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Abstract

Purpose: To investigate the protective role of aromadendrin in septic liver injury in mice, and to
determine its mechanism of action.

Methods: Eight-week-old male C57BL/6 mice (n=6 for each group) were administrated with
aromadendrin (SMB00175, Sigma-Aldrich) at 0 mg/kg, 30 mg/kg and 60 mg/kg via a hypodermic
intraperitoneal injection. HE staining was used to examine liver histopathological structural changes in
the liver while DAPI/Tunel staining was employed to evaluate liver cell apoptosis. The mRNA
expression levels of TNF-a, IL-18 and IL-6 were determined by quantitative reverse transcription-
polymerase chain reaction (QRT-PCR). Moreover, enzyme-linked immunosorbent assay (ELISA)was
applied to assess the levels of TNF-a, IL-18 and IL-6, as well as the activities of catalase (CAT),
antioxidant glutathione (GSH), superoxide dismutase (SOD) and malondialdehyde (MDA). Moreover,
the protein levels of p65, p-p65, p-IkBa and IkBa were analyzed by Western blotting.

Results: The liver tissues exhibited severe structural damages, with edema, necrosis, and neutrophil
infiltration, but recovered as a result of aromadendrin treatment (p < 0.05). The increased serum levels
of aspartate aminotransferase (AST) and alanine aminotransferase (ALT) in CLP mice were reduced by
aromadendrin, which also attenuated liver injury and cell apoptosis. Aromadendrin inhibited the levels of
TNF-a, IL-1B8 and IL-6 in the mice, while the activities of GSH and antioxidant enzymes (SOD and CAT)
were also significantly lowered in the mice, but attenuated by aromadendrin (p < 0.05). Aromadendrin
also prevented the increased level of MDA, and suppressed the phosphorylation of p65 and IkBa (p <
0.05).

Conclusion: Aromadendrin protects mouse liver from sepsis-induced injury by inhibiting NF-«kB
signaling in vivo, thus suggesting a potential strategy for the therapy of sepsis-induced liver injury.
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INTRODUCTION which leads to multiple organ dysfunction [1].

Sepsis-related deaths represent 19.7 % of all
Sepsis is a systemic life-threatening symptom in  deaths worldwide [1], and it is caused by
response to infection [1]. Patients with severe infections of bacteria, fungi or viruses
sepsis suffer from microvascular thrombosis, Unfortunately though, there are currently no
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specific therapeutic strategies in existence [2].
Multiple organ failure and hypotension are the
main causes of the high mortality of sepsis [2,3].
Septic liver dysfunction is a severe risk factor for
multiple organ dysfunction and sepsis-related
deaths [4]. Therefore, an elucidation of the
molecular mechanisms of liver injury in sepsis is
important and urgent.

Aromadendrin, a flavonoid from Chionanthus
retusus, has demonstrated tremendous
pharmacological activities which include anti-
proliferation, anti-cardiac hypertrophy, anti-
inflammation, anti-oxidant and anti-
hyperglycemia [5-7]. Aromadendrin exhibits a
protective role in neuronal cells through
methamphetamine-induced  autophagy and
apoptosis via the promotion of endoplasmic
reticulum stress and PI3K/Akt/mTOR signaling
pathway [8]. Aromadendrin can attenuate
lipopolysaccharide-induced inflammation by the
inhibition of nuclear translocation of NF-kB and
the phosphorylation of JNK [9]. However, the role
of aromadendrin in septic liver injury has not
been studied.

Emerging studies have demonstrated that NF-kB
signaling pathway play a critical role in the
progress of  sepsis-induced multi-organ
dysfunction [10]. Upregulation of NF-kB related
signaling is linked with liver injury induced by
sepsis [11]. NF-kB is composed by five members
namely, p65 (RelA), RelB, NF-kB1, NF-kB2 and
c-Rel [12]. NF-kB signaling can be activated in
response to pathogens and proinflammatory
cytokines [12]. NF-kB binds to its inhibitor IkB
and forms a complex in cytosol in a resting state
[10]. When the IkB kinase is activated in
response to inflammatory stimuli, this stimulates
the phosphorylation of IkB, and then it moves to
the nucleus, thus allowing its regulatory role in
various gene expressions [10]. The inflammatory
cytokines including TNFa, IL-18 and IL-6
stimulates the activity of NF-kB, which also
regulates the expression levels of inflammatory
cytokines, and forming an amplified feedback
loop [13].

