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Abstract

Purpose We have studied whether curcumin protects
different pulmonary aspiration material-induced lung
injury in rats.

Materials and methods The experiments were designed
in 60 Sprague-Dawley rats, randomly allotted into one of
six groups (n = 10): normal saline (NS, control), enteral
formula (Biosorb Energy Plus, BIO), hydrochloric acid
(HCI), NS + curcumin-treated, BIO + curcumin-treated,
and HCl + curcumin-treated. NS, BIO, HCI were injected
in to the lungs. The rats received curcumin twice daily only
for 7 days. Seven days later, both lungs in all groups were
examined histopathologically, immunohistochemically,
and biochemically. Histopathologic examination was
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performed according to the presence of peribronchial
inflammatory cell infiltration, alveolar septal infiltration,
alveolar edema, alveolar exudate, alveolar histiocytes,
interstitial fibrosis, granuloma, and necrosis formation.
Immunohistochemical assessments were examined for the
activity of inducible nitric oxide synthase (iNOS) and the
expression of surfactant protein D (SP-D). Malondialde-
hyde (MDA), hydroxyproline (HP), superoxide dismutase
(SOD), and glutathione peroxidase (GSH-Px) activity were
measured in the lung tissue.

Results  Our findings show that curcumin inhibits the
inflammatory response reducing significantly (P < 0.05)
all histopathological parameters in different pulmonary
aspiration models. Pulmonary aspiration significantly
increased the tissue HP content, MDA levels and decreased
the antioxidant enzyme (SOD, GSH-Px) activities. Curcu-
min treatment significantly decreased the elevated tissue
HP content, and MDA levels and prevented inhibition of
SOD, and GSH-Px enzymes in the tissues. Furthermore,
our data suggest that there is a significant reduction in the
activity of iNOS and a rise in the expression of SP-D in
lung tissue of different pulmonary aspiration models with
curcumin therapy.

Conclusion Our findings support the use of curcumin as a
potential therapeutic agent in acute lung injury.

Keywords Pulmonary aspiration - Acute lung injury -
Surfactant protein D - iNOS - Curcumin - Antioxidant
Introduction

The pulmonary aspiration of gastric contents while being a

common event, represents a serious complication of a wide
variety of clinical disorders. Aspiration of gastric contents
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continues to be a concern for physicians involved in the
care of critically ill patients [1, 2]. Gastric content aspira-
tion is one of the major causes of acute lung injury. The
severity of the histopathologic changes results in lung
injury based on several factors such as pH value, volume,
content of the aspirated material, and the response of the
patients [3].

Different animal models have been developed to
investigate the mechanisms, characteristics, and patho-
physiology of lung injury [4]. Even though the mechanism
of lung injury is not accurately comprehended there is
evidence for the implication of oxidative damage by
reactive oxygen species (ROS) and reactive nitrogen spe-
cies (RNS), which are increasingly regarded as key
substances modulating the pulmonary vascular endothelial
damage that characterized acute respiratory distress syn-
drome (ARDS). The resulting vascular endothelial damage
is accountable for the principal clinical manifestations of
ARDS [5-7]. There is convincing evidence that ROS play a
major role in mediating injury to the endothelial barrier of
the lung in the presence of endotoxin or sepsis. ROS are
capable of reacting with cellular lipids, proteins, and
nucleic acids leading to changes in the structure and
function of alveolar cells. This condition is supported by
several animal studies. In these studies, antioxidant therapy
has been beneficial in the protection and the treatment of
lung injury [5-7].

Surfactant protein D (SP-D) is a member of the col-
lectin family of proteins, which play important roles in
innate host defense of the lung and regulation of surfac-
tant homeostasis and is synthesized in alveolar type II
cells and Clara cells of lungs [4]. Alveolar cell damage
leads to decreased and impaired synthesis, secretion,
function, and composition of SP-D in acute lung injury,
[8, 9]. Therewithal, little knowledge presents about the
histopathological benefits of antioxidants on the devel-
opment of different gastric content induced lung injury
[10].

