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Abstract. Mahonia bealei is a Chinese folk medicine used 
to treat various ailments, in particular gastrointestinal 
inflammation‑related illnesses, and palmatine is one of its 
active constituents. In this study, ApcMin/+ mice, a genetically 
engineered model, were used to investigate the effects of 
palmatine on the initiation and progression of gut inflamma-
tion and tumorigenesis enhanced by a high‑fat diet. The in vitro 
antiproliferation and anti‑inflammation effects of palmatine 
were evaluated on HT‑29 and SW‑480 human colorectal 
cancer cell lines. The concentration‑related antiproliferative 
effects of palmatine on both cell lines (P<0.01) were observed. 
Palmatine significantly inhibited lipopolysaccharide‑induced 
increase in cytokine interleukin (IL)‑8 levels in the HT‑29 
cells (P<0.01). In the in vivo studies with ApcMin/+ mice, after 
10 or 20 mg/kg/day oral palmatine treatment, tumor numbers 
were significantly reduced in the small intestine and colon 
in a dose‑dependent manner (P<0.01 compared with the 
model group). The results were supported by tumor distribu-
tion data, body weight changes and organ index. The effect 
on survival was also dose‑dependent. Both the low‑ and 
high‑dose palmatine treatments significantly increased the life 
span of the mice (P<0.01). The gut histology from the model 
group showed a prominent adenomatous change along with 
inflammatory lesions. With palmatine treatment, however, the 
dysplastic changes were greatly reduced in the small intestine 
and colon tissue. Reverse transcription‑quantitative poly-
merase chain reaction analysis of interleukin (IL)‑1α, IL1‑β, 
IL‑8, granulocyte‑colony stimulating factor and granulocyte 

macrophage colony‑stimulating factor in the gut tissue showed 
that these inflammatory cytokines were reduced significantly 
following treatment (all P<0.01); serum cytokine levels were 
also decreased. Data suggests that palmatine has a clinical 
value in colorectal cancer therapeutics, and this action is likely 
linked to the inhibition of inflammatory cytokines.

Introduction

Colorectal cancer is a leading cause of morbidity and mortality 
in patients worldwide. A significant number of men and 
women are at risk of developing invasive colon cancer in their 
lifetime (1). Inflammatory bowel disease is a group of inflam-
matory conditions in the human large and small intestines. It is 
recognized that chronic inflammation is a risk factor for tumor 
development, including colorectal cancer (2). Thus, targeting 
inflammatory pathways has been shown to be effective in 
preventing the formation of colon tumors and their malignant 
progression in animal and human studies (3‑7).

There is growing evidence to suggest that certain natural 
products possess anti‑inflammatory and anticancer potential. 
Mahonia bealei is an evergreen shrub of the Berberidaceae 
family, native to East Asia, and North and Central America. 
In Chinese folk medicine, the root, stem and leaf of M. bealei 
have been used for thousands of years as herbal medicines to 
treat various ailments, in particular gastrointestinal inflam-
mation‑related illnesses, such as diarrhea and dysentery (8). 
Modern phytochemistry studies have identified a number of 
alkaloids from M. bealei, such as berberine, palmatine and 
jatrorrhizine, the latter two being protoberberine alkaloids. 
These compounds have been shown to exhibit antioxidant, 
anti‑inflammatory, and anticancer effects (9).

Compared with the extensive research on berberine (9), the 
investigation of palmatine is limited. Notably, several recently 
published studies have demonstrated that palmatine not only 
has anticancer potential, but is also an anti‑inflammatory 
agent (10,11). Thus the aim of this study explore the effect of 
palmitine on colon cancer.

