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Abstract

The aim of this study was the investigation of analgesic and anti-inflammatory activity of naproxen and pioglitazone fol-
lowing intra-plantar injection of carrageenan and assessment of the PPAR-y receptor involvement in these effects. Rats
were intra-plantarly injected with carrageenan (1%, 100 pl) to induce thermal hyperalgesia and paw inflammation. Dif-
ferent groups of rats were pre-treated intraperitoneally with naproxen (1 and 10 mg/kg) or pioglitazone (3 and 10 mg/kg)
or GW9662 (a selective PPAR-y antagonist, 100 pl/paw). The volume of the paw was evaluated using a plethysmometer,
and the hot plate test was employed to assess the pain threshold in the animals. Finally, TNF-a, IL-18, IL-6, and myelop-
eroxidase (MPO) activity status were evaluated in the hind paw tissue. Naproxen and pioglitazone demonstrated analgesic
and anti-inflammatory activity. Concurrent injection of an ineffective dose of naproxen (1 mg/kg) with an ineffective dose
of pioglitazone (3 mg/kg) caused augmented analgesic and anti-inflammatory activity, significantly (»p<0.001 and p<0.01,
respectively). Additionally, intra-plantar injection of GW-9662 before naproxen or pioglitazone significantly suppressed
their analgesic (p<0.001) and anti-inflammatory activity (p<0.01). Also, naproxen and pioglitazone (10 mg/kg) significantly
(p<0.001) reduced carrageenan-induced MPO activity and TNF-a, IL-6, and IL-18 releasing. Furthermore, PPAR-y blockade
significantly prevented suppressive effects of naproxen and pioglitazone on the MPO activity and inflammatory cytokines.
Pioglitazone significantly increased analgesic and anti-inflammatory effects of naproxen. This study proposes that concurrent
treatment with naproxen and pioglitazone may be a substitute for overcome pain and inflammation clinically, in the future,
particularly in patients with cardiovascular disorders and diabetes.

Keywords Pain and inflammation - PPAR-y - TNF-a - Myeloperoxidase activity - Carrageenan - GW9662

Introduction reported that inflammation participates in the pathogenesis
of several diseases, such as rheumatoid arthritis (Choy and
Panayi, 2001), cardiovascular diseases (Berg and Scherer,

2005), neurodegenerative disorders (Kheradmand et al.,

Inflammation is a critical innate defense and the body’s
response against different pathogens and harmful stimuli.

The five prominent signs of inflammation are redness,
warmth, swelling, pain, and altered function of the affected
site (Zhang and An, 2007). Different studies have been
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2016, Haddadi et al., 2018), and cancer (Coussens and
Werb, 2002). Many anti-inflammatory drugs are used to
relieve inflammation. On the other hand, due to the cardio-
vascular and gastrointestinal adverse effects of the current
anti-inflammatory-drugs (Gabriel et al., 1991, Gunter et al.,
2017), there is concern about suppression of the inflamma-
tory reactions.

Pain as an unpleasant sensory experience is one of the most
important symptoms of the inflammation. During inflamma-
tory pain, the sensitivity of the primary nociceptors increases
following inflammation, which cause an enhancement in the
nociception. This hypersensitivity is created by the direct
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effect of proinflammatory mediator’s (e.g., prostaglandins)
and cytokines on pain receptors (Verri Jr et al., 2006).

Several reports have demonstrated that inflammatory
cytokines are increased in insulin resistance and diabetes.
It has also been proven that rheumatoid arthritis, a systemic
inflammatory disease, increases the risk of diabetes (Wellen
and Hotamisligil, 2005, Solomon et al., 2011). Pioglitazone,
a thiazolidinedione (TZD) antidiabetic agent, is a strong
PPAR-y activator and augments lipid and glucose metabo-
lism via decreasing resistance to insulin (Wang et al., 2014).
Furthermore, several studies propose that PPAR-y agonists
are useful in the decrease of inflammatory response in car-
diovascular cells (Hamblin et al., 2009) and treatment of
inflammatory diseases, including colitis, stroke, and Parkin-
son disease probably via suppressing of macrophage activa-
tion and secretion of inflammatory cytokines (Murphy and
Holder, 2000, Culman et al., 2007, Carta, 2013). Also, it has
been reported that TZDs decrease allodynia and hyperalge-
sia in neuropathic pain model through reducing of TNF-«
and IL-6 in the pain pathway (Maeda and Kishioka, 2009).

Non-steroidal anti-inflammatory drugs (NSAIDs), e.g.,
naproxen, are extensively applied in the control of various
types of pain and inflammatory disorders. Naproxen has a
lower risk of cardiovascular events like myocardial infarc-
tion than other NSAIDs, such as ibuprofen and diclofenac
(Kearney et al., 2006). Although the main molecular mecha-
nism of analgesic and anti-inflammatory action of NSAIDs
is the cyclooxygenase (COX) inhibition, nevertheless, there
are some reports indicated that PPAR-y receptor activates
by some NSAIDs drugs such as indomethacin (Maruyama
et al., 2022). On the other hand, the cardiovascular safety
of naproxen cannot simply be described as the inhibition of
COX. Previous studies have shown the relationship between
COX-2 regulation and PPAR-y activity in animal and in vitro
models (Bonazzi et al., 2000, Konturek et al., 2003, Wang
et al., 2019). Furthermore, the therapeutic effects of PPARYy
agonist in inhibiting cardiovascular diseases and vascular
endothelial disorder have been reported previously. PPARY
ligand improve ventricular contractility and regulate heart
rate and blood pressure through adjustment of vascular
homeostasis, endothelial nitric oxide synthase, and renin-
angiotensin system (Kvandova et al., 2016).

