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Silencing of vanilloid receptor TRPV1 by RNAi reduces
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Abstract
RNA interference (RNAi) has proven to be a powerful technique to study the function of genes by producing knock-down phenotypes. Here, we report that intrathecal injection of an siRNA against the transient receptor potential vanilloid receptor 1 (TRPV1)
reduced cold allodynia of mononeuropathic rats by more than 50% over a time period of approximately 5 days. A second siRNA targeted to a diﬀerent region of the TRPV1 gene was employed and conﬁrmed the analgesic action of a TRPV1 knock-down. Furthermore,
siRNA treatment diminished spontaneous visceral pain behavior induced by capsaicin application to the rectum of mice. The analgesic
eﬀect of siRNA-mediated knockdown of TRPV1 in the visceral pain model was comparable to that of the low-molecular weight receptor
antagonist BCTC. Our data demonstrate that TRPV1 antagonists, including TRPV1 siRNAs, have potential in the treatment of both,
neuropathic and visceral pain.
Ó 2006 Elsevier Inc. All rights reserved.
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Chronic pain aﬀects more than 320 million people
worldwide [1], but current pharmaceutical treatment of
pain suﬀerers is frequently unsatisfactory, demonstrating
the obvious need to develop new strategies for the treatment of pain with acceptable adverse side eﬀects [2]. One
of the major new targets for novel pain medication is
TRPV1, which is activated by heat, protons, and capsaicin,
the hot component of chili peppers [3,4]. Its sensitivity is
further modulated and increased by pathophysiological
states such as inﬂammation [5]. TRPV1 has thus been con-
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sidered to be a central integrator of numerous endogenous
and exogenous stimuli [6,7].
As a result of the ﬁndings that demonstrated the important function of TRPV1 in pain perception, low molecular
weight compounds have been developed that modulate the
activity of the receptor and attenuate inﬂammatory pain
conditions in rodents (summarized in [8]). The role of
TRPV1 during neuropathic pain, however, is not fully clariﬁed, although the potent TRPV1 antagonist BCTC has
been shown to reduce mechanical hyperalgesia and allodynia in neuropathic pain models [9].
RNA interference (RNAi) has been established as a
powerful technique to investigate gene functions. For this
purpose, small interfering RNA (siRNA) molecules 21
nucleotides in length are usually employed to speciﬁcally
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inhibit the expression of genes (for reviews, see [10,11]).
RNAi has been reported to be more eﬃcient than traditional antisense approaches [12,13]. The method has been
used widely in neuroscience and is suited to investigate
the function of genes that are likely to be involved in pain
processes (for reviews, see [1,14]). Since the blood–brain
barrier prevents eﬃcient delivery of large molecules into
the CNS, siRNAs have been administered intrathecally,
close to the spinal cord [15–17].
The aim of the present study was to evaluate the potential of intrathecally administered siRNAs as a rapid technique to validate targets for pain research by targeting
TRPV1 as a receptor expressed on spinal endings of primary nociceptive somatic and visceral aﬀerents. Our results
obtained with intrathecally delivered siRNAs for TRPV1
in a neuropathic rat model and in an acute visceral pain
model of the mouse as compared to the TRPV1 inhibitor
BCTC support the view that TRPV1 plays an important
role in neuropathic and visceral pain.
Materials and methods
Oligonucleotides and chemicals. Puriﬁed 19mer siRNA duplexes were
purchased from IBA GmbH (Göttingen, Germany). Sequences of the
siRNAs used in the present study are summarized in Table 1. The siRNAs
were dissolved and annealed in DEPC-treated water for in vivo administrations. BCTC (N-(4-tertiarybutylphenyl)-4-(3-chloropyridin-2-yl)tetrahydropyrazine-1(2H)-carbox-amide; Grünenthal GmbH, Germany) was
dissolved in 10% DMSO, 5% Cremophor EL, in 5% glucose solution and
administered in a volume of 5 ll/animal intrathecally. Capsaicin (Tocris,
UK) was dissolved in vehicle solution (10% EtOH, 10% Tween 80 in 0.9%
NaCl solution) and administered intrarectally (50 ll of a 10% solution per
animal).
Cell culture experiments. Cos-7 cells (African green monkey kidney
ﬁbroblasts) were cultivated under standard conditions as described previously [13]. Co-transfection experiments were carried out with a
pcDNA3.1/TRPV1-GFP plasmid and increasing concentrations of siRNA
as indicated with Lipofectamine 2000 (Invitrogen, Germany). Twenty-four
hours after transfection, cells were harvested and the protein expression
was analyzed by Western blotting. The TRPV1-GFP fusion protein was
detected with anti-GFP serum (Invitrogen, Germany). For further details,
see [13].
Animal models. Adult male Sprague–Dawley rats (170–310 g, obtained
from Janvier, France) and male NMRI mice (28–38 g, obtained from Iﬀa
Credo, France) were used. Animals were kept under standard laboratory
conditions with free access to standard laboratory food and tap water.
Spinal administrations under short ether narcosis were performed
according to [18]. Data were analyzed by means of two-way analysis of

