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ABSTRACT

Background: Novel preclinical models for prediction of osteoarthritis-like pain are necessary for the elucidation of
osteoarthritis (OA) pathology and for assessment of novel analgesics. A widely used behaviora test in rat models of
tibiofemoral OA is hind limb weight bearing (WB). However, this method evaluates WB in an unnaturally restricted
manner. The aim of this study was therefore to characterize the Tekscan Pressure Measurement System as a means to
assess OA-like tibiofemoral pain in rats by determination of plantar pressure distribution in a more natural and unre-
stricted position, defined as unrestricted WB. Methods: Intra-articular injections of 1 mg monosodium iodoacetate
(MIA) or saline were administrated in the left hind knee of 84 male Sprague Dawley rats. Changes in unrestricted WB
between ipsilateral and contralateral hindlimbs were determined. Morphine (5 mg/kg administered subcutaneously) and
naproxen (60 mg/kg per-oral) were examined for their ability to reverse WB changes. Results: Changes in hind limb
unrestricted WB were observed 14 (P < 0.05), 21 (P < 0.001) and 28 (P < 0.001) days post intra-articular injections of
MIA compared to control. These alterations were attenuated by morphine 1 hour post administration compared to base-
line but were not affected by naproxen. Conclusion: This study indicated that unrestricted WB assessed by the Tekscan
system can be utilized as a clinically relevant method to assess aberrations in WB induced by intra-articular MIA injec-
tions in rodents. Therefore, this system may be useful for understanding the mechanisms of OA pain in humans and
may also assist in the discovery of novel pharmacological agents.
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1. Introduction

Osteoarthritis (OA) is an age-related disease affecting
millions of people worldwide [1,2]. OA symptoms vary
considerably and patterns of nociception are distin-
guished differently by patients varying from dull aches to
sharp stabbing pain. Neuropathic descriptors apply to a
subset of OA patients indicating a role of sensitization in
the underlying pathology [3].

OA is primarily characterized by damaged articular
cartilage and subsequent cartilage loss [1] though novel
research confirms that several joint tissues are affected
[4,5]. The joint changes induce functional limitations,
primarily due to pain [1,4]. Continuous nociceptive input
from an OA damaged knee in animals drive central sen-
sitization [6], which has recently been shown in knee OA
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patients [7]. However, the complexities of the pathology
of OA nociception remain unclear for which reason pain
relief is insufficient [1,8]. Therefore, novel preclinical
models and endpoints that are more predictive of the
human condition are necessary for a better physiological
understanding of OA pain and for the development and
optimization of efficacious therapies.

Intra-articular (i.a.) administration of monosodium io-
doacetate (MIA) in rats is a validated chemica model
used to investigate OA. MIA, when injected through the
patellar tendon in the hind limb of rodents, displays mul-
tiple components of disease progression and symptoms
similar to human OA and induces significant nociceptive
behavior [9-11] albeit with a different time course [12].
Alterations in hind limb weight bearing (WB) measured
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by an incapacitance test are widely used as a nociceptive
behaviora outcome in the MIA model as the rat will
carry less weight on a painful limb. This model evaluates
static, resting nociceptive behavior by assessing WB al-
terations in a confined, immobilized position where the
majority of the body weight is directed over the hind
limbs [9,11], here defined as restricted WB. However,
assessment of load bearing in an unrestricted and more
natural position on al four limbs would be preferable.

The Tekscan Very HR Walkway Floor Mat Pressure
Measurement System (Tekscan Inc., USA) is available
for the study of plantar pressure in animals by analysis of
the force applied to the ground per limb over time. This
method seems clinically relevant as it has potentia to
evaluate WB while the rats are unrestricted in a freely
moving position. Moreover, the methodology offers
some pre-clinical trandatability as the Tekscan device is
already used for WB assessment in humans.

This study aimed to characterize the Tekscan system
asa means to assess tibiofemoral OA-related nocicep-
tion by determination of plantar pressure distribution in
MIA injected rats in an unrestricted position, defining the
method as unrestricted WB. For further validation of
unrestricted WB as a relevant, non-evoked behavioral
measure or endpoint for pain the effects of two clinically
available analgesics on behavior were examined.

