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The Protective Effect of Arecae Semen and Coptidis Rhizoma in a Chronic Reflux
Esophagitis Rat Model
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ABSTRACT

Objective: Chronic reflux esophagitis (CRE), characterized by esophageal mucosa ulcer, is caused by continuous backflow
of gastric acid and consequent inflammation due to unstable gastroesophageal sphincter. The aim of the present study was to
clarify the effect of an Arecae Semen and Coptidis Rhizoma mixture (AC-mix) on CRE.

Methods: CRE was surgically induced in SD rats with three experimental groups used: normal: CRE control: and CRE
treatment (200 mg/kg AC-mix). Blood and esophageal tissue were collected after two weeks of drug administration. The
anti-oxidant activity of the AC-mix was measured by total polyphenol and total flavonoid contents as well as by radical
scavenging activity with protein levels evaluated using western blotting.

Results: CRE damage to the esophageal mucosa was significantly reduced in the AC-mix group as compared with the
controls, and administration of the AC-mix was seen to inhibit NF-xBp65 activity. Consequently, the inactivation of NF-x
Bp65 significantly inhibited inflammatory mediators such as COX-2 and iNOS. Moreover, the anti-oxidant enzyme HO-1
significantly increased through activation of the Nrf2-Keapl pathway. Matrix metalloproteinase-2 (MMP-2), which can break
down collagen from the basement membrane and extracellular matrix. was decreased following AC-mix treatment, and elevated
levels of MMP-2 were regulated by its tissue inhibitor.

Conclusions: These results show that AC-mix can alleviate esophageal mucosa ulcer though inhibition of the NF-xBp65
inflammatory pathway and enhancement of the anti-oxidant Nrf2-Keapl pathway.

Key words: Areca Semen and Coptidis Rhizoma Mixture, chronic reflux esophagitis. esophageal mucosa ulcer, anti-oxidant,
anti-inflammatory
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A 1259 £ U A$el9h 3
o E £t SRl = F ARG

2) Al o

2 Alge] A%l 2-Diphenyl-1-picrylhydrazyl
(DPPH), 7 mM 2,2"-azino-bis(3-ethylbenzothiazoline
-6-sulphonic acid) (ABTS), gallic acid, Folin-Ciocalteu’s
phenol reagent, sodium carbonate, naringin, diethylene

ey

glycol. sodium hydroxide, potassium phosphate
monobasic, potassium phosphate dibasic Sigma-
Aldrich Co.(St. Louis, MO, USA)ellM F$)3t+
AH-sFd e}, Nitrocellulose membranes™ Amersham
GE Healthcare(Buckinghamshire, 1L, UK)elA
138k 2%, nuclear factor erythroid 2-related factor 2
(Nrf2), kelch-like ECH-associated protein 1(Keapl),
heme oxygenase-1(HO-1), phosphorylation of nuclear
factor-kappa B pb5(NF-xBp65), inducible nitric
oxide synthase(iNOS), cyclooxygenase-2(COX-2),
matrix metalloproteinase-2(MMP-2), tissue inhibitor
of metalloproteinases-1(TIMP-1), tissue inhibitor
of metalloproteinases-2(TIMP-2), histone, B-actin2
22} 32l Santa Cruz Biotechnology(Santa Cruz.
CA, USA)ZHE F43132H, protease inhibitor
mixture, ethylenediaminetetraacetic acid(EDTA)=
Wako Pure Chemical Industries, Ltd.(Osaka. Japan)
oA T3t} vk A= Virbac(Carros, France)
oMM T4 Zoletil# rompun(Bayer Korea Ltd,
Mg, g=)& Este AHE3ko. ECL western
blotting detection reagents™ GE HealthcareZ €
Fstgl o, A AHaEs 418 BCA protein
assay kits= Thermo Scientific(Rockford, IL, USA)
011/‘1 T8t AHEEsT

) 49 58
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552 (130-150 g)9] SD rat 7+ w3t}

(+4, =) elA 743k 15749 &

of A5AIZ] & Aol A3} 2™, conventional
system .2 =E(22+2 C), $=(50+5%), BT
(light:dark cycle) 12A17+8] 55 AFSA 2710A
T ALE (Zeigler Bros, Inc., PA, USA) ¢ &8 %
3] FFstdch =3 FEAYY &4, F3HA
B AE 9 284 A=E S5t AT
‘ 2]9]%13]9] 52l (DHU2020-024)

