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Experimental study trends on the prevention and treatment effects
of herbal medicine for gastroesophageal reflux disease (GERD) -
based on Pubmed

YongBin Kim, Young-Sik Kim*

Department of Herbology, College of Korean Medicine, Woosuk University

ABSTRACT

Obijectives : This study aimed to review the current trends in experimental studies on the use of natural products for
treatment of gastroesophageal reflux disease (GERD).

Methods : Experimental studies assessing the efficacy of natural products against GERD were searched on PubMed.
Articles were selected based on predefined inclusion and exclusion criteria and then analyzed for experimental
methods, interventions, and result analysis techniques.

Results : A total 37 studies were included in this review. Predominantly, in vivo experiments were conducted to induce
GERD through surgery, involving the ligation of the pylorus and the transitional junction between the corpus and
the forestomach using 7-week-old male Sprague-Dawley rats. The acute induction model, sacrificing animals after a
single administration following GERD induction, was mainly used.The utilization of cell experiments was relatively
infrequent, with a focus on assessing antioxidant and anti-inflammatory effects via the treatment of the RAW 264.7
cell line with lipopolysaccharides treatment. Glycyrrhizae Radix et Rhizoma, Pinelliae Tuber, Ginseng Radix and
Zingiberis Rhizoma were used as single ingredients, and herbal formula, STW-5 (iberogast), Rikkunshito (&%),
Banhasasim-tang (#E&0%), and Hewei Jiangni granule (#1BF5¥%) were used. Outcome analysis methods
encompassed Macroscopic evaluation, esophageal function assessment, blood biomarker analysis, histological
examination, protein analysis, gene expression analysis, and gastric juice analysis. Proton pump inhibitors were
predominantly employed as positive controls.

© 2023 The Korean Medicine Society For The Herbal Formula Study
This paper is available at http://www.formulastudy.com which permits unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.
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Conclusions : This study revealed the current trends in non-clinical research evaluating natural products for GERD.
Based on the results of this study, we expect that non-clinical research on clinically effective natural products will be
revitalized.

Key-words : $to|st, 519, GERD, {AEER 2, M2 /

Traditional Korean medicine, GERD, gastroesophageal reflux disease, experimental model

I. A2

—

Reflux Disease,
AL Z o2}
ol

A = o 7 A 3HGastroesophageal
GERD)2 gl4tolut 9] £9] y-&&o]
FAE FIokAY o2 AT §

H= oju ]o}\;p) A= RB o] AP ol ZA)
R A 9RE g, O d0ler Ax
d3 2 Hiatal hernia), SHEAZZQT(LES,
esophageal sphincter) 75014, A=71% Ast, ¢
&5 Atk
(NSAID)¢} ofAmH-S
=5, o IE1 HT
T AFollAE S50t olidelAY, &2k, NSAID
|2} Hgkel SollA fHEo] fon|sA| Frlshe
o8 BuEYoh, oA GERDE 20229 oFd
g &2 & 71 109, 8479 HEEd 71 199
o|2& URIE A3P)A Aftolw, A} 4= 20174
4269t oA 2022 4899t o2 S 3x; 47F A

=)
o?,: I‘S-‘E

E’, Mo rr me
N

lower

non-steroidal anti-inflammatory drug
xS tere okE, §9 9

5ol Hilslo] S’&EV Y,

A|m
ol

ﬁm d

Bt 3.51%8 FLEs] Z7kets FAloll,

GERDO] %8 =¥ 37 Y &3¢ w4, o
BAR, & 5 R FREGY. gz doet
okEgWo as Agstn k=] WhSaElx] e
A0 o T1gsith oFR Eal A Bul=2 o
Alskz AAA, slzErl =84 AJAI(H, receptor

antagonist, H,RA), FAZF HIZ AH5|A|(proton pump
inhibitor,  PPD), BAA S 28 AgA
(Potassium Competitive Acid Blocker, P-CAB) &=
ol 45 A=t Ut
FofstA o M= gtef B

1

=
aE

AARS

L

&85 GERD #|

*Corresponding author :
Wansan—gu, Jeonju—si, Jeollabuk—do, 54986, Republic of Korea.
Tel : +82-63-290-9027, E-mail : yjbsik@woosuk.ac.kr

27} Faep] AaET glo,
o, HehE 5 o] e 8
BIET Q0. ol gtojsl 7
W=t gyt w4 BrbEL 9

ofok Hajo] |mEAo] tFS u]

4 957 A2 ae FAAN iﬂﬂ(ﬂ
e M M EFAY] Hzel e
Hls) goke] SlAEelR st dha
Je 1 A5 o] g Wolw, store] A

l:

> rlr
4z dm

J;

g du 4 o L
o 41w e oox
rﬁﬂﬁrh o, +

EO* ol
rol

o
O

N
N
2R W

rob
2

>

Jo ool 19
B osE
in}
o

oo oo 2
o2

o flo

ste] Sy ol
PCRESEER R
A7 e Fez 4
SRR ISR S SRR
gEAEIA AU PubMed dlo]
BRI BAR ALE 8BS R Tl
AARS o|ga GERDY oy 2 Az v sHld
Q78 BE PAste] A7 Wy, AHSE WoF ¥ A

