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Corchorus olitorius Ethanolic Extract has Anti-inflammatory
and Wound Healing Effects in vitro
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Abatract — This study aimed to investigate the anti-inflammatory and wound healing effects of Corchorus
olitorius cultivated in smart farms. In current study, component analysis, cell viability, anti-inflammatory activity
and wound healing assay were conducted with 70% ethanol extracts of C. olitorius (ECS) grown in smart farms.
Chlorogenic acid that is an indicator for C. olitorius was analyzed by high performance liquid chromatography
(HPLC) and, as a result, ECS had 23.52 mg/g of chlorogenic acid. The expression of inflammatory mediators
such as nitric oxide (NO) and pro-inflammatory cytokines was measured using griess reaction, enzyme-linked
immunosorbent assay (ELISA) and reverse transcription polymerase chain reaction (RT-PCR). The results
showed that NO, TNF-o, and IL-6 production levels were inhibited by ECS at a dose dependent manner in LPS-
stimulated RAW 264.7 cells. Additionally, the expression of mRNA was also suppressed by ECS at a dose
dependent manner in LPS-stimulated RAW 264.7 cells. To confirm the effect of wound healing of ECS, cell
proliferation and migration were examined in fibroblasts and keratinocytes. Consequently, it was confirmed that
ECS showed the wound healing effect by promoting cell migration in fibroblasts and keratinocytes. These results
suggested that ECS can prevent chronic wound by regulating chronic inflammation with anti-inflammatory

activities and can be a new candidate material for treatment of skin wound.
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Introduction

Skin is the largest organ in human body and plays an
important role in sweating, thermoregulation and vitamin
synthesis.' Especially, skin protects the body from physical,
chemical and biological stress of the outside world. Thus,
serious skin damage can increase the risk of infection and
can be life-threatening.'? Wound healing is a complex
process including inflammation, proliferation, and remo-
deling.’ These phases are related to biological and molecular
events such as cytokine secretion, cell proliferation and
cell migration.* Growth factors and cytokines from infla-
mmatory cells at wound site make fibroblasts and kera-
tinocytes migrate inward from the wound margins.*
However, chronic inflammation leads to an imbalance and
dysregulation of immune system and, as a result, chronic
wound occurs.’

* Author for correspondence
Tae Jin Kang, College of Pharmacy, Sahmyook University, Seoul
01795, Republic of Korea
Tel: 82-2-3399-1608; E-mail: kangtj@syu.ac.kr

"Kiman Lee and Jin Hong Park contributed equally to this work.

291

Corchorus olitorius L., family Malvaceae, grows in
tropical and subtropical regions. It can adapt to a variety
of climates but is appropriate for hot and rainy climates.
Traditionally, the leaves of C. olitorius has been used as a
folk remedy for various illnesses such as pimples, wounds,
and insect bites.® Previous studies have reported phar-
macological properties of C. olitorius including anti-infla-
mmatory and antioxidant activities.”® Especially, in the C.
olitorius leaves, there is an abundant chlorogenic acid that
has a variety of effects such as antibacterial, antioxi-
dant and anti-inflammatory activities.’

However, studies about anti-inflammatory and wound
healing effects of C. olitorius are not enough. Furthermore,
there are no studies about C. olitorius cultivated in smart
farms. Smart farming is a technology that controls the
quality and quantity of agricultural products by using
sensors, actuators and network systems.'® Particularly, plant
factory, a type of smart farming, provides optimal growth
conditions for plants by automatically adjusting temperature,
humidity and light."" Also, it ensures a constant yield and
uniform component. Thus, we herein aimed to investigate
anti-inflammatory and wound healing effects of C. olitorius
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grown in smart farms.
Experimental

Reagent — Dulbecco’s modified Eagle’s medium (DMEM),
phosphate buffer saline (PBS), fetal bovine serum (FBS),
penicillin-streptomycin (P/S), trypsin-EDTA were purchased
from Corning (Manassas, VA, USA). Tumor necrosis factor
(TNF)-0, interleukin (IL)-6 enzyme linked immunosor-
bent assay (ELISA) kit were produced by R&D systems
(DuoSet ELISA Development Systems, Minneapolis,
MN, USA) and water-soluble tetrazolium salt (WST) kit
was from DoGenBio (Seoul, Korea). Total RNA extrac-
tion kit, RT-PCR premix and 7ag polymerase were obtained
from Bioneer (Daejeon, Korea). Lipopolysaccharide (LPS),
griess reagent and sodium nitrate (NaNO,) were purchased
from Sigma-Aldrich (St. Louis, MO, USA).

