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Abstract. Chemotherapeutic agents, including 5-fluorouracil
(5-FU), frequently cause intestinal mucositis as a side effect,
leading to life quality reduction in colorectal cancer (CRC)
patients and interruption of CRC treatment. Traditional
Chinese medicines (TCMs) have recently received attention
due to their relatively few adverse effects. Pien Tze Huang
(PZH), a well-known TCM formulation first documented to
have been prescribed >450 years ago, has been demonstrated
to be clinically effective in treating various types of cancer
including CRC. Although previous studies by our group
reported that PZH possesses a variety of anti-cancer activities
via multiple mechanisms, it has remained elusive whether it
is able to reduce intestinal mucositis induced by 5-FU. The
present study evaluated the effect of PZH on 5-FU-induced
intestinal mucositis in CT-26 tumor-bearing xenograft mice
and investigated the possible molecular mechanism. The results
indicated that administration of PZH effectively alleviated the
severity of 5-FU-induced diarrhea and morphological intestinal
damages, but had no significant effect on body weight loss. In
addition, a terminal deoxynucleotidyl transferase dUTP nick
end labeling assay revealed that PZH treatment significantly
inhibited cell apoptosis in the intestinal crypt. Furthermore,
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immunohistochemical staining showed that PZH treat-
ment reduced the protein expression of pro-apoptotic B-cell
lymphoma 2 (Bcl-2)-associated X protein but enhanced that
of anti-apoptotic Bcl-2 in the intestinal crypt. Taken together,
the results of the present study suggested that PZH effectively
attenuates 5-FU-induced intestinal mucositis, which is in part
associated with its inhibitory effect on cell apoptosis in the
intestinal crypt.

Introduction

Colorectal cancer (CRC) poses a significant threat to human
health and is the second most commonly diagnosed cancer in
females and the third in males, with an estimated 1.4 million
new cases and 693,900 deaths occurring in 2012 world-
wide (1). The incidence of CRC is increasing due to smoking,
lack of physical activity, overweight and obesity, unhealthy
diet and excessive alcohol consumption (2). Chemotherapy
is currently a major post-operative adjunctive or preferred
therapy for patients with CRC in intermediate and advanced
stages. 5-Fluorouracil (5-FU)-based chemotherapy is the
most widely prescribed treatment for CRC in clinical prac-
tice (3). However, normal cells, tissues and their functions
are inevitably injured by 5-FU, which disrupts the balance of
the body's self-regulatory system (4,5). The major side effects
of 5-FU include intestinal mucositis, myelosuppression and
immunosuppression (6). It has been reported that ~80% of
cancer patients who have received 5-FU treatment displayed
clinical manifestations of intestinal mucositis, such as severe
diarrhea, mal-absorption, vomiting and bleeding (7,8). The
side effect not only forces certain patients to completely
abandon the treatments, but also markedly affects their
quality of life.

The pathogenic mechanisms of 5-FU-induced intestinal
mucositis are complex and heterogeneous, including direct
toxicity, apoptosis, hypo-proliferation, oxidative stress and
abnormal inflammation (9-11). In particular, cell apoptosis
has a critical role in the intestinal mucositis induced by 5-FU.
Clinical studies and animal experiments have demonstrated
that a large amount of apoptotic cells were observed in the
intestinal crypt prior to serious mucosal destruction after
5-FU treatment (12,13). Apoptosis is triggered by proteolytic
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enzymes such as caspases, a family of cysteine proteases that
act as common death effector molecules (14). Activation of
caspases may be initiated through two signaling pathways,
the intrinsic (mitochondrial) pathway and the extrinsic
(death-receptor) pathway (15,16). The intrinsic pathway is
generally activated when pro-apoptotic proteins such as B-cell
lymphoma 2 (Bcl-2)-associated X protein (Bax) are released
from the mitochondria. In addition, it has been shown that
apoptosis induced by 5-FU at high doses (130-200 mg/kg)
is accompanied by an alteration of Bax and Bcl-2 expres-
sion, indicating the activation of the intrinsic apoptotic
pathway (12,13).

