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<SUMMARY>

<The purpose of study>

OThe aim of this research 1s to develop functional material for
intestinal health through ginger and cinnamon by extracting with
subcritical water

<The contents of study>

OEstablishing of optimum ratio of ginger and cinnamon extracts
through in vivo and in vitro experiment

Purpose & . . .. :
OConfirmation of the anti—-inflammatory effects of cinnamon extracts
Contents by in vitro experiment
OConfirmation of the protective effect of cinnamon extracts against
colitis to conduct in vivo experiment
OA study on mechanism of ginger and cinnamon mixtures
OEstablishment of an optimal and standard process of effective
ingredient extraction
OClinical study for functional material
OSetting standard benchmark and experimental methods using index
ingredient
OEstablishing an optimal extraction process for the purpose of mass
production
Results OI.nvestigation of the mechanism of cinnamon on intestinal health
improvement
OProduction of prototype with cinnamon as the main ingredient
OLicensing of the individual authorized health food material for the
purpose of recognizing effect of cinnamon extracts about intestine
function improvement
ODevelopment of functional foods related to the improvement of
intestinal health
ODevelopment of functional food with cinnamon extract as the main
ingredient
Expected : ) ) ) )
Contribution ODeveloping products using a variety of functional materials
Olncreased sales through entry into various distribution channels
OThe entry of cinnamon extract into overseas markets
ODevelopment of functional foods containing prebiotics and lactic
acid bacteria
Keywords Cinnamon Subcritical Intestinal Prebiotics Ginger
water health
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a) Subcritical water at 175°C
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Table 4: Value of global digestive health food and drinks market by region ($bn),

2009-13
Region 2009 2010 2011 2012 2013 CAGR 2009-13
Asia-Pacific 11.3 12.0 12.8 13.6 145 6.3%
Americas 26 28 2.9 3.0 33 6.6%
Europe 25 7 3.0 1 | 33 7.1%
Middle East and Africa 02 02 0.2 0.3 0.3 12.6%
Total 16.6 b F 44 18.9 20.0 214 6.5%

Source: Business Insights BUSINESS INSIGHTS
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Digestive health food and drinks market share
by ingredient (%), 2009-13

2009 2013

B Probiotics M Prebiotics Food enzymes

<ad 6. F A AF Are>

(i
ot
Jm
ol
N

A gFd #E e EFE 6do] #AAMEJoew, FREFEE“ Nutritional
701—

, MFaFel 24d=s T

A
supplements and methods of using same’ &3 =2 73 A

_22_



ot
oft
b
ot
aH
ofl
o

(7} Ginger extact
D JIAHERB : Shaanxi Jiahe Phytochem Co., Ltd
- Name : Ginger Extract

- Specification : 5.0% 10.0% 40.0%6Gingerols (Test By HPLC)
- Efficacy: Digestive system

@Baoji AoSen Bio—Tech

- GMP Certified factory supply Water Soluble Ginger Extract Gingerol Powder Gingerols
1%6-5%;

(4}) Cinnamon extact (http://www.best-dietary-supplements.com)
- Active ingredient: Cinnamaldehyde

- Color : Brown to whit
- Specification : 5 %-30% ( Test method:HPLC/UV )
- Packaging : Aluminum foil packaging within 5 kg or 25 kg/ bucket
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AFrEade= NO, IL-8, IL-6, PGE2E <lste] vlastgl o iNOS, COX-2¢ mRNA
BAFE FARY L. EF NFBY B MAE 9FE I 43498

Proinflammatory cytokines cocktail?l IL-1B8, TNF-a, IFN-y, LPSE proliferative ol
A+ Caco-2 cell linedl AHE3AS o o] IS5 2EdHE % 542 NO9 PGE29

& H 6-shogaol, 6-gingerol #]
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FAS v v oEHoz FrhE NO % PGE29 Aol #oaA #Aade AL g9l

g AR NO9 B PGE29] Aol wls] "WzstA S7HE A= Fov fo42

cocktailell 93l 7= a1 FEE % F8 AHEE2 6-shogaol, 6-gingerolel 23] <
7,

w7
How agel FoE. (1Y

MNO(griess reagent)

2 HUDUDDUUD

(=)
Eregeol 9 I8 ik
SRa 08 sl
Bhogae! | umiet
Gangesel (35 uwinf +
Gingers! 0.3 o't
Gangenet 1 el

Mibe (uM)

Garegat 26 waiml
Ciimgme 50 wmrnd
Gangar 100 aaful

<a¥y 7. A7 FEE, 6-shogaol, 6-gingerol =4 NO &4 A 3>

Ginger 25 ug/mé
Ginger 50 uz/mé
Ginger 100 uz/mé

2500000

2000000

1500000

1000000

500000 I '
Cytokine® 200 = - - - L -

Shogaol 0.25 pz/mé - - - - _ _
Shogacl 0.5 us/mt - - - _ _ _
Shogacl 1 us/mé - - + - _ B
Gingerol 0.25 us/mt - - . . _ _
Gingerol 0.5 us/me - - - . _ _
Gingerol 1 us/mé - - - - _ _
- - - - . -
- - - - - +

<Y 8 A7 FEE, 6-shogaol, 6-gingerol 5= PGE-2 A #] &>

o] 9o %= Caco-2 celle] AAdst= 954 chemokine?! IL-8% AFA Ale]lE71Sl IL-69
A FE 2138t 2. Proinflammatory cytokine cocktailell ¢]& IL-6, IL-82] F=°] £ 9
sHAl F7hstdar A7 FEE, 6-shogaol, 6-gingerol 2% FEoFEZ o7 [L-8 IL-69
FAL.(299, 10) °]# 3 &3 proliferating A E ¥ olye} 237 9859 21Y

S MR A E FdeA AL 7 ANF.(ZHEIL, 12)
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hogest 1 el - - - - - - B - - -
Gingeni 0 25 el . . . . . + . " - .
Cangeesi 0.8 'l - - - - - - i E Z =

e ¥l ci 2 - N - - + i - -

G 28 iafsl . . . C a C p F . i

Gnger 80 el - - - - - - - - . . +
Qnger 100 wefut . . . B . B . . . H +
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ol 9FA cytokineE<S #HAFelzFel NF-kBe &A3te] o&f Z7lE. 2 dAFoAs=
prolierating cellS ©] &3} cocktail 2] Ao} AHAFEE Ag A9 NF-xB &4 vl
3 Ay ASAHEHEEY F7Fel #o] NF-kBe Aol Frlsly AAFEEES9 g A
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<9 13. 7% F&E, 6-shogaol, 6-gingerol =3 NF-kB &4 A3 >
T3 NF-kB @43 Z3 =719 iINOS, COX-2 mRNAZ} o84 ZAaEE A 94
real-time PCR& &3l &<latA&.(1H14, 15, 16)
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FEEq
Q = =
FEvhy A& N aang | 2zes | anes | gy | TEF
L) volume ] . (%)
(g) (min) (C) (RPM) (bar)
(ml)
o Az =
(c;g; water | 300 3000 180 9% 200 Aot | 842
FAEZ 70%
e > | 300 3000 180 80 200 At | 1038
(CE-04) F7
olel A ==
t (C;)Jg water | 30 300 40 110 200 50 | 11.01

<3 5. AYY G5, 0% 74 2 obdA FEE >

oA F2
<y 28 A9 A5 9 ollA FF TARAN A= 4 FEE>

(4) F= & W& AYe Fo4E 4

A FE5EY FL2AFN= cinnamic acid ¥ cinnamaldehyde S©] o™, o2l
54 =4+ coumarine] Jtial &HA Uk A¥e F8 AWES HPLC(Agilent
technologies 1260 ifinity, USA)E &3 4% #48& ZHLS ZORBAX Eclipse
XDB-C18(250mm * 4mm, 5um, Agilent technologies, USA)S Al-g&3&t91om o]5Ae of
M EY E H(acetonitrile, A), 0.02% &4 oA EAHAqueous acetic acid, B)E& A8

Sigma(Sigma Aldrich Co., ST. Louis, Mo, USA)olA %3} cinnamic aicd % cinnam
aldehyde, coumarin ¢ ¥+%S 2474 WE2o =9 Img/mle T2 Axs F 0, 20,

40, 60, 80 pg/mLe HFE== 3|43 3 045um PVDF syringe filterE o]-&3] o 3}

rob
M

<
T
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Aol ARgstlal HPLC #4122 363 25

HPLC

Agilent technologies 1260 Infinity

column

ZORBAX Eclipse XDB-CI18,
250mm X 4 mm, 5 um, Agilent technologies

Column temperature

20C

(A) Acetonitrile

Solvent . .
(B) 0.02% aqueous acetic acid
Time (min) A B
0 10 90
Gradient 60 50 50
65 10 90
70 10 90
Flow rate 1 ml/min
Injection volume 20 ul
Detection 280 nm .
250 nm for cinnamyl alcohol
<HE 6. AY FaAE 242 919 HPLC ¥4 £4>

=] A=
$4% 2 H4EBA

7F4 =t} coumarin

A4 (CE-05) ¥ 70% ol &2(CE-04) % o}dA(CE-05) =+
3 ek HJAF ARE 7179
mg/g & 70% o<

=
g I FF0] 1227 mg/g o7 M B

= wE Ay FEEY #
ey, cinnamic acid 3§l H

FZo] 7b4 =9tow, cinnam aldehyde 3-8 ofdAS FE0]
o

.. mg/g
F=8 : ; . ;
coumarin cinnamic acid cinnam aldehyde
g 12.27£0.19 3.72+.014 47.78+0.06
70% o B2 22.03+0.78 4.13+0.04 52.36%x4.13
oA A 14.23+£0.18 3.77+£0.71 52.89+0.06

(A W

Al Felitel

<% 7.4y F4

A% 2 Bifidobacterium
KCCM32821, Lactobacillus acidophilus KCCM32820&
Clostridial Media (RCM, Difco, Sparks, NV, USA)uj A & o] &3
L. acidophilus= MRS broth (Difco, Sparks, NV, USA)d # &

R A An>

longum

KCCM11953, Lactobacillus sp.
AV83F B, longumy Reinforced
931, Lactobacillus sp. <}
=3t 37 C @714 =4

(BBL GasPak, Becton Dickinson and Company, Sparks, MD, USA) o2 ZXA3A|AH A}

&3
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(HdW Aol Aol mAE FF A
G Al Aol PAE e Abs

A A5 Abgstdd. A7 2 A FEE=S 7

mg/mL FE=% F7}3F Modified EG brothoﬂ G4 7l Zb o] Hujgds @%3}04 )
718 o2 37 ColAl 247 7F w3k 3 600 nmoll A O.D. (optical density)ES =74 3t

A
d
2
o
e
=
)
A
&3]
09
09
)
=
—t
=
D
o
9
=t
o
2
o,
I

(ThHAIZ ¥

Abgrel A A ER] Caco-2 AES} wh-29 A A E] RAW264.7 Al FE= =A%
F23 (KCLB, Seoul, Korea)olld +U3ste] AFE3E Caco-2 AlE+= 1% nonessential
amino acid (MEM-NEAA) (Gibco, Rockville, MD, USA), 100 U/mL penicillin-100
mg/mL streptomycin (Gibco, Rockville, MD, USA)¥} 10% fetal bovine serum (FBS)

