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ABSTRACT
Cinobufacini is a traditional Chinese medicine used clinically
that has antitumor and anti-inflammatory effects. It improves
colitis outcomes in the clinical setting, but the mechanism
underlying its function yet to be uncovered. We investigated
the protective effects and mechanisms of cinobufacini on
colitis using a dextran sulfate sodium (DSS)-induced colitis
mouse model, mainly focusing on the impact of macrophage
polarization. Our results showed that cinobufacini dramatically
ameliorated DSS-induced colitis in mice. Cinobufacini treat-
ment reduced the infiltration of activated F4/801 and/or
CD681 macrophages into the colon in DSS-induced colitis
mice. More importantly, cinobufacini significantly decreased
the quantity of M1 macrophages and the expression of

proinflammatory cytokines such as interleukin-6, tumor ne-
crosis factor a, and inducible nitric oxide synthase. Cinobufa-
cini also increased the population of M2 macrophages and the
expression of anti-inflammatory factors such as interleukin-10
and arginase-1 in DSS-induced colitis mice. Furthermore, our
study demonstrated that cinobufacini inhibited M1 macro-
phage polarization in lipopolysaccharide-induced RAW 264.7
cells. Mechanistically, our in vivo and in vitro results showed
that cinobufacini inhibition of M1 macrophage polarization
may be associated with the suppression of nuclear factor kB
activation. Our study suggests that cinobufacini could ame-
liorate DSS-induced colitis in mice by inhibiting M1 macro-
phage polarization.

Introduction
Inflammatory bowel disease (IBD), which mainly includes

ulcerative colitis and Crohn’s disease, is a complex, multifac-
torial disease. In past decades, extensive studies have been
conducted on IBD and its pathogenesis, but its etiology
remains unclear. A variety of mouse colitis models have been
developed as indispensable tools for deciphering the patho-
genesis of IBD and validating potential treatments in pre-
clinical settings. The dextran sulfate sodium (DSS)-induced
colitis mouse model has been widely used for human ulcera-
tive colitis research due to its rapidity, simplicity, reproduc-
ibility, and controllability (Chassaing et al., 2014). DSS is type
of water-soluble, negatively charged, sulfated polysaccharide
with a highly variable molecular mass, ranging from 5 to
1400 kDa. Acute, chronic, and relapsing models of intestinal
inflammation can be achieved by modifying the concentration
and frequency of DSS administration (Chassaing et al., 2014).
The most severe murine colitis, which most closely resembles

human ulcerative colitis, can be induced by administration of
40–50 kDa DSS in drinking water (Okayasu et al., 1990).
Macrophages play an important role in regulating the

immune response. Divergency in the cellular microenviron-
ment influences the phenotypes and function of macrophages
and induces various immunologic responses (Wynn and
Vannella, 2016). Macrophages, which can be activated in a
number of ways, can be categorized as two main groups,
designated M1 and M2. M1 macrophages promote inflamma-
tion, and M2 macrophages inhibit inflammation (Sica and
Mantovani, 2012). Increasing evidence has suggested that
regulating macrophage activity and polarization could be an
effective approach for treating ulcerative colitis (Zhang et al.,
2014; Eissa et al., 2017; Abron et al., 2018; Li et al., 2018).
Toadglandular secretions and skin extractions contain various

natural agents thatmayprovide a unique resource for novel drug
development. Dried secretions of the auricular and skin glands of
Chinese toad (Bufo bufo gargarizans), referred to as Chansu,
have been widely used for hundreds of years in traditional
Chinese medicine (TCM) for treating infection, inflammation,
heart disease, and cancer (Qi et al., 2014). Cinobufacini (Hua-
chansu), a sterilized hot water extraction of dried toad skin, was
developed as a drug to treat hepatitis B virus and several types of
cancers (Qi et al., 2014). The components of cinobufacini were
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analyzed in a previous study using liquid chromatography with
mass spectrometry (Wu et al., 2012), and bufadienolides—
including bufalin, cinobufagin, resibufogenin, cinobufotalin, telo-
cinobufagin, gamabufotalin, arenobufagin, and bufotalin—were
found to be themajor bioactive components (Fig. 1).However, the
capacity of cinobufacini to alleviate acute colitis and its un-
derlying mechanisms is unclear.
Existing studies have suggested that the anti-inflammation

and anticancer potential of cinobufacini lies in targeting the
nuclear factor kB (NF-kB) signaling pathway, which is a
crucial hallmark of inflammation and cancer in various
experimental models (Qi et al., 2014; Xie et al., 2016). NF-kB
is an important transcription factor that regulates macro-
phage phenotypic polarization (Porta et al., 2009; Tugal et al.,
2013). In this study, we thus evaluated the clinical function of
cinobufacini treatment of colitis using a DSS-induced colitis
mouse model, and we investigated its effects and molecular
mechanism on macrophage polarization in vivo and in vitro.
The results shed new light on the mechanism and develop-
ment of TCM as clinical drug to treat colitis in humans.