2. Material and Methods
2.1. Animals

All experiments were approved by the Institutional Ani-
mal Care and Use Committee at Purdue Pharma L.P. and
were in strict accordance with the ethical guidelines laid
down by the International Association for the Study of
Pain [13] for the care and use of laboratory animals. 84
male Sprague Dawley rats (150 - 200 grams, Harlan Labs,
USA) were included in the study. Rats were group-
housed in temperature and humidity controlled rooms on
a 12-h light/dark cycle with access to food and water ad
libitum, except before oral (p.o.) administration of drugs
when food was removed for 16 - 18 hours prior to dosing.

2.2. Induction of Tibiofemoral Osteoarthritis

For the induction of the unilateral tibiofemora OA mo-
del, 84 animals were briefly anesthetized with isoflurane
2.5% - 4.0% (Baxter Healthcare, USA). Their left hind-
limb was shaved and sanitized with Betadine Surgical
Scrub (Purdue Pharma, LP, USA) and 72% ethanol. Us-
ing a 27-gauge needle through the patellar tendon in the
left hind limb, 42 rats received a singlei.a. injection of 1
mg MIA (Sigma-Aldrich, USA) (1 mg in 0.02 ml normal
saline), while 42 rats (control group) received asinglei.a
injection of 0.02 ml normal saline. The rats were allowed
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to fully recover in atemperature-controlled cage and then
returned to their home cages. The dose of MIA used (1
mg/i.a injection) was selected based on in-house efficacy
data as well asfrom the literature [9,11].

2.3. Pain Behavioral Testing

Assessment of bilateral unrestricted WB following unila
teral injection of MIA was used as behavioral measure-
ment of nociception in OA-induced rats. Restricted WB
was also assessed and used as a reference value. Rats
were tested at day O (baseline), 7, 14, 21 and 28 post-
MIA injection.

2.3.1. Unrestricted Weight Bearing

Changes in weight distribution between the left and right
hind limbs and front limbs were assessed by unrestricted
WB using the Tekscan Walkway™ 5101D HR Floor Mat
Pressure Measurement System (Tekscan, Inc. South Bos-
ton, MA, USA). The Tekscan system is composed of two
5101 very High-Resolution (HR) sensors with a spatial
resolution of 15.5 sensels/cm? embedded into a floor mat.
For the purpose of this experiment, the sensors were cali-
brated to a known weight of 268.5 g according to manu-
facturer instructions (Tekscan Walkway™ Software ver-
sion 7.01, Tekscan Inc. South Boston, MA, USA). Rats
were positioned on an open surface inside a 22.4 x 11.2
cm clear Plexiglas chamber, which was placed on top of
two sensors without contact between sensels and cham-
ber. In order to acclimate to the equipment and to pro-
voke joint pain, the rats were alowed to walk freely
around on the mat and when hind limbs and front limbs
were in an equa position (Figure 1(a)), the downward
force applied by each limb (measured in gram) was read
over a six second period with a frequency of 100 frames
per second. Each data point is the average of two read-
ings. Data were computed in the Tekscan Walkway™
Software and then imported into an Excel spreadsheet.
Unrestricted WB measurements were recorded before
(baseline) and after the i.a. procedure (model develop-
ment). Rats were randomized to treatment group follow-
ing model induction.

2.3.2. Restricted Weight Bearing

Changes in restricted weight distribution between the left
and right hind limbs were determined using incapaci-
tance testers (Columbus Instruments, USA). Rats were
placed in an angled Plexiglas chamber so that each hind
limb was positioned on a separate force plate (Figure
1(b)). The rats were allowed to acclimate to the appara-
tus and when stationary, readings were taken. The down-
ward force (measured in grams) applied by each hind
limb was assessed and averaged over a three second pe-
riod. Each data point is the average of three readings.

JBBS



308 L.S. GREGERSEN ET AL.

THCAE AL

Q'@

Lafe: 1%

5 ol =

(b)

Figure 1. Weight bearing assessment: (a) Assessment of
unrestricted weight bearing by the Tekscan system. (b) As-
sessment of restricted weight bearing by the incapacitance
meter.