Our previous study observed the antitumor effects 
of different botanicals. For example, using a colon 
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tumor‑xenograft nude mouse model, significant antitumor 
activities of American ginseng and Oplopanax  horridus 
were identified  (12,13). However, the nude mouse is not a 
gut disease‑specific animal model. Thus, in this study, to 
ascertain the anticancer effects of palmatine, in vitro evalu-
ation was used to demonstrate that palmatine significantly 
inhibited colorectal cancer cell proliferation and the expres-
sion of inflammatory cytokine interleukin (IL)‑8. Since it is 
desirable to use specific gut inflammatory and tumorigenesis 
animal models for in vivo studies ApcMin/+ mice, a model with 
a mutant Apc gene, were then used for investigation. This Min 
(multiple intestinal neoplasia) mouse is characterized by early 
lethality, colon tumors, and development of a number of polyps 
in the small intestine (14,15). To increase the possibility of gut 
diseases, the mice were fed high‑fat rodent chow to mimic a 
Western diet (16), as previous research has shown that high‑fat 
diet intake is able to promote colon cancer by increasing fatty 
acids and secondary bile acids in the colonic lumen (17). Data 
from the present study showed that palmatine significantly 
reduced the progression of high‑fat diet‑enhanced gut inflam-
mation and tumorigenesis in ApcMin/+ mice, supported by the 
inflammatory cytokine level reductions. In addition, mice 
displayed increased survival rates, which was consistent with 
the pharmacological observations. These results suggest that 
palmatine has a potential clinical utility as a colon cancer 
therapeutic. 

Materials and methods

Chemicals. Palmatine (98% purity; Fig. 1) was isolated from 
Mahonia bealei as previously described (18). McCoy's 5A and 
Dulbecco's modified Eagle's medium (DMEM), fetal bovine 
serum (FBS), penicillin and streptomycin were obtained from 
Mediatech, Inc. (Herndon, VA, USA). Dimethylsulfoxide and 
lipopolysaccharide were obtained from Sigma‑Aldrich (St. 
Louis, MO, USA).

Cell culture and proliferation assay. HT‑29 and SW‑480 
human colorectal cancer cell lines were obtained from the 
American Type Tissue Collection (Rockville, MD, USA), with 
HT‑29 maintained in McCoy's 5A and SW‑480 in DMEM. 
All medium were supplemented with 10% FBS, penicillin 
(100 IU/ml) and streptomycin (100 µg/ml). The colon cancer 
cells were subcultured twice a week and incubated in a humidi-
fied atmosphere with 5% CO2 at 37˚C.

Young adult mouse colon (YAMC) cells were obtained from 
the Digestive Disease Research Core Center at the University 
of Chicago (Chicago, IL, USA), and were grown in RPMI‑1640 
(Mediatech, Inc., Herndon, VA, USA) medium supplemented 
with 5% neonatal calf serum (Hyclone; GE Healthcare Life 
Sciences, Logan, UT, USA) ITS+ (Invitrogen; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA; 6.25  mg/ml insulin, 
6.25 mg/ml transferrin, 6.25 ng/ml selenous acid, 5.35 mg/ml 
linoleic acid, and 1.25 mg/ml bovine serum albumin), 5 IU/ml 
murine interferon‑γ (PeproTech, Inc., Rocky Hill, NJ, USA), 
penicillin and streptomycin. The YAMC cells were cultured in 
a humidified atmosphere with 5% CO2 at 33˚C.

Palmatine was dissolved in DMSO and stored in small 
aliquots at ‑20˚C prior to use. The cancer cells were seeded 
in 96‑well plates at a density of 5,000 cells/well, allowed to 

attach overnight and then treated with different concentrations 
of palmatine. Cell proliferation was measured at 48 h using the 
Cell Titer 96 Aqueous MTS Reagent (Promega Corporation, 
Madison, WI, USA) according to the manufacturer's instruc-
tions. The absorbance was read by an automated microplate 
reader (Epoch; Bio‑Tek Instruments, Winooski, VT, USA) set 
to a wavelength of 490 nm. Data are expressed as the percentage 
of treated cells vs. control (vehicle set at 100%) (19).

IL‑8 secretion analysis. The HT‑29 and SW‑480 cells were 
seeded in 24‑well plates and cultured for 72 h. Cell monolayers 
were washed with phosphate‑buffered saline and fresh medium 
was added in the presence of 100 ng/ml lipopolysaccharide 
(LPS) or different concentrations of palmatine plus 100 ng/ml 
LPS. After incubation for 6 h, the culture medium was collected, 
the secreted IL‑8 was quantified by enzyme‑linked immu-
nosorbent assay (ELISA; Thermo Fisher Scientific, Inc.), and 
anti‑inflammatory activities were calculated.

