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Abstract

We evaluated the plants used to treat inflammatory diseases by Dayak Uud Danum by examining the
anti-allergic activity and the preventive effects on the damage of colon epithelial cells. The plant
species examined are Tekeriho (Callicarpa longifolia Lam), Penahan (Myrmeconauclea strigosa
Merr.), Tebelion (Eusideroxylon zwageri Teijsm & Binn.), Kerokak (Scoparia dulcis L.) and Bungur
(Lagerstroemia speciosa (L.) Pers.). Anti-inflammatory activities of methanol extracts from leaves
of these plants were analyzed in terms of delayed-type hypersensitivity against 2, 4, 6-
trinitrochlorobenzene using BALB/cAJc mice and in vitro model of intestinal inflammation using
FPCK-1-1 human colon epithelial cells. The yield percentage of methanol extract ranges from 4.33
to 8.99%. Extracts from C. longifolia, M. strigosa, E. zwageri, and S. dulcis have suppressed
delayed-type hypersensitivity at both 24 and 48 hours after challenge. These extracts also suppressed
the migration of eosinophils to the site of inflammation. L. speciosa extract suppressed the delayed-
type hypersensitivity only at 48 hours after challenge. M. strigosa extract showed the preventive
effect in the damage model of colon epithelial cells by inhibiting the decrease of transepithelial
electrical resistance. Methanol extract of M. strigosa stimulated FPCKI-1 cells to produce
mucopolysaccharides and that of C. longifolia induced FPCKI-1 cells to produce IL-22. The
production of mucopolysaccharides by FPCK-1-1 cells may explain, in part, the preventive effects of
the plant extracts on the damage of human colon epithelial cells. It is suggested that leaves from five
medicinal plants used by Dayak Uud Danum have the potential as anti-inflammatory agents.
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Introduction

Dayak ethnic group is the indigenous people of
Kalimantan Island and mainly live in a remote area. Dayak
ethnic group in West Kalimantan is divided into 151 sub-
ethnic groups and their languages are classified into 168

groups (Alloy et al. 2008). Since their residential areas are
isolated from other villages, they depend on their environment,
especially, the forest. It functions as a place to meet their basic
needs because they have the knowledge how to utilize natural
resources. Especially, plants have been used as medicine to
treat diseases. Therefore, medicinal plants are known as their
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local wisdom and survival knowledge related to environment.

Nowadays, the utilization of medicinal plants is facing
several threats due to the scarcity of this knowledge and forest
condition. Generally, this knowledge of the utilization of
medicinal plants is not well documented since it is orally
transferred from generation to generation. While younger
generation accepts new culture from outside of their village,
the knowledge of medicinal plants is fading. Forest conversion
also contributed to the decreasing number of medicinal plant
species. Approximately 21.51% of 9,125,486 ha of forest that
functions as the main habitat of medicinal plants in West
Kalimantan have been lost since 2010 (Sardana et al. 2011).
Therefore, to conserve the knowledge of medicinal plants, it is
necessary for the Dayak people to use them continuously to
treat diseases.

The documentation of medicinal plants utilization of
several Dayak sub-ethnic groups is already reported (Diba et
al. 2013, Yusro et al. 2014). Dayak Uud Danum means a
Dayak sub-ethnic group who lives in the upstream areas of
Ambalau and Serawai river of Sintang Regency. In Dayak
Uud Danum community, people use 95 species of medicinal
plants (Mariani, unpublished data). Among of these medicinal
plants, Tekeriho (Callicarpa longifolia Lam.), Penahan
(Myrmeconauclea strigosa Merr.), Tebelion (Eusideroxylon
zwageri Teijsm & Binn.), Kerokak (Scoparia dulcis L.) and
Bungur (Lagerstroemia speciosa (L.) Pers.) have been used to
treat diseases such as diarrhea, fever and allergy as the
decoction of leaves by hot water. These diseases often caused
by infections induce inflammation. Therefore, these medicinal
plants are suggested to have anti-inflammatory activity.

Inflammation is one of process of natural protection to
maintain the homeostasis of a living organism against tissue
injury, infection or irritation (Mubashir ef al. 2013). Although
inflammation is necessary to protect hosts from infection and
maintain homeostasis, it should be under control.

Cytokines are the proteins released by cells at the site of
inflammation to regulate the inflammatory reaction (Zhang
and An 2007). Some cytokines have a role to up-regulate the
inflammation and called pro-inflammatory cytokines, while
others have a role to down-regulate the inflammation and
called anti-inflammatory cytokines (Dinarello 2000). So, the
regulation of the pro-inflammatory cytokines is one way to
control an inflammation.

Inflammation is one of causes of diarrhea (Brijesh et al.
2011, Hodges and Gill 2010) and plays an important role in
the allergic disease such as delayed-type hypersensitivity
(DTH) (Tominaga et al. 2011, Yoshino et al. 2010). Diarrhea
is difficult to be fully recovered in a patient with an
inflammatory bowel disease (Binder 2009). Prolonged
inflammation of intestine may lead to the increasing risk of
colon cancer (Kaser et al. 2010). Not only in cutaneous skin
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infection, but also in patients bearing transplanted tissues and
tumors, DTH must be considered.

Since both IFN-y and TNF-a are involved in the
inflammation of DTH and colon epithelial cells (Bruewer et
al. 2003 and Tominaga et al. 2010), it is useful to examine the
anti-inflammatory effects of medicinal plants on DTH and the
inflammation of colon epithelial cells.