0

(Biowest, Nuaille, Cholet, France)e] 3% Dulbecco’s modified Eagle’s medium
(DMEM) (Biowest, Nuaille, Cholet, France) WA & AF8&3}%1l, RAW264.7 AX+= 10%
FBS, 1% HEPES (1M) (Gibco, Rockville, MD, USA)<¢} 100 U/mL penicillin-100 mg/mL
streptomycin’t 3% DMEM x| & AF&3sith. Mxs 5% CO 2 37 T7F A5+
i 7] ol A Al ol

(2}) Co-culture system

Caco-2 A XEE 6-transwell®] 54 (apical side) (0.4 um pore size; Corning Costar
Corp., USA)ell 1x10° cells/well®] T == seeding &. AE vjx| = 2-3Uo)] 3+ HA w A
gom 219 FF wigE . RAW264.7 M X+= transwell®] 354 (basolateral side)oll
1x10° cells/well®] HT =% seeding 333, 48A17F w43} $ 2. 48A17F 3, co—cultureol A
Age iz 3ol o]—7] &) A LAY FEFES transwell FEH-o AHElgh 2gd
T =+ 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide assayS & 3l
AAsEAT. 24417F 5 2 png/mL LPS (Sigma-Aldrich, St. Louis, MO, USA)E transwell
Fo 5ol A glshal 48A17F &<t 37 Toll A W3

off

(v}) Transepithelial electrical resistance (TEER) =74

A7 2 AT FE5ES transwell A5 5ol A ste] 24217 wjgs & LPSE
71k Millicell® ERS instrument (Millipore, Bedford, MA, USA)E& o] &3}o] L
gat7] el 0A17F, A g ifri%ﬂ—a 05, 1, 3, 6, 12, 24, 48712+ W TEERS 743}
E3HE I LPS Agldl we 3% &}%3 7ol TEER #2 3wtz ow gz on,

(resistance) x cm? (surface area of the monolayer)= AlAFsh.

]_

ol

=2

=]
T

off
_>.L‘

28
o K
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(v}) Permeability =%

Transepithelial permeabilityi= Fluorescein isothiocyanate (FITC)-labeled dextran
(FITC-dextran; 4 kDa) (Sigma-Aldrich, St. Louis, MO, USA)¢] A% T3S =H5o]
gtolgt AEHo A Caco-2 AI¥XE T3 FITC-dextran (100 pg/mL)e] HF == &4

o 1 =AUt} =, FITC-dextrang &4l H7Fsta 4847 % =42 A= 300

ofNi

LA AH2L 96 well plated] %7 fluorescence spectrophotometer (PerkinElmer,
Waltham, MA, USA)E o]£-3}o] excitation wavelength 485 nm<} emission wavelength

535 nmolA FF=E AN S

(A Nitrite 3 954 Aol E7F] g &<l

Caco-2 A vjekd Wo nitrite % =42 Griess WS o] &3to] AA AL =
oS Wol 11,000 gollA 10&7F A8 & 5 100 uLet Griess reagent 100 pL&
e 3 o"Ss Ausle] 10837 WAENS. FF =+ microplate reader (BioTek,
Winooski, VT, USA)E Al&3te] 540 nmoll A =4899, sodium nitriteE ©] &3] #
=34 AAs] FdHS AAEAS. Griess reagent™ 5% phosphoric acid$t 1%
sulfanilamideE &3 % 0.1% N-((1-naphthyl)ethylenediamine) dihydrochloride & ¢
THoR  E3ste] A& AFTAe PGE, , IL-6, IL-8 % TNF-a <
enzyme-linked immunosorbent assay (ELISA) kitE AF&3dle] =439S, 2219 Afo

N9l RS EFEBAS EEFAES AESte] 450 nmol Al s

rlo wo

M2

P

(O]') RNA % % qRT-PCR

& RNAT= TRIzolS AH&3to] widd AlZ =z 53 AlZol TRIzols 2& %,
5% Eroﬂ FERESS HUIetA 7] olaZRAEY T3S s. RNA-to-cDNA Kit
E ALgsle] IHAIHOo®E cDNAE 433 Step-One-Plus RT-PCR Al&®lo =
Universal Probe Library (UPL) probe W& AF83lo] qRT-PCRS #3905, RNAY

[e)
=]
[e)
=]

FA P Bractind] Fol e EEshahe] 20T WS ALgate] ANTRAE

e

o
o iy

(A}) NF-xkB &4 &<l
W dE Caco-2 A¥E Wel NF-xkB @A 2 nuclear extraction kitE ©]83}o] A ¥ ZHH

& FFtal ELISA kits AR&-ste] 450 nmeoll A &<lskel 5

(%}) Western blot
HlFE Caco-2 AIXE PBS® 33 A1#3% $ membraneol A wlojujo] 4lE e
pelletoll lysis buferE 7}ste] -20 CollA 208%<¢t ¥x31%S. 12,000 rpm o2
AR E 8t AE5de Zov B2 AT A BCA protein assay kits AM&
3}

S AFed . Gl E 30 uge 2xsample buffere] 23 90 TeollA 273+ &

o1

A
oot G

o K

ol
ol
A E

A?L_EL
>

}\
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10% SDS polyacrylamide gelel 7]9d% st #7195 ¥ SDS polyacrylamide gel<
polyvinylidene fluoride® transfer 3 ¥ 5% BSA %+ skim milkolA] 1A]7F <
blocking 3. 1% &A= 1:10002] H]&= 4 TolAl overnight 3t o™, = & TBST
buffer® 5%7F 3 washing 3t th 221 &A= 1:20009] B & & 3] A 3Fo] 24| 7 AF-2-of A
B2ZA 71 3 TBST buffer® 5%7F 3 washing 313 ECLE A 2] 3 membranes 42

o 1 X-ray flimel|l 7H3A1A @43+

(71 Immunofluorescence

Transwell®] &5 vldE Caco-2 AIXE PBSEZ AN 4% paraformaldehyde‘ﬂ] A
1587 1GAZ F AEE 0.25% Triton X-1002 10% S<¢F F34 A2 3 5% BSA
2 1A17F blocking 3t 5. BE ©HA Alele] Al E PBSE 33 AAsdoen AEE 13

FAZ 247 ek wjkE o 2xF AR IAZE s FZAISA . Transwelloll A
membranes #| A3t DAPIZF &5 o] = antifade reagentE & zlol= Zf2o] &3
5. A2 ofFE HoA 24A1 FoF WA & FEAHYoIAAMYEANH S ALEEH

AxE BE3 A+

(6) ov|As A
(7}) MTT assay S o] &3 Nadzxa g
Caco-2 AlZel A7 B ANFEEE ¥

< CON Ao} vl W 80% o4 AlE BEE&S Fste] o] AL 200 ug/mL

A7 ol et &3%=(GEE) 10 m
LacidophilusE 159 A% F2A A1, Aol A FE5E(GSE) 10 mg/mL A& &
1305 o 39, A9 L , Lsp.

F=&(CWE) 10 mg/mL A2t Lacidophiluss °F 54
2
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=
&

600 nm O.D.

"~ 1 18
I - o ®) . - o (©) -
== 0.1 mg/m L = 0.1 mg/mL 16
- 10 ‘mL . 1.0 mg'mlL
= 10mgml = 10mgmi 14
g 1 3
a g 1z
08 S o ==l
g g
B = os
= =
[—3 S 06
0 e =
04
02
00

GWE

GWE GEE GSE GWE GEE GSE GEE

a9 29. Effects of ginger extracts on growth of intestinal bacteria by modifed EG broth.

(A) Bifidobacterium longum,

(B) Lactobacillus sp., (C) Lactobacillus acidophilus. *

Significant different from the CON values by ANOVA followed by Dunnett’s test (p <
0.05). CON, control, GWE hot water extract, GEE 70% ethanol extract, GSE subcritical
water extraction

(th A F=E9 &d95 &4

A7FFZEE0] LPSol 938 Caco-2 AlE2] TEER #4aE JAT = A FAsA S
LPS A2 % 24X%F 58 TEER #tel fol# Afol7b Hol7] AlAbs| A 484]7to] 7 7}sf
RS Wl LPS AHzltol A Adgkel oF 32% FoatA #ashe g 4 A= (
a7 30(A), BAFEES 3= AAEFEE(GWE), AZotdA FEE(GSE), A7
Be3E5(GEE) o2 32

NO= AW Woj7le, Aaxdd, dasd 5o vt Bgrles 7ML o 83
S sy NO7F A ojato & A5 w o] Aol A3 peroxynitrite(ONOO-)7F A A =™
zA 0 dFs FEAIIA HY, E4, AR de] B AAE Ede FA 2 AAFEES
Caco-2 Ao 24A17F A2k & RAW264.7 Ao LPSE 48417 A2 s+ A3 LPS+ ol
A NO7F frolde=m Frtdlon, AAFEEAAA 4 (117 30B). A58 Aol E7kd
Q1 IL-69 IL-8¢] AP EE= LPSwolA F7tstlal, AAdFEEolA dasidion, Akl
geFEEY a7 7MY F2 3E Gl (® 30(0),(D)
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(A) 2000 (B) 0.05
1800
1600 0.04 *
1400 =
= =
o 1200 z
S 1000 2
o] £ o0
800 z
600
0.01
400
*
00
. 0.00 i
0 CON LPS 100 200 100 200 100 200
0 10 20 30 4 50 60 GWE GEE GSE
taaE Sample (ng/mL)
©) (D) 013
0.16 =
3 20 S o
B %
2 2o
1
H £ 010
b1 B
-] 3 008
s 10 s
3 2 006
* 3 *
hd @
= 05 =004
0.02
0.0 0.00
CON LPS 100 200 100 200 100 200 CON LPS 100 200 100 200 100 200
GWE GEE GSE GWE GEE GSE

Sample (ng/mL) Sample (ng/mL)

¥ 30. (A) Time course of TEER value, (B) Concentration profile of Nitrite, (C) IL-6
production, and (D) IL-8 production. * Significant different from the LPS values by
ANOVA followed by Dunnett's test (p < 0.05). CON, control; LPS, lipopolysaccharide,
GWE hot water extract, GEE 70% ethanol extract, GSE subcritical water extraction

& del OD. ¢t Hluske] yerd. Ay

FEES IS qAAAA W Fele] A GAFEE SAHI A FEE ¢
& 58S dF9 AFol FUkste] RE FEE9 10 mg/mL Aol & 0D
el (2" 3D, FHFgre 42 ZE Ay FEEAA 9. AvdueFEE
B.longum, L.sp., ¥ L.acidophilusE 3

(CEE) 10 mg/mL A g2 iz Bustsls o
W A SAAzleH, Avetd A F+E=(CSE) 10

=(CWE) 10 mg/mL A 22 29 &

=

g/mL AHg+& 254, AYdFEFE

FANNE AS HARAS.

