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ABSTRACT

“Insan Inc., Gyongnam 676-802, Korea

Anti-inflammatory effects of sulfur-fed duck extract on colitis induced by 2.5% dextran sulfate sodium

(DSS) were examined in male Balb/c mice. Animals were divided into eight groups: normal (0.1 mL of PBS without
2.5% DSS), control (0.1 mL of PBS with 2.5% DSS), SD-H (3 mL/kg of high sulfur-fed duck extract), SD-L (1
mL/kg of low sulfur-fed duck extract), GD-H (3 mL/kg of high general duck extract), GD-L (1 mL/kg of low general
duck extract), GC-H (3 mL/kg of high general chicken extract), and GC-L (1 mL/kg of low general chicken extract).
Mice were fed PBS or six different doses of extracts (sulfur-fed duck, general duck, and chicken), once daily for
14 days. Colitis was induced from day 7 to 14 via the administration of 2.5% DSS in drinking water. The colon
length was significantly shortened in mice compared to the control group. The administration of SD-H, SD-L, and
GD-L increased colon length and decreased histological colon injury from DSS-induced colitis. However, chicken
extracts did not recover any clinical sign of the colitis. SD-L significantly suppressed not only the concentrations
of IL-1pB, IL-6, TNF-0, IL-17A, and IL-12 in serum but also the mRNA expressions of IL-6, TNF-a, iNOS and COX-2
in DSS-treated colon tissues (P<0.05). The administration of SD-H suppressed the concentrations of IL-6 in serum
and the mRNA expressions of IL-6, iNOS, and COX-2 in colon tissues. Administration of GD-L suppressed the concen-
trations of IL-6, TNF-a, and IL-17A in serum and the mRNA expressions of IL-6, iNOS, and COX-2 in colon tissues.
The inhibitory effects of sulfur-fed duck extracts were effective at a dose of 1 mL/kg. Our results indicate that sulfur-fed
duck extracts may possess anti-inflammatory effects on DSS-induced colitis mice.
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B Ao 2183 52 5538 male Balb/c vk~
(Samtako Bio Korea, Osan, Korea)Z #|5°] 20 g 152
AE ARSI e, 15U ATALE(SAM #3 FAE,
Samtako Bio Korea)® AFS3te] 4-3-A171 & A& 33T
T vh-2= 12417 dark-light cycle® 2483k 23
2 el A X%k micro ventilation cage system(=% 23+
2°C, 1 50£5%) WellA &3 Alss e &S 33t
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40
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1587 AR sl dHe 4L T -80°ColM U5 Wt

18& AASL F5A0 s AA

5 oge) dol® 45k -80°Col M WE nusTh

xt mn
AXSHA B
A9%

=9 s AEst] A ATE AHEske A
Rol Ao 10% 544 =249 & A(NBF, natural buffered
formalin)ell ¥ol A7 7 224 F715 93 et
ZAFES At 4 2ARES 4 pm FAE D8]
ot} 2482 HALE 98] hematoxylin & eosin® & G A
staL 8t du| A& o] &3le] X1009] v & A et
(19).

HAHO|A 2| pro—inflammatory cytokines?| s =X
A5 cytokine$l IL-1B, IL-6, TNF-q, IL-17A%}
IL-12¢9] &X+% ELISA(ELISA MAX, Biolegend, San
Diego, CA, USA)E AM&-3le] A|zAte] Wel what &3}
9t} 96 well microplate®] mouse®] W3+ IL-18, IL-6,
TNF-q, IL-17A%} IL-129] capture A& coating buf-
ferell 3]A3ke] 100 ulLA &gk = 4°Coll A a4t x| s)
At oh plateE AlFH & ¢4Z 9 (phosphate-buffered
saline+ 0.05% tween-20, pH 7.4) 300 pL= 7}sfo] 49



DSS(Dextran Sulfate Sodium)Z X% v}h$-2

AAH 8 31X assay diluent A 200 plLE& £F3F T 2 L0
A 1AIZE &< shaking 3t A WA ekt M -E 45