R

gl
ol
2
X

o

r}m 4

ol
=~

B, 717 BA P, velontA S s 245
ek,

Young-Sik Kim. Department of Herbology, College of Korean Medicine, Woosuk University, 61, Seonneomeo 3-gil,

*Received : November 1, 2023 / Revised : November 6, 2023 / Accepted : November 15, 2023

390



744 9 19
Kim er al, Experimental study trends on the prevention and treatment effects

kit
of

o] QA EAFAL i, N ] it APAT G - PubmedE FHCE
herbal medlune for gastroesophageal reflux disease (GERD) - based on Pubmed

I. A= 9 494

I =2 H34 9 43

= S 913 HlolHHo]A& PubMedE ARE-SH
Ao, HAM 719==2 ("Gastroesophageal Reflux/drug
therapy'[IMAJR])  OR
therapy'[MAJR] 2 3,8187-2 HAsIA, F71Ho2
"Gastroesophageal Reflux'[Mesh] AND (rat OR mice OR
mouse) 2 3477, ("Plant Extracts'[Mesh] OR "Drugs,
Chinese  Herbal'[Mesh]) AND  "Gastroesophageal
Reflux'[Mesh]2 907, ("Esophagitis'[Mesh]) AND
"Plant Preparations'[Mesh]2 82712 HMste] 2elst

"Esophagitis,  Peptic/drug

sk . 3}
T A 71EY2 202349 119 04dolH, HAH
= & GERDE FA= Y 75 AT sta= L A= & 4%
& AEste] glsty, dA=ol faddel dis) ¥4 AM AT F 433879 =go] AAEgeH, o F
AAEE 7t R ARt 2E AAEst] #F 37 HHZﬂ 71 dgele FE =i YAE didew
"ol =g AT 24 ddez AAskat =2, 818 =2 5 F 21339 ==& AAsHL, &
% 20579 =22 tider 25 9 BEZ HEE A
2. A= 24 A gtk AFadz ARgSHA] ok £ 9 Ad o
F 378 =22 Ak, =7 okeAe] wet 2R T7F obd =7 5 2,16879] =& Al7ste] 3789
2 2ok ARl A Alx BEE 525 2 ol #E A=A (Fig. 1).
Screening on potentially relevant articles
- Pubmed (n=4,338)
Excluded

l .

Records after excluded studies removed
- Pubmed (n=2,205)

l S

Included (n=37)

- Duplicated (108)
- Clinicaltrial (1,182)
- Review articles (843)

Excluded
- Not related to herbal medicine or not
experimental study(2,168)

Figure 1. Flow chart of study selection process
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2. 27 Axd BR ®, 20149 6%, 20159 2%, 20169 1¥, 2017 3
2 AFoA A tiFer 2F AAT 37HY =7 H, 201849 1. 20194 3, 20209 3H, 2021d 2
& 7b7F 2001 19, 20059 2%, 20089 1, 20099 W, 20229 1948 ERE|QlckFig. 2).

19, 20109 4%, 2011 1%, 20129 29, 20139 3

8

Number
I

Figure 2. Number of publications per year of research

3. geAd 2R
B ATl a7 dider HF AT =% 378e I skeAdE ERe Avs o2t Zth(Table 1).

Table 1. Classification of academic journals

No. Journals Number
1 Acta Gastroenterol Belg 1
2 Am J Chin Med 1
3 Arzneim Forsch Drug Res 1
4 Asian Pac ] Trop Med 1
5 Auton Autacoid Pharmacol 1
6 Biomed Res Int 2
7 BIOMEDICAL REPORTS 1
8 BMC Complement Altern Med 2
9 BMC Complement Med Ther 1
10 Carbohydr Polym 1
11 Cell Mol Biol (Noisy-le-grand) 1
12 Chin J Integr Med 2
13 Drug Des Devel Ther 1
14 Eur ] Pharmacol 2
15 Gut 1
16  Hindawi 1
17 Int ] Mol Sci 1
18  Indian ] Med Res 1
19 ] Med Food 1
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20 ] Pharmacol Sci 1
21 ] of Ethnopharmacology 1
22 ] Gastroenterol 1
23 ] of Traditional Chinese Medicine 1
24 Molecules 1
25 Molecular Medicine 1
26 Neurogastroenterol Motil 1
27 Nutrition 1
28 Pharmazie 1
29 Phytother Res 1
30  Toxicol Mech Methods 1
31 World ] Gastroenterol 3
Total 37
4. 945 =7 R (B2%)o& 7P ®Wol AFtsta gllem, ez F
2 Aol dFdiger ARHE =& 37HS dF = 109Q7%), A= 6W(16%), Y&, it ZF 2% <+
Aol a4 HpEe wRslech 1 A% @Hel 128 o kBol MENCHFR 3.
15=-
v 10- e
a
E
= 5-
a1 EHECENTCECE RS
" o L
+c"°'b G('\“{b \Qb\'b b,bQ@O«%*@“ %@4} c_,\‘»fb @5‘& ~(\%}\'35‘;:" \3‘}
A
Figure 3. Number of publications per country of research
5. AgRdo] og 24 27} 184 SR, ex vivo = THOIAL 97
2 AN AP BE =RolAd Y FES AR o Mg HFEsto] AgstArh
SR, 3WO =wolde FEN AlEE dAFddes Aol AHgE 9 F9 2 AT 75 180
A AHESEITE in vivo =7 F AFRa)E o8 —-220 ge] l7He=m JpF w©gtem, 6F7(of
=Ro 33H(89%)°1lem, 1 = Sprague-Dawley 150-180 g)o] 8#M, 853 (220 g ©]Aho] 5W, 557
SDAE diidez 3 =7ol 198(58%), WistarAlE (100—150 gol 3oz yedth AF i =2olA
gareg g E=Hol 14WA2%)oler. 1 €] £ Swiss mouser= 30-35 g2 AME3SIA Y, C57BL/6S

