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Objective: To assess the receptors of TRPV1 and GABAB1 receptors that were colocalized in cerebrospinal fluid contacting nucleus 
(CSF-contact nucleus) of chronic inflammatory pain (CIP) rats bringing inspiration for reducing chronic pain.
Methods: A rat model of CIP was constructed by plantar injection of complete Freund’s adjuvant (CFA), and the paw withdrawal 
mechanical threshold (PWMT) and paw withdrawal thermal latency (PWTL) were measured 1, 3, 5, 7, 10, and 14 days after plantar 
injection. In the first part of the experiment, rats with CIP were divided into the immunofluorescence group and the coimmunopre
cipitation (Co-IP) group (n = 6). Rats in the immunofluorescence group were injected with the retrograde tracer CB conjugated with 
Alexa Fluor 594 into the lateral ventricle two days before the injection of CFA into the plantar surface of the left paw. Three days later, 
rats that exhibited hyperalgesia were perfused, and their brains were extracted and used for double immunofluorescence staining of the 
CSF-contacting nucleus. Rats in the Co-IP group were anesthetized and dissected 3 days after CFA injection, and fresh brain segments 
containing the CSF-contacting nucleus were collected for Co-IP to assess the colocalization of TRPV1 and GABAB1 in the CSF- 
contacting nucleus (n = 6). In the second part of the experiment, SD rats were divided into the normal saline group (control group) and 
the CFA group. Fresh CSF-contacting nucleus-containing tissues were collected for Western blot analysis 3 days after plantar injection 
to observe the changes in TRPV1 and GABAB1 expression in the CSF-contacting nucleus.
Results: TRPV1 and GABAB1 were co-expressed in the CSF-contacting nucleus in rats with CIP, and their expression was 
upregulated.
Conclusion: TRPV1 and GABAB1 in the CSF-contacting nucleus are jointly involved in CIP in rats, and there is a direct or indirect 
link between TRPV1 and GABAB1.
Keywords: cerebrospinal fluid-contacting nucleus, TRPV1 receptor, GABAB1 receptor, chronic inflammatory pain

Introduction
Chronic inflammatory pain (CIP) is pain caused by persistent or unresolved inflammation. Multiple inflammatory stimuli 
can sensitize nociceptive neurons, thereby promoting pain hypersensitivity. However, animal experiments and clinical 
practice have shown that inhibition of individual inflammatory pathways is a problematic approach for relieving pain, as 
parallel signaling cascades can drive pathologic pain and thus promote pain sensitization.1 It is known that ion channels 
and receptors in the dorsal root ganglia (DRG) are responsible for the detection of noxious stimuli, and their plasticity 
contributes to the increased severity of pain. TRP (transient receptor potential) channels are emerging targets for 
understanding this process and developing novel treatments. Their ability to form multimeric complexes broadens the 
variety and complexity of channel regulation and the potential implications for pain modulation.2 Among TRP channels, 
the capsaicin receptor TRPV1, a non-selective cation channel, is a key molecular component of pain detection and 
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modulation. Sensitization of TRPV1 is central to the initiation of pathological forms of pain, and multiple signaling 
cascades are known to enhance TRPV1 activity under inflammatory conditions.3 Hyperalgesia resulting from tissue 
injury or inflammation is often associated with sensitization of TRPV1 channel activity which can occur through several 
mechanisms such as phosphorylation, interaction with phospholipid PIP2, trafficking, and association with accessory 
proteins.4 The therapeutic glory of TRPV1 is well recognized in clinics which gives a promising insight into the 
treatment of pain.5 But the adverse effects associated with some of the antagonists directed the scientists towards 
other methods. The GABAB receptor is a G protein-coupled receptor (GPCR) composed of the GABAB1 (GB1) and 
GABAB2 (GB2) subunits. There are at least 14 subtypes of GB1 (GB1a-n), of which GB1a and GB1b are the most 
abundant subtypes and are mainly expressed in the central nervous system.6 Studies have confirmed that GABAB1 

receptor subunits act as inhibitors of TRPV1 sensitization in different inflammatory settings, and the effect of GABAB on 
TRPV1 depends on the close juxtaposition of GABAB1 receptor subunits and TRPV1. Activation of GABAB1 receptor 
subunits does not attenuate the normal function of the TRPV1 receptor and only restores its sensitized state.7 Therefore, it 
is undoubtedly a meaningful scientific problem to find the neural inhibitory pain structure coexisting with TRPV1 and 
GABAB1.

