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Abstract: Background: Oleanolic acid (OA) is a naturally occurring pentacyclic triterpenoid with
multifarious  actions.  The  anti-inflammatory  effect  it  exerts  when  taken  orally  is  the  most
important;  however,  the  underpinning  mechanisms  of  such  effects  have  not  yet  been  fully  ex-
plored.

Methods: In the present study, we evaluated the anti-inflammatory and anti-nociceptive effect of
OA by injecting it directly into the knee joint using an animal model of osteoarthritis. Behavioral
and electrophysiological studies were conducted to determine whether OA exerts a direct modulato-
ry effect on primary sensory afferents that can lead to a decrease in pain-related behaviors and in-
flammatory responses. Rats were divided into two main groups: a pre- and a post-treatment group.
Knee joint inflammation was induced by injecting a mixture of 3% kaolin and carrageenan (K/C).
In the pre-treatment group, two different doses of OA [5 mg/ml (n=5) and 30 mg/ml (n=4); 0.1 ml
per injection] were administered into the synovial cavity of the knee joint before induction of in-
flammation. In the post-treatment group, rats received only one dose [5 mg/ml (n=5)] of OA after
induction of inflammation.

Results: Results indicate that intra-articular injection of OA improves motor coordination and atten-
uates nociceptive behavior and inflammatory reactions. More importantly, we observed a direct de-
polarizing action of OA on articular sensory fibers, a crucial mechanism that activates descending
inhibitory pathways and controls incoming nociceptive signals to the spinal cord.

Conclusion: Overall, our findings suggest that OA can be used as a preventive and therapeutic ap-
proach for the management of osteoarthritis.

Keywords: Inflammation, Kaolin/carrageenan, motor coordination, nociception, oleanolic acid, osteoarthritis, pain.

1. INTRODUCTION
Osteoarthritis  is  a  common  degenerative  joint  disease

and a major cause of pain. It is characterized by a change of
healthy  homeostatic  state  into  a  catabolic  state  by  doing
pathological changes in the joints such as thickening of the
subchondral bone and continuous loss and destruction of the
articular  cartilage  [1].  Patients  with  osteoarthritis  suffer
from chronic pain, joints stiffness and instability, narrowing
of joint space, and hypertrophy of the joint capsule [2].

Epidemiological studies indicate that osteoarthritis is a
large and growing problem for society, affecting more than
25% of  the  population  with  age  greater  than  18  years  old
[1]. In the United States alone, more than 46 million individ-
uals  have  self-reported  doctor-diagnosed  arthritis  [3].
Studies  also  showed  that  osteoarthritis  is  very  common
among  individuals  aged  60  years or older (affecting 27 to
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Cell biology & Physiological Sciences; Faculty of Medicine; American Uni-
versity of Beirut, Beirut, Lebanon; E-mail: nl08@aub.edu.lb

44%) [4, 5] and its prevalence increases with age throughout
the elderly years [4].

Although osteoarthritis is classified as an idiopathic dis-
ease, there are numerous factors that can lead to its develop-
ment.  Aging  is  one  such  factor.  In  particular,  it  has  been
shown that beyond the age of 56, people are more likely to
have osteoarthritis [4] mainly due to changes in muscles, tis-
sues, and subchondral bone, including the cartilage [1]. In
addition to aging, obesity is one of the causes that lead to os-
teoarthritis [1]. Moreover, sports injury has been associated
with increased risk of osteoarthritis; in particular, individu-
als that have experienced some kind of knee injury are four
times more likely to develop osteoarthritis, and about 41 to
51%  of  patients  of  young  ages  show  symptoms  of  os-
teoarthritis  in  the  years  following  a  knee  injury  [6].  Os-
teoarthritis  can  also  occur  due  to  trauma following an  ex-
treme load on the joint, which causes damage in the subchon-
dral bone and rupture of blood vessels in the joint capsule
[7]. Last but not least,  genetic factors have been shown to
play an important role in the underlying pathophysiology of
osteoarthritis [1, 8].
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Despite significant progress in research, there is still no
cure  for  osteoarthritis.  Most  of  the  available  current  treat-
ments  are  only  useful  in  helping  patients  cope  with  their
symptoms.  Common therapeutic  strategies include the use
of pharmacological interventions to decrease inflammation
and  related  pain  and  surgical  interventions  to  repair  dam-
aged joints [1]. In this study, we propose the use of intraartic-
ular  oleanolic  acid  (OA)  as  an  alternative  therapeutic  ap-
proach to prevent or attenuate the inflammatory responses as-
sociated with osteoarthritis. OA is a pentacyclic triterpenoid
acid  extracted  from  numerous  plants,  including  licorice,
hawthorn fruit, basil, and brown mustard [9-11]. It can also
be extracted from Lufla cylindrical seeds [12] and is found
in  olive  leaf  extract,  olive  pomace,  mistletoe  sprouts,  and
clove flowers [13]. Interestingly, OA can be found in the hu-
man  diet  and  in  more  than  1620  plant  species,  including
medicinal plants [14-17].

The overarching goal of the present study is to evaluate
the use of OA in the prevention and treatment of inflamma-
tion associated with osteoarthritis in rats through the follow-
ing  three  aims:  (i)  to  investigate  whether  treatment  of  the
knee joint with OA prior to induction of inflammation can
prevent  the  development  of  nociceptive  behaviors,  knee
joint  swelling,  and  motor  dysfunction,  (ii)  to  examine
whether treatment of the knee joint with OA after induction
of inflammation can stop the development of nociceptive be-
haviors, knee joint swelling, and motor dysfunction, and (iii)
to assess the direct effect of OA on the electrophysiological
activity of articular nerve afferents before and after the in-
duction of inflammation.

2. MATERIALS AND METHODS

2.1. Subjects
In  this  study,  adult  male  Sprague-Dawley  rats  (n=28)

with a weight ranging from 150 g to 300 g were used. All ex-
perimental procedures were approved by the institutional ani-
mal care and use committee at the American University of
Beirut and followed the ethical guidelines for experimental
pain on conscious animals. The animals were maintained on
a 12:12 hr  light/dark schedule  and kept  in  cages at  a  con-
trolled room temperature of 25 °C. They all received water
and food ad libitum.

2.2. Experimental Groups
Rats were randomly divided into 3 pre-treatment groups

and 2 post-treatment groups and were treated with a low (0.5
mg) and/or a high (3 mg) dose of OA. These doses were de-
termined through a pilot study using a small group of ani-
mals. In the pre-treatment groups, intra-articular injection of
0.1 ml of a solution containing a low (5 mg/ml, 0.1ml/injec-
tion, n=5) or a high (30 mg/ml, 0.1ml/injection, n=4) dose of
OA was performed before induction of inflammation. Con-
trol rats (n=4) received the equivalent volume of the vehicle
(0.1 ml; 100% ethanol) in which OA was dissolved. In the
post-treatment  group,  intra-articular  injection  of  a  low  (5
mg/ml, 0.1ml/injection, n=5) dose of OA was administered
after 30-60 min following induction of inflammation. Con-

trol rats (n=5) for this group also received the equivalent vol-
ume of the vehicle (100% ethanol).

2.3. Induction of Knee Joint Inflammation
The  kaolin  and  carrageenan  (K/C)-based  osteoarthritis

rat  model  was  prepared  as  described  earlier  (Sur  et  al.,
2019).  Rats  were  briefly  anesthetized  using  a  mixture  of
isoflurane and oxygen. Osteoarthritis was induced by a sin-
gle injection of 0.1 ml of a mixture of 3% K/C (Lambda car-
rageenan Type IV and kaolin dissolved in sterile saline, Sig-
ma Chemical Company, St. Louis, USA) into the right knee
joint cavity, followed by flexing and extending the joint for
5-10 min.

2.4. Nociceptive Behavioral Testing
Prior  to  testing,  animals  were  left  in  the  experimental

room for 1 hr to acclimatize to the new testing environment.
During the light phase of the cycle, all rats were tested for
nociceptive behaviors prior to and at 4, 8, 24, 48 hrs, and 1
week following induction of inflammation. Three nocicep-
tive behavioral tests were conducted: the mechanical allody-
nia and hyperalgesia tests, and the heat hyperalgesia test.

