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ABSTRACT

Objective : The genus Glycyrrhiza has been used in food and traditional herbal medicine. Glycyrrhiza new varieties
Wongam and Sinwongam have been developed by Korea Rural Development Administration and investigated to register
on Korean Pharmacopoeia of the Ministry of Food and Drug Safety, The aim of this study is to investigate the
immunomodulatory effect of Wongam and Sinwongam comparing with listed Glyeyrrhiza species (Glyeyrrhiza
uralensis Fischer and G. glabra Linne) for evaluations about pharmacological effect of Glycyrrhiza new varieties,
Methods : We studied the immunomodulatory effect of Wongam and Sinwongam compared with G. uralensis and G,
glabra using THP—1 cell in vitro model, The cells were treated with phorbol 12—myristate 13—acetate (PMA) for
differentiation and stimulated with lipopolysaccharides (LPS) to induce immune activation, We analyzed and
compared the effects Glyeyrrhiza new varieties and listed Glyeyrrhiza species using nitric oxide (NO) assay, western
blot, and reverse transcription—quantitative polymerase chain reaction analysis,

Results : Wongam and Sinwongam showed no cytotoxicity in THP—1 cells, Wongam and Sinwongam, and listed
Glycyrrhiza species increased NO production, and cyclooxygenase (COX)—2 expression with or without LPS in
differentiated THP—1 macrophages. Furthermore, Wongam and Sinwongam and listed Glyeyrrhiza species upregulated
the mRNA expressions of T helper type 1 (Th 1)—associated cytokines in LPS—stimulated THP—1 macrophages.

*Corresponding author : Hyo—dJin An, Department of Pharmacology, College of Korean Medicine, Sangji University, 83 Sangjidae—gil,
Wonju—si, Gangwon—do, 26339, Republic of Korea,

- Tel : +82—33—-738-7503 - Fax | +82—-33-730—-0679 - E—mail : sangjipharm@gmail, com
Lee Jeonghoon, Herbal Crop Research Division, NIHHS, RDA, Eumseong, Chungbuk, 27709, Republic of Korea,
- Tel : +82—43—-871-5670 - Fax | +82—-43—-871-5659 - E—mail : artemisia@korea kr

#First author : Yun—Mi Kang, Department of Pharmacology, College of Korean Medicine, Sangji University, 83 Sangjidae—gil,
Wonju—si, Gangwon—do, 26339, Republic of Korea,

- Tel : +82—33-735—-3881 - Fax : +82-33-730-0679 - E—mail : yunmi6115@naver, com

- Received : 08 Oct, 2020 - Revised : 05 Nov, 2020 - Accepted : 25 Nov, 2020



12 K 8 AR BB #r 3 — Vol. 35 No. 6, 2020

Conclusion : These results indicated that Wongam and Sinwongam would have effect of enhancing immune response

through the increase of NO and COX—2 expression, and activate Thl—associated cytokines, The findings of this study

suggest the wide applicability of Glycyrrhiza new varieties,

Key words : Immunomodulatory effect, Glycyrrhiza new varieties, Wongam, Sinwongam, immune response

I . Introduction

The importance of immunity has recently emerged
and attracted more attention since the global pandemic
disease break out including severe acute respiratory
syndrome, influenza, and coronavirus. People who are
weakened or impaired immune system have a higher
the risk of infection, The immune system is divided in
categories: non—specific natural or innate immunity and
specific acquired or adaptive immunityl), Innate immune
response, the first line of defense against non-—self
pathogens, consists of physical barriers, biochemical and
cellular defenses against pathogens, The main purpose
of the innate immune response is to immediately
prevent infection, to eliminate invader pathogens, and
to stimulate the acquired immune response, On the
other hand, adaptive immune response, the second line
of defense against non—self pathogens, is specific to the
pathogen presentedm,

Innate immune cells comprise a broad range of cell
types including natural killer (NK) cell, neutrophil,
monocyte, and macrophage?’), In particular macrophages
are specialized cells in detection, phagocytosis, and
removal of pathogens and bacteria, Moreover,
macrophages play a role as an antigen presenting cell
that mediate specific immune response to T cells4), In
addition, macrophages secrete high levels of reactive
oxygen species and produce cyclooxygenase (COX)-2,
nitric oxide synthase (iNOS), and nitric oxide (NO),
that can kill phagocytosed bacteria, Various cytokines
including tumor necrosis factor (TNF)—e, interleukin
(IL)—1, IL—6, IL-8, and IL—12 considered as important
factors of innate immunity, are released from activated
macrophages and promote immune responses of other
immune cells5‘6), The activated macrophages are known
to have major roles in host defense against various
microbial pathogens, hence, the researches on immune—
regulation have been actively conducted using activated
macrophages as an instrument7),

Licorice is one of the most widely used medicinal
herbs, and the root has been used therapeutically for
many centuries8>, A lot of experimental studies reported
that Glyeyrrhiza species possess several pharmacological
properties such as anti—microbialg), anti—viralw), anti-

inﬂammatoryn), anti—ulcer12>, anti—tumorlg), anti—

oxidant14), anti—depressantl5), and anti—diabetic

16,17)

activities It was reported that licorice and its

components exhibit immunomodulatory effect in different

modelslg*m),

Glycyrrhiza new varieties Wongam and
Sinwongam have been developed by Korea Rural
Development Administration and investigated to register
on Korean Pharmacopoeia of the Ministry of Food and
Drug Safety., Wongam and Sinwongam are breeding
variety, which are hybrid of G. glabra X G. uralensis,
We are performing research to evaluate the homogeneity
of the Glycyrrhiza new varieties Wongam and Sinwongam
and Glycyrrhiza species listed in the Korean
Pharmacopoeia as part of the study for the Korean
Pharmacopoeia registration of Glycyrrhiza new varieties,
We reported the comparative study of anti— allergic effect
by Glycyrrhiza new varieties and official compendia22),
No study to date about immunomodulatory effect on
Glycyrrhiza new varieties has examined yet. In the present
study, therefore, we evaluated the immunomodulatory
effects of Glycyrrhiza new varieties, compared with that
of Glycyrrhiza species listed in the Korean Pharmacopoeia

using THP—-1 macrophage in vitro model,

I . Materials and Methods

1. Chemicals and reagents

Extractions of Glyeyrrhiza species were provided
from Korea Rural Development Administration, For the
present study, phorbol 12—myristate 13—acetate (PMA),
lipopolysaccharide (LPS; ZEscherichia coli, serotype
055:B5), [3—(4,5—dimethylthiazol—2—y1)—5—(3—
carboxymethoxyphenyl)—2—(4—sulfophenyl)—2H—tetraz
olium (MTS), Griess reagent and all other chemicals
were purchased from Millipore Sigma (Billerica, MA,
USA). Roswell Park Memorial Institute (RPMI) 1640 was
purchased from Thermo Fisher Scientific (Waltham,
MA, USA). Fetal bovine serum (FBS), penicillin and
streptomycin were obtained from Life Technologies Inc,
(Grand Island, NY, USA). The histamine enzyme—linked
immunosorbent assay (ELISA) kit was obtained from
Enzo life Sciences, Inc. (Farmingdale, NY, USA), COX—2,
and pA—actin monoclonal antibodies were purchased
from Santa Cruz Biotechnology (Santa Cruz, CA, USA),
TNF-e, IL-6, IL-2, IL-10, IL-12, and GAPDH
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oligonucleotide primers were purchased from Bioneer
Corporation (Daejeon, South Korea).

