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Background. Epidemiological studies have shown that exposure to PM induces oxidative stress, leading to a variety of health
problems. In particular, PM2.5 contains a lot of substances harmful to the human body and penetrates into the lungs to induce
lung injury. At the same time, there is increasing evidence that oxidative stress also affects the severity of lung injury. However,
there is still no good way to reduce or eliminate these hazards. In the future, more experimental research is needed to further
confirm the mechanisms of these hazards and formulate effective preventive measures and treatment plans for their hazard
mechanisms. Curcumin has been reported to reduce oxidative stress and inflammatory damage and protect organs. Objective.
To investigate whether curcumin can play a protective role against PM2.5-induced oxidative stress and inflammatory damage by
inducing expression of the HO-1/CO/P38 MAPK pathway. Methods. In this experiment, PM2.5 was dropped into the trachea to
establish a lung injury model in mice. 28 SPF-grade male Kunming mice were randomly divided into 4 groups: normal control
group, saline control group, PM2.5 treatment group, and curcumin intervention group. Albumin (ALB), lactate dehydrogenase
(LDH), and alkaline phosphatase (ALP) were measured in alveolar lavage fluid (BALF) to assess lung tissue damage.
Colorimetric detection of oxidative stress indicators such as MDA, GSH-PX, T-AOC, and CAT in the lung tissue was
performed. The levels of IL-6 and TNF-α in the lung tissue were determined by ELISA. Histopathological examination was used
for the assessment of alveolar epithelial damage. The protein expression of the HO-1/P38 MAPK pathway in the lung tissue was
determined by Western blot and immunohistochemistry. Endogenous CO was detected by spectrophotometry. The results
showed that the expression of the HO-1/CO/P38 MAPK protein in the lung tissue was significantly increased in the curcumin
intervention group compared with the PM2.5 treatment group, and it was statistically significant (P < 0 05). Compared with the
PM2.5 treatment group, the curcumin intervention group can reduce the amount of ALB, LDH, and ALP in BALF; reduce the
levels of MDA, IL-1, and TNF-α in the lung tissue; and improve GSH-PX, T-AOC, and CAT levels, but there is no statistical
difference (P > 0 05). Conclusion. We found that PM2.5 can cause lung damage through oxidative stress and inflammatory
responses. Oxidative stress and inflammatory responses increase the expression of HO-1/CO/P38 MAPK. The intervention of
curcumin can further increase the expression of HO-1/CO/P38 MAPK.

1. Background

Air pollution poses a huge environmental risk to health.
According to the Global Burden of Disease report, outdoor
fine particulate matter (PM2.5) exposure is the fifth largest
risk factor for death in the world, resulting in 4.2 million
deaths and more than 100 million disability-adjusted life-
year losses. The World Health Organization attributed 3.8

million deaths to indoor air pollution [1]. Air pollution poses
a direct and major threat to human health by inducing seri-
ous respiratory diseases such as chronic obstructive pulmo-
nary disease (COPD) and asthma [2, 3] and can also be
used as a trigger for various forms of interstitial lung disease
and lung cancer. The severity of air pollution was measured
by measuring airborne particles (PM) [4]. The PM consists
of fine particles and coarse particles: the fine particles have

Hindawi
Mediators of Inflammation
Volume 2019, Article ID 8613523, 9 pages
https://doi.org/10.1155/2019/8613523

https://orcid.org/0000-0001-8261-8960
https://orcid.org/0000-0001-9622-2721
https://orcid.org/0000-0001-7633-964X
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2019/8613523


an aerodynamic diameter of ≤2.5 μm, which is called
PM2.5, and the coarse particles have an aerodynamic diam-
eter of ≤10 μm, which is called PM10. The two types of PM
are mainly from vehicles, industrial waste gas, and household
sources [5]. It is well known that both PM2.5 and PM10 can
cause severe respiratory damage [6]. Airborne particulate
pollutants, especially PM2.5, contain a large amount of sub-
stances harmful to humans [7, 8], deep into the lungs to
induce oxidative stress, which can lead to lung injury [9–
12]. Studies have shown that PM2.5 is also a risk factor for
chronic obstructive pulmonary disease (COPD), aggravating
the degree of lung injury in patients with COPD [11]. After
exposure to PM2.5, it can promote the release of various
inflammatory factors in the lungs, produce a large number
of oxygen free radicals, destroy the body’s oxidation/antioxi-
dant balance, and cause damage to the respiratory system
and other systems. The role of oxidative stress mechanisms
in lung diseases has received increasing attention. The imbal-
ance of oxidation/antioxidation is the key to instability in
pulmonary disease [13–15], the reduction or even absence
of antioxidants enhances the oxidative stress response of
the body, and the oxygen free radicals increase accordingly.
After acting on the bronchial epithelial cells, the cells are
overoxidized, and the membrane structure, mitochondrial
membrane, and other membrane-like structures increase
the permeability of epithelium [16], simultaneously causing
DNA strand breaks during peroxidation [17] and cell death.

