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ABSTRACT
Background: Malus toringoides  (Rehd.) Hughes is a traditional 
Tibetan medicine. It demonstrates significant hypoglycemic 
and hypolipidemic potential. However, the protective effects of 
M. toringoides extracts on endothelial cells and the mechanisms that 
underlie their activity have not yet been reported. Objectives: The 
aim of the study was to explore the anti‑inflammatory effects and 
cellular mechanisms of extracts of M. toringoides  (CBTM‑E375) in 
lipopolysaccharide  (LPS)‑induced human umbilical vein endothelial 
cells  (HUVECs). Materials and Methods: HUVECs were exposed to 
LPS, and the level of proinflammatory mediators was measured by 
enzyme‑linked immunosorbent assay. Furthermore, the activation of 
heme oxygenase‑1  (HO‑1), nuclear factor erythroid 2‑related factor 
2 (Nrf2), and mitogen‑activated protein kinase (MAPK) was examined by 
Western blot and immunofluorescence analysis. Results: CBTM‑E375 
significantly downregulated the levels of inflammatory mediators and 
upregulated the expression of HO‑1 by modulating Nrf2 translocation 
in HUVECs. The transfection of HO‑1 small interfering RNA into 
HUVECs actively reversed the effects of CBTM‑E375 in suppressing 
the expression of proinflammatory cytokines. Furthermore, MAPK 
activation in response to LPS was also blocked by CBTM‑E375. 
Conclusion: CBTM‑E375 exerts anti‑inflammatory effects, possibly 
by modulating the translocation of Nrf2 and expression of HO‑1, and 
inhibiting the phosphorylation of MAPK signaling pathway.
Key words: Human umbilical vein endothelial cells, Malus 
toringoides (Rehd.) Hughes, mitogen‑activated protein kinases, nuclear 
factor erythroid 2‑related factor 2/heme oxygenase‑1

SUMMARY
•  The anti‑inflammatory effects of extracts from the traditional Tibetan 

plant Malus toringoides in lipopolysaccharide‑induced human umbilical 
vein endothelial cells have been confirmed in this study, thus making 
this product a suitable prospect for the future development of functional 
beverages.

Abbreviations used: JNK: C‑Jun‑N‑terminal kinase; ERK: Extracellular 
signal‑regulated kinase; HUVECs: Human umbilical vein endothelial 
cells; HO‑1: Heme oxygenase‑1; IL‑8: Interleukin‑8; IL‑6: Interleukin‑6; 
LPS: Lipopolysaccharide; MAPK: Mitogen‑activated protein kinase; 

Nrf2: Nuclear factor E2‑related factor 2; TNF‑α: Tumour necrosis factor‑α; 
HPLC: High‑performance liquid chromatography.
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INTRODUCTION
Cardiovascular Disease (CVD) is characterized by a high rate of mortality 
and disability. The earliest manifestation of CVD is vascular endothelial 
damage, which is responsible for vascular dysfunction, which eventually 
leads to CVD.[1] Vascular inflammation, caused by the inflammatory 
response of endothelial cells, is the primary cause of vascular endothelial 
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damage and is regarded as the main cause of other serious diseases 
including atherosclerosis, cardiac failure, and diabetes mellitus.[2,3]

