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Screening for Mucosal Protective Effects of Various Korean Herbal Medicine Extracts
in Gastroesophageal Reflux Disease
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ABSTRACT

Objectives : This study evaluates how various traditional Korean herbal medicines assess MUCS5AC expression for
esophageal mucosal defense and analyzes the associated mechanisms involved in inflammation,

Methods : Forty types of traditional Korean herbal medicines were assessed for in vitro antioxidant activities, and the
real—time PCR method was employed to analyze MUC5AC expression under pH 4.5 conditions in human esophageal
epithelial cells (HET—1A), Eight types of Korean herbal medicines were evaluated for in vitro antioxidant activities,
and Reactive oxygen specise (ROS) expression was analyzed under bile salt (480 M) and pH 5.5 conditions in human
esophageal epithelial cells (HET—1A), Simulation experiments involving bile salts and acidity were conducted for one
hour to assess the efficacy of four drugs, and the activities of Mitogen—activated Protein Kinase (MEK), Nuclear
Factor Kappa B (NF—«B), and Cyclooxygenase—2 (COX—2) were detected through Western blot analysis.

Results | Compared to the Normal group, the Control group exhibited higher ROS generation, Such increased ROS
levels were significantly reduced by four extracts: Citrus Unshius Pericarpium (CUP), Cnidium officinale Rhizoma (CR),
Ginseng Radix (GR), and Linderae Radix (LR). The protein expression of COX—2 decreased with the treatment of
LR, CUP, and CR, Particularly, CUP and CR exhibited superior effects compared to other groups in inhibiting the
phosphorylation of NF—gB,

Conclusion : Based on the results obtained, we have identified drugs that inhibit oxidative stress and inflammation
caused by bile acid in esophageal epithelial cells, Our future plans involve comparing and analyzing the efficacy of

these herbal medicines through animal experiments,
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gd54 Az=Z3  (Gastroesophageal reflux disease,
GERD)S Al=9} 9ol YelU4E intestinal metaplasia
(IMZ & TAsh, &4 | o7t SH8E dF A2
A== 14 At ool S-S Uehdith V) Ed 9874
A= (Reflux esophagitis) 22 <13t 713t A $jAte]
R okR Ao A3 W AT ke B3 gutt

_[

7 ARE dehe Slate] 4Rt S s A 4
gele BAD A% bs B5E dehith B3, 9F o
= 1

F= T 97 S 712 AFEOA &b, o= ol F
v} A= (Barrett's esophagus, BE) 222 o]g] A% 9l
o, A2 AFAE 9 L Aol HEE Fol A BF
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(Gastrointestinal metaplasia, GIM)9] 23} W2 &7
ety g A A, FAAQ A= 22 o)A Bujg Hoje
Aitat GE5S 23S FAAQ] EFC2HE JubE BREste
gt ot Ty upEAEoA L T 2Tl o3
MUC5AC ¥ MUC2 42| @o] TGl on, 4a] A
25 WISy $a% 9L I, o]F Hre] B
g MUCSAC 7A19] 2 2dsh= dlAYE 2 uisl 93
Ao oA Y YA Fade] that A+ st

EE HEAY AolXA AT JRe A=d vl A
o] 83 A5k oy, et B54 55, =& ATl
et g% A wde] tags A Anst Yo’ A
Y Az} FollA B FEAT B3t oA 25 Akst
A4S T B A4 F& 37 AT A Ao

ANzl g, AlZ 7+ 2H4, A&HARA A5 2 Ay 342
GERD ¥At9] Aol ghF4tel| ost Mut &4 AFA
zaro 2 ettt} Nuclear factor kappa B (NF—xB)=
5L Az F4], 3o st FaT AAE, A=Y
A HBAdT Yo A= SR8k gAIRE GERD 835°] e
Az oA A4S ET, T AtelA 9 APAZE HE
Ao =& A]7]"d Caudal Type Homeobox 2 (CDX2) T2
2E7F S35} 51, NF-¢BE4 9 i@ @do] Frtsta
FrhETR gEA QoY EE 9FAe AR B4 A
2o iRl A AZE ASst A= 435 wheE S35k
Cyclooxygenase—2 (COX—2)& QAT o= 3o, AlE 4]
271, Az Apd 94, @8 A EX, TFAEY IY 58
F7h AAS B9 7ls 9A T oekR 85 A U
Fojsto], A5} AEF A9 DNASAS 4o 4 'Y, o]
A Aol WEH COX-2 = BEY] WA} dhof fofshm,

