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ABSTRACT

Background: Green tea has been used as a daily beverage for several years. Anti-inflammatory effect of tea has
also been depicted in different papers. Therefore we had set forward this study to examine the potential anti-
inflammatory activity of green tea in small intestine mucositis experimental models. Aims: Evaluation of anti-
inflammatory effects of green tea on mice. Materials and Methods: Green tea decoction (20%) was prepared by
soaking 20 g of green tea in 100 ml boiled water separately, soaked for 2 minutes and thereafter filtered. In-
flammatory activity was induced using methotrexate (2.75 g/kg/24 h sc), and a protecting effect of mucositis con-
dition was investigated by vitamin E and Camellia sinensis decoction. Study Design: An experimental study was
approved by an Animal Ethical Commitee. Results: Green tea decoction (20%) has shown significant anti-in-
flammatory effects (65% and 70%) on methotrexate-induced acute mucositis model. In villous atrophy Green tea
decoction (10% and 20%) has shown no protecting action at different intestinal segments. But at intestinal crypt
hyperplasia, green tea decoction has shown 65.74%, as compared to mucositis group. An increase of apoptotic
bodies were acchieved at MTX group, CS reduced this occurrence. Conclusion: Taken together, our data indi-
cate that green tea (20%) has a potential anti-inflammatory compared vitamin E antioxidant action and cor-
roborates with the current trend of tea being promoted as “health drink”. However more pharmacological and
biochemical assays is necessary to elucidate mechanisms.
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1. Introduction mucositis. This is clinically manifested by malabsorp-
tion, malnutrition, dehydration and diarrhea [1]. The ga-
strointestinal tract is particularly vulnerable to these ef-
fects, presumably because of high cell proliferation and
turnover rates [2]. The mucosal damage is known to be
induced initially as a consequence of loss of mitotic cells
in the epithelium [3] leading to villi flattening and ab-
sorptive dysfunction [4]. The antimetabolite methotrex-
ate is widely used in cancer chemotherapy, causing intes-
“Corresponding author. tinal mucosal injury, by inhibition of dihydrofolate re-

The intestinal epithelium forms a dynamic system of
continuous proliferation, differentiation and cell death. In
the crypt compartment, stem cells and proliferating cells
produce new epithelial cells [1]. Collectively, the epithe-
lial cells maintain a high barrier function. The use of cy-
tostatic drugs like methotrexate in cancer treatment may
severely impair intestinal epithelial function resulting in
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ductase, which is required for DNA synthesis and cell
division [5]. The intestinal cells journey from the crypt to
the villous tip is completed in 2 - 5 days and terminates
with the cell remotion by apoptosis and/or exfoliation
[6,7]. At highly metabolically and proliferative active
tissue like the intestinal epithelium, Vitamin E protects
membranes from damage by free radicals, and in mice is
required to stem cell proliferation and oxide-reduction
reactions [8,9]. Others chemical compounds such as ca-
thechins, present at green tea could counteract an oxida-
tive event reducing inflammatory pattern. Methotrexate-
induced enteropathy in rat small intestine, especially in
jejunum, is characterized by diarrhea, villous atrophy and
impaired digestive and absorptive function [10], Addi-
tionally, MTX-induced injury has been exacerbated by
malnutrition and of elemental diet consumption [11].
Thus, the aim of this study was to evaluate the effect of
Camellia sinensis and vitamin E supplementation on the
intestinal barrier function in this experimental model.

2. Methods

Chemicals were obtained from the following manufac-
turers: Methotrexate (MTX; Immunex Corporation; Sea-
tle, WA); Camellia sinensis (laboratdrio Brasmed, Bra-
zil); Vitamins E (Laboratério Sundow). Diets included
total nitrogen content around 10% - 13%. All groups
consumed commercial chow (Fri-Ribe—SP, Brazil).