Among five medicinal plants we chose from Dayak Uud
Danum, four of them were already investigated by several
scientists and some of their biological activities are clarified.
C. longifolia has anti-bacterial, anti-diabetic, analgesic, anti-
pyretic, anti-fungal, and anti-inflammatory activities (Soni et
al. 2014, Yadav et al. 2012a, Yadav et al. 2012b). E. zwageri
has anti-melanogenesis activity (Arung et al. 2009). S. dulcis
has anti-diabetic (Pari and Latha 2004, Perumai et al. 2014),
while L. speciosa has anti-oxidant (Unno et al. 1997), anti-
gout (Unno et al. 2004), and anti-microbial (Nasrin et al.
2012) activities. Thus, except for M. strigosa, the activities of
their plant extracts were reported. However, anti-
inflammatory activities using a model of colon epithelial cell
damage and DTH are not yet reported.

In this report, anti-inflammatory properties of medicinal
plants were examined by using two approaches. Anti-
inflammatory effects of plant extracts on colon epithelial cells
were evaluated using FPCK-1-1 colon epithelial cells
established from a tubular adenoma in a male familial
polyposis coli patient. Regulatory effects of medicinal plants
on allergic inflammation were analyzed in a delayed-type
hypersensitivity response against 2,4,6-trinitrochlorobenzene
using BALB/cAJc mice by measuring the suppression of ear
swelling after the challenge with antigen. The leaves were
selected for these experiments because this is the part of plants
used by Dayak Uud Danum and they allegedly have the anti-
inflammatory effects.

We found that all of the medicinal plants have anti-
inflammatory activities equivalent to hydrocortisone except L.
speciosa in the DTH assay. Extracts of all plants except L.
speciosa suppressed the increment of ear thickness and
inhibited the migration of eosinophils to the site of
inflammation. Although the extract of L. speciosa suppressed
the ear swelling in the DTH response 48 hours after challenge,
the degree of suppression was much weaker at 24 hours after
challenge compared with other plant extracts. Among these
plants extracts M. strigosa extract showed preventive effect on
the inflammation of colon epithelial cells.

Materials and Methods

Animals

Six weeks old BALB/cAJc female mice were purchased
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from CLEA Japan, Inc. (Osaka, Japan) and used at the age of
8 weeks. All experiments were conducted under the guidelines
of animal experiments of Kochi University.

Cell lines

FPCK-1-1 cells are precancerous colon epithelial cells
derived from a male patient with familial adenomatous
polyposis (Kawaguchi et al. 1991). THP-1 cells (Human
monocytic leukemia) were purchased from Health Science
Research Resources Bank, Japan Health Science Foundation,
Osaka, Japan (Tsuchiya et al. 1982). Both FPCK-1-1 and
THP-1 cells were maintained in Dulbecco’s-modified Eagle
Medium (DMEM-high glucose) supplemented with 8% FCS,
20 U/ml penicillin, 50 ug/ml kanamycin in 5% CO, at 37°C
for several days. FPCK-1-1 cells were sub-cultured on
Transwell permeable membrane with pores of 0.4 um and area
1.1 cm? pre-coated with an equimolar mixture of collagen
types I and IIT (3493, Corning, Ithaca, USA).

Chemicals

Picryl chloride (PCI; 2, 4, 6-trinitrochlorobenzene) was
purchased from Nacalai Tesque (Kyoto, Japan). Cyclophosphamide
(CY) was purchased from Shionogi Pharmaceutical Co.
(Osaka, Japan). Hydrocortisone was purchased from Sigma-
Aldrich (St. Louis, MO, USA).

Plant Materials and Extraction

Sample Collection

C. longifolia
(Tekeriho)

M. strigosa
(Penahan)

E. zwageri
(Tebelion)

S. dulcis L. speciosa

(Kerokak) (Bungur)

Fig. 1. Medicinal plants of Dayak Uud Danum used in this
study to analyze the anti-inflammatory effects.

All samples described below were medicinal plants
species used by Dayak Uud Danum and collected from
Ambalau District of Sintang Regency, West Kalimantan
Province, Indonesia: Tekeriho (C. longifolia), Penahan (M.
strigosa), Tebelion (E. zwageri), Kerokak (S. dulcis), and
Bungur (L. speciosa) (Fig. 1). After being dried in the air for 2
weeks, 40 grams of dried leaves were milled with an electric
grinder (Oster, Sunbeam Products, Inc.) to obtain fine powder.
Voucher specimen of all plants samples were deposited in the
Laboratory of Wood Technology, Tanjungpura University
Pontianak to identify the scientific name of each plant.

Extraction

Thirty grams of powdered leaves were extracted with 100
ml of methanol (99.7%) by using soxhlet extractor (Yamato
Water Bath BS660, Yamato Scientific Co. Ltd) for 1 hour at
70°C, the extraction was repeated three times followed by the
filtration with Whatman filter paper No. 2. The filtrated
samples were evaporated with a vacuum rotary evaporator
(Eyela No-1000, Tokyo, Japan) with a speed of 5 rpm at 40
°C. The evaporated samples were dried for one day in a wind
dryer (Pierce, Reacti-Therm and Reacti-Vap, Thermo Fisher
Scientific Inc., Waltham, MA). Drying process was continued
with a vacuum dryer (Ettas, AVO-250NB, Active Co.
Saitama, Japan) for one day and the final residue was obtained.
The percentage of the residues was determined at this point

(Fig. 2).
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C. longifolia M. strigosa  E. zwageri  S.dulcis L. speciosa

Fig. 2. Yield percentage of methanol extracts from plant
leaves. Extractions were performed as described in Materials
and Methods.

