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Curcumin, a phytochemical present in turmeric, rhizome of Curcuma longa, has been shown to have a wide
variety of pharmacological activities including anti-inflammatory, anti-allergic and anti-asthmatic proper-
ties. Curcumin is known for its low systemic bioavailability and rapidmetabolization through oral route and
has limited its applications. Over the recent decades, the interest in intranasal delivery as a non-invasive
route for drugs has increased as target tissue for drug delivery since nasal mucosa offers numerous benefits. In
this study, we evaluated intranasal curcumin following its absorption through nasal mucosa by a sensitive and
validated high-performance liquid chromatography (HPLC) method for the determination of intranasal
curcumin in mouse blood plasma and lung tissue. Intranasal curcumin has been detected in plasma after
15 min to 3 h at pharmacological dose (5 mg/kg, i.n.), which has shown anti-asthmatic potential by inhibiting
bronchoconstriction and inflammatory cell recruitment to the lungs. At considerably lower doses has proved
better than standard drug disodium cromoglycate (DSCG 50 mg/kg, i.p.) by affecting inflammatory cell infiltra-
tion and histamine release in mouse model of asthma. HPLC detection revealed that curcumin absorption in
lungs has started after 30 min following intranasal administration and retained till 3 h then declines. Present in-
vestigations suggest that intranasal curcumin (5.0 mg/kg, i.n.) has effectively being absorbed and detected in
plasma and lungs both and suppressed airway inflammations at lower doses than the earlier doses used for
detection (100–200 mg/kg, i.p.) for pharmacological studies (10–20 mg/kg, i.p.) in mouse model of asthma.
Present study may prove the possibility of curcumin as complementary medication in the development of
nasal drops to prevent airway inflammations and bronchoconstrictions in asthma without any side effect.

© 2013 Elsevier B.V. All rights reserved.
1. Introduction

Asthma is one of the most common chronic inflammatory diseases.
As per latest report fromWorld Health Organization, about 300 million
people worldwide have suffered from asthma [1]. It is characterized by
airway inflammation, with intermittent episodes of wheezing and
coughing [2,3]. Inhaled corticosteroids provide one of themost effective
therapies, but this method has severe side effects after long-term use
[4,5] such as hypertension, cataracts, osteoporosis in elderly patients
and stunted growth in children. However, inhaled corticosteroids are
still required in the systemic administration of glucocorticoides for in-
tractable asthma [6,7].

It is well established that mast cells play a key role in the pathogen-
esis of allergic diseases including asthma [8,9]. Mast cells participate in
airway inflammation by IgE-receptor (FcεRI) cross-linking with
exposed antigen, secreting variety of pro-inflammatory mediators
.

ghts reserved.
including histamine, serotonin, eicosanoides and platelet activating
factors as well as various cytokines and chemokines [10–12]. Among
the released mediators, histamine from mast cells and peroxidases
(EPO) released from eosinophils are one of the most important
chemical mediators in the allergic reactions, which are responsible
for airway constriction leading to difficulty in breathing. Another
most striking feature is the accumulation of large number of inflam-
matory cells in perivascular and peribronchial region of the lung paren-
chyma. These inflammatory cells include lymphocytes, macrophages,
neutrophils with strikingly large number of eosinophils. Local allergen
challenge in patients with bronchial asthma [13], allergic conjunctivitis
[14] and atopic dermatitis [15] has been shown to result in rapid eleva-
tion of prostaglandin D2 (PGD2) level in nasal and bronchial lavage
fluids, tears and skin chamber fluids. PGD2 is themajor cyclooxygenase
metabolite produced bymast cells responding to IgE-dependent stimuli
[16].

