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Abstract: Arthritis is the most common cause of disability in the US, and the primary mani-

festation of arthritis is joint pain that leads to progressive physical limitation, disability, mor-

bidity, and increased health care utilization. Capsaicin (CAP) is a vanilloid agonist that causes 

substance P depletion by interacting with vanilloid receptor transient receptor potential V1 

on small unmyelinated C fibers. It has been used topically for analgesia in osteoarthritis with 

variable success. Resiniferatoxin (RTX) is an ultra potent CAP analog. The aim of this study 

was to measure the analgesic effects of intra-articular (IA) administration of CAP and RTX 

in experimental acute inflammatory arthritis in mice. Evoked pain score (EPS) and a dynamic 

weight bearing (DWB) device were used to measure nociceptive behaviors in a murine model of 

acute inflammatory monoarthritis. A total of 56 C57B16 male mice underwent EPS and DWB 

testing – 24 nonarthritic controls and 32 mice with carrageenan-induced arthritis. The effects of 

pretreatment with 0.1% CAP, 0.0003% RTX, or 0.001% RTX were measured. Nociception was 

reproducibly demonstrated by increased EPS and reduced DWB measures in the affected limb of 

arthritic mice. Pretreatment with 0.001% RTX resulted in statistically significant improvement in 

EPS and DWB measures when compared with those observed in carrageenan-induced arthritis 

animals. Pretreatment with IA 0.0003% RTX and IA 0.01% CAP resulted in improvement in 

some but not all of these measures. The remaining 24 mice underwent evaluation following 

treatment with 0.1% CAP, 0.0003% RTX, or 0.001% RTX, and the results obtained were similar 

to that of naïve, nonarthritic mice.
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Introduction
Arthritis is the most common cause of disability in the US. It is estimated that >50 

million adults (one out of every five people) suffer from some form of arthritis.1 One 

of the main goals of arthritis management is pain reduction. Currently, available oral 

systemic analgesics are limited by insufficient joint pain relief, intolerable drug side 

effects, and adverse drug interactions.2,3

Other agents for intra-articular (IA) administration, such as corticosteroids, 

hyaluronic acid derivatives, and botulinum toxin A, have variable analgesic effects 

and duration of action.4–7 Therefore, there is still an unmet need for new therapies for 

refractory arthritis pain.

Murine models of joint nociception are commonly used in preclinical studies of new 

analgesic therapies. IA carrageenan (CAR) has been employed to induce a murine model 

of nociception in acute monoarticular inflammatory arthritis.7,8 Measures of evoked 
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Figure 1 Overview of study.
Notes: A total of 56 animals were studied in seven groups of eight mice each. 
Thirty-two naïve, nonarthritic animals were studied obtaining EPS, DWB measures 
for weight, and DWB measures for time. The same 32 animals were then reevaluated 
for the same parameters 3 hours after arthritis induction in the left hind limb by 
IA CAR injection. Of this group, 24 were also pretreated with IA vanilloid (eight 
pretreated with CAP, eight pretreated with 0.0003% RTX, and eight pretreated with 
0.001% RTX). Twenty-four additional mice were studied for the same parameters 
after IA vanilloid administration alone without arthritis induction.
Abbreviations: EPS, evoked pain score; DWB, dynamic weight bearing; IA, intra-
articular; CAR, carrageenan; CAP, capsaicin; RTX, resiniferatoxin.
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pain thresholds and tenderness have been successfully used to 

quantify nociception in mouse models of arthritis.8 Analysis of 

dynamic weight bearing (DWB) measures has been found to be 

extremely sensitive for quantifying limb nociception severity.9,10

Capsaicin (CAP) and resiniferatoxin (RTX) are vanilloid 

agonists that have attracted much attention due to their effect 

on alleviating different kinds of pain.11 CAP is a vanilloid 

agonist that exerts its analgesic effects by binding to transient 

receptor potential V1 (TRPV1) channels in sensory nerves.12 

These toxins are nonselective cation ionophores involved in 

integration of afferent noxious signals generated by mediators 

of inflammation. CAP triggers a calcium influx by binding 

to TRPV1 channels, followed by generation of an action 

potential and depletion of substance P making the neuron 

unresponsive to additional painful stimuli.13 Other potential 

mechanisms include the effects of sustained high levels of 

intracellular calcium that may activate calcium-dependent 

enzyme proteases14 or induce depolymerization of cytoskel-

etal components such as microtubules.15,16 CAP has been 

used as a topical analgesic for arthritis pain.17

RTX is a CAP analog derived from latex of Euphorbium 

resinifera, which is a potent agonist of TRPV1.18 In contrast 

to CAP, Jeffry et al18 demonstrated that low concentrations of 

RTX caused a slow and sustained depolarization of membrane 

potential, thereby preventing the generation of action potentials.

