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Loperamide-induced Constipation Models
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University of Science & Technology(UST)

ABSTRACT

Objective : This study was conducted to investigate the anti-inflammatory and laxative effects of Polycan in TNF-a
-treated HT-29 intestinal epithelial cells and loperamide-induced constipation in vivo models, respectively.

Methods : To evaluate the anti-inflammatory effects of Polycan, HT-29 cells were treated with TNF-a in the presence
or absence of Polycan. IL-8 production was measured by enzyme-linked immunosorbent assay (ELISA). MAPK
phosphorylation, nuclear translocation of NF-kB, and phosphorylation of IkB were assessed by Western blot analysis.
To investigate the laxative effects of Polycan, 6-week-old SD rats (8 female rats per group) were orally administered
Polycan or Chicory Fiber as a positive control for 4 weeks, and constipation was induced with loperamide treatment
for 10 days before sacrifice. One day before sacrifice, a charcoal meal was administered to evaluate intestinal transit
times. The periodically collected feces were used to assess the number of fecal pellets and fecal water content.
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Results :

Polycan inhibited TNF-o-induced IL-8 expression in dose-dependent manner. Furthermore, Polycan suppressed

TNF-a-induced phosphorylation of MAPKs (ERK1/2, p38 and JNK), degradation of Ik-Ba and nuclear translocation of
NF-kB. In an /in vivo constipation model, the number of fecal pellets per food intake was significantly increased in
rats administered with Polycan, both 1 day and 7 days after loperamide treatment. The water content of fecal
pellets was restored in the Polycan groups starting 7 days after loperamide treatment. In addition, Polycan intake
significantly enhanced the gastrointestinal transit ratio of a charcoal meal but reduced the number of intestinal fecal

pellets.

Conclusions : These results suggest that Polycan suppressed TNF-a-induced inflammation by blocking both the MAPK
and NF-kB pathways in HT-29 cells. Additionally, in a loperamide-induced constipation model, Polycan showed clear
laxative effects by increasing the number of fecal pellets, fecal water content, and intestinal transit ratio of a

charcoal meal.

Keywords : Polycan, B-glucan, HT-29 cells, anti-inflammation, laxative effect
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B 7] o= JRog Fo| dF o5 75ty B
& F5ote AEE YWl RuE VA F 258
QgstA & mut opel, A HPE LES B &
ot FAMES st g 1%l Flegtin FeiA
QTHO. g@ulE AlZejokEckd R Y WHEE o
ol &S F o7 QAuke AjEed Azl o
By sojgfsl g2 ug 5 meluloleEAE A|uA
Hog si= ggto] fiiioltt?, g, WY 7%
M mEsor we A7 o)Fold f-glucan& F

7] B Wdol yehta] odow, |45 3 ¢l
g ARy anpt dSEEA ot A37sAel
FeEAE P poglucan YR F
Aureobasidium pullulans SM~=2001 #jFE-2l polycan'™
2T A E0 9 & 24 A4 &50] 9 v Q)
o 10717 =A%} DSS 9= AL i vivo BE &
ot @45 oM f-glucan o] AFA AtlE7H]
IL-18, [L-6 ¥ TNF-a A4S A5k= o=z By
HQek 970 met Aol mEloAq g -glucan 2
A A 24 A g% e BauE v ok,

oo B A= B-glucano] FTHIF ZER
Aureobasidium pullulans SM-2001 8]E Polycan 2]
AU 29 wHgs JiA 3%S AEIA
HT-29 M=23E ARgstel TNF-a A2z & d935
Al 2Els AlZbste] Polycan #2lo] ©hE FHS &
5= EIstAtt. E3F Loperamide 2 =St in vivo
#iv] RElofA] Polycan o] viRgs 7i4 &dte] dfst
of foJet AiE Agl7lel Hilshe Hioloh

I. Al 9 4y

L A=

1) Polycan A=

2 Ao AHESE polycane S8Y  Aurcobasidium
pullulans SM-2001 ¥i¥= F219 B-glucane =, A
g AFoA p-1,3/1,6-glucan (B-1,3 linkage 68:
B-1,6 linkage 32), B EAFS 2.6x10°Dal 2
o v o, Aol AMgRH f-glucane EBEETE
oflA Aol Adle] AMg-sHT