Table 1. Lists of herbal medicines used for this study

toll-like receptor 4 (TLR—4)9]l A=4-2 COX—2& NF—£B,
CDX-2 ¥ bone morphogenetic protein 4 (BMP—4) A&
Azs AT dEA H?. ole] BEAES
COX-29 g9 olgfof gt @2 A7 st

2 dteHe A AR S BS54 (Bile acid)@t 4k (Acid)
of &g IM] HA 71" AFE S5, 974 A=ds A
Bt= Ao o3t A Hukhg B 5 3517] §5te] FHo|oFEF oA
SR EAS gz sk

I. A= 23y

1. 23dA=

£ 4go) A8E AP AE 2059 B AT
FelFAT AN FYGOB, 2 2059 I FEER
ethanol &2 uUio] Y3stgth Folin—Ciocalteu’s
phenol reagent, gallic acid, quercetin, 2—Diphenyl—1—
(DPPH), 2,2 —azino—bis (3-
hylbenzothiazoline—6—sulphonic acid (ABTS), potassium

icrylhydeazyl

potassium phosphate dibasic,
2—thiobarbituric acid,

sodium phosphate monobasic, sodium phosphate dibasic,

phosphate monobasic,
1,1,3,3—tetramethoxypropane,

potassium chloride (KCl), glycerol, protease inhibitor
cocktail ¥ EFAF FAEQ glycocholate, taurocholate,
taurocholate, glycochenodeoxycholate, taurocholate,
glycodeoxycholate, and taurodeoxycholate Sigma—Aldrich
Co. (St. Louis, MO, USA)o|A Ft5}th Sodium carbonate
@} potassium acetater= DAEJUNG chemicals&metals
(Gyeonggi, Korea)olAl Fd3ste] AME3I¥TE Aluminum
chloride, L—ascorbic acid, and bicinchoninic acid (BCA)
Protein assay kit Thermo Fisher Scientific (Waltham,
MA, USA)olA A3t} Cellular ROS detection assay
kitE Abcam (Cambridge, UK)oJA F3}529, Radio
immunoprecipitation assay(RIPA) buffer= Thermo
(Ashland, MA, USA)o|A Ed3ste] ARSIt ECL Western
Blotting Detection Reagents= GE Healthcare (Chicago,
IL, USA)ZRE 13t Agatt, 2 A AMgH g
QorE 2059 FEEY ¥EF FEET etanol FE= 719
8 A& Zol7t o] Eejste] AEE APt oH, Table
20 et ik,

Medicinal Herb name Latin name Family Abbreviation
HE Glycyrrhizae Radix et Rhizoma Leguminosae GRR
159574 Citri Unshius Pericarpium Rutaceae CUP
Bt Atractylodis Rhizoma Alba Compositae ARA
ST Menthae Herba Labiatae MH




Y FE2EY 97 A= AYES B dig 239 11
Medicinal Herb name Latin name Family Abbreviation
EygE Paeoniae Radix Paeoniaceae PR
A& Ginseng Radix Araliaceae GR
JI= Cnidii Rhizoma Umbelliferae CR
RE Ponciri Fructus Immaturus Rutaceae PFI
BEE Linderae Radix Lauraceae LR
e+ Gardeniae Fructus Rubiaceae GF
KE Aucklandiae Radix Compositae AuR
s Crataegi Fructus Rosaceae CF
#olt Atractylodis Rhizoma Compositae AtR
TEERE Trogopterus Faeces Petauristidae TF
EE Agastachis Herba Labiatae AH
LS 2 Hordei Fructus Germinatus Gramineae HFG
BT Cassiae Semen Leguminosae CS
H Angelicae Gigantis Radix Umbelliferae AGR
A Poria Sclerotium Polyporaceae PS
F G Astragali Radix Leguminosae AsR

