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The mechanism of curcumin
post-treatment relieving
lung injuries by regulating
miR-21/TLR4/NF-jB
signalling pathway

Hai-Bo Zou and Xiao-Feng Sun

Abstract

Objective: To investigate the mechanism by which curcumin prevents lung injury in a rat model

of limb ischaemia-reperfusion injury.

Methods: Rats were randomized into four groups (n¼ 20): control group (sham group);

ischaemia-reperfusion group (I/R group); curcumin group (I/RþCur group); and inhibitor of

agomir-21 group (I/RþCurþantagomir-21 group). At 3 h after reperfusion, lung tissues were

collected for histopathology and immunohistochemistry to determine the apoptosis index (AI).

Lung injury score (LIS) and lung wet/dry (W/D) ratio were determined. Lung microRNA-21 (miR-

21) mRNA levels were measured using reverse transcription–polymerase chain reaction. Toll-like

receptor 4 (TLR4) and nuclear factor kappa-B p65 (NF-jB p65) protein levels were measured by

Western blot analysis. Tumour necrosis factor (TNF)-a and interleukin (IL)-1b levels were deter-

mined by enzyme-linked immunosorbent assays.

Results: In the I/R group, the W/D, LIS, AI, miR-21 mRNA, TLR4, NF-jB p65, TNF-a and IL-1b
were significantly increased and the PaO2 was decreased compared with the sham group.

Evidence of lung injury was observed in the I/R group and this was alleviated in the I/RþCur

group. An inhibitor of miR-21 (antagomir-21) reversed the protective effects of curcumin.

Conclusion: Curcumin post-treatment can alleviate the lung injuries induced by limb ischaemia-

reperfusion via downregulating the levels of miR-21 mRNA.

Keywords

Curcumin post-treatment, inhibitor of agomir-21, lung, apoptosis, limb, ischaemia-reperfusion

Date received: 18 June 2020; accepted: 21 September 2020

Department of Anaesthesiology, Affiliated Central

Hospital, Shenyang Medical College, Shenyang, Liaoning

Province, China

Corresponding author:

Hai-Bo Zou, Department of Anaesthesiology, Affiliated

Central Hospital, Shenyang Medical College, 5 Nanqixi Road,

Tiexi District, Shenyang 110024, Liaoning Province, China.

Email: 30618734@qq.com

Journal of International Medical Research

48(11) 1–12

! The Author(s) 2020

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/0300060520965809

journals.sagepub.com/home/imr

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

Commons Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits

non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed

as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://orcid.org/0000-0002-8442-8113
mailto:30618734@qq.com
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/0300060520965809
journals.sagepub.com/home/imr


Introduction

In recent years, with the emergence and
popularization of advanced surgical proce-
dures, such as cardiopulmonary bypass,
cardiopulmonary cerebral resuscitation,
shock, limb replantation and organ trans-
plantation, fresh blood reperfusion can be
undertaken after tissue and organ ischae-
mia. However, after the ischaemia-
reperfusion of tissues and organs, the
injury does not stop and it may be further
aggravated.1 Organs with an abundant
blood supply can even experience two
phases of pathological damage. Research
has shown that pulmonary injury induced
by limb ischaemia-reperfusion is a complex
process involving multiple signalling path-
ways and factors.2,3 Previous studies have
confirmed that ischaemia-reperfusion of
the limbs in rats can activate the Notch2/
Hes-1 signalling pathway, which ultimately
leads to renal injury.4,5 The use of curcumin
post-condition can inhibit the toll-like recep-
tor 4 (TLR4)/nuclear transcription factor jB
(NF-jB) signalling pathway to reduce the
lung injury induced by limbs ischaemia-
reperfusion.6 MicroRNA (miR-21) is a pop-
ular research topic in the field of cell apopto-
sis and it inhibits cell apoptosis.7,8 Whether
miR-21 also participates in the progress of
the lung injuries remains uncertain.

The purpose of this study was to investi-
gate the mechanism that whether curcumin
post-treatment can relieve lung apoptosis
induced by limb ischaemia-reperfusion via
regulating miR-21 mRNA in rats.

