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To investigate the effects of different algaeale polysacharides on
attenuating colitis in mice
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Outline
Introductioon
Dietary polysaccharide-rich extract from Eucheuma cottonii modulates the
inflammatory response and suppresses colonic injury on dextran sulfate
sodium-induced colitis in mice
3. Potent anti-inflammatory activity of polysaccharides extracted from
Blidingia minima and their effect in a mouse model of inflammatory bowel
disease
4. Conclussions
Abstract
Inflammatory bowel disease (IBD) is a known medical burden in most developed
countriesand and a significant cause of morbidity. Now pharmacological and surgical
intervention are the two main management approaches for IBD. However, some drugs
result in drug resistance and side effects. Therefore, natural products, including those
with marine origins have been investigated for the improvement of IBD clinical
symptoms. In the first study, colitis was induced in mice by the administration of
dextran sulfate sodium (DSS), and then DSS-induced mice were treated with Eucheuma
cottonii (EC) extracts or curcumin as a positive control. Mice were sacrificed post-
treatment and blood samples were collected. The disease activity index (DAI) and
inflammatory cytokine levels were measured. After treatment, EC extract
administration protected against weight loss and decreased the colon weight perlength
ratio, it also decreased pro-inflammatory cytokine expression, increased IL-10 levels,
and reduced colonic damage. In the second study, in vitro and in vivo experiments were
performed using dextran sulfate sodium (DSS)-treated intestinal epithelial cells and
mice with DSS-induced colitis, respectively. The mice in both treatment groups were
treated by oral gavage with either saline or Blidingia minima polysaccharides (BMP)
once a day for 7 days. At the end of the experiment, colon lengths and weights were
recorded, blood and colonic samples were collected for further analysis. BMP showed
an anti-inflammatory effect on DSS-treated cells. Furthermore, BMP alleviated colitis
symptoms in DSS-treated mice, it also repaired colonic dysfunction, and colonic
morphology, infiltration, and the expression of tight junction proteins were all improved.
Therefore, both of EC extracts and BMP can reduce DSS-induced bowel inflammation,
thereby becoming a promising candidate for the treatment of colitis.



O 00 N O U1 »H W N B

W W W W W WwWWwwWwNNNDNINRNNNNNNERRRRPRRRPRRP R R
0 N O G D W NP O VWOOLNO U P WNREPROOOOONO VDD WNLERLR O

- T

L% Ao (Inflammatory bowel disease, IBD) & - f ¢ 4 5 %22
(Crohn’s disease, CD) {5 1.2 % & (ulcerative colitis, UC) s At > f+ % #ic
CRFRTI- B wnFR i EF LSS LRy Ea Ay §
RYA ~ o AR - WL R {5 %5® (Hendrickson et al., 2002; Cosnes et al.,
2011; Bitencourt et al., 2015) - p 20 & & ¢ £ %k » IBD fv’ﬂ’;&r}?&ii o 3 E R
(Bldrdt £ ~ T ~ 378 iR+ f1E) 3 “Lri‘g e BRETS AL P Afre
FATEIECRFSRIBD o koo gt o B R e n‘i AT RCE PSR
it fea > i FrE 1 ¥ i & fo IBD %]]%-1 & L_i‘aﬁ o ¥ » IBD ?Zfﬁtﬁfﬁ‘fbﬁ; -
f& > 22 i (Molodecky et al., 2012; Kaplan et al., 2015)

Pag LS ERpy Ffort s 51 £ o 2 2 (Lean et al,
2015) o sred eE ¢4 (azathioprine) ~ 6-Freke4d  (6-mercaptopurine) feied % & B 485
R EF LG AR AR EG LY RFAELAELL (Choetal, 2011) - 4
TR AR A KPR AR A R B o AR N R HE B Rk
7' T3 AP R chgE* (Lean etal., 2011; Triantafillidis et al., 2011; Lean et
al., 2015) » F1t o R p AR RAE Ko+ G IBD fRA RN OB IR EF -

