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Isochlorogenic acid A attenuates acute lung injury  
induced by LPS via Nf-κB/NLRP3 signaling pathway
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Abstract: Nowadays, there is still no effective drug with small side effects for acute lung injury. Monomer of herb 
is promising for anti-inflammation therapy. In this study, we first investigated the possible effects of isochlorogenic 
acid A in acute lung injury induced by LPS. The effects of oxidant stress, pulmonary edema and inflammation fac-
tors induced by LPS were inhibited by isochlorogenic acid A. Levels of lung active markers and inflammation factors 
induced by LPS were reversed by isochlorogenic acid A. Isochlorogenic acid A inhibited the cell apoptosis induced 
by LPS. The protein expressions of Nf-κB/NLRP3 signaling pathway induced by LPS were inhibited by isochlorogenic 
acid A. In summary, isochlorogenic acid A reversed the effects induced by LPS in acute lung injury and is a promising 
monomer for therapy of acute lung injury, providing references for future research on therapy of acute lung injury.
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Introduction

Acute lung injury as a high-risk common dis-
ease has aroused many attentions [1-4]. The 
clinical features of lung injury are presented as 
capillary leakage, progressive refractory hypox-
emia, decreased dynamic lung compliance and 
noncardiogenic pulmonary edema [5]. Acute 
lung injury with the injuries of alveolar epithelial 
cells and capillary endothelial cells caused by 
various direct and indirect injury factors has a 
high fatality rate. It is pressing to develop new 
drugs for treatment of acute lung injury.

LPS exists in outer membrane of gram-negative 
bacteria and has simulative effect on cells 
which is associated with inflammation reac-
tions. LPS caused alveolar epithelial cells inju-
ry, resulting in proinflammatory cytokines re- 
lease. Therefore, acute lung injury model was 
usually constructed by using LPS. As reported 
that the number of inflammatory cells and in- 
flammatory cytokines in bronchoalveolar lavage 
fluid were increased by LPS [6]. In this study, 
acute lung injury induced by LPS in mice was 
constructed as the research object.

Inflammation and ROS caused by oxidative st- 
ress are the major causes of many diseases 

such as diabetes, atherosclerosis and so forth. 
Inflammation induced by oxidative stress was 
identified as the critical factors of acute lung 
injury as well [7, 8]. Many traditional Chinese 
medicines have efficiently anti-inflammation 
effects. Quercetin was reported to have anti-
inflammation effect in ARPE-19 Cells [9]. Trans-
Cinnamaldehyde was reported to exert anti-
inflammation effect in rat model of osteoarth- 
ritis [10]. Honeysuckle as one of traditional 
Chinese medicine with many pharmacological 
functions including anti-inflammation effect, 
anti-oxidant and promotion of lipid and glucose 
metabolism has been the research hotpot [11, 
12]. Moreover, the components of herbs are 
complexed, it’s valuable to explore the active 
ingredient that works efficiently in specific dis-
ease. Isochlorogenic acid A (IAA) is the bioac-
tive constituent of honeysuckle and isochloro-
genic acid A is also named 3, 5-dicaffeinic qui-
ninic acid A. Whether isochlorogenic acid A as 
the main monomeric compound has anti-in- 
flammation effect in acute lung injury is pend-
ing. In this study, we first investigated the effe- 
cts of isochlorogenic acid A on acute lung injury 
induced by LPS and the possible mechanism 
within it.

http://www.ajtr.org
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Material and method 

Animals and treatment

BALB/C mice were purchased from animal ex- 
periment center and the mice were housed in 
the environment at 23±2°C with humidity of 
55±5%. All the mice were given free access to 
food and water. The mice (n=10 per group) were 
randomly divided into six groups including con-
trol group, IAA group, LPS treatment group and 
LPS induced group pretreated with different 
concentrations of IAA. After the mice were an- 
esthetized using sodium pentobarbital, LPS (5 
mg/kg) was injected into the mice. IAA was 
injected into abdominal cavity of the mice by 
pretreatment with the concentration of 5 mg, 
10 mg, 20 mg. The mice were sacrificed by cer-
vical dislocation and the tissues of lung were 
surgically exposed. Part of the blood samples 
were centrifugated for 10 min to get the super-
natants for detection and the remaining blood 
samples were stored by frozen.