The objective of this work was to investigate the
ameliorative role of aromadendrin in septic liver

injury.
EXPERIMENTAL
Mice and reagents

C57BL/6 were obtained from the Animal Center
of the Chinese Academy of Sciences (Shanghai,
China). The protocol conformed to International
Guidelines for the Humane Care and Use of

Laboratory Animals. All animal experiments were
approved by the Ethics Committee of Chongqing
General Hospital (Approval no. S2020-072-01)
for the use of animals, and were conducted in
accordance with the National Institutes of Health
Laboratory Animal Care and Use Guidelines [14].
Aromadendrin was supplied by Sigma-Aldrich
(St. Louis, USA); Antibodies against p65 (#
8242S), p-p65 (# 3033) and p-lkBa (# 9246)
were supplied by Cell Signaling Technology
(Cambridge, UK); Antibodies against IkBa (sc-
1643) and B-actin (sc-47778) were supplied by
Santa Cruz Biotechnology. Antibodies were
diluted 1:1000 with 5 % BSA for working solution.

Cecum ligation and puncture (CLP)-induced
sepsis model

C57BL/6 were administered with aromadendrin
for five days. On day 6, a midline abdominal
incision was made on the mice after the
administration of intraperitoneal anesthesia. The
cecum was then ligated and punctured with a
needle, and the peritoneum and skin were
sutured. Sterile saline solution was then injected
into the mice via a hypodermic intraperitoneal
injection. In the sham group, a laparotomy was
conducted on the mice, and after 12 h, blood and
liver tissue were collected.

Hematoxylin-eosin (HE) staining

Fixed liver tissue was dehydrated with xylene,
then embedded in paraffin, sliced and dewaxed.
The sample was stained with hematoxylin and
eosin, dehydrated, cleared, dried, and mounted.
Images of the histological changes were
observed with a microscope, and the
histopathological changes score was calculated
based on these criteria: 1, congestion; 2, edema;
3, infiltration of polymorphonuclear leukocytes
and monocytes; 4 necrosis. The sum of the score
ranged from O to 10.

Liver injury assessment

The serum levels of ALT and AST in CLP mice
were assessed using the respective assay kits
according to the manufacturer’s instructions.

TUNEL assay

Tunel assay was performed using Promega
Tunel assay kit (cat no. G3250). Liver tissue was
embedded with paraffin, and Ethanol was used
to deparaffinize and rehydrate. The sample was
fixed with 4 % paraformaldehyde, and treated
with proteinase K. The tissue was treated with
rTDT incubation buffer and counterstained with
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DAPI. The images were
fluorescence microscope (Nikon).

captured with

Enzyme-linked immunosorbent assay (ELISA)

The levels of TNF-a, IL-1B, IL-6, CAT, GSH,
SOD, MDA in liver tissues were assessed with
ELISA kit (eBioscience, America) according to
the manufacturer’s instructions.

Quantitative reverse transcription PCR (qRT-
PCR)

Total RNA was extracted wusing TRIzol
(Invitrogen), RT Reagent kit was used for reverse
transcription, while the mixture for gPCR was
performed using SYBR Green mix (Takara,
Japan). The reaction was initiated and measured
with ABlI PRISM 7500 Real-Time PCR system,
and the relative mRNA expression level was
quantified with 2-24¢t method [15]. The primer
sequences used are shown in Table 1.

Western blotting

Liver tissue was collected and washed once with
cold PBS, and protein was extracted with lysis
buffer. The supernatant was collected after
centrifugation at 12000 x g for 30 min. Protein
concentration was evaluated with a bicinchoninic
acid (BCA) assay (Beyotime, Shanghai, China).
Protein was separated by SDS-PAGE, and the
blots were evaluated by immunoblotting analysis.
The bands were then determined using
enhanced chemiluminescence.

Statistical analysis

Data are presented as mean + SEM. Statistical
significance was analyzed by one-way ANOVA.
Statistical significance between different groups
were analyzed by two-way ANOVA. P < 0.05
was considered statistically significant.

