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Abstract

Agar, a heterogeneous polymer of galactose, is the main component of the cell wall of marine red algae. It is well established
as a safe, non-digestible carbohydrate in oriental countries. Neoagarooligosaccharides (NAOs) prepared by hydrolyzing agar by
microbial [3-agarase have been reported to show safety. However, their immunological effects have not been reported yet. Thus, the
objective of this study was to investigate immune enhancing effects of neoagarooligosaccharides (NAOs) from marine red algae
Gelidium elegans in mice by performing ex vivo experiments. Six-week-old mice were fed ad libitum. NAOs were orally administrated
at three different concentrations (100, 500, and 2,500 mg/kg B.W./day) twice a week for four weeks. The group fed with NAOs
at 2,500 mg/kg showed the highest proliferation of splenocytes and production levels of cytokines (IL-1[3, IL-6, TNF-a) in the ex
vivo experiment. In conclusion, NAOs can enhance immune function, increase proliferation of splenocytes, and increase cytokine
production by activating macrophages in mice.
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o] E7}21Q1 ZF 3] A9l R} (tumor necrosis factor, TNF-a), Q1€

A5 Z, 49 @ Pyl ME 4P Boje) Wak AT T (interleukin6; 1L6), IL-16 5 Rulsko] HAHAS &
TSl e WP Fvhet WY AES AT AVCHKim 5 2017). AAR R W] B AL ¢
AR 59 Foz AYIIEARY ABH 2 7ot WAlo]  HR FE2o| FAME S 2HAYIL, B A%
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2 "lFoA “dHrgo g QbATH AR QI E=(GRAS;
generally recognized as safe)” A& 7122 & g EHo] Q]
O, tho|olE AlF, ofol4], foF, 7y A=, A A} Y
Al R S ot R A A A7) YEd e ARnETD
A 7&Es AT vAE HiRol = AREE O] gt o R
e AxE 2139 o BESE 75| HiEHUAH
(Chi 5 2012). A& &0, FHOZREHI Y eopl2&e|il
F(NAOs)yE oF7F= @ A0] B-14 ST IAE A EH9)
Auske poprtetobdo] o8] AAECHGroleau & Yaphe
1977). ) Z& 0.2, a-ol7}gfolA|= o722 A9 a-1,3 2
2 Antele] oz 2w IHA0S)E Qe T 97
Y20l h2 &) THNAOSE 2 AT o8 7 A%
3} ngHrHEREES ATt Aol FalRC (Yang
2017), o2 A7) ool B 2 u|u § I(Kobayashi
1997), 3H|9H(Ohta 5 2004; Hong 5 2017a), SHAEs} 24
b &4 A BT (Chen 5 2006) 5 THISHA LA Ut
whebA Y| Qo7RE B IG(NAOsy= A1, 3H8E 2 AleF
Aol A o g 3-8 4= Utk ShA|RE o] 23t Yl o7t
E2ZYIAIGNAOs)2] A tfFEo] u|qt, F4tstof 9
AgEo] om, FEATEE % UHRoptEZI1T
(NAOs)9] uh9-A HIZGA I F2] 53 B7F thA A2 g/
Xz B30 gk A= P|Eet Aotk

71& Y Lot= &2 AIF(NAOs)9| A=/ HIAEC|A
EAWolE RdohA] gokth E3h H 2 BZd HdolA
T4, 149 2 91 §HE A Fo| F4 AlHoA F40]
AR o™, | o7t 2SI (NAOs)o Hish =3 I AA
7 B0l Hish 5,000 mgkg AlS/L7HA] FAH-go] HEEA|
LA ol=Rt Ak AlE, oJoFE H SPFE] AR
UE HROIESTIF(NAOs)9 A4S HURS
(Hong 5 2017b). & Aol A= =A™ AR HHA
71291 Y| 20712 &8 G (NAOs)2] 5,000 mgkg ©]3t 5=
oAl Wk~ AFS ZgPsto] U] Qo FE &P ALY (NAOs)y
4527k, £ 23] A o] T upeA A Yol | &4
SISt 11 WY &/ viAR ukeA HIA R £
SAST 57 A A oA E8] = AR EZRRIIL-1B,
IL-6, TNF-0) /5= S73510] Y| 2ot/ 22| 113 (NAOs)
o] A WO nR]= FFS FelstarA} shict.
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1. A2 £5 U NBSE