Histopathology

The tissues of upper right lung lobe in the dif-
ferent groups were taken out and fixed by 4% 
formaldehyde for 48 h. Then ethyl alcohol was 
used for dehydration. Then it was paraffin-em- 
bedded and sliced. The slices were processed 
by HE staining. Neutral gum was used to seal 
the slices. Pathological changes in lung tissue 
were then assessed.

Wet/Dry weight ratios of lung tissues 

After the mice were killed, the right main bron-
chus in different groups were ligatured. The 
middle lobe of right lung was taken out. Surface 
moisture were removed by absorbent paper. 
Then the tissues were weighed and wet weight 
was recorded. Then the lung tissues were sub-
jected to the drying oven by setting the temper-
ature as 60°C until the weight of the tissues 
don’t change anymore. The weight after drying 
was recorded as the dry weight. Lung edema 
was evaluated by the ratio of wet/dry weight.

Lung active markers and inflammation factors 
evaluation 

SPA and SPD as the active markers were evalu-
ated by corresponding kits according to the in- 
structions of manufacture. The levels of inflam-

mation factors in the blood samples of the mice 
were detected by the corresponding assay kits. 

Evaluation on the oxidant stress in the lung 
injury induced by LPS 

MDA, LDH and SOD as the markers of oxidant 
stress were detected via using the correspond-
ing kits. The alveolar lavage fluid was collected 
to detect the LDH level. The lung tissues in dif-
ferent group were collected respectively to 
detect the levels of MDA and SOD. 

Cell apoptosis evaluated by tunel staining as-
say 

The tunel assay kit was used to detect cell 
apoptosis based on the extensive DNA degra-
dation during the cell apoptosis. Tunel detec-
tion liquid were prepared according to the in- 
struction of manufacture. 50 μL tunel solution 
was added at 37°C. The cell apoptosis was ob- 
served under a fluorescence microscope.

Western blot

The samples extracted from lung tissues in dif-
ferent groups were subjected to 10% SDS-PAGE 
for separation and then electrotransfered to 
PVDF membrane. Then, the membranes were 
blocked with 5% skimmed milk. The membra- 
nes were incubated with primary antibody over-
night and then secondary antibody (1:1000 
dilution) for two hours. 

Statistics analysis

The results presented herein were mean ± SD. 
SPSS software and Graph prism were applied 
to process data. One-way analysis of variance 
was used to evaluate the statistical significan- 
ce.

Results

Isochlorogenic acid A attenuated the lung le-
sions

As shown in Figure 1A, there is no sign of le- 
sion in control group. While, the group with  
LPS injection presented severely lesions in  
lung with a large quantity of inflammatory cells. 
The alveolar walls were thicker and alveolar 
vascular is blocked in LPS-induced group. Ne- 
arly no lesion existed in the group treated with 
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IAA only. After pretreated with IAA, the lesions 
were attenuated significantly in LPS-induced 
lung injury in a dose dependent manner, indi-
cating that IAA possessed a protective effect in 
LPS-induced lung injury. 

Isochlorogenic acid A attenuated the pulmo-
nary edema in LPS-induced acute lung injury

Compared to the control group and IAA group, 
wet/dry weight ratio of lung tissues was higher 
in LPS-induced group than that in any other 
group (Figure 1B). Whilst the wet/dry weight 
ratio was decreased by the IAA pretreatment in 
the LPS induced lung injury in a dose depen-
dent manner, suggesting that IAA had the pro-
tective effect on LPS induced pulmonary ede- 
ma.

Isochlorogenic acid A attenuated the expres-
sions of active markers in LPS-induced acute 
lung injury

Surfactant protein A (SPA) and surfactant pro-
tein D (SPD) are active markers in lung injury 
[13, 14]. The results showed that the levels of 
SPA and SPD were higher in LPS group than 
that in any other group (Figure 1C and 1D). 
After the pretreatment of IAA, the levels of SPA 
and SPD induced by LPS were decreased by IAA 
in a dose dependent level. The pro-inflammato-
ry enzymes cyclooxygenase 2 (COX2) and in- 
ducible nitric oxide synthase (iNOS) that con-
tributed to inflammation were assessed as 
well. As shown in Figure 2, the levels of COX2 
and iNOS were highest in LPS induced gro- 
up among all the groups. While, expressions of 

