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Abstract

Objective: The aim of this study was to understand whether
or notthe protective effect of green tea after fasting-induced
damage in the jejunal mucosa of rat is dependent on cell
proliferation and the stimulation of specific growth factors.
Materials and Methods: Sixty adult male Wistar rats were
used in this study. The animals were divided randomly into
5 groups, with 12 in each group (G1-5). The animals in G1
(control group) were fed a rat chow diet and water ad libi-
tum. The animals in G2 (fasting group) were fasted for 3 days.
The animals in the G3, G4, and G5 groups were fasted for 3
days as G2, but were given water (G3), green tea (G4), or a
vitamin E (G5) solution, respectively, for another 7 days. The
animals were euthanized, and the jejunum was removed
and processed for histological and immunohistochemical
analysis. Results: Compared to the G3 group, the jejunal mu-
cosa of G4 rats showed a 70.6% higher level (p < 0.001) of
expression of proliferating cell nuclear antigen and 98%
higher level (p = 0.0001) of the expression of transforming
growth factor-B1 (TGF-1), whereas the level of fibroblast
growth factor-1 (FGF-1) and insulin-like growth factor-1

(IGF-1) expression was 22 and 11% lower, respectively, in G4
animals as compared to G3 rats. These differences in the ex-
pression of FGF-1 and IGF-1 in G4 animals were not statisti-
cally significant. Conclusion: In this study, green tea repaired
the fasting-induced damage in the jejunal mucosa of rats,
mainly by inducing a significant expression of TGF-f1 in the
jejunal mucosa. ©2017 5. Karger AG, Basel

Introduction

Epithelial cells of the intestinal mucosa are sensitive to
various pathological and physiological conditions [1-3].
In experimental animals that were fasted for 3 days, there
was a decrease in the overall mucosal weight and decrease
in the number and length of intestinal microvilli, result-
ing in the erosion and atrophy of the mucosal epithelium
[1, 4]. However, the mucosal epithelium of rats given
green tea or vitamin E for 7 days following fasting showed
a recovery to nearly normal histology from the fasting-
induced damage [1]. In addition, these conditions can
also lead to the erosion and atrophy of the intestinal mu-
cosa [1-3], surgical stress [1], ischemia/reperfusion [3],
trauma, burn [5], hemorrhagic shock, acute pancreatitis,
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ischemic bowel disease, mesenteric vascular occlusion,
solid organ transplantation, especially small bowel trans-
plantation [6], zinc deficiency [7], and deprivation of glu-
tamine [8], treatment with anticancer drugs and antibiot-
ics [9], and aging [10]. It has been shown that disruption
of the integrity of the intestinal mucosa leads to mucosal
and vascular permeability and bacterial translocation that
ultimately results in systemic inflammation, respiratory
failure, and multiple-organ failure [11].

Various studies have shown the involvement of free
radicals [2] and inflammatory cytokines [2, 11, 12] in in-
testinal injury and dysfunction. In support of this, we dem-
onstrated that green tea, a potent antioxidant, protected
the intestinal mucosa from fasting-induced damage [2].
Vitamin E also produced morphological and biochemical
changes similar to that of green tea, but the effects were
smaller [2]. Hence, it is probable that in addition to the an-
tioxidant properties, other mechanisms could govern the
beneficial effects of green tea in the intestinal mucosa.

Several investigators have shown the involvement of
growth factors in the modulation of intestinal inflamma-
tion and repair [11, 12]. It is possible that, in addition to
its antioxidant effects, green tea could directly or indi-
rectly induce specific growth factors that influence cellu-
lar proliferation, differentiation, and angiogenesis in the
intestinal mucosa. Although several growth factors that
arerelevant in protecting and repairing the intestinal mu-
cosa have been identified [11, 12], in this project we stud-
ied the expression of selected growth factors, such as fi-
broblast growth factor-1 (FGF-1), insulin-like growth
factor-1 (IGF-1), and transforming growth factor-p1
(TGF-P1), which have established functions in the intes-
tinal mucosa [13-17]. Exogenous epidermal growth fac-
tor (EGF) promotes intestinal growth. However, endog-
enous production of EGF by the normal colon and small
intestine is minimal and the expression of EGF does not
appear to be altered in patients with intestinal disorders
[18, 19]. Hence, in the current study the expression of
EGF expression in the jejunal mucosa was not analyzed.
Thus, the objective of this study was to examine the role
of green tea in cellular proliferation and on the expression
of FGF-1, IGF-1, and TGF-P1 in the jejunal mucosa of
fasting rats in comparison with that of vitamin E.

