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converting enzyme inhibition
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Development of a natural anti—allergic product using

abalone—gastrointestinal digestion system

Summary

€ Abalone is a marine gastropod and an important fishery and food industrial resource
that is massively maricultured in Asia, Africa, Australia, and America. Pacific abalone,
H.discus hannai has been massively maricultured from the 1990s in the southwestern
coast of South Korea. To meet the increasing demand of the Asian market, abalone
mariculture has been expanding in land- and sea-based systems in S. Korea and the
total yield was estimated at 7,580 tons of abalone in 2009 (The Korea Marine Institute).
In addition, manufacturing products of abalone (dried, steamed, spiced abalone, and so
on) have also been significantly increased. It is currently agreed that that marine
organisms possess various bioactive natural components with many nutraceutical and
pharmaceutical  activities-related  physiological  functions such as  antioxidant,
anti-inflammatory, anti-allergic, antitumor, antimicrobial, antihypertension, anticoagulation,
anti-cardiovascular disease, and ctc. However, the health beneficial effects of abalone
have rarely been reported, although a number of studies have been performed on the
biological and physiological properties of abalones, considering pathology, genetics, and

aquaculture technology.

€ Abalone intestine gastro-intestinal digests (AIGIDs) containing AIGID I (100-10 kDa),
AIGID 1I (10-5 kDa) and AIGID III (5-1 kDa) were isolated from abalone
gastro-intestinal digestion by an ultrafiltration membrane system. In vitro gastro-intestinal
digestion which is consisted of two phase: gastric digestion (phase I) corresponding to a
pepsin-hydrolysis, and intestinal digestion (phase II) corresponding to proteolysis by two
enzymes (trypsin and alpha-chymotrypsin), was used for breakdown proteins into amino
acids or oligopeptides with functional and nutritional properties. After treatment with
proteases, hydrolysates were composed of individual amino acids and low molecular
mass peptides. Advantageously, these products can withstand the conditions of
physiological digestion and arrive at the blood stream to employ their bioactive effects

after oral intake.



€ First, we examined that antioxidant and anti-inflammatory effects of abalone Haliotis
discus hannai in macrophage cells. The results exhibited that abalone intestine digest
(AID) has higher antioxidant activities against lipid peroxidation, ROS stress and DNA
damage in H,O»-treated RAW264.7 macrophages. In the lipopolysaccharide (LPS)-induced
macrophages, AID suppresses LPS-induced production of nitric oxide (NO) via inducible
nitric oxide synthase (iNOS) expression in a dose-dependent manner. It also significantly
reduced the generation of proinflammatory cytokines, such as interleukin (IL-1P), tumor
necrosis factor (TNF)-a, and IL-6. Furthermore, AID significantly suppresses
phosphorylation of mitogen-activated protein kinases (MAPKs) such as ERK, JNK, and
p38. These results indicated that AID inhibits oxidative damage by ROS and
LPS-induced inflammatory response via blocking of MAPK signaling pathway in murine
macrophages. Therefore, potent antioxidant and anti-inflammatory effects of abalone
intestine as byproducts from fishery manufacturing might suggest possibility for high

valuable utilization and application as nutraceutical and therapeutic substances.

@ To evaluate beneficial effects of H. discus hannai, an anti-inflammatory peptide (AAIP,
abalone anti-inflammatory peptide) was purified from abalone intestines using consecutive
HPLC purification system. In tandem MS analysis, the fragmentation results illustrate
that the AAIP responsible for the nitric oxide (NO) inhibitory activity (ICs0=55.8uM)
has amino acid sequence as Pro-Phe-Asn-Glu-Gly-Thr-Phe-Ala-Ser (1175.2Da). To
investigate anti-inflammatory effect of AAIP on lipopolysaccharide (LPS)-stimulated
RAW264.7 macrophages and elucidated the molecular mechanism. The results show that
the AAIP peptide suppresses LPS-induced production of nitricoxide (NO) via inducible
nitricoxide synthase (iNOS) expression in a dose-dependent manner. It also significantly
reduced the gene transcription of proinflammatory cytokines, such as interleukin(IL-1p),
tumor necrosis factor (TNF-a), and IL-6. Furthermore, AAIP significantly suppresses
phosphorylation of mitogen-activated proteinkinases (MAPKs) such as p-p38 and p-JNK.
These results indicated that abalone intestine-derived anti-inflammatory peptide,A AIP
inhibits LPS-induced inflammatory response via blocking of MAPK pathway in murine

macrophages.