Preparation of plant extracts

All dry methanol extracts were grinded in a mortar and
suspended in distilled water (DW) at a concentration of 50
mg/ml. Then, these samples were homogenized with a
Polytron (Kinematica, Luzern, Switzerland). The homogenized
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extracts were heated at 75°C for 30 minutes and left at room
temperature overnight, then heated at 75°C again. Samples
were stored at 4°C before use.

Immunization and Challenge

Two days before being immunized with PCI, mice were
injected with cyclophosphamide subcutaneously (150 mg/kg
in distilled water) at the nape of the neck. This injection was to
remove proliferating immunosuppressive cells (Satoh et al.
1997). Abdominal coat hairs were removed and mice were
immunized by painting abdominal skin with 0.05 ml of 7%
PCI in ethanol: acetone (3:1). This process of immunization
was repeated on the next day. Five mg of each plant extract
suspended in a volume of 0.1 ml was orally administered to
each mouse by using a polyethylene capillary every other day
for two weeks after immunization. In one group, each mouse
was orally administered with 0.5 mg hydrocortisone suspended
in a volume of 0.1 ml distilled water every other day for two
weeks after immunization. Mice of a positive control group
(immunized and challenged) were administered with the same
volume of distilled water. Two weeks after administration
mice were challenged by painting 0.02 ml of 1% of PCl in
acetone: olive oil (1:4) on each ear lobe. Ear thickness of each
mouse was measured by using a dial thickness gauge (Peacock
G-1M, Ozaki Mfg. Co. Ltd., Tokyo) before and after challenge.

Tissue Eosinophil Counts

Mice were sacrificed 48 hours after the challenge. The
ear lobe of each mouse was removed and fixed with 8%
paraformaldehyde in a 0.2 M Phosphate buffer with pH 7.2,
and embedded in paraffin. Next, the sections of ears were
stained with a hematoxylin/eosin solution. At the level of
magnification of 400x the number of eosinophils was counted
and expressed as number of cells in the observed area. The
number of eosinophils was counted in 10 squares of 100 um x
50 um of ear sections from each group.

Co-culture system to treat colon epithelial cells

FPCK-1-1 monolayer cells cultured at a density of 2 x
10° cells/insert (Transwell permeable membrane) in 12 wells
plate (Corning 3513). THP-1 cells were cultured at density of
1 x 10° /well of 12 wells plate in the presence of phorbol 12-
myristate 13-acetate (PMA 20 nM) for one day. After five
days, the inserts with FPCK-1-1 cells were transferred into the
wells where the THP-1 cells were cultured with PMA (lower
chamber). The co-culture was maintained for three days to
monitor the transepithelial electrical resistance of the FPCK-1-
1 monolayer cells. In other co-culture, the methanol extracts of
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C. longifolia, M. strigosa, E. zwageri, S. dulcis and L. speciosa
were added to the upper chamber (insert) of the co-culture
system at the time when co-culture started. The final
concentration of each sample (1 ug/ml) was determined by
culturing NIH3T3 murine fibroblast cells in the presence
various concentrations of each plant extract.

Measurement of transepithelial electrical resistance
(TER)

The TER of FPCK-1-1 monolayer cells was determined
by measuring the electrical resistance between the lower
chamber (well) and the upper chamber (filter insert) using a
Millicell-ERS  voltmeter with a MERSSTXO01 electrode
(Millipore, Bedford, MA). Two hours before measurement the
medium in the transwell was changed and the electrode was
soaked in 70% ethanol then rinsed with sterile DMEM and the
temperature was maintained close to 37°C. The measurement
of TER was repeated four times and the mean value was
calculated. The TER value of FPCK-1-1 monolayer cells at the
time of starting a co-culture was expressed as 100 % (TER
value for FPCK-1-1 monolayer cells was 222 — 267 ( x cm”
in this experiment).

Staining of mucopolysaccharide on the FPCK-
1-1 cell monolayer cells on the filter membrane

FPCK-1-1 monolayers cells were stained with Alcian
blue (Muto Pure Chemicals Co., Ltd, Tokyo, Japan) according
to manufacturer’s protocol.

IL-22 measurement in the supernatant

IL-22 released in the supernatant from FPCK-1-1 cells in the
upper chamber was measured according to the manufacturer’s
protocol using a Human IL-22 Quantikine ELISA kit (R&D
System, Inc. Minneapolis, MN).

Results and Discussion
Methanol extraction yield from leaves

Among all the medicinal plants used by Dayak Uud
Danum community to treat diseases such as diarrhea, fever
and allergy, C. longifolia, M. strigosa, E. zwageri, S. dulcis
and L. speciosa are most commonly used. Another reason to
choose these five plants is that all these plants species are
abundant and easy to find.

According to Departemen Pertanian (1976) wood
chemical components can be classified into three levels
(extractive content: < 2% lower, 2-4% moderate and > 4%
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higher). From present results, all the plant species are
categorized into higher level of extractive content after the
methanol extraction with a yield ranged from 4.33%-8.99%
(Fig. 2). The highest yield was from C. longifolia followed by
M. strigosa, E. zwageri, L. speciosa, and S. dulcis.

