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Objectives: The aim of this study is to investigate anti-imflammatory and protective effect for
intestinal epithelial cells with Atractylodes macrocephae (AM), a traditional Korean Herbal

medicine and fermented Atractylodes macrocephae (FAM) with Lactobacillus plantarum.

Methods: HCT-116 and Raw 264.7 cells were used in this study. Using NO assay, we measured
lipopolysaccharide (LPS)-induced anti-inflammatory effect. We measured permeability of
intestinal epithelial cells with transepithelial electrical resistance and horseradish peroxide flux
assay. Water soluble tetrazolium salt assay was used to see cell proliferation. All the results were
presented in mean and standard deviation. We used Student's t-test for analyzing significance of

results.

Results: In Raw 264.7 cells NO production decreased 22.4% with pre-treatment of AM and FAM,
especially with FAM in high concentration. In HCT-116 cells LPS-induced intestinal permeability
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had a protective effect with both AM and FAM, which was also tend to be proportional to the
concentration. Cell viability increased up to 135.52% after treatment of high concentration of
FAM in HCT-116, while there was no significant change in Raw 264.7 cells with herb treatments.
Conclusions: These results show evidence that AM, especially fermented ones, significantly
reduced intestinal membrane permeability. They also had a protective effect as well as an
anti-inflammation effect for HCT-116 and Raw 264.7 cells. This suggest that FAM may be a
therapeutic agent for Leaky gut syndrome by reducing intestinal permeability.
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1) A E
Human Colorectal Carcinoma cell linel HCT-1164]
I A ZF2FY(KCLB, Seoul, Korea)of Al B3 Hto}
ARt Al EaFe McCoys 5A medium®l] 10% FBS
2} 1% penicillin streptomycin®] -2 A& AF8-5HAT
Macrophage cell lineQl Raw 264.7 M= =A| 2+
23 (KCLB, Soeul, Korea)oll4] £ Hto} ARgsh{ct. Al
%2 Dulbecco's modified Eagle's medium (DMEM)ef|

10% fetal bovine serum (FBS), 1% penicillin strepto—
mycin®| T vj2) S A&t

2) MIZH{Y

HCT-116 Al2Z£+& CO; incubator 37°C, 5% CO,, 90%
humidity©] Z75tolA 2o §F ¥4 oS HpAto]S
o AEZEST o] =EslH-S ul phosphate buffered
saline (PBS) 2.2 AEZE A3t & trypsin-EDTA §H©
2 A AZE B2t H 1,500 rpmoll A 58 F9F 94
wejoto] AEE Be & Alzet vz E Z9tsto] At Hf
&Foto] AHg-SHT.

Raw 264.7 A Z+= CO, incubator 37°C, 5% CO,, 90%
humidity®] Z735te|A 2o gF HA vijFHS Hpfto|F
o A Z237t H o] =2etgle wizhA] viefstalet. Al
EPE o] =Eot9S o PBSE AIZE Al &

Hzbel Al2E 2t F 1,500 rpmollA
Sto] Ai2E e & Alaet vz & &9t
sto] Al v eFsto] Ahgskant.

scraperg ]3] F
5 B YR

) FE= L L= HZ
& 2T Fodcty A Yo= T AEE

Ll =
sith WlE FEE2 250 ml H|AY #E B 30 g,
Lactobacilli MRS broth 150 mlE 3d7}sto] /2%(15~
20°C)ellA] 30+
o]-8ste 70°C, 70 rpm
At

7} sonication$t F, shaking water bath&

2795} 3417 Bt A% &3}
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WE FE2E2 WE FE5S autoclaveste] 121°C
oA 1587t BAXl & A2oA F835] A5l Lacto-
bacillus plantarum< 2x10" CFU/ml7} ¥ &2 %5}
24X7F 5%t 37°CollA] incubationA]Z1 & 3,000 rpmoll Al
5% & YAEEsto] @2 S-S 0.45 um filtero] o
et & Adde] o] g5ttt RE AL HIFEETt 717
50 pg/ml, 100 pg/ml, 200 pg/ml, 400 pg/ml7}t HE= A

g2 Astoc

(o3

N

ey

1) Nitrogen monoxide (NO) AlAJ&f

voFl W] NO %+ Griess Reagent System (Pro-
mega, Madison, WI, USA)2 o]-&5}o] ZA 519t