RESULTS

Aromadendrin alleviates CLP-induced liver

injury
CLP method was used to generate sepsis in a
mice model. Compared to that of the sham

group, the liver tissue of the CLP group exhibited
severe structural damage with edema, necrosis,

Table 1: Primers used in PCR

and neutrophil infiltration (Figure 1 B). The
administration of aromadendrin alleviated the
injury induced by CLP in a dose-dependent
manner (Figure 1 B). The histopathological score
was significantly increased after CLP treatment,
which was significantly attenuated by the
administration of aromadendrin (Figure 1 C).
The serum levels of AST and ALT were
significantly increased in the CLP group,
compared to the sham group (Figure 1 D). The
administration of aromadendrin significantly
reduced the serum levels of AST and ALT
(Figure 1 D). TUNEL staining revealed that
aromadendrin treatment alleviated liver injury
and cell apoptosis (Figure 1 E - F). These
observations demonstrated that the
administration of aromadendrin attenuated CLP-
induced liver injury.
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Figure 1: Aromadendrin alleviates CLP-induced liver
injury. (A) Aromadendrin structure. (B) Representative
image of HE staining of liver tissue. (C) Liver
histopathological scores. ""p<0.001 vs sham, #p<0.05
vs CLP, #p<0.01 vs CLP. (D) The serum levels of ALT
and AST in CLP mice. ""p<0.001 vs sham, ##p<0.001
vs CLP. (E) Representative image of TUNEL and
DAPI staining. (F) Percentage of apoptotic cells.
“p<0.001 vs sham, #¥p<0.001 vs CLP. All the above
data are mean * S.E.M. of at least three independent
experiments

Gene Forward primer (5°-3’) Reverse primer (5’-3’)

TNF-a CTGAACTTCGGGGTGATCGG GGCTTGTCACTCGAATTTTGAGA
IL-1B GAAATGCCACCTTTTGACAGTG TGGATGCTCTCATCAGGACAG
IL-6 CTGCAAGAGACTTCCATCCAG AGTGGTATAGACAGGTCTGTTGG
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Aromadendrin reduces the production of
inflammatory cytokine induced by CLP

To further investigate the effects of aromadendrin
on the production of inflammatory cytokine
induced by CLP, the levels of TNF-a, IL-18 and
IL-6 were measured by qRT-PCR and ELISA.
gRT-PCR analysis revealed that the levels of
TNF-a, IL-1B and IL-6 were significantly
enhanced in the CLP group, which was
significantly lowered by aromadendrin treatment
(Figure 2 A). The ELISA assay data showed that
the levels of TNF-a, IL-1B and IL-6 were
significantly increased in the CLP group (Figure 2
B). Aromadendrin treatment attenuated the
inducing effect of CLP on the production of
inflammatory cytokine (Figure 2 B). These data
demonstrated that aromadendrin could reduce
the production of inflammatory cytokine, such as
TNF-q, IL-6 and IL-18, induced by CLP.
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Figure 2: Aromadendrin reduces the production of
inflammatory cytokine induced by CLP. (A) Relative
mRNA levels of TNF-q, IL-18 and IL-6 measured by
gRT-PCR. ""p<0.001 vs sham, ##p<0.001 vs CLP. (B)
ELISA was used to assess the levels of TNF-q, IL-6
and IL-18 in liver tissue; ““p<0.001 vs sham, #p<0.05
vs CLP, #p<0.01 vs CLP, #p<0.001 vs CLP. All the
above data are mean * S.EM. of at least three
independent experiments

Aromadendrin ameliorates oxidative stress in
CLP mice

To future investigate the mechanism through
which aromadendrin alleviated CLP-induced liver
injury, the biomarker of oxidative stress was
determined by ELISA assay. The activities of
antioxidant glutathione (GSH) and antioxidant
enzymes, including superoxide dismutase (SOD)
and catalase (CAT), were significantly reduced in
CLP mice (Figure 3). Aromadendrin treatment
attenuated the inhibitory effects of CLP on the
activities of CAT, GSH and SOD (Figure 3). In
CLP mice, a lipid peroxidation marker,
malondialdehyde (MDA) which was inhibited by
aromadendrin  treatment, was significantly
increased (Figure 3). The data revealed that

aromadendrin was able to ameliorate oxidative
stress induced by CLP.
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Figure 3: Aromadendrin ameliorates oxidative stress
in CLP mice. The activities of CAT, GSH, SOD and
MDA in liver tissue measured by ELISA assay. “'P <
0.001 vs sham, #p<0.05 vs CLP, ##p<0.001 vs CLP.
Data are mean + SEM (n = 3)

