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Effects of Natural Mineral Water on Reflux Esophagitis

Choo, Byung-Kil

Reflux esophagitis (RE) is a gastroesophageal reflux disease (GERD) caused by
repeated reflux of gastric acid into the esophagus. The present study investigated
the protective effect of natural mineral water on esophageal injury induced by
gastric acid reflux. The cytotoxicity of mineral water was confirmed using Cell
viability, proliferation and cytotoxicity assay kit. The protective effect of mineral
water on esophageal injury was investigated in RE rat model. The results showed
that no cytotoxicity of mineral water was observed in RAW264.7 cells. Mineral
water decreased the ratio of esophageal damage, inhibited the increase of inflam-
matory-protein expression levels and increased the mucosa protection and tight
junction proteins expression level in RE control rat. The results suggest that
mineral water may have the potential to protect esophageal damage caused by
gastric acid reflux and the potential to alleviate reflux esophagitis.
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&Y 3 Arh(Lee et al., 2014). 59|, 53] FHol = 24
7154 o dF7F ERaEal o (Misund et al., 1999; Dinelli et al., 2012; Eggenkamp
and Marques, 2013; Koh and Ko, 2018; Di Marco et al., 2020), ST ANA = FH 5 == S4F
Fol BA, 3T Ve B YA B4, A ¥ Wenrg 5o teke A g
o] »31 531 $Jti(Yoon and Kim, 2000; Hwang, 2006; Jung et al., 2006; Kim et al., 2008;
Kim et al., 2009).

o FA 4 =H(Reflux Esophagitis, RE)2 ¢4 & 9] W&E2] I{FZ 3 A=o02 2
= o] &4 s 9454 Aoy E293 Vs 55, 43EY 59 S U
ERith A= oA wHEARl A5 @5 et TSR A&EE A AY
njgk 5o %28z HES Yo 7|A Ark(Choi and Lim, 2004; Nam et al., 2021a). J,
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EqrAshal ATskE Asad 57, §9, 2Ed 2 Fo2 & 3 9FA =4
27t Hak Erksta JoH, X BARE Y4 BHE AISHE H2 -84 4 3HA(histamin

type2 receptor antagonist. H2RA) T=& A&} H3Z o A A (proton pump inhibitor, PPI)7} F2

AF&-E 3 A tH(Jang and Lim, 2013; Kim et al., 2015). 221, $219] 40~60% H =7} A
Aol o A 5§ Al AHAE 7

it

oy =) 37 = = = O o]l
da, 23HEE, E0ES T4 ¥HS L Aol
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Aol B2RES HAs sk LS PR = e HA FEe XEA o] 27FHI 9
TH(Lee et al., 2008; Lee et al., 2010). A|7}A] HuH A Atol o5t FHF= T

71882 skal o] AHESE 2, AR 28, Al 715, pH 23 T Aol Ao
o]gh Zh-g-3} o] § 7EX| 7} ol dE M, thFgt 4k Rofoll Ao &8-S 95 HE B4 H 7]
SA0 3k §ztA AFo] Bedith wekA B dAFoAE A= =

Akl A S mulE EQ rulE A& Z 7548 BAS 8 sEEES o83t

o
of 4FA HEgel te BE 4§ 3 A B 2B,

1. 2 oy
1 43 A= 2 Ao
B Aol AR AlRe AR EA BAA G A5 ditelM §Ed rul™E HE



o,
Jz
nR
2,
e“.:

@ A vluE el w3} 77

(BRI N FNE 7Y F 4Co BHAst AT 45 913 Dublecco’s modified
eagle medium (DMEM), fetal bovine serum (FBS) 2 penicillin/streptomycin< Welgene (Nam-
cheon-ro, Namcheon-myeon, South Korea)2] #|#-& A8 T Cell viability, proliferation &
cytotoxicity assay kit DoGenBio (Guro-gu, Seoul, South Korea)Z5-E] T U8} 2™, luminol
reagent, iNOS, COX-1, COX-2, Claudin-4, Claudin-5, f-actin 12} &-A % m-lgGk BP-HRP
22} &A= Santa Curz Biotechnology (DA, USA)OAl T8l AFE3FS T} Protein assay
reagent, polyvinylidene fluoride (PVDF) membrane ¥ bovin serum albumin standard= Bio Rad

