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ABSTRACT

The aim of the study was to investigate the concentration dependent impact of chestnut and oak extracts with high
concentration of hydrolysable tannins on the growth of animal and human small intestinal enterocyte cell lines.In our
study, four tannin extracts from oak and sweet chestnut were used (GALLIC ACID, FARMATAN, CONTAN, TANEX).
Tannins were tested on normal porcine small intestinal cell lines (PSI, IPEC-J2, CLAB), human normal (H4) and human
cancerogenic (Caco-2) cell line. Proliferation of cells was followed in 96-well plate by colony count assay. In this assay, a
small number of cells was initially seeded into wells and growth of cell colonies in the presence of tannins supplemented
in a wide range of concentrations (0.5 pg/mL-500.0 ug/mL) was followed up to 5 days. Experiments were stopped be-
fore cell colonies started to fuse and counted using the microscope. Colony count served as an indicator for comparison
between control and assay experiments. GALLIC ACID was very effective at growth inhibition of cancerogenic Caco-2
cells. Inhibition up to 20% was observed in the concentration interval 0.98 to 31.25 pug/mL. FARMATAN accelerated
proliferation of IPEC-J2 and Caco-2 cell lines up to 31.25 pg/mL. CONTAN was most potent in promoting growth of
IPEC-J2 in the range of 1-62.5 pug/mL. In contrast, in a range between 1-62.5 pg/mL TANEX accelerated growth of hu-
man normal cell line H4, while having little effects on other cell lines. The obtained results suggest potentially beneficial
use of chestnut and oak extract in the diet of humans and animals. In lower concentrations tannins could be used for
the purpose of accelerated recovery of small intestinal epithelium, but further research is needed for elucidation of the

mechanisms responsible for the observed effects on cell proliferation.
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1 INTRODUCTION

Growing public concern about the use of antibiotics
in livestock feed and the increasing number of antibiotic-
resistant pathogens has resulted, in January 2006, in a
total EU-ban on the use of antibiotics in feed for pigs.
Instead of antibiotics producers started to use other feed
additives to improve health and to enhance growth of
domestic animals (Verstegen and Williams, 2002). In the
group of plant extracts, tannins can be considered as well.
Tannins as a feed additive have a high potential for live-
stock production, but their use is hindered particularly
by the lack of knowledge about the role and impact of

various tannins on animals. Tannins are a group of sec-
ondary metabolites that function as plant defense against
herbivores. By chemical structure tannins can be divided
into four groups (condensed tannins — proantocyaninns,
hydrolysable tannins, florotaninns - brown algae and
complex tannins - linked to metal or protein). Tannins,
which are extracted from hardwood such as oak and
chestnut trees, primarily contain hydrolysable tannins.
Hydrolysable tannins possess antiviral and anti-bacterial
activity, while exerting anticarcinogenic and antioxida-
tive effects upon intestinal epithelial cells (Okuda and Ito,
2011). Hydrolysable tannins are chemically low molecu-
lar weight substances, composed primarily of gallic acid
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as the basic unit. Different interconnections between gal-
lic acids result in new compounds that form a group of
gallotaninns. Gallic acid is related to ellagic acid, which
is the basic unit for ellagitaninns. From the nutritional
point of view it is important to consider the impact of
individual representatives of the gallo- and ellagitaninns,
as well as complex mixtures of tannins in animal feed,
since synergistic or antagonistic effects between them
can occur on animal health. Therefore, the aim of the
study was to investigate the impact of tannins in different
concentrations on the in vitro growth of small intestinal
epithelial cell lines. In our study we used normal porcine
(PSI, CLAB, IPEC-J2) and normal human (H4) cell line
as well as cancerogenic colon cancer cell line (Caco-2).

2 MATERIAL AND METHODS

World unique non-cancerogenic intestinal epithe-
lial cell lines were developed at the University of Mari-
bor in the frame of EU-FP6 project (Pathogen Combat).
Apart from human model cell line H4, porcine cell lines
were developed as well (IPEC-J2 cl.1, CLAB, PSI) (Cenci¢
and Langerholc, 2010). Cell lines were characterized for
their function, expression of specific markers and they
represent cells that are functionally close to the primary
absorptive cells — intestinal enterocytes.

2.1 CELL LINES DESCRIPTIONS

In experiment following cell lines were used:
— Human cell lines

+ Caco-2 - were isolated from a 72-year old Ca-
ucasian male. Upon reaching confluence, the
cells were found to express characteristics of
enterocytic differentiation and functionality
(Cenci¢ and Langerholc, 2010).

* H4 - normal enterocytes of immature human
small intestinal foetal tissue, which is capable
of tight epithelial barrier formation with tran-
sepithelial resistance (TER) and voltage (TEV)
formation (Cenci¢ and Langerholc, 2010).

- Porcine cell lines

e IPEC-]J2 - Non transformed cell line from a
neonatal piglet. Enterocyte like, mucin produc-
ing cell type (Cencic¢ and Langerholc, 2010).

* PSI (Pig Small Intestine) — Pig small intestine
cell line from the adult pig. Classified as crypt
cell like. Forms tightly packed epithelial bar-
rier (high TER/TEV) and weak mitochondrial
ROS and NO production (Cenci¢ and Langer-
holc, 2010).
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* CLAB - Cell line derived from adult pig. Mu-
cin producing on surface. Strong response to
activators with NO, ROS, and mitochondrial
dehydrogenase activity (Cenci¢ and Langer-
holc, 2010).

2.2 CELLS GROWTH AND INHIBITION ASSAY

All cell lines were grown in Dulbeeco's modi-
fied Eagle's medium (DMEM) supplemented with 10%
fetal bovine serum (FBS) and penicillin (100 U/mL)/
streptomycine (100 U/mL). Cells were maintained in a
humidified 37 °C incubator with 5% CO,. Four tannin
extracts from oak and sweet chestnut were used (Gallic
acid, FARMATAN, CONTAN, TANEX) produced by
Tanin Sevnica d.d., Sevnica, Slovenia. Concentrations of
hydrolysable tannins in extracts in Gallic acid equivalent
(GAE) were 20.00 mg/g GAE DW, 13.60 mg/g GAE DW,
18.03 mg/g GAE DW, respectively. Tannins were tested
in a wide range of concentrations (1 pug/mL-500 ug/mL).
Briefly, all cell lines were trypsinized, counted and plated
in 96-well tissue culture plates in concentration 70 cells/
well (n = 5/treatment) using standard growth conditions.
Depending on the cell line, cells in wells were inucubat-
ed for 5-10 days and the experiment was stopped in a
point, when the colonies were clearly seen, but not yet
fused to each other. Crystal violet staining was used for
colony visualization and colonies were counted using
light microscopy (magnification 40x). All data presented
in graphs (Fig.1) were calculated as percentage of devel-
oped visible colonies in comparison to the control (cells
without extract).

3 RESULTS AND DISCUSSION

Most of the scientific research of the intestine is
based on experiments with tumor cell lines like Caco-
2, HT29 and T84. These cell lines do not originate from
small intestine, but from colonic epithelium. Anatomi-
cally, nutrient absorption takes place in the small intes-
tine and therefore, these lines do not adequately reflect
the in vivo situation. With regard to the cell line origin,
normal cell lines used in our study were derived from the
absorptive part of small intestine (jejunum) and there-
fore better and more reliably reflect the events in the
small intestine as the before mentioned cell lines.

GALLIC ACID was very effective at growth inhi-
bition of carcinogenic cell line Caco-2. The inhibition
reached up to 20% in the concentration interval 0.98
to 31.25 ug/mL. Higher concentrations of gallic acid
showed strong cytotoxicity on the used carcinogenic cell
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line. Similar results on cytotoxicity have already been
described (Loizzo et al., 2009; Yi et al., 2005a; Yi et al.,
2005b). In a narrow area (1-4 pg/mL) gallic acid did not
show growth inhibition of the normal human H4 line
and normal porcine PSI cells. In contrast, increased cel-
lular proliferation was observed at neonatal porcine cell
line IPEC-J2 (1-2 pg/mL). From nutritional point of
view this can be an important result in connection with
recovery capacity of small intestine epithelium in young
and also adult animals.

FARMATAN in the research demonstrated higher
proliferative effect on IPEC-J2 and Caco-2 cell lines up
to 31.25 pg/mL. No growth effects were observed in all
other cell lines within the same concentration range.
Consequently, FARMATAN supplement in piglets’ diet
could have wide practical use in pig production.

CONTAN significantly promoted cell growth of the
line IPEC-]2 in the range between 1 - 62.5 pug/mL, as well
as Caco-2 to a lesser extent. For the rest of cell lines no
inhibitory effect in the same concentration interval was
detected.

TANEX in a range between 1-62.5 pg/mL accelerat-

140 -
E . GALLIC ACID
= 120 4
—
[-*]
o 100 -
2% g -
)
$E 60 -
@
S5 w0
'é 5 20 -
— 0 .
L*l
& 0,5 5.0 50,0 500,0

Concentration of the extract (ug/mL)

500 +
1 CONTAN

s

o

(e}
Il

L)

(e

(=]
1

,_.

o

o
1

0 1
0,5 5,0 50,0 500,0
Concentration of the extract (ug/mL)

Relative growth change from
the control (%)
-]
[a=]
S

ed more efficiently the growth of human normal cell line
H4 in comparison with the other cell lines. From the re-
maining cell lines stands out cell proliferation of PSI and
IPEC-J2 cell lines, suggesting potential use of TANEX
for recovery of small intestinal epithelia after disorders
caused by nutritional and health stress.

4 CONCLUSIONS

The use of plant extracts in animal nutrition with
a high antioxidant potential, selective antimicrobial and
antiviral activity is highly desirable among animal breed-
ers and producers of healthy food. Extracts of chestnuts
and oak woods are rich in hydrolysable tannins which
have been proven for their antimicrobial, antioxidative
(Fernandes et. al., 2009; Brus et al., 2013) and antiviral
effects. For the safe use of additives in feed and food, in
vitro animal and human cell models a good and cheap
alternative to animal experiments for determination of
possible optimal concentration of supplementing addi-
tives (Cenci¢ and Langerholc, 2010; Brus et al., 2011).
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Figure 1: Growth changes observed with cell lines in the presence of plant extracts rich in hydrolysable tannins (& — PSI, B - CLAB,

A _JPEC-J2, X - CACO-2, * - H4)
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The obtained results corroborate potential beneficial use
of chestnut and oak extract in the diet of humans and
animals.
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