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Purpose: Sepsis is a life-threatening clinical syndrome and characterized by an inflamma-
tory and innate immune response to infections. The current study was aimed to evaluate the
anti-sepsis effect of 7-a-Obacunyl acetate (7-OBA), the abundant constituent isolated from
Toona sinensis (Meliaceae), in cecal ligation and puncture (CLP)-induced mice and to
investigate the related molecular mechanisms.

Methods: The CLP operation was performed to establish the sepsis mice model, and the
survival rate and temperature were measured after 7-OBA treatment (7.5, 15, and 30 mg/kg;
i.p.). Inflammatory cytokines levels of TNF-o, IL-1B, IL-6, and IL-10 were detected by
ELISA kits, and the kidney, liver, and heart function were measured using an automatic
biochemistry analyzer. Effects of 7-OBA on NF-xB and JAK2-STAT3 signaling pathways
were determined by Western blot analysis in a lipopolysaccharide (LPS) stimulated
RAW264.7 cells model.

Results: 7-OBA treatment significantly increased the survival rate (p<0.05 and p<0.01) and
normalized temperature (p<0.05 and p<0.01) of sepsis mice. The levels of pro-inflammatory
cytokines like TNF-a, IL-1B, and IL-6 in serum were obviously decreased, whereas the anti-
inflammatory cytokines of IL-10 were increased. CLP-induced increases of the main markers
of kidney, liver, and heart function in mice (»p<0.01) were also obviously reversed by 7-OBA.
The anti-sepsis effect of 7-OBA might be associated with regulation of nuclear factor kappa-
B (NF-kB) and Janus kinase 2 (JAK2)-signal transducer and activator of transcription 3
(STAT3) signal pathways.

Conclusion: Our investigation indicated that 7-OBA can be developed as an effective agent
for treating/curing sepsis in the future.

Keywords: 7-a-obacunyl acetate, Toona sinensis, sepsis, cecal ligation/puncture, JAK-STAT
/NF-xB

Introduction

Currently, increasing reports have indicated that sepsis is a leading cause of death in
intensive care units, characterized as severe infections caused by a whole-body
inflammatory response syndrome (SIRS). It’s considered as the systemic host response
to microorganisms of viruses, bacteria, or fungi, and eventually results in associated
multiple organs dysfunction syndromes, the heart, lungs, liver, and kidneys in

particular.' > In a recent extrapolation from high-income country data, there was an
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estimation of 48.9 million cases and 11 million sepsis-related
deaths worldwide in 2017.* However, specific medicine for
treatment of sepsis is heavily lacking, and long-term admin-
istration of the antibiotics commonly cause some severe
side-effects, such as nausea, vomit, and loss of appetite.
Thus, it is urgent for us to find reliable therapeutic methods
for curing sepsis or attenuating syndromes of sepsis.
Recently, traditional herbal medicines have been
widely used for treating infection and inflammation in
folk for thousands of years. Plant-derived compounds/
extracts are important source for available drugs discovery,
which have been reported to have considerable potential
against sepsis in previous studies. Toona sinensis, belong-
ing to the Meliaceae family, is a deciduous plant with
edible and medicinal value, distributed throughout the
east and southeast of Asia.™® The main constituents of
T. sinensis are terpenoids, phenylpropanoids, and flavo-
noids compounds, etc., with extensive pharmacological
activities including anti-tumor, anti-diabetic, and anti-
inflammatory effects.” ® Furthermore, Toona sinensis leaf
aqueous extract showed strong activity against sepsis in
both in vitro and in vivo models.'® Recently, previous
studies have revealed that 7-a-Obacunyl acetate (7-OBA;
Figure 1) is the abundant constituent in the leaves of
T. sinensis, furthermore, which showed a good effect on
preventing sepsis in our preliminary experiments.
However, whether 7-OBA has reliable sepsis-attenuating
effects and its molecular mechanism have never been
systematically studied. Thus, the current study was
designed to investigate the protective effect of 7-OBA

against systemic inflammation in a cecal ligation/puncture

Figure | Chemical structure of 7-OBA isolated from the Toona sinensis.

(CLP) induced mice model of sepsis and its possible
mechanism involved.