Curcumin, a widely used orange-yellow curry pigment
from turmeric (Curcuma longa), has been designated to
be a forceful anti-inflammatory, anti-cancer and anti-
oxidant agent, and is under preclinical trial for cancer
prevention and anti-inflammation [11, 12]. Lately, cur-
cumin was shown to inhibit the production of nitric
oxide (NO) and the expression of inducible NO synthase
(AINOS) [13]. Overproduction of NO and oxidants seem
to be important factors in the pathology of the inflam-
matory process in lung injury. Inhibition of iNOS and
protection of oxidant effect have been effective in
reducing tissue damage in several models of inflamma-
tion [13-15].

According to our hypothesis, curcumin is beneficial in
the protection of alveolar cell via increase of SP-D
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secretion, inhibition of iNOS, and prevention of oxidative
damage. In order to explain our hypothesis, we examined
the effects of curcumin treatment on lung injury due to
different aspiration materials in rats.

Materials and methods

The Ethical Committee of Trakya University approved all
animal procedures and the experimental protocol. Efforts
were made to minimize animal suffering and reduce the
number of animals used in experimental groups.

Animals

The experiments were performed in 60 Sprague—Dawley
rats, ranging in weight from 230 to 260 g. Rats were pro-
vided by the Experimental Research Center of the Medical
Faculty of Trakya University. The rats were kept in a
windowless animal quarter where temperature (22 £ 2°C)
and illumination were automatically controlled (light on at
7 am. and off at 9 p.m. 14 h light/10 h dark cycle).
Humidity ranged from 50 to 55%. Animals were given free
access to diet and water until the night before the experi-
ment, when they were fasted.

Experimental protocol

Sixty animals were included in each of the following six
groups (n = 10): normal saline (NS, control), enteral for-
mula (Biosorb Energy Plus (BIO), Nutricia, Zoetermeer,
The Netherlands), Hydrochloric acid (HC1 0.1 N, pH 1.25),
NS + curcumin-treated, BIO + curcumin-treated, and
HCl + curcumin-treated. The rats were anesthetized with
ketamine hydrochloride (100 mg/kg) and xylazine (10 mg/
kg) intraperitoneally, and allowed to breathe spontaneously
throughout the entire experimental protocol. The animals
were placed in a supine position with the extremities pulled
caudally to facilitate exposure of the trachea. The trachea
was exposed through an anterior neck incision and a direct
puncture with a 24-gauge needle on a 1-mL tuberculin
syringe was performed two to four tracheal rings below the
larynx. NS, BIO, HCI were injected into the lungs in a
volume of 2 mL/kg. After instillation of NS, BIO, and HCI,
the tuberculin syringe was removed, and the neck incision
was repaired with a 6-0 Ethilon suture. Animals were
observed until they recovered from anesthesia. After sur-
gical procedure, the rats received curcumin twice daily
(200 mg/kg per day, orally) only for 7 days. Seven days
later, all rats were killed with intraperitoneal injection of
ketamine hydrochloride; the trachea and both lungs were
removed.
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Histopathological procedures

Portions of right lung (anterior lobe, median lobe, posterior
lobe, and post caval lobe) and left lung (upper left lobe, and
lower left lobe) were individually immersed in 10% neu-
tral-buffered formalin, dehydrated in alcohol, embedded in
paraffin, and then cut into 5-pm thick cross-sections
through the middle of the lobe so that each section included
hilum to periphery. Sections were placed on slides, depa-
raffinated, and stained with hematoxylin and eosin (H&E)
using standard procedures. Six slides were analyzed in a
standardized fashion. Each lung lobe sections were divided
equally for histopathological, immunohistochemical and
biochemical investigations. Each slide was examined and
evaluated in random order under blindfold conditions for
immunostaining by a histologist (M.K.) and stained with
H&E for histopathologic assessment under a standard light
microscopy by a pathologist (O.Y.). The slides were ex-
aminedThe slides were examined for the presence of
peribronchial inflammatory cell infiltration (PICI), alveolar
septal infiltration (ASI), alveolar edema (AED), alveolar
exudate (AEX), alveolar histiocytes (AHI), interstitial
fibrosis (IF), granuloma (GRA), and necrosis (NEC) for-
mation. These changes were scored according to the four-
point scale used by Takil et al. [16]. A histopathological
assessment was performed in at least randomly selected
eight microscopic high-power fields from each lung lobe.
The final score determined in each category for each
individual animal was the mean of the scores from the
sections of the lungs examined.