Heme oxygenase 1 (HO-1) is a protease of mammalian
tissue microsomes, a rate-limiting enzyme for heme metabo-
lism and a rate-limiting and key enzyme for endogenous car-
bon monoxide (CO) synthesis, which can decompose heme
into bilirubin, CO, and iron, all of which are important bio-
logical effector molecules [16]. HO-1 exerts physiological
functions such as antioxidation, anti-inflammation, and anti-
apoptosis through these effector molecules in vivo; bilirubin
is an effective antioxidant in vivo, which has the function of
scavenging free radicals, and participates in maintaining the
balance of oxidation and antioxidant mechanisms in vivo.
CO can exert antiapoptotic and antiproliferative effects
through the p38 MAPK signaling pathway [18]. It can also
combine the ferrous ions of the heme group in guanylate
cyclase to catalyze the production of cGMP, thereby exerting
various physiological effects, etc. HO-1 stimulates cells to
produce ferritin, which not only prevents iron-mediated
cytotoxicity but also inhibits apoptosis [19]. As a stress pro-
tein, HO-1 acts as an adaptive and protective response to
noxious stimuli and is the most frequently induced protein.
Recent studies have confirmed that the induction of HO-1
is an important part of the body’s antioxidant damage and
adaptive changes [20, 21].

Curcumin is a fat-soluble polyphenolic pigment extracted
from the rhizome of the gingeraceae turmeric. Many studies
have shown that [22–25] curcumin has obvious biological
effects such as antioxidative stress, anti-inflammation, and
antiapoptosis and plays a role in multiple molecular targets
of multiple pathways, thus protecting multiple organ func-
tions. The results show that [26, 27] curcumin has a good
alleviating effect on lung injury caused by various causes,
and the mechanism of action is more complicated.

In this experiment, an early intervention method of
curcumin was used to establish a mouse lung injury model
based on PM2.5-induced lung injury-related experiments
[28], to investigate whether curcumin can alleviate lung injury
through the HO-1/CO/P38 MAPK pathway.

2. Materials and Method

2.1. Material. Curcumin ([1,7-bis(4-hydroxy-3-methoxyphe-
nyl)-1,6-heptadiene-3,5-dione]; high purity ≥ 98 5%) is
available from Sinopharm Chemical Reagent Co. Ltd.

PM2.5 is granted by the Heart Experimental Center of
Zhujiang Hospital, Southern Medical University (traffic
related PM2.5).

The experimental animals were 28 SPF-grade adult Kun-
ming male mice (purchased from the Laboratory Animal
Center of Southern Medical University), with a body weight
of 28-32 g. They were randomly divided into the normal
control group, saline control group, PM2.5 treatment group,
and curcumin intervention group. All studies were reviewed
and approved by the Animal Ethics Committee according to
the protocol, and the mice received the same food and water
with maintained temperature, humidity, and noise under
the same environmental conditions. After 1 week of adap-
tive feeding, experiments were carried out according to the
research design.

Polyformaldehyde and hematoxylin-eosin (HE) staining
solution was purchased from Servicebio and operated
according to the instructions.

The lactic dehydrogenase (LDH), alkaline phosphomono-
esterase (ALP) and albumin (ALB) test kits were purchased
from Changchun Huili Company and tested according to
the instructions. The malondialdehyde (MDA) test kit, total
antioxidative capacity (T-AOC) test kit, catalase (CAT) test
kit, glutathione peroxidase (GSH-Px) test kit, and the endog-
enous CO test kit were purchased from Nanjing Jiancheng
Company and tested according to the instructions.

Tumor necrosis factor- (TNF-) α and cytokine interleukin-
6 (IL-6) were purchased from Thermo Fisher Scientific
Company and tested according to the instructions.

The kits for hemoglobin oxygenase 1 (HO-1) and P38
MAPK were purchased from Servicebio and tested according
to the instructions.

2.2. Experimental Procedure. 28 SPF Kunming male mice
were randomly divided into groups A–D, group A (normal
control group, 6 mice), group B (normal saline control group,
6 mice), group C (PM2.5 treatment group, 8 mice), and
group D (curcumin intervention group, 8 mice). Group A
received normal feeding. Group B was intraperitoneally
injected with normal saline (NS) (0.3ml/time, 1/d for 7 days)
but, on the 8th day, received intratracheal instillation of NS
(0.2ml, 1/d for 3 consecutive days). Group C received intra-
peritoneal injection of normal saline (0.3ml/time, 1/d, a total
of 7 days) but, on the 8th day, began receiving intratracheal
instillation of PM2.5 [29] (20mg/kg, 0.2ml, 1/d for 3 consec-
utive days). Group D was injected intraperitoneally (normal
saline+dimethyl sulfoxide (DMSO)+curcumin, 100mg/kg)
[30] (0.3ml/time, 1/d, continuous injection for 7 days) but,
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on the 8th day, received intratracheal instillation of PM2.5
(20mg/kg, 0.2ml, 1/d for 3 consecutive days). The alveolar
lavage fluid and lung tissue of A-D mice were taken on the
11th day.

