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Changes in TNF-a, IL-6, IL-10 and VEGF in rats
with ARDS and the effects of dexamethasone
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Abstract. Changes in tumor necrosis factor-a. (TNF-a), inter-
leukin-6 (IL-6), IL-10 and vascular endothelial growth factor
(VEGF) in serum and bronchoalveolar lavage fluid (BALF) in
rats with acute respiratory distress syndrome (ARDS) and the
intervention effect of dexamethasone were observed to explore
the theoretical basis of dexamethasone in the treatment of
ARDS. Seventy-two rats were randomly divided into normal
control group (group N, n=24), ARDS model group (group L,
n=24) and dexamethasone group (group D, n=24). The ARDS
rat model was established by jointly injecting oleic acid and
lipopolysaccharide via the caudal vein, while rats in group D
received intervention with dexamethasone. The wet/dry weight
ratios of lung tissues were measured, and the levels of TNF-a,,
IL-6, IL-10 and VEGF in serum and BALF were measured
via enzyme-linked immunosorbent assay. The wet/dry weight
ratio of lung tissues of rats in group D was significantly
decreased compared with that in group L (P<0.05 or P<0.01).
The levels of TNF-a, IL-6 and VEGF in serum and BALF
of rats in group L and D were obviously increased compared
with those in group N at each time point (P<0.01). The levels of
TNF-a,IL-6 and VEGF in serum and BALF of rats in group D
were significantly decreased compared with those in group L
(P<0.01). In conclusion, there is a serious imbalance between
anti-inflammatory response and inflammatory response in
rats with ARDS induced by oleic acid combined with lipo-
polysaccharide of Escherichia coli, whereas dexamethasone
can alleviate lung injury through inhibiting expression levels
of inflammatory factors and promoting expression levels of
anti-inflammatory factors.
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Introduction

Acute respiratory distress syndrome (ARDS) refers to diffuse
alveolar inflammation and damage to the capillary wall
secondary to severe trauma, shock, infection and other factors,
resulting in pulmonary edema and ultimately leading to severe
hyoxemia and carbon dioxide emission disorder (1). The
main clinical manifestations of ARDS are extreme difficulty
in breathing, cyanosis, increased heart rate, and diffuse
infiltrated shadow shown in pulmonary X-ray (2). In recent
years, the incidence rate of ARDS has increased significantly
with an annual incidence of approximately 59/100,000, but the
prognosis is still poor, and the mortality rate is still as high
as 30% (3,4). Clinical diagnosis and treatment of ARDS are
very challenging (5). With the constant research on ARDS,
the current clinical treatment methods of ARDS include
protective pulmonary ventilation therapy, prone position
ventilation, high positive end expiratory pressure (PEEP)
and high frequency ventilation, but they cannot effectively
reduce the fatality rate of ARDS, and some patients eventually
suffer from pulmonary fibrosis, leading to permanent lung
dysfunction (6). The pathogenesis of ARDS is complex, one
of which is excessive and extensive inflammatory response of
lung tissues after the attack of various pathogenic factors (7).
Glucocorticoids have a potent anti-inflammatory effect, which
can interfere in inflammatory signaling pathways mediated by
various cytokines (8), thereby hindering the occurrence and
development of pulmonary fibrosis. In this study, therefore,
the ARDS rat model was established via oleic acid combined
with lipopolysaccharide (LPS) of Escherichia coli, changes
in tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6),
IL-10 and vascular endothelial growth factor (VEGF) in
ARDS rats were observed at different time points, and the
effects of dexamethasone on them were also observed, so
as to preliminarily investigate the pathogenesis of ARDS,
and provide a theoretical basis for the clinical application of
dexamethasone in ARDS.