Immunohistochemistry

Immunocytochemical reactions were performed according
to the ABC technique described by Hsu et al. [17]. The
procedure involved the following steps: (1) endogenous
peroxidase activity was inhibited by 3% H,0, in distilled
water for 30 min, (2) the sections were washed in distilled
water for 10 min, (3) non-specific binding of antibodies was
blocked by incubation with normal goat serum (DAKO X
0907, Carpinteria, CA) with PBS, diluted 1:4, (4) the sec-
tions were incubated with specific rabbit polyclonal anti-
iNOS antibody (Cat. # RB-1605-P, Neomarkers, USA) and
specific rabbit polyclonal anti-surfactant protein D (SP-D)
antibody (Cat. # AB3434, Chemicon, USA), diluted 1:50
for 1 h, and then at room temperature, (5) the sections were
washed in PBS 3 x 3 min, (6) the sections were incubated
with biotinylated anti-mouse IgG (DAKO LSAB 2 Kit), (7)
the sections were washed in PBS 3 x 3 min, (8) the sec-
tions were incubated with ABC complex (DAKO LSAB 2
Kit), (9) the sections were washed in PBS 3 x 3 min, (10)
peroxidase was detected with an aminoethylcarbazole
substrate kit (AEC kit; Zymed Laboratories), (11) the

sections were washed in tap water for 10 min and then
dehydrated, (12) the nuclei were stained with hematoxylin,
and (13) the sections were mounted in DAKO paramount.

The positive immunostaining of iNOS and SP-D cell
numbers were scored in a semiquantitative manner in order
to determine the differences between the control group and
the experimental groups in the distribution patterns of
intensity of immunolabeling of lung tissue. The numbers of
the positive staining were recorded as weak (%), mild (4),
moderate (4-4), strong (4++4+) and very strong (4++-++).
This analysis was performed in at least randomly selected
eight microscopic high-power fields from each lung lobe
section, in two sections from each animal at 400x mag-
nification. The final score determined in each category for
each individual animal was the average of the scores from
the sections of the lungs examined.

Biochemical procedures

At the end of the experiment, rats in all groups were
starved overnight for 12 h. After killing, the harvested lung
tissues samples were quickly washed in cold saline and
stored at —70°C.

Measurement of tissue hydroxyproline

Total hydroxyproline (HP) content of the lung tissue
samples was measured as an assessment of lung collagen
content. A spectrophotometric assay was used to quantify
lung HP [18]. Briefly, the lung was removed from the —
70°C freezer and homogenized in 5% trichloroacetic acid
(1:9 wt/vol). The homogenized samples were centrifuged
for 10 min at 4,000g, and the pellet was washed twice with
distilled water and then hydrolyzed for 16 h at 100°C in
hydrochloric acid (6 N HCl). The HP level was expressed
as micrograms per milligram wet lung tissue.

Measurement of tissue malondialdehyde level

Lung tissue samples were frozen at —70°C and irrigated
well with a solution of sodium chloride (NaCl) (0.9%). By
admixing it with potassium chloride (KCl) (1.5%),
homogenization at a ratio of 1:10 was achieved. The
DIA x9000 Homogenizer (Heidolph Instruments, Germany)
was used to homogenize the tissue samples. The lipid per-
oxide level in the centrifuged tissue homogenates was
measured according to the method described by Ohkawa
et al. [19]. The reaction product was assayed spectropho-
tometrically (Shimadzu UV-1700, Japan) at 532 nm. The
lipid peroxide level was expressed as the nanomole (nmol)
of malondialdehyde (MDA) per milligram of lung tissue
protein. Protein levels were measured according to the
method described by Lowry et al. [20].
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Measurement of tissue superoxide dismutase activity

Superoxide dismutase (SOD) activity was determined
according to the method of Sun et al. [21]. This method is
based on the inhibition of nitroblue tetrazolium (NBT)
reduction by the XO system as a superoxide generator.
Activity was assessed in the ethanol phase of the lysate
after 1.0 ml ethanol/chloroform mixture (5/3, v/v) was
added to the same volume of sample and centrifuged. One
unit of SOD was defined as the enzyme amount causing
50% inhibition in the NBT reduction rate. SOD activity
was also expressed as units per milligram protein.