Animals and experimental protocol. The experimental 
protocols were approved by the Institutional Animal Care 
and Use Committee of the University of Chicago. Male 
C57BL/6J‑ApcMin/J (n=5) and female C57BL/6J (n=5) mice 
were purchased from Jackson Laboratory (Bar Harbor, ME, 
USA) for breeding. Mice were caged under controlled room 
temperature, humidity and light (12‑h light:dark cycle) and 
allowed free access to rodent chow and tap water. After 
weaning, genotyping was conducted via tail biopsy using poly-
merase chain reaction (PCR)‑based assays to identify ApcMin/+ 

mice (14).
The study protocol is shown in Fig. 2. Before they were 

8‑weeks old, all mice consumed standard rodent chow. Starting 
at week 8, the animals received a Western high‑fat diet, and 
the four experimental groups (n=5 per group) are as follows: 
i) Wild‑type mice as negative control; ii) ApcMin/+ mice in 
untreated model group as a positive control; iii) ApcMin/+ mice 
receiving a low‑dose of palmatine in animal chow, equivalent 
to 10 mg/kg/day; and iv) ApcMin/+ mice receiving a high‑dose of 
palmatine in animal chow, equivalent to 20 mg/kg/day. The two 
doses of palmatine were selected based on data obtained from a 
pilot study in which the effective oral dose of palmatine started 
at 6‑8 mg/kg/day. No significant adverse events were observed 
in mice that were administered palmatine.

The high‑fat Western diet (Harlan Laboratories, Madison, 
WI, USA) contains 20% fat and includes beef tallow (35 g/kg), 
lard (30 g/kg) and corn oil (80 g/kg) (16). For the drug groups, 
palmatine was evenly mixed with the high‑fat chow. The daily 
oral palmatine dose was calculated based on the amount of 
chow consumption. Animal body weight was measured at least 
once a week.

Animal survival data was obtained when a mouse was 
critically ill (as determined by Animal Care Facility staff, who 
assisted in the regular monitoring of the animals) and expected 
to die within the next 36 h. At that point, the animal was sacri-
ficed by cervical dislocation after collecting blood from the 
heart, followed by the removal of the organs and subsequent 
measurements and analyses. The small intestine and colon 
were harvested, flushed immediately with ice‑cold PBS and 
cut open longitudinally. Two independent investigators who 
were blinded with respect to the treatment groups counted 
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tumor numbers and sizes under a dissection microscope 
(SZX7  Stereo Microscope; Olympus Corporation, Tokyo, 
Japan). Small intestine and colon tissue samples were fixed in 
10% neutral‑buffered formalin, embedded in paraffin blocks, 
and processed by routine histological staining. Gut tissue was 
collected for reverse transcription‑quantitative PCR analysis 
of inflammatory cytokines. Plasma samples were collected to 
determine the levels of cytokines using the ELISA kits.

In addition, at the end of the experiment, the spleen, thymus 
and liver were removed and weighed. Organ index was calcu-
lated based on the following equation: Organ index (%) = organ 
weight (g) / body weight (g) x 100 (20,21).

Histological assessment. Colon and small intestine samples 
(2  mm2) were harvested from the APCmin/+ mice. Two 
wedge‑shaped incisions were made with a scalpel (blade 
no. 15c; Swann Morton, Ltd., Sheffield, UK). Subsequent to 
harvesting, the material was placed in a sterile test tube filled 
with a 5% formalin solution. 

Following fixation, the material was put through a Thermo 
Scientific Citadel Tissue Processor (Thermo Fisher Scientific, 
Inc.) using a standard processor program (rinsing in 50, 90 and 
98% alcohol series in turns for 1 h each, rinsing three times 
with xylene and embedding in paraffin). Once embedded in 
paraffin blocks and cut with a semi‑automatic Shandon Finesse 
325 microtome (Thermo Fisher Scientific, Inc.) to a thickness 
of 7 µm, the material was stained with hematoxylin and eosin 
(H&E; Leica Microsystems, Inc., Buffalo Grove, IL, USA)
solution using a Thermo Scientific Gemini AS Automated 
Slide Stainer (Thermo Fisher Scientific, Inc.). Histological 
examination was performed by descriptive analysis under light 
microscopy with an Olympus BX41 microscope (Olympus 
Corporation) and the stained sections were examined for histo-
pathological changes by a gastrointestinal pathologist. 

