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Effect of Korean Red Ginseng on the Stability of the Tight Junction of
Intestinal Epithelial Cells

Dong-Hwa Shon*, Mi-Hye Kim, Young-Chan Kim, and Sung-Soo Kim

Korea Food Research Institute

Abstract Bioactive components involved in the tight junction stabilization of intestinal epithelial cells from Korean red
ginseng were studied by analyzing transepithelial electrical resistance (TEER) values of the Caco-2 cell monolayer between
the apical and basolateral sides for 96 hr. The treatment with less than 20 pg/mL of the Korean red ginseng extract to the
apical side of Caco-2 cell monolayer gave higher TEER values than the control. However, the treatment with more than
130 pg/mL of the Korean red ginseng extract drastically decreased the TEER values, and these effects were not due to its
cytotoxicity. When fractions of low molecular weight compounds, polysaccharides, proteins, saponins, and polyphenols
derived from Korean ginseng were applied to the apical side of the Caco-2 cell monolayer, polyphenols showed high tight
junction stabilizing activity and saponins showed low activity, but the others showed no significant activity. These results
suggest that Korean red ginseng might be useful for the prevention of food allergy by stabilizing the tight junction of
intestinal epithelial cells leading to hindering absorption of food allergens.
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AAAR TAFEEL A ARFEHEE 65%)S At
4319932, ovalbumin(OA), B-lactoglobulin(B-LG), ELISAE- YHIA]
°F 52 Sigmark(St. Louis, MO, USA) A& ARE-3IATE. Caco-
2M3E5%] HTB-37-> ATCCERE 938, Axzujgs <
3t Ca'™, Mg free Hanks’ balanced salt solution(HBSS), Dul-
becco’s phosphate-buffered saline(D-PBS(+)), Ca2} Mge] A A%
D-PBS(D-PBS(-)), minimum essential medium Eagle with Earle’s
saltstMEM), L-glutamine, sodium bicarbonate, non-essential amino
acids, sodium pyrubate, fetal bovine serum(FBS), &+A§=l(10,000
unit/mL penicillin, 10 mg/mL streptomycin) 5= (57)2 % (Daegy,
Korea)2] A|#-S, 12-well plated- transwell(#3460) 2 plate(#3513)
= CostarAH(Cambridge, MA, USA) A|&-E, CO, incubator=
SanyoAH(Tokyo, Japan) A|#< AR&-3FATE ELISAE €13 J0A
A B SoldA-ma AIES AR A AL, micro-
plate= NuncAKRoskilde, Denmark)#| &S AF&-313 T,
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)%} polyphenolAl F&(H-28, dZEHZY, 293 sEih, 2
2|3 b A A (PG4)2} saponinAl(PG7)e] FES F=AEA+
o] BF WA T3t EEekithFig. 1). L A AEAE
A2E PGI(EA <3 kDa)? PGO(EAHZ<1kDa), THEHA 2
PG2(2 426 kDa)2l PGSEAFZE>100 kDay’t 5215101, PG3
= A oF 6kDa2] H|FA FEOZ FEEATt.
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Caco-2 MXEFE= SlFHIA(MEM with Earle’s salts, 2mM L-
glutamine, 1.5g/L sodium bicarbonate, 0.1 mM non-essential
amino acids, 1.0 mM sodium pyruvate)?l] 20%<] FBSS} &HA3A|
(FF+5=: 100 unit/mL penicillin, 0.1 mg/mL streptomycin)s 37}
3t Ag wjduiR = AME-sle] 37°C, 5% CO, BlollA AltishaA
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F5d el Caco2 AEE 1-2x10° cellymLe] B2 F4
s, 2 MERFA 05mLe 12-well plate®] transwell 354
(apical side)?] transmembrane “J°ll seedingd}32™ 3}5-F-(baso-
lateral side)oll= WAl 15 mLg ¥ § 2:3¢0l ghd 4 uf
PAIE weepHA] 237U wgFSIATE olu AE] F2e
2 Qlate] ¢(confluent) FEY7} & Caco2 THEZE
Foll o]&-3k3irt.