Recent years have seen the development of highly targeted bio-
logical treatment and synthetic therapies with some serious side
effects. Natural medicines obtained from plants have been used in
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therapeutics from ancient times as these have the benefit to have min-
imal toxicity. Thus, natural treatments as complementary medicines
have drawn the attention of the scientific community to ancient reme-
dies. Curcumin, a phytochemical present in turmeric, the rhizome of
Curcuma longa, has been shown to have a wide variety of pharma-
cological activities including anti-allergic and anti-inflammatory
properties [17]. Curcumin [1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-
heptadien-3,5-dione], being a phenolic substance, is used as a dietary
spice and natural colouring agent for foods. Its yellow colour is imparted
primarily by curcumin (diferuloyl methane) and polyphenolic pig-
ment [18]. In recent years, it has attracted interest because of its an-
tioxidant, anti-inflammatory and potential cancer chemopreventive
activities [19]. Studies have suggested that curcumin has downregulated
Th2 responses and reduced lung inflammation in latex sensitized mice
suggesting possible role of curcumin in controlling allergic disorders
[20,21].

In common with several other diet-derived polyphenols, curcumin
has low systemic bioavailability [22]. This pharmacokinetic feature
of curcumin, which has been observed across several species, is the
result of poor absorption and avid metabolic conjugation and reduc-
tion [23]. Despite the evidence that curcumin is poorly available
following oral administration, there are reports that curcumin at
50–200 mg/kg doses exerts biological activity on sites distant
from the locus of absorption in rodents, such as breast [24–26],
prostate, lung and especially the liver [27–29]. Studies on gall
A

B

Fig. 1. (A) Rhizome of curcumin. (B) Structur
bladder contractility following oral curcumin in humans suggest that
curcumin may exert biological actions at doses of 20 mg [30–33].

Several studies have suggested poor bioavailability of curcumin
in both rodents and humans despite the promising biological effects
that have been observed (Fig. 1) [34,35]. Pan et al. [36] investigated
the pharmacokinetic properties of curcumin administered either
orally or intraperitoneally (i.p.) in mice. With oral administration
of 1.0 g/kg of curcumin, low plasma levels of 0.13 μg/ml appeared after
15 min, while a maximum plasma level of 0.22 μg/ml was obtained
at 1 h; plasma concentrations declined then below detection limit
by 6 h. Entirely different plasma curcumin levels were found after
i.p. administration of 0.1 g/kg. Plasma curcumin levels peaked
(2.25 μg/mL) within 15 min of administration and declined rapidly
within 1 h. An investigation reported that it was difficult to detect
curcumin in plasma following 180 mg oral dose [35]. Poor absorp-
tion through oral route could be due to its extremely low aqueous
solubility and/or extensive pre metabolism [37]. Earlier studies re-
ported that nasal cavity may be exploited as a route of entry into sys-
temic circulation since nasal mucosa is highly vascular and increases
the absorption of the drug [38,39].

Curcumin is unstable at neutral and basic pH values and is de-
graded to ferulic acid ([4-hydroxy-3-methoxycinnamic acid]) and
feruloylmethane (4-hydroxy-3-methoxycinnamoyl-methane) [34]. In
the course of investigations, it was found that more than 90% of
curcumin decomposes rapidly in buffer systems at neutral basic
e and its metabolites (Anand et al. [34]).
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pH conditions. Oetari et al. (1996) [40], using spectrophotometry,
also found that curcumin is unstable in phosphate buffer at pH 7.4. Al-
though the exact mechanism of degradation is not clear yet, it ap-
pears to occur through an oxidative mechanism because the
presence of antioxidants such as ascorbic acid, N-acetylcysteine,
or glutathione completely blocks the degradation of curcumin at
pH 7.4. The effect of pH on metabolites of curcumin has not been
investigated previously. Curcumin should be stable in the stomach
and small intestines because the pH is between 1 and 6, and degra-
dation of curcumin is extremely slow in these conditions [36]. The
normal pH of nasal mucosa is 5.5 to 6.5, and therefore it can be de-
tected in plasma and could reach to lungs without degradation.