RNA extraction and RT‑qPCR. Total RNA was isolated from 
mouse small intestine and colon tissues using the miRNeasy kit 
(Qiagen, Valencia, CA, USA) according to the manufacturer's 
instructions, and was used as a template to synthesize cDNA 

Table I. Primers used for RT‑qPCR analysis of inflammatory 
cytokines.

Gene	 Primer sequence

IL1α	 F: 5'‑CGAAGACTACAGTTCTGCCATT‑3'
	 R: 5'‑GACGTTTCAGAGGTTCTCAGAG‑3'
IL1β	 F: 5'‑GCAACTGTTCCTGAACTCAACT‑3'
	 R: 5'‑ATCTTTTGGGGTCCGTCAACT‑3'
IL8	 F: 5'‑ACTGAGAGTGATTGAGAGTGGAC‑3'
	 R: 5'‑AACCCTCTGCACCCAGTTTTC‑3'
G‑CSF	 F: 5'‑ATGGCTCAACTTTCTGCCCAG‑3'
	 R: 5'‑CTGACAGTGACCAGGGGAAC‑3'
GM‑CSF	 F: 5'‑GGCCTTGGAAGCATGTAGAGG‑3'
	 R: 5'‑GGAGAACTCGTTAGAGACGACTT‑3'
β‑actin	 F: 5'‑GGCTGTATTCCCCTCCATCG‑3'
	 R: 5'‑CCAGTTGGTAACAATGCCATGT‑3'

F, forward; R, reverse; IL, interleukin; G-CSF, granulocyte-colony 
stimulating factor; GM-CSF, granulocyte-colony stimulating factor.
 

Figure 2. Animal groups and experiment time line. Before they were 8‑weeks 
old, all mice consumed standard rodent chow. Starting on week 8, all 
animals received a Western high‑fat diet, and the four experimental groups (n=5 
per group) are as follows: i) Wild‑type, wild‑type mice. ii) Model, ApcMin/+ mice 
model group. iii) Lo‑dose, ApcMin/+mice low‑dose of palmatine (10 mg/kg/day). 
iv) ApcMin/+mice Hi‑dose, high‑dose of palmatine (20 mg/kg/day).

Figure 1. Chemical structure of palmatine.

Figure 3. Effects of palmatine on cell proliferation and inflammatory 
cytokine IL‑8 secretion in H‑29 and SW‑480 human colorectal cancer cells. 
(A) Concentration‑related antiproliferative effects of palmatine on the two 
cell lines. (B) Palmatine inhibited IL‑8 secretion in HT‑29 cells. **P<0.01 
compared with HT‑29 control; ##P<0.01 compared with SW‑480 control. IL, 
interleukin.

  B

  A
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for RT‑qPCR. First strand cDNA was synthesized the using 
Thermo Scientific Maxima First Strand cDNA Synthesis kit 
(Thermo Fisher Scientific, Inc.). RT‑qPCR was performed on 
a 7900HT real‑time PCR system (Applied Biosystems, Foster 
City, CA, USA) with the following cycling conditions: 1 PCR 
cycle, 95˚C, 10 min; 40 PCR cycles, 60˚C, 1 min, 95˚C, 15 sec. 
RT‑qPCR with SYBR Green dye (Qiagen) was used to deter-
mine the expression of genes. Signals were analyzed by the 
ABI Prism Sequence Detection System (version 2.2; Thermo 
Fisher Scientific, Inc.). The 2‑ΔΔCq method for relative quanti-
fication was used (22). Primers for RT‑qPCR were purchased 
from Sigma‑Aldrich and are listed in Table I. β‑actin was used 
as an endogenous control. Each sample was run in triplicate.