C57BL/6%} Swiss AJF (mouse), A S AFESH =Ro)
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© 110 kgo] HAS A-gat.

49 el QEe sEe] wBolH AEe BAGH
UGT, FAL ALET =Fol 25H, AAS ST
o] 4Ho= SRIEQty. ES in vivo =& 35W F
24H 9] =RoMe FA4@acute, FL-FE) GERD A
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Table 2. Summary of animal model in selected studies

(Table 2). GERD &4 =do] Ayawye A
= Aol limiting ridge (=transitional junction)
EF(pylorus)E A (U-0)2 ZZsto] 99 54
= AHEARSS ok Aelglon,
371, T Hdle SR HeR A Fdshy
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H_‘g: aul

R

F

i
N,
1

Ref. Author Year Strain Age (Weight) Model Sex A%lﬁifl\lﬁd/
14 Oh et al 2001 SD Rat (zggvg) invivo M Acute
15 Min et al. 2005 SD rat (200 g) in vivo M Acute
16 Kim et al., 2005 SD Rat (200-250 g in vivo M Acute
17 Rao et al. 2008 SD Rat (140-160 g) in vivo M Acute
18 Ku et al. 2009 SD rat Tw in vivo F Acute
19 Heba et al. 2010 Wistar rat (150-200 g)  in vivo M Acute
20 Mabhattanadul et al. 2010 Wistar Rat (180200 g) in vivo M Acute
21 Miwa et al. 2010 Wistar Rat 6-7 w in vivo M Chronic
22 Aiyer et al. 2011 SD rat 8w in vivo M Acute
23 Ku et al. 2012 SD rat (180-200 g) in vivo M Acute
24 Renu et al. 2012 Wistar rat (175-200 g in vivo - Acute
25 Singh et al. 2012 SD Rat (180-220 g in vivo F Acute
26 Wang et al 2013 Wistar Rat (180-220 ¢) in vivo M Acute
27 Shen et al 2013 Wistar Rat (180-220 ¢) in vivo M Acute
28 Arya et al. 2013 Wistar Rat (175-200 ¢) in vivo Acute
29 Kumar et al. 2014 Wistar rat (100-120 g)  in vivo - Acute
30 Liang et al. 2014 Wistar rat (250 ¢) in vivo M Acute
12 Zamora et al. 2014 SD rat (200-250 g) in vivo M Acute
31 Kondo et al. 2014 Wistar rat 6-Tw in vivo M Chronic
32 Jiin-zhang et al. 2014 Wistar Rat (190-220 g in vivo M C{\l/r[(l)%ic
33 Lu et al 2014 Wistar Rat (160-200 g) in vivo M Mid
34 Giri et al. 2015 Wistar rat (100-140 g) in vivo - Acute
35 Tsai et al. 2015 SD rat (350-400 g)  ex vivo - -
36 Kwon et al. 2016 SD rat 6w in vivo M Acute
37 Roh et al. 2017 SD rat 6w in vivo M Acute
38 Shin et al. 2017 SD rat (160-170 g)  in vivo M Chronic
39 Shin et al. 2017 SD rat (160-170 g)  in vivo M Chronic
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40
41
4
43
44
45
46
47
48
49

in vivo
in vivo
in vivo
in vivo
in vivo
in vivo
in vivo
in vivo
ex vivo

in vivo

L EEE=nKE

Acute
Chrnoic
Mid
Chrnoic
Acute
Acute
Acute
Acute

Chronic

Alz g %13
264.7 HEE ©]

Nam et al. 2018 SD rat Tw
Jia et al. 2019 SD rat Tw
Nicolau et al. 2019 Swiss mouse (30-35 g)
Liu et al 2019 SD rat (220-250 g)
Nan et al. 2020 SD rat Tw
Kim et al. 2020 SD rat ow
Xiao-lan et al. 2020 SD Rat (200-220 g
Deng et al. 2021 Wistar rat (150 g)
Tey et al. 2021 Pig (110 kg)
Cheng et al. 2022 C57BL/6 mouse (20 g
QYT =R F IWOR BE RAW & RSP Sl B
435t0] AYS sl T, A|Eo] d= 2519 (Table 3).

