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Celastrol aggravates LPS-induced inflammation
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Abstract: Sepsis, a life-threatening syndrome with uncontrolled inflammatory response, causes high morbidity and
mortality worldwide. Currently, satisfactory treatments on sepsis are still lacking in clinic. Thus, new therapeutic
strategies are urgently required. Recently, celastrol, a pentacyclic triterpene extracted from the traditional Chinese
medicine Tripterygium Wilfordi plant, attracted great interest for its properties of anti-inflammation, anti-oxidative
stress, and metabolism remodeling. However, the effect of celastrol on sepsis is still unclear. In this study, we inves-
tigated the effect of celastrol on lipopolysaccharides (LPS)-induced inflammation and organ injuries in mice. Follow-
ing celastrol pretreatment, mice showed increased mortality rate and aggravated inflammation evidenced by further
enhanced inflammatory markers of IL-6, IL-10, TNF-q, IL-18, MCP-1, and ICAM-1 in circulation, liver, and kidney after
LPS treatment. The serum levels of ALT, AST, and LDH were further increased in parallel with the deteriorated liver
morphological damage (H&E) and oxidative stress in celastrol-treated mice, indicating an aggravated liver injury.
In kidney, the expressions of tubular injury markers of kidney injury molecule-1 (KIM-1) and gelatinase-associated
lipocalin (NGAL) were further upregulated along with higher levels of blood urea nitrogen (BUN), creatinine (Cr),
and MDA in celastrol-treated mice. These findings not only indicated a detrimental role of celastrol therapy in LPS-
induced inflammation and organ injuries but also suggested the restriction of celastrol usage in sepsis patients.
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Introduction

Sepsis is a life-threatening syndrome charac-
terized by enhanced inflammatory response
accompanied by multiple organ dysfunction or
failure [1]. Despite modern antimicrobials, the
prevalence of sepsis and sepsis-related mortal-
ity remain high worldwide [2-4]. Thus, develop-
ing novel therapeutic strategies with powerful
adjuvant therapy is urgently required to improve
the survival outcome of septic patients.

For the development of the potential candi-
dates of therapeutic drugs, natural medicines
serve as the indispensable sources [5, 6]. It
has been estimated that more than half of the
new drugs in the past three decades are natu-
ral compounds or their analogs [7]. Among
them, celastrol, a pentacyclic triterpene ex-
tracted from the roots of Tripterygium Wilfordi

plant, has attracted great interest for its potent
roles in anti-inflammation, anti-oxidative stress,
anti-cancer, and metabolism remodeling [8-10].
Recently, the anti-inflammatory effects of ce-
lastrol have been well demonstrated in animal
disease models including obesity [11, 12],
arthritis [13, 14], Alzheimer’s disease [15, 16],
asthma [17], inflammatory bowel disease [18]
and systemic lupus erythematosus [19]. How-
ever, the role of celastrol in sepsis has not been
reported.

In this study, we sought to investigate the thera-
peutic effects of celastrol on lipopolysaccha-
rides (LPS)-induced sepsis and organ injuries in
mice. Unexpectedly, we observed a pro-inflam-
matory role of celastrol in LPS-induced sepsis
model. The findings from current study not only
indicated multiple roles of celastrol under dif-
ferent disease conditions but also suggested
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Table 1. The sequences of primers used in real-time PCR

three groups (N = 13~15 per gro-

Name Forward primer (5’-3’)

Reverse primer (5’-3’)

up): control group, LPS group, and

GAPDH GTCTTCACTACCATGGAGAAGG TCATGGATGACCTTGGCCAG

LPS + celastrol group. The control
mice and LPS group received si-

I-6  GGCAATTCTGATTGTATG GACTCTGGCTTTGTCTTT- ngle intraperitoneal (ip.) injection
I-18  GACTCTTGCGTCAACTTCAAGG CAGGCTGTCTTTTGTCAACGA of saline or LPS (10 mg/kg), while
TNF-  TCCCCAAAGGGATGAGAAG  CACTTGGTGGTTTGCTACGA LPS + celastrol group was pre-
MCP-1 GCTCTCTCTTCCTCCACCAC  ACAGCTTCTTTGGGACACCT treated intraperitoneally with ce-
ICAM ~ CGCTTCCGCTACCATCAC GGCGGCTCAGTATCTCCTC lastrol (1.5 mg/kg/day) for 24

