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Lupeol reduces M1 macrophage polarization to attenuate
immunologic dissonance and fatty acid deposition in rats with
diet-induced metabolic syndrome
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Background: This study aimed to investigate whether lupeol could inhibit the inflammatory mediators
associated with the regulation of macrophage phenotypes and functions in rats with diet-induced metabolic
syndrome (MS).

Methods: Forty specific-pathogen-free Sprague Dawley rats were fed a high-fat diet (HFD) for 10 weeks
to establish an MS model. Lupeol was prepared and administered to the rats intraperitoneally at 20, 50,
or 100 mg/kg (the lupeol 20 mg/kg, lupeol 50 mg/kg, and lupeol 100 mg/kg groups respectively). After
28 days of continuous intraperitoneal administration, rats were anesthesia and euthanasia. The obesity index,
blood glucose and lipid metabolism indexes of rats in each group were measured. The levels of insulin and
inflammatory factors in each group were detected by enzyme-linked immunosorbent assay (ELISA) kits. The
pathological changes of liver tissue in rats were observed by hematoxylin and eosin (HE) and oil red O staining.
The polarization levels of M1 and M2 macrophages in peripheral blood mononuclear cells (PBMCs) were
analyzed by flow cytometry. The transcription levels of M1 and M2 macrophages markers were detected by
gRT-PCR. The expressions of inducible nitric oxide synthase (iINOS) and arginase-1 (Arg-1) proteins in heart
tissues of rats in each group were analyzed by Western blotting.

Results: Lupeol significantly recovered fasting blood glucose and serum insulin levels, and reduced the
production of proinflammatory cytokines, including interleukin (IL)-6, tumor necrosis factor alpha (TNF-a),
and monocyte chemoattractant protein-1 (MCP-1), in the liver. It also elevated the expression of anti-
inflammatory cytokines, including IL-4 and IL-10, in the MS model. Further, after treatment with lupeol,
the levels of total cholesterol, triacylglycerol and low-density lipoprotein (LDL) were decreased, and high-
density lipoprotein (HDL) were increased. Importantly, in the MS model group, lupeol remarkably inhibited
M1 macrophages polarization (F4/80"iNOS") while elevating M2 macrophages polarization (F4/80'CD206")
remarkably. At the same time, the levels of M1 markers, including inducible nitric oxide synthase, IL-1, IL-
6, and TNF-a, were markedly inhibited, while those of M2 markers, such as arginase-1, IL-10, CD206, and
TGF-B, were markedly elevated in the MS model rats.

Conclusions: Lupeol might promote M2 polarization of macrophages to relieve damage caused by MS.
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Introduction

Metabolic syndrome (MS) refers to the aggregation of
risk factors associated with increased risk of cardiovascular
disease and diabetes, including abdominal obesity,
hypertension, impaired glucose tolerance, insulin resistance,
decreased high-density lipoprotein cholesterol (HDL-C),
and triglyceride (T'G) elevation (1,2). Lu ez a/. (3) reported
that the prevalence of MS was 33.9% (36.8% for females
and 31% for males) among 98,658 adults aged >18 years
in 31 provinces of China, the prevalence of MS in females
was higher than that in males. Obesity is one of the core
factors of MS and has reached epidemic proportions in
many countries (4). Importantly, a previous study found that
a large number of substances are secreted in adipose tissue
accumulated during obesity. These secretory substances,
which include leptin, resistin, inflammatory factors, non-
esterified fatty acid (NEFA), and plasminogen activator
inhibitor-1 (PAI-1), play an important role in promoting
insulin resistance, hypertension, and fatty liver (5). The
elevation of TG in the liver results in disturbances of fat
metabolism. Dyslipidemia, another distinctive feature of
MS, entails increased NEFA content, elevated T'G levels,
low HDL-C levels, and increased small dense low-density
lipoprotein (LDL) and apolipoprotein(apo)B (apoB)
levels (6). Research has shown that obesity and insulin
resistance are closely related to low inflammatory state
in adipose tissue. Thus, resolving the inflammation is
one potential strategy to treat metabolic syndromes,
and macrophage recruitment and polarization are key to
obesity-induced inflammation and insulin resistance (7).