The disposition of curcumin in blood plasma and lung tissue
following intranasal administration is unknown in rodents and
human both. Therefore, we aimed to determine achievable levels
of curcumin in mouse plasma following nasal administration. In
particular, lungs are the affected organ in airway inflammations,
and due to highly vascular nature of nasal mucosa, the idea is to
study the absorption of curcumin directly to the lungs for sup-
pressing airway inflammations in asthma. Analytical methods to
determine curcumin concentrations in biological samples has
been reported, which include liquid chromatography (LC) with
UV [41,42] and tandem mass spectrometric detection [43,44]. In
the present study, we have evaluated curcumin in mouse plasma
and lung tissue after intranasal administration. Earlier studies
have detected curcumin in plasma after intraperitoneal injection
at higher doses (100–-200 mg/kg, i.p.) other than therapeutic
dose (10–-20 mg/kg, i.p.), but here curcumin has been detected
in plasma and lungs both at same therapeutic dose (5 mg/kg,
i.n.), where it has shown anti-inflammatory potential by inhibiting
bronchoconstriction and airway inflammation both. Inhibition in
histamine and eosinophil peroxidase (EPO) release as markers of
inflammation has been observed at similar doses.

2. Methods

2.1. Reagent and Apparatus for HPLC method

Curcumin (purity ≥ 99.5%), ovalbumin (grade V) and acetonitrile
(high-pressure liquid chromatography [HPLC] grade) were purchased
from Sigma-Aldrich Corporation (St. Louis, MO, USA). Aluminium hy-
droxide gel was obtained from Pierce Chemical Company (Rockford,
IL). Balb/c mice (6–8 weeks old; 20–22 g) were procured from Central
Drug Research Institute, Lucknow, India, and acclimatized for a week
under standard laboratory conditions. Experimental protocols were
approved by the Central Animal Ethical Committee, Banaras Hindu
University, Varanasi, India. HPLC was performed by Hamilton CECIL-
UVdetector (CECIL Ce 420)with variablew/L detector HX SII9hydrogen
silicon) C18 column (25 cm × 4.6 mm, 5 μm); mobile phase, 80%
methanol with 20% water; flow rate 1.0 ml/min; sample detection
was achieved at wavelength, 420 nm, and injection volume was
20 μl. Calibration curves were prepared over the range from 10 μg/ml
to 50 μg/ml. The amount of curcumin in the sample was determined
from the peak area using a calibration curve constructed of standard
curcumin.

2.2. Preparation of Stock and calibration samples

Five hundredmicroliters of plasmawas taken with working stock of
curcumin 100 μg/ml (curcumin in solvent system methanol–water)
80:20 ratio. Then various concentrations were prepared accordingly,
ranging from 0 to 50 μg/ml in extracting reagent (ethyl acetate 95%–
methanol 5%) in equal ratio with the plasma and then centrifuged
for 15 min for each sample. Two hundred microliters of supernatant
was collected, and organic solvent was evaporated. Then filtered
(0.45 um) mobile phase (80:20) methanol–water was added, and
HPLC was performed. The retention time was found to be 2.57 min.
All described solutions were protected from light and stored at 4 ºC.
The system was run isocratically at a flow rate of 1 ml/min. Sample
detection was achieved at 420 nm, and injection volumes were
20 μl. Calibration curves over the range of 0 to 50 μg/ml were
established for the quantitation of curcumin. Curcumin was given
at a dose of 5 mg/kg, i.n., and at 20 mg/kg, i.p., respectively. Blood
samples were collected via orbital plexus from each mice at each time
point, ranging from 15 min to 3 h post dosing. Plasma was obtained
from blood (treated with 0.2 mg/ml heparin) after centrifugation at
1500 rpm for 15 min. The resulting plasma was deproteinized by
mixing it with a two volumes of acetonitrile. The lungs were re-
moved from euthanized mice at the same time points and were col-
lected, weighed and then minced with scissors and homogenized in
phosphate buffer and sonicated in PBS and centrifuged for 20 min
at 12000 rpm. The curcumin was extracted by adding acetonitrile:
PBS (1:1 v/v). After centrifugation, the supernatants were subjected
to HPLC analysis. Results were normalized to protein level. The
curcumin levels were analysed by HPLC.