According to the literature, the anti-inflammatory activ-
ity of PPAR-y agonists and naproxen was proven when
administrated alone, but there is no information about their
analgesic and anti-inflammatory effect in the animal model
when used simultaneously. Also, there is currently no report
about the involvement of PPAR-y in the analgesic and anti-
inflammatory effect of naproxen. So, it is valuable to inves-
tigate the interaction between naproxen and pioglitazone on
nociception and inflammation. Hence, in the current study
for the first time, the role of PPAR-y on the analgesic and
anti-inflammatory effect of naproxen and pioglitazone has
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been investigated when injected alone or concurrently, in the
carrageenan intra-plantarly injected rat.

Material and methods
Animals

Male Wistar rats (200-240 g) were used for the current
study. Every 3 of them kept in a standard polypropylene
cage with free access to food and water under 12-h light,
12-h dark cycle, and a temperature-controlled room (23+1
°C). Animals were adapted to the testing conditions for 2
days before the behavioral tests. All procedures used in the
present study were done in accordance with the National
Institutes of Health ethical guidelines for the Care and Use
of Laboratory Animals and approved by the University of
Medical Sciences of Hamadan (UMSHA) Ethical Commit-
tee, Hamadan, Iran (ID: IR.UMSHA.REC.1396.588).

Drugs and chemicals

A-Carrageenan, GW-9662, and naproxen obtained from
Sigma-Aldrich Co. (St. Louis, MO, USA). Pioglitazone pur-
chased from Iran Daru Pharmaceutical Co. (Tehran, Iran).
Other materials obtained from Merck Company (Germany).
A-Carrageenan was dissolved in sterile normal saline. Nap-
roxen, GW-9662, and pioglitazone dissolved in DMSO 10%.
Carrageenan and GW- 9662 injected intra-plantarly with 100
pL/paw and other drugs injected intraperitoneally (i.p.).

Experimental design

Animals (n=120) randomly divided into 20 groups (6 rats):
(1) carrageenan (1%; 100 pL/paw), (2) carrageenan + vehi-
cle (normal saline containing 10% DMSO), (3) carrageenan
+ GW-9662, (4 and 5) carrageenan + naproxen (1 and 10
mg/kg), (6 and 7) carrageenan + pioglitazone (3 and 10
mg/kg), (8 and 9) carrageenan + pioglitazone (3 mg/kg) +
naproxen (1 and 10 mg/kg), (10) carrageenan + naproxen
(1 mg/kg) + pioglitazone (10 mg/kg), (11 and 12) carra-
geenan + GW-9662 + naproxen (1 and 10 mg/kg), (13 and
14) carrageenan + GW-9662 + pioglitazone (3 and 10 mg/
kg), (15) carrageenan + GW-9662 + naproxen (1 mg/kg) +
pioglitazone (3 mg/kg), (16 and 17) carrageenan + vehicle
+ naproxen (1 and 10 mg/kg), (18 and 19) carrageenan +
vehicle + pioglitazone (3 and 10 mg/kg), (20) carrageenan
+ vehicle + naproxen (1 mg/kg) + pioglitazone (3 mg/kg).
To detect the ineffective and effective doses of the drugs, a
pilot study was carried out.

Naproxen (1 or 10 mg/kg), pioglitazone (3 or 10 mg/kg),
and their combination were injected i.p half an hour before
carrageenan intra-plantar injection. Combination therapy
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was done, to appraise the interaction between analgesic and
anti-inflammatory activity of naproxen and pioglitazone.
To determine the possible participation of peroxisome
proliferator activated receptor-gamma (PPARY) in the anal-
gesic and anti-inflammatory effect of naproxen (1 and 10
mg/kg; i.p), pioglitazone (3 and 10 mg/kg; i.p) and their
ineffective doses combination, PPARY selective antagonist,
GW-9662 (3 pg/paw) (Ghavimi et al., 2014a), has been
intra-plantarly injected 45 min before carrageenan injection

(Fig. 1).
Carrageenan-induced rat paw edema

Intra-plantar administration of 100 pL of carrageenan (1%)
into the right hind paw of the rats caused paw edema, and the
inflammation level was evaluated by calculating of the paw
volume, using a plethysmometer (Ugo Basile Co., Italy).
Paw edema volume was measured immediately prior to and
1st, 2nd, 3th, 4th, and 5th h after injection of carrageenan.
The mean volume difference of the edema was assessed by
V-V, and was shown as AV. Additionally, percentage of
inflammation was calculated using the following formula
(Muhammad et al., 2012):

(Vt — V0)

Infl tion (%) = 100
nflammation (%) X 70

where V, = the volume (mL) of the right hind paw after
injection of carrageenan in the different time, V = the vol-
ume (mL) of the right hind paw immediately prior to injec-
tion of carrageenan (i.e., initial paw volume), and t=test.