@ Allergic diseases, such as asthma, atopic dermatitis, allergic rhinitis and food allergies,
are typified by an undesirable reaction to harmless environmental allergens. Allergic
diseases are characterized by infiltration and accumulation of lymphocytes, basophils,
eosinophils, and mast cells to the inflamed site of lesions. Mast cells are one of the

critical effecter cells in the pathogenesis of hypersensitivity and allergic responses, but



also play important roles in host defense against parasites. Mast cells are commonly
found at sites exposed to the external environment, namely the skin, the airways and
the gastrointestinal tract. Mast cells are recognized as granular cells of the connective
tissue and key cells in autoimmune disorders, and key players in the establishment of
innate immunity as well as modulators of adoptive immune responses. The aim of the
present study was to examine whether abalone modulates inflammatory response, as well
as to elucidate its mechanism of action in stimulated human mast cell line (HMC-1).
Cells were stimulated with phorbol 12-myristate 13-acetate plus calcium ionophore
A23187 (PMACI) in the presence or absence of AIGIDs. Abalone attenuated the
PMACI-stimulated gene expression and production of inflammatory cytokines such as
tumor necrosis factor (TNF)-a and interleukin (IL)-6, and histamine releases in HMC-1
cells. In activated HMC-1 cells, phosphorylation of c-Jun N-terminal kinase (JNK)
decreased after pretreatment with AIGIDs. In addition, AIGIDs suppressed
PMACI-induced IxB-o phosphorylation and degradation, leading to inhibition of nuclear
factor (NF)-xB activation. AIGIDs suppressed the production of TNF-a, IL-6, histamine
and through a decrease in the intracellular levels of JNK, as well as activation of NF-x
B. These results indicated that AIGIDs has a modulatory effect on mast cell-mediated

inflammatory allergic diseases.

In addition, this study was to determine whether treatment with AIGID III (including
AAIP, abalone anti-inflammatory peptide) results in significant effects in atopy dermatitis
NC/Nga mouse model. In this study, we investigated the anti-atopy activity of AIGID
I on the mice. This finding suggests that AIGID III might be useful candidate in

treating atopy dermatitis.
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2) Investigation of optimal temperature
3) Investigation of optimal substrate concentration
4) Investigation of optimal substrate versus enzyme ratio
5) Investigation of reaction time
C. Selected superiority activity fraction
D. Different molecular weight fractions by using ultrafiltration system
(1) Production of abalone intestine digestion for different melecular weight
(2) Comparison analysis of amino acid of AIGID and BAB

3. Select of superior fraction of abalone intestine hydrolysatest



A. Protective effect of immune cell(macrophage) by oxidative stress(anti-oxidant)
(1) Protective effects of AIGID by oxidation stress in cell

1

2

) Investigation of free radicals scavenging active by AIGID
) Investigation of sample cytotoxicity in immune cell(macrophage)
3) Radical scavenging effect of AIGID in macrophage cell
4) Investigation of DNA oxidation protective effect of AIGID in macrophage cell
(2) Antioxidant activity of boiled abalone by-product(BABs)
1) Investigation of reactive oxygen species inhibitory effect by BABs
2) Investigation of cytotoxicity by BABs
3) Radical scavenging and cell protection effect of BABs in Raw264.7 cell
4) DNA oxidation protection effect by BABs
B. Selection of superior immune activity fraction with NO and iNOS inhibitory effect
in macrophage
(1) Inhibitory activity of NO production
(2) Inhibitory activity of iNOS expression
4. Investigation of pharmacological effect and mechanism of selected candidated
substrates in macrophage cell
A. Investigation of immune regulatory fractor, cytokine and immune activity
pathway in macrophage
(1) Investigation of cytokine(IL-6, IL-13, TNF-a)
(2) Regulatory mechanism activity on MAPK pathway
(3) Inhibitory effect and translocation in nuclear by nuclear transcription factor,
NF-kB and activity inhibition by AIGIDs
B. Investigation of anti-allergy effect by anti-histamine and IgE level in mast cell
(1) Efficiencies of AIGID in mast cell line
1) Cytotoxicity(surviving rate) of AIGID in HMC-1 cell
2) Secretion suppression efficacy of histamine by AIGID
3) Secretion suppression efficacy of cytokine by AIGID
4) Mechanism research on efficacy of anti allergy of AIGID
(2) Efficiencies of AIGID II in mast cell line
1) Cytotoxicity(surviving rate) of AIGID II in HMC-1 cell
2) Secretion suppression efficacy of histamine by AIGID II
3) Secretion suppression efficacy of cytokine by AIGID II
4) Mechanism research on efficacy of anti allergy of AIGID II
(3) Efficiencies of AIGID III in mast cell line



1) Cytotoxicity(surviving rate) of AIGID III in HMC-1 cell
2) Secretion suppression efficacy of histamine by AIGID III
3) Secretion suppression efficacy of cytokine by AIGID III
4) Mechanism research on efficacy of anti allergy of AIGID III
5. Isolation and characteristics of activity fraction for immune activity efficacy
A. A immune activity material isolated from the hydrolysate of abalone intestine
B. Investigation of amino acid sequence of active materials
6. Animal efficacy investigation of activity fraction through preclinical test
A. Inhibitory effect of AIGID3(Ill) in the dorsal skin of NC/Nga mouse
B. Measurement of immunoglobulin E and histamine from serum
C. Result of TARC, MDC, RNATES, IL-4, EOtaxin, TALP from mouse dorsal tissue
D. Analysis of mouse skin tissue
7. Manufacturing process and economic efficiency examination
A. Manufacturing process design

1) Sampling

7) Fractionation, desalinization and concentration
8) Drying(spray drying or Freeze drying)
9) Powder packing
B. Production yield rate
C. Manufacturing process plan (3tons)
D. Production equipment unit cost
E. Manufacturing cost
F. Economic analysis
8. Development of application product
A. Development of marine herbal atopic cream
(1) Formulation development
(2) Product effective evaluation
1) COX-2 anti-inflammatory activity by the concentration
2) NO activity by the concentration
3) Cytotoxicity by the concentration
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4) Comparison of anti-inflammatory activity with a commercially
product
5) Moisture assessment
B. Abalone-fermented soybean pill product specifications and features

(1) Abalone-fermented soybean pill manufacturing process

(2) Ingredient creation and formulation development

(3) Evaluation of palatability and salability through survey
1) Color
2
3

Flavor

Texture

5
6

)
)

4) Incense
) Purchase intention
)

The final evaluation

Chapter 5. Tagret achievement contribution about related field

1. Research and development target and achievement

A. Research and development object for this year

B. Research and development object and attainment for year
2. Contribution of the various fields

A. Academic and technical contribution

B. Social and cultural contribution

available

Chapter 6. Research and development in result and practical use plan

1. Plans of industrialization and commercialization

2. Plans of intellectual property obtainment of patent, paper, etc

3. Utilization plans of other researches, further research and technology diffusion

Chapter 7. Foreign Scientific & Technologic Information collected in

research and development process

1. Related this research comparison of skill level in domestic and foreign
A. Patent
(1) Analysis in range of patent

(2) Relation of research pursuant to analysis in range of patent

B. Paper

21



(1) Analysis in range of paper
(2) Relation of research pursuant to analysis in range of paper
C. Analysis of product and market
(1) The present state of production and market
1) Domestic the present state of production and market
2) Foreign the present state of production and market
2. Future outlook pursuant to technology analysis

3. Conclusion of analysis to technical trend in domestic and foreign

Reference
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Table 1. c}EV IR A FHE IdFE A [EAEAVIST, A47] 13 00373 G EE2AH

(&9l %)
. A wHl a2}
L N Ss@Ezed) N Be(Eze) N 2g(mxed)
A5 (H)
1-11 719 20.6(2.2) 382 18.8(2.6) 337 22.3(2.9)
12-18 351 11.7(1.8) 188 9.8(2.0) 163 14.0(2.3)
19-29 338  57(L5) 140 44(L7) 198 7.0(L9)
30-39 35 1.6(0.5) 247 1.8(0.8) 388 1.3(0.5)
4049 565 1.5(0.6) 248 1.2(0.9) 317 1.9(0.9)
50-59 505 1.0(0.6) 2056 19(1.2) 300 02(0.2)
60-69 490 1.6(0.6) 217 25(12) 273 0.8(0.6)
70+ 449 0.8(0.4) 184 1.5(0.8) 265 0.4(0.4)
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2ire 98 d &g EsiAl&Fl (gastrointestinal
digestion system)] HZ 3 &84S AES}ILA ¢rh[Fig. 6] ol AT AEFTH
< 23 2 Hefol=sto] A AavlozