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The anti-inflammatory effect of diclofenac is considerably
augmented by topical capsaicinoids-containing patch
in carrageenan-induced paw oedema of rat
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Abstract Nonsteroidal anti-inflammatory drugs (NSA-
IDs) are the most used drugs in musculoskeletal disorders,
but their systemic adverse effects limit their therapeutic
benefit in local inflammation. On the other hand, topical
preparations of capsaicinoids are widely used for muscu-
loskeletal disorders as a complementary therapy. In this
study, the effects of both topical capsaicinoids-containing
patch and local subcutaneous capsaicin application on the
anti-inflammatory action of NSAID were examined. Car-
rageenan-induced paw oedema of rats was used as the
inflammation model. The volume and weight of the paw
oedema and plasma extravasation in the paw were deter-
mined after carrageenan injection. The systemic
application of diclofenac (3 mg/kg), which is an NSAID,
significantly decreased the volume and weight of the paw
oedema. Topical capsaicinoids-containing patch applica-
tion or local capsaicin injection (2, 10, 20 pg/paw) alone
did not cause any effect on oedema volume and weight.
However, the combination of diclofenac with topical
capsaicinoids-containing patch significantly increased the
effectiveness of diclofenac on inflammation. Evans blue
content of the paws that represents plasma extravasation
was decreased by capsaicinoids-containing patch with and
without diclofenac and diclofenac combination with the
lowest dose of capsaicin injection. The results of this study
indicate that topical application of capsaicinoids-contain-
ing patch enhances the anti-inflammatory effect of
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diclofenac and its beneficial effect may not purely relate to
its capsaicin content. In the treatment of local inflammatory
disorders, the combination of NSAID with topical capsa-
icinoids-containing patch could increase the anti-
inflammatory efficiency of drug without systemic side
effects.
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Introduction

Nonsteroidal anti-inflammatory drugs (NSAIDs) are most
commonly used to treat acute and chronic inflammations
(Rao and Knaus 2008). Their therapeutic efficiency in
systemic application could be insufficient in tissues with
poor circulation. On the other hand, chronic and high-dose
administrations of NSAIDs could cause serious side effects
(Vonkeman and van de Laar 2010). Therefore, interven-
tions to increase local efficiency are sometimes needed.
Topical preparations of NSAIDs were approved, but there
are questions about their clinical effectiveness. Individual
differences to the response of drugs, skin side effects and
uncorrelated levels of systemic and tissue NSAIDs con-
centrations are problems of topical therapy that still wait to
be solved (Haroutiunian et al. 2010).

Capsaicin is the major pungent ingredient of hot pep-
pers. Capsicum oleoresin is the alcoholic extract of peppers
that contains capsaicin, dihydrocapsaicin, nordihydrocap-
saicin, homocapsaicin, homodihydrocapsaicin etc., all of
which are called capsaicinoids (Szolcsanyi 2004; Luo et al.
2011; Watanabe et al. 2011). Capsaicinoids have several
pharmacological effects such as analgesia, anti-inflamma-
tion, anticancer, antioxidant and antiobesity (Luo et al.
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2011). Capsaicin-containing patches and ointments are
administered topically as an adjuvant analgesic in a variety
of chronic painful diseases, including osteoarthritis, post-
herpetic neuralgia, rheumatoid arthritis, post-mastectomy
pain syndrome and diabetic neuropathy (Papoiu and Yos-
ipovitch 2010; Anand and Bley 2011; Altman and Barthel
2011). Topical capsaicin application by acting on noci-
ceptors of sensory neurons causes the secretion of various
neuropeptides, which produces neurogenic inflammation
characterized by vasodilatation and extravasation. After
repeated, prolonged or high-dose application of capsaicin,
neuronal desensitization occurs to various noxious stimuli,
which is the mainstay of its analgesic activity (Steinhoff
et al. 2003; Zegarska et al. 2006; Okajima and Harada
2006). Capsaicin-induced inflammation and anti-inflam-
matory effect of capsaicin were also reported (Wallengren
and Moller 1986; Joe and Lokesh 1997; Kim et al. 2003;
Manjunatha and Srinivasan 2006). It has been discussed
that neuronal desensitization was responsible for its anti-
inflammatory and analgesic effects as mentioned above.

