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Abstract

The purpose of this study was to investigate the effect of Cheonggukjang pills with aronia and blueberries on dextran sulfate
sodium (DSS)-induced colitis in mice. There have been several reports that Cheonggukjang is effective for intestinal health, but the
efficacy of Cheonggukjang containing fruits has not yet been reported. In this study, we showed the effect of cheonggukjang pills
with blueberries and aronia (CPBA) on DSS-induced colitis in BALB/c mice. CPBA was obtained from Soonchang Moonokae foods
and orally administered once a day for 2 weeks before DSS treatment. Colitis was induced in mice by feeding 5% (w/v) DSS drinking
water for 7 days. The results showed that CPBA treatment significantly alleviated DSS-induced disease activity index associated with
a decrease in colon length. CPBA improved DSS-induced histological changes and intestinal epithelial barrier integrity in mice colon.
In addition, CPBA administration significantly reduced the levels of DSS-mediated interferon-y and interleukin-6 in serum and tumor
necrosis factor-a in colon tissue. Moreover, the gene expression of COX-2 and iNOS, which are factors involved in inflammatory
signaling, was significantly reduced by CPBA treatment. These results suggest that CPBA have a protective effect against DSS-induced
mice colitis and may be a candidate for colitis treatment.
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A‘I = QQlo] B3lxozg z8sta] PJ=of 7|ojsicty HI1E| o]
Qlth(Chassaing 5 2014; Zhang 5 2022). HFA H3F A}
270 i A5 Agor I AFE Ede F A T HA2 2 9 A AAFCRE wEA F7lska gl
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o] wslel #o] lom, 8 I H, =AY A5 Bt 3540419 APl WFEHAL B

e 8 B S 3

4 A4S AFWa, A4 BE 9 B9 So] AelA 9k 153 Yrk(Yang & Yang 2009). tHgHe] N2EA] gk 7|
(Chelakdot 5 2018, B4 P4 THHeI] I8 Bakel O SHo WA A L0 WAL Aol T 5
97 A ot B TS Bl fAH, Aol BAH AR Wy 200 R Azt B9t gov, F
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& opn| iAol E, A EEI A RO|EF9 HY oA
AE o] &sAY FEUIAFJIA A (tumor necrosis factor-a)
oF &2 BESHA AAAE ol&sto] A =mof A-gstal vk
(Buchman -5 2001; Burness & Keating 2013). 2121} o] &3t
A& o]t A me= ALEC] 1 FA-Eo] gk A7t
A&H o7 HiE Qlof, RAkgo] A2 HA AU °o]&
2 71578 A1E E Ao] HEAE o]-&3 thA A =mHof
QF #h4fo] EoMA|AL QITHKim 5 2003; Xiong 5 2022).

A2 Z9 o]83F B FAIE O 2 Bycillus subtilisO] 2]
8 T defdo] B0 570 g &2 e U
7 7F & W Al Eo|th(Kim § 2021). g2 Ha
Al == otm|ieAl 59 BhFet WraikEEo] A-g-sho]
HHE7HA(Kim 5 2022), @4 E3l(Lee 5 1991), S AEE
Z4x(Koh JB 2006)°] &7} = A= LA gloH
Lol A=Al 24 dE9S SAIXIT L HaE g
(Lim 5 2022). EFH= #E54 4224 gz 4

5ol &Rtthal A A QU (Westwood MN 1993). oF=

Yok Fopgf7h Aujate] dHEo R B A3A40]
F-oithal A A th(Hwang & Thi 2014). =7Hjof AjHl =
= 7154 HERe 54, E9E] 9 ofgYot 5]
Ao, o] 52 &M, ETEo|E, JFEAJOM] 5ol &
E3HA H-% o] Qlth(Bagchi 5 2004; Srivastava 5 2007). 7]
54 W R F8 ey dRor dEl He/d slet
=2 ARH AEHAE 2AsSt] A, AAE B, AL
T, T4 L AEHA H 52 2ot ZoE HuE
o] QIth(Seeram 5 2006). & A oA=L HARF ot
< /WAskaL, H=749 71578e FEAIZI AL =AolA A
4te]= EFHE] 9 ofg Yol HaFEES F7sto] A4t
o A & AEY 54 A ¥8F 852 Zelstast
Sl