Laboratories (Hercules, California, USA)2] A|&FS ARE3FS T

A w2 B miE A2 24e Sl da7]2AAdd Lol AFEH S 9
FtR o, =4 3333 =7] Inductively Coupled plasma Mass Spectrometer (ICP-MS)E
Ar-g3te] 43k

o} O] A3 RAW264.7 cell> America Type Culture Collection (ATCC)ZF-E| &+
ko™, 10% FBS2} 100 units/mL penicillin, 100 ug/mL streptomycin®©| 3~%-¥ DMEM H}A| &
0]t 5% CO,, 37C incubatorol| Al vl ¥t ATE A ek wulE H O MEFA o
B2 dslr] 28l 96 well plate©] 5x10° cel/mLZ 100 uL¥ EF3}a] 24417 wjoF & n)
v 5 100 uL, FH 2ol A2 44 100 uLE X El3FATE 24417 Fo Cell viability,
proliferation & cytotoxicity assay kitE ©]&3te] AL AEES SH3IHTH

AHESIE T 157Y B3 BE %%‘3" A2 E 15‘31'933‘34 61|12
’§<(Normal control group)¥}
+HUE Y E)dlE R/ 4
Pe BE AP FEHY AAHE EFRon, Aty 54 S dd 5

(CBNU2017-0048)2 ®to} 43§33t}
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AFA AW B FE A 1847 B ARG T, B AUT YEE FEH FF
S50 4% 4 5F 0 T NSt ol FEL ASLE Aol ARE
A & 4N 0 F BE B APAA At 4E 242 RYRYL, HEE A
2 Arlstel A% Hupe

oo A A ebE A8k BYBATE AE ot £4ES Image
] 229 o4kl BAATHA (1),

Aot 23E%)-[AE £4WH(mm’) /4= AAHH (mm)]x100 (1)

B 5= 2L 0.9% NaClZ A &3] 1~1.5 mme] 7|2 Aok
fered formalin (NBF)°ll 1 A3IAth A E|shd £4S 8 134
et 2o #AAHE AX 5 pm BEL] AHOE A|Z3HP oM, HLE ¢
o2 10X &l FEEH

3 10% neutral buf-
ZAS g, B3

Al B Leica &U] 7

< 913}l protease inhibitor cocktail®] E & lysis bufferE 37}l
A& B, 10% NP-40E H7Fste] 4ColA 12,000 rpm o=
43 St A AT AlEd e Tl o] SaiH FEHE FHE 80T A2 W
o BHsle] ARESIA T M dide A7) 3 F-2 pelletol lysis buffers 37}
1021t} vortexE 33] AAITFH S 4T A 13,000 rppm o2 10237F A BT 3] Al
zo) o] S3iE F5YLS Ao 80C A2 Wrao] Riste BAE ASE ALE

ST
8. Western blot assay

Protein assay kit ©]-&3to] @l AHTF 3 loading samples A 23t 8%, 10%, 12%
SDS-polyacrylamide gel= AH&3t 7195 AASIAT E8l€ @¥2-2 PVDF mem-
brane &2 transfer ¥ 5% skim milk2 A4 1At &<k blockingdt ATt 12 AZ=
iNOS, COX-1, COX-2, claudin-4, claudin-5, A-actin® AF&3}9 2™ PBSTE 1:1000 H|&=
3] 3kd 4C oAl Al overnight RF-&AZT 234 kA= 3|4 8ll<= 1:10000 0.2 3] X35t 420



A 2A1ZF ¥Eg- 3 ECLES AF83Fe] ChemiDoc (Bio-Rad, CA, Hercules)S

9. TAIEA
E datac H +

NEddel td A vlulE gIEje] &

53l

EFHAZ FEAEFY 2™, SPSS (12.0K for Windows program)< A&

3}04 one way analysis of variance % LDS’s multiple comparisom testZ data®] A% 24

< AS3HAT p<0. 05 o frejdol A=

1 mldlg el A2 2

MU e AF TIHES B4

e Aol A=A, vF

7&%51 At

Zow Pt

a}

A%k 23, Table 13} o] HUE Ca, Mg, K, Si, Na,
vy = Ti, Sr, Cr, Ni, V, Mn, Li, Co 59 13559 Al&o]