2) Azt & A4S 7

HT-29 colon epithelial cell line2 ATCCZHE
dstAdem, MEEjRS 37T, 5% COZ7NA 10%
FBS, Penicillin (100 U/mL), Streptomycin (100 x

g/mL)o] #H7FFY DMEM  (Dulbecco's Modified
Eagle's) HiZ|2 wiF=|Qlch wix])= 2¢ 7HAC=E WA
Sklth. Polycan®] @FH9S A5 B7FH] ot
HT-29 AZFo|A 50 ng/mL %%°] TNF-«a
(Sigma—-Aldrich, St. Louis, MO, USA)E 647t &<t
Agste] A5S FEok3lh

3) A¥s=
2 AP2 6599 SD-Rat $7 wReAE FASJAL

Fotel (KOATECH, Pyeongtaek, Korea)ollAl F-g4to}
747t =RkAS AA ARgstalen, Ad=ddich
SEAAAST FEHAA 124 Ao r g 24
T 23427C9 2%, 5045%° £ FA5tY] 552
sk, Am 2 See AREA g6kl B
o} SAEEENEIY A HOE 9 29 A
A& Tt 2 AES IPoFATHGNU-240802-

2. 9

D Mxz=4d g7t

Polycan ¥ TNF-a 9 AZEAHES Hristr] <6
3-(4,5 dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT, Sigma-—Aldrich, USA)E
o] 83t cell viability assay® FHSIch  HIFSH
HT-29 cell® 96well platec] 1x10%cell/mLE=&
200 pLA BFote] 24417 F)F wiekstath. HT-29
cellef Z¥2+ 125, 250, 500 pg/mL “E9] polycan A
29} 50 ng/mL TNF-a £ 24A7F A F, 5
mg/mL (DPBS)S] MTT AleFE mediac] Suf 3]A3gH
20 100 pL/well® EF 3+ T 1AZF incubatorof Al
gReAIF T ASHE AA F formazang DMSO 100
p LA A |jAZl F, palateE "io]l3Z R 57
(SpectraMax i3, Molecular devices, CA, USA)E ©o|&
sto] 570 nmollA SF=E SA5H

R

2) Ato|lEZIRI I ot

HT-29 A&ol|A] TNF-a ] 23] f2g IL-8 Ate]
E71Q1 W2 ELISA (Enzyme linked immunosorbent
assay)= Sl SAIAE 24 well plateo]] 2x10°cells/mL
2 EEslo] 2447 vieF & Polycan 125, 250, 500
pg/mL FE= HAAsHT. 18 o AZE2
TNF-a (50 ng/mDZE 6A1ZF & Aste] dASHHE
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A= & AF=d (Supernatant)S THSFACE 96 well
plateo]l 1 xg/mLe] IL-8 12} FA2 3=H FoF 7

g3t & plate= washing buffer (PBS®} 0.05% Tween
200 Al ® AFEskr AgoflA 147 Bk vkl
t}. o]% 10% FBS3-F PBSZE blocking?t &, Al H<]
AH & BEF0 45Ae 784 A2 3]4sto] A
bt o, A2olA 2413 B9t RRESHATH
washing buffer2 T4 H AF§ ohg 1L-8 23F A
(Streptavidin—conjugated)©} HRPE plateol] F7}5}o]
IAZE Bk ¥Eg 5 A ¥ A, TMBE 714

2 Agstel BYEE ZHS tlolaR WE/E

AFESE] 450 nm THFollA EA5H, IL-8 F& I
AL olgste] Alg W IL-89] TAHFS 4ttt
3) Western blotting
HT-29 cell2RE HF o oide Ids
Western blotoz® ZA35}th WA, HT-29 celld
Polycana 125, 250, 500 ug/mL HE2 A3t &

AZS G=o7] 9lote] TNF-a S 24417 Aesbict.
7} |2 PBSE AlF &, RIPA buffer® lysisstgich.
olZ 12,000 rpmellA] 20 ¥ YAlRefste] de g
9] 525 BCA solution®® AFt th2, 30 pg &
WS sample bufferet &3sto] 8-15% SDS-PAGE