Table 1
siRNA sequences used in the present study
siRNA

Sequence

VsiR1

5 0 -GCGCAUCUUCUACUUCAACTT-3 0
3 0 -TTCGCGUAGAAGAUGAAGUUG-5 0

VsiR1 inv

5 0 -CAACUUCAUCUUCUACGCGTT-3 0
3 -TTGUUGAAGUAGAAGAUGCGC-5 0
0

VsiR2

5 0 -GUUCGUGACAAGCAUGUACTT-3 0
3 0 -TTCAAGCACUGUUCGUACAUG-5 0

VsiR2 inv

5 0 -CAUGUACGAACAGUGCUUGTT-3 0
3 -TTGUACAUGCUUGUCACGAAC-5 0
0
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variance (ANOVA) with repeated measures. In case of a signiﬁcant
treatment eﬀect, pairwise comparison was performed by post hoc analysis
with Bonferroni adjustment. Results were considered statistically signiﬁcant if P < 0.05. Group sizes were n = 5–10 (chronic constriction injury
model) and n = 7 (capsaicin-induced visceral pain model in mice). The
experiments were performed in accordance with ECC guidelines (86/609/
EEC). All eﬀorts were made to minimize animal suﬀering and the number
of animals used.
Animal model of neuropathic pain. Rats underwent surgery involving
four loose ligations of the sciatic nerve according to the Bennett model
[19]. Under pentobarbital anesthesia (NarcorenÒ, 60 mg/kg i.p.), the right
common sciatic nerve was exposed by blunt dissection at the level of midthigh and four loose ligatures (softcatÒchrom USP 4/0, metric2; Braun
Melsungen, Germany) were placed around the nerve, taking care not to
interrupt the epineural circulation. After operation, animals were allowed
to recover for one week. Cold allodynia was stable for several weeks and
was tested on a metal plate cooled by a water bath to a constant temperature of 4 °C by means of counting the number of brisk paw withdrawals during 2 min. Animals were observed for periods of 2 min before
and several days after intrathecal administration of TRPV1-speciﬁc
siRNAs, inverted control siRNAs or a vehicle control (0.9% NaCl).
Animal model of acute visceral pain. Analgesic eﬀects of siRNAs or
BCTC in capsaicin-induced visceral pain were investigated according to a
mouse model described in [20]. Initially, the animals received an intrathecal bolus application (5 ll) of 1 ng of the TRPV1-speciﬁc siRNA
‘VsiR1’, the control siRNA ‘VsiR1 inv’ or a vehicle control (0.9% NaCl).
Four days after pre-treatment, 50 ll of a 10% capsaicin solution was
administered rectally. The resulting spontaneous pain behavior was scored
(1 = licking of abdominal wall, 2 = stretching, squashing, mounting,
backward movement or contraction of the ﬂank muscles; number of
reactions recorded 2–12 min after capsaicin). One group of animals
received rectal administration of capsaicin vehicle only. Other groups of
animals received BCTC at diﬀerent doses 5 min before rectal administration of capsaicin. Each group consisted of 7 animals.