Glutathione peroxidase activity

Glutathione peroxidase (GSH-Px) activity was measured
by the method of Paglia et al. [22]. The enzymatic reaction
was initiated in a tube containing the following items:
NADPH, reduced glutathione (GSH), sodium azide, and
glutathione reductase by addition of H,O, and the change
in absorbance at 340 nm was monitored by a spectropho-
tometer. Activity was given in units per gram protein. All
samples were assayed in duplicate.

Statistical analysis

All statistical analyses were completed using SPSS sta-
tistical software (SPSS for Windows, version 11.0). The
data of biochemical findings were presented in mean (%£)
standard deviation (SD) and dual comparisons between
groups exhibiting significant values were evaluated with
Kruskall Wallis test followed by Mann—Whitney U test.
The degrees of histopathological severity were analyzed
with one-way analysis of variance and Tukey test for
detection of significant differences between groups. All

Table 1 Tissue HP, SOD, GSH-Px, and MDA levels in groups (n = 10)

data for histopathological grades are expressed in a dot-
scatter plot. These differences were considered significant
when probability was less than 0.05.

Results

All animals survived until being killed at 7 days. No ani-
mal were excluded from analysis. All animals were
examined immunohistochemically, biochemically, and
histopathologically for lung injury.

Biochemical findings

The values of the tissue HP content, MDA levels, SOD and
GSH-Px activities, and statistical differences of these
measurements are shown in Table 1. Pulmonary aspiration
significantly increased the tissue HP content, MDA levels
and decreased (P < 0.05) the antioxidant enzyme (SOD,
GSH-Px) activities (Table 1). Curcumin treatment signifi-
cantly (P < 0.05) decreased the elevated tissue HP content,
and MDA levels and prevented inhibition of SOD, and
GSH-Px (P < 0.05) enzymes in the tissues (Table 1).

Histopathological findings

The body weights of animals were similar across groups
(P > 0.05). Histopathological results of study groups are
presented in Figs. 1 and 2. Histopathological parameters
including PICI, ASI, AED, AEX, AHI, IF, GRA, and NEC
were decreased in all groups treated with curcumin com-
pared to untreated groups. PICI was observed in all groups,
but was statistically severer in group HCI than group BIO
(P < 0.01) and NS (P < 0.001). There was statistical dif-
ference between groups BIO and NS (P < 0.05). In the

NS NS + curcumin BIO

BIO + curcumin HCL HCL + curcumin

HP (ng/
g tissue)
MDA
(nmol/
g tissue)
SOD (U/
g tissue)
GSH-Px
(nmol/
g tissue)

59.43 £ 9.30 50.44 £ 8.26*

274.44 £+ 33.15 336.05 £ 59.69*

97.52 £ 22.02 128.89 £ 51.81%

113.50 £ 12.77%*

194.37 & 36.75%*

87.800 £ 11.54%%%*

3,010.99 + 482.46 2,710.69 £ 164.71* 6,786.80 + 512.86** 6,116.66 £ 757.91* 8,741.73 £ 566.95** 8,106.73 + 505.36*

101.38 4 4.55% 132.02 £ 13.92%* 119.91 & 7.76*

238.10 & 43.08* 189.49 4 33.43** 224.38 & 33.53*

100.22 £ 10.86* 73.50 £ 12.85%* 85.41 £ 11.98%

Values are expressed as mean £ SD
* P < 0.05 compared to untreated groups
** P < 0.001 compared to NS group
##% P > 0.05 compared to NS group
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Fig. 1 All the data for histopathological grades are expressed in a
dot-Scatter plot. Group I aspiration of normal saline solution (NS).
Group 2 aspiration NS treated with circumin (NS + circumin). Group
3 aspiration of Biosorp (BIO). Group 4 aspiration of BIO treated with

curcumin treated (Fig. 1) rat lungs, the PICI was signifi-
cantly less than in the only HCl treated groups (P < 0.01).
ASI was statistically higher in groups BIO (P < 0.01), and
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circumin (BIO + circumin). Group 5 aspiration of hydrochloric acid
(HCI). Group 6 aspiration of HCI treated with curcumin (HCI + cur-
cumin) (n = 10 pulmonary for each groups)