S 5o EEstrt. @l o't NF-«Bo] 3
o5& sk sz, Ad7Iek 2ol A=lE HT-29

cell& 425l nuclear and cytoplasmic extraction
reagents (Thermo, USA.)E AHgsdte] AxAxt of B

gL

g Aot Z4 BE¥e upvixE BCA solutiono 2
Wl AT 5, 20ugd Ade) Agelt. Beld

2]
[e]
@RS NC membrane© 2 transferA|7]1 ZF

300

membrane2 5% BSAZ 4204 1A]7F blockingsh$d
th. membraneol] 12} FAE ol 4ToA sz vt
SAIXL & TBS® 33] AlHstyiry. Membraneo] THA]
HRP-conjugated 22} @AIE Y2 F, 1AZF &< A
204 §EgAIZIAL TBSZ 33] Al&ste] ECL-&H-S
£3}o] ChemiDoc™touchimagingsystem(BioRad,
California,USA)E ©]-&5}o] EA51T)

o]

4 e
A= o4l o= ERote] Ads M8stile
o, A9 JHA 7t AY Ane] #E AE sk
o F 8utEE ST dFL] &35} 7|1te AR
T AFS 7Nt FA9] Adste] -2 225k
HH] G5 ¢t Loperamider Sigma (St. Louise,

MO, USA) AlE= ARSI, Atz o= ARRH
OFEQPA oA v S5 A 7eE A
2 XA7 Alo]AS (FIBRULOSE FI0)= wl7jofite
2 COSUCRA S.AAF (Warcoding, Belgium) AH&-& At
Botaith A1E 24 2 FEdERT2 Mg o 104
18] ZFo]§ SondeE ©l-&sto] 289 3+ A Fof
shlth. 24UET2 SRTE ARSI, dAAdET
el x]A2g] Alo]ldw (CRF)+= 300 mg/kg, Polycan A
S8 (Polycan D2 31.25 mg/kg, JEHF
(Polycan M)2 62.5 mg/kg, &3 (Polycan H)-=
125 mg/kg Fo= Folsiqlry. E3h WH[E {ko}

s

T
AZ0

o

2 e AdTES AL SAYERE, FHUERE
Polycan &%, S84 IL&dT2 HE ARIHH
o]

19937 E] 28UAF7HA]
mg/kge] BFor AT
(Fig. D).

18] LoperamideE 3
Fofsto] ®IH]E [ESHRIh
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12hr fasting
L ide-induced
Day 0 Pretreatment Opic?g:ti;a:;nuc Day 28
18 Days 10 Days
<€ >
N "
>
Loperamide (3.0 mg/kg)
>
1. A. pullulans SM-2001 extract (Polycan)
{0, 31.25, 62.5, 125 mg/kg) ¥

2. Positive Control
Chicory Fiber {300 mg/kg)

Charcoal meal
administration
30min before sacrifice

Fig. 1. Experimental schedule of loperamide—induced constipation in vivo model.

5 ¥ 3 2 T 53

W] A, i el SR He] /8 Ay ¥
H 58 2 7Y 2, 232 vHpo] SAkeH, 244
r Bt A" 4 AR TE9 ¥ ANeE A, W
o] S FE A5 fIst] 70 T QoA 244]
7F S AXANZ F, AR HAE S| AolE 0]89)
SFEYES 24, e 47 g HY| A
g ZYstact. & Wl #9] Mes A" 5= 34
T, BN AR A FEE FHol AT W Hof
= B ALt