The aim of this study was to determine whether IA admin-

istration of CAP or RTX would produce an analgesic effect in 

experimental acute inflammatory arthritis joint nociception. We 

compared the evoked and spontaneous nociceptive responses 

of male C57Bl6 mice before and after IA injection of CAR, 

which produced severe, acute inflammatory monoarthritis. We 

then measured the nociceptive pain behaviors in arthritic mice 

with and without pretreatment with CAP and two doses of RTX.

Materials and methods
Animal subjects
A total of 56 male C57Bl6 mice from the Jackson Laboratory 

(Bar Harbor, ME, USA) aged 11–12 weeks were studied. 

Animals were housed in groups of eight in the Animal Care 

and Research Facility at the Minneapolis Veterans Affairs 

Medical Center, a facility approved by the Association for 

Assessment and Accreditation of Laboratory Animal Care 

International. The animals were acclimated to the vivarium 

for 1 week before experimentation and were housed in stan-

dard polycarbonate 183/4×101/4×81/4 in3 cages with water 

and standard rodent diet ad libitum. Environmental condi-

tions were maintained at 72°F±1°F and 33%±1% humidity, 

with 12-hour light/dark cycles. All animal procedures and 

protocols were approved by the Minneapolis Veterans Admin-

istration Health Care System (VAHCS) Institutional Animal 

Care and Use Committee and conformed to the “Guide for 

the Care and use of Laboratory Animals”.19

Study design
Seven groups of eight animals each (56 animals) were 

 studied. Four groups of eight animals (32 animals) were stud-

ied, prior to any IA injections. Eight animals subsequently 

received IA CAR to produce acute inflammatory arthritis 

nociception and were examined 3 hours after IA injection 

of CAR when nociceptive responses peak.

Three vanilloid treatment groups of eight mice each 

(24 animals) were pretreated with IA vanilloids (0.01% CAP, 

0.001% RTX, or 0.0003% RTX) 7 days prior to induction 

of arthritis and examined 3 hours following IA CAR. Three 

groups (24 animals) of nonarthritic mice received equivalent 

doses of IA vanilloids and served as nonarthritic controls for 

the treatment groups (Figure 1).
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Joint injections
Injections were performed into the left knee through the 

infrapatellar ligament using a 30 G needle with a custom-

ized sheath that limited needle penetration to 2.5 mm. The 

mice were anesthetized with isoflurane in oxygen (induction 

and maintenance 3%, 1 L/min) for 3±1 minutes during the 

injections. The left knee was shaved and the skin disinfected 

with 70% ethanol solution. CAP and RTX groups were 

injected 7 days prior to examination with 10 mL of either 

0.01% CAP (MP Biomedicals, Sigma Aldrich Co., St Louis, 

MO, USA#202757), 0.0003% RTX (Sigma-Aldrich Co., St 

Louis, MO, USA, #R8756), or 0.001% RTX diluted in 0.9% 

sterile saline. The CAR groups were injected 3 hours prior to 

examination with 10 mL of 2.5% CAR (Sigma-Aldrich Co., 

#22049-5G-F) diluted in 0.9% sterile saline. Animals recov-

ered under a heat lamp until normal ambulation was observed.

Measures of nociceptive behavior
Both evoked and spontaneous nociceptive pain behaviors 

were measured. Evoked pain score (EPS) was measured as the 

total number of fights and vocalizations during 1 minute of 

firm palpation of the knee at a frequency of 1/s.8 The control 

right knee was examined before the left knee for comparison. 

Examinations were performed by a single-blinded examiner 

trained in consistent manual restraint methods and trained 

with a Palpometer (Palpometer Systems, Inc., Victoria, BC, 

Canada) to deliver a series of repeated firm palpations of 

~1,100 gf/cm2 or 15.6 psi.

