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Chemopreventive Action by Ethanol-extracted Brazilian
Green Propolis on Post-initiation Phase of
Inflammation-associated Rat Colon Tumorigenesis
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Abstract. Background/Aim: Propolis has since long been
utilized in numerous folk medicines with a variety of medicinal
properties. In this study, the effects of ethanol-extracted (EEP)
and water-extracted (WEP) Brazilian green propolis on the
post-initiation phase of inflammation-associated rat colon
tumorigenesis were directly compared. Materials and Methods:
Male F344 rats at 6 weeks of age were subcutaneously injected
with 1,2-dimethylhydrazine (DMH) at 40 mg/kg body weight
twice during the first week, followed by 1% dextran sodium
sulfate (DSS) in drinking water for one week. After a 1-week
no-treatment period, animals were administered either basal
Oriental MF powdered diet, or 1% EEP or 1% WEP in the
basal diet until week 32. Results: Post-initiation treatment with
EEP significantly reduced the multiplicity of colorectal
carcinomas compared to the control (040+0.13/rat vs.
2.29+0.84/rat, respectively, p<0.05), and EEP also reduced the
volume. Immunohistochemically,
inflammation-associated proteins inducible nitric oxide
synthase, tumor necrotic factor alpha, nuclear factor kappa B
and glutathione peroxidase-2 were significantly diminished in
colorectal tumors from EEP-treated rats. Conclusion:
Suppression of inflammation and oxidative stress, which had
been triggered by DMH and promoted by DSS, was a primary
mechanism by which EEP suppressed carcinogenesis.
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Colorectal cancer (CRC) has become a major public health
concern worldwide. In the United States 134,490 new cases
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and 49,190 deaths were estimated to have occured in 2016 (1),
and in Japan it is the leading cause of cancer mortality in
women (2). Much is known about the etiologies of CRC, and
two critical factors in CRC carcinogenesis are oxidative stress,
which is regulated by balancing the production and removal of
reactive oxygen and nitrogen species, and inflammation (3-5).
These two factors can participate in feedback loops in which
carcinogenic steps from initiation to promotion/ progression are
repeated over and over again, augmenting the process of
carcinogenesis.

Colitis-associated CRC, where crosstalk between chronic
inflammation and oxidative stress are likely to be involved in
the carcinogenic process (6), has been attracting attention.
Regular use of aspirin was shown to reduce the risk of CRC
overexpressing cyclooxygenase-2 (COX2) (7). Moreover,
aspirin and COX2 inhibitors significantly improved of
patients with CRC (8). Therefore, the concept of
chemoprevention to reduce the risk of patients with colitis
developing CRC and to improve patient long-term outcome
is gaining acceptance. Thus, the current idea of disrupting the
feedback loop between oxidative stress and inflammation to
counteract colon cancer should be further investigated. In
order to investigate the underlying mechanisms of action of
environmental chemicals, rodent models have been
extensively developed (9). To mimic human CRC, addition
of dextran sodium sulfate (DSS) is used to cause
inflammation after injection with appropriate carcinogenic
initiators, such as dimethylhydrazine (DMH) (10, 11) and its
bioactive metabolite, azoxymethane (AOM) (12).

Propolis is a naturally-occurring resinous mixture that honey
bees collect from tree buds, sap, and other botanical sources.
Due to its antiseptic and antimicrobial properties, propolis has
long been utilized in folk medicine (13, 14). Because it is a
highly complex substance, the chemical composition and
biological properties of propolis obtained from different
regions, such as that produced in India, Thailand, Poland,
China and other countries, can be very different (15-19).
Importantly, different extraction processes can also yield
different bioactive ingredients (20, 21).
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Because of the diversity of the products that are obtained
from propolis, a variety of effects have been reported (19). Of
particular interest to this study are the potential anti-oxidant,
anti-inflammatory, and anti-carcinogenic activities of propolis
extracts. The anti-oxidative potential of ethanolic extracts of
Brazilian green and red propolis seem to be higher than that of
Brazilian brown propolis (21). Water (WEP) and ethanolic
(EEP) extracts of Brazilian green propolis possess anti-oxidant
activity (22), and an aqueous extraction of Brazilian green
propolis exhibited anti-inflammatory effects in vivo using
mouse models of acute and chronic inflammation (23). A major
constituent contained in Brazilian green propolis is artepillin C
(3,5-diprenyl-4-hydroxicinnamic acid), which was found to
exert anti-oxidative activity in HepG2 cells in vitro (24) and
potent anti-inflammatory effects on lipopolysaccharide plus
interferon gamma-activated macrophages in a dose-dependent
manner in vitro (25). Although some studies have indicated that
propolis has tumor-promoting potential via the non-genotoxic
mechanisms (26, 27), other studies report that propolis and its
chemical constituents are anti-carcinogenic (28, 29).