KIM-1  ATGAATCAGATTCAAGTCTTC ~ TCTGGTTTGTGAGTCCATGTG
NGAL GCAGGTGGTACGTTGTGGG CTCTTGTAGCTCATAGATGGTGC

hours before the challenge with
LPS (10 mg/kg). After LPS treat-

the restriction of celastrol usage in sepsis
patients in clinic.

Materials and methods
Chemicals and Kits

LPS (Escherichia coli serotype 055:B5) and
celastrol (purity > 98%) were purchased from
Sigma-Aldrich (St Louis, MO). ELISA kits of IL-6
(Cat#: DKW12-2060-096), IL-13 (Cat#: DKW12-
2012-096) and TNF-a (Cat#: DKW12-2720-
096) were from Dakewe Biotech (Beijing, Ch-
ina). MDA assay kit (Cat#: S0131) was bought
from Beyotime Biotechnology (Shanghai, Ch-
ina).

Animals

Eight-week-old male C57BL/6 mice were ob-
tained from Nanjing Medical University and
were maintained in an air-conditioned room
(22 + 2°C) under a 12 h: 12 h light/dark cycle
and allowed water and standard chow ad libi-
tum. All animal experiment procedures were
approved by the Nanjing Medical University
Institutional Animal Care and Use Committee
and carried out in accordance with the De-
claration of Helsinki.

Establishment of LPS-induced sepsis model
and celastrol treatment

For the test of celastrol toxicity, the mice were
randomly divided into control group and celas-
trol group (N = 5 per group). The mice of celas-
trol group received intraperitoneal (i.p.) injec-
tion of celastrol (1.5 mg/kg/day) in saline for
two consecutive days. Same volume of saline
was administered to the control mice.

For the test of celastrol effects on LPS-induced
sepsis, the mice were randomly divided into
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ment for another 24 hours, mice of
all groups were sacrificed and the
blood and tissues were collected for further
analyses.

Serum biochemistry

Blood was collected from the inferior caval
vein after anesthesia and serum samples were
collected after centrifugation at 1,500 rpm for
10 min. BUN, Cr, ALT, AST, and LDH levels were
evaluated using a serum biochemical autoana-
lyzer (Hitachi 7600 modular chemistry analyz-
er, Hitachi Ltd, USA).

Histopathological evaluation

Tissues were fixed in 4% paraformaldehyde
(PFA) for 24 h at room temperature, dehydrated
by grading ethanol and paraffin embedded.
Subsequently, the liver and kidney tissues
were cut into 5 ym sections and stained with
Hematoxylin-eosin (H&E) and Periodic Acid
Schiff (PAS), respectively. The images were
captured with an Olympus BX51 microscopy
(Olympus, Center Valley, PA).

Quantitative reverse transcriptase PCR (qRT-
PCR)

Total tissue RNA extraction was performed
using the RNAiso Plus reagent (TaKaRa Bio-
technology Co., Ltd, Dalian, China) according to
the manufacturer’s protocol. cDNA was gener-
ated from 1 ug total RNA using PrimeScript™
Reverse Transcriptase (TaKaRa Biotechnology
Co., Ltd, Dalian, China). Quantitative PCR was
subsequently carried out using SYBR Green
Master Mix (Vazyme, Nanjing, China) on a
QuantStudio 3 Real-time PCR System (Applied
Biosystems, Foster City, CA, USA). The primers
used for PCR amplification were listed in Table
1. Cycling conditions were 95°C for 10 min,
followed by 40 repeats of 95°C for 15 s and
60°C for 1 min. The mRNA was normalized to
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Figure 1. Evaluation of celastrol toxicity in normal mice. Serum levels of ALT (A), AST (B), LDH (C) and BUN (D) in
mice received intraperitoneal (i.p.) injection of celastrol (CE) (1.5 mg/kg/day for two consecutive days) or saline. (E,
F) mRNA levels of inflammatory cytokines TNF-, IL-6, IL-18, MCP-1 and ICAM in livers and kidneys of mice treated
with CE or vehicle. All statistical analyses were performed by one-way ANOVA, followed by Bonferroni posttest. Data

were expressed as mean + SEM.

GAPDH and calculated using delta method
from threshold cycle numbers.

ELISA assay of IL-6, IL-13, and TNF-a

Serum samples were diluted by 1:50 with
enzyme immunoassay buffer. Concentrations
of IL-6, IL-1B, and TNF-o were measured by
ELISA kits (Dakewe Biotech, Beijing, China) in
accordance with the manufacturer’s instruc-
tions.

Liver and kidney MDA assay

The MDA concentration in liver and kidney tis-
sues were detected with a commercial MDA
assay kit (Beyotime Biotechnology, Shanghai,
China) according to the manufacturer’s in-
structions. Briefly, tissues were homogenized
and centrifuged at 1600 g for 10 min at 4°C.
The supernatants were mixed with thibabituric
acid (100°C for 15 min) to form MDA-TBA
adduct. The MDA levels were determined by
measuring the absorbance of MDA-TBA adduct
at 532 nm. Protein concentrations of the liver
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and kidney samples were assessed using a
BCA protein assay kit (Beyotime Biotechnology,
Shanghai, China, Cat#: PO012) to normalize
the MDA level in each sample.

Statistical analysis

All data are represented as mean + SEM. Sta-
tistical analysis was performed using ANOVA
analysis followed by a Bonferroni posttest. P <
0.05 was considered statistically significant.

Results
Evaluation of celastrol toxicity in normal mice

Celastrol was previously reported to induce
severe cardiotoxicity in zebrafish embryo [20].
Triptolide, another active component in Trip-
terygium wilfordii Hook and an analog of celas-
trol, was also reported to impose hepatotoxicity
and nephrotoxicity, which restricted its clinical
application [21]. Therefore, we assessed the
safety of celastrol in mice. The dosage was cho-
sen according to previous reports [22-24].

Am J Transl Res 2018;10(7):2078-2086
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Figure 2. Celastrol increased LPS-induced mortality and systemic inflammation. (A) Survival rate of mice under indi-
cated treatments. The control mice and LPS group received i.p. injection of saline or LPS (10 mg/kg). LPS + celastrol
group was pretreated intraperitoneally with celastrol (1.5 mg/kg/day) for 24 h before the LPS challenge (10 mg/kg).
Survival rate was estimated after LPS treatment for 24 h. (B-D) Serum level of IL-6 (B), IL-1 (C) and TNFa (D) were
measured by ELISA kits. All statistical analyses were performed by one-way ANOVA, followed by Bonferroni posttest.

Data were expressed as mean + SEM. **P < 0.01 and ***P < 0.001 compared to the Ctrl group;

##P < 0.01 compared to the LPS group.

As shown by the data, serum biochemistry
analysis of ALT, AST, LDH, and BUN showed no
significant changes after celastrol treatment
for 2 days in normal mice (Figure 1A-D). The
mMRNA levels of inflammatory cytokines such as
TNF-q, IL-6, IL-18, MCP-1, and ICAM in liver and
kidney were largely unaltered after celastrol
therapy (Figure 1E and 1F). Together, these
results demonstrated that i.p. injection of
celastrol (1.5 mg/kg/day) for 2 consecutive
days had no obvious toxicity in mice.