By forming a barrier between the vessel and the surrounding 
tissue, endothelial cells maintain control over vasoactive factors 
such as permeability, adhesiveness, and integrity.[4] However, 
several proinflammatory stimuli, such as high serum levels of 
lipopolysaccharide  (LPS), induce the secretion of numerous 
proinflammatory mediators in endothelial cells. These proinflammatory 
cytokines can damage the organs and arteries and promote the 
inflammatory process. In the case of CVDs, this inflammatory 
response is maintained, which will aggravate the disease condition.[5] 
Therefore, inhibiting the inflammatory response of the endothelial cells 
inflammation can be considered as an important target for the 
prevention and treatment of vascular inflammation and its complications.
Nuclear factor erythroid 2‑related factor 2 (Nrf2), a member of the leucine 
zipper activator of transcription family and heme oxygenase‑1  (HO‑1), 
which is a downstream transcription factor of Nrf2, together constitute a 
classic antioxidant defense system. In addition to reducing oxidative stress, 
Nrf2/HO‑1 signaling pathway also plays a significant role in inhibiting the 
inflammatory response.[6] Mitogen‑activated protein kinases (MAPKs) are 
common in most cells including endothelial cells, and it is easily activated 
by LPS. Under external stimuli, MAPK signaling pathway regulates the 
release of proinflammatory cytokines. MAPK signaling pathway contains 
three major classes of molecules in mammals, namely, p38, Jun‑N‑terminal 
kinase  (JNK), and extracellular signal‑regulated kinase  (ERK).[7] The 
recruitment of inflammatory cells is initiated by p38. Neutrophils and 
leukocytes then increase the levels of transcription factors and the secretion 
of proinflammatory mediators to further aggravate the inflammatory 
processes. At present, studies on JNK mainly focus on cell proliferation 
and apoptosis. However, some studies found that the activation of JNK 
can lead to the secretion of numerous proinflammatory factors and then 
induce the production of inflammatory cytokines and the infiltration and 
aggregation macrophages.[8] Moreover, some studies have verified that the 
phosphorylation of ERK is positively correlated with the occurrence of 
inflammation, and the recovery of ERK resting‑state often contributes to 
the alleviation and disappearance of cellular inflammation.[9]

Malus toringoides  (Rehd.) Hughes is a traditional Tibetan medicine 
and is used by local doctors, in combination with ghee, the treatment 
of hyperglycemia, hyperlipidemia, hypertension, and some liver 
diseases. Phytochemical studies have shown that M. toringoides contains 
flavonoids, polysaccharides, fatty acids, and amino acids. Previous 
studies have demonstrated that M. toringoides is rich in flavonoids, such 
as phlorizin and phloretin, which are generally considered to possess 
significant antioxidant and antiapoptotic activities.[10,11] In addition, 
the extract shows significant anti‑inflammatory, hypolipidemic, and 
hypoglycemic activity in high‑fat‑diet‑induced diabetic rats.[12‑14] 
However, so far, there are studies conducted to test the bioactivity and 
the underlying mechanisms of M. toringoides against inflammation 
in endothelial cells. Therefore, in this study, we aimed to study the 
anti‑inflammatory effects of M. toringoides in LPS‑induced human 
umbilical vein endothelial cells (HUVECs) and analyze the underlying 
mechanisms of its activity.

MATERIALS AND METHODS
Chemicals and reagent
Dulbecco’s modified eagle’s medium  (DMEM), fetal bovine 
serum  (FBS), and other cell culture reagents were purchased from 
GIBCO BRL Co.(Grand Island, NY, USA). Cobalt protoporphyrin IX 
(CoPP; HO‑1 inducer) and si‑RNA targeting HO‑1 were purchased 
from Invitrogen (Carlsbad, CA, USA). Nuclear protein extraction kit was 
purchased from Solarbio Technology Co. Ltd.(Beijing, China). Primary 

antibodies, mouse/rabbit anti‑HO‑1, anti‑Nrf2, and secondary antibodies 
were purchased from Affinity Biologicals, Inc. (Cincinnati, OH, USA). 
Enzyme‑linked immunosorbent assay  (ELISA) kits for tumor necrosis 
factor (TNF)‑α, interleukin (IL)‑6, and IL‑8 were obtained from RandD 
Systems, Inc.(Minneapolis, MN, USA). Other chemicals were purchased 
from Sigma Chemical Co.(St. Louis, MO, USA).