Similarly, restricted WB measurements were recorded
before (baseline) and after the i.a. procedure (model de-
velopment). Rats were randomized to trestment group
following model induction.

2.4. Drugs, Vehicles, and Dosing

Naproxen sodium (Sigma-Aldrich, USA) was dissolved
in 0.5% methylcellulose and administered p.o. at a dose
of 60 mg/kg while morphine sulfate (Sigma-Aldrich,
USA) was dissolved in 0.9% normal saline and adminis-
tered at a dose of 5 mg/kg subcutaneously (s.c.). The
dose volumes were 5ml/kg and 2 mi/kg, respectively.
Control rats were dosed similarly with the appropriate
matched vehicle. The doses for both compounds were
selected based on in-house assessment as well as efficacy
results obtained from several nociceptive models des-
cribed in the literature [9,11,14-15].

The effect of naproxen on WB was assessed using rats
14 days post-MIA/sdline injection. Rats (n = 10/group)
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were given a single dose of naproxen or vehicle. Changes
in hind limb weight distribution were determined by un-
restricted and restricted WB as outlined above, before
compound administration (pre-drug baseline; day 14) and
1, 3, and 5 hours post-compound administration.

The effect of morphine on WB was assessed in a sepa-
rate cohort of rats 21 and 28 days post-MIA/saline injec-
tion (n = 12/group and n = 20/group, respectively). Rats
were given a single dose of morphine or vehicle.
Changes in limb weight distribution were determined by
unrestricted and restricted WB as outlined above before
compound administration (pre-drug baseline; days 21
and 28) and 1 and 3 hours post-compound administra-
tion.

2.5. Pain Behavioral Analysis

For unrestricted and restricted WB measurements, the
percent weight (in grams) borne on the left limb was de-
termined using the following formula:

% weight on left limb
_ weight on left limb y
weight on left [imb+ weight on right limb

Data were computed in Microsoft® Office Excel® 2007
(Microsoft® Corporation, USA).

2.6. Statistical Analysis

The statistical analyses were carried out using GraphPad
Prism (version 5.04; GraphPad Software, Inc., USA).
The analyses for the time course effect on the hind limb
unrestricted and restricted WB following injection of
MIA versus sadline controls and the effect of administra-
tion of analgesic compounds were conducted using a
two-way analysis of variance (ANOVA). The analyses of
the effect of treatment within groups were performed
using a one-way ANOVA. Bonferroni multiple compari-
son test was performed as a post hoc comparison. Data
are presented as mean £ SEM. P < 0.05 was set as the
level of statistical significance.

3. Results

3.1. Unrestricted Weight Bearing versus
Restricted Weight Bearing

The i.a. administration of either MIA or saline had no
effect on the genera health of the animals. The animals
in the MIA- and saline-injected groups gained body
weight normally and neither displayed any signs of dis-
tress or infection. Following MIA administration a time-
dependent increase in hind limb joint pain was noted
throughout the 28-day study period. The pain was de-
fined by changes in hind limb weight distribution as-
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sessed by both unrestricted and restricted WB (Figures
2(a) and Figure 2(b)). When compared to the saline-
injected group, the MIA-injected group exhibited a de-
creasein hind limb WB of theipsilateral limb.

The MIA modd resulted in a significant decrease in
the mean percentage of weight distribution on the af-
fected hind limb, 41.0% + 1.8% on day 21 (P < 0.001)
and 40.0% + 2.7% on day 28 (P < 0.001) compared to a
between days average of 51.1% + 1.1% for controls
(Figure 2(a)) as determined by unrestricted WB. Al-
though numerically lower, the values on days 7 and 14
were not significantly different from controls in this co-
hort of animals. No significant changes were found in
front limb weight distribution assessed by this method-
ology (Figure 3) for which reason no further investiga-
tions of front [imb WB were obtained.

Similarly, the MIA model resulted in a significant de-
crease in the mean percentage of weight on the ipsilateral
hind limb, 43.6% * 0.0% at day 7 (P < 0.0001), 44.00%
+ 0.0% at day 14 (P < 0.0001), 42.2% + 0.0% at day 21
(P < 0.0001), and 40.7% + 0.0% at day 28 (P < 0.0001)
compared to a between days average of 50.0% + 0.0%
for controls (Figure 2(b)) as determined by the restricted
WB methodology.