Materials and Methods

Chemicals and Reagents

Mouse TNF-a, IL-1pB, IL-6, and IL-10 ELISA kit were
purchased from BOSTER biological technology company
(Wuhan, China). Dulbecco’s modified Eagle’s medium
(DMEM), fetal bovine serum (FBS), and penicillin-
streptomycin (P/S) were purchased from GIBCO (Grand
Island, NY, USA). The primary antibodies of p-JAK2
(ab195055), JAK2 (ab39636), p-STAT3 (ab30647), and
STAT3 (ab19352) were purchased from Abcam Biotech
(Cambridge, MA); NF-xB p65 (#8242), Histone HI1
(#41328), and IkB (#9242) were purchased from Cell
Signaling Technology (Beverly, MA). All other chemicals
used in this study were of analytical reagent grade.

Plant Materials

Leaves of T. sinensis was purchased from Beijing Tong-
China), in
January 2018. A voucher specimen has been deposited
(No. XC-201801011) in the
Department of pharmacy, Beijing Luhe Hospital (Beijing,
China).

ren-tang pharmaceutical Group (Beijing,

herbarium of the

Animals

Male ICR mice (20£2 g, 5-6 weeks) were purchased from
the experimental animal center of Peking University
(Beijing, China). Mice were kept with standard laboratory
chow and distilled water at a relative humidity of 55+3%
(25+2°C; 12 hour light/dark cycle).

Cells Culture

The RAW264.7 macrophage cells (American Type Culture
Collection, Manassas, VA) were cultured in a humidified
atmosphere (37°C, 5% CO,) with DMEM added 10%
FBS, 1.5 g/L sodium bicarbonate, and 1% P/S.! Cells
were exposed to 7-OBA (30 pg/mL), and then stimulated
with LPS at 100 ng/mL.

Preparation of Cecal Ligation and
Puncture Model of Mice and Animal

Protocol

Cecal ligation and puncture (CLP) model of mice were
method described
In brief, animals were anesthetized with

carried out according to the

: 12
previously.
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isoflurane, and cecum ligation was made through an
abdominal midline incision. Then, the ligated cecum was
punctured three times with a 21-gauge needle. After repo-
sition the cecum into the abdominal cavity, the abdomen
was closed through suture method.

A total of 100 mice were randomly divided into five
groups (n=20): sham group, control group (0 mg/kg), and
three treatment groups (CLP+7.5, 15, and 30 mgkg
7-OBA). For the control group, the cecal ligation and punc-
ture were performed, and animals in the sham group under-
went the same procedure without ligation or puncture of the
cecum. Animals were intravenously given 7-OBA or saline
at 0, 4, 12, and 24 hours after CLP operation.

Preparation and Identification of the
7-OBA

The powdered leaves (2.5 kg) were extracted with ethyl
alcohol three times at room temperature. After the extract
was concentrated in vacuum, the residue was suspended in
water and extracted with petroleum ether and CHCl;, The
CHCI; fraction (92 g) provided a residue which was sub-
jected to a chromatographic column filled with silica gel
using CHCI5-Me,CO mixes and then purified on a RP-Cyg
column eluted with CHs;-OH-water (8:2—7:3) as an eluent
to yield 7-OBA (0.86 g). Identification of 7-OBA was
confirmed by comparing the NMR spectral data with pre-
vious reports.'**

The 'H-NMR and ">C-NMR peaks of 7-OBA were
displayed as follows: HR-EI-MS: [M+H]" at m/z
499.2328 (cald. 499.2331), C,sH3s05; 'H-NMR (600
MHz, CDCly) 6 (ppm): 7.46 (1H, m, a-furans), 6.72 (1H,
d, J=11.7 Hz, H-1), 6.42 (1H, d, J=0.8 Hz, B-furans), 5.95
(1H, d, J=11.7 Hz, H-2), 5.54 (1H, s, H-17), 4.46 (1H, s,
H-7), 3.56 (1H, s, H-15), 2.14 (3H, s, -COCH3), 1.48,
1.33, 1.32, 1.22, 1.08 (-CH3x5); "*C-NMR (150 MHz,
CDCl3) & (ppm): 169.3 (-CO-), 165.7 (C-3), 162.9
(C-16), 158.8 (C-1), 141.2 (C-23), 138.2 (C-21), 123.1
(C-20), 122.7 (C-2), 111.6 (C-22), 89.3 (C-4), 77.2
(C-17), 74.7 (C-7), 68.4 (C-14), 59.3 (C-15), 48.5 (C-5),
44.2 (C-10), 43.3 (C-8), 41.5 (C-9), 38.6 (C-13), 26.2
(C-12), 25.1 (C-6), 20.6 (-COCH3), 17.1 (C-11), 30.1,
23.7, 18.3, 16.1, 14.7 (-CH3x5).