Materials and methods

Materials. Dexamethasone injection (Shandong LukangCisen
Pharmaceutical Co., Ltd., Jining, China, NMPN H37021969),
oleic acid and LPS (Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany), urethane (Shandong Qilu Xinghua
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Pharmaceutical Co. Ltd., Jining, China), TNF-a, IL-6, IL-10
and VEGF enzyme-linked immunosorbent assay (ELISA)
kits (Sigma-Aldrich; Merck KGaA), clean bench (Shanghai
Boxun Industrial Co., Ltd., Shanghai, China), electronic
balance (Sartorius AG, Gottingen Germany), and continuous
wavelength multifunctional microplate reader (Tecan Austria
GmbH, Grodje, Austria). This study was approved by the
Animal Ethics Committee of Shihezi University Animal
Center (Shihezi, China).

Experimental animal grouping and preparation. A total
of 72 specific pathogen-free (SPF) Sprague-Dawley (SD)
rats (equal number of males and females) aged 12-13 weeks
weighing 200-220 g were purchased from Shanghai SLAC
Laboratory Animal Center, Shanghai, China [license no:
SCXK (Shanghai) 2012-0002], and divided into 4 groups
using a random number table: Normal control group (N, n=24),
ARDS model group (L, n=24) and dexamethasone group
(D, n=24). Rats in group N were injected with 5 ml/kg
normal saline via the caudal vein, rats in L were injected with
0.05 ml/kg oleic acid via the caudal vein and 2.5 mg/kg LPS
after 30 min, and rats in D were injected with 0.05 ml/kg
oleic acid via the caudal vein and 2.5 mg/kg LPS and 6 mg/kg
dexamethasone after 30 min. Rats were kept in cage with
controlled temperature and light cycles (24°C and 12/12
light cycles) and free access to food and water, humidity was
60+10%.

Observation time points. After rats in the three groups were
injected twice, they were observed at three different time
points (4, 8 and 12 h), 8 rats at each time point.

Specimen collection. At corresponding time points, rats were
anesthetized via intraperitoneal injection of 1 g/kg 20%
urethane. The blood was collected from the abdominal aorta
and centrifuged at 1,610 x g at 4°C for 15 min to separate the
serum, and the serum was stored at -80°C. The chest was
quickly opened, the right hilus of the lung was ligated, right
lung tissues were removed, and the wet weight of right lung
was measured. Then the right lung was baked in a constant-
temperature drying box at 80°C until constant weight, and the
dry weight of right lung was measured. The wet/dry weight
ratio of right lung tissues was calculated. The front end of
catheter with 1.8 mm in external diameter was inserted into
the bifurcation of the lower left principal bronchus, and 2.5 ml
normal saline at 37°C was slowly injected via catheter for bron-
choalveolar lavage. Bronchoalveolar lavage fluid (BALF) was
recycled, and the lavage was repeated 5 times. The recycled
BALF was collected into a centrifuge tube and centrifuged at
402 x g at 4°C for 10 min. The supernatant was separated and
stored at -80°C for standby application.

Detection of inflammatory factors in serum and BALF. An
appropriate amount of serum and BALF was taken, followed
by loading and treatment in strict accordance with instruc-
tions of the ELISA kit. The optical density (OD) value was
detected using the continuous wavelength multifunctional
microplate reader (Tecan Austria GmbH, Grodje,Austria),
and the standard curves were drawn. TNF-a, IL-6, IL-10 and
VEGEF protein levels in each sample were calculated.
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Figure 1. Comparison of wet/dry weight ratio of lung tissues of rats in each
group. The wet/dry weight ratio of lung tissues of rats in group L is signifi-
cantly increased compared with that in group N (P<0.01). The wet/dry weight
ratio of lung tissues of rats in group D is significantly increased compared
with that in group N (P<0.05 or P<0.01), but significantly decreased com-
pared with that in group L (P<0.05 or P<0.01). "‘P<0.05; “P<0.01 vs. group N;
"P<0.01 vs. group L.

Table I. Changes in serum TNF-a content in rats (ng/l, n=8).

Groups 4h 8h 12h

N 58.39+3.02 57.64+3.33 58.91+3.87
L 375.52+8.63" 358.40+9.19* 337.65+10.24*
D 261.07+£9.40**  228.75+8.66**  202.87+9.91*°

“P<0.01 vs. group N; °P<0.01 vs. group L.

