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Enhanced Antioxidant and Anticancer Properties
of Processed Eucommiae Cortex
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Abstract — Eucommiae Cortex (EC), bark of Eucommia ulmoides, has been known as a traditional medicine to
regulate hypertension and immune system. Because silk of gum in the EC blocks the release of active
ingredients, EC generally has been utilized after processing with carbonization or salt-water to breakdown it. This
study aimed to investigate the differences of non-processed EC and processed EC on antioxidant and anticancer
properties. Antioxidant capacity was assessed by measuring the content of total polyphenols, reducing power, and
ABTS radical scavenging effect. And anticancer effects were examined by evaluating the viability of pancreatic
cancer cells and wound healing ability. The results demonstrated that processed EC contained more content of
polyphenols and exhibited more potent reducing power and radical scavenging effect than non-processed EC. In
addition, processed EC more efficiently inhibited proliferation and migration of pancreatic cancer cells. These
results suggest that processing of medicinal plants can improve the biological properties such as antioxidant or
anticancer activity, which may lead to the development of herbal medicine treatment technology.
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Introduction

Eucommiae Cortex (EC) (bark of Eucommia ulmoides,
Eucommiaceae) has been used as a tonic herb for
treatment of hypertension in Korea, Japan and China.' EC
are commonly known as Du-zhong, which has long been
known as traditional medicine for hypercholesterolemia,
hypertension, and fatty liver” Recently, it has been
reported many pharmacological effects of EC including
anti-hypertention,® anti-tumor,’ anti-inflammatory,” anti-
obesity,’ and anti-osteoporosis.” In addition, EC has been
found to be rich of bioactive compounds such as
chlorogenic acid, quercetin, rutin, geniposidic acid, and
pinoresinol diglucoside.®

The processed EC is widely recommended due to break
the silk of gum which prevents the extraction of active
compounds from the bark of EC.*'° For process of EC,
carbonization and stir-frying with salt water are generally
used methods. It has been reported that the salt-processed
EC (stir-fried with salt water) showed the increased
extraction of chlorogenic acid’ while carbonized EC had
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loss of pinoresinol diglucoside.”!® Although the changes
in amounts of components from processed EC have been
reported, the alterations in activities of processed EC have
rarely been described.

To investigate the differences on biological activities of
non-processed EC and processed EC, we assessed the
polyphenol content, reducing power, and radical scavenging
potential of non-processed EC (N-EC), carbonized EC
(C-EC), and salt-processed EC (S-EC) for antioxidant
effect. Also, anti-cancer properties of non-processed and
processed EC were examined by evaluation of cancer cell
proliferation, cell cycle analysis and cancer cell migration.
Our findings may be useful for development of pro-
cessing technology for herbal medicine by recognizing
the changed pharmacological properties of processed EC.

Experimental

Plant materials — Non-processed Eucommiae Cortex
(N-EC), carbonized EC (C-EC), and salt processed EC
(S-EC) were purchased from herbal drug store (Herbal
pharmacist Jae Ho Lee, Wonju, Korea) in September
2016. C-EC and S-EC were prepared as follows:
Eucommiae Cortex (EC) was baked with stirring at low
temperature until it turns black (C-EC); 2 g of salt per
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100 g of EC was dissolved in water and sprayed on EC,
allowed to stand until absorbed and then baked with
stirring to dry (S-EC). The voucher specimens (No.
EU201609C001, EU201609CP001, and EU201609CP002
for N-EC, C-EC, and S-EC, respectively) were deposited
in the herbarium of School of Industrial Bio-Phar-
maceutical Science at Semyung University. Dried materials
(450 g of each samples) of N-EC, C-EC, and S-EC were
extracted three times with methanol (4.5 L) at 40 °C for
3h in an ultrasonic bath. The combined extracts were
concentrated using a rotary evaporator under vacuum to
generate the methanol extract of N-EC (38 g), C-EC
(66 g), and S-EC (37 g). The resulting dried extracts were
dissolved in methanol (for measurement of antioxidant
activity) or in DMSO (for cell treatment) and stored at
4 °C until use.