6) & olss &4

npzep FoiQl 28Y 2t Fo] ¥, AEFES 18A1%t
ol AAANZ o2, 299%te| charcoal meal (3%

suspension of activated charcoal in 0.5% aqueous
methylcellulose; Sigma—Aldrich) 1 mL& F5t, 30
B 5 SEe ssl] AR WA charcoal
mealo] o} HFAolE ZsiHon, 245 ol
% o5 Zolz Aelakyy. oale] Aol wek %

ols&= ARSI,

=

7 A A

301

RE A9 A= GraphPadprism 8.0 £4] == 138
(GraphPad Software, La Jolla, CA, USA)& o]8a}o]
Zt AYao] Wit ZFHAF (mean+SD)E AXFSIA
on, Wy & 2AUZT (PAF ZF 1% 7+ ¥w
Aol EAAE T-test2 BA51gon, A5 73
LSDE 53l #EsI9e™, P valueZt 0.05 ojgt
SAA foldol ok #wHEsEYLh Iz
a3t {4 o3 Zo] ®I|sklt (*
<0.05, ** P <0.01, *** P <0.001).

o

o
N M2 S oX

B oox rlo

o

. 23t
1 NZ=4 37}
Polycan®] Al =4 % fa4d B A% vk

AE Bkl {18, HT-29 cellell 125, 250, 500
g/mL 52, TNF-a¥ 50 ng/mL =2 AH2|e
2477t wioFste] MTT assay HHOZ NZEAS
st 1 23, s oA Polycane HT-29

N b = o

Alzo] AEEols I vAA den, TNF-«
A2 Aol Al FEEE 0% oVdE HEH

(Fig. 2). T2bd, o)) ujolonts] wd W7t gl
A TNF-a ¢} Polycang s =2 #2|stact
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1004

75+

50+

25+

Cell viability (% of control)

o
TNF-a (50 ng/mL) - + + + +

Palycan (pg/mb) - 125 250 500 -

Fig. 2. Cell viability of HT-29 cells treated with Polycan or TNF-a.

2. TNF-a $% % 9% AZRA Polycan Az %2 qEstgch 1L-89) §e ELSAYOR =%
o] W2 -8 AJo|EF}Ql i Bt A3}, TNF-a+= HT-29 MZoA IL-8 BEHE &
HT-29 M= AT 24A17F Aol 24 wellof| A Zuj HHoZ [Loldom, Polycan A& A4 IL-8

&F 5, Polycans& ZZ+ 125, 250, 500 upg/mL HEZ a7l & o)EFH oz ZIA4AsHe Aoz uUeyTh

308 B9 AT F TNF-a 2 647 B¢t AFste]  (Fig. 3).

of

o &

= 6004 wekk

TNF-a (50 ng/mL) - + + + +
Polycan {ugimlL) - = 125 250 500

Fig. 3. Effects of Polycan on TNF-a —induced IL-8 production in HT-29 cells. This experiment was measured
with enzyme-linked immunosorbent assay (ELISA) using culture supernatants collected from treated cells.
Supernatants were analyzed according to the manufacturer’s protocol. Each value represents the mean +
S.E. The asterisks indicate the values significantly different from the TNF-a at p < 0.001 (***).
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FHF As¥Y J2 MAPK 2 NF-«B &dF B7}h
Polycano] TNF-a ol oJsf %% MAPK <43}
nAe e 2A] sl HT-29 AlZollA TNF-

a A= % A 711 MAPK (ERK1/2, p-38, JNK1/2)

3.

[e]

ke
NS A ARl QiskE western blotZ Fall 2l
stgth. TNF-o= HT-29 AZoA RE ZFHo

MAPK <QlAtsle gmdozm grmslglon, o]gst

MAPK ¢l4tsH= Polycane] 9Js] £k o9&z oz ¢
A= 93, FRK1/2, p-38, JNK1/2 RTolA ehdeh

(Fig. 4A). $H4, Polycan®] TNF-a 2 A=H HT-29
Mz NF-kB o5 Ix-Ba &l nl2= I
Polycan A2 HT-29 Alzxo|x Azdat 3 79
western blot& E3df 2elstgct NF-kB o]
stol Au} Polycan® TNF-aof 9 G=¥ NF-
kBe Hoge] olFE ZaAZth TNF-ao 94511
MEADOA Tk -Ba 2] JAtSter o w2 Eaj=
QA G, o] g @42 Polycan Aol wia} lonE _4
EHo=z A= UH(Fig. 4B).
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A
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p-ERK -_— e
ERK | e e e s s
p—p-38| --—-[

p38 | -----[

~INK e v

’ - e

INK | - D D G e
[ ——————

TNF-a {50 ng/mL) -

Polycan {ug/mL) 125 250 500

B
NF-xB p85 . -
{cytosol) —
ACTIN | - CGEn gEe = T
NF-kB p&5 —
{nuclear)
Lamine | MDD D
P-IxBa -— -
|KBp | — — e G