Traditional Chinese Medicine (TCM), as an important
complementary and alternative medicine, evolved over
thousands of years with its own unique system of theories,
diagnostics and therapies in China and Southeast Asia. TCM
has a number of benefits, such as having relatively few side
effects, the capacity to decrease negative side effects asso-
ciated with chemotherapy, enhancement of the effects of
conventional cancer treatments, and improvement of patients'
quality of life and immune function (17). Therefore, TCM has
been increasingly used in conjunction with chemotherapies
to improve the clinical management of patients with cancer.
Pien Tze Huang (PZH) is a well-known TCM formulation,
the prescription of which was first documented by a royal
physician >450 years ago during the Chinese Ming Dynasty.
PZH has been used in China for centuries as a folk remedy
for various cancer types, including CRC. Although previous
studies by our group reported that PZH possesses a variety
of anti-cancer activities via multiple mechanisms (18-30),
it has remained elusive whether PZH reduces intestinal
mucositis induced by 5-FU. The present study evaluated the
effect of PZH on 5-FU-induced intestinal mucositis in CT-26
tumor-bearing xenograft mice and investigated the possible
molecular mechanism.

Materials and methods

Materials and reagents. RPMI-1640 medium, fetal bovine
serum (FBS), penicillin-streptomycin and trypsin-EDTA
were purchased from Thermo Fisher Scientific, Inc.
(Waltham, MA, USA). Matrigel was obtained from BD
Biosciences (San Jose, CA, USA). Bcl-2 (cat. no. ART1069)
and Bax (cat. no. ARE6007) antibodies were provided
by Antibody Revolution Inc. (San Diego, CA, USA) and
horseradish peroxidase (HRP)-conjugated secondary anti-
bodies (cat. no. Kit-0017) were obtained from Maixin Corp.
(Fuzhou, Fujian, China). Harris' hematoxylin was obtained
from Solarbio Corp. (Beijing, China). A terminal deoxy-
nucleotidyl transferase-mediated dUTP nick end labeling
(TUNEL) assay kit was purchased from Keygen Biotech
(Nanjing, China).

Preparation of PZH. PZH was obtained from and authenti-
cated by the sole manufacturer Zhangzhou Pien Tze Huang
Pharmaceutical Co., Ltd. (Zhangzhou, China; Chinese Food
and Drug Administration approval no. Z35020242). Stock
solutions of PZH were prepared immediately prior to use by
dissolving the PZH powder in saline to a concentration of
25 mg/ml and sonication for 30 min. The sample was ready
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for intragastric infusion when the powder was completely
dissolved and the solution became clear.

Preparation of 5-FU. 5-FU was obtained from the Xudong
Haipu Pharmaceutical Co., Ltd. (Shanghai, China).
Immediately prior to use, 5-FU was dissolved in saline to a
concentration of 15 mg/ml.

Cell culture. The CT-26 murine colon carcinoma cell line
was purchased from the Shanghai Cell Bank of the Chinese
Academy of Sciences. The cells were grown in RPMI-1640
medium containing 10% (v/v) FBS, 100 U/ml penicillin and
100 pg/ml of streptomycin in a humidified incubator at 37°C
in an atmosphere containing 5% CO,.

Animals. A total of 32 male BALB/c mice (initial body weight,
20-22 g, 4-6 weeks old), obtained from Shanghai SLAC
Laboratory Animal Co., Ltd. (Shanghai, China), were allowed
to acclimatize for two days and were housed in a specific
pathogen-free environment with food and water supplied
ad libitum throughout the experiment. The environment was
maintained at 22°C with a 12-h light/dark cycle. All the animal
treatments were performed in compliance with international
ethical guidelines and the National Institutes of Health
Guidelines for the Care and Use of Laboratory Animals.
The experiments were approved by the Institutional Animal
Care and Use Committee of Fujian University of Traditional
Chinese Medicine (Fuzhou, China).

Establishment of mice xenografted with CT-26. After detach-
ment through trypsinization with trypsin-EDTA, CT-26 cells
were re-suspended in serum-free RPMI-1640. A total of
2x109 cells mixed with Matrigel (1:1) were subcutaneously
injected into the right flank region of each mouse. When the
tumor size reached 300-350 mm?, the mice were randomly
divided into 4 groups (n=8 in each): Control group, PZH
group, 5-FU group and 5-FU + PZH group. 250 mg/kg of
PZH was orally administered daily for 4 days, while 5-FU
(150 mg/kg) was intraperitoneally administered only on the
first day of treatment. The body weight was measured every
day. At the end of the experiment, mice were sacrificed by
cervical dislocation. The jejunum was excised for further
analyses.