The carrageenan-induced paw oedema of the rat is
widely used to assess the anti-inflammatory effects of drugs
(Vinegar et al. 1969; Garcia Leme et al. 1973; Morris
2003). Diclofenac is one of the most commonly prescribed
NSAID with anti-inflammatory, analgesic and antipyretic
properties (Gan 2010). However, the interaction between
NSAIDs and capsaicinoids was not investigated in local
inflammation. In the present study, the effects of topical
capsaicinoids-containing patch and local capsaicin appli-
cations on the anti-inflammatory action of diclofenac were
examined in the rat model of carrageenan-induced paw
oedema.

Methods
Animal care and experimental protocol

All experiments were carried out in compliance with the
National Institute of Health Guide for the Care and Use of
Laboratory Animals. The experimental procedure was
approved by the Local Ethical Committee of Animal Care
and Use of Ankara University. Female Wistar albino rats
weighing 200-300 g were used in the experiments. The
animals were housed in an air-conditioned room with
21 £ 1 °C ambient temperature under a 12-h light/dark
cycle, where they had unlimited access to standard rat
chow and water. Inflammation was induced by carrageenan
in all of the rats and they were divided into ten groups
randomly—(1) control: no therapy was given or only pat-
ches with no drug content were applied; (2) diclofenac:
diclofenac (3 mg/kg) was injected intramuscularly;
(3) patch: capsaicinoids-containing patch was applied;
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(4) patch + diclofenac: capsaicinoids-containing patch
was applied and diclofenac was injected intramuscularly;
(5) capsaicin 2 pg: capsaicin 2 png was injected into the
paw; (6) capsaicin 2 pg + diclofenac: capsaicin 2 pg was
injected into the paw and diclofenac was injected intra-
muscularly; (7) capsaicin 10 pg: capsaicin 10 pg was
injected into the paw; (8) capsaicin 10 pg + diclofenac:
capsaicin 10 pg was injected into the paw and diclofenac
was injected intramuscularly; (9) capsaicin 20 pg: capsai-
cin 20 pg was injected into the paw; (10) capsaicin
20 pg + diclofenac: capsaicin 20 pg was injected into the
paw and diclofenac was injected intramuscularly.

Inflammation was obtained using the carrageenan-
induced paw oedema model of rat. Carrageenan was sus-
pended in saline (%1 w/v) and injected intraplantarly
(1 mg/0.1 ml/paw) in the right hind paws of all the rats.
The same volume of saline was injected into the left hind
paws of all the animals. The carrageenan injection time
was regarded as zero. 90 min after carrageenan injection,
diclofenac (3 mg/kg) was injected into the left thigh of the
rats intramuscularly.

Capsicum oleoresin-containing patches (approximately
260 pg capsicum oleoresin and 20 pg capsaicin in 1.2 cm
diametric circular patch) were applied to the right hind
paws of the rats in the patch and patch + diclofenac groups
after carrageenan injection. Patches with no drug content
were applied to the left hind paws of the rats in the patch
and patch + diclofenac groups and to the right and left
hind paws of the rats in the diclofenac group. In a different
day of the study, control animals of each day were included
in the experiment for the assessment of carrageenan effi-
ciency. When the patch group was examined, patches with
no drug were applied to the control animals. At the end of
the study, the values of the control animals in different
working days were not different and pooled together.

Capsaicin was dissolved in a solution composed of 80 %
saline, 10 % ethanol and % 10 tween 80 and injected
subcutaneously (2, 10 or 20 pg/20 pl/paw) in the right hind
paws of the rats. The same volume of the vehicle solution
was injected into the left hind paw. Capsaicin or its vehicle
was administered immediately after carrageenan injection.

The volumes of both hind paws were measured using a
plethysmometer (Ugo Basile 7140, USA) in all groups at
the 0, 180, 270 and 360th min. If a patch was applied, it
was removed before the measurement and reapplied after
drying the paw. The volume difference between right and
left paws was regarded as paw oedema volume.