Materials and methods

Animal model of limb ischaemia-
reperfusion injury

This study was conducted in the Department
of Anaesthesiology, Affiliated Central
Hospital, Shenyang Medical College,
Shenyang, Liaoning Province, China in

accordance with the relevant animal experi-
mental guidelines and regulations. The study
received approval from the Ethics Committee
of the Affiliated Central Hospital of Shenyang
Medical College (no. SYXK(liao)2018-0007).

Eighty adult male Sprague–Dawley rats
aged 6–8 months (China Medical University
Experimental Animal Centre, Shenyang,
China), weighing 250–280g, were random-
ized using a random number table method
to one of four groups: control group (sham
group); ischaemia-reperfusion group (I/R
group); curcumin group (I/RþCur group);
and inhibitor of agomir-21 (antagomir-21)
group (I/RþCurþantagomir-21 group). The
rats had free access to food (LF10 rat food;
Guangdong Feeding License: 2019-05073;
Guangdong Medical Experimental Animal
Centre, Zhanjiang, China) and water and
were housed under a 12-h light/12-h dark
cycle. In the sham group, the rats were only
exposed to the opening surgery without the
ischaemia-reperfusion process. In the I/R
group, ischaemia-reperfusion was undertaken.
In the I/RþCur and I/RþCurþantiagomir-21
groups, curcumin (dissolved in normal saline
(pH: 8.0) containing 1% ethanol by mass;
batch no: 86M1611V; Sigma-Aldrich, St
Louis, MO, USA) was injected at a dose of
200mg/kg via the abdominal cavity after 2h
of limb ischaemia;9 and the other two groups
received an equal volume of normal saline
(pH:8.0) containing 1% ethanol by mass. In
the I/RþCurþantagomir-21 group, rats were
treated with 20 mg/g antagomir-21 (Shanghai
Jima Pharmaceutical Technology, Shanghai,
China) administered intravenously twice a
day for 3 days to ensure that they had high
levels prior to the start of the experiment.

The lung injury model of limb ischaemia-
reperfusion was established by clamping the
bilateral femoral arteries for 2 h and then
reperfusing for 3 h as described below.10

The rats were fasted for 12 h before clamp-
ing was undertaken but were able to drink
water freely. An intraperitoneal injection of
3% sodium pentobarbital 40mg/kg was
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used for anaesthesia. The right external jug-
ular vein was catheterized to establish
venous access. The skin was cut in the fem-
oral triangle of both hind limbs and the fem-
oral artery and vein were separated. The
femoral artery was clamped near the ingui-
nal ligament using a non-invasive micro-
artery clamp, which rendered the hind
limbs deficient of blood for 2 h. Then the
non-invasive micro-artery clamp was loos-
ened and the limbs reperfused for 3 h. The
blood flow was monitored by an ES-1000
SPM ultrasonic blood flow meter (Hayashi
Denki, Echizen, Japan). The failure to detect
blood flow was regarded as the successful
sign of ischaemia and the monitored blood
flow was regarded as the successful criterion
of reperfusion. During the experiment,
1.5ml/kg per h normal saline (pH: 8.0) con-
taining was infused intravenously.

Detection of PaO2

At 3h after reperfusion, 3ml of carotid artery
blood was collected. The arterial blood
gas was immediately analysed using a Gem
Premier 3000 blood gas analyser
(Instrumentation Laboratory, Bedford, MA,
USA) and the PaO2 was recorded. Then the
rats were sacrificed by exsanguination.

Calculation of lung wet weight/dry weight

A 1 cm3 sample of the upper lobe tissue of
the right lung was collected from each rat.
The residual blood was washed out with
normal saline (pH: 8.0) at 4 �C. The wet
weight (W) was measured after any excess
water was absorbed using filter paper. The
lung sample was then dried at 80 �C for 48
h. The dry weight (D) was measured and
the W/D ratio was calculated.