4 — — f
(4) - cON ®) - m— © * - oy
== 0.0 mg'ni . : T =3 0.1 mgmil
* =3 0.1 mg/ml
10 me/ml ity 10 meml
5 = 10 mg/mL . = 10mginl : =1 10mg/mL
2 : 3 %
a o . &
=} s = =]
£ : F) g
= E . =
= =
S =4 =
Zz z Z
1 1 % 1
"
o o - o
CWE CEE CSE CWE CEE CSE CWE CEE CSE

a9 31. Effects of cinnamon extracts on growth of intestinal bacteria by modifed EG
broth. (A) Bifidobacterium longum, (B) Lactobacillus sp., (C) Lactobacillus acidophilus. *
Significant different from the CON values by ANOVA followed by Dunnett’s test (p <
0.05). CON, control, CWE hot water extract, CEE 70% ethanol extract, CSE subcritical
water extraction

_66_



LPSo] 93t Caco-2 AE¢ TEER ZA2E AT
TEER =4 A%=, LPS AHglo &) AEe TEER ko] f92 oz 7Aasits AS 2
2]

X
)
rr
N
g
e

32). 48A1%ke] A¥etle Wl LPS AHeollA TEER el wixarel H] &

oF 25% AL ¢ 7#AgS s (29d 32.(B)). LPS A&7l Caco-2 A X9 tight
junctions &A= S EAT = Aoy vidHe A9FEE dA8+= LPSE 7

48 TEER @l #4E A AnFEE Adee gren wxsig o se

TEER #<S YEHA o (p < 005 (¥ 32.(B) AFotdA FE2(CSE)e] AlddF
== (CWE)# AT && 5% (CEE) Bth ¢kt %2 TEER #-& YE.

3t FITC-dextran® ©o]&ol "X+ A3ks &<2lsl7]
8] FITC-dextrans A 2]3tal 48413t $-of #HZ3AS. 18 32.(C)ollA] Hol= upe}l Zo

of

Ay FEE0| tight junction$

LPS Aol 4] FITC-dextran flux7b ¢F 159 7t lov A9 FEE Ag oA LPS
g & ¢l FITC-dextran flux7} iz v =814 2429 .(p < 0.05). Al et L&LF25

100 pg/mLZ A g oA 7Fg @& S FAg (2 32.(0)).

(B) (©

1400 1000000
1200 e f e 5
b odm b lE L ol
1000 = bt E .
= ¢ [
2 600000 d d
e 500 s z b Lo
:
G e = w0000
i
400 =
200000
200
0] 4 0 : 0
] 10 b 3 1] L s [ o A T s - ¥ A Y A
Con LIPS 25 50 100 I5 50100 25 50 100 Con LIPS 25 50 100 25 50 100 15 50 100
Hour CWE CEE CSE CWE CEE CSE
(pg/mL) (pg/mL)

a9 32. (A) Time course of transepithelial electrical resistance (TEER) value, (B)
protective effects of cinnamon extracts on TEER value at 48 h, and (C) FITC-dextran
flux. Different letters above the bars indicate significant differences (Duncan’s multiple
range test; p < 0.05). Con control, LPS lipopolysaccharide, CWE hot water extract, CEE
70% ethanol extract, CSE subcritical water extraction

Co-culture oA A¥FEHEo] LPSE Fx% NO A H GG nx=x Lol 7]
?18l 2 pg/mLe] LPS A2 F NOE #3549 A=
Zo| W&t nitrites oF 308 AE F7EAZI(2E 33) vbdE AV FE
F29 nitrite A FS F2AZHOH, PGE, % AVFEE AN F
23Hp < 0.05). NltrlteQ} PGE, 239} H]$238HA4] iNOS$ COX-2 mRNA @3 ZHe A o]
=5 AgTolA ZasA=d(p < 0.05), LPS Aol iNOSe COX-2 mRNA 4%
=] stk Bl 91:2: ul oF 3uje} 14w) A= F7FE whd A Y FEELS 100 pg/mLelA o
Zw 3 v =EtAY 9 v BE S YL
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sé ed cd ; 20 4 T g
£ 4 ¢ 3 cd
= B 15 : be
= =) b.e T be
~ 10 4 - b
10 s
B 5 b
: |—|
o [ 0
s - * ' o+ 4 PO . i - » + + 4 oo ' o
Con LPS 25 50 100 25 50 100 35 50 100 Con LPS 15 S0 100 25 50 100 25 50 100
CWE CEE CSE CWE CEE CSE
(pg/mL) (ng/ml)y
(C) D) -
z ¢ = 0
g €, a
b= a =
E B L] < s =
g £ L
= M
= o) d
g £ * o1
- ¢ «£
z T 4 g v a o
2 | g ; & cd cd
= d
i b.d A o
=} g b.f s b
Z ! bf 8 ., 1
H ’llll_l £ o H
= Z 2l 0 b b
= |‘"| %
& o 30 5] [l [
T n s o+ 4 o+ ok o4 4 * + + + o + + +
Con LPsS 25 50 100 25 S0 100 25 50 100 Con Lrs 15 58 100 25 50 100 25 50 100
CWE CEE CSE CWE CEE CSE
(pg/mL) (pg/mlL)

a9 33. Concentration profile of cytokines and relative mRNA expression levels of the
genes. The levels of (A) nitrite and (B) PGE, were analyzed from the collected culture
supernatants using commercially available ELISA kits. Relative mRNA expression profiles
of (C) iINOS and (D) COX-2 were measured by qRT-PCR as described in the experimental
procedures. Different letters above the bars indicate significant differences (Duncan’s
multiple range test; p < 0.05). Con control, LPS lipopolysaccharide, CWE hot water extract,
CEE 70% ethanol extract, CSE subcritical water extraction

A FE=o] AUl 953 #dE & Ao E7Sl erolr 7] 3,

JFE A=A

A~ == O

IL-6, IL-8, ¥ TNF-a® F+& #2413 INOS¢ COX-2 A9 wYUatA, LPS= Q3] 4
< AelE7E]l el @yt mRNA 2@ o] Frhstloy AvFE=2 olHd IL-6,
IL-8, 31 TNF-a®] &3 mRNA 2] S7HE vk 4o FaAHev(p <
0.05) Al 7HA F== T AveldA FE&2 237t 7}% THE. (2" 34).
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a9 34. Protein and mRNA levels of pro-inflammatory cytokines. The levels of (A) IL-6,
(C) IL-8, and (E) TNF-a were analyzed from the collected culture supernatants using
commercially available ELISA kits. Relative mRNA expression levels of (B) IL-6, (D) IL-8,
and (F) TNF-4 were measured by qRT-PCR as described in the experimental procedures.
Different letters above the bars indicate significant differences (Duncan’s multiple range
test; p < 0.05). Con control, LPS lipopolysaccharide, CWE hot water extract, CEE 70%
ethanol extract, CSE subcritical water extraction

A% NF-B A4k oAl dist 2318 B7hsh7] 98 NF«B 242 549
LPS A2 ol NF-xB 24& thzzol sl o o) 4% 374 vl ANFEEe &
o] o= NF-kB €4&
Aol eeFEE wrh ¥ £ BRI e A2 FAR(Y 35).

12
Y
_0|L
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rlr
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Xl
=
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o
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e
X
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e =
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= 10 4 b
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o B4 f f
- cef of Ry
=
é' o c.d
£ d
e« 4
= a
;’ a
.. | ; ﬂ
, Ll
s - + + + + + + 4+ + + +
Con LPS 15 50 100 15 50 100 25 50 100
CWE CEE CSE
(ug/mL)

a9 35. The effect of cinnamon extracts on NF-xB activity. NF-xB activity was
quantified using an ELISA kit. Different letters above the bars indicate significant
differences (Duncan’s multiple range test; p < 0.05). Con control, LPS lipopolysaccharide,
CWE hot water extract, CEE 709 ethanol extract, CSE subcritical water extractiNn

_69_



(vp) A3 ool A FEE° NF-kB pathway A9} tight junction 723} &3}

Hzy vwgdS w, LPS g dtolA JNK, NF-kB, IKKaB, ¥ p38SMAPK®] <1437}
748 AvoldA FEES AP A9, LPSE #fE%9 JNK, NF-«kB, IKKap, %
p38MAPK<®] &Ao] JAHJeH(p < 0.05) (¥ 36), AFotdA F=EE 100 pg/mL-
)z 3 v S8kl JNK, NF-kB, IKKaB, ¥ p3SMAPK®| ¢latst2 7H4aA17.

@

C

L

N — -~
INK R S

p-NFkB . —

p-INK/AINK (vs Control)

p-NFxB/NFKB (vs Control)

NFKB Bt — — ¢ —

CSE (pgml)

pKkep Pl e (O) D)
— 23 = 6
IKKap —_— = - . —— g E .
H o
s
P-p38 MAPK e —— — g . g
a 4.
PISMAPK e g
= @2
CSE (ugiml) = 2 25 50 100 i . 3 ]
Con LPS = %
&y
cox ips 23 50 100 2
CSE (g'mL) CSE (mg'mlL)

a9 36. The effect of CSE on NF-kB signaling pathway. Different letters above the bars
indicate significant differences (Duncan’s multiple range test; p < 0.05). Con control, LPS
lipopolysaccharide, CSE subcritical water extraction

AF ol A FE&E Ao wE Caco-2 AENA L tight junction®] WAUZFS &<lst
7] 918l, tight junction @ o] WHAFS At (2H 37). AlFetdA F=& 1

g/mLel A ZO-1, occludin, ¥ claudin-19] mRNA¢} @l & ake 23 Blugs
g fodoez F7ks(p < 0.05).
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Relative nlRNA expression (fold)

B & -
I —
_—

o

aa aaﬂa a

Z0-1 Occludin Clandin-1

(B)

ZO-1 R W g Sy ===

Occindin  ER == =P S=he =

Claudin-1 - S S— o —

b-actil e — D - —

Proteins/j-actin (vs Control)

CSE (ug/mL) . - 25 50 100
Con LPS Z0-1 Occludin Claudin-1

a9 37. The effect of CSE on the expression of tight junction proteins. Different letters
above the bars indicate significant differences (Duncan’s multiple range test; p < 0.05). Con
control, LPS lipopolysaccharide, CSE subcritical water extraction

Confocal fluorescent microscopy® &1st A3, AlFoldA FE=2 ZO-1, occludin,
o

i=:
R claudin-19] W9 EF F=E LPS Aol vl 72 As gAg.(2d 38).
CSE 100 ug/mlL

Z0O-1
Occludin

Claudin-1

a9 38. The effect of CSE on subcellular distribution of the tight junction protein ZO-1,
occludin and claudin—-1 in Caco-2 cells. Immunofluorescence images of control, LPS, and
CSE (100 pg/mL). ZO-1, occludin and claudin-1 (green). Nuclei are presented in blue
(DAPD).
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X 8. Box behnken design




9 0 -1 -1
10 0 1 -1
11 0 -1 1
12 0 1 1
13 0 0 0
14 0 0 0
15 0 0 0
<E 8 157HA 2o FE¥E AlY o AT FEE>
X 9. Box behnken desing
- independent factors : FE2%, F=AI TATE
- Levels : 3 levels (-1, 0, 1)
Factors Levels
Low(-1) Central(0) High(+1)
(X1)Temperature(C) 50 60 70
(X2) Extraction time (min) 30 60 90
(X3) Ethanol concentration(%)  0(DW) 35 70
Run X1 X2 X3
1 -1 -1 0
2 1 -1 0
3 -1 1 0
4 1 1 0
5 -1 0 -1
6 1 0 -1
7 -1 0 1
3 1 0 1
9 0 -1 -1
10 0 1 -1
11 0 -1 1
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14 0 0 0
15 0 0 0
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b A%, A9 BdEe] AU Ad S F3 24
A B3l gk Gl Mo &4 &35 F437] 918 Modified EG 94 A vl