Aromadendrin suppresses NF-kB signaling
pathway

NF-kB signaling pathway is activated by
oxidative stress. Therefore, its activity was
assessed by western blotting. CLP treatment
also significantly increased the phosphorylation
p65 and IkBa, which was inhibited by the
administration of aromadendrin (Figure 4). These
data demonstrated that aromadendrin could
suppress the activation of NF-kB signaling
pathway in CLP mice.
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Figure. 4: Aromadendrin suppresses NF-kB signaling
pathway. Western blotting analysis was used to detect
the protein levels of p65, p-p65, p-IkBa and IkBa in
liver tissues. Left, representative blots of p65, p-p65,
p-IkBa, IkBa and B-actin. Right, histograms represent
the protein expression ratio of p-p65/p65 and p-
IkBa/IkBa. ™P < 0.001 vs sham, ##p < 0.001 vs CLP.
Data are mean + SEM (n = 3)

DISCUSSION

Sepsis is a systemic infection resulting in life-
threatening situations [1,2]. Sepsis leads to
multiple organ failure, which is a main reason for
its high mortality rate [1,2]. Liver injury induced
by sepsis is a severe risk factor in sepsis-related
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deaths [4]. Further research into the molecular
mechanisms of liver injury caused by sepsis is
important and urgent. NF-kB signaling pathway is
vital in the development of sepsis-induced multi-
organ dysfunction [10], and in a case of liver
injury induced by sepsis, NF-kB related signaling
is upregulated [11]. The proinflammatory
cytokines stimulates the activity of NF-kB, and
NF-kB also regulates the gene expressions of
the proinflammatory cytokines [13].

Cellular oxidative stress also contributes to the
process of sepsis [16]. Oxidative stress causes
vascular permeability impairment and
mitochondrial dysfunction [16]. Excess reactive
oxygen species (ROS) can cause oxidative
stress, resulting in the damage of DNA, proteins,
and lipids [17,18]. Mitochondrial is the main
source of ROS, and excess ROS accumulated in
the mitochondrial matrix may eventually lead to
mitochondrial malfunction and impaired
respiration [16]. Lipid peroxidation occurs in the
membranes and subcellular organelles [16], and
the peroxidative metabolic pathways are
regulated by a GSH shuttle system [16]. SOD
and CAT protect cells or tissues against the
cellular toxicity of ROS [16]. MDA, a lipid
peroxidation marker, is a substrate produced in
the oxidative reaction [17]. The antioxidant
enzymes including GPX and SOD act as the
defense system against ROS [17].

In this study, the role of aromadendrin in septic
liver injury, and the underlying potential
mechanism have been investigated. In the CLP
mice, the liver tissue exhibited severe structural
damage with edema, necrosis, and neutrophil
infiltration, which were attenuated by the
administration of aromadendrin. The liver injury
and cell apoptosis were also attenuated by
aromadendrin. Therefore, aromadendrin can
alleviate CLP-induced liver injury. The levels of
TNF-a, IL-18 and IL-6 were increased in CLP
mice, and aromadendrin treatment significantly
reduced these productions of inflammatory
cytokines. The activities of GSH, SOD and CAT
were significantly reduced in CLP mice, which
was then rescued by  aromadendrin.
Aromadendrin inhibited the production of MDA,
therefore, aromadendrin can ameliorate oxidative
stress in CLP mice. The phosphorylation levels
of p65 and IkBa was enhanced in CLP mice,
which  was suppressed by aromadendrin
treatment, indicating that aromadendrin could
suppress NF-kB signaling pathway.

CONCLUSION

Aromadendrin exhibits a protective role in mouse
liver injury induced by sepsis, via the inhibition of

NF-kB signaling pathway in vivo. Thus, this
compound can potentially be developed as a
therapeutic strategy for the management of
septic liver injury.

DECLARATIONS

Conflict of Interest

No conflict of interest associated with this work.
Contribution of Authors

We declare that this work was done by the
authors named in this article and all liabilities
pertaining to claims relating to the content of this
article will be borne by the authors. Zhihui Zhou
and Qun Yin designed the experiments, carried
them out, analyzed and interpreted the data and
prepared the manuscript with contributions from
all co-authors.

Open Access

This is an Open Access article that uses a
funding model which does not charge readers or
their institutions for access and distributed under
the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/
4.0) and the Budapest Open Access Initiative
(http://www.budapestopenaccessinitiative.org/rea
d), which permit unrestricted use, distribution,
and reproduction in any medium, provided the
original work is properly credited.