Plasma extravasation was measured using Evan’s blue
method as described with modifications (Saria 1984). Rats
were anaesthetized with an intraperitoneal injection of
ketamine (80 mg/kg) + xylazine (10 mg/kg). Evans blue
dye at a dose of 60 mg/kg was administered by intracardiac
injection at the 345th min. After the paw volume
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measurements at the 360th min, the left carotid artery was
cut and the rats were killed by exsanguination, then both
hind paws were cut at the wrist joint. The paws were
weighed immediately to determine wet weights. The paws
were dried by incubation at 56 °C for 48 h and weighed
again determining the dry weights. The difference between
the wet weight and dry weight of an individual paw was
regarded as the fluid mass of that paw and the difference of
the fluid masses of the right and left paw was regarded as
the paw oedema weight. Paws were incubated in form-
amide at 56 °C for 48 h, to extract the extravasated Evan’s
blue. The absorbance of the extracted dye was determined
spectrophotometrically at 620 nm, and the concentration
was calculated using a standard absorbance curve obtained
from known concentrations of Evans blue in formamide.
Results are expressed as pg dye/mg dry tissue of the paw.

Chemicals

Carrageenan (A type 1) and capsaicin (product number:
21750 LOT: 1437650) were purchased from Sigma Aldrich
(St. Louis, MO, USA). Capasicum oleoresin-containing
patches were obtained from Sanli Drug Industries (Tur-
key), diclofenac (Dikloron) was from Deva Drug Company
(Turkey) and formamide was from Flucka, Switzerland.

Statistical analysis

Values are expressed as mean & SEM. Statistical analysis
was performed using SigmaPlot (Systat Software Inc., San
Jose, CA, USA), version 11 for Windows. The time course
of the paw oedema was compared by using repeated
measures of two-way ANOVA and, if a statistically sig-
nificant difference was found, further comparisons were
made using the Holm-Sidak test. The paw oedema weight
and Evans blue content were compared between groups
using Student’s ¢ test. Values were considered significantly
different when p < 0.05.

Results

In the beginning of the experiments, rats’ weight was
measured and there were no differences between groups.
Immediately after the carrageenan injection, the paw vol-
umes of rats were similar in all groups at time point zero.
The time courses of the paw oedema of all the groups are
shown in Fig. 1.

Diclofenac alone significantly decreased the paw oedema
volume at the 180th min (0.59 £ 0.04 ml in the control and
0.39 £ 0.05 ml in diclofenac groups) and 270th min
(0.67 £ 0.05 ml in control and 0.35 & 0.06 ml in the dic-
lofenac groups) (p < 0.05), but the oedema formation in the

Paw Edema Volume (ml)

0 90 180 270 360
Time (minute)

Fig. 1 Effects of diclofenac, patch and capsaicin on the carrageenan-
induced paw oedema volume of rats. Patch application potentiated
diclofenac-induced decrease in paw oedema volume. C control,
D diclofenac, P patch, Cp2 capsaicin 2 pg, Cpl0 capsaicin 10 pg,
Cp20 capsaicin 20 pg. Values are expressed as mean = SEM
(n =10-17)

360th min was not affected by diclofenac (Fig. 2). On the
other hand, diclofenac with capsaicinoids-containing patch
significantly decreased the oedema volume greater than the
control and diclofenac groups at the 180th min
(0.18 = 0.08 ml in patch 4 diclofenac group) and at the
360th min (0.61 £ 0.05 ml in control, 0.35 £ 0.08 ml in
diclofenac and 0.11 £ 0.06 ml in patch + diclofenac
groups) (p < 0.05) (Fig. 2). It was hypothesized that cap-
saicin would be responsible for this effect, because capsaicin
is the main active substance in capsaicinoids-containing
patch. The combination of diclofenac with different doses of
capsaicin also caused inhibition of oedema formation, but it
was not different from diclofenac alone (Fig. 2). Patch or
three doses of capsaicin application without diclofenac did
not alter oedema formation at all time points of the experi-
ments (Fig. 2).

The application of diclofenac caused a significant
decrease in paw oedema weight (413.24 £+ 36.50 mg in
control and 242.00 £ 37.36 mg in diclofenac groups)
(p < 0.05) (Fig. 3). The combination of diclofenac with
patch, capsaicin 2 and 10 pg also significantly reduced
oedema weight, but they were not different from diclofenac
alone group. The oedema weights of other groups were not
different from the control (Fig. 3).