The extractive yield content levels vary among the plant
species. In general, plant extractive content ranges from less
than 1% to more than 10%, while it is about 20% in a tropical
wood (Tsoumis 1991). The different part of plants like woods,
leaves, barks, roots and branches give differences in yield and
chemical compound type. Generally, extraction from barks
will give higher extractive yield followed by leaves, roots and
stems (Sjostrom 1981).

All extracts used in this study derived from leaves, it
assumed that higher extractive yield content of all plants
related to the presence of chlorophyll. In the extraction
process, the usage of polar solvent will dissolve chlorophyll
resulting in the higher yield (Harborne 1996). Not only
because of its high efficiency in extraction, methanol is
generally used to acquire the intracellular components,
because methanol penetrates the cell membrane expeditiously
(Silva et al. 1998). As a polar solvent, methanol, ethanol and
water are very effective to isolate bioactive compounds (Filho
2006). From methanol extraction, generally some chemical
compounds such as oils, fats, waxes, alkaloids, flavones,
polyphenols, tannins, saponins, glycosides aglycones are
obtained (Filho 2006, Houghton and Raman 1998).

Alkaloids, flavonoids, condensed tannins, gallotannins,
flavones, flavonols, flavanones, anthocyanidins, isoflavonoids,
coumarins, isoquinolines, indoles, diterpenes, saponins, sterols,
terpenoids and essential oils are chemical compounds from
plants secondary metabolites known for their anti-inflammatory
activity (Mohammed et al. 2014).

Except the methanol extract from M. strigosa leaves,
some of the bioactive compounds of others plants are already
identified. Methanol extracts from M. strigosa leaves may also
contain useful bioactive compounds. It is also highly possible
that other plant extracts may have unknown function. Since we
perform functional assays that are never tried, we can expect
that we will find new functions of these plant extracts.

Five plant extracts described above were applied to the
following two functional assays: A delayed-type hypersensitivity
that is characterized by eosinophilia and a prevention of
damage of human colon epithelial cells caused by activated
macrophage-like cells.

The effects of methanol extracts from leaves on
DTH in BALB/cAJc mice

At first, we investigated the anti-inflammatory effect of
methanol extracts from five medicinal plant species of Dayak

Uud Danum using the DTH response against picryl chloride
(PCl). Plant extracts were orally administered for two weeks
after immunization till one day before challenge and the ear
thickness was measured 4, 24, and 48 hours after challenge.
PCl is a hapten that usually used in in vivo model of T cell-
mediated immunity assays to induce the DTH. As shown in
Fig. 3, there were significant differences in ear thickness
between a negative (immunized but not challenged) and a
positive control (immunized and challenged). All mice except
a negative control and normal mice exhibited inflammatory
symptoms after being challenged with PCl that were
recognized as ear thickness and active behaviors of mice such
as scratching ears.

At 24 hours (h) after challenge, the increment of ear
thickness of mice in a positive control was 148 pm in average.
Mice administered with C. longifolia and M. strigosa extracts
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Fig. 3. Effect of methanol extracts from five medicinal
plants of Uud Danum on DTH response. DTH response was
elicited against PCl as described in Materials and Methods.
Hydrocortisone was administered orally at a dose of 0.5 mg/0.
Iml DW/mouse. Plants extracts were administered orally at a
dose of 5 mg/0. Iml DW/mouse. All reagents were
administered every other day for two weeks after
immunization. Increment of ear thickness was measured
before (Oh) and after challenge (4, 24 and 48 h). Results are
shown as the mean = SE (n = 5). Panel A: Ear thickness of
each group after the challenge with PCI. Panel B: Increment of
ear thickness was shown by subtracting the ear thickness
before challenge from the ear thickness of each mouse.
*Asterisks indicate that there are significant differences
between positive control group and other groups (P < 0.01,
Tukey-HSD, one-way ANOVA)
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showed lower increment of ear thickness (78 #m and 86 pm,
respectively) than those with hydrocortisone (96 «m), followed
by S. dulcis, E. zwageri, and L. speciosa (97 ym, 98 pzm, and
122 pm, respectively).

At 48 h after challenge, the increment of ear thickness of
mice in a positive control was 129.5 #m in average. Interestingly,
S. dulcis extract strongly suppressed the increment of ear
thickness (44.5 m) followed by extracts from M. strigosa, E.
zwageri, C. longifolia and L. speciosa (50 ym, 56.5 ym, 57.5
pm, and 65 «m, respectively). The increment of ear thickness
of mice administered with hydrocortisone was 66 ¢/m.