Statistical analysis. Experimental results are presented as
(mean + SD), and SPSS 20.0 software (IBM Corp., Armonk,
NY,USA) was used for statistical analysis of data. Independent-
samples t-test was used for the comparison between two groups,
and one-way analysis of variance was used for the comparison
among groups and the post hoc test was Dunnett's test. P<0.05
was considered to indicate a statistically significant difference.

Results

Wet/dry weight ratio of lung tissues. The wet/dry weight
ratio of lung tissues of rats in group L was significantly
increased compared with that in group N (P<0.01). The
wet/dry weight ratio of lung tissues of rats in group D was
significantly decreased compared with that in L (P<0.05 or
P<0.01), and the decrease was the most significant at 12 h,
but it was still significantly higher than that in N (P<0.05 or
P<0.01) (Fig. 1).

Changes in serum TNF-a, IL-6, IL-10 and VEGF levels.
The levels of serum TNF-a, IL-6 and VEGF in rats in
group L and D were obviously increased compared with
those in group N at each time point (P<0.01), but the levels
of IL-10 were obviously decreased compared with that in
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Table II. Changes in serum IL-6 content in rats (ng/l, n=8).

Groups 4h 8h 12h

N 4.46+0.08 4.39+0.08 4.44+0.10
L 28.55+1.17* 22.08+1.04* 19.69+1.42*
D 16.21+0.75% 13.21+0.82%° 10.22+0.83%>

"P<0.01 vs. group N; "P<0.01 vs. group L.

Table III. Changes in serum IL-10 content in rats (ng/ml, n=8).

Groups 4h 8h 12h

N 72.51+£3.48 74.09+3.62 72.76£3.23
L 37.24+2.81° 40.16+3.06* 43.58+3.20*
D 48.82+3.55%° 53.00+3.54*° 59.17£3.29*

"P<0.01 vs. group N; °P<0.01 vs. group L.

Table I'V. Changes in serum VEGF content in rats (pg/ml, n=8).

Groups 4h 8h 12h

N 22.05+4.01 23.19+£3.77 22.81+£3.64
L 73.42+4.54* 70.30+3.68" 66.99+4.82*
D 47.53+4 220 38.51+3.80%° 34.06+3.56*°

P<0.01 vs. group N; °P<0.01 vs. group L.

group N (P<0.01). The levels of serum TNF-a, IL-6 and
VEGF in rats in group D were significantly decreased
compared with those in L (P<0.01), but the level of IL-10
was significantly increased compared with that in group L
(P<0.01) (Tables I-1V).

Changes in TNF-a, IL-6, IL-10 and VEGF levels in BALF.
The levels of TNF-a, IL-6 and VEGF in BALF of rats in
group L and D were obviously increased compared with those
in group N at each time point (P<0.01), but the levels of IL-10
were obviously decreased compared with that in group N
(P<0.01). The levels of TNF-a, IL-6 and VEGF in BALF of rats
in group D were significantly decreased compared with those
in L (P<0.01), but the level of IL-10 was significantly increased
compared with that in group L (P<0.01) (Tables V-VIII).

Discussion

At present, ARDS animal models include hydrochloric acid
aspiration-type, whole lung lavage-type, endotoxin-type and
oleic acid-type models, among which endotoxin-type and
oleic acid-type models are the most widely used (9). Studies
have shown that oleic acid can directly contract pulmonary
arterial vessels, damage the alveolar capillary endothelium,
and cause increased permeability of pulmonary capillary, and
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Table V. Changes in TNF-a content in BALF of rats (ng/l, n=8).

Groups 4h 8h 12h

N 92.37+4.02 91.55+3.73 91.81+2.96

L 566.07£10.24*  528.79+12.11*  495.38+11.45*
D 420.05£12.55**  406.67+13.20** 387.73x12.97*°

P<0.01 vs. group N; °P<0.01 vs. group L.

Table VI. Changes in IL-6 content in BALF of rats (ng/l, n=8).