Mucositis assessment. Disease severity was assessed daily by
monitoring body weight and scoring for diarrhea. Diarrhea
score was calculated based on the consistency of stools,
using the modified parameters as previously described (31):
0, normal (normal stool or absent); 1, slight (slightly wet and
soft stool); 2, moderate (wet and unformed stool with moderate
perianal staining of the coat); 3, severe (watery stool with
severe perianal staining of the coat).

Intestinal morphometry and histopathological assessment.
A segment of the jejunum (3-cm segment immediately distal
to the ligament of Treitz) was taken. Specimens were fixed in
4% paraformaldehyde for 24 h, embedded in paraffin,
sectioned at 4 ym and stained with haematoxylin and eosin
(H&E). Morphological assessment was performed by
measuring the change in jejunum villus height (from the top
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Figure 1. Effect of PZH on diarrhea induced by 5-FU in CT-26 tumor-bearing mice. Animals were administered 5-FU (150 mg/kg, intraperitoneally) once on
day 1 and PZH (250 mg/kg per os) once daily from days 1-4. (A) Body weight was monitored daily and is shown as a percentage of initial body weight, whereas
(B) the severity of diarrhea was scored daily using the four-grade scale (0-3). Values are expressed as the mean + standard deviation (n=8 per group). 'P<0.05
vs. controls; “P<0.05 vs.PZH; P<0.05 vs. 5-FU. PZH, Pien Tze Huang; 5-FU, 5-fluorouracil.

of the villus to the villus-crypt junction) and crypt depth
(defined as invagination depth between adjacent villi) using a
light microscope and images were captured at a magnification
of x100 and x400. The shortening of villi was evaluated by the
average villus-to-crypt ratio. Ten intact and well-oriented villi
and crypts were measured and averaged in longitudinal tissue
sections for each sample.

Histopathological assessment was performed by using
a modification of the histopathological scores described by
Macpherson and Pfeiffer (32) and was graded as follows:
0, normal histological findings; 1, mucosa: Villus blunting,
loss of crypt architecture, sparse inflammatory cell infiltra-
tion, vacuolization and edema, but normal muscular layer; 2,
mucosa: Villus blunting with fattened and vacuolated cells,
crypt necrosis, intense inflammatory cell infiltration, vacu-
olization and edema, but normal muscular layer; 3, mucosa:
Villus blunting with fattened and vacuolated cells, crypt
necrosis, intense inflammatory cell infiltration, vacuolization
and edema, and muscular layer: Edema, vacuolization, sparse
neutrophil infiltration.

TUNEL assay. The 4-um-thick sections of jejunum samples
were analyzed by TUNEL staining using an in situ apoptosis
detection kit. Apoptotic cells were counted as diaminobenzi-
dine (DAB)-positive cells (brown staining) at five arbitrarily
selected microscopic fields at a magnification of x400 under a
light microscope.

Immunohistochemistry (IHC) assay. IHC staining for Bcl-2
and Bax was performed to assess apoptotic signaling. In brief,
the jejunum samples were fixed with 4% paraformaldehyde for
24 h, embedded in paraffin and cut into 4-ym sections. The
sections were subjected to antigen retrieval and the endogenous
peroxidase activity was quenched with hydrogen peroxide.
After blocking non-specific proteins, the sections were incu-
bated at 4°C overnight with primary antibodies against Bcl-2
(dilution, 1:400) and Bax (dilution, 1:400). After being washed
with PBS, the slides were stained with a HRP-conjugated
secondary antibodies and then washed with PBS. The slides
were then incubated with DAB as the chromogen, followed

by counterstaining with diluted Harris' hematoxylin. After
staining, five high-power fields (magnification, x400) were
randomly selected for each slide and the average proportion
of Bcl-2 and Bax-positive cells in each field was counted
using the True Color Multi-Functional Cell Image Analysis
Management System (Image-Pro Plus; Media Cybernetics,
Rockville, MD, USA). To exclude any non-specific staining,
PBS was used to replace the primary antibody as a negative
control.

Statistical analysis. Values are expressed as the mean + stan-
dard error of the mean of six animals per group and were
analyzed using the SPSS package for Windows (version 18.0;
SPSS, Inc., Chicago, IL, USA). Statistical analysis of the data
was performed with Student's t-test and analysis of variance.
P<0.05 was considered to indicate a statistically significant
difference.

