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Toxicity of Melastoma dodecandrum Lour. and its effects
on lipopolysaccharide-induced inflammation and oxidative stress
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Abstract. Melastoma dodecandrum Lour. (MDL) is compo-
nent used in traditional Chinese medicine that is widely
distributed throughout southern China. MDL has been
long utilized in clinical treatment for various conditions,
such as inflammation. However, the toxicity and underlying
anti-inflammatory mechanism of MDL remain to be eluci-
dated. In the present study, Sprague-Dawley rats received
intragastric administration of MDL for 2 months, and the
toxicity of MDL was investigated. The rats were treated with
lipopolysaccharide (LPS) for 8 h to determine the potential
anti-inflammatory mechanism of MDL. The results demon-
strated that MDL alone did not affect the expression levels
of factors associated with inflammation (IL-1p, IL-6 and
TNF-0) and oxidative stress [malondialdehyde (MDA), super-
oxide dismutase (SOD) and nitric oxide (NO)] in the rat serum
and exerted no effects on rat liver and kidneys. By contrast,
MDL attenuated LPS-induced inflammation and oxidative
stress by regulating specific cytokines, such as IL-1f, IL-6,
TNF-a, MDA, SOD and NO in the rat serum and allevi-
ated LPS-induced liver and kidney damage. Additionally,
compared with the LPS group, MDL inhibited CD4* T cell
differentiation into Th1l and Th17 cells and enhanced CD4*
T cell differentiation into Th2 and Treg cells. MDL also
suppressed reactive oxygen species (ROS) production and
mitochondrial apoptosis by modulating mitochondrial apop-
tosis-related proteins in spleen CD4* T cells. In conclusion,
the results of the present study demonstrated the non-toxic
nature of MDL and revealed that it alleviated LPS-induced
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inflammation and oxidative stress by regulating differentia-
tion and ROS production in CD4* T cells.

Introduction

She medicine has been reported as an effective therapeutic
approach for alcoholic liver disease (1) and is involved in the
regulation of oxidative stress and immunity (2). However,
reports on the specific effects of She medicine, especially the
mechanism underlying its effects on immunity, remain scarce.

The plant Melastoma dodecandrum Lour. (MDL) is
an ingredient used in She medicine that belongs to the
Melastomacea family and is mainly distributed throughout
the regions south of China, such as Guizhou, Zhejiang and
Yunnan (3). MDL is widely used in clinical settings to treat
various diseases, including fever, sore throat, jaundice, hemor-
rhoids and herpes zoster (4). MDL contains numerous chemical
components such as polysaccharides, flavonoids, amino acids
and phenols, with functions such as promotion of blood circula-
tion to arrest bleeding (5-7). The polysaccharides and flavonoids
in MDL promote oxygen free radical scavenging and inhibit
lipid peroxidation in the human erythrocyte membrane and
liver mitochondria (8,9). A previous study has reported that
MDL suppresses oxidative stress by inhibiting nitric oxide
production (10). Additionally, MDL can be used to treat a
variety of inflammation-related diseases, including nephritis,
enteritis and pelvic inflammation (11). However, the underlying
anti-inflammatory mechanism of MDL has not been elucidated.

Quercetin (Que), the main component of MDL, is one of
the most widely distributed and extensively studied flavonoids
that exhibits robust anti-inflammatory and antioxidant proper-
ties (12). Que alleviates the symptoms of lupus nephritis by
inhibiting the activation of CD4* T cells (13) and suppresses
PM2.5 (particulate matter <2.5 ym)-induced oxidative stress
and inflammatory response by decreasing CD4* and CD8*
T cell counts (14). Whether MDL suppresses oxidative stress
and inflammation by regulating CD4* T cells remains unclear.
Additionally, the toxic effects of traditional Chinese medicine
compounds, such as kidney injury, have attracted increasing
attention (15) in order to promote the clinical use of MDL,
the toxicity of MDL needs to be assessed. The present study
aimed to evaluate the toxicity of MDL by subjecting normal
experimental rats to intragastric administration of MDL and
assessing pathological changes, inflammatory responses and
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oxidative stress. In addition. the effects of MDL and Que on
inflammation, spleen CD4* T-cell differentiation and oxidative
stress were investigated in rats suffering from lipopolysaccha-
ride (LPS)-induced inflammation with the aim of elucidating
the possible role of MDL in immune regulation.