Raw 264.7 A|ZZ 24-well plateo]] 5x10° cells/well 2
=% % 0.2 pg/ml LPSE A2 skqleh. 3A17F &<t vk

(¢}

T HH(0, 50, 100, 200, 400 pg/ml) Hi=E 2 HrEul
22 Ask 24417 B HfFGL) e & Fo WE

N

Ve ulES WA At & A7 Feb HjFet o)< 0.
ug/ml LPSE A 2|5t ct, A ZrfQF Ad=o8-S- 96—well plate
ol 50 pl® Y1, Sulfanilamide solution, N-(1-naphtyl)
thylenediamine dihydrochloride (NED) solution& 242t
50 p# H7ksto] 10271 2ol A ¥HSAIZH. 535k
A2 UV ELISA microplate reader®2 540 nmol|A] S}
NO| s BFEF42 ol-&ste] v o] NO 5=

£ 24sto

OTI |V

2) Transepithelial electrical resistance (TEER) &%

HCT-116 MZE 24-well cell culture plate with poly—
carbonate and PET membranes, 0.4 um Millipore,
Billerica, MA, USA)9]l 2x10° cells/wello] EE=Z2 &}o]
400 pl& B30, receiver plate (basolateral)ef= 800
ulo] BjeFeul-g Yoy 37°C, 5% CO, vigF7]ollA] 2447
&<t overnight @ & BFSIGIT,. o]% W& Bl IguwEs
L0, 50, 100, 200, 400 pg/mDE 150 pl¥ A5kl
240121 WeFsieiTt. AR £ 3718 s Sl
10 pg/ml LPSE- 2} 150 W& A2 gt A58 AIZPE(Q, 3,
6,12, 24 h) 2 7 ot FapdS st

filo
;
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2 Aet Eapde Millicell-ERS (Millipore, Bedford,
MA, USA)E ol-&sto] S4stalom, 7t A9 2719 well
e S Bt o= Fotsint. A3k LPS A2lE 5HA
-2 Tzl tigh TEER Zho] Wehe(%) 2 e Qict.

3) Horseradish peroxide (HRP) £1t4 &H

HCT-116M2E]] LPSE H7IRE #] 24413F0] =& Al
o 71& #izxE AAT F PBSE AMHst3tt. ©]F PRSO]
100 pg/mle] =2 =<1 HRPZ 400 ul F7}skeh gt
AIZE E3F 37°C, 5% CO, Hig7]olA vigRt & receiver
plate (basolateral)e] HjZ]E PBSE °]-g3ll 1008] 34t
% 96-well plateof] 100 pl# F=5t%ict. ©]< HRP 7]

ol TMB SOL (3,3'5,5'-tetramethylbenzidine) 50 pl

8
2 Bte] oF 1087 Aol A g AIZIT §o10] Aol
219

=

=

HZ1 ™ stop solution (2 M HySO4) 50 plE gof 8-S
$AXA)Z1 ¥, UV ELISA microplate readerg ©]-83l 450
m2] mPgol A FFEE STt

=)

A EZAYEE& Z7L water soluble tetrazolium salt (WST)

£ olgd Ez-

9

ytox enhanced cytotoxicity assay kit
(iTSBIO, Seoul, Korea)E AHgsHtt. HCT-116 A|Ze}
Raw 254.7 AZZ 77} 96-well platec]] 1x 10° cells/well
o] Tz Ett 3 sy IawlES (0, 50, 100,
200, 400 pg/mh 2 7l 2417 F7t v sttt o9 well
10 ple] WST solutions H7Fsted 37°C, 5% CO, vi%¥
7104 2A17F F<F HESAIZ1 & UV ELISA microplate
reader® ©]-&3}9] 450 nm&t 1|91 600 nmolA S5
S8 24814 450 nmeA] 600 nm& M g Aok

5) AN

AAATE Bt (mean) T EEH 2 (standard deviation)
2 Ye it Cell viability, NO %4, HRP flux 42
3709] well AMESl S Botats AMESHLL, TEER
SAL & welld 53] S5t 11 5 794 = HelHE
3NE AEe) Be Fokth 94 AE2 Student's
t—testE AAI o AT 7H] {2482 P<0.05 7+

A AEs.
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95 GIke SIS S1ol Raw 2647 AE] B35
2z de) g EE LPSE Asiant. of o vz 2
WENEY] YFARATS 93] dF HEETE v
a1 91 LS8 912 9 o zect 4 el 3
A7 Foll Aelgt FO2 Lpre] ARE FPstrt. 1 2

Y= Fig. 10f e Qlct.