Macrophages can be divided into two distinct phenotypes
depending on their mode of activation and function after
activation: classically activated M1 macrophages and
alternatively activated M2 macrophages. These phenotypes
are characterized by the expression of their markers, the
production of specific factors, and their biological effects (8).
M1-type macrophages have proinflammatory effects (9),
while M2-type macrophages have anti-inflammatory
effects (10). The M1 phenotype expresses CCL3, CCLS,
CD80, and inducible nitric oxide synthase (iNOS) under
induction by tumor necrosis factor-a (TNF-0), interleukin
(IL)-1P, and IL-23. Meanwhile, the M2 phenotype
expresses CD206, CD163, CCL22, and arginase-1 (Arg-1)
under stimulation with IL-4, IL-10, TGF-, and ITL.-13 (11).
Reddy er al. (12) showed that MS can be characterized by
monocytes and tissue macrophages that are activated into
the proinflammatory phenotype.
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Lupeol is found in vegetables such as white cabbage,
cucumber, tomato, in fruits such as olive, fig, mango,
strawberry and in medicinal plants such as Shea butter
plant, Tamarindus indica, American ginseng and Sebastiania
adenophora, see Figure 1 for chemical structure. Various
medicinal properties of lupeol have been reported in the
literature, including its anti-inflammatory, antioxidant,
anti-diabetic, anti-mutagenic, and skin wound repairing
effects (13). Lupeol can attenuate the alteration
characteristics of allergic airway inflammation (14), and
it has also been found to inhibit neuroinflammation in
cerebellar cultures and induce neuroprotection related to
the modulation of astrocyte response and the expression
of neurotrophic and inflammatory factors (15). Preventive
administration of diindolylmethane and lupeol acts as a
potent Cox-2 inhibitor which activates the tumor suppressor
protein phosphotensin (PTEN) to exert antiproliferative
and anti-inflammatory effects in experimental bladder
carcinogenesis (16). Previous study has demonstrated that
lupeol treatment resulted in a switch of macrophages from
M1 to M2 phenotype, and that administration of Lupeol
to DSS-induced colitis mouse model mitigated intestinal
inflammation, leading to increased mouse survival from lethal
colitis (17). However, whether lupeol is beneficial for MS has
not been investigated thus far. We hypothesize that lupeol
may play an anti-inflammatory role through modulating
macrophage phenotypes. Therefore, we established the
in vivo MS model by feeding rats a high-fat diet (HFD),
applied Lupeol to the MS model and evaluated its
therapeutic effect, observed the polarization of macrophages,
and evaluated the production of cytokines and the expression
of cell surface markers. We present the following article in
accordance with the ARRIVE reporting checklist (available at
https://dx.doi.org/10.21037/atm-21-4561).

Methods
MS model

Forty specific-pathogen-free male Sprague Dawley
(SD) rats (4 weeks old, 80-100 g) were obtained from
the Department of Laboratory Animal Science, Harbin
Medical University. The animal experiments began after
1 week of adaptation. The rats were randomly divided into
5 groups: control group, MS model group, lupeol 20 mg/kg
group, lupeol 50 mg/kg group, and lupeol 100 mg/kg
group. The MS rat model was induced by feeding rats an
HFD consisting of 40% fat (5.02 kcal/g) for 10 weeks.
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Figure 1 Chemical structure of lupeol.

The rats in the normal control group were fed daily (for
growth and maintenance) with a diet containing 3.58 kcal/g.
The rats were housed under a 12-hour light/dark cycle at
25+3 °C and 60% humidity, and had free access to water.
Compared with the control group, the body weight of rats
was significantly increased, FBG was significantly increased,
and blood lipid metabolism was abnormal, indicating that
the MS model was successfully induced.