&
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= Ao A deep-freezer(Sanyo Co., Japan),
Sensi-Q2000 Chemidoc(Lugen Sci Co. Ltd, Seoul.
Korea), 9e5%7](Daewoong Pharmaceutical Co.,
Ltd.. Seoul, Korea), vortex mixer, 2% F&%44]
(N-1100, Eyela, Japan), 572 Z1Z7](FreeZone 1,
Labconco, MO, France), rotary vacuum evaporator
(Buchi B-480, Switzerland), ¥A1&U44Ee7]
(Megal7R, Hanil Scientific Inc., Seoul, Korea),
Microplate reader(Infinite M200 pro, Tecan, Switzerland),
A2k %A (CAS, Gyeonggi. Korea), tissue grinder
(Biospec Product, Bartlesville, OK, USA), %3} ¢
A9 7} 2H(DSCHX50V, Sony, Tokyo. Japan)E
A3t AgS 28 EtedH
2.9 9

1) Total polyphenol ¥ total flavonoid &z =4

Total polyphenol &S total phenolic compound
Aol o) ZAsA”. A= 10 uLel Folin-
Clocalteu’s phenol reagent 50 L., &5 790 uL&
A EEEE & AN 18 Fe vRSAIA 20%
sodium carbonate 150 pL& #7}stdeh. 283 Al
ol A 2A17F F<F HES-A1Z] 3 Microplate readeri
]J&@M 765 nmellA FREE A3, =

FEAZ gallic acildE AHE3ld 23 AAE F3)

93._‘31 Al29 total polyphenol &HEFS AE3loic).
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Total flavonoid &&k2 Lister 52 ¥hell 23]
28 oH, Dlethylene glycol 1 mL, A& F&5&
100 pL % 1 N NaOH 10 uLE 2 &3A1AH 37 C
oA 1417 Bk BHAI7 & Microplate reader=
o] £35led 420 nmolM FH=
242 naringing AHEEl] =
o A 29 total flavonoid &

2) DPPH radical &4 &4 =4

%3 A]29] DPPH free radical 24% =4
—& losis®el 8] =43k, 60 uM DPPH 4
4 100 pLe} A2E sEEE 38 49 100 pL
 Egsle] ok A el A 30—"&{} wrA| gk o
Microplate reader® 540 nmellA 3 =43
gom, B Ado|A L-ascorbic acid: AU ZE
Az AHEEAHE 105 Fh-2 free radical ¥=5 A
wtoz ZHAAIZ o sk A|lge] ooz el
dem, ICy k> oke] Aoz AAste e F
3ot

DPPH radical scavenging activity(%)

oD
_ [1 ( sample )] %100
OD sample *

ODconth

ODcontral - Absorbance without sample

3) ABTS radical 27 %}’“ A

ABTS free radical 27% o WHew
2485 7 mM ABTS J&"‘Ur 24 mM potassium
persulfates & £t o A9 A AeelA
oF 16417t o] 4k WiAske] ABTS+E A A7 0H,
415 nmell A F3= Fkel 0.70£0.02¢] H=ZF of&h&
2 3|M3fe] ARSIl A E S 95 plell AlE
5 uLE 7kske] 158 59 WX
reader® 415 nmellM FFEE 24
oA L-ascorbic acid: FAHZEZ

O

. Absorbance of sample

8 & Microplate
21 }93\ ou:] LR Mz‘ﬂ
42 AR-slo

IG5 3+ o}efl o] Aoz AAlste] 7he Fabelct
ABTS radical scavenging activity(%)

— ODsample

=M= (55— )1x100

control
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ODsample :
ODcontrol - Absorbance without sample

4) WA QA Alme] gul Z=E 3]

24717 AA & Toletile mixture® 0.75 mg/kg
B} FAste mpFE b es Al A
2712 BE "9& AAS B2 AFEE o 2 em
ME3te] B A=(1-0)A 2 o wH-5-9] (limiting ridge)
= E3, FEE6E latex ring(18-Fr Nelaton
catheter, 2 mm in thickness)< 719 YdE(5-0)
o7 F & 3 Bud BEEleld e F
7+ WS 98 3¢ 59F 294 (Dexamethasone)
9} A (Gentamicin sulfate) S 3]A43le] I35

Absorbance of sample

AbEom, pe AT H ES BAT Flde
ARE FFAFAG 15 S 3EF A
Zoll AR5 A o> AAL(Normal), 4 o
FAARE L £ SRS AT R 9=
(Control), "M 974 A=q ¢ F HEi=t
#oE 235 200 mg/kg AT FoI(AC-mix) &2
% 33F F29) ERslged, BE 2wy o
Ak A7kl AF Aol AAFE SAsAL oF
B Foj: 149 Fot 19 13] Agsigicl 2 Alg
AN ATF FEE 7| A7 F WA 974
Ard T8 ERddAMe FE2E FEF FaLsle
A& Asto,