Materials and Methods
Reagents and Antibodies. Cinobufacini capsules (National

Drug Standard: Z20050846, the purity of bufadienolides are approx-
imately 30%), with pharmacologic constituents listed in Table 1, were
purchased from Shanxi Dongtai Pharmaceutical (Xianyang, People’s
Republic of China) for in vivo animal experiments. The cinobufacini
injections (National Drug Standard: Z34020273), with pharmacologic
constituents listed in Table 2, were purchased from Anhui Jinchan
Biochemical (Huaibei, People’s Republic of China) and were used for
in vitro cell experiments. Dextran sulfate sodium (DSS) was pur-
chased from MP Biomedicals (cat. no. 160110; Santa Ana, CA).
Antibodies against F4/80 (cat. no. 2370; Cell Signaling Technology,
Beverly, MA), CD68 (cat. no. ab125212; Abcam, Cambridge, MA),
CD32 (cat. no. sc-166711; Santa Cruz Biotechnology, Dallas, TX),
TNF-a (cat. no. sc-52746; Santa Cruz), CD206 (cat. no. ab8918;
Abcam), NF-kB p65 (cat. no. 8242; Cell Signaling Technology),
IKKb (cat. no. 2370; Cell Signaling Technology), phospho-inhibitory

factor-kB kinase (IKK) a/b (cat. no. 2697; Cell Signaling Technology),
IkBa (cat. no. 4812; Cell Signaling Technology), phospho-IkBa (cat. no.
2859; Cell Signaling Technology), and b-actin (cat. no. A1978; Milli-
poreSigma, Darmstadt, Germany) were used in this study.

Experimental Animals. Male ICR mice (6 weeks of age) were
obtained from SLAC Laboratory Animals (Shanghai, People’s Re-
public of China) and housed at the Zhejiang Chinese Medical
University Laboratory Animal Research Center. All mice were
handled in accordance with U.S. National Institutes of Health animal
care guidelines. The protocol was previously approved by the Animal
Care and Use Committee of Quzhou People’s Hospital.

Establishment of DSS-Induced Colitis Mouse Model and
Treatment. To study the clinical efficiency of cinobufacini treatment
in a DSS-induced colitis mouse model, as shown in Fig. 2A, 36 mice
were randomly assigned to three groups with 12 animals per group. 1)
In the control group, mice drank blank distilled water every day
without DSS and received intragastrically administrated distilled
water from days 1 to 10. 2) In the DSS group, mice drank distilled
water with 5% DSS for 7 days to induce acute colitis and received
intragastrically administered distilled water from days 1 to 10. 3) In
the DSS 1 cinobufacini group, mice drank water with 5% DSS from
days 1 to 7 andwere treatedwith 100mg/kg per day of intragastrically
administered cinobufacini from days 1 to 10.

Clinical Scoring and Histologic Analysis. The disease activity
index (DAI), comprising body weight, stool consistency, and stool
bleeding, was recorded daily, where DAI 5 Comprehensive score
of (Body loss rate 1 Stool consistency 1 Stool bleeding)/3. Each
score was determined as follows. Weight loss was scored as 0 5 none;

Fig. 1. Chemical composition of cinobufacini and its structures. Bufadienolides including bufalin, cinobufagin, resibufogenin, cinobufotalin,
telocinobufagin, gamabufotalin, arenobufagin, and bufotalin are recognized as the major bioactive components in cinobufacini.