Lupeol was purchased from Mansite (Beijing, China). It
had purity >98% and a molecular weight of 426.72 g/mol.
An aqueous suspension of lupeol was prepared and
intraperitoneal injection of 0.1 mL to rats at 20, 50, or
100 mg/kg (18) (the lupeol 20 mg/kg, lupeol 50 mg/kg, and
lupeol 100 mg/kg groups respectively). After 28 days of
continuous intraperitoneal administration, the regulatory
effect of lupeol on MS was observed. Experiments were
performed under a project license (No. 202003 5) granted by
ethics committee of The First Affiliated Hospital of Harbin
Medical University, in compliance with Animal Management
Rule of the People’s Republic of China (Ministry of Health,
China, document No. 55,2001). A protocol was prepared
before the study without registration.

Obesity index

A midline incision was made to open the abdomen of each
rat. The visceral fat pad was then dissected out and weighed.
The amount of visceral fat associated with body weight (%)
was calculated using the following formula (19): obesity
index = visceral fat mass (g)/terminal body mass (g) x100%.

Blood analysis

The following serum parameters of the rats were measured:

glucose, total cholesterol (T'C), TG, LDL, and HDL.
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Blood analyses were performed on a Dimension EXL
analyzer (Siemens Healthcare Diagnostics s.r.l., Milan,
Italy) using commercial reagents. An Advia 2120 blood cell
counter (Siemens, Erlangen, Germany) was used to perform
routine blood counts on EDTA-treated samples.

Other determinations

Insulin, IL-6, TNF-a, monocyte chemoattractant protein-1
(MCP-1), IL-4, and IL-10 levels were measured using high-
sensitivity enzyme-linked immunosorbent assay (ELISA)
kits. Rat insulin Elisa Kit was purchased from EMD
Millipore Corporation (Billerica, MA, USA). The cytokines
I1L-6, TNF-a, MCP-1, IL-4, and IL-10 Elisa Kits were
purchased from Nanjing Institute of Bioengineering.

Histology

The rats were anesthetized and euthanasia by an intraperitoneal
injection of sodium pentobarbital (40-60 mg/kg) (20),
after which the liver tissue was removed. Rat liver tissue
samples were divided into two groups, one group stained
with hematoxylin and eosin (HE). The other group samples
were stained with Oil Red O and then re-stained with
hematoxylin. Finally, a light microscope was used to observe

the histopathological morphology.

Total RNA and quantitative real-time PCR

Serum from the rats was homogenized in 1 mL TRIzol
(Invitrogen, Beijing, China) and processed for isolation in
adherence with the manufacturer’s instructions. Samples
containing 1 pg of total RNA were measured using a Gene
Quant ProRNA/DNA Calculator (Amersham Pharmacia
Biotec, UK) and then treated with DNasel in a 10-pL
reaction system (TakaRa, Dalian, China). The RNA was
reverse transcribed into complementary DNA using the
Prime Script™ RT Mix reagent Kit (TakaRa, Dalian,
China). B-actin was amplified as a house keeping gene.
Quantitative real-time PCR (qRT-PCR) was performed
using SYBR Premix Ex Taq™ II (TakaRa, Dalian, China)
on a Bio-Rad CFX96 system (Bio-Rad, CA, USA). The
27" method was employed to calculate the relative mRNA
expression levels.