Chemicals — Folin-Ciocalteu’s phenol reagent, gallic
acid, L-ascorbic acid, 2,2'-azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid) diammonium salt (ABTS), potassium
persulfate, potassium ferricyanide, ferric chloride, sodium
carbonate, dimethylsulfoxide (DMSO), pinoresinol digluco-
side were purchased from Sigma-Aldrich (St. Louis, MO,
USA). Water and acetonitrile of HPLC grade were purchased
from TEDIA High Purity Solvents (Farifield, OH, USA).
Methanol (reagent grade) was from Duksan Pure Chemicals
Co. Ltd. (Ansan, Korea).

HPLC/UV conditions — High Performance liquid
chromatography (HPLC) was performed by Agilent HPLC
1260 system (Agilent, Santa Clara, CA, USA). Zorbax
Eclipse Plus C18 (5 pm, 4.6 x 250 mm, Agilent) column
was used and mobile phase is consisted of A (0.1%
aqueous acetic acid) and B (acetonitrile with 0.1% acetic
acid) with a gradient elution as follows: 0 — 10 min, 3% —
10% B; 10 —20 min, 10% —15% B; 20 — 40 min, 15% —
20% B; 40 — 50 min, 20%—-25% B; 50 — 60 min, 25% —
90% B; 60 — 70 min, 90% B; 70 — 80 min, 90% — 3% B;
80 — 90 min, 3% B. The analysis was carried out at flow
rate of 1.0 mL/min with UV detection absorbance at
230 nm. The standard solution of pinoresinol diglucoside
was prepared and diluted with methanol for the calibration
curve. Calibration curve was generated by plotting the
peak areas versus the corresponding concentrations of
pinoresinol diglucoside. The regression equations were
calculated in the form of y=ax+b, where y and x
correspond to peak area and compound concentration,
respectively. The limit of detection (LOD) and limit of
quantitation (LOQ) of pinoresinol diglucoside were
measured at signal-to-noise ratios of 3 and 10, respectively.

Evaluation of total polyphenol content— Total
polyphenol content was measured by Folin-Ciocalteu
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assay.'' Briefly, 100 uL of each extract solution was
mixed with 50 pL of Folin-Ciocalteu’s phenol reagent and
300 uL of 20% sodium carbonate. The mixture was
incubated at 25 °C. After 1 h, the absorbance was measured
at 725 nm. Gallic acid solutions were used to perform the
calibration curve and total polyphenol content was ex-
pressed as mg gallic acid equivalent (GAE) per g of extract.

Measurement of ABTS radical scavenging activity —
To assess the ABTS radical scavenging activity, ABTS
radical cation decolorization method was carried out with
minor modifications.'? Briefly, 7.4 mM of ABTS and 2.6
mM potassium persulfate were mixed and incubated at
room temperature for 24 h in dark to produce the ABTS
radical cation (ABTS™). The ATBS™ solution was diluted
with PBS to obtain the absorbance of 0.70 £ 0.02 at 732
nm. An aliquot (50 pL) of each extract solution was mixed
with 950 uL of the diluted ATBS™ solution and incubated
for 10 min in the dark. The absorbance was measured at
732 nm and ABTS radical scavenging activity (%) was
calculated as; %=[1-(0.D. of sample/O.D. of control)] x
100

Determination of reducing power — The reducing
power of each extract was accessed using the method
described by Oyaizu (1986)."* The mixture of each extract
solution (200 pL), 0.2 M PBS (200 pL) and 1% potassium
ferricyanide solution (200 pL) was reacted at 50 °C for 20
min. After adding 200 pL of 10% trichloroacetic acid
solution to the mixture, centrifugation was performed at
4000 rpm and then upper layer of the solution was mixed
with 150 uL. of 0.1% ferric chloride solution. The absor-
bance was measured at 700 nm

Cell culture — Human pancreatic cancer cell line, PANC-
1 cells (American Type Culture Collection, Manassas,
VA, USA) were cultured in DMEM supplemented with
10% FBS, 100 U/mL penicillin, and 100 pg/mL strepto-
mycin (Life technologies, Frederick, MD, USA) at 37 °C
in 5% CO.,.