Table 3. Summary of cell lines used in selected studies

lipopolysaccharide (LPS)E A}

Ref. First author Year Cell line Method of induction
40 Nam et al. 2018 RAW 264.7 lipopolysaccharide
44 Nan et al. 2020 RAW 264.7 lipopolysaccharide
47 Deng et al. 2021 RAW 264.7 lipopolysaccharide
6. 34 W& &4 —tocopherol 4,  ranitidine] 3%,  lidocaine,
AE FEAET MEAY AFAA AMEEH HAE dexamethasone 12|11  gentamycin EFA| 24,
o] AHE AR 23, 52 R4 ddER Ry domperidone©] Z¥Zt 1HoA] ARGE{rHTable 4). ¢
e =2 17Ho|gleH, EER Fofd =22 12¢ TollA 7 wol ARH AAle W, pE, AEGE
ojglrk. o] F HAE fH ¢ HRoR AER =7 ), A, ol KE, 502 YERFem(Table 5),
2 6O, HAEE AHAYPT =72 24Wolglom, AAE fH  AESEE apigenin-7-O--D-
HAEE AP =8 5 9UdE2 AYst =Fo] 12 glucuronopyranoside  (apigenin),  lycopene, rutin,
H, EgE2 Adst =52o] 12802 3FelE|9r}h ESH daidzein, oligonol, isorhamnetin quercetin 5 77}
P ETS o] Folgh =72 22H0lglen FA dzol Aol ARGE AHTable 6).
Za92%=  omeprazole 10%, pantoprazole¥t «
Table 4. Summary of interventions in selected studies
Ref. ngirgllslei Test material Cé_rlrelgs)u/n J Positive
14 Single Artemisiae Argyi Folium Herb ranitidine
15 Single apigenin Compound omeprazole
16 Single Artemisiae Argyi Folium Herb omeprazole
) ) omeprazole
17 Single quercetin Compound
a —tocopherol
18 Single Lonicerae Flos Herb a —tocopherol
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STW 5:
lberis amara
Angelica archangelica root
Matricaria chamomilla flower
Mentha piperita leaves

19 Complex Carmm carvi fruits Herb pantoprazole
Silybum marianum fruits
Melissa oftficinalis leaves
Chelidonii Herba
Glycyrrhizae Radix et Rhizoma
20 Single Morinda citritolia Herb 1 ranitidine
ansoprazole
Rikkunshito:
Glycyrrhizae Radix et Rhizoma
Zingiberis Rhizoma
Atractylodis Lanceae Rhizoma
Zizyphi Fructus
21 Complex Aurantii Nobilis Pericarpium (=Citri Unshius Herb
Pericarpium)
Ginseng Radix
Pinelliae Tuber
Poria Sclerotium
22 Single Freeze—dried black raspberry Herb -
23 Single Curculiginis Rhizoma Herb a —tocopherol
24 Single Lini Semen Herb omeprazole
) ' ) . ' omeprazole
25 Single Panacis Quinquefolii Radix Herb
a —tocopherol
white peony root oral liquid: lidocaine
Sophorae Tonkinensis Radix et Rhizoma ’
26 Complex . . Herb dexamethasone
Bletillae Rhizoma ‘ :
Paeoniae Radix gentamycin
white peony root oral liquid: lidocaine
Sophorae Tonkinensis Radix et Rhizoma ’
27 Complex . : Herb dexamethasone
Bletillae Rhizoma ‘ :
Paeoniae Radix sentamycin
28 Single Perilla frutescens Fixed Oil Herb pantoprazole
29 Single rutin Compound pantoprazole
Xuanfudaizhetang formula:
Inulae Flos
Zingiberis Rhizoma
30 Complex Zizyphi Fructus Herb domperidone
p Ginseng Radix p
Haematitum
Pinelliae Tuber
Glycyrrhizae Radix et Rhizoma
12 Single bees wax alcohols (D-002) Herb omeprazole
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Rikkunshito:
Glycyrrhizae Radix et Rhizoma
Zingiberis Rhizoma
Atractylodis Rhizoma
Zizyphi Fructus
Aurantii Nobilis Pericarpium (=Citri Unshius
Pericarpium)
Ginseng Radix
Pinelliae Tuber
Poria Sclerotium

31 Complex Herb omeprazole

Modified Zhuye Shigao Decoction added:
Coicis Semen
Curcumae Rhizoma
Rabdosiae Rubescentis Herba
Hedyotidis Herba
Scutellariae Barbatae Herba

32 Complex Herb

Zhuye Shigao Decoction:
Lophatheri Herba
Gypsum Fibrosum

Radix Ginseng
Radix Ophiopogonis
Rhizoma Pinelliae
Glycyrrhizae Radix et Rhizoma

Phyllostachydis Folium
Gypsum Fibrosum
Ginseng Radix
Ophiopogonis Radix
Pinelliae Rhizoma
Glycyrrhizae Radix et Rhizoma

33 Complex Herb

34 Single lycopene Compound pantoprazole

35 Single Salviae Miltiorrhizae Radix extract Herb

36 Single Water extract of Rhei Rhizoma Herb -

37 Single oligonol derived from Lychee Fruit Compound -

Banhasasim-Tang:
Pinelliae Tuber
Scutellariae Radix
Zingiberis Rhizoma
Ginseng Radix
Glycyrrhizae Radix et Rhizoma
Zizyphi Fructus
Coptidis Rhizoma

37 Complex Herb -

Banhasasim-Tang:
Pinelliae Tuber
Scutellariae Radix
Zingiberis Rhizoma
Ginseng Radix
Glycyrrhizae Radix et Rhizoma
Jujubae Fructus
Coptidis Rhizoma