2.3. Development of experimental mouse model

Mice were randomly divided into different groups (5 mice/group),
and each group was named according to the status of sensitization/
challenge/treatment. They were Sham/Sal/Veh (saline-sensitized,
saline-challenged and vehicle-treated), OVA/OVA/VEH, OVA/OVA/
CUR 2.5 mg/kg and 5.0 mg/kg (nasal drops were delivered and
animals were kept in supine position for a few minutes), 10 mg/kg
(i.p. route) and DSCG (50 mg/kg,i.p.). Mice were sensitized with
0.2 ml saline suspension containing 10 μg ovalbumine (OVA) and
2 mg aluminium hydroxide in saline on days 0, 7 and 14. From
days 19 to 22, mice were subjected to aerosol of ova (1%) inhalation
30 min daily (Fig. 2) in a Plexiglas chamber by nebulizer (Omran,
Japan) with an airflow rate 9 l/min. Control mice received i.p. injec-
tions of 0.2 ml saline containing 2 mg alum and were challenged
with saline alone. Curcumin was dissolved in dimethyl sulphoxide
(DMSO) and given an hour before every ova challenge (days 19 to
22). Vehicle (DMSO) was also given to OVA sensitized mice in a sim-
ilar volums as curcumin has been used.

2.4. Collection of bronchoalveolar lavage (BAL) fluid and lung histology

Mice were sacrificed after 24 h of OVA-aerosol challenge. Trachea
was cannulated by a small incision on ventral skin of the neck region.
Lungs were washed three times with PBS in total volume of 1 ml. The
BAL fluid was centrifuged for 5 min at 2000 rpm at 4 ºC.Cell pellet
was used to count total inflammatory cell, especially eosinophils,
neutrophils, mast cells and lymphocytes. The supernatant was re-
moved and used for analysis of histamine content released from air-
way mast cells. For histological analyses, mice were sacrificed 24 h
after the final challenge. Lungs and trachea were washed with 10% of
neutral buffer formalin (NBF) before removal and then fixed. Lung
tissues were embedded in paraffin, cut into sections of 5 μm thick-
ness and stained with hematoxylin–eosin (H&E).The slices were
evaluated via light microscopy under similar conditions. The degrees
of peribronchial and perivascular lung inflammationwas scored with
having special reference on inflammatory cell types recruited to the
lungs.

2.5. Total inflammatory cell count

Total cell numbers were counted by hemocytometer. Smears of
bronchoalveolar lavage (BAL) cells prepared and were stained with
giemsa for differential cell count. Two independent, blinded investi-
gators counted the cells using a microscope. Randomly, three loca-
tions were selected for differential cell count.
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Fig. 2. Schematic diagram of protocol for sensitization and airway challenge.
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2.6. Immunoflurescence (IF) study for detection of eosinophil granulemajor
basic protein (MBP) as eosinophil recruitment marker

Pulmonary eosinophilia is one of the distinguishing features of
asthma. To detect eosinophils recruitment to the lungs of asthmatic
mice, immunostaining for eosinophil major basic protein was adapted
from Stelts et al. [45]. Lungs were fixed in 10% neutral buffer formalin
for 24 h and then processed. In order to free up any formalin fixed
epitopes, the slides were incubated in 0.1% trypsin and 0.1% CaCl2
(pH 7.8) at 37°C for 5 min. Sections were rinsed with 0.05% PBST
two times. Slides were then overlaid with 10% normal goat serum
for 2 h at 37 °C and incubated overnight with 1:500 rat anti-mouse
major basic protein or normal rat IgG (as a negative control) for 24 h.
Again, the sections were washed with PBST five times and then treated
with 1% chromotrope 2R (Loba) for 30 min at room temperature to pre-
vent non specific staining of eosinophils with fluorescein. The sections
were then washed and overlaid with fluorescein-labeled goat anti-
mouse IgG (Invitrogen) for 30 min. Slides were washed and
mounted in 50% glycerol and covered with coverslip and observed
under a fluorescent microscope (Nikon).

2.7. Measurement of histamine in BALF

Histamine was measured in the BALF supernatant as discussed
previously with slight modification [46]. Briefly, 90 μl of supernatant
was mixedwith 90 μl of 0.1 MHCl, 36 μl of 1 MNaOH and 9 μl of OPT
(O-phthalildehyde) at room temperature. After 7 min, the reactionwas
stopped by adding 18 μl of 3 M HCl. Samples were transferred to a flat
bottom 96 well black microplate. Fluorescence intensity was measured
using 360-nm excitation filter and 460-nm emission filter. Values are
expressed as percentage of net histamine release.