Cell viability assay — To assess the effect of test
samples against viability of PANC-1 pancreatic cancer
cells, 3-(4,5-dimethylthizol-2-yl1)-2,5-diphenyl-tetrasolium
bromide (MTT, Sigma-Aldrich, St. Louis, MO, USA)
assay was performed. Briefly, PANC-1 cells were plated
at a density of 2 x 10° cells/well in a 96-well plate. Cells
were treated with various concentrations of test samples
for 48 h. And then, MTT solution (5 mg/mL) was treated
for 4 h at 37 °C in 5% CO, and formed formazan crystals
were lysed with DMSO. The absorbance at 540 nm was
measured by using a microplate reader (Molecular Devices,
CA, USA). The percentage of viable cells was determined
in relation to the vehicle-treated group.
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Cell cycle analysis — PANC-1 cells were plated at a
density of 2.5x10° cells/60 mm dish and incubated
overnight. Cells were treated with test samples for 24 h.
And then cells were harvested with trypsin-EDTA and
fixed with 70% ethanol at 4 °C for overnight. Fixed cells
were stained with propidium iodide (PI, BD Bioscience,
San Jose, CA, USA) in the presence of RNase A for 45
min in the dark. Cell cycle analysis was performed by
flow cytometry (BD Bioscience, San Jose, CA, USA).

Wound healing assay — Effect of samples on cancer
cell migration was assessed by a wound-healing assay.
PANC-1 pancreatic cancer cells (1 x 10*cells/well) were
plated on 24 well plate for 12h and grown until 90%
confluence. The monolayers were scratched off using a
sterile 100 pL pipet tip, and then cells were incubated at
37 °C with test samples (50 ug/mL). After 20 h and 40 h,
cells migration into the wounded areas were observed.
Images were captured using an inverted microscope at
Oh, 20h and 40h after scratching. The areas of the
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scratches were analyzed using Image] (US National
Institutes of Health, Bethesda, MD, USA).

Statistical analysis — The values were presented as
mean + S.D. of triplicate measurements. Statistical analysis
was performed using one way of analysis of variance
(ANOVA) and Student’s #-test. A p value of < 0.05 means
significantly different.

Result and Discussion

In Korean Pharmacopoeia 11™ edition, quality regulation
of Eucommiae Cortex has been stipulated to contain
pinoresinol diglucoside not less than 0.05%. In order to
investigate whether the content of marker component was
changed, quantification of pinoresinol diglucoside in N-
EC, C-EC, and S-EC was performed by HPLC system
(Fig. 1). The chromatographic peak in the sample solution
was identified by comparing its retention time with that of
the standard. The content (wt %) of (1) for N-EC, C-EC,
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Fig. 1. HPLC chromatograms of pinoresinol diglucose (A), non-processed Eucommiae Cortex (B), carbonized Eucommiae Cortex (C),

and salt-processed Eucommiae Cortex (D).
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and S-EC was 1.79%, 1.64%, and 0.77%, respectively.
The coefficient of correlation (+%) was 0.9997 (linear range:
5-500 pg/mL) and the regression equation was y=
15.254x —38.493. The LOD and LOQ were 0.83 pg/mL
and 2.76 png/mL, respectively. Based on chromatographic
result, the content of pinoresinol diglucoside in C-EC and
S-EC was decreased. It had been reported that the decreased
content of pinoresinol diglucoside was measured in
processed EC although the content of chlorogenic acid
was increased in salt-processed EC.>!*!* Tao ef al. (2014)
described that charcoal processed EC and salted processed
EC exhibited the reduced quantities of chlorogenic acid,
geniposide and geniposidic acid as well as pinoresinol
diglucoside.”® These results mean that content of the
ingredients may be different by processing methods.

To examine whether antioxidant activity of the processed
EC has been changed compared with that of non-
processed one, total polyphenol contents of N-EC, C-EC
and S-EC were measured by Folin-Ciocalteu assay. As
seen in Table 1, C-EC and S-EC showed higher total
polyphenol content (12.86 and 22.46 mg GAE/g of extract,
respectively) than N-EC (7.60 mg GAE/g of extract).
From this result, we can postulate that more hydrophilic
constituents were extracted from the carbonized or salt-

Table 1. Content of total polyphenol in processed Eucommiae
Cortex

Samples Total polyphenols (mgGAEY/g of extract)
N-EC? 7.60 £ 0.26
C-EC? 12.86 £ 1.10
S-EC¥ 22.46 £ 0.33

DGallic acid equivalent

YN-EC: methanol extract of non-processed Eucommiae Cortex
3C-EC: methanol extract of carbonized Eucommiae Cortex
9S-EC: methanol extract of salt-processed Eucommiae Cortex

A)

100 100 pg/mL *

W 200 pg/mL *

ABTS radical scavenging activity (%)