In the morphological observation of the lung tissue, the
lungs of the upper lobe of the left lung of each group were
fixed with 4% polyformaldehyde and infiltrated, dehydrated,
and paraffin-coated sections (thickness 6 μm); stained with
HE; and observed under light microscope.

The HE staining and pathological grading criteria for the
lung tissue of mice were established.

The criteria are based on the pathological grading stan-
dards of Szarka et al. [31]; the lung injury status is divided
into a total of 6 levels (0–5) (as shown in Table 1).

3. Statistical Analysis

The analysis was performed using SPSS19.0 statistical soft-
ware; the experimental results were expressed as x ± s. Com-
parisons between groups were performed by the one-way
analysis of variance and LSD test of pairwise comparisons.
The multiple independent sample nonparametric tests were
used for ranked data. P < 0 05 was considered to be a statisti-
cally significant difference.

3.1. Pathological Changes in Lung Tissue
Normal control group Normal saline control group

PM2.5 processing group Curcumin intervention group

The pathological changes of the lung tissue were observed
under a light microscope. The PM2.5 treatment group and
the curcumin intervention group had obvious inflammatory
lesions compared with the two control groups, mainly show-
ing monocyte infiltration and lymphocyte proliferation,
mucosal damage, blood vessels, bleeding, etc. But there was
no significant difference in pathological changes under the
light microscope between the PM2.5 treatment group and
the curcumin intervention group.

3.2. PM2.5 Cytotoxicity to Lung Tissue. The results are shown
in Figure 1. There were no significant differences in the LDH,
ALP, and ALB indices in lung lavage fluid. There was no
significant difference between the normal control group and
the saline control group. The difference between the PM2.5
treatment group and the saline control group was statistically
significant (P < 0 05). The difference between the curcumin
intervention group and the saline control group was statisti-
cally significant (P < 0 05). However, there was no significant

difference between the PM2.5 treatment group and the cur-
cumin intervention group.

3.3. Changes in Oxidative Stress and Inflammatory Markers
in Lung Tissue. As can be seen from Figures 2 and 3, the
levels of MDA, TNF-α, and IL-6 in the lung tissue were
measured. There was no significant difference between the
normal control group and normal saline control group.
The difference between the PM2.5 treatment group and nor-
mal saline control group was statistically significant (P < 0 05).
The difference between the curcumin intervention group and
normal saline control group was statistically significant
(P < 0 05). However, there was no significant difference
between the PM2.5 treatment group and the curcumin inter-
vention group.

3.4. Changes in Antioxidant Index in Lung Tissue. As can be
seen from Figures 4 and 5, the levels of GSH-PX, T-AOC, and
CAT in the lung tissue were measured. There was no signif-
icant difference between the normal control group and the
saline control group. There was a significant difference
between the PM2.5 treatment group and the saline control
group (P < 0 05). There was a significant difference between
the curcumin intervention group and the saline control
group (P < 0 05). However, there was no significant differ-
ence between the PM2.5 treatment group and the curcumin
intervention group.

3.5. Content of HO-1/CO/P38 MAPK in Lung Tissue. As
shown in Figures 6–8, there was no significant difference
between the normal control group and the saline control
group. There was a significant difference between the PM2.5
treatment group and the saline control group (P < 0 05).
There was a significant difference between the curcumin
intervention group and the saline control group (P < 0 05).
There was also a significant difference between the PM2.5
treatment group and the curcumin intervention group
(P < 0 05).

4. Discussion

After being inhaled into the lungs, PM2.5 is deposited in the
lungs, mainly in the alveoli. The main mechanisms are iner-
tial collision, precipitation, and diffusion, with precipitation
and Brownian diffusion dominating [32]. In the inhaled
PM2.5, it usually contains metals such as iron, copper, and
zinc [33, 34]; on the one hand, the redox-active metal in
PM2.5 initiates a series of cleavage reactions and the forma-
tion of free radicals, which can lead to cell membrane lipids,
peroxidation, and inflammation [32]; on the other hand,
PM2.5 is phagocytized by alveolar macrophages, releasing
airway inflammatory mediators, mainly IL-6, IL-8, IL-13,
TNF-α, macrophage inflammatory protein-1, granulocyte-
macrophage colony-stimulating factors, etc. [35, 36]. These
factors can directly lead to the occurrence of inflammatory
reactions, leading to damage in the lung tissue [37]. LDH is
a cytoplasmic enzyme that is released in large quantities
when cell membranes are damaged or cell death is dissolved:
not only can it effectively scavenge free radicals and endoge-
nous oxidizing active substances, but it can also be a regulator
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of antioxidant enzymes (SOD, GSH-PX, and CAT); ALB-
derived plasma exudates reflect the extent of alveolar
epithelial-capillary barrier damage. ALP is mainly produced
by alveolar type II cells, partly produced by neutrophils,
and its activity suggests the degree of damage to alveolar type
II cells and the degree of neutrophil infiltration. In this exper-
iment, the lung injury was evaluated according to the LDH,
ALB, ALP content and lung tissue section scores in the alve-
olar lavage fluid of mice. The PM2.5 treatment group and the
curcumin intervention group were higher than the control
group, suggesting that PM2.5 entered the body, causing dam-
age to the lung parenchyma and biofilm and pathological
damage such as lung tissue congestion, neutrophil infiltra-
tion, and inflammatory exudation. It shows the toxic effect
of granule on the lung tissue.