2.8. Measurement of EPO activity in BALF

The level of EPO in BALF supernatantwas determined by taking 100 μl
of substrate solution (0.1 mM O-phenylene-diamine-dihydrochloride,
0.1% Triton-X 100, 1 mM hydrogen peroxide in 0.05 M Tris HCl) to
100 μl of supernatant in microtiter plates and incubated for 30 min
at 37 ºC. The reaction was stopped by adding 50 μl of 4 M sulphuric
acid, and optical density was read at 490 nm. This method has been
shown specific for peroxidase activity of eosinophils.

2.9. Measurement of alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) levels in serum

The liver function test was performed in order to test the toxicity of
intranasal curcumin. In this test, aspartate aminotransferase (AST)
and alanine aminotransferase (ALT) levels were observed by modi-
fied Reitman and Frankel's colorimetric DNPH method by standard
kits (Avecon).
2.9.2. Measurement of creatinine level
For the kidney function test, creatinine was measured by using

creatinine reagent kit (Beacon). The principle was based on the for-
mation of orange coloured complex by the reaction of picric acid
with creatinine. The intensity of colour formed is directly proportional
to the amount of creatinine present and measured at 490 nm.

3. Results

3.1. HPLC-UV conditions and stability

An appropriate wavelength was important for the detection of
curcumin since it has special conjugation structure (Fig. 1), which
leads to strong UV absorption at wavelength of 420 nm. Therefore,
detection wavelength was set at 420 nm. Internal standard was
used in between to compensate for extraction variation, efficiency
and extraction errors (results not shown here). Methanol was selected
as organic phase, and according to chemical structure of curcumin, ap-
propriate concentrations of acetic acid were added to get good peaks.
Calibration curves were constructed by plotting the peak area ratios
(curcumin standards 0–50 μg/ml) of normal plasma verses nominal
concentrations and five different lots of plasma were linear and in
the range (Fig. 3). Bench-top stability was assessed to ensure that
curcumin has not been degraded in plasma samples at room temper-
ature for a time period to cover sample preparation and by exposing
them to normal laboratory conditions. Freeze–thaw stability was
also considered during analysis. All stability samples were analysed
and compared with freshly prepared samples used for therapeutic
studies (results not shown here).

3.2. Intranasal curcumin inhibits bronchoconstriction and inflammation
(H&E staining)

Histological analyses revealed typical pathological features in
OVA-challenged mice showing numerous inflammatory cells around
the bronchioles. As shown in Fig. 4, lungs of mice without sensitiza-
tion and challenge with OVA (only saline) showed normal bronchi-
oles and epithelial lining as normal lung morphology without any
bronchoconstriction and inflammation, whereas lungs of OVA sensi-
tized/challenged mice showed clear cut bronchoconstriction as both
the bronchiolar walls with reduced lumen volume and significant in-
flammation with large population of inflammatory cells including eosin-
ophils. As curcumin was dissolved in DMSO, OVA/OVA/DMSO treated
lungs were used to study where no inhibition in bronchoconstriction
and anti-inflammatory effect of DMSO was observed. Curcumin ad-
ministrations at 2.5 mg/kg and 5.0 mg/kg (i.n.) have shown signifi-
cant reduction in bronchoconstriction with good lumen volume
and decreased number of eosinophils with significant reduction in
inflammatory cell infiltration in the peribronchiolar and perivascular
regions.