Y| 201712 &2 1 F(NAOs)= Dyne Bio Inc.(Korea)Z 5|
Algrrol ARESIATHYang 5 2017). AIFA S57HAME

LA - 2% - oA - ofulel - L5

(Gelidium elegansyS A 50 30827 B2 T 3<7](Model
F-1,500L/W-1200L, HS Tech Inc., Korea)S ©]-&35}a] 95CofA]
4AIZE St FESHA. 1 vz B &l Strepromyces
coelicolor A3(2) M22-2CA32H-E| A|Z3t B-agarase(DagA.
DyneBio. Inc., Korea)g H7}5t0] 44~46Coll A 16A17F 5%
B4 BREAIY] & 955 Cof|l A 147 539 Agsiqint. A4
= Y| Qo722 1FH(NAOs) &AL 0.5 mm Wound filter
(Polypropylene, HanilFT)Z oJa}gt & 65+5Co| A 2F 54|17
20 brix FER 530 2 AT SHoe 225}
7](Model CM 500, A|Y 7]A, Korea)& o]-&sto] 52 A=Xs}t
3L 80 mesh 2719] BHE EHH & G204 HF A=
Y| Qo712 &2 TY(NAOs)S H 5] AR&-5HF th(Temuujin
S 2011; Park 5 2014). AREH vlA= 65 E U3 Balblc
mouseS FUYA ST EE(Seoul, Korea)ZHE] FLujste] 19
Azt B8 Apzol FFFUA 78 A= A 5B
A 287 3 AGSIHHTable 1),

2. Al & HHX|

ARE-E HiA]= RPMI medium 16403} fetal bovine serum
(FBS)= Gibco(Grand Island, NY, USA) A|&S AM8-5}91 1L,
Con A(concanavalin A), LPS(lipopolysaccharide), MTT(3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide)2]
A|9F2 Thermo Fisher Scientific(Waltham, MA, USA) A&
8519}

3. HI20}7t=222| 1EHNAOs)2Q| £04

Ex vivo Aol A= Y| Qo7 tE-E&2| 1 (NAOsyS B+E
THTE 59 T Z8% 55 34 F ARSI vk
AE 27 FoFo & URglon, fiRTol= Y4

&, Folitol= NAOsS 212t 100 mgkg BW, 500 mg/kg
BW, 2,500 mg/kg BW Y=o 2%, 457t A+ Fo5H30H
Q03 CUMC-2019-0177-01).

Table 1. Conditions for animal breeding

Animal
Strain Balb/c mouse
Body weight 0.02 kg
Age 6 weeks old
Sex Female
Temperature 20~26C
Humidity 40~60%
Light Every 12 hours (Light and dark cycle)
Noise 60 db or less

Feed and water Free supply
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4. HIENIE 25

TR A HIAS A &510]10%2] FBS(Fetal bovine serum)}
A U A AESEALO]AI(100 unit/mL, 100 pg/mL)
5155 RPMI 1640(Invitrogen Co., Carlsbad, CA, USA) Hl
A2 AAEsIATHWan 5 2013).
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5. HIEMZE B4l5s &1

H A Z= mitogenS AF] T AZSHA] g2 5o ®
R0, mitogen A 2J5HA] k-2 Fofli= PBSE A6l
mitogen A 2|79 = Con A, 5 pg/mL T LPS, 1 pg/mL2]
SEE ASFAL 244 T, MIT assay SA4E 242
wellol] 10 pLA H7}skal 2417 59t kA7l & SRS
275t AlZ F4]5Z BT Ryu 5 2006).