Spontaneous nociceptive behavior was measured as the 

offloading of body weight (measured as a percentage of total 

body weight) from the painful limb and reduced time (mea-

sured as a percentage of total time in the device) on the painful 

limb using the DWB device (Bioseb, Vitrolles, France). To 

increase the sensitivity of detecting spontaneous nocicep-

tive behaviors, each mouse was placed in the DWB device 

after measurement of EPS. The device is a 4.5×4.5×8.25 in3 

 plexiglass cube with a floor consisting of 1,936 pressure sen-

sors. The device software calculated the percentage of time 

spent and percentage of weight placed on each of the four 

limbs during a 5-minute period. We compared the percentage 

of time spent and the percentage of weight placed on each 

of the two hind limbs.

Statistical analysis
EPS and ADWB for the five independent groups (naïve, CAR, 

CAP, HD RTX, and LD RTX) were compared using a one-way 

analysis of variance. Dunnett’s post hoc t-test for comparing 

each of the other four groups with the CAR group was used 

whenever the overall analysis of variance was significant.

Results
Characterization of nociceptive  
behaviors produced in the murine model 
of CAR-induced acute knee arthritis
EPSs from the knees of 32 naïve animals were <2 and 

equivalent bilaterally (SD =1.58 in the left and SD =0.97 in 

the right). IA CAR-induced arthritis resulted in increased 

EPSs in the left knee (mean =6.25 fights and/or vocalizations 

per mouse, SD =3.0; Figure 2) and a difference between left 

and right knee EPSs was 6.125 (SD =3.18). Spontaneous 

nociceptive behaviors measured with the DWB device dem-

onstrated equal weight bearing on each hind limb of 40% in 

naïve nonarthritic animals and a significant decrease to 30% 

in the left hind limb with CAR-induced arthritis (P<0.05, SD 

=8.9). The difference between left and right weight bearing 

increased from <1% to 17% (P<0.0005, SD =11.7). The 

average time spent on each hind limb was equivalent in naïve 

nonarthritic mice. Time spent on the left hind limb decreased 

from 96% to 88% with CAR-induced arthritis in the left knee 

(P<0.05, SD =9.3) and the difference between the left and 

right hind limbs increased from <1% in naïve mice to 11% 

in the arthritic mice (P<0.0001, SD =9.87; Figure 3).

Measuring the analgesic effects of IA 
vanilloids in CAR-induced acute knee 
arthritis
Groups of eight mice each underwent pretreatment with 

0.01% CAP, 0.0003% RTX, or 0.001% RTX prior to arthri-

tis induction. IA CAP pretreatment reduced the EPS score 

by 48% from 6.25 to 3.25 (P<0.026; Figure 2). The DWB 

measures for weight increased from 30% to 36% in the 

CAP-treated arthritic mice (P=0.16) when compared with the 

untreated arthritic mice. The time on the arthritic hind limb 

increased from 88% in arthritic untreated mice to 97% in the 

CAP-treated mice – the normal amount (P=0.003; Figure 3).

IA 0.001% RTX (high dose) pretreatment significantly 

reduced the EPS from 6.25 to 1.5 (a near normal score; 

P<0.0001; Figure 2). DWB measure of percentage of weight 

on the arthritic limb increased from 30% to 38.5% (P=0.024) 

and time on rear limbs significantly increased from 88% to 

97% (P<0.004; Figure 3).

Pretreatment with the lower dose 0.0003% RTX also 

reduced the EPS significantly from 6 to 1.5 (P<0.0001; 

Figure 2). The average weight on hind limbs only increased 

from 30% to 33% not significant (NS) but time on hind limbs 

increased from 88% to 95% (P=0.033; Figure 3).

Each vanilloid treatment significantly reduced the right 

to left knee difference in EPSs (Figure 4).
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Figure 2 Evoked pain scores.
Notes: EPS for right (red line) and left (blue line) hind limbs. Right hind limbs served as internal controls and did not undergo any IA injections. The left hind limb groups 
included the naïve nonarthritic group (naïve), arthritic (CAR), and arthritic pretreated group (CAR + CAP, CAR + 0.0003% RTX, and CAR + 0.001% RTX). Following 
induction of arthritis with IA CAR, the mean EPS was elevated in the left hind limbs. Pretreatment with vanilloid prior to arthritis induction resulted in relatively improved 
EPS in the left hind limbs when compared with the right. One-way analysis of variance comparing EPS for treatment groups in the left hind limb found a significant difference 
between groups (F=15.6, P<0.0001). Post hoc analysis using Dunnett’s test to compare between group differences found that the CAR group EPS was significantly higher than 
naïve (P<.0001) and when compared with all treatment groups (P<0.05). (*P<0.0001, #P<0.05).
Abbreviations: EPS, evoked pain score; CAR, carrageenan; CAP, capsaicin; RTX, resiniferatoxin; IA, intra-articular.
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The left to right difference in percentage of time of weight 

bearing significantly decreased from 11.4% in arthritic mice 

to <1%, 3%, and 1% in treated animals (Figure 4).