2.4.1. Mechanical Allodynia Test
This test measures paw withdrawal frequencies to an in-

nocuous mechanical stimulus. Prior to testing, all rats were
placed in a transparent chamber on a metal wire mesh floor
and left for 30-min accommodation period. A von Frey fila-
ment with a bending force of 2 g was applied perpendicular-
ly to the medial plantar surface from below the mesh grid un-
til a paw withdrawal was observed. A single trial consisted
of  5  applications  of  the  filament  within  a  2-3  s  period  on
each c; each test was repeated five times at approximately 5-
min intervals.

Baseline values were obtained prior to OA or K/C injec-
tion into the knee joint. Testing was repeated at 4, 8, 24, 48
hrs, and 1 week following induction of inflammation. The
five  trial  responses  of  both  hind  paws  were  recorded  for
each  animal,  and  the  measurements  obtained  for  each  rat
were averaged. An increased measure of paw withdrawal fre-
quency indicated the development of mechanical allodynia.

2.4.2. Mechanical Hyperalgesia Test
This  test  measures  paw  withdrawal  responses  to  a

noxious mechanical stimulus. Paw withdrawal frequency to
the application of von Frey filament with a bending force of
15g was recorded. This force has previously been shown to
activate mechanoreceptors and nociceptors. Testing started
by poking the plantar surface for 5 consecutive times with
the  15g  filament  until  the  animal  elicited  a  behavioral  re-
sponse.  Five trials  separated by 5 min time intervals  were
conducted. Baseline values were obtained prior to any treat-
ment. Testing was repeated at 4, 8, 24, 48 hrs, and 1 week
following  induction  of  inflammation.  Responses  of  both
paws  to  mechanical  stimulation  were  recorded  for  all
groups, and averaged measurements were taken for each ani-
mal and later analyzed.
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2.4.3. Heat Hyperalgesia Test
The  heat  hyperalgesia  test  was  assessed  by  measuring

the  paw  withdrawal  latency  to  radiant  heat  applied  to  the
plantar surface of the hind paw. Approximately 30 min prior
to testing, each rat was placed individually in a clear plastic
cage atop an elevated 3-mm thick glass plate for accommo-
dation. The intensity of the light source was adjusted so that
the  heat  applied  to  the  plantar  surface  of  a  naïve  animal
evokes a withdrawal response after approximately 10-12 s.
An infrared heat  source  (Ugo Basile)  was  applied  3  times
with a 5-min resting period between trials to avoid condition-
ing limb withdrawal.  The time taken to withdraw the paw
from the heat stimulus was recorded as the withdrawal laten-
cy. A cut off of 20 s was imposed to avoid tissue damage.

2.5. Motor Behavioral Test
Motor  behavior  was  assessed  using  the  Rotarod  test.

This  test  is  used  to  assess  animal’s  motor  coordination.  It
provides a rapid and simple first estimation of whether an in-
flammatory agent or a treatment has any effect on neuromus-
cular coordination. The Rotarod apparatus (Ugo Basile) con-
sists of a horizontal rod turning at a constant or accelerating
speed,  subdivided  into  four  compartments  by  small  disks.
Animals placed on the rotating rod tried to balance and re-
main on it to avoid falling into a platform located 30 cm be-
low. Each rat was tested 5 times, with each trial lasting 300
s and separated by at least a 10 min inter-trial period. Rats
were placed on the rod, and the apparatus was set at a fixed
speed of 5 rpm. The latency to fall off the rotating rod was
recorded at the end of each test.

2.6. Joint Circumference Measurement
In order to evaluate the effect of OA on the severity of

joint inflammation, the circumference of the rat’s knee joint
was measured before and at 4, 8, 24, 48 hrs, and 1 week fol-
lowing induction of inflammation. Joint circumference mea-
surements for both the ipsilateral and contralateral knee joint
were done using a flexible tape measure wrapped around the
center of the knee joint.

2.7. In vivo Electrophysiology
Extracellular recording of electrical signals from the ar-

ticular nerve was conducted to assess the direct effect of OA
on the activity ofarticular sensory receptors. Rats were gener-
ally anesthetized using ketamine (100 mg/kg) and xylazine
(10 mg/kg), and the body temperature was maintained at 37
°C. Following isolation of the tibial nerve, the epineurium
was removed, and a small pool filled with mineral oil was
formed  around  the  nerve  by  retracting  the  skin  flaps.  The
tibial nerve was cut proximally, and fibers were teased apart
under  a  dissecting  microscope  and  placed  on  a  fine  silver
electrode for multiunit fiber recording. Spontaneous activity
and responses to OA injection were recorded. OA (3mg/in-
jection) was injected in the knee joint, near the terminal ends
of the nerve. The discharges were amplified, displayed on a
digital oscilloscope, and collected via Spike 2 data-acquisi-
tion system for analysis.

2.8. Statistical Analysis
All  data  sets  were  checked  for  normality  using  the

Shapiro-Wilkes test with p<0.05 accepted as a non-normal
distribution.  Two  normally  distributed  groups  were  com-
pared using student’s t-test, while non-normally distributed
groups  were  compared  using  the  Mann-Whitney  U  test.
Analysis of differences among groups, and within groups at
different time points was done using two-way ANOVA with
repeated measures. All data were expressed as mean ± stan-
dard error of the mean (SEM).

3. RESULTS

3.1.  Effect  of  Oleanolic  Acid  Pre-treatment  and  Post-
treatment on Heat Hyperalgesia

It  is  well  established  that  K/C  injection  into  the  rat’s
knee  joint  induces  the  development  of  heat  hyperalgesia.
Ethanol-treated  rats  showed  a  statistically  significant  de-
crease in paw withdrawal latencies at every tested time point
compared to  their  baseline  values  (Fig.  1).  Moreover,  rats
pre-treated with the low dose of OA (5 mg/ml) followed a
similar pattern to that of control but with slightly higher la-
tencies that were not statistically significant (p > 0.05) (Fig.
1A). However, analysis of the average treatment effect post-
injection yielded a significant difference between the OA-
and  ethanol-treated  rats  (p  <  0.05)  (Fig.  1A).  Conversely,
rats  pre-treated  with  the  high  dose  of  OA  (30  mg/ml)
showed a significant increase in paw withdrawal latency at
every time point post-injection (p < 0.05) (Fig. 1B), indicat-
ing a decrease in heat hyperalgesia. The running average of
withdrawal latencies post-injection also yielded a significant
effect  between  OA-  and  ethanol-treated  rats  (p  <  0.001)
(Fig.  1B).  Analysis  of  the  post-treatment  effect  of  OA  (5
mg/ml) revealed a decrease in heat hyperalgesia that was sta-
tistically significant at 4 hrs and 24 hrs (p < 0.05) (Fig. 1C);
in the same way, the average effect of treatment post-injec-
tion showed a significant difference between the OA and the
ethanol-treated groups (p < 0.01) (Fig. 1C).