Evans blue molecule binds to albumin with a very high
affinity; therefore, the concentration of Evans blue is highly
correlated with tissue albumin content that is elevated by
vascular permeability increase. Thus, the Evans blue con-
centration of tissue is an index of plasma extravasation that
represented the last 15 min of permeation in the present
study. Patch and diclofenac with patch and capsaicin (2 pg)
applications significantly decreased tissue Evans blue
content of the inflamed right paws (33.08 £ 2.620 pg/mg
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Fig. 2 Effects of diclofenac, 1,0 - .
patch and capsaicin on the 180th min
carrageenan-induced paw E
oedema volume of rats at = 0,81
different time points. While g
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in the 180th and 270th min, z
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patch significantly inhibited % !
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10 pg, Cp20 capsaicin 20 pg. 0,0 Ko : x
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in control, 22.64 + 1.91 pg/mg in patch, 17.10 £ 1.89 pg/
mg in patch 4 diclofenac and 25.39 &+ 0.90 pg/mg in
capsaicin 2 pg + diclofenac groups) (p < 0.05) (Fig. 4).
Evans blue content of the other groups was not different
from that of the control (Fig. 4).

Discussion
The results of this study show that the anti-inflammatory

action of diclofenac in the carageenan-induced paw
oedema of rats is significantly augmented by topical

@ Springer

applications of capsaicinoids-containing patch, but not by
local capsaicin injection.

Inflammation is fundamentally a protective response
designed to relieve and repair tissues from damage, such as
that by microbes, toxins and trauma. The mechanism
designed to destroy foreign invaders and necrotic tissues
has an intrinsic ability to injure normal tissues. A variety of
mediators are released during the inflammation including
prostaglandins, histamine, serotonin, kinin peptides, leu-
kotrienes, platelet-activating factor, reactive oxygen
species, nitric oxide, chemokines and cytokines (Cotran
et al. 2009). Inappropriately directed or controlled
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Fig. 3 Effects of diclofenac,
patch and capsaicin on the
carrageenan-induced paw
oedema weight of rats.
Diclofenac alone and
combination of patch or
capsaicin significantly
prevented paw oedema weight
(p < 0.05). C control,

D diclofenac, P patch, Cp2
capsaicin 2 pg, Cpl0 capsaicin
10 pg, Cp20 capsaicin 20 pg.
Differences from control (¥)
group. Values are expressed as
mean + SEM (n = 9-17)
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Paw Edema Weight (mg)

100 -

Fig. 4 Effects of diclofenac,
patch and capsaicin on the tissue
Evans blue content of the right
paw. Although diclofenac has
no effect on tissue Evans blue
content, application of patch,
patch with diclofenac and
capsaicin with diclofenac
significantly decreased dye
concentration in paws

(p < 0.05). C control,

D diclofenac, P patch, Cp2
capsaicin 2 pg, Cpl0 capsaicin
10 pg, Cp20 capsaicin 20 pg.
Differences from control (*) and
diclofenac (+4) groups. Values
are expressed as mean += SEM

(n = 6-16)
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inflammation causes disease and the therapy usually targets
the inhibition of synthesis or effects of substances that
mediate inflammatory reactions. NSAIDs are the most
commonly used drugs (Rao and Knaus 2008). NSAIDs
decrease prostanoid production due to inhibition of cyclo-
oxygenase enzymes and effectively influence the
inflammation (Rao and Knaus 2008; Ricciotti and Fitz-
Gerald 2011). However, serious side effects limited their
therapeutic effectiveness (Vonkeman and van de Laar
2010). Especially in some musculoskeletal disorders,
because of poor circulation in inflamed tissue, insufficiency
of therapeutic benefit was obscure and high doses and long
periods of application were needed. The topical application
of these drugs is one of the methods used for avoiding side
effects. On the other hand, it has been reported that the
topical application of NSAIDs had several therapeutic
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problems such as uncorrelated tissue and systemic con-
centrations, individual differences in efficacy and side
effects on the skin (Haroutiunian et al. 2010; Altman and
Barthel 2011). Because of all these problems, treatment of
local musculoskeletal inflammation needs further
approach.

Carrageenan-induced pathology in tissues is docu-
mented as an inflammation and widely used as an
experimental model to study the pathogenesis and thera-
peutic approach of inflammatory diseases (Vinegar et al.
1969; Garcia Leme et al. 1973; Manjunatha and Srinivasan
2006). Intraplantar injection of carrageenan into the rat
paw causes inflammatory oedema. Diclofenac is frequently
used as the reference drug for evaluating the anti-inflam-
matory effect of other treatment modalities in this animal
model (Gan 2010). After the application of diclofenac, the
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paw oedema volume decreased at the 180th and 270th min
in our study. However, the oedema volume and the tissue
Evans blue content were not significantly altered by dic-
lofenac at the 360th min, and decreased oedema weight
was recorded.

Hot peppers contain several capsaicinoids including
capsaicin, dihydrocapsaicin, nordihydrocapsaicin, homo-
capsaicin and homodihydrocapsaicin (Szolcsanyi 2004;
Luo et al. 2011; Watanabe et al. 2011). Capsaicinoids-
containing patches without a prescription are used for
treatment of musculoskeletal pain as a complementary
therapeutic. Although NSAIDs and patches have been used
separately, the interaction of NSAIDs with capsaicinoids-
containing patches was not examined. The present study
firstly showed that the action of diclofenac on inflammation
was potentiated by topical capsaicinoids-containing patch
in rat paw oedema models of inflammation.

Capsaicin is the major pungent ingredient in capsaici-
noids (Szolcsanyi 2004; Luo et al. 2011; Watanabe et al.
2011). It has been described that capsaicin has a variety of
pharmacological effects such as analgesia, anticancer,
antioxidant and antiobesity (Luo et al. 2011). Topical
capsaicin application was approved as an analgesic in a
variety of chronic painful diseases, including osteoarthritis,
post-herpetic neuralgia, rheumatoid arthritis, post-mastec-
tomy pain syndrome and diabetic neuropathy (Papoiu and
Yosipovitch 2010; Anand and Bley 2011; Altman and
Barthel 2011). Topical capsaicin application in the begin-
ning causes pain, but repeated, prolonged or high-dose
applications induce neuronal desensitization and prevent
signal transmission, thus ending pain (Steinhoff et al. 2003;
Zegarska et al. 2006; Okajima and Harada 2006). In
addition, the anti-inflammatory effect of capsaicin and
capsaicin-triggered inflammation were also reported
(Wallengren and Moller 1986; Joe and Lokesh 1997; Kim
et al. 2003; Manjunatha and Srinivasan 2006). In our study,
the capsaicin content of the applied patches was approxi-
mately 20 pg and there were no data on the bioavailability
of the topical capsaicin in rat skin. Thus, this and smaller
doses of capsaicin were selected. Local subcutaneous
injections of capsaicin without diclofenac did not change
oedema volume, weight and plasma extravasation of the rat
paw in the present study. In addition, a combination of
diclofenac with a local injection of capsaicin did not show
a different effect from diclofenac alone on carrageenan-
induced inflammation in the current study. Different effects
of capsaicin on inflammation were described in previous
studies as mentioned above, but experimental protocols and
models were completely different from our study. Because
of using different doses, timing, applications and models, it
is difficult to compare the data and understand the nature of
capsaicin action. Further studies are needed for clarifying
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the dose and time-dependent effects of capsaicin on
inflammation in different experimental models.

Capsaicinoids-containing patch comprise various active
carotenoids and phenolic compounds such as vitamins A
and C, lutein, lycopene, [-cryptoxanthin, [B-carotene,
quercetin, catechin, rutin, vanillin and gallic, protocatechic,
ferulic, coumaric, sinapinic and caffeic acids (Wilbur 2007;
Troconis-Torres et al. 2012). Most of these substances
exhibit antioxidant properties which may cause anti-
inflammatory action (Guo et al. 2009; Zhang et al. 2011).
Thus, it is posited that the beneficial effect of topical
capsaicinoids-containing patch on anti-inflammatory
actions of NSAID may depend on another active sub-
stance(s) in red pepper. This hypothesis is supported by the
study that reported the anti-inflammatory action of pepper
juice (Spiller et al. 2008). However, further studies to
elucidate localization (local or systemic) of interaction and
molecular mechanism(s) behind the synergy of the capsa-
icinoids-containing patch and diclofenac are needed.

All these results indicate that capsaicinoids-containing
patch augments anti-inflammatory action of diclofenac in
carrageenan-induced rat paw oedema and its beneficial
effect might be related to other active substance(s) of red
peppers in the patch. Determining the active sub-
stance(s) and molecular mechanism of interaction may lead
to the development of novel strategies for the effective
treatment of localized inflammation with NSAIDs without
side effects.
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