Aol AT EdES vgHE A AHE 17 399 I%E}W?i‘jr FU Tl

B. longum®} Lactobacillus sp.i= &

ol zFolE YEFNA L, F3tel L acidophilusi=

HE2ZEEA zEy F9490 2o]E Yeld(p < 0.05). AAAT 250 A7:A T

S 10002 A3 Ay, FH 2 B longum, Lactobacillus sp. 52 A S-0]

Fin =

H| & ]
st AES el 593l L acidophilus® S fodor F71ep <

0.05). B. longum< A7::AS 7:1, 311, 1:1 2 15 B&dEoA Hj ASH &Ado] vt
Lactobacillus sp.= A7Z:A Y 51, 31, 155, 1:7 2 0:10 BgENA 71 =& A5 FA4S

=

wAom L acidophilusi= 75 A3 15 1:7 2 010 EgEoA A S e, A

AN B Ay H2A1tel B longum, Lactobacillus sp.2t L. acidophillus 52 A
& FXAHIL 53], 15 E3Eo]l A 7HA AU i AS5S BT HUE S Al
7= Ao w wzd,
®) ©
A cd g abed abe N b A ab 2
] J_ 4 bed ab ] i 5 & ) i » o
4 o ] b b T i de g B
CE: o E 0 f
e ¢ § 5 % gu:—
H H 00 H H [0

CON 100 71 %1 31 11 13 LS 17 010 CON 100 71 %1 31 Ll 13 15 LT &0 CON W6 71 51 31 L1 L3 LS LT Gl

Ginger : Cinnamon Ginger : Clnnamon Ginger : Clnnamon

39. Effects of Ginger and Cinnamon extract mixtures on growth of intestinal bacteria

by modifed EG broth. (A) Bifidobacterium longum, (B) Lactobacillus sp., (C) Lactobacillus
acidophilus. Different letters above the bars indicate significant differences (Duncan’s

multiple range test; p < 0.05). CON, control
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() A H3dEe] dds5 &3
RBAT E3FEo] LPSel 93 Caco-2 22 TEER A& AT & dex
stttk TEER 54 A=, LPS A&l <3 Alxe TEER #to] ]

T S FAATH(LE 40). 48A1%Fo] A st W LPS A 2wl A

AE 7Aetda, tixzao vlal TEER #<2 oF 16% A% © TAAA(ZE 40. (B)
LPS 87} Caco-2 Al*E9] tight junctionS £=XAZITHE AL e = JdAd ¥
AZAAY B9E AAHEE LPSE a® TEER #9 #Hag oA A7:A9 111, 1:3

A 13 FEol 7

Hxw B o= TEER ol F7betsion, A
TS Z9E vErd (| 40. (B)).

A7AAE BEo] TJE T3 FITC-dextran® ol vlxe= J&FS stz 9l
FITC-dextrane # 2|kl 4841t F-of 2kt A3 Fig. 14(C)ellA Hol= npef 7ho]
LPS A2l A FITC-dextran flux’} ¢ 1.58] S71gh ey A4A Y B35 AT
o 5] LPS Ag]&2 A% FITC-dextran flux7} #HA% Aok AZ:A9] 31, 111, 133, 155 &
e gz FARE 235 BHojm (29 40.00)).

Co-culture oA A7ZAY H3Eo] LPSEZ FXZH NO Ao 9IS vAe=x &
olr 7] 9&l, 2 ng/mLe LPS AH# ¥ NOE 455 AE FZHA F43. LPS A
gt izl Hske] NOE o 408 A% F7HAI(Ld
= AYee LPSE =% NO A s daAzon, o 5= & A4AY 11,

1:559F 117 B3t=Eo] o 2w AAAA 7 £2 2395 YErd.

®)

(©) D)

600000 - 0.05
500000 4 = 004

400000 < c £
0.03 -2
a £ a 3 a a

300000

Nitrite (mM)

L

0.02
200000 4
c
0.01
100000
a
T T T T T T T 0.00 'l‘

0

FITC-dextran Flux

CON LPS 10:0 71 %1 31 L1 13 L3 17 010 CON LPSButein 10:0 7:1 51 31 L1 13 15 17 010
Ginger : Cinnamon Ginger : Cinnamon

I 40. (A) Time course of TEER value, (B) protective effects of ginger and cinnamon
extract mixtures on TEER value at 48 h, (C) FITC-dextran flux., and (D) Concentration
profile of Nitrite. Different letters above the bars indicate significant differences (Duncan'’s
multiple range test; p < 0.05). CON, control; LPS, lipopolysaccharide
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Fecal bleeding
Normal
Slightly bloody
Bloody
Severely bloody

Normal
Soft
Loose
Diarrhea
— 82 —

Stool consistency

Weight loss (%)
<0
1-5
6-10
11-15
>15

Score

¥ 10. Criteria for disease activity index
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29 WL Al PUNGSEE Agetel ARl Aol 10% FH T=wd
454 Brhe el el 2AEES Agetel 4

— | 1
AR AAg Z2e2 HAFS 9138 hematoxylin & eosin (H&E)S

(W) Myeloperoxidase (MPO) &4l &9l
g 2229 MPO &4 MPO &4 kit (Sigma-Aldrich, St. Louis, MO, USA)E A}

&sto] Frbetdla. ZFH A FAE SA4ST vs MPO 4 &9 ¥a #Hd7| =

Astgk & 13,000g01 4 10+ &<t AR s, AT HS ARESte] 412 nmolA F

TE5 =439S, MPO standardE AFg38te] EF=234S 2HA181e] sample?] MPO 4] &
A

3ttt MPO 42 units/mg tissue® XA SF

B

ofd

h A=A S lysis buffere] %L ‘ﬂfﬁ T 13,000g°1 41 10% st AAREE] A5
F

FEAS o] gsle] IL-18, IL-6, ¥ TNF-aE ELISA kit (Abbexa Ltd., Cambridge, UK)
e wep St Aol F daA shEke BCA 9w gk =4 kit

(o) g2 lA qRT-PCR =<!

% RNAT TRIzol& AFE3ste] wpg-2o tgiFz4oz2iE FES. dldz4o
TRIzolS Y3 5% o F2ZIYXES MUt 559 oAz S3AS

RNA-to-cDNA KitE AR&3dte] JHAMHO=Z  cDNAES @4 3skal  Step-One-Plus
RT-PCR A]2¥l© 2 Universal Probe Library (UPL) probe W< Al&3te] gRT-PCR
S W3 RNA Adld %e GAPDHO ol dls) mFslstel 24T wyg ALg3)
of Arkgl.

¥ 11. Primers used for qRT-PCR analysis in colon

Gene Forward Primer Reverse Primer
GAPDH aagagggatgctgcccttac ccattttgtctacgggacga
IL-18 agttgacggaccccaaaag agctggatgctctcatcagg
IL-6 gctaccaaactggatataatcagga ccaggtagctatggtactccagaa
TNF-a tcttetecattectgettgtgg ggtctgggccatagaactga
70-1 aaatcatccgactcctecgte cagttggctccaacaaggtaa
Occludin gtccgtgaggcecttttga ggtgcataatgattgggtttg
E-cadherin atcctcgecectgetgatt accaccgttctcctecgta
Mucin-1 ctgttcaccaccaccatgac cttggaagggcaagaaaacc
Mucin-2 gcagccacagatcccaaa gttggggtceccctgaagt
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AFol 7tk a, B45FE= 300 mg/kg B.W.2 500
6% S7tetAa HE AT vz v SzshA JEbE (2" 41.(A)).

DSS A F 7dEt vhg20 A5 Wsh Wl Y Wstel Wol It 449 =
A3t 24 A F(disease activity index, DADZ #H7}3F. DAI= DSS AFH do] A4
Zhet o, DSSw2 DSS A3 794 65822 YEEa, CONT2 0082
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Folat2 27 4074, 1.37, 283 098 o ® YEY Fodos MAaE(d

.

fru
o
o
ar

5% DSS AFAel o8 AYE gl F=d w2 S oA IR
(ileocecal junction)7}A1 9] WS A Este] WAFRE FE7HA Y dolE& FAHste] UE.
DSSw9] el dol= 79 ecm® CONv 94 cmell Hla] ¢ 16%7F F4% o] DSS 43
2 AYE dddel FEEJES sl AAFEE FoALe] W Holv 77
87cm, 9.1 cm, 183 9.6 cm® DSSwHT} o8 o2 AA yeh} digdde] F4o]
HEA S FAF.(29 41.(0),D)).
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g 41,

Effect of ginger extracts on clinical symptoms and colon shortening in

DSS-induced colitis. (A) Body weight was recorded simultaneously on the experimental
days; (B) The score of disease activity index; (C) DSS-induced shortened colon was
significantly ameliorated by ginger extracts; (D) Representative colons of each group. (* p
< 0.05 compared to the DSS group)

b Y FEE 4F F A9 2454 W

Wbk DSSE A @ vpes A e] 2AsA ARdA A4e w9 s o
=

A%E FAF(AY 2.(4). 4BFE
A

| (goblet cel)®] & hzxT# Hluste] Fasa-e(2d
e FE oEAHoR WAAMEI E/hEA ARFEE 500 mg/kg BW. Tl

A8 Aeys= 277 v aske] DSSEol A oF 1.
223 FAVEA B2 (a2d 42.(B). AREEEL zA 8
=

2N 7E A79E e 3, DSSTl A dAe sl

o]
dET b fAR 2aE Fag.

Histological Score

g 42,

CON DSs Ginger (100mg/kg) Ginger (300mg/kg) Ginger (500mg/kg)

(©

a
a a (
a,b = e T
1 T)
a.b L]
T b 3]
-
I 3
0
<}
(L]
100 300 00 100 300 500
Ginger (mg'kg) Ginger (mgkg)

205 DSS 5% DSS

Histopathological features of colons from BALB/c mice with 5 % DSS-induced

colitis. Hematoxylin and Eosin staining. Magnification 100 x (bar = 100 mm), 200 x (bar =

200 mm).

Ginger extracts effectively attenuated (B) histopathological changes and increased

(C) goblet cells in the colon with 5 % DSS-induced colitis.
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MPO @42 298 3ol 95 AE YFE @ 4 4
9} AL DSSel MPO A dizwel el 1.3 v Egton ARFEE Folie
DSSel ol =¥ MPO 245 FoAdo= AT (14 43)

-

=3

wn

4

a,c
a.c

MPO activity (units/mg tissue)

100 300 500

Ginger (mgkg)

5% DSS

43. Effect of ginger extracts on MPO activity in the colon of DSS-induced BALB/c

mice.