Results

PZH alleviates 5-FU-induced diarrhea in CT-26
tumor-bearing mice. Since body weight is a widely used indi-
cator and diarrhea is the most common clinical symptom for
the evaluation of 5-FU-induced intestinal mucositis (33,34),
the present study assessed body weight changes and diarrhea in
CT-26 xenograft mice after treatment with 5-FU and/or PZH.
As shown in Fig. 1A, 5-FU challenge significantly reduced the
body weight in tumor-bearing mice as compared with that in
the controls and caused serious diarrhea. Although PZH did
not neutralize body weight loss caused by 5-FU, it significantly
alleviated 5-FU-induced diarrhea in the experimental animals
(Fig. 1B). PZH alone did not result in body weight loss and
diarrhea during the course of the experiment.

PZH ameliorates 5-FU-induced histopathological changes in
the intestine of CT-26 tumor-bearing mice. The histopatho-
logical changes in jejunum tissues were examined by H&E
staining. As presented in Fig. 2A, compared with mice in the
control or PZH only group, 5-FU-treated mice displayed severe
tissue damage in the jejunum, including villus deformation,
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Figure 2. Effect of PZH on intestinal mucositis induced by 5-FU in CT-26 tumor-bearing mice. (A) Hematoxylin and eosin staining was used to visualize the
formalin-fixed sections of the jejunum (magnification, x100 and x400 as indicated). Mice with 5-FU-induced intestinal mucositis displayed (a) shortened villi
with fattened and vacuolated cells, (b) inflammatory cell infiltration in the lamina propria and (c) loss of normal crypt architecture (indicated by arrowheads).
(B-D) Morphological assessment was performed by measuring changes in (B) the jejunum villus height, (C) crypt depth and (D) the ratio of villus height and
crypt depth under a light microscope. (E) Histopathological parameters were assessed by using a modification of the histopathological grading system by
Macpherson and Pfeiffer. Values are expressed as the mean + standard deviation (n=8 per group). ‘P<0.05 vs. controls; "P<0.05 vs. PZH; “P<0.05 vs. 5-FU.
PZH, Pien Tze Huang; 5-FU, 5-fluorouracil.
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Figure 3. Effect of PZH on apoptosis induced by 5-FU in intestinal crypt cells. At the end of the experiment, the jejunum tissues from the four groups
were processed for TUNEL assay. (A) Representative images are shown (magnification, x400). The black arrowheads indicate TUNEL-positive cells.
(B) Quantification of apoptosis was performed by determining the percentage of TUNEL-positive cells. Values are expressed as the mean =+ standard deviation
(n=8 per group). 'P<0.05 vs. controls; “P<0.05 vs.PZH; “P<0.05 vs. 5-FU. PZH, Pien Tze Huang; 5-FU, 5-fluorouracil; TUNEL, terminal deoxynucleotidyl
transferase dUTP nick end labeling.

loss and atrophy, loss of normal crypt architecture, intense  ameliorated 5-FU-induced intestinal damage in tumor-bearing
inflammatory cell infiltration, vacuolization and oedema  mice (Fig. 2B-D). These observations were verified by histo-
(arrows). However, administration of PZH significantly  pathological assessment, where the microscopic scores after
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Figure 4. Effect of PZH on the expression of Bcl-2 and Bax induced by 5-FU in intestinal crypt cells. At the end of the experiment, the jejunum tissues from the
four groups were processed for immunohistochemical staining for Bcl-2 or Bax. (A) Representative images are shown (magnification, x400). The black arrow-
heads indicate positive staining for Bcl-2 and Bax. (B and C) Quantification of the percentage of cells stained for Bcl-2 and Bax, respectively. (D) Bcl-2/Bax
ratio. Values are expressed as the mean + standard deviation (n=8 per group). ‘P<0.05 vs. controls; “P<0.05 vs.PZH; “P<0.05 vs. 5-FU. PZH, Pien Tze Huang;
5-FU, 5-fluorouracil; Bel-2, B-cell lymphoma 2; Bax, Bcl-2-associated X protein.

administration of 5-FU with or without PZH were 2.9 and 1.4,
respectively (P<0.05; Fig. 2E).