Curcumin is a natural antioxidant [38, 39]: not only can it
effectively scavenge free radicals and endogenous oxidizing
active substances, but it can also be a regulator of antioxidant
enzymes (SOD, GSH-PX, and CAT). It can also increase
intracellular glutathione levels by maintaining the activity
of histone acetyltransferase in monocytes [40], thereby miti-
gating damage during oxidative stress [39]. In recent years, it
has been found that one of the core mechanisms by which

curcumin exerts its protective effect is to promote the activa-
tion of the Nrf2 signaling pathway in cells and induce the
expression of phase II detoxification enzymes and antioxi-
dant enzymes, such as nicotinamide quinone oxidoreductase
1 (NQO1), γ-glutamylcysteine synthetase (γ-GCS), HO-1,
and superoxide dismutase (SOD). These enzymes protect
the body from active substances and some toxic substances,
thereby exerting oxidative stress, which is a protective effect
of injury [41, 42].

As an endogenous active enzyme, HO-1 is widely distrib-
uted in damaged organs and plays a role in protecting tissues
and organs through multiple mechanisms such as antioxida-
tion, anti-inflammation, and antiapoptosis [43]. The protec-
tive effect of HO-1 may also be related to its catalysis of heme
production of bilirubin, CO scavenging free radicals, and
alleviating lipid peroxidation [44–46]. Furuyama et al. [47]
found that the organic extracts of diesel exhaust gas were
found to induce HO-1 production, and HO-1 plays an
important role in protecting cells from oxidative damage.

Hememetabolite COhas antioxidation, anti-inflammatory
and antiapoptotic effects, which many scholars observe
[48–50]; it is shown that CO activation of P38 MAPK is
involved in its cytoprotective effect. Brouard et al. [51]

Table 1: Pathology classification standard of lung injury.

Grading Basis

0 Alveolar wall intact without thickening, no inflammatory infiltration, no congestion

1 Slight diffuse inflammatory cell infiltration (neutrophils) in the alveolar wall, no thickening of the alveolar wall

2 Obvious and extensive inflammatory cells (neutrophils and monocytes) infiltrated, slightly thickened alveolar walls (1-2 times)

3 Severe inflammatory cell infiltration, basal thickening of alveolar wall in individual areas (2-3 times)

4 Severe inflammatory cell infiltration, thickened alveolar wall, 25-50% pulmonary consolidation

5 Severe inflammatory cell infiltration, thickened alveolar wall, >50% pulmonary consolidation

0.00
ALB (U/L) ALP (g/L) LDH(U/L)

Normal control group
Normal saline control group

PM2.5 treatment group
Curcumin intervention group

1.00

2.00

3.00

4.00

5.00

6.00 ⁎ ⁎

⁎
⁎

⁎
⁎

Compared with normal control group (⁎P < 0.05)

Figure 1: Effects of the PM2.5 on ALP, LDH, and ALB in bronchoalveolar lavage fluid (BALF).
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believed that HO-1-derived CO activates P38 MAPK and
inhibits TNFα-induced apoptosis of endothelial cells.
Otterbein et al. [50] believed that CO binds to the heme
structural unit in the P38 MAPK upstream kinase and acts
as an anti-inflammator.

Exposure to PM2.5 can lead to lipid peroxidation and
inflammation of the cell membrane, and there is increasing
evidence that oxidative stress affects the severity of lung
injury [52–54]. Lipid peroxidation is one of the main mech-

anisms of ROS-induced cell damage. The unsaturated fatty
acids contained in the biofilm are susceptible to ROS attack
and lipid peroxidation. As one of the lipid peroxidation prod-
ucts, MDA can reflect the degree of lipid peroxidation and
the intensity of cells attacked by free radicals [55]. In this
study, we confirmed the MDA level and understood the
extent of membrane lipid peroxidation through the level of
MDA to indirectly assess the extent of oxidative stress.

In this experiment, WB and immunohistochemistry were
used to detect the expression level of HO-1 protein, and the
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expression of CO/P38 MAPK in downstream products was
detected by immunohistochemistry. The experimental results
showed that the expression of HO-1/CO/P38 MAPK was sig-
nificantly enhanced under PM2.5 exposure, which suggested
that the inflammatory and oxidative stress reactions induced
the expression of antioxidant HO-1 and its downstream
product CO/P38 MAPK. The results showed that the expres-
sion of the HO-1 protein was detected by WB and immuno-
histochemistry 3 days after exposure to PM2.5, and the
expression of CO/P38 MAPK was detected by immunohisto-
chemistry. The expression of HO-1/CO/P38 MAPK was sig-
nificantly higher than that of the normal control group and
the saline control group, suggesting that PM2.5-induced
inflammation and oxidative stress caused an increase in the
expression of HO-1 and its downstream product CO/P38
MAPK. It can be speculated that PM2.5 can activate the
expression of HO-1/CO/P38 MAPK and resist the damage
of the lung induced by PM2.5-induced oxidative stress and
inflammatory response.