Abo] E7H1 9

& A FE= AF F M 954 g Gl
APl 2RSS B4 2

IL-1B, IL-6, TNF-a9} %<& 94354 )
g A5 Al EIRIS Ao ma whexo g d5S MAAE F deA oARE
240 IL-1B, IL-6 2 TNF-a9 #%2Z A %339

2. DSSell A IL-1B, 1L-6
HH ol Tt oy BAFEE
TNF-a9] ¥5%+& DSSw9 Fx9 vlust
aRT-PCR DSS #% np§-229] thgof
7] 9el e Aol ta FERS. DSSE IL-18, IL-6 2
mRNA #d 55 FostA S7HAH (19 44.(B)), o5 7247k <F 20 wf, 8 ] &
14 9 =7} 3tk AFFEEL IL-18, IL-6 2 TNF-a¢ mRNA %
FEH, IL6 2 TNF-a AFoA AAFEEL F5 o4 gas Bow AU
2 500 mg/kg BW. Fo]#& IL-1B, IL-6 2 TNF-a¢ mRNA 2&o] tiz3 AL

SAL B g 7S FA
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g 304 g g

2 £ = 16 4

2 2 B 144

& = -3

S 5 S 12

< - =

7 Z 10
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= ¢ 7
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2 ol = £ o - - —
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CON Dss 100 300 500
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a9 44. Effect of ginger extracts on inflammatory cytokines and mRNA levels in the
colon. (A) Concentration profile of IL-18, IL-6, and TNF-a; (B) Relative mRNA expression
profiles of IL-183, IL-6, and TNF-a.

wd dide] s dE AAFEES] TS FUrE FA(2" 45). DSSoll A
7Z0-1, occludin, E-cadherin, mucin-1, mucin-2¢] &2 2+7} 5.0 v, 1.6 uj, 3.0 5, 1.2
i, 283 14 ®f ZAFAed AAFEES i Futol A tight junction A 9
mRNA o2& F=5S A7 A% 500 mg/kg B.W. Foltol 4 ZO-1, occludin,
mucin-1, mucin—2© WET9 mRNA @& FHU 14 9], 24 ¥, 14 9, 228]3 1.6 uj
=xow(1d 45.(A),(B),(D),(E)), DSS«# H]wste], E-cadherine AdFE=+& 500
mg/kg BW. FofatolA oF 2 v 52 A& Howm.(1d 45.(0)).

i
o
i
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z

Relative Z0-1 mRNA expression (fold)

=

Relative Mucin-1 mRNA expression (fold)

E
_
G

ab

Relative Occludin mRNA expression (fold)

Relative E-cadherin mRNA expression (fold)

5% 100 300 00

Ginger (mgkg) Ginger imgke)

0, DSS 590 DSS .88

Relative Mucin-2 mRNA expression (fold)

Ginger (mz/kg) Ginger (mg'kg)

3 DSS 5% DSS

a9 45. Effect of ginger extracts on relative mRNA expression of tight junction proteins
in the colon. Relative mRNA expression profiles of (A) ZO-1; (B) occludin; (C) E-cadherin;
(D) mucin-1; (E) mucin-2.
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HE AT HEad vl szshA veba (2 E 46.(A4)).

DSS A3 79 st w29 Al Wk W] Puf waket o] 37 4420 A= w
2} A3 A A F(disease activity index, DADZ ¥ 7}35F1S. DAL= DSS A F#H o] X
T TG e, DSSw2 DSS A3 794 65802 YERa, CONT 2 0.08o=
UEtEth Agotd A FE55 Folve 247 404, 1.3d, 183 0482 YERY {94
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leocecal junction) 149 W& AEAA YYPE TEAAS AAE okl Ha
o} 16%7}
= ALY Aol FEHNSS FASAT. AT FEE T
o= 2

Z+7; 88cm, 94 cm, 718]3 98 cm® DSSHEU} £ 40
o] ¢3tEeS AT (™ 46.(C),(D)).
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9 46. The effect of CSE on clinical symptoms and colon shortening in DSS-induced
colitis. (A) Body weight was recorded simultaneously on the experimental days; (B) the
score of disease activity index; (C) DSS-induced shortened colon was significantly
ameliorated by CSE; (D) representative colons of each group. Different letters above the
bars indicate significant differences (Duncan’s multiple range test; p < 0.05). CSE
subcritical water extraction
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9 47. The effect of CSE on colonic histopathological changes. (A) Histopathological
features of colons from BALB/c mice with 5% DSS-induced colitis. Hematoxylin and Eosin
staining. Magnification 100X (bar = 100 mm), 200X (bar = 200 mm). CSE effectively
attenuated (B) histopathological changes and increased (C) goblet cells in the colon with
5% DSS-induced colitis. Different letters above the bars indicate significant differences
(Duncan’s multiple range test; p < 0.05). CSE subcritical water extraction
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MPO activity (units/mg tissue)

CON Dss 100 300 500
CSE (mgke)

5% DSS

9 48. The effect of CSE on myeloperoxidase activity in the colon of DSS-induced
BALB/c mice Different letters above the bars indicate significant differences (Duncan’s
multiple range test; p < 0.05). CSE subcritical water extraction
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a9 49. The effect of CSE on inflammatory cytokines and mRNA levels in the colon. (A)
Concentration profile of IL-18, IL-6, and TNF-4, (B) Relative mRNA expression profiles of
IL-183, IL-6, and TNF-a. Different letters above the bars indicate significant differences
(Duncan’s multiple range test; p < 0.05). CSE subcritical water extraction
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a9 50. The effect of CSE on relative mRNA expression of tight junction proteins in the
colon. Relative mRNA expression profiles of (A) ZO-1; (B) occludin; (C) E-cadherin; (D)

mucin-1; (E) mucin-2. Different letters above the bars indicate significant differences
(Duncan’s multiple range test; p < 0.05). CSE subcritical water extraction
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% 51. The effect of ginger and cinnamon extract mixtures on clinical symptoms and
colon shortening in DSS-induced colitis. (A) Body weight was recorded simultaneously on
the experimental days; (B) the score of disease activity index; (C) DSS-induced shortened
colon was significantly ameliorated by ginger and cinnamon extract mixtures; (D)
representative colons of each group. Different letters above the bars indicate significant
differences (Duncan’s multiple range test; p < 0.05). GCL 300 mg/kg B.W. of ginger and
cinnamon mixture, GCH 600 mg/kg B.W. of ginger and cinnamon mixture
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Ginger Cinnamen

(100mg/ke) (300mg/ke) (300mg/ke) (600mg/ke)

ab

Tl

CON DS Ginger Cinnamen GCL GCH

Histological score

%Y 52. (A) Histopathological features of colons from BALB/c mice with 5 %
DSS-induced colitis. Hematoxylin and Eosin staining. Magnification 100 x (bar = 100 mm),
200 x (bar = 200 mm). Ginger and cinnamon extract mixtures effectively attenuated (B)
histopathological changes. GCL 300 mg/kg B.W. of ginger and cinnamon mixture, GCH 600
mg/kg B.W. of ginger and cinnamon mixture

(b A7, 74]«4 e A5 5 diEelA MPO 249 w3t
I AFE Fdstr] & BrrskAdvi (g 53).
& dxzarit 13 ¥ Edu. BdFE<,
AYFEs 2 AGAINELGE Fojd 5 DSSa Bt MPO 245 A7 =d, A%

Fola Hu A FEs Folwd 2t ¥ Fhow, AvFEe FoALY A%
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40 4

MPO activity (units/mg tissue)

CON Dss Ginger Cinnamon GCL GCH

a9 53. The effect of ginger and cinnamon extract mixtures on MPO activity in the colon

of DSS-induced BALB/c mice Different

letters above the bars indicate significant

differences (Duncan’s multiple range test; p < 0.05). GCL 300 mg/kg B.W. of ginger and
cinnamon mixture, GCH 600 mg/kg B.W. of ginger and cinnamon mixture

(8h A%, A9 FEEe AA B3 & A4
e AY A% A A4 N 23 2 AN A8 Y AAA, FF AMGIE g ste] A
I @5 2259 7lsA aASE AE A2 AAsN e, ol AvFEES 9]
|3 AAF R JIAAEATS A= T
G ARAR 1EFA 2 BAY 8he 59 w5
(1) AP 2 2FE 4
b AEAE 94 24
el s ke M2 S A= cinnamic acid 0.03% ooz 7] E dgk 3
Al AAE Jom, A FEFES AFYE EE O FEF d5ol7] wid
cinnamic acidg ARFYToE HdAsto] =F A E So5to] A5 FTetrIE 243
cinnamic acid 54
Structural formula O
= OH
Chemical name 214 (cinnamic acid)
CAS number 140-10-3
Molecular formula C6H5CHCHCOZH
Molar weight 148.1586
Melting point 132-135TC
Solubility B S
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1.2 2417
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1
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% At 2 AL BAF
weba FEEC A4S EAIFY 807120% s HHLE sy o] Afole AHAA XYY
Aytel AV goermz BAAY F A4 04 mg/gs V=t aew A3
APAREAEAN (A2 287 ] = T st SAAAZ TR (F=7 |52 FA7-9)
s s
5 19 & 19 2HHE 3HHE
Lot No Lot No
Lotl 1.7 Lotl 3.04 3.06 3.02
Lo2 1.8 Lo2 3.29 325 322
Lot4 05 at 3.14
Lot 05
Lot6 04
Lot7 0.9
Lot8 0.9
Lot9 1.0
Lot10 19
Lotll 2.0
Lotl2 2.1
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Lot13 0.6

Lot14 0.6

Lotl5 0.6

Lotl16 1.0

Lotl7 1.1

Lot18 1.2

Lot19 41
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Lot21 41

Bt 1.6
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HZE Lot & XESE shal 24 X5 M

H=H A2 CHHE AMEHE WS

LERY T EFA & M =g Xt 2017, 12. 06

o12|¢l B O e )2 A o = d
T MEBA L87 S8 232 MBAE?|S0R L B3 L3 11125
Al FzE 2018. 12. 06 — 20148. 12. 14
X B8 E(cinnamic acid)

dyEs #1 &7 #3 " w5 #6 #7 #8 w9
i 19 2.0 21 0.6 0.6 0.6 1.0 1.1 12
(rmgugl

& HPLC B4 =3

SHPLC HiZ=Al Q) oo o Shiseidas ST -2 series HPLC system

- HE? MEA S DY ReSS33sd (53MET 280 nm)
- 2@ : Shiseido Capeell Pak II S-5 (250 x 4.6 mm; id., Sum)
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24X} g9 ’_I
d Aoz

2018 128 189

- 101
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=4

)=
4
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3 12,000 rpmel A 10

<

3,000 rpmel A 10&3F
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AZ 500 pLell ISTDSQ 2-ethylbutyric acid
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H 0.2 go PBS 2 mLE Ya #&3}3k
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acetonitrile®] ¢l acetic acid, propionic acid, butyric acid, iso-butyric acid, valeric acid,
9 jso-valeric acid®] E+=89S A& 3 10 mM, 5 mM, 25 mM, 1.25 mM, 0.625 mMoll

A TS

¥ 12. GC condition for short chain fatty acid analysis in feces

GC Agilent Technologies 6890N

Column Agilent DB WAX 30.0 m X 0.25 m X 0.25 ym
Column temp. 80 CTHH 10 C/min = 200 CT7H#] & & 58 54
Carrier gas No