TNF-a (50 ng/mlL} -

Polycan (pgfmL) - 126 250 500

Fig. 4. Effects of Polycan on MAPK cellular signaling pathways (A) and nuclear translocation of NF-xB (B)

in the TNF-a stimulated HT-29 cells.

Cells

(5% 106cells/ml) were pre—treated with three

concentrations (125, 250 and 500 xg/mL) of Polycan and then stimulated with TNF-« (50ng/ml).
The cells were harvested and protein samples were immunoblotted for p~ERK1/2, ERK1/2, p—p38, p38,

p—JNK, and JNK. Polycan were shown dose—dependent inhibitory effects on the MAPK phosphorylation

(A). Polycan—treated HT-29 cells showed significantly decreased NF-kB nuclear translocation. The

volumes of cytosol and nucleus fractions were demonstrated with comparison of expression of S —Actin

and Lamin B, respectively. Polycan suppressed the TNF-« —induced phosphorylation of [xBa and its

degradation in a dose—dependent manner

4, Loperamide #% WH] REJA Polycan Fojof W
A, AoldFZ 2 A A IF 7
4% 7] Polycan o] (Fig. 1) 7|7t SoF AARF
(Normal)¥ thx2+ (LPA)Z Hw - off, LPA Fo A
Al 25219} 3532 Atol] AlF SVt 8= A
o] HYAT, TAACE {ougt AlF Hie vEhd
Z] okt Fdixw (CRF)T} Polycan Foiwt 5o
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A diz2d g S $7H 34
frolstAl= ekttt (Table D. ?bA, 1P
A 7Ll Aol dF = v

=4 A 25 AT skl
upet Aol A7 vl ¥ ATt
FAZT I Polycan Fo A
gor, 1 AL E3 EAHor

OSL'
=

ol Lpef
ol

e

paw

A
2
o,
LPA Folo]

Seolsbl Asie,
sjEme byl et

Gelslont (Fig. 5).
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Egz_r M A8
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s 9 | . ’
el /
2 /
D_ |
1 7

Loperamide induced constipation

(Days)

Normal

LPA

LPA+CRF
LPA+Polycan L.
LPA+Polycan M.
LPA+Polycan H.

Fig. 5. Effect of Polycan on food intake and number of fecal pellets of constipated rats. Fach value represents

+

the mean
control) at p <0.05 (*).

S.E. The asterisks indicate the values significantly different from the LPA (Negative

Table 1. Body weight change following oral treatment with Polycan and CRF in rats with loperamide-induced

constipation
Body weight (g)
Group
0 weeks 1 weeks 2 weeks 3 weeks 4 weeks
Normal 232.0£3.6 297.1£5.3 337.6+£7.2 360.2+8.3 385.5+£9.8
LPA 232.1+5.7 300.8+6.4 339.0+7.2 357.4+7.7 368.5+7.7
LPA+CRF 2322434 289.3+3.5 323.6+4.6 344.6+5.0 361.2+5.7
LPA+Polycan L. 229.2+4.1 292.2+5.7 327.2+5.6 3442+6.4 342.0+£7.9
LPA+Polycan M. 230.8+4.5 289.0+4.4 3249+4.4 346.8+4.7 359.5+4.9
LPA+Polycan H. 229.6+4.4 288.3+4.9 3242455 344.4+6.9 363.0+£7.7
Each value represents the mean + S.E.
5. Polycan Foio] The W 53 #F sl W} 2. G, 48 W 242 99 AxsE Wel ofn
LPA Fof 1ol O] 32 b o 7ol 9 A= Figodwt ok B4 (Normal) oiH] iz
gk ztol7h glloy, Tdxte] £ W] 4 b (LPA)OIA ®o] =719t 77t 9] BA| FolEe] ¥
PAUETT} Polycan TEHF (PA+Polycan HIOIH  wlo] ABAQ @Are BT 4 Aok W, Pz
QoI5 Fjio] BRIk B3, 10934] £UH W] # (CRE) ¥ Polycan FolZol A o] 719t 744
S8 e izt iy FANET Polycan Fold 7t FEHE FAol YERSTH (Fig. 6).
oA 20% o ol S7F uehHth (Table
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472