2. Sample preparation

The extracts of Wongam, Sinwongam, (G uralensis,
G. glabra were obtained from Korea Rural Development
Administration, The four samples were extracted with
distilled water at 100C for 4.5 h. The extracts were
concentrated under reduced pressure in a rotary
evaporator at 70C for 3 h, The decoction was filtered,
lyophilized and stored at 4C. The yields of the dried
extract from the starting crude of Wongam, Sinwongam,
G uralensis and G glabra were 8.8 %, 9.13 %, 6.53 %
and 7.71 %, respectively. To prepare the sample for the
in vitro experiment, the extract powder that resulted
from the drying process was dissolved in distilled water,

3. Cell viability assay

Cells were seeded in a 96—well culture plate at 1 x 10°
cells/m¢ in culture medium, Cells were treated with
medium containing various concentrations of Glycyrrhiza
species samples, After incubating for 24 h, THP-1 cells
were treated with 20 wf of MTS for 4 h and absorbance
was measured at 490 nm using a microplate reader,

4, THP-1 cell differentiation and stimulation

THP—-1 cell was purchased from Korea Cell Line
Bank (KCLB, Seoul, Republic of Korea). The cells were
grown at 37C in RPMI 1640 supplemented with 10 %
FBS, penicillin (100 U/m¢) and streptomycin (100 ug/m0)
in a humidified atmosphere of 5 % CO2, THP—-1 cells
were seeded at a density of 5X 10° cell per well and
incubated for 4 h and then, treated with 100 ng/m¢ of
PMA for cell differentiation, After incubation for 48 h,
the cells were exposed to Glycyrrhiza species samples
with or without LPS (10 ug/m¢) for 24 or 48 h,

5. NO assays

NO content was determined indirectly by assaying
the culture supernatants for nitrite using the Griess
reagent (1% sulfanilamide in 5% phosphoric acid, 1% a—
naphthylamide in H20). NO production from THP—-1
cells was a form of NOg; that exists in culture media. A
50 wl amount of cell culture media was mixed with 50 ul
of Griess reagent in a 96—well plate, incubated at room
temperature for 15 min, and then measured at 540 nm

using an automatic microplate reader (Titertek Multiskan).

6. Western Blot Analysis

The cells were resuspended in a commercial lysis buffer
(PRO—PREP, Intron Biotechnology, Seoul, Republic of
Korea) and incubated for 20 min at 4°C. Cell debris was
removed by microcentrifugation, followed by quick freezing
of the supernatants, The protein concentration was
determined using the Bio—Rad protein assay reagent
according to the manufacturer’s instructions (Bio—Rad,
Hercules, CA, USA), Aliquots of each protein sample
(30 ug) were separated on a sodium dodecyl sulfate (SDS)
polyacrylamide gel and transferred onto a polyvinylidene
fluoride (PVDF) membrane., Membranes were incubated
for 1 h with 5% skim milk at room temperature,
followed by incubation overnight with a 1:1000 dilution
of primary antibody at 4°C. Blots were washed three
times with Tween 20/Tris—buffered saline (T/TBS) and
incubated with a 1:2500 dilution of horseradish
peroxidase—conjugated secondary antibody for 2 h at
room temperature, Blots were again washed three
times with T/TBS and then developed by enhanced
chemiluminescence (GE Healthcare, Waukesha, WI, USA),

7. Reverse transcription—quantitative
polymerase chain reaction (RT—qPCR)
analysis

Total RNA was isolated from the cells or liver tissues
using an Easy Blue kit (Intron Biotechnology, Inc.,
Seoul, Korea) according to the manufacturer’s protocol.
Total RNA was quantified using an Epoch micro—volume
spectrophotometer system (BioTek Instruments, Inc.,
Winooski, VT, USA). cDNA was obtained using isolated
total RNA (2 ug), d(T)16 primer, and Avian Myeloblastosis
Virus reverse transcriptase with genomic DNA remover,
The relative gene expression was quantified using RT—
qPCR analysis (Real Time PCR System 7500; Applied
Biosystems: Thermo Fisher Scientific, Inc., Waltham,
MA, USA) with SYBR Premix Ex Taq. Fold changes of
gene expression were calculated using the comparative
quantification cycle method, The Cq values of target
genes TNF—¢, IL-6, IL-2, IL-10, and IL—12 were
normalized to that of GAPDH wusing the ABI Gene
Express 2.0 programme (Applied Biosystems; Thermo
Fisher Scientific, Inc,, Waltham, MA, USA),