2, Nz g 2 A7

Az Al Au] A|Z (HET-1A)= American Type Culture
(ATCC, Rockville, MD)JlA] &% o} Aol AL&sF o1,
bronchial epithelial cell basal medium (Lonza Group
Ltd, Switzerland)o|4] A| &%+ recombinant epidermal
growth factor (BEGM, Kit Catalog No, CC—3170)& A
7¥ske] ol AHESHSIth. HET—1A AlEZ+= collagen type
I, fibronectin® BSAZ FEH plateo] 1X 10° o N=Z=
ujeFstar, A wiA] A2 Alell= IN HCLE pH 4,52 AHdst
sto] ARGSFRal, ©EE A Alde= 480 ¢M 9 moral
ratio2 ZA@ste] A¥-S AYstHct, 54 molar ratio>
glucocholate, taurocholate, glycochenodeoxycholate,
taurochenodeoxycholate, gltcodeoxycholate, and
taurodeoxycholate (Sigma—Aldeich, USA)S 20:3:15:3:6:1

of g Hstant’?.

Table 2. Primer sequences used for PCR analysis

3. Quantitative Realtime PCR

Real—time PCRZ mRNA &d-& 3H21317] ¢Jd] HET-1A
AEZE welld 1 X 10° cello] E|l=2 B33} 24A]7F wjoFst
F 40%9 F2E 100 pg/mLe 1AZF 5 A Hstith
o] & A4 wiAo] IN Hel& H7Fste] pH 4.52 273% Hf
A2 wgste] 308 &<t BEStgtt. wigo] £ & AxE
phosphate buffered saline (PBS)Z 33] A|& 3t t}2 Trizol
reagent (Invitrogen, USA)S Z wello] A Z3}o] total
RNAES 3}, nano dropl 2 A5t Maxima cDNA
Synthes1s kit (thermofisher)Z ©]&3t 20CoA 10&,
42°Co) A 60R, 7T0TONA 158 ZASZ 1 ugo] RNAZHE
cDNAZ 43t & SYBR Primix Ex Tag ™ (Takara)Z
AHgEte] qPCRE Al&5te] MUCSACY Bra e =43H3
t} (Table 2).

mRNA Sequnce (5" — 3)
MUCSAC sense (5 — 3') CAG CAC AAC CCC TGT TTC AAA
antisense (3 — 5') GOG CAC AGA GGA TGA CAG T
sense (5 — 3') TGG GCT ACA CTG AGC ACC AG
GAPDH

antisense (3' — 5) GTG GAC GGG TCG ATG TCA C

4. Reactive oxygen synthesis (ROS)&A

qPCRe] Ao wel 8% AHE FE2E a5 &9l
57 98 @At Abe] o] Bh-g-ate] BH|E= &4 At
Z29] ROSE 2, 7 —dichlorofluorescin diacetate (DCFDA)

Agste] 2AsAT, AxAel xYol met ZAsAen,
25¢M9] DCF-DAE 45% &% W& Adste] excitation
485nm,
Microplate reader (Infinite M200, Tecan, Minnedorf,

emission 530 mmo|A DCF fluorescences
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5. NZ Q&g

AZ FEE ZHL CCK-8L o|&3ly =H3tgom,
HET-1A AZE welld 1x10" cells® 96—well culture
plateol] 4%F9] FE£ES =¥ (50 ~ 800 pg/mL)E A
Shof 24A17F St WSttt o] &, ufeketd wiAE AA
513, welld 100 pg/mLe] vjXE 23 10 pL9 CCK-8&
ZF35F3L 2A17F & Microplate reader® 450 mmo] TFL=2
Asttt,