TABLE 1
Eight bufadienolides contained in a cinobufacini capsule

Ingredient Content (%)

Cinobufotalin 2.03
Cinobufagin 0.66
Resibufogenin 0.35
Telocinobufagin 5.63
Gamabufotalin 42.90
Arenobufagin 40.53
Bufalin 0.94
Bufotalin 6.95
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1 5 1%–5%; 2 5 5%–10%; 3 5 10%–15%; and 4 5 .15%. Stool
consistency was scored as 0 5 normal; 1–2 5 loose stool; and 3–4 5
diarrhea. Stool bleeding was scored as 0 5 negative; 1 5 1; 2 5 11;
3 5 111; and 4 5 1111 (Jin et al., 2017).

For colon length measurements, all mice were sacrificed, and the
colons were excised from the vermiform appendix to the anus at the
end of experiment. The colon lengthwasmeasured between the cecum
and proximal rectum.

For the histopathologic evaluation, the colon tissues were fixed in 10%
formalin and stained with H&E. The histopathologic scores were de-
termined according to the criteria described by Wang et al. (2017). Mean
scores were assessed by calculating five different fields at 400�
magnification by twopathologistswhowere blinded to the sample groups.

Cell Culture. The RAW 264.7 cell line was obtained from the
Shanghai Bank of Cell Lines (Shanghai, People’s Republic of China)
and was cultured in RPMI-1640 (HyClone Laboratories, Logan, UT)
containing 10% fetal bovine serum (BBI Life Sciences Corporation,
Shanghai, People’s Republic of China), 100 U/ml penicillin, and
100 U/ml streptomycin. The cell line was grown at 37°C in a
humidified incubator with 5% CO2.

Flow Cytometry. RAW 264.7 cells were pretreated with
dimethylsulfoxide, lipopolysaccharide (LPS) (1 mg/ml), or LPS

TABLE 2
Eight bufadienolides contained in a cinobufacini injection

Ingredient Content

ng/ml

Cinobufotalin 4.43
Cinobufagin 2.04
Resibufogenin 1.31
Telocinobufagin 9.84
Gamabufotalin 102.15
Arenobufagin 107.37
Bufalin 1.55
Bufotalin 12.27

Fig. 2. Cinobufacini attenuates DSS-induced acute colitis in mice. Male ICRmice were given 5% DSS in drinking water (ad libitum) for 7 days to induce
acute colitis. Cinobufacini (100 mg/kg) was administered for 10 days during DSS treatment via oral gavage once per day. Mice were sacrificed at day
10 after colitis induction. (A) The schematic diagram for DSS-induced colitis and cinobufacini administration. (B) Body weight change during the
experimental period. (C) Disease activity index (DAI) during the disease process. (D) The lengths of colons from each group of mice. Values are expressed
asmean6 S.D. (n = 12 for each group). (E) Representative images of H&E staining of colon tissue and histopathologic injury score from each group. Scale
bar: 200 mm. *P , 0.05; **P , 0.01; NS, not statistically significant.
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(1 mg/mL)1 cinobufacini (50 mg/ml) for 24 hours. For the fluorescence-
activated cell sorter (FACS) analysis, the pretreated RAW 264.7 cells
were harvested and washed with cold phosphate-buffered saline twice,
then stained with fluorescein isothiocyanate-conjugated anti-CD16/32
(1:1000; BioLegend, SanDiego, CA) and phycoerythrin-conjugated anti-
CD206 (1:1000; BioLegend) for 15 minutes at room temperature in the
dark. The stained cells were analyzed by flow cytometry (FC-500;
Beckman Coulter, Brea, CA).

Immunohistochemical Staining and Analysis. Paraffin-
embedded sections were deparaffinized, rehydrated, and followed by

antigen retrieval according to standard protocols as reported else-
where (Wang et al., 2018). After that, the sections were treated with
3% H2O2 and incubated with blocking goat serum for 1 hour at 37°C.
Sections were incubated with primary antibody overnight at 4°C,
followed by usingMaxVisionHRP-Polymer anti-Rabbit IHCKit (MXB
Biotechnologies, Fuzhou, People’s Republic of China).