Table 1. Analysis of composition of the mineral water (MW) and general waters

No. Macro minerals ;I/)[I\);g Trace minerals (f/gl;)
1 Calcium (Ca) 62.81 Titanium (Ti) 246.01
2 Magnesium (Mg) 14.109 Strontium (Sr) 117.98
3 Potassium (K) 0.602 Chromium (Cr) 5.31
4 Silicon (Si) 6.739 Lithium (Li) 1.25
5 Sodium (Na) 1.647 Vanadium (V) 1.19
6 Iron (Fe) <0.05 Nickel (Ni) 0.75
7 Lithium (Li) 1.25
8 Carbon monoxide (Co) <0.10
9 Manganese (Mn) <0.10
10 Zinc (Zn) <0.10
11 Selenium (Se) <0.10
12 Molybdenum (Mo) <0.10
13 Aurum (Au) <0.10

Note: " MW: Mineral Water
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Fig. 1. Effect of mineral water (MW) on cell viability in RAW264.7 cell. NC: normal control
group, MW: mineral water treatment group. Data are expressed as mean * stan-
dard deviation.
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Fig. 2. Effects of mineral water (MW) on gastric contents reflux induced esophageal
mucosa damages in rats. (a) Images of esophagus mucosa, (b) the ratio of
esophagus mucosa damages. NC: normal control group, RE: RE-induced control
group, RE+MW: RE rats treated with MW. *##p<0.001 vs. normal group, **p<
0.01 vs. RE control group. Data are expressed as mean + standard deviation.

Fig. 3. Mineral water (MW) improved esophagus tissue histological changes in reflux eso-
phagitis rats. NC: normal control group, RE: RE-induced control group, RE+MW:
RE rats treated with MW.
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g 9B Foo o3t A5 22 W A3 @il I nX s ks SH5)]
?12l western blot assays AAISHATE EFA @A INOS E COX-29] HdZFES S48
Ay z2TolAE GFZ QF &40 2 INOS © COX-29] d54 vl ukd gFo] YA}
ol HIs) STketknh ey, mul B E A Esigls w tixael His) 9454 v
o] FostAl Tagt A0 2 YERETE COX-1 ©¥d 2 w3 vulE 9JH Fofa

oAl o] FRIFHAO L, IFA AEA ol Z4wd vud 9H FofTo
Hlsl ko] FonlsiAl HAask3A thFig. 4).
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Fig. 4. Effects of mineral water (MW) on expression levels of INOS, COX-2 and COX-1 in
esophageal tissue were measured by western blot assay. NC: normal control
group, RE: RE-induced control group, RE+MW: RE rats treated with MW. *p<0.05,
#%p<0.01 vs. normal group, *p<0.05 vs. RE control group. Data are expressed as
mean + standard deviation.
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At A2 A3 @il ER] claudin-4 2 claudin-59] FHFS SA3IH T tx2TolA=
X2 0] EFo=E Qs ME dF vl el AT ARG o mulE f1E ATl
A& izl Hl8) claudin-4 2 claudin-5 T Wl o] Frlete BEFS UERATHFig. 5).

a b c
14 - -
2 12 5
s LB 12
2% 1] £ 1
Claudin-4 £7208 4 £% o3
R wog
E2 0.6 1 ; g &
Claudin-5 -~ » ER 2 28 6 #
— £ 50.4- 22 04
p-actin }-.—‘ g 02 “F 02
- @
o =
0 - 0
NC RE  RE+MW NC RE  RE+MW

Fig. 5. Effects of mineral water (MW) on expression levels of claudin-4 and claudin-5 in
esophageal tissue were measured by western blot assay. NC: normal control
group, RE: RE-induced control group, RE+MW: RE rats treated with MW. #p<0.05
vs. normal group. Data are expressed as mean + standard deviation.
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