for these results and provided a molecular basis for osmosis
in the pain pathway.

Recently, Oshio et al. (2006) described AQP1 immunoreac-
tivity in the superficial dorsal horn and primary afferent
neurons of the dorsal root ganglia (DRG). In particular,
behavioural analyses demonstrated that AQP1 appears to
contribute to the processing of two principal types of acute
pain (thermal and chemical-capsaicin). In addition, AQP1
deletion in mice led to a substantial reduction in the rate of
swelling of the dorsal horn after exposure to hypotonic
medium (Solenov et al. 2002). Moreover, these authors
showed that AQP1 could be involved in the peripheral
transduction of the noxious signal, nerve conduction or syn-
aptic transmission in the superficial dorsal horn. Each of
these processes is characterized by net ion fluxes that can
cause osmotic gradients, resulting in the rapid redistribu-
tion of water between intracellular and extracellular com-
partments (Oshio et al. 2006).

Conversely, genetic deletion of AQP1 does not alter noci-
ceptive responses to a variety of pain stimuli (Shields et al.
2007). This could be due to the different experimental
model used, which could give a different type of pain,
acute or chronic pain, or the de novo expression of other
AQPs.

Many studies suggest that AQP2 is exclusively expressed
in the renal collecting duct (Kwon et al. 2001). Nevertheless,
there is increasing evidence that AQP2 is also expressed in
several extra-renal locations (Stevens et al. 2000), including
the peripheral nervous system (Mobasheri et al. 2005).

As there are no data showing any AQP2 expression in the
rat spinal cord or DRG, our aims were to evaluate its pres-
ence in the spinal cord and DRG of naive rats and its possible
expression in an experimental model of neuropathic pain.

Materials and methods

Animal maintenance and preparation

Experiments were carried out on 18 male Sprague-Dawley rats
(200 g body weight) both for immunohistochemistry and immu-
noblotting analyses. To minimize circadian variations, the ani-
mals were housed in individual cages with food and water ad
libitum and kept in an animal house at a constant temperature
of 22 °C with a 12-h alternating light-dark cycle. The experi-
ments were performed between 08:00 and 12:00 h. All efforts
were made to minimize animal suffering and the number of
animals used. The experimental procedures were approved by
the Italian Ministry of Health, followed the guidelines for the
treatment of animals of the International Association of the
Study of Pain (Zimmermann, 1983) and were in line with the
European Communities Council Directive of 24 November 1986
(86/609/EEC) and with the Guidelines laid down by the NIH in
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the US regarding the care and use of animals for experimental
procedures.

Experimental groups

The animals were subdivided into three surgical groups (each of
six animals) both for immunohistochemistry and immunoblot-
ting analyses. The first group was the control non-operated ani-
mals (naive). The second group was the sham-operated animals;
in the third group the left sciatic nerve was tied, producing a
chronic constriction injury (CCl).

Surgical procedures

The rats were anesthetized by intraperitoneal injection of Zole-
til (60 mg kg’1,' Virbac, France), and the right sciatic nerve was
exposed at the level of the mid-thigh by blunt dissection and
separated from the adhering tissue immediately proximal to its
trifurcation. Four ligatures were then loosely tied around the
nerve at 1-2 mm distance using 4-0 chromic gut suture material
according to the method described by Bennet & Xie (1988). In
the sham-operated animals the left sciatic nerve was exposed at
the same level, without ligature.

Behavioural tests

All behavioural testing was performed blind at established time
points: day 0, the last session before operation, which repre-
sented the baseline value for the tests between pre- and post
neuropathic injury, and 3, 7 and 14 days after surgery. Animals
were acclimatized to the testing for 30-60 min before starting.
The order of behavioural tests was therefore defined as follows:
plantar and mechanical. Animals were left for 30 min undis-
turbed between each assay to habituate them to the testing
environment.

Plantar (Hargreaves) test

Animals were placed in an acrylic box with glass-pane floor and
the plantar surface of their hind paw was exposed to a beam of
infrared radiant heat (Hargreaves et al. 1988). The paw with-
drawal latencies were recorded twice per session, separated by
a minimum interval of 5 min. Minimum and maximum cut-offs
were assigned at 1 and 30 s, respectively. Again, paw withdraw-
als due to locomotion or weight shifting were not counted and
the trials were repeated.