Cultivation of C. olitorius — C. olitorius seeds were
raised for 11 days and seedlings were grown at 24 + 2°C.
The light conditions were LED, with a light intensity of
200~250 pM/m?/s of photosynthetic photon flux density
(PPFD), photoperiod of 16 hours. After the roots were
grown, the seedlings were transplanted to a closed-type
plant factory and cultivated for 56 days. In this study, a
closed-type plant factory was operated in a deep flow
technique system. C. olitorius had cultivated in 65 = 5%
relative humidity and 900 ppm carbon dioxide at 21 +
2°C. The light conditions were LED, with a light intensity
of 400~430 uM/m?*/s of PPFD. pH and electrical conduc-
tivity of the nutrient solution were maintained at pH
5.5~6.5 and 1.5 dS/m, respectively. To prevent growing too
high, top pinching was conducted every 3 weeks.

Preparation of C. olitorius extract — C. olitorius culti-
vated in the smart farms was washed with distilled water
and hot air dried at 60°C. The dried leaves of C. olitorius
was extracted with 70% ethanol at 80°C for 3 h and then
extracted solution was filtered and evaporated. Afterward,
the extract was freeze dried to obtain powder named ECS
(70% ethanol extract of C. olitorius cultivated in smart
farms).

Table 1. HPLC condition for determination of chlorogenic acid
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High performance liquid chromatography (HPLC)
analysis — The chlorogenic acid standard was prepared in
three different concentrations (Fig. 1). A stock solution (1
mg/mL) was diluted with HPLC grade ethanol to obtain a
concentration of 500, 250 and 125 pg/mL, respectively.
HPLC analysis was carried out with Agilent HPLC
system. The samples were dissolved in 70% ethanol to
make up a concentration of 10 mg/mL The samples and
standards were filtered with 0.45 um syringe filter. The
concentrations of chlorogenic acid in the samples were
estimated from the standard curve. The analysis conditions
of chlorogenic acid were shown in Table 1.

Cell culture — Mouse macrophages (RAW 264.7 cells),
human keratinocyte (HaCaT) cells, and human dermal
fibroblasts (NHDF cells) were procured from the American
Type Culture Collection (ATCC). The cells were cultured
in DMEM supplemented with 10% FBS and 1% P/S.
Cells were incubated in 5% CO, at 37°C.

Cell viability assay — Cytotoxicity (proliferation) was
measured using WST kit. RAW 264.7, HaCaT and NHDF
cells were plated in 96-well plates at 2 x 10* cells/well, 2
x 10* cells/well and 3 x 10° cells/well, respectively. After
24 h, the cultured medium was removed and replaced
with 100 puL of ECS, followed by 24 h incubation. Next,
10 u. of WST solution was added to each well and
cultured for 2 h. Absorbance was measured at 450 nm
using a microplate reader (SpectraMax® ABS Plus, Mole-
cular Devices, Sunnyvale, CA, USA).

Griess reaction for NO production — RAW 264.7
cells were plated in 24-well plates (3 x 10° cells/well) and
cultured at 37°C for 24 h. Next, the cultured medium was
removed and RAW 264.7 cells were pre-treated with ECS
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Fig. 1. Chemical structure of chlorogenic acid.

Instrument HPLC condition
System Agilent 1260
Column Luna C18 (250 X4.6 mm, 5 pm)
Flow rate 10 mL/min
Column temperature 25°C
Detector DAD (wavelength 330 nm)
Injection volume 10 uL

Mobile phase

Acetonitrile : 0.1% Formic acid in water = 15 : 85
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for 1 h then stimulated with 100 ng/mL of LPS overnight.
NO production was evaluated by mixing the medium with
griess reagent. After incubation at room temperature for
10 min, the absorbance was estimated at 540 nm using a
microplate reader.

Enzyme -linked immunosorbent assay (ELISA) -
RAW 264.7 cells were seeded at 3 x 10° cells/well in 24-
well plates and incubated at 37°C for 24 h. After incuba-
tion, RAW 264.7 cells were pre-treated with ECS for 1 h
then stimulated with 100 ng/mL. of LPS for 24 h. Pro-
duction levels of TNF-o and IL-6 in cell culture super-
natant were measured by ELISA kit according to the
manufacturer’s instruction.