In the curcumin intervention group and the PM2.5 treat-
ment group, the expression level of HO-1/CO/P38 MAPK in
the curcumin intervention group was significantly higher
than that in the PM2.5 intervention group, indicating that
curcumin could increase HO-1/CO/P38 MAPK pathway
protein expression.

In this experiment, the oxidative substances and MDA,
TNF-α, IL-6, and other inflammatory factors in the curcumin
intervention group were lower than those in the PM2.5 inter-
vention group, but there was no statistical significance. In the
curcumin intervention group, the antioxidant capacity of the
curcumin intervention group was stronger than that of the
PM2.5 intervention group, with no statistical significance.
In the lung histopathology score, the curcumin intervention
group score was lower than the PM2.5 intervention group
score, but it was still not statistically significant. The results
showed that the expression of the HO-1/CO/P38 MAPK
pathway was increased after curcumin intervention.

It is speculated that the possible causes are as follows: (1)
the experimental period is too short, and the expression of
oxidative stress index and inflammatory factor has a delay.
(2) The experimental sample is insufficient.

Based on the results of this experimental study, we
hypothesized that the expression of HO-1/CO/P38 MAPK
was increased in mice after PM2.5 exposure, but its protective
effect was not sufficient to completely offset the PM2.5-
induced inflammation and oxidative damage, eventually
leading to lung tissue damage. Compared with the PM2.5
treatment group, the expression level of HO-1/CO/P38
MAPK was significantly increased in the curcumin interven-
tion group, indicating that curcumin can increase the
expression level of HO-1/CO/P38 MAPK. In this experi-
ment, we found that PM2.5 can cause lung damage through
oxidative stress and inflammatory responses. Oxidative
stress and inflammatory responses increase the expression
of HO-1/CO/P38 MAPK. The intervention of curcumin
can further increase the expression of HO-1/CO/P38
MAPK. In the comparison of oxidation/antioxidation index,
inflammation index, and pathological score, the correlation
index of the curcumin intervention group was better than
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that of the PM2.5 treatment group, but it was not statisti-
cally significant. It is necessary to add experimental periods
and samples in subsequent experiments to verify the role of
curcumin in reducing or eliminating oxidative stress and
inflammatory damage in the respiratory system through
HO-1/CO/P38 MAPK.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors declare no conflict of interest.

Authors’ Contributions

Kunlun Huang, ChanMei Shi, JingQi Min, and Laifu Li
contributed equally to this work.

Acknowledgments

The authors thank the Heart Medical Center of Zhujiang
Hospital of Southern Medical University for providing the
experimental sites for the authors. This study was supported
by Guangdong Provincial Science and Technology Projects
(2014A020212627 and 2016A020215099) and the Scientific
Research Project of Guangzhou (201707010282).

References

[1] D. E. Schraufnagel, J. R. Balmes, C. T. Cowl et al., “Air pollu-
tion and non-communicable diseases: a review by the Forum
of International Respiratory Societies’ environmental commit-
tee, Part 1: the damaging effects of air pollution,” Chest, 2018.

[2] M. H. Cheng, H. F. Chiu, and C. Y. Yang, “Coarse particulate
air pollution associated with increased risk of hospital admis-
sions for respiratory diseases in a tropical city, Kaohsiung,
Taiwan,” International Journal of Environmental Research
and Public Health, vol. 12, no. 10, pp. 13053–13068, 2015.

[3] I. Stevanovic, M. Jovasevic-Stojanovic, and J. Stosic Jasmina,
“Association between ambient air pollution, meteorological
conditions and exacerbations of asthma and chronic obstruc-
tive pulmonary disease in adult citizens of the town of Smeder-
evo,” Vojnosanitetski Pregled, vol. 73, no. 2, pp. 152–158, 2016.

[4] X. Q. Jiang, X. D. Mei, and D. Feng, “Air pollution and chronic
airway diseases: what should people know and do?,” Journal of
Thoracic Disease, vol. 8, no. 1, pp. E31–E40, 2016.

[5] K. H. Kim, E. Kabir, and S. Kabir, “A review on the human
health impact of airborne particulate matter,” Environment
International, vol. 74, pp. 136–143, 2015.

[6] J. D. Parker, T. J. Woodruff, R. Basu, and K. C. Schoendorf,
“Air pollution and birth weight among term infants in
California,” Pediatrics, vol. 115, no. 1, pp. 121–128, 2005.

[7] Y. F. Lin, T. T. Liu, C. H. Hu, C. C. Chen, and J. Y. Wang,
“Expressions of chemokines and their receptors in the brain
after heat stroke-induced cortical damage,” Journal of Neu-
roimmunology, vol. 318, pp. 15–20, 2018.

[8] S. S. Tsai, C. C. Chang, and C. Y. Yang, “Fine particulate air
pollution and hospital admissions for chronic obstructive

pulmonary disease: a case-crossover study in Taipei,” Interna-
tional Journal of Environmental Research and Public Health,
vol. 10, no. 11, pp. 6015–6026, 2013.