3.2. Pharmacological M odulation of Unrestricted
Pain Behavior

Experiments designed to determine the analgesic effects
of naproxen and morphine on MIA-induced OA-like pain
were evaluated by weight distribution assessment be-
tween the hind limbs. Behavior was assessed on days 14,
21 and 28 post-MIA injection. In order to ensure that the
compounds used above were not impairing the WB as-
sessment on their own, the compounds were adminis-
tered to saline-injected rats as well. None of the com-
pounds had any significant effect on WB in the control
rats.

3.2.1. Naproxen

On day 14 naproxen did not significantly reverse the
deficits in hind limb weight distribution noted between
MIA- and saline-injected animals (P < 0.05) using unre-
stricted WB assessment (Figure 4(a)). However, naprox-
en did significantly reverse the alterations in hind limb
weight distribution noted when assessed by restricted
WB 1, 3 and 5 hours post-naproxen administration.

The mean percentages of weight noted on the ipsilat-
eral hind limb were 50.3% + 0.0% (P < 0.0001), 48.1% +
0.0% (P < 0.0001), and 49.6% + 0.0% (P < 0.0001) at
each of the time points, respectively, compared to an
average of 45.7% + 0.0% for saline-injected controls
(Figure 4(b)).

3.2.2. Morphine
Morphine administration on days 21 and 28 post MIA-
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Figure 2. Unrestricted versus restricted hind limb weight
bearing: (a) MIA (1 mg, 20 microliters) or saline (20 micro-
liters) was injected intra-articularly into the left patellar
tendon of Male, Sprague-Dawley rats, 150 - 200 g, n =
20/group. Unrestricted and (b) restricted weight bearing of
the hind limbs wer e assessed on days 0 (baseline), 7, 14, 21,
and 28. Data are shown as mean + SEM. Data were ana-
lyzed by a two-way ANOVA using a Bonferroni multiple
comparison test where ™" P < 0.001 and """"P < 0.0001.
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Figure 3. Unrestricted front limb weight bearing: MIA (1
mg, 20 microliters) or saline (20 microliters) was injected
intra-articularly into the left patellar tendon of Male,
Sprague-Dawley rats, 150 - 200 g, n = 20/group. Unre-
stricted weight bearing of the front limbs was assessed on
days 0 (basdline), 7, 14, 21, and 28. Data are shown as mean
+ SEM. Data were analyzed by a two-way ANOVA using a
Bonferroni’s Multiple Comparison test.
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Figure 4. Unrestricted versus restricted hind limb weight
bearing, day 14: (a) Naproxen sodium (60 mg/kg) or 0.5%
methylcellulose (vehicle) was administered p.o. 1 h prior to
testing. Male, Sprague-Dawley rats (280 - 310 g; n = 5
/group) received a single intra-articular injection of either
saline or MIA (1 mg/20 micraliters) into the left hind limb.
Unrestricted weight bearing was assessed with Tekscan
Very HR Walkway Floor Mat Pressure Measurement Sys-
tem and (b) restricted weight bearing was assessed with
incapacitance testers. Data were analyzed using a two way-
ANOVA followed by Bonferroni’s Multiple Comparison
test where “P < 0.05 and “*P < 0.0001 MIA/Vehicle vs. Sa-
line/Vehicle [model development] and ™""P < 0.0001 MIA/
Vehicle vs. MIA/Naproxen. Data are represented as mean +
SEM.

w4

injection tended to normalize the changes in hind limb
weight distribution assessed by unrestricted WB 1 and 3
hours post-exposure as compared to vehicle treated con-
trols. The mean percentage of weight on the affected
hind limb on day 21 increased to 49.6% * 3.6% and
47.5% £ 0.7% at 1 and 3 hours post-morphine admini-
stration, respectively, compared to an average of 42.7% *
1.1% for vehicle treated animals (Figure 5(a)). A similar
effect was noted on day 28. On day 28, the mean per-
centage of weight on the affected hind limb increased to
49.7% + 3.1% and 43.4% + 3.7% at 1 and 3 hours post-
morphine administration, respectively, compared to an
average of 37.5% = 2.7% for vehicle treated controls
(Figure 5(b)). However, none of these differences were
statistically significant.