Figure 1. The images of histopathology in different groups (A); The Wet/Dry weight ratios of lung tissues in different 
groups (B); Expressions of surfactant protein A (SPA) (C) and surfactant protein D (SPD) (D) in different groups (*P < 
0.05, **P < 0.01 and ***P < 0.001 vs. control group; ##P < 0.01 and ###P < 0.001 vs. LPS group).
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COX2 and iNOS induced by LPS were reduced 
by IAA in a dose dependent manner. All the 
results described above demonstrated that  
isochlorogenic acid A reduced the expressions 
of active markers induced by LPS in acute lung 
injury. 

Isochlorogenic acid A attenuated inflammation 
and the oxidant stress induced by LPS in acute 
lung injury

MDA, LDH and SOD as the indicators of oxidant 
stress were evaluated herein. As shown in 
Figure 3, the levels of MDA and LDH were high-
er in LPS induced group than that in any other 
group. While the SOD level was the lowest in 
LPS induced group. The MDA, LDH and SOD lev-
els induced by LPS were reversed by isochloro-
genic acid A in a dose dependent manner. IL-6, 
TNFα, IL-1β and MCP-1 as indicative markers  
of inflammation were evaluated. Consistent wi- 
th the previous studies, the inflammatory mark-
ers were higher in LPS induced group than that 
in any other group [15, 16]. While the enhanced 
expressions of IL-6, TNFα, IL-1β and MCP-1 
were reversed by IAA in a dose dependent le- 
vel (Figure 3). All the results indicated that IAA 
pretreatment alleviated the oxidant stress and 
inflammation in LPS induced acute lung injury.

Isochlorogenic acid A attenuated apoptosis of 
epithelial cells induced by LPS in acute lung 
injury

The tunel assay was used to evaluate the epi-
thelial cell apoptosis. As seen in Figure 4, the 
cell apoptosis in LPS group was more obvious- 
ly than that in any other group. Isochlorogenic 
acid A pretreatment attenuated the cell apo- 
ptosis induced by LPS. The cell apoptosis was 

decreased with the IAA increasing, indicating 
that IAA had anti-apoptosis effect in LPS in- 
duced lung injury. For further evidence, the 
apoptosis-associated proteins were evaluated 
including bax, cleaved caspase 3 and Bcl-2. 
Bcl-2 as anti-apoptosis protein in LPS group 
were the lowest than that in any other group 
(Figure 5). The levels of cleaved caspase 3 and 
bax, which are pro-apoptotic proteins, were on 
the contrary to bcl-2. The level of bcl-2, cleaved 
caspase 3 and bax induced by LPS were re- 
versed by IAA. 

Isochlorogenic acid A inhibited the relevant 
protein expressions in Nf-κB/NLRP3 signal 
pathway

Nf-κB and NLRP3 signal pathways are both 
involved in inflammation of acute lung injury.  
In order to investigate the possible protective 
mechanism of isochlorogenic acid A in LPS-
induced lung injury. The relevant protein expr- 
essions in Nf-κB/NLRP3 signal pathway were 
investigated. As shown in Figure 6, the expres-
sions of p-p65, NLRP3, ASC and cleaved cas-
pase 1 were higher in LPS group than that in 
any other group. Whilst the relevant proteins 
induced by LPS mentioned above were inhibit-
ed by isochlorogenic acid A in a dose depen-
dent manner.

Discussion

Acute lung injury accounts for over 40% of mor-
tality and even after treatment, the five-year 
survival rate is lower than 50% [17]. There is a 
pressing need for new drug development which 
possesses high curative effect, low toxicity, and 
nearly no side effects. As known that inflam- 
mation and oxidant stress are the major causes 

