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Liensinine attenuates inflammation and oxidative stress in spleen
tissue in an LPS-induced mouse sepsis model
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Sepsis is a complex syndrome caused by multi-
ple pathogens and involves multiple organ failure, par-
ticularly spleen dysfunction. In 2017, the worldwide
incidence was 48.9 million sepsis cases and 11 million
sepsis-related deaths were reported (Rudd et al., 2020).
Inflammation, oxidative stress, and apoptosis are the
most common pathologies seen in sepsis. Liensinine
(LIE) is a bisbenzylisoquinoline-type alkaloid extracted
from the seed embryo of Nelumbo nucifera. Lotus seed
hearts have high content of LIE which mainly has anti-
hypertensive and antiarrhythmic pharmacological ef-
fects. It can exert anti-carcinogenic activity by regulat-
ing cell, inflammation, and apoptosis signaling path-
ways (Manogaran et al., 2019). However, its protec-
tive effect from sepsis-induced spleen damage is
unknown. In this research, we established a mouse
sepsis model induced by lipopolysaccharide (LPS)
and investigated the protective effects of LIE on sepsis
spleen injury in terms of inflammatory response, oxi-
dative stress, and apoptosis.

Sepsis can cause tissue damage and is often accom-
panied by inflammation. The spleen facilitates phago-
cytosis and defends against infection in the normal
body. People with a weakened spleen are more likely
to suffer from fulminant sepsis, which is associated
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with a high mortality rate (Kanhutu et al., 2017). In
sepsis damage to the spleen, an excessive inflamma-
tory immune response can be triggered. In this situa-
tion, phagocytes release some pro-inflammatory cyto-
kines, such as interleukin-1 (IL-1), IL-6, IL-8, tumor
necrosis factor-a (TNF-a), and IL-12 (Thompson et al.,
1992). Along with the release of inflammatory fac-
tors, symptoms such as hyperthermia, disseminated
coagulation, insufficient tissue perfusion, and oxidative
damage occur in the unbalanced struggle between pro-
inflammatory and anti-inflammatory organisms.

Aside from triggering a series of inflammatory
responses, spleen injury caused by sepsis is often ac-
companied by oxidative stress and apoptosis. A hall-
mark of oxidative stress is an increase in malondialde-
hyde (MDA) levels, although several intracellular anti-
oxidant enzymes, including superoxide dismutase
(SOD), catalase (CAT), and glutathione peroxidase
(GSH-Px), can effectively protect cells and tissues
from oxidative damage (Kumar et al., 2018). During
the regulation of disease, it is not uncommon for im-
mune cells in the spleen to undergo uncontrolled apop-
tosis and excessive release of pro-inflammatory medi-
ators to the periphery, thus making the spleen more
susceptible to stimulation and shrinking, and causing
secondary infections (Kaur et al., 2022).

At present, there is no specific method for treat-
ing sepsis caused by bacterial or fungal infection.
Meanwhile, medicines of natural origin have histori-
cally been used to alleviate many diseases, and have
mainly been investigated as anticancer drugs. Studies
have shown that LIE has potential for anti-oxidation
and anti-inflammation. For example, a study on skin
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protection showed that rats fed lotus seed tea had
reduced levels of the protein carbonyl, which is related
to the degree of oxidation in skin tissue, indicating
that LIE has a degree of antioxidant activity (Kim and
Moon, 2015). The anti-inflammatory property of lotus
seeds has been applied traditionally in the treatment
of chronic diarrhea, enteritis, tissue inflammation, and
other related disorders (Zhu et al., 2016). Because of
its ability to treat inflammation and oxidative stress,
LIE has the potential for the therapy of sepsis. Hence,
we established an in vivo sepsis model of LPS-induced
spleen injury in mice with the aim of revealing the in-
fluence of LIE on sepsis spleen injury.

Thirty healthy C57BL/6 mice (18-22 g, 6—8 weeks
old) were divided randomly into five groups (n=6),
including a control group, an LPS group (10 mg/kg),
and LIE treatment groups with three doses (10, 20,
and 40 mg/kg)+LPS (10 mg/kg). Equal amount of
solvent or LIE was injected intraperitoneally each day
for 5 d and LPS was administered after the last injec-
tion. Six hours later, the mice were cervically dislo-
cated and executed for further experiments.

To clearly observe the protective effect of LIE in
pathological damage caused by sepsis, we carried out
hematoxylin and eosin (H&E) staining. The results
showed that the spleens in the control and LIE-treated
groups were structurally normal, as evidenced by a
clear red and white marrow demarcation (Figs. la and
Ic). In the LPS-stimulated model group, the red and
white marrow demarcation of spleen tissue was not
clear and the white marrow areas appeared enlarged
and fused with each other, probably due to the im-
mune effect exerted by the macrophages in the spleen
(Fig. 1b). These findings suggested that LIE can sig-
nificantly alleviate the histopathological stress of
spleen tissue damage in sepsis.