When using the restricted WB methodology, morphine
significantly reversed the changes in hind limb weight

Copyright © 2013 SciRes.

Unrestricted Hind Limb Weight Bearing

Day 21
60
IS
50 i e, —+~MIA
i [ - Saline
40 T3 e MIA/Vehicle

—& MIA/Morphine 5 mg/kg
30 Saline/Venicle

=% Saline/Morphine 5 mg/kg
20

Mean Percentage of Weight
on the Ipsilateral Hind Limb

BL 1 3
Hours Post-Treatment
@
Unrestricted Hind Limb Weight Bearing
Day 28
60

i‘:ﬁ-« ymm=m=——=F == MIA

50 i
\1 -4~ Saline
r—— ® MIA/Vehicle

40 i
# “‘] —& MIA/Morphine 5 mg/kg
30 Saline/Venicle
~#- Saline/Morphine 5 mg/kg

20 T T 1
BL 1 3

Hours Post-Treatment
(b)

Figure 5. The effect of morphine on unrestricted Hind limb
weight bearing: (a) Morphine sulfate (5 mg/kg) or 0.9%
Saline (vehicle) were administered s.c. 1 or 3 hours prior to
testing. Male, Sprague-Dawley rats (280 - 325 g; n =
6/group) received a single intra-articular injection of either
saline or MIA (1 mg/20 micraliters) into the left hind limb.
Unrestricted weight bearing was assessed with Tekscan
Very HR Walkway Floor Mat Pressure Measurement Sys-
tem on days 21 and (b) 28 post-model development. Data
were analyzed using a two way-ANOVA followed by Bon-
ferroni’s Multiple Comparison test where *P < 0.01 MIA/
Vehicle vs. Saline/Vehicle [model development]. Data are
represented asmean + SEM.

Mean Percentage of Weight
on the Ipsilateral Hind Limb

distribution 1 and 3 hours post treatment when compared
to vehicle treated OA rats both at day 21 and day 28
post-MIA injections.

The mean percentage of weight on the ipsilateral hind
limb on day 21 increased to 50.8% + 0.0% at 1 hour (P <
0.0001) and 47.5% + 0.0% at 3 hours (P < 0.0001)
post-morphine administration compared to an average of
44.7% + 0.0% for vehicle controls (Figure 6(a)). On day
28 the mean percentage of weight on the affected limb
was increased to 49.5% + 0.0% at 1 hour (P < 0.0001)
and 48.3% + 0.0% at 3 hours (P < 0.0001) post-morphine
administration compared to an average of 39.3% + 0.0%
for vehicle treated rats (Figure 6(b)). Morphine treat-
ment did not affect WB in the control animals.

4. Discussion

The MIA model of OA-like pain produced deficits in
unrestricted hind limb WB as evaluated by the Tekscan
system. Morphine attenuated this WB deficit within the
group of OA rats abeit with a limited effect suggesting
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Figure 6. The effect of morphine on restricted hind limb
weight bearing: (a) Morphine sulfate 5 mg/kg or 0.9% Sa-
line (vehicle) was administered s.c. 1 or 3 hours prior to
testing. Male, Sprague-Dawley rats (280 - 325 g; n =
10/group) received a single intra-articular injection of ei-
ther saline or MIA (1 mg/20 microliters) into the left hind
limb. Restricted weight bearing was assessed with inca-
pacitance testers on days 21 and (b) 28 post-model devel-
opment. Data were analyzed using a two way-ANOVA fol-
lowed by Bonferroni’s Multiple Comparison test where
##P < 0.0001 MIA/Vehicle vs. Saline/Vehicle [model de-
velopment] and P < 0.0001 MIA/Vehicle vs. MIA/Mor-
phine. Data arerepresented asmean + SEM.

that unrestricted hind limb WB can be assessed by the
Tekscan system.