Animal experiments were performed with permission
of the Experimental Ethical Committee of Federal Uni-
versity of Ceara-Brazil; and the protocol was complied
with the Occupational Health and Safety in the Care and
Use of Research Animal, National Research Council
(National Academic Press, 1977). Male adults Swiss Mus
musculus (n = 32, 35 - 40 g) from Pharmacology and
Physiology Department, Federal University of Ceard,
were used throughout the experiments. Animals were
housed in individual metabolic cages, maintained under a
12 hours light-dark cycle, and controlled access to a
standard palletized diet and water. Mice were monitored
daily, for signs of diarrhea, metabolic control and mortal-
ity. An experimental model of intestinal mucositis in rats
as described previously [12], was modified and adapted
for mice.

Control (PBS, phosphate buffer solution, via gavage),
methotrexate (2.75 mg/kg/24 h sc) and Camellia sinensis
decoction and vitamin E (10 IU/animal/24 h via gavage)
groups (n = 8/group) were treated during three days. Tea
decoction (20%) was prepared by soaking 20 g of green
tea in 100 ml boiled water separately, soaked for 2 min-
utes and thereafter filtered. This filtrate was designated
as “green tea decoction”. The dose of this decoction oral-
ly administered to each mice was 0.1 ml/10g of body
weight. Initial pilot study suggested that 20% of green
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tea preparation had given significant results, than 10%
green tea. Therefore, we have decided to set forward our
study with 20% green tea decoction. Since the maximum
mucosal damage caused by MTX occurs after 72 hours
after the MTX administration, and MTX+CS (metho-
trexate plus Camellia sininsis) or vitamin E (methotrex-
ate plus vitamin E), all the mice were sacrificed (at 4"
day), under general anesthesia (50 mg/kg ketamine + 10
mg/kg xilazine im). Intestines of the mice were removed
for histological examination just after they have been
sacrificed, and put in formalin after being washed with
iced isotonic saline solution. Histopathological changes
in the intestinal cells were examined via qualitative
blindly histological evaluation by a pathologist. On the
histological examination performed after the routine tis-
sue processing, villus length and the crypt depth were
morphometrically evaluated analyzing the tissue sections
stained with hematoxylin eosin (H&E), measurements
were done on 40 villi from 40 crypts per animal. To ex-
amine apoptotic events, sections were examined under
light microscopy. Counts of apoptotic cells and apoptotic
bodies were performed using 40x objective. Cells were
scored as apoptotic if they exhibited cellular shrinkage
with concurrent cytoplasmic eosinophilia, nuclear pykno-
sis, and fragmentation with associated apoptotic bodies.
Areas of marked lymphocytic infiltration or necrosis
were not used for counting.

3. Statistical Analyses

Statistical analysis was performed using GraphPad Prism
5.01 (GraphPad Software, San Diego, CA) and consisted
of a two-way ANOVA with Bonferroni post hoc tests
when appropriate. And groups were tested for homoge-
neous variance then used a Student’s t test. Data are pre-
sented as mean = standard error of the mean. For daily
monitored parameters, repeated measures two-way
ANOVA was performed. For all, p < 0.05 was consid-
ered significant.

4. Results
4.1. Histomorphologic Approach

Mucositis condition was achieved at mice treated with
methotrexate (2.75 mg/kg/day sc). Subcutaneous route
was chosen, to avoid direct intestinal insult, but induce a
systemic delivery of metabolites inhibitors of cell proli-
feration at barrier function, reproducing an inflammatory
small intestine status (Panel 1(b)) when compared with
PBS treated group (Panel 1(a)—Foliaceous villi with
many goblet cells). No changes were found at ileum
segments at all groups. In addition, vitamin E and CS
supplemented animals presented more goblet cells at vil-
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lous (Panels 1(c) and (d)—black single arrows). Meth-
otrexate induced mild goblet cell depletion, and villi atro-
phy in the small intestine during a period of epithelial
damage and apoptotic events (Panel 1(b)—white double-
headed arrow).

4.2. Intestinal Morphometry

Similarly, in this present study showed at Figure 1 (duo-
denum) and Figure 2 (jejunum), villus length was found
shortened in the MTX group, at duodenum (D; 364.8 +
19.90 vs 437 = 19.92 pum) and at jejunum (J; 363.3 +
20.65 um as compared to the control group (426.0 *
15.14 um; p < 0.01). Crypt depth was found as hyper-
plasic feature at mice with intestinal mucositis. CS (D;
155 + 6.88; J, 126.8 = 5.65 um) and VITE (D; 241.5

16.2 J; 122 + 5.78 pum) supplementation did not alter vil-
lous atrophy when compared as control (D; 98.0 + 5.26
um; J vs 114.0 £ 4.76 um), however reestablished crypt
morphometry. Methotrexate (9.3 + 0.68) administration
induced a marked increase of apoptotic bodies at duode-
num compared with control mice (0.88 + 0.17). Camellia
sinensis (1.64 = 0.78) but not vitamin E (9.2 + 0.61)
ameliorates cellular death induced by methotrexate.
Shortening in the villus length, as well as the decrease in
the mucosal thickness and villus length/crypt ratio, is
likely to occur in the MTX-induced mucositis models in
rats. Villous/crypt length ratios of control group were 3.8
at duodenum and 4.27 at jejunum; in opposite to MTX
animals (1.89 at duodenum and 2.42 at jejunum), in
agree with intestinal morphometry.

Panel 1. The morphology and histopathology of the jejunum treated with PBS or methotrexate (MTX; 2.5 mg/kg, s.c.) (a)
Normal crypts and villi from control duodenum (100x); (b) The duodenum (100%) from an animal treated with MTX, ob-
serve the blunted villi and hyperplasic crypts compared with the control. Photomicrographs of supplemented groups; (c)

Vitamin E; and (d) Camellia sinensis at mucositis condition.
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Figure 1. Morphometric analysis of vitamin E supplemen-
tation and CS decoction in mice by methotrexate-induced
intestinal mucositis (MTX) at duodenum. (a) Villous height;
and (b) Crypt depth (um) of animals treated with MTX (2.75
mg/kg/24 h sc) or PBS (control) during 3 days. Mice were
supplemented with vitamins E (10 IU/animal) at the same
period of MTX administration. Morphometry was perform-
ed with optical microscopy using an eyepiece (scale of 1
mm). Results are presented as mean = SEM, #p < 0.05, MTX
compared with control, and “p < 0.05, MTX compared with
vitamins groups (ANOVA, Bonferronis’s test).

4.3. Apoptotic Events

At green tea 20% decoction group, no mortality was
achieved, similar to those results at ulceration ear mice
experimental model induced by MTX. As expected, MTX-
induced mucositis mice, presented (Figure 3) more in-
testinal cell death (9.30 + 0.16 apoptotic bodies/field/
sample) when it compared to control (0.78 + 0.02). Vi-
tamin E supplementation do not alter apoptotic events
(8.60 + 0.07), however CS supplementation (2.40 + 0.03
apoptotic bodies/field/sample) reduces intestinal cell dea-
th mainly at jejunum at inflammatory condition.

5. Discussion

Apart from fundamental basic research investigating
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Figure 2. Morphometric analysis of vitamin E supplemen-
tation and CS decoction in mice by methotrexate-induced
intestinal mucositis (MTX) at jejunum. (a) Villous height;
and (b) Crypt depth (um) of animals treated with MTX (2.75
mg/kg/24 h sc) or PBS (control) during 3 days. Mice were
supplemented with vitamins E (10 1U/animal) at the same
period of MTX administration. Morphometry was perform-
ed with optical microscopy using an eyepiece (scale of 1
mm). Results are presented as mean + SEM, #p < 0.05, MTX
compared with control, and “p < 0.05, MTX compared with
vitamins groups (ANOVA, Bonferronis’s test).
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Figure 3. Duodenal apoptosis analysis in mice with intesti-
nal mucositis induced by methotrexate (MTX, 2.75 mg/kg/
24 h s.c). Mice were supplemented with and E (10 1U/ani-
mal). Legends: Control (PBS); MTX (methotrexate), CS
(Camellia sinensis), VITE (vitamin E). Morphometry were
performed by optical microscopy using an eyepiece (scale of
1 mm), HE staining. Results are presented as mean + SEM,
#p < 0.05 (MTX compared with control, and “p < 0.05, MTX
compared with others groups (ANOVA, Bonferronis’s test).
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mechanisms by which the latter stages of cancer can be
inhibited, there are no nutraceuticals that have advanced
to the point of clinical trial testing. However, this is a
promising area of basic research in cell lines and in ani-
mal models. At intestinal mucositis induced by metho-
trexate administration, the toxic effects are not consid-
ered to be a result of direct action on the gastrointestinal
tract tissues but rather to be the consequence of an inhi-
bition in dihydrofolate reductase synthesis. This enzyme
is required to maintain the intracellular pool of tetrahy-
drofolate during purine and thymidine synthesis. The
chemical and morphologic changes in the small intestine
may be triggered by crypt cell damage [13]. To minimize
the side effects in patients undergoing chemotherapy, it is
important to reduce mucosal damage and stimulate tissue
repair. Such intestinal damage is reported to be prevented
by some kinds of nutrients and growth factors. Plant
products are in use for a long time in Ayurvedic and fol-
klore medicine for the cure of ailments with minimal side
effects and comparable efficacy. Green tea term (Camel-
lia sinensis) nominate a great variety of Thernaceae fam-
ily plants, including 520 species, endemic in tropical and
sub-tropical areas of Asia and South America. Green tea
decoction has a medicinal use in these countries due to
beneficial and potent antioxidants properties. As a medi-
cinal beverage, it is recommended to nauseas, vomiting
and at diarrhea condition. Antibacterial action had been
used at infections and at wounds treatment [14]. Aside
from the pluripotent effects of green tea polyphenols,
exist an increasing list of molecular processes, including
oxidative stress [15]. Cathechins, mainly (-)-epigalloca-
techin-3-gallate (EGCG), represent the largest group of
flavonoids (flavan-3-ols) in the tea plant, in particular in
fresh leaves and green tea. Injected and orally adminis-
tered green tea cathechins, in vitro, significantly decrea-
sed bacterial LPS-induced alveolar bone desorption and
IL-1 expression in the gingiva of BALB/c mice [15,16].
Initially in mucositis development, direct DNA damage
caused by the chemotherapy agents might lead to cellular
death in the basal epithelium and submucosal cells, but
clonal cell death occurs in only small part of the dam-
aged cells. Vitamin E and CS protection occurred proba-
bly due a retardation of inflammatory process at proge-
nitors intestinal crypt cells [17-19]. On the other hand,
the methods used at present study are insufficient to ex-
plain completely the intensive damage at mucositis; but
present results demonstrated clearly an amelioration of
intestinal barrier morphology. Gastrointestinal impaired
function could be positively modulated by Camellia si-
nensis [20]. At green tea 20% decoction group, no mor-
tality was achieved, similar to those results at ulceration
ear mice experimental model induced by MTX. These
results agree with our finds at intestinal mucositis model.
However, at this challenge, green tea treatment did not
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affect the main effect of methotrexate (arresting cell di-
vision in S-phase) [21]. Data suggest that an offer of CS
or vitamin E supplementation could treat villous atrophy,
cells crypt hyperplasia and increase of intestinal apopto-
sis, induced by MTX challenge.

6. Conclusion

Marked intestinal barrier function disruption was caused
by a methotrexate administration. In addition, a protect-
ing effect of Camellia sinensis decoction at small intes-
tine of mice with mucositis, was achieved similarly to
antioxidant action of vitamin E. Probably, cathechins
compounds of this green tea, initiate an antioxidant pro-
tection. However more pharmacological and biochemical
assays are essential to elucidate protector mechanism,
and potential active compounds.
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