= A2HE 7L D-PBS(-) 0.5mLE 33] AH3 3 2
HBSS 0.5mLS A-¢-3L 1.5mLe] X7k HBSSE Yol A=
welloll ST, 30%7F CO, incubatorel] W3] & 55} 354
7ve] A7) 3 X|(TEER, transepithelial electrical resistance, -
cm?)E MilliporeAH(Bedford, MA, USA)2] Millicell*-ERS(Electri-
cal Resistance System)3A| & ©|-&3le] =43 T}S, HBSSO| &
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FHo o]FH 0A9l FXE sandwich ELISA(Enzyme-linked
immunosorbent assay)Z 574 31t}
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7)ol CE& ELISA® 9l3le] -3t 0A9] S33ol, HE
Caco-2 TR EZ9] =% 0A H7F F WkRSAIZF (3 hr)yS YEH
U™, S&= transmembrane®] J5H EHZ (1.1 cm?)S YERATH

OA Mg 2|8t ELISA

Coating buffer((tris hydroxymethyl) aminomethane 0.05M, pH
9.00°1 2pg/mLe] =2 34% JOA IFAE microplatedt] 7}
well G 100 uL¥ #Fste] WYAaelA st gAedek. 7t
well2- washing buffer(phosphate buffered saline with Tween 20,
PBST; 0.01 M phosphate buffer with 0.138 M NaCl, 0.0027 M
KCI, 0.05% Tween 20)Z Al ¥ A3} PBSTOl U743t j
F2 N3 A FEE FEEE I3 0A XFE) 898 7
well B 100 uLA H7FeE & 1A7F 59F F2elA] vESAIZATE o
Al washing buffer2 X9} o] A3 ts FOA FA-g4
3= (anti-OA antibody-HRP conjugate)2- PBSTZ YUY TE=Z
B4kl well T 100 pLE F7Fste] 1A17E &9t A2ollA W
NZAtt ©] 3 washing buffer® A AF3F upe} 7ho] A3k
o, well T 100 uLe] 718 84(0.01% TMB in phosphate-cit-
rate buffer pH 5.0, 0.001% H,0,, AME- 2 Ze] F#u)E ¥ 4
204 308 B AN F oM HS0,E 50 ul A Zh wellol
ol vkl ukg-S SAAIAY. BT E microplate reader(Ther-
momax"™, Molecular Devices Co., Palo Alto, CA, USA)Z
4s0mmel ] FHES ZHFAT o] FHoIN ARE BF 3
W Aelas.

MTT assay0ll 2|8t S&f F£&E22| M=ESH AIH

Caco2M| Xl tigh &4te] MESAEE F43] $18te] MTT
assayS AASFATHS). Caco24EE 1x10° cells/mLe] &%
96well platecl] 180 uL¥ EF3}aL 24X 7 v gsle] A2 E 73
AR F 34k FE2EE FEE(0, 02, 2, 20, 200 g/mL)2 H7}s}
o] 347k ¢ wigsin) 3¢ A HE 2 5 mgmLe] MTT &<
S well G 20 FH7FSIAL 37°ColA] 4A17F w3t F 100 pl
2] SDS #A(10% SDS in 0.01 M HC)S H7batdoh 3087F
formazan 23S -831A]7]3 microplate reader(595 nm)E 4%
2 243t 34 FE2E0] AEAR AE e FE2E
AgAle] FFAE e FEX e HEE2 FASAT
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Fig. 1. Schematic procedure for the fractionation of (A) crude polysaccharides and low molecular compounds, (B) crude proteins, (C)
crude saponins, (D) crude polyphenol compounds from Korean ginseng.

2ME I8t ANz HX2|

BIALEZ WA, Tl A, AU AIE HBSSO 1 mg/mLe] 522
3|45} membrane filterS ©]-&-3l oIzt &, AIFTF 548}
o M2z Atk T4FEEF polyphenoliF= DMSO°]
100 pgmLe] TR 521 F oj3}sle] HBSSE 34 ste] d3ol
AH&-EFAAT

SA X2

RE AFe] Ade HaEAe BFAAE AESIL, Al &
7} A5 7] 2Fol= SAS(SAS Instruments Inc., Cary, NC, USA)
& o] &3 ANOVAS} Duncan’s multiple tests F3l #2235

p<0.05 2] A AFSIATE
An g

2tEH0]| 2 Caco-2 TM=ESS TEERTR oHdd ZHE
gl A= MEM o] €] 0}‘3]‘:-*& 9 A= @A
o] oy 7 Aol eHfEol Slof AEES ST e

B2 A5 AHE dofsl] olfg EAHo|
AEZ wjFo] By & wjkuA S tlAlEte] A ZZS o] 83
HIAAE F3starat, o' $F<d slollA 96A17F Al HES)
ojopgt BlwA ¢HgE & TEERFAE AAE F JeAE
ZE]EO}‘}%E}'.

dEooz wekalr] o)™l ujYgulA] oM TEERS] Ha
FHE 300400 Q- ecm’2A A] HgElglont, 7F gow W
33} AZo= TEERGX7} 248lgon o Axs g

THol wet &Kol Atk =, HBSS® wehek 7d-9-ol= 48
N7+ AT olZolof AaH 71-/\01.7] A1ZFEtaL 96A17F Felle
100 Q-cm? 7FEe g yelgttl. 28y D-PBS(-)Y] A$-E 2E
ZF2E TEER F37F 100Q-cm?® ©|8l2 F43] 7Hrsglon
o]ToE AL e £XE BTt Zelv D-PBSHY A$E
ofzlo] Z7F A% 9] TEERFXE ZAA|ZoZ UrE]rLH‘RihH] o=
D-PBS(+)°lli= D-PBS(-)¢} HlwA] 23 vladlg AEg o+
SkaL Qo] S Eol7]l WEL R AZHETHdata *33*).