The immunohistochemical evaluation was conducted as described
by Mashimo et al. (2014). In short, the staining intensity of the colon
tissue section is defined by four grades, expressed as an integer from
0 to 3. The proportion of immunohistochemically stained positive cells

TABLE 3
Primers used for real-time PCR

Description Sense primer (59→39) Antisense primer (59→39)

CD16 AATGCACACTCTGGAAGCCAA CACTCTGCCTGTCTGCAAAAG
IL-6 CTGCAAGAGACTTCCATCCAG AGTGGTATAGACAGGTCTGTTGG
TNF-a CTGAACTTCGGGGTGATCGG GGCTTGTCACTCGAATTTTGAGA
iNOS GTTCTCAGCCCAACAATACAAGA GTGGACGGGTCGATGTCAC
CD206 CTCTGTTCAGCTATTGGACGC TGGCACTCCCAAACATAATTTGA
IL-10 CTTACTGACTGGCATGAGGATCA GCAGCTCTAGGAGCATGTGG
Arg-1 CTCCAAGCCAAAGTCCTTAGAG GGAGCTGTCATTAGGGACATCA
GAPDH TGAGGCCGGTGCTGAGTATGT CAGTCTTCTGGGTGGCAGTGAT

Arg-1, arginase-1; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; IL, interleukin; iNOS, inducible nitric oxide
synthase; TNF-a, tumor necrosis factor a.

Fig. 3. Cinobufacini suppresses the activation of macrophages in DSS-induced colitis mice. (A) Expression of F4/80 and CD68 in the colon evaluated
using immunohistochemistry. Representative images of F4/80 and CD68 expression inmouse colon are shown. Scale bar: 200 mm. (B and C) Histoscore of
F4/80 and CD68 expression. The histoscore was calculated by multiplying the staining intensity value and the percentage of positive cells. Values are
expressed as mean 6 S.D. **P , 0.01; NS, not statistically significant.
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is expressed as a value between 0% and 100%. These two values
(intensity and the percentage of positive cells) are then multiplied to
obtain histologic scores (range: 0–300), which we used for further
comparative analysis. The scores of stained colon tissue sections were
accessed by two independent pathologists. A total of five fields at 400�
magnification were assessed for each sample. The final count repre-
sented the mean of the histoscore from these five slides.

Immunofluorescence Staining. RAW 264.7 cells were grown on
glass cover slides. After treatment, the cells were fixed in 4%
paraformaldehyde and permeabilized in 0.2% Triton X-100 for
15 minutes. For paraffin-embedded tissues, the slides were deparaffi-
nizedwith xylene, dehydrated in decreasing concentrations of ethanol,
and then permeabilized. Immunostaining was performed with pri-
mary antibody in 5%normal goat serumat 4°C overnight. The sections
were washed with cold phosphate-buffered saline and incubated with
Alexa Fluor 488/594-labeled secondary antibody at room temperature
for 1 hour. The images were examined by fluorescence microscopy
(Eclipse Ti-S; Nikon, Tokyo, Japan).

Quantitative Reverse-Transcription Polymerase Chain
Reaction. For the quantitative reverse-transcription polymerase
chain reaction (qRT-PCR) analysis, the colonic tissue and RAW
264.7 cells were homogenized, and RNA was extracted using TRIzol
reagent (Tiangen Biotech, Beijing, People’s Republic of China)
according to the manufacturer’s protocol. Briefly, 40 mg of colonic
tissues of each sample or one well of RAW 264.7 cells from a six-well
platewere lysed using 1ml of TRIzol reagent. For full homogenization,

the colon tissue was homogenized in a mechanical homogenizer after
the addition of TRIzol reagent until no large tissuemasswas observed.
To remove residual DSS contaminants, a lithium chloridemethod was
used to remove all polysaccharides including DSS, as described by
Viennois et al. (2018).

The cDNAwas synthesized with reverse transcriptase kits (Thermo
Fisher Scientific,Waltham,MA). Real-time polymerase chain reaction
(PCR) was performed using SYBR Green (Sangon Biotech, Shanghai,
People’s Republic of China), and data were acquired in a LightCycler
480 instrument (Roche, Basel, Switzerland) and analyzed using
the comparative cycle threshold method. The primers are listed in
Table 3. Target-gene transcription of each sample was normalized to
the respective levels of glyceraldehyde-3-phosphate dehydrogenase
(GAPDH).

Western Blotting. RAW264.7 cells were grown in six-well plates.
After treatment, the cells were lysed using radioimmunoprecipitation
assay buffer (50 mM Tris-HCl, pH 7.4, 2 mM EDTA, 150 mM NaCl,
0.1% sodium dodecyl sulfate, and 1% NP-40) containing protease
inhibitor cocktail (Roche) and phosphatase inhibitor cocktail (1 mM
sodium orthovanadate, 5 mM sodium fluoride, 3 mM b-glycerophos-
phate, and 4 mM sodium tartrate). The lysates were centrifuged at
16,000g for 10 minutes at 4°C, and the supernatants were collected.