Statistical analysis. Data are presented as the mean ± standard 
derivation. Polyp data was analyzed using a one‑way analysis 
of variance (ANOVA) with Newman‑Keuls post‑hoc analysis. 
All inflammatory mediator data were analyzed using a two‑way 
ANOVA with Student Newman‑Keuls post hoc analysis. 
GraphPad Prism software (version 6.0; GraphPad Software, 
Inc., La Jolla, CA, USA) was used for the analyses, including the 
Kaplan‑Meier survival curve. P<0.05 was considered to indicate 
a statistically significant difference. 

Results

Effects on colorectal cancer cell proliferation and secretion 
of inflammatory cytokine IL‑8. Fig. 3A shows the concen-
tration‑related inhibitory effects of palmatine on HT‑29 and 
SW‑480 colorectal cancer cell growth (P<0.01 compared 
with the control). The IC50 for HT‑29 and SW‑480 cells was 
68.3 and 72.6 µM, respectively. Using the YAMC cells, it was 
also observed that palmatine did not significantly affect the 
growth of these non‑cancer cells even at high concentrations 
(100‑120 µM). These results suggested that palmatine possesses 

in vitro antiproliferative potential on human colorectal cancer 
cells. 

The LPS‑induced production of the inflammatory cytokine 
IL‑8 in these two cancer cells was determined, and the IL‑8 
level was higher in the HT‑29 cells than that in the SW‑480 cells 
(Fig. 3B). Palmatine significantly reduced the IL‑8 production 
in HT‑29 cells (P<0.01 compared with the control). This result 
was consistent with a previous study that demonstrated that the 
HT‑29 cell line is a suitable in vitro model for the evaluation of 
anti‑inflammation and anti‑inflammatory responses (23).

Effects on body weight and organ index using ApcMin/+ mice. To 
further evaluate the effects of palmatine on colorectal cancer 
and inflammatory responses, the in vivo ApcMin/+ mouse model 
was employed. The weight changes of animals in the different 

Figure 5. Kaplan‑Meier survival curve showing dose‑related effects of 
palmatine. Before week 19, all ApcMin/+ mice in the model group had died. 
The curve shows both low‑dose and high‑dose palmatine administration 
significantly increased mice survival. Lo‑dose, low‑dose of palmatine 
(10 mg/kg/day); Hi‑dose, high‑dose of palmatine (20 mg/kg/day).

Figure 4. Effects of palmatine on body weight and organ index. (A) Changes in body weight. Compared with the control, ApcMin/+ mice treated with a low‑dose 
and high‑dose of palmatine showed less reduction of body weight. Changes in the organ index of the (B) spleen, (C) thymus and (D) liver, respectively. **P<0.01 
compared with the model group. Lo‑dose, low‑dose of palmatine (10 mg/kg/day); Hi‑dose, high‑dose of palmatine (20 mg/kg/day).

  D

  B

  C

  A
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experimental groups (Fig. 3) after week 8 are shown in Fig. 4A. 
As expected, wild‑type mice fed with a Western high‑fat diet 
had notable weight gain, approximately 13 g increase over the 
14‑week observation period. However, the ApcMin/+ mice in 
the model group did not respond to the high‑fat diet well. The 
body weight increase was slower compared with that of the 
wild‑type mice up to week 7. From week 8, the mice in the 
model group lost weight gradually until sacrifice. The ApcMin/+ 
mice treated with palmatine showed noticeably less body 
weight reduction compared with the model group, and their 
weight only gradually decreased from week 14.

Fig. 4B‑D shows the changes in the organ weight index of 
the spleen, thymus and liver, respectively. In a dose‑dependent 
manner, palmatine increased the spleen index and thymus 
index compared with the model group (P<0.01). The liver 

index was also significantly increased following palmatine 
treatment (P<0.01).

Effects on ApcMin/+ mice life spans. Fig.  5 shows the 
Kaplan‑Meier survival curve which demonstrated the 
dose‑related effects of palmatine on life span. Before week 
19, all ApcMin/+ mice in the model group had died. The curve 
shows that both low‑dose and high‑dose palmatine signifi-
cantly increased mouse survival and dose‑related effects were 
observed (P<0.01 compared with the model group).