Veh L-A N-EC C-EC S-EC
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treated EC which was processed to break the silk of gum
in the bark of EC. And then we investigated the ABTS
radical scavenging activity and reducing power of N-EC,
C-EC, and S-EC. As shown in Fig. 2A, C-EC and S-EC
showed potent ABTS radical scavenging activity (27.8%
and 83.8% at 200 pg/mL, respectively) while N-EC
showed 15.1% of scavenging activity at 200 ug/mL. In
addition, N-EC, C-EC, and S-EC displayed 0.441, 0.618
and 1.187 of O.D. values at 200 pg/mL, respectively,
which means S-EC had the highest reducing power (Fig.
2B). These data are in agreement with report that the
powerful antioxidant effect is positively correlated with
the polyphenol content.>'® From these result, C-EC and S-
EC have the higher level of polyphenol content, reducing
power, and ATBS radical scavenging activity than those
of N-EC. Taken together, C-EC and S-EC presented
higher level of polyphenol content and more powerful
antioxidant effect, which means that more constituents
were extracted from the processed EC and antioxidant
activity of processed EC was altered.

Oxidative stress-mediated cellular injuries by free
radicals such as superoxide radical anion, hydroxyl radicals,
singlet oxygen, and hydrogen peroxide were involved in
aging, neurodegenerative diseases'’ and cancer.'® Antioxidant
diets or phytochemicals have been important role in
chemoprevention and chemotherapeutics.'” Thus, we
examined the anti-cancer properties of processed EC
which showed high potential of antioxidant effect. First,
we measured the cell viability of cancer cells in presence
of N-EC, C-EC, and S-EC by MTT assay. The viabilities
of PANC-1 pancreatic cancer cells were concentration-
dependently affected by N-EC, C-EC, and S-EC. While
N-EC showed the cancer cell viability with 65% at 200
pg/mL, C-EC and S-EC displayed 40% and 23% of
cancer cell viabilities, respectively (Fig. 3). This observation

(B)

100 pg/mL
M 200 pg/ml.

*
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Fig. 2. The antioxidant effects of processed Eucommiae Cortex (EC). (A) The effect of non-processed EC (N-EC), carbonized EC (C-
EC), and salt-processed EC (S-EC) on ABTS radical scavenging. (B) The reducing power of N-EC, C-EC, and S-EC. L-ascorbic acid (L-
A, 100 pg/mL) was used as a positive control. Values were expressed as means = S.D. *p <0.05 indicates significant difference from the

vehicle treatment.
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Fig. 3. The inhibitory effect of processed Eucommiae Cortex
(EC) on pancreatic cancer cell proliferation. The effect of non-
processed EC (N-EC), carbonized EC (C-EC), and salt-processed
EC (S-EC) on pancreatic cancer cell viability by MTT assay.
Cells were treated with various concentrations of test samples for
48 h. And then, MTT solution was treated and formed formazan
crystals were lysed with DMSO. The absorbance at 540 nm was
measured. Values were expressed as means+ S.D. *p <0.05
indicates significant difference from the vehicle treatment.
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showed that S-EC showed the lowest cancer cell viability
and the most potent suppression of cancer cell proliferation,
which indicated that processed EC exhibited more
powerful inhibition against cancer cell proliferation than
non-processed one. Zhu et al. (1997) reported that processed
EC more potently inhibited the cortisol-induced T cell
reduction or more strongly enhanced phagocytic activity
of macrophages than non-processed EC.*° These results
suggested that processed EC had the improved biological
activity by repressing cancer cell proliferation or boosting
the immune system.

Next, we evaluated the effect of processed EC on cell
cycle distribution in PANC-1 cells by flow cytometry to
investigate if processed EC-mediated suppression of
cancer cell proliferation was due to its cell cycle inter-
vention. Fig. 4 showed that N-EC, C-EC, and S-EC
caused cells to accumulate in the G2/M phase with 22, 25
and 40%, respectively, compared with control cells (18%).
Furthermore, S-EC induced the most significant accumu-