3.2.  Effect  of  Oleanolic  Acid  Pre-treatment  and  Post-
treatment on Mechanical Hyperalgesia

The effect of OA treatment at a low (5 mg/ml) and high
(30 mg/ml) dose on mechanical hyperalgesia was tested pri-
or to (pre-treatment; low and high dose) or following (post-
treatment; low dose only) the induction of inflammation by
measuring paw withdrawal frequency to a mechanical stimu-
lus of 15N (Fig. 2). Compared to control rats, rats pre-treat-
ed with the low dose of OA (5 mg/ml) showed a decrease in
mechanical hyperalgesia at 8hrs and 1-week post-injection
(p < 0.05) compared to control rats, but no changes at 4hrs,
24hrs, and 48hrs were observed(p > 0.05) (Fig. 2A). Howev-
er,  the average effect  post-injection showed no significant
differences between OA- and ethanol-treated rats (p > 0.05)
(Fig. 2A). On the other hand, rats pre-treated with the high
dose of OA (30 mg/ml) showed a decrease in mechanical hy-
peralgesia at 4hrs post-injection by the decrease in paw with-
drawal frequency (p < 0.05) (Fig. 2B). No statistically signif-
icant changes in paw withdrawal frequency were noticed at
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Fig. (1). Effect of OA pre-and post-treatment on heat hyperalgesia. (A) Changes in paw withdrawal latency following pre-treatment with OA
at a low dose (5 mg/ml; n=5) or pre-treatment with the vehicle (100% ethanol; n=4) over a 168 hrs period. (B) Changes in paw withdrawal la-
tency following pre-treatment with OA at a high dose (30 mg/ml; n=4) or pre-treatment with the vehicle (100% ethanol; n=4) over a 168 hrs
period. (C) Changes in paw withdrawal latency following post-treatment with OA at a low dose (5 mg/ml; n=5) or post-treatment with the ve-
hicle (100% ethanol; n=5) over a 168 hrs period. The blue and red arrows indicate injection of OA and K/C, respectively. Data are expressed
as mean + SEM. Statistical significance with the control group is indicated by * for p < 0.05. (A higher resolution / colour version of this fig-
ure is available in the electronic copy of the article).

Fig. (2). Effect of OA pre-and post-treatment on mechanical hyperalgesia. (A) Changes in paw withdrawal frequency following pre-treat-
ment with OA at a low dose (5 mg/ml; n=5) or pre-treatment with the vehicle (100% ethanol; n=4) over a 168 hrs period. (B) Changes in
paw withdrawal frequency following pre-treatment with OA at a high dose (30 mg/ml; n=4) or pre-treatment with the vehicle (100% ethanol;
n=4) over a 168 hrs period. (C) Changes in paw withdrawal frequency following post-treatment with OA at a low dose (5 mg/ml; n=5) or
post-treatment with the vehicle (100% ethanol; n=5) over a 168 hrs period. The blue and red arrows indicate injection of OA and K/C, respec-
tively. Data are expressed as mean + SEM. Statistical significance with the control group is indicated by * for p < 0.05. (A higher resolution /
colour version of this figure is available in the electronic copy of the article).
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8hrs, 24hrs, 48hrs, and 1 week post-injection (p > 0.05) de-
spite an observable decrease compared to the control group
(Fig.  2B),  but  analysis  of  the average effect  post-injection
yielded  a  significant  effect  between  OA-treated  rats  and
ethanol-treated rats (p < 0.01) (Fig. 2B). Finally, rats post-
treated  with  the  low dose  of  OA (5  mg/ml)  showed  a  de-
crease in mechanical hyperalgesia at 4hrs, 24hrs, and 48hrs
post-injection (p < 0.05) but no changes at 8hrs and 1-week
post-injection (p > 0.05) (Fig. 2C). Analysis of the average
effect  post-injection  yielded  a  significant  effect  between
OA-  and  ethanol-treated  rats  (p  <  0.05)  (Fig.  2C).

3.3.  Effect  of  Oleanolic  Acid  Pre-treatment  and  Post-
treatment on Mechanical Allodynia

The effect of OA treatment at a low (5 mg/ml) and high
(30 mg/ml) dose on mechanical allodynia was tested prior to
(pre-treatment; low and high dose) or following (post-treat-
ment; low dose only) the induction of inflammation by mea-
suring paw withdrawal frequency to a mechanical stimulus
of 2N (Fig. 3). Compared to the control, rats pre-treated with
the low dose of OA (5 mg/ml) showed a statistically signifi-
cant decrease in mechanical allodynia at 8hrs post-injection
(p < 0.05) compared to control rats, but no changes at 4hrs,
24hrs, 48hrs, and 1-week post-injection were observed(p >
0.05)  (Fig.  3A).  Similarly,  the  running  average  of  the  re-
sponses post-injection showed no significant effect between
OA- and ethanol-treated  rats  (p  >  0.05)  (Fig.  3A).  On the
other  hand,  rats  pre-treated  with  the  high  dose  of  OA (30
mg/ml) showed a significant decrease in mechanical allody-
nia at 4hrs and 1 week post-injection (p < 0.05) by the de-
crease in paw withdrawal frequency (Fig.  3B).  No change
was  noticed  at  8hrs,  24hrs,  and  48hrs  post-injection  (p  >
0.05), and analysis of the average effect post-injection yield-
ed  no  significant  effect  between  OA-  and  ethanol-treated
rats (p > 0.05) (Fig. 3B). Finally, rats post-treated with the
low dose of OA (5 mg/ml) showed a decrease in mechanical
allodynia at 8hrs post-injection (p < 0.05) but no changes at
4hrs,  24hrs,  48hrs,  and  1-week  post-injection  were  ob-
served(p > 0.05) (Fig. 3B). Analysis of the running average
response post-injection yielded a significant effect between
OA- and ethanol-treated rats (p < 0.01) (Fig. 3B).

3.4.  Effect  of  Oleanolic  Acid  Pre-treatment  and  Post-
treatment on the Rotarod Test

The effect of OA treatment at a low (5 mg/ml) and high
(30  mg/ml)  dose  on  the  rotarod  test  was  assessed  prior  to
(pre-treatment; low and high dose) or after (post-treatment;
low dose only) induction of inflammation by measuring the
duration  until  the  rat  falls  from  the  rotating  rod  (Fig.  4).
Compared to control rats, rats pre-treated with the low dose
of OA (5 mg/ml) showed no change in the duration to fall
from the rotarod at all time points compared to control rats
(p > 0.05) (Fig. 4B). Similarly, analysis of the average effect
post-injection  revealed  no  difference  between  OA-  and
ethanol-treated rats (p > 0.05) (Fig. 4B). On the other hand,
rats  pre-treated  with  the  high  dose  of  OA  (30  mg/ml)
showed an increase in the duration to fall from the rotarod at
4hrs post-injection (p < 0.05) (Fig. 4B). No change was no-

ticed at 8, 24, 48 hrs, and 1 week post-injection (p > 0.05),
and analysis of the average effect post-injection yielded no
significant difference between OA- and ethanol-treated rats
(p > 0.05) (Fig. 4B). Finally, rats post-treated with the low
dose of OA (5 mg/ml) showed no change in the duration to
fall from the rotarod at all time points compared to control
rats (p > 0.05) (Fig. 4C). However, analysis of the average
effect  post-injection  demonstrated  a  significant  effect  of
OA- on motor coordination as compared to the control (p <
0.01) (Fig. 4C).

3.5.  Effect  of  Oleanolic  Acid  Pre-treatment  and  Post-
treatment on Joint Circumference

The effect of OA treatment at a low (5 mg/ml) and high
(30 mg/ml) dose on joint circumference was assessed prior
to  (pre-treatment;  low  and  high  dose)  or  following  (post-
treatment;  low  dose  only)  the  induction  of  inflammation
(Fig. 5). Compared to control rats, rats pre-treated with the
low dose of OA (5 mg/ml) showed a decrease in joint cir-
cumference at 24hrs post-injection (p < 0.05) but no changes
at 4, 8, 48 hrs, and 1-week post-injection were observed (p >
0.05) (Fig. 5A). Nevertheless, analysis of the average effect
post-injection yielded a significant difference between OA-
and ethanol-treated rats (p < 0.05) (Fig. 5A). On the other
hand, rats pre-treated with the high dose of OA (30 mg/ml)
showed a decrease in joint circumference at 4hrs and 24hrs
post-injection (p < 0.05) (Fig. 5B). No change was noticed
at  8hrs,  48hrs,  and  1-week  post-injection  (p  >  0.05)  (Fig.
5B),  but  analysis  of  the  average  effect  post-injection  re-
vealed that OA significantly reduced the knee joint swelling
in comparison with the control group (p < 0.05) (Fig. 5B). In
the  OA  post-treatment  group,  rats  showed  no  significant
change in joint circumference at all time points compared to
control rats (p > 0.05) (Fig. 5C). However, analysis of the
average effect post-injection demonstrated a marked differ-
ence between OA- and ethanol-treated rats (p < 0.05) (Fig.
5C).