Groups 4h 8h 12h

N 6.66+0.09 6.61+0.06 6.72+0.11
L 38.81+1.25* 31.74+1.40 28.58+1.19*
D 25.17£1.33% 22.60+0.95%° 18.15+1.1720

“P<0.01 vs. group N; "P<0.01 vs. group L.

Table VII. Changes in IL-10 content in BALF of rats (ng/ml,
n==8).

Groups 4h 8h 12h

N 78.40+3.39 78.61+3.33 77.89+3.52
L 30.06+2.21* 34.92+3.12° 36.95+£2 .47
D 54.18+3.70*° 58.43+3.45% 64.71£3.66*°

1P<0.01 vs. group N; "P<0.01 vs. group L.

Table VIII. Changes in VEGF content in BALF of rats (pg/ml,
n=8).

Groups 4h 8h 12h

N 20.36+2.87 20.52+3.19 19.85+3.74
L 81.17+4.26 76.45+5.08 72.63+4.00
D 56.54+£3 .81 48.02+3.44*  29.76+4.62*°

P<0.01 vs. group N; °P<0.01 vs. group L.

a large amount of fluid and protein exudation, thus leading
to the occurrence of ARDS (10). However, LPS is the major
component of endotoxin, which has less effect on the direct
damage to lung tissues (11). Besides, LPS mainly activates
macrophages, releases a large number of pro-inflammatory
factors, and activates polymorphonuclear leukocytes, thus
making the body enter systemic inflammatory response state.
Systemic inflammatory response can further damage the lung
tissues, eventually resulting in ARDS (12). Therefore, oleic
acid mainly destroys the pulmonary vascular endothelial cells,
causing increased vascular permeability and a large amount of
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fluid exudation, and leading to pulmonary edema. LPS leads
to inflammatory response of lung tissues mainly through the
inflammatory cascade reaction. Studies suggest that in patho-
genesis of ARDS, in addition to direct lung damage caused
by trauma, infection and other primary causes, there are also
‘second-strike’ factors due to intestinal bacterial toxins into
the blood and surgical trauma (13). Therefore, in this study,
the ‘second-strike’ ARDS animal model was established using
oleic acid combined with LPS to better simulate the patho-
genetic process of human ARDS. It was observed and found
in this study that after injection of oleic acid and LPS into
rats in group L and group D, cyanosis in four limbs, respi-
ratory distress, decreased activity, piloerection, pulmonary
edema and rise in inflammatory indexes occurred, indicating
successful modeling.

The pathogenesis of ARDS is very complicated and has
not been fully elucidated so far. In recent years, the research
of a large number of scholars worldwide on its pathogenesis
mainly focuses on the regulatory mechanism of lung tissue
inflammation and pulmonary edema (14). Early ARDS is char-
acterized by increased permeability of alveolar epithelial cells
and pulmonary capillary endothelial cells, and a large amount
of fluid exudation between alveoli and lung interstitium, while
the exudate mainly contains a variety of inflammatory cells
dominated by neutrophils. Neutrophils can further adhere and
gather on the surface of damaged vascular endothelial cells,
and migrate to the interstitium and alveolar space, promoting
the release of a large number of inflammatory mediators and
ultimately exacerbating the inflammatory response in lung
tissues (15).