The lack of methods measuring primary hyperalgesia
and allodynia has led to the development of several as-
sessment techniques for OA pain measurement in rats
(e.g. the validated and frequently used method of re-
stricted hind limb WB published by Bove, et al. [9],
Pomonis, et al. [11], Chu, et al. [16], and Schdtt, et al.
[17]); all of which are an index for static or resting pain
behavior as the rats are constricted during the assess-
ments. Moreover, a limited number of studies [10,14,16]
have investigated movement-induced OA precipitated
pain behavior in rats by assessment of hind limb com-
pressive grip force and demonstrated relevant findings.
However, limitations are associated with the grip force
method. More specifically, Chandran, et al. [14] found
that morphine reduces the grip force strength in naive
rats. This is concerning and problematic for al com-
pounds producing sedative-like effects, not just when
using the grip force method but also in other methods
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testing movement-induced pain.

4.1. The Tekscan System asa Method of
Unrestricted Weight Bearing

The Tekscan system has previously demonstrated effi-
cient, reliable, and accurate anaysis of behavioral
changes that accompany hind limb paresis in rodents
during gait [18] and therefore the Tekscan system is
relevant to use in investigations of OA-like pain. To our
knowledge the only study using the Tekscan system for
pain-induced WB deficits in OA rats was published re-
cently by Rashid, et al. [19]. Using aWB method compa-
rable to the unrestricted WB method described herein,
the authors found a significant decrease in WB on the
ipsilateral hind limb and a significant increase in WB on
the contralateral hind limb of OA rats. Similarly, the au-
thors demonstrated the relevance of the Tekscan system
as a method for assessment of OA-like pain in rodents as
confirmed in our study. An increasing number of studies
[18,20-22] have investigated gait in OA rats, though
Clarke, et al. [23] found that neither velocity of locomo-
tion, stride length, nor stance, stride or swing times, were
atered in OA rats when compared to controls. Load
bearing of the limbs was the only parameter tested
showing a significant alteration during gait [23] indicat-
ing that Tekscan system measurement of unrestricted
WB during an unrestricted stance position is a relevant
method.

The observed changes in unrestricted hind limb WB
were only statistically significant on days 14 (pharma
cology), 21 and 28 post induction of OA, whereas re-
stricted hind limb WB demonstrated statistically signifi-
cant changes on al assessment days indicating that the
restricced WB may be a more sensitive pain indicator.
However, while more sensitive, it may be a less relevant
measure as rodents are quadrupeds. In the light of thisthe
insignificant unrestricted WB results noted on day 7
post-induction of OA should not be considered a limita-
tion of the Tekscan method. Previous studies [11,14,24]
have demonstrated that pharmacological studies using
the MIA-model are most clinically relevant when per-
formed at later time points, such as 21+ days post-MIA
injection, because of the biphasic nature of MIA injec-
tions. Therefore, in the current study the efficacy of
naproxen and morphine was assessed 14 - 28 days post-
injection.

Previous studies [9,11] have described measurements
of hind limb weight distribution as a reliable and practi-
cal method to assess nociception associated with experi-
mental OA. The current results are in accordance with
those studies, which serve in the validation of the Tek-
scan system. When comparing unrestricted WB to re-
stricted WB, the values observed were similar indicating
that the two methodologies are reliable and that the ani-
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mals are not stressed. Ferreira-Gomes, et al. [20] demon-
strated, by use of another method of unrestricted WB on
al four limbs, a higher correlation between decreased
WB in an OA limb and sensitivity to the normal move-
ment of the OA knee than between decreased WB in an
OA limb and secondary allodynia, thereby suggesting
that decreased WB in the OA limb is a consequence of
the sensitivity in the knee joint rather than secondary
alodynia in the paw. Hence, we surmise that the de-
creased WB noted in the current study is due to an in-
creased sensitivity to mechanical stimuli resulting from
damage of the knee articulation induced by MIA.