Dextran sulfate sodium(DSS)o] 2J5t §4 thA¢Y Zde
DSSE 22t A AdFIshd o At 25 9 A
FHET GH, i dolo] F4 59 F4do] YATTHLIm
5 2022). S G4 i go] S ulAo] Ainterleukin
(IL)-6, Interferon(IFN)-y, tumor necrosis factor(TNF)-a 5-2] 7
ASA AelE7IRI0] theF A4t o] wff w}o) gAte <
T AelE7IRI0] thE A9 dFS SR LA
SIeH(Cui & Kim 2019), §24H4] A|ze] Aohs £42
o= ARSHA Av(nitric oxide)?} T2 AEFZEH (prostaglandin)>
Z2 inducible nitric oxide synthase(iNOS)} cyclooxygenase
(COX)-20]] 9J8f] &= tHCoussens & Werb 2002).

wepd 2 AT BRet o2 yolt Bid 3T
2k A& DSsol oJjt 9/ tdd wheA HEoA AF
43}t 5% AFSt A S
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1. &=

2 Ao AHEH HIA T2 AEEE AlEolH, 5H 3
ARl TS E A ()M ATttt H=7) S
=(Korea) 92%, &5 2] 8 M (Sunchang, Korea) 4%, o}=U4
obF & H(Sunchang, Korea) 4%E &3 A|l&olH, dig ¢
2E UMY T Y, ARO75TC, 2402417h) & A 25 AJF0]
of &2 AdoA F=7g 2 Edlete] Aol ARESHITH

2. Al
4 A9 sERENA 43 AR 552 B4
5}7] 918l BALB/c $2%] HR9-A(55F, male)E thHEAO]AA
(Dacjeon, Korea)ol A TLlotsich APSEL 137+ A4
A FgAHoH, AR} S5 AFEA AFtESE
sttt dEEE =37 SR AFS Sk, gut
44 2 AT ol o] e TES FARE wiA|st
U= ASE AT 25 42T, e 5565% 2319
A ARESEOH, -2 12 AIZVY(QA AIFE 2F 94))
F712 e 2E5 2 A2 (AT LA
A AASEXIYINA HE L =90, U3
A JA3| F25FATHIAMI IACUC 2021001).

3. BN EY =Y M

24 A FL DSS(MW 36-50 kDa, MP biomediclas) ©|
oto] FAstATE. A2 FATEN), HRENC), T4
tf2H(PC, 50 mg/kg), =42 FofL(CPBA, 500 mg/kg)2.
2 gstaer 7 9 sutey Adstglod, 344 W
A& o] A 2570 19 13] AFo 5t} PCE2 &
ZA ARG X ZA] AFREE 9FEQl 5-aminosalicylic acid
(5-ASAYE A& oH, 832 7|&9 Ad4ARE ¥R}
of A sFATHKim 5 2022). F=74 o] Fol= it Al
FoA ASS SSA7IE AL §5E Higoz A
ottt 4 DS fEst] ol LS ALl
A of| 5% DSS &M 747t S4E FFotde, ot
Aubd S-842 WAt st

A
=
for

e

4. 2HEl o]

AHGA (DAL disease activity index)E =45}7] 3
e S 7 Wl 27, Wolut FEolA §tHow B
He @9 §5E WY Zelsigie, e 22 AEE
o]-g-5to] 75k th(Table 1).
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Table 1. Disease activity index

L2uelo} olzjole T BT T AR nles A4 AU A w) 515

Weight loss (%) Shape of stool Occult blood/bloody stool Score
0 Normal Negative 0
1~5 Soft stool Negative 1
6~10 Soft stool Occult blood 2
11~15 Diarrhea Occult blood 3
>15 Diarrhea Blood stool 4
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ELISA Kit, Mouse IFN-y Quantikine ELISA Kit(R&D Systems,
Minneapolis, MN, USAYE- o]-3to] 24515t 482 A%
Kye] Aol Eoich. 2ATHA BAL 94 4% RS
5| =) 244)7F Rt IFAX A AL s Fst
Stk 27 HH@ um)S SHoIE 910 LT Hematoxyln
and eosin(H&E) 2 Alcian blue(AB)Z G35}t A= =
4] &eto] Ei= 348} An|F(Olympus, Tokyo, Japan) ©]-85
o FY U Bl