As shown in Fig. 3, all methanol extracts had the anti-
inflammatory activity to suppress the DTH response
efficiently. At 24 hours after challenge, C. longifolia extract
showed the highest suppression the DTH response (47.3%)
followed by extracts from M. strigosa, E. zwageri, and S.
dulcis with suppression of 41. 9%, 33. 8% and 34. 5%,
respectively (% suppression = 1 - (the increment of ear thickness
of each group/the increment of ear thickness of a positive
control) x 100). At 48 h after challenge, S. dulcis extract
showed the highest suppression (65.6%) followed by extracts
from M. strigosa, E. zwageri and C. longifolia (61.4%, 56.4%
and 55. 6%, respectively). L. speciosa showed the lowest
suppression on 24 h after challenge (17.6%), but at 48 h after
challenge it finally suppressed about 50% of the increment of
ear thickness (49.8%) of a positive control. At 24 h after
challenge only one group of mice treated with L. speciosa did
not show significant difference with a positive control group.
But at 48 h after challenge, all groups of plant extracts showed
significant difference with a positive control group and higher
level of suppression than that of hydrocortisone. The levels of
suppression of ear swelling at 24 and 48 hours after challenge
in the group administered with hydrocortisone were 35.14%
and 49.03%, respectively (Fig. 3).

DTH or Type IV allergy is characterized by the activation
of T cells and macrophages to elicit ear swelling (Hou et al.
2006, Yoshino et al. 2010). Usually, the symptoms of DTH
related to contact dermatitis. The activation of T lymphocytes
and macrophages induced the production of pro-inflammatory
cytokines such as IFN-y and IL-17 (Ishii et al 2010,
Tominaga et al. 2010, 2011, Yoshimoto et al. 2000).

IFN-y is engaged not only in the DTH but also in the host
defense by killing tumors and intracellular microorganisms.
As a potent macrophage activator [IFN-y also has a role as an
immuno-regulatory cytokine. IL-17 is also engaged in the
DTH, the host defense against bacterial infection, and the
angiogenesis. In the DTH against PCl, both anti-IFN-y and
anti-IL-17 antibodies partially inhibit the ear swelling
(Tominaga et al. 2010).

So, it is suggested that the down-regulation of the level of
these two pro-inflammatory cytokines can be a target of these
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plant extracts to suppress the DTH response. These results
suggest that medicinal plants used by Dayak Uud Danum can
be applied to reduce the inflammatory response in which T
lymphocytes and macrophages are involved.

Medicinal plants have been used to treat diseases caused
by the malfunction of the immune system. Many reports have
been published to prove that chemical compounds from medicinal
plants have immunosuppressive effects (Amirghofran 2012).
Currently, it is well known that secondary metabolites from
natural products such as medicinal plants have a broad
spectrum of biological activities, and the anti-inflammatory
activity is one of them. Flavonoid group, one group of
secondary metabolites, has anti-inflammatory activity and is
used to develop a new type anti-inflammatory agent (Kim et
al. 1993).

Recently, some of the plant species in this study are
identified to have bioactive compounds through phytochemical
screening. C. longifolia leaves are reported to have alkaloid,
phenolic, flavonoid, saponin and steroid compounds (Erwin et
al. 2015). The genus of Callicarpa is already known for its
bioactive compounds such as terpenoids (diterpenes and
triterpenoids), flavonoids, phenylethanoids, and pherypranoids
and some of these compounds were reported to have anti-
inflammatory activity (Soni et al. 2014, Tu et al. 2013).

Tannins, steroids (tritepenoids), alkaloids, and flavonoids
were found in the extract from leaves of S. dulcis (Abere et al.
2015, Wankhar et al. 2015), while the diterpene scoparinol
from S. dulcis is reported to have anti-inflammatory activity
(Murti et al. 2012). Triterpenes, steroids (triterpenoids),
tannins, glycosides, flavones, and ellagic acid were found in
the extract of leaves of L. speciosa (Chan et al. 2014, Nasrin et
al. 2012, Priya et al. 2008).

Among these medicinal plants used in this study, there
are various bioactive compounds that might contribute to the
suppression of ear thickness in this model of DTH response. It
is also conceivable that secondary metabolites of medicinal
plants may have anti-inflammatory activities and affect to
several pathways of various phases of inflammation (Dawid
2013). Presence of potent bioactive compounds such as
phenolic and flavonoid compounds may contribute to anti-
inflammatory activities (Oskoueian et al. 2012).

Othman et al. (2015) stated that anti-inflammatory activity
of plant phenolic compound is due to its activities related to
oxygen or nitrogen bond. Medicinal plant remedies have a
different mode of action from modern drugs in treating
diseases. Modern drugs contain a single active compound that
works on a specific pathway, while medicinal plant remedies
have several molecules working together on several pathways
(Kumar et al. 2013). Therefore, it is suggested that medicinal
plants remedies have less and weaker side effects than modern
drugs. In the Dayak Uud Danum community, although the
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commercial drugs are available, they still use their traditional
medicinal plants to treat some diseases related to inflammation.

Eosinophils are substantial leukocytes that appear in
various inflammatory diseases and have important roles in the
regulation of inflammation. Increasing number of eosinophils
in the blood or in the tissues characterize the allergic or
parasitic disorder symptoms (Rogerio ef al. 2010). In DTH,
the challenge to paint PCl on ears elicits the increment of ear
thickness resulting in the proliferation and migration of
eosinophils to the site of inflammation.

The migration and accumulation of eosinophils to the site
of inflammation or tissues are related to several diseases such
as asthma, rhinitis, atopic dermatitis and inflammatory bowel
diseases. Eosinophils release cytotoxic granular proteins
resulting in the tissue damages (Rankin et al. 2000). Therefore,
the down-regulation of eosinophils is one of the important
criteria to find new therapeutic inflammatory drugs.