[9] D. Karottki, M. Spilak, M. Frederiksen et al., “An indoor air fil-
tration study in homes of elderly: cardiovascular and respira-
tory effects of exposure to particulate matter,” Environmental
Health, vol. 12, no. 1, article 116, 2013.

[10] A. Valavanidis, T. Vlachogianni, K. Fiotakis, and S. Loridas,
“Pulmonary oxidative stress, inflammation and cancer: respi-
rable particulate matter, fibrous dusts and ozone as major
causes of lung carcinogenesis through reactive oxygen spe-
cies mechanisms,” International Journal of Environmental
Research and Public Health, vol. 10, no. 9, pp. 3886–3907,
2013.

[11] A. Faustini, M. Stafoggia, G. Cappai, and F. Forastiere, “Short-
term effects of air pollution in a cohort of patients with chronic
obstructive pulmonary disease,” Epidemiology, vol. 23, no. 6,
pp. 861–879, 2012.

[12] S. A. Weichenthal, K. Godri-Pollitt, and P. J. Villeneuve,
“PM2.5,oxidant defence and cardiorespiratory health: a
review,” Environmental Health, vol. 12, no. 1, p. 40, 2013.

[13] S. Soberanes, D. Urich, C. M. Baker et al., “Mitochondrial com-
plex III-generated oxidants activate ASK1 and JNK to induce
alveolar epithelial cell death following exposure to particulate
matter air pollution,” The Journal of Biological Chemistry,
vol. 284, no. 4, pp. 2176–2186, 2009.

[14] J. K. Chan, J. G. Charrier, S. D. Kodani et al., “Combustion-
derived flame generated ultrafine soot generates reactive
oxygen species and activates Nrf2 antioxidants differently in
neonatal and adult rat lungs,” Particle and Fibre Toxicology,
vol. 10, no. 1, p. 34, 2013.

[15] L. Hou, X. Zhang, L. Dioni et al., “Inhalable particulate matter
and mitochondrial DNA copy number in highly exposed indi-
viduals in Beijing, China: a repeated-measure study,” Particle
and Fibre Toxicologyvolume, vol. 10, no. 1, article 17, 2013.

[16] A. Corsonello, C. Pedone, S. Battaglia, G. Paglino, V. Bellia,
and R. A. Incalzi, “C-reactive protein (CRP) and erythrocyte
sedimentation rate (ESR) as inflammation markers in elderly
patients with stable chronic obstructive pulmonary disease
(COPD),” Archives of Gerontology and Geriatrics, vol. 53,
no. 2, pp. 190–195, 2011.

[17] M. Gualtieri, J. Ovrevik, S. Mollerup et al., “Airborne urban
particles (Milan winter-PM2.5) cause mitotic arrest and cell
death: effects on DNA, mitochondria, AhR binding and
spindle organization,” Mutation Research/Fundamental and
Molecular Mechanisms of Mutagenesis, vol. 713, no. 1-2,
pp. 18–31, 2011.

[18] S. W. Ryter, J. Alam, and A. M. K. Choi, “Heme oxygenase-
1/carbon monoxide: from basic science to therapeutic applica-
tions,” Physiological Reviews, vol. 86, no. 2, pp. 583–650, 2006.

[19] J. Schwartz, “Harvesting and long term exposure effects in the
relation between air pollution and mortality,” American Jour-
nal of Epidemiology, vol. 151, no. 5, pp. 440–448, 2000.

[20] R. Henningsson, P. Alm, and I. Lundquist, “Evaluation of islet
heme oxygenase-CO and nitric oxide synthase-NO pathways
during acute endotoxemia,” American Journal of Physiology
Cell Physiology, vol. 280, no. 5, pp. C1242–C1254, 2001.

[21] A. Zampetaki, T. Minamino, S. A. Mitsialis, and
S. Kourembanas, “Effect of heme oxygenase-1 overexpression
in two models of lung inflammation,” Experimental Biology
and Medicine, vol. 228, no. 5, pp. 442–446, 2003.

7Mediators of Inflammation



[22] S. Farzaneh and B. M. Hossein, “Anti‐inflammatory, antioxi-
dant, and immunomodulatory effects of curcumin in ovalbu-
min‐sensitized rat,” BioFactors, vol. 43, no. 4, pp. 567–576,
2017.

[23] A. Hu, J. J. Huang, J. F. Zhang et al., “Curcumin induces G2/M
cell cycle arrest and apoptosis of head and neck squamous cell
carcinoma in vitro and in vivo through ATM/Chk2/p53-
dependent pathway,” Oncotarget, vol. 8, no. 31, pp. 50747–
50760, 2017.

[24] X. Xu and Y. Zhu, “Curcumin inhibits human non-small
cell lung cancer xenografts by targeting STAT3 pathway,”
American Journal of Translational Research, vol. 9, no. 8,
pp. 3633–3641, 2017.