The protein concentration was determined using Nano-100 micro-
scope spectrophotometer (Allsheng Instruments, Hangzhou, People’s
Republic China). Equal amounts of protein were separated by 10% SDS-
PAGE and transferred onto polyvinylidene difluoride membranes

Fig. 4. Cinobufacini decreases M1 macrophages and the expression of proinflammatory cytokines in the colon of DSS-induced colitis mice. (A)
Representative fluorescence microscopic images of CD16/32-stained colon. (B) Quantification and statistical analysis of CD16/32-positive cells in colon
tissue. We measured the number of CD16/32-positive membranes from at least five high power fields (HPF, original magnification, 400�). (C)
Expression of TNF-a in the colon evaluated using immunohistochemistry. Representative images are shown of TNF-a expression in the mouse colon.
The histoscore of TNF-a expression was calculated bymultiplying the staining intensity value and the percentage of positive cells. Scale bar: 200 mm. (D)
The mRNA levels of IL-6, TNF-a, and iNOS genes in DSS-induced colitis mice evaluated using qRT-PCR. Values are expressed as mean 6 S.D. (n = 3).
*P , 0.05; **P , 0.01; NS, not statistically significant.
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(Millipore, Darmstadt, Germany) according to standard methods. After
blocking with 1% casein in Tris-buffered saline/Tween 20 for 1 hour at
room temperature, themembraneswere incubatedwith primer antibody
at 4°C overnight. Anti-rabbit or anti-mouse IgG conjugated to horserad-
ish peroxidase (Cell Signaling Technology) were used as secondary
antibodies and incubated for 1 hour at room temperature.

Immune complexes were detected by the Tanon 4200SF system
from Tanon Biotechnology (Shanghai, People’s Republic of China).
Band intensity was quantified using ImageJ software (U.S. National
Institutes of Health, Bethesda, MD).

Statistical Analysis. Prism 5.0 (GraphPad Software, La Jolla,
CA) was used for all statistical analyses. Datawere expressed asmean
6 S.D. Differences among groups were assessed using one-way
analysis of variance. Differences were considered to be statistically
significant at P , 0.05 and highly significant at P , 0.01.

Results
Cinobufacini Attenuates DSS-Induced Acute Colitis

in Mice. To estimate the clinical effect of cinobufacini on
acute colitis, we established a DSS-induced colitis mouse
model through providing ICR mice with drinking water
containing 5%DSS for 7 days (Fig. 2A). Themice administered
DSS had significant body weight loss compared with the
control group. However, cinobufacini (100 mg/kg) treatment
in the DSS-induced colitis mice significantly alleviated the
loss of body weight compared with the mice in the DSS-only
group (Fig. 2B). In addition, the cumulative DAI score, which
indicated the severity of the disease, decreased obviously in
the DDS 1 cinobufacini treatment group compared with the
DSS-only group (Fig. 2C).
DSS administration resulted in remarkable shortening of

the colon; cinobufacini administration significantly amelio-
rated the phenomenon (Fig. 2D). The histologic examination of
mouse colon tissues showed that DSS induced a marked

inflammatory response, characterized by a large number of
inflammatory monocytes and macrophages infiltrating the
colon, disruption of the architecture of colonic mucosa, and
thickening of the lamina propria. The administration of
cinobufacini significantly improved the pathologic changes
in the DSS-induced colitis mice, as indicated by the reduced
histologic injury score in the DSS 1 cinobufacini treatment
group compared with the DSS-only group (Fig. 2E). Compre-
hensively, these results indicate that cinobufacini attenuated
the severity of colitis in DSS-induced colitis mice.
Cinobufacini Suppresses the Infiltration of Acti-

vated Macrophages in DSS-Induced Colitis Mice. The
infiltration of activatedmacrophages plays a crucial role in the
development and perpetuation of intestinal inflammation
(Zhu et al., 2016). To assess whether cinobufacini treatment
in DSS-induced colitis in mice was agonistic to the infiltration
of macrophages in the colon, we examined the macrophage
infiltration by immunohistochemical staining of the macro-
phage markers F4/80 and CD68. The results showed a much
higher number of F4/801 or CD681 macrophages in DSS
group compared with the control group (Fig. 3). However, the
number of activated F4/801 or CD681 macrophages in colon
was markedly reduced by cinobufacini treatment (Fig. 3).
These results suggest that cinobufacini treatment suppresses
the infiltration of activated macrophages in the colon of DSS-
induced colitis mice.
Cinobufacini Decreases M1 Macrophages and the