The Tekscan system offers a comprehensive approach
for measuring plantar pressure from front limbs and hind
limbs and can thereby reveal possible compensatory pat-
terns in the front limbs and contralateral hind limb as a
result of unilateral OA induction in rodents. To our
knowledge, only a few studies [18-19] have investigated
WB of the front limbs after injury to one of the hind
limbs. Boyd, et al. [18] demonstrated that rats with uni-
lateral sciatic nerve injury had significantly increased
WB on their contralateral front limb during gait when
measured with the Tekscan system. Rashid, et al. [19]
demonstrated that the decrease of WB on the ipsilateral
hind limb in MIA rats was compensated mostly by the
contralateral hind limb and only a smaller fraction of the
compensated weight was borne on the front limbs. The
present study did not demonstrate any difference in front
limb WB post MIA-induced tibiofemoral OA. Interest-
ingly, this study found that the rat only bears 29.5% +
0.7% (data not shown) of its total load on the front limbs.
Given this, we have concluded that the front limbs only
partially contribute to the model of unrestricted WB
compared to the hind limbs. However, standing on all
four limbs seemed to demonstrate a more natural adapta-
tion to the environment and the nociceptive situation
compared to the method of restricted WB. This, however,

isin contrast to a study published by Tétreault, et al. [22].

The investigators observed that several of the rats were
liable to pose only supported by the contralateral front
limb though, looking like their preferred position. How-
ever, movies were only taken when al four limbs had
contact with the sensors and therefore the movies might
not picture the preferred position of the rat. Hence the
criteria for a correct position should be reconsidered in
further studies as the position of the front limbs might
influence the load on the hind limbs.

4.2. Pharmacological Assessment by
Unrestricted Weight Bearing

4.2.1. Naproxen
Non-steroidal anti-inflammatory drugs (NSAIDs) and
selective cyclooxygenase 2 inhibitors (COX-2) are some

Copyright © 2013 SciRes.

of the most frequently prescribed drugs for the manage-
ment of OA pain [25]. Therefore, the effect of naproxen
sodium was investigated on MIA-induced changes in
WB. On day 14 post-MIA injection, naproxen sodium
did not attenuate any of the deficits noted with either the
unrestricted or restricted WB endpoints. This is partly in
line with a previous study conducted by Pomonis, et al.
[11] who demonstrated that acute administration of in-
domethacin or celecoxib do not reduce MIA-induced al-
terations in restricted WB. The authors found that
chronic administration is necessary to produce a partial
restoration of the restricted WB deficit noted [11]. Addi-
tionally, Rashid, et al. [19] found that only the first week
post-MIA injection was sensitive to the effects of
naproxen on unrestricted WB whereas the third week
post-MIA injection was without effect. Although these
results are consistent with findings in the clinic [26], ad-
ditional chronic treatment paradigms are necessary to
ascertain the overall efficacy of NSAIDs and COX-2
inhibitors on the unrestricted WB endpoint and to gain
insight on any inherent translational value.

4.2.2. Morphine

Morphine is widely used in animal models investigating
OA-related joint pain [11,14-15,27]. The maximum anti-
nociceptive effect of morphine sulfate has been deter-
mined to occur between 30 and 90 minutes when dosed
at 6 mg/kg [27]. In the current study, morphine signifi-
cantly reversed the unrestricted hind limb WB deficit 1
hour post-administration compared to vehicle-injected
OA rats (P < 0.05). The efficacy of morphine in this OA
model is in accordance with previous studies [11,15,27]
where similar doses of morphine had anti-nociceptive
effects demonstrated by WB changes. In a human study,
morphine was efficacious in reducing pain in patients
with moderate-to-severe OA [28]. The demonstrated an-
tinociceptive effect of morphine provides support for the
endpoint of unrestricted WB as a reliable method to
evaluate M1A-induced pain.

5. Conclusion

Pain associated with OA still continues to represent a
major unmet medical need. Therefore, novel and effec-
tive pharmacological therapeutic options to treat OA pain
are still very much warranted. Animal models of OA like
MIA continue to be used to provide new information in
our evaluation of nociception parameters relevant to the
human condition. In this regard, the present study indi-
cates that the Tekscan system can be utilized to assess
OA-like pain behavior in rats using a clinicaly relevant
endpoint, unrestricted WB. Although additional pharma-
cological validation studies are needed to ultimately de-
termine the utility of the Tekscan system as a tranda
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tional tool, initial results from this study and others are
promising [19,22,29].
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