Flow cytometry analysis
Peripheral blood mononuclear cells (PBMCs) of rats
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in each group were collected from for flow cytometry.
PBMCs were added to a tube containing antibody F4/80
and CD206 or F4/80 and iNOS (Gene'Tex, SC, USA) and
dye liquor, and then incubated for 15 minutes in the dark.
After the addition of 2 mL 1x lysing solution, the PBMCs
were incubated in the dark for a further 30 minutes and
then centrifuged at 1,500 rap. Subsequently, the supernatant
was removed and 2 mL phosphate-buffered saline (PBS)
was added, after which, centrifugation at 1,500 rap was
performed for a second time. Finally, the supernatant was
removed and 500 pLL PBS was added. The samples were
analyzed using a FACSAria cell sorter (BD Biosciences).
The data were analyzed using FlowJo (Tree Star, Ashland,
OR, USA). M1 and M2 macrophages were identified as
F4/80"INOS" and F4/80°CD206" cells, respectively. Ratio
of F4/80"iINOS" cells or F4/80°CD206" cells to the number
of negative cells stained with trypan blue to obtain the
polarization level of M1 or M2 macrophages (%).

Western blot

"Total protein was extracted from the heart tissues of the
rats. The heart tissues were placed in an EP tube, to which
500 pL. RIPA lysis buffer containing the protease inhibitor
phenylmethylsulfonyl fluoride was added. The heart tissues
were pulverized with an ultrasonic disintegrator, then lysed
in an ice-water bath for 10-15 seconds, lysed on ice for
45 minutes, and centrifuged at 4 °C and 12,000 rpm for
15 minutes. The supernatant was aspirated using a clean
aspiration method. A bicinchoninic acid (BCA) assay kit
(Beyotime Institute of Biotechnology, Shanghai, China) was
employed to detect the protein concentration. According to
the manufacturer’s guidance, the protein with a quality of
20 pg/pL was selected for testing. Polyvinylidene difluoride
membranes were sealed with 5% skim milk at 37 °C for
120 minutes and then incubated with the following primary
antibodies at 4 °C overnight: rabbit anti-actin antibody
(1:1,000, ab8227, Abcam), rabbit anti-iNOS (1:250,
ab15323, Abcam), and rabbit anti-Arg-1 (1:1,000, ab124917,
Abcam). After that, the membranes were incubated with
secondary antibodies. The density of the protein bands was
determined and analyzed using the Bio-Rad CFX96 system.

Statistical analysis

All experimental data were expressed as the mean + standard
deviation (SD). SPSS 22.0 software (SPSS, Chicago, IL,
USA) was used to perform all statistical analyses. All data

© Annals of Translational Medicine. All rights reserved.

Li et al. Study on lupeol in the treatment of metabolic syndrome rats

pictures analyses were performed in GraphPad Prism 5.01
(GraphPad Software Inc., La Jolla, CA, USA). Differences

with P<0.05 were considered significant.

Results

The effects of lupeol on physiological and biochemical
indexes in the MS model

As shown in Figure 2, the fasting blood glucose levels, body
weight, obesity index, and fasting serum insulin levels of
the MS model rats were significantly increased compared
to those of the control group (P<0.05), indicating that
the MS model was successfully induced. However, after
treatment with lupeol (at 20, 50, or 100 mg/kg), the fasting
blood glucose levels, body weight, obesity index, and fasting
serum insulin levels were significantly decreased in a dose-
dependent manner compared to those observed in the MS
model group (P<0.05).

The effects of lupeol on pathological liver injury and the
expression of inflammatory factors in the MS model

Research has shown that the novel paradigm of non-
alcoholic fatty liver disease is a strong determinant for
the development of MS (21). As shown in Figure 3, HE
staining revealed an increased number of fat droplets, a
large lesion range, concentrated nuclei, and more necrotic
cells in the livers of the MS model rats compared with the
control group. Observation of the pathological sections
showed that the number of lipid droplet cells in the livers of
the MS model rats decreased as the lupeol dose increased.
Furthermore, in the MS model rats, the protein expression
levels of TNF-a, IL-6, MCP-1, IL.-4, and IL-10 in the liver
were markedly upregulated relative to those in the control
group (P<0.05). However, after treatment with medium and
high doses of lupeol (50 and 100 mg/kg, respectively), there
were marked declines in the levels of the proinflammatory
factors TNF-0, IL-6, and MCP-1 in comparison with the
MS model group (P<0.05); in contrast, the levels of the
anti-inflammatory factors IL-4 and IL-10 were markedly
enhanced (P<0.05).