ol

_ll)l' 213

6. Western blot ¥4

A|azol A S-S =&3517] YA 1 x PBSE 33| AlAgt
3% protease inhibitor cocktail®] Z$tE RIPA buffero]
lysis 3} B3}t HET—-1A AlEoA p—MEK, MEK,
p—NF—¢B, NF—¢B, COX-2, f—actin @& W& =4
317] 9J3+e] BCA protein assayE ©]-&3dle] T @S A2k g
3 10 pgd @AL 10% SDS—PAGE loading}til PVDF
membrane®] transfer 3Gt #H]E menbraned| 5%
BSAZ} 3£3E 0.1% TBS—T9] blocking 3} 12} antibody
(1:1000)5 A3k, 4ColA overnight ¥ membrane
0.1% tween—20°] Z&E 1 xTBS-TE 1087 384 AF
34Tt I % membraneo] 22} antibody (1:1000)E 24|17t
U2 A7 &, 0.1% tween—200] Z&H 1 XTBS-TZ 1087+
38  AFstgct. 8|2 membrane® enhanced
chemiluminescence (ECL) solution®] =%3%F &, Chemidoc
(Vilber, Loumat, Eberthaedzell, Germany) Z4A1#A g
el o g Sl

7. FALA

Alg o) AMEE 52 mean +SEMOE FA|SIH 2, SPSS
(Version 26,0, IBM, Armonk, NY, USA)E A3} one—
way analysis of variance(ANOVA) testE AFE3F &,
least—significant differences(LSD) testZ AFEA A S AA]
sto] §o4=F p<0.059 A% Fodo] ot Adstglnt

m Z2 =

Moz qzte] 2

H|
%LOM—E golorE 2059 FEES A Agshy
A B9 Q1A MUCSACE mRNA $2304 el Rzt
qPCRE 3o SRl g54k A A s 32 &
fold of normal (1,11 + 0,49)2 Y& WS o, pH 4.5
A gt FollA= (2.87 £ 0.86) 22 F7Isteh kES A
& oA wAF| 1Y B £OR A5 FEE FolME
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re ."‘
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A
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GRW (13.01 + 0.60), LPW (13.02 + 1.15), CUPW (12.44
+ 1.22), ARAW (11.21 £ 0.89), AuRW (11,13 + 1.77),
MHW (10.52 + 1.50)22 YEFgoH, ethanol &8 5
|4+ CRE (13.53 + 0.85), AuRE (10.41 + 17702
et (Fig. 1).
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=
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Fig. 1. Screening of Esophageal Cell Protective Effects of 20
Extracts on MUC5AC mRNA Expression in HET—1A Cells. The
mMRNA levels of up—regulated HET—1A cells treated with 100 ug/
ml concentration of extract for 1 hour followed by exposure to
hydrochloric acid (pH 4.5) for 30 minutes. All values are expressed
as mean + SEM (n=3).

gl
1,

2. Reactive oxygen spesis (ROS) &3

7‘%111-1101]*1 B4 qAF g Foll B E= ROSE 4kt
Eof o84 AA Hed DCF-DAE 44 A= ¢to=z
Q«‘lﬁ}@l AN|Z QH9| esterasedl 93 FFE ¢ DCFHE
7k BaEtt o] &, ROS7F A5t 494 DCFE w2
A ArStE o] 3 «l A Bk 2 Aol EF5AT At
oat A1stA £AFS gukate] Z7bE ROSS DOF—DAS} uh
ot HAE = FF A 3E SHSHAT. 1 A A4
(1,00 + 0.04)Z fold of normal 3} &213}F-S w, ¥4
272 HET-1A Ao @54t 4to] H2]d 44 dizd
(1.51 + 0.03, p<0.001)Z 1.58] =7} st oH, =z
Zo| A= LRW (0.86 + 0.04, p<0.001), GRW &< (1.17
+ 0,10, p<0.01), CUPW (1.21 + 0.11, p<0.01), AUW
(1,40 £ 0.11), AAW (1.44 + 0.05) €22 YEton,
ethanol #&& Zo|A& AuRE (0.49 + 0.03, p<0.001)