Immunohistochemistry

A 1 cm3 sample of the middle lobes of the
left lung of each animal was fixed in 10%
neutral formalin, dehydrated in ethanol and

embedded in paraffin wax. A streptavidin-
biotin complex (SABC) kit (Wuhan PhD
Company, Wuhan, China) and 3,3’-diami-
nobenzidine (DAB) immunohistochemistry
was used according to the manufacturer’s
instructions as described below. Positive
staining was identified by a brown colour
in the cytoplasm. Samples of lung tissue
were cut into tissue sections (4 mm). The
sections were deparaffinized and rehydrated
in a descending series of alcohol dilutions
followed by washing twice in 10mM
phosphate-buffered saline (PBS; pH 7.3)
for 5 min at room temperature. For antigen
retrieval, the sections were incubated in 3%
H2O2 in 10mM PBS (pH 7.3) for 5–10 min
at room temperature followed by three
washes in distilled water. The sections were
then washed in 10mM PBS (pH 7.3) for
5 min at room temperature. Then, blocking
solution containing normal serum was added
by dripping onto the slide and incubated at
the room temperature for 20 min. The excess
blocking solution was removed. For the
target protein caspase-3, primary rabbit
anti-rat caspase-3 antibody (1:100 dilution;
AbcamVR , Cambridge, MA, USA) was
added and incubated at room temperature
for 1h followed by three washes in 10mM
PBS (pH 7.3) for 2 min each. The secondary
goat anti-rabbit biotinylated antibody (1:100
dilution; AbcamVR , Cambridge, MA, USA)
was added and incubated at 20–37 �C for
20 min followed by three washes in 10mM
PBS (pH 7.3) for 2 min each. The SABC was
added for 20 min at 20–37 �C followed by
four washes in 10mM PBS (pH 7.3) for 5
min each. DAB colour development was
achieved using a kit (DAB colour develop-
ment kit; Shanghai Kanglang Biotechnology,
Shanghai, China) according to the manufac-
turer’s instructions followed by washing with
distilled water. Haematoxylin was used as a
counterstain and applied for 2 min. The sec-
tions were differentiated by hydrochloric acid
and alcohol, dehydrated, sealed and exam-
ined under a light microscope (BX-41
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Microscope; Olympus, Tokyo, Japan). Cells

with brown staining were classified as apo-

ptotic cells. The apoptosis index (AI) was

calculated by counting 100 cells in each of

five visual fields that were randomly selected

from each section. The ratio of apoptotic

cells in 100 cells was taken as the AI in the

lung samples.

Haematoxylin and eosin straining

The lower lobes of the left lung of each animal

were fixed in 10% neutral formalin, dehy-

drated in ethanol and embedded in paraffin

wax. Tissue sections were prepared as

described above and stained with haematox-

ylin and eosin. A lung injury score (LIS) was

used to semi-quantitatively analyse the extent

of lung damage, including scores for pulmo-

nary oedema, alveolar and interstitial inflam-

mation, alveolar and interstitial haemorrhage,

atelectasis and hyaline membrane formation,

using a five-point scale:10 0, no injury; 1,

lesion range< 25%; 2, 25%< lesion range

�50%; 3, 50%< lesion range �75%; 4,

lesion range> 75%. For each rat, 10 high-

power fields (�200 magnification) of lung

tissue were randomly observed and a total

LIS was the sum of the above scores.

Detection of miR-21 mRNA

A lung tissue homogenate was prepared

from the lower lobes of the right lung of

each animal. Total RNA was extracted

from 10% lung tissue homogenate using

TRIzolVR reagent (Invitrogen, Carlsbad,

CA, USA) according to the manufacturer’s

instructions. The RNA quality and quanti-

ty were assessed using a Bioanalyzer 2100

(Qcbio Science & Technologies, Shanghai,

China). Reverse transcription (RT) was

used to synthesize the complementary

DNA for miR-21 and the internal control

b-actin using gene-specific primers and an

RT kit (Gene Pharma, Shanghai, China).