Hot plate test

Carrageenan intra-plantar administration in free-motility rats
causes acute limited paw edema and thermal hyper-nocic-
eption. The original hot plate method was used to assess
the animal pain threshold in this study. Every rat was indi-
vidually placed on the hot plate with a temperature of 55
+ 1 °C and 30 s cut off time to avoid tissue damage. The

latency time for paw licking and jumping on the hot plate
was considered as an animal’s sensitivity to pain. This test
for all groups (n=6 each) was done in 5 repeated times with
1 h interval (immediately prior to (Oth) and 1st, 2nd, 3th,
4th, and 5th h after injection of carrageenan). Analgesia
was quantified as percentage of maximum possible effect
(MPE%), to equalize the bases latency time in different ani-
mals, according to the following formula (YAKSH, 1981):

(TL — BL)

MPE% = 100 X ————
0 (CT — BL)

where MPE = maximum possible effect, BL = base latency
time (i.e., initial (Oth) hot plate latency time), TL = test
latency time, CT = cut off time.

Sampling

One hour after the last test (6 h after carrageenan injection),
the rats were euthanized by decapitation under ketamine-
xylazine deeply anesthesia, and then swollen feet were
removed and stored at —80 °C for measuring myeloperoxi-
dase (MPO) activity and cytokines IL-18, IL-6 and TNF-a
levels. Pads tissue from the right hind paw of the animal
was harvested and tissue homogenate prepared as reported
previously (Haddadi et al., 2020, Malaekehpoor et al., 2020).
Briefly, RIPA buffer containing protease inhibitor cocktail
was used to homogenate tissue and then centrifuged at
10,000 g for 10 min at 4 °C; and the supernatant was gath-
ered and used for the assessment of cytokines.

Myeloperoxidase activity assessment

MPO activity as an indication of neutrophil aggregation
was assessed in the paw tissue as explained before (Abdol-
lahi et al., 2021, Sadeghian et al., 2022). Briefly, paw tissue
homogenized in phosphate buffer (PBS with 0.5% hexade-
cyl-trimethyl-ammonium bromide; pH 6) and centrifuged
and then supernatant was mixed with PBS containing
O-dianisidine and hydrogen peroxide. Finally, hydrochloric

Fig. 1 Schematic representation Transport
of the experimental procedure of animals Injection of Injection of
to lab. GW9662 carrageenan (1%; 100 Hot plate and
(intra-plantar) ~ pL/paw; intra-plantar) Plethysmometer tests
[-2dayjp-120min 45 30 -15 0 60 120 180 300 min >
Adaptation of  fpiection of Naproxen Hot plate and
animals to the (1 & 10 mg/kg; i.p) or Plethysmometer tests
testing Pioglitazone (3 & 10
condition

mg/kg ; i.p) or their

combination
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acid was used to stop reaction and absorption was read at
460 nm, spectrophotometrically.

IL-18, IL-6, and TNF-a assessment by ELISA

Paw tissue levels of IL-18, IL-6, and TNF-o were measured
by enzyme-linked immunosorbent assay kits as explained
before (Kheradmand et al., 2016, Haddadi and Rashtiani,
2020). All protocols are executed according to the manufac-
turer’s instructions (BioLegend, Germany).

Statistical analysis

Statistical analysis was carried out using Graph Pad Prism
Software (version 6, Graph Pad software Inc., San Diego,
CA). Data are presented as means + S.E.M for six rats in
every group. Graphs were drawn by plotting the MPE% for
analgesia and A paw volume for inflammation as a function
of time. The percentage of inflammation was evaluated, as
mentioned above. The area under the percentage of inflam-
mation curves (AUC) was evaluated. Differences between
groups were calculated by two-way ANOVA or one-way

ANOVA with Tukey’s post hoc test, as appropriate. Statisti-
cal difference was regarded as significant at p<0.05.

Results

The effect of naproxen and pioglitazone
on the nociception threshold following intra-plantar
injection of carrageenan in the hot plate test

Intra-plantar injection of carrageenan in rats induced a
time-dependent slow increase in pain (Fig. 2A), so that
latency time for nociception throughout the course of the
test record was decreased significantly (p<0.05 after 4 h
and p<0.01 after 5 h), as shown as percentage of maxi-
mum possible effect (MPE%) in Fig. 2A. The results of
the current study showed that i.p injection of naproxen and
pioglitazone significantly reduced nociception following
carrageenan injection (Fig. 2A, B). Naproxen at the dose of
(10 mg/kg) demonstrated a significant (p<0.001) anti-noci-
ceptive effect, as shown as elevation in MPE% in Fig. 2,
while at a lower dose (1 mg/kg) did not show significant