5 A= &4 #2

A 2AE T F &8 THIE o] 83
AEE HEE Adsigion, Add Ax i
AaFe] NaCl(0.9%) 2 A= 3 & =%

Ex¥
IEEEEEEE LR R ER P
ZoJsloltt. £405 Az A9 342 [-Solution lite
(Innerview Co., Gyeonggl, Korea) ZZ13& o]
.9_3].04 Alr:_g] ,/.:/\]- Hé] uquo_ %—7‘3‘?} _—6,‘_’ U.E_
AA WA v ste] ol o] AlS o] g3t H]E
(%) 2 EAs e,

The gross mucosal damage ratio( %)

o

ft

=[width of area with esophageal mucosal injury
(mm?)/width of total area of esophagus(mm?)]x100



6) A= %A Western blotting
Ax zAqM AEAE A7) 88t 01 M

DTT, 1.5 M sucrose, protease inhibitor cocktail, 2
mM MgCl2, pH 7.5¢ 5 mM Tris-HCL 15 mM
CaCl2. pH 749 100 mM Tris-HCIZ 73
buffer AS F7}8}1 tissue grinder® E43 %
NP-40(10%) &8& H7Fatdet. Iee $lellA 30+
5 AAAZ] B 12,000 rpm, 2% 271z
AR st MEAE FFSE AEAS E3
ok & A7) fl8lked NP-40(10%)5 7+t buffer
A= 23] 373 buffer C(50 mM HEPES, 50 mM
KCl, 10% glycerol, 1 mM DTT, 0.3 mM NaCl,
0.1 mM PMSF. 0.1 mM EDTA) 100 pLE % 7}s)
ARFAIZ] o 108 ZHAS2Z vortexE 33] HHE-
stgoh 2232 12,000rpm. 108, 4 C 27eA 9
AEE 3 gg I8 2 Qe ASdEe 4
of 247+ Y BI(-80 C)3hdet. M x4 Keapl,
HO-1, iNOS, COX-2, MMP-2, TIMP-1, TIMP-2,
B-actin A2 Aol A 2] Nrf2, NF-kBp65, histone
A g EAE 98 10 pgd EAS SDS
polyacrylamide gel(8-12%)< o83} A5
%, acrylamide gel¥ nitrocellulose membranel =
o]5AIA . wlg] F¥|d membraneo] 27 1A}
antibodyS x2]8le] 4 CellA overnight A7 o2
PBS-TZ 6&wuiet 53] AAsta, 22 X=d 13
antibodyel 383t 22} antibody(PBS-TZ 1:3000
2 3A)E ARSste] Aol A 2417 vESAIL &
PBS-T& 6#ulc} 53] A2 sksitt. 221 enhanced
chemiluminescence(ECL) &8¢ membranes =
ZA17] o€ Sensi-Q2000 Chemidocel] 7+3A|A
WA weS gelstgdon] ATTO Densitograph
Software(ATTO Corporation, Tokyo, Japan) ZZ
IHE A3t sl bandE AFFEIS 4 1§
o il £F2 AATY A £FOE U

o] A wlz Jepsld.

O/Al] - OZI0f - 210[2f - OJA/e - =&+

7) BAEA

In vitro®] A= FF% EFLAHmean+SEM)
2, in vived] $AE 4% EFH A (mean+SD)
2 ZAsgon, SPSS(Version 25.0, IBM. Armonk,
NY. USA)E AH8-3}e] one-way analysis of variance
(ANOVA) testE AAI8H % least-significant differences
(LSD) test® AFEAZE AAISt 7 £9 H+
Aol dgt FAA folAd> PO.0SY H$ #9
Aol it A ste] el

m, 4 =

1. Total polyphenol & total flavonoid &% &4
AC-mix %] total polyphenol9} total flavonoid
e =438 A3 total polyphenol ¥
154.440.81 mg/ge 2 et on total flavonoid
e 127.1340.21 mg/go 2 YePdTH(Table 1).

Table 1. Total Polyphenol and Total Flavonoid
Contents of AC-mix Extract

Sample  Total polyphenol Total flavonoid
name (mg GAE/g) (mg NE/g)

AC-mix 154.44+0.81 127.13+0.28

AC-mix : Areca Semen and Coptidis Rhizoma mixture
extract
All values are expressed meantSEM of three replications.