Preparation of Malus toringoides extracts
The collection and preparation of M. toringoides extract has been 
described previously.[14] Briefly, pulverized leaves of M. toringoides 
were boiled twice with 70% ethanol and refluxed in the same solvent 
for 1.5 h. The extract was filtered with filter paper, and the residue was 
extracted again by petroleum ether and the petroleum ether extracts 
were discarded; the other solution was purified on a polyamide column 
and initially eluted with 2000 mL of water and then evaporated in vacuo 
at 60°C. The obtained extract of M. toringoides (CBTM‑E375) was stored 
in the Component Bank of Tibetan Medicine  (Lhasa, China). In each 
experiment, the extract was dissolved in dimethyl sulfoxide  (DMSO) 
whose concentration was not more than 0.05% in the medium.

Material analysis of CBTM-E375
The operating condition for high‑performance liquid 
chromatography (HPLC) has been described previously.[13] The mobile 
phase consisted of methanol: 2% phosphoric acid in a ratio of 20:80 (v/v), 
and Hypersil BDS C18 column (4.6 mm × 250 mm, 5 μm) was used for 
chromatographic separation. Following were the chromatographic 
conditions: Column temperature was maintained at 30℃ with a flow 
rate of 1 mL/min. The chromatograms were captured by the UV detector.

Cell culture and viability assay
HUVECs was purchased from the China Center for Type  Culture 
Collection  (Wuhan, China). The cells were maintained in DMEM 
containing 10% FBS and routinely cultured in a humidified incubator 
with 5% CO2 at 37°C. HUVECs  (8  ×  103  cells/well) were incubated in 
96‑well plates and pretreated with different concentrations of CBTM‑E375. 
The cells were grown for 48  h and the cell viability was examined using 
50 μL 3‑[4,5‑dimethylthiazol‑2‑yl]‑2,5‑diphenyltetrazolium bromide 
(MTT, 2.5 mg/mL) to each well. After 4 h, DMSO (150 μL) was added to each 
well, then the absorbance of the crystals in 96‑wells was detected at 490 nm.

Proinflammatory factors assay
HUVECs were seeded in 6‑well plates and then were treated with 
different concentrations of CBTM‑E375 for 12 h, before 24 h‑incubation 
with 1 μg/mL of LPS. The levels of IL‑6, TNF‑α, and IL‑8 in the culture 
medium were analyzed using ELISA.

Small interfering RNA transfection
According to the transfection protocol provided by the 
manufacturer  (Invitrogen), HUVECs were transfected with the small 
interfering RNA  (siRNA) targeting HO‑1 inserted in the negative 
control siRNA plasmid for 12  h by using Opti‑MEM reduced serum 
medium (Gibco, Grand island, NY, USA) with lipofectamine followed by 
recovery in DMEM. HUVECs were then cultured together with LPS for 24 h 
to detect the release of proinflammatory cytokines by ELISA. Subsequently, 
the cell samples were prepared and further analyzed by Western blot.

Preparation of nuclear and cytosolic samples
Nuclear protein extraction kit (20191022, Solarbio, Beijing, China) was 
used to separate the nuclear and cytosolic sections of the cells. After 
transferring the cells into PBS, HUVECs was centrifuged at 650  ×  g 
for 6  min at 4°C. Cytosolic extraction reagent was added to the cell 
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sediment, which was then resuspended and kept on ice or at 0℃ for 
9 min to accelerate cell lysis. The mixture was centrifuged at 15,000 × g 
for 15 min. The supernatant as the cytosolic fraction was collected. After 
adding the nuclear extraction reagent to cell pellets, the supernatant 
as the nuclear fraction was collected under the condition that it is 
centrifuged at 15,000 × g for 10 min. Analysis of the protein content of 
the two fractions was performed using bicinchoninic acid (BCA) protein 
assay kit (Thermo Scientific, Rockford, USA).