The effects of lupeol on lipid metabolism indicators in the
MS model

As shown Figure 4, following Oil Red O staining, only light-

blue nuclei were seen in the liver tissue sections of normal
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Figure 2 The effects of lupeol on physiological and biochemical indexes in the MS model. Forty Sprague Dawley rats were randomly
divided into 5 groups: control group, MS model group, lupeol 20 mg/kg group, lupeol 50 mg/kg group, and lupeol 100 mg/kg group.
(A) Fasting blood glucose (mmol/L), detected using the Dimension EXL analyzer; (B) body weight (g); (C) obesity index [obesity index =
visceral fat mass (g)/terminal body mass (g) x 100%]; and (D) fasting serum insulin (uIU/L), detected by ELISA. (*, P<0.05 versus control
group; *, P<0.05, ®, P<0.01 versus MS group). MS, metabolic syndrome; ELISA, enzyme-linked immunosorbent assay.

rats, and no red-stained lipid droplets were observed. The
MS model group exhibited a large number of irregular red
lipid droplets; however, in the lupeol 100 mg/kg group,
there were no red-stained lipid droplets, and light-blue
nuclei were observed.

Aside from obesity and insulin resistance, dyslipidemia
is another distinctive feature of MS. The main indicators
of lipid metabolism include TC, TG, LDL, and HDL in
the serum. In the MS model rats, the levels of TC, TG,
and LDL were obviously elevated compared with those
in the control group (P<0.05), while the level of HDL
was obviously downregulated (P<0.05). After treatment
with medium and high doses of lupeol (50 mg/kg and
100 mg/kg, respectively), the levels of TC, TG, and LDL

© Annals of Translational Medicine. All rights reserved.

displayed marked declines relative to those in the MS model
group (P<0.05), whereas the level of HDL was obviously
upregulated (P<0.05).

Lupeol treatment inhibits M1 polarization but promotes
M2 polarization of macropbages

Macrophages are well known to have the ability to switch
between the M1 and M2 types in the event of injury.
Polarization of adipose tissue macrophages plays a critical
role in the pathological progression of obesity (22). As
shown in Figure 5, M1 macrophages (F4/80'iNOS") and M2
macrophages (F4/80°CD206") were remarkably enhanced
in MS model rats compared to the control group (P<0.05).
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Figure 3 The effects of lupeol on pathological liver injury and the expression of inflammatory factors in the MS model. (A) HE staining

results show an increased number of fat droplets, a large lesion range, concentrated nuclei, and necrotic cells in the livers of the MS
model rats. Magnification 400x. (B) The protein expression levels of inflammatory factors (TNF-a, IL-6, MCP-1, IL-4, and IL-10) in the

liver were detected using enzyme-linked immunosorbent assays. (*, P<0.05 versus control group; *, P<0.05, ", P<0.01 versus MS group).

MS, metabolic syndrome; HE, hematoxylin and eosin; TNE, tumor necrosis factor; IL, interleukin; MCP-1, monocyte chemoattractant

protein-1.

Interestingly, M1 macrophages (F4/80"iNOS") were
remarkably inhibited in lupeol-treated rats compared to the
MS model group (P<0.05). Meanwhile, M2 macrophages
(F4/80°CD206") were remarkably elevated following lupeol
treatment (P<0.05). These results demonstrate that lupeol
treatment promotes M2 polarization while inhibiting M1
polarization.