3.6. Effect of Oleanolic Acid on the Activity of Articular
Fibers

The  effect  of  OA  on  the  activity  of  articular  sensory
fibers was assessed by doing in vivo electrophysiological re-
cordings of a total of 12 sensory fibers before and after the
induction of inflammation (Fig. 6A-C). Sensory fibers of 2
rats were isolated using the spike 2 acquisition program and
used  for  the  current  electrophysiological  study.  Fibers  re-
sponding to mechanical stimulation of the skin around the
joint or to knee joint flexing were selected. Prior to induc-
tion of inflammation, most fibers were silent except for 2 of
them that showed spontaneous activity in a 5-min interval.
Some fibers showed a short burst-type discharge but became
quiescent  afterward.  OA injection  elicited  discharges  in  3
out of 4 silent fibers, increasing activity by 38.5% over base-
line  (Fig.  6C).  The  average  latency  for  OA  to  evoke
discharges in initially quiescent fibers was about 2 sec. This
evoked response lasted for only 2 min. On the other hand, re-
cordings from sensory fibers, four hours after induction of in-
flammation showed remarkable spontaneous activity with a
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mean  discharge  rate  of  0.06  spikes/sec.  OA  was  adminis-
tered after 4 hrs of K/C injection significantly increased the
discharge rate by 344% within 10 sec of application; an ef-

fect that was considerably higher than what was observed be-
fore the induction of inflammation (p < 0.05) (Fig. 6C). This
effect lasted for 10 min, after which it gradually decreased
to return to baseline values (Fig. 7).

Fig. (3). Effect of OA pre-and post-treatment on mechanical allodynia. (A) Changes in paw withdrawal frequency following pre-treatment
with OA at a low dose (5 mg/ml; n=5) or pre-treatment with the vehicle (100% ethanol; n=4) over a 168 hrs period. (B) Changes in paw with-
drawal frequency following pre-treatment with OA at a high dose (30 mg/ml; n=4) or pre-treatment with the vehicle (100% ethanol; n=4)
over a 168 hrs period. (C) Changes in paw withdrawal frequency following post-treatment with OA at a low dose (5 mg/ml; n=5) or post-
treatment with the vehicle (100% ethanol; n=5) over a 168 hrs period. The blue and red arrows indicate injection of OA and K/C, respective-
ly. Data are expressed as mean + SEM. Statistical significance with the control group is indicated by * for p < 0.05. (A higher resolution /
colour version of this figure is available in the electronic copy of the article).

Fig. (4). Effect of OA pre-and post-treatment on motor activity using the rotarod test. (A) Changes in the duration (in sec) of the rat to fall
from the rotarod wheel following pre-treatment with OA at a low dose (5 mg/ml; n=5) or pre-treatment with the vehicle (100% ethanol; n=4)
over a 168 hrs period. (B) Changes in the duration (in sec) of the rat to fall from the rotarod wheel pre-treatment with OA at a high dose (30
mg/ml; n=4) or pre-treatment with the vehicle (100% ethanol; n=4) over a 168 hrs period. (C) Changes in the duration (in sec) of the rat to
fall  from the  rotarod wheel  following post-treatment  with  OA at  a  low dose  (5  mg/ml;  n=5)  or  post-treatment  with  the  vehicle  (100%
ethanol; n=5) over a 168 hrs period. The blue and red arrows indicate injection of OA and K/C, respectively. Data are expressed as mean +
SEM. Statistical significance with the control group is indicated by * for p < 0.05. (A higher resolution / colour version of this figure is avail-
able in the electronic copy of the article).
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4. DISCUSSION
In  the  present  study,  a  K/C  rat  model  of  osteoarthritis

was used to investigate the effect of OA on osteoarthritis-re-
lated symptoms of pain, inflammation, and motor coordina-
tion.  OA was applied  directly  into  the  knee joint  synovial
cavity either prior to or post-induction of inflammation.

4.1. Effect of OA on Nociceptive Behaviors
Our results show that pre-treatment with OA at the high

dose led to a significant decrease in heat hyperalgesia and
mechanical hyperalgesia but no change in mechanical allody-
nia when assessing the average effect post-injection and nor-
malizing with baseline values. On the other hand, pre-treat-
ment with OA at the low dose led to a significant decrease
in heat hyperalgesia but not in mechanical hyperalgesia or al-
lodynia. These findings suggest that OA exerts a differential
preventive  effect  on  the  development  of  inflammation-in-
duced mechanical hyperalgesia and allodynia compared to
heat hyperalgesia. On the other hand, the results of the post-
treatment study show that injection of OA at a low dose re-
sulted in decreased heat hyperalgesia, mechanical hyperalge-
sia, and mechanical allodynia, suggesting that OA exerts an
inhibitory control on nociceptive behaviors induced by in-
flammation; this effect is presumably produced through mod-
ulation of the activity of nociceptors and mechanoreceptors
at a peripheral or central level.

4.2.  Comparison  of  the  Anti-nociceptive  Effects  of  OA
with Previous Studies

The findings of the present study are consistent with pre-
vious reports confirming the anti-nociceptive effects of OA

in  different  experimental  models  of  inflammatory  pain
[18-20]. However, it should be noted that the route of admin-
istration of OA was different in our study. While these past
studies have assessed the effect of OA through an oral or in-
traperitoneal route [18-20], ours have demonstrated that a di-
rect local effect in the knee joint can cause symptomatic re-
lief from osteoarthritis. In addition, our study employed a rat
model of K/C-induced peripheral inflammation to evaluate
the anti-nociceptive effect of OA, while past studies tested
the anti-nociceptive properties of OA in ICR mice [18], in a
zebrafish model of orofacial pain [19], or in a mouse model
of colonic inflammation [20]. Also in line with our findings
are  studies  in  rodents  showing  that  a  mixture  of  OA  and
acetylsalicylic acid [21] and a derivative of OA [22] induce
dose-dependent analgesic effect in a hot plate test. Although
the present study did not directly evaluate the mechanisms
by which OA exerts anti-nociceptive effects, we can specu-
late that these effects are most likely due to the recruitment
of  opioid  and  serotonin  systems  as  pre-treatment  with  the
opioid antagonist, naloxone, or the serotonin receptor antag-
onist, methysergide, was previously shown to attenuate the
anti-nociceptive effects of OA in mice [18, 20, 23]. Another
likely mediator of  the anti-nociceptive effect  of  OA is  the
Transient Receptor Potential Vanilloid 1 (TRPV1) receptor,
which is expressed by primary afferent sensory neurons of
the pain pathway [19]. Evidence also suggests that OA ex-
erts anti-nociceptive effects possibly due to mechanisms in-
volving  nitric  oxide  and  ATP-sensitive  potassium  (KAT-
P)-channels  [23].  The  adrenergic  receptor  is,  on  the  other
hand, not likely to mediate the anti-nociceptive effect of OA
since pre-treatment with an adrenergic receptor antagonist in
mice is shown to be ineffective in altering the anti-nocicep-
tive effect of OA [18].

Fig. (5). Effect of OA pre-and post-treatment on joint circumference measure. (A) Changes in circumference measure (cm) of the knee joint
following pre-treatment with OA at a low dose (5 mg/ml; n=5) or pre-treatment with the vehicle (100% ethanol; n=4) over a 168 hrs period
(B) Changes in circumference measure (cm) of the knee joint following pre-treatment with OA at a high dose (30 mg/ml; n=4) or pre-treat-
ment with the vehicle (100% ethanol; n=4) over a 168 hrs period. (C) Changes in circumference measure (cm) of the knee joint following
post-treatment with OA at a low dose (5 mg/ml; n=5) or post-treatment with the vehicle (100% ethanol; n=5) over a 168 hrs period. The blue
and red arrows indicate injection of OA and K/C, respectively. Data are expressed as mean + SEM. Statistical significance with the control
group is indicated by * for p < 0.05. (A higher resolution / colour version of this figure is available in the electronic copy of the article).
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Fig. (6). Effect of OA injection at a high dose (30 mg/ml) on the axonal discharge rate of articular fibers. (A) Experimental timeline illustrat-
ing the time of recording and injections to measure OA-evoked activity before and after the induction of inflammation. For each experiment,
a recording was made from 12 sensory fibers of a single rat. (B) Schematics illustrating the isolation of the articular fibers from the rat’s knee
joint. (C) Effect of OA on axonal discharge of articular fibers as illustrated by the percentage change from the baseline before and after the in-
duction of inflammation. Data are expressed as mean + SEM. Statistical significance with the control group is indicated by * for p < 0.05.