737Subhashini et al. / International Immunopharmacology 17 (2013) 733–743
3.3. Curcumin suppresses total leukocyte count and infiltration of
inflammatory cells to the lungs

Total number of inflammatory cells including eosinophils were
counted from the BALF of curcumin-treated and control mice as per
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3.4. Immunoflurescence staining of lung tissues for eosinophil detection

Lung tissue sections from nonsensitized (normal) mice showed
neither peribronchial nor alveolar infiltration of eosinophils as shown
by immunofluorescent negative cells. In contrast, OVA sensitized/
challenged mice consistently showed eosinophils in alveolar region
as well as in peribronchial region as profound immunoflurescence
for anti-MBP antibody used specific for esosiophil granule major basic
protein (Fig. 6A–D). Moreover, when asthmatic mice were challenged
with intranasal curcumin (2.5 to 5.0 mg/kg), eosinophil recruitment
was inhibited in alveolar region and no immunoflurescencewas detect-
ed in the peribronchiolar region. Immunofluorescent studies revealed
curcumin more potent than standard drug di sodium cromoglycate
(50 mg/kg,i.p.).

3.5. Curcumin inhibits histamine release from mast cells

Histamine release in BAL fluid collected from ova-sensitized and
ova-challenged mice treated with curcumin through nasal route
was dose-dependently inhibited. It was found that intranasal chal-
lenge of curcumin (5.0 mg/kg) has significantly inhibited histamine
release up to 80%. However, there are no reports till date regarding
histamine release inhibition through nasal route of curcumin admin-
istration (Fig. 7A and B). Histamine release was compared with
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curcumin administration intraperitoneally at higher doses. Curcumin
dose-dependently inhibited histamine release in BALF of asthmatic
mice as described in methods. Here, the effects of curcumin by both
the routes were compared, and intranasal route has shown as better
parenteral route in terms of histamine release and % inhibition. Each
data represent the mean ± SEM of 5 independent experiments.

3.6. Curcumin modulates level of eosinophil peroxidases (EPO) and
eosinophil recruitment to the lungs

Eosinophils contain large amount of granules that induce severe
airway inflammation, and increased levels of EPO in allergic pa-
tients are considered to be one of the inflammatory marker of eo-
sinophil recruitment [47,48]. Other inflammatory cells are also
recruited to the perivascular areas, but eosinophils are recruited most
in airway inflammations and EPO has been reported to be significantly
increased in OVA-induced asthma. In present investigations, intranasal
curcumin has significantly inhibited eosinophil recruitment to the
lungs (Fig. 4), and decreased EPO levels has been observed in BALF
of mice where curcumin was administered through nasal route
(Fig. 8).

3.7. Cytotoxicity of curcumin in a murine model of allergic asthma

AST and ALT levels, commonly known indicators of hepatotoxicity,
were not changed by intranasal curcumin administration, indicating
normal liver function. Creatinine levels measured as normal kidney
function test was found constant with andwithout curcumin treatment
(Figs. 9 and 10).
4. Discussion

Asthma is a chronic inflammatory airway disease in which multiple
complex pathways are involved. Being a chronic disease, long-term
medications are required for the therapy. Currently, available thera-
peutic agents have major adverse implications. Hence, it is more im-
portant to find drugs preferably non-steroidal in nature, which can
be taken for linger without any adverse effects. Therefore, we have
chosen a very well-known phytochemical with ant-inflammatory
potential in allergic asthma model through nasal route. In the present
study, we are evaluating experimental evidence of intranasal curcumin
absorption in murine model of asthma.