6
24 249) 95 WS 28 Tl fA% YRL nRNAZ
o]-8&-sto] A=A AAZ} polymerase chain reaction(PCR)©| 5]
% 222 TRI Reagent™(MRC, Cincinnati, OH,
USA)E ©0]83}3 0™, 2xRT Pre-Mix kit(Bio-Fact, Daejeon,
Korea)S ©]-&35}0] cDNAS §A4I5Ftt qPCRS 2 xReal-
Time PCR Master Mix(Including SYBR green) (Bio-Fact, Daejeon,
Korea)Z o] &3} om, A5 B-actin LS 0]-85}0]
Z¥Zr Aottt B Ato] AFE-H primer sequence= Table

2] Lebd ute} 2.

:

7. SHEAM
SE UYL 33 U2 Zste] YREEUAR ek
Aot A AT EA AT+ Sigma-plot program(v16.0, San

Jose, CA, USA)S: o} 831e] 435It 544 4% Arks
<005 24 AXBLE. 2 29| Bho] 261 Aol o
YE A H (one-way ANOVAYZ: o] §5to] EA51eL 11, A5
772 Duncan’s multiple range tests A A|5}o] ZF 7+ &

1. CPBA7| DSSE ®E8H CHAY OFA ZEI0j|AM CHE
o 25100 0|Xl= A&k

DSSE &80l 3|43 & vheiof F45to] g ES
Fdote A9ty 4, @9 9 He 5
I o AEAe] $4do] dojus AR dHA Ut
(Nam 5 2022). H11%E Ao ©=H BALB/c PH-20f 7|
DSSE 0, 1, 5, 10%9] 5L &2 A& th24 T35t 3
TS 24T 23 B 2o vl DSSE Fg et wollA
4ol &5 9 o] etz o] m =1l DSSY| Hk
7t 2255 A 54 JA detE= Al R UE o,
% mk-20] H|o DSSE Frd g rheAsS A
A ET} ol Ao 2 HIE I th(Okayasu 5 1990). X
= OFet AT 2E HAAE LA o 54 B
Agto] JA| "= Bt g@o] = o It Kim HK(2019)9]
Ao =W A2 FFEE0] DSSE 4E I d
9] d5Z 5H R AR Tkt 15t £ A
TolA= EFH LY otk=2Yolrt M7t A4 8o A4
N 71578 B7H= 43571 915 BALB/c Wh--2A0] CPBA
(500 mgkg) B FHHZET(PC, 5-ASA. 50 mgke)E FHS

REsl7] W 277 AFFOIY T, % DSSE UL 85 B

Table 2. Primer sequence

Gene Sequence
wos o S-CGAAACGCTTCACTTCCAA-Y

R: 5-TGAGCCTATATTGCTGTGGCT-3’
coxo F S-TTTGGTCTGGTGCCTGGTC-3

R: 5’-CTGCTGGTTTGGAATAGTTGCTC-3’
vpg S -AACTAGTGGTGCCAGCCGAT-3

R: 5°-CTTCACAGAGCAATGACTCC-3’
Buetin T 5 -CGGTTCCGATGCCCTGAGGCTCTT-S

M R. 5. CGTCACACTTCATGATGGAATTGA-3’
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ot A Qs hAuhg S8%5% WA BE DAY W7 FBEL ST Y AT AATOZN 9
StoitkFig. 1A). 5% DSSS HFT 5 AGH thgdol £ B4 AR e A4 NS ehd oz Aae g

SAREZNOT BARNEZNG DIBHES =
G EEEREECEDE VR EEEER 2. CPBA S0{7} CH&®] OhRA AZ&lo| Walats| s
¥ 52 Felstel DAL A49) WakE Selstck 49 Of OIxlE ¥

ox,
R o o T

> Hd

A}, 5% DSSE HF T NCol A= HA D @/o] S7kst DSsoll 9Jaf A5/ S| Frd F XA A= AS
of AP E7t A&H 0 R F7Fetl o, PC 9 CPBA A Alzo] Ao E AAze] &4, Fuo v 59 EA&
H oA Fo] g9z oz alEl= AL sl THFig HQItKCui & Kim 2019). £ QoA DSSE QI3t %A
1B). T3 AA%2 A7 SAF RFEoH] wiol] A< HGA vh-A oA CPBAZE B E S4F estoll u] ]
Zol & B35 53 S 3t =9 AH2 /\}gg L oJgre sols}y] 9 zF Alsld A% AL HE gAY
UTHKim 5 2013; Myung NY 2014). Z12J5to] AFR 7, S E5) P59t HAE GAS E5) Yutael 24 He
ae-A9] & Zol& st A3t Nuto] Blsf| NCol| A & 52 wstel W Y=g kst A3 NCEolA] DSSof 9