Left to right differences in percentage of weight bearing 

decreased from 17.3 to 1.5 with CAP (P=0.004), to 7.9 with 

low-dose RTX (P=0.142), and to 7.5 with the high-dose 

RTX (P=0.118; Figure 3). Although the results for RTX 

were not quite statistically significant, there did seem to be a 

dose effect seen between low-dose (0.0003%) and high-dose 

(0.001%) RTX in percentage of weight bearing.

Normal right knee controls
Throughout all stages of this study, the contralateral right knee 

was a normal, nonarthritic internal control. After induction 

of arthritis, EPSs in the contralateral knee fell slightly from 

a baseline mean of 0.34 (SD =0.0.97) to 0.125 (SD =0.35), 

P = NS. The DWB measures for mean weight and time of the 

nonarthritic right hind limb were analyzed for each separate 

group, and these values failed to show any statistically signifi-

cant difference when compared with the naïve, nonarthritic 

mice except for an increase in percentage of weight bearing 

of the right hind limb in the arthritic group (46.89%, SEM 

1.68) and the high-dose RTX group (46.0%, SEM 1.56) 

compared with the naïve group (41.2%, SEM 1.18), P < 0.05 

(Figure 3A) and a decrease in right limb weight bearing in 

the CAP-pretreated arthritic group (37.35%, SEM 1.51) 

compared with the arthritic group (P<0.001). This appears 

to indicate compensation by the nonarthritic right hind limb 

in the face of nociception in the arthritic left hind limb that is 

reversed when the nociception is reduced in the arthritic limb.

IA vanilloid agonist control
IA vanilloid agonist treatment in naïve, nonarthritic mice did 

not result in significant change in EPS or DWB measures 

when compared with data obtained from naïve, nonarthritic 

mice (Figure 5).

Discussion
This study demonstrated that IA CAR-induced acute inflam-

matory knee arthritis produced measurable evoked and 

spontaneous nociceptive behaviors that were used to measure 

analgesic effects of IA injections of vanilloid agonists.

IA CAR induced an acute inflammatory monoarthritis 

with peak intensity at 3–4 hours similar to that of previous 

studies.20,21 EPSs increased 3 hours after IA CAR injec-

tions. The spontaneous nociceptive behaviors measured as 

changes in DWB were related to offloading from the painful 

limb with compensatory increased loading of the normal 

limb. Weight bearing then improved with IA analgesia. This 

study confirms that a shift of body weight from the painful 
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Figure 3 Dynamic weight bearing measures.
Notes:  Mean (±SD) DWB measures for weight and time in left and right hind limbs for different groups of mice. (A) DWB measures for weight and (B) time in left and right 
hind limbs; right hind limbs (red line) were internal controls and did not undergo IA injections. Left hind limbs (blue line) were measured in different groups including naïve, 
nonarthritic animal (naïve), arthritic animal (CAR), and arthritic animals pretreated with vanilloids (CAR + CAP, CAR + 0.0003% RTX, and CAR + 0.001% RTX). One-way 
analysis of variance for effect of treatment groups on weight bearing of the left hind limb showed a significant effect (F=6.38, P=0.0002). Post hoc analysis comparing all groups 
with the CAR group found that the naïve and the 0.001% RTX groups bore significantly less weight on the left hind limb than the CAR group (*P<0.0001, #P=0.024). Similar 
analysis of % time on the limb also showed a significant effect for the treatment group (F=4.71, P=0.0023). Post hoc analysis demonstrated a more consistent treatment effect 
across all treatments with significant differences between the naïve group and all treatment groups compared with CAR. *P=0.001, #P=0.033, and **P<0.005.
Abbreviations: DWB, dynamic weight bearing; IA, intra-articular; CAR, carrageenan; CAP, capsaicin; RTX, resiniferatoxin.
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arthritic limb to the contralateral normal limb reflects a 

weight-bearing deficit and is a reliable measure of sponta-

neous nociception in models of knee joint arthritis.12,13,22,23 

These results were similar to a study of CAR arthritis in 

rats and our previous results using IA botulinum toxin in 

mice.8,17

We showed that pretreatment with IA CAP and IA RTX 

normalized some pain behavior measures. Both vanilloids 

normalized DWB measures for time spent on the arthritic 

limb. These improvements were statistically significant. 