38 Complex Herb -
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39 Single Dichloromethane Extracts of Geranium Herb B
oreganum

Heweijiangni—decoction:
Astragali Radix
Coptidis Rhizoma
Zingiberis Rhizoma
Pinelliae Tuber
40 Complex Fritillariae Bulbus Herb omeprazole

Taraxaci Herba
Gentiana
Gorgonian
Trichosanthis Fructus
Glycyrrhizae Radix Preparata

42 Single isorhamnetin Compound -
Cashew gum (biopolymer obtained from the
41 Single bark of Anacardium Herb -
occidentale)
43 Single Magnolia sieboldii buds hexane extract Herb ranitidine
44 Single Gardeniae Fructus 50% EtOH Extract Herb -
Tojapride:

Perillae Folium
Cyperi Rhizoma
Aurantii Fructus

45 Complex Aurantii Pericarpuim Herb omeprazole
Coptidis Rhizoma
Sepiae Endoconcha
Glycyrrhizae Radix et Rhizoma
47 Single Arecae Pericarpium 95% EtOH Extract Herb -

Hewei Jiangni granule:
Scutellariae Radix
Glycyrrhizae Radix et Rhizoma
Fructus Aurantii Immaturus
Pinelliae Tuber
48 Complex Coptidis Rhizoma Herb omeprazole

Taraxaci Herba
Zingiberis Rhizoma
Gentianae Scabrae Radix et Rhizoma
Fritillariae Thunbergii Bulbus
Trichosanthis Fructus

*This study encountered challenges in standardizing the names of herbal medicines due to the diverse use of
english names, scientific nomenclature, and latin names in research papers. To address this issue, we adopted
a standardized approach, prioritizing the latin name from the compendium when available. When not

specified, we utilized the alternative of specifying the plant part used along with the scientific name.
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Table 5. Frequency of herbal materials used in selected studies

No. Frequency Herbal material

1 11 Glycyrrhizae Radix et Rhizoma

2 9 Pinelliae Tuber

3 7 Ginseng Radix

4 7 Zingiberis Rhizoma

5 5 Coptidis Rhizoma

6 4 Zizyphi Fructus

7 4 Scutellariae Radix

8 2 Fritillariae Bulbus

9 2 Gentianae Radix et Rhizoma

10 2 Taraxaci Herba

11 2 Trichosanthis Fructus

12 2 Artemisiae Argyi Folium

13 2 Atractylodis Rhizoma

14 2 Aurantii Fructus Immaturus

15 2 Citri Unshius Pericarpium

16 2 Fraxini Cortex

17 2 Perifla frutescens

18 2 Poria sclerotium

19 2 Gypsum Fibrosum

20 2 Ophiopogonis Radix

21 2 Tonkinensis Radix et Rhizoma

22 2 Bletillae Rhizoma

23 2 Paeoniae Radix

Anacardium occidentale seed, Angelica archangelica root, Arecae Pericarpium,
Astragali Radix, Aurantii Pericarpium, Bees wax alcohols, Black raspberry,
Carum carvi fruits, Chelidonii Herba, Coicis Semen, Curculiginis Rhizoma,
Curcumae Rhizoma, Cyperi Rhizoma, Geranium oreganum,
o 1 Folium Phyllostachydis, Gardeniae Fructus, Gorgonian, Haematitum, Hedyotidis

Herba, /beris amara, Inulae Flos, Jujubae Fructus, Lini Semen, Lophatheri
Herba, Lonicerae Flos, Magnolia sieboldii buds, Matricaria chamomilla flower,
Melissa officinalis leaves, Mentha piperita leaves, Panacis Quinquefolii Radix,

Rabdosiae Rubescentis Herba, Rhei Rhizoma, Salviae Miltiorrhizae Radix, Sepiae
Endoconcha, Sophorae Tonkinensis Radix et Rhizoma, Silybum marianum fruits,

*This study encountered challenges in standardizing the names of herbal medicines due to the diverse use of
english names, scientific nomenclature, and latin names in research papers. To address this issue, we adopted
a standardized approach, prioritizing the latin name from the compendium when available. When not
specified, we utilized the alternative of specifying the plant part used along with the scientific name or english

name.
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Table 6. Frequency of Chemicals for GERD

No. Frequency

Chemical

1

~N O L AW
e e e

apigenin—7-0- § —D—glucuronopyranoside

lycopene
rutin

daidzein

oligonol derived from Lychee Fruit

isorhamnetin

quercetin

7. A3} BA 9y analysis, P), %2t £4(Gene analysis, G), 12|31 $]
AXE 378 =RolA HdA=Ee GERD oA ¥ o EA(Gastric Juice, No& FTES 4 Qlqlth 8¢t
A= BIHE Brbotetdl AREH A e 89 A e 339 =RolA AREEGleH, Az TF
Z(Macroscopy, M), A& 75  B7HEsophageal Bt 49, @9 dpolontA AL 3H, A 7
Function Assessment, EF), @ Hpolem} FA A2 219, ol BAL 33H, {3 A2 69
(Blood  biomarker analysis, B), XA 74 oA AREEGITE YHE BASE =R 17THOR
(Histological — analysis, Hi), @&  EA4(Protein 2RI ATHFig. 4)
40=-
30 =
| .
k]
o
£ 20
S
=
10 =
LI 01 o
1