Expression of Proinflammatory Cytokines in the Colon
of DSS-Induced Colitis Mice. M1 and M2, two major
subtypes of macrophages, have distinct functions in inflam-
matory response (Li et al., 2018). M1 macrophages are
considered to promote inflammation, and M2 macrophages
function oppositely (Moore et al., 2013). CD16/32, tumor
necrosis factor a (TNF-a), interleukin 6 (IL-6), and induced

Fig. 5. Cinobufacini increases the population of M2 macrophages and the expression of anti-inflammatory factor in vivo. (A) Representative
fluorescence microscopic images of CD206-stained colon sections. Scale bar: 200 mm. (B) Quantification and statistical analysis of CD206-positive cells in
colon tissue. We measured the number of CD206-positive membranes from at least five high power fields (HPF, original magnification, 400�). (C) The
mRNA levels of IL-10 and Arg-1 genes in DSS-induced colitic mice evaluated using qRT-PCR. Values are expressed as mean 6 S.D. (n = 3). *P , 0.05;
**P , 0.01; NS, not statistically significant.
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nitric oxide synthase (iNOS) are commonly used as markers
for detecting M1 macrophages (Feng et al., 2014; Jiang et al.,
2015). To investigate whether cinobufacini could affect the
subpopulation of macrophages, we examined the number of
M1 macrophages and the expression of proinflammatory
cytokines associated with M1 phenotype in DSS-induced
colitic mice.
Our results showed that DSS increased M1 macrophages in

the mouse colon, as detected by immunofluorescence staining
with antibodies against the M1macrophage marker CD32. As
shown in Fig. 4, A and B, a lower number of CD32-positive M1
cells was observed in the healthy controlmice and cinobufacini
treatment DSS-induced colitis mice. Similarly, the immuno-
histochemical staining results displayed that cinobufacini
significantly inhibited TNF-a expression in the colon of DSS-
induced colitis mice (Fig. 4C). In addition, the mRNA expres-
sion levels of the M1 macrophage marker genes TNF-a, IL-6,
and iNOS in the colon decreased after cinobufacini treatment
as detected by qRT-PCR (Fig. 4D).

Cinobufacini Increases the Population of M2 Macro-
phages and the Expression of Anti-inflammatory
Factors In Vivo. Additionally, we evaluated the effect of
cinobufacini on the activation of M2 macrophages in DSS-
induced colitis mice. We used CD206 as a marker for M2
macrophages (Zhang et al., 2018). The immunofluorescence
results showed that the number of CD206-positive cells in the
colon were significantly increased after cinobufacini treat-
ment in DSS-induced colitis mice (Fig. 5, A and B). The results
of qRT-PCR also confirmed that cinobufacini could increase
the expression of IL-10 and arginase-1 (Arg-1) expression in
colon, which are mainly secreted by M2 macrophages (Zhang
et al., 2018) (Fig. 5C). Taken together, these results revealed
that cinobufacini could increase the M2 and decrease the M1
macrophage populations in DSS-induced colitis mice.
Cinobufacini Influences Macrophage Polarization

and Expression of Inflammatory Cytokines in LPS-
Induced RAW 264.7 Cells. We used the RAW264.7 macro-
phage cell line as an in vitro model to study the effect of

Fig. 6. Cinobufacini influences macrophage polarization and expression of inflammatory cytokines in LPS-induced RAW 264.7 macrophage cell line.
RAW 264.7 cells were pretreated with dimethylsulfoxide, LPS (1 mg/ml), or LPS (1 mg/ml) + cinobufacini (50 mg/ml) for 24 hours. (A) Scatterplot of flow
cytometry detection of M1 and M2 macrophages based on surface markers CD16/32 and CD206. (B) Percentage of CD16/32+/CD2062 cells (M1) and
CD206+/CD16/322 cells (M2) determined by flow cytometry. (C) M1 and M2 macrophage surface markers of CD16 and CD206 mRNA levels in LPS-
induced RAW 264.7 cells evaluated using qRT-PCR. (D) Proinflammatory factors IL-6, TNF-a, and iNOS and anti-inflammatory factors IL-10 and Arg-1
determined by qRT-PCR. Values are expressed as mean 6 S.D. (n = 3). *P , 0.05; **P , 0.01; NS, not statistically significant.
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cinobufacini on the subpopulation of macrophages. As shown in
Fig. 6, A and B, LPS stimulation only induced the RAW 264.7
cells to polarize into CD2062CD16/321 M1 macrophages.
However, after cinobufacini 1 LPS treatment, a significant
fraction of RAW264.7 cells differentiated into the CD2061