Differential weight bearing deficits tend to improve but the 

change was statistically significant only in the group pre-

treated with high-dose RTX compared with the arthritic left 

hind limbs. Interestingly, even though vanilloid treatment 

did not normalize weight bearing, in the left hind limbs 

compared with arthritic left hind limbs, differences between 

right and left hind limbs disappeared with CAP pretreatment 

and were reduced with all doses of RTX pretreatment. Quad-

rupeds may compensate for hind limb pain with fore limb 

weight bearing. In some cases, this symmetric offloading of 

the hind limbs seemed to be compensated for by increased 

loading of the forelimbs, but this was not consistent.

Although there was improvement in pain behaviors with 

IA vanilloid receptor agonists, this improvement was often 

incomplete and variable. We controlled for the effect of IA 

injection so close to the time of examination. IA injection 

alone had no effect on nociceptive pain measures. Previous 

studies have demonstrated that IA treatment with saline does 

not improve EPS in experimental acute inflammatory mono-

arthritis.8 Therefore, it is not likely that IA injection alone or 

the vehicle used for the specific treatments had any effect. We 

were concerned that irritants such as RTX and CAP could 
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Figure 5 Nociceptive measures (EPS, DWB weight%, and DWB time%) for naïve animals and vanilloid agonist controls.
Note:  Nociceptive measures including EPSs, DWB weight%, and DWB time% of left knees from the vanilloid agonist control groups show similar results to the results from 
the naïve, nonarthritic controls.
Abbreviations: EPS, evoked pain score; DWB, dynamic weight bearing; CAP, capsaicin; RTX, resiniferatoxin.
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Abbreviations: DWB, dynamic weight bearing; EPS, evoked pain score; CAR, carrageenan; CAP, capsaicin; RTX, resiniferatoxin.
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produce a nociceptive response in the absence of joint pain, 

but IA injection of vanilloid alone did not produce a change 

in nociceptive pain behaviors.

The high-dose IA RTX injection was often more effective 

suggesting a dose effect. This higher dose is equal to 0.1 mg 

and is significantly lower than previous locally administered 

doses.24,25

RTX seemed to provide more reliable analgesia than CAP. 

RTX is considered to be less of an irritant than CAP and 

the mechanism of action is different. Although they share a 
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vanillyl group that binds to TRPV1, CAP binds to vanilloid-

sensitive peptidergic neurons causing a rapid release of SP, 

whereas RTX causes a slow and sustained depolarization of 

the membrane and also binds to serum proteins. This low 

affinity protein binding may affect the pharmacokinetics of 

this compound producing a slower onset and more sustained 

response.18,26,27

The typical time of onset of vanilloid-induced analgesia 

and the short time of onset of CAP-induced nociception 

require that the vanilloids should be given prior to the 

induction of joint pain in this model. It will be important to 

determine whether IA vanilloid treatment can be effective in 

chronic arthritis pain when given after the joint pain has been 

established. Certainly, topical treatments have been shown to 

be effective,17 but the results presented here support further 

studies of these two vanilloids as potential IA analgesics in 

humans as has been previously suggested.28

Our study has several potential limitations. The groups 

were small so that real differences may not have been 

detected. The results cannot be extrapolated to other models 

of experimental arthritis nociception because the experi-

ments were conducted only in mice with acute CAR-induced 

monoarthritis. In these murine studies, as well as in previous 

similar studies, the IA procedures were carried out under 

short duration general anesthesia. This may not be necessary 

or practical in humans. An alternative would be to administer 

RTX or CAP mixed with local anesthetic. Time–dose studies 

with the toxins are needed to optimize toxin dose and dosing 

intervals. The duration of analgesic effects is not known and 

would be difficult to establish in this model because the acute 

arthritis nociception only lasts 3–4 hours. Future studies 

are planned to examine the effect of IA vanilloids in mouse 

models of chronic joint pain.

Conclusion
Our experiment showed that the IA administration of the 

vanilloid agents, CAP and RTX, in mice was safe and pro-

duced analgesia in an experimentally induced acute inflam-

matory arthritis pain model. It may have the potential for use 

in humans with refractory chronic arthritis pain.
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