Effects on gut histopathological changes. Fig. 6A shows repre-
sentative H&E staining histological sections of experimental 
animals with different groups. The histology of the model 
group showed prominent adenomatous changes along with 

Figure 6. Effects of palmatine on gut inflammation and tumorigenesis. (A) Representative hematoxylin and eosin staining histological sections showing 
inflammatory changes in the small intestine and colon in different groups. The scales in the lower right corner are 100 µm. Tumor number and tumor distribu-
tion in (B) small intestine and (C) colon. Palmatine significantly reduced the tumor numbers in the small intestine and colon. *P<0.05 and **P<0.01, compared 
with the model group. Lo‑dose, low‑dose of palmatine (10 mg/kg/day); Hi‑dose, high‑dose of palmatine (20 mg/kg/day).

  C

  B

  A
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inflammatory lesions, such as neutrophil infiltration, and focal 
adenomatous changes were also observed in the ApcMin/+ mice. 
In the palmatine treatment groups, however, the dysplastic 
changes were reduced in the small intestine and colon sections. 

Effects on tumor multiplicity changes. Compared with the 
model group, following palmatine treatment, tumor numbers 
were significantly reduced in the small intestine and colon 
as shown in Fig. 6B and C (P<0.01). Tumor distribution data 
of the gut, particularly from the colon, showed a significant 
decrease in the number of large tumors and an increase in the 
number of small tumors, supporting the effects of palmatine in 
the attenuation of the tumorigenesis. 

Effects on inflammatory cytokine expression in gut tissue and 
serum. Fig. 7A and B show the mRNA levels of data of IL‑1α, 
IL1‑β, IL‑8, granulocyte‑colony stimulating factor (G‑CSF), 
and granulocyte‑colony stimulating factor (GM‑CSF) in 

the gut tissue from the model group and palmatine treated 
groups as determined by RT‑qPCR. The levels of all of these 
inflammatory cytokines were reduced significantly following 
treatment (all P<0.01 compared with the model group). Fig. 7C 
illustrates the significant reductions of IL‑8, IL‑10 and G‑CSF 
in serum after palmatine treatment (P<0.01 compared with the 
model group).

Discussion

Gut inflammation can initiate and promote stimuli and media-
tors, generating a tumor‑prone microenvironment. Chronic 
inflammation is a risk factor for tumor development, including 
colorectal cancer (3), and the inhibition of the inflammatory 
pathway is proven to be effective in preventing the initiation 
and progression of colon cancer (2). The use of non‑steroidal 
anti‑inflammatory drugs (NSAIDS) can reduce colon tumori-
genesis, but concerns and long‑term risks of NSAIDs render 
this form of prevention unsuitable as a general recommenda-
tion in clinical practice (24). Thus, there is a strong motivation 
for exploring alternative strategies, including the use of herbal 
medicines, in the management of malignancies in the gastroin-
testinal system (25‑27).

It was hypothesized that the natural compound palmatine may 
have anti‑colorectal cancer potential, and actions of the compound 
were at least in part mediated by anti‑inflammatory activity. To 
test this hypothesis, the anti‑inflammation and anti‑colorectal 
cancer activities were evaluated using different experimental 
paradigms. The in vitro effects of palmatine on HT‑29 and 
SW‑480 colorectal cancer cell proliferation were observed. 
As expected, the compound showed concentration‑dependent 
inhibitory effects on cancer cell growth. In addition, the 
levels of IL‑8 in these two types of cancer cell were detected, 
and palmatine was observed to significantly reduce the IL‑8 
production of HT‑29 cells. In vitro cell models can be used to 
screen natural compounds with anti‑inflammatory activity. In 
this study, the IL‑8 level was tested first using two cancer cell 
lines following treatment with LPS. Since HT‑29 cells were 
sensitive to LPS stimulation compared with SW‑480 cells, data 
suggested that HT‑29 is a suitable cell model to quickly screen 
for anti‑inflammatory effects of natural compounds.