Materials and Methods

Animals and Experimental Procedures

This study used 60 male Wistar rats weighing approximately
250-300 g that were raised in the Animal House of the Faculty of
Medicine, Kuwait University, Kuwait. The facility is air condi-
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tioned and the temperature is maintained between 21 and 24°C,
with controlled illumination providing a 12-h light/dark cycle. The
rats were fed a standard laboratory diet (France Nutris Co. S.A.,
Paris, France) with water ad libitum. Each animal was housed in a
separate cage. The animals were divided into 5 groups (G1-5),
containing 12 animals in each group. All animal experiments were
carried out in accordance with the National Institutes of Health
guide for the care and use of laboratory animals. The experiments
performed in the different groups of animals are given below.

G1 (control group) animals had free access to rat chow and wa-
ter. The animals in G2 (fasting group) were fasted for 3 days and
were used to study fasting-induced damage to the intestinal mu-
cosa; they received only 40 mL of 10% glucose each day by intra-
peritoneal injection. G2 animals were killed after 3 days of fasting.
The groups G3, G4, and G5 were also fasted as described for G2,
but were given water (G3), green tea (G4), or vitamin E (G5) solu-
tion, respectively, for another 7 days. Also, the intraperitoneal ad-
ministration of 10% glucose, 40 mL daily, was continued during
this period in the G3, G4, and G5 animals. Groups G4 and G5 were
used to study the effects of green tea and vitamin E, respectively,
as compared with G3 animals.

The control and experimental animals were euthanized with an
excess of ether and 2 inches of the jejunum was removed. The lu-
men of the jejunum was immediately cleaned by injecting phos-
phate-buffered saline through one end of the bowel using a 20-mL
syringe. Similarly, initial fixation of the intestine was carried out
by injecting 10% of formalin through the bowel. The specimens
were further fixed overnight in the same fixative.

Preparation of Green Tea and Vitamin E Solutions

Green tea was prepared as previously described [1-3]. Briefly,
the preparation of the tea was as follows. Six grams of locally pur-
chased dry green tea leaves were added to 1 L of boiling water. The
preparation was allowed to simmer for a few minutes then left to
cool to room temperature. The green tea solution was then poured
into the animal’s feeding bottle that replaced the animal’s drinking
water during the period of the experiment. Every morning the rats
were supplied with freshly prepared green tea.

Vitamin E was prepared using capsules containing 400 IU of
dI-a-tocopheryl acetate (Vita Health Company Ltd, Winnipeg,
MB, Canada). The contents of 2 capsules (800 IU) were poured
into the feeding bottles containing 500 mL of drinking water. The
concentration of vitamin E was 1.6 IU per mL of the solution. On
average each rat consumed about 40 mL of green tea or vitamin E
solution per day.

Histopathological and Immunohistochemical Analysis

The fixed specimens of jejunum from each experimental
group were cut longitudinally and 2-mm cross sections were pro-
cessed and embedded in paraffin blocks. The blocks were cut into
4-um-thick sections. The sections were stained for histopatho-
logic and immunohistochemical studies. The antibody used
against proliferating cell nuclear antigen (PCNA) was a mouse
monoclonal antibody, while the antibodies used against FGF-1,
IGF-1, and TGF-P1 were affinity purified polyclonal antibodies.
TGF-B1 antibody detects the precursor and mature TGF-f, and
does not cross-react with the latency-associated peptide. Anti-
bodies against PCNA, FGF-1, and TGF-B1 were obtained from
Santa Cruz Biotechnology Inc. (Santa Cruz, CA, USA). Antibody
against IGF-1 was obtained from Lab Vision Corporation (Fre-
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mont, CA, USA). Immunohistochemical analysis of PCNA, FGF-
1, IGF-1, and TGF-P1 were carried out using the LSAB™+Kit/
HRP (Dako North America Inc., Carpinteria, CA, USA), which
utilizes a refined avidin-biotin technique in which a biotinylated
secondary antibody reacts with several peroxidase-conjugated
streptavidin molecules.

For immunohistochemical techniques, the sections were trans-
ferred to 0.05 mol/L Tris-buffered saline (TBS) at pH 7.6, dewaxed
with xylene, and hydrated using a descending series of alcohols.
The endogenous peroxidase activity in the tissue was removed by
incubating the slides in hydrogen peroxidase for 10 min. Subse-
quently, the sections were washed with water for 5 min. The sec-
tions were then subjected to the antigen retrieval step (microwave
treatment with citrate buffer at pH 6) as per the manufacturer’s
instructions (Dako North America Inc., Carpinteria, CA, USA)
[20]. To block the nonspecific binding of the antibody, the slides
were rinsed in TBS for 5 min and then covered with normal serum
for 10 min. The sections were then incubated with the appropriate
primary antibodies at specific dilutions as per the manufacturer’s
instructions [20]. The sections were then incubated with biotinyl-
ated link antibody for 30 min. After incubation with the link anti-
body, the sections were treated with streptavidin-HRP for 30 min.
All these incubation steps were performed with interposed wash-
ing steps with TBS between the changes from one reagent to the
other. Finally, the sections were treated with diaminobenzene for
a few minutes. The peroxidase of the streptavidin-HRP reacts with
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diaminobenzene to produce, via oxidation and polymerization, an
insoluble brown product at the site of the target antigen. The sec-
tions were counterstained with Mayer’s hematoxylin and washed
under running tap water for about 5 min until the nucleus became
blue. The sections were dehydrated, cleared, and mounted in a
synthetic resin mounting media containing a mixture of distyrene,
a plasticizer, and xylene (DPX). The primary antiserum was omit-
ted for negative controls and appropriate tissues were used as pos-
itive controls.

All the sections were examined using a Zeiss light microscope
(Carl Zeiss AG, Oberkochen, Germany) by a members of the
team (T.C.M) who was blinded to the different animal groupings.
They were again double-checked by another member of the team
(S.M.A) who was also blinded to the different animal groupings.
For semiquantification of the immunohistochemistry results, 30
fields per section were examined. All immunopositive cells of rel-
atively similar intensity were counted in each field. The mean +
standard error of positive cells in 30 fields was calculated for each

group.

Data Analysis

Data were analyzed using ANOVA-factorial analysis of the
StatView 4.5 computer package (Abacus Concepts, Berkeley, CA,
USA) and p < 0.05 was considered to show a significant difference
between groups. The results are expressed as the mean value
SEM.
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Table 1. Percentage difference of the mean of growth factors based the level of expression in G1 and G3

Growth factor Group  Mean Standard  Based on G1 Based on G3
eror difference % difference  difference = % difference
in mean in mean

FGF G1 20.625 0.778 - - 18.375 816.667
G2 13.500 1.569 -7.125 -34.545 11.250 500.000
G3 2.250 0.366 -18.375 -89.090 - -
G4 1.750 0.250 -18.875 -91.515 -0.500 -22.222
G5 1.125 0.295 -19.500 -94.545 -1.125 -50.000

IGF G1 39.750 1.250 - - 3.500 9.655
G2 20917 1.443 -18.833 -47.378 -15.333 -42.298
G3 36.250 1411 -3.500 -8.805 - -
G4 32.250 0.996 -7.500 -18.867 -4.000 -11.034
G5 22.000 0.567 -17.750 -44.654 -14.250 -39.310

TGE-B1 Gl 23.333 0.644 - - 4,333 22.805
G2 15.000 1.292 -8.333 -35.713 -4.000 -21.053
G3 19.000 0.866 -4.333 -18.570 - -
G4 37.625 1.322 14.292 61.252 18.625 98.026
G5 25.625 0.680 2.292 9.823 6.625 34.868

G1, control; G2, 3 days fasting; G3, 3 days fasting then 7 days water; G4, 3 days fasting then 7 days green tea;

G5, 3 days fasting then 7 days vitamin E.