Because of the complex nature of plasma, a pre-treatment proce-
dure is often needed to remove protein and potential interferences
prior to HPLC analysis. Sample preparation is essential and more im-
portant in high-throughput analysis than the instrumentation. Spec-
ificity can be described as the ability of themethod to discriminate all
the possible interfering substances. Studies has also been performed
to investigate curcumin detection at higher doses (up to100 mg/kg,
i.n.), and it was found that at 30 min, it was low (0.2 μg/ml) in plasma
but has been increased up to 25 μg/ml after 3 h, and only 3.6 μg/ml
could be reach to the lungs till 3 h (data not shown here). It is possible
that higher dose of curcumin might have taken longer to get absorbed
and could reach to plasma till 3 h, but it was unable to reach to the
lungs at the same rate could be due to the reason that being present
in large quantity in circulation, its diffusion is very slow and might
take still longer to reach to the lungs (more than 3 h, we have not de-
tected). Drugs that remain in the circulation tend to have a low volume
of distribution.
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In the present study, 0.9 μg/ml of curcumin was detected after
15 min which spiked up to 3 h till 1.5 μg/ml in plasma after intrana-
sal administration of 5 mg/kg curcumin. Lung homogenate retained
up to 3.6 μg/ml of curcumin till 3 h after same dose administration
(5 mg/kg, i.n.), which was detectable from 15 min (0.27 μg/ml)
and was on higher side as compared to earlier studies. Since nasal re-
spiratory mucosa is constituted by the epithelium, basement mem-
brane, lamina propria and microvilli play important role in enhancing
respiratory surface area. Highly vascular mucosa might have enhanced
the absorption and bioavailability of curcumin in both plasma and
lung homogenates; therefore, its detection was possible till 3 h. There-
fore, we could see a very good inhibition in bronchoconstriction
and inflammation in lung tissues without degradation at lower
doses after intranasal administration. According to previous stud-
ies, a maximum of 1.35 μg/ml curcumin was detected in serum
after 2 g/kg oral dose in rats. Plasma curcumin level peaked up
to 2.25 μg/ml after 15 min of intraperitoneal administration and
declined rapidly after 1 h (Fig 3, A-C).

It was reported earlier that curcumin attenuate allergen induced
airway hyperresponsiveness in sensitized guinae pigs [49]. In the
present study, curcumin have shown effectiveness in attenuating
bronchoconstriction and lung inflammation in sensitized and Ovalbu-
min exposed Balb/c mice at lower doses through intranasal route as
compared to the intraperitoneal route. Activated mast cells and eosino-
phils contribute to pulmonary inflammation by producing a variety of
chemical mediators and cytokines. The recruitment of inflammatory
cells from blood vessels to the airway need various selectins and
blocking of these selectins has been demonstrated to inhibit antigen in-
duced airway inflammations.

Present investigations are providing evidence of intranasal
curcumin absorption through nasal mucosa and showing better effect
on airway inflammations for the first time. OVA sensitized and chal-
lenged mice showed certain characteristic features of asthma along
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with bronchoconstriction and inflammation in lungs (Fig. 4). The
BALF of the asthmatic animals showed increased number of total in-
flammatory cells, including neutrophils, lymphocytes and mast cells
alongwith large number of eosinophils. The anti-inflammatory effect of
vehicle, DMSO, was not seen in any observations including histology
(Fig. 5A and B).
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Immunoflorescence studies revealed maximum recruitment of
eosinophils in alveolar spaces and accumulation of fluorescence in
peribronchial region of asthmatic lungs, whereas consistent reduction
in the recruitment of eosinophils, as presence of MBP, an eosinophil
marker in the curcumin-treated lung sections with very few numbers
in alveolar spaces and almost complete inhibition to the peribronchial
region, was found (Fig. 6A–B). Thesefindings thus indicate that intrana-
sal curcumin reduces the asthmatic features by inhibiting eosinophil
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Fig. 9. Levels of AST and ALT in serum as liver function test. Serumwas collected after the
final OVA challenge. Samples (n = 5)were analyzed using commercial kit as described in
Materials and Methods.
recruitment and release of histamine at the tissue site. Curcumin has
not shown any toxic effects as investigated by liver and kidney function
tests. In recent yearsmanydrugs have shown to achieve better systemic
bioavailability through nasal route than by oral administration or peri-
toneal route. Intranasal absorption and therefore detection of curcumin
revealed impacts on the feasibility of its role asmodulator of allergic air-
way inflammation in directly targeting lungs at considerably lower
doses. Nasal drops and sprays of curcumin could prove to be better
medicationwithout any side effect. Asmost of the drugs are even incon-
venient for long-term therapy by parenteral route, intranasal drug de-
livery may be a better choice. Nasal drops of curcumin has shown
better absorption than intraperitoneal route, and it can have better ef-
fects if used through nebulizer in human subjects. Curcumin is effective
in suppressing asthmatic features at lower doses with better efficacy
than DSCG. Further investigations like its pharmacokinetic and pharma-
codynamic study is in progress to prove its enhanced bioavailability
through intranasal route at lower doses.
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