Fig.2 The analgesic effect of A A ¥ Carr
naproxen 1 and 10 mg/kg (Nap), 604 - iggg 1 éré‘n%; k/i?; )
and B pioglitazone 3 and 10 Control
mg/kg following intra-plantar 501 ek el I
injection of carrageenan (Carr) 404
in the hot plate test in rats. Data
are shown as mean + S.E.M. = 30
of the percentage of maximum =
possible effect (MPE%) (two- E 20-
way ANOVA with repeated =
measurement followed by Tuk- 104
ey’s test, n = 6 rat). ¥*p<0.05,
*#** p<0.001 versus carrageenan 'k REREE
group in the same time group
in the same time, $p<0.05 -10-
versus base line (time=0) of T T r i T
carrageenan, *p<0.05, T*p<0.01 0 1 2 Time (h) 3 4 5
versus control group in the same
time B 60q-e cur
+ Pgl 3 (mg/kg)
504 =& + Pgl 10 (mg/kg)
40+

°\° 304 XK

=

e

-~
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analgesic effect (Fig. 2A). Likewise, pioglitazone at the
dose of (3 mg/kg) did not show significant anti-nociceptive
effect, but at the dose of (10 mg/kg) demonstrated a signifi-
cant (p<0.001) analgesic effect, so that at the higher dose,
naproxen and pioglitazone increased MPE% in a significant
manner (p<0.001) (Fig. 2A, B).

No significant change was seen on the nociceptive effect
of carrageenan in the vehicle-treated group (results are not
shown in the figures).

The effect of combined injection of naproxen
and pioglitazone on the nociception threshold
following intra-plantar injection of carrageenan
in the hot plate test

As illustrated in Fig. 3, the ineffective dose of naproxen
(1 mg/kg) was concurrently injected with pioglitazone (3
and 10 mg/kg), and also an ineffective dose of pioglita-
zone (3 mg/kg) was concurrently injected with the nap-
roxen (1 and 10 mg/kg). Concurrent treatment with an
ineffective dose of naproxen with pioglitazone led to a
significant (p<0.001) increase in MPE% on the hot plate
test (Fig. 3A). So that, combined injection of naproxen
1 mg/kg with pioglitazone 3 or 10 mg/kg resulted in a
significant increase (p<0.001, p<0.05 (1 and 2 h after

Fig.3 The analgesic effect of A

combined injection of naproxen 601 :
(Nap, A) and pioglitazone (B) el
following intra-plantar injection 501 &

of carrageenan (Carr) in the
hot plate test in rats. Data are
shown as mean + S.E.M. of the
percentage of maximum pos-
sible effect (MPE%) (two-way
ANOVA with repeated meas-
urement followed by Tukey’s
test, n = 6 rat). *; p<0.05
Versus carrageenan group in
the same time, *; p<0.05 versus
Carr+Nap10 group in the same

Carr

carrageenan injection); respectively) in the latency time
to nociception in the hot plate test when compared with
their use alone. Similarly, combined treatment with an
ineffective dose of pioglitazone (3 mg/kg) with the nap-
roxenlor 10 mg/kg demonstrated a significant increase in
the analgesic activity of naproxen (1 mg/kg; p<0.001 and
10 mg/kg; p<0.05) in the hot plate test when compared
with their use alone (Fig. 3B). Interestingly, the combina-
tion of two ineffective doses of naproxen (1 mg/kg) and
pioglitazone (3 mg/kg) produced a significant (p<0.001)
analgesic effect and enhanced MPE% in the hot plate test
(Fig. 3A and B).

The effect of PPARy blockade on the analgesic effect
of naproxen and pioglitazone in single or mixed
injection

In the current study, in order to the blockade of the
PPARY, GW-9662 (3 pg/paw) as an antagonist of this
receptor was injected into the right hind paw before car-
rageenan injection. The results showed that injection of
GW-9662 alone, before carrageenan, did not produce
any significant effect on nociception induced by hot plate
when compared with carrageenan group (Fig. 4A). How-
ever, injection of GW-9662 into the right hind paw before
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Fig.4 The role of peroxisome
proliferator activated receptor-
gamma (PPARY) on the
analgesic effect of ineffective
and effective doses of naproxen
(Nap 1 and 10 mg/kg) and
pioglitazone (Pgl 3 and 10 mg/
kg) on the nociception induced
by hot plate in male rats. The
effect of intra-plantar injection
of GW-9662 (3 pg/paw) alone
or before naproxen (A) and
pioglitazone (B), and before
combination of ineffective doses
of naproxen (1 mg/kg) and
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carrageenan). Data are shown
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age of maximum possible effect
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followed by Tukey’s test, n =

6 rat). *; p<0.05 versus car-
rageenan group in the same
time, ***; p<0.001 versus