CRE (1.11 £ 0.10, p0.01) &£2 & ROS &4 &4 vE
Witk (Fig. 2).
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Fig 2. Reactive oxygen species (ROS) and expression in HET—-1A
cells.Exposure to 480 uM bile acid at pH 5.5 decreased the
levels of ROS in esophageal epithelial cells for 8 extracls All data
are expressed as means + SEM (n=3). S@nmcance #5¢0.001
vs. Normal, 0 0.05. “p{0.01 vs. Control ~ £{0.001 vs. Control.
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FEE F§ ROS AL AAlst: o 8FS AEstd
western blotZ 3} &<l3) EJ_Z]- O}CﬂE} HET-1A A
XZ = collagen type I, fibronectin @ BSAZ FHH plated]
1x10° 9] NZE Wjgsta, FE8S 200 pl/mLY] FE=
AXstglt, o)F At G5d-2 vixE IN HCLE pH5.5%
Ag3E Bk 480 pM O] BEALE HiAIZ wA sk 3AI7E FE
=g S skl

p—NF-kBY AiE A% 21}, A=& FA &2 &5
A (1.00 + 0.04)2.2 319 fold of normal® EF )
o, A 2F (1.44 £ 0,05, p<0.001)E 1,54 Z7}3}t
At CRE (1.17 £ 0.04, p<0.01), GRW (1.51 + 0.04),
CUPW (1,02 = 0.05, p<0.001), LRW (1.26 =+ 0.06,
0<0.05), ARAW (0.99 = 0.03, p<0.001), AuRE (1,26 +
0.03, p<0.05), MHW (1,69 £ 0.05), AuRW (1,21 + 0,06,
p€0.01)22 elstrt (Fig. 3).
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Fig. 3. Protein p—NF—«B and COX—2 were activated in HET—1A
cells treated for 3hours with a solution of pH 5.5 + 480 uM bile
acids (BA). Western analysis of HET—1A cells lysates with (A)
p—NF—«B activation and (B) COX—2 expression in HET—1A cell.

Al data are expressed as means +SEM (n=3). Significance:"p<

0.001 vs. Normal, 0¢0.05 “p¢0.01 and " p{0.001 vs. Control.

4, A Z AY&&

A Au) A EZQl HET-1A9A 8%9 €4 ¢ ethonol®
FEE 5% FEES =Y (50 ~ 400 pg/mL)2 A5}
24X7¢ S¢t w9kt A3} CRE, GRW % CUPWE= 400 ug/
mL7HA] 5/d0] §1em, LRWE 400 pg/mLoA 80%9

il

AEES B 284 AuRWE A 522 50 pg/mLEE
EAdo] ElEo] Ao A5t o] T A AEEHE
FoE FEEY AN oA AEE Yl 200 ug/

mLolA X3ttt (Fig. 1).
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Fig. 4. Effects of 4 extract of Water and EtOH extracts on cell
viability in HET—1A cells. The CCK—8 results are presented as
the percentage of cell viability of the cells. (A) Cnidium Rhizome;
CRW (B) Ginseng Radix; GRW, (C) Citri Unshius Pericarpium;
CUPW, (D) Linderae Radix; LRW, and (E) Aucklandiae Radix;
AURW. All data were performed in triplicate and expressed as
mean * SEM.