Reverse transcription polymerase chain reaction
(RT-PCR) — Total RNA was isolated by total RNA extrac-
tion kit. Reverse transcription was performed using 1 ug
of total RNA and RT-PCR premix. RT-PCR was con-
ducted for 35 cycles of denaturation (95°C, 30 s), annealing
(56°C, 30 s), extension (72°C, 1 min) with a final extension
at 72°C for 5 min. PCR products were visualized by elec-
trophoresis on 1% agarose gel with nucleic acid staining
solution. Table 2 show the primer sequence used in this
study

Cell migration assay —To examine wound closure,
cell migration assay was performed. NHDF and HaCaT
cells were seeded at 3 x 10* cells/well and 2 x 10° cells/
well in 24-well plates respectively and cultivated at 37°C
for 24 h. After the monolayer of HaCaT and NHDF had
been established, scratches were induced using a sterile
200 L pipet tip. Afterward, the culture medium in each
well was aspirated and washed 2 times with 1 mL of PBS
to remove cellular debris. The cells were treated with
ECS or fresh medium, then photographs were taken from
day 0 to day 3 (NHDF) or to day 2 (HaCaT). Images were
analyzed by ImageJ to confirm the migration of NHDF
and HaCaT. Wound closure ratio was calculated by modi-
fying previous study.'

Statistical analysis — All data were expressed as the
mean £ SD. Statistical analysis of data was conducted by
Student’s t-test. Significance was considered at p <0.05
or p<0.01.

Table 2. Sequence of the primers used in this study
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Results and Discussion

Chlorogenic acid is found in abundance from C.
olitorius and is known to suppress inflammation.'>'* The
chlorogenic acid content of C. olitorius analyzed by
HPLC was 23.52 mg/g (Fig. 2).

Cell viability was measured using WST assay. RAW
264.7, NHDF and HaCaT cells were treated with ECS at
a dose-dependent manner (0, 12.5, 25, 50, 100 and 200
ug/mL). Not only there is no cytotoxicity by ECS on
RAW 264.7, NHDF and HaCaT cells, but also ECS even
increased the viability of RAW264.7, NHDF and HaCaT
cells (Fig. 3).

NO plays an important role in a host-defense mecha-
nism in macrophages. Also, NO is associated with elimi-
nating pathogens and maintaining homeostasis when
pathogens invade human body.!* Therefore, we evaluated
the inhibitory effect by ECS on NO production in LPS-
stimulated RAW 264.7 cells and, as a result, ECS inhibited
NO production at a dose dependent manner in the LPS-
stimulated RAW 264.7 cells (Fig. 4A).

Macrophages are immune cells dispersed in human
body and control inflammatory responses using pro-
inflammatory cytokines such as tumor necrosis factor
(TNF)-a. and interleukin (IL)-6." Consequently, the effect
of ECS on the production of TNF-a and IL-6 was in-
vestigated. The protein production and mRNA expression
were assessed by ELISA and RT-PCR, respectively. The
protein production and mRNA expression of TNF-o and
IL-6 decreased by ECS at a dose dependent manner in the
LPS-stimulated RAW 264.7 cells (Fig. 4 and Fig 5).

In wound healing and tissue generation, cells migrate
as a tightly or loosely related cohesive group. This type of
migration is called collective cell migration. Collective
cell migration is regarded as a procedure of tissue-remo-
deling events. '” Therefore, we examine if ECS had the
effect of cell migration in fibroblasts and keratinocytes.
100 pg/mL of ECS-treated group indicated 1.1, 1.3, and
1.4 of wound closure ratio compared to untreated-group
of each day in NHDF cells by day 3. In addition, 100 pg/
mL of ECS-treated group showed 1.4 and 1.8 of wound

Target Primer
TNF-o Sense 5-TTG ACC TCA GCG CTG AGT TG-3'
Anti-sense 5'-CCT GTA GCC CAC GTC GTA GC-3'
6 Sense 5'-GTA CTC CAG AAG ACC AGA GG-3'
Anti-sense 5'-TGC TGG TGA CAA CCA CGG CC-3'
B-actin Sense 5-TGT CCA CCT TCC AGC AGA TGT-3'

Anti-sense 5'-AGC TCA GTA ACA GTC CGC CTA GA-3'
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Fig. 2. HPLC chromatograms of chlorogenic acid in Corchorus olitorius. Quantitative analysis of chlorogenic acid was performed
using a Agilent 1260 HPLC system consisting of diode array detector (330 nm), quaternary pump, autosampler and Luna C18 column
(250 mm x 4.6 mm, 5 pm). The elution was performed by using acetonitrile and 0.1% Formic acid in water (A) HPLC chromatogram of
chlorogenic acid standard, (B) HPLC chromatogram of chlorogenic acid of ECS.
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Fig. 3. Effect of ECS on cell viability in (A) RAW264.7 cell, (B) NHDF cell, (C) HaCaT cells. Cells were treated with different
concentration of ECS for 24 h. Cell viability was measure with the WST assay. Results were shown as percentage of untreated group. The
results were the means + SD (n=3). P-values were determined by the Student’s t-test. * p <0.05, ** p <0.01 compared to untreated