Materials and methods

Preparation of the MDL solution. A Melastoma dodecandrum
Lour. (identified by Professor Xueqian Wu, Zhejiang A & F
University, Hangzhou, China) decoction was prepared using
1 kg of raw medicinal material by boiling it in water for 30 min
three times (ratio, 1:10, 1:8 and 1:6, respectively). The collected
decoctions were filtered, centrifuged for 15 min at 3,000 x g,
25°C, concentrated at atmospheric pressure to 1 g/ml and
stored in a refrigerator at 4°C until subsequent experiments.

Determination of Que content in the MDL solution. A 100-ul
aliquot of concentrated MDL solution was extracted with
300 ul methanol (=98%, containing 5 pg/ml 2-chloro-1-phenyl-
alanine as an internal standard) through vortex mixing for
30 sec. Following centrifugation at 15,348 x g at 4°C for
10 min, a 5-ul aliquot of the supernatant was analyzed by
ultrahigh-performance liquid chromatography (UHPLC;
1290 Infinity II; Agilent Technologies, Inc.) using a UPLC
BEH C18 Column (1.7 gm, 2.1x100 mm, Waters Corporation).
The column temperature was maintained at 30°C. The mobile
phase consisted of water-acetonitrile (gradient elution) at a
flow rate of 400 ul/min, and the detector wavelength was set
to 254 nm. The compound concentrations were determined by
evaluating the peak area and retention time.

Animals and experimental protocol. A total of
42 Sprague-Dawley rats (age, 7 weeks; weight, 200-220 g;
21 male and 21 female) were purchased from the Hubei
Provincial Center for Disease Control and Prevention. The
rats were maintained in a standard 12-h light/dark cycle
with access to water and food ad libitum at 22-25°C and
50-60% humidity. To assess the toxicity of MDL, six rats
received intragastric administration of MDL at a dose of
8.415 g/kg (5X clinical dose) once a day for two months
(MDL group). Untreated rats (CON group) received intra-
gastric administration of an equal volume of saline once/day
for two months. The rats were deeply anesthetized by intra-
peritoneal injection of pentobarbital sodium (80 mg/kg) and
sacrificed by cervical dislocation, and the liver and kidneys
were removed for pathological analysis. Blood obtained
from the abdominal aorta was centrifuged at 800 x g at 4°C
for 10 min. Serum was collected and stored at -20°C. The
remaining rats were divided into five groups (n=6 per group)
as follows: LPS, LPS + Que, LPS + Low, LPS + High and
LPS + dexamethasone (Dex) as a positive control. The rats
received intragastric administration of saline, Que (10 mg/kg;
Chengdu Desite Biotechnology Co., Ltd.), low-dose MDL
(1.683 g/ml, equivalent to clinical dose), high-dose MDL
(8.415 g/kg) and saline, respectively, once a day for two
months. The rats in the LPS + Dex group were intraperitone-
ally injected with 40 pg/ml Dex only once following 2 month
treatment (Sigma-Aldrich; Merck KGaA). After 30 min, all
rats were intraperitoneally injected with 5 mg/kg LPS (Beijing

Solarbio Science & Technology Co., Ltd.) and maintained
alive for 8 h. Thereafter, the rats were deeply anesthetized by
intraperitoneal injection of pentobarbital sodium (80 mg/kg)
to obtain blood from the abdominal aorta. The rats were
sacrificed by cervical dislocation, and the liver and kidneys
were removed for pathological analysis. The serum, liver, and
kidney samples were collected for subsequent experiments,
and spleen CD4* T cells were extracted. All animal procedures
were performed at Wuhan Myhalic Biotechnology Co., Ltd.
and approved by the Institutional Review Board of Wuhan
Myhalic Biotechnology Co., Ltd. based on the ethical guide-
lines for animal care and use of the Model Animal Research
Institute (approval no. HLK-20181009-01).

Biochemical analysis. Serum levels of C-reactive protein
(CRP; cat. no. RA20041), interleukin (IL)-2 (cat. no. RA20132),
IL-6 cat. no. (RA20607), tumor necrosis factor (TNF)-a
(cat. no. RA20035), IL-1p (cat. no. RA20020) and interferon
(IFN)-vy (cat. no. RA20684) were quantified using commercial
enzyme-linked immunosorbent assay kits (Bioswamp Life
Science Lab; Wuhan Beinlai Biotechnology Co., Ltd.) according
to the manufacturer's instructions. Serum malondialdehyde
(MDA), superoxide dismutase (SOD) and nitric oxide (NO)
levels were quantified using corresponding commercial kits
(Nanjing Jiancheng Bioengineering Institute) according to the
manufacturer's instructions. Serum alanine aminotransferase
(ALT), aspartate aminotransferase (AST), blood urea nitrogen
(BUN) and creatinine (CRE) levels were evaluated using an
automatic biochemical analyzer (Toshiba Corporation).