- WA EEDd e WY Eink IBD B4 0 HETBEREIE - A
kpaE kK et SR R R B & DY ERFEHRPS (Bitencourt et

al., 2015; Lean et al., 2015; Brito et al., 2016) - 35 % /3 &5 2 2 fid bt £ 4 » 4o
SEEC WM B BEP L3 SRR R A FURS ~d oG T
Ll friuste & 125 (De Souza E™ T et al., 2009; da Matta et al., 2011; Torres
et al., 2014; Bitencourt et al., 2015) - /% &® 7 5 * Een i pE > fed 305 HiE ¢ &
LT R AN R AR AR s TR T AR S (e :;:;“-B * 7
£ % 33-75% (Jime'nez-Escrig et al., 2000; Go’'mez-Ordofiez et al., 2010) - ‘= & %
PEY AR d B EFP oo BRI LSRR T R R AR B "% K Ae
a5 picd $ 32 B4 (Rodri'guez-Cabezas et al., 2001; Galvez et al., 2005; Koh
et al., 2016; Makki et al., 2018)

ARSI Y T SR ERBETET L s HARHPRT
(dextran sodium sulfate, DSS) ~ = # £ ¥ & f& (trinitrobenzene sulfonic acid, TNBS) ~
ot ik (oxazolone) ~ ¢ f& (acetic acid) ~ #3lv-% *  (indomethacin) ~ {e*~ % pE 7 &
(Randhawa et al., 2014) - % i 4 » DSS r’vﬁ%’ﬁ oKV AR AR A RMEES L T E
HEfopE R Ap M 12 (Parketal,2015) - @ DSS # #eng % L HAFE v B F
TP HEM fr'}—& P’L @ A Ak ié * (Chassaingetal., 2015) » & 2 & # f* el &
VEFL Mo AEF T A 4 HRF L (Jeonetal, 2016) -

%3 ”1 p%mﬂ REBEZTHFASF EF BErFIRT S BARS S
$+ﬂ%%km%%ﬁé

B % adwsE (Eucheumacottoni, EC) ¥ - fiii > » AL ALK > A5

FAREAE B A R fofu U4 (Kumar et al., 2008; Matanjun
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et al., 2008; Amvar et al., 2012; ng et al., 2014; Abu-Bakar et al., 2015) - y* *F » &3

o BPOBRP5FV R MBwe a4 L & (Chang et al., 2017) » i2ig i

v )ﬁ} & (Fardetal.,2011) - # i#:&J% @ &~ (Abu-Bakaretal., 2017) - EC % B~

oo S AREP T L L el B o ? S OFE e R EAR BE 4 T S

(Wanyonyietal.,2017) » & a4 iz % 3% E o 2 Hﬁ:ff\}]’;‘a B¢ IR 4':}1%9&)7«]1;3

€% (Lee et al., 2017) o F]pt > * % 5 7T A EC? #PF 7 F pEni i it
B OUHA R

BB RAEAEE GCE R A2 50°C T v e FRiEE B30 pF o RSB IREE B
FOERTEAY RE BT ARI B BERPITEC SR LRI
/ﬁl% P EFECEEY o el g AECEERFRF 280 T A‘%‘rzFJLJ\A\

B~ e 3o FRARLIRE L U S x\gﬁé}hjﬂf]?’rﬁk\f]\l“ I N A
1&{ kit &+ (7477 £ 1.15%) fri A~ (19.66 = 0.16%) > # == & F-9 F (2.88 =
0.05%) ~ -k & (1.44 £0.48%) fr*3% (1.26 £0.18%) » H &% ¥ g -k it &4 }
W % oo

21 /22 FER EC ¥Bpwmie B a8 8 % RAW 264.7 E viime
27 H—‘wf;&: (125~ 250~ 500~ 1000 pg/mL) ¢ EC X B~4= 2 15 | J be FB o e
HlE A 96 FtpgitiER R 24 J oo T MTT Bld - %1 EC B4 4
RAW 264.7 Ergim®e (Fig. 1) i2F 41> ¥ EC ¥ B ot p gL infm s 2. Y
P EEL G EEFLR oA Aﬁ?——‘ﬁ Ehpn A FEER T A F e S 4
(Namvar et al., 2013; Lim et al., 2015)