The reverse transcription–polymerase

chain reaction (RT–PCR) primer sequences
were as follows (all from Gene Pharma):
miR-21 mRNA (22 base pairs [bp]):
upstream 50-CGAGAACCGACCTAACG
CCA-30, downstream 50-CAGGGTCGAG
AGGCTCGCA-30; b-actin (198 bp):
upstream 50-AACAGGAGCATACCG-30,
downstream: 50-GACCAGGAGAGCAGC
TG-30. The PCR cycles were run on an
A33982 automated thermal cycler (Thermo
Fisher Scientific Company, Shanghai,
China). The cycling programme for miR-21
mRNA involved preliminary denaturation
at 94 �C for 2 min, followed by 35 cycles of
denaturation at 95 �C for 45 s, annealing at
57 �C for 45 s, and elongation at 72 �C for
60 s, followed by a final elongation step at
75 �C for 5 min. The cycling programme for
b-actin mRNA involved preliminary dena-
turation at 94 �C for 2 min, followed by
30 cycles of denaturation at 94 �C for 40 s,
annealing at 58 �C for 45 s, and elongation
at 72 �C for 60 s, followed by a final elonga-
tion step at 75 �C for 5 min. The PCR prod-
ucts were analysed by 2% agarose gel
electrophoresis (DYY-6B Electrophoresis
Meter; Beijing Liuyi Instrument Factory,
Beijing, China), followed by staining with
ethidium bromide and image analysis using
UV light on a WP-9413 gel imager (Beijing
Precision Technology Instrument Co., Ltd,
Beijing, China). The relative levels of miR-
21 mRNA were represented by the ratio of
the grey value between the target product and
b-actin using a Scion Image Analysis System
version 4.0.3.2 (Apple, Beijing, China). The
threshold cycle (CT) was used to determine
the relative amount of miR-21 mRNA to
b-actin mRNA using the equation 2–DCT

where DCT¼ (CT miR-21 – CT b-actin).

Western blot analysis of TLR4 and
NF-jB p65 protein

A 10% lung tissue homogenate was pre-
pared from the middle lobes of the right
lung of each animal. Total protein was
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extracted (Total Protein Extraction Kit;
Beijing APPLYGEN Technology, Beijing,
China) from the 10% lung homogenate by
centrifugation at 12000 g at 4 �C for 2 min
(General Purpose Centrifuge; ThermoFisher
Scientific Company) and quantified using a
Pierce BCA protein assay reagent kit (Pierce
Biotechnology, Rockford, IL, USA). The
proteins (20mg per lane) were separated by
10% sodium dodecyl sulphate–polyacryl-
amide gel electrophoresis at 100 V for 35
min. The proteins were transferred to poly-
vinylidene fluoride membranes (ZHUZHOU
RIFENG CHEMICAL INDUSTRY,
Zhuzhou, China) using electroblot apparatus
at 150 V for 2h (Nanjing Puyang Institute of
Scientific Instruments, Nanjing, China). The
membranes were incubated with rabbit anti-
rat TLR4 or rabbit anti-rat NF-jB p65 poly-
clonal antibody and rabbit anti-rat b-actin
polyclonal antibody (both used at a dilution
1:1000; Shanghai Enzyme Linked Biology
Company, Shanghai, China) at 4 �C over-
night. The membranes were washed three
times for 5 min each time with Tris-buffered
saline-Tween 20 (pH 7.5; Shanghai Qinxiang
Technology). Alkaline phosphatase-labelled
secondary antibody (dilution 1:2000;
Shanghai Enzyme Linked Biology Company)
was added and the membranes incubated at
room temperature for 2h. The appropriate
chromogenic substrate was added and then
the membranes were scanned using a Scion
Image Analysis System version 4.0.3.2
(Apple) to determine the levels of TLR4 or
NF-jB p65 protein. The grey value ratio of
TLR4 or NF-jB p65 compared with b-actin
was used to quantify the levels of TLR4
protein.

Detection of TNF-a and IL-1b protein

A 10% lung tissue homogenate was pre-
pared by taking the upper lobes of the left
lung and the levels of tumour necrosis
factor (TNF)-a and interleukin (IL)-1b
were determined using enzyme-linked

immunosorbent assay (ELISA) kits

(ThermoFisher Scientific Company). Five

wells were used for each group. The TNF-

a or IL-1b standard solutions and the

experimental samples were added to the

wells (100 ml/well) and incubated for 2 h at

37 �C. The wells were washed three times at

4 �C to wash away any unbound substances

using 300 ml concentrated wash buffer from

the ELISA kits (pH 7.5) (ThermoFisher

Scientific Company) diluted with deionized

water. A horseradish peroxidase (HRP)-

linked polyclonal antibody specific for

TNF-a or IL-1b was added to the wells

(100 ml/well) and incubated for 1 h at

room temperature. The wells were washed

with wash buffer to remove unbound anti-

body and HRP substrate solution was

added (100 ml/well) and incubated for

20 min at room temperature. Termination

fluid (50 ml/well) was added, the plates

gently shaken and then placed in a micro-

plate reader (RNE-90002; Shenzhen

Rongjin Technology Co., Ltd, Shenzhen,

China) to measure the optical density (OD)

at 450 nm. Curve Expert software (version

1.35; Beijing Science and Technology

Software Co., Ltd, Beijing, China ) was

used to plot the standard curves and input

the corresponding OD values to calculate

the TNF-a and IL-1b concentrations. The

minimum detectable concentrations were

0.33mg/ml for TNF-a and 90 ng/ml for

IL-1b. Intra- and interassay coefficients of

variation for all ELISAs were < 9% and

< 14%, respectively.