HCI (P < 0.001) compared to NS group. Curcumin treat-
ment did not significantly decrease ASI, except in HCI
group (P < 0.01). AED, AEX, AHI, IF, GRA, and NEC
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Fig. 2 a Showing normal lung
tissue morphology, b diffuse
hemorrhagic area (asterisks) is
showed in the necrotic lung
tissue, ¢ rat lung showing
peribronchial inflammatory cell
infiltration (asterisks), d rat lung
showing alveolar septal
infiltration (asterisks), e rat lung
showing alveolar edema
(asterisks), f rat lung showing
alveolar exudate (asterisks),

g showing necrotic lung tissue
(asterisks) and multivacuolated
alveolar histiocytes forming
clusters in alveolar spaces
(arrowhead), h showing
granuloma (asterisks) in
necrotic lung tissue (among
arrowhead). A Alveol,

B Bronchiole (H&E, scale bar
50 pm)

e
X

AP
Lk b

p
)

;3 "ff .

4t
v

,}A—

!

':‘P‘

u i i ]

MY 4;.5,2

“‘; p R ..'s!‘:;‘\ "\-_?‘5‘

RGNS Tk S
-y 7

A L - -
e
*i . }‘r' -.;’F "\' _.;
%}h -3%‘:,'5 YL “ s

i - M “-
s g Bave ki
b e A [ : _-_."1‘3-’!

N gt e P R y ot e i 7

Ltif & =V W L N T i

k{,’:‘; O ?.g; SRF " by AZD ~."-- Pt /s -m "'f.%%u‘ Ee

FRRARCRNRIT T WS\ e ) ] b i Y Mwte N B
RN e SN Y LN B éﬁ‘v&f- o o =t N ¥

U 2%, N, K AN R Tae £ G s !@!‘.1&“ i BB R VRTINS

. : : : . 2 . : w_q: - ":f‘-'; v; -l‘:‘:— a_:‘*’ Ct—‘&.:n .

2eh -\:::::J‘ g

W "% ¢ Lo : + . % -
- ) ;. ¥ et 1 e A ~ o Tl At
s gl Purds ol Tl 4 E T oy

-

TN

B

were found significantly higher HCI compared to NS group ~ Immunohistochemical findings

(P < 0.001). Although curcumin treatment significantly

decreased AED, AEX, AHI, IF, GRA, and NEC in HCI The number of alveolar type II cells positive for SP-D was
group, it had no significantly protective effects aforemen- semiquantitatively lower in groups BIO, and HCIl than
tioned findings in groups BIO and NS (Fig. 1). group NS. However, SP-D expression of degenerative
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alveolar type II cells was considerably restricted in these
groups than group NS. Curcumin treatment significantly
increased the number and expression of SP-D reactivity in
alveolar type II cells. The number of alveolar cells positive
for iNOS was semiquantitatively higher in groups BIO, and
HCI than group NS. Curcumin treatment significantly
decreased the number of iNOS immunopositive cells
(Table 2; Fig. 3).

Discussion

The present investigation reports the effect of curcumin, an
antioxidant, on different aspiration material-induced lung
injury in rats.

The pulmonary aspiration of gastric contents while
being a common event represents a serious complication of
a wide variety of clinical disorders. It commonly occurs in
critically ill patients with disturbance of consciousness due
to drug overdose, cerebrovascular disease, or high-risk
disease, and sometimes after aspiration of regurgitated
gastric contents in patients with presence of a nasogastric
tube, supine position, tracheal intubation and mechanical
ventilation or impaired upper airway reflexes during
induction of anesthesia, or recovery from it [23-25]. The
severity of lung injury was based on several factors such as
pH value, volume and content of the aspirated material, and
the response of the patients [3]. We used volume, content
and pH similar to that reported in the literature for pul-
monary aspiration in rats [15, 16].