Immunofluorescence microscopy
For examining the localization of the Nrf2, cells were inoculated 
onto Lab‑Tek chamber slides for growth. The cells were treated with 
CBTM‑375 and were placed in 4% formalin and permeabilized with 
cold acetone. The osmotically treated HUVECs were probed with Nrf2 
antibody and fluorescein isothiocynate‑labeled secondary antibody 
(Invitrogen, Carlsbad, CA, USA). For visualizing the nuclei, HUVECs 
were treated with 4’,6‑diamino‑2‑phenylindole (DAPI, 5 μg/mL) for 
5 min, washed thrice with cold PBS and treated with 50 μL VectaShield 
(Vector Laboratories, Burlingame, CA, USA). The fixed cells were 
visualized and photographed using a fluorescence microscope 
(Provis AX70, Olympus Optical Co., Tokyo, Japan).

Western blot analysis
The total cell protein was extracted using RIPA buffer and 
quantified using the BCA Assay Kit  (Thermo Scientific, Rockford, 
USA) according to the manufacturer’s instructions. The prepared 
samples were separated on 6%–12% gradient sodium dodecyl 
sulfate‑polyacrylamide gel electrophoresis  (SDS‑PAGE) and then 
transferred onto a PVDF membrane. The membranes were transferred 
into Tris‑buffered saline Tween‑20  (TBST) solution containing 5% 
dried milk for 2.5 h and washed thrice with TBST after every 10 min. 
Next, the PVDF membranes were incubated with an appropriate 
concentration of diluted primary antibody for 2 h. After washing thrice 
with TBST, the membranes were incubated with the indicated primary 
and secondary antibodies coupled with horseradish peroxidase 
for 2  h, and then, the membrane was washed again. The blots were 
followed by visualization with the ECL Western blot substrate 
(Amersham Bioscience, Buckinghamshire, UK). The intensity of each 
band was analyzed using a ChemiDoc image analyzer (Tanon 4600, 
Tanon, China).

Statistical analysis
Data are expressed as the mean  ±  standard deviation for each 
experimental group. The differences between groups was analyzed by 
one‑way analysis of variance followed by Student’s t‑test. Statistical 
significance is represented as #P < 0.05 versus control group; ##P < 0.01 
versus control group; *P < 0.05 versus LPS group; **P < 0.01 versus LPS 
group; δP < 0.05 versus CBTM‑E375 + siRNA control group; δδP < 0.01 
versus CBTM‑E375  +  siRNA control group; and †P  <  0.05 versus 
LPS + CBTM‑E375 group.

RESULTS
High-performance liquid chromatography analysis 
of CBTM-375
According to the results of HPLC analysis, phloridzin and phloretin 
were the primary bioactive components in CBTM‑375, which is basically 
consistent with our previous experimental results.[14]

Effects of CBTM-E375 on cell toxicity in human 
umbilical vein endothelial cells
After the cells were treated with 50–800 μg/mL of CBTM‑E375 for 48 h, 
the toxicological activities of extracts were evaluated through MTT assay. 

Figure  1: Effects of CBTM-E375 on cell viability. Human umbilical vein 
endothelial cells were incubated for 48 h with various concentrations of 
CBTM-E375 (50-800 μg/mL). Cell viability was determined as described in 
materials and methods. Bar represents the mean±standard deviation of 3 
independent experiments. #P < 0.05 versus the group without CBTM-E375 
was considered to be statistically significant

cba

Figure 2: Effects of CBTM-E375 on LPS-induced TNF-α, IL-6, and IL-8 levels in HUVECs. HUVECs were pretreated for 12 h with the indicated concentrations 
of CBTM-E375 and stimulated for 24 h with LPS (1 μg/mL). The concentration of IL-6, IL-8, and TNF-α (a-c) were determined as described under materials 
and methods. Data represent mean values of 3 experiments ± standard deviation. #P < 0.05 versus control group; ##P < 0.01 versus control group; *P < 0.05 
versus LPS group; **P < 0.01 versus LPS group; was considered to be statistically significant. HUVECs: Human umbilical vein endothelial cells; TNF-α: Tumour 
necrosis factor-α; IL-8: Interleukin-8; IL-6: Interleukin-6
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As shown in Figure 1, 800 μg/mL of CBTM‑E375 exhibited significant 
cytotoxic effects. Therefore, we selected 50–400 μg/mL of CBTM‑E375 
for further experiments.