1o

6. 5Z CHAIMZo| 22| S HiY

npeA A FE 394 ZF R uReA B ol 4%
thioglycollate(Sigma) 1.3 mLE FA ]-']-01 HolA 3+ &, in vivo
4% % oh9s B2 AHEE Bel Q NS 27
W S 2254 WS C1E, W HE 0 2
Fnl s Aol ESHRIAL-1B, IL-6, TNF-) R9I%& 27315
of. B2 Al ZeES A2 &, 10%-FBS RPMI 16400] T 414
ZE ZA3IA7]= mitogen?] LPS, 1 pg/mLo] L& 225t
3 37T, 5% CO, incubator(Eppendorf)o]| A 24A]7F B3},
THRyu S 2006).

OFRA 22 CHAIMIZZS| AOIEZIRN(IL-1B, IL-6, TNF-q)
=5

Y| Qol7F2 &8 TH(NAOs)&
W A ZE &
of| A IL-1B(R&D system, Minneapolis, MN, USA), IL-6(R&D
system), TNF-a(R&D system)2] AJAJ=FS ELISA cytokine
kit(R&D system)S ©]-8-5}o] =431}, 96-well plate(Thermo
Fisher Scientific, MA, USA)9] Z} wello] monoclonal IL-1[3
(R&D system), IL-6(R&D system), TNF-a(R&D systems) A
£ 27 4 ngmlE welld 50 uL g3 4ToflA BEA] §EAIX1

2, AN (1% (w/v) BSA/PBS(Phosphate-Buffered Saline)
9 0.05%(v/v) tween 20/PBS)S welld 200 pL Z7}5}o] A&
oA 2A17F B BRSAIAT RO ZEE recombinant
murine IL-1B(R&D system), IL-6(R&D system), TNF-a(R&D
system)E 0|85t 77} 78 pg/mL WA 5 ng/ml g &
qolelch. BEAR A AT BT Y 430L
well 50 1L A715} 3L ALo|4] 2417k Bk w-g A Ach. ut
S 8712 A|A-LH(0.05% (v/v) Tween 20/PBS)C.2 43] A&
5}al biotinylated IL-1B3(R&D system), IL-6(R&D system),

0x N

ACI!

AT Foldt o920 B
stol HjQFAIR] the Ul HEONL ¥

OO0 T1&E

TEF el v eoptzEe|a

Jol W} a4 34 45

TNF-a(R&D system) A& 200 ng/mLE 34510 welld 50
uL H7Feh &, A-2of| A 2417 B ¥HEAIZ| AL AlH &H o
2 43] A& & streptavidin-HRP(Thermo Fisher Scientific) &
MG 3087t A-L0o|A HHS & TMB substrate (Thermo Fisher
Scientific) €4 100 pLE A7}5to] 3087F 92 & stop N
2 71el ¥H8-S WUt} ELISA reader(BioTek Instruments,
CA, USAR 450 nmo]| Al T332 273519 00, standardS
018510l 7} welle] Aol E7}el Hul LS AN,

8. EAEN

2E AF 299 AR HF(meanrEEFHAKSD)E H

e Sﬂ' Q1% 5,— Duncan’s mu1t1ple range testg- o]835lo] AH
SH90m, pe0.05 50l FoI40 ol FFech =
E B B4-2 SPSS(Statistical Package for Social Sciences,
10.0, IBM, Chicago, IL, USA) AZEgojg BA35}qc}.
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o} ol ;&
1. Hi0opI2ez|n
S0l O0jxX|= A&
HIZ2 95 o] tiste] 23 WY vhg-Z Hoish=
7124 HEAB, THE)Y <, 22t doju= 8 ¥
I 7|3o|w BAA| 2] F4]2 HRRSoA uj$- Fa3t