Survival Analysis and Body Temperatures
after CLP Surgery

The survival rate of the mice (n=12) were observed within
7 days; furthermore, the body temperatures in the rectum

were measured at 0 (pre-operation), 4, 8, 12, 16, 20, 24,
32, 40, and 48 hours after CLP surgery.

Determination of 7-OBA on the Function

Indexes of Kidney, Liver, and Heart in
Mice

At 24 hours after surgical operation, eight mice from each
group were anesthetized by pentobarbital sodium and the
serum were separated by centrifugation at 3,500 r/min for
10 minutes for subsequent assays. An automatic biochem-
istry analyzer (AU5800, Beckman Coulter, USA) was
applied to evaluate the contents of alanine transaminase
(ALT), aspartate transaminase (AST), creatinine (Cre),
blood urea nitrogen (BUN), heart-type fatty acid-binding
protein (H-FABP), N-terminal pronatriuretic peptide (NF-
proBNP), and Cardiac troponin I (cTnl) in serum.

Determination of Serum Cytokines of
CLP Mice

After the mice were sacrificed under anesthesia with
sodium pentobarbital, the blood samples were collected
from the heart. After centrifuging, each serum sample
was collected and stored at —80°C until used in this
study. Serum levels of tumor necrosis factor-o (TNF-a),
interleukin (IL)-1B, IL-6, and IL-10 were measured using
ELISA kits according to the commercial kits introduction.

Western Blotting Analysis

To elucidate the possible mechanism by which 7-OBA
mediates sepsis in mice, we used LPS as the dominant
inflammatory response to induce sepsis in the RAW264.7
macrophage cell line. Cells (2.0x10%mL, 2 mL) were
cultured in 6-well plates and incubated with or without
7-OBA (30 pg/mL) for 2 hours, and then stimulated with
LPS (100 ng/mL) for 4 hours. Total protein concentration
was examined using a BCA assay kit, and equal
amounts of protein (30 pg) were separated using 10%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE). After the proteins were transferred to PVDF
membranes, blots were blocked with buffer (5% non-fat
milk). Then, the proteins were incubated with primary
antibodies of NF-kB p65 (dilution 1:700), Histone H1
(dilution 1:500), IxB (dilution), p-JAK2 (dilution
1:1,000), JAK2 (dilution 1:500), p-STAT3 (dilution
1:500), and STAT3 (dilution 1:2,000) overnight at 4°C.
Following through washing with TBST buffer for three
times, HRP-conjugated secondary antibodies were applied
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at room temperature and immune complexes were visua-
lized by the chemiluminescence detection system.

Statistical Analysis

Data were expressed as mean+SD and analyzed by SPSS
19.0 software (SPSS Inc., Chicago, IL). The chi-squared
value of the exact test was applied to study the differ-
ences of mice mortality among different groups. One-way
ANOVA test was performed for multiple comparisons.
A p-value <0.05 was considered to be statistically
significant.

Results
Effect of 7-OBA on Survival of Mice after

CLP Surgery

All mice in the control group (0 mg/kg) died within 3
days after CLP surgery. However, in the 7-OBA treat-
ment group (7.5, 15, and 30 mg/kg), the survival of the
mice were increased to 20%, 35%, and 60% until the
end of the observation, in a dose-dependent manner
(p<0.05, p<0.01, and p<0.01, respectively) (Figure 2).
The median survival rates of mice in the control group,
7-OBA administration groups (7.5, 15, and 30 mg/kg)
were 1, 2, 2, and 7 days after surgery, respectively. In
addition, no death of mice was observed in the sham
group within 7 days.