Celastrol aggravated LPS-induced mortality
and systemic inflammation in mice

Next, we studied the effect of celastrol on
LPS-induced sepsis. Strikingly, contrary to our
expectation, pretreatment of celastrol decreas-
ed the survival rate of LPS-treated mice from
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#P < 0.05 and

85.7% to 66.7% within 24 h LPS exposure
(Figure 2A). Moreover, circulation levels of
inflammatory cytokines of IL-6, IL-13, and TNF«
in LPS + celastrol group were further increas-
ed compared to LPS group (Figure 2B-D), dem-
onstrating an enhanced systemic inflamma-
tion.

Celastrol aggravated LPS-induced acute liver
injury

We then sought to investigate the organ injury
in this experimental setting. As shown by the
data, the serum levels of ALT, AST, and LDH
were significantly elevated in LPS alone group,
which was further enhanced in celastrol-treat-
ed mice (Figure 3A-C), suggesting an exacerba-
tion of liver injury. Then liver histopathological
changes were detected by hematoxylin-eosin

Am J Transl Res 2018;10(7):2078-2086
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Figure 3. Celastrol treatment aggravated liver injury in LPS-treated mice. (A-C) Serum levels of ALT (A), AST (B) and
LDH (C) in mice of corresponding groups. (D) H&E staining of liver sections. Upper panel: original magnification x
200, scale bar 50 um; lower panal: original magnification x 400, scale bar 20 ym. Hepatic necrosis in LPS + celas-
trol group was more severe than that in LPS alone group. All statistical analyses were performed by one-way ANOVA,
followed by a Bonferroni posttest. Data were expressed as mean + SEM. ***P < 0.001 compared to the Ctrl group;

#P < 0.05 compared to the LPS group.

(H&E) staining. Hepatic necrosis obviously
occurred in LPS + celastrol group, while LPS
alone group showed hepatocyte swelling and
mild cellular necrosis (Figure 3D). As oxidative
stress and inflammatory cytokines play critical
roles in the development of organ injuries, we
further examined oxidative stress marker malo-
ndialdehyde (MDA) and transcription levels of
inflammatory cytokines of TNF-«, IL-6, IL-18,
MCP-1 and ICAM. In parallel with the deteriora-
tion of liver function and morphological lesions,
both oxidative stress and inflammatory respon-
se were further enhanced by celastrol in liver
(Figure 4A and 4B). These data suggested a
detrimental role of celastrol in LPS-induced
liver injury in mice possibly through promoting
the inflammation and oxidative stress.

Celastrol aggravated LPS-induced acute kidney
injury

We further tested the renal function by measur-
ing BUN and serum Cr levels. As shown by the
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data, BUN and serum Cr were increased in
response to LPS challenge, which was further
enhanced in celastrol-treated mice (Figure 5A
and 5B). Besides BUN and Cr, neutrophil gelati-
nase-associated lipocalin (NGAL) and kidney
injury molecule-1 (KIM-1) were found to be
more reliable and sensitive as the markers of
acute kidney injury [25, 26]. Quantitative PCR
results showed that NGAL and KIM-1 were
robustly elevated (~1000 folds) in LPS group,
which was further significantly increased by
celastrol treatment (Figure 5C and 5D). Fur-
thermore, Periodic acid-Schiff (PAS) staining
indicated tubular structure damage as shown
by the loss of brush border and tubular lumen
dilation (Figure 5E), which was aggravated by
celastrol therapy (Figure 5E). Finally, we also
noticed increased oxidative stress and inflam-
matory response in the kidneys of celastrol-
treated mice compared to LPS alone group
(Figure 6A, 6B). These results suggested a det-
rimental effect of celastrol treatment on the
kidneys of septic mice.

Am J Transl Res 2018;10(7):2078-2086
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Figure 4. Celastrol enhanced the liver oxidative stress and inflammation in LPS-treated mice. A. Levels of an oxida-
tive stress marker MDA in mouse livers under corresponding treatments. B. Relative mRNA expression of inflamma-
tory cytokines of TNF-q, IL-6, IL-18, MCP-1 and ICAM in kidneys. All statistical analyses were performed by one-way
ANOVA, followed by a Bonferroni posttest. Data were expressed as mean + SEM. **P < 0.01 and ***P < 0.001
compared to the Ctrl group; #P < 0.05 and ###P < 0.001 compared to the LPS group.