EKNAOs)0| OFRA H|ZMZE S4

o] g ZH=thKang 5 2014). E3F, BIFA 0| TAE, B
A, GAAE 5o Therst o AmSo] EAsL 9o
v wel 94 A B ¢ 4B T2 o|3Htt

(Ryu 5 2006; Ryu HS 2014). wztA], Qo722
(NAOs)9| Foi7} mpe-A 0] Y &4 ks &1ty fls}
of, | Qo723 11 F(NAOs)S 100, 500, 2,500 mg/kg BW
T A3 21, 457t B Fo] T upes HIFA RS F
Ao TSI &3 Alol= AREA sEsteleH, A
d TR F 2 AlS Hstel 229 FA|9] Wt= A
Aow & Aol AUk

Az 9] FFol Tt mitogen THFSHA SAGH I &
A 9l o™ (Mischell & Shiigi 1980), H]ZA|Z A3o|A 3
A0 2 ALR-5H= mitogenO EH Con A= T A|ZE A=5}o]

Hhif%lr APl E7RRIO) A& S7HA171H, LPS= BAI X

AFsto] AZ2E s deA UthKim &

2010) w2kA] mitogenS A|EQ] WIS S7HAIA MZS
d 5o meE EsHA 3 & & Slth

71& %i?LE &9ll, HlLot=&TIF(NAOs)o] Z|H
5,000 mg/kg BW/day2] Sprague Dawley*TM(SD)ratsof| 4] A| &
9]:61—‘:' o ]40] u] 9101 H]—E'_ 7ﬂL,'L _,_01 7é34— jg]r:ﬂ 5,000

|
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46 174% - 2R - 75 - oA - ofmled - U= HEREL DR
mgke BWidayo] Y] Qol71 228 TFNAOs)0] 4 458 B4 Axo] mat 45S U B AAE F AR =
UehiA] e o2 B vt YtkHong 5 2017h). Wt W AHXE %E}K & Pyo 2011). Afo| E7}elL: 9J3 3¢l
A, B AToAL Yootz e e THNAOYS Bof BE Ao fistel Waluks, dEaty 5 2 AT WA

£ 77} 100 mgkg BW, 500 mg/kg BW, 2,500 mg/kg BWA
540l gl s=® IFYo 24, 457 A Fo5kith

H] A 32 %*434 A= Fig. 19] e iet. Yl eoprt=
ZYILFNAOs)S 7 FoIgh P2 ex vivo AA
mitogen 2] 2] 5}A] 9k ol A1 2,500 mgkg BW(p<0.01)2] &
ToATE BN E F4]50] S7F5F1 M, mitogen?l Con
A A3 $2 500 mgkg BW( p<0.05) I} 2,500 mgkg
BW(p<0.01)9] sZoA HIFARE F4%50] FolstA St
SkIth A/ WY} W] Ql= BARE AHZHoR F
AJA]7] = mitogen] LPS H7}A] 2,500 mg/kg BWS] 55 of A
HIGAZ F4]50] v«l SHA| Z7FEATH p<0.05). BIZA
| vl 2ol 2-&2] ATF(NAOs)
skof ot ato i}Olt URARE | Qo2& e g
(NAOs) 57t S7Fgtol| whet vgA| F7H=E A
o, Y| Qolrt&2 L IFHNAOs) 2,500 ng/mL Eoidt 7o
Ali= LPS?} Con A9] = 2704 HF FAZ O ou|qlA
HIZAIZ F450] S7Its Hith Y eotz2&eid
(NAOs)E HIBAIZ Z41g Frdte], AsEits 15T
oA FR ATt F7HE Ao YztHE)

ZA
[l

2. H20PI222|T2HNAOCs)2| AT F0i% OIRA &2
Z CHAIMIZOIM AIOIESIRI BHIS
HAA = Q7 A=l sl AFEHS, WY, &5 o

o 245)80] Fas AT Bt ol AY HANEE A
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83 #HyHA i* S A%y L HHMoon 5
191). 71 FoA & A= AN ZERY PP 72
o] Afo]E7}Q1 02 IL-1B, TNF-q, IL-67} €& A 9)THNathan
& Hibbs 1991). £ A3 o4& Y| Qo728 ITF(NAOs)S
100 mg/kg BW, 500 mg/kg BW -+ 2,500 mgkg BW=Z F+-
Folgt vl ARRE B AN RE B8 &, A= 4
A7t BH|st 116, IL-6, TNF-o2 3915193, LPS(1
mg/mL)E A=53t AN R RE EH]E AR|ERIS 5
Ao =M AN L3} npAR FRlotir.