Flow rate 1.0 mL/min

Injector temp. 200 C

Flame ionization detector temp. | 200 T

0 M HCIO; 3 mL¢} ISTDS! heptylamineg HZE&%= 5 pg/mL7l H ==
TAstg $ 3000 rpmoll Al 1023 A eetal AF S ol &t FRASIE W3
5. FEASE A5 200 plel IM NaOH 100 pL, saturated sodium bicarbonate
solution 75 pl. @ oAl =] =21 1% dansylchloride 500 pLE Y i 40 CollA 458 %<t
W3S, R Yol E 25 ulLW Y thA] 40 CTolA 308 F<F WX 3 & acetonitrile
250 uLE ol &d& A3l skar 12,000 rpmell Al 1083F A Ee ste 45 A4S HPLC
A A&t Calibration 001 M HCIOso| =9  agmatine, methylamine,
ethylamine, pyrrolidine, dimethylamine, propylamine, tryptamine, butylamine,
2-phenylethylamine, putrescine, cadaverine, histamine, tyramine, spermidine, ¥ spermine
o] AFEHE 42 ¥ 04 M HCIO, & gAste] 20, 10, 5, 2.5, 1.25, 0.625, 0.313, 0.156,
0.078 pg/mLol A 3 E AL
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¥ 13. HPLC condition for biogenic amines analysis in feces

HPLC Shiseido SI-2 series HPLC system

Ex and Em 250 nm and 540 nm

Flow rate 0.65 mlL/min

Injection volume | 10 puL

Column Shiseido Capcell Pak C18 MG II S-5 (250 x 4.6 mm; id., 5 ym)
Column temp. 40 C

Solvent A 0.2 M ammonium acetate (pH 5) : water : acetonitrile = 10:60:30
Solvent B 0.2 M ammonium acetate (pH 5) : water : acetonitrile = 10:5:85

0 min : A 100% B 0%

1 min : A 80% B 20%
Solvent gradient |4 min : A 80% B 20%
19-27 min : A 0% B 100%
27.1-38 min : A 100% B 0%

() ¥ AE P HEF EA

L

¥ 0.2g°l acetonitrile 1 mLE ¥il #A3st & 20 & =3 AHggk * 3,000 rpm

oA 1087 dAEE & A= 500uLS GC vialel ¥ar ISTD®S! 4-isopropylphenol &
2 & ®BA5¥ Y} Calibration< acetonitrile®] =<1 indole, p—cresol, skatole
phenol®] EFE NS S F 500 uM, 250 uM, 125 uM, 625 uM, 31.3 pMolA 3= 2

¥ 14. GC condition for indoles and phenols analysis in feces

GC Agilent Technologies 6890N

Column Agilent DB 17 300 m X 0.25 m X 0.25 ym
Column temp. 50 CTHH 10 C/min & 270 CT7}A

Carrier gas Ny

Flow rate 1.5 mL/min

Injector temp. 220 C

Flame ionization detector temp. 220 C

E2AAE (KCTO)o A EFitol ALEsIA S, &S vAlE 55 AXIFHOE
FZ <13 & DNeasy ultraclean microbial kit (Qiagen)E Al-&3te] DNAEZE F=3F
gqRT-PCRel A}&3l9 5. W9 DNAE $4 W 0.2g< 15mL tubeo] A3 ¥ stool DN

extraction kit (Bioneer)E A}&3te] F&3. W Fdit E [t HAFEAES 9

- 113 -



gRT-PCR< Roche Light Cycler 96 system= ©]€3% 3 PCR tube®] SYBR Green with
low ROX (Dynebio) 10 nL, DNA 1 uL, forward primer 1 ulL, reverse primer 1 plL, %
NF water 7 LS Y. Ex34L vAE #FoA F53 DNAES 10°, 104, 10°, 10%
102 339 MEL2 5 ng/uLE 3438t RT-PCRE Hdstslo™, qRT-PCR 712
95 T4 10% &<t preincubation - 95 CTolAl 10%, 60 CTolA 156%, 75 T4 15x7F

40 cyclesS A33FI L 95 CTolA 10%, 65 TolA 60%, 97 ColA 1%7F melting A=
Ty

X 15. Primers used for qRT-PCR analysis in feces

Target organism Forward Primer Reverse Primer
Atopobium parvulum ATCC 33793 " traat .
accgctttcagcaggga acgccaatgaatccgga
(KCTC 13805) & £caces & & &8
Bifidobacterium bifidum DSM 20456 . tectoatot . ;
cgcgtee aaa, ccacatccagcagtccac
(KCTC 3202) gcelcciegieipanas geas
Lactobacillus acidophilus ATCC 4356 . et . .
agcagtagggaatcttcca caccgctacacatgga
(KCTC 3171) gcagtasee & £sag
Ruminococcus productus DSM 2950 . — " ;
caaagccattc acgggacggtcaga,
(KCTC 15607) gglgg g gg g gggacggicagag
Clostridium perfringens ATCC 13124 . ; ) tat tattaatetetecttt
atgcaagtcgagcga atgcggtattaatctctec
(KCCM 12098) geadglcgagceag’e £cee
Desulfovibrio desulfuricans ATCC 7757 tacett it toactt
accttcaaaggaagcac atttcacccctgactta
(KCTC 5768) &8 geaag £ss &
FEnterococcus faecalis DSM 20478
cccttattgttagttgecatcatt actcgttgtacttcccattgt
(KCTC 11304)
Escherichia coli DSM 6897
gttaatacctttgctcattga accagggtatctaatcctgtt

(KCTC 1039)

(Ah) S HAIE 24

FHATAAE EARE D) HH F BR B B3 ZAA WES HU5

Y= PG+ AR YERW oY) in vitro HlolE+= SPSS program (20.0,
SPSS Inc., Chicago, IL, USA)S ©o|&3¥ 3, in vivo HY°lE+ Statistical Analysis
System version 9.4 (SAS Institute, Cary, NC)& ©o]&3to] FEA3 AAujxEAEAS 2

Ak & Folx Aozl e A vYFH|aEAW<e Duncan’s multiple range test
one-way ANOVAE &83to] Fo4 p < 0.050]4 wu g
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4) AAAEAD W L WFEAAE 2] A

Al gzt Wl pHe FEdHS 243 2y, pHE 07RO 8FolA ozt
(placebo)¥} Al 3] (cinnamon)ol A =5 S7lstd o, WHe FEsaEe tixdtolA 7

astg ot AL 2t FhE

M
ol

X 16. pH and water content in feces

Variables Placebo Cinnamon
pH

Week 0 6.4 + 0.1 6.7 + 0.1
Week 8 6.6 + 0.1 6.8 + 0.1
Water (%)

Week 0 796 £ 1.0 792 £ 1.0
Week 8 779 £ 1.0 809 + 1.0

AAW A e G AEAS BT A, T 0FEY 8F0lA RE T4
A

Fom A= 0FEY 8Fo A acetic acidet

¥ 17. Short chain fatty acid in feces (mg/g)

Variables Placebo Cinnamon
Acetic acid

Week 0 0.532 = 0.009 0.517 £ 0.009
Week 8 0.526 = 0.009 0.524 £ 0.009
Propionic acid

Week 0 0.445 + 0.006 0.450 £ 0.006
Week 8 0.442 = 0.006 0.446 £ 0.006
Butyric acid

Week 0 0.287 + 0.001 0.287 £ 0.001
Week 8 0.286 + 0.001 0.286 £ 0.001
Iso—butyric acid

Week 0 0579 + 0.011 0561 £ 0.011
Week 8 0.569 + 0.011 0573 £ 0.011
Valeric acid

Week 0 0.389 + 0.002 0.389 + 0.002
Week 8 0.387 + 0.002 0.388 + 0.003

Iso-valeric acid
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Week 0 0.493 = 0.002 0.499 + 0.002
Week & 0.492 = 0.002 0.497 = 0.002

-+
-+

(th) W vpe] Al olvl 7 &4

A Wel wpole Aol /& A A, dxdodAs 0FERT 85X
agmatine, pyrrolidine, dimethylamine, ¥ spermine®] 3F=Fo] F7}slon, tfE nlo] 2 A4
Yol Fi= A% Alg o s 0FH T 8F oA pyrrolidine, dimethylamine, putrescine,

tyramine, 2 spermidine?] $taFo] Z71sl o, thE wpo] o A Yol F = A%

¥ 18. Biogenic amines in feces (ng/g)

Variables Placebo Cinnamon
Agmatine

Week 0 2176 £ 101.6 4294 + 98.2
Week 8 282.0 £ 98.1 272 + 1056
Methylamine

Week 0 1762.1 + 251.2 1658.1 + 258.9
Week 8 1091.1 + 261.6 9105 + 2704
Ethylamine

Week 0 2966.1 + 362.2 3895.3 £ 3585
Week 8 2910.3 + 3575 3363.3 £ 363.2
Pyrrolidine

Week 0 560.6 + 140.5 2109 + 153.3
Week 8 661.8 + 142.8 452.3 + 153.3
Dimethylamine

Week 0 1272 £ 80.7 300.0 = 79.0
Week 8 306.9 + 775 3274 + 80.0
Propylamine

Week 0 513.1 + 62.4 404.1 + 63.0
Week 8 4604 + 64.1 390.7 + 614
Tryptamine

Week 0 283 + 59 19.3 + 5.8
Week 8 126 £ 6.0 2.7 £ 6.2
Butylamine

Week 0 2817.0 + 4604 33319 £ 455.0
Week 8 2200.8 + 472.1 19158 + 492.2
Phenylethylamine

Week 0 1299 + 24.1 956 t 26.1
Week 8 1151 £ 256 86.1 + 26.1
Putrescine
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Week 0 3991.2 + 595.0 3919.3 £ 599.8
Week 8 3225.8 + 599.3 44476 £ 604.1
Cadaverine

Week 0 20572 + 2924 3345.1 £ 296.1
Week 8 2096.6 + 296.1 2787.8 + 300.1
Histamine

Week 0 436.6 + 71.6 4475 + 70.5
Week 8 3247 + 737 3704 + 69.9
Tyramine

Week 0 3598.8 £ 754.2 3730.3 £ 754.2
Week 8 3538.1 + 764.1 3956.2 + 756.4
Spermidine

Week 0 4717 + 51.3 404.8 + 52.1
Week 8 3295 + 536 5014 + 53.6
Spermine

Week 0 1069.7 + 116.6 911.3 + 120.6
Week 8 11205 + 120.6 8851 + 116.6
Total amine

Week 0 27183.8 £ 2319.0 273745 £ 23545
Week 8 23136.3 £ 2338.3 26106.1 £ 2374.7

AAAZA el fleR R dAleERE 24T 23, dxzdoAM s 0FEY 8FoA BE
<

7Fsk. Alg ol = skatoles AlQlstar 0FHTE 8Fo A indole,

¥ 19. Indoles and phenols in feces (mg/g)

Variables Placebo Cinnamon
Indole

Week 0 203 £ 19 216 £ 20
Week 8 219 £ 19 169 + 2.0
Skatole

Week 0 23 £ 0.8 16 £ 0.8
Week 8 3.8 £ 0.8 24 = 0.8
Phenol

Week 0 0.2 = 0.7 3.7 = 0.7
Week 8 0.7 £ 0.7 3.1 + 0.7
p—Cresol

Week 0 289 + 44 243 + 47
Week 8 314 £ 46 229 + 47
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Atopobium  spp., Ruminococcus productus, Desulfovibrio spp.© A3t o™,

4
M

=

u)

Bifidobacterium spp., Lactobacillus spp., Clostridium perfringens, Enterococcus spp.,
Escherichia coli~ <7}sh AT ol A= 0FXHY 8FoA Atopobium spp., Escherichia
coliv+= <78t e, Bifidobacterium spp., Clostridium perfringens, Desulfovibrio spp.,

Enterococcus spp.= 723k

¥ 20. Bacterial numbers in feces (logl10/g)

Variables Placebo Cinnamon
Atopobium spp.