Results
Silencing of TRPV1 in cell culture
In a previous study, we screened six siRNAs to obtain
an eﬃcient inhibitor of TRPV1 expression [13]. Here, we
performed a more detailed analysis of the concentration
dependency of the two most eﬃcient siRNAs in co-transfection experiments with a plasmid encoding the cDNA
of a TRPV1-GFP fusion protein. As can be seen in
Fig. 1, we observed the expected concentration-dependent
silencing of target gene expression. Both siRNAs tested
almost completely inhibited expression of TRPV1-GFP
even at the very low concentration of 1 nM. In contrast,
the inverted control siRNA, VsiR2 inv, did not inﬂuence
gene expression in the concentration range investigated.
Thus, we have identiﬁed two siRNAs against separate
sequences of the TRPV1 mRNA that can be used as tools
to eﬃciently and speciﬁcally inhibit the expression of the
TRPV1 gene.
Analgesic eﬀect of siRNAs against TRPV1 in a neuropathic
pain model
To examine the impact of siRNA treatment in vivo,
modulation of pain perception in the Bennett model of
neuropathic pain was investigated [19] since previous
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Fig. 1. Concentration-dependent inhibition of TRPV1-GFP expression in
cell culture. Cos-7 cells were co-transfected with a plasmid encoding the
TRPV1-GFP fusion protein and increasing concentrations of the siRNAs
VsiR1, VsiR2 and the inverted control VsiR2 inv, respectively. Twentyfour hours after transfection, cells were harvested and TRPV1-GFP
expression was analyzed by Western blotting.

experiments revealed that this model produces reliable and
robust responses to modulation of TRPV1. Mononeuropathic rats received intrathecal bolus administration of
1 lg VsiR1, its inverted control VsiR1 inv or vehicle. The
TRPV1-speciﬁc siRNA VsiR1 diminishes the number of
cold-induced paw liftings by approximately 50%, indicating
a reduction of cold allodynia (Fig. 2A). Seven days after
RNAi treatment pain sensitivity returned to normal level.
The inverted control siRNA resulted in an initial slight
unspeciﬁc modulation of pain. Lower doses down to 1 ng
VsiR1 still showed analgesic activity, whereas the unspecific eﬀects of the inverted control RNA were diminished
(Fig. 3).
Immunohistochemical analysis of dissected spinal cords
did not reveal a clear change of TRPV1 protein staining
after siRNA treatment (data not shown). Technical hurdles
of the immunohistochemical analysis limit the measurements to determine global expression levels within recognizable tissue structures.
One way to enhance conﬁdence in the outcome of RNAi
experiments is the use of multiple siRNAs with indepen-

Fig. 3. Eﬀects of diﬀerent doses of siRNA treatment. Neuropathic rats
received a single bolus injection of physiological saline solution (black) or
of 1–1000 ng TRPV1-speciﬁc siRNA (white) and control siRNA (grey),
respectively. Cold-evoked paw withdrawals were measured 24–48 h after
siRNA treatment. n = 10 per treatment group, *P < 0.05 versus saline
control.

dent sequences. As has been shown in cell culture
(Fig. 1), the second siRNA, VsiR2, was at least as potent
at silencing TRPV1 as the initially used siRNA VsiR1.
To minimize unspeciﬁc side-eﬀects, a dose of 1 ng siRNA
was administered intrathecally to mononeuropathic rats.
Assessment of cold allodynia revealed a pattern comparable to the one observed before (Figs. 2A and B): pain sensitivity is reduced initially by approximately 50% and
returns to a normal level after several days. The inverted
siRNA did not modulate pain behavior as compared to
vehicle.
Analgesic eﬀect of BCTC in capsaicin-induced colitis
To investigate the modulation of pain perception
induced by the TRPV1 agonist capsaicin, we used a model
to study visceral pain in the mouse [20]. Rectal administration of 50 ll of a 10% capsaicin solution induced spontaneous visceral pain, resulting in a pain score between 25 and
30 (Fig. 4A). Pre-treatment of the animals with an intrathecally administered TRPV1 antagonist, BCTC, resulted
in signiﬁcant and dose-dependent inhibition of capsaicin-