‘We measured the number of eosinophils in the ear section
at 48 h after challenge and compared the number of them
among groups of experiments, including non-treated, negative
control, positive control groups, and those administered with
hydrocortisone and five plants extracts used by Dayak people.
We measured the number of eosinophils in 10 fields (100 um
x 50 um) of ear sections from each group and the average
number of eosinophils was determined (Fig. 4). The number of
eosinophils in ear sections from a negative control group was
slightly larger than those from non-treated group. This is
probably caused by the immunization with PCl. Number of
eosinophils of a positive control group was more than ten-fold
compared with that of a negative control group. The lowest
number of eosinophils was found in a group treated with S.
dulcis extract (1.8) followed by groups treated with M.
strigosa, E. zwageri, and C. longifolia extract (2.2, 2.9 and 3,
respectively). Interestingly, the group of mice administered
with hydrocortisone had slightly higher of level of eosinophils
(3.6) than those treated with plant extracts from S. dulcis, M.
strigosa, E. zwageri, and C. longifolia except the mice treated
with L. speciosa (5.6) (Fig. 5). Higher the level of ear
thickness, more eosinophils were found, suggesting the
importance of the migration of eosinophils to the site of
inflammation in this DTH response (Tominaga et al. 2011).

While eosinophils migrate from bone marrow to blood,
differentiation and proliferation of eosinophil precursors are
regulated by cytokines such as IL-3, granulocyte-monocyte
colony-stimulating factor (GM-CSF), and IL-5. Among these
cytokines, IL-5 is a most effective one to proliferate
eosinophils selectively (Rogerio et al. 2010, Satoh et al.1997).
In an allergic inflammatory response, several eotaxins such as
CCL11 (eotaxin), CCL24 (eotaxin-2) and CCL26 (eotaxin-3)
are also involved in the migration of eosinophils. The
reduction of IL-4, IL-5, CCL11 and leukotriene B4 (LTB4)

may lead to the reduction of eosinophils at the site of
inflammation (Fortunato er al. 2012, Menzies-Gow et al.
2002). Interrupting cell adherence or chemotaxis by the
administration of hydrocortisone is also able to down-regulate
the proliferation and the migration of eosinophils (Altman et
al. 1981). Teixeira et al. (2001) stated that the expression of
adhesion molecules (CAMs) on endothelial cells and
leucocytes also have a role in eosinophil migration while the
activation of eosinophils are induced by the presence of
chemokines and (LTB,).

Negative Control Positive Control

=

C. longifolia

Hydrocortisone

E. zwageri S. dulcis L. speciosa

50.0 um 50:00.m 500 1un

Normal Negative Control Positive Control

500 50 O 500 m

Hydrocortisone C. longifolia M. strigosa

50.0um 50,0 lm 500 ym

E. zwageri S. dulcis L. speciosa

Fig. 4. Effects of plant extracts on the DTH response were
shown as the ear swelling and the suppression of
eosinophils migrated to the site of inflammation. DTH
response was elicited against PCl as described in Materials and
Methods. Forty-eight hours after challenge, ears were removed
and fixed with 8% paraformaldehyde in a 0.2 M Phosphate
buffer with pH 7.2, and embedded in paraffin, then stained
with hematoxylin and eosion. Panel A. Mice ear sections with
100 x magnification Bars, 200 «m. Panel B. Mice ear sections
with 400 x magnification. Bars, 50 #m. Leukocytes with red
cytoplasm are eosinophils.
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Fig. 5. Number of eosinophils migrated at the site of
inflammation. Eosinophil numbers of each group were
counted at the magnification level of 400x. Results are shown
as the mean of eosinophils in 10 squares of 100 m x 50 #m of
ear sections £ SE (n = 10). * Asterisks indicate that there are
significant differences between positive control and other
groups (Hydrocortisone, C. longifolia, M. strigosa, E. zwageri,
and S. dulcis) (P < 0.05, Tukey HSD).

Most of the groups administered with medicinal plant
extracts had lower number of eosinophils at the site of
inflammation except that with L. speciosa, which had the
number of eosinophils equivalent to that of a positive control.
At 48 h after challenge, L. speciosa, however, still suppressed
ear thickness. It is clear that extracts from S. dulcis, M.
strigosa, E. zwageri and C. longifolia have anti-eosinophilia
activity in their methanol extracts of leaves and those plant
extracts may have the ability to down-regulate the
inflammatory cytokines such as IL-5, or eotaxin resulting in
the inhibition of the proliferation of eosinophils in bone
marrow and spleens and the inhibition of the migration of
eosinophils to the site of inflammation. Or, these plant extracts
may contain molecules that suppress the migration of
eosinophils.

Although the extract from L. speciosa suppressed the ear
thickness moderately, it did not inhibit the migration of
eosinophils, suggesting that L. speciosa extract may have an
anti-inflammatory compounds which does not inhibit the
migration of eosinophils to the site of inflammation. In other
words, L. speciosa plant extract may have suppressed the
inflammation by inhibiting the process other than the one
involved in eosinophilia. It may be a good idea to administer
L. speciosa plant extract together with that of M. strigosa or S.
dulcis which has a potent activity to suppress the migration of
eosinophils to the site of inflammation.

