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Antioxidant Effects of the Combination of Evodiae Fructus and Citri
Unshiu Pericarpium on the Improvement of Acute Reflux Esophagitis

IL-Ha Jeong', Mi-Rae Shin', Min Ju Kim'?, Hui Yeon An', and Seong-Soo Roh'*
!Department of Herbology, College of Korean Medicine, Daegu Haany University, Gyeongsan-si,

Gyeongsangbuk-Do, Korea

’Research Center for Herbal Convergence on Liver Disease, Daegu Hanny University, Gyeongsan-si,

Gyeongsangbuk-Do, Korea

Abstract — This study aimed to evaluate the effects of a mixture of Evodiae Fructus and three anti-inflammatory herbal med-
icines on esophageal damage in a rat model of acute reflux esophagitis (ARE). Rats were divided into six groups as follows:
Normal, normal group; ARE, acute reflux esophagitis group; EF (water extract), Evodiae Fructus; CRE (EtOH extract), Cnidii
Rhizoma + Evodiae Fructus; GRE (water extract), Ginseng Radix + Evodiae Fructus; CPE (water extract), Citri Unshius Peri-
carpium + Evodiae Fructus. Each group was administered a dose of 200 mg/kg. 60 min after administration, ARE was induced
in all groups except the Normal group. Blood and esophageal tissue were collected 90 min after ARE induction. Subsequently,
oxidative stress in the blood was measured, and the levels of inflammatory, antioxidant, and tight junction (TJ)-related proteins
in esophageal tissue were analyzed by Western blot. The results indicated that the expression levels of these proteins were sig-
nificantly lower in the CRE, GRE, and CPE administration groups compared to the ARE group. Additionally, the experiments
revealed that the combinations of the three extracts increased the expression of claudin-4 and occludin, as well as antioxidant

activity, with a particularly notable increase in tight junction (TJ) proteins in the CPE group.