The aspiration of lipoid material following the acci-
dental ingestion of enteral formulas is the most common
cause of lipoid pneumonia and the severity of lipoid
material aspiration induced-lung injury may depend on the
lipid content [2, 16, 26]. The mechanism of lipoid material
in lung tissue after aspiration is not completely known.
Most authors have showed that vegetable oils are found in
Biosorb Energy Plus which do not dissolve in lung tissue
and act like a foreign body, whereas animal fats are
hydrolyzed into free fatty acids, induce acute or chronic
inflammation with NEC. However, the presence of histio-
cytes with lipid content after lipid aspiration is the standard
diagnostic histopathological finding in lipoid pneumonia in
children [16, 27]. As a clinic, it represents cough,

increasing dyspnea and chest pain, together with alveolar
infiltrates in the radiography and the previous accidental
intake of a lipid substance and vomiting [24]. According to
one study, the pulmonary histopathologic effects of aspi-
ration of Impact were more severe PICI (greater than
aspiration of Biosorb and Pulmocare), abundant AHI, and
AED in comparison with aspiration of saline, even though
Impact had the lowest lipid content of all studied formulas
[16]. In addition, some authors believe that the high lipid
content formula might not be a risk factor for lipid aspi-
ration [16]. Our histopathological findings are consistent
with their results concerning the effects of different content
lipid formulas aspiration.

Aspiration of gastric materials brings about lung injuries
ranging from mild, subclinical pneumonitis to severe, adult
respiratory distress syndrome with associated high mor-
tality. In the clinical setting, the composition of aspirated
gastric material can vary considerably and may include low
pH secretions, food particulate material of varying size,
and bacteria from oropharyngeal and gastric flora [28, 29].
The content of aspiration materials is thought to be highly
important in determining the severity of lung injury in
patients. Recent studies have shown that acid aspiration
pneumonitis often complicated by secondary bacterial
pneumonia and, in about a third of cases, causes severe
lung injury [30-32]. Acid aspiration leads to increased
neutrophil oxidative metabolism, an event associated with
lung leukosequestration, damage of the alveolar epithe-
lium, principally alveolar type I and type II cells and
permeability increase [33]. However, all histopathological
parameters were observed in all groups, but were statisti-
cally severer in group HCI. Our findings support previous
studies [30-32].

Most of organs may be protected from the damaging
effects of the ROS by enzymatic and non-enzymatic anti-
oxidant defence. These include enzymes like SOD,
catalase, and GSH-Px [5-7]. MDA is a good indicator of
free radical activity and its altitude presents increased lipid
peroxidation [34]. However, alveolar macrophages can
manufacture potent ROS such as superoxide radicals and
consequently peroxynitrite which can be produced by the
reaction of NO with superoxide radicals and exhibits a
highly oxidative species [5-7]. ROS play major role in
mediating damage to the endothelial barrier of the lung in

Table 2 Semiquantitative comparison of the positive immunostaining cell numbers for iNOS and surfactant protein D in lung tissues for each

group (n = 10)

NS NS + curcumin BIO + curcumin HCI HCI + curcumin
iNOS + + + ++++ +++
Surfactant protein D +++ ++++ 44+ + +

NS aspiration of NS, control group, NS + curcumin aspiration NS treated with curcumin, BIO aspiration of BIO, BIO + curcumin aspiration of
BIO treated with curcumin, HCI aspiration of HCl, HCI! + curcumin aspiration of HCI treated with curcumin groups
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Fig. 3 Immunohistochemical
expression of iNOS and SP-D in
the lung tissue. (iNOS, a)
slightly positive iNOS
immunoreactivity in normal
lung tissue, (iNOS, b) strongly
positive iNOS
immunoreactivity in necrotic
lung tissue, (iNOS, c)
moderately positive iNOS
immunoreactivity in treated
lung tissue. (SP-D, a) strong SP-
D immunostaining was present
in alveolar type II cells of
normal lung tissue, (SP-D, b)
weak SP-D expression in
degenerative alveolar type II
cells of necrotic lung tissue
(asterisks), (SP-D, ¢) increase
positive SP-D immunoreactivity
in alveolar type II cells of
treated lung tissue. A Alveol,