To further assess whether lupeol can regulate
macrophages polarization, M1 markers and M2 markers
were detected in peripheral blood by qRT-PCR. As shown
in Figure 6, the levels of M1 markers (iNOS, IL-1, IL-6
and TNF-a) were significantly elevated in the MS model

© Annals of Translational Medicine. All rights reserved.

group compared with the control group (P<0.05), whereas
the levels of M2 markers (Arg-1, IL-10, CD206 and
TGF-B) were suppressed (P<0.05). After treatment with
lupeol, the levels of M1 markers (iNOS, IL-18, IL-6 and
TNF-a) were markedly inhibited compared with the MS
model group (P<0.05), while those of M2 markers (Arg-
1, IL-10, CD206 and TGF-B) were markedly enhanced
(P<0.05). For iNOS and Arg-1, the results of western
blot analysis were consistent with those of the qRT-PCR
analysis. Taken together, these data demonstrate that lupeol
polarized macrophages away from the M1 phenotype and
toward an M2-like state in MS.
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Figure 4 The effects of lupeol on lipid metabolism indicators in the MS model (A) Oil Red O staining results show only light-blue nuclei in

the liver tissue sections of normal rats, with no red-stained lipid droplets observed, and a large number of irregular red lipid droplets in the
MS model group. Magnification 400x. (B) TC (mmol/L), (C) TG (mmol/L), (D) LDL (mmol/mL), and (E) HDL (mmol/L). Indicators (T'C,
TG, LDL, and HDL) were detected using the Dimension EXL analyzer. (*, P<0.05 versus control group; *, P<0.05, * P<0.01 versus MS
group). MS, metabolic syndrome; T'C, total cholesterol; TG, triglyceride; LDL, low-density lipoprotein; HDL, high-density lipoprotein.

Discussion

MS is a group of cardiometabolic risk factors and
comorbidities that carry high risks of cardiovascular disease
and type 2 diabetes. MS causes morbidity and mortality in
many countries, and entails huge socio-economic costs (23).
The objective of the present study was to determine
whether lupeol could inhibit the inflammatory mediators
associated with the regulation of macrophage phenotypes
and functions in rats with MS. The results showed that
body weight, obesity index, fasting blood glucose, and

© Annals of Translational Medicine. All rights reserved.

serum were increased significantly in rats fed an HFD. It
has been increasingly recognized that an HFD not only
induces obesity, diabetes, and dyslipidemia in mice, but also
causes pathological changes in the liver (24,25). The results
of HE staining showed that the number of fat droplets
was increased, the lesion range was large, the nuclei were
concentrated, and more cells were necrotic in the livers of
the MS model group compared with the control group. At
the same time, Oil Red O staining revealed that the MS
model group exhibited a large number of irregular red
lipid droplets. These results further indicate that metabolic
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Figure 5 Lupeol treatment inhibits M1 polarization but promotes M2 polarization of macrophages (A) Representative flow cytometry
plots showing the M1 phenotype (F4/80°iNOS"). (B) Representative flow cytometry plots showing the M2 phenotype (F4/80°CD206").
(C) Quantification of results from A. (D) Quantification of results from B. (*, P<0.05 versus control group; ¥, P<0.05, *, P<0.01 versus MS
group). MS, metabolic syndrome; iNOS, inducible nitric oxide synthase.

synthesis aggravates hepatic steatosis and obesity.
Inflammation is one of the underlying causes of MS (2).
In this study, the expression levels of TNF-a, IL-6, MCP-1,
IL-4, and IL-10 protein in the livers of MS mice were
markedly upregulated compared to those in the control
group. Adipose tissue responds to overnutrition by mounting
an immune response and can release large amounts of
cytokines such as TNF-o and IL-6 (26). After treatment
with lupeol, there were marked declines in the levels of
proinflammatory factors (TNF-a, IL-6, and MCP-1)
compared with the MS model group. Previous studies
have shown that lupeol induces the downregulation of
the mRNA expression of the proinflammatory markers
TNF, iNOS, and NLRP3 (15), and inhibits the elevation
of digestive enzymes and cytokines, such as TNF-o, IL-1,
and IL-6 (27). This suggests that lupeol can enhance
the anti-inflammatory response and reduce the excessive
inflammatory injury to the body caused by MS.