LPSE W& 9 drauiZo] oFA] A2jet (Fig. 1A)olA]
£tz LPSTHS AEeh IFEh BE AdToA
NO2| A/d=ko] @A A=t o] F 7P & Wk
Hl AL 400 pg/mle] FamES 22|t Folm iz
T} vlwsh 90.74%2] NOZ AJAstart. 1=t P>0.05
oo R (o Sl AtolE Kol ghgton FrolEA
2 7% E]h W= A] ohtet.
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Fig. 1, Inhibitory effect of lipopolysaccharide (LPS)-induced NO
production by Atractylodes macrocephalae (AM) and fermented
Atractylodes macrocephalae (FAM). (A) Drug treatment after 3 hours
of LPS disposure, (B) Drug treatment before adding LPS for 3 hours,
*Data compared with group without LPS, *Data compared with
control group, **P<0.05, #**P<0.01,
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2, WZ 5l wy wWEZ HIIH M2 Hu Fapg HIt
HE 5l dg WEo] A Bl Hiet avE 2}l
7] 18l HCT-116 A2 LPS AH2jobA] ek AlES o

Zgog2 AAsIct. TEERQ Wske-e (0, 50,
100, 200, 400 pg/mh= WME L HEHES A2t A
of LPS A& stof mf Alztatet thztof ofeth Wlia=
Histo] Fig. 29] 2715133 th. Percentage of control2 tf
=2} o] Attt

Percentage of control (%)=(TEER value/control TEER

value) X 100

TEER 3}9] ®3lE AwE A}, ARte] wheh 7%
percentage of control gt2 LPSTHS A2|gt oA BE
Aol ZHg @A A o™, Azt wet LPS ##
AN ZR A A= 99.36%, 3417 AT} A 90.75%, 6A17F 7
T Al 91.91%, 12413t 73 Al 89.06%, AAE=AIFS]
247 el A 89.66% 2 2t FHashe FolE Bt

LPSE A2et dd A&l A TEERS] S48 0E
A EH, WS AeE FollA 50 pg/mlE A25E =
101.17%, 100 pg/ml= 102.82%, 200 pg/ml= 103.95%,
400 pg/mlE AZe 4 103.18%2 FZolE2 < A
o2 A Fapdo] A AL & 4 AUUTE A
2 IgumEs AH2dt FolAx 50 pg/mloflA 102.01%,
100 pg/mlollA 103.46%, 100 pg/mlollA 104.66%, 400
ug/mlol A= 105.08%2 FEo|E2 0 & Aau o]
Aaskglot LPSE 1%t A5l dis) BHuFad Hed
= W] Hoff HauWlEoA FrojEH o= 7 =4k
ot 11 5 400 pg/mle] aMlES A2 gt oA 347t
] 100.46%, 6A17 A 104.58%, 12A17F2 102.93%, 24
AlZtoll A 104.80%= 717 di el thsll TEER gte] =7
Uehge,

HRP &34

www.jkomor.org 27



stk |oksts|X| H133 15, 2013

(A}
110%

* o .
105%
i
100%
95%
90%
85%
80%
75%
70%

LPS-  Control AMS0 AMI100 AM200 AM400 FAMSO FAM100FAM200FAM4O0

+LPS
(8)
110%

. ” o e
105% *
100% s

95%

90%

85%

80%

75%

70%

LPS-  Control AMS0 AMI100 AM200 AM400 FAMSO FAMI100FAMZ00FAMA400

+LPS

{e]
110%

105%

. o i i
100% i s

95% “

90%

85%

80%

75%

70%

LPS-  Control AMSO AM100 AM200 AM400 FAMSO FAM100FAMZO0FAMA400

+LPS
(0)
110%
105%

% L1 T
100% w T 7 o 7
95% ”
a0%
85%
50%
75%
70%

LPS-  Control AMSO AM100 AM200 AMA00 FAMSO FAM100FAMZOOFAMADO

+LPS

(E)
110%

105%

L3 “w
“w .
100% ki =
..
95%
HH

90%

85%

80%

75%

70%

LP5-  Control AMS0 AMI100 AM200 AM400 FAMSO FAM100FAM200FAMAOO

+LPS

Fig. 2 TEER measurements of HCT-116 cells in five different time
points, Results are expressed as percentage of control, (A) Results
measured at the starting point of the experiment, which is the time of
LPS exposure, (B) 3 hours after LPS treatment. (C) 6 hours after LPS
treatment, (D) 12 hours after LPS treatment, (E) 24 hours after LPS
treatment,

