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Zingerone Mitigates Carrageenan-Induced
Inflammation Through Antioxidant
and Anti-inflammatory Activities

SaeedMehrzadi,1 Hamidreza Khalili,2 Iman Fatemi,3 AlirezaMalayeri,2,4 Amir Siahpoosh,5 and
Mehdi Goudarzi 5,6

Abstract— Inflammation is the body’s response against various pathogens and has a cr-
itical role in numerous diseases. Zingerone (Zing), a bioactive substance derived from ginger
root, has a variety of pharmacological properties, such as reducing inflammation, and anti-
oxidant effects. We aimed to evaluate the beneficial effects of Zing in a carrageenan-induced
inflammation model. Paw edema induced by carrageenan (100 μl of 1%) was used to induce
acute inflammation in rats. Different doses of Zing (10, 20, and 40 mg/kg) were administered
intraperitoneally. Paw tissue levels of MDA, NO, CAT, SOD, GPx, GSH, COX-2, PGE2,
TNF-α, and IL-1β were estimated. Our results showed that Zing, especially at the highest
dose of 40 mg/kg, significantly reduced paw swelling in carrageenan-injected animals. Zing
significantly increased paw enzymatic and nonenzymatic antioxidants except CAT. It also
decreased paw levels of MDA, NO, COX-2, PGE2, TNF-α, and IL-1β. The results of this
study show that Zing may provide an alternative for the clinical control of inflammation
through antioxidant and anti-inflammatory activities.
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INTRODUCTION

Inflammation is a clinical condition present in most
pathologies including toxins, radiation, injury, and infec-
tion [8]. Moreover, inflammation is characterized by swell-
ing, redness, heat, and pain. Furthermore, inflammation is
one of the main causes of organ dysfunction which requires
pharmacological intervention [18]. It is well-documented
that inflammation is involved in the pathogenesis of many
disorders such as aging and cardiovascular and neurolog-
ical diseases [20]. Currently, steroidal and nonsteroidal
anti-inflammatory drugs (NSAIDs) are the most common-
ly used medications for treating inflammation. Besides
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their effectiveness for treatment of this disorder, these
drugs have established serious adverse effects such as
gastrointestinal ulcers, hepatotoxicity, bleeding, and renal
disorders [11]. Therefore, searching for better anti-
inflammatory agents with lower side effects is needed,
and new biologically active compounds from plants are a
promising strategy for discovering these agents [13].

Zingerone (Zing), a bioactive substance of ginger root,
has a variety of pharmacological properties such as antican-
cer, antioxidant, anti-inflammatory, antimicrobial, and
antiapoptotic effects [9, 27]. On the other hand, the antioxi-
dant properties of Zing are mediated via increasing the anti-
oxidant capacity and reducing the level of nitric oxide (NO)
and lipid peroxidation [3, 35]. The anti-inflammatory effects
of Zing have been established in several animal models
including sepsis- and cisplatin-induced nephrotoxicity [4,
25]. Zing is a safe substance, and the lethal dose 50%
(LD50) for rats is 2580 mg/kg [31].

Although the anti-inflammatory effects of Zing had
been shown in different conditions, there is no available
study investigating the anti-inflammatory properties of
Zing in mitigating rat paw edema induced by carrageenan
(Carr). The present investigation was aimed to document
more detailed effects of Zing to protect rats from Carr-
induced acute inflammation, which was established for
evaluating anti-inflammatory agents.

MATERIAL AND METHODS

Drugs and Chemicals

Carr and Zing were obtained from Tocris Co. (Bristol,
UK). Indomethacin (Ind) was kindly donated by Iran Daru
Pharmaceutical Co. (Tehran, Iran). Carr was dissolved in
0.9% sodium chloride. Zing and Ind were dissolved in 10%
DMSO.

Animals

Adult male Wistar rats (200–220 g) were used in this
study and were housed at standard conditions (23 ± 2 °C;
12 h/12 h light/dark cycle; 50% humidity). All procedures
were conducted according to the Ethical Guideline for
Re s e a r c h , Ahva z Un i v e r s i t y (E t h i c s c od e :
IR.AJUMS.ABHC.REC.1397.002).

Treatment

Forty-two rats were divided into 6 groups (n = 7). The
first group was i.p. injected with DMSO (10 ml/kg of 10%)

30 min prior sodium chloride (100 μl of 0.9%) injection
i.pl. in the right paw of the rats. The second group was i.p.
injected with DMSO 30 min prior Carr (100 μl of 1%) in
the right paw. The third group was i.p. injected with Ind (5
mg/kg in a volume of 10 ml/kg) 30 min prior Carr injec-
tion. The fourth, fifth, and sixth groups were i.p. injected
with Zing (10, 20, and 40 mg/kg in a volume of 10 ml/kg)
30 min prior Carr injection.

Evaluation of Carr-Induced Paw Edema and
Inflammation

Immediately before and at 0.5, 1, 2, 3, 4, and 5 h after
carrageenan treatment, the volume (ml) of paw edema was
quantified by measuring the volume of the paw using a
plethysmometer (Ugo Basile Co., Italy).

The changes in edema volume (ml) were evaluated by
the following formula:

Changes of edema volume mlð Þ ¼ A–B

A and B are the volume (ml) of the right hind paw
after (0.5, 1, 2, 3, 4, and 5 h) and before carrageenan
administration, respectively.

The percent of inflammation was evaluated by the
following formula:

Percent of inflammation ¼ V2–V1ð Þ=V1ð Þ*100

V1 and V2 are the volume (ml) of the right hind paw
before and 5 h after carrageenan administration,
respectively.

Sample Collection

Immediately after evaluating the paw edema, the an-
imals were sacrificed, and the right hind paws were dis-
sected. An ice-cold 0.1 M Tris-HCl buffer (1/10 w/v) was
used for sample homogenization. Then, the samples were
spun at 3500 rpm in a centrifuge for 10 min at 4 °C [17].
Measurement of oxidative stress and inflammatory indices
were carried out on the supernatants, which was stored at −
80 °C. The total protein concentration in the supernatant
was estimated by the method of Bradford [6], using crys-
talline bovine serum albumin as standard.
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Assessment of Oxidative Stress Indices

Catalase (CAT) activity was measured by the method
described by Aebi et al. [2]. Superoxide dismutase (SOD)
activity was assessed by the method of Martin et al. [30].
The levels of glutathione (GSH) were evaluated by the
method of Ellman et al. [14]. The activity of glutathione
peroxidase (GPx) was determined by the commercial kit
(Randox Labs, Crumlin, UK). The lipid peroxidation was
assessed by the measurement of malondialdehyde (MDA)
according to the method described by Buege et al. [7]. The
levels of NO were evaluated using the Griess method [36].

ELISA Measurements

The tumor necrosis factor-α (TNF-α), interleukin 1β
(IL-1β), cyclooxygenase-2 (COX-2), and prostaglandin E2

(PGE2) concentrations were evaluated in the paw homog-
enates. ELISA kit of Abcam Biochemical Co. (Cambridge,
UK) for COX-2, ELISA kit of Crystal Day Biotech Co.
(Shanghai, China) for PGE2, and ELISA kits of eBiosource
International, Inc. (Camarillo, CA) for TNF-α and IL-1β
were used.

Statistical Analysis

Data were shown as mean ± SD. Results were statis-
tically compared using one-way analysis of variance
(ANOVA) and Tukey post hoc test. A p value ≤ 0.05
was considered statistically significant.

RESULTS

Effects of Zing on Paw Edema and Inflammation

Our results showed that Ind reduced the paw edema of
right hind paw in comparison with the Carr group at all
evaluated times (p ≤ 0.05) (Fig. 1a). Pretreatment with Zing
at the dose of 10 mg/kg reduced the paw edema of right
hind paw 3 h after Carr injection as compared with the Carr
group (p ≤ 0.05). Moreover, pretreatment with Zing at the
doses of 20 and 40 mg/kg decreased the paw edema of
right hind paw 2 h after Carr injection compared with the
Carr group (p ≤ 0.05).

Also, data obtained from the Ind group revealed a
significant reduction in the inflammation of right hind paw
compared with the Carr group (p ≤ 0.05) (Fig. 1b). Pre-
treatment with Zing (20 and 40 mg/kg) 30 min before Carr
caused a significant decrease in the inflammation of right
hind paw compared with the Carr group (p ≤ 0.05).

Effects of Zing on Paw Oxidative Stress Indices

The content of GSH and GPx activity was significant-
ly reduced in the Carr group compared with the control
group (all p ≤ 0.05) (Fig. 2 a and b). Also, the administra-
tion of Ind 30min before i.pl. injection of Carr significantly
elevated these indices in comparison with Carr group.
Moreover, pretreatment with Zing at the dose of 40
mg/kg significantly increased the content of GSH and
GPx activity in paw tissues as compared with the Carr
group (p ≤ 0.05).

The SOD and CAT activities were significantly re-
duced in the Carr group compared with the control group
(all p ≤ 0.05) (Fig. 3 a and b). Also, the administration of
Ind 30 min before i.pl. injection of Carr significantly ele-
vated these indices relative to Carr group. Moreover, pre-
treatment with Zing at doses of 20 and 40 mg/kg only
significantly increased the SOD activity in paw tissues as
compared with the Carr group (all p ≤ 0.05).

TheMDA and NO levels were significantly increased
in the Carr group in comparison with the control group (all
p ≤ 0.05) (Fig. 4 a and b). Also, the administration of Ind
30 min before i.pl. injection of Carr significantly reduced
these indices compared with the Carr group. Moreover,
pretreatment with Zing at doses of 20 and 40 mg/kg sig-
nificantly reduced the MDA level in paw tissues compared
with the Carr group (all p ≤ 0.05). Furthermore, Zing at all
doses (10, 20, and 40 mg/kg) significantly reduced the NO
level as compared with the Carr group (all p ≤ 0.05).

Effects of Zing on Paw Inflammatory Indices

The levels of COX-2 and PGE2 were significantly
increased in the Carr group compared with the control
group (all p ≤ 0.05) (Fig. 5 a and b). Also, the administra-
tion of Ind 30min before i.pl. injection of Carr significantly
reduced these indices in comparison with the Carr group.
Moreover, pretreatment with Zing at doses of 20 and 40
mg/kg significantly reduced the levels of COX-2 and PGE2
in paw tissues compared with the Carr group (p ≤ 0.05).

The IL-1β and TNF-α levels were significantly ele-
vated in the Carr group compared with the control group
(all p ≤ 0.05) (Fig. 6 a and b). Also, the administration of
Ind 30 min before i.pl. injection of Carr significantly re-
duced these indices compared with the Carr group. More-
over, pretreatment with Zing at doses of 20 and 40 mg/kg
significantly reduced the level of IL-1β in paw tissues in
comparison with the Carr group (p ≤ 0.05). Furthermore,
Zing at all doses (10, 20, and 40 mg/kg) significantly
reduced the TNF-α level compared with the Carr group
(all p ≤ 0.05).
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DISCUSSION

The protective role of Zing on Carr-induced acute
inflammation in the rat paw was investigated in this study.
The present study shows that Zing, especially at the highest
dose of 40 mg/kg, is capable of mitigating Carr-induced rat
paw edema in a dose-dependent manner. Upon oxidative
stress and inflammatory measurement, we also noted that
treatment with Zing resulted in a reduction of the inflam-
matory and oxidative reaction in the rat paw.

It has been described that Carr induced an inflamma-
tion with biphasic phenomenon (early and delayed phases).
The early phase (0 to 1 h after injection) is dominantly
associated with the serotonin, bradykinin, and histamine.

In this phase, the local blood flow and capillary permeabil-
ity increased, resulting in edema initiation [34]. The de-
layed phase (after 1 h) is related with leukocyte migration
and prostaglandins that considered the key elements for its
maintenance. Inflammation induced by Carr has been ap-
plied as a useful model to identify the new anti-
inflammatory agents [37].

In inflammatory conditions, over production of reac-
tive oxygen species (ROS) is responsible for organ and
cellular damages [16, 26]. On the other hand, high ROS
causes the production of other oxidative stress markers
such as MDA and NO [15, 21]. Moreover, inflammatory
conditions reduced the level and/or activity of antioxidant
defense mediators such as CAT, SOD, GPx, and GSH [5].

Fig. 1. Effect of zingerone (Zing; 10, 20, and 40 mg/kg; i.p.) and indomethacin (Ind; 5 mg/kg; i.p.) against carrageenan (Carr)-induced paw edema (a) and
inflammation (b). Drugs were administrated 30 min before Carr injection. Asterisk indicates versus Carr-treated group (p ≤ 0.05). Data are expressed as mean
± SD (one-way ANOVA followed by Tukey’s test, n = 7).

Fig. 2. Effect of zingerone (Zing; 10, 20, and 40 mg/kg; i.p.) and indomethacin (Ind; 5 mg/kg; i.p.) on GSH content (a) and GPx activity (b) of paw tissue.
Drugs were administrated 30min before Carr injection. Pound indicates versus control group (p ≤ 0.05). Asterisk sign indicates versus Carr-treated group (p ≤
0.05). Data are expressed as mean ± SD (one-way ANOVA followed by Tukey’s test, n = 7).
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On the other hand, previous reports have shown that i.pl.
administration of Carr increases the level of MDA and NO
and reduces the level and/or activity of these antioxidant
parameters [13, 19, 37]. In agreement with these reports,
we also found similar effects from i.pl. administration of
Carr. As potent NSAIDs, Ind attenuated all of these dele-
terious effects of Carr in paw tissue. Our results revealed
that the treatment of animals with Zing (especially at dose
of 40 mg/kg) before Carr significantly reduces the paw
MDA andNO comparedwith the Carr group while causing
a significant elevation in paw GSH, SOD, and GPx. Zing
has potent direct and indirect antioxidative effects. Zing
has scavenging activity against ROS via its phenolic group
which reduces MDA and NO production [9]. Moreover,
Zing indirectly reduces the oxidative stress via increasing
the level and/or activity of antioxidant parameters [27]. It
has been shown that Zing reduces the mouse testicular

damage induced by zinc oxide nanoparticles via reducing
the levels of MDA and increasing SOD and CAT activities
[32]. According to the reports of Soliman, Zing attenuated
radiation oxidative stress in the heart tissue of rats [35]. In
another study, Zing reduced the oxidative stress in the
acute vancomycin-induced kidney damages [22]. They
found that Zing acts through decreasing MDA level and
elevating the activity of SOD, GPx, and CAT.

In the present study, we found a significant increase in
the levels of inflammatory mediators such as TNF-α, IL-
1β, COX-2, and PGE2 in the paw of Carr-administered
animals. Ind and Zing (especially at the doses of 20 and 40
mg/kg) decreased the levels of inflammatory mediators
such as TNF-α, IL-1β, COX-2, and PGE2 in the paw after
the carrageenan injection. Cytokines such as TNF-α and
IL-1β are regulatory mediators produced by a different
kind of immune cells. It is well-established that these

Fig. 3. Effect of zingerone (Zing; 10, 20, and 40 mg/kg; i.p.) and indomethacin (Ind; 5 mg/kg; i.p.) on SOD (a) and CAT (b) activities of paw tissue. Drugs
were administrated 30min before Carr injection. Pound indicates versus control group (p ≤ 0.05). Asterisk sign indicates versus Carr-treated group (p ≤ 0.05).
Data are expressed as mean ± SD (one-way ANOVA followed by Tukey’s test, n = 7).

Fig. 4. Effect of zingerone (Zing; 10, 20, and 40 mg/kg; i.p.) and indomethacin (Ind; 5 mg/kg; i.p.) onMDA (a) and NO (b) levels of paw tissue. Drugs were
administrated 30 min before Carr injection. Pound indicates versus control group (p ≤ 0.05). Asterisk sign indicates versus Carr-treated group (p ≤ 0.05). Data
are expressed as mean ± SD (one-way ANOVA followed by Tukey's test, n = 7).
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cytokines lead signs of inflammation and cellular injuries
[10]. As a pro-inflammatory cytokine, TNF-α further reg-
ulates the production of other inflammatorymediators [29].
Moreover, TNF-α stimulates the expression of COX-2 and
subsequently releases prostaglandins such as PGE2 [1].
Prostaglandins are important contributors of inflammatory
response. On the other hand, the COX-2/PGE2 pathway
has a critical role in different inflammatory disorders [33].
IL-1β is a prototypical pro-inflammatory cytokine that
stimulates both local and systemic immune responses
[38]. This cytokine induces the production of various en-
zymes, such as COX-2 and inducible nitric oxide synthase
(iNOS), leading to the production of the inflammatory
mediators PGE2 and NO [19]. On the other hand, it has

been demonstrated that the NO production could influence
the prostaglandin levels, so that the reduction of NO levels
declines the expression of COX-2 and production of pros-
taglandin [12]. The results of present study are in agree-
ment with the results of previous reports about anti-
inflammatory effects of Zing in different inflammatory
conditions. Kandemir et al. reported that Zing reduces the
levels of COX-2, TNF-α, and IL-1β in nephrotoxicity
induced by cisplatin [23]. Zing was able to attenuate the
levels of the inflammatory markers TNF-α, IL-1β, COX-
2, and iNOS in cisplatin-induced ovarian and uterine dam-
age [24]. In another study, it was found that Zing reduces
the expression of COX-2 and TNF-α in ethanol-induced
hepatotoxicity [28]. Hence, it seems that the reduction of

Fig. 5. Effect of zingerone (Zing; 10, 20, and 40 mg/kg; i.p.) and indomethacin (Ind; 5 mg/kg; i.p.) on COX-2 (a) and PGE2 (b) levels of paw tissue. Drugs
were administrated 30 min before Carr injection. Pound indicates versus control group (p ≤ 0.05). Asterisk sign indicates versus Carr-treated group (p ≤ 0.05).
Data are expressed as mean ± SD (one-way ANOVA followed by Tukey’s test, n = 7).

Fig. 6. Effect of zingerone (Zing; 10, 20, and 40 mg/kg) and indomethacin (Ind; 5 mg/kg) on IL-1β (a) and TNF-α (b) levels of paw tissue. Drugs were
administrated 30min before Carr injection. Pound indicates versus control group (p ≤ 0.05). Asterisk sign indicates versus Carr-treated group (p ≤ 0.05). Data
are expressed as mean ± SD (one-way ANOVA followed by Tukey’s test, n = 7).
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TNF-α and IL-1β concentration and COX-2 and PGE2
levels in the paw can be responsible for the anti-
inflammatory effects of Zing.

In summary, pretreatment with Zing before Carr in-
jection has the following effects: (i) produces anti-
inflammatory effect in an acute inflammatory model; (ii)
produces an attenuated effect in TNF-α, IL-1β, COX-2,
and PGE2 levels; and (iii) produces a mitigated effect in
activities of CAT, SOD, and GPx and level of GSH. This
could provide future directions for studying the anti-
inflammatory properties of Zing in inflammatory
disorders.
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