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Celastrol attenuates ventilator induced lung injury in 
mouse through inhibition of MAPK pathway
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Abstract: Purpose: Previous studies have shown that celastrol has anti-inflammatory, anti-oxidative and anti-tumor 
activities, but little is known about its protective effects on ventilator induced lung injury (VILI). This study is aimed 
to investigate the effects of celastrol on VILI and explore its potential mechanism. Methods: A total of 40 ICR male 
mice aged 7-9 weeks were randomly divided into 4 groups (n=10 per group): control group (Con), control + celastrol 
group (Con+Ce), mechanical ventilation group (Ven) and mechanical ventilation + celastrol group (Ven+Ce). The 
lungs were collected for histological examination, detection of W/D, and MPO, MDA, SOD, inflammatory cytokines 
(IL-1β, IL-6, IL-10 and TNF-α) by ELISA, p-P38 and p-JNK 1/2 protein by Western blotting, and collagen-1 and TGF-β 
mRNA expression by RT-PCR. Results: The W/D in the Ven group was significantly higher than the W/D in the Con 
group and the Ven+Ce group (both P<0.01). Mechanical ventilation for 4 h markedly increased lung MPO and 
MDA activity, TNF-α, IL-1β and IL-6, but dramatically reduced SOD and IL-10 (all P<0.01). However, celastrol pre-
treatment compromised the increased MPO, MDA, TNF-α, IL-1β, IL-6 (all P<0.01) and significantly increased SOD 
(P=0.035<0.05) and IL-10 (P<0.01). In addition, mRNA level of collagen-1 and TGF-β as well as p-P38 and p-JNK 
1/2 protein expression increased significantly (P<0.01) after mechanical ventilation, which however were markedly 
reduced in the presence of celastrol pre-treatment. Conclusion: Celastrol pre-treatment may exert anti-oxidative and 
anti-inflammatory effects and related lung fibrosis to attenuate VILI in mice, which may be related to the inhibition 
of p-P38 and p-JNK 1/2 by MAPK pathway. 
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Introduction

Mechanical ventilation [1] is the most common 
respiratory support technique during the peri-
operative period and has been regarded as an 
indispensable tool in the management of criti-
cal illnesses. Mechanical ventilation assures 
sufficient oxygenation in patients. However, it is 
not a physiological ventilation pattern. The 
shear force due to positive pressure ventilation 
in mechanical ventilation may not only induce 
inflammatory cell activation and the generation 
of inflammatory mediators and cytokines [2], 
which are closely related to the clinical out-
comes, but also cause pulmonary fibrosis [3], 
resulting in permanent lung injury [4]. There is 
evidence showing that prolonged mechanical 
ventilation will significantly increase mortality 
[3]. Generally, the lung injury second to mechan-
ical ventilation is known as ventilator induced 

lung injury (VILI). VILI includes barotrauma, vol-
utrauma, biotrauma and atelectasis [5]. 
Mechanical ventilation as a pro-inflammatory 
stimulation may activate inflammatory cas-
cade, causing biological injury via molecular 
biological and cytological responses [1, 2, 6-9]. 
Reduction in tidal volume and ventilation pres-
sure has been employed for the effective pre-
vention and/or therapy of VILI in clinical prac-
tice [10, 11]. However, reduction in tidal volume 
and/or ventilation pressure is usually infeasible 
for some patients due to some limitations [12]. 
Thus, investigators attempt to use strategies to 
inhibit the activation of inflammatory cells and 
reduce the generation of inflammatory cyto-
kines, exerting pulmonary protective effects. To 
date, anti-oxidant glutathione and anti-inflam-
matory ulinastatin have been used for lung pro-
tection [13, 14].
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Celastrol (also known as tripterine) is an effec-
tive compound extracted from the traditional 
Chinese medicine, Tripterygium wilfordii, and is 
a member of triterpenes [5]. Studies have 
shown that celastrol has multiple biological 
activities such as anti-inflammatory, anti-tumor 
and immunosuppressive activities [15-19]. 
Tripterygium wilfordii is a perennial creeping 
plant, known as Thunder of God Vine, belongs 
to the family Celastraceae. Celastrol is a most 
widely studied and promising compound isolat-
ed from Tripterygium wilfordii. Celastrol was ini-
tially shown to have potent anti-inflammatory 
capability, and thus it is widely used in the 
treatment of many inflammatory diseases, 
including allergic-asthma [20], amyotrophic lat-
eral sclerosis [21], and rheumatoid arthritis 
[22]. In recent years, studies reveal that celas-
trol as a triterpenoid is also a promising anti-
cancer drug because it is able to inhibit the  
proliferation of cancer cells, prevent the inva-
sion of cancer cells, block angiogenesis in 
malignant tissues and also treat sensitive 
resistant cancer cells [23-25]. In addition, 
celastrol was also found to protect against  
obesity and metabolic dysfunction through  
the activation of a HSF1-PGC1 alpha transcrip-
tional axis [26].