Hematoxylin and eosin staining. The liver and kidney tissue
samples were fixed with 4% polyformaldehyde at 4°C for
4 h, embedded in paraffin, cut into 4-5-ym sections and
mounted onto microscope slides. The sections were stained
with hematoxylin and eosin (both Bioswamp) for 3 min each.
Following dehydration using a concentration gradient of 80, 98
and 100% ethyl alcohol and xylene and mounting with neutral
balsam, the sections were visualized under a light microscope
(magnification, x200; Leica Microsystems GmbH).

Isolation of CD4* T cells. Spleen samples were obtained from
the rats and maintained in pre-cooled RPMI-1640 medium
(HyClone; Cytiva). The tissues were ground until no individual
pieces were visible and filtered using a 200-target cell screen.
The filtered cell suspension was centrifuged at 300 x g, 4°C
for 5 min, and red blood cells were lysed in red blood cell
lysis buffer (cat. no. NH4CL20009, Tianjin Haoyang Biological
Products Technology Co., Ltd.) for 2 min. Following centrifu-
gation at 300 x g, 4°C for 5 min, the cells were washed twice
and resuspended in phosphate-buffered saline (Bioswamp) at a
density of 1x107 cells/ml. Subsequently, the cells were stained
with a CD4-fluorescein isothiocyanate (FITC) antibody
(cat. no. MR5101; eBioscience) and subjected to cell sorting by
flow cytometry (Moflo XDP; Beckman Coulter, Inc.).

Flow cytometry. Flow cytometry was performed to identify
spleen CD4" T cells and evaluate mitochondrial membrane
potential, ROS production and CD4* T cell differentiation. To
assess CD4+ T cell differentiation, the collected CD4* T cells
were incubated with 2 u1 CD4-FITC antibody in the dark for
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30 min at 4°C and incubated with antibodies against IFN-y
(cat. no. 507806; Biolegend, Inc.), IL-4 (cat. no. 12-7041-81;
eBioscience) and IL-17 (cat. no. 12-7177-81; eBioscience) in
the dark for 45 min at 4°C for the detection of T helper (Th) 1,
Th2 and Th17 cells, respectively. Similarly, the collected CD4*
T cells were incubated with 2 1 CD4-FITC and CD25-PerCP
(cat. no. 46-0390-82, eBioscience) in the dark for 30 min at
4°C followed by 2 ul Foxp3-PE antibody (cat. no. 12-4777-41;
eBioscience) in the dark for 45 min at 4°C for the detection of
T regulatory (Treg) cells. Mitochondrial membrane potential
was evaluated using a Mitochondrial Membrane Potential
Detection kit (Bioswamp) according to the manufacturer's
instructions. Briefly, CD4* T cells (5x10°) were stained with
5,5',6,6'-tetrachloro-1,1'3,3' tetraethylbenzimidazolylcarbocy-
anine iodide (JC-1) for 20 min at 37°C. Following centrifugation
at 600 x g for 4 min at 4°C twice, the cells were resuspended
in JC-1 staining buffer and subjected to flow cytometry. To
detect ROS production, the cells were suspended at a density
of 1x107 cells/ml and incubated with diluted 2'.7'-dichloro-
fluorescin diacetate (DCFH-DA) fluoroprobes (10 gmol/l;
Invitrogen; Thermo Fisher Scientific, Inc.) for 20 min at 37°C
with gentle shaking every 4 min. Non-attached DCFH-DA
was removed, and the cells were subjected to flow cytometry
(NovoCyte, ACEA Bioscience, Inc.) and the data was analyzed
using NovoExpress software version 1.3.0.