Week 0 5.12 + 0.65 5.35 £ 0.66
Week 8 465 £ 0.67 5.85 + 0.67
Bifidobacterium spp.

Week 0 6.86 £+ 0.07 710 £ 0.07
Week 8 7.02 £ 0.07 7.09 + 0.07
Lactobacillus spp.

Week 0 8.15 + 0.02 822 + 0.02
Week 8 8.17 + 0.02 822 £ 0.02
Ruminococcus productus

Week 0 8.37 £ 0.02 8.34 + 0.03
Week 8 8.36 £ 0.02 8.34 + 0.03
Clostridium perfringens

Week 0 7.26 £ 0.04 7.32 £ 0.04
Week 8 7.31 = 0.04 724 £ 0.04
Desulfovibrio spp.

Week 0 762 + 0.05 756 + 0.06
Week 8 7.55 £ 0.06 7.39 £ 0.05
Enterococcus spp.

Week 0 8.30 + 0.01 831 £ 0.01
Week 8 8.31 + 0.01 827 £ 0.01
Escherichia coli

Week 0 38.44 + 0.04 844 + 0.04
Week 8 8.45 + 0.04 848 + 0.04
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(4h) I EIHAI 2 24

S
SHATE

Al g =] o At A3 A3 FE2E AFATAA FEFGAEo] 79
Ho= e
X21. Colonic transit time test

Variables Placebo Cinnamon
Week 0 256 + 34 19.2 =+ 34
Week & 156 £ 34 217 + 34
B) JAALEAE A+ A
Oh AFHEA 5% W A

F 769% saegste] 109 ATUWIAE HASHAS. LAYl FF 69
A7 E AdebA &2 A 18(AE vE) 2 59 H3| 534,

Baea AGTlA 2z 359 Fabg gse] 873 ATk APHYor], 87 Hal
gzaol A 2 (A gAF AF 99 T 198, FAAH 1%9)3 AddolA 19 (52H3])
o] T& Tt HTHoR 670 =t

Enrollment Assessed for eligibility (n=76)

Excluded (n=6)
+ Not meet the inclusion criteria (n=1)
+ Withdrawal of consent (n=5)

Randomized (n=70)

|

Allocation ‘ Allocated to placebo (n=35) Allocated to Cinnamon (1=35)
(Week 0)
Follow-Up - :
(Week ) (n=35) (n=35)
+ Discontinuation of test food
\) intake (n=1) \ * Withdrawal of consent (n=1)
+ Follow-up loss [n=1)
Completion " "
(Week 8 (n=33) (n=34)
Analysis Intention-to-treat (ITT) (n=35) Intention-to-treat (ITT) (n=35)
A7 5% 2 WY wAE
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Nees
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Chinese
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A7H015300
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@ Crasshark

Intestinal anti-inflammatory effects of cinnamon extracts in a co-
culture model of intestinal epithelial Caco-2 cells and RAW264.7

macrophages

Min Seo Kim®' * Ji Yeon Kim®

Becerved: 28 July HH T/ Ahccepted: 1D August 21T
& The Korean Socrty for Applied Biotogical Chemastry X117

Abstract Cinnamon s the bark of Clanamesig japoe-
fewun SIEB, which possesses anti-microbial, anfi-tyrosi-
nase, and antoxidant activities. However, studies on the
intestinal health benefits of cinnamon are scarce. There-
fore, we were aimed at assessing the potential anti-in-
Aammiatory sction of cinnamon extracts in & cellalar model
of intestinal infammation. Cinnamen exiracts were pre-
pared using hot water cxtract and 70% ethanol extract
Prior 1o inducing inflaminsation, eo-cultured Caco-2 cells
with RAW264T cells were trested with the cinnamaon
extracts. Lipopolysaccharide (LPS) was reated to induce
inflamrnation in RAW2GLT cells. Compared o LPS-trea-
ted groups, the cells eated with cipnamon exiracts
maintained high transepithelial elbectrical resistance and
decreased tght junction permeability. similar 1 that shown
by control Caco-2 cells. In additien, cinnamon extract-
wreated cells showed decreased levels of inflammatory
cytokines, namely nitrite (MO0, PGE;, interleukin {116,
IL-8. and THF-3 These results show that cinnamon may
aerve as a probable agent for the development of functional
sugplements for maintenance of pastrointestinal health.

Keywords Caco-2 - Cinnamoen - Co-coliure - Gut barsier
integrity - Gut inflammation
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Introduction

Intestinal cells react fo inflamimatory expression released
by penciratcd meutrophils and T cells wia activation of
various imracellular signal transduction pathways o limit
the gene expressions associated with intestinal inflamina-
ton [1, 2] Dmmune homeostasis in epithelial figswes is
controlbed by muoltiple mechanizsms including integration of
microbial. toxic chemicals, and allergens o immune
regulatory circuits that maintain a healthy immune system.
promaete effective defense, and inhibit inosdinate and
potentially  precaricus  inflammatory  responses. [3 4],
Several intestinal discases such ad inflammatory  howel
disease (1B [5]. nonalcobolic steatobepating [6], and
nonabeoholic faty acid liver disease [7] loosen tght jumse-
tiong (Tls) and lead wo leaky gur syndrome. IBD is char-
acterized by increased intestinal inflammaton and T
permeability, which is closely associated with the increase
in inflammatory  cviokines including  prostaglandin E,
{FGE,), interleukin (1L -8, and tomor neceosis factor
{TMF)-2 in the intestine and blood [#, 9], Because the
weakness of Tls contributes to varieus diseases of exac-
erhations, strengthening  the function of the intestine
throagh increase in TIs interaction can prevent of alleviane
these diseases. Dictary ingredients amd phytochemicals
including favonoids and phenolic chemicals have been
known 1o prevent T damage induced by inflammaiory
cytokines in many studies [4, 10, 11

Cinnamaoen is the bark of Churamomom foposiicion SIEB,
an evergreen all tree beloaging to the family Lanracese,
and resource plant widely used as a food owang 1o s spicy
and sweet favor [12). O japondcmsn has been konown to
have anti-miceobial, anti-tyrosinase, and antioxidant prop-
eries [13]. Cinnamic acid and cinnamaldelypde. the key
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Abmtrset  We amied 10 asess the potedtal growth-promoling
elfects of ginger and clonmamon maienes (GOM) on intestinal
bacteria and thewr ants-inflammatory effects i a cellular model of
intestinal inflammation.  Sifdebacteriom Togam,  Lerctobcillie
sp., and Laviobocilfvs acidepiifay served a8 mbestinal bacteria,
Further, i e milammatory co-culiure madel, Caco-2 cells co-
culiured with BAWISLT cells were treaed wath GCM before the
addution of ||]1L'g1u|}'sn:|.'haride {L]"'S} o miduce milammation in
BAW264.7 cells. Addawon of GOM 10 medified Eggerth Gagnon
media al & gmger:cusmoen ratio of 1:5 nerexsed the growth of B
Torgmeny, Lactotoriflay sp. and L acielyrhifier companed 1o that of
thir control In a celluler model, compamed 10 LIFS-treated groups,
CGUMAreated  groups mamtained hgh wsepithelial ebacirical
reststanee Al gingeccimamon rateos of 1:01, B3, 125 and 17 and
dircrezied the tight juncteon permeabdiy an 3:1, 1:1, 1:3, and 1:3
ratai, samilar 1o that shown |:|_-.' the coniral STOUPS. In additson,
GCM-reated groups showed decreased levels of natrite an 11, 15,
and 1:7 gingerannamon rtios. Based oo these results, i cn be
concluded that among the various combinatom of GUM, the
gigercinmamon tatie of 13 5 othe optimal composive rtio tha
shivws positive effiacts on the miestmal beneficial bacteria and in
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Ginger attenuates inflammation in a mouse model of dextran
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Abstract This study assessed the anti-inflammatory effect
of ginger extract on colitis by 5% dextean sulfate sodivm
{DS5) in BALB/c mice. The mice were administered either
distilled water or three doses of ginger extracts for 21 days.
We evaluated the change in elinical and histopathological
aigns and cytokine and gene expression levels. Contrary 1o
the LS5 group, the ginger growps increased body weight
amd inhibited shomening of the colon. DAL values and
colon injury in the ginger groups were lower than that in
the DSS groap. Ginger groups obviously inhibited the
myeloperoxidase activity and cytokine and mBMNA con-
centeations of mberleukin (TL)- 1 [, IL-6, and tmaor secrosis
Factor (THF-2, but not of intestinal bareier proteing zoaula
occludens (F0)-1. ecclodin, E-cadberin, muocin-1, and
mucin-2 in colon tisaues, Our resilts suggest the peobective
effizct of ginger againat DSS-induced colitis and that ginger
could be wilized w prevent and treat ireitable bowel
disease.

Keywords Colitis - Dexran sulfate sodiom - Ginger -
Infammation - Inflammatory bowel disease
Introduction

Infammatory bawel disease (IBD, sech ag Crobin®s disease

{CDY or ulcerative colitis (UC), is associated with inflam-
mation that recurs in the digestive system, without specific

=1 Ji Yeon Kim
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! Ddepastment of Fond Science and Technology, Seowd Mational

University of Science and Techmalogy, 232, Goangmeang-ra,
Mowon-ga, Secul (1511, Korea
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pathology. [t is promoted by the abnormal bnmane reaction
of the pathogens in the cell and intestinal fAoda, doe 1o
which inflammation occurs  in the  digestive  system
{Podolsky. 2002). Patients with 1BD show frequent symp-
s of melena, mucous and Bloody steol, diamhean, weight
logs, abdominal pain. and anemia (Carer et al, 20
Yerhave et al, 1990, Cytokines appear to play a leading
role in regulating IBD-related clinical symptoms, namely,
imtestinal inflammation, diarthea. rectal bleeding. furuncle
formation. and complications such as the incidence of
colitis-related peoplasms (Meorath, 2004: Stober et al.
202). Use of natural products, eg. plant extracts or plant
derivatives, has been shown to suppress IBD, and hence, is
increasing worldwide, Many audies, examined in vitre
andfor in vivo, have shown that plant extracts and plant
dervatives, including Prunus  miame, Govdenia fosin-
nenides, Zingiher officinale, and Geercdeia combogia, adjust
the level of nomerows inflammatory cytokines or inflam-
matory  agents  and  intercellular  adhesion  melecale
expresion o exert their anti-inAammatory effect (Awaad
et al. 2003; Debnath et al., 2003 In addition. many
extracts were also shown to be effective in clinical studies
{Triantafyllidi et al.. 2005