Effect of 7-OBA on Body Temperature in

CLP-Induced Mice Sepsis

The effects of 7-OBA on body temperature of CLP-
induced mice sepsis are shown in Figure 3. As
a whole, compared to the sham group, the body tem-

perature was significantly decreased after surgery, and it
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Figure 2 Effects of 7-OBA on percent survival of CLP mice. As compared with the
sham group. #p<0.01 indicates an extremely significant difference; As compared
with the control group, *p< 0.05 indicates a significant difference, **p<0.01 indicates
an extremely significant difference.
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Figure 3 Effect of 7-OBA on body temperature of CLP mice. Wp<0.0| indicates an
extremely significant difference; As compared with the control group, *p< 0.05 indi-
cates a significant difference, *p<0.01 indicates an extremely significant difference.

basically stayed at 33°C in the control group. However,
other mice in the 7-OBA treatment group were then
progressively returned to normal body temperature
from 8 hours to the end of the observation period,
especially those with doses of 15 mg/kg and 30 mg/kg
(»<0.01).

Effect of 7-OBA on TNF-a, IL-10, IL-6,
and IL-10 in Serum of CLP-Induced Mice
Sepsis

The contents of cytokines TNF-a, IL-1p, IL-6, and IL-10
in mice serum are shown in Figure 4. It was found that the
proinflammatory cytokines of TNF-a, IL-1p, and IL-6 in
serum were significantly increased after CLP surgery,
when compared with the sham group (p<0.01). However,
treatment with 7-OBA markedly decreased the level of
these cytokines, especially at 15 and 30 mg/kg doses
(»<0.01). The anti-inflammatory cytokine level of IL-10
in serum was dramatically increased by administration
with 7-OBA (7.5, 15, and 30 mg/kg) in a dose-dependent
manner (p<0.01).

Effects of 7-OBA on the Function Indexes

of Kidney, Liver, and Heart in
CLP-Induced Mice Sepsis

As seen in Figure 5, the levels of ALT, AST, Cre,
BUN, H-FABP, NF-proBNP, and cTnl in serum were
examined for evaluating kidney, liver, and heart func-
tion of mice. Compared to the sham group, the ALT,
AST, Cre, and BUN levels were significantly increased
after CLP surgery, but these increases were markedly
inhibited by treatment with 7-OBA (15 and 30 mg/kg)
(p<0.01), with a dose-dependent manner. Similarly, the
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Figure 4 Effects of 7-OBA on TNF-q, IL-Ip, IL-6, and IL-10 of mice after CLP surgery. *p<0.01 indicates an extremely significant difference; As compared with the control
group, *p< 0.05 indicates a significant difference, **p<0.01 indicates an extremely significant difference.

H-FABP, NF-
serum following CLP

levels of cardiac function markers,
proBNP,
surgery were also decreased by 7-OBA at 7.5, 15,
and 30 mg/kg (p<0.01).

and c¢Tnl in

Effects of 7-OBA on NF-«xB Signal
Pathway in RAW?264.7 Cells

As displayed in Figure 6, the results of protein expression
of NF-kB p65 and IkB were exhibited by Western blot
analysis. Herein, the protein expression of NF-xB p65 (N)
in cells incubated with LPS was significantly increased,
whereas pretreatment with 30 pg/mL 7-OBA showed
a decrease (p<0.01). In addition, 7-OBA strongly reversed
LPS-induced reduction of protein expression of NF-kB
p65 (C) and IkB (p<0.01). The findings suggested that
7-OBA showed a protective effect in CLP-induced sepsis
in mice, maybe through the modulation of NF-xB signal-
ing pathways.

Effects of 7-OBA on JAK2-STAT3 Signal
Pathway in RAW?264.7 Cells

To further investigate the possible molecular mechan-
ism involved in CLP-induced mice sepsis, the protein
expression of JAK2 and STAT3 were evaluated. As

shown in Figure 7, significant increases of protein
expression levels, p-JAK2 and p-STAT3, were
observed in RAW264.7 cells stimulated by LPS (100
ng/mL) alone. Interestingly, 7-OBA incubation at 30
pg/mL obviously reversed LPS-induced increases of
these two proteins (p<0.01). These results indicated
that 7-OBA attenuated CLP-induced sepsis in mice,
maybe through the inhibition of JAK2-STAT3 signaling
pathways.

Discussion

Increasing studies have shown that over 50% of the avail-
able agents are related to plant-derived compounds/
extracts, and many plant-derived natural constituents
have been considered as potential sources of new
drugs.'® In the present study, 7-OBA was found to protect
CLP sepsis mice, including improved survival of CLP
mice, and this protection was closely related to decreased
pro-inflammatory cytokines levels and mediated NF-«kB
and JAK2-STAT3 signaling pathways.