Considering the anti-oxidative and anti-inflam-
matory activities, we hypothesize that celastrol 
may attenuate ventilation induced biotrauma 
to alleviate VILI. This study was undertaken to 
investigate the lung protective effects of celas-
trol pretreatment against VILI. 

Materials and methods 

Animals and interventions

All the experimental procedures related to ani-
mals were performed according to the scientific 
and ethic committees of the Second Military 
Medical University. Animals were taken care 
according to the Chinese national regulation for 
experimental animal care and study. Adult male 
ICR mice (specific pathogen free) aged 7-9 
weeks and weighing 23-28 g (n=40) were pur-
chased from the Experimental Animal Center of 
the Second Military Medical University. Ce- 
lastrol was dissolved in DMSO to a storage con-
centration of 50 mg/ml and was dissolved with 
PBS (pH 7.0) to a concentration of 1 mg/ml 
before use [27]. Forty mice were randomly 
assigned into 4 groups (n=10 per group): con-
trol group (Con): mice were intraperitoneally 
[27] injected with equal volume of DMSO and 

PBS; control + celastrol group (Con+Ce group): 
mice were intraperitoneally injected with celas-
trol at 1 mg/kg for consecutive 3 days; ventila-
tion group (Ven): mice received 3 days of injec-
tion of equal volume of DMSO and PBS before 
the mechanical ventilation on the 4th day; venti-
lation + celastrol group (Ven+Ce): mice received 
3 days of injection of equal volume of celastrol 
before the mechanical ventilation on the 4th 
day. Mechanical ventilation was performed at 
30 ml/kg for 4 h with oxygen concentration 
100% after anesthesia with ketamine at 70 
mg/kg [28]. 

Reagents and instruments

Celastrol (Selleckchem, USA), ventilator (Ha- 
rvard apparatus, USA), enzyme linked immuno-
sorbent assay (ELISA) kits, kits for the detec-
tion of measurements of myeloperoxidase 
(MPO), superoxide dismutase (SOD) and malo-
naldehyde (MDA) (Nanjing Jiancheng Bi- 
oengineering Institute, China), primary antibod-
ies against p-P38, P38, p-JNK 1/2, JNK 1/2 and 
GAPDH (CST, USA), secondary antibodies and 
phosphate buffer saline (Beyotime Institute  
of Biotechnology, China), Chemiluminescence 
detection kit (Millipore, USA), SYBR Green PCR 
kit for real time PCR (Thermo, USA), reverse 
transcription kit (Fermentas, Lithuania) and 
thermal cycler (ABI, USA) were used in the  
present study.

Detection of lung wet to dry ratio 

After mechanical ventilation, the right lower 
lobe was collected and weighed as wet weight 
(W). Then, the lung tissues were dried at  
80°C for 48 h and weighed as dry weight  
(D). The wet to dry ratio (W/D) ratio was calcu-
lated to evaluate the lung edema. 

Lung HE staining 

For pathological examination, as previously re- 
ported [28], the left lower lobe was collected, 
fixed in 4% paraformaldehyde for 24 h, dehy-
drated in a series of ethanol, transparatized in 
xylene and embedded in paraffin. Then, lung 
tissues were cut into 5 μm sections and were 
subjected to HE staining, followed by observa-
tion under a light microscope. 

Detection of cytokine contents and MPO, SOD 
and MDA

After mechanical ventilation, the right upper 
lobe was collected for the detection of tumor 
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necrosis factor-α (TNF-α), interleukin (IL)-6, 
IL-1β and IL-10. In brief, lung tissues were 
homogenized in normal saline at a ratio of 1:9. 
After centrifugation, the supernatant was col-
lected. The absorbance was measured at 562 
nm after quantification of protein concentra-
tion with the BCA method. Detection of MPO 
and SOD activity, MDA content was performed 
according to manufacturer’s instructions using 
the TBA method [29, 30].