Q

60+
Carr
+ GW

+ Pgl
+ Pgl
+ Pgl
+ Pgl

50

401

MPE %

3 (mg/kg)
3+ GW
10

10 + GW

carrageenan, Nap 1 or Pgl 3

group in the same time, 77; © N Vv > & “
p<0.001 versus Carr+Pgl 10 Time (h)
or Carr+Nap10 or Carr+Pgl3 C 60- @ carr
+Napl group in the same time - +Gw
+ Pgl3 +Nap 1
50+ +Pgl3+Nap 1 +GW
404
*kk
o =
X 3071 Fedee
= T *_Iif* KAk
& 204 L R
= Tt P ey i
- -
10 T i 1t #t

naproxen and pioglitazone significantly (p<0.001) antago-
nized the analgesic effect produced by naproxen (10 mg/
kg) (Fig. 4A) and pioglitazone (10 mg/kg) (Fig. 4B). So
that, percentage of maximal possible effect (MPE%) of
naproxen and pioglitazone decreased after blockade of
PPARY in a significant manner throughout the all times
of the test (T1; p<0.001 and p<0.01, T2; p<0.001 and
p<0.001, T3; p<0.001 and p<0.01, T4; p<0.001 and p=<0.01
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and T5; p<0.05 and p<0.05, respectively for naproxen and
pioglitazone) (Fig. 4A and B). Additionally, concurrent
injection of GW-9662 with the combination of ineffective
doses of naproxen (1 mg/kg) and pioglitazone (3 mg/kg)
significantly (p<0.001) prevented from increasing effect
of pioglitazone on analgesic effect of naproxen and sig-
nificantly (p<0.001) decreased MPE% of pioglitazone plus
naproxen combination in the hot plate test (Fig. 4C).
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The effect of pioglitazone and naproxen alone
on the inflammation induced by intra-plantar
injection of carrageenan in male rats

Intra-plantar injection of carrageenan in rats induced a time-
dependent slow enhancement in paw volume that maximum
size was seen after 5 h (Fig. 5). The results of the current study
showed that i.p injection of naproxen and pioglitazone mean-
ingfully decreased (p<0.001) paw edema volume subsequent to
carrageenan injection (Fig. 5A-D). Naproxen at the dose of (10
mg/kg) showed a significant (p<0.001) anti-inflammatory effect,
but at lower dose (1 mg/kg) did not demonstrate significant anti-
inflammatory effect (Fig. 5A, B). Likewise, pioglitazone at the
dose of (3 mg/kg) did not show significant anti-inflammatory
effect, while at the dose of (10 mg/kg) produced a significant
(p<0.001) anti-inflammatory effect (Fig. 5C-D), so that at the
higher dose, naproxen and pioglitazone decreased paw edema
volume in a significant manner (p<0.001) (Fig. SA-D).

No significant change was seen on the inflammation-
induced by carrageenan in the vehicle-treated group (results
are not shown in the figures).

The effect of combined injection of pioglitazone
and naproxen on the inflammation induced

by intra-plantar injection of carrageenan in male
rats

As shown in Fig. 6, the ineffective dose of naproxen (1 mg/kg)
was concurrently injected with pioglitazone (3 and 10 mg/kg),
and also an ineffective dose of pioglitazone (3 mg/kg) was con-
currently injected with the naproxen (1 and 10 mg/kg). Concur-
rent treatment with an ineffective dose of naproxen with piogl-
itazone resulted in a significant (p<0.01) decrease in paw edema
volume (Fig. 6A). So that, the combined injection of naproxen 1
mg/kg with pioglitazone 3 or 10 mg/kg resulted in a significant
(p<0.01, p<0.001; respectively) decrease in the percentage of
inflammation when compared with carrageenan group (Fig. 6A).
Similarly, concurrent treatment with an ineffective dose of piogl-
itazone (3 mg/kg) with the naproxen 1 or 10 mg/kg produced
a significant enhancement in the anti-inflammatory activity of
naproxen (p<0.05 and p<0.01, respectively) (Fig. 6C and D).
It is interesting that the combination of two ineffective doses
of naproxen (1 mg/kg) and pioglitazone (3 mg/kg) produced a
significant (p<0.01) anti-inflammatory effect and decreased paw
edema volume following carrageenan injection (Fig. 6C and D).

The effect of PPAR-y blockade
on the anti-inflammatory activity of naproxen
and pioglitazone alone and in combination

To specify the involvement of PPAR-y in the anti-inflam-
matory effect of naproxen and pioglitazone, the irreversible
selective antagonist of PPAR-y, GW-9662 (3 pg/paw), was

administrated into the right hind paw before carrageenan
injection. The results demonstrated that inhibition of PPARY
via administration of GW-9662 alone, before carrageenan,
did not generate a considerable effect on paw edema vol-
ume and percentage of inflammation induced by carrageenan
(Fig. 7). Nevertheless, intra-plantar injection of GW-9662
prior to naproxen and pioglitazone significantly (p<0.01)
inhibited the anti-inflammatory activity of naproxen at the
dose 10 mg/kg (Fig. 7A and B) and pioglitazone at the dose
10 mg/kg (Fig. 7C and D). So that, paw edema volume of
naproxen and pioglitazone groups increased after block-
ade of PPAR-y and percentage of inflammation enhanced
(»<0.01) in a significant manner (Fig. 7D). Also, concurrent
administration of GW-9662 with the combination of ineffec-
tive doses of naproxen (1 mg/kg) and pioglitazone (3 mg/kg)
significantly (p<0.05) prevented from augmentation effect
of pioglitazone on anti-inflammatory activity of naproxen
(Fig. 7E and F).