Western blotting. Total proteins were extracted from CD4*
T cells using radioimmunoprecipitation assay lysis buffer
(Bioswamp), followed by quantification using a bicinchoninic
acid kit (Bioswamp) according to the manufacturer's instruc-
tions. Proteins (20 ug from each sample) were separated by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
on a 12% gel and transferred onto polyvinylidene fluoride
membranes (EMD Millipore). Following blocking using
5% skimmed milk at 25°C for 2 h, the membranes were incu-
bated with primary antibodies against Bad (cat. no. PAB32756),
B-cell lymphoma-2 (Bcl-2, cat. no. PAB30041), p53
(cat. no. PAB30082), GAPDH (cat. no. PAB36269; all
1:1,000; all Bioswamp), cleaved caspase-9 (cat. no. ab2324)
and cytochrome ¢ (Cyt-C; cat. no. ab90529; both 1:1,000;
both Abcam) overnight at 4°C, followed by incubation with
horseradish peroxidase-labeled goat anti-rabbit IgG secondary
antibody (1:20,000; cat. no. PAB160011; Bioswamp) for 1 h
at room temperature. Protein bands were visualized using
a Tanon-5200 apparatus and the gray values were analyzed
using the TANON GIS software (both Tanon Science and
Technology Co., Ltd.). GAPDH was used as an internal refer-
ence.

Statistical analysis. Data are presented as the mean + standard
deviation (SD). Differences between more than two groups
were analyzed using one-way analysis of variance followed by
the Tukey's test using SPSS 19.0 software (IBM Corp.). P<0.05
was considered to indicate a statistically significant difference.

Results
Assessment of MDL toxicity. The chemical composition of

MDL was detected using UHPLC. The UHPLC-quadrupole
time-of-flight mass spectrometry (QTOF-MS) fingerprints

of MDL in the negative and positive modes are presented in
Figs. S1 and S2, respectively, and the UHPLC-QTOF-MS
detection of the chemical composition of MDL is presented
in Tables SI and SII. The results demonstrated that Que was
an important chemical component of MDL (Fig. SI and
Table SI). After rats were treated with MDL (8.415 g/kg), the
toxicity of MDL was assessed. As demonstrated in Fig. 1A, the
liver sections from the control and MDL-treated rats exhib-
ited normal lobular architecture without inflammation and
necrosis, and the kidney tissues exhibited clear texture without
inflammatory response or edema. Additionally, MDL did not
affect the levels of factors associated with liver damage (ALT
and AST) and kidney (BUN and CRE), inflammation (IL-1§,
IL-6 and TNF-a) or oxidative stress (MDA, SOD and NO)
(Fig. 1B-D). Collectively, these results demonstrated that MDL
was non-toxic to rats.

MDL alleviates LPS-induced liver and kidney injuries in rats.
Liver and kidney injuries were assessed in rats following LPS
treatment. In the LPS group, the liver cells were disorganized
with inflammatory infiltration and necrosis. However, the
liver sections of rats treated with Que, high-dose MDL and
Dex exhibited normal lobular architecture without evident
inflammation. In terms of the kidney structure, the LPS group
presented with exfoliation of renal tubular epithelial cells and
glomerular inflammatory response, which were ameliorated
by Que, high-dose MDL and Dex (Fig. 2A). Compared with
those in the LPS group, the expression levels of ALT, AST,
BUN and CRE were decreased by low-dose MDL (P<0.05)
and further inhibited by high-dose MDL (P<0.05) (Fig. 2B).
These results indicated that MDL alleviated LPS-induced liver
and kidney injuries.

MDL inhibits LPS-induced inflammation in rats. The levels
of inflammation-related factors were detected in the serum
of LPS-treated rats (Fig. 3). Compared with those in the
LPS group, the levels of IL-1f, IL-2, IL-6, CRP, IFN-y
and TNF-a were inhibited by low-dose MDL (P<0.05)
and further inhibited by high-dose MDL (P<0.05). The
effects of high-dose MDL and Que on the expression of
these factors were similar, but not as prominent as those
of Dex (P<0.05). These results indicated that MDL attenu-
ated LPS-induced inflammation in rats by regulating the
levels of inflammation-related factors, and MDL exerted a
superior effect at high doses compared with that exerted at
low doses.

MDL affects spleen CD4* T-cell differentiation in LPS-
treated rats. Following LPS treatment, spleen CD4*
T cells were obtained from rats, and their differentiation
was analyzed. Spleen CD4" T cells were successfully
obtained, as demonstrated by the high positive expression of
CD4 (>98%) (Fig. 4). Compared with the LPS group, MDL
inhibited CD4* T-cell differentiation into Th1l and Thl17
cells and enhanced CD4* T-cell differentiation into Th2 and
Treg cells (Fig. 5).