M EF B

Hi

G

Figure 4. Number of overall analysis method of animal model research

*M; Macroscopy, EF; Esophageal Function Assessment, B; Blood biomarker analysis, Hi; Histological analysis,

P; Protein analysis, G; Gene analysis, J; Gastric juice analysis

SQHA ol AR
index (27%), Body weight @ Food intake (3#),
Tissue weight QE)7} AMEE|QICE 49| 7|52 Bt
ot =R SHE Alr BeFEe] £=Z(contractions of

sholgh =gl 21, 4]

= 1=

FE o7  Esophagus lesion

lower esophageal sphincter)&
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TNF-a (1H) & ZRI3h

ZAHA B2 37919 =7 F 21HoA ARESHA
o, Hematoxylin & Eosin (H&E) @A #H(18%H)
o] zg AHgE|glon a1 % 582
Immunohistochemistry (IHC) ¥&-& F71=2 Z18js}
1, 1ML Periodic Acid-Schiff Staining (PAS)Z
shleh. Aex #2909 218l AR ¥t 9
7 H]x(intercellular space diameter or thickness)&
APt =72 5Ho] U
7 wpA] A2 333 =wollA EEEUT &
B4 gyogs Western blot 7|H& AR =
3golglon, EAo] AR wiAE TNF-a (8
), GPxl1-2, NF-«£B65 (6#), IL-15, COX-2,
HO-1, SOD (5#), CAT, iNOS, IL-6, claudin-4 (4
H), Nrf2, p-JNK, p—p38, NOx4, c-JUN, claudin-5
(3#), MDA, p—ERK1/2, bcl-2, p-I1x-Ba, Keapl,
p47-phox, caspase—3, Bax, cytochrome C, Ix-Ba (2
#H) 3-NT, p-NF-«B65, Rac-1, C-Fos, Calcium,
claudin—1, claudin—-3, Occludin, ZO-1 (1®H)o|}c}.
Enzyme-Linked Immunosorbent Assay (ELISA) 7|9
= 0|83 =2 9Ho|qlAL, F= ZRIgE ap= IL-1
B (OW), TNF-a (7H), IL-6 (5%) Follen, 1
lo] 1L-2, IL-4, IL-8, keratinocyte chemoattractant
(KC), protease activated receptors—=2  (PAR2),

)

41 o %@

o2k

L

O
i X

Mo =

—_

substance P (SP), calcitonin gene-related peptide
(CGRP), mucine] 7+ 1Ho] =RelA ARG

Table 7. Summary of animal experiment method

Western blot® ELISA 7|H<& &7 AMESH =82 31
o|qit}. ollof ABsketA EAHS AMERE =Fo] 11
Holglem, 2 &It ut# & glutathione (GSH, 8
), superoxide dismutase (SOD, 7H),
malondialdehyde (MDA, 7#), thio barbituric
acid-reactive substances (TBARS, 6W), catalase
(CAT, 6%), myeloperoxidase (MPO, 5#), collagen
(3#), protein carbonyl (2#), histamine, sialic acid
(2%) sulthydryl group (SH), ROS (Z 1%)o]%ict.

A2 242 639 =wolA AREEZeH, 24
£ TNF-a, IL-67} 3%, IL-187F 2#HAA AFRERL
1 COX-2, Occludin, ZO-1, STAT3, TRPVI,
CINC-2, ICAM~1, MCP-1, Claudin-1, 3, 47} Z+ 1
HO| =FoflA AMEEISIT. AA =% F oHd 24
I fAZ BAS BE 83 =2 SHoR 2RIy
k.
oj¢lo] §HE EA =E2 17Holglen, FAHS
2= 999 pH (149), volume (9%), total acidity
(10#), free acidity (2¥), pepsin (3#)& &<Is5tTt
(Table 6).

in vitro 94+ =E-L & 3Ho| Qlglon, HF RAW
264.7 cell lineS AH&-3lct. B4
EollA Cell viability®t NO AssayE %l
Z} 11 9] =FofA Western blott ELIS
&oto] HiolentAE EAsEtHTable 7).

N o
|o
fr
rr
o
rr

)
ok
38
o
A
met N rie

>
M
1%
ok
o

Esophageal
Ref Macroscopy  Function Blood
: M Assessment

Histological
biomarker  analysis
(EF) analysis (B) (H1)

Protein

Gene Gastric juice
analysis (P) analysis (G)

{Biochemical assay)

MDA, MPO: |
. GSH: t
13 B CH&E) {Western bloty
NF-«B: |
IkBa: 1
. . H: 1
. {Biochemical assay) Pt
14 EL | GSH: 1. MDA: | Vol.ul_ne..l
acidity: |
15 EL: |
{Biochemical assay)
CAT, GSH, SOD: t volume: |
16 EL | MDA: | acidity, pepsin:
hexose, sialic acid: 1 |

histamine, collagen: |
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. {Biochemical assay)
. A (H&E) Collagen: |
HD: | GSH, SOD, CAT: t
: MDA, MPO: |
{Biochemical assay)
TBARS, MPO: |
18 EL | {H&E> pH: -
<ELISA)
TNF-ea, IL-14: |
19 EL | acidity, pepsin:
EL: |} {Western blot) {mRNA level)
20 D: | Claudin-1: | Claudin-1: |
voluntary ’ Claudin-3: |} Claudin-3: |}
movement: | Claudin—4: | Claudin—4: |
{Biochemical assay)
BW: - Total SOD: -
Feed intake: Cu/Zn SOD:
0= - 2w= 1|, 4w= -
21 =y HEE> MDA 2w=1, dw= -
2w= |
3w= - {Western blot)
SOD: t, CAT, GPx: -
(ELISA)> {mRNA level) pH:
2 R ggy O I L INETa - TR olume: |
mucin: 1 ) acidity: |
{Biochemical assay)
Collagen: | pH: t
23 EL: | Sialic acid: t volume: |
TBARS, GSH: | total acidity: |
CAT, SOD: |
{Biochemicla assay) <211111\II\CT;§21.6 VTD
25 EL: | MDA, MPO: | N
GSH: t ICAM-1: |}
’ MCP-1: |
. {HC
BW: | .
26 food intake: 1 Substalnce P:
{HC
27 EL: | EGF,
TGF-41: 1t
{Biochemical assay) H: ot
. CAT, GSH, SOD: 1 pr-
28 EL | TBARS: | volume, acidity:
histamine: | !
{Biochemical assay)
GSH, CAT, SOD: t H: t
TBARS: |, PC: | vo[fun}e‘ |
29 EI: | :

CELISA>
IL-18, IL-2: |
IL-4, IL-6: |

total acidity: |
free acidity: |
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12 El: |

{Biochemical assay)
MDA, SH: |
30 EL: |

volume: |
acidity: |
(H&E) pH: 1
HC
—_ SP. ClGRP.
voluntary p—ERK1/2:
movement: 1

|

31

EL: |
32 BW, food
intake: 1

CELISA)
(H&E) TNF-a: |
IL-18, IL-8: |

(ELISAY
IL-1, IL-2: |
IL-6, IL-8: |
TNF-a: |
35 LES: t

31

{Biochemical assay)
GSH, SOD, CAT: t H: t
TBARS: |, PC: | vonme: |
34 B total acidity: |
CELISAS free acidity: |
IL-18, IL-6: |

{Western blot)
36 EL: |}

HO-1, Nrf2: 1
CH&E p—p38: |, p~ERK1/2: | o -
plkBa: |, NF-«B: | p-
COX-2, iNOS: |
TNF-a, IL-6: |

{Western blot)
p47phox, NOX4: |
TNF-a, p-JNK: |
Bel-2:  t
BW, food ROS: |} Keapl, c=Jun: |
39 intake : TBARS: | (H&E Nrf2, SOD-1: 1
GPx1/2: t
HO-1: t
Bax, Cytochrome c: |
Caspase 3: |

{Biochemical assay)
TBARS: |}

{Western blot)
NF- £ Bp65,: |
EL | ROS: | TKNF_fZ:ll
N eapl:
38 ilz\zi(;f’of TBARS: | HEE COX-2, iNOS: |
’ p—p38, p—JNK: |
p-FERK1/2: |
«JUN: |
IL-6: -
SOD, GPx-1/2: 1
Nrf2, HO-1: t
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{Biochemical assay)
ROS: |
{Western blot)
IxBa: t
. p-lxBa: |
35 B NE- ¢ Bp65: |
p~NF-xBp65: |
TNF-a, IL-18: |
SOD, CAT: !
COX-2, iNOS: |
GPx-1/2: 1
{ELISA)
IL-18, TNF-a: |
{Western blot)
. COX-2, IL-143: |
40 EL | {H&E> TNF-a: |
p-l«Ba: |
NF-Bp-p65 : |
claudin—4:
claudin=5: t
{ELISA)
IL-18, IL-6: |
{H&E) TNF-a: |
NOx: |
(HC) 3-NT, MDA: | %ﬁﬂgnl?vib
MMP3, HO-1: Tont: 1
43 EL: | TER: t MMP9: | L-18 .IL—6' pH:
CD68, iNOS: {Western blot) 1 ’
| p—38, p—p38: | .
p-38, NF- £ B65: | INFra
p—p-38: | [kBa: t
IL-14, IL-6 |
TNF-a: |
{H&E>
{TEM
imagey
4l ID: |
QD: t
SM: |
{Biochemical assay)
MPO: |}
42 WE: | TER: t HE&EY
<ELISA)
KC: |}
{Western blot)
COX2: |
4 EL Hgpy  Lo18, TNFra: pH:

NF-«B, I«Ba: |
claudin4: t
claudin5: t

404



A8H 9 191 - A=Y AHEAFAD oY, A5 Fel tiet AAIT A - PubmedS THOE

Kim er al, Experimental study trends on the prevention and treatment effects of herbal medicine for gastroesophageal reflux disease (GERD) — based on Pubmed

{Western blot)
NOX4, Rac-1: |

p47phox: |
Nrf-2, HO-1: 1
CAT: t
GPx-1/2: 1
cJun, c-Fos: |
p—p38: |
CH&E) p-JNK: |
45 EL: ROS: | p—ERK: |
(PAS NE-  Bp65: |
p-l«Ba: |
COX-2, iINOS: |
TNF-a, IL-18: |
survivin: |
cytochrome ¢: |
caspase=3: |
Bax: |
Bel-2:
{H&E)
HC
NF-«B,
KKB: | o
46 E Occludin, , {Vesters bl pHE: =
70-1: 1 ccludin, : pepsin:
(TEM)
ID: |
QD: t
48 LES: t
<ELISA)
TNF-a: |
IL-18, IL-6: |
MCP-1: |
PAI-1, MDA'. 1 {mRNA level)
PSA, GSH, SH: t .
SOD, CAT: 1 TNF-a, pH: 1
47 EI: | H’202: | IL-145: | volume: —
NADPH, GPx: 1 IL-6, fAI—l. acidity: -
Free Iron, Calcium: |
{Western blot)
claudin—4: t,
claudin-5: t
{H&E)
ID: |
QD: 't
(ELISA) {mRNA level)
HC) IL-18, IL-6: | IL-6, STAT3: .
49 BW 1 TRPV1, TNE-a, SP: | | pH: 1
PAR2: | PAR2, CGRP: | TRPV: |
SP, CGRP:
}
MCT: |

*BW; Body weight, TER; Transepithelial electrical resistance, WE; Weight of esophagus, EI; Esophagitis index,
MCT; Mast cell tryptase, TM; Thickness of mucosa, HD; Hemorrhage depth, LES: Contraction lower
esophageal sphincter, ROS; Reactive oxygen species, TBARS; Tiobarbituric acid-reactive substances, H&E;
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Hematoxylin and Eosin, THC; Immunohistochemistry, PAS: - Periodic Acid—Schiff, TEM; Transmission electron
microscopy, SM; Structurally altered  mitochondria, ID; Intercellular space diameter, QD; Quantitiy of
desmosomes, SP; Substance P, CGRP; calcitonin gene—related peptide, p~ERK: phosphorylated extracellular
signal-regulated kinase, GSH; Glutathione, MPO; Myeloperoxidase, MDA; Malondialdehyde, SOD;
Superoxide dismutase, SH; Sulthydryl, TRPV1; transient receptor potential vanilloid type 1 PAR2; protease
activated receptors—2 MCT; mast cell tryptase, IL; Interukin, TNF-«; Tumor necrosis factor receptor,
COX-2; cyclooxygenase—2, 3-NT; 3-nitrotyrosine, ZO—-1; Zonula occludens—1, MMP; Matalloproteinases,
iNOS; Inducible nitric oxide synthase, NO; Nitric oxide, HO-1; Heme oxygenase—1, CD68; Cluster of
differentiation 68, Nrf2; Nuclear factor erythroid 2-related factor 2, TxBea; nuclear factor of kappa light
polypeptide gene enhancer in B—cells inhibitor alpha, NF—« B; nuclear factor kappa-light—chain—enhancer of
activated B cells, PAR2; protease activated receptors—2, PAI-1; plasminogen activator inhibitor—1, PSA;
plasma-scavenging activity, NADPH; Nicotinamide adenine dinucleotide phosphate, GPx; Glutathione
peroxidase, Bax; Bcl-2—associated X , Bcl-2; B-cell lymphoma 2, Rac—1; Ras—related C3 botulinum toxin
substrate 1 , NOX4; NADPH oxidase 4, keapl; Kelch-like ECH-associated protein 1, MCP; Monocyte
chemotactic protein, STAT3; Signal transducer and activator of transcription 3, PC; Protein carbonyl, CINC;
Cytokine—induced neutrophil chemoattractant, ICAM; Intercellular adhesion molecule, EGF; epidermal growth
factor, TGF; Transforming growth factor.

Table 8. Summary of cell line experiment method

Cell viability & Protein analysis Protein analysis

Ref. morphology NO production (ELISA) (Western blot)
* Cell viability: 1 «NO: |
40 + Morphological
transformation
* Cell viability: 1 «NO: | «iNOS: |
« COX-2: |}
44 - TNF-a: |
*p~NF-xB p-65: |
*pleBa: |
* Cell viability: 1 «NO: | *PGE, : |
IL-18: |
4 . COX-2: |
«iNOS: |

*NO; Nitric oxide, PGEy; Prostaglandin E,, IL; Interukin, TNF—a; Tumor necrosis factor receptor, COX-2;
cyclooxygenase—2, iNOS; Inducible nitric oxide synthase, p~NF-« B; phosphorylation levels of nuclear factor
kappa-—light—chain—enhancer of activated B cells, p-1xBa; phosphorylation levels of nuclear factor of kappa
light polypeptide gene enhancer in B—cells inhibitor alpha.

. 23 A QubRAAA, Sl2E-2 EAAFA T oF

EX 7 Yol AFREY ot A7 AFRA 7Y

QUEGRATe 9T tBol REs| AL Z7t O BV Closidum difficile %9 $189) 27 5 9
St Qlu B3] FHZ A 47t A&Her ZFulsty o] HuET 9y, ARG A, oFEA R
Qe Agtolt. Agols PAHEAAA, ZE HA o] @} glo] $&e vHse 5 J|E ofEutom
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