CD16/322 M2 subtype, although the absolute proportion in
the total number of cells was not very high (Fig. 6, A and B).
The populations of macrophages under LPS with or without

cinobufacini treatment were further confirmed by examina-
tion of CD206 and CD32 mRNA expression using real-time
qRT-PCR (Fig. 6C). M1 macrophages expressed and secreted
TNF-a, IL-6, and iNOS, whereas M2 macrophages expressed
IL-10 and Arg-1. The qRT-PCR results showed that cinobufa-
cini markedly inhibited the expression of TNF-a, IL-6, and
iNOS while increasing the expression of IL-10 and Arg-1 in
RAW264.7 cells after treatment (Fig. 6D).
Cinobufacini Suppresses NF-kB Activation in DSS-

Induced Colitis Mice and LPS-Stimulated RAW 264.7
Cells. The canonical NF-kB pathway has been known as an
important transcription factor regulating macrophage polar-
ization (Kühnemuth et al., 2015). Because we observed in
RAW 264.7 cells that cinobufacini promotes macrophage
polarization in vitro, we investigated the activation of
the NF-kB pathway in colon tissue of the DSS-induced colitis

mice and in RAW264.7 cells with or without cinobufacini
treatment.
As shown in Fig. 7, A and B, cinobufacini significantly

suppressed NF-kB p65 expression in mouse colon tissue by
immunohistochemical staining. Nuclear translocation is a
feature of NF-kB activation. The immunofluorescence analy-
sis revealed that cinobufacini treatment inhibited NF-kB p65
accumulation in the nuclei of LPS-stimulated RAW264.7 cells
(Fig. 7, C and D). As major regulatory components of the
activity of NF-kB, the phosphorylation of IkBa and IKKa/b
protein was reduced by cinobufacini treatment in LPS-
stimulated RAW264.7 cells (Fig. 7E). These results imply that
cinobufacini regulates macrophage polarization through reg-
ulating the NF-kB activation pathway.

Discussion
In this study, we explored the effect and underlying

mechanism of cinobufacini (toad skin extract) in treating
colitis. We used a powerful DSS-induced colitis mouse model
to study the clinical outcome after the drug treatment and
studied the potential molecular targets. Our findings deep-
ened our understanding of the anti-inflammatory activity of
cinobufacini, owing to its inhibition of macrophage infiltration

Fig. 7. Cinobufacini suppresses NF-kB activation in DSS-induced colitis mice and LPS-induced RAW 264.7 cells. (A) Expression of NF-kB p65 in the
colon evaluated using immunohistochemistry. Representative images are shown of NF-kB p65 expression in the mouse colon. Scale bar: 200 mm. (B)
Histoscore of NF-kB p65 expression calculated by multiplying the staining intensity value and the percentage of positive cells. (C) RAW 264.7 cells
pretreated with dimethylsulfoxide, LPS (1 mg/ml), or LPS (1 mg/ml) + cinobufacini (50 mg/ml) for 24 hours with immunofluorescence staining of NF-kB
p65 in LPS-induced RAW264.7 cells. (D) Quantification of the fluorescent intensity of NF-kB p65 in the nucleus relative to that of the cytoplasm. Scale
bar: 200 mm. (E) Levels of IKKb, phospho-IKKa/b, IkBa, and phospho-IkBa protein in LPS-induced RAW264.7 cells determined using Western blot
analysis. *P , 0.05; **P , 0.01; NS, not statistically significant.