MDL attenuates LPS-induced oxidative stress and
mitochondrial apoptosis in CD4* T cells. Compared
with those in the LPS group, ROS production and the
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Figure 1. Detection of MDL toxicity. (A) H&E staining of the rat liver and kidney tissues. (B) Levels of ALT, AST, BUN and CRE in rat serum. (C) Levels
of IL-1B, IL-6 and TNF-a in rat serum. (D) Levels of MDA, SOD and NO in rat serum. Data are presented as the mean + SD. Scale bar, 50 gm. n=3. MDL,
Melastoma dodecandrum Lour. solution; CON, control; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CRE,
creatinine; MDA, malondialdehyde; SOD, superoxide dismutase; NO, nitric oxide.
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Figure 2. Melastoma dodecandrum Lour. solution alleviates LPS-induced liver and kidney injuries in rats (A) H&E staining of the rat liver and kidney tissue.
(B) Levels of ALT, AST, BUN, and CRE in rat serum. Data are presented as the mean + SD. "P<0.05 vs. LPS; “P<0.05 vs. LPS + Low; ¥P<0.05 vs. LPS + High. Scale
bar, 50 ym. n=6. LPS, lipopolysaccharide; Que, quercetin; Dex, dexamethasone; high, 8.415 mg/kg Melastoma dodecandrum Lour. solution; low, 1.683 mg/kg
Melastoma dodecandrum Lour. solution; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CRE, creatinine.
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Figure 3. Melastoma dodecandrum Lour. solution inhibits LPS-induced inflammation in rats. The levels of inflammation-related factors IL-1f, IL-2, IL-6,
CRP, IFN-vy, and TNF-a were detected in the rat serum. Data are presented as the mean + SD. "P<0.05 vs. LPS; “P<0.05 vs. LPS + Low; “P<0.05 vs.
LPS + High. n=6. LPS, lipopolysaccharide; Que, quercetin; Dex, dexamethasone; high, 8.415 mg/kg Melastoma dodecandrum Lour. solution; low, 1.683 mg/kg

Melastoma dodecandrum Lour. solution; CRP, C-reactive protein.
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Figure 5. Melastoma dodecandrum Lour. solution affects the differentiation of spleen CD4* T cells in LPS-treated rats. The percentages of CD4* T cells
that differentiated into Thl, Th2, Th17 and Treg cells were examined by flow cytometry. Data are presented as the mean + SD. "P<0.05 vs. LPS; “P<0.05 vs.
LPS + Low; “P<0.05 vs. LPS + High. n=3. LPS, lipopolysaccharide; Que, quercetin; Dex, dexamethasone; high, 8.415 mg/kg Melastoma dodecandrum Lour.
solution; low, 1.683 mg/kg Melastoma dodecandrum Lour. solution; Th, T helper; Treg, T regulatory.

proportion of cells exhibiting a decrease in the mitochon-
drial membrane potential were suppressed by low-dose
MDL and further suppressed by Que, high-dose MDL and
Dex (Figs. 6A and 7A). In addition, the levels of oxidative
stress-related markers were analyzed. Compared with those
in the LPS group, high- and low-dose MDL inhibited the
levels of MDA and NO and promoted the level of SOD.
High-dose MDL exhibited a superior effect compared with
low-dose MDL (Fig. 6B). Additionally, the expression levels
of mitochondrial apoptosis-related proteins were detected;
compared with those in the LPS group, high- and low-dose
MDL promoted the expression levels of the antiapoptotic

protein Bcl-2 and inhibited the expression of the proapop-
totic proteins Bad, cleaved caspase-9, Cyt-C and p53.
High-dose MDL demonstrated a superior effect compared
with low-dose MDL (Fig. 7B).

Discussion

The results of the present study validated the non-toxic
nature of MDL, which was indicated by the lack of effects
of MDL on oxidative stress and inflammation in normal rats
following 2-month intragastric administration. Additionally,
MDL alleviated LPS-induced inflammation, oxidative stress
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Figure 6. Melastoma dodecandrum Lour. solution alleviates LPS-induced oxidative stress in CD4* T cells. (A) ROS production in CD4* T cells. (B) Levels of
MDA, SOD and NO in CD4* T cells. Data are presented as the mean = SD. "P<0.05 vs. LPS; "P<0.05 vs. LPS + Low; “P<0.05 vs. LPS + High. n=6. LPS, lipo-
polysaccharide; Que, quercetin; Dex, dexamethasone; high, 8.415 mg/kg Melastoma dodecandrum Lour. solution; low, 1.683 mg/kg Melastoma dodecandrum
Lour. solution; ROS, reactive oxygen species; MDA, malondialdehyde; SOD, superoxide dismutase; NO, nitric oxide.

and damage to the liver and kidneys induced by LPS in rats.
Furthermore, MDL regulated the differentiation and mito-
chondrial apoptosis of spleen CD4* T cells in LPS-treated
rats.