300 uyLE 7tsted 49 AlE gk 5 plate?] 7+ wellell dilute
standards<} A& 100 plLA 7}ske] A2 A 247 &<t
shaking A WA 8HATE A X8 FH o 4 Al H g
% detection & 100 pLE 53 T A0 1A+ 5
¢F shaking aFH A WA 8kgleh AA§ SFHow 4% Al
2] 3l % avidin-horse-radish peroxidase® 100 pL& 7}
slo] ThA] Ao A 30% shaking sHAA WX slar, A&
g doZ 5 A3k & TMB substrate solution®] 3
® 714 o} 100 pLE 7hate] A2olA 15% F2t A
¥ 2 N HpSO4 100 uLE 7hske] w85 = A1%{c}. Optical
density: ELISA reader® 450 nmeolA] =43t}

rot ol

A2} -2 ExiCycler(Bioneer, Daejeon, Korea)Z
AL F3aa Advk-S(reverse transcrip-
tion polymerase chain reaction, RT-PCR)2.2 =43}
t}. Total RNAE w}$-~9] thaF2 oA Trizol reagent
(Invitrogen Co., Carlsbad, CA, USA)E o]-&3&}o] A A}
o "ol upg} #2]8F3th Total RNA+ RNase-free
DNase(Roche, Indianapolis, IN, USA)& 15%3F 37°Cel
Al HF-2A]7131 RNase kit(Qiagen, La Jolla, CA, USA)&
o]-g3sto] ThA] A BFATE Al ALY AWl whel cDNAT
total RNA 2 uL9} AMV reverse transcriptase(Am-—
ersham, Piscataway, NJ, USA), random hexanucleotide
oF &7 37°CollA 1AIZE F<t whg3ke] g3ttt
&d¥ cDNAC| PCRE 387 9fall cDNA 1 pLell
primer 1 pL 2 10X buffer(10 mM Tris-HCI, pH 8.3,
50 mM KCl, 0.1% Triton X-100), 250 pM dNTP, 1 U
Tag polymeraseS &33}o] TNF-q, IL-6, iNOS¢} COX-
29 FHAAES FZAF ). Internal control2 housekeep—
ing #2291 GAPDH(glyceraldehyde-3-phosphate de-—
hydrogenase)& ©|-&3to] o|5¢ Td ALEE H|awsl3l L,
ZF 57 2}9] primer sequence® TNF-a2 %5 ¢35}
5'-CGGAGTCCGTCCGGGCAGGT-3'(forward), 5'-GC~
TGGGTAGAGAATGGATGAACA-3'(reverse), IL-69]
TE S 98te] 5'-CTGCAAGAGACTTCCATCCAGTT-
3'(forward), 5'-AGGGAAGGCCGGTGGTTGT-3'(re-
verse)& AHE-3HaL, INOSS] 538 #13lo] 5'-GCAGCT-
GGGCTGTACAAA-3'(forward), 5'-AGCGTTTCGGG-
ATCTGAAT-3'(reverse), COX-2 T%& £t 5'-
GAATCATTCACCAGGCAAATTG-3'(forward), 5'-TC-
TGTACTGCGGGTGGAACA-3'(reverse), GAPDH &%
S 918ke] 5'-TGACGCTGGACCAATCAG-3'(forward),
5'-ACCTCATTGGACTGCATAGC-3'(reverse) & AM-&-3}
Atk PCR2 automatic BIONEER thermocycler(Bio—
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a2 1569

1t

neer)2 2E % A= initial denaturation 94°Cell A 3&
&9 1 cycle 733} 3L, denaturation 94°C 45%, an-
nealing 58°C 45%, extension 72°C 1% %<t 353] HkE-3}
G o, nA]E extension= 72°Col A 1087+ =335} o}
o|% ZZx¥ DNA AEES 2% agarose geld ©o]-§314
A 71953tal ethidium bromide(EtBr, Sigma-Aldrich,
St. Louis, MO, USA)E o]-&3to] @A 5 UV stdllA &
13 TH20).

SAXM

gz 7t AS25E 42 Ag 2959 fode #
438l7] 915kl EAHEA(ANOVA)S 38 & 7X0.05 5
ol 1 Duncan's multiple range test® AA|&R oW, 1
= ¥ (mean)+ ¥ A *(standard deviation, SD)=
Attt BE B4 4L SPSS(v18.0, SPSS Inc.,
Chicago, IL, USA) A ZE 13 o] &3] A7 3}3ltt.
Pgreol 5% W Wk w) froide] dvkal g ekqitt.
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AlzPE® Al tH(Table 1). DSSE
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Table 1. Effect of extracts from sulfur fed duck, general duck and general chicken on the changes of body weight and colon length
in DSS-induced colitis mice

Dose Body weight (g)
Treatment — Colon length
reatmen (mL/kg) Initial 7th day 14th day olon length (cm)
Normal 21.3+1.4 22.3+1.4" 23.0£1.1 8.8+0.2*)
Control 21.5+1.0 224412 21.1£1.6 6.5£0.3¢
SD-H 3 21.3+0.5 22.6+0.8 21.0£0.9 7.3+0.5%
SD-L 1 21.5+0.5 21.9+0.8 21.3£1.2 7.7+0.7°
GD-H 3 21.1+0.8 21.9+0.8 20.8+0.9 7.0£0.9°¢
GD-L 1 22.1+1.2 22.6+1.3 21.0£0.9 7.140.6%
GC-H 3 20.9+0.7 22.241.0 21.8+1.1 6.9+0.2
GC-L 1 21.4+0.9 22.6+1.1 21.7+0.9 6.9+0.7%

Normal: Group received PBS without 2.5% DSS.