TEER: Transepithelial electrical resistance, LPS: Ljpopolysacchariae,
AM: Atractylodes macrocephalae, FAM: Fermented Atractylodes
macrocephalae,

*Data compared with group without LPS, *Data compared with
control group, **P<0.05, #**P<0.01,
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Fig. 3. Horseradish peroxide (HRP) flux measurements of HCT-116 cells
after 24 hours lipopolysaccharide (LPS) treatment,

AM:  Atractyloaes macrocephalae, FAM: Fermented Atfractylodes
macrocephalae, O D: Optical density,

*Data compared with control group, *P <0,05, **P<0.01,
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Fig, 4, HCT-116 cell proliferation in different time points after herb
treatments,

AM:  Atractylodes macrocephalae, FAM: Fermented Atractylodes
macrocephalae, O D.: Optical density.,
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Fig. 5, Raw 264 7 cell proliferation in different time points after herb
treatments,

AM:  Atractylodes macrocephalae, FAM: Fermented Atractylodes
macrocephalae, O D : Optical density,
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Fig. 6. RAW 2647 cell viability after 24 hours of herb treatment,

AM:  Atractylodes macrocephalae, FAM: Fermented Atractylodes
macrocephalae, O D.: Optical density,

*Data compared with control group, *P <0.05, *P<0,01,
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d5 ol T2 80| = WSl LGS A 59| 7Fsd=
A probiotics2A] F&w(L. plantarum)S FEste] &
BAA AEE Aokt 22 Ay A ASa W
=435S M7= B9 LPSE o84 FFdH
3t 9 A5S AT

NO+= A €524 iNOS I COX-2 5ol 93
AR = ASUAEA NOZF ) A= 4754,
T O A 721, FFH 2= AF, APt
A% Fute| A PAY 58 g6k "ok, o] b
202 Raw 264.7 M| Zo] LPSE €5 ot > Wie 2
IamES Aesto] @A RNE AS5tA st o
NO AAdfo] Aadhs A B & §o4 9= 2=
= 272 Eopgitt. Tey wWE 9 e iES Fhof wet
ARt & LPSE 452 XX Heole =S T4
2t A-Hoh NO /=l tigh Aa=o] o & AS &<l
o 4 QUQITh R METRS A2k oo H]of TawMES
A2t Foll A NO e Aaol Qlo] FrolEd o=z &
ot AP S ERlsklnh ol WE 9 HauEo]
HAA| o] et KO GVE 7| & Q= 2771 Hok

U AojAae] "W2E 9 (tight juction)& ©Fil U=
claudin} 22 a2 /o] |yt 7)A| =W Fikg

Sk

=
7t & A A9 AE AR 52 HFo &
AAZ1A] |22 TEER Zto] £715H] =1 v = 24
Eglgo] 275t A TEER ZHe 7H4sH Hct HRP

3 HRP B¢/l Brks A2 AAed. 2 Adeis
HCT-116 AlZo] 9% 9 Sauze drislo] aket 7,

o
LPSE “Fdutel] A= FEAIZTh 1 A58 TEER ¢
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e} %2 TEER 8 Mol REFO2 HaA7|E: 2o]
HUHTaNE B F7HI7IE 212 & 5 9A9ich HRP
Ebg oA o] UE U awEeld 2P e &
P Ueho] B2 2 SaNE R SrolENel 4F
o Apure] @Fwetz Qg Evbgwstel dis) Bok
THE ZHorhe 2 9 5 lglon, o] F MEuct wa

PFE GFUAZIA S T Aol B HolA] g Ao
[ ), TEEe] ST o] AUARS Hashe
I FRG AOR B 5 et

T IPgo] WAFIL Al A0 9191/l vk ©ol Al
o}, 9HH WST assay= W7ol w2Hth 549
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