In the process of sepsis, many pro-inflammatory
factors are produced. The inflammatory cytokine

messenger RNA (mRNA) expression levels are pro-
vided in Fig. 2. Compared with the control group, the
mRNA transcription levels of TNF-a, IL-1§, and IL-6
were significantly upregulated, and /L-/0 was down-
regulated in the model group (Figs. 2a and 2c—2e).
LIE pre-treatment (10, 20, and 40 mg/kg) significantly
reduced levels of TNF-a, IL-6, and IL-1f, while en-
hancing 7L-10 levels in a dose-dependent manner. Up-
regulation of inducible nitric oxide synthase (iNOS) ex-
pression is an important manifestation of inflamma-
tion in an organism. We found that LPS treatment sig-
nificantly enhanced the level of iNOS expression com-
pared to the control; however, LIE doses of 10, 20,
and 40 mg/kg reversed the reduction in iNOS expres-
sion levels in a dose-dependent manner (Fig. 2b). In
general, the 40 mg/kg dose of LIE greatly attenuated
the inflammatory response and exhibited more anti-
inflammatory capacity compared to the 10 and 20 mg/kg
doses. Hence, it appeared that LIE had the potential to
provide an anti-inflammatory response in sepsis.

The development of sepsis is accompanied by
oxidative stress injury. Therefore, we investigated oxi-
dative stress in the spleen tissue in the sepsis model.
Mice were pre-treated with LIE at doses of 10, 20,
and 40 mg/kg for 5 d, followed by intraperitoneal
treatment with LPS (10 mg/kg). MDA content and
CAT, SOD, and GSH-Px activity were determined by
the kits purchased from the Nanjing Jiancheng Bioen-
gineering Institute (China), following the instructions
of the manufacturer. The relative index is provided in
Fig. 3. Compared with the control group, LPS treat-
ment disturbed the balance between oxidation and anti-
oxidation. The MDA content was significantly in-
creased (Fig. 3a), and the activity levels of CAT, SOD,
and GSH-Px were all decreased (Figs. 3b—3d). Mean-
while in the LIE pre-treatment group, LIE decreased
MDA content in a dose-dependent manner (Fig. 3a),
and LIE significantly increased antioxidant capacity

Fig. 1 Protective effect of liensinine (LIE) on spleen damage in lipopolysaccharide (LPS)-induced sepsis in mice. (a) Control
group. (b) LPS-treated group (10 mg/kg). The green arrow indicates the white medullary area. (¢) LIE (40 mg/kg)+

LPS-treated group. Scale bar=100 pm.
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Fig. 2 Effects of liensinine (LIE) on spleen inflammatory response in lipopolysaccharide (LPS)-induced sepsis in mice.
Pre-treatment of LIE at doses of 10, 20, and 40 mg/kg for 5 d was followed by intraperitoneal injection of LPS (10 mg/kg).
The spleen tissues were collected for determination of the messenger RNA (mRNA) expression levels of inflammatory
cytokines tumor necrosis factor-o (7NF-a) (a), inducible nitric oxide synthase (iNOS) (b), interleukin 1p (IL-1f) (c), IL-6 (d),
and IL-10 (e) by quantitative real-time polymerase chain reaction (QPCR) analysis. Statistical significance was assessed by
one-way analysis of variance (ANOVA). Data were represented as meanzstandard deviation (SD), n=6. " P<0.001 vs. the
control group; ™ P<0.001 vs. the LPS group.
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Fig. 3 Effects of liensinine (LIE) on spleen oxidative stress in lipopolysaccharide (LPS)-induced sepsis in mice. MDA
content (a) and CAT (b), SOD (c), and GSH-Px (d) activity were determined. Statistical significance was assessed by one-way
analysis of variance (ANOVA). Data were represented as meanzstandard deviation (SD), n=6. ** P<0.001 vs. the control
group; * P<0.05, " P<0.01, ™ P<0.001, ™ P>0.05 vs. the LPS group. MDA: malondialdehyde; CAT: catalase; SOD: superoxide
dismutase; GSH-Px: glutathione peroxidase; ns: no significant difference.
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at 20 and 40 mg/kg (Figs. 3b—3d). These results sug-
gested that different doses of LIE can slow down
sepsis-induced spleen damage by increasing the activ-
ity of antioxidant enzymes.

Patients with sepsis exhibit significant apoptosis
in the spleen tissue, which is detrimental to the survival
of the host, and prevention of this phenomenon may
improve survival rates (Hotchkiss et al., 2001). LIE
can significantly inhibit the apoptosis of spleen tissue
induced by LPS. Spleen tissues were collected for ter-
minal deoxynucleotidyl transferase (TdT)-mediated
dUTP nick-end labeling (TUNEL) staining. The nu-
cleus was stained blue by Hoechst 33258 and apopto-
sis cells were stained red by TUNEL. Compared with
the control group, we observed a significant increase
in the number of apoptotic cells in the LPS group, and

Control

- . .

the number of these cells was significantly downregu-
lated after pre-treatment with LIE, compared with the
LPS group (Fig. 4). It was therefore clear that LIE
could protect spleen tissue by reducing the degree of
apoptosis caused by sepsis.