[25] S. Han, J. Xu, X. Guo, and M. Huang, “Curcumin ameliorates
severe influenza pneumonia via attenuating lung injury and
regulating macrophage cytokines production,” Clinical and
Experimental Pharmacology and Physiology, vol. 45, no. 1,
pp. 84–93, 2018.

[26] N. Tyagi, A. Kumari, D. Dash, and R. Singh, “Protective effects
of intranasal curcumin on paraquot induced acute lung injury
(ALI) in mice,” Environmental Toxicology and Pharmacology,
vol. 38, no. 3, pp. 913–921, 2014.

[27] X. Xiao, M. Yang, D. Sun, and S. Sun, “Curcumin protects
against sepsis-induced acute lung injury in rats,” The Journal
of Surgical Research, vol. 176, no. 1, pp. e31–e39, 2012.

[28] M. P. Sierra-Vargas, A. M. Guzman-Grenfell, S. Blanco-
Jimenez et al., “Airborne particulate matter PM2.5 from
Mexico City affects the generation of reactive oxygen species
by blood neutrophils from asthmatics: an in vitro approach,”
Journal of Occupational Medicine and Toxicology, vol. 4,
no. 1, article 17, 2009.

[29] C. I. Lin, C. H. Tsai, Y. L. Sun et al., “Instillation of particulate
matter 2.5 induced acute lung injury and attenuated the injury
recovery in ACE2 knockout mice,” International Journal of
Biological Sciences, vol. 14, no. 3, pp. 253–265, 2018.

[30] W. Dai, H. Wang, J. Fang et al., “Curcumin provides neuro-
protection in model of traumatic brain injury via the Nrf2-
ARE signaling pathway,” Brain Research Bulletin, vol. 140,
pp. 65–71, 2018.

[31] R. J. Szarka, N. Wang, L. Gordon, P. N. Nation, and R. H.
Smith, “A murine model of pulmonary damage induced by
lipopolysaccharide via intranasal instillation,” Journal of
Immunological Methods, vol. 202, no. 1, pp. 49–57, 1997.

[32] C. Darquenne, “Aerosol deposition in the human lung in
reduced gravity,” Journal of Aerosol Medicine and Pulmonary
Drug Delivery, vol. 27, no. 3, pp. 170–177, 2014.

[33] Z. Meng and Q. Zhang, “Oxidative damage of dust storm fine
particles instillation on lungs, hearts and livers of rats,” Envi-
ronmental Toxicology and Pharmacology, vol. 22, no. 3,
pp. 277–282, 2006.

[34] K. Meng, B. Wu, J. Gao et al., “Immunity-related protein
expression and pathological lung damage in mice poststimula-
tion with ambient particulate matter from live bird markets,”
Frontiers in Immunology, vol. 7, p. 252, 2016.

[35] H. H. Aung, M. W. Lame, K. Gohil et al., “Comparative gene
responses to collected ambient particles in vitro: endothelial
responses,” Physiological Genomics, vol. 43, no. 15, pp. 917–
929, 2011.

[36] S. H. Ling and S. F. van Eeden, “Particulate matter air pollution
exposure: role in the development and exacerbation of chronic
obstructive pulmonary disease,” International Journal of

Chronic Obstructive Pulmonary Disease, vol. 4, pp. 233–243,
2009.

[37] A. Murakami and H. Ohigashi, “Targeting NOX, INOS and
COX‐2 in inflammatory cells: chemoprevention using food
phytochemicals,” International Journal of Cancer, vol. 121,
no. 11, pp. 2357–2363, 2007.

[38] H. Jiang, X. Tian, Y. Guo, W. Duan, H. Bu, and C. Li, “Activa-
tion of nuclear factor erythroid 2-related factor 2 cytoprotec-
tive signaling by curcumin protect primary spinal cord
astrocytes against oxidative toxicity,” Biological & Pharmaceu-
tical Bulletin, vol. 34, no. 8, pp. 1194–1197, 2011.

[39] J. Trujillo, Y. I. Chirino, E. Molina-Jijón, A. C. Andérica-
Romero, E. Tapia, and J. Pedraza-Chaverrí, “Renoprotective
effect of the antioxidant curcumin: recent findings,” Redox
Biology, vol. 1, no. 1, pp. 448–456, 2013.

[40] S. K. Biswas, D. McClure, L. A. Jimenez, I. L. Megson, and
I. Rahman, “Curcumin induces glutathione biosynthesis and
inhibits NF-κB activation and interleukin-8 release in alveolar
epithelial cells: mechanism of free radical scavenging activity,”
Antioxidants & Redox Signaling, vol. 7, no. 1-2, pp. 32–41,
2005.

[41] E. Tapia, V. Soto, K. M. Ortiz-Vega et al., “Curcumin induces
Nrf2 nuclear translocation and prevents glomerular hyper-
tension, hyperfiltration, oxidant stress, and the decrease in
antioxidant enzymes in 5/6 nephrectomized rats,” Oxidative
Medicine and Cellular Longevity, vol. 2012, Article ID
269039, 14 pages, 2012.