1) IL-13 2H|2¢

H Qo2& IF(NAOs)E A+ Folstls o 54
&AM A ] IL-1B8 FH|F2 ELISA Al E7IR] 71E
(R&D system, USAYE ©]-&5to] S743F F Fig. 20 YEH L
oh. Yol 29, 45 FofFol| 4] LPS FA 29 A%, 100
mg/kg BWO] BTof| Al T 24(38.56£29.97 pg/mL)o]| H]3]
52.80£17.27 pgmLZ 9-0]5t o]z} ¢9lom, 500 mgkg
BWx} 2,500 mgkg BW =Zof| A Z+Z}, 66.15+29.63 pg/mL
("p<0.01), 71.41£21.64 pg/mL(p<0.05)E {-9]3F 2}o]& KB Y
o, LPSE A3t 2% 100 mgkg BWS] ol A 160.30+
2459 pgmLZ EAZQ 2|7} 919, 500 mgkg BWI
2,500 mg/kg BWS] 5ol A= T R 3(144.58+25.52 pg/mL)]]
]3| 24zt 244.19+39.18 pg/mL(p<0.05), 311.35+66.53 pg/mL
(p<0.05)Z YRt IL-182 TAI 29} B EE AH=5te] &
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Fig. 1. Effect of orally administrated neoagarooligosaccharides from marine red algae on the splenocyte proliferation. NAOs

was orally treated for 4 weeks (twice/week) at the concentration of 100, 500 or 2,500 mg/kg body weight. Isolated splenocytes
were stimulated with mitogen (Con A; 5 mg/mL, LPS; 1 mg/mL) for 24hr. Cell proliferation was determined by MTT assay.

Results are expressed as the mean+S.D. (n=4). Statistical analysis was performed using student’s two tails r-test with a

significant level of “p<0.05,
of O.D. in control wells. NAOs; Neoagarooligosaccharides.

“p<0.01 compared to 0 (Control group). Proliferation index=mean of O.D. in test wells/mean
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Fig. 2. IL-1b production by activated peritoneal macrophages of mice orally administrated with neoagarooligosaccharides
from marine red algae for 4 weeks. NAOs was orally treated for 4 weeks (twice/week) at the concentration of 100, 500
or 2,500 mg/kg body weight. Isolated peritoneal macrophages were stimulated with mitogen (LPS; 1 mg/mL) for 24 hr. The
concentrations of IL-1b were determined by triplicates cultured supernatant cells and values are mean+S.D. (n=4). Statistical
analysis was performed using student’s two tails ¢-test with a significant level of p<0.05, “p<0.01 compared to 0 (Control
group). NAOs; Neoagarooligosaccharides.

A4 Muke-g BASIAIRITHL YA YUTkByun EH 2017). 2) IL-6 2HIE

S 7] AToA Y| okt & e F(NAOS) AHE(DP6) Y| Qo2 e IFHNAOs)S AT Folstle o 87
off o5 SA]4; Az *PO]E?P](IL-IB IL-6, TNF-)& % AAE wjgae] IL-6 BulzFe ELISA Afo]E7}el 7]E
Asto] &SRO RN NK cell 5 HANEE B4, (R&D system, USA)ZE AT F Fig. 30 Uehhgich vleof
FEF W9 WHeg FIMIYE Lo} o} Slth(lee 5 7FREETFNAOS)S LYo 2H, 45 FoiFofA] LPS