PZH inhibits 5-FU-induced apoptosis of intestinal crypt
cells in CT-26 tumor-bearing mice via modulation of Bcl-2
and Bax protein expression. Apoptosis is the critical factor in
the occurrence of intestinal mucositis induced by 5-FU (22);
therefore, a TUNEL assay was performed in order to analyze
the effect of PZH on the apoptosis of intestinal crypt cells
induced by 5-FU. As presented in Fig. 3, 5-FU challenge
significantly increased the percentage of TUNEL-positive
intestinal crypt cells in xenograft mice, as compared with that
in the mice in the control or PZH only groups, which, however,
was significantly reduced by PZH treatment. In addition, IHC
staining revealed that 5-FU significantly reduced the level
of the anti-apoptotic protein Bcl-2 in intestinal crypt cells,
whereas the level of the pro-apoptotic protein Bax was signifi-
cantly increased after 5-FU challenge (Fig. 4A-C). However,
5-FU-induced imbalance of the Bcl-2/Bax ratio was reversed
by PZH treatment (Fig. 4D).

Discussion

5-FU is one of the anti-cancer drugs widely utilized in the
treatment of CRC in clinical practice (6). However, continuous
use of 5-FU usually has severe toxic effects, particularly
intestinal mucositis (12), resulting in discontinuation of cancer
chemotherapy and impairment of the quality of life of patients.
Therefore, immediate and effective countermeasures to over-
come these potential problems are urgently required. TCMs

have attracted an increasing amount of attention worldwide,
since they have a relatively low toxicity as compared with
that of modern chemotherapeutics and have a long history
of application in cancer therapy. PZH, a well-known TCM
formulation, has long been used as a folk remedy for various
cancer types in China and Southeast Asia. Previous studies
by our group have demonstrated that PZH possesses a broad
range of anti-cancer activities due to its ability to affect
multiple intracellular targets, suggesting that PZH may be a
novel multi-potent therapeutic agent for the treatment of CRC.
In order to further elucidate the beneficial effects of PZH in
cancer therapy, the present study evaluated its effect on intes-
tinal mucositis induced by a single dose of 5-FU using a CT-26
CRC xenograft mouse model.

Consistent with the results of previous studies (10-12),
administration of 5-FU to mice caused severe intestinal
mucositis, which was morphologically characterized by the
shortening of villi, destruction of intestinal crypts and intense
inflammatory cell infiltration, accompanied by clinical
symptoms such as diarrhea and body weight loss. More
importantly, it was demonstrated that PZH treatment allevi-
ated the severity of 5-FU-induced morphological intestinal
damages and diarrhea, although it had no significant effect on
body weight loss.

The pathogenesis of 5-FU-induced intestinal mucositis is
remains to be fully elucidated; however, it is considered to be a
consequence of several pathogenic elements, including direct
toxicity, oxidative stress, apoptosis, hypo-proliferation and
abnormal inflammation (19-21). In particular, apoptosis is the
critical factor in the occurrence of intestinal mucositis induced
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by 5-FU (22). Several studies have indicated that apoptosis
of intestinal crypt cells induced by 5-FU is accompanied
by increased pro-apoptotic Bax expression and decreased
anti-apoptotic Bcl-2 expression (22,23). As expected, the
present study we observed that 5-FU challenge significantly
promoted cell apoptosis in the intestinal crypt, with the
increase of Bax expression and the decrease of Bcl-2 expres-
sion. However, administration of PZH inhibited 5-FU-induced
apoptosis of intestinal crypt cells through suppression the
pro-apoptotic Bax/Bcl-2 ratio.

The aim of this study was to investigate the effect and
possible molecular mechanism of PZH on 5-FU-induced
intestinal mucositis in CRC tumor-bearing xenograft mice.
Meanwhile we observed the changes of tumor volume and
weight. The results indicated that compared with the control
group, PZH has no significant effect on tumor growth in CRC
mice. A previous study by the current authors demonstrated
that administration of PZH significantly inhibited CRC growth
in vivo when the treatment period of HZH was more than
2 weeks, and the tumor inhibition occurred after 7 days of PZH
administration (23). In the current study, PZH administration
lasted only 5 days. Therefore, PZH didn't show inhibitory effect
on the growth of CT-26 cell xenograft, but this have been asso-
ciated with the shorter administration time of PZH.

In conclusion, the findings of the present study suggested
that that PZH may be a promising candidate for an adjuvant
drug to help ameliorate the adverse effects of currently used
modern chemotherapeutics.
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