Western blotting

Western blotting was performed to detect the 
expression of target proteins according to previ-
ous reports [29]. Briefly, lung tissues were 
homogenized and lyzed in pre-cold buffer. After 
incubation at 95°C for 5 min, the supernatant 
was harvested, followed by quantification of 
protein concentration. Then, 30 μg of protein 
was collected from each sample and loaded for 
SDS-PAGE. The proteins were subsequently 
electronically transferred onto the PVDF mem-
brane. The membrane was blocked in 5% non-
fat milk in 0.1% TBST at room temperature for 2 
h. After incubation with the primary antibody at 
4°C over night, the membrane was rinsed in 
TBST thrice (5 min for each). After incubation 
with the secondary antibody (1:2000) at room 
temperature for 1 h, the membrane was 
washed thrice in TBST (5 min for each). 
Visualization was performed with the chemilu-

minescence kit, and protein bands were ph- 
otographed. 

Real time PCR

The primers used for PCR were as follows: 
transforming growth factor-β (TGF-β): 5’ 
CGAGAGGCAGAGATTTATCAG 3’ (forward), 5’ 
ATGTGAAGATGGGCAAGAC 3’ (reverse); colla-
gen-1: 5’ GCCAAGAAGACATCCCTGAAG 3’ (for-
ward), 5’ TCATTGCATTGCACGTCATC 3’ (rever- 
se); GAPDH: 5’ GTCTTCACCACCATGGAG 3’ (for-
ward), 5’ CCACCCTGTTGCTGTAGC 3’ (reverse). 
Total RNA was extracted from the lung tissu- 
es and then treated with DNase to remove 
residual DNA. Then, RNA was used for reverse 
transcription into cDNA. The mixture used for 
PCR consisted of cDNA template (1 µl), DEPC 
treated water, 2×SYBR Green Real time PCR 
Master Mix, Plus solution, 3’-Primer (40 μmol/L) 
and 5’-Primer (40 μmol/L). After votexing, the 
experiment was performed at 95°C for 2 min,  
a total of 40 cycles at 95°C for 15 s, 59°C for 
15 s and 72°C for 45 s. The mRNA expression 
of TGF-β, collagen-1 and GAPDH was detected 
by analysis of Ct value [31].

Statistical analysis

Statistical analysis was performed with SPSS 
version 16.0. Data is expressed as mean ± 
standard deviation. A value of P<0.05 was con-

Figure 1. HE staining of the lung in different groups and W/D ratio in different groups. (Celastrol improved the lung 
pathology and lung edema following VILI). A: In Con group (a) and Con+Ce group (b), the lung structure was normal 
and only a few inflammatory cells were observed. In Ven group (c), a large number of neutrophil sequestration and 
infiltration around the pulmonary vessel and airway, distributed in the alveolar and interstitial after ventilation. The 
Ven+Ce group showed significantly reduced inflammatory cell infiltrations (d). Magnification *200 (a, b, c, d). B: W/D 
ratio in different groups (Celastrol improve W/D following VILI). In Ven group, the W/D ratio was significantly higher 
than in Con group (P<0.01). However, in the presence of celastrol pretreatment, the lung edema was significantly 
attenuated, which was characterized by reduction in W/D ratio (P=0.009<0.01) (**P<0.01). 
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sidered statistically significant. Comparisons 
among groups were done with one way analysis 
of variance.

Results 

Celastrol improves lung pathology and lung 
edema after VILI

After mechanical ventilation, the lung was col-
lected for pathological examination with HE 
staining. As shown in Figure 1A, normal alveoli 
and lung structure were observed in the Con 
group and the Con+Ce group. However, in the 

Celastrol could significantly reduce MPO activi-
ty (Figure 2A) and MDA content (Figure 2B) and 
increase SOD (Figure 2C) after ventilation. In 
the Ven group, the MPO activity and MDA con-
tent increased markedly as compared to the 
control group (all P<0.01), but the celastrol pre-
treatment significantly inhibited MPO activity 
(P<0.01) and reduced MDA content (P<0.01). In 
the Ven group, SOD reduced markedly as com-
pared to the Con group (P<0.01), but it signifi-
cantly increased in the presence of celastrol 
pretreatment (P<0.05). All data suggest that 
celastrol could inhibit oxidative stress in mice’s 
lung.

Figure 2. MPO, MDA and SOD in different groups. A: In Ven group, the MPO activity increased markedly as com-
pared to control group (P<0.01), but the celastrol pretreatment significantly inhibited MPO activity (P=0.003<0.01). 
B: In Ven group, the MDA content increased markedly as compared to control group (P<0.01), but the celastrol 
pretreatment significantly inhibited increased MDA content (P=0.007<0.01). C: In Ven group, the SOD activity re-
duced markedly as compared to Con group, but it significantly increased in the presence of celastrol pretreatment 
(P=0.035<0.05) (*P<0.05 and **P<0.01). 

Figure 3. The concentration change of TNF-α (A), IL-1β (B), IL-6 (C) and IL-10 
(D). There is no change between group Con and Con+Ce. Mechanical ventila-
tion significantly increased the release of pro-inflammatory cytokines (such 
as TNF-α, IL-1β and IL-6) and anti-inflammatory cytokine IL-10 was markedly 
reduced when compared with Con group (all P<0.01). In the presence of 
celastrol pre-treatment, the pro-inflammatory cytokines reduced significant-
ly, but IL-10 increased markedly (all P<0.01) (**P<0.01).

Ven group, there was signifi-
cant swelling of the alveolar 
wall and aggregation of neu-
trophils. In the presence of 
celastrol pre-treatment, the 
swelling of the alveolar wall 
and aggregation of neutro-
phils were significantly attenu-
ated in the Ven+Ce group. 
Meanwhile W/D ratio was cal-
culated for the evaluation of 
lung edema in Figure 1B. In 
the Ven group, the W/D ratio 
was significantly higher than  
in the Con group. However, in 
the presence of celastrol pre-
treatment, the lung edema 
was significantly attenuated, 
which was characterized by 
reduction in W/D ratio (all 
P<0.01). 

Celastrol inhibits oxidative 
stress
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Celastrol inhibits lung inflammation 

As shown in Figure 3, mechanical ventilation 
significantly increased the release of pro-
inflammatory cytokines (such as TNF-α, IL-1β 
and IL-6) and reduced anti-inflammatory cyto-
kine IL-10 when compared with the Con group 
(all P<0.01). In the presence of celastrol  
pre-treatment, the pro-inflammatory cytokines 
reduced significantly, but IL-10 increased  
markedly (all P<0.01). The results indicated 
that celastrol could inhibit the inflammation of 
the lung.

Celastrol reduces collagen-1 and TGF-β mRNA 
expression

VILI mechanism does not only have oxidative 
and anti-oxidative, inflammatory responses, 
but also lung fibrosis. The results of real time 
PCR showed that the mRNA of collagen-1 and 
TGF-β increased significantly in the lung after 

VILI has been found to be associated with sev-
eral possible mechanisms. Although a series of 
pro-inflammatory and pro-fibrogenetic process-
es are found to be involved in the pathogenesis 
of VILI, the cellular and molecular mechanisms 
underlying lung injury by mechanical stress 
have not been fully elucidated. In recent years, 
some studies focus on the role of inflammation 
and oxidative stress in the pathogenesis of VILI 
[33, 34]. VILI not only aggravates ongoing lung 
injury, but it may have important systemic con-
sequences via spillover of lung-borne inflam-
matory mediators into the systemic circulation. 
However, there are still no effective measures 
for the prevention of VILI currently.

To date, no study has been undertaken to 
investigate the protective effects of celastrol 
on VILI. This study was the first undertaken to 
investigate the protective effects of celastrol 
on VILI. Our pathological examination showed 
the alveolar wall was swelling and a large 

Figure 4. The real time PCR data of collagen-1 (A) and TGF-β (B). The data 
of real time PCR indicated that the collagen-1 and TGF-β mRNA expression 
increased significantly in the lung after mechanical ventilation, but it was 
reduced markedly in the presence of celastrol pre-treatment (all P<0.01) 
(**P<0.01). 

Figure 5. The Western blotting data of p-P38 and p-JNK 1/2 expression. The 
p-P38 protein and p-JNK 1/2 protein expression increased significantly in 
Ven group as compared to Con group, but the p-P38 and p-JNK 1/2 protein 
expression reduced markedly in the presence of celastrol pre-treatment. 
Meanwhile the P38 and JNK 1/2 protein expression did not change in four 
groups. 

mechanical ventilation, and it 
reduced markedly in the pres-
ence of celastrol pre-treat-
ment (all P<0.01) (Figure 4), 
suggesting that celastrol 
could ameliorate lung fibrosis.

Celastrol reduces the expres-
sion of p-P38 and p-JNK 1/2 
protein

P-P38 and p-JNK 1/2 protein 
expression was detected by 
Western blotting. As shown in 
Figure 5, the p-P38 and p-JNK 
1/2 protein expression in- 
creased significantly in the 
Ven group as compared to the 
Con group, but the p-P38 and 
p-JNK 1/2 protein expression 
reduced markedly in the pres-
ence of celastrol pre-treat-
ment. Meanwhile the P38 and 
JNK 1/2 protein expression 
did not change in all four 
groups. 

Discussion

VILI is the result of a complex 
interplay among various me- 
chanical forces acting on lung 
structures during mechanical 
ventilation [32]. The onset of 
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amount of inflammatory cells infiltrated into the 
lung after mechanical ventilation, which was 
suggestive of lung injury. However, 3-day celas-
trol pretreatment was able to attenuate lung 
injury which was characterized by alleviation of 
swelling of the alveolar wall and reduction in 
infiltrating inflammatory cells, and the detec-
tion of W/D ratio also supported the improve-
ment of lung edema, suggesting that celastrol 
has effects on VILI. 

Celastrol can reduce lung injury from the mor-
phology, following from the molecular biology 
point of view to find its mechanism. Celastrol 
was also shown to be a potent inhibitor of lipid 
peroxidation [35, 36]. The 50% inhibitory con-
centration in rat liver mitochondria was about 
15 times lower than that of the commonly used 
anti-peroxidative agent tocopherol. Sassa et al 
also investigated the structural basis of anti-
peroxidative activity of the celastrol, and found 
it had direct radical scavenging activity [37]. 
The anti-cancer effects of celastrol have been 
demonstrated to be associated with its anti-
oxidative activity [38, 39]. In addition, a variety 
of studies demonstrate the potent anti-inflam-
matory capability of celastrol in different ani-
mal models in vivo and in vitro [40-42]. In this 
study, the anti-oxidative and anti-inflammatory 
effects of celastrol pretreatment were also 
investigated in the VILI mouse model. Our 
results showed the MPO activity and MDA con-
tents, TNF-α, IL-1β and IL-6 of the lung in- 
creased significantly, but SOD and IL-10 re- 
duced markedly in mice after 4-h mechanical 
ventilation, which confirms the oxidative stress 
and inflammation following VILI. However, in  
the presence of celastrol pre-treatment, the 
MPO activity and MDA contents, TNF-α, IL-1β 
and IL-6 reduced dramatically, and SOD and 
IL-10 increased significantly. This indicates  
that the anti-oxidative and anti-inflammatory 
capabilities are improved in the case of celas-
trol pre-treatment. 

Mechanical ventilation not only causes inflam-
mation, but also initiates lung fibrosis. Villar et 
al [43] found that mechanical ventilation for 4 h 
could significantly activate the fibrosis related 
pathways (increased collagen-1 and TGF-β 
expression), leading to the deterioration of lung 
dysfunction. It has been confirmed that TGF-β 
is involved in the pathogenesis of lung fibrosis, 
and inhibition of TGF-β production is able to 
improve lung fibrosis [31]. Did celastrol also 
attenuate lung fibrosis? A recent study reveals 

that celastrol is able to improve myocardial 
fibrosis [44]. Our data proved that celastrol 
markedly reduced collagen-1, and TGF-β mRNA 
expression increases after mechanical ventila- 
tion. 

Furthermore, which signal pathway takes part 
in the mechanism? Uhlig et al [45] found that 
the p-P38 protein expression follows mechani-
cal ventilation. Jung et al [46] also found that 
celastrol was able to exert anti-oxidative and 
anti-inflammatory effects via inhibition of the 
phosphorylation of MAPK in BV-2 cells. Chen et 
al [47] found that MAPK pathway could interact 
with the TGF-β pathway, and by reducing the 
TGF-β expression, p-P38 and p-JNK expression 
was also reduced. Fortunately in this study, the 
results showed that VILI up-regulates p-P38 and 
p-JNK 1/2 expression in the lung, which how-
ever is significantly reduced in the presence of 
celastrol pre-treatment. 

Taken together, this study indicates that celas-
trol is able to inhibit oxidative stress, lung 
inflammation and fibrosis to attenuate lung 
edema and lung injury secondary to mechani-
cal ventilation, which may be, at least partially 
related to the inhibition of MAPK p-P38 and 
p-JNK 1/2 pathway. Our findings may provide 
evidence for the clinical treatment of VILI with 
celastrol. 
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