Fig. (7). Schematic illustration depicting the main findings of the present study and the possible mechanisms of action of OA. Abbreviatons:
α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic  acid  (AMPA);  Farnesoid  X  receptors  (FXR);  ATP-sensitive  potassium  (KATP);
metabotropic glutamate (mGlut); N-methyl-D-aspartate (NMDA); Pregnane receptors (PXR); Transient Receptor Potential Vanilloid 1 (TR-
PV1). (A higher resolution / colour version of this figure is available in the electronic copy of the article).

4.3.  Differential  Anti-nociceptive  Effects  of  OA  at  the
Low Versus High Dose

Interestingly, when assessing heat and mechanical hyper-
algesia, the results of the present study show differential an-
ti-nociceptive  effects  of  OA  at  the  low  versus  high  dose.
While pre-treatment with OA at the high dose was effective
in decreasing both heat  and mechanical  hyperalgesia,  pre-
treatment with the low dose was only effective in decreasing
heat hyperalgesia.  These results  suggest  that  heat  and me-
chanical hyperalgesia may be mediated by different mech-
anisms and may involve molecular players that show differ-
ent affinity to OA. In support of this hypothesis, collective
evidence  indicates  that  coactivation  of  α-amino-3-hydrox-
y-5-methyl-4-isoxazolepropionic  acid  (AMPA)  receptors
and the metabotropic glutamate (mGlut) receptors are both
necessary and sufficient for mechanical hyperalgesia, while

activation of N-methyl-D-aspartate (NMDA) receptors is ne-
cessary for heat hyperalgesia [24]. As such, our results indi-
cate that OA indirectly causes activation of AMPA and mG-
lut receptors, which are involved in mechanical hyperalge-
sia,  and less activation of NMDA receptors,  which are in-
volved in heat hyperalgesia. However, more work is needed
to validate this hypothesis.

4.4. Effect of OA on Motor Coordination
Another interesting finding of the present study is  that

post-treatment with OA at the low dose resulted in improved
motor  coordination  in  rats  as  assessed  by  the  rotarod  test,
while pre-treatment with OA at the low and high dose failed
to  affect  motor  coordination  significantly.  These  findings
suggest that OA shows more effectiveness in treating, rather
than preventing,  the impairment of motor coordination in-
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duced by inflammation. Also, our findings suggest that the
anti-nociceptive  effects  of  OA  that  are  observed  with  the
pre-treatment at both the low and high dose are most likely
not a consequence of motor abnormality. Lastly, the lack of
effect on motor coordination observed with pre-treatment of
OA at the low and high dose in the present study is in line
with previous studies showing that administration of OA in
experimental models of pain does not alter the locomotor ac-
tivity in the open field test [19, 20, 23] nor the motor coordi-
nation in the rotarod test [23]. However, findings of Maia et
al. [23] contradict our results, showing improved motor coor-
dination following post-treatment with OA at the high dose.
Such discrepancy in the results can likely be attributed to dif-
ferences in the experimental conditions, animal models, dos-
es, and route of administration of OA.

4.5. Effect of OA on knee Joint Inflammation
Results of the present study showing that pre-treatment

with OA at both the low and high dose resulted in decreased
joint inflammation are in line with previous findings show-
ing that OA [25] or analogous compounds [26-28] exert an-
ti-inflammatory  effects.  Also  consistent  with  our  findings
are  studies  in  rodents  showing  that  a  mixture  of  OA  and
acetylsalicylic acid [21] and a derivative of OA [22] yielded
marked reductions  in  carrageenan-induced skin  inflamma-
tion  in  rats,  as  demonstrated  by  the  decrease  in  hind  paw
thickness.  Finally,  our  results  agree  with  studies  showing
that OA exerts an anti-inflammatory action in carrageenan
and dextran-induced edema in rats [29], and also agree with
in  vitro  studies  showing  that  OA  suppresses
lipopolysaccharide  (LPS)-mediated  pro-inflammatory  re-
sponses in human endothelial cells, including the production
of  TNF alpha  and  the  activation  of  NFKB [30,  31].  Alto-
gether,  results  of  the  present  study  showing  that  pre-  and
post-treatment with OA decrease inflammation as assessed
by changes in joint circumference suggest that OA is highly
effective in both preventing and managing the inflammatory
response induced by K/C injection. In light of the pre-treat-
ment results,  it  is  presumed that  a higher dose of OA will
show  visible  efficacy  in  reducing  the  knee  joint  swelling
once inflammation comes into effect.

4.6. Effect of OA on Sensory Articular Fibers Activity
More importantly,  this  preliminary study is  the first  to

show  a  direct  effect  of  OA  on  sensory  articular  fibers  in
vivo.  Multiunit  recordings  from  the  articular  nerve  of  an
anesthetized rat after OA treatment suggest that OA exerts
an  excitatory  effect  on  articular  afferent  activity.  This  in-
creased articular nerve activity supports the results of a previ-
ous study showing that ursolic acid, the isomeric triterpenic
acids of OA, promotes the neural regeneration of the sciatic
nerve following injury [32]. We speculate that the anti-noci-
ceptive effect of OA is due to the increased depolarization
of the articular nerve leading to activation of descending in-
hibitory pathways and inhibition of incoming pain signals in-
to the spinal cord. Although the mechanism of OA action on
sensory  neurons  cannot  be  determined  from the  results  of
this  study,  one  could  speculate  that  this  excitatory  effect

may be mediated by either a direct or indirect activation of
peripheral glutamate or neurokinin receptors [33, 34]. More
interestingly, the action of OA can also be mediated by acti-
vation  of  nuclear  receptors  such  as  farnesoid  X  receptors
(FXR), or pregnane receptors (PXR) that are found in articu-
lar  cartilage;  the  latter  has  been  shown  to  predominantly
have a protective and supporting effect on articular cartilage
[35-37]. OA may also mediate its effects by reducing the ex-
pression of cytokines and by modulating helper T cell im-
mune responses and matrix-degrading enzymes [38].

4.7. Limitation of the Present Study
A major limitation of the present study is that the anti-no-

ciceptive  and  anti-inflammatory  effect  of  post-treatment
with OA was evaluated at the low dose only. However, con-
sidering the results of the pre-treatment group, we speculate
that a higher dose of OA in the post-treatment group will re-
sult in more significant enhancement and attenuation of mo-
tor  coordination  and  inflammatory  manifestations,  respec-
tively. Future work assessing the effect of varying doses of
post-inflammatory  treatment  with  OA  on  nociceptive,  in-
flammatory, and motor responses is nonetheless needed.

CONCLUSION
In conclusion, the results of the present study show that

injection of OA into the synovial cavity prior to or post-in-
duction of inflammation produces anti-nociceptive and an-
ti-inflammatory effects and leads to a marked improvement
in motor coordination in a K/C model of osteoarthritis. This
protective effect can be the result of direct activation of artic-
ular sensory neurons that trigger central inhibition of noci-
ceptive inputs. The present work provides clear and robust
evidence of the anti-inflammatory and anti-nociceptive ef-
fect  of  OA  in  a  K/C  model  of  osteoarthritis  and  demons-
trates that this compound can potentially be used for the pre-
vention and treatment of this disease. This therapy may po-
tentially be relevant for other forms of joint diseases, includ-
ing  rheumatoid  arthritis  and  juvenile  idiopathic  arthritis,
where most of the available treatments have a potential risk
of side effects and poor tolerability [39, 40]. However, more
work is needed prior to drawing any conclusion. Future re-
search should also focus on investigating the safety and ther-
apeutic  efficacy  of  OA  in  patients  with  osteoarthritis  or
other  joint  diseases  using  controlled  clinical  trials.