REFERENCES

1. Rudd KE, Johnson SC, Agesa KM, Shackelford KA, Tsoi
D, Kievlan DR, Colombara DV, lkuta KS, Kissoon N,
Finfer S et al. Global, regional, and national sepsis
incidence and mortality, 1990-2017: analysis for the
Global Burden of Disease Study. The Lancet 2020;
395(10219): 200-211.

2. Rello J, Valenzuela-Sanchez F, Ruiz-Rodriguez M,
Moyano S. Sepsis: A Review of Advances in
Management. Adv Ther 2017; 34(11): 2393-2411.

3. Stearns-Kurosawa DdJ, Osuchowski MF, Valentine C,
Kurosawa S, Remick DG. The pathogenesis of sepsis.
Annu Rev Pathol 2011; 6: 19-48.

4. Yan J, Li S, Li S. The Role of the Liver in Sepsis.
International Reviews of Immunology 2014; 33(6): 498-
510.

5. Cui S, Cui Y, Li Y, Zhang Y, Wang H, Qin W, Chen X,
Ding S, Wu D, Guo H. Inhibition of cardiac hypertrophy
by aromadendrin through down-regulating NFAT and
MAPKs pathways. Biochem Biophys Res Commun
2018; 506(4): 805-811.

Trop J Pharm Res, June 2022; 21(6): 1241



Zhou & Yin

Zhang WY, Lee JJ, Kim IS, Kim Y, Myung CS.
Stimulation of glucose uptake and improvement of
insulin resistance by aromadendrin. Pharmacology
2011; 88(5-6): 266-274.

Lee YJ, Kim S, Lee SJ, Ham I, Whang WK. Antioxidant
activities of new flavonoids from Cudrania tricuspidata
root bark. Arch Pharm Res 2009; 32(2): 195-200.

Lee HS, Kim EN, Jeong GS. Aromadendrin Protects

Cells
Neurotoxicity by Regulating Endoplasmic Reticulum
Stress and PI3K/Akt/mTOR Signaling Pathway. Int J Mol
Sci 2021; 22(5).

Lee JW, Kim NH, Kim JY, Park JH, Shin SY, Kwon YS,
Lee HJ, Kim SS, Chun W. Aromadendrin Inhibits
Lipopolysaccharide-Induced Nuclear Translocation of
NF-kappaB and Phosphorylation of JNK in RAW 264.7
Macrophage Cells. Biomol Ther (Seoul) 2013; 21(3):
216-221.

Neuronal from  Methamphetamine-Induced

10. Xiao LX, Qi L, Zhang XL, Zhou YQ, Yue HL, Yu ED, Li

QY. Liver injury in septic mice were suppressed by a
camptothecin-bile acid conjugate via inhibiting NF-
kappaB signaling pathway. Life Sci 2020, 257:118130.

11. Zhong W, Qian K, Xiong J, Ma K, Wang A, Zou Y.

Curcumin alleviates lipopolysaccharide induced sepsis
and liver failure by suppression of oxidative stress-
related inflammation via PI3K/AKT and NF-kappaB

12.

13.

14.

15.

16.

17.

18.

related signaling. Biomed Pharmacother 2016; 83: 302-
313.

SC BSL. Functions of NF-kappaB 1 and NF-kappaB2 in
immune cell biology. Bioehem J 2004, 382: 393-409.

Bonizzi G, Karin M. The two NF-kappaB activation
pathways and their role in innate and adaptive immunity.
Trends Immunol 2004, 25(6): 280-288.

Care IoLARCo, Animals UoL. Guide for the care and use
of laboratory animals: US Department of Health and
Human Services, Public Health Service,
Institutes of Health; 1986.

Schmittgen TD, Livak KJ. Analyzing real-time PCR data
by the comparative CT method. Nature Protocols 2008;
3(6): 1101-1108.

Mantzarlis K, Tsolaki V, Zakynthinos E. Role of Oxidative
Stress and Mitochondrial Dysfunction in Sepsis and
Potential Therapies. Oxid Med Cell Longev 2017; 2017:
5985209.

Salavati S, Mogheiseh A, Nazifi S, Amiri A, Nikahval B.
The effects of melatonin treatment on oxidative stress
induced by ovariohysterectomy in dogs. BMC Vet Res
2021; 17(1): 1-8..

Yi J, Wu J-G, Wu Y-B, Peng W. Antioxidant and Anti-
proliferative Activities of Flavonoids from Bidens pilosa L
var radiata Sch Bip. Trop J Pharm Res 2016; 15(2):
341-348.

National

Trop J Pharm Res, June 2022; 21(6): 1242