o
&
N-EC 200 pg/mL

Counts
120 160
h L

80
1

40
H

1000

g
g

FL2-A

200

C-EC 200 pg/mL

Counts
120 160
1 h

80
L

40
H

o

it

T
200 400 600 800 1000
FL2-A

o

200

S-EC 200 pg/mL

160
h

Counts
120
h

80
1

Il subG1 H G1 S G2/M

0 200 4 600 800 1000
FL2-A

100
e
=
]
=]
Ed
=
E
Z

= 50
9
2
'
9
]
Q

0

Veh N-EC

C-EC S-EC

Fig. 4. The effect of processed Eucommiae Cortex (EC) on cell cycle distribution of PANC-1 pancreatic cancer cells. Cells were treated
with non-processed EC (N-EC), carbonized EC (C-EC), and salt-processed EC (S-EC) for 24 h. Fixed cells were stained with propidium
iodide in the presence of RNase A for 45 min in the dark. Cell cycle analysis was performed by flow cytometry.
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Fig. 5. The effect of processed Eucommiae Cortex (EC) on migration of PANC-1 pancreatic cancer cells. Migration of cancer cells by
non-processed EC (N-EC), carbonized EC (C-EC), and salt-processed EC (S-EC) were evaluated by wound healing assay. Images are
regresentative wound areas for three independent experiments that show similar results. Results were expressed as means + S.D.
*

,’p <0.05 indicates significant difference from the vehicle treatment.

lation of cells in G2/M phase and a decrease of cell
papulation in the G1 phase. These results disclosed that
the processed EC, particularly, S-EC potently caused the
cell cycle arrest in G2/M phase in PANC-1 cancer cells,
resulting to inhibit the cancer cell proliferation.

Since cancer cell migration is crucial to metastasis,”!
the inhibitory effect of processed EC on cancer cell
migration was evaluated by a wound healing assay (Fig.
5). We measured the wound size of O h and this was
calculated as 100%. After 20 h and 40 h, the wound sizes
of vehicle were reduced as 86.8% and 37.1%, respectively.
N-EC displayed 82.7% (20 h) and 33.8% (40 h) of wound
size at 50 pg/mL. However, C-EC and S-EC were 88.2%
and 97.4% of wound size at 20 h, and 49.3% and 53.4%
of wound size at 40 h, respectively. The decreasing ratio
of wound size was interrupted by C-EC and S-EC, which

means that C-EC and S-EC were active in inhibiting the
cell migration. This result showed that the processed EC
demonstrated more potent inhibitory effect on cancer cell
migration than non-processed EC.

From Eucommia ulmoides, over 150 compounds have
been isolated, including lignans, iridoids, phenolics, steroids,
terpenoids and flavonoids. Some of these compounds
exhibit various bioactivities such as antioxidant, anti-
hypertensive, anti-obesity, anti-inflammatory, anti-cancer,
and neuroprotective effects.>?* Astragalin (kaempferol-3-
O-f-D-glucoside), a natural flavonoid from various
medicinal plants including Eucommiae Cortex, Mori
Radicis Cortex, and Astragali Radix, has been reported to
alleviate the production of ROS and the endotoxin-
induced oxidative stress.”>* It also modulates inflamma-
tory responses by regulating the NF-xB and MAPK
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signaling pathway.*** In addition, astragalin is known as
an anti-oncogenic compound against cancer proliferation
by inhibiting the ERK1/2 and Akt signaling.’® Rutin,
another flavonoid from Eucommiae Cortex, Citri Unshius
Pericarpium, and Sophorae Flos, has been known as
vitamin P which has been explored for a number of
pharmacological effects.***”*’ Rutin has been observed
for its promotion of the macrophage phagocytic ability.*
Also, rutin has been known to detain cancer cell
proliferation by cell cycle arrest and/or apoptosis, along
with inhibition of angiogenesis, and/or metastasis in
cancer system.’'=? In this study, we have demonstrated
the enhanced potency of processed EC on antioxidant and
anticancer properties. And identification of the chemical
constituents for the improved biological activities should
be uncovered in further study.

In conclusion, present study disclosed that processed
EC, carbonized EC or salt-processed EC, displayed the
upgraded capabilities of suppressing the cancer cell
proliferation with disruption of cell cycle and inhibiting
the cancer cell migration as well as high level of
polyphenol content and antioxidant activity. Therefore,
these findings indicate that the processing of medicinal
plants is not only an ordinary pre-treatment for medicine
preparation but also a pharmaceutical technique for
improved potency of herbal medicine. Also, those suggest
that the processed Eucommiae Cortex with enhanced
potential can be a therapeutic source for treatment of
cancers and oxidative stress mediated diseases.
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