The cerebrospinal fluid-contacting nucleus (CSF-contacting nucleus) was first discovered and named by our 
research group in the world. It locates in the ventral gray matter of the lower part of the midbrain aqueduct (Aq) and 
the upper part of the base of the fourth ventricle (4V). The distinguishing feature of this nucleus is that the somas are 
located in the brain parenchyma, and their processes extend into the CSF.8 This connection is not found in any known 
nerve or nucleus in the nervous system. The basic biological properties of the CSF-contacting nucleus, such as methods 
that can be used to specifically label it,9 its location and stereotactic coordinates,8 the distribution of receptors, 
neurotransmitters, and ion channels10–12 and its relationship with morphine dependence and withdrawal, stress, sodium 
appetite, ion channels10,13–15 have been revealed. A model animal with the CSF-contacting nucleus eliminated has been 
successfully established.16

Based on the expression of TRPV1 and GABA in CSF-contacting nuclei in both neuropathic and inflammatory pain 
conditions,17,18 we hypothesized that TRPV1 and GABAB1 receptors may coexist in the neurons of the CSF-contacting 
nucleus and play important roles in neuropathic and inflammatory pain regulation. In the present study, our data 
demonstrated that GABAB1 expressed and formed a complex with TRPV1 in the CSF-contacting nucleus and investi
gated the changes in TRPV1 and GABAB1 expression in CIP.

Methods
Reagents
CB conjugated with Alexa Fluor 594 (Invitrogen, Thermo Fisher), a rabbit anti-TRPV1 antibody (Novusbio, USA), 
a mouse anti-GABAB1 antibody (Santa Cruz, USA), mouse anti-GABAB1 (Abcam, UK), Alexa Fluor 405-conjugated 
donkey anti-mouse IgG H&L (Abcam, UK), Alexa Fluor 488-conjugated donkey anti-rabbit secondary antibody (Absin, 
China), Rabbit (Mouse) Control IgG (ABclonal, Wu Han, China), HRP-labeled goat anti-rabbit IgG (H+L), and HRP- 
labeled goat anti-mouse IgG (H+L) (Beyotime, China) were used.

Experimental Grouping
Adult Specific Pathogen Free (SPF)-grade male SD rats weighing 250±25 g were provided by the Experimental Animal 
Center of Xuzhou Medical University. All animals were adaptively housed in a housing room on a 12–12 h light/dark 
cycle for one week before the start of the experiment and were given free access to food and water. In the first part of the 
experiment, rats with CIP were divided into immunofluorescence and coimmunoprecipitation (Co-IP) groups (n=6); in 
the second part of the experiment, SD rats were divided into the control group (control group) and CIP group (complete 
Freund’s adjuvant (CFA) group) (n=6). All protocols were approved by the Committee for Ethical Use of Laboratory 
Animals of Xuzhou Medical University (L20211001001) and were carried out according to the Guidelines for the Care 
and Use of Laboratory Animals.
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Animal Model
To induce chronic inflammatory pain, rats were administered 100 µL CFA intra-plantar injection after being anesthetized 
with 2.5% sevoflurane.19 The control group was injected with an equal amount of normal saline according to the same 
procedure.

Behavioral Assessment
(1) Paw withdrawal mechanical threshold (PWMT)

The rats were placed in a transparent enclosure (35 cm*30 cm*25 cm) with a wire mesh bottom and allowed to 
acclimate in a quiet environment for 15 min before the experiment. We measured the paw withdrawal threshold to von 
Frey filaments (Stoelting, USA). Each filament (1.4, 2, 4, 6, 8, 10, 15, 26 g) was applied for 6 to 8 s to test the mid- 
plantar left hind paw, avoiding the footpads according to the up-down method as described previously.19,20 Abrupt 
withdrawal, licking, and shaking of the hind paw in response to von Frey filament was considered a positive response. If 
a positive response occurred, the next smaller von Frey filament was used whereas the filament of higher force was used. 
Since the threshold is unknown, strings of similar responses may be generated when the threshold is approached from 
either direction. Thus, although all responses were recorded, the critical six data points were not counted until the 
response threshold was first crossed.21 So, we started with a lower force of 4 g filament. The stimuli were always 
presented continuously, either ascending or descending. The test was continued till five responses were assessed after the 
first crossing of the withdrawal threshold, or the upper/lower end of the von Frey filament set was reached before 
a positive/negative response had been obtained. The pattern of positive and negative responses was converted to a 50% 
threshold value using the formula according to the up-down method of Dixon.22 Pre-CFA baseline and 1 d, 3 d, 5 d,7d,10 
d, and 14 d post-CFA-injected thresholds were measured.

(2) Paw withdrawal thermal latency (PWTL)
A 15 cm*15 cm*15 cm transparent Plexiglas box was placed on a 3 mm-thick glass plate, and the rats were 

acclimated to the box for at least 30 min. The experiment was performed after the rats had calmed down. A light beam 
was applied to the middle plantar surface of the left hind paw three times at 3 to 5 min intervals with a thermal pain 
stimulator (BME2410A, Institute of Biological Engineering, Chinese Academy of Medical Sciences) according to the 
Hargreaves method.23,24 The duration from the start of irradiation to a leg lifting or avoidance response was measured as 
the PWTL, and irradiation was stopped when the rat raised its hind paw. A cutoff time of 20s was set to prevent tissue 
damage caused by excessive irradiation. The intensity of the thermal stimulus was kept the same throughout the 
experiment. The average paw withdrawal latency of the three trials was used for data analysis.

Injection of Alexa Fluor 594-Conjugated CB into the Lateral Ventricle
Two days before plantar injection of CFA, the rats were anesthetized with sodium pentobarbital (40 mg/kg, i.p.), and their 
heads were fixed on a stereotaxic apparatus. CB was dissolved in PBS (0.01 M, pH 7.4) and microinjected into the lateral 
ventricle (400 ng/2 µL) at the following stereotaxic coordinates determined from the Paxinos and Watson brain atlas: 1.4 
±0.2 mm to the right of the midline, 1.2±0.4 mm posterior from bregma, and 3.2 ±0.4 mm deep. Successful targeting of 
the lateral ventricle was confirmed by aspiration of CSF. The rats were allowed to recover for two days before subsequent 
experimental manipulations.

Immunofluorescent Staining
The rats were anesthetized with pentobarbital sodium (40 mg/kg, i.p.). The lower edge of the xiphoid process was cut, the 
thoracic cavity was opened to expose the heart, the apex of the heart was gently clamped with vascular forceps, and 
a puncture needle was inserted into the ascending aorta from the left ventricle of the apex of the heart. Vascular forceps 
were used to fix the puncture needle, 200~300 mL of normal saline was quickly perfused, and the right atrial appendage 
was simultaneously cut so that the blood quickly flushed out and became clear. Then, the blood was replaced with 
200~300 mL of chilled 4% paraformaldehyde. After perfusion, brain tissue was collected, placed in 4% paraformalde
hyde for more than 6 h in a refrigerator at 4°C, and then transferred to 30% sucrose solution until it sank to the bottom of 
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the tube. The brain containing the CSF-contacting nucleus was isolated and sectioned coronally on a cryostat (Leica 
CM1900, Germany) at 40 μm. The sections were collected in PBS and rinsed for 5 min × 3 times, permeabilized with 
0.1% TritonX-100 in PBS for 15 min. The brain slices were transferred to a 24-well incubation tank containing 10% 
donkey serum for 2 h at room temperature. After blocking, they were incubated with rabbit anti-TRPV1 (1:800, Novus) 
and mouse anti-GABAB1 (1:800, Abcam) antibodies diluted in PBST (0.3%Tween-20 in PBS) overnight at 4°C on 
a shaker. After washing with PBST, the brain slices were incubated with Alexa Fluor 488-labeled donkey anti-rabbit 
(1:500) and Alexa Fluor 405-labeled donkey anti-mouse (1:500, Abcam) secondary antibodies in the dark at room 
temperature for 2 h. After washing three times as described above, sections were mounted in sequence on slides and 
coverslipped. Immunofluorescence images were acquired on an Olympus FV1000 laser confocal microscope and were 
processed for quantitative analysis using ImageJ software.

Co-Immunoprecipitation
Three days after plantar injection of CFA, brain tissues containing the CSF-contacting nucleus were rapidly isolated, and 10 
times the tissue weight of RIPA Lysis Buffer (Strong)(GK10023, Glpbio) and 1/100 of the lysate volume of a phosphatase 
enzyme inhibitor (PMSF) (GK10023, Glpbio) were added. The supernatant was collected after ultrasonic homogenization and 
centrifugation (4°C,12000 rpm,15 min), and the total protein concentration of the sample was determined using a BCA kit 
(Beyotime, China). The samples were divided into three parts: (1) one part, which was mixed with 1X SDS-PAGE loading 
buffer and boiled for 10 min, was used as a positive control (input) for Western blot analysis; (2) another part was incubated 
with negative control IgG (ABclonal, Wu Han, China); and (3) the last part was incubated with rabbit anti-TRPV1 or mouse 
anti-GABAB1 primary antibody overnight at 4°C with shaking. Prepared rProtein A/G Plus MagPoly beads (ABclonal, Wu 
Han, China) were added to 1 mL of 3% BSA and incubated at 4°C with shaking for 1 h to eliminate nonspecific binding. The 
antibody-antigen binding complexes were mixed with the prepared magnetic beads and incubated at 4°C overnight. The 
magnetic bead-antibody-antigen complexes were rinsed three times, and the supernatant was discarded. Then, 30 µL of 2X 
SDS-PAGE loading buffer was added, and the samples were mixed well and heated at 95°C for 15 min for denaturing elution. 
The immunoprecipitated protein complexes were separated from the supernatant by SDS-PAGE. Western blot analysis with 
antibodies against TRPV1 and GABAB1 was performed.

Western Blot Analysis
SD rats were divided into the control and CFA groups, plantar injection three days later, and fresh brain tissues 
containing the CSF-contacting nucleus were collected. Ten times the tissue weight of RIPA lysis buffer (Beyotime, 
China) and 1/100 of the lysate volume of PMSF (Beyotime, China) was added. After the tissues were homogenized and 
centrifuged at 4°C for 15 min at 12,000 rpm, the supernatant was collected, and the total protein concentration of each 
sample was determined by a BCA protein assay kit (Beyotime, China). Then, the proteins were separated by 8% SDS- 
PAGE. After electrophoresis, the proteins were transferred to PVDF membranes, which were blocked with 5% skim milk 
powder for 2 h and incubated with rabbit anti-TRPV1 (1:2000, Novus Biologicals), mouse anti-GABAB1 (1:500, Abcam) 
and mouse anti-GAPDH (1:2000, Proteintech) antibodies at 4°C overnight. After half an hour at room temperature, the 
PVDF membranes were rinsed three times with TBST (TBS containing 1% Tween-20) and incubated with corresponding 
HRP-conjugated secondary antibodies (1:2000, Beyotime, China) for 2 h. Then, the membranes were rinsed six times 
with TBST. The protein bands were detected by a chemiluminescent reagent (Beyotime, China), and the relative 
grayscale values were analyzed using ImageJ software.

Statistical Analysis
GraphPad 8.0 software was used to statistically analyze the data. Statistical comparisons between two groups were 
conducted by two-tailed, unpaired Student’s t-test. Repeated-measures data were compared using a two-way ANOVA 
analysis accompanied by Bonferroni’s multiple comparison post hoc tests. P<0.05 was considered statistically significant. 
Normally distributed data are expressed as the mean ± SEM. MATLAB software was used to quantify the mechanical 
paw-withdrawal threshold using the registries of the up-down method test. ImageJ software was used to quantify the 
density of protein bands.
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Results
Establishment of a CFA-Induced CIP Model
Rats in the CFA group, ie, CIP model rats, showed redness and swelling of the plantar surface of the left hind paw after 
CFA injection, and lifting and licking of the hind paw were observed. No such symptoms were observed in the control 
group before or after injection, and no significant changes in the PWMT and PWTL were observed before or after 
injection (P>0.05). The CFA group showed a lower pain threshold on the second day, and the PWMT and PWTL of rats 
in the CFA group were lower than the respective baseline values (P <0.01). The decrease in the PWMT and PWTL lasted 
for approximately two weeks (Figure 1).

Immunofluorescence Analysis of TRPV1 and GABAB1 Coexpression in the 
CSF-Contacting Nucleus
Laser confocal microscopy was used to visualize the CSF-contacting nucleus. The CSF-contacting nucleus was indicated 
by red fluorescence, and the localization of the red fluorescence was consistent with the expected position of the CSF- 
contacting nucleus. TRPV1-positive cells were labeled with green fluorescence, and GABAB1-positive cells were labeled 
with blue fluorescence. Immunofluorescence staining revealed that TRPV1 and GABAB1 were co-expressed in the CSF- 
contacting nucleus. Quantitative analysis showed that the co-labeling of TRPV1 and GABAB1 receptors with the CSF- 
contacting nucleus respectively increased compared with the control group (Figure 2).

Co-Immunoprecipitation
TRPV1 and GABAB1 receptors in the CSF-contacting nucleus form complex. Co-IP was used to investigate the possible 
interaction between TRPV1 and GABAB1 at the protein level. Bidirectional Co-IP was performed, and TRPV1 and 
GABAB1 were detected in the CSF-contacting nucleus lysates, which were used as positive controls (“input” samples), 
but not in negative control samples incubated with normal IgG (“IgG” samples), indicating the specificity of the antibody. 
The results indicate that TRPV1 and GABAB1 bind to each other in neurons in the CSF-contacting nucleus (Figure 3).

Changes in the Expression of TRPV1 and GABAB1 Receptors in the CSF-Contacting 
Nucleus in Chronic Inflammatory Pain Rat
To explore the changes in TRPV1 and GABAB1 expression in the CSF-contacting nucleus in CIP model rats, we first 
constructed a rat model of chronic inflammatory pain by injecting CFA into the plantar surface and then performed 
Western blot analysis. The results revealed that the expression of TRPV1 and GABAB1 in the CSF-contacting nucleus 
was significantly upregulated in the CIP model group compared with the control group (P<0.01) (Figure 4).

Figure 1 Assessment of behavioral tests in CIP rats. (A) Mechanical allodynia induced by intra-plantar injection of CFA in rats. A significant reduction in paw withdrawal 
threshold (PWT) of rats (B) Thermal hyperalgesia induced by intra-plantar injection of CFA in rats. A significant decrease in PWT was observed from 1d to 7d after the CFA 
injection. **P < 0.01, ***P < 0.001, ****P < 0.0001 versus Pre-CFA baseline of rats. Two-way ANOVA with Bonferroni correction for multiple comparisons. Data are 
represented as mean ± SEM, (n =10).
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Figure 2 (A) the CSF-contacting nucleus slices from rats 3 days after plantar injection of CFA were doubly stained with anti-GABAB1 (blue) and anti-TRPV1 (green) 
antibodies. CB-labeled CSF-contacting neurons were red fluorescence. Scale bar, 50 μm. (B and C) Quantification of TRPV1-positive and GABAB1-positive neurons in the 
CSF-contacting nucleus. The proportion of double-stained neurons is expressed as a percent of all CB-labeled neurons counted in sections of the CSF-contacting nucleus. 
The proportion of TRPV1 and GABAB1 positive cells in the CSF-contacting nucleus is increased in CIP rats compared with the control group. Data are presented as mean ± 
SEM, n = 4; *P<0.05 vs control group, analyzed using Student’s t-test.

Figure 3 Western blot analysis for the products of Co-IP and reverse Co-IP. GABAB1 receptors and TRPV1 receptors in the CSF-contacting neurons are physically linked to 
each other and form a complex. (A) Immunoprecipitations of tissue lysates derived from the CSF-contacting neurons using TRPV1 antibody followed by Western blot are 
probed with anti- GABAB1 antibody. (B) Immunoprecipitations of tissue lysates derived from the CSF-contacting neurons using GABAB1 antibody followed by protein 
blotting with anti-TRPV1 antibody. “Input” served as a positive control, and “IgG” served as a negative control.
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Discussion
In 2000, the World Health Organization stated that chronic pain is a disease that does harm health. The causes of chronic 
pain, especially neuropathic pain, can be very complex, but it is generally accepted that a variety of factors lead first to 
inflammation and finally to chronic pain and even neuropathic pain. Therefore, preventing chronic inflammatory pain 
from further transforming into neuropathic pain is one of the main strategies in the field of research and treatment. 
Although it has become the main goal of basic research and the basic measure of clinical treatment to find specific pain- 
causing factors and reduce pain by intervening in this factor, both basic research and clinical practice show that the 
analgesic effect of simply intervening in a specific target is not ideal. As parallel signaling cascades can still drive 
pathologic pain and thus promote pain sensitization.1

TRPV1 is a well-established ion channel activated by pain and heat. Gaurav G-N et al recently showed that natural 
products and some semi-synthetic analogs as potential TRPV1 ligands for attenuating neuropathic pain.25 Akhilesh et al 
reviewed Unlocking the potential of TRPV1 based siRNA therapeutics for the treatment of chemotherapy-induced 
neuropathic pain.5 Pathogenic sensitization of TRPV1 is characterized by a decrease in the activation threshold and an 
increase in responsiveness.26 Various mechanisms, such as alterations in channel dynamics, changes in TRPV1 levels in 
the neuronal plasma membrane, and changes in the levels of proteins that bind and regulate TRPV1, may play a role in 
this process.27–31 Therefore, targeting substances that interact with TRPV1, especially those that specifically regulate 
pathological states such as inflammatory pain, may be an interesting alternative to blocking TRPV1.32,33 American 
scientists David Julius and Ardem Patapoutian have won the 2021 Nobel Prize in Physiology/Medicine for their 
outstanding contributions to “finding TRPV1 in capsaicin and discovering it as a receptor for sensing temperature and 
touch”.

GABA is a major transmitter in the central nervous system. Its receptors include three types: GABAA and GABAC 

receptors can form ligand-gated chloride channels, while GABAB receptors belong to the G protein-coupled receptor 
family and are accompanied by K+ and Ca2+ channels. Stephen G. Brickley and Istvan Mody (2012) introduced the 
function of GABAA Receptors in the CNS and its Implications for Disease. GABAARs are known to be key targets of 
anesthetics, sleep-inducing drugs, neurosteroids, and alcohol. The network dynamics associated with epilepsy and 

Figure 4 Plantar injection of CFA significantly increased the expression of TRPV1 and GABAB1 proteins in the CSF-contacting neurons compared with normal saline (NS) 
injection. (A) Representative Western blots of TRPV1 and GABAB1 proteins in total tissue lysate were obtained from the CSF-contacting neurons of the control group (NS) 
and CFA group. GAPDH was used as a loading control. (B) Quantitative analysis of the Western blot of TRPV1 and GABAB1. Data are presented as mean ± SEM, n = 6; 
**P<0.01 vs NS group, Student’s t-test.
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Parkinson’s disease are likely to involve tonic GABAAR-mediated changes in conductance. Therefore, GABAARs may 
be a therapeutic target for the treatment of these disorders, with the potential to enhance cognition and aid functional 
recovery after stroke.34 GABABR is a G protein-coupled receptor. Recently, Marzia M (2018) and Dietmar B (2022) 
respectively systematically reviewed the biological and pharmacological research progress of GABAB receptors in pain. 
This receptor has been considered a valuable target for the treatment of chronic pain due to extensive evidence that they 
are involved in the regulation of pain signaling.35,36

The CSF-contacting nucleus is distinct from other brain nuclei, our previous studies have shown that neurons in this 
nucleus contain not only TRPV1 but also GABA and are involved in the regulation of various pain.12,37 In this study, we 
demonstrated for the first time that TRPV1 and GABAB1 receptors not only coexist but also form a complex in the CSF- 
contacting nucleus. This result will provide a new insight for reducing inflammatory pain by intervening GABAB1 or 
TRPV1 in the CSF-contacting nucleus through the cerebrospinal fluid pathway. Of course, further research is needed.

Conclusions
This study demonstrated that TRPV1 receptors and GABAB1 receptors are both expressed in the CSF-contacting nucleus 
and form complexes, which may be involved in the development of chronic inflammatory pain. This will provide a new 
idea for the treatment of chronic inflammatory pain.
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