2017). WEbA] 2 A3 9] Y| Qolrt2 L8 THNAOs)S AT FA o] B9, BE FEolA thRH(89.91+30.00 pg/mL)
Fo g b A0 AN ZOA] IL-1B Ad50] R H] of ulsf |93t AfolE & 4= Y131, LPSE AT -5 100
3 sAACR uigiAl F7HEC] HeowtzZE|iY  mgkg BW, 500 mgkg BWH 2,500 mgkg BWS] F =0l A=
(NAOs)o| TFo-A0] 27} tAH L2 2F23lo] [L-18 BH|s o 2 £(180.5122.97 pg/mL)°]| H]8f Z+z}, 222.65+9.72 pg/mL
2 2ANFoZN B T =7 aFE YehY = Aoz ('p<0.05), 331.71+41.45 pg/mL(‘p<0.05), 349.84+35.34 pg/mL

Az ("p0.0DZ ekt o]2gt Axtol] w]Fo] 2 uf vl ot}
(A) (B)
150 400 4p: o
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Fig. 3. IL-6 production by activated peritoneal macrophages of mice orally administrated with neoagarooligosaccharides
from marine red algae for 4 weeks. NAOs was orally treated for 4 weeks (twice/week) at the concentration of 100, 500
or 2,500 mg/kg body weight. Isolated peritoneal macrophages were stimulated with mitogen (LPS; 1 mg/mL) for 24 hr. The
concentrations of IL-6 were determined by triplicates cultured supernatant cells and values are meantS.D. (n=4). Statistical
analysis was performed using student’s two tails ¢-test with a significant level of p<0.05, “"p<0.01 compared to 0 (Control
group). NAOs; Neoagarooligosaccharides.



48 1A - UA -

60+
Mitogen free .
g T
£ 40
=3 40
o
ES = e el
'-E'- 20+
U T | L] \J
0 100 500 2500
NAOs(mg/kg)

Ut - olAE -

oJu]d - LS FFAEGIHLA

I Mitogen: LPS

o

500 2500
NAOs(mglkg)

Fig. 4. TNF-a production by activated peritoneal macrophages of mice orally administrated with neoagarooligosaccharides

from marine red algae for 4 weeks. NAOs was orally treated for 4 weeks (twice/week) at the concentration of 100, 500

or 2,500 mg/kg body weight. Isolated peritoneal macrophages were stimulated with mitogen (LPS; 1 mg/mL) for 24 hr. The

concentrations of TNF-a were determined by triplicates cultured supernatant cells and values are mean+S.D. (n=4). Statistical

analysis was performed using student’s two tails t-test with a significant level of “p<0.05,

group). NAOs; Neoagarooligosaccharides.
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22 AYNAO] 1FP20] B AN ES Aste]
IL69] $ul5-g ZANPOEN WY BY 57 wHE 1}
i Zos gz,

ﬂl

3) TNF-a &H|Z¥

Y Lot2ZT TG NAOs) S B Folstils W 57
A AL HjQFoR O] TNF-a E-H]EF2 ELISA Alo|EFIQl 7| E
(R&D system, USA)Z 5795+ F Fig. 40] YeERf AT H] 2o}
7t2Z P G NAOs)S EFYol 29, 45 FofFofA| LPS
A9 A2, 100 mgkg BWR}F 500 mg/kg BWS] 50
A thERF(27.95+2.33 pg/mL)o] B|3l 22.33+4.09 pg/mlL,
38.06+14.1 pg/mLE 8-2]3F 2to|7} YL, 2,500 mgkg BW
o) A9t 45.45+6.66 pg/mL( p<0.05)= 3-2J3F Zo]E H Y
ow, LPSE A5t A2 100 mgkg BWE| BI04 305.23+
33.74 pgmLE EAAQ Zpol7b YA, 500 mgkg BWI}
2,500 mg/kg BWO] & Lo A= o 2H(302.38+51.64 pg/mL)
o H|s Z+Z}, 453.08+£57.91 pg/mL(p<0.05), 598.85+ 90.80
pg/mL(*p<0.05)= UEFSTE o] Zijo] H|Fo] & o Y|
o}7}§_g‘__ﬂ _]"_I_%]—(NAOS)O] u]- O A 94 iﬂ- EHM /\ﬂ IZE 34 §}