The effect of pioglitazone, naproxen and PPAR-y
blockade on the carrageenan induced MPO activity
and inflammatory cytokines levels

Intra-plantar carrageenan injection significantly enhanced
(p<0.001) the paw tissue activity of MPO in comparison
with intact animals. Also, acute treatment with naproxen
(10 mg/kg; i.p), pioglitazone (10 mg/kg; i.p) and combi-
nation of the non-effective doses of naproxen (1 mg/kg)
plus pioglitazone (3 mg/kg) after carrageenan markedly
decreased MPO activity (p<0.001, p<0.01 and p<0.01;
respectively). Additionally, pretreatment with GW-9662 (3
pg/paw, intra-plantar) meaningfully abolished (p<0.05) the
decreasing effect of naproxen (10 mg/kg), pioglitazone (10
mg/kg) and their non-effective doses combination on the
MPO activity in the paw tissue of rats (Fig. 8A). Intra-
plantar injection of GW-9662 alone did not show any effect
on the MPO activity.

On the other hand, the release of inflammatory
cytokines such as TNF-a, IL-6, and IL-18 following intra-
plantar injection of carrageenan significantly augmented
(»<0.001) in the paw tissue of inflamed rats when com-
pared with intact animals. Acute treatment with naproxen
(10 mg/kg; i.p), pioglitazone (10 mg/kg; i.p) and com-
bination of the non-effective doses of naproxen (1 mg/
kg) plus pioglitazone (3 mg/kg) after carrageenan consid-
erably attenuated release of TNF-a (p<0.001, p<0.001,
and p<0.01; respectively), IL-6 (»p<0.001, p<0.001, and
p<0.001; respectively), and IL-18 (p<0.001, p<0.001,
and p<0.01; respectively). Furthermore, pretreatment
with GW-9662 (3 pg/paw, intra-plantar) significantly sup-
pressed (p<0.05) the attenuating effect of naproxen (10
mg/kg), pioglitazone (10 mg/kg), and their non-effective
doses combination on the levels of TNF-a (p<0.001,

@ Springer



1640

Naunyn-Schmiedeberg's Archives of Pharmacology (2024) 397:1633-1646

Fig.5 Anti-inflammatory effect
of naproxen 1 and 10 mg/kg (A
and B) and pioglitazone 3 and
10 mg/kg (C and D) following
carrageenan (Carr)-induced paw
edema in rats. Data are shown
as mean + S.E.M. of paw
volume (AV) in Fig. 4A and C
and percentage of inflammation
in Fig. 4B and D (one-way (B
and D) and two-way (A and C)
ANOVA with repeated meas-
urement followed by Tukey’s
test, n = 6 rat). *; p<0.05, **;
p<0.01, ***; p<0.001 versus
carrageenan group in the same
time, **; p<0.01, **: p<0.001
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Fig.6 Anti-inflammatory
effect of combined injection of
ineffective doses of naproxen
(Nap 1 mg/kg; A and B) and
pioglitazone (Pgl 3 mg/kg; C
and D) following carrageenan
(Carr)-induced paw edema in
rats. Data are shown as mean
+ S.E.M. of paw volume (AV;
A and C) and percentage of
inflammation (B and D) (one-
way (B and D) and two-way (A
and C) ANOVA with repeated
measurement followed by Tuk-
ey’s test, n = 6 rats). *; p<0.05,
*#*: p<0.01, **%; p<0.001 versus
carrageenan group in the same
time, *; p<0.05, #. p<0.01, i,
p<0.001
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Fig.7 The role of peroxisome proliferator activated receptor-gamma
(PPAR-y) on the anti-inflammatory activity of ineffective and effec-
tive doses of naproxen (Nap 1 and 10 mg/kg) and pioglitazone (Pgl
3 and 10 mg/kg) alone and in co-administration, on the paw edema
volume and inflammation induced by carrageenan in male rats. The
effect of intra-plantar injection of GW-9662 (3 pg/paw) alone or
before naproxen (A and B) and pioglitazone (C and D), and before
co-administration of ineffective doses (E and F) of naproxen (1 mg/
kg) and pioglitazone (3 mg/kg) on paw edema volume and percent-
age of inflammation, following intra-plantar injection of carrageenan

p<0.01, and p<0.05; respectively), IL-6 (p<0.001,
p<0.001, and p<0.01; respectively), and IL-186 (p<0.001,
p<0.01, and p<0.01; respectively) in the paw tissue of
rats (Fig. 8B-D). Intra-plantar injection of GW-9662
alone did not show any effect on the TNF-a, IL-6, and
IL-18 levels.

@ Springer

(Carr) in the male rats. GW-9662 (GW) was injected 15 min prior
to naproxen or pioglitazone (45 min before carrageenan). Data are
shown as mean + S.E.M. of paw edema volume (AV; A, C, and E)
and percentage of inflammation (B, D, and F) (one-way (B, D, and
F) and two-way (A, C, and E) ANOVA with repeated measurement
followed by Tukey’s test, n = 6 rat). *; p<0.05, **; p<0.01, ***;
p<0.001 versus carrageenan group at the same time, f p=<0.05 versus
carr+Nap10+GW group at the same time. #, p=<0.05, . p<0.01, .
p<0.001