e

Lol7t oMo Fastgon], pC % CPBA AFZoIH o BF 4uzKe) 22 % 27k B Wty 9%
folHon uge HelstdrkFie IC Fig 1D). Theb  AES F@o] Z7EI9lo PC H CPBA 24 23t A
CPBAY] Folt A4t ZEEE BET + Ux 2AsI9ITFig. 2). B3 9] Ho Hu) H=E B
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Fig. 1. Effect of CPBA on DAI and colon length. (A) Time schedule of this study. DAI was measured daily during 5%
DSS administration (B). Large intestines were obtained after the DSS administration (C) and their lengths was measured (D).
Data shown are the meanS.D. ‘Indicates a significant difference from the N group (" p<0.001). “Indicates a significant
difference from the NC group (*p<0.01, ™p<0.001). N, group received water without DSS; NC, group received 5% DSS
in drinking water for 7 days; PC, group pre-treated with 5-ASA for 2 weeks and then, received 5% DSS and oral
administration with 5-ASA for 7 days; CPBA, group pre-treated with CPBA for 2 weeks and then, received 5% DSS and
oral administration with CPBA for 7 days.
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98] AB AAE B3 BT Ak, FupEo] A Hghio
2 gl NZo] Hls) NCZOA @4 AEst gasteon,
PC 2 CPBA 430l J3] AHAElE A BEHATHFie 2)
olgo] Ante B3 CPBA] Helo] o8] hgAl FAI
QBAE A go] gstEglon], A Hute) BEv)ko] 5
oA AFH FARY AH Aol Y AOE AR

= At

gt S FTH(O'Shea &
o A-ZHAGA A S8t
HESHQ] Al276E 2485t ¥

ZHUTHO'Shea & Murray 2008). A5/ AEE] RlofA
Aol E7}Q10] thet A= HEig e eHAQl x4 Aoffat
& olse 4 k= HolA 8% JTS Sth(Pizarro
& Cominelli 2007). &4 th&go] =% uf-AoA IL-6,
IFN-y, TNF-a 52 HHSA Aol E7IRIo] thef gAtEr,
o] wj Y PAkE FFA AlETIRIO] tHE A9 HF5S
ZZ5cha 22 A QUHCui & Kim 2019). E3F AGZ4 A
O|E7IRIE A5/ AT Y] A 2Z oA F7HE] o] 3
o, Hub 459 BHEo] QlojA F8% 4TLE st AL
2 224 9thRogler & Andus 1998). TeFA] CPBAS] E0f
of W2 IL-6, IFN-y&} 22 AF/ ACIEZIRIS S &

Euelor ool eI FHY & AR nIes A5 HU AN wt 517

et A3t Nofl Bls NCZo|l A IL-6 Tgo] fojdog &
Jhsh08), PC 9 CPBA HF2014] 274 L6 o] &
ojfo2 4T S HUSUKFig 3A). ET Ny B
2 2799 Ak Noj ulsh NCAA [Ny Faol feH oz
F7ksl91o0, PC W CPBA 1Al 5718 Ny 93
fo50% 248 AL FAstAckFE 3B, T2 O
Z2] WollAl TNF-a 3 5743 23t Noj| |5 NCoj|A]
TNF-a @] 9205 Z7ehitkFig 30). 3 PC 2
CPBA 3120141 TNF-a 8% 2717 9] 02 oj4=l9]
G ot 7T B A HaFEE A9
S A5 AtelEFIRI0] JA|Eth= a7} Wol Eof it
Mun 52015)2] A+o W2 Lactobacillus caseiz a3t
% #&%0] 934 AfolE/1e1el TNFa, IL-1B 2 116 4%
oo} COX2, INOSS] 1S e 2 A5 olet
o= 217t =jof Qltt & A3 E3 HMAEQ] CPBATE A5
4 BATE FEcts 954 ARRIEZRIQL IL-6, IFN-y,
TNF-a2] BHIE JAFo2H A5 Fag] bzt A
37t Qe A2 HmdHE

i)