Keywords — Evodiae fructus, Acute reflux esophagitis, Reactive oxygen species, Anti-oxidant
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Alef —Folin-Ciocalteu’s phenol reagent, gallic acid, quercetin,
2-Diphenyl-1-picrylhydeazyl (DPPH), 2,2’-azino-bis (3-
ehylbenzothiazoline-6-sulphonic acid (ABTS), potassium phosphate
monobasic, potassium phosphate dibasic, 1,1,3,3-tetramethoxypropane,
2-thiobarbituric acid, 2°,7’-dichlorofluorescein diacetate (DCFDA),
sodium phosphate monobasic, sodium phosphate dibasic, potassium
chloride (KCl), glycerol Sigma-Aldrich Co. (St. Louis, MO,
USA)lA FY3AR . Sodium carbonate®} potassium
acetatex= DAEJUNG chemicals&metals (Gyeonggi, Korea)
ol A TR 5te] A28 T Aluminum chloride, L-ascorbic
acid, bicinchoninic acid (BCA) Protein assay kit:= Thermo
Fisher Scientific (Waltham, MA, USA)o| A4 F+ 3T} 1
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2} &A1 21 histone, B-actin, nuclear factor-kappa B p65 (NF-
KkBp65), cyclooxygenase-2 (COX-2), heme Oxygenase-1 (HO-1),
catalase, glutathione peroxidase-1/2 (GPx-1/2), claudin4, occludin
£ Santa Cruz Biotechnology (Dallas, TX, USA)l A4 ¢
31%12. M, inducible nitric oxide synthase (INOS)= Cell
Signaling Technology, Inc. (Beverly, MA, USA)ol A -
33tk 23 &A= GeneTex, Inc. (Irvine, CA, USA)ol A
T4 3Fe] A}-8-3} % T} Protease inhibitor mixture= Wako
Pure Chemical Industries, Ltd. (Osaka, Japan))oll X < 3}
%39 ™, nitrocellulose membranes= Amersham GE Healthcare
(Little Chalfont, Bucks, UK)°|4] -3t} ECL Western
Blotting Detection Reagents= GE HealthcareZ 58 +% 3}k
o] ARg-3k3A
ABFEE - B A0 AREE 256, 17, Q4 2 Xae=
7] gFeFai(Daegu, Korea)oll Al -+ ste] ARg-slom,
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Bio, Seoul, Korea)E A}&-3Fo] 24|17k 5ot &3tk &
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FEot w5tk Aol e FEEES A T 3
7HQt %7 A (Buchi Labortechnik AG Flawil, Switzerland) S
435t T8I o, 524 A4 27](Ilshin, Seoul, Korea)=
48] 7123 powder BEHIZ HEJ O, S FH(RFH,
Evodiae Fructus), 3 -& (I #, Cnidii Rhizoma), 1M A2,
Ginseng Radix), X3 (B Citri Unshius Pericarpium)= 2t
Z} EF, CR, GR, CPZ °folE #7]3to] A F el AHE-313
(yield; 18.0%, EF; 23.5%, CR; 12.7%, GR; 31.3%, CP).
Total polyphenol % total flavonoid &% X - 7} 5
ZE(CR, GR, CP)3} EF HH%‘H1(4-1 3.1, 2:1, 101, 122, 13,
1:4) ¥ 2 total polyphenol (TP) & total flavonoid (TF) &+
TS ZA59ITE Y TP 242 918] AlE 100 uLoll 10%
Folin-Ciocalteu’s phenol reagent 500 uLE 3 7}3}3Z, 7.5%
sodium carbonate 400 pLE &39}ate] Ao A] 3027 4
HF-8-319 v}, 28] 2L microplate reader (Infinite M200; Tecan
Group Ltd., M#nnedorf, Switzerland)E ©]-8-3}4 765 nmell
M EAEE S5 55 529 gallic acid® FE5
o] TP &2 AF=sI3it) B3, TF 42 AlE 100 pLof]
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solution 20 pL % methanol 300 ULE E3L 575 560 uLE
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gz 2A 44 S kst 249 €448 BloisH
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S 2% EFE, CREF (1:4) 98 5o & 34
A=dS F29 CRER, GREF (1:4) E3E 74
2 A=AE 2% GREE, CPEF (1:14) &%
A7 A=dS FEY CPERCR 7F 15
seke)y F2R 2 BRI oH, RE Tt dlY S
200 mg/kg &Fo= Fosiirt A A7 LFALE
BS F8s] Fastaen, 48e JYshr] 18412k A
2] Stk FE B 2 A 85 DWol| o] B7F
o5}l 1417 = isoflurane (Wellona Pharma, Indo)Z 5
nhF Sl B5-5 2 em A= V&Sl 9] 2 9] A
BEETE AAQ0)ER 7 F 593 955 et
AoH, sAIZ & S| cte] B ol A dH-g A F 313
I, A 23S AEssTh AF T A2 4T, 1,508 x g
o2 10%7F ARt g wElsia o, A Al
8317 A7 @A A 2242 R0Tel|A] Bt
A e 24E £F - A5 % 24 S 33 oAY
7} EHDSCHX50V, Sony, Tokyo, Japan)Z ©|&-3fe] 2]
sttt 44 A= Hek 42 [-Solution lite (Innerview
Co., Gyeonggido, Korea) L2 132 o] &35}o] £A4F F-9]9]
HAS S F, A% AA WA Blaste] HE (%)=

oo A
& ox ox n2 Hi

O3

=AY BY - AE3 A= 242 10% formalin®]
I 5 2242 39 7793 the, hematoxylin & eosin (H&E)

3 Ll ROS X - ¥% W reactive oxygen species
(ROS)9] W3}E =4 st2A} 3} th. Black 96-well plateoi]
&% 5 uLe} 50 mM phosphate buffer 95 L& &3},
1.25mM 2',7-dichlorofluorescein diacetate (DCFDA) 25 L&
A7rste] 0EFH ml S em 530 nm<} ex 485 nmO.=
307 HstS FRUeE ST 34E 8=
A2 tiH] (fold of NOR)E AlAFIATEH

2 L 39 MOIEFIRI &F - Ead 23 Wl €%
A Aol EFVel1S =4 3)7] $18Fo] tumor necrosis factor-a
(TNF-0)¢} interleukin-1 beta (IL-1B)E ELISA kit (Koma
Biotech, Seoul, Korea)Z A 3l3ith 2TEd 2 &34 7}
100 LE wellol] E3L 2A]7F F39F A 204 ¥ES-519] ). ©]
T, @AW FEEE S AASL AR F, 4] HE
Al 100 pL ¥ 3L 2417 E9F A 2ol A wj gt 2 &,
wash buffer2 A %] 8}3L, streptavidin-horseradish peroxidase
100l ¥ 32 20%7F WHgAIF T ZF wellell 3,355
tetramethylbenzidine solution 100 pL 237 2-2-o0f|A] wlj <3t
T, 2@ gk wallo] YeRH stop solution 100 pLE 7}
ato] 450 nmollA FF s S sI3Th

Malondialdehyde (MDA) &8 - 43 559 3} 2=
zA oA H" MEZENA Miharae] Wy gt
malondialdehyde (MDA) =% & =43} t}.!7 1% H,PO,
75 uL2} 0.67% thiobarbituric acid (TBA) 250 pLE &3+ &
95Coll A 4587+ RESAIH o™, 1 % 750 pLe] n-butanol
F7F & 94E281e] butanolS EE|AZATE EEE A5
2 540 nme] IgellA OD#He S48l er, % =4
MDA Al k& ARg-ste] &4 Fdell thdste] dofst 4
= 24 Y MDA 53] Jerigich

Immunoblotting — 4] = %2 2] Al 22 471 f1s 10 mM
KCl, 10 mM hydroxyethyl piperazine ethane sulfonicacid
(HEPES; pH 7.4), 2mM MgCl,, 1 mM dithiothreitol (DTT),
0.1 mM phenylmethylsulfonyl fluoride (PMSF), 0.1 mM
ethylenediaminetetraacetic acid (EDTA), protease inhibitor
cocktail solution®] 2Z € buffer AS AME3FATH 222
tissue grinder (Biospec Product, Bartlesville, OK, USA)=
AT -, 3087 FA ST L F, 10% NP-402 47}
slo] 13.572 x g, 4C, 280 2 AR 5l0] A5oS 2i
St S A7) 913 10% NP-40¢] Z 3 buffer Ao
AlF et 2, 100 pLe] buffer C (50 mM HEPES, 50 mM KCI,
0.3 mM NaCl, 0. mM EDTA, 1 mM DTT, 0.1 mM PMSF,
10% glycerol)& % 7}3kal 10271t} vortexE 31 3} T
2%, 13,572 x g, 4C, 105814 94 Bt e g
Bl e AFNE o] R0TAM WE Baalict #e
B AR5} o)A Tl B8 24577, 10 ugel B
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11 8- 10-12% sodium dodecyl sulfate polyacrylamide gel-<
o] &-3to] M 7] A% %, nitrocellulose membrane > 2. transfer
3Tt 12 IS 1:1,000 3435k 4ColA overnight A171
U}, phosphate buffered saline with Tween 20 (PBS-T)Z
108 7te} 53] A= 8kaL, 221 FAIE 1:4,000 3451 /g2
o] A 2A17F WEE-A1Z1 F, PBS-TZ 1087t} 33] A2 319
o} e S 8R1sl7] 9)8ted membraneS ECLO =
ZA]#, Vilber Fusion Solo X (Vilber Lourmat, Marne La
Vallee, France)oll 73417 Z} membrane] whi 2 &S
2213} t}. Evolution Capt Edge software (Vilber Lourmat)
zRao R et

SAHEYN - A AF-E 52 mean + standard error
mean (SEM)S.2 E A3} 2™, SPSS (Version 26.0, IBM,
Armonk, NY, USA)E A}-8-3}¢ one-way analysis of variance
(ANOVA) test& A}F&3F &, least-significant differences
(LSD) test® A4S Aot folaE p<0.059 75
freldo] Jokar ddsidTh

A2t 9 o

Total polyphenol ¥ total flavonoid && - 2 4] &
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FEEE°| Atz Al A ROSZE Q18 AkstAE
2R B A AHS BEshs Ay Eds] 113
H 3 Jop® B A= 2 FFE(CR, GR, CP)# EF
vl ER)(4:1, 3:1, 2:1, 1:1, 1:2, 1:3, 1:4)0]] W2 FAaks} S84 S
H7ret7] 918l TP 2 TF s S35 43, 2 FE259]
H RSOl A 1:49] B §HE] 7} SHol i dhiks) 2448 vERiT
TP2] &S CRE 37.48 + 0.18 mg GAE/g, GRE 36.28 +
0.64 mg GAE/g, CPE 38.83 + 0.14 mg GAE/g® g21% %]
ow, TFe] g+2FS CRE 18.22 +0.44 mg QE/g, GRE 18.63
+0.05 mg QE/g, CPE 16.11 +0.15 mg QE/g= &2l 5 it}
(Table I).