[42] E. Tapia, Z. L. Zatarain-Barrón, R. Hernández-Pando et al.,
“Curcumin reverses glomerular hemodynamic alterations
and oxidant stress in 5/6 nephrectomized rats,” Phytomedicine,
vol. 20, no. 3-4, pp. 359–366, 2013.

[43] S. W. Ryter, L. E. Otterbein, D. Morse, and A. M. K. Choi,
“Heme oxygenase/carbon monoxide signaling pathways: regu-
lation and functional significance,” Molecular and Cellular
Biochemistry, vol. 234-235, no. 1, pp. 249–263, 2002.

[44] M. Chang, J. Xue, V. Sharma, and A. Habtezion, “Protective
role of hemeoxygenase-1 in gastrointestinal diseases,” Cellular
and Molecular Life Sciences, vol. 72, no. 6, pp. 1161–1173,
2015.

[45] B. Bakhautdin, D. Das, P. Mandal et al., “Protective role of
HO-1 and carbon monoxide in ethanol-induced hepatocyte
cell death and liver injury in mice,” Journal of Hepatology,
vol. 61, no. 5, pp. 1029–1037, 2014.

[46] J. Xue and A. Habtezion, “Carbon monoxide-based therapy
ameliorates acute pancreatitis via TLR4 inhibition,” The Jour-
nal of Clinical Investigation, vol. 124, no. 1, pp. 437–447, 2014.

[47] A. Furuyama, S. Hirano, E. Koike, and T. Kobayashi, “Induc-
tion of oxidative stress and inhibition of plasminogen activator
inhibitor-1 production in endothelial cells following exposure
to organic extracts of diesel exhaust particles and urban fine
particles,” Archives of Toxicology, vol. 80, no. 3, pp. 154–162,
2006.

[48] N. Reunanen, S. P. Li, M. Ahonen, M. Foschi, J. Han, and V.M.
Kähäri, “Activation of p38α MAPK enhances collagenase-1
(matrix metalloproteinase (MMP)-1) and stromelysin-1
(MMP-3) expression by mRNA stabilization,” Journal of Bio-
logical Chemistry, vol. 277, no. 35, pp. 32360–32368, 2002.

[49] X. Zhang, P. Shan, J. Alam, R. J. Davis, R. A. Flavell, and P. J.
Lee, “Carbon monoxide modulates Fas/Fas ligand, caspases,
and Bcl-2 family proteins via the p38αmitogen-activated pro-
tein kinase pathway during ischemia-reperfusion lung injury,”

8 Mediators of Inflammation



Journal of Biological Chemistry, vol. 278, no. 24, pp. 22061–
22070, 2003.

[50] L. E. Otterbein, S. L. Otterbein, E. Ifedigbo et al., “MKK3
mitogen-activated protein kinase pathway mediates carbon
monoxide-induced protection against oxidant-induced lung
injury,” The American Journal of Pathology, vol. 163, no. 6,
pp. 2555–2563, 2003.

[51] S. Brouard, L. E. Otterbein, J. Anrather et al., “Carbon monox-
ide generated by heme oxygenase 1 suppresses endothelial cell
apoptosis,” The Journal of Experimental Medicine, vol. 192,
no. 7, pp. 1015–1026, 2000.

[52] S. Tasaka, F. Amaya, S. Hashimoto, and A. Ishizaka, “Roles of
oxidants and redox signaling in the pathogenesis of acute
respiratory distress syndrome,” Antioxidants & Redox Signal-
ing, vol. 10, no. 4, pp. 739–754, 2008.

[53] J. H. Shannahan, M. C. Schladweiler, R. F. Thomas et al., “Vas-
cular and thrombogenic effects of pulmonary exposure to
Libby amphibole,” Journal of Toxicology and Environmental
Health, Part A, vol. 75, no. 4, pp. 213–231, 2012.

[54] P. D. Ray, B. W. Huang, and Y. Tsuji, “Reactive oxygen species
(ROS) homeostasis and redox regulation in cellular signaling,”
Cellular Signalling, vol. 24, no. 5, pp. 981–990, 2012.

[55] L. Chen, P. Liu, X. Feng, and C. Ma, “Salidroside suppressing
LPS-induced myocardial injury by inhibiting ROS-mediated
PI3K/Akt/mTOR pathway in vitro and in vivo,” Journal of Cel-
lular and Molecular Medicine, vol. 21, no. 12, pp. 3178–3189,
2017.

9Mediators of Inflammation


	Study on the Mechanism of Curcumin Regulating Lung Injury Induced by Outdoor Fine Particulate Matter (PM2.5)
	1. Background
	2. Materials and Method
	2.1. Material
	2.2. Experimental Procedure

	3. Statistical Analysis
	3.1. Pathological Changes in Lung Tissue
	3.2. PM2.5 Cytotoxicity to Lung Tissue
	3.3. Changes in Oxidative Stress and Inflammatory Markers in Lung Tissue
	3.4. Changes in Antioxidant Index in Lung Tissue
	3.5. Content of HO-1/CO/P38 MAPK in Lung Tissue

	4. Discussion
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