In trauma, infection occurs in the body, macrophages are
activated, producing and releasing a large amount of TNF-a.
TNF-a can damage the vascular endothelium, destroy its
barrier function, and cause increased capillary permeability
and a large amount of fluid exudation, forming pulmonary
edema, and thus inducing ARDS (16). At the same time, in
the entire course of ARDS, TNF-a can reduce the produc-
tion of antioxidants, leading to reduced scavenging of oxygen
free radicals, thereby aggravating tissue damage, and causing
disease exacerbation and progression (17). At the same time,
TNF-a, as the most important pro-inflammatory factor in early
inflammatory response, can promote the formation of a large
number of IL family members, thereby exacerbating the body's
inflammatory response (18). IL-6 is a key inflammatory factor
that induces inflammatory cascade reaction in ARDS, which is
mainly secreted by T cells, monocytes-macrophages and endo-
thelial cells. Besides, it activates neutrophils to mediate the
secretion of a large number of acute-phase proteins in the liver,
ultimately promoting acute inflammatory response (19). VEGF
is the strongest vascular permeability factor in the body, which
can increase vascular permeability in multiple organ systems,
causing local exudation and inflammatory response (20). VEGF
can increase the permeability of pulmonary vascular endo-
thelial cells in ARDS, aggravate pulmonary edema, enlarge
and continue the body's inflammatory response, promoting
the occurrence and development of ARDS (21). In the whole
course of ARDS, the degree of interaction between anti-
inflammatory factors and pro-inflammatory factors determines
the development direction of inflammatory response in ARDS.
When the secretion of anti-inflammatory factors is insufficient
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in the bodyj, it is not enough to resist the body's inflammatory
response, which will lead to apoptosis, and exacerbate the
damage of organ function, thus increasing the mortality rate
of patients (22). Moreover, IL-10 is secreted mainly by helper
T lymphocytes and mononuclear macrophages, and exerts an
anti-inflammatory effect through T cells (23). IL-10 restores the
balance between anti-inflammatory response and inflamma-
tory response via inhibiting the body's inflammatory response.
Studies have found (24) that in the early ARDS patients, the
level of IL-10 in BALF is reduced, so it is not enough to exert an
anti-inflammatory effect, aggravating inflammatory response
in the lung. In this study, it was found that levels of TNF-a,
IL-6 and VEGEF in serum and BALF of ARDS rats were
significantly increased, but the IL-10 levels were significantly
decreased. It can be seen that there is an imbalance between
anti-inflammatory response and inflammatory response in
ARDS rats, and serious inflammatory response occurs.

Glucocorticoids have been applied for a long time in
the treatment of ARDS, but their roles in ARDS are still
controversial. Some scholars believe that the long-term
application of high-dose glucocorticoids has side effects,
such as osteoporosis, elevated blood glucose and aggra-
vated infection. However, the application of glucocorticoids
indeed has a positive effect in the treatment of ARDS in
general (25). In this experimental study, it was found that
injecting dexamethasone into ARDS rats via the caudal
vein could significantly alleviate the body's inflammatory
response in ARDS rats, and maintain the balance between
anti-inflammatory response and inflammatory response,
thereby reducing inflammatory exudation of lung tissues and
pulmonary edema, and protecting the lung. Glucocorticoids
have a wide range of mechanisms of action in the treatment
of ARDS, which can directly or indirectly act on inflam-
matory cells, reduce myeloperoxidase activity, and inhibit
neutrophil activation, thereby alleviating tissue damage (26).
At the same time, glucocorticoids can promote the expression
of mitogen-activated protein kinase phosphatase-1 in lung
tissues, and inhibit expression levels of neutrophil chemokine,
monocyte chemoattractant protein-1 and P-selectin, thereby
reducing the inflammatory response in lung tissues (27). In
addition, glucocorticoids can improve ARDS by alleviating
disorders of the alveolus superficial active substance (7). In
case of hypoxia in lung tissues, glucocorticoids can maintain
the activity of some sodium ion channels, thereby reducing
pulmonary edema (28).

In conclusion, this study suggests that there is a serious
imbalance between anti-inflammatory response and inflam-
matory response in rats with ARDS induced by oleic acid
combined with LPS of Escherichia coli, whereas dexametha-
sone can maintain the balance between anti-inflammatory
response and inflammatory response through inhibiting expres-
sion levels of inflammatory factors (TNF-a, IL-6 and VEGF)
and promoting the expression of anti-inflammatory factor
(IL-10) in serum and BALF, thus alleviating lung tissue injury.
The inflammatory response process of ARDS is very complex,
involving a variety of cytokines, and other related cytokines
remain to be further studied. At the same time, the occurrence
mechanism of ARDS is complicated, and whether glucocor-
ticoids can improve ARDS through other signaling pathways
also needs to be further studied.
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