As far as we know, sepsis often leads to an over-
whelming response of innate inflammation that has
been considered as a protective response initiated by
the immune system to defend severe infections and
tissue injury, and ultimately resulted in release of pro-
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Figure 5 Effects of 7-OBA on the function indexes of kidney, liver, and heart in mice after CLP surgery. *p<0.01 indicates an extremely significant difference; as compared

with the control group, *p<0.01 indicates an extremely significant difference.

inflammatory factors. The Cecal ligation and puncture
(CLP) operation, a typical self-infection model, has
been commonly used as an effective animal model to
discover candidate of anti-sepsis drugs.'® After CLP
operation, the levels of TNF-a, IL-1B, and IL-6 in
plasma were increased in mice, and additionally cause
different levels of mortality.'”'® Liver, heart, and kid-
ney are the main target organs susceptible to be
attacked by sepsis, and their functions also reversely
affect the sepsis development. AST and ALT are two
key markers of liver function, Cre and BUN are two
main indices of the kidney function, and H-FABP, NF-
proBNP, and c¢Tn are four important markers of heart
function.'”?® In this experiment, the markers of these
target organ function in serum were significantly
increased after CLP surgery. These findings indicated
that the animal model of sepsis in this study was
effectively established, similar to those symptoms
observed in sepsis in the clinic.

An inflammatory reaction plays an important role in
the physiological processes of many diseases, such as
sepsis. Pro-inflammatory cytokines, such as TNF-o and
IL-6, act as an essential role in sepsis development. It
has been reported that TNF-a is believed as an upstream
regulator of inflammation to regulate numerous inflamma-
tory factors, and IL-6 and IL-8 as the downstream cyto-
kines. Once activated, it can result in tissue injury by
increasing several pro-inflammatory cytokines.?'** The
current investigation also showed a regulatory effect on
the inflammatory cytokines, such as TNF-o, IL-6, and
IL-8.

It is well-known that lipopolysaccharide (LPS) is an
effective activator of sepsis to release a good amount of
pro-inflammatory cytokines in monocytes. RAW264.7
cells incubated by LPS is a widely accepted in vitro
model for discovering anti-sepsis agents.”** In this
study, the protein expression levels of JAK2 and
STAT3 exhibited an obvious reduction in RAW264.7
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Figure 6 Effects of 7-OBA on NF-kB signal pathway in LPS-stimulated RAW264.7 cells. As compared with the control group, *p<0.01 indicates an extremely significant
difference.
cells (exposure to LPS) pretreated with 7-OBA. inflammatory responses, which can be stimulated by

Previous studies have revealed that activation of the
JAK/STAT signaling pathway is crucial for the inflam-
matory responses.”>*® For instance, release of cytokines
such as IL-6 and IL-2 was commonly regulated by
activation of JAK/STAT signaling pathway.”>?’ The
inhibition of this pathway can attenuate dysfunction of
target organs in sepsis in mice and, therefore, this signal
pathway may be considered as the main molecular
mechanism for the anti-sepsis of 7-OBA. However, an
extremely limited growing number of reports have
shown the role of the JAK/STAT signaling pathway in
sepsis.

In addition to the inhibition of the JAK/STAT signal-
ing pathway, other protein expressions such as NF-kB
and IkB are also regarded as indicative markers in
sepsis. The NF-kB signal pathway is very important in

multiple stimuli agents such as LPS. NF-«kB can be
activated through phosphorylation of the protein IkB
by translocation of NF-kB subunits to the IxB kinases
(IKKs) and nucleus. The activation of NF-xB p65 (N)
could be detected in CLP-induced sepsis and LPS-
cultured RAW 264.7 cells.”®*° In the present study,
7-OBA pretreatment significantly reduced the protein
expression of NF-kB (N), whereas the NF-xB (C) and
IkB were increased.

Conclusion

Collectively, the current study showed that 7-OBA, the
abundant constituent from 7. sinensis leaves, has the
potential effect on CLP-induced sepsis mice, and the mole-
cular mechanism might be associated with modulation of
the NF-xB and JAK/STAT signaling pathway. This
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significant difference.

investigation provides a new insight into the medicinal

role of the bioactive constituents of 7. sinensis.
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