Effects of CBTM-E375 on the level of inflammatory 
cytokines in lipopolysaccharide-induced human 
umbilical vein endothelial cells
To determine whether CBTM‑E375 was associated with released level 
of inflammatory cytokines, after treating HUVECs with 1 μg/mL of 
LPS in the absence or presence, the cells were incubated with different 
concentrations  (50–400 μg/mL) of CBTM‑E375 for 24  h. As indicated in 
Figure 2, compared with the control group, LPS prompted the production 
of inflammatory cytokines, and CBTM‑E375 markedly decreased the 
production of TNF‑α, IL‑6, and IL‑8 compared to that of LPS‑induced group.

Effects of CBTM-E375 on the expression of heme 
oxygenase‑1 and nuclear factor erythroid 2‑related 
factor 2 in human umbilical vein endothelial cells
The results of Western blot analysis indicated that CBTM‑E375 elevated 
both the expression of HO‑1 and the nuclear translocation of Nrf2 in 
HUVECs. As shown in Figure  3a, CBTM‑E375 dose‑dependently 
upregulated the expression of HO‑1. CoPP (20 μM) was used as a positive 
control in this experiment. Moreover, the expression level of HO‑1 in 
cells was increased in a time‑depentent manner with CBTM‑E210 
treatment. Treatment with CBTM‑E375 (400 μg/mL) for 6 h markedly 
upregulated the expression of HO‑1, reaching a peak at 12 h (P < 0.01) 
and gradually decreasing after 24 h [Figure 3b].
Furthermore, we examined whether treatment of HUVECs with 
CBTM‑E375 stimulated the nuclear translocation of Nrf2. As shown in 
Figure 4a, CBTM‑E375 gradually promoted the translocation of Nrf2 from 

ba

Figure 4: Effects of CBTM-E375 on expression of the nuclear translocation of nuclear factor E2-related factor 2 in human umbilical vein endothelial cells. Human 
umbilical vein endothelial cells were treated with 400 μg/mL of CBTM-E375 for 0.5 h, 1 h and 1.5 h (a), and Nrf2 translocation at 1.5 h was photographed by 
immunofluorescence (b). Data represent the mean values of 3 independent experiments±standard deviation. #P < 0.05 compared to the control group was 
considered to be statistically significant, ##P < 0.01 compared to the control group was considered to be extremely statistically significant

ba

Figure  3: Effects of CBTM- E375 on HO-1 expression. HUVECs were 
incubated for 12 h with the indicated concentration of CBTM-E375 (a) 
and periods with 400 μg/mL of CBTM-E375 (b). The HO-1 inducer CoPP 
increased HO-1 expression at 20 μM (a). Data represent the mean values 
of 3 experiments±standard deviation. ##P < 0.01 compared to the control 
group was considered to be extremely statistically significant. HUVECs: 
Human umbilical vein endothelial cells; HO-1: Heme oxygenase-1
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cytoplasm to nucleus. The localization of Nrf2 by immunofluorescence 
can be observed more clearly under a microscope [Figure 4b].

Effects of upregulation of heme oxygenase-1 
after treatment with CBTM-E375 in inhibiting the 
inflammation
To verify whether the upregulated expression of HO‑1 was crucial 
for inhibiting LPS‑stimulated inflammatory cytokines, the cells were 
transfected with siRNA‑targeting HO‑1 and then stimulated with 
LPS in the 12 h‑presence or absence of CBTM‑E375 (400 μg/mL). 
According to the results, CBTM‑E375 suppressed the inflammatory 
effects of increased levels of HO‑1 [Figure 5a]. As shown in Figure 
5b‑d, transfection of siRNA‑HO‑1 blocked the inhibitory effects of 
CBTM‑E375 toward TNF‑α, IL‑8, and IL‑6.