The role of IL‑8 in cancer cells and within the tumor 
microenvironment has been presented, and the IL‑8 activity 
appeared to be associated with tumor progression through its 
potential function in the regulation of angiogenesis, cancer cell 
growth and migration, leukocyte infiltration and modification of 
immune responses (28). The aforementioned functions of IL‑8 
may be crucial for the in vitro palmatine effects observed in 
the present study, which were subsequently evaluated in in vivo 
studies.

Two gut‑specific animal models, AOM/DSS mice and 
ApcMin/+ mice, have been employed in a number of research 
studies. AOM/DSS is a chemical compound‑induced gut disease 
model, characterized by early inflammation followed by tumor 
development (29,30). This chemically induced murine model has 
been used frequently to investigate inflammation‑related colon 
tumorigenesis in the last decade. Ginseng is a commonly used 
herbal medicine worldwide and has been highly investigated for 
its chemopreventive effects (31‑33). Our group previously used 
the AOM/DSS mouse model in our ginseng research (30). The 

Figure 7. Effects of palmatine on the expression of inflammatory cytokines 
in the (A) small intestine, (B) colon and (C) serum. **P<0.01, compared 
with the model group. IL, interleukin; G-CSF, granulocyte-colony stimu-
lating factor; GM-CSF, granulocyte-colony stimulating factor; Lo‑dose, 
low‑dose of palmatine (10 mg/kg/day); Hi‑dose, high‑dose of palmatine 
(20 mg/kg/day).
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ApcMin/+ mouse model is another commonly used gut‑specific 
carcinogenesis model. This mouse model has a mutant in the 
Apc gene resulting in the growth of small intestine polyps and 
colon tumors, and the association of inflammation with tumori-
genesis has been reported (34). Using the anti‑inflammatory 
agent celecoxib, a cyclooxygenase‑2 inhibitor belonging to the 
NSAID family, tumor preventive and therapeutic effects in 
ApcMin/+ mice have been demonstrated (34). To verify the in vitro 
antiproliferation and anti‑inflammation effects of palmatine, 
an in vivo evaluation was performed using the ApcMin/+ mouse 
model.

Like a number of other herbal medicines, M.  bealei is 
orally administered. In the present study, oral administration of 
palmatine, an active constituent in M. bealei, was observed to 
significantly attenuate the progression of high‑fat diet enhanced 
inflammation and tumorigenesis in ApcMin/+ mice. Body weight 
changes and mice survival data suggested that palmatine 
administration resulted in intestinal homeostasis and improved 
general condition. Based on a previous study, the median lethal 
dose (LD50) of palmatine was 1,533.68 mg/kg (35). In our study, 
the high dose of palmatine was 20 mg/kg, only ~1.5% of its 
reported LD50. Thus, the palmatine doses in this study should 
be safe and without toxicity to the animals. Further safety and 
pharmacokinetic observations of palmatine will be conducted 
in our future studies.

Our gut histological observations showed that, compared 
with the model group, the inflammatory lesions in the small intes-
tine and colon in the palmatine treatment groups were markedly 
reduced, with less neutrophil infiltration and focal adenomatous 
change. In addition, the dysplastic changes were greatly reduced, 
supporting the effects of palmatine on gut inflammation and 
tumorigenesis. Furthermore, RT‑qPCR analysis data showed 
that, compared with the model group, palmatine significantly 
reduced the gene expression of several inflammatory cytokines, 
IL‑1α, IL1‑β, IL‑8, G‑CSF and GM‑CSF, in the small intestine 
and colon. In addition, levels of IL‑8, IL‑10 and G‑CSF in the 
serum were also significantly reduced following palmatine 
administration. As an anti‑inflammatory compound, palmatine 
likely suppresses the overexpression of inflammatory cytokines 
in cancerous and non‑cancerous tissues.

In conclusion, using a gut‑specific inflammation and tumori-
genesis ApcMin/+ mouse model, it was reported that palmatine 
significantly reduced gut inflammation, tumor initiation and 
tumor progression. The observed effects were supported by the 
body weight changes, organ index results, mice survival results, 
gut tissue histology, and gut inflammation cytokine data. Results 
obtained from the current study suggest that palmatine may 
have a therapeutic role in colorectal cancer chemoprevention.
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