5. &Y p—NF-«B¢} COX-2 &34

) p—NF—«B2} COX—2

49 FE2E5E Adste, SFAT At o3t AHEE
= S7HE p-NF—4B9] HE & 5= 82 S35}
o} 1 A3, A (1.00 £ 0.05)F fold of normal 3}
ol5lgl L

=

b

d

o, HET-1A AZo] &8} Ato] e 44
61 + 0.04, p<0.001)& 1.64] ZF7lstgen,
CRW9] 50 ug/mL (1.61 = 0.04), 100 pg/mL (1.35 +
0.03, p<0.05), 200 ug/mL (1.00 + 0,03, p<0.001)E &2l
sttt 50 ug/mLolA= @ o] T4skA] gkert, 100 ng/
mL¥} 200 ug/mLolA |28 ZAE FRIstEtt (Fig. 5).
GRW] kA TR (1.48 + 0,06, p<0.001)= 1,58 &7}
stgem, 50 ug/mL (0,79 + 0.01, p<0.001), 100 ug/mL
(0.40 = 0.00, p<0.001), 200 pg/mL (0.96 + 0.07,
p<0.001)Z2 At BE s=oA FAQd HAE &
ostgth CUPWY %A dizF (1.78 + 0,13, p<0.001)&
1.84) %7} st9em, 50 pg/mL (1.35 + 0.18, p<0.01),
100 pg/mL (1,09 = 0.02, p<0.05), 200 pg/mL (1,18 +
0.06, p<0.05)2 Flatyct BE s 4 H2E
grelatglnt, LRWY oFA tiR2 (1.70 £ 0.15, p<0.001)=
1.79) &7} skgem, 50 ug/mL (1,14 = 0.08, p<0.05),
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100 ug/mL (1,06 £ 0,07, p<0.01), 200 ng/mL (1,00 *
0.03, p<0.001)Z I3t BE FEolA F23Q F4E
Bk (Fig. 5).

T3, TEAN Ak ot AFSE &S fEEte] S |
COX-29] &HaE 4% 2=, A4 (1.00 + 0.03)E fold
of normal 3t ERISHHS wf, HET-1A ANZo &FAtT}
Aro] AFH A R (1.52 + 0,08, p<0.001)E 1,54}
Z7kstgem, CRWY 50 pg/mL (1,42 + 0.12), 100 ug/mL
(1,08 + 0,01, p<0.05), 200 ug/mL (0.84 * 0,02, p<0.001)
2 ZRIHAT, 50 ug/mLoAl= Ed o] ZrastA] ggront
100 ug/mL3 200 pg/mLollA 24 FAE gkt
GRWY] 94 Tz (1,82 + 0,03, p{0.001)Z 1,84} Z7}
stgen, 50 ug/mL (1,92 + 0.06), 100ug/mL (01.65 +
0.01), 20 ug/mL (1,49 + 0.09, p<0.01)E &Ittt 200
ug/mL oA mlu]gk AR SIS, CUPWY FAd dizd
(1,55 + 0.04, p<0.001)E 1,64 Z7}st92H, 50 ug/mL
(1.00 + 0,07, p<0.001), 100 pg/mL (0,50 + 0,03, p<0.001),
200 ug/mL (0.38 + 0.01, p<0.001)E Bslgct =E
FroA F9AQ AAE st LRWY A dxT
(1.70 £+ 0.08, p<0.001)& 1,78} &7} 5t492H, 50 ug/mL
(1.77 + 0.13), 100 ug/mL (1,44 + 0.04, p<0.01), 200
ug/mL (1,74 £ 0.06)2 FRIgtHTE BE F=of|A 100 pg/mL
oA FoH FAE FlstHt (Fig. 6).
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Fig 5. Acidic bile salt increased the expression of p—NF—«B in
HET—1A cells through western analysis. HET—1A cells were
seeded overnight at a density of 1 X 10° cells per well and the
following day were untreated or treated for 3 h with pH 5.5 + 480
uM bile acids (BA). (A) Cnidium Rhizome; CRW, (B) Ginseng
Radix; GRW, (C) Citri Unshius Pericarpium; CUPW, and (D)
Linderae Radix; LRW. All values are expressgd as mean +
SEM (n=3). Significance: /(0001 vs. Normal, 0¢0.05, "p<0.01
vs. Control ~ p¢0.001 vs. (;*Qntrol.Significance:mp(0.001 vs.
Normal, ©{0.05 {0.01 and ©X0.001 vs. Control.
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Fig 6. Acidic bile salt increased the expression of COX—2 in
HET—1A cells through western analysis. HET—1A cells were
seeded overnight at a density of 1 X 10° cells per well and the
following day were untreated or treated for 3 h with pH 5.5 +
480 uM bile acids (BA). (A) Cnidium Rhizome; CRW, (B) Ginseng
Radix; GRW, (C) Citri Unshius Pericarpium; CUPW, and (D)
Linderae Radix; LRW. All values are expressed as mean + SEM
(n=3).Significance: " 0.001 vs. Normal, p0.05 p{0.01 and
p<0.001 vs, Control.
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