group.
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Fig. 4. Inhibitory effect of ECS on (A) NO, (B) TNF-a, and (C) IL-6 production in LPS-stimulated RAW 264.7 cells. Cells were
treated with different concentration of ECS for an hour, then stimulated with 100 ng/mL of LPS for 24 h. The cell culture supernatant was
collected for assay. Results were the means+ SD (n=3). P-values were determined by the Student’s t-test. * p <0.05, ** p<0.01
compared to LPS-treated group.
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Fig. 5. Effect of ECS on gene expression of (A) TNF-a and (B) IL-6 in LPS-stimulated RAW 264.7. Cells were treated with different
concentration of ECS for an hour, then stimulated with 100 ng/mL of LPS. After 3 h, total RNA was isolated. The expression of mRNA
was estimated with RT-PCR method and B-actin was used as a control. The results were the means+ SD (n=3). P-values were
determined by the Student’s #-test. ** p <0.01 compared to LPS-treated group.
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Fig. 6. Effect of ECS on (A) NHDF and (B) HaCaT migration. Cells were seeded at 3 x 10* cells/well and 2 x 10° cells/well in 24-well
plates and cultured at 37°C for 24, respectively. After the monolayer of NHDF cells had been established, scratches were induced using a
sterile 200 uL pipet tip. Then, treatments were applied with 0 or 100 pg/mL of ECS or 20 ng/mL of TNF-a. Images were captured and
ratio of wound closure was measured by day 2 or day 3. Results were the means = SD (n = 3). P-values were determined by the Student’s

t-test. ** p <0.01 compared to untreated group of each day.

closure ratio compared to untreated-group of each day in
HaCaT cells by day 2. Especially, 100 pg/mL of ECS-
treated group had a similar wound closure effect com-
pared to 20 ng/mL of TNF-a treated group. (Fig. 6)

The chlorogenic acid content of C. olitorius cultivated
in fields was 383.9 mg/100 g.”* However, it was found that
C. olitorius cultivated in smart farms contained a higher
content of chlorogenic acid than field. It was reported that
chlorogenic acid has anti-oxidative effect, anti-aging and

anti-cancer effect.'*'?° Therefore, C. olitorius cultivated in
smart farms is expected to have various and strong efficacy.

As immune cells, macrophages are dispersed in human
body and control inflammatory responses. Inflammation
is a necessary process in injured tissues and regulated by
inflammatory mediators such as NO, TNF-o and IL-6.
NO is associated with maintaining homeostasis and re-
moving pathogenic microorganism. TNF-a is the initial
mediator that responds to pathogens and produces cyto-
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kines involving IL-1p and IL-6. In addition, IL-6 is
related to the host defense and the control of T and B
lymphocyte functionality. Therefore, the control of infla-
mmatory mediators is important factor in inflammation
and the balance of immune system.'>'® In this study, ECS
significantly reduced NO, TNF-a and IL-6 production, as
well as suppressed mRNA expression level (TNF-a and
IL-6) at a dose dependent manner in the LPS-stimulated
RAW 264.7 cells. It is assumed that C. ofitorius cultivated
in smart farms has a potent effect on anti-inflammation
because it has a higher chlorogenic acid that has an anti-
inflammatory effect.

Fibroblasts and keratinocytes are two of the major cell
types that respond to the inflammatory phase in wound
healing process. Inflammatory mediators induce prolife-
ration and maturation of fibroblasts and keratinocytes, and
these processes are necessary to wound healing. In addition,
fibroblasts and keratinocytes communicate with each other
and adjust their actions to restore normal tissue homeo-
stasis through double paracrine signaling loops. At the
start of wound healing, growth factors and cytokines from
inflammatory cells at wound site encourage fibroblasts
and keratinocytes to migrate inward from the wound
margins.* In injured tissue, fibroblasts around the wound
site differentiate into myofibroblasts that contract the size
of wound by secreting growth factors, cytokines, collagens
and extracellular matrix protein.”>** Although inflamma-
tory mediators lead to wound healing, persistent inflam-
mation dysregulate immune system and subsequently
causes chronic wound. In this study, ECS increased cell
proliferation at a dose dependent manner in NHDF and
HaCaT cells. In addition, ECS showed a similar wound
closure effect compared to 20 ng/mL of TNF-a. It is
assumed that ECS which have an anti-inflammatory
activity helps fibroblasts and keratinocytes proliferate and
contract wound without the persistent inflammation.

This study is the first report that investigate anti-
inflammatory activity and wound healing of C. olitorius
cultivated in smart farms. In current study, we focused on
the effect of ECS on anti-inflammation and wound healing,
In consequence, our results suggested that C. olitorius
grown in smart farms can be a new candidate material for
anti-inflammation and wound healing. In future studies,
we will examine how ECS plays a pivotal role in each
process of wound healing.
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