Ginger s a perennial herbaceows plant belonging o
Hingiber officinale Reseoe. It has a unkgue spicy and aro-
matic flavor, and is widely wsed theoughout the world,
Giinger has been proved 1o have anti-inflammatory, anti-
oxidant, anti-gasteitis, anti-ulcer, and animicrobial activi-
tics (Ali et al., 2008; Chrubasik et al., 2005). The main
ingredients of ginger are zingeromes, paradols, gingerols.
and shogaols, which occur in the oleoresin of ginger rhi-
zome phenolics (Tung et al.. 2008 Loetig et al., 2016).
These compounds have been demonstrated 1o possess anti-
oxidant, ani-inflammatory, and  anti-cancer  properties
{Chung et al, 2009, Dugasani et al., 2000; Fan et al.,

'E!- Springer
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Use of Ginger and Cinnamon Extract for Enhancing the Growth of

Beneficial Bacteria and Anti-inflammatory Properties
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~ =

o
{ Trad anally, gingier and dnnamon ke bisin pradcibed lar daided ol 5 digidine
ayubam. The erirects of ginger and R e d LHing the wlk | veatsr
prtraction CPWE, enzyme creabvent, alcoholic etraction, and dred powder The effect
of each edract on e growth of intestinal banefical bactana (&) ongqum,
Lacratueatis sp, and Lacsobacibs soidamiisd wi teted Liguid culiune expeimsnts
shamed that, as the ancert o grgic J.m} Cnnann sdrecl incmad, the goeth of
iy the rata of OO0 vake ©
growth alin incieaied. E.p.nm.-m u:h agar diffusion msthod swealsd that all
imestinal benedicial bactena showed a bmad growth zone in selid media with dnee
conkainng 10 mgddisc of ginger and cinnamcn sxdtact A cellulyr mode of andestinal
inflammation, obtained by differerdiating Caco-2 ool for 21 days was treaded wiith
ginge afed cinfumen eatrect. Compared o LPS-mated Caca-d celly, the calli trested
with girssr and cinmaman sy showed maictsned Figh transegshelial slectical
ragiiarce, srmalar to thag chown by cantrol Cace-2 calhy. In conteans, she Caco-J call
treated wath gingsr and cnnamon sxtrack: showed decrayoed bevelr of mAammatory
cytokines wach a5 imtesleukin-8 and nitnc cocks, compared b those m the LPS-treated
ool These resublis show that ginger and cinnamon ewtiact may e developed o -
functsonal supplemants 3o mantain gasircintastingl kaalth [l f
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Intestinal anti-inflammatory effects of cinnamon extracts in intestinal epithelial
Caco-2 cells co-cultured with RAW 264.7 macrophage cells
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i-inflammatory Effects of Cinnamon in a Mouse Model of Dextran Sulfate Sodium-

induced Colitis

Kyeong Jin Kim’, Ji Sun Youn', Min Seo Kim?, Ji Yeon Kim't Yeon Seok Kim?
1Seoul National University of Science and Technology, Seoul, Republic of Korea, 2Chunho Bio

This study aimed to evaluate the anti-inflammatory effects of cinnamon on colitis induced by 5% dextran sulfate sodium
(DSS) in BALB/c mice. The experimental animals were d into five groups: control, DSS-induced colitis, 100 300,
and 500 ng/kg of cinnamon. The mice were fed distilled water or cinnamon extracts once a day for 21 days. Colitis was w0
induced from day 14 to 21 by administration of 5% DSS in drinking water. We evaluated the change in weight, colon
length, and the pathological disease activity index (DAI). Compared to the mice in the DSS group, those in the cinnamon
groups showed an increase in body weight at 21 days. The cinnamon extracts significantly decreased the shortening of
R R sl e colonof mice roceiViogl 00 mglkg cknamonlinged SR EENR S SRR G 4
ing DSS was 8.0 cm. The mean DAI in the cinnamon groups was significantly lower than that in the DSS group
since day 4. Administration of 500 mg/kg cinnamon was associated with the highest decrease in the DAI by 0.375 points.
Our results indicate that cinnamon has protective effects against DSS-induced colitis. Therefore, we concluded that
cinnamon may be used for the prevention and treatment of irritable bowel syndrome (IBD). (IPET_116012-3)

MPO actvity (units/mg tissue)

1L-1p

Cinmamon raie)
Y

Objectives

The aim of this study was to evaluate the anti-inflammatory effects of cinnamon extract on colitis induced by 5% dextran
sulfate sodium (DSS) in BALB/c mice.

Materials and Method

S

116 production (pg/mg of protein)

o Adap Free choice feeding
. Norral diot Ty 5% DSS water
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I | i
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Figure 3. Effects of cinnamon extracts on the MPO activity and levels of IL-16, IL-6 and TNF-a of colon in DSS-
induced colitis. (A) MPO activity: (B) IL-18; (C) IL-6; (D) TNF-a
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Figure 1. Effects of cinnamon extracts on clinical signs in DSS-induced colitis. (A) Body weight was measured at the 2 7
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Figure 4. Effects of cinnamon extracts on relative mRNA expression of the genes of colon in DSS-induced colitis.
(A) IL-16; (B) IL-6; (C) TNF-a; (D) ZO-1; (E) Occludin; (F) E-cadherin

A

As shown in Figure 1A, body weight dramatically dropped by DSS induction compared to control and
cinnamon extract groups. The body loss caused by DSS treatment was significantly improved in mice
receiving cinnamon extracts.

DSS administration for 7 days resulted in severe diarrhea, blood in stool and body weight loss integrated as
remarkably high disease activity index (DAI). Daily administration of cinnamon extracts at doses of 100-500
maglkg significantly reduced these effects compared with DSS group (Figure 1B).

- The mean lengths of the colon in mice treated with DSS were statistically shorter than that of control group.
Cinnamon extracts treatment significantly improved the symptoms (Figure 1C,D)

Severe crypt destruction and inflammatory cell infiltration were observed in the histological sections from
DSS-treatment mice. The histological scores were also substantially decreased in the cinnamon extract
groups (Figure 2A,B).

MPO activity in the proximal colon of DSS group was higher than the control group, which was significantly
suppressed in the cinnamon extract groups (Figure 3A).

The oral administration of cinnamon extracts significantly reduced the concentrations of IL-6 and TNF-a in

Cinnamon (100mg/kg) Cinnamon (300mg/kg) Cinnamon (SDOmg/kg)

Figure 2. (A) Histopathological features of colons in
BALB/c mice. The sections were from 5% DSS induced

Histological Score

colitis in mice. Hematoxylin and Eosin staining.
Magpnification X100 (bar=100 mm), X200 (bar=200

m). Cinnamon extracts effectively attenuated (B)
histopathological changes in the colon of DSS-
treated BALB/c mice.

the colonic tissue compared with the DSS-induced mice and markedly down-regulated the expression of the
cytokines (Figure 38,C.D).

- DSS significantly evoked the levels of pro-inflammatory mRNA expression including IL-1B, IL-6 and TNF-a in
mice colons, but, cinnamon extracts inhibited inflammatory mRNA expression (Figure 4A,B,C).

- After treated with cinnamon extract (500 mg/kg), the mRNA expression levels of TJ proteins ZO-1, occludin

and E-cadherin were significantly increased in colonic mucosa (Figure 4D EF).

In conclusion, in order to investigate the effect of the cinnamon extracts on colitis, cinnamon extracts
were orally administered and colitis was induced by DSS. Tissue pathology, inflammatory cytokine and
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Anti-inflammatory effects of ginger in a mouse model of dextran sulfate sodium-induced colitis:

Min Seo Kim", Kyeong Jin Kim?', Jain Nam', Ye Eun Park’, Ji Yeon Kim't Yeon Seok Kim?
"Seoul National University of Science and Technology, Seoul, Republic of Korea, 2Chunho Bio

This study aimed to evaluate the inhibitory effects of ginger ethanol extract on colitis induced by 5% dextran sulfate
sodium (DSS) in Balb/c mice. The mice were fed distilled water or three different doses of ginger extracts once a day for
21 days. In vivo model of colitis was induced using 5% (w/v) DSS. We evaluated the change in weight, colon length,
disease activity index (DAI) and gene expressions. Compared to the DSS group, the ginger groups showed an increase
in body weight at 21 days. The ginger extracts decreased the shortening of the colon. The mean DAI in the ginger groups
was significantly lower than that in the DSS group since day 4. Histological colon injury and myeloperoxidase (MPO)
activity induced by DSS-induced colitis was reduced. Ginger groups obviously inhibited the mRNA of IL-6 and IL-1B in
colon tissues, but not that of tight junction proteins ZO-1 and occludin. Our results indicate that ginger has protective
effects against DSS-induced colitis. Therefore, we concluded that ginger may be used for the prevention and treatment of
irritable bowel syndrome (IBD). (IPET_116012-3)

Objectives

The aim of this study was to evaluate the anti-inflammatory effects of ginger extract on colitis induced by 5% dextran
sulfate sodium (DSS) in BALB/c mice.

_——

Materials and Method

DSS colitis model

Free choice feeding
5% DSS water

;

2 week 3 week

administrati
ger extracts”
1 | |

[ I I

1 week

N

£ oss ‘

s

£ Ginger

£ atimgrg ‘ - o
S

Ginger
(S0oms)

Ginger ‘
0omake)

Figure 1. Effects of ginger extracts o al signs in DSS-induced colitis. (A) Body weight was measured at the
same time on the experimental days; (B) Siseace activity index score; (C) DSS-induced etomod coon was significantly
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Figure 4. Effects of ginger extracts on
(A) IL-18; (B) IL-6; (C) TNF-a
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Figure 4. Effects of ginger extracts on relative mRNA expression of the genes of colon in DSS-induced colitis.
(A) ZO-1; (B) Occludin; (C) E-cadherin; (D) Mucin-1; (E) Mucin-2

Body weight dramatically dropped by DSS induction compared to control group. The body weight loss caused by DSS treatment was.
significantly improved in ginger group (Figure 1A). DSS administration for 7 days resulted in severe diarrhea, blood in stool and body
weight loss integrated as remarkably high disease activity index (DAI). Daily administration of ginger extracts significantly reduced
these effects compared with DSS group (Figure 18). The mean lengths of the colon in mice treated with DSS were statistically shorter
than that of control group. Cinnamon exiracts treatment significantly improved the symptoms (Figure 1C,D).

Severe crypt destruction and inflammatory cell infitration were observed in the histological sections from DSS-treatment mice. Ginger
extracts decreased the histological scores and increased the number of goblet cells (Figure 2).

MPO activity in the proximal colon of DSS group was higher than the control group, which was significantly suppressed in the ginger
groups (Figure 3A). The oral administration of ginger extracts significantly reduced the of IL-1B, IL-6 and TNF-a in the
colon compared with the DSS group (Figure 38,C.D).

DSS significantly evoked the levels of pro-inflammatory mRNA expression of IL-16, IL-6 and TNF-a in mice colons, but, ginger
extracts inhibited inflammatory mRNA expression (Figure 4).

After treated with ginger extract (500 mg/kg), the mRNA expression levels of TJ proteins ZO-1, occludin, E-cadherin, mucin-1 and
mucin-2 were significantly increased in colonic mucosa (Figure 5).
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