y=b

A b

oo

Normal

LPA LPA+CRF

o \r

. %
“(’.ll “ L
S, 'e W

LPA+Polycan L.

LPA+Polycan M. LPA+Polycan H.

Fig. 6. Stool morphological characteristics. The images of the dried feces were taken on the seventh day after inducing
constipation. The number of fecal pellets from each experimental animal was counted over a 24-hour period.

After measurement of the fecal water content, the dried feces were taken using digital camera.

Table 2. Change in fecal water content in rat with loperamide—induced constipation.

Water content of fecal pellets (%)

LPA LPA LPA
LPA LPA+CRF +Polycan L. +Polycan M. +Polycan H.

Loperamide—
induced

constipation Normal
0 Days 63.79+2.07
1 Days 61.40+3.02
7 Days 64.87+3.41"

10 Days 67.87+3.19"

64.35+1.92 61.66+1.56 61.58+2.03 61.37+1.29 63.46+0.88
54.940.69 58.25+2.00 60.67+2.50 62.43+0.60 62.97+3.13
50.12+4.44 65.44+1.97 55.26+1.52 58.52+3.54 65.11+2.89"

50.50+1.18  72.28+4.06"  72.70+£3.04" 7222440477 71151977

Each value represents the mean

S.E. The asterisks indicate the values significantly different from the LPA

(Negative control) at p ¢ 0.05 (*), p (0.01 (**), p 0.001 (***).

6. Charcoal meal2 o] &%t & ol5% 7} 7Fe Bt (X0.001). Polycan A&, F8%F 1%

734F2] charcoal meal ©]5%5°] 70.43%<1t] H]3, F 2FolAME 42 111, 122, 11.8% Z7IRt 70.34%,
22 oF 11% #ATH 59.27%2 fol3t as B 72.43% H 71.01%°] °lEse EIom RF FAZ
Aok (X0.001). A, FAdNZF2] charcoal meal ©] o7 9ol (Table 3).

E20 6087%2 X tH] 10.6% oA SOl

olN
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Table 3. Gastrointestinal charcoal transit ratio following oral treatment with Polycan in rats with

loperamide—induced constipation.

Small  Intestine Transit
Group Average  total length Average  transit length Average  transit ratio
(mm) (mm) (%)
Normal 1056.40+29.95 743.00+16.09 70.43+1.337
LPA 1116.20£12.51 661.00+22.49 59.27+2.27
LPA+CRF 1113.80+17.84 778.80+22.03 69.87+0.96 "

LPA+Polycan L. 1138.00£9.30

LPA+Polycan M. 1132.40+11.58

LPA+Polycan H. 1067.40+31.88

800.60+13.47
820.00£19.95

757.40+25.78

70.34+0.83"
72.43+1.80""

71.01£1.92"

Each value represents the mean + S.E. The asterisks indicate the values significantly different from the LPA
(Negative control) at p < 0.05 (*), p < 0.01 (**), p < 0.001 (***)

7. ) B2 34 A7 A | A B W A7t Facke AFS HIlow, BAH oL
SRS o Fdet Fu ¥ ieE Aol Hls ATt §H4, Polycan 8% ¥ 18 FolFoA=
ol @e Aoz uetgrh ¢, FHRE F AU A AT SAHLR [olo FAst Tk 9
AT} Polycan A-§5F Fojwolie= dixt oiH] G E4Q1 AL I 4= Ao (Fig. 7
c *
S 4-
o mm Normal
£ 3 l = LPA
= =3 LPA+CRF
2, za LPA+Polycan L.
o
2 =a LPA+Polycan M.
G 1 =3 LPA+Polycan H.
S
0
E 0- T T T
Y .
P ol SR
& & o
é‘o Q? \Q-'l? %db
he ,?Z‘QD 30 X
v oV
S8