8. Statistical analysis

The data are expressed as the mean =+ standard
deviation of triplicate experiments, Statistically signifi
cant differences were compared using one—way analysis

of variance and Dunnett’'s post hoc test. P < 0.05 was
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considered to indicate a statistically significant difference.
Statistical analysis was performed using SPSS statistical
analysis software (version 19.0, IBM SPSS, Armonk,
NY, USA),

. Result

1. Glycyrrhiza new varieties and listed
Glycyrrhiza species exhibit no direct

cytotoxicity on THP—1 cells
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To investigate whether Glycyrrhiza species samples
were cytotoxic to the THP—1 cells, the MTT assay was
performed. The extracts of Wongam, Sinwongam, &
uralensis, G. glabra at concentrations up to 1000 ug/m¢
exhibited no significant cytotoxicity to the THP—1 cells
after 24 h of incubation when compared with non—treated
THP—1 cells. Rather, the result showed the increasing
trend in cell viability (Figure 1). Accordingly, we used
500 ug/m¢ of Wongam, Sinwongam, G uralensis, and G
glabra for subsequent experiment,
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Figure 1. Effects of four Glycyrrhiza species samples on cell viability on THP—1 cells. Cells were treated with different concentrations of
Glycyrrhiza species samples for 24 h and their viability was determined using MTS assay. The data shown represent mean = S.D. of three

independent experiments. *p  0.05, **p ( 0.01 and ***

2. Glycyrrhiza new varieties and listed
Glycyrrhiza species increase the level of
NO production from differentiated THP—1
macrophages

THP—1 monocytes were treated with PMA for 48 h
for differentiation into macrophages to study immune
responses, In order to examine the immunomodulatory
effect of Glyeyrrhiza species, the level of NO production
from differentiated THP—1 cells was measured. Treatment
of Wongam, Sinwongam, G uralensis, and G glabra
induced a significant increase in NO levels compared
with PMA- differentiated THP—1 cells, The NO level
induced by Wongam treatment for 48 h was higher than
other Glycyrrhiza species (Figure 2A). Moreover, LPS
stimulation increased the NO level compared to PMA—

differentiated cells, whereas the higher levels of NO were

0< 0.001 vs non—treated cells.

observed in groups treated with Wongam, Sinwongam,
or G. glabra, Among Glycyrrhiza species, Sinwongam
resulted in higher NO level in LPS—stimulated THP—-1
macrophages (Figure 2B).

3. Glycyrrhiza new varieties and listed
Glycyrrhiza species increased the COX—2
expression differentiated THP—-1
macrophages

LPS activates the differentiated THP—1 cells and
induces the expressions of immune—associated genes
and proteins, To investigate the effects of Glycyrrhiza
species samples on COX—2 protein expression, western
blot analysis was conducted, In the absence of LPS
stimulation, Wongam, Sinwongam, (. uwralensis, and
G. glabra increased the protein level of COX—2 with
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significance compared with the non—treated THP-1
cells under the both of time conditions (24 and 48 h).
COX—2 expression was more induced markedly by LPS
stimulation, however, all Glycyrrhiza species samples
enhanced the expression in activated THP—1 macrophages,
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the Sinwongam revealed stronger protein
in LPS—stimulated THP-1
macrophages for 24 h (Figure 3A), The expressions of
COX—2 were more prominent under the LPS stimulation
for 24 h (Figure 3A) than 48 h (Figure 3B).
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Figure 2. Effects of four Glycyrrhiza species samples on NO production in THP—1 macrophages. (A) THP—1 cells differentiated by PMA were
incubated with Glycyrrhiza species samples for 48 h, (B) THP—1 cells differentiated by PMA were incubated with Glycyrrhiza species samples
with LPS (10 pg/mg) for 48 h. NO levels were determined with Griess reagent. The data shown represent mean =+ S.D. of three independent
experiments. " p { 0.001 vs the control aroup. **p ¢ 0.01. and ***p  0.001 vs (A) control group or (B) LPS—stimulated cells.
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Figure 3. Effects of four Glycyrrhiza species samples on COX—2 protein expression in THP—1 macrophages. (A) THP—1 cells differentiated
by PMA were incubated with Giycyrrhiza species samples or samples plus LPS (10 pg/ml) for 24 h or (B) 48 h. The protein level of COX—2
was determined by western blot analysis using specific antibodies. Densitometric analysis was performed using Bio—Rad Quantity One
software. The data shown represent mean * S.D. of three independent experiments. *°p ¢ 0.001 vs the non—treated group, *p ¢ 0.001
vs the differentiation group, **p { 0.01, and *** p { 0.001 vs LPS—stimulated cells.

4. Glycyrrhiza new varieties and listed
Glycyrrhiza species upregulate the
expressions of T helper type 1 (Th 1)-
associated cytokines

IL—2 is classified as Th1l cytokine along with TNF—e«,
IL—6 and IFN—y, and it plays a role as an immune
stimulant to other cells such as NK cells®, IL-12 is
known as a potent inducer of the differentiation of Th1l

0611524), and IL—10 up—regulates the production of NO
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in LPS—activated macrophages%), Next, we measured the
mRNA levels of Thl—associated cytokines involved in
potentiation of the immune responses, including TNF—«,
IL-6, IL-2, IL-12, and IL—10, The mRNA expression
of TNF—ea increased by LPS stimulation, whereas its level
was significantly higher upon Wongam, Sinwongam, G
uralensis, G glabra treatment, The Sinwongam treated
group displayed the most statistically significant
upregulation of TNF—¢ (Figure 4A). In the case of
IL—6 expression, it was significantly increased by LPS
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stimulation compared with control, however, the levels
were decreased by treatment with Wongam, Sinwongam,
and G uralensis rather than LPS stimulation group,
and increased slightly by G glabra treatment (Figure 4B).
The mRNA level of IL—2 was also increased by LPS
stimulation compared to control, but it was upregulated
by Wongam, Sinwongam, and G uralensis, not G glabra
(Figure 5A), All Glycyrrhiza species samples significantly
induced upregulation of IL—12 and IL—10 levels, which
were increased by LPS (Figure 5B and C),
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Figure 4. Effects of four Glycyrrhiza species samples on mRNA expressions of TNF—a, and IL—6 in differentiated THP—1 macrophages.
THP—1 cells differentiated by PMA were incubated with Glycyrrhiza species samples with LPS (10 ug/ml) for 6 h. Total RNA prepared form
the dorsal tissue, and the levels of (A) TNF—a, and (B) IL—6 were determined by gRT—PCR. The data shown represent mean *+ S.D. of
three independent experiments, “#p ¢ 0.001 vs the control group.**p ¢ 0.01. and ***p ¢ 0.001 vs LPS—stimulated cells.
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Figure 5. Effects of four Glycyrrhiza species samples on mRNA expressions of IL—2, IL—12, and IL—10 in differentiated THP—1 macrophages.
THP—1 cells differentiated by PMA were incubated with Glycyrrhiza species samples with LPS (10 ug/ml) for 6 h. Total RNA prepared form
the dorsal tissue, and the levels of (A) IL—2, (B) IL—12, and (C) IL—10 were determined by gqRT—PCR. The data shown represent mean +
S.D. of three independent exoeriments. "o ( 0.001 vs the control aroup. *p ¢ 0.05. **p ¢ 0.01. and *** p { 0.001 vs LPS—stimulated cells.,

IV. Discussion

Licorice contains a large number of biologically active
compounds, and flavonoids and triterpenoid are the main
components which show broad biological activities%).
Among those components, glycyrrhizin, a triterpenoid
saponin, has been reported to increase the activity of
dendritic cells and proliferation of T cells with increased
interferon (IFN)—y and IL—10 cytokines production27),
Moreover, it has reported that glycyrrhetinic acid induces

the expression of toll-like receptor (TLR)—4 along with

its downstream signaling molecules%)_ These molecules
have been known as the important role in modulating
innate immune responses against pathogens, In
addition, liquiritigenin, aglycone from licorice, has an
immunomodulating activity that mediates macrophage
activation and induces dominant Thl type cytokine
production from the activated CD4" Tcellsm), The present
study showed that Wongam and Sinwongam induced
NO production level and wupregulated the innate
immune—associated cytokines in LPS—stimulated THP—1

macrophages, These results were comparable with that of
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the listed Glycyrrhiza species in Korean Pharmacopoeia,
These findings imply that Wongam and Sinwongam have
an efficacy homogeneity in immunomodulatory effect
with listed Glycyrrhiza species, Notably, Glyeyrrhiza
new varieties have a higher content of glycyrrhizin
(3.96 %) than G uralensis (1,90 %). Therefore, in line
with the results of previous studies, it is expected that
Wongam and Sinwongam have a better effect on the
various pharmacological activities mentioned above as
well as immunomodulating activity,