Von Frey test of mechanical threshold

Mechanical sensitivity of the hind paw was measured by deter-
mining withdrawal thresholds to the Von Frey filaments, accord-
ing to Chaplan et al. (1994). The respective bending forces were
in the range of 0.005-125.892 g. The animals were placed indi-
vidually in a small plastic cage with an open wire mesh bottom.
Before testing, the rats were left in the test cages for 15-20 min
so that their grooming and exploratory behaviours ceased and
all four paws were placed on the ground. Von Frey filaments
were applied perpendicular to the planter surface of the paw
with an upward force just sufficient to bend the microfilament.
Paw withdrawals due to locomotion or weight shifting were
not counted and such trials were repeated.

Journal compilation © 2009 Anatomical Society of Great Britain and Ireland



500 CCl and AQP2-expression, B. Buffoli et al.

Immunohistochemical analysis

Fourteen days after the surgical procedures the animals were
anesthetized with an intraperitoneal injection of Zoletil
(60 mg kg™") and transcardially perfused with saline followed by
1L of 4% paraformaldehyde in phosphate-buffered saline (PBS,
0.1 m pH 7.4). After fixation, kidney, spinal cord (L4-L6), dorsal
root ganglia (DRG) L4-L5-L6 corresponding to the sciatic affer-
ent fibers and sciatic nerve proximal to the ligatures of each
animal were removed, post-fixed in 4% paraformaldehyde in
PBS for 2 h and cryoprotected overnight in 30% sucrose at 4 °C.
The lumbar L4-L6 segment was determined using a dissecting
microscope and measuring the distance between the points of
entry of the most rostral and most caudal rootlets of the L4, L5
and L6 dorsal root. Frozen serial transverse sections (35 um
thick) were cut by cryostat (Leica 1900) and collected in PBS.
Some sections were Nissl-stained for morphological control.
The sections were incubated in normal goat serum for immuno-
reactivity (10% in PBS containing 0.1% Triton X-100) for 30 min
and then incubated in rabbit polyclonal primary antibodies
against AQP1 and AQP2 (Chemicon, #AB3272, #AB3274; Teme-
cula, CA, USA) diluted, respectively, 1:200 and 1:500 in PBS
containing 3% normal goat serum and 0.1% Triton X-100, for
24 h at 4 °C. After incubation in the primary antibodies, the sec-
tions were sequentially incubated in biotinylated goat anti-rab-
bit immunoglobulins and avidin-biotin peroxidase complex
(Vector Labs., Burlingame, CA, USA), according to the manufac-
turer’s instructions. The reaction product was visualized using
0.01% hydrogen peroxide and 0.05% 3,3-diaminobenzidine tetr-
ahydrochloride (Sigma, St. Louis, MO, USA) as chromogen. The
immunohistochemistry control was performed by omitting the
primary antibody and incubating the sections with non-immune
rabbit serum and with isotype-matched irrelevant rat 1gGs as
negative control. The positive controls using kidney slices
showed the immunopositivity localized in renal collecting ducts.

Double immunofluorescence analysis

The sections were incubated in bovine serum albumin (BSA) 5%
diluted in PBS containing 0.1% Triton X-100 for 30 min and
then incubated in rabbit polyclonal primary antibody directed
against AQP2 (1:200, Chemicon, #AB3274) mixed with mouse
monoclonal primary antibodies NeuN (1:100, Chemicon,
#MAB377), CD31 (1:50, #550300; BD Biosciences, Franklin
Lakes, NJ, USA) and S100 (1 : 1000, Genetex, GTX11178, Irvine,
CA, USA) diluted in PBS containing 5% BSA and 0.1% Triton X-
100, for 24 h at 4 °C. After incubation in the primary antibodies,
the sections were sequentially incubated with appropriated
fluorescent secondary antibodies diluted in PBS 1 : 200 (anti-rab-
bit Alexa-Fluor 555, red fluorescent dye and anti-mouse Alexa-
Fluor 588, green fluorescent dye; Invitrogen, Carlsbad, CA, USA).

Quantitative analyses of AQP1 and AQP2 expression

The immunohistochemical data of AQP1 and AQP2 expression
were evaluated quantitatively. For the analysis, immunostaining
intensity was evaluated blind, using an optical microscope (Olym-
pus, Hamburg, Germany) at a final magnification of 20x. Digitally
fixed images of slices were analyzed using an image analyzer
(Image Pro-Plus, Milan, Italy) and were calculated as integrated
optical density (IOD) for arbitrary areas (0.01 mm?), measuring

the neurons with a nucleus in five fields with the same area for
each section (Borsani et al. 2009). In particular, small, medium
and large neurons were distinguished according to parameters
reported by Study & Kral (1996). The data were pooled to give a
mean value + SD and a statistical analysis was applied to compare
the results obtained from the different groups.