2. DPPH 2! ABTS free radical 271 & &3
DPPH % ABTS free radical 2AHS o] 43}
o] AC-mix F&E9 itsts& SAsig e, A
ol A S galsly] St N EToRE
L-ascorbic acids AHE-3Hoh. AC-mix F&E9
DPPH radical &7 &4+ A3 A3 1Cy=
9.90+0.16 pg/mLZE vFebdom, ABTS radical 47
FAL [C5=17.16£0.19 pg/mLZ epdoH(Fig. 1).
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Fig. 1. Scavenging activity (IC50) of AC-mix on DPPH and ABTS free radical.

AC-mix

Areca Semen and Coptidis Rhizoma mixture extract

All values are expressed meantSEM of three replications.

3 AE TAS Mo ANE AX

HE 2404 A £4 g HaF 23,
o7 AAE A e AT A AU
Eapelt Acpol WASA gkt WA AFA A
E9E 4T F 2742 2T B2 A%

Neormal AC

(B)

£4 WAL 716+110%% A=) F7ta) shdt
AllA At 43t Fcke] LA
Rl e 4z sek Belo] A £
WAL GA R A &4 WA ] 262£1.37%% Hx
ol B3te] &3] gk Ao vebgeh(Fig. 2).
(©)
10 -
— FHE
£ 8 A
-mix ‘g |
.
= 4 i
2 |
5,
Normal Control AC-mix

Contrel

Fig. 2. The gross mucosal injury evaluation in esophagus tissue.

Normal

A representative gross image after surgical induction: (A), the opened gross mucosal injury: (B), gross mucosal
injury ratio: (C), Normal: normal rats, Control: chronic reflux esophagitis control rats, AC-mix: Areca Semen
and Coptidis Rhizoma mixture extract 200 mg/kg body weight/day-treated chronic reflux esophagitis rats. Data

AC-mix

are mean+SD (n=8). Significance: *##1<0.001 vs. Normal and *zX0.05 vs. Control.
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4. AME Z=E| LY gHtst cHEHE wsigk 24 123 F9H2 A debdod, dxzFed B3t

A% 22 AM western blot< E3 dHAks; & o] AC-mix Foi< oF 1.25v] feHo=z 7HAs)
chal Aol Nrf2, Keapl % HO-19] 23S #Hqldt Aot =3 HO-12 Aol vlgte] gz of
A3}, Nif2®] 735 AAbol vlste] fz2d> oF L7 FeAoE Zradte ZloE dehtod
L47 oMoz A Jebdod, gz i A2 Ay AC-mix FI+2 oF 165w Fo4 2

AC-mix FoJ7& o 1.35 §98 02 =4 et

b 2 F7Fstsiet(Fig. 3).
ot Keapl®] 7. A4l vlste] gz o

N2 | — —
Histone | | —— Q"

1

T
E
S 0.8 4
ko)
o
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= 04 4
o~
=
b
0
Normal Control AC-mix
HO-1 _-—-—-— —+ Keap1 ‘ ‘
B-actin ‘ | B-actin ‘ ‘
1.2 15
Z 081 s 4. -
G G
= o
=l £
g 04 ‘é‘ 0.5 4
I <
0 0
Normal Control AC-mix Normal Control AC-mix

Fig. 3. Effects of AC-mix on Nrf2, Keapl, and HO-1 antioxidant related protein expression.

Normal: normal rats, Control: chronic reflux esophagitis control rats, AC-mix: Areca Semen and Coptidis Rhizoma
mixture extract 200 mg/kg body weight/day-treated chronic reflux esophagitis rats. Data are meanzSD (n=38).
Significance: #p<0.05, #*0.01 vs. Normal and *2€0.05 vs. Control.

5. AlD =X LY =AM CHHZA dbsial 2A Az 27 YelA western blote E3 Q9ZA
1) 934 AARIA g 24 w7} el zkel INOSS} COX-29] wal& ghalst A},
Alg 24 ‘41 W western blot% 8 9FA INOSE= &Aool Blsle] thx2a2 oF 144w 9

A3 NF- A Sl w7 ek o, d2% d¥l AC-mix F
1 o2 oF 132 oA Al A
9]"4°i ] ‘/}E}‘ikﬂ‘/}, Az =¥ AC-mix o] 75 Aol mlsted Az oF 118 9
Fo 2 of LI8W} frolH oz ZHastglvh(Fig 4). Moz Frhetg o, 2+ 9H] AC-mix FoI+
A A REF <= oF L1 o)A o Akl o (Fig. 5).
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Fig. 4. Effects of AC-mix on NF-xBp6b inflammation related protein expression.