Figure 2. The relative expressions of COX2 and iNOS in different groups (**P < 0.01 and ***P < 0.001 vs. control 
group; #P < 0.05, ##P < 0.01 and ###P < 0.001 vs. LPS group).
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Figure 3. The levels of inflammation indicators and the oxidant stress indicators in different groups (*P < 0.05, **P < 0.01 and ***P < 0.001 vs. control group; #P < 
0.05, ##P < 0.01 and ###P < 0.001 vs. LPS group).
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of many diseases such as diabetes, atheroscle-
rosis and acute lung injury. Nowadays, some 
Chinese medicine monomers were confirmed 
as promising agents for anti-inflammation and 
anti-oxidative stress therapy in varieties of tis-
sue injuries. As reported, lonicera caerulea 
berry extracts have inhibiting effects on lipo-
polysaccharide-induced inflammation and oxi-
dative stress [18]. Lonicera japonica as the 
same family is the dried flower bud or flower at 

first opening of honeysuckle and its relatives 
which possesses similar effect. Lonicera japon-
ica thunb was reported to play pivotal roles in 
the clinical treatment of traditional Chinese 
medicine [19]. Wherein, the active ingredient 
which plays major effect is still unknown. There 
are many compounds existing in traditional 
Chinese medicine. Study on the exactly major 
active compound is essential for avoiding the 
side effects induced by other ingredients in 

Figure 4. The images of cell apoptosis in different groups.

Figure 5. The expressions of Bax, 
cleaved caspase 3 and Bcl-2 in 
different groups (*P < 0.05, **P < 
0.01 and ***P < 0.001 vs. control 
group; #P < 0.05, ##P < 0.01 and 
###P < 0.001 vs. LPS group).
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Chinese herb. Isochlorogenic acid A is the ma- 
jor ingredient of lonicera japonica. Whether iso-
chlorogenic acid A has anti-inflammation and 
anti-oxidant stress effects in acute lung injury 
is still unknown. In this study, acute lung injury 
induced by LPS was constructed as the patho-
logical model. As shown by the results, the 
lesions were more severely, which is consistent 
with previous studies [20, 21]. The levels of 
inflammation and oxidant stress induced by 
LPS were higher (Figure 3), which was the fur-
ther evidence for the successfully establish-
ment of acute lung injury model. 

After the pathological model of acute lung inju-
ry induced by LPS was successfully construct-
ed, the effects of isochlorogenic acid A on acute 
lung injury induced by LPS was investigated. 
The lung lesions as showed by Figure 1 were 
attenuated by isochlorogenic acid A. The inflam-
mation and the oxidant stress induced by LPS 
were alleviated by isochlorogenic acid A as well. 
The inflammation and oxidant stress were the 
major causes of lung injury [22, 23]. Isochloro- 
genic acid A exerted anti-inflamation and anti-
oxidant stress effects on acute lung injury 
induced by LPS, indicating that isochlorogenic 
acid A is a promising chinese medicine mono-
mer in protecting acute lung injury. In addition, 
the pulmonary edema and apoptosis of epithe-
lial cells induced by LPS were attenuated by 

isochlorogenic acid A. The active markers in- 
cluding SPA, SPD, COX2 and iNOS stimulated 
by LPS were decreased by isochlorogenic acid 
A, further confirming that isochlorogenic acid  
A have the protective effects on acute lung inju-
ry. The attenuative effect of isochlorogenic on 
LPS induced lung injury was significant in a 
dose dependent manner. 

In order to explicit the possible mechanism, 
Nf-κB/NLRP3 signal pathway as the common 
inflammation relevant signal pathway were in- 
vestigated herein. As shown by the results, the 
relevant proteins of Nf-κB/NLRP3 signal path-
way induced by LPS were decreased by iso- 
chlorogenic acid A, indicating that Nf-κB/NL- 
RP3 signal pathway is suppressed by isochloro-
genic acid A.

Taken together, all the results indicated that 
isochlorogenic acid A inhibited the effect in- 
duced by LPS in acute lung injury via inhibiting 
Nf-κB/NLRP3 signal pathway and was a promis-
ing Chinese monomer which may be developed 
into monomer drug for therapy of acute lung 
injury.

Conclusion

In this study, as shown by the results, isochloro-
genic acid A possessed effects of anti-inflam-

Figure 6. The expressions of relevant proteins in Nf-κB/NLRP3 signal pathway in different groups (*P < 0.05, **P < 
0.01 and ***P < 0.001 vs. control group; #P < 0.05, ##P < 0.01 and ###P < 0.001 vs. LPS group).
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mation, anti-oxidant stress and anti-proptosis 
in LPS induced lung injury, providing a new  
avenue for acute lung injury and paving the way 
for future research.
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