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Preventive effects of Scutellaria baicalensis, Alisma orientale and
Atractylodes japonica mixtures extract on Interleukin-6-induced
intestinal tight junction dysfunction in Caco-2 cells
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ABSTRACT

Objectives : This study aimed to investigate the protective effects of mixed extracts from Scutellaria baicalensis Georgi,
Alisma orientale Juzepzuk, and Atractylodes japonica Koidzumi on interleukin (IL)-6-induced damage to tight junction (TJ)
integrity in a Caco-2 cell model.

Methods : We assessed the TJ integrity of Caco-2 monolayers by measuring the flux of FITC-labeled dextran and
transepithelial electrical resistance (TEER). Additionally, we evaluated the expression of TJ proteins, such as ZO-1 and
Occludin.

Results : Treatment with IL-6 (50 ng/ml) increased TJ permeability and decreased TEER values of Caco-2 monolayers.
Pretreatment with HTB (50-200 pg/ml) for 1 h significantly alleviated IL-6-induced TJ disruption, as evidenced by reduced
TJ permeability and increased TEER values. Furthermore, HTB reversed the IL-6-induced inhibition of TJ protein expression,
including ZO-1 and Occludin.

Conclusions : These findings indicate that HTB protects barrier function by reversing the IL-6-induced decrease in TJ integrity
and the suppression of TJ protein expression.

Key words : Scutellaria baicalensis Georgi, Alisma orientale Juzepzuk, Atractylodes japonica Koidzumi, interleukin-6, tight
junction, intestinal permeability
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Figure 1.

Effects of Scutellaria baicalensis extract (WESE), Alisma canaliculatum extract (WEACQC), Atractylodes

macrocephala Koidz extract (WEAM), and mixer extracts (HTB) on cell viability in Caco-2 cells. Cells
were pretreated with various concentrations of WESE, WEAC, WEAM, and HTB for 1 h and then treated
with 50 ng/ml IL-6 for 24 h. Cell viability was determined using Cell Counting Kit—8. Cell viability is

represented as a percentage relative to the control.

2. 33 FEE(WESB), "HA FEE(WEAO), #HE
FEE(WEAM) 9 EJFEE(HTB)9 Caco-2 AlZ
&39] paracellular permeability ¥ TEER®] ©]X]+&=
FF
WESB, WEAC, WEAM % HTB7}

ol Pl FTF, = BAYY] Tl digh

lst7] QI8 FITC-dextran (FD-4)°] A

AFHo|| A MR o]53l= paracellular transport

2 FdE AU 50 ng/mL IL-6

Za]o] wha} FD-49] Zho] Zlete AL selgion,

WESB, WEAC, WEAM % HTBolA IL-6°] 2J3}

mzAHS B}

Z] =

o L of md
U ofv ofh
tu 1o o

124

S7Fst permeability’t 5k SJEHOR TAsStE AS

= T A=
gelstglet (Fig, 2A-D). 1 & 23}t 28<1 HTB7} ¢
=2 permeabilityE AAlote A7 HE ATt (Fig. 2D).
&St [L-65 AHZ§t Caco—2 AZEofA wWztAHeo
integrity S &<15t7] 93] TEERS &A%t A}, [L-69]
oaf Zrag AZIHFAo] permeability A ZAuke}
AA5HA HTBel ool fojHoz 3&EHe= ZS
stolstqltt (Fig. 2F). ©]2 Edlg HTBO AAg7t
WESB, WEAC, WEAMef H|g] IL-6 A& <Igh
UZAFL]  integrity TAE dWols TYol ©

Holuths ¢ shlstar.



274 9] 491

: Caco-2 AIZEAA Interleukin-62 Fgt WHAH 7)5 Aoflo] tigt I, =AL W& & FE8C

o g

A FEEL

Kim er al, Preventive effects of Scutellaria baicalensss, Alisma orentale and Awractylodes japonica mixtures extract on Interleukin—6-induced intestinal tight junction dysfunction in Caco-2 cells

2004 200

s
o1
=3

1

s

(4]

il

100+ 100

{% of controls)
{% of controls)

Dextran permeability
2
1

Dextran permeability

£
<
1

0 -
WESB (ug/ml)

0_
WEAC (ugimi)

[

g 50 100 200

50 ng/mi IL-6

D

2004

b

v

<
1

400+

Dextran permeability
(% of controls)
b
<«
1

-l

HTB{ugiml) 0 0

50 ng/mi IL-6

50 100 200

C
200+
#iH 2
S 0 150
ES = § %
g g 100
£%
£ R
:(,v 50_
o
0_
¢ O 50 100 200 WEAM (ug/mi) © 0 50 100 200
50 ngimlIL-8 58 ng/ml IL-6
E
120
106
F 80
o
£ 60+
<
X
c 40
20
-
HTB {ug/ml) ¢ @ 50 100 200
50 ng/mliL-6

Figure 2. Effects of Scutellaria baicalensis extract (WESE), Alisma canaliculatum extract (WEACQC), Atractylodes
macrocephala Koidz extract (WEAM), and mixer extracts (HTB) on intestinal barrier function in Caco-2
cells. Epithelial paracellular permeability of (A) WESE, (B) WEAC, (C) WEAM, and (D) HTB.
Transepithelial electrical resistance (TEER) of (E) HTB. Intestinal barrier integrity was analyzed using the
TEER value, and paracellular permeability was determined using a nonabsorbable FITC-conjugated
dextran probe (FD-4). Cells were pretreated with various concentrations of WESE, WEAC, WEAM, and

HTB for 1 h and then treated with 50 ng/ml IL-6 for 24 h. The results are represented as the mean

+

standard error of the mean of three independent experiments. ###p < 0.001 versus the control group;
*p < 0.05, **p < 0.01, and ***p < 0.001 versus the IL-6 treatment group.
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Figure 3. Effects of Scutellaria baicalensis, Alisma canaliculatum, and Atractylodes macrocephala Koidz mixer

extracts (HTB) on tight junction protein expressions. Densitometry was performed to quantify the mRNA

expression of (A) Zonula occludens (ZO)-1 and (B) occludin. mRNA expression was measured by
gRT-PCR. GAPDH was used as the mRNA-loading control. (C) Representative protein expression of
Z0-1 and occludin. Densitometry was performed to quantify the protein expression of (D) ZO-1 and

(E) occludin. Protein expression was measured by western blotting. B -—actin was used as the

protein—loading control. The results are represented as the mean * standard error of the mean of three
independent experiments. ##p < 0.01, ###p < 0.001 versus the control group; *p < 0.05, **p < 0.01,
and ***p < 0.001 versus the IL-6 treatment group.
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