398 Wang et al.

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


and phenotypic polarization via suppression of the NF-kB
pathway.
Cinobufacini, a TCM preparation with antitumor and anti-

inflammation activity, has a good record of clinical efficacy and
safety (Meng et al., 2012; Zhang et al., 2017a). In the practice
of TCM therapeutics, cinobufacini is also commonly used as a
drug to treat acute and chronic colitis, but no clinical or
experimental research has been officially reported. In the
present study, we provide evidence that cinobufacini has an
inhibitory effect on DSS-induced colitis in a mouse model.
Cinobufacini treatment prevented body weight loss by DSS-

induced colitis. The DAI score also was much lower in
cinobufacini-treated colitic mice, indicating an improved
clinical outcome in colitis. The colon lengths and histopatho-
logic findings showed improvement as well. All these results
suggest that cinobufacini attenuates the clinical activity of
DSS-induced colitis in mice.
However, cinobufacini is a complex compound that includes

at least eight bufadienolides (Wu et al., 2012). It is unclear
which of these ingredients exerts themajor effect on inhibition
of colitis, and it is also unknown whether these components
have synergistic effects. Therefore, this remains an open
question for further exploration in the future.
Recent studies have shown that a strong correlation be-

tween dysfunction of macrophages and the development of
ulcerative colitis (Zhang et al., 2017b; Abron et al., 2018; Gan
et al., 2018). Here, we proved that cinobufacini suppressed the
infiltration of activated macrophages in DSS-induced colitis
mice. Of note, our results suggest that cinobufacini could
influence the polarization of macrophages, and thus affect the
subtypes of macrophages with distinct characteristics of
humoral factor production and gene expression (Kono et al.,
2014).M1macrophages, which express the phenotypicmarker
CD16/32 and proinflammatory cytokines (Mantovani et al.,
2002; Koh et al., 2018), promote the development of colorectal
inflammation. By contrast, M2 macrophages, which express
CD206 and anti-inflammatory cytokines (Li et al., 2018), play

a key role in inhibiting inflammation and promoting tissue
repair (Mantovani et al., 2002).
We provide evidence that cinobufacini may induce the

polarization of M1 to M2 macrophages in DSS-induced colitic
mice. This finding was confirmed by in vitro experiments
using the RAW264.7 macrophage cell line. Notably, cinobufa-
cini promoted a fraction of LPS-induced RAW264.7 cells to
polarize into M2 macrophages, while clearly increasing the
proportion of CD206 and CD16/32 double-positive cells. Pre-
vious studies have also found that CD206 and CD16/32
double-positive cells were increased during the transition
from macrophage M1 to M2 (Zhu et al., 2016; Zhang et al.,
2018). Our observations of CD206 and CD16/32 double-
positive cells after cinobufacini treatment indicate that cino-
bufacini may regulate macrophage polarization from M1 to
M2, as we did not observe a large amount of CD2061CD16/322

M2 cells during our in vitro experiments.
Regulation of macrophage polarization is one of the most

important mechanisms for maintaining immune homeostasis
(Formentini et al., 2017). We observed cinobufacini strongly
inhibited M1 macrophage polarization in our current study.
NF-kB p65 is one of the key transcriptional regulators to
enhanceM1 polarization (Tugal et al., 2013; Kono et al., 2014).
Previous studies showed that cinobufacini targeted the NF-kB
pathway to inhibit cancer progression (Wang et al., 2012; Qi
et al., 2014). As a canonical stimulus of NF-kB signaling
pathway, LPS binds to Toll-like receptor 4 (TLR4) to activate
IKK to phosphorylate IkB and liberate NF-kB (Tugal et al.,
2013). In our study, we found cinobufacini reduced the
phosphorylation of IkBa and IKKa/b protein and inhibited
nuclear translocation of NF-kB p65 induced by LPS.
Our results suggest that cinobufacini influences phenotypic

polarization of macrophages by regulation of NF-kB activa-
tion. We found that cinobufacini also promoted M2 polariza-
tion while suppressing M1 polarization. However, the
polarization of macrophages to M1 and M2 types is regulated
by different signaling pathways. The mechanism by which

Fig. 8. Schematic diagram of cinobufacini-derived
anti-inflammatory effect in the DSS-induced colitis
model.
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cinobufacini promotes the polarization of M2 macrophages
needs to be further studied.
In summary, our study demonstrated that cinobufacini

could ameliorate DSS-induced colitis in mice. Cinobufacini
inhibitsM1macrophage polarization by suppression of NF-kB
activation (Fig. 8). Our results suggest that cinobufacini
deserves further consideration as a potential therapeutic drug
for clinical colitis treatment.
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