Statistical analyses

All statistical analyses were performed using

the SPSSVR statistical package, version 13.0

(SPSS Inc., Chicago, IL, USA) for

WindowsVR . Data that were not normally dis-

tributed are presented as the mean� SD.

One-way analysis of variance and the least

significant differences post-hoc test was used
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to compare the groups. A P-value< 0.05

was considered statistically significant.

Results

Haematoxylin and eosin staining of the

lungs showed that there was hyperaemia

and dilation of capillaries, thickening of

alveolar septa and capillary walls, and

inflammatory infiltration in the pulmonary

interstitium in the I/R group compared with

the sham group (Figure 1). Hyaline mem-

brane and localized atelectasis were

observed in the field of view in the I/R

group. Apoptosis was observed in the I/R

group. Lung injuries in the I/RþCur group

were reduced compared with the I/R group.

For example, hyperaemia and oedema of

the alveoli were alleviated and only a few

inflammatory cells had infiltrated into the
alveoli and capillaries. Lung injuries in the
I/RþCurþantagomir-21 group were aggra-
vated compared with the I/RþCur group.
For example. the number of inflammatory
cells that had infiltrated the alveoli had
increased; hyperaemia and oedema were
increased and hyaline membrane was
observed again.

Immunohistochemistry was used to mea-
sure the levels of apoptosis in lung tissues
(Figure 2). The AI increased significantly in
the I/R group compared with the sham
group (P< 0.05) (Table 1). The AI decreased
significantly in the I/RþCur group com-
pared with the I/R group (P< 0.05). The
AI increased significantly in the I/Rþ
Curþantagomir-21 compared with the I/
RþCur group (P< 0.05).

Figure 1. Representative light photomicrographs of paraffin wax-embedded sections of lung tissue showing
the morphological structures in each group: (A) sham group; (B) I/R group; (C) I/RþCur group; (D) I/
RþCurþantagomir-21 group. Sections were stained with haematoxylin and eosin. I/R, ischaemia-reperfu-
sion; Cur, curcumin; antagomir-21, inhibitor of agomir-21. Scale bar 40 mm. The colour version of this figure
is available at: http://imr.sagepub.com.
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The lung W/D ratio, AI and LIS signif-
icantly increased and the PaO2 significantly
decreased in the I/R group compared with
sham group (P< 0.05 for all comparisons)

(Table 1). In the I/RþCur group, the lung
W/D ratio, AI and LIS significantly
decreased and the PaO2 significantly
increased compared with the I/R group

Figure 2. Representative light photomicrographs of paraffin wax-embedded sections of lung tissue showing
the immunohistochemistry analysis of the levels of apoptosis in each group: (A) sham group; (B) I/R group;
(C) I/RþCur group; (D) I/RþCurþantagomir-21 group. Sections were stained with haematoxylin and eosin.
I/R, ischaemia-reperfusion; Cur, curcumin; antagomir-21, inhibitor of agomir-21. Scale bar 40 mm. The colour
version of this figure is available at: http://imr.sagepub.com.

Table 1. Comparison of the measured outcomes in each group of rats.

Group

Measured outcomes

W/D LIS PaO2, mmHg AI, %

Sham group, n¼ 20 2.3� 0.2 10� 2 99� 1 33.21� 2.17

I/R group, n¼ 20 5.1� 0.3a 21� 4a 91� 2a 51.03� 2.61a

I/RþCur group, n¼ 20 3.2� 0.2b 13� 2b 96� 2b 37.71� 3.55b

I/RþCurþantagomir-21 group, n¼ 20 4.9� 0.3c 19� 4c 91� 3c 48.03� 2.29b

Data presented as mean� SD.
aP< 0.05 compared with the sham group; bP< 0.05 compared with the I/R group; cP< 0.05 compared with the I/RþCur

group; one-way analysis of variance and the least significant differences post-hoc test were used to compare the groups.