Control: Group received PBS and induced colitis by 2.5% DSS.

SD-H: Group received 3 mL/kg of sulfur fed duck extract and induced colitis by 2.5% DSS.

SD-L: Group received 1 mL/kg of sulfur fed duck extract and induced colitis by 2.5% DSS.

GD-H: Group received 3 mL/kg of general duck extract and induced colitis by 2.5% DSS.

GD-L: Group received 1 mL/kg of general fed duck extract and induced colitis by 2.5% DSS.

GC-H: Group received 3 mL/kg of general chicken extract and induced colitis by 2.5% DSS.

GC-L: Group received 1 mL/kg of general chicken extract and induced colitis by 2.5% DSS.

DValues are mean+SD, n=8.

“UMeans with the different letters in the column are significantly different (P<0.05) by Duncan's multiple range test.

T 5ol A&EA =Hi v AF] 2AS WA Hrh2D). 27t F7FE uhet o 3] ARSe] g R FolEl
g Ased, 1eEay dite e HraddA o e BESI A, Ao et g FEERTY F3Y F
T 271580 AT wshe ey =] oy g EEo| 4 2 95 gAERe} FEs 235 YR
Aol FAddo] oA IAl FaE o] DSS =l o gt T3 F3o8 FE2E9 AsEvo] s Rt g
gl A5S JAsE aE YR ey ARk A a37 9 U3 F3eE FEE A1 mL/ke)
g 15T d H AsETH s s ddd oA = Aol #iE L e FFeg e A7 HFHZH300
EN7F Ve ekt mL/day)s 7122 AR th ol FE5E5& 49T &
T2 Foale Ao] i 435S JAATI= 88 AA
ZZ| Htof it FE 2 A74EY, 3 A9 HAE o FoA Koy F&
gl o] s 9] A S (epithelial cell layer) £ %01 ml/ke)o FaEA te Al SHel Zad A
%} 3 f-F(lamina propria) 22 A E o] ¢laL, AV A EZE o2 A7)
o = At erypt)7h Ao, Metol 7] A Fell= m s
(undifferentiated celD7} 91A|3taL dete] ¥& whe} @ oM MBS ALO|EFRI0 CHSH F&F
=M (goblet celD$F A7 FFAE7F EAETHI9). o] o A5 st ADF Aol £l (proinflam-
Zz 2 o] H&E o5 @M Fdwe diddde] A matory cytokine)o] tig@elA AEvh39] 270 Frty
WSS Aol AF BHE AL HolA| gt o2 §3og FEA Ui vg anE golrr] 9
(Fig. 1. DSS frETEdAE A9 2 st Z4n s 3te] whg-2o] HE A FH st FAFuiNAAR] IL-18,

TEH deao] Bylom g DSSO| 7URt Folw qlste] [L-6, TNF-q, IL-17A, L-129] Y4 =E H2330
ool FRHANEE AL = A dEzLdAA= (Table 2).
3] Aeks ol#] St Aehgleh EAAETE v E o] dei Wl IL-1B, IL-6, TNF-q, IL-17A, IL-12¢] &x=7}

)
ool xo] MysiA] erokrh 398 iEk, AEed g7 (normal)ell ¥]8te] )2 (control)S #A 3] 7t
= el Hlsto] i) 2] 27 4 AR s ato] ol Aol AR S ]l F2ee,
B, F8ee Asea Al i 243 B9 dute ] FEAq AYwolM = Ageao] AgEa Ry
St dRke gt 7ol 22 AdddAs Fied = AT Aol Bkl w27 B 248k v(/X0.05). &
of ARtk depiol A2 ¥ gol S FEN A= AdTE AolE7RRle] FETF tix

2 nzde] ofsf s} v Ao TR T S7Fe3IT Song 5(19)2 el gt Al ¢

Song 5(19)) o]3}H
7} A= vl Al
of FFEet FAAATT 9l

AR
AFelM e 249 A2

steb dig<4 ol Al ARE-E] 5L
< & F doha ssiTh 2 t} 100 mg/kg o
3 tige] deo] Fae oA A e 318

W= 29T 256 mg/kg FoIg T
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Fig. 1. Histological microphotograph of colonic tissue of DSS-induced colitis mice (H&E stain. X 100). Normal: Group received