© Annals of Translational Medicine. All rights reserved.

Dyslipidemia is a distinctive feature of MS and includes
increased NEFA content, elevated T'G levels, low HDL-C
levels, and increased small dense (LDL) and apoB levels (6).
In our study, the levels of TC, TG, and LDL were markedly
higher in MS model group than those in the control group,
while the level of HDL was significantly down-regulated.
However, after lupeol treatment, the levels of TC, TG, and
LDL were obviously decreased compared with those in the
MS model group, while the level of HDL was obviously
up-regulated. Semenkovich reported that one of the main
characteristics associated with lipid metabolism is the
increase of NEFA with the context of insulin resistance (28),
and when there is too much NEFA in the circulation,
NEFA flows into the liver. If the NEFA flowing into the
liver increased, the production of TG and glucose in the
liver increased, and excessive T'G was secreted in the form
of LDL (29). Together, these observations suggest that
lupeol could weaken injury caused by dyslipidemia in the
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Figure 6 The effects of lupeol on the expression levels of M1 and M2 markers, and inflammatory factors in the MS model. (A) Gene

expression profiles of proinflammatory cytokines (IL-1p, IL-6, and TNF-a) and an M1 marker (iNOS) in the serum were measured by qRT-
PCR. (B) Gene expression profiles of anti-inflammatory cytokines (IL-10 and TGF-B) and M2 markers (Arg-1 and CD206) in the serum
were measured by qRT-PCR. (C) A representative result of western blot analysis of the M1 marker iNOS and the M2 marker Arg-1. (D)

Semi-quantitative analysis of the relative protein levels of iNOS and Arg-1 in each group of rats. (*, P<0.05 versus control group; *, P<0.05,

", P<0.01 versus MS group). MS, metabolic syndrome; IL, interleukin; TNF, tumor necrosis factor; iNOS, inducible nitric oxide synthase;

qRT-PCR, quantitative real-time polymerase chain reaction; Arg-1, arginase-1.

MS model.

Macrophages play a central role in multiple chronic
inflammatory diseases, including atherosclerosis, obesity,
and diabetes. Stout er #/.’s study demonstrated that
macrophage functional phenotypes established in old or
tumor-bearing mice iz vivo could be altered by changing
their microenvironment (30). Herein, the results revealed
that M1 macrophages were remarkably inhibited after
treatment with lupeol compared to those in the MS model
group. Meanwhile, M2 macrophages (F4/80°CD206") were

© Annals of Translational Medicine. All rights reserved.

markedly elevated. Furthermore, the expression levels of M1
markers (iNOS, IL-1B, IL-6, and TNF-0) were obviously
inhibited after treatment with lupeol compared with those in
the MS model group, whereas those of M2 markers (Arg-1,
IL-10, CD206, and TGF-B) were markedly enhanced.
Lupeol has been found to ameliorate inflammatory
bowel disease by inhibiting M1 and promoting M2
macrophages (17). The above results indicate that lupeol
can induce macrophage polarization from the M1 to M2
type. The findings of the present study suggest that lupeol

Ann Transl Med 2021;9(20):1534 | https://dx.doi.org/10.21037/atm-21-4561
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polarized macrophages away from the M1 phenotype and
toward an M2-like state in rats with MS.

Conclusions

In summary, this study has shown that lupeol treatment
can markedly reduce fasting blood glucose levels, body
weight, obesity index, and fasting serum insulin levels, while
repairing liver injury, restoring the blood lipid balance, and
significantly increasing the production of anti-inflammatory
factors in rats with MS. Furthermore, it promotes
macrophage switching from the M1 to the M2 phenotype.
Taken together, our findings suggest a potential role of
lupeol as a therapeutic agent for MS.
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