LPS is a component of cell wall of gram negative
bacteria, and play a role as a potent inducer of COX—2
expression in activated macrophageszg), This response is
mediated by TLR4 that leads to stimulation intracellular
signaling cascades such as mitogen activated protein
kinase and nuclear factor—xB pathwaysgm_ In this study,
Wongam and Sinwongam, and listed Glycyrrhiza species
significantly in both
conditions with/without LPS treatment (Figure 2A and B),
However, the protein level of iNOS was not detected in

induced NO production level

western blot analysis (data not shown). This seems to
be related to the low level of NO production, which was
less than 2 #M in all groups, By comparison with iNOS
expression, the strong protein expressions of COX-2
were observed in Glycyrrhiza species—treated group in
THP-1 of COX-2

metabolizes the accumulation of prostaglandin Ez and

macrophages, Overexpression
is mainly associated with inflammation, but if the
expression increases within the appropriate level, it
promotes the immune response3l’32)_ However, COX—2
protein levels were significantly enhanced by treatment
with Glyeyrrhiza species compared to LPS treated THP—1
macrophages, This data revealed that Glycyrrhiza species
in condition of LPS

stimulation, Since these factors including are involved

activate THP—-1 macrophages

in inflammatory networks and are inducible by
inflammatory stimuli, future research should consider
the potential effects of Wongam and Sinwongam in
connection with immunopotentiation and inflammation
more carefully,

Th1 cells are critical in the innate immune response
and play an important role in host defense against
intracellular viral and bacterial pathogens., These cells
are a lineage of CD4+ effector T cell that secrete
TNF—-a/B8, IFN—y, IL—2, IL—-12 and IL—-10. These
cytokines promote NO production, cytotoxic T lymphocyte
proliferation, and macrophage activation, leading to the
phagocytosis and destruction of microbial pathogen333'34),
As a result of mRNA expression of these cytokines in
this study, IL—12 and IL—10 levels were shown similar
increased trend in LPS—stimulated THP—1 macrophages,

that levels are significantly higher than LPS—treated

group. In addition, Wongam, Sinwongam, and G uralensis
upregulated the mRNA expressions of TNF—¢ and IL—2,
while IL—6 expression was downregulated by Wongam,
Sinwongam, and G uralensis, IL—10 is also known as
an anti—inflammatory cytokine which regulates cytokine—
balance and limits the overt inflammation preventing

)

tissue damageBS, As licorice has a well-documented

anti—inflammatory property, further studies should
investigate the effect of Wongam, Sinwongam on anti—
inflammatory action and more specific Th1 cell-mediated
immune responses, These further researches on
Glycyrrhiza species might extend the explanations of the

immunomodulatory effect of Wongam and Sinwongam,

V. Conclusion

In conclusion, this study showed that Glycyrrhiza
new varieties Wongam and Sinwongam have an
immunomodulatory effect and enhance immune function
by regulating the NO, COX—-2, and immune—associated
cytokines derived from activated macrophages. Compared
to listed Glycyrrhiza species, the higher NO level was
induced by Wongam treatment in differentiated THP—1
cells, and the Sinwongam treatment activated immune
responses increasing COX—2, and TNF—-a expression
in LPS—stimulated THP—1 macrophages. The findings
of this study imply that Wongam and Sinwongam have
an immunomodulation efficacy homogeneity with listed
Glycyrrhiza species in the Korean Pharmacopoeia, thus
suggest the wide applicability of Giycyrrhiza new varieties
Wongam and Sinwongam,
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