Discussion

The current study indicated that naproxen (COX-1and2
inhibitor) and pioglitazone (PPAR-y activator) decreased
nociception and paw edema volume in a time-dependent
manner following carrageenan intra-plantar injection in rats.
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Fig.8 Involvement of peroxisome proliferator activated receptor-
gamma (PPAR-y) on the paw tissue levels of A MPO activity, B
TNF-a, C IL-6, and D IL-18 following intra-plantar injection of
carrageenan (Carr) in the rats treated with naproxen (Nap 10 mg/
kg), pioglitazone (Pgl 10 mg/kg), and their non effective doses com-
bination. GW-9662 (GW) was injected 15 min prior to naproxen or

Carrageenan-induced hyperalgesia has been mainly used
as a model to investigate pain sensory mechanisms, particu-
larly inflammatory pain (Bach-Rojecky and Lackovic, 2005,
Kwon et al., 2014). Results of the present study showed that
intra-plantar injection of carrageenan caused a time dependent
decrease in the paw withdrawal latency time as well as MPE%
in the rat on hotplate. So, after 5 h, the perception of the pain
significantly increased when compared to the beginning of the
test. This is totally in accordance with previous study reported
carrageenan-induced hyperalgesia (Bach-Rojecky and Lacko-
vic, 2005, Kwon et al., 2014). The findings of the current
study demonstrated that naproxen and pioglitazone signifi-
cantly and time-dependently decreased carrageenan-induced
hyperalgesia. These results are in line with previous studies
reported the analgesic effect of naproxen and pioglitazone

pioglitazone (45 min before carrageenan). Data are shown as mean
+ S.E.M. (two-way ANOVA with repeated measurement followed by
Tukey’s test, n = 6 rat). *; p<0.05, **; p<0.01, ***; p<0.001 ver-
sus carrageenan group, T; p<0.05, f1; p<0.01, fi¥; p<0.001. ###;
p<0.001 versus intact group

(Derry et al., 2009, Morgenweck et al., 2013, Ghavimi et al.,
2014b). According to literature, the present study is the first
report to demonstrate that concurrent injection of naproxen
and pioglitazone at small doses, which illustrated no analge-
sic effect when injected alone, resulted in additive analgesic
activity in the carrageenan-induced hyperalgesia in rats.
Furthermore, in the current study, the possible involvement
of PPAR-y was investigated in the analgesic effect of naproxen
and pioglitazone or their combination. Previously, it has been
shown that COX inhibitors such as indomethacin can activate
PPAR-y transcription factor (Maruyama et al., 2022). Earlier
reports have indicated that reduction of COX-2 and TNF-o and
also increasing of PPAR-y and IL-10 are participated in the
analgesic activity of NSAIDs and several agonists of PPAR-y in
different pain models (Maeda and Kishioka, 2009, Maruyama
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et al., 2022). According to the findings of this study, PPAR-y
involved in the analgesic activity of naproxen and pioglitazone.
The analgesic effect of pioglitazone and naproxen were sup-
pressed by GW-9662, the selective PPAR-y inhibitor. Also, the
increased analgesic activity of the combination of ineffective
doses of them was prevented by GW-9662. This is feasible just
if there is a connection among COX and PPAR-y. Similar effect
has already been reported in other inflammatory pain models
(Churi et al., 2008, Hasegawa-Moriyama et al., 2013, Alsalem
etal., 2016). In accordance with the results of the present study,
it has been shown that single injection of pioglitazone prevented
hyperalgesia which was suppressed by GW-9662 (Morgenweck
et al., 2013, Griggs et al., 2015). In this regard, in agree with
our results, it has been already demonstrated that intrathecal
injection of rosiglitazone (PPAR-y agonist) and 15d-PGJ2
(15-deoxy-prostaglandin J2; natural PPAR-y agonist) reduced
cold hypersensitivity in a neuropathic pain model in rat, which
was also inhibited by BADGE (PPAR-y antagonist) (Churi
et al., 2008). Also, Hasegawa et al. reported that rosiglitazone
decreased inflammatory pain via up-regulation of heme oxy-
genase-1 in macrophage (Hasegawa-Moriyama et al., 2013).
In another study, Alsalem et al. presented that ibuprofen (COX
inhibitor) reduced thermal hyper-nociception via PPAR-y acti-
vation and GW9662 meaningfully decreased the analgesic
effects of ibuprofen (Alsalem et al., 2016), which is totally in
line with the finding of the current study.

Another important finding of the present study was that
naproxen and pioglitazone decreased carrageenan-induced
paw edema and inflammation in a time-dependent manner.
The inflammation caused by carrageenan has been defined
as a biphasic phenomenon. The first stage is seen about
1 h, which is associated with the secretion of histamine,
bradykinin, serotonin, and, in a lower level, prostaglandins
released by COX. On the other hand, the second stage (after
1 h) is related to infiltration of neutrophils, and more pros-
taglandin secretion (Vinegar et al., 1969).