HBSSE Z4d viavlg 5 7183F< d7F9 #3L A3

£ R ololl IR AR F/I2 FAska Qo) AE A

e, 24



338

©

I Ginseng Powders I

B2 E38)8] %] Al 42 W A 3 & (2010)

Reflux with 80% MeOH for twice at 80°C for 3 hr
Collect the extractant and vacuum evaporation
Reconstitute with HO

Wash with ethvl ether

HzO fraction

Ethvyl ether fraction

| Extract with butanol for three times

H;O fraction Butanol fraction

Wash with HO for twice

HzO fraction Butanol fraction

l Vacuum evaporation

(Saponin Traction)

(D)

I Ginseng Powders |

Centrifuge

| Extract with MeOH/Acetone/H-O (6:6:4)

I
WG1 |— Supernatant

Concentration.
Acidification (6N HCID

Residue
Alkaline hydrolysis
(4N NaOH). Acidification

Centrifuge Centrifuge
Supernatant Residue Supernatant Residue
Wash with hexane I Wash with hexane
|
water fraction Hexane fraction Water!fracﬁon Hexane fraction
Extract with Extract with
Diethwi ether/ethyl acetate (1:1) DE/EA
T 1 !
wWater fraction DE/E A fraction Water fraction DE/EA fraction
Alkaline hydrolysis
Acidification
Extract with hexane
Water fraction Hexane fraction
Extract with
Diethw ether/ethyl acetate (1:1)
Water fraction DE/EA fraction
EFA FPA BPA

(Soluble-esterified phendlic fraction)

Fig. 1. Continued.
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Fig. 2. Transportation of ovalbumin (OA) across Caco-2 cell
monolayer. Each bar is the mean+SD for triplication experiment.
Different alphabets at each point show statistically difference at
o=0.05 by Duncan’s multiple test.
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Fig. 3. Effect of Korean red ginseng on Caco-2 cell viability
assessed with the MTT assay. After pre-treatment of cells with
Korean red ginseng extract for 72 hr, cells were incubated with MTT
for 4 hr, solubilized with SDS/HCI and cell viability was measured
by microplate reader at 595 nm. Each bar is the mean+SD for
triplication experiment. Different alphabets at each point show
statistically difference at a=0.05 by Duncan’s multiple test.
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Fig. 4. (A) Effect of Korean red ginseng extract on TEER of Caco-2 cell monolayer. TEER value was monitored for 96 hr after Korean red
ginseng extract (20 pg/mL) and B-lactoglobulin (20 pg/mL) as a control were applied to the apical side of a Caco-2 cell monolayer. (B) Effect of
the concentration of Korean red ginseng extract on TEER of Caco-2 cell monolayer. TEER value was monitored for 96 hr after Korean red
ginseng extract (13°C, 130 pg/mL) were applied to the apical side of a Caco-2 cell monolayer. (C) Dose-response relationship between Korean
red ginseng extract and TEER value of Caco-2 cell monolayer. TEER value was monitored at 24 hr after treatment to 0.2-200 pg/mL of Korean
red ginseng. Each bar is the mean+SD for triplication experiment. Different alphabets at each point show statistically difference at a=0.05 by
Duncan’s multiple test. A statistical analysis among TEER values determined at the same culturing time was performed.
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Fig. 5. (A) Effect of fractions for low molecular weight compounds, polysaccharides, and non-sugars on TEER of Caco-2 cell monolayer.
PG1 (<1 kDa, low Mw. compound), PG2 (>6 kDa, polysaccharide), PG3 (ca 6 kDa, non-sugar), PG5 (>100 kDa, polysaccharide), PG6 (<3 kDa,
low Mw. compound). (B) Effect of fractions for proteins and saponins on TEER of Caco-2 cell monolayer. (C) Effect of polyphenols fractions
on TEER of Caco-2 cell monolayer. TEER value was monitored for 96 hr after each fraction (2 pg/mL) was applied to the apical side of the
Caco-2 cell monolayer. Each bar is the mean+SD for triplication experiment. Different alphabets at each point show statistically difference at
a=0.05 by Duncan’s multiple test. A statistical analysis among TEER values determined at the same culturing time was performed.
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