Fig. 2. Analgesic eﬀects of intrathecally administered siRNAs VsiR1 (A) or VsiR2 (B) against TRPV1 in rats with chronic constriction injury as measured
by cold evoked paw withdrawals during 2 min intervals (means ± SEM). Bolus injection of 1 lg (VsiR1) or 1 ng (VsiR2) of either TRPV1-speciﬁc siRNA
(circle) or the corresponding inverted control (triangle) as well as a saline control injection (square). n = 10 for VsiR1 and n = 5 for VsiR2 per treatment
group, *P < 0.05 versus saline control, #P < 0.05 versus inverted RNA control.
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Fig. 4. Analgesic eﬀect of intrathecally administered BCTC or siRNA against TRPV1 in capsaicin-induced visceral pain. (A) Animals received an
intrathecal bolus application (5 ll) of 1, 3, or 10 lg BCTC or vehicle solution. One group received rectal injection of capsaicin-vehicle only. Pain reactions
were scored within 2–12 min after capsaicin injection (means ± SEM). n = 7 per treatment group, *P < 0.05 versus saline control. (B) Sequence homology
of the siRNA target region in TRPV1 from rat, mouse, and human. The box indicates the 21 nucleotide long binding site of VsiR1. (C) Four days prior to
capsaicin treatment, the animal received an intrathecal bolus application (5 ll) of 1 ng siRNA against TRPV1 (VsiR1), the inverted control siRNA (VsiR1
inv) or a physiological saline solution. One group received rectal injection of capsaicin-vehicle only. Pain reactions were scored within 2–12 min after
capsaicin injection (means ± SEM). n = 7 per treatment group, *P < 0.05 versus saline control, #P < 0.05 versus inverted RNA control.

induced spontaneous pain behavior with an ED50 (95%
conﬁdence interval) of 2.5 (1.7–3.4) lg/animal.
Analgesic eﬀect of siRNAs against TRPV1 in capsaicininduced colitis
We ﬁnally wanted to analyze, whether treatment with
siRNAs against TRPV1 changes the response to the receptor agonist capsaicin in a visceral pain model. Since VsiR1
is directed against a target site on the TRPV1 mRNA that
is conserved in rats, mice, and humans (Fig. 4B), the
experiments to study capsaicin-induced colitis in mice were
carried out with the same siRNA that has been employed
to investigate the role of TRPV1 in the rat.
One group of animals received intrathecal injection of a
vehicle control followed by rectal administration of the capsaicin solution on day four. As expected, this treatment
induced spontaneous visceral pain, resulting in a pain score
of approximately 25 (Fig. 4C). Intrathecal injection of 1 ng
TRPV1-speciﬁc siRNA four days prior to capsaicin administration was found to have a signiﬁcant analgesic eﬀect similar to the reduction of pain sensitivity observed after
administration of BCTC. In contrast, the inverted control
siRNA did not inﬂuence pain perception as reﬂected in the
animals’ observed behavior. These results demonstrate that
spinal administration of the siRNA against TRPV1 leads
to a loss of response to the TRPV1 agonist capsaicin. It is
therefore reasonable to assume that the intended speciﬁc
silencing of TRPV1 was achieved by the RNAi treatment.
Discussion
A crucial point in the development of new analgesic
drugs is the validation of new targets for low molecular

weight compounds. Here, we evaluate the potential of
intrathecally injected siRNAs as tools for rapid functional
investigation of pain targets. We chose the vanilloid receptor, TRPV1, as a target, which is considered a central
molecular integrator of nociceptive signaling [6].
In vivo delivery of siRNAs into the central nervous system is complicated by the fact that oligonucleotides do not
eﬃciently cross the blood–brain barrier. Previous studies
applied siRNAs locally into the spinal cord to investigate
the functional role of pain-related receptors by RNAi-mediated knockdown: siRNAs have either been continuously
infused via a minipump [15] or have been mixed with
delivery agents like the transfection reagent i-Fect [17] or
a polyethyleneimine-based gene-delivery system [16].
We decided to use a simple intrathecal injection of
unmodiﬁed siRNAs, since it has previously been shown
that naked oligonucleotides are eﬃciently taken up by
neuronal cells (e.g. [21]). This method is unlikely to result
in sustained silencing of the targeted gene, but even a
transient knockdown can be suﬃcient to obtain a cellular
response that allows the performance of functional studies.
In fact, we observed an analgesic eﬀect of siRNA treatment
that lasted for four to ﬁve days before pain sensitivity
returned to a normal level.
The function of TRPV1 has previously been investigated
by analyzing loss-of-function phenotypes of knockout animals [22–24]. These studies demonstrated a lack of vanilloid-evoked pain behavior, diminished heat response, and
perturbed micturition. The role of spinal TRPV1 in pain
transduction and its involvement in neuropathic pain,
however, is less clear. Recent ﬁndings suggest that
expression of TRPV1 is regulated after chronic constriction
injury and is thus involved in the development and maintenance of mechanical allodynia in this model [25]. We have