Carrageenan-induced inflammation is very susceptible to
NSAIDs and serves as a practical test to detect novel anti-
inflammatory drugs (Wallace et al., 1999). Results of the
current study demonstrated that intra-plantar injection of
carrageenan caused a time-dependent increase in the paw
edema volume as well as inflammation% in the rat. This is
totally in line with previous studies (Wallace et al., 1999, Li
et al., 2015). The findings of the present study illustrated that
acute pre-treatment with naproxen or pioglitazone signifi-
cantly and time-dependently attenuated carrageenan-induced
paw edema volume. Also, our results demonstrated that MPO
activity and levels of TNF-a, IL-6, and IL-18 as the pro-
inflammatory mediators significantly increased following
carrageenan injection in the inflamed paw tissue. On the
other hand, naproxen and pioglitazone markedly reduced car-
rageenan-induced MPO activity and the releasing of inflam-
matory cytokines. These findings agree with earlier studies
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reported the anti-inflammatory activity of COX inhibitors
and PPAR-y agonists (Jiang et al., 1998, Wallace et al., 1999,
Charkhpour et al., 2015). Based on our knowledge, no reports
have yet been provided on the additive anti-inflammatory
activity of concurrent injection of the low doses of these
drugs and the current study is the first report in this area.

Additionally, the possible interaction of PPAR-y was
evaluated in the anti-inflammatory activity of naproxen and
pioglitazone or their combination. Based on the results of
the current investigation, PPAR-y participated in the anti-
inflammatory activity of naproxen and pioglitazone. The
anti-inflammatory activity of pioglitazone and naproxen was
prevented by GW-9662. Also, the additive anti-inflammatory
activity of the combination of ineffective doses of these drugs
was suppressed by GW-9662. Furthermore, PPAR-y blockade
by GW-9662 significantly prevented suppressive effects of
naproxen and pioglitazone on the MPO activity and TNF-a,
IL-6, and IL-18 as inflammatory cytokines. Similar effect has
already been reported in other inflammatory models by other
researchers. In relating PPAR possible role in inflammation,
a study has shown some evidences for anti-inflammatory
function of 15d-PGJ2 and PGD?2 in a rat model of pleural
inflammation induced by carrageenan (Gilroy et al., 1999).
Also, it has been reported that indomethacin upregulate per-
oxisome proliferator-activated receptors -y (Maruyama et al.,
2022). Macrophages express a large amount of PPARs, which
has been proven to have an important role in the activation
and differentiation of monocytes and in the adjustment of
inflammatory activities (Jiang et al., 1998, Tontonoz et al.,
1998). Some reports have shown that PPAR agonists prevent
inflammatory responses of macrophage (Jiang et al., 1998,
Ricote et al., 1998). Also, thiazolidinediones and 15d-PGJ2
suppress release of several inflammatory cytokines (such as
IL-18, IL-6, and TNF) (Jiang et al., 1998, Ricote et al., 1998).
In agree with the results of the current study, it has been illus-
trated that injection of rosiglitazone attenuated inflammation
induced by zymosan, but this anti-inflammatory activity was
suppressed by GW-9662 (Cuzzocrea et al., 2004). Similarly,
it has been reported that rosiglitazone decreased lipopolysac-
charide-induced pulmonary inflammation in an endotoxemia
model through reduction of myeloperoxidase, TNF-a, and
nuclear factor-kappa B, but GW9662 abrogated these effects
(Liu et al., 2005). Also, 15d-PGJ2 decreased organ injury fol-
lowing hemorrhage shock, while GW-9662 abolished its pro-
tective effects (Abdelrahman et al., 2004). In another study,
it has been indicated that 15d-PGJ2 decreased the progress
of chronic and acute inflammation via down regulation of
COX-2 in the joints of carrageenan-injected mice (Cuzzo-
crea et al., 2002). Furthermore, in a recent study, it has been
reported that indomethacin decreased carrageenan-induced
paw edema and GW9662 attenuated the anti-inflammatory
activity of indomethacin (Houshmand et al., 2016), which is
totally in agree with the result of the current study.
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Finally, according to the results, it can be suggested that
PPAR-y has an important role in the analgesic and anti-
inflammatory activity of naproxen. Also, based on the above
mentioned and pivotal role of cytokines in the inflammation
and inflammatory pain, it can be postulated that the analge-
sic and anti-inflammatory activity of naproxen-pioglitazone
are associated to the capability to decrease the production
of cytokine. The authors suppose that cardiovascular safety
of naproxen seems to be mediated possibly through PPAR-y
activation pathway.

Conclusion

The results of the current study demonstrated that intra-plantar
injection of carrageenan caused hyperalgesia and inflammation
in the hind paw of the rat. Naproxen and pioglitazone showed
analgesic and anti-inflammatory activity following carrageenan
injection. Also, combination therapy with low-doses of naproxen
and pioglitazone produced additive analgesic and anti-inflam-
matory activity. Interestingly, GW9662, selective antagonist of
PPAR-y, attenuated analgesic and, anti-inflammatory activity
of these drugs and their combination. Therefore, these effects
appear to be evoked through a PPARy-dependent pathway. The
findings demonstrate that pioglitazone can increase the effects
of naproxen and permit the dose of NSAIDs to be decreased
for overcome pain and inflammation clinically, particularly in
patients with cardiovascular disorders and diabetes. Pioglitazone
may be developed as a beneficial drug candidate for control of
pain and inflammation in the future, although more clinical
evaluation should be carried out to prove these effects.
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