Normal: normal rats, Control: chronic reflux esophagitis control rats, AC-mix: Areca Semen and Coptidis Rhizoma
mixture extract 200 mg/kg body weight/day-treated chronic reflux esophagitis rats. Data are meantSD (n=8).
Significance: ###p<0.001 vs. Normal and **2€0.01 vs. Control.

iNOS

Factn | — R —

INOS (fold of Normal)
Ly

05 4

0

Normal Control AC-mix

COX-2

B-actin

05 4

COX-2 (fold of Normal)

0

Normal Control AC-mix

Fig. 5. Effects of AC-mix on iNOS and COX-2 inflammation related protein expressions.

Normal: normal rats, Control: chronic reflux esophagitis control rats, AC-mix: Areca Semen and Coptidis Rhizoma
mixture extract 200 mg/kg body weight/day-treated chronic reflux esophagitis rats. Data are meanzSD (n=8).
Significance: #*p<0.01 vs. Normal and *2€0.05, **2€0.01 vs. Control.

6. MMPs & TIMPs &tadzk B4
A

Ale 22 Yo A western blotS 3 7|2 &
Zohl e & 4ol MMP-2¢F 714 F&ehil s &
A gAelxel TIMP-1 % TIMP-29] wd& 3
olgt Az, MMP-2%= AAZel Hlste dz2L
o L16W froH R BA Yeptoy, dzd o
B AC-mix FoI+2 o L10¥ Fre-2oz 743t

18

Aeh. TIMP-19] 7%, AAel wlgte 2
of 153w ZFAskel ovt, 2 th¥] AC-mix F
= % 14T STeke] A A9 vl sEt
Aot TIMP-2+= Aol vlsled -2 oF 1.2000
Fo4 A astd o), Wz dw] AC-mix
Tl oF 1210 F7kste] A $2]9) ]
319 e (Fig. 6).
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Fig. 6. Effects of AC-mix on MMP-2, TIMP-1, and TIMP-2 protein expressions.

Normal: normal rats, Control: chronic reflux esophagitis control rats, AC-mix: Areca Semen and Coptidis Rhizoma
mixture extract 200 mg/kg body weight/day-treated chronic reflux esophagitis rats. Data are meantSD (n=3).
Significance: ##£0.01 vs. Normal and *£X0.05, **©<0.01 vs. Control.

v, o # AWt 433 =319 ddle] HE Aoz o4
sler, o2 oz HFA Axe] T4l A
974 A =9 (Reflux esophagit, RE)> $1 4 = Ae® dHA sla WL Fabsial £
Bo] Axz ofste] Almgute] nzte] Ad 1l oA o3 0SF dAAZE % Ax A=Y &4

Afel ek mlwd £9 9448 Fo) sht T AAAREE 93 Asph pase] gl
2 Ao E|elglth. MHYA ZAo gL oate] o 7 M 974 ARG S8 A 4
29} B Rd7te] 71A} Eo| %} =k Ui g frES 2945 vehd 4 gl A A8A A
sler, %, oF &z WA V1A §9 dUdT 1S 7 d7EA APsielon Wy FEEH
Zako] Yehdgpd 2 FE259 2359 AC-mixd in vitro A
AT A5 Axde] A7 B AFoM A% & S48 1 A3E EH R, in vivo AE
Aute] AFeo] AMSH AEHXA(Oxidative stress, <+ %3 AC-mix} ©H 974 A=Y 58 29
09)¢} LA Fdo] 9l Lol BuH AL, 05 o MAE Eew WUkl B R4 A=d
A A A% (Reactive oxygen species, R0OS) 2 =+ + T F 14 ACmixE AT FoAstd &
Aoz eutgn] AU oI B} ukLsle] A o &AM A, western blotS 3 Ax 22 W
7ol zAlo] EAS SraAY wek T =4 G54 AR 954 i AARE 23 o
1 dme] S zejaly &AHS fdaln 4E A, ks 3 QA 1A SEe e 40
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AC-mix?] 7‘“}§} s B8k A i vitro
A& E3) total po yphenolfjr total flavonoid &
2, DPPH, ABTS free radical £7%%& 2Halstsl
t}. Total polyphenol ¥H&F- 154.44+0.81 mg GAE/g
o7 yephgon, total flavonoid S 127.13£0.21
mg NE/go2 vepytel. =3t DPPH free radical
27%4] 1052 9.90£0.16 pg/mL, ABTS free radical
2ASY 105 17.1640.19 pg/mLE & skAkst
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