B Bronchiole, arrows positive
reactivity (H&E, scale bar

50 pm)

the sepsis. These species are produced by activated alveolar
macrophages, stimulated endothelial cells, and damaged
structure, and function of alveolar cells [5, 6]. In addition,
several animal models have been developed to investigate
the mechanisms, characteristics, and pathophysiology of
aspiration lung injury and some proinflammatuar cytokines
have been implicated in the development of lung injury
[31]. A few studies have shown that some inflammatory
factors associated with lung injury, such as neutrophil-
mediated ROS and proinflammatory cytokines [35-37].
Antioxidant therapy has been useful in the protection and
the treatment of lung injury in some animal studies [5-7].
In one study curcumin has been shown to reduce the total
lung HP, suppress alveolar macrophage production of
TNF-a, superoxide and NO and contribute to the decreased
lung collagen in BLM-treated animals. They believed that
curcumin might be an antifibrotic and antiinflammatory
compound for BLM-induced pulmonary fibrosis in rats
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[12]. In our study, curcumin which has been found to
possess antioxidant, anti-inflammatory, anticancer, and
other treatment activities diminished HP accumulation and
MDA levels and prevented inhibition of SOD, and GSH-Px
enzymes in the tissues due to acid instillation. This finding
consistent with the results of Punithavathi et al. [12] con-
cerning the effects of BLM-induced lung fibrosis.

Nitric oxide is a highly reactive radical synthesized from
L-arginine by the action of NOS and can be derived by
almost all mammalian cells, including endothelium lining
the vasculature, neurones of the central and enteric nervous
system, and immune system cells [38, 39]. An iNOS
enzyme whose expression in endothelium, epithelium, and
inflammatory cells requires protein synthesis, is induced by
cytokines and lipopolysaccharide, and produces large
amounts of NO for extended periods of time [40]. For
inflammatory reactions that lead to injury, the role of NO is
controversial, with evidence for proinflammatory as well as
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antiinflammatory effects [41]. However, little knowledge
exists about the pharmacological benefits of NOS inhibitors
on the development of acid-induced lung injury. In previ-
ous studies, aspirations of gastric components were lead to
activation of macrophages and release of proinflammatory
cytokines such as NO. In their animal models selective
iNOS inhibition was prevented lung injury and a significant
increase in the metabolism of NO, nitrite and nitrate was
also observed in bronchoalveolar lavage fluid of acid-
instilled rats or canines [31, 41-45]. Our data suggest that
there is a significant increasing in the activity of iNOS in
lung tissue of different aspiration materials such as lipid
content formula (BIO), and acid (HCI).

Acute lung injury is a frequent cause of morbidity and
mortality following pulmonary disease or systemic infec-
tions. Injury to the alveolar epithelial barrier is major
determinant of the extent and severity of clinical acute lung
injury [8, 46]. SP-D is a member of the collectin family of
proteins, which play important roles in innate host defense
of the lung and regulation of surfactant homeostasis [47—
49]. SP-D is synthesized in alveolar type II cells and Clara
cells of rat lungs and is an inhibitor of lipid peroxidation
and oxidative cell damage. SP-D binds directly to alveolar
macrophages and leukocytes and exerts a potent chemo-
tactic effect on neutrophils and monocytes during
pulmonary infection disease [4]. In addition, alveolar cell
damage leads to decreased and impaired synthesis, secre-
tion, function, and composition of SP-D in acute lung
injury [8, 9]. Some authors reported that SP-D enters cir-
culation primarily from the lung with alveolar damage and
serum SP-D is a marker of lung injury in rats [50]. There
are only few reports of the role of SP-D in lung injury due
to gastric materials [10].

In conclusion, our results indicate that curcumin exhibits
an obvious protective effect to oxidative alveolar cell
damage by increasing SP-D secretion and reduction of
iNOS activity. These findings support the use of curcumin
as a potential therapeutic agent in acute lung injury.
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