Immunoblotting analysis

Fourteen days after the surgical procedures the animals were
killed; the spinal cord (lumbar L4-L6 segment) and dorsal root
ganglia (DRG) L4-L5-L6 corresponding to the sciatic afferent
fibers of each animal were removed and immediately frozen in
liquid nitrogen and stored at —80 °C until use. The tissues were
homogenized in a buffer system and centrifuged at 13 254 g at
4 °C for 15 min, and the supernatants were processed using
immunoblotting analysis. Protein concentration was assessed
using Albumin Standards (Pierce, Rockford, IL, USA) according
to the manufacturer’s instruction. Twenty micrograms of the
samples were analyzed by 10% SDS-PAGE and electro-trans-
ferred to a nitro-cellulose membrane (pore size 0.45 um; Bio-
Rad) by wet blotting (100 V for 1 h). The membrane was
blocked with 5% non-fat dry milk in Tris-buffered saline Tween-
20 (TTBS) at 4 °C. After washing with TTBS, proteins were
exposed overnight at 4 °C to rabbit polyclonal anti-AQP2 anti-
body (Chemicon #AB3274) diluted 1 : 1000. These were detected
using a proper biotinylated secondary antibodies (Dakopatts,
Glostrup, Denmark) and an avidin—peroxidase complex accord-
ing to the manufacturer’s instructions (ABC kit; Dakopatts), with
a solution of 0.05% DAB (3,3-diaminobenzedine tetrahydrochlo-
ride) and 0.03% hydrogen peroxide. For the quantitative analy-
ses, the bands were evaluated as 10D, using GeL Pro 3.1
software, and the data obtained were statistically examined.

Statistical analysis

The results obtained for all analyses are presented as
means + SD and the statistical significance of differences among
experimental groups was estimated using the anova test cor-
rected by Bonferroni, with P < 0.05 considered significant.

Results

Behavioural tests

The behavioural testing was used to determine the allodynic
state induced by CCl treatment. The evaluation was esti-
mated before (0 days) and after surgery (3, 7, 14 days). The
results obtained by plantar and Von Frey tests showed a sim-
ilar response in naive and sham-operated rats. Animals with
CCl treatment had a decreased threshold, which was stable
throughout the post-surgical period, as reported in Fig. 1.

Immunohistochemical and immunofluorescence
analysis

The immunohistochemical analyses of AQP2 expression in
both DRG and spinal cord of naive and sham-operated rats
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Fig. 1 Behavioural analysis of pain response to thermal and
mechanical stimuli. (A) Withdrawal latency after plantar test in naive,
sham-operated and CCl rats. (B) Withdrawal threshold after Von Frey
test in naive, sham-operated and CCl rats. Data are expressed

means + SEM in six animals per group, *P < 0.05 naive and sham
group.

showed very weak and negative staining, respectively
(Fig. 2A,A’). CCI treatment induced a significant increase of
AQP2 expression restricted to DRG (Fig. 2B), whereas it
showed a similar pattern to those observed for naive and
sham-operated rats in all laminae of spinal cord (Fig. 2B).

In DRG of CCl-treated animals, we observed immunoposi-
tive neurons, scattered throughout the ganglia, showing a
variable degree of staining. In particular, the most intensely
stained cells were small in diameter, as calculated by 10D
(Fig. 3A). The staining was localized mainly in the cyto-
plasm, whereas the nucleus appeared unstained (Fig. 4A).
Some Schwann cells were also weakly stained. Moreover,
several small vessels scattered in ganglia were strongly
immunopositive (Fig. 4B). Double immunofluorescence con-
firmed the data previously reported (Fig. 4C-E), showing a
co-localization of AQP2 with CD31 (marker of endothelial
cells) in small vessels (Fig. 4D) and AQP2 with S100 a marker
of Schwann cells (Fig. 4E).