Results

Histological Studies

The hematoxylin and eosin figures showing the histol-
ogy of the jejunal mucosa of normal and experimental
groups are not shown here as they were described in our
previous studies. Briefly, the histopathological changes
were as follows. Control animals (G1) showed a normal
mucosal pattern. In the G2 group (fasting for 3 days)
there was a shortening, atrophy, fragmentation, and loss
of the villi. In the G3 group (rats that were given only wa-
ter for 7 days following 3 days of fasting), the villous ar-
chitecture became worse with continued atrophy, frag-
mentation, and loss of the villi. However, the jejunal villi
of G4 and G5 rats (given green tea and vitamin E, respec-
tively, for 7 days following fasting) showed a recovery to
nearly normal histology from the fasting-induced dam-
age.

Expression of PCNA in the Jejunal Mucosa

The extent of cell proliferation in the intestinal mu-
cosa of normal control (G1), fasting control (G2), and the
other G3, G4, and G5 groups using antibodies against
PCNA are shown in Figure 1a, b. Cell proliferation was
10.7% less in the jejunal mucosa of G2 rats that were fast-
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ed for 3 days as compared to G1 rats, whereas in the G3
rats the level of PCNA expression was 39.3% less than
that of G1. Hence, the level of PCNA expression in G3
animals was further lower than in G2 rats. However, an-
imals that were fed with green tea showed a 3.6% higher
level of PCNA than the level of PCNA expressed in nor-
mal control rats. Thus, the cell proliferation in the green
tea-treated group (G4) was even higher (3.6%) than the
level of PCNA expressed in the normal control group
(G1; p < 0.001). A similar pattern of PCNA expression
was not observed in the G5 animals that were fed with
vitamin E. Rats that were given green tea (G4) or vitamin
E (G5) showed 70.6% (p < 0.001) and 29.4% (p < 0.001)
more cell proliferation, respectively, as compared to the
G3 group. However, the proliferation of cells in the jeju-
nal mucosa of rats that were treated with green tea (G4)
was higher than the vitamin E-treated group (GS5; p <
0.05).

Expression of FGF-1 in the Jejunal Mucosa

The expression of FGF-1 in the jejunal mucosa of G2
animals (3 days fasting) was 34.5% less (p < 0.05) as com-
pared to the normal controls (G1; Table 1; Fig. 2a, b). G3,
G4, and G5 animals showed 89.1, 91.5, and 94.5% less
FGF-1 expression, respectively, as compared to G1 ani-

Mathew/Abdeen/Dashti/Asfar



Fig. 2. Immunohistochemical expression
of FGF-1 in the jejunal mucosa (a; counter-
stained with Mayer’s hematoxylin, x100)
and a semiquantitative analysis of the re-
sults (b). G1, control; G2, 3 days fasting;
G3, 3 days fasting then 7 days water; G4,
3 days fasting then 7 days green tea; G5,
3 days fasting then 7 days vitamin E. G4
and G3, p = not significant; G1 and G2, p <
0.05; G3 and G2, p < 0.001; G5 and G3, p =
not significant; G4 and G5, p = not signifi-
cant; G1 and G4, p < 0.0001; G1 and G5,
p<0.0001.

Fig. 3. Immunohistochemical localization
of IGF-1 in the jejunal mucosa (a; counter-
stained with Mayer’s hematoxylin, x100)
and a semiquantitative analysis of the re-
sults (b). G1, control; G2, 3 days fasting;
G3, 3 days fasting then 7 days water; G4,
3 days fasting then 7 days green tea; G5,
3 days fasting then 7 days vitamin E. G4
and G3, p = not significant; G1 and G2, p <
0.0003; G1 and G3, p = not significant; G4
and G5, p = 0.0001.
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mals (p < 0.0001). Drinking green tea (G4) or vitamin E
(G5) for 7 days after fasting did not have any positive ef-
fect on the expression of FGF-1 in the jejunal mucosa of
the rats as compared to the rats that were given only water
following 3 days of fasting. These rats (G4, G5) showed
22.2 and 50.0% less FGF-1 expression, respectively, as
compared to the G3 group. There was no statistically sig-
nificant difference in the expression of FGF-1 between
the green tea (G4) or vitamin E (G5) groups.

Expression of IGF-1 in the Jejunal Mucosa

The expression of IGF-1 was lower in G2, G3, G4,
and G5 animals as compared to the G1 control group
(Table 1); however, the level of IGF-1 was the lowest
(47.3%; p = 0.0003) in the jejunal mucosa of G2 rats
compared to the controls (Table 1; Fig. 3a, b). There
were no statistically significant differences between the
expressions of IGF-1 in G3 animals, which were given
only water for 7 days after 3 days of fasting, as compared
to G4 animals that were given green tea. The level of
IGF-1 expression in the vitamin E group (G5) was 39.3%
less, while it was only 11.03% less in green tea-fed rats
(G4; p = 0.0001).
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Expression of TGF-f1 in the Jejunal Mucosa

TGF-B1 expression in G2 and G3 rats was 35.7% (p <
0.005) and 18.6% (p < 0.003) less, respectively, than in the
controls (Table 1; Fig. 4a, b). On the other hand, the rats
that were fed with green tea (G4) showed a 61.3% higher
level of TGF-P1 expression and the rats fed with vitamin
E showed a 9.8% higher level of TGF-p1 expression than
the G1 (control) rats. Drinking green tea for 7 days after
3 days of fasting (G4) resulted in a 98.0% higher level of
TGE-B1 expression as compared to the water-fed controls
(G3; p < 0.0001). Vitamin E-treated rats (G5; Table 1;
Fig. 4a, b) also showed a 34.9% higher level of TGF-p1
expression, but to a significantly lesser extent (p < 0.0001)
as compared to that of the green tea group (G4; Table 1;
Fig. 4a, b).

Discussion

This study demonstrated that the protective and or
repairing effect of green tea in the jejunal mucosa of rats
after fasting-induced damage is dependent on cell prolif-
eration and the induction of specific growth factors.
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Also, green tea induced cellular proliferation in the jeju-
nal mucosa by stimulating TGF-p1, which is a regulator
of the cell cycle and growth [17], or similar other growth
factors.

The PCNA immunohistochemical analysis showed
that the level of PCNA expression was less in the jejunal
mucosa of G2 and G3 animals than G1 rats, thereby indi-
cating the low level of cell division. In addition to low cell
proliferation, there was a higher level of cell death in the
ratjejunal mucosa [13, 21]. The level of PCNA expression
in rats fed green tea (G4) for 7 days following 3 days fast-
ing was 70.6%, while the PCNA level in vitamin E-fed rats
(G5; for 7 days following 3 days of fasting) was only 29.4%
as compared to the 7-day water-fed animals (G3) follow-
ing 3 days of fasting. As the effect of vitamin E, which is
a potent antioxidant, was almost 50% less than the effect
of green tea, it is obvious that in addition to its antioxi-
dant properties, green tea has other beneficial mecha-
nisms to induce cellular proliferation to a higher level
than vitamin E.

The expression of FGF-1 in the jejunal mucosa of G2
and G3 rats was less as compared to the normal controls
(G1). Apparently, drinking green tea (G4) or vitamin E
(G5) for 7 days after fasting did not have any positive ef-
fect on the expression of FGF-1 in the jejunal mucosa; the
expression of FGF-1 between the green tea (G4) or vita-
min E (G5) groups was not statistically significant. Hence,
both green tea and vitamin E did not have any role in the
upregulation of the expression of FGF in the fasting ani-
mal model, although FGFs are involved in the regulation
of cell proliferation, differentiation, and apoptosis [22,
23]. Similar to EGF, FGF is also implicated in tumorigen-
esis and metastasis [23].

The data presented in this study showed that IGF-1
expression was decreased in rats after 3 days of fasting,
but the level of IGF-1 increased in the G3, G4, and G5
animals. However, the increase of IGF-1 expression in the
green tea group (G4) was not significantly different from
the G3 group. In the vitamin E group, the expression of
IGF-1 was significantly lower than that of the G3 and G4
groups. Hence, IGF-1 was not specifically induced by ei-
ther green tea or vitamin E in the fasting animal model,
although IGF-1is a potent stimulator of intestinal growth
[24], and in experimental animals exogenous IGF admin-
istration was able to reverse the mucosal atrophy induced
by total parenteral nutrition [25].

In this study, there was a significantly lower level of
TGEF-P1 expression following 3 days of fasting, with the
level of TGF-P1 expression the highest in rats that were
given green tea. Although vitamin E induced the expres-
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sion of TGF-1, it was much lower than that of the green
tea-fed group. It is known that TGF-1 is a regulator of
the cell cycle and growth [26]. It maintains tissue ho-
meostasis by regulating cellular processes that regulate
cell cycle arrest, differentiation, and apoptosis. The in-
testinal epithelium consists of a single layer of epithelial
cells and is organized in crypt-villus functional units
[13, 18]. Progenitor cells are generated from the stem
cells that are located at the bottom of the crypts. In the
middle of the crypt these cells differentiate into entero-
cytes. These differentiated cells migrate along the crypt
axis and undergo apoptosis and exfoliation at the villus
tip [13]. This cytostatic regulatory effect of TGF-p1 is
highly significant in tissues such as the gut epithelium,
where an imbalance in cellular homeostasis in favor of
increased cell division could lead to a neoplastic growth.
These processes are tightly regulated by a number of
mechanisms, among which TGF-f plays an important
role by controlling the relative rates of proliferation and
elimination of epithelial cells [23]. This cytostatic effect
of TGF- is highly significant in tissues such as the gut
epithelium as the disruption of the balance between cell
division and cell death could lead to the development of
cancer [26].

In this study, depending on the extent of cellular pro-
liferation in the jejunal mucosa of different groups of an-
imals, there was an increase in the mucosal epithelial ex-
pression of TGF-P1. Thus, there was a good association
between cell proliferation and the expression of TGF-p1
in the different groups. Hence, the data on TGF-f1 ex-
pression shown in this study confirmed the previous find-
ing [23] that TGF-p maintains tissue homeostasis by reg-
ulating various cellular processes that regulate cell cycle
arrest, differentiation, and apoptosis. In further support
of the current data, Howe et al. [16] have shown that
TGEF-B1 promotes epithelial barrier integrity following
exposure to proinflammatory cytokines and infectious
agents [16].

Conclusion

In this study, green tea repaired the fasting-induced
damage in the jejunal mucosa of rats, mainly by inducing
a significant expression of TGF-P1 in the jejunal mucosa.
Therefore, targeted treatment of TGF-$1 could lead to the
development of novel therapies for several enteric dis-
eases. However, FGF-1 and IGF-1 were not specifically
induced in the rats fed with either green tea or vitamin E
for 7 days following 3 days of fasting. Thus, FGF-1 or
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IGF-1 was not linked with green tea- or vitamin E-in-
duced jejunal mucosal repair. This study could not dem-
onstrate whether FGF-1 or IGF-1 were expressed earlier
than 7 days. Therefore, further studies are necessary to
understand whether the timing of the experiment had any
effect on the expression of these growth factors, and

whether a similar expression of PCNA and other specitic

growth factors analyzed in this study can be observed in

the duodenum and ileum.
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