PBS without 2.5% DSS. Control: Group received PBS and induced colitis by 2.5% DSS. SD-H: Group received 3 mL/kg of sulfur
fed duck extract and induced colitis by 2.5% DSS. SD-L: Group received 1 mL/kg of sulfur fed duck extract and induced colitis

by 2.5% DSS. GD-H: Group received 3 mL/kg of general duck extract and induced colitis by 2.5% DSS. GD-L: Group received

1 mL/kg of general fed duck extract and induced colitis by 2.5% DSS. GC-H: Group received 3 mL/kg of general chicken extract

and induced colitis by 2.5% DSS. GC-L: Group received 1 mL/kg of general chicken extract and induced colitis by 2.5% DSS.

Table 2. Effect of extracts from sulfur fed duck, general duck and general chicken on serum proinflammatory cytokines level of

IL-1B, IL-6, TNF-o and IL-17A, IL-12 in DSS-induced colitis mice

Treatment” Dose IL-1B IL-6 TNF-a IL-17A IL-12
(mL/kg) (pg/mL) (pg/mL) (pg/mL) (pg/mL) (pg/mL)

Normal 1896.7£176.8"2  4455.6£13.7° 328.4+11.3¢ 631.7£91.4° 2047.7£104.4°
Control 2146.7£152.8° 4629.3+18.8" 464.7£37.1° 1471.4+212.8" 2533.8+183.4°
SD-H 3 2373.3+153.7"%  4507.4+18.3¢ 415.2+21.8™ 1213.7+116.9% 2739.4£112.8"
SD-L 1 1441.7+128.5° 4463.611.9° 326.4+10.0° 539.3+137.1° 1897.7+104.2°
GD-H 3 2631.7+141.1° 4600.5+7.1" 4443429 8™ 1404.9£160.7°¢  2864.4£132.4%
GD-L 1 2343.3+ 95.0™ 4531.5+7.0™ 3929421 .6° 1149.3+129.7¢ 2736.6+109.6%
GC-H 3 2466.7+£149.7" 4543.7437.1° 465.5+28.6° 1976.2+151.5° 2858.8+143.0™
GC-L 1 2601.7+ 89.8% 4580.1+18.6° 597.3+48.7° 1546.6£152.5° 3039.4+134.3°

UThe abbreviations are same as shown in footnotes of Table 1.
Values are mean+SD, n=8.

*“*Means with the different letters in the column are significantly different (P<0.05) by Duncan's multiple range test.
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2o Al %ﬁo 92 F32
5 o EST
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AA 3] 7189 3(24), IL-12¢} 1L-23S gAed
WM ofgt INAF Al EFRI B S U= 5 At
(25). TNF-a¢} IL-1BE tEZ A AFSA Alo]|E7Iel e
24 theF Bu)E 79 prostaglandins, leukotrienes, NO,
platelet activating factor 52 Wi/l EZE9] A4S S}
Al71aL 24 9] &g Frste] 4% d5d8%S do it
(26). IL-17A%t IL-17F= 954 AFE7FIQI TNF-q,
IL-1, IL-6, G-CSF, GM-CSF& 4%
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Fig. 2. Effects of extracts from sulfur fed duck, general duck
and general chicken on mRNA expressions of IL-6 and TNF-a
in colon tissues of DSS-induced colitis mice. Normal: Group
received PBS without 2.5% DSS. Control: Group received PBS
and induced colitis by 2.5% DSS. SD-H: Group received 3
mL/kg of sulfur fed duck extract and induced colitis by 2.5%
DSS. SD-L: Group received 1 mL/kg of sulfur fed duck extract
and induced colitis by 2.5% DSS. GD-H: Group received 3
mL/kg of general duck extract and induced colitis by 2.5% DSS.
GD-L: Group received 1 mL/kg of general fed duck extract and
induced colitis by 2.5% DSS. GC-H: Group received 3 mL/kg
of general chicken extract and induced colitis by 2.5% DSS.
GC-L: Group received 1 mL/kg of general chicken extract and
induced colitis by 2.5% DSS. Valeus are meantSD. “*Means
with the different letters on the bars are significantly different
(P<0.05) by Duncan's multiple range test.
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Fig. 3. Effects of extracts from sulfur fed duck, general duck
and general chicken on mRNA expressmns of 1NOS and COX-2
in colon tissues of DSS-induced colitis mice. "The abbreviations
are same as shown in footnotes of Fig. 2. Values are mean+SD.
“®Means with the different letters on the bars are significantly
different (P<0.05) by Duncan's multiple range test.
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