Various secondary metabolites of plants extracted from
barks, stems, fruits, leaves and roots such as flavonoids,
alkaloids, polyphenols, quionones, sesquiterpenes, terpenoids
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and diterpenoids are scientifically proved to reduce the
eosinophil migration to the site of inflammation (Rogerio et al.
2010). It is highly suggested that methanol extracts of Dayak
Uud Danum medicinal plants especially those from S. dulcis,
M. strigosa, E.zwageri and C. longifolia have the active
compounds which inhibit the migration of eosinophils to the
site of inflammation from bone marrow or spleen.

Prevention of colon epithelial cell damage by
plant extracts

In order to analyze the anti-inflammatory activity of
methanol extracts of medicinal plants, an in vitro damage-
prevention model of colon epithelial cells was employed. TER
of FPCK-1-1 monolayer cells was measured during the co-
culture with PMA-stimulated THP-1 cells.

On the third day of the co-culture, there was 13.4%
decrease in TER when FPCK-1-1 monolayer cells were co-
cultured with PMA-stimulated THP-1 cells (Fig. 6). M.
strigosa extract showed highest TER restoration and there is
no significant difference between FPCK-1-1/THP-1 group and
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Fig. 6. Effects of plant extracts on the damage of FPCK-1-
1 monolayer cells induced by PMA-stimulated THP-1 cells.
TER was measured during the co-culture of FPCK-1-1 cells
with PMA-stimulated THP-1 cells. Results are shown as the
mean * SE (n = 4). *An asterisk indicates that there is a
significant difference between FPCK-1-1/PMA-THP-1 group
and M. strigosa group. There is no significant difference
between control FPCK-1-1/THP-1 group and M. strigosa
group (P < 0.01, Tukey-HSD).
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M. strigosa group on the third day of the co-culture. Other
plant extracts did not show any significant activity in this
damage-prevention model of human colon epithelial cells.

One of the criteria to prevent the damage of FPCK-1-1
colon epithelial cells is the mucus production of epithelial
monolayer cells. In order to analyze the level of
mucopolysaccharide on the surface of FPCK-1-1 monolayer
cells, we stained the FPCK-1-1 monolayer cells in the upper
chamber three days after starting the co-culture. We compared
the FPCK-1-1 monolayer cells after being treated with
methanol extract of leaves with those co-cultured with PMA-
stimulated THP-cells in the absence of plant extracts. The
presence of mucopolysaccharides was detected by using the
Alcian blue staining (Fig. 7). Alcian blue is a cationic dye
technique that widely used for staining macromolecules like
mucopolysaccharides and acidic mucin in tissues and cells
(Dong et al. 2012).

As shown in Fig. 7, FPCK-1-1 monolayer cells treated
with methanol extract from leaves of M. strigosa showed
higher level of staining with Alcian blue compared with other
groups, suggesting that mucopolysaccharides are produced by
the monolayer cells in response to M. strigosa extract. It is
relevant to the higher level of TER value suggesting that M.
strigosa extract has the strongest protection against the
damage signal from PMA-stimulated THP-1 cells. The

Control FPCK-1-1/PMA- THP-1
(FPCK-1-1/ THP-1)

FPCK-1-1/PMA- THP-1
+ C. longifolia

FPCK-1-1/PMA- THP-1
+ M. strigosa

FPCK-1-1/PMA- THP-1
+ E. zwageri

FPCK-1-1/PMA- THP-1
+ 8. dulcis

FPCK-1-/PMA- THP-1
+ L. speciosa

Fig. 7. Alcian-blue staining of FPCK-1-1 monolayer cells
treated with plant extracts. FPCK-1-1 monolayer cells were
stained with Alcian-blue as described in Materials and
Methods three days after starting the co-culture with PMA-
stimulated THP-1 cells. Plant extracts were added at the
beginning of the co-culture. Bars, 50 m.

presence of mucopolysaccharides that covers the monolayer
cells influences the TER value. The mucopolysaccharides
becomes a shield that covers the surface of FPCK-1-1
epithelial monolayer cells and inhibits the movement of ions
(Tominaga et al. 2013). Through TER measurement, the
paracellular barrier function and tight junction integrity can be
determined (Ren et al. 2012). The decreased TER value
represents, in part, the increased level of the permeability of
the tight junction (Balda et al. 1992). From our results it is
suggested that M. strigosa extract has ameliorating effect on
the barrier function of intestinal epithelial cells by reducing the
paracellular permeability.

The increasing of paracellular permeability followed by
the breakdown of tight junction may induce materials to
penetrate from lumen to the basolateral side of the epithelium
inducing inflammation that finally causes diarrhea (Guttman et
al. 2006, Ren et al. 2012). Epithelial barrier disruption may
cause the secretion of fluid and electrolytes inducing the loss
of mucosal proteins and mal-absorption (Strauman et al.
2010). To preserve the function of intestinal barrier by
preventing paracellular permeation induced by harmful agents
to lumina, it is important to keep the epithelial tight junction
intact (Al-Sadi and Ma 2007).

Next, we measured IL-22 levels released in the apical
side of FPCK-1-1 monolayer cells treated with various plants
extracts (Table 1). We measured levels of IL-22 in the upper
chamber where FPCK-1-1 monolayer cells were cultured,
while PMA-stimulated THP-1 cells were cultured in the lower
chamber. FPCK-1-1 monolayer cells were cultured in the
upper chamber in the presence of plants extracts for three
days. Most plant extracts did not induce FPCK-1-1 colon
epithelial cells to produce IL-22 except the extract from C.
longifolia. Although we expected that M. strigosa extract
would induce FPCK-1-1 cells to produce IL-22 because this
extract prevented the decrease of TER by inducing FPCK-1-1
cells to produce mucopolysaccharides, it only induced the
marginal level of IL-22 (Table 1).