Effects of CBTM-E375 on the regulation of 
mitogen-activated protein kinase signaling 
pathway in lipopolysaccharide-induced human 
umbilical vein endothelial cells
It has been reported that the phosphorylation of MAPK is involved in 
endothelial inflammation; therefore, in this study, we studied whether 
CBTM‑E375 affects the activation of MAPK signaling pathways. Our 
results showed that the phosphorylation of p38, JNK, and ERK was 

activated by LPS compared to that of the control group. However, 
CBTM‑E375 dose‑dependently downregulated the phosphorylation 
of MAPK with statistical significant difference compared to that of 
LPS‑induced group [Figure 6].

DISCUSSION
M. toringoides is a traditional Tibetan medicine; its pharmacological 
activities have not been comprehensively and systematically studied 
in recent years. From our previous experiments, we had a preliminary 
understanding of the components and pharmacological effects of 
CBTM‑E375.[11,12] HPLC analysis showed that CBTM‑E375 is rich 
in phloridzin and phloretin, which are potential antioxidants. The 
flavonoids purified from CBTM‑E375 were found to significantly inhibit 
the inflammatory reactions in LPS‑induced macrophages cells.[13] In 
addition, CBTM‑E375 effectively decreased the blood lipid levels and 
inhibited hepatic oxidative stress in rats fed with high‑fat diet.[14]

Some studies have shown that inflammatory response driven by 
cytokines is the initiator of CVDs.[1,15,16] LPS, one of the strongest 
stimulating factors in vascular endothelium, can trigger the “waterfall” 
production of inflammatory cytokines, further accelerating the 
inflammatory response.[17] TNF‑α is a cytokine with a variety of 
biological effects. It has been shown to progress vascular disorders 
and can initiate the encoding of inflammatory molecules associated 
with vascular tone and remodeling, thereby causing endothelial 
dysfunction.[18] TNF‑α can bind to specific receptors, which leads to 
a series of reactions that cause vascular damage. This, in turn, leads to 
the production of a variety of adhesion factors and chemokines, which 
recruit inflammatory cells, aggravate the inflammatory response in the 
vascular wall, and promote the exacerbation of vascular endothelial 
damage. These continuous effects may lead to the formation of vascular 
events such as atherosclerosis.[19] Under inflammatory conditions, the 
levels of TNF‑α and ILs persistently increase, which maintains the 
inflammatory state and contributes to the organs and arterial damage. 
The elevated levels of several proinflammatory cytokines such as ILs 
and several other chemotactic cytokines induced by TNF‑α eventually 
aggravate inflammation. IL‑6 is an inflammatory mediator that cannot 
be ignored in the process of vascular inflammation. When subjected 
to external stimuli or other signal trends, IL‑6 is expressed in large 
quantities immediately, whereas the sustained synthesis and release level 
of IL‑6 is positively correlated with various systemic syndromes and 
chronic immune‑mediated diseases.[20,21] IL‑8, belonging to the CXC 
chemokine family,[22] is a proinflammatory chemokine, which has been 
evaluated to be the primary marker in patients with atherosclerosis who 
are at high risk of developing CVD.[23,24] In this experiment, CBTM‑E375 
treatment effectively reduced the secretion of TNF‑α, IL‑6, and IL‑8 in 
LPS‑induced HUVECs and the anti‑inflammatory effects are positively 
correlated with the concentrations of CBTM‑E375.
The Nrf2/HO‑1 pathway has been regarded as an important mechanism 
in cellular antioxidative and anti‑inflammatory defense.[25] Increasing 
evidences indicate that a large number of phytochemicals protect vascular 
function by upregulating the translocation and expression of Nrf2/ARE, 
which can trigger the transcription of many antioxidants such as HO‑1, 
superoxide dismutase, and glutathione peroxidase to decrease the high 
level of oxidative stress and the invasion of the inflammatory cytokines.[26] 
In the resting state, the complex formed by Keap1 and Nrf2 is inactive. 
However, under the stimulation of oxidative stress or inflammatory 
factors, Keap1 and Nrf2 no longer bind with each other, resulting in the 
activation and nuclear translocation of Nrf2, leading to the transcription 
and expression of HO‑1 and other anti‑inflammatory enzymes.[27] Thus, 
the activation of Nrf2/HO‑1 exerts remarkable effects in maintaining 
the normal physiological function of endothelial cells. The results of 