In vivo, both WEP and EEP significantly inhibited AOM-
induced formation of aberrant crypt foci (ACF) in rats when
administered during the initiation phase of colon carcinogenesis
(30), but post-initiation administration of propolis has been
reported not to have a significant effect on ACF formation (31,
32). However, due to the complexity of propolis and its
extracts, the effects of post-initiation administration of propolis
remain uncertain. Post-initiation inhibition of inflammation is
of particular interest to patients with inflammatory bowel
disease (IBD) because of their high risk of developing colitis-
associated CRC. In this study we, therefore, planned to directly
compare EEP and WEP treatment during the post-initiation
phase of inflammation-associated CRC using an established rat
model. In particular, we aimed to analyze probable mechanisms
of action by which EEP and WEP might exert their anti-
carcinogenic activity. We believe that our present study will
provide valuable data for prevention of inflammation-
associated CRC in humans.

Materials and Methods

Chemicals and diet. DMH was purchased from Tokyo Chemical
Industry Co., Ltd. (Tokyo, Japan). DSS (molecular weight=36,000-
50,000) was from Wako Pure Chemical Industries Ltd. (Osaka, Japan).
Ethanolic extracts and water extracts of Brazilian green propolis were
kindly supplied by API Co., Ltd. (Gifu, Japan). In this study, all
experimental diets contained 1.5% (w/w) dextrin in the basal formula
of MF powdered diet (Oriental Yeast Co., Ltd., Tokyo, Japan).

Animal treatment. The protocol of the animal experiment was
approvedby the Animal Care and Use Committee of the Osaka City
University Graduate School of Medicine (no. 08084) and all
experiments were conducted in accordance with their guidelines. A
total of 127, 5-week-old male Fisher 344 rats were purchased from
Charles River Laboratories Japan Inc. (Atsugi, Japan) and maintained
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in an animal facility with a temperature of 24+2°C, a humidity of
60+£10% and a 12-h light/dark cycle. Rats were housed in plastic cages
(3/cage) with free access to tap water and basal Oriental MF powdered
diet containing 1.5% (w/w) dextrin. After a 1-week acclimation period,
they were used for the study. Rats were divided into eight body
weight-matched groups as follows: group 1 had 32 rats, groups 2 and
3 had 35 rats each, and groups 4-8 had five rats each, as shown in
Figure 1. Animals in groups 1-3 were subcutaneously (s.c.) injected
twice with DMH dissolved in physiological saline (0.9%) at 40 mg/kg
body weight (b.w.) during the initial week of the experimental period,
followed by administration of 1% DSS in the drinking water for one
week. Animals in groups 4-8 were s.c. injected with vehicle saline (1
ml each); rats in groups 4 and 5 were administered 1% DSS in the
drinking water during the second week and those in groups 6-8 did
not have DSS in their drinking water. After a 1-week no-treatment
period (third week), rats in groups 2, 4 and 6 were fed basal powdered
diet containing 1% EEP (w/w); rats in groups 3, 5 and 7 were fed basal
powdered diet containing 1% WEP (w/w) throughout the remainder
of the experimental period. Groups 1 and 8 were fed basal diet without
EEP or WEP. At week 12, 15 rats each from groups 1-3 were
sacrificed under diethyl-ether anesthesia (Nacalai tesque, Kyoto,
Japan) and the liver, kidneys and colorectum were excised for
histopathological examination. After 32 weeks, all animals were
sacrificed under diethyl-ether anesthesia and the liver, kidneys and
colorectum were excised for histopathological examination.

Organ and tissue processing. The liver and kidneys were weighed and
fixed in 10% phosphate-buffered formalin solution and 4-um-thick
sections were routinely prepared for hematoxylin and eosin (H&E)
staining. The colons were prepared as previously described (33). In
brief, normal saline (0.9%) was injected into the lumen of the colons
and kept for a few minutes for trimming of external connective and
adipose tissues. Colons were cut open longitudinally, washed with
saline, extended between two filter papers and fixed in 10% formalin
solution for more than 24 h at 4°C. At week 12, ACFs were counted
as described below. At week 32, mucosal surfaces of the fixed colons
were carefully inspected and any visible tumors were recorded. The
three dimensions (length, width, depth) of all grossly evident
neoplasms were measured for calculation of each tumor volume using
the formula: tumor volume (mm3)=length x width x depth x /6 (34).
All tumors were prepared for H&E staining and histopathologically
diagnosed as tubular adenoma, adenocarcinoma, and signet-ring cell
carcinoma with reference to an experimental rat model (35). At least
two transverse sections from the proximal, middle, and distal regions
of each colorectum were prepared for H&E staining.

Examination of ACF. Fifteen rats each from groups 1-3 were examined
for ACF at week 12. After fixation, the colons were dipped in 0.2%
methylene blue in distilled water for 1-2 min, briefly washed with
distilled water and placed on microscope slides with the mucosal
surface uppermost. According to the criteria of Bird (36), ACF were
detected at a magnification of x40 under a light microscope (Olympus
BX41; Olympus Optical Co., Ltd., Tokyo, Japan), and the number of
ACF in each colonic segment were counted and the number of ACs
in each ACF were also evaluated (classified as 1AC, 2ACs, 3ACs and
24ACs). After counting and evaluating ACF, tumors were prepared for
H&E staining and histopathological diagnosis.

Immunohistochemical (IHC) staining for proliferating cell nuclear
antigen (PCNA), adenomatous polyposis coli (APC), [(-catenin,
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Figure 1. Experimental protocol for inflammation-associated rat colon carcinogenesis. A total of 127, 6-week-old male F344 rats were divided into
eight groups. Animals in groups 1-3 were subcutaneously (s.c.) injected twice with 1,2-dimethylhydrazine (DMH) dissolved in physiological saline
(40 mglkg body wt.) during the first week. DMH treatment was followed by a 1-week-administration of 1% dextran sodium sulfate (DSS) in the drinking
water during the second week. Rats in group 4-8 were s.c. injected with 1 ml of saline and group 4 and 5 rats were administered 1% DSS during the
second week. All animals were maintained without any chemical treatment during the third week. At the beginning of the fourth week, group 2, 4 and
6 rats were fed 1% ethanol-extracted propolis (EEP); group 3, 5 and 7 rats were fed 1% water-extracted propolis (WEP); and group 1 and 8 rats were
fed basal MF powdered diet containing 1.5% dextrin. Administration of EEP or WEP was continued until the end of the 32nd-week. At week 12, 15
rats each from groups 1-3 were sacrificed for analysis of aberrant crypt foci (ACF) and all remaining animals were sacrificed at the end of week 32.

inducible nitric oxide synthase (iNOS), COX2, nuclear factor kappa
B (NF-kB), tumor necrosis factor alpha (TNFa) and glutathione
peroxidase-2 (GPX2) in colonic tumors at week 32.
Immunohistochemical staining for PCNA, APC, (-catenin, iNOS,
COX2, NF-kB, TNFa and GPX2 were conducted using the avidin-
biotin-peroxidase complex (ABC) method (Vectastain ABC kit; Vector
Laboratories, Burlingame, CA, USA). Four-micrometer-thick serial
sections were sequentially treated with 10 mM citrate buffer (pH 6.0)
in a microwave at 98°C for 25 min, 3% H,0, for 5 min, washed 3
times (5 min each) with PBS (pH 7.2), incubated with normal serum
(horse or goat) for 15 min for blocking, followed by overnight
incubation with primary antibodies at 4°C, as follows: mouse
monoclonal anti-PCNA (diluted 1:100; DAKO Japan Co., Ltd., Kyoto,
Japan); mouse monoclonal anti-APC (diluted 1:1,000; BD
Biosciences, San Jose, CA, USA); mouse monoclonal anti-f3-catenin
diluted 1:100 (BD Biosciences), mouse monoclonal anti-iNOS diluted
1:200 (BD Biosciences); mouse monoclonal anti-COX?2 diluted 1:500
(BD Biosciences); mouse monoclonal anti-NF-kB p65 (sc-8008,
diluted 1:100; Santa Cruz Biotechnology, Dallas, TX, USA); rabbit
polyclonal anti-TNFa (ab6671, diluted 1:100; Abcam, Cambridge,
MA, USA); goat polyclonal anti-GPX2 (NB100-1888, diluted 1:100;
Novus Biologicals, Littleton, CO, USA). The following day, slides
were incubated with appropriate biotin-labeled secondary IgG for 30

min, ABC reagent for 30 min, visualized with 3,3’-diamonobenzidine
tetrahydrochloride (DAB) (Wako Pure Chemical Industries Ltd.), and
counterstained with hematoxylin.

IHC evaluation of colonic tumors at week 32. All IHC analysis was
carried out under a light microscope at x400 magnification. For
assessment of APC and f3-catenin, a total of 58, 14 and 37 tumors were
randomly selected from group 1, 2 and 3 rats, respectively (rats in
groups 4-8 did not develop any tumors). Tumors (adenomas and
adenocarcinomas) with positive APC or -catenin staining of =10%
epithelial cell nuclei were defined as IHC-positive. For iNOS and
COX2, each tumor was divided into epithelial and stromal areas
(stroma contains fibroblasts, lymphocytes, plasma cells, endothelial
cells and others), and the scoring was carried out in accordance with
the following criterion: —, none; +, partially stained; +, mild to
moderately stained in <50% cells; ++, mild to moderately stained in
250% cells, which could include some strongly stained cells; +++,
majority of the cells were strongly stained.

For assessment of NF-kB, TNFa and GPX2, a total of 71, 19 and
either 41 or 44 tumors (see Table VI) from group 1-3 rats, respectively,
were evaluated. Most of the epithelial cells exhibited at least faint
positive staining for these three proteins. Therefore, the scoring for
tumor epithelium was as follows: —, none; +, faintly stained or partially
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Table 1. Average intake of water and diet, and estimated propolis intake.

Group Treatment Average intake (g/rat/day) Estimated propolis intake in rats Equivalent propolis
intake in human

Water Diet (g/kg/day) Total duration (g/kg) (g/person/day)?

1 DMH+DSS—Basal 17.8 135 0 0 0

2 DMH+DSS—EEP 18.9 13.6 0.43 89.8 25.6

3 DMH+DSS—WEP 17.7 13.6 0.42 89.2 255

4 DSS—EEP 18.2 13.7 043 89.5 25.6

5 DSS—WEP 16.9 13.7 0.43 91.2 26.1

6 EEP 18.9 143 0.44 933 26.7

7 WEP 18.4 142 0.44 91.7 26.2

8 Basal 18.1 14.8 0 0 0

DMH: 1,2-Dimethylhydrazine; DSS: dextran sodium sulfate; EEP: ethanol-extracted propolis; WEP: water-extracted propolis. ?For a human with a

body weight of 60 kg.

Table 1I. Final body and organ weights at weeks 12 and 32. Values are the mean+SD.

Group Treatment No. of rats Final body weight (g) Relative organ weight (g/100g b.w.)
Liver Kidneys

Week 12
1 DMH+DSS 15 317.1+£3.5 2.7+0.1 0.57+0.02
2 DMH+DSS—EEP 15 316.1£3.7 2.8+0.1% 0.59+0.02*
3 DMH+DSS—WEP 15 312.9+3.2 2.7+0.1 0.58+0.02

Week 32
1 DMH+DSS 17 369.7£20.5 2.6+0.1 0.58+0.04
2 DMH+DSS—EEP 20 368.3x12.0 2.8+0.1% 0.58+0.02
3 DMH+DSS—WEP 20 369.4+24.7 2.6+0.1 0.57+0.03
4 DSS—EEP 5 359.0+14.7 2.8+0.1 0.58+0.03
5 DSS—WEP 5 368.3x£14.6 2.6+0.1 0.56+0.02
6 EEP 5 368.1x£14.6 2.8+0.1%%* 0.57+0.02
7 WEP 5 370.0£19.4 2.6+0.1 0.58+0.01**
8 Basal diet 5 388.5£17.7 2.7+0.1 0.55+0.01

DMH: 1,2-Dimethylhydrazine; DSS: dextran sodium sulfate; EEP: ethanol-extracted propolis; WEP: water-extracted propolis. Significantly different

from *group 1 and **group 8 at p<0.05.

positive; +, majority of the cells were mildly stained; ++, majority of
the cells were moderately stained; +++, majority of the cells were
markedly stained. On the other hand, the positively stained stromal
cells were individually countable; therefore the scoring of stromal cells
in each tumor was as follows: —, none; £, >0 and <5% cells were
positive; +, >5 and <25% cells were positive; ++, >25 and <50% cells
were positive; +++, >50% cells were positively stained.

For evaluation of PCNA-positive cells, 10 or more tumors from
group 1-3 rats were randomly stained, and >1,000 epithelial cells were
counted in each tumor. Data are expressed as the percentages of
positive cells.

TUNEL staining in colorectal tumors. At week 32, staining for
terminal  deoxynucleotidyl transferase-mediated deoxyuridine
triphosphate nick-end labeling (TUNEL) was performed using an
ApopTag® Peroxidase In Situ Apoptosis Detection Kit (CHEMICON®
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Table III. Colonic aberrant crypt foci (ACF) formation at week 12.
Values are the mean+SD.

Average number of ACF

Group G1 (n=15) G2 (n=15) G3 (n=15)
Treatment DMH+DSS DMH+DSS—EEP DMH+DSS—WEP
1 AC 14.2+4 8 12.8+5.4 16.6+7.6

2 ACs 18.0+8.6 16.3+£8.0 20.3£7.8

3 ACs 17.7£7.4 16.5£7.0 19.4+8 4

>4 ACs 34.1+20.4 33.3+18.9 38.7+18.1
Total ACF 84.0+34.8 78.9+34.2 95.0+34 .4

DMH: 1,2-Dimethylhydrazine; DSS: dextran sodium sulfate; EEP:
ethanol-extracted propolis; WEP: water-extracted propolis; AC: aberrant

crypt.
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Table 1V. Incidence (%) in rats bearing colorectal tumors at week 12 and 32.

Group Treatment No. of rats Ad AC Sig Carcinomas? Total tumors
Week 12
1 DMH+DSS 15 2 (13.3%) 2 (13.3%) 2 (13.3%) 4 (26.7%) 5(33.3%)
2 DMH+DSS—EEP 15 3 (20.0%) 3 (20.0%) 1(6.7%) 4 (26.7%) 5(33.3%)
3 DMH+DSS—WEP 15 1(6.7%) 2 (13.3%) 0 2 (13.3%) 2 (13.3%)
Week 32
1 DMH+DSS 17 6 (35.3%) 10 (58.8%) 2 (11.8%) 11 (64.7%) 11 (64.7%)
2 DMH+DSS—EEP 20 7 (35%) 7 (35%) 0 7 (35%) 10 (50%)
3 DMH+DSS—WEP 20 8 (40%) 11 (55%) 0 11 (55%) 12 (60%)
4 DSS—EEP 5 0 0 0 0 0
5 DSS—WEP 5 0 0 0 0 0
[§ EEP 5 0 0 0 0 0
7 WEP 5 0 0 0 0 0
8 Basal diet 5 0 0 0 0 0

DMH: 1,2-Dimethylhydrazine; DSS: dextran sodium sulfate; EEP: ethanol-extracted propolis; WEP: water-extracted propolis; Ad: adenoma; AC:
adenocarcinoma; Sig: signet-ring cell carcinoma; 2Carcinomas include both AC and Sig.

International, Inc., Billerica, MA, USA). Sections were first incubated
with 20 ug/ml proteinase K in PBS for 15 min, then sequentially
treated with 3% H,O, for 5 min, 75 pl of Equilibration buffer for 10
s, 55 wl of Working Strength TdT enzyme at 37°C for 1 h, Working
Strength Stop/Wash Buffer for 10 min and 65 pl of Anti-Digoxigenin
Peroxidase Conjugate for 30 min. TUNEL-positive nuclei were
visualized with DAB, followed by hematoxylin counterstaining, and
>2000 epithelial cells were counted in each tumor at a magnification
of x400 (n=15, 12 and 13 in groups 1-3, respectively).

Statistical analysis. Statistical analysis was performed with the aid of
GraphPad Prism, Ver.6.0 (GraphPad Software, Inc., La Jolla, CA,
USA). Numerical values for each group were routinely subjected to
F-test, followed by parametric unpaired t-test, and are primarily
expressed as meansstandard deviation (SD). Tumor multiplicity
(number/rat), tumor volume (volume/each tumor), and PCNA and
TUNEL data are expressed as meanzstandard error of mean (SEM).
Tumor incidence and IHC scoring data were analyzed by either %2 or
Fisher’s exact probability test, according to the minimum number of
samples in each setting. For all cases, a value of p<0.05 was
considered to be statistically significant.

Results

General condition of the animals. In general, all animals
survived until sacrifice. Throughout the experiment, water
intake tended to be higher in the 1% EEP-treated rats (groups
2, 4 and 6), while food consumption did not vary (Table I).
Table II summarizes the final body weights and relative liver
and kidney weights of animals in all groups. Final body
weights did not vary between the groups at either week 12 or
week 32. At week 12, relative liver (2.8+0.1) and kidney
(0.59+0.02) weights in group 2 rats (DMH+DSS—EEP) were
significantly higher than those in group 1 rats (p<0.05). At
week 32, relative liver weights in group 2 rats (2.8+0.1) were
significantly higher than those in group 1 rats (2.6+0.1).
Similarly, relative liver weights in group 6 rats (2.8+0.1) were

higher than the no-treatment control group 8 rats (2.7+0.1).
Taken together, 1% EEP may have increased relative liver
weights with/without carcinogen treatment. However, these
changes in relative weights were less than 10%, which were
not regarded as toxic to the animals.

In this study, the propolis intake was calculated from the
food intake per rat. Daily intake of EEP and WEP were
calculated to be 0.42-0.44 g/kg b.w. A previous study showed
the median lethal dose (LDs) of propolis and its flavonoids in
an acute oral toxicity test to be 4-8 g/kg in rats, and no adverse
effects were seen in rats administered 2.74 g/kg b.w./day for
60 days via their drinking water (37). Two-year feeding of
2.5% EEP, corresponding to 1-2 g/kg/day, revealed no
carcinogenicity in any organs in male or female rats (38).
Therefore, daily intake of 0.42-0.44 g/kg of EEP and WEP by
rats appears to be well below toxic levels. Consumption of
0.42-0.44 g/kg/day in rats corresponds to a daily intake of
approximately 26 g by a 60 kg person, but many Japanese
companies suggest recommended doses of commercially
available propolis ranging from 100 to 500 mg/person/day.
However, there are no studies reporting accurate toxicity data
of propolis in humans.

Post-initiation treatment with propolis did not alter ACF
formation nor tumor yield at week 12. As shown in Table III,
post-initiation treatment with 1% propolis did not significantly
alter ACF formation in colonic mucosa (group 1-3). Similarly,
there were no differences in tumor incidences at week 12 (Table
IV). These results are consistent with previous reports that post-
initiation treatment with EEP or WEP did not inhibit colonic
ACF formation (31, 32), while administration during the
initiation period was very effective (30). Taken together, post-
initiation treatment with either EEP or WEP does not appear to
significantly alter the early steps of colon carcinogenesis in vivo.
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Signet-ring cell ca.
Figure 2. Representative features of the rat colons and tumors at week 32. A: Macroscopic features of the colorectum. Colorectums at week 32 from
10 rats each in groups (G) 1-3 are displayed. Yellow dots indicate each tumor visible on the surface of the extended colorectum. Tumor numbers
appear to be reduced in G2 compared with the control GI. Rats of G3 had more large-sized tumors than G1 or G2 rats. B: Microscopic features of
colorectal tumors. Chemically induced colorectal tumors are considered to develop sequentially from normal-appearing mucosa to dysplastic

aberrant crypt foci (ACF), followed by adenoma and finally adenocarcinoma. Signet-ring cell carcinoma tended to arise from sub-mucosal lymphoid
tissues. The histopathology of these neoplastic lesions was well correlated to their sizes. Bars=200 um, except for dysplastic ACF=100 um.
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Figure 3. Colorectal tumor multiplicity and volume at week 32. At 32 weeks, all colorectal tumors were histopathologically confirmed. Tumor
multiplicity (A) and tumor volume (B) were calculated for adenomas, carcinomas, and total tumors for each treatment group. Data are expressed
as the mean+SEM. Dashed lines indicate a tendency for difference between the groups 1 and 2, with p-values of 0.2262 (adenoma multiplicity),
0.0861 (total tumor multiplicity) and 0.1598 (total tumor volume). *Statistically significant difference between the groups at p<0.05.

Post-initiation treatment with EEP but not WEP significantly
reduced colonic tumor yield at week 32. At week 32, a total of
71 tumors were generated in the 17 group-1 rats, 19 tumors in
the 20 group-2 rats, and 44 tumors in the 20 group-3 rats. No
tumors were found in the the 8 rats of group 4. Representative
appearances of rat colons (10 rats from each group) are shown
in Figure 2A, displaying an apparently lower number of tumors
in the colons of group 2 rats, as illustrated by the yellow dots.
Each tumor was histopathologically diagnosed and
representative microscopic findings are shown in Figure 2B.
Typically, in chemically induced models, colon tumorigenic
processes progressfrom normal mucosa to dysplastic ACF,
tubular adenoma, and then adenocarcinoma. In addition, signet-
ring cell carcinoma tends to arise from the region near the
submucosal lymphoid tissue. The tumor incidence at weeks 12
and 32 are summarized in Table IV. Although post-initiation
treatment with propolis would not be expected to alter the early
stages of colon tumorigenesis and did not appear to affect tumor
development at week 12 or adenoma incidence at week 32, the
incidence of carcinoma did tend to decrease in group 2 rats
(35%) compared to control group 1 rats (64.7%) at week 32.
The most notable findings were the effects of EEP on tumor
multiplicity and tumor volume data (Figure 3). The 17 control
group 1 rats had 37 carcinomas (adenocarcinoma plus signet-
ring cell carcinoma) and 34 adenomas, the 20 EEP-treated G2
rats had 8 carcinomas and 11 adenomas, and the 20 WEP-
treated G3 rats had 23 carcinomas and 21 adenomas. As shown
in Figure 3A, the average number of carcinomas/rat was
significantly lower in group 2 rats compared to group 1 rats
(»=0.0398 by Welch’s r-test). Carcinoma multiplicity in group
3 rats also tended to decrease, but without statistical
significance. No statistical significances were obtained in

multiplicities of adenoma or total tumor numbers. However,
EEP administration apparently affected the colonic mucosa (as
described below), possibly reducing the number of adenomas
as well as carcinomas. It should be noted that compared to
controls, the average tumor volume seemed to be lower
(»=0.1598 by Welch’s t-test) only in the EEP-treated rats
(group 2). In contrast, the average carcinoma size was actually
increased by WEP treatment compared to the group 1 controls.
Thus, WEP failed to suppress tumorigenesis significantly in the
post-initiation phase.

Post-initiation treatment with EEP significantly suppressed
inflammation and oxidative stress. It is widely accepted that
colon carcinogenesis is driven by a series of mutations and
alterations of multiple genes. The early steps of colon
carcinogenesis can be triggered by Apc gene mutation,
followed by nuclear accumulation of -catenin protein, which
may enhance ACF formation and tumorigenesis (39). In the
present study, treatment with EEP did not reduce the nuclear
staining of APC nor increase nuclear staining P-catenin in
tumor epithelial cells at week 32 (Table V). Nor did EEP
treatment affect ACF formation at week 12 (Table III), cell
proliferation at week 32 (PCNA-positive cells; Table V), or
apoptosis at week 32 (TUNEL staining; Table V). Notably,
while expression of the inflammation-inducible form of
cyclooxygenase, COX2, in colorectal tumors was not affected
by EEP or WEP treatment, iNOS expression was significantly
down-regulated in the stromal cells of the tumors from EEP-
treated rats (Table V). Moreover, protein expression levels for
TNFa, NF-kB and GPX2 were significantly diminished in
many of the tumors from EEP-treated but not WEP-treated rats
(Table VI). Similar patterns were also observed in normal-
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Table V. Immunohistochemical (IHC) evaluation of colorectal tumors at week 32.

Group Gl G2 G3
Treatment DMH+DSS—Basal DMH+DSS—EEP DMH+DSS—WEP
IHC positivity
No. of tumors examined n=15 n=10 n=11
PCNA index2 55.6+2.2 549+2.3 50.9+1.8
No. of tumors examined n=15 n=12 n=13
TUNEL2 0.32+0.03 0.32+0.03 0.27+0.02
No. of tumors examined n=58 n=14 n=37
APCb 46.6% (27/58) 35.7% (5/14) 43.2% (16/37)
[B-catenin® 62.1% (36/58) 50.0% (7/14) 67.6% (25/37)
iNOS¢

Epithelial cells
- 41.4% (24/58)
+ 12.1% (7/58)
+ 46.6% (27/58)
Stromal cells
- 17.2% (10/58)

+ 72.4% (42/58)
+ 10.3% (6/58)
COX2¢

Epithelial cells
- 24.1% (14/58)

+ 70.7% (41/58)

+ 5.2% (3/58)
Stromal cells

- 0%

+ 12.1% (7/58)

++ 69.0% (40/58)

+++ 19.0% (11/58)

42.9% (6/14)
35.7% (5/14)
21.4% (3/14)

29.7% (11/37)
16.2% (6/37)
54.1% (20/37)

42.9% (6/14)*
57.1% (8/14)
0% (0/14)

16.2% (6/37)
75.7% (28/37)
8.1% (3/37)

28.6% (4/14)
71.4% (10/14)
0% (0/14)

8.1% (3/37)
89.2% (33/37)
2.7% (1/37)

0% 0%
7.1% (1/14) 10.8% (4/37)

71.4% (10/14) 73.0% (27/37)
21.4% (3/14) 16.2% (6/37)

DMH: 1.2-Dimethylhydrazine; DSS: dextran sodium sulfate; EEP: ethanol-extracted propolis; WEP: water-extracted propolis. *Significantly different
from G1 at p<0.05 (%2 test). #In epithelium of randomly selected colonic tumors and the data are expressed as mean positivitySEM. Ppositivity:
>10% of positively stained nuclei in colonic tumor epithelial cells; -, none; +, faintly and partially stained; +, mild-moderately stained in <50%
cells; ++, mild-moderately stained in >50% cells and/or strongly stained in <50% cells; +++, strongly stained in >50% cells.

appearing colonic mucosa adjacent to each tumor (data not
shown). These findings suggest that suppression of
inflammation and oxidative stress by EEP very likely
contributed to the reduction of colorectal tumor number and
size in EEP-treated rats.

Discussion

We found that ethanol-extracted Brazilian green propolis
exhibited an anti-inflammatory potential when administered in
the post-initiation phase of inflammation associated CRC,
significantly reducing tumor burden. To our knowledge, this is
the first study directly comparing the effects of EEP and WEP
treatment on inflammation-associated rat colon tumorigenesis.
Our results strongly suggest that there is a positive relationship
between the anti-oxidative potential and anti-tumorigenic
efficacy of EEP, suggesting that co-administration of EEP, and
possibly other naturally occurring anti-oxidative agents, with
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commercially available non-steroidal anti-inflammatory drugs
may synergize to prevent colitis-associated CRC in patients
with IBD.

The rat model of colon carcinogenesis used in this study
utilized DMH to initiate multi-step carcinogenesis. Although
DMH can cause direct injury to colonic mucosa, it can also be
metabolically activated by the cytochrome P450 (CYP) 2E1
enzyme in the liver (40). Propolis has an inhibitory effect of
CYP2E1 activity (41, 42); therefore, pre-treatment with
propolis before carcinogen exposure might reduce CYP2EI
activity, resulting in inhibition of DMH-mediated colon
genotoxicity, as reported elsewhere (31). The present study was
designed to investigate the effect of propolis on the post-
initiation stage of colon carcinogenesis; accordingly, propolis
was administered to rats beginning 2 weeks after the final
DMH injection. Consequently, EEP-mediated reduction of
tumor burden was not achieved through its effects on CYP2E1
activity. Thus, while tumor burden was reduced at 32 weeks,
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Table VI. Immunohistochemical (IHC) scoring in colorectal tumors at week 32. A total of 71, 19 and 44 (or 41) colorectal tumors were examined
by IHC for inflammation- and oxidative stress-related proteins glutathione peroxidase-2 (GPX2), nuclear factor-kappa B (NF-kB) and tumor necrosis
factor alpha (TNFa.). IHC scoring in the cytoplasm for GPX2, NF-xB and TNF o was performed using the criterion: —, none; +, faintly stained in
some epithelial areas, or fewer than 5% of stromal cells were positively stained; +, mildly stained in the cytoplasm of epithelial cells, or =5 to
<25% stromal cells were positive; ++, moderately stained in the majority of the epithelial cells, or =25 to <50% stromal cells were positive; +++,
strongly stained in the majority of the epithelial cells or 250% stromal cells were positive.

Group Gl G2 G3
Treatment DMH+DSS—Basal DMH+DSS—EEP DMH+DSS—WEP
NF-kB scoring
Tumors examined n=71 n=19 n=44
Epithelial cells - 0% 0% 0%
+ 19.7% (14/71) 42.1% (8/19)* 31.8% (14/44)
+ 62.0% (44/71) 52.6% (10/19) 54.5% (24/44)
++ 18.3% (13/71) 5.3% (1/19) 13.6% (6/44)
+++ 0% 0% 0%
Stromal cells - 0% 0% 0%
+ 0% 0% 0%
+ 19.7% (14/71) 31.6% (6/19) 4.5% (2/44)**
++ 56.3% (40/71) 63.2% (12/19) 52.3% (23/44)
+++ 23.9% (17/71) 5.3% (1/19) 43.2% (19/44)%**
TNFa scoring
Tumors examined n=71 n=19 n=41
Epithelial cells - 0% 31.6% (6/19)* 0%(d)
+ 56.3% (40/71) 36.8% (7/19) 19.5% (8/41)*
+ 43.7% (31/71) 26.3% (5/19) 56.1% (23/41)
++ 0% 5.3% (1/19) 22.0% (9/41)*
+++ 0% 0% 2.4% (1/41)
Stromal cells - 5.6% (4/71) 47.4% (9/19)* 2.4% (1/41)**
+ 31.0% (22/71) 21.1% (4/19) 9.8% (4/41)*
+ 50.7% (36/71) 21.1% (4/19)* 41.5% (17/41)
++ 12.7% (9/71) 10.5% (2/19) 39.0% (16/41)**
+++ 0% 0% 7.3% (3/41)
GPX2 scoring
Tumors examined n=71 n=19 n=41
Epithelial cells - 0% 0% 0%
+ 5.6% (4/71) 15.8% (3/19) 0%
+ 15.5% (11/71) 21.1% (4/19) 34.1% (14/41)
++ 76.1% (54/71) 63.2% (12/19) 63.4% (26/41)
+++ 2.8% (2/71) 0% 2.4% (1/41)
Stromal cells - 0% 0% 0%
+ 42% (3/71) 26.3% (5/19)* 0%
+ 18.3% (13/71) 21.1% (4/19) 12.2% (5/41)
++ 50.7% (36/71) 52.6% (10/19) 78.0% (32/41)
+++ 26.8% (19/71) 0%* 9.8% (4/41)

Significantly different at p<0.05 from *group 1 (Fisher’s exact probability or 2 test), and **group 2 (Fisher’s exact probability test).

post-initiation treatment was insufficient to inhibit formation
of ACF or tumors at week 12.

Inflammatory cells such as neutrophils and macrophages are
able to generate reactive oxygen and nitrogen species, such as
O, radicals, H,O,, HOCI, and nitric oxide, which can induce
DNA damage, DNA mutations and chromosomal aberrations.
Activated neutrophils and macrophages also express
inflammatory cytokines including TNFa, which can activate
NF-kB signaling that plays a central role in multiple human
diseases (4, 43). Inflammation-activated NF-kB leads to

transcriptional up-regulation of downstream molecules,
including anti-oxidative GPX2, a selenium-dependent
glutathione peroxidase which exerts hydrogen peroxide-
reducing activity in gastrointestinal mucosa (44), and iNOS.
Therefore, chronic inflammation can result in expression of
GPX2 and iNOS as well as TNFoa and NF-kB. However, it has
been reported that artepillin C, a major active component of
Brazilian green propolis, can strongly suppress the activity of
inflammation-related macrophages, resulting in significant
suppression of NF-kB (p65) and TNFa in vitro (25). Our data
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clearly show suppression of TNFa, NF-xB, GPX2, and iNOS
in tumors that developed in rats administered EEP, but not WEP.

The molecular mechanisms of action by propolis and its
components involve a wide spectrum of biological functions,
and induction of apoptosis has been considered to be a
significant mode of action (28-30); however, induction of
apoptosis in EEP-administered rats was not observed in this
study. Nevertheless, it is highly likely that EEP contains pro-
apoptotic component(s). For example, Kumazaki et al. reported
that the major constituents of propolis such as artepilin C,
baccharin and drupanin induced both intrinsic and extrinsic
apoptosis in human colon cancer cells through the up-
regulation of miR-143 and suppression of the target genes, such
as mitogen-activated protein kinase/extracellular signal-
regulated kinase 5 and ¢-MYC (45). Therefore, our observation
that post-initiation-administered EEP lacked apoptosis-inducing
activity requires additional confirmation. In addition, it has
been reported that propolis and its components may possess
immunomodulatory functions that can activate innate antitumor
immune surveillance and responses (14). This possibly also
warrants further investigation.

Our data strongly suggest that malignant progression from
adenoma to carcinoma was effectively suppressed by EEP.
Recently, Kakehashi et al. demonstrated that 2-year
administration of 2.5% EEP in the diet exerted anti-
carcinogenic potential and significantly reduced the incidence
of several naturally occurring tumors in male and female rats
(38). These results taken together with the results of the present
study suggest that propolis could be developed as a supportive
product targeting patients with IBD, including patients with
ulcerative colitis and Crohn’s disease, who may continuously
need anti-inflammatory drugs.

In conclusion, EEP reduced tumor burden in DMH/DSS-
treated rats by suppressing malignant progression from
adenoma to carcinoma. Suppression of inflammation and
oxidative stress is one demonstrable mechanism of action by
which post-initiation phase administration of EEP led to this
anti-carcinogenic response. However, additional studies are
warranted to further clarify the mechanisms by which Brazilian
green propolis exerts in vivo.
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