4. CHE ZZ|0Me ¥E B8 =& 2 AMSHE QIX}
¥ ZHk-go] Yo w] MAP kinase Z4] 2|3} NF-kB7}
A 5hx] ] (Schulze-Osthoff S 1997; Janssen-Heininger S
2000), o= COX-22} INOS®] 24} W Z719 AE4 A}
o|E7}Ql F7F= o]ojA|A Htt. o]o] CPBA7} ¥F ¥ £
Aol Y= v|x=A] &It fI5to] iNOSeF COX-29] &

HE | %
(x20) |

AB
(x20) |

Fig. 2. Effect of CPBA on the histological pathology of colitis. Histopathological change of large intestine. The rectum

of mouse was stained with hematoxylin and eosin (HE) or alcian blue (AB). The upper figure shows representative HE

staining images of the N, NC, PC and CPBA groups. The lower figure presents the AB staining images. N, group received

water without DSS; NC, group received 5% DSS in drinking water for 7 days; PC, group pre-treated with 5-ASA for 2
weeks and then, received 5% DSS and oral administration with 5-ASA for 7 days; CPBA, group pre-treated with CPBA
for 2 weeks and then, received 5% DSS and oral administration with CPBA for 7 days.
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Fig. 3. Effect of CPBA on the level of pro-inflammatory cytokines in plasma and in colorectal tissue. The levels of plasma
(A) IL-6 and (B) IFN-y were determined in experimental groups. (C) TNF-a mRNA expression in colorectal region was
measured by qRT-PCR. Data shown are the mean+S.D. ‘Indicates a significant difference from the N group (p<0.05,
"p<0.001). “Indicates a significant difference from the NC group (*p<0.05, #p<0.01, **p<0.001). N, group received water
without DSS; NC, group received 5% DSS in drinking water for 7 days; PC, group pre-treated with 5-ASA for 2 weeks
and then, received 5% DSS and oral administration with 5-ASA for 7 days; CPBA, group pre-treated with CPBA for 2 weeks
and then, received 5% DSS and oral administration with CPBA for 7 days.

AFZ Akl ST A3} Noj| vl NCojlA] A=} o IAZ Ao 2N 4548 F4a% S JAste A
Aol foHo g F7kstglon, PC 9 CPBA AHF 7 o7 AtgHrh
A iNOS o] fojHoz Zad ZE FRIGHTHFig
4A). COX-2% Tp7FA| & Noj| H]aj NCol|A] &7 whrdef ek g AHE
o] folFo= Frtstlon, PC ¥ CPBA AF|TtolA 2T
FoHo g a4 AL SRIsHItHFig 4B). & ATE & CPBAE 277t AP BFFo3t &, 5% DSSE &5t
3l CPBA7} A5 AZHY QIR NF«BO] U@ oA A0 AFHI @AM E W A7} DSS A
NZoZHN PSS TFots ©Eel COX29F iINOS  SUARE AT avt FEEoH, HA D Fo] Srtet
A B
12 7
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Fig. 4. Effect of CPBA on the expression of inflammatory genes in colorectal tissue of mice. iNOS (A) and COX-2 (B)
mRNA expression in the large intestine were analyzed by qRT-PCR. Data shown are the mean+SD. ‘Indicates a significant
difference from the N group (~p<0.01, ""p<0.001). “Indicates a significant difference from the NC group (*p<0.05, *p<0.01,
#p<0.001). N, group received water without DSS; NC, group received 5% DSS in drinking water for 7 days; PC, group
pre-treated with 5-ASA for 2 weeks and then, received 5% DSS and oral administration with 5-ASA for 7 days; CPBA,

group pre-treated with CPBA for 2 weeks and then, received 5% DSS and oral administration with CPBA for 7 days.