CD4* T cells are important mediators of immunological
memory, the diminution of which can result in susceptibility
to infection and serve indispensable roles in the modulation
of adaptive immunity against a variety of pathogens (16).
During T-cell receptor activation in specific cytokine micro-
environments, naive CD4* T cells may differentiate into
subsets such as Th (including Thl, Th2 and Th17) or Treg
cells (16). These subsets secrete numerous inflammatory
cytokines and play vital functions in host defense against
foreign pathogens (17,18). However, uncontrolled inflamma-
tory response mediated by the subsets of CD4* T cells may
lead to inflammatory disorders and tissue damage (19). Thl
cells are involved in cellular immunity against intracellular
microorganisms and are characterized by the generation of
IFN-y and IL-2 (20,21). IFN-y is produced by Thl cells and
serves an important role in the maintenance of cytotoxic
T cell differentiation. By contrast, Th2 cells are required for
humoral immunity to combat extracellular pathogens and

parasites and are characterized by the production of I1L-4,
IL-5 and IL-13 (20). Th17 cells mainly secrete cytokines of
the IL-17 family (including IL-17A and IL-17F), IL-21 and
IL-22, with high capacity for recruitment of neutrophils and
macrophages, resulting in an inflammatory reaction (22). The
differentiation of Th17 cells is associated with the stimula-
tion of transforming growth factor-f and IL-6 (23). Treg cells
are involved in the prevention of autoimmune diseases and
the maintenance of immune balance (24). Previous reports
have demonstrated that promotion of the differentiation of
CD4* T cells into Treg cells inhibited LPS-induced inflam-
mation (25). As an important component of MDL, Que is
reportedly involved in the regulation of CD4* T-cell differ-
entiation, thereby participating in immunoregulation. Que
inhibits the differentiation of CD4* T cells into Th17 cells
in IL-17-induced osteoclastogenesis in rheumatoid arthritis
and is considered to be a potential therapeutic option for the
management of bone-destructive processes in rheumatoid
arthritis (26). In the present study, similar to the results
reported for Que, MDL inhibited the differentiation of CD4*
T cells into Th1l and Th17 cells in LPS-treated rats, while
promoting their differentiation into Th2 and Treg cells.
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Figure 7. MDL alleviates LPS-induced mitochondrial apoptosis in CD4* T cells. (A) Percentage of CD4* T cells exhibiting a decrease in the mitochondrial
membrane potential. (B) Relative expression of mitochondrial apoptosis-related proteins in CD4* T cells. Data are presented as the mean + SD. "P<0.05 vs. LPS;
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Exogenous pathogens result in metabolic disorders
associated with CD4* T cells and induce inflammation,
promoting the production of ROS in T cells (27). ROS is
mainly produced in the mitochondria, which are a major
target of oxidative damage induced by ROS-containing
lipids, proteins and DNA (28,29). p53 is a tumor-suppressing
gene that participates in the regulation of apoptosis. When
ROS induces irreversible DNA damage, p53 is involved in
the regulation of apoptosis through upregulation of Bax and
downregulation of Bcl-2 (30). Both Bax and Bcl-2 belong
to the Bcl-2 family and regulate apoptosis by modulating
mitochondrial membrane permeability (31). Bax activation
and Bcl-2 inhibition promote mitochondrial permeability
transition pore opening, resulting in the release of Cyt-C
from the mitochondria into the cytoplasm, which in turn
activates caspase-9 and its downstream effector caspase 3
to enhance apoptosis (30). Bad is another member of the
Bcl-2 family that participates in the mediation of mitochon-
drial apoptosis (32). The present study demonstrated that
MDL attenuated LPS-induced inflammation by regulating

inflammation-associated cytokines, including IL-6 and
IFN-vy. Additionally, MDL inhibited ROS production in
CD4* T cells, which suppressed mitochondrial apoptosis.

In conclusion, the results of the present study verified
the non-toxic nature of MDL and demonstrated its immu-
nomodulatory effects, which may be mediated by CD4*
T-cell differentiation, alleviating LPS-induced inflammation.
Additionally, MDL suppressed LPS-induced mitochondrial
apoptosis of CD4* T cells by impairing ROS production. These
results provide a theoretical basis for the optimized clinical
application of MDL. As the regulation of TCM is systematic,
based on the complex composition of MDL, other potential
regulatory functions of MDL will be investigated in follow-up
studies.
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