d

c
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Figure 5: HO-1 mediates the suppressive effects of CBTM-E375 on LPS-
stimulated pro-inflammatory cytokines production. HUVEC cells were 
pretreated for 3 h with CBTM-E375 (400 μg/mL) in the presence or absence 
of small interfering RNA HO-1(40 μM) and stimulated for 24 h with LPS (1 
μg/mL), the HO-1 expression was measured (a) and the levels of IL-6 (b), 
IL-8 (c) and TNF-α (d) were detected by ELISA. Data represent mean values 
of 3 experiments ± standard deviation. #P < 0.05 versus control group; 
##P < 0.01 versus control group; δP < 0.05 versus control group; δδP < 0.01 
versus CBTM-E375 group *P < 0.05 versus LPS group; †P < 0.05 versus LPS 
+ CBTM-E375 group was considered to be statistically significant. HUVECs: 
Human umbilical vein endothelial cells; HO-1: Heme Oxygenase-1; LPS: 
Lipopolysaccharide
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this study indicate that CBTM‑E375 promotes the translocation of Nrf2 
from the cytoplasm to the nucleus, which upregulates the expression of 
HO‑1. Furthermore, we demonstrated that CBTM‑E375 may increase 
the expression of HO‑1, as in the anti‑inflammatory effect of the si‑RNA 
targeting HO‑1 experiment. The experiment demonstrated that siRNA 
targeting HO‑1 reversed the anti‑inflammatory effect of CBTM‑E375.
MAPK signaling pathway is composed of a series of serine/threonine 
protein kinases activated in cascade. It exhibits highly conserved 
form in the whole evolution process. The primary function of MAPK 
signaling pathway is to transform extracellular stimuli into cellular 
response and transmit extracellular signals to adjacent cells and even 
nuclei in stages.[28,29] It has been proved that there are three main MAPK 
cascades. ERK pathway is mainly activated by mitogen, whereas JNK 
and p38 pathway are mainly activated by environmental and genotoxic 
stress; therefore, they are also called stress‑activated protein kinases. 
The MAPK signaling pathway participates in the process of many 
diseases, such as atherosclerosis, cancer, and neuroinflammation, 
which inevitably involves in multiple cellular processes including cell 
apoptosis, proliferation, and differentiation, as well as regulating the 
development of inflammation.[30,31] Thus, MAPK signaling pathways 
are involved in multiple forms of cell‑to‑cell communication, which 
especially is closely related to the development of inflammation. Many 
studies have shown that inhibiting the phosphorylation of MAPK is 
beneficial to the reduction and disappearance of inflammation.[32,33] 
In this study, CBTM‑E375 treatment not only inhibited one kind 
of MAPK phosphorylation, but also effectively blocked all three 
kinds of the phosphorylation induced by LPS, which suggests that 
an improvement in vascular inflammation is related to an inhibition 
of phosphorylation in the MAPK signaling pathway associated with 
CBTM‑E375 treatment.

CONCLUSION
In conclusion, M.  toringoides exhibited anti‑inflammatory activity 
possibly through the upregulation of HO‑1, reducing the release of 
proinflammatory mediators, and inhibiting the activation of MAPK 
signaling pathways.
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