Vol. 35, No. 6(2022)

o] AP} Z]J—Xﬂ,gi Z7Vstg o, PCt D CPBAT
oA o] ABtE= AL WHASHA. AYETE &, vk
29| A Aol & TaERE A3 Nt H|s| NCZol| 4] 4 4ol
7F f9H o8 Fasiion, PC 9 CPBATOlA {242
g1kt A3 FAgo] frd A9
o %511 QQulzo] %z Walshz Ws}
A3} NCo| A4 DSSef| 93] 2
HJE&J T2 9 Z7|17F E5F2ISHA
2ol S7H=9l o, PC 9 CPBA 43
5} A5t Ao AN B &
Zst7| Qo ABEMS Boff st 23}, Hukso] gt 1t
o 2 QAE Ntof H|s) NCo|A A Hxrt 3t
Row, PC I CPBA A3l ofsf /A== AS WEst
of @9 W IL-62} IFN-yo} th4 24 Wf TNF-a T2 N
of Hls NColA FojH e g F7st3l o, PC 9 CPBAT
oA A AZ ERIsHIH. E3F INOS 9 COX-2 F314¢
=S ST 23 N2l H]o NCEoll A Rrejd oz
7¥sti o, PC 9 CPBATO|A B5F ZAE QI & A4S
&9l CPBAZ} A58 AedY QIARI NF-kB2] Hd-Z o
AA o BN F=A AJolEFFO1Q] [L-6, IFN-y, TNF-a9]
HIE Adfstal, S-S REst= dwWAQl COX-2¢}
iNOSQ| &S Ao =H FF5FESo] it A4 &
B}t A= AR ﬁ&%%t} 2 243 &5 EFHY € of
2Yo} T F=% uh-A oA thHo] it &
ot oA aE & J?:.EE/H g AEe A% 7HA 71
< ASotlen, T A7 54AE 715 9EE

& 7hs7gol ZdiE

fu
ol
o
i}

- u

J

I
_?L
Mg
o2 Mo of N
Olzl o FE o o |
ﬁl of ot &
o oL
fr m]ru 12
_|>~
O‘r‘ ml
N
rSL

L9
© 10
%
z %
(it
paus
mlo

i‘> "“
=

ol
pa°)

i ofN

d

rl‘

References

Bagchi D, Sen CK, Bagchi M, Atalay M. 2004. Anti-angiogenic,
antioxidant, and anti-carcinogenic properties of a novel
anthocyanin-rich berry extract formula. Biochemistry (Mosc)
69:75-80

Buchman AL, Fife C, Torres C, Smith L, Aristizibal J. 2001.
Hyperbaric oxygen therapy for severe ulcerative colitis. J
Clin Gastroenterol 33:337-339

Burness CB, Keating GM. 2013. Adalimumab: A review of its
use in the treatment of patients with ulcerative colitis.
BioDrugs 27:247-262

Chassaing B, Aitken JD, Malleshappa M, Vijay-Kumar M. 2014.
Dextran sulfate sodium (DSS)-induced colitis in mice. Curr
Protoc Immunol 104:15.25.1-15.25.14

Chelakkot C, Ghim J, Ryu SH. 2018. Mechanisms regulating

sulele} olziol e B B ABC] npes dE4 AR A w 519

intestinal barrier integrity and its pathological implications.
Exp Mol Med 50:1-9

Coussens LM, Werb Z. 2002. Inflammation and cancer. Nature
420:860-867

Cui X, Kim E. 2019. Anti-inflammatory effects of mulberry twig
extracts on dextran sulfate sodium-induced colitis mouse
model. J Nutr Health 52:139-148

Hwang ES, Thi ND. 2014. Quality characteristics and antioxidant
activities of cheongpomook added with aronia (Aronia
melanocarpa) powder. Korean J Food Cookery Sci 30: 161-
169

Janssen-Heininger YMW, Poynter ME, Bacuerle PA. 2000.
Recent advances towards understanding redox mechanisms
in the activation of nuclear factor kB. Free Radic Biol Med
28:1317-1327

Kim HK. 2019. Effect of heated radish extract on DSS-induced
ulcerative colitis and anti-inflammatory effect. J Adv Eng
Tech 12:163-171

Kim HR, Park IS, Park SB, Yang HJ, Jeong DY, Kim SY. 2022.
Comparison of laxative effects of fermented soybeans
(cheonggukjang) containing toxins and biogenic amines
against loperamide-induced constipation mouse model. Nutr
Res Pract 16:435-449

Kim N, Lee I, Seo MJ, Lee YY, Choi H, Sim EY, Yun HT.
2021. Comparison of quality properties for choosing
appropriate varieties of saengcheonggukjang. Korean J Food
Nutr 34:381-389

Kim S, Park J, Ryu B. 2013. Effects of Auklandia lappa on
dextran sulfate sodium-induced murine colitis. Korean J
Orient Int Med 34:134-146

Kim YS, Jung HJ, Park YS, Yu TS. 2003. Characteristics of flavor
and functionality of Bacillus subtilis K-20 chunggukjang.
Korean J Food Sci Technol 35:475-478

Koh JB. 2006. Effects of cheonggukjang added Phellinus linteus
on lipid metabolism in hyperlipidemic rats. J Korean Soc
Food Sci Nutr 35:410-415

Lee BY, Kim DM, Kim KH. 1991. Physico-chemical properties
of viscous substance extracted from chungkookjang. Korean
J Food Sci Technol 23:599-604

Lim HJ, Kim HR, Jeong SJ, Yang HJ, Ryu MS, Jeong DY, Kim
SY, Jung CH. 2022. Protective effects of fermented
soybeans (cheonggukjang) on dextran sodium sulfate (DSS)-
induced colitis in a mouse model. Foods 11:776

Mun OJ, Kwon MS, Bae MJ, Ahn BN, Karadeniz F, Kim M,



520 151 -

Lee SH, Yu KH, Kim YY, Seo Y, Kong CS. 2015.
Anti-inflammatory activity of Hizikia fusiformis extracts
fermented with Lactobacillus casei in LPS-stimulated RAW
264.7 macrophages. Korean Soc Biotechnol Bioeng J 30:
38-43

Myung NY. 2014. The inhibitory effect of Orostachys japonicus
on dextran sulfate sodium-induced colitis in mice. Korean
J Herbol 29:29-34

Nam AY, Lee DS, Shin KS. 2022. Improvement effects on
inflammatory bowel disease of ethanol extract isolated from
Saururus chinensis. J Korean Soc Food Sci Nutr 51:205-212

Okayasu I, Hatakeyama S, Yamada M, Ohkusa T, Inagaki Y,
Nakaya R. 1990. A novel method in the induction of
reliable experimental acute and chronic ulcerative colitis in
mice. Gastroenterology 98:694-702

O'Shea JJ, Murray PJ. 2008. Cytokine signaling modules in
inflammatory responses. Immunity 28:477-487

Pizarro TT, Cominelli F. 2007. Cytokine therapy for Crohn's
disease: advances in translational research. Annu Rev Med
58:433-444

Rogler G, Andus T. 1998. Cytokines in inflammatory bowel
disease. World J Surg 22:382-389

Schulze-Osthoff K, Ferrari D, Riehemann K, Wesselborg S.
1997. Regulation of NF-kB activation by MAP kinase
cascades. Immunobiology 198:35-49

Seeram NP, Adams LS, Zhang Y, Lee R, Sand D, Scheuller HS,
Heber D. 2006. Blackberry, black raspberry, blueberry,
cranberry, red raspberry, and strawberry extracts inhibit
growth and stimulate apoptosis of human cancer cells in
vitro. J Agric Food Chem 54:9329-9339

Srivastava A, Akoh CC, Fischer J, Krewer G. 2007. Effect of
anthocyanin fractions from selected cultivars of Georgia-grown
blueberries on apoptosis and phase II enzymes. J Agric
Food Chem 55:3180-3185

Westwood MN. 1993. Temperature-zone Pomology: Physiology
and Culture. pp.100-110. Timber Press

Xiong T, Zheng X, Zhang K, Wu H, Dong Y, Zhou F, Cheng
B, Li L, Xu W, Su J, Huang J, Jiang Z, Li B, Zhang B,
Lv G, Chen S. 2022. Ganluyin ameliorates DSS-induced
ulcerative colitis by inhibiting the enteric-origin LPS/TLR4/
NF-kB pathway. J Ethnopharmacol 289:115001

Yang DH, Yang SK. 2009. Trends in the incidence of ulcerative
colitis in Korea. Korean J Med 76:637-642

Zhang Y, Guo C, Li Y, Han X, Luo X, Chen L, Zhang T, Wang
N, Wang W. 2022. Alginate oligosaccharides ameliorate
DSS-induced colitis through modulation of AMPK/NF-kB
pathway and intestinal microbiota. Nutrients 14:2864

Received 04 November, 2022
Revised 23 November, 2022
Accepted 08 December, 2022