A7 TS B9 S0 1%@&1 W 7% 4o 7]

g 7HsAo] QL Aoz AZtETCH
Qo U HE

AAEE HHA wejo] Bolsh BEAQ FAE
24, ARREE 99U AP @ Holeiict 2L FUAS
A7 FASAL, Aol E71913 2L WY BHL Hulgo

“p<0.01 compared to 0 (Control

24 HuhES FE3THByun & Byun 2015). 5] &3}t
H WAA 7} B8] == IL-1B3, TNF-a, ¥ IL-6 52| Alo|E
712 AN Bt of e} o2 A2 S/4J3HA]7]7] of
Fol Hgut-golA w9 835 hHKim 5 2017). & AFE
AARE A8 F27F 78 Ul Qo F=EE&T| 11T (NAOs)9
HASE &5 gelstarst siyltt Yotz ad
(NAOs)2 ZHZF 100 mg/kg BW, 500 mg/kg BW, 2,500 mg/kg
BWO g dFUo] 2%, 477k A Fo] T mheAo] B
A o] A EH|E= Al EFFRI AT v 2 F4]5
= S5kl 1 A3, W Qo =P I (NAOs) Fof o+
ol Al 2,500 mgkg BW FofA] BIZA| L FA50] S7H= 3L
o, AN Eo] 7t IL-1B, IL-6, TNF-a AtP] E7}S1 A7
A% 500 mgkg BW, 2,500 mgkg BW S-LojA] EAHo=
FO5HA S71stlet. e S ARlE7IRl= /A
ZE T451 4SS 7ot AlZs4dS dovl= 35
Agko] uiZfRIAIE dHA Yo HGA|Zo|A EH]EH=
BS54 APRIEFIRIS HIAZE S45HAA
AA ] et 544 E R HAAZREEHY AFdS 57
N7tk A Qlrh(Hibbs S 1988; Chiou 5 2001). WAl
TNF-q, IL-6 9 IL-1B &F &2 Ao E7|RI9] /S 2Edt=
AL AL B/dekE &3t WAz do] vje a5ttt
T HuEo] itk & Ao|A Y| ol tR &2 a1F(NAOs)
9] 500 mg/kg BW, 2,500 mg/kg BW 52 Fo]E bpAof
A HIRA| 2] FAT AN BHS FEFOEN |
9 24 T7HE & AUs 78S ERIT 8% daet
7 7129 Aol WY &4 7152 71 3 &
off HA o= @A7HA LA 3o, 8 binding
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sitet= TLR4(Toll-like receptor 4)E -3t mitogen-activated protein
kinases(MAPK) @ NF-kappa B(NF-kappa B) A5 HE2 &4
ofsto] LA GA|E(DC, dendritic cells)E B/opAZITtal &
4] QUthLee 5 2017). FF F7F AF2A], & A1) At
Hol7| & T FH AT Yt WY 7|54 7 U 5
S HE9 HdEES AREsto] gRlstalat sh, vl eobrtz
2T IGNAOs)9] HY =7 _?E‘L—‘:O] TLR4(Toll-like receptor
9% B AUNA 1492 AUFOLA FF 200}
222 TFNAOY©] AY7I5AE, R, 9% 508
o) 715 A% b By Bo4o] 7% Az e 28T

A 0]lo
‘l“/v]\a

el
=

Ao AzE},
ZtALe| 2

2 A= 20199 At sfiduto] @ MR Ji
uh g AR5 ] Y-71eARR S A Y AFY(20190090)°] 2l
FE ol Ao FA=HY.
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