W/D, wet weight/dry weight; LIS, lung injury score; PaO2, pressure of oxygen in arterial blood; AI, apoptosis index; I/R,

ischaemia-reperfusion; Cur, curcumin; antagomir-21, inhibitor of agomir-21.
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(P< 0.05 for all comparisons). The lung W/
D ratio, AI and LIS significantly increased
and the PaO2 significantly decreased in the
I/RþCurþantagomir-21 group compared
with the I/RþCur group (P< 0.05 for all
comparisons).

The relative levels of mir-21 mRNA sig-
nificantly decreased in the I/R group com-
pared with sham group (P< 0.05) (Table 2
and Figure 3). The relative levels of miR-21
mRNA significantly increased in the
I/RþCur group compared with the I/R

group (P< 0.05). The relative levels of
mir-21 mRNA significantly decreased in
the I/RþCurþantagomir-21 group com-
pared with the I/RþCur group (P< 0.05).

The levels of TLR4 and NF-jB p65 pro-
teins significantly increased in the I/R
group compared with the sham group
(P< 0.05) (Table 2 and Figure 4). The
levels of TLR4 and NF-jB p65 proteins sig-
nificantly decreased in I/RþCur group
compared with the I/R group (P< 0.05).
The levels of TLR4 and NF-jB p65

Table 2. Comparison of the relative levels of microRNA-21 (miR-21) mRNA, toll-like receptor 4 (TLR4)
protein and nuclear factor kappa-B p65 (NF-jB p65) protein in lung tissues in each group of rats.

Group miR-21 mRNA TLR4 protein NF-jB p65 protein

Sham group, n¼ 20 2.18� 0.23 0.53� 0.02 0.31� 0.04

I/R group, n¼ 20 0.99� 0.12a 2.78� 0.04a 1.63� 0.03a

I/RþCur group, n¼ 20 2.05� 0.41b 0.87� 0.03b 0.45� 0.06b

I/RþCurþantagomir-21 group, n¼ 20 1.13� 0.27c 2.16� 0.02c 1.26� 0.04c

Data presented as mean� SD.
aP< 0.05 compared with the sham group; bP< 0.05 compared with the I/R group; cP< 0.05 compared with the I/RþCur

group; one-way analysis of variance and the least significant differences post-hoc test were used to compare the groups.

I/R, ischaemia-reperfusion; Cur, curcumin; antagomir-21, inhibitor of agomir-21.

Figure 3. Representative reverse transcription–polymerase chain reaction analysis of the levels of
microRNA-21 (miR-21) mRNA and the internal control gene b-actin mRNA in lung tissues in each group of
rats: sham group, I/R group, I/RþCur group and I/RþCurþantagomir-21 group. bp, base pairs; I/R, ischaemia-
reperfusion; Cur, curcumin; antagomir-21, inhibitor of agomir-21.
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proteins significantly increased in the I/

RþCurþantagomir-21 group compared

with the I/RþCur group (P< 0.05).
The levels of TNF-a and IL-1b proteins

significantly increased in the I/R group

compared with the sham group (P< 0.05)

(Table 3). The levels of TNF-a and IL-1b
proteins significantly decreased in the

I/RþCur group compared with the I/R

group (P< 0.05). The levels of TNF-a and

IL-1b proteins significantly increased in the

I/RþCurþantagomir-21 group compared

with I/RþCur group (P< 0.05).

Discussion

With the development of hand and foot sur-

gery, the patient’s safety during periopera-

tive procedures and anaesthesia has

attracted considerable attention.11 In order

Figure 4. Representative Western blot analysis of the levels of toll-like receptor 4 (TLR4) protein and
nuclear factor kappa-B p65 (NF-jB p65) protein in lung tissues in each group of rats: sham group, I/R group,
I/RþCur group and I/RþCurþantagomir-21 group. I/R, ischaemia-reperfusion; Cur, curcumin; antagomir-21,
inhibitor of agomir-21.

Table 3. Comparison of the protein levels of tumour necrosis factor-a (TNF-a) and interleukin-1b (IL-1b)
in lung tissues in each group of rats.