DPPH % ABTS 2iC|& 27 &4 53 -DPPH ¥
ABTS gtz &7 42 A& F55 2 siAe &
A8 Hrksle vl gl AMeEe o R, ksl B ke
Al A w7 eRdT)!? 2 A 3lellA] DPPH ¥ ABTS 2tz
2A 848 43 43, 222l L-ascorbic acid 2]
IC,, #-& ZH2F 3.11+£0.25 pg/mL, 3.58 +0.90 ug/mLE L}
ERTE 2 a5 14 Bl 7P 978k SAlSS YEr
vom, o3 22 3HS A1tk DPPHE CRE 9227 + 0.10,
GRE 91.15+042, CRE 9127+ 0342 JE O™ ABTSE=
CRE 81.32+0.63, GRE 68.46+ 1.10, CPE 8037+ 0.60% 1}

Table 1. The radical scavenging activities of total polyphenols and total flavonoids

Total polyphenol mg(GAE)/g

Total flavonoids mg(GAE)/g

ratio CRE GRE CPE CRE GRE CPE
4:1 19.55 + 0.42 15.68 + 0.07 29.85 £ 0.16 4.93 +0.31 12.56 + 0.36 5.80 £ 0.10
3:1 2142 £0.10 17.49 £ 0.07 30.54 £ 0.16 6.35 = 0.54 13.37 £ 0.32 7.54 £ 045
2:1 24.51 +0.49 21.53 £ 0.07 31.41 £0.19 7.66 + 0.18 14.24 + 0.64 826 +0.17
1:1 29.75 £ 0.20 26.98 + 0.57 34.85 + 0.08 11.37 £0.38 15.53 £ 0.20 10.97 + 0.09
1:2 34.15 £ 0.53 32.77 £ 0.51 37.38 £ 0.19 14.88 + 0.33 17.12 £ 0.15 14.22 + 0.08
1:3 36.39 £ 0.43 36.04 £ 0.17 38.22 £ 0.16 16.61 + 0.26 18.63 + 0.05 16.05 + 0.08
1:4 37.48 £ 0.18 36.28 + 0.64 38.83 £ 0.14 18.22 £ 0.44 18.63 + 0.05 16.11 £0.15
Table II. The radical scavenging activities of DPPH and ABTS radical scavenging
DPPH ABTS
ratio CRE GRE CPE CRE GRE CPE
4:1 84.59 + 1.80 57.03 + 1.38 81.83 +2.79 60.92 + 0.17 43.92 £ 0.59 64.04 + 0.95
3:1 85.99 + 0.86 68.33+ 0.58 87.62 + 0.26 65.24 +£ 0.53 49.48 + 0.63 66.27 + 1.33
2:1 88.88 £ 0.23 78.98 + 0.49 88.72 £ 1.65 55.91 £ 0.80 65.52 £ 1.41 58.18 £ 0.92
1:1 85.99 + 1.33 88.35 + 0.85 89.40 = 1.96 68.52 + 0.26 64.10 + 0.54 64.49 +0.89
1:2 91.43 £0.52 90.26 + 0.15 86.27 £2.12 75.54 £ 1.15 73.57 +£2.52 70.89 + 0.39
1:3 91.97 + 0.08 90.35 + 0.45 89.07 £ 3.50 73.40 £ 1.53 70.65 + 1.73 68.56 + 1.67
1:4 92.27 £ 0.10 91.15+ 042 91.27 £ 0.34 81.32 £ 0.63 68.46 + 1.10 80.37 + 0.60

The ratio of extract to Evodia Fructus is 4:1, 3:1, 2:1, 1:1, 1:2, 1:3, and 1:4. All values are expressed as mean + standard error of the

mean of 3 replications.

EF, Evodia Fructus; CRE, Cnidii Rhizoma + Evodia Fructus; GRE, Ginseng Radix + Evodia Fructus; CRE, Citri Unshius Pericarpium
+ Evodia Fructus. DPPH, 2,2-diphenyl-1-picrylhydrazyl; ABTS, 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid).
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Fig. 1. Surgical induction of reflux esophagitis. (A) Represen-
tative image of reflux esophagitis. (B) Esophageal ulcer ratio.
NOR, normal group; ARE, acute reflux esophagitis group; EF,
Evodia Fructus (200 mg/kg); CRE, Cnidii Rhizoma + Evodia
Fructus (200 mg/kg) 1:4, GRE, Ginseng Radix + Evodia Fructus
(200 mg/kg) 1:4; CRE, Citri Unshius Pericarpium + Evodia Fructus
(200 mg/kg) 1:4. Data are expressed as means + SEM, n=5.
Significance: ###p <0.001 vs. Normal group, *p <0.05 vs. Con-
trol group.
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CRE2 1096 £ 4.5 (p<0.01), GRE-2 103.0 + 7.9 (p<0.01),
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2dE F Uvh AF A, A4l INF-o= 1359.1 +
1449 pg/mL3 2™, ARE-Zol|A] 2048.3 + 85.0 (p<0.01)= 1.5
v} =7}l EF2 17314 + 2374, CRET+S 1747.7 +
136.7 (p<0.01), GRET*< 1722.0 + 174.6, CPE--2 1497.8
+97.6 (p<0.05)% BT FoJu] g 7HAa7}F et on, £
CPE=A 26.9% 712313 th.

IL-6= Aol A 1719 + 19.8 pg/mLE VERSEO. 1,
ARET9IA 366.7 +33.7 (p<0.01)E 2.1¥] 2 Z7}5}9 T} EF-
£ 2395+ 50.5 (p<0.05), CRET-- 2102 + 264 (p<0.01), GRE
TS 189.1 £ 33.5 (p<0.01), CPET- 1643 + 37.5 (p<0.01)E
BT fojulsh ZHAE B o, ARES HH] CPEL|A] 7t
FE S YeRTE &, @3 Ul 454 Al ETRIE
CPE > GRE > CRE =0 & -9 %21 7H4-E WERHTHFg. 4).

Malondialdehyde (MDA) £& 21} — A% | Hi &
=7 S7Fsh ROS7F A S AL, o] 2 Q18] Atk kst
E21E 3 #HF YA ER] MDAZF A4 €Tt o] MDAE 4F
SIEE| 0] A FRA T2 AR 4lsto) Qe A E=
3}ekEol AL, cytokine WY WH-S A sto] W A X5
7ro] 45 AE-S Foll Ao WY WS 2ES R 2
Aol A Y3 2N MDAS S35 A3, A A
A ¥ AREZOlA 168 F71st9 o™, EFa-2
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group; ARE, acute reflux esophagitis group; EF, Evodia Fructus (200 mg/kg); CRE, Cnidii Rhizoma + Evodia Fructus (200 mg/kg)
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150
#

~ * T * *
g L T T
S 1007

G

o

g

3

>

2

% 50

o

&

0

NOR ARE EF CRE GRE CPE
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+ SD (n=5). Data are expressed as means + SEM, n=5. Signif-
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gitis. (A) TNF-a (B) IL-1. All values are mean + SD (n=5). Data are expressed as means + SEM, n=5. Significance: “p < 0.01 vs.

Normal group, *p < 0.05, **p < 0.01 vs. Control group.
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Fig. 5. Effect of extract mixtures on serum levels of Malondialdehyde (MDA) of rats with reflux esophagitis. (A) MDA in the
serum (B) MDA in the tissue. All values are mean + SD (n=5). Data are expressed as means + SEM, n=5. Significance: *p <0.05,
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Fig. 6. Expression of inflammatory factors (NF-kB p65) in rat
esophageal tissue, assessed by Western blot analysis. Data are
expressed as means + SEM, n=5. Significance: **p <0.001 vs.
Normal group, ***p <0.001 vs. Control group.
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Fig. 7. Expression of pro-inflammatory mediators (iNOS and COX-2) in rat esophageal tissue, assessed by Western blot analysis.
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Fig. 8. Expression of antioxidant enzymes (SOD-1, catalase, HO-1, and GPX1-2) in rat esophageal tissue, assessed by Western blot

analysis. Data are expressed as means + SEM, n=5. Significance:

**%p < 0.01 vs. Control group, 3p < 0.05 vs. EF group.
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