Since ancient times, traditional Chinese medicine
has been extensively used to treat various diseases.
Lotus seeds are used for both medicine and food, and
are usually applied in folk medicine to treat tissue
inflammation and cancer, or as an antiemetic. They
mainly have antioxidative, anti-inflammatory, and anti-
tumor biological activity (Arooj et al., 2021). Lotus
seed extract exhibits high levels of antioxidant activity
in vitro and in vivo, and the main active ingredients
are alkaloids, saponins, and phenolics. LIE has been
shown to inhibit heart disease, breast cancer, and

LPS LIE

) .. .
Merge .. .

Fig. 4 Effects of pre-treatment with liensinine (LIE) on apoptosis in the spleen in lipopolysaccharide (LPS)-induced
sepsis in mice. The nucleus was stained blue by Hoechst 33258 and apoptosis cells were stained red by terminal
deoxynucleotidyl transferase (TdT)-mediated dUTP nick-end labeling (TUNEL). Scale bar=100 pm.



vascular inflammation by modulating the activity of
various cells (Yu et al., 2016).

The pathogenesis of sepsis is due to over-activation
of the innate immune system following infection by
pathogenic microorganisms, which in turn triggers a
systemic inflammatory syndrome. As a major compo-
nent of the cytoderm of Gram-negative bacteria, LPS
is a powerful inducer of pro-inflammatory immune re-
sponses and plays an important role in sepsis trig-
gered by bacterial infections. Therefore, in our experi-
ments, we used intraperitoneal injection of LPS to
construct a sepsis model.

Firstly, in the H&E staining results, we found that
LIE can effectively moderate the pathological changes
in mouse spleen tissue caused by LPS stimulation and
has a protective effect on the spleen. The inflamma-
tory response is the key to organ damage in sepsis.
iNOS was involved in the production of NO, an im-
portant pro-inflammatory mediator. In this experiment,
we found that compared to the control group, LIE can
significantly reduce the expression of pro-inflammatory
cytokines in spleen tissue. It was evident that tran-
scription levels of TNF-a, IL-6, IL-1f, and iNOS were
dose-dependent and showed a clear downward trend,
and the expression level of /L-10 also showed a sig-
nificant increase after administration, indicating that
LIE can effectively reduce the inflammatory response
in spleen tissue injury induced by LPS. In the in vitro
experiment, emodin reduced IL-1, IL-6, and TNF-a
expression in the sepsis model by affecting silent in-
formation regulator sirtuin 1 (SIRT1)-mediated phos-
phorylation of nuclear factor-xB (NF-«xB) into the nu-
cleus and inhibiting apoptosis, thereby alleviating lung
injury (Liu et al., 2022). We speculated that the drug
may inhibit production of TNF-q, IL-6, and IL-1P
through the NF-xB signaling pathway; however, this
hypothesis requires further research.

Neutrophils and phagocytes in an inflammatory
state produce large amounts of reactive oxygen spe-
cies (ROS), which enhance the triggering of oxidative
stress and cause oxidative DNA damage. Excessive
ROS also increases lipid peroxide MDA, which seri-
ously damages cell structure and affects cell function.
The main ROS responsible for oxidative damage in-
clude superoxide anion radicals (-O53), hydroxyl radi-
cals (-OH), and non-radical oxidants such as hydro-
gen peroxide (H,0,) (Ali et al., 2020). SOD can effec-
tively catalyze the -O; to generate H,0O,. CAT can
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degrade the oxidant H,O, into water and oxygen that
are harmless to the body. The presence of GSH-Px
converts H,O, to H,O to form the antioxidant mole-
cule glutathione. In non-alcoholic fatty liver disease,
administration of LIE modulates metabolic disturbances
in mice fed a high-fat diet, ameliorates high-fat diet-
induced liver disease by mediating the nuclear factor-
erythroid 2-related factor (Nrf2) and transforming
growth factor-p (TGF-B)-activating kinase 1 (TAK1)
signaling pathways, and mitigates the process of liver
disease by improving the levels of oxidative stress and
inflammatory response (Liang et al., 2022). The bio-
chemical results from our experiment proved that LIE
can significantly reduce oxidative stress by restoring
the activity of antioxidant enzymes (SOD, CAT, and
GSH-Px) in septic spleen tissue, while also reducing
the content of lipid peroxidation marker MDA. There-
fore, LIE does have the potential to alleviate the oxi-
dative stress of splenic injury in sepsis.

Furthermore, uncontrolled apoptosis-induced
changes in immune cells in sepsis are also considered
to be a major cause of immunosuppression. Excessive
apoptosis results in massive loss of immune cells, es-
pecially lymphocyte apoptosis, which is associated
with a higher risk of secondary infection and poor out-
comes (Cao et al., 2019). In this experiment, we found
a significant reduction of apoptosis in the spleen tissue,
indicating that LIE can reduce this type of damage
caused by sepsis.

In general, sepsis-induced inflammation, oxida-
tive stress, and apoptosis in spleen tissue can be alle-
viated by LIE treatment, so LIE has the potential to
become a clinical drug for the treatment of sepsis.
However, the specific mechanism still needs to be fur-
ther explored.

Materials and methods
Detailed methods are provided in the electronic supple-
mentary materials of this paper.
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