Fig. 7. Number of Intestinal fecal pellets. The number of feces in the intestine was measured by counting the

fecal pellets remaining in the entire intestinal tract from the cecum to the rectum after sacrificing the

experimental animals. Each value represents the mean + SE. The asterisks indicate the values
significantly different from the LPA (Negative control) at p <0.05 (*), p (0.01 (**).
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TNF-a A2 & 95 28E ZAR in viro B4

F=319] Polycan?] a%s H7kokad
th. &, 3FHE o]835te] Loperamide T2 HHE &
Eol= in vivo BEE F53510] Polycan®] 45 AT
Folo] whg i &5 A 7154ES Brieklth
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Polycan& HT-29 Alze] st =4 §FE5 B7t
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ARE AT EN FHF A5E Lisk= Hoe=
= & Aot (Fig. 4A). EE 95 Asdg A=<
NF-kBE @345Hs 24, WA =4, AZAFE, Al
234, AHAE 131 5 1@&‘51 AW Aol &
= AEekgel Ad=e] 9l oot NF-«B &
we thokst homo—, hetero 0]@'7’4] 1mmer)-4 e
2 EAske I x| wEt gefet 75

QA TNF- & A5k KK —“%J’Zﬂﬂ 1/634 O]
Arslel  polyubiquitination AE dA&Hoz AR
proteasomeo A Bsigto 24 NF-«B o|ZA= 1«B

2EE 2o FHSAT o|F EelH NF-«B ol
A= o otoz Eojrbd HAA=AAR Fgdto] [L-8
2 33st oy I= oS wae £ASH}Y. A4
2 2 dAFoA TNF-a g HT-29 Alxe] A=x3
7 9 28g 2Este] NF-¢Bo| 9 f o]F3t IkBa
o] olitst 9 HSJE western bloto® ST
TNF-a Hejo] o8] NF-«Bo] @ U o]%o] vtehet

om, 79} AA|5HA Mzd W NF-«Bo] =2 #ast
At S ZAoA Polycan TNF-aof 23k NF-
kB2 911 U olse sk og&EHo=z A5tk
Polycan®] NF-x B2 sy o]lF5& AAlst= 7|2
Moz selsly] e kBa ® p-kBa o] AL
ZAFSESLE. Polycane TNF-ao] 2Jgt kBa 2] <14
3 Ak, Q4itste] o2 kBa o] B Ed
Polycanell oJsff AA|== Zog2 Yeytt (Fig. 4B).
wabA, dF ZHoA Polycane kBa 9] QA4S o
Aoz kBa THA PFE =ol, 2 3|
NF-«B9] 8] Yf o]5-& AAIste] downstream®] IL-8
= HER 8% AR HES dAlcks ZeR
Helth
Polycan®]

O]

Zre. =
= T

HiHEs A G52 Brkeh] $lel
Polycang& 457t A4 FostEa, Ald F= 102 A
HE = ¥HE fEst7] 95l LoperamideE FoI5t31
o} (Fig. 1). Polycan Folo] wg 3F9 HFo3t
Fae JEEZA e, Loperamided] <]t
F 717t Fole ot AlF WHite yEhA
(Table 1) FAFe] 217 A7t fA=E= XA
Polycan®] ¥l &5 7§14 852 F7HE 4 Usith
HY] § 7z 1gatel 79a BE HH] A=
Ao dFHE vl ¥ g7t folskAl AAstalod
A2l Z]A2] Alo]Aft Polycan A3 Al AlolAd

FF divl @ Aot SEEE Aos uepdo (Fig.
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w]
orot
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5). Loperamidett X7 8] 4lo]d4, Polycan 437} A
A= AoldHAF AHole dFe FA &AT
(data not shown), TEAE EAA Z|AE 2ol d =
o] eapt 2x, W A AoldFFe d%FS Te
oz, ¥ e AoldiFel Wigt Hle= @itsto]
Brksteich. W S 2 R o 52 AR,
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