242

T. Christoph et al. / Biochemical and Biophysical Research Communications 350 (2006) 238–243

previously used antisense oligonucleotides to investigate
the functional relevance of TRPV1 for tactile allodynia in
a rat model of spinal nerve ligation [26].
In the present study, we analyzed cold allodynia in neuropathic rats. A single bolus injection of an siRNA against
TRPV1 was found to be suﬃcient to reduce pain sensitivity
of the animals on a cold plate by 50%. TRPV1 is connected
to a complex network of pain-related mechanisms [27],
which suggests a possible link to cold allodynia in chronic
neuropathic pain conditions. We are currently unable to distinguish whether the remaining pain perception is due to
incomplete knockdown of target gene expression or whether
additional pathways mediate signaling of the cold stimulus.
Beside neuropathy-induced down regulation an
increased TRPV1 expression has been demonstrated in
uninjured nerve cells after peripheral nerve injury [28]. It
is well known that knockdown of gene expression is
extremely diﬃcult to analyze in the spinal cord. The immunohistochemical analysis performed after siRNA treatment
did not reveal signiﬁcant reduction in TRPV1 expression
(data not shown). Apparently, it was impossible to discriminate the siRNA-induced reduction of functionally relevant
TRPV1 protein against the large TRPV1 pool existing prior to siRNA application. We might have been unable to
detect a partial reduction of TRPV1 expression, since
decreased protein expression in a critical subset of cells of
a tissue or within subcellular structures of cells could easily
pass undetected. Furthermore, the extremely low dose that
was suﬃcient to evoke an analgesic response suggests that
only a small number of neuronal cells had to be reached by
the siRNA treatment. Similarly, knockdown of TRPV1 by
antisense oligonucleotides was shown to be too small to be
detected in spite of proven eﬃcacy to reduce neuropathic
pain behavior [26]. It has been discussed previously that
the biological eﬀect observed after antisense treatment
can be much more pronounced than the detected reduction
of target protein level [29].
In order to conﬁrm the results of our ﬁrst RNAi experiment we used a second siRNA with an unrelated sequence
against the same target mRNA. These experiments
conﬁrmed the initial experiments that RNAi-mediated
knockdown of TRPV1 reduces cold allodynia. Sequencedependent oﬀ-target eﬀects are thus highly unlikely to be
responsible for the observed analgesic eﬀect. Since siRNAs
with inverted control sequences did not exert pronounced
eﬀects, we can also rule out that the observed phenotypes
are a general consequence of the RNAi procedure.
TRPV1 has a high degree of sequence homology and
functional similarity between diﬀerent species [30]. One of
the siRNAs used in the present study targets a region that
is conserved between rat, mouse, and humans. This siRNA
could therefore be employed in a mouse model for visceral
pain to demonstrate that knockdown reduces spontaneous
pain behavior induced by the TRPV1 agonist capsaicin.
These results are similar to those obtained with the
receptor antagonist BCTC (Fig. 4A) as well as to those
of capsaicin-evoked nociception in TRPV1 knockout

animals [22]. Insensitivity to capsaicin further supports
the assumption that siRNA-treatment results in silencing
of TRPV1.
Taken together, we demonstrate that intrathecal injection of siRNAs is a suitable approach to investigate the relevance of potential pain targets. For TRPV1, we provide
evidence for speciﬁc RNAi-mediated knockdown of the
target: (1) two independent siRNAs induce the same phenotype; (2) inverted control siRNAs did not exert pronounced eﬀects; (3) transient knockdown lasts for
approximately 5 days; (4) siRNA-treated animals were
insensitive to capsaicin. Together with the eﬀects of the
TRPV1 antagonist BCTC, our ﬁndings support an important role of TRPV1 in perception of a cold stimulus in a
neuropathic pain condition and in the transmission of
chemically evoked visceral pain stimuli. These results demonstrate that RNAi is a rapid and straightforward alternative to the generation of knockout animals for target
validation.
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