Discussion

Identification of bioactive components from
natural medicines provides the opportunity for
modern pharmacology. Celastrol is a com-
pound that was originally identified from tradi-
tional Chinese herbal medicine Tripterygium
Wilfordi. Recently, the anti-inflammatory effects
of celastrol have been demonstrated in va-
rious inflammatory disease models [27, 28].
However, to our knowledge, the present study is
the first research to evaluate the role of celas-
trol in LPS-induced sepsis in vivo.

We firstly chose the dose of celastrol according
to previous literatures [22-24] and tested the
safety of celastrol in normal mice. Results
showed that treating mice with celastrol at a
dose of 1.5 mg/kg/day for two consecutive
days exhibited no obvious toxicity on mice.
Based on this dose, we performed further
experiments in LPS model. Contrary to pre-
vious concept, celastrol promoted LPS-induced
inflammation and aggravated liver and kidney
injuries in mice.

Referring to the literatures, the protective ef-
fect of celastrol against LPS induced inflamma-
tion is mainly based on in vitro studies [13,
29-31]. However, our study demonstrated an
interesting contrast between the in vivo and in
vitro effects of celastrol in LPS-induced inflam-
mation. However, the mechanism leading to
this difference between the in vivo and in vitro
studies is still unknown. Further studies are
needed to figure out the molecular mecha-
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nisms of celastrol in promoting LPS-induced
inflammation in vivo. Nevertheless, compared
to the in vitro models using a clean cell line,
animal disease models are definitely more
complicated and have a better translational
potential to the human diseases.

Sepsis also causes damages in multiple organs
including kidney, liver, and heart. Our results
showed that the organ injury-associated mark-
ers including BUN, Cr, KIM-1, NGAL, ALT, AST,
and LDH were all significantly increased in LPS
group, which was further elevated by celastrol
treatment, indicating more severe injuries in
kidney and liver. The liver histopathological
changes detected by H&E staining also con-
firmed the aggravated liver injury. Increased
levels of inflammatory cytokines and oxidative
stress may account for the celastrol effect on
the promoted organ injuries to some extent.
These results differ from the protective effect
of celastrol on ischemia-reperfusion-induced
acute kidney injury. During the kidney ischemia-
reperfusion, hypoxia condition within kidney
results in epithelial cell necrosis and apoptosis
and inflammatory cell infiltration [32]. The dif-
ferent pathogenic mechanisms between isch-
emia-reperfusion- and LPS-induced kidney in-
jury may account for the different response to
celastrol treatment. Certainly, as a multi-target
drug, celastrol might play different roles under
different conditions.

In summary, treatment with a safe dose of
celastrol in normal mice deteriorated LPS-
induced sepsis in mice. The increased system-

Am J Transl Res 2018;10(7):2078-2086
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Figure 5. Celastrol treatment aggravated renal tubular injury in LPS-treated mice. (A, B) The serum levels of BUN and
Cr in mice of different groups. (C, D) Relative mRNA expressions of tubular injury markers of NGAL (C) and KIM-1 (D)
in kidneys. (E) PAS staining (400 x) demonstrated higher degrees of the loss of tubular brush border and tubular
dilatation in LPS + celastrol group compared to LPS alone group. All statistical analyses were performed by one-way
ANOVA, followed by a Bonferroni posttest. Data were expressed as mean + SEM. **P < 0.01 and ***P < 0.001
compared to the Ctrl group; #P < 0.05 compared to the LPS group.
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ic, liver, and kidney inflammation, as well as the
organ injuries were obviously noticed in LPS
plus celastrol group compared to the animals
with LPS alone treatment. Our findings alerted
the restriction of celastrol usage under a sepsis
condition in clinic.
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