Group TNF-a, mg/ml IL-1b, lg/l

Sham group, n¼ 20 1.31� 0.02 0.22� 0.04

I/R group, n¼ 20 4.29� 0.17a 0.71� 0.03a

I/RþCur group, n¼ 20 1.87� 0.19b 0.31� 0.05b

I/RþCurþantagomir-21 group, n¼ 20 4.03� 0.56c 0.68� 0.03c

Data presented as mean� SD.
aP< 0.05 compared with the sham group; bP< 0.05 compared with the I/R group; cP< 0.05 compared with the I/RþCur

group; one-way analysis of variance and the least significant differences post-hoc test were used to compare the groups.

I/R, ischaemia-reperfusion; Cur, curcumin; antagomir-21, inhibitor of agomir-21.
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to ensure a clear surgical field, it is often
necessary to use a tourniquet, especially
on the patient’s leg during surgery. There
is no doubt that the application of a tour-
niquet ensures a clean surgical field, but its
use can lead to side-effects such as
ischaemia-reperfusion injury. Moreover,
this kind of injury is not only limited to
the limbs, but it can also impact more dis-
tant viscera.12 When the reperfusion phase
occurs, the injurious factors that have accu-
mulated in the affected limb will flow
throughout the whole body via the blood.
The blood supply to the lung is very rich
and it is an essential site for gaseous
exchange with the outside world. The
lungs are very sensitive to noxious stimuli.
A previous study showed that there were
many signalling pathways participating in
the progression of lung injuries induced by
limb ischaemia-reperfusion.13

Curcumin is a chemical constituent
extracted from the rhizomes of some plants
of the Zingiberaceae and Araceae families.14

Studies have shown that curcumin is the
effective substance found in turmeric and it
possesses various pharmacological effects,
including antioxidant, antitumour and anti-
inflammatory.15–17 Among them, the anti-
inflammatory and antioxidant effects of cur-
cumin are widely recognized.18–20

MicroRNAs are short noncoding RNA
molecules that are approximately 9–25
nucleotides long, which regulate gene tran-
scription by binding to mRNA.21 MiRNAs
were first discovered in 1993 and since then
more than 1000 miRNAs have been identi-
fied.22 Among them, miR-21 is one of the
most important because it plays an impor-
tant role in tumours, cardiovascular disease,
immune system diseases, the occurrence and
development of epidemic diseases, endocrine
diseases and nervous system diseases.23

Research has shown that the miR-21/
TLR4/NF-jB pathway takes part in myo-
cardial apoptosis in rats with myocardial
ischemia-reperfusion.24 The current study

demonstrated that the levels of miR-21
mRNA were significantly increased as a
result of ischaemia-reperfusion in rats and
treatment with curcumin reduced the levels
of miR-21 mRNA. In addition, the concom-
itant administration of an inhibitor of miR-
21 (antagomir-21) resulted in increased levels
of miR-21 mRNA. This current study has
demonstrated that curcumin post-treatment
might be the up-stream initiation factor of
the miR-21/TLR4/NF-jB/TNF-a and IL-1b
signalling pathway, which regulate the lung
cell apoptosis.

Research has shown that a large number
of oxygen free radicals can activate NF-jB
and the increase the release of inflammatory
factors.25 TNF-a and IL-1b are the main
cytokines that initiate the inflammatory
response.26 The results of this current study
showed that rats in the ischaemia-reperfusion
group had evidence of inflammatory cell
infiltration into their lungs and congestion/
oedema of the pulmonary alveoli. The levels
of TNF-a and IL-1b were significantly
increased and high levels of apoptosis were
seen in the rats in the ischaemia-reperfusion
group. All of these results confirmed that the
rat I/R model had been established success-
fully. Treatment with curcumin reduced the
levels of lung injury, but concomitant admin-
istration of antagomir-21 resulted in
increased levels of injury again. These current
results strongly suggest that curcumin treat-
ment could alleviate the lung injuries by
upregulating miR-21 mRNA.

This study had several limitations. First,
undertaking these preclinical experiments in
rats might yield different findings compared
with using human samples. As a conse-
quence, these current findings can only serve
as an indication of what might be occurring
in the human situation. Secondly, the clinical
application of miR-21 remains rare.

In conclusion, this current study has
demonstrated that curcumin post-
treatment can upregulate miR-21 mRNA
levels in lung tissue and reduce the levels

10 Journal of International Medical Research



of inflammatory cytokines, which alleviates
the lung injury induced by limb ischaemia-
reperfusion in rats.
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