ETHICS APPROVAL AND CONSENT TO PARTICI-
PATE

All experimental procedures were approved by the insti-
tutional animal care and use committee at the American Uni-
versity of Beirut

HUMAN AND ANIMAL RIGHTS
No humans  were  used  for  studies  that  are  the  basis  of

this research. All experimental procedures followed the ethi-
cal guidelines for experimental pain on conscious animals.



10   Anti-Inflammatory & Anti-Allergy Agents in Medicinal Chemistry, 2021, Vol. 20, No. 0 Salman et al.

CONSENT FOR PUBLICATION
Not applicable.

AVAILABILITY OF DATA AND MATERIALS
Not applicable.

FUNDING
This work was supported by the National Council for Sci-

entific Research (CNRS) and Medical Practice Plan (MPP)
grants  awarded  to  NL  (MPP  11.320105.xxxxx.
11428.720.9999.0000). MF acknowledges the support from
the  Natural  Science  and  Engineering  Research  Council
(NSERC) of Canada in the form of a postdoctoral research
award.

CONFLICT OF INTEREST
The  authors  have  no  conflicts  of  interest,  financial  or

otherwise.

ACKNOWLEDGEMENTS
MF acknowledges the support from the Natural Science

and Engineering Research Council (NSERC) of Canada in
the  form  of  a  postdoctoral  research  award.  The  authors
would like to thank Mr. George Merhej and Mr. Wassim Na-
jjar for their technical assistance.

REFERENCES

Chen, D.; Shen, J.; Zhao, W.; Wang, T.; Han, L.; Hamilton, J.L.;[1]
Im, H.J. Osteoarthritis: toward a comprehensive understanding of
pathological mechanism. Bone Res., 2017, 5, 16044.
[http://dx.doi.org/10.1038/boneres.2016.44] [PMID: 28149655]
Felson, D.T. Clinical practice. Osteoarthritis of the knee. N. Engl.[2]
J. Med., 2006, 354(8), 841-848.
[http://dx.doi.org/10.1056/NEJMcp051726] [PMID: 16495396]
Helmick, C.G.; Felson, D.T.; Lawrence, R.C.; Gabriel, S.; Hirsch,[3]
R.;  Kwoh,  C.K.;  Liang,  M.H.;  Kremers,  H.M.;  Mayes,  M.D.;
Merkel, P.A.; Pillemer, S.R.; Reveille, J.D.; Stone, J.H. National
Arthritis Data Workgroup. Estimates of the prevalence of arthritis
and other rheumatic conditions in the United States. Part I. Arthri-
tis Rheum., 2008, 58(1), 15-25.
[http://dx.doi.org/10.1002/art.23177] [PMID: 18163481]
Felson, D.T.; Naimark, A.; Anderson, J.; Kazis, L.; Castelli, W.;[4]
Meenan, R.F. The prevalence of knee osteoarthritis in the elderly.
The  Framingham  Osteoarthritis  Study.  Arthritis  Rheum.,  1987,
30(8), 914-918.
[http://dx.doi.org/10.1002/art.1780300811] [PMID: 3632732]
Dillon, C.F.; Rasch, E.K.; Gu, Q.; Hirsch, R. Prevalence of knee[5]
osteoarthritis in the United States: arthritis data from the Third Na-
tional Health and Nutrition Examination Survey 1991-94. J. Rheu-
matol., 2006, 33(11), 2271-2279.
[PMID: 17013996]
Roos, E.M. Joint injury causes knee osteoarthritis in young adults.[6]
Curr. Opin. Rheumatol., 2005, 17(2), 195-200.
[http://dx.doi.org/10.1097/01.bor.0000151406.64393.00]  [PMID:
15711235]
Lotz, M.K.; Kraus, V.B. New developments in osteoarthritis. Post-[7]
traumatic osteoarthritis: pathogenesis and pharmacological treat-
ment options. Arthritis Res. Ther., 2010, 12(3), 211.
[http://dx.doi.org/10.1186/ar3046] [PMID: 20602810]
Spector, T.D.; Cicuttini, F.; Baker, J.; Loughlin, J.; Hart, D. Genet-[8]
ic influences on osteoarthritis in women: a twin study. BMJ, 1996,
312(7036), 940-943.
[http://dx.doi.org/10.1136/bmj.312.7036.940] [PMID: 8616305]
Raphael,  T.J.;  Kuttan,  G.  Effect  of  naturally  occurring  triter-[9]

penoids glycyrrhizic acid, ursolic acid, oleanolic acid and nomilin
on the immune system. Phytomedicine, 2003, 10(6-7), 483-489.
[http://dx.doi.org/10.1078/094471103322331421]  [PMID:
13678231]
Yin, M.C.; Lin, M.C.; Mong, M.C.; Lin, C.Y. Bioavailability, dis-[10]
tribution, and antioxidative effects of selected triterpenes in mice.
J. Agric. Food Chem., 2012, 60(31), 7697-7701.
[http://dx.doi.org/10.1021/jf302529x] [PMID: 22816768]
Kao, T.C.; Wu, C.H.; Yen, G.C. Bioactivity and potential health[11]
benefits of licorice. J. Agric. Food Chem., 2014, 62(3), 542-553.
[http://dx.doi.org/10.1021/jf404939f] [PMID: 24377378]
Kapil, A.; Sharma, S. Effect of oleanolic acid on complement in[12]
adjuvant-  and  carrageenan-induced  inflammation  in  rats.  J.
Pharm.  Pharmacol.,  1995,  47(7),  585-587.
[http://dx.doi.org/10.1111/j.2042-7158.1995.tb06719.x]  [PMID:
8568626]
Kang, X.; Yang, Z.; Sheng, J.; Liu, J.B.; Xie, Q.Y.; Zheng, W.;[13]
Chen, K. Oleanolic acid prevents cartilage degeneration in diabet-
ic  mice  via  PPARγ  associated  mitochondrial  stabilization.
Biochem.  Biophys.  Res.  Commun.,  2017,  490(3),  834-840.
[http://dx.doi.org/10.1016/j.bbrc.2017.06.127] [PMID: 28647370]
Liu,  J.  Pharmacology  of  oleanolic  acid  and  ursolic  acid.  J.[14]
Ethnopharmacol., 1995, 49(2), 57-68.
[http://dx.doi.org/10.1016/0378-8741(95)90032-2]  [PMID:
8847885]
Liu, J. Oleanolic acid and ursolic acid: research perspectives. J.[15]
Ethnopharmacol., 2005, 100(1-2), 92-94.
[http://dx.doi.org/10.1016/j.jep.2005.05.024] [PMID: 15994040]
YM. A review of presence of oleanolic acid in natural products.[16]
Natura Proda Medica, 2009, 2, 77-290.
Fukushima, E.O.; Seki, H.; Ohyama, K.; Ono, E.; Umemoto, N.;[17]
Mizutani, M.; Saito, K.; Muranaka, T. CYP716A subfamily mem-
bers  are  multifunctional  oxidases  in  triterpenoid  biosynthesis.
Plant Cell Physiol., 2011, 52(12), 2050-2061.
[http://dx.doi.org/10.1093/pcp/pcr146] [PMID: 22039103]
Park,  S.H.;  Sim, Y.B.;  Kang,  Y.J.;  Kim, S.S.;  Kim, C.H.;  Kim,[18]
S.J.; Suh, H.W. Mechanisms involved in the antinociceptive ef-
fects  of  orally  administered  oleanolic  acid  in  the  mouse.  Arch.
Pharm. Res., 2013, 36(7), 905-911.
[http://dx.doi.org/10.1007/s12272-013-0093-7]  [PMID:
23515934]
Soares, I.C.R.; Santos, S.A.A.R.; Coelho, R.F.; Alves, Y.A.; Viei-[19]
ra-Neto, A.E.; Tavares, K.C.S.; Magalhaes, F.E.A.; Campos, A.R.
Oleanolic acid promotes orofacial antinociception in adult zebra-
fish  (Danio  rerio)  through  TRPV1  receptors.  Chem.  Biol.
Interact.,  2019,  299,  37-43.
[http://dx.doi.org/10.1016/j.cbi.2018.11.018] [PMID: 30496739]
Maia, J.L.; Lima-Júnior, R.C.; David, J.P.; David, J.M.; Santos,[20]
F.A.; Rao, V.S. Oleanolic Acid, a pentacyclic triterpene attenuates
the mustard oil-induced colonic nociception in mice. Biol. Pharm.
Bull., 2006, 29(1), 82-85.
[http://dx.doi.org/10.1248/bpb.29.82] [PMID: 16394515]
Bednarczyk-Cwynar, B.; Wachowiak, N.; Szulc, M.; Kamińska,[21]
E.; Bogacz, A.; Bartkowiak-Wieczorek, J.; Zaprutko, L.; Mikola-
jczak, P.L. Strong and Long-Lasting Antinociceptive and Anti-in-
flammatory Conjugate of Naturally Occurring Oleanolic Acid and
Aspirin. Front. Pharmacol., 2016, 7, 202.
[http://dx.doi.org/10.3389/fphar.2016.00202] [PMID: 27462270]
Bednarczyk-Cwynar, B.; Zaprutko, L.; Marciniak, J.; Lewandows-[22]
ki,  G.;  Szulc,  M.;  Kaminska,  E.;  Wachowiak,  N.;  Mikolajczak,
P.L. The analgesic and anti-inflammatory effect of new oleanolic
acid acyloxyimino derivative.  Eur.  J.  Pharm.  Sci.,  2012,  47(3),
549-555.
[http://dx.doi.org/10.1016/j.ejps.2012.07.017] [PMID: 22867936]
Maia,  J.L.;  Lima-Júnior,  R.C.;  Melo,  C.M.;  David,  J.P.;  David,[23]
J.M.; Campos, A.R.; Santos, F.A.; Rao, V.S. Oleanolic acid, a pen-
tacyclic  triterpene  attenuates  capsaicin-induced  nociception  in
mice:  possible  mechanisms.  Pharmacol.  Res.,  2006,  54(4),
282-286.
[http://dx.doi.org/10.1016/j.phrs.2006.06.003] [PMID: 16879974]
Meller, S.T. Thermal and mechanical hyperalgesia: A distinct role[24]
for different excitatory amino acid receptors and signal transduc-
tion pathways? APS Journal., 1994, 3(4), 215-231.