AQP1 immunopositivity both in DRG and spinal cord was
also evaluated. Our results showed AQP1 immunoreactivity
associated to cell bodies of a large number of neurons of
DRG both in naive/sham-operated (Fig. 2C) and CCl-treated
rats (Fig. 2D). Quantitative analysis of AQP1 expression, as
calculated by 10D, showed a similar degree of staining in
small, medium and large neurons without any significant
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difference among the different experimental groups
(Fig. 3B).

Similarly, we did not observe any AQP1-positive staining
in the dorsal horn of spinal cord of any of the experimental
groups (Fig. 2C",D’). The immunohistochemical analysis of
AQP1 and AQP2 expression in sciatic nerve showed negative
staining in all experimental groups (Fig. 5).

Immunoblotting analysis

Immunoblotting analysis confirmed all data previously
observed by immunohistochemistry. In particular, we did
not observe any signals for AQP2 immunoblotting in the
spinal cord (data not shown), whereas the limited AQP2
expression in DRG was supported by the presence of a pro-
tein migrating at ~ 30 kDa, the predicted molecular weight
of AQP2, only in CCl-treated rats. A weak signal was visible
for both naive and sham-operated rats (Fig. 6A). The quan-
titative assay of immunoblotting results is plotted in a
graph reported in Fig. 6B.

Discussion

To date, knowledge about AQP expression in the nervous
system is limited only to certain members of this family.
Among the AQP subtypes cloned in mammals only some of
these could be related to pain transmission (Nielsen et al.
1993; Kobayashi et al. 2001; Verkman, 2002a; Amiry-Mog-
haddam & Ottersen, 2003). In particular, AQP1 identified in
DRG nociceptive neurons as well as in afferent sensory
nerve fibers both in the central and peripheral nervous sys-
tem seem to contribute to the processing of pain messages,
facilitating water transport in selected modalities of acute
pain pathway (Oshio et al. 2006).

AQP2 is a vasopressin-regulated water channel of the
distal nephron and is responsible for regulating the volume
and osmolarity of urine (Sasaki et al. 1994, 2000). There is
increasing evidence that it is expressed also in selected
parts of the central and peripheral nervous system in
human (Mobasheri et al. 2005). Nevertheless, no data
about the expression of this protein in the rat nervous
system and its modulation in pain pathway have been
reported.

In this study, we used immunohistochemistry and immu-
noblotting analysis to investigate the expression and immu-
nolocalization of AQP2 in adult rat spinal cord and DRG
and to evaluate the possible modulation of its expression in
a model of neuropathic pain (CCl) after 14 days, a time
point in which the neuropathy is consolidated (Bennet &
Xie, 1988).

Our results showed, for the first time, that AQP2 expres-
sion is induced only in DRG neurons by CCl treatment; in
particular, its expression was higher in small-diameter sized
neurons, i.e. those that co-label for markers of nociceptors
(Oshio et al. 2006; Shields et al. 2007; Borsani et al. 2009).
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Fig. 3 Quantitative analysis of AQP2 (A) and AQP1 (B)
immunopositivity as IOD in naive, sham-operated and CCl rat DRG.
The values have been evaluated in each class of immunopositive
neurons (small, medium and large sized). Data are expressed
means + SEM, *P < 0.05 vs. naive; *P < 0.05 vs. medium and large
sized neurons.
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Fig. 2 Immunohistochemical analysis: AQP2
expression in the DRG (A) and spinal cord (A")
of naive rats and in DRG (B) and spinal cord
(B") of CCl rats; AQP1 expression in the DRG
(C) and spinal cord (C’) of naive rat and in
DRG (D) and spinal cord (D’) of CCl rats.
Negative controls were shown in (E,F).
Positive control (kidney) was shown in (G).
Arrows indicate positive staining. Scale

bar = 100 pum.

Conversely, its expression was very weak in the DRG of
naive and sham-operated rats and negative in spinal cord
and sciatic nerve of all animals. The staining was localized
mainly in the cytoplasm of small-diameter sized neurons,
although AQPs are tetramers that are found in the lipid
membrane (Manley et al. 2000, 2004). These observations
led us to consider the distribution of AQPs in the cytoplasm
with respect to the membrane compartment for an adapta-
tion in chronic nociceptive conditions with acute pain sta-
tus. These could be related to the results obtained in the
trigeminal ganglia during acute inflammation, in which a
redistribution of AQP2 in the neuronal membrane was
observed (Borsani et al. 2009).

Although there is evidence that AQP2 mRNA is also pres-
ent in the human spinal cord (Mobasheri et al. 2005) our
results showed AQP2 staining only in DRG, not in the lum-
bar spinal cord. This pattern of expression was different
from the results obtained in other studies in which AQP1
expression was found in small afferent sensory nerve fibers
in both the central and peripheral nervous system (Oshio
et al. 2006; Shields et al. 2007). This might suggest that in
our experimental model, AQP2 is a water-channel protein
that is activated and expressed at a peripheral but not a
central level, underlining a different modulation in differ-
ent parts of the nervous system. So, although AQPs could
be involved in cellular processes characterized by net ion
influx (such as the transduction of signal injury, nerve
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Fig. 4 Immuohistochemical analysis of AQP2
expression in the DRG of CCl rats. (A)
neuronal immunostaining was mainly
intracytoplasmatic, whereas the nucleus
appeared unstained. (B) Schwann cells were
weakly stained (thick arrows) and several
small vessels were strongly immunopositive
(thin arrows). Double immunofluorescence
analysis of AQP2 (red)/NeuN (green) (C)
AQP2 (red)/CD31 (green) (D) and AQP2
(red)/S100 (green) expression in DRG of CClI
rats. Nuclei were stained in blue. Scale bars
(A,B) 10 um, (C=E) 1 pum.

Fig. 5 Immunohistochemical analysis of AQP2
and AQP1 expression in the sciatic nerve
proximal to the ligatures of naive/sham (A
and D, respectively) and CCl-treated rats (B
and E, respectively). Negative controls are
shown in (C, F). Scale bar = 100 pm.
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Fig. 6 Immunoblotting analysis of AQP2 expression. (A) 30 kDa bands
corresponding to AQP2 isoform in rat DRG. (B) Quantitative evaluation
of immunoblotting in naive, sham and CCl rats. Data are expressed
means + SEM, *P < 0.05 vs. naive.

conduction and synaptic transmission), the functional signif-
icance of water channels in sensory neurons needs to be
established.
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Moreover, we did not observe any change in AQP1
expression or distribution after CCl treatment either in the
spinal cord or DRG that could be due to the different ani-
mal species and/or experimental model used. Therefore,
our results would suggest that AQP2, and not AQPI1, is
increased by CCl treatment. Nevertheless, because previous
studies investigated only AQP1 expression in a model of
complete axotomy, which does not have an inflammatory
component, it is not known whether a similar decrease in
AQP2 would occur in that experimental model.

The exact mechanism by which AQP2 is enhanced is not
clear. It is known that this protein translocates in response
to arginine vasopressin (AVP) in the renal collecting ducts
(Kwon et al. 2001) and some authors reported the presence
of AVP and its receptor (V1) in DRG (Horn & Lightman,
1987; Kai-Kai & Che, 1995). In particular, there is evidence
that AVP induces hyper-polarization in the membrane of
most DRG neurons, which might be caused by K(+) outflow
mediated by V1 receptor, and that the membrane conduc-
tance of the DRG neurons increased following AVP applica-
tion (Horn & Lightman, 1987; Hu et al. 2004). Moreover,
other results indicate a role of AVP in the regulation of
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anti-nociception in rats in certain components of the central
nervous system but not at the spinal cord level (Yang et al.
20064a,b).

It is important to consider that CCl itself causes local
inflammation (Levy & Zochodne, 1998; Martucci et al. 2008)
and Wallerian degeneration with loss of target-derived tro-
phic support (Coleman et al. 1998; Martucci et al. 2008). It is
also accompanied by an altered environment so that osmo-
tic changes, rather than nociceptor activation, could be the
cause of increased AQP2 expression. Regarding this point,
immunohistochemical analysis has enabled us to observe
that CCl treatment does not induce AQP2 and AQP1 expres-
sion at the CCl injury site but does increase AQP2 expression
in some small vessels of DRG. This could be due to the
development of peripheral edema associated with this pain
model (La Rana et al. 2008). In addition, Kobayashi et al.
(2001) found the expression of AQP mRNA in rat cerebral
microvessels, suggesting that this family is involved in the
regulation of water transport between blood and nervous
components.

To fully understand the contribution of AQP2 both in
nociceptive processing and in inflammatory and edematous
responses to CCl treatment, it will be necessary to generate
an inducible deletion that can be triggered in the adult, or
to develop a selective blocker of the channel which can be
delivered directly to the primary afferent neurons.
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