It is reported that IL-22 produced by FPCK-1-1 cells has
a role to recover the intestinal mucosal layer (Tominaga et al.
2012, 2013). IL-22 is one of a member of IL-10 cytokine
family secreted mainly from CD4 positive T cells, NK cells
and dendritic cells. In intestinal inflammation, main role of IL-
22 is to induce the epithelial cells to produce proteins and
strengthen the mucus barrier by promoting mucin secretion
and increase the epithelial cells through the restitution of
goblet cells that result in the intestinal recovery (Mizoguchi
2012). IL-22 regulates the tight junction between intestinal
epithelial cells through promoting the cell proliferation and the
wound healing (Dudakov et al. 2015).

TNF-a is a pro-inflammatory cytokine primarily produced
by activated macrophages and T-lymphocytes. TNF-a has
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Table 1. Effects of plant extracts on the production of IL-22 by FPCK-1-1 monolayer cells.

Co-culture & addition of plant extracts

IL-22 (pg/ml) (mean + SE)

FPCK-1-1/THP-1
FPCK-1-1/PMA-THP-1
+ C. longifolia
+ M. strigosa

+ E. zwageri

+S. dulcis

+ L. speciosa

46+1.6

3.0+3.1

23.8 £2.2%

38+£29

0

3.0£2.6

0

* An asterisk indicates that there is a significant difference between FPCK-1-1/PMA-THP-1
+ C. longifolia group and other groups (P< 0.01: Tukey-HSD post hoc test, one way ANOVA).

role a role to protect hosts against infections by bacteria,
parasites and viruses (Bradley 2008). In the inflammation of
intestinal epithelial cells, however, TNF-a causes the intestinal
damages. It induces the apoptosis of cells and the disruption of
tight junctions through disturbing the structure and function of
the tight junction resulting in the increase of paracellular
permeability (Bruewer et al. 2003, Li et al. 2010). It is reported
that the TER value of epithelial cells was recovered by adding
the antibodies against TNF-a (Biasi et al. 2013, Tominaga et
al. 2013).

Furthermore, Vezza et al (2016) reported that following
flavonoid family compounds from several plants have potent
anti-inflammatory activities of intestine: glycosides and
aglycones, quercetins, flavonols, flavonones, flavones,
catechins, isoflavons, anthocyanidins and chalones. These
plant secondary metabolites are scientifically proved to have
curative effects on colonic damage. These results suggest that
methanol extract from M. strigosa leaves may have secondary
metabolites that are able to block the signaling pathway of
TNF-a , in the absence of 1L-22.

Our results suggest that the extract from M. strigosa
leaves has anti-inflammatory activity in both DTH response
and colon epithelial inflammation. On the contrary, the
extracts from S. dulcis, E. zwageri and C. longifolia leaves
reduced the ear thickness and inhibited the migration of
eosinophils to the site of inflammation in DTH response, but
lacked the ability to prevent the damage of human intestinal
cells, suggesting that the extracts from these plant leaves
regulate different pathways from which M. strigosa manipulate
in inflammation.

Inflammation has an important role as one of natural
protection mechanism and it has a dual nature like a double-

edged sword. Overproduction of several inflammatory mediators
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leads to a chronic disease. Therefore, in order to explore anti-
inflammatory reagents from natural products, various criteria
must be applied to screen medicine.

It is well known that many indigenous people around the
world use medicinal plants as anti-inflammatory medicine to
treat several diseases. In West Kalimantan Indonesia, although
government has been providing adequate health facilities and
modern medicines, some people who live in poverty or in
remote areas from government health facilities still rely on
traditional medicinal plants to treat diseases such as fever,
allergy, and diarrhea.

Dayak Uud Danum, indigenous people of West Kalimantan,
Indonesia is one of the communities who still use and preserve
knowledge of medicinal plants as their local wisdom. Through
an ethnopharmacological approach, activities of many bioactive
compounds from plants will be determined (Filho 2006). In
this study, we examined anti-inflammatory activities of five
medicinal plants used by Dayak Uud Danum. The results
showed that all of these medicinal plants have anti-
inflammatory activities in term of suppressing delayed-type
hypersensitivity and one of these medicinal plants, M. strigosa
has preventive effect on the damage of human colon epithelial
cells.

In this study, the mechanisms of plant extracts that
regulate the inflammatory responses are not yet examined.
Further experiments are necessary to determine the mechanisms
of potential plant extracts to regulate the inflammation.

Conclusions

We examined the anti-inflammatory activity of methanol
extracts from leaves of C. longifolia, M. strigosa, E. zwageri,
S. dulcis, and L. speciosa in terms of suppressing the delayed-
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type hypersensitivity and the damage of human colon
epithelial cells. As a result, we found that all of these medicinal
plants have anti-inflammatory activities to ameliorate the DTH
response and four plant extracts from C. longifolia, M. strigosa,
E. zwageri, S. dulcis inhibit the migration of eosinophils to the
site of inflammation. Only the extract from M. strigosa leaves
has the preventive effect in the model of inflammation of
colon epithelial cells. Further studies are necessary to clarify
the function of compounds in plant extracts to regulate the

inflammation.
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