WE e HRR eIt e o A H-48 € k#szed BALB/C | R E FH 4 8
BEFR- Y SRS L6 T8 HY - mRER DSS(#;‘;#' )
¥ b5 ok ? A 25% (wlv) DSS :}H@r? o7 R fsE P KRS DA
¥ ehEC 2% (DSS+EC:10.35g/kgb.w.~DSS+EC2:0.70 g/kg b.w. ~DSS+EC5:
1.75g/kgb.w.) ~ % % (DSS+Cur :0.10g/kgb.w.) s -k (DSS)(Fig.2) = p ~

—EOHEFT AT EFpRAE)EME LT RATE kiR % 8 X 3K
4:+_a— #4123 2 REEYERL AT B Fir Y BTG £-20°Ce
FLBEHREDER F AEP ¥ I EP 4] NF-«B (Brumatti et al., 2014) v
Frd] STAT3 5. % (Yang et al., 2013) kg &% L o ptoh > F§ 287
DE R LA F o 4ot e 3 ]+ (Tumor necrosis factor, TNF-a) fe-
3 i § (Arafaetal., 2009) -

FIDSS #rildecnEH L3 WEFERATTE F N T EHeRF R 5
Fpp B REEE 2 H B ]P‘;“Lﬁv#ﬂg( ) %»); DSS % #. &5 Ng=s ok E; e T
on ECEBFAET Ay R gWE T % (Fig.3a) o pt b > B L &
SRVCRRER AR SR DAI oo [(EREES)+ (%1 5;;;;1)+(_5_B i
PRV A GG R @R 2] BB e B A B R 2 EC o
® Fief e (Fig.3b) > & A3 g grer kw7 3 — 5 (Kimetal., 2013; Chassaing
et al., 2015; Jeon et al., 2016) -
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By etk By age (Fig. 4a - 4c) frsfenipy £ £/5 R (Fig.
4b) - & DSS/@:@&’ TR RNESERES AL FAE S ECEF
PR AN FE RS e en i B %;i( -pk %
6 ( lg 4b) fr”#ﬁé%"" 1 (Fig.4c) - &% m = » * EC Z B3
Freied 1 DSS o] B FEDEH L fv’ﬂ?’&ﬁ* e AR o e o

2 ELISA 'Z‘V\’H'JL v e gE 7 B W UAPM e e interleukin-1P
(IL-1PB) ~ interleukin-6 (IL-6) % TNF-a > -é% Bt > DSS &) mAp it it R
ERBFH A (Fig.5a,b,c)-* EC ¥ f S F 5 & mJdL® % M iF¢ o TNF-

a~IL-1B fr IL-6 kA& ot b - EC P-4 BAEF ' 17 % mshd IL-Ip i
I (Fig. 6a) » DSS ez ipilieqpt » B wad fgf Lmbe ik IL-10 g5
¢ (Fig. 6b) -

BB RS e RpE gt HRE 49 2 8% 7 5 N ¥ S5~ 1Ak
m/é% SR DTG ORF R0 o 228 0 DSS men ] BA ARG AR

3 A% (Fig.7)- * 3HE EC ¥BH 2§35 Fiomkis o 9:}1%,397@@;)\5‘4 LR F
= A

s b EC +B"#ﬂpo\€‘~f RWE T g emd arg. *T;HFI’;?‘
FHgeiirr o 25 Fe W e d TNF-o - IL- 1[3 fo IL-6 & § T %
AE 4 o
S EETY R LB IR A F RS A ) RECY 2 1w

4 % (Blidingiaminima) f3F % /% AP L5 oo TSRS £30E K
BRIOKP RRECR A TR ¥ 2 2% (Enteromorpha) - 424 £ o e
‘« imie B S g o] o iTE 3 3= kS %33“74 X 3% i ’_,‘_711}‘\"“5' g ’ﬁ F 5 ’ﬁ
FAOR R bldedug U~ fLF et e g E o (Cho Leeetal., 1997; Teng et al.,
2013) - * F e e Sefpl B E B FIR RV S HFE mik’}fr’ Al g B AR
WEABADF Ay FEHEFAROT R T BB EF FRAPE
FRIR? Wiy B4 o

g R (P RLERY) gvk A ¢ 2B F i S (Fanetal, 2015) -

B IRLH R A /ﬁ‘g‘—}ﬁ%@w s L iE - R ET & 60°C T g0 AT
EFO0Ca L™ Fa kEEr lkgHakh i 3 [ Fomisibir: 20°Ce
S 2 PRI R REREIFREZE R ETE A 4k 60
mL/min enig sEisd Bt > @ (8 #R 150 AR Y * SRl 2 RATE - B sk
,f; gﬁmP kg 5L e R e 24 PR RS0 B000XQ e 10 S4B 2k
iR A BT S K ¥ 5 P-4 (polysaccharides extracted from Blidingia minima
BMP) -

#-BMP £ {7445 » ¥ 4v BMP e ~ W39 BERERfoR B 2 £ 4 5
é 491.4~196.1~100.2 4= 137.7mg/g > @ %= (teromorpha prolifera, EPP) i3

B~ B9 iR fcR B 7 £ 4 % 5 546101124 - 179 mg/g (Teng
etal.,2013) TSR AR 0L gt b 5 2 B eET y BALEPP sha & A A d &
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I A H BB TSR 5 BES A BMP AR d BRI AR
FEPRRIT F e B o R B L SRS Sk Fle o EPP
FrBMP & 5 4p inenje = o

5 R TUBMP $imee iz P (EX e b L (IPEC-J2) imve g
7 kB BMP (4 % 5 10 ~ 20 4¢ 40 ug/mL) 4= DSS (20 pg/mL) 2 24 )
o g7 MTT @35 % '1’(3;.397’9?7‘ RNA A7 Lo 23 o 254
B BMP AT IPEC-02 % {4 » mie sl ¥ % (Fig. 8A) > % % BMP
? R B wie E 0 @ & DSS it g X m’?:?,,%r% IL-1B = TNF-o mRNA #
WAP T A] G B F M ehs] 4 BMP 87 DSS e p it 0 A s W we gk IL-
10 eh4 R F B F 10 4 > B &) BMP /gal_m:}wxw o

W F %Y oK 32 & 10 F#C57TBL/6) it ] B RdEF A 22+2°C
PERR S 50 £ 5% IkE Y o Hrg GV RFRERES > pd Ak TR L
2 | PR PR/2 PR A AR ML 5 B o 4 W G RTE R KR (Idle) 2
7 3.5%DSS sk (FekiE)e s e? g & AB‘E““"’&’F%?‘&%%’J{’“WFE
ER (%5 1020 4 40 pg/mL) 2. BMP (2mg/kgb.w.) » 3§ 7 % o F % 4
RPF o B F#E 8k 0 ¥ 580009 0 4°C e 10min > & 7w oo 2t SR
Fﬁ%@i%p’?ﬂégﬁgﬁéﬁ,ﬁﬁ&%%ﬁr%%@—ﬁﬁﬁo

ACHE R S EG N KRR B fods f R R B R R F B
#ic DA - EHF A0 5 10> AHEFE L MERFE L% 2> L
# 5-10% ; 3> 48 E s 10-20% 5 40 R E i >20% o ¥ K (AR > Ak 2
WeAdpp @ e 2 04 AL Aisf b i ke SR LT E A S 24 0 A
ST b e B T EA L AN o4 OBr AR FA L 0°0B L 2 A <
Iw 5 4 & o MTut A Hihp A T “f w3, {84 DAl & (Han et al., 2015) - %
BMP /5 e w22 DSS 2 Apvt > 34 5 B F 0T ' (Fig. 9C) > % BMP 7
BA g g s O g ko

% ¥ 31 BMP 3+ 2% g%‘«}l%iﬁl_&?é bR giEr Fmo HE %4 fvd #5587
FHMBE AR R T REHES L S F F e FEA G (R
0: BB AR 13 #2 1 8FAK 2/3 44 2 ﬁ’fz[%”r]leg 4 e b g imie 4
BORE 3 FBRFIAG Ll 4 o 4) c pRERAL (B0 b
ol iz U3 Bfap® 25 2 23 S dp% 3 ;‘ﬁﬂ KB
% >4)oDSS FE e | BB R LR INAZF L om T (Fig. 10) > & 457
BMP i "~sa‘<£z=;> WL BT R o gt b B 2 ke ) B4Rt > DSS ke
Bl > Hes NN FhhEg ¥R (Fig 10) - 25 DSS 41| Rig
% BMP ¥ .'liﬁ‘-‘f.-“é"%..é‘_.,—‘« L F . e

B TBRBRSEESEE . o] BgEEw 4] FF 0 S r S FITC-dextran » 1%
Fog fog st £ A W L 488 {r 525 nm T i /Flm ¢ % k4 (Zhang et al.,
2015) » 7] FITC-dextran 7 € A% %5 g o it Sz » FIpt 553 DILB R - 7 fx
¥ fwE 11 oDSS | Bl ¢ (HFITC ¥ ks R B ¥ 3 >0 ¥ | & {- DSS-BMP
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w i) & (Fig. 11A) - pt ¢ > DSS 2 e 5 = #c it i (Diamine oxidase, DAO)
BIETE M e iRg AR R A A EF L kY P AL (endothelln
LETD) ERASF > Bf7 i fb ik BRPAFHREL 5 85
¢ Frg§ ¥ (myeloperoxidase, MPO) &3 % & fpF i & it 24 & Aq ,uj;
4 Fenpk o R RklLd 5 3k 3§ 1% (eosinophil peroxidase, EPO) + g P
nwaw?ﬁmﬁnuxb’g4guwﬂég#® ﬁ[BS%%&AWO?ﬂPO&
By ¥ 8 (Fig.11B-E) » # BMP o e | 8¢ 25 BRI o d o
v s BMP ¥ H;)é\ © & DSSH g L F RE G oL i BlRens o

w0 R E AR e iﬂ%i“’a’#ﬁiﬁd?ﬁ 2if# 30 (tight junction protein) =%
> & 3% ZO-1 ~ occludin §v claudin-1 - DSS f&J2 ke 22 {o¥d B fe e | Bl fp it o o]
K% ¢ ZO-1 -~ occludin v claudin-1 eh3-v # 7 & F M4 1 (Fig. 12) » @
L5 BMP a5 ¥ g DSS 2 | B¢ ZO-1 -~ occludin §r claudin-1 #-¢ % 3

"E 0 7 ar BMP g 2 DSS 3 S4r B il & R AR -

'Ed- 3 =<' ’F a2 ELISA #ip| 2 B P2 ek TNF-o 2 IL-1B12 2 Foil fw
v rd IL-10 5B R - DSS e # @ wapt > B¢ e ek TNF-o 2 IL-1P &F
Fipend 2 o @ IL-10 Bl BEF T % (Fig. 13) » I pr o U8 8¢ BB,
RNA i 11 qRT-PCR 4 47} it i jfrk > 82 ¢ st Ag%ip e o

G RBERSKES Y NFRBRESE T 4o Fig 14 917 » 4tk
e DSS-BMP ‘e 4p+t > DSS fo ] 8% ¢ NF-kB ~ [kB-a fosific it AKT 3
GO LB E R Sr o BTHPE L B4t 0 485 BMP7 % 5 > DSS 3% %< NF-kB
IkB-a fr AKT hd-v FAIRZG HFALE » £ & BMP &t B ¥ NF-xB 4 i i
AR BE fme ek o B0 LR e

Skl b o s DSS W} BB LS BMP o iR EH K E B> X7
:)E‘érﬁ’?%s,ﬁ.»b”s—gf BRI G TR MR F RS i A B
m%ﬁgo

g”aﬂ"‘:)ﬁgj@;% BB 7@;414'4.297;;5 %
TR T~ R lﬁ?yzr'r'}#ﬁ& E#ﬁ”’;@&ﬁ?—

s
g $-4
'ﬁ ﬁfp&p/p%lBD—L)ﬁE{ /%;4 °

g"%\' Mo R RE RS L)
) TR %@m%xﬁ@’ama
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Table 1. Disease activity index (DAI) scoring of DSS-induced colitis.

Score | Occult/gross bleeding

0 None
Small spots of blood stool; dry anal region

2 Large spots of blood in stool; blood appears
through the anal orifice

3 Deep red stool; blood spreads largely around the
anus

4 Gross bleeding

Table adapted from previous studies [35, 40, 41].

Weight loss (% of initial
weight)

<1

1-5

5-10

10-15

> 15

26

Stool consistency

Normal stools

Soft pellets not adhering to
the anus

Very soft pellets adhering to
the anus

Liquid stool in long streams;
wet anus

Diarrhea

(Sudirman et al., 2018)