http://dx.doi.org/10.1038/boneres.2016.44
http://www.ncbi.nlm.nih.gov/pubmed/28149655
http://dx.doi.org/10.1056/NEJMcp051726
http://www.ncbi.nlm.nih.gov/pubmed/16495396
http://dx.doi.org/10.1002/art.23177
http://www.ncbi.nlm.nih.gov/pubmed/18163481
http://dx.doi.org/10.1002/art.1780300811
http://www.ncbi.nlm.nih.gov/pubmed/3632732
http://www.ncbi.nlm.nih.gov/pubmed/17013996
http://dx.doi.org/10.1097/01.bor.0000151406.64393.00
http://www.ncbi.nlm.nih.gov/pubmed/15711235
http://dx.doi.org/10.1186/ar3046
http://www.ncbi.nlm.nih.gov/pubmed/20602810
http://dx.doi.org/10.1136/bmj.312.7036.940
http://www.ncbi.nlm.nih.gov/pubmed/8616305
http://dx.doi.org/10.1078/094471103322331421
http://www.ncbi.nlm.nih.gov/pubmed/13678231
http://dx.doi.org/10.1021/jf302529x
http://www.ncbi.nlm.nih.gov/pubmed/22816768
http://dx.doi.org/10.1021/jf404939f
http://www.ncbi.nlm.nih.gov/pubmed/24377378
http://dx.doi.org/10.1111/j.2042-7158.1995.tb06719.x
http://www.ncbi.nlm.nih.gov/pubmed/8568626
http://dx.doi.org/10.1016/j.bbrc.2017.06.127
http://www.ncbi.nlm.nih.gov/pubmed/28647370
http://dx.doi.org/10.1016/0378-8741(95)90032-2
http://www.ncbi.nlm.nih.gov/pubmed/8847885
http://dx.doi.org/10.1016/j.jep.2005.05.024
http://www.ncbi.nlm.nih.gov/pubmed/15994040
http://dx.doi.org/10.1093/pcp/pcr146
http://www.ncbi.nlm.nih.gov/pubmed/22039103
http://dx.doi.org/10.1007/s12272-013-0093-7
http://www.ncbi.nlm.nih.gov/pubmed/23515934
http://dx.doi.org/10.1016/j.cbi.2018.11.018
http://www.ncbi.nlm.nih.gov/pubmed/30496739
http://dx.doi.org/10.1248/bpb.29.82
http://www.ncbi.nlm.nih.gov/pubmed/16394515
http://dx.doi.org/10.3389/fphar.2016.00202
http://www.ncbi.nlm.nih.gov/pubmed/27462270
http://dx.doi.org/10.1016/j.ejps.2012.07.017
http://www.ncbi.nlm.nih.gov/pubmed/22867936
http://dx.doi.org/10.1016/j.phrs.2006.06.003
http://www.ncbi.nlm.nih.gov/pubmed/16879974


Oleanolic Acid in Pain and Inflammation Anti-Inflammatory & Anti-Allergy Agents in Medicinal Chemistry, 2021, Vol. 20, No. 0   11

[http://dx.doi.org/10.1016/S1058-9139(05)80269-4]
Yoo, S.R.; Jeong, S.J.; Lee, N.R.; Shin, H.K.; Seo, C.S. Quantifica-[25]
tion Analysis and In Vitro Anti-Inflammatory Effects of 20-Hy-
droxyecdysone, Momordin Ic, and Oleanolic Acid from the Fruc-
tus  of  Kochia  scoparia.  Pharmacogn.  Mag.,  2017,  13(51),
339-344.
[http://dx.doi.org/10.4103/0973-1296.211023] [PMID: 28839354]
Zhang, Y.; Song, C.; Li, H.; Hou, J.; Li, D. Ursolic acid prevents[26]
augmented peripheral inflammation and inflammatory hyperalge-
sia in high-fat diet-induced obese rats by restoring downregulated
spinal PPARα. Mol. Med. Rep., 2016, 13(6), 5309-5316.
[http://dx.doi.org/10.3892/mmr.2016.5172] [PMID: 27108888]
Kang,  S.Y.;  Yoon,  S.Y.;  Roh,  D.H.;  Jeon,  M.J.;  Seo,  H.S.;  Uh,[27]
D.K.; Kwon, Y.B.; Kim, H.W.; Han, H.J.; Lee, H.J.; Lee, J.H. The
anti-arthritic effect of ursolic acid on zymosan-induced acute in-
flammation  and  adjuvant-induced  chronic  arthritis  models.  J.
Pharm.  Pharmacol.,  2008,  60(10),  1347-1354.
[http://dx.doi.org/10.1211/jpp.60.10.0011] [PMID: 18812028]
Bhat, R.A.; Lingaraju, M.C.; Pathak, N.N.; Kalra, J.; Kumar, D.;[28]
Kumar,  D.;  Tandan,  S.K.  Effect  of  ursolic  acid  in  attenuating
chronic constriction injury-induced neuropathic pain in rats. Fun-
dam. Clin. Pharmacol., 2016, 30(6), 517-528.
[http://dx.doi.org/10.1111/fcp.12223] [PMID: 27414466]
Singh, G.B.; Singh, S.; Bani, S.; Gupta, B.D.; Banerjee, S.K. An-[29]
ti-inflammatory  activity  of  oleanolic  acid  in  rats  and  mice.  J.
Pharm. Pharmacol., 1992, 44(5), 456-458.
[http://dx.doi.org/10.1111/j.2042-7158.1992.tb03646.x]  [PMID:
1359067]
Yang, E.J.; Lee, W.; Ku, S.K.; Song, K.S.; Bae, J.S. Anti-inflam-[30]
matory  activities  of  oleanolic  acid  on  HMGB1  activated  HU-
VECs. Food Chem. Toxicol., 2012, 50(5), 1288-1294.
[http://dx.doi.org/10.1016/j.fct.2012.02.026] [PMID: 22386814]
Lee, W.; Yang, E.J.; Ku, S.K.; Song, K.S.; Bae, J.S. Anti-inflam-[31]
matory effects of oleanolic acid on LPS-induced inflammation in
vitro and in vivo. Inflammation, 2013, 36(1), 94-102.
[http://dx.doi.org/10.1007/s10753-012-9523-9]  [PMID:
22875543]
Liu, B.; Liu, Y.; Yang, G.; Xu, Z.; Chen, J. Ursolic acid induces[32]
neural regeneration after sciatic nerve injury. Neural Regen. Res.,
2013, 8(27), 2510-2519.

[PMID: 25206561]
Wei,  L.;  Zhu,  Y.M.;  Zhang,  Y.X.;  Liang,  F.;  Jia,  H.;  Qu,  C.L.;[33]
Wang, J.; Tang, J.S.; Lu, S.M.; Huo, F.Q.; Yan, C.X. Activation
of α1 adrenoceptors in ventrolateral orbital cortex attenuates allo-
dynia  induced  by  spared  nerve  injury  in  rats.  Neurochem.  Int.,
2016, 99, 85-93.
[http://dx.doi.org/10.1016/j.neuint.2016.06.006]  [PMID:
27296114]
Pawlak, M.; Schmidt, R.F.; Heppelmann, B.; Hanesch, U. The neu-[34]
rokinin-1 receptor antagonist RP 67580 reduces the sensitization
of primary afferents by substance P in the rat. Eur. J. Pain, 2001,
5(1), 69-79.
[http://dx.doi.org/10.1053/eujp.2000.0222] [PMID: 11394924]
Liu, W.; Wong, C. Oleanolic acid is a selective farnesoid X recep-[35]
tor modulator. Phytother. Res., 2010, 24(3), 369-373.
[http://dx.doi.org/10.1002/ptr.2948] [PMID: 19653193]
Jiao, Y.; Lu, Y.; Li, X.Y. Farnesoid X receptor: a master regulator[36]
of hepatic triglyceride and glucose homeostasis. Acta Pharmacol.
Sin., 2015, 36(1), 44-50.
[http://dx.doi.org/10.1038/aps.2014.116] [PMID: 25500875]
Azuma, K; Casey, SC; Urano, T; Horie-Inoue, K; Ouchi, Y; Blum-[37]
berg, B Pregnane X Receptor Knockout Mice Display Aging-De-
pendent Wearing of Articular Cartilage PLoS One , 2015, 10 (),
0119177 .
Choi, J.K.; Kim, S.W.; Kim, D.S.; Lee, J.Y.; Lee, S.; Oh, H.M.;[38]
Ha, Y.S.; Yoo, J.; Park, P.H.; Shin, T.Y.; Kwon, T.K.; Rho, M.C.;
Kim, S.H. Oleanolic acid acetate inhibits rheumatoid arthritis by
modulating  T  cell  immune  responses  and  matrix-degrading  en-
zymes. Toxicol. Appl. Pharmacol., 2016, 290(290), 1-9.
[http://dx.doi.org/10.1016/j.taap.2015.11.005] [PMID: 26570984]
Stoll, M.L.; Gotte, A.C. Biological therapies for the treatment of[39]
juvenile idiopathic arthritis: Lessons from the adult and pediatric
experiences. Biologics, 2008, 2(2), 229-252.
[http://dx.doi.org/10.2147/BTT.S2210] [PMID: 19707357]
Poddighe, D.; Romano, M.; Gattinara, M.; Gerloni, V. Biologics[40]
for  the  Treatment  of  Juvenile  Idiopathic  Arthritis.  Curr.  Med.
Chem., 2018, 25(42), 5860-5893.
[http://dx.doi.org/10.2174/0929867325666180522085716]  [P-
MID:  29788871]

DISCLAIMER: The above article has been published in Epub (ahead of print) on the basis of the materials provided by the author. The Edito-
rial Department reserves the right to make minor modifications for further improvement of the manuscript. 

View publication stats

http://dx.doi.org/10.1016/S1058-9139(05)80269-4
http://dx.doi.org/10.4103/0973-1296.211023
http://www.ncbi.nlm.nih.gov/pubmed/28839354
http://dx.doi.org/10.3892/mmr.2016.5172
http://www.ncbi.nlm.nih.gov/pubmed/27108888
http://dx.doi.org/10.1211/jpp.60.10.0011
http://www.ncbi.nlm.nih.gov/pubmed/18812028
http://dx.doi.org/10.1111/fcp.12223
http://www.ncbi.nlm.nih.gov/pubmed/27414466
http://dx.doi.org/10.1111/j.2042-7158.1992.tb03646.x
http://www.ncbi.nlm.nih.gov/pubmed/1359067
http://dx.doi.org/10.1016/j.fct.2012.02.026
http://www.ncbi.nlm.nih.gov/pubmed/22386814
http://dx.doi.org/10.1007/s10753-012-9523-9
http://www.ncbi.nlm.nih.gov/pubmed/22875543
http://www.ncbi.nlm.nih.gov/pubmed/25206561
http://dx.doi.org/10.1016/j.neuint.2016.06.006
http://www.ncbi.nlm.nih.gov/pubmed/27296114
http://dx.doi.org/10.1053/eujp.2000.0222
http://www.ncbi.nlm.nih.gov/pubmed/11394924
http://dx.doi.org/10.1002/ptr.2948
http://www.ncbi.nlm.nih.gov/pubmed/19653193
http://dx.doi.org/10.1038/aps.2014.116
http://www.ncbi.nlm.nih.gov/pubmed/25500875
http://dx.doi.org/10.1016/j.taap.2015.11.005
http://www.ncbi.nlm.nih.gov/pubmed/26570984
http://dx.doi.org/10.2147/BTT.S2210
http://www.ncbi.nlm.nih.gov/pubmed/19707357
http://dx.doi.org/10.2174/0929867325666180522085716
http://www.ncbi.nlm.nih.gov/pubmed/29788871
https://www.researchgate.net/publication/346863209

	Peripheral Anti-nociceptive and Anti-inflammatory Effect of Oleanolic Acid in a Rat Model of Osteoarthritis 
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1. Subjects
	2.2. Experimental Groups
	2.3. Induction of Knee Joint Inflammation
	2.4. Nociceptive Behavioral Testing
	2.4.1. Mechanical Allodynia Test
	2.4.2. Mechanical Hyperalgesia Test
	2.4.3. Heat Hyperalgesia Test

	2.5. Motor Behavioral Test
	2.6. Joint Circumference Measurement
	2.7. In vivo Electrophysiology
	2.8. Statistical Analysis

	3. RESULTS
	3.1. Effect of Oleanolic Acid Pre-treatment and Post-treatment on Heat Hyperalgesia
	3.2. Effect of Oleanolic Acid Pre-treatment and Post-treatment on Mechanical Hyperalgesia
	3.3. Effect of Oleanolic Acid Pre-treatment and Post-treatment on Mechanical Allodynia
	3.4. Effect of Oleanolic Acid Pre-treatment and Post-treatment on the Rotarod Test
	3.5. Effect of Oleanolic Acid Pre-treatment and Post-treatment on Joint Circumference
	3.6. Effect of Oleanolic Acid on the Activity of Articular Fibers

	4. DISCUSSION
	4.1. Effect of OA on Nociceptive Behaviors
	4.2. Comparison of the Anti-nociceptive Effects of OA with Previous Studies
	4.3. Differential Anti-nociceptive Effects of OA at the Low Versus High Dose
	4.4. Effect of OA on Motor Coordination
	4.5. Effect of OA on knee Joint Inflammation
	4.6. Effect of OA on Sensory Articular Fibers Activity
	4.7. Limitation of the Present Study

	CONCLUSION
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES




