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Abstract
Objectives: This study aimed to explore the effects of curcumin on experimental allergic rhinitis in rats.

Methods: Twenty-eight male Wistar albino rats were randomly divided into four groups: a control group; a group
in which allergic rhinitis was induced and no treatment given; a group in which allergic rhinitis was induced
followed by treatment with azelastine hydrochloride on days 21–28; and a group in which allergic rhinitis was
induced followed by treatment with curcumin on days 21–28. Allergy symptoms and histopathological features
of the nasal mucosa were examined.

Results: The sneezing and nasal congestion scores were higher in the azelastine and curcumin treatment groups
than in the control group. Histopathological examination showed focal goblet cell metaplasia on the epithelial
surface in the azelastine group. In the curcumin group, there was a decrease in goblet cell metaplasia in the
epithelium, decreased inflammatory cell infiltration and vascular proliferation in the lamina propria.

Conclusion: Curcumin is an effective treatment for experimentally induced allergic rhinitis in rats.

Key words: Curcumin; Rhinitis; Allergic; Perennial; Rats

Introduction
The increasing prevalence of allergic disease is a matter
of public health concern, especially in developed coun-
tries.1 Treatment is costly and long-term treatment can
lead to complications. This has prompted investigations
into complementary or alternative dietary methods to
prevent or improve clinical symptoms.2

Allergic rhinitis is a symptomatic disorder of the
nose induced by allergen exposure, which triggers im-
munoglobulin E (IgE)-mediated inflammation of the
nasal membranes.3 It affects 10–30 per cent of the
population, principally children and adolescents.4 In
an atopic individual, prolonged exposure to indoor
and/or outdoor allergens may initiate allergen-specific
IgE production. Re-exposure triggers a cascade of
events (including early- and late-phase responses) that
culminate in allergic rhinitis symptoms. The early-
phase response develops within minutes of re-exposure
to the offending allergen and is characterised by sudden
sneezing, nasal itching, nasal congestion and rhinorrhea.5

Curcumin (diferuloylmethane) is a promising antial-
lergic dietary agent that may be useful in the clinical
management of allergic disorders. Curcumin has a wide
spectrum of biological and pharmacological effects,
exhibiting anti-inflammatory, antioxidant, antimicrobial,

antihepatotoxic, hypolipidaemic and anticancer proper-
ties.2 The several hydroxylgroups present in themolecule
contribute to its antioxidant and antiallergic activities.6

The biological activities of curcumin include regu-
lating histamine release during degranulation; inducing
changes in cytokine, eosinophil and inducible nitric
oxide synthase levels; activating mast cell activation;
and regulating expression of the chymase II protease
and Syk kinase.1 Curcumin regulates biological pro-
cesses via post-translational mechanisms that include
suppressing Syk-dependent phosphorylation of the
linker of activated T cells (‘LAT’) and Grb2-associated
binder 2 adaptor proteins, Akt, the p44, p42 (extracel-
lular signal-regulated kinases 1 and 2) and p38
mitogen-activated protein kinases, and c-Jun N-termin-
al kinase. Curcumin inhibits transcription factors to
downregulate the transcription of genes encoding
tumour necrosis factor alpha and tryptase.1

The present study explored the effects of curcumin
on experimental allergic rhinitis in rats.

Materials and methods
This study was performed at the Faculty of Medicine of
Eskisehir Osmangazi University. Animal adaptation
and care, and all experimental work, were undertaken at
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TICAM (the Experimental Studies Center of Eskisehir
Osmangazi University). During both the adaptation and
experimental periods, all animals were treated in compli-
ance with the principles of the Declaration of Helsinki.

Animals

Twenty-four healthy male albino Wistar male rats
weighing 190–220 g were used for all experiments.
The experimental protocol was approved by the Ethics
Committee of the Center of Medical and Surgical
Experiments, Osmangazi University. Rats were housed
in a temperature- and humidity-controlled environment
(20± 1 °C, 50± 10 per cent relative humidity) under
a 14:16 hour light:dark cycle. Tap water and standard
pelleted food were provided ad libitum.

Experimental design

The 28Wistar rats were randomly divided into 4 groups
of 7 rats: a control group, comprising healthy rats; an
untreated group, in which allergic rhinitis was
induced and no treatment was given; an azelastine treat-
ment group, in which allergic rhinitis was induced and
azelastine hydrochloride (1 mg/ml; an antihistamine;
Allergodil nasal spray, Meda Pharma, Cologne,
Germany) was administered on days 21–28; and a cur-
cumin treatment group, in which allergic rhinitis was
induced and curcumin (Sigma Aldrich, Saint Louis,
Missouri, USA) was given on days 21–28.

Rat model of allergic rhinitis: sensitisation

All rats except for controls were sensitised with an intra-
peritoneal injection of ovalbumin (100 μg/animal) and
aluminium hydroxide (5 mg/animal) in 0.9 per cent
(weight per volume) saline on days 1, 3, 5, 7, 9, 11 and
13 (a total of seven injections). From day 14 onward,
animals underwent daily topical intranasal instillation
with 50 μl of 2 per cent ovalbumin in saline (weight per
volume) for 14 days (25 μl into each nostril).7–10

Immunoglobulin E measurement

On day 28, total serum IgE levels were measured in all
rats. For this, 1 μl blood samples were centrifuged for
20 min at 3,000 rpm and supernatants were stored at
−20 °C until analysis. Serum IgE levels were deter-
mined using a commercial rat IgE enzyme-linked im-
munosorbent assay kit (SunReed Biotechnology,
Shanghai, China) according to the manufacturer’s
instructions. Results are expressed as kU/l.

Scoring of allergic rhinitis symptoms

The numbers of episodes of sneezing, nose rubbing,
eye lacrimation and difficulty in breathing (caused by
nasal congestion) were observed over a 30-minute
period by a researcher (MA) who was not blinded to
the treatment. This prevented the objective evaluation
of allergic rhinitis symptoms. Sneezing was defined
as an explosive expiration just after deep inspiration
and was scored on a 0–3 scale.11 Nose rubbing was
defined as external perinasal scratching with one or

both forelimbs and was scored on a 0–3 scale.11 Eye
lacrimation was scored as: 0, no lacrimation; 1, hazy
eyes; 2, lacrimation; and 3, lacrimation with onset of
conjunctivitis.12 Nasal congestion or obstruction was
scored as: 0, no obstruction; 1, mild breathing impair-
ment; 2, moderate breathing impairment; and 3,
severe breathing impairment.

Treatments

Rats in the azelastine treatment group received azelastine
hydrochloride (one drop containing 0.14 mg azelastine
HCl in each nostril / once daily) once daily on days
21–28 inclusive. Rats in the curcumin treatment group
received 4 mg curcumin dissolved in distilled water
(200 mg/ml solution; 20 μl per nostril) twice daily on
days 21–28. For both groups, drops were given 1 hour
before intranasal ovalbumin.

Histological analysis

Rats were euthanised with high-dose pentobarbital on
day 28, and samples of nasal mucosa were excised,
cut into 5-μm thick sections, transferred to adhesive
slides, dried overnight at 37 °C and then at 60 °C for
20 minutes, and deparaffinised by immersion in
xylene twice for 10 minutes. After dehydration in a
series of ethanol baths of ascending concentrations
(70, 80, 96 and 100 per cent), tissue samples were
cleared in xylene, embedded in paraffin and stained
with hematoxylin and eosin and Giemsa. A minimum
of 10 fields per sample were scored by an observer
blinded to treatment for the severity of changes in vas-
cular congestion, ciliary loss, increased goblet cell
numbers, inflammation, plasma cell infiltration, chon-
drocyte hypertrophy and eosinophil and mast cell
infiltration as: 0, none; 1, mild; 2, moderate; or 3,
severe.13,14 A light microscope (Entella Olympus
BH-2) was used for scoring and photographs were
taken using an Olympus DP-70 digital camera.

Statistical analysis

SPSS for Windows, Version 16.0 (SPSS Inc, Chicago,
Illinois, USA) was used for all statistical analyses.
Kruskal–Wallis variance analysis was used to identify
significant differences among all four treatment groups.
The Mann–Whitney U test with Bonferroni correction
was then used to identify which variable was respon-
sible for the difference. A p value of less than 0.05
was considered statistically significant. If Bonferroni
adjustment was performed, a padjusted value of less
than 0.0125 was considered statistically significant.

Results
Total serum IgE levels were 1656.4 kU/l in the control
group, 2563.9 kU/l in the untreated allergic rhinitis
group, 1223.8kU/l in the azelastine treatment group
and 1804.5 kU/l in the curcumin treatment group.
Pairwise comparisons showed that the total IgE level
in untreated rats was significantly higher than in con-
trols and treated groups (padjusted< 0.0125).
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Allergy symptoms and histopathological data for all
experimental groups are shown in Table I. There were
significant differences among groups for each allergy
symptom (sneezing, nose rubbing, eye lacrimation
and nasal congestion; p< 0.05). Pairwise comparisons
showed that for sneezing, nose rubbing, eye lacrimation
and nasal congestion, values were significantly higher
for the untreated allergic rhinitis group than for the
control, azelastine treatment and curcumin treatment
groups (padjusted< 0.0125). Moreover, sneezing and
nasal congestion scores were significantly higher for
the azelastine treatment and curcumin treatment
groups than for controls (padjusted< 0.0125). There
was no difference in the severity of these four symp-
toms between the azelastine and curcumin treatment
groups (padjusted> 0.0125; Table II).
Kruskal–Wallis variance analysis of histopatho-

logical data showed a significant difference in inflam-
matory and plasma cell numbers, eosinophil and mast
cell infiltration, and chondrocyte hypertrophy among
groups (p< 0.05). In contrast, there were no significant
differences among groups in vascular congestion,
ciliary loss or increase in goblet cell numbers (p> 0.05).
Pairwise comparisons showed significantly more

inflammatory and plasma cells, eosinophil and mast
cell infiltration, and chondrocyte hypertrophy in the
untreated allergic rhinitis group than in all other experi-
mental groups (padjusted< 0.0125). Plasma cell
infiltration was significantly higher in the untreated
group than in the control and curcumin treatment
groups (padjusted< 0.0125), but there was no significant
difference between untreated and azelastine-treated rats
(padjusted> 0.0125; Table II). For the other five items, no
significant differences were identified between the
control and azelastine treatment groups, the control and
curcumin treatment groups, or the azelastine and curcu-
min treatment groups (padjusted< 0.0125; Table II).

Histopathological findings

The nasal mucosa of control rats was normal
(Figure 1a,b). In untreated rats with allergic rhinitis,

an intense inflammatory cell infiltrate comprising
eosinophils, polymorphonuclear leukocytes, plasma
cells, neutrophils and lymphocytes was evident, as
well as vascular proliferation in the lamina propria
(Figure 1c) and diffuse goblet cell metaplasia of the
nasal mucosa epithelium (Figure 1d). In the azelastine
treatment group, focal goblet cell metaplasia was
evident on the surface of the respiratory epithelium,
along with reduced inflammatory cell infiltration.
Minimal mast cell infiltration into, and vascular prolif-
eration of, the lamina propria was evident (Figure 1e,f).
In the curcumin treatment group, goblet cell metaplasia
was reduced and inflammatory cell infiltration (eosino-
phils, polymorphonuclear leukocytes, plasma cells,
neutrophils and lymphocytes) and vascular prolifer-
ation in the lamina propria were greatly reduced
(Figure 1g,h).

Discussion
Curcumin has attracted increasing interest in recent
years for its beneficial effects in experimental studies
of acute and chronic diseases characterised by an exag-
gerated inflammatory reaction.15 Curcumin is a yellow
natural polyphenolic pigment isolated from the rhi-
zomes of Curcuma longa L. (turmeric) that inhibits
antigen-mediated activation of mast cells, IgE produc-
tion, airway inflammation and passive cutaneous ana-
phylaxis in animal models of allergy.1

Curcumin modulates cellular signalling pathways
and inhibits cyclooxygenase-2 and inducible nitric
oxide synthase activity, arachidonic acid metabolism,
and the activities of certain hormones, growth factors
and oncogenes.16 Curcumin inhibits lipoxygenases
and leukotrienes such as leukotriene B4 and 5-hydro-
xyeicosatetraenoic acid.17 Curcumin intercepts and
neutralises potent pro-oxidants and carcinogens, react-
ive oxygen species (e.g. superoxide, peroxyl and hy-
droxyl radicals), and nitric oxide and peroxynitrite.18

Curcumin may also be effective in modulating type
1 T helper cell mediated immune diseases.15,19

TABLE I

ALLERGY SYMPTOMS AND HISTOPATHOLOGICAL FINDINGS FOR ALL EXPERIMENTAL GROUPS

Symptoms and findings Control group Untreated AR group Azelastine treatment group Curcumin treatment group p∗

Allergy symptoms
– Sneezing 2 (0–3) 37 (26–50) 8 (6–15) 11 (4–14) 0.006
– Nose rubbing 8 (4–12) 51 (35–70) 12 (7–20) 12 (7–17) 0.013
– Eye lacrimation 1 (0–2) 3 (2–3) 1 (1–2) 1 (1–2) 0.007
– Nasal congestion 0 (0–1) 3 (2–3) 1 (1–2) 2 (1–2) 0.007
Histopathology findings
– Vascular congestion 1 (1–2) 2 (2–3) 1 (1–2) 1 (1–2) 0.070
– Cilia loss 1 (0–1) 3 (2–3) 1 (1–3) 1 (0–2) 0.056
– Increase of goblet cells 1 (1–2) 2 (2–3) 1 (1–2) 1 (0–2) 0.051
– Inflammatory cell infiltration 1 (1–2) 2 (2–3) 1 (1–2) 1 (0–1) 0.016
– Plasma cell infiltration 1 (0–2) 2 (2–3) 1 (1–2) 1 (1–2) 0.028
– Chondrocyte hypertrophy 1 (0–2) 2 (2–3) 1 (1–2) 1 (1–2) 0.017
– Eosinophil infiltration 1 (1–2) 2 (2–3) 1 (1–2) 1 (1–2) 0.043
– Mast cell infiltration 1 (0–1) 2 (1–3) 1 (0–1) 1 (0–1) 0.02301

n= 7 for all groups. ∗As determined by Kruskal–Wallis variance analysis. AR= allergic rhinitis
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Cyclooxygenases are responsible for catalysing prosta-
glandin synthesis. Cyclooxygenase-1 is constitutively
expressed and is required for maintaining basic cellular
functions; in contrast, the COX2 enzyme (cyclooxygen-
ase-2) is inducible and the gene encoding cyclooxygen-
ase-2 enzyme is barely detectable under normal
physiological conditions. COX2 expression is rapidly
but transiently induced early in the response to proin-
flammatory mediators and mitogenic stimuli such as
cytokines, endotoxins, growth factors, oncogenes and
phorbol esters. Cyclooxygenase-1 is responsible for
protecting the mucosal surface, for maintaining renal
function, and for platelet activation and stabilisation.
Cyclooxygenase-2 synthesises the series 2 prostaglan-
dins (prostaglandin E2 and prostaglandin F2 alpha),
which are involved in inflammation, swelling and pain.15

Prostaglandin E2 promotes the synthesis of interleukin-
10, an immunosuppressive cytokine, and suppresses
interleukin-12 synthesis.20 Inducible nitric oxide syn-
thase also has a pivotal role in inflammation: it is activated
by nuclear factor κB and acts synergistically with
cyclooxygenase-2 to promote inflammatory reactions.15

Curcumin was recently reported to have antiasthmatic
effects in guinea pigs sensitised with ovalbumin by sig-
nificantly reducing both airway constriction and hista-
mine hyper-reactivity.21 Curcumin binds to albumin via
hydrophobic interactions and may be thus transported to
target cells, where it exerts its pharmacological effects.22

Orally administered curcumin (at 50 mg/kg) is
reported to suppress mast cell dependent IgE produc-
tion and antigen-induced local passive cutaneous ana-
phylaxis.2 Curcumin reduces vascular permeability
and suppresses transcriptomic, proteomic and/or meta-
bolomic factors involved in inflammatory cells such
as mast cell mediated degranulation and cytokine
release.1,23 In a mouse model of asthma, serum IgE
levels were significantly reduced by curcumin.15 In a
guinea-pig model of allergy, curcumin prevented sig-
nificant IgE elevation in nasal lavage fluid.24

In the present study, the effects of curcumin were
investigated in a rat model of experimental allergic
rhinitis. Scores for sneezing, nose rubbing, eye lacrima-
tion and nasal congestion were higher in the untreated
allergic rhinitis group than in all other experimental
groups. Moreover, sneezing and nasal congestion
were less severe in both treatment groups than in con-
trols. Similarly, in a guinea-pig model of allergic rhin-
itis, curcumin also reduced allergy-related symptoms
including sneezing, nose rubbing, lacrimation and
nasal congestion, as well as inflammatory cell infiltra-
tion of the nasal mucosa.24 In the present study, allergy
symptom scores were lower in the curcumin treatment
group than in the untreated group.
Histopathological analysis showed no difference

among groups in the extent of vascular congestion,
ciliary loss and the increase in goblet cell numbers.
Inflammatory cell numbers and the extent of eosinophil
and mast cell infiltration and of chondrocyte hyper-
trophy were higher in the untreated allergic rhinitis
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(a) (b)

(c) (d)

(e) (f)

(g) (h)

FIG. 1

Photomicrographs showing histopathology findings for all experimental groups. (a) H&E & (b) Giemsa staining of normal nasal mucosa in the
control group (×400). (c) & (d) Nasal mucosa of rats in the untreated allergic rhinitis group, showing (c) an intense inflammatory cell infiltrate
consisting of eosinophils, polymorphonuclear leukocytes, plasma cells, neutrophils and lymphocytes, and vascular proliferation in the lamina
propria (H&E; ×400) and (d) diffuse goblet cell epithelial metaplasia (Giemsa; ×400). (e) & (f) Nasal mucosa of rats in the azelastine treatment
group, showing (e) focal goblet cell metaplasia on the surface of the respiratory epithelium, a reduced level of inflammatory cell infiltration into
the lamina propria (H&E; ×400) and (f) only a few mast cells and slight vascular proliferation in the lamina propria (Giemsa; ×400). (g) & (h)
The nasal mucosa of rats in the curcumin treatment group, showing (g) mild, confined inflammatory cell infiltration (eosinophils, polymorpho-
nuclear leukocytes, plasma cells, neutrophils and lymphocytes) and minimal vascular proliferation in the lamina propria (H&E; ×400) and (h)
reduced goblet cell epithelial metaplasia and inflammatory cell infiltration into, and vascular congestion within, the lamina propria

(Giemsa; ×400).
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group than in the other three groups. The level of
plasma cell infiltration in the untreated group was
higher than in the control and curcumin treatment
groups, but there was no significant difference
between the untreated allergic rhinitis and azelastine
treatment groups. The latter five variables (inflamma-
tory cell inflammation, plasma cell infiltration, chon-
drocyte hypertrophy, eosinophil infiltration and mast
cell infiltration) did not differ significantly between
the control and azelastine treatment groups, the
control and curcumin treatment groups, and the azelas-
tine and curcumin treatment groups.
In the mouse, curcumin is reported to inhibit antigen-

mediated activation of mast cells and passive cutaneous
anaphylaxis.25 Choi et al. found that curcumin led to a
dose-dependent reduction in vascular permeability
changes triggered by compound 48/80 in a model of
the anaphylactic response.23 Curcumin (at 10 and
100 μmol/l) inhibited tumour necrosis factor alpha se-
cretion from HMC-1 human mast cells stimulated by
trypsin or activating peptide.25 Suppression of degranu-
lation and stimulation of tumour necrosis factor alpha
and interleukin-4 secretion by curcumin (at 3 μmol/l)
have been demonstrated in both cultured mast cells and
a mouse model of passive cutaneous anaphylaxis.26

In the present study, the nasal mucosa was normal in
control rats. Rats in the untreated allergic rhinitis group
exhibited diffuse epithelial goblet cell metaplasia; an
intense inflammatory infiltrate comprising eosinophils,
polymorphonuclear leukocytes, plasma cells, neutro-
phils and lymphocytes; and vascular proliferation in
the lamina propria. In the azelastine treatment group,
focal goblet cell metaplasia was evident on the epithe-
lial surface, along with reduced inflammatory cell infil-
tration into the lamina propria, which also contained a
few mast cells and exhibited minimal vascular prolifer-
ation. In the curcumin treatment group, epithelial
goblet cell metaplasia was reduced, as were inflamma-
tory cell infiltration into, and vascular proliferation
within, the lamina propria.
Mast cell degranulation is a key step in the pathogen-

esis of IgE-mediated allergies.27 Histamine release,
principally from mast cell granules, increases vascular
permeability, which in turn causes fluid to escape
from capillaries into tissues, creating allergy symptoms
(runny nose and watery eyes).1 Choi et al. reported rat
peritoneal mast cell pretreatment with curcumin
(50–100 μmol/l) inhibited both degranulation and his-
tamine release in a dose-dependent manner.23

• Curcumin is effective in treating
experimentally induced allergic rhinitis
in rats

• Goblet cell metaplasia was reduced by
curcumin treatment

• Curcumin reduced inflammatory cell
infiltration into the nasal mucosa

Thakare et al. reported that curcumin reduced interleu-
kin-4 levels in nasal lavage fluid in a guinea-pig model
of allergy.24 Curcumin also inhibited house dust mite
induced lymphocyte proliferation and the production
of interleukins 2, 4 and 5 and of granulocyte macro-
phage-colony stimulating factor in vivo.28

In the present study, curcumin reduced inflammatory
cell infiltration into, and goblet cell metaplasia within,
the nasal mucosa. The intensity and foci number for in-
flammatory cell infiltration were reduced after curcu-
min treatment. Similarly, goblet cell metaplasia
became more focused and inflammatory cell infiltration
of the lamina propria decreased after azelastine
treatment.

Conclusion
Curcumin can effectively treat allergic rhinitis in a rat
model system. Further research is required to determine
whether this effect can be translated into a new allergic
rhinitis therapy for humans.
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7 Bozdemir K, Şahin E, Altintoprak N, Muluk NB, Cengiz BP,
Acar M et al. Is resveratrol therapeutic when used to treat aller-
gic rhinitisinitis in rats? Clin Invest Med 2016;39: E63–72

8 Hancı D, Altun H, Çetinkaya EA, Muluk NB, Cengiz BP, Cingi
C. Cinnamaldehyde is an effective anti-inflammatory agent for
treatment of allergic rhinitis in a rat model. Int J Pediatr
Otorhinolaryngol 2016;84:81–7

9 Xu YY, Liu X, Dai LB, Zhou SH. Effect of Tong Qiao drops on
the expression of eotaxin, IL-13 in the nasal mucosa of rats with
allergic rhinitis. J Chin Med Assoc 2012;75:524–9

10 Tsumuro T, Ogawa M, Minami K, Takubo M, Rahman A, Fujii
Y et al. Effects of mometasone furoate on a rat allergic rhinitis
model. Eur J Pharmacol 2005;524:155–8

11 Mizutani N, Nabe T, Takenaka H, Kohno S. Acquired nasal
hyperresponsiveness aggravates antigen-induced rhinitis in the
guinea pig. J Pharmacol Sci 2003;93:437–45

12 Brozmanová M, Calkovský V, Plevková J, Bartos V, Plank L,
Tatár M. Early and late allergic phase related cough response
in sensitized guinea pigs with experimental allergic rhinitis.
Physiol Res 2006;55:577–84

13 Tirkey N, Kaur G, Vij G, Chopra K. Curcumin, a diferuloyl-
methane, attenuates cyclosporine-induced renal dysfunction
and oxidative stress in rat kidneys. BMC Pharmacol 2005;5:15

14 Bahekar PC, Shah JH, Ayer UB, Mandhane SN, Thennati R.
Validation of guinea pig model of allergic rhinitis by oral and
topical drugs. Int Immunopharmacol 2008;8:1540–51

M ACAR, N BAYAR MULUK, S YIGITASLAN et al.1108

https://doi.org/10.1017/S0022215116008999 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215116008999


15 Bengmark S. Curcumin, an atoxic antioxidant and natural
NFkappaB, cyclooxygenase-2, lipoxygenase, and inducible nitric
oxide synthase inhibitor: a shield against acute and chronic dis-
eases. JPEN J Parenter Enteral Nutr 2006;30:45–51

16 Surh YJ, Chun KS, Cha HH, Han SS, Keum YS, Park KK et al.
Molecular mechanisms underlying chemopreventive activities
of anti-inflammatory phytochemicals: down-regulation of
COX-2 and iNOS through suppression of NF-kappa B activa-
tion. Mutat Res 2001;480–481:243–68

17 Wallace JM. Nutritional and botanical modulation of the inflam-
matory cascade – eicosanoids, cyclooxygenases, and lipoxy-
genases--as an adjunct in cancer therapy. Integr Cancer Ther
2002;1:7–37; discussion 37

18 Jovanovic SV, Boone CW, Steenken S, Trinoga M, Kaskey RB.
How curcumin works preferentially with water soluble antioxi-
dants. J Am Chem Soc 2001;123:3064–8

19 Kang BY, Song YJ, Kim KM, Choe YK, Hwang SY, Kim TS.
Curcumin inhibits Th1 cytokine profile in CD4+ T cells by sup-
pressing interleukin-12 production in macrophages. Br J
Pharmacol 1999;128:380–4

20 Stolina M, Sharma S, Lin Y, Dohadwala M, Gardner B, Luo J
et al. Specific inhibition of cyclooxygenase-2 restores antitumor
reactivity by altering the balance of IL-10 and IL-12 synthesis.
J Immunol 2000;164:361–70

21 Ram A, Das M, Ghosh B. Curcumin attenuates allergen-induced
hyperresponsiveness in sensitized guinea pigs. Biol Pharm Bull
2003;26:1021–4

22 Pulla Reddy AC, Sudharshan E, Appu Rao AG, Lokesh BR.
Interactions of curcumin with human serum albumin: a spectro-
scopic study. Lipids 1999;34:1025–9

23 Choi YH, Yan GH, Chai OH, Song CH. Inhibitory effects of
curcumin on passive cutaneous anaphylactoid response and

compound 48/80-induced mast cell activation. Anat Cell Biol
2010;43:36–43

24 Thakare VN, Osama M, Naik SR. Therapeutic potential of cur-
cumin in experimentally induced allergic rhinitis in guinea pigs.
Int Immunopharmacol 2013;17:18–25

25 Baek OS, Kang OH, Choi YA, Choi SC, Kim TH, Nah YH et al.
Curcumin inhibits protease-activated receptor-2 and-4-mediated
mast cell activation. Clin Chim Acta 2003;338:135–41

26 Lee JH, Kim JW, Ko NY, Mun SH, Her E, Kim BK et al.
Curcumin, a constituent of curry, suppresses IgE-mediated aller-
gic response and mast cell activation at the level of Syk.
J Allergy Clin Immunol 2008;121:1225–31

27 Kalesnikoff J, Galli SJ. New developments in mast cell biology.
Nat Immunol 2008;9:1215–23

28 Aggarwal BB, Harikumar KB. Potential therapeutic effects of
curcumin, the anti-inflammatory agent, against neurodegenera-
tive, cardiovascular, pulmonary, metabolic, autoimmune and
neoplastic diseases. Int J Biochem Cell Biol 2009;41:40–59

Address for correspondence:
Dr Nuray Bayar Muluk,
Birlik Mahallesi, Zirvekent 2. Etap Sitesi, C-3 blok, No: 62/43,
06610 Çankaya / ANKARA,
Turkey

Fax: +90 312 4964073
E-mail: nbayarmuluk@yahoo.com

Dr N Bayar Muluk takes responsibility for the integrity of the
content of the paper
Competing interests: None declared

CURCUMIN IN ALLERGIC RHINITIS 1109

https://doi.org/10.1017/S0022215116008999 Published online by Cambridge University Press

mailto:nbayarmuluk@yahoo.com
https://doi.org/10.1017/S0022215116008999

	Can curcumin modulate allergic rhinitis in rats?
	Introduction
	Materials and methods
	Animals
	Experimental design
	Rat model of allergic rhinitis: sensitisation
	Immunoglobulin E measurement
	Scoring of allergic rhinitis symptoms
	Treatments
	Histological analysis
	Statistical analysis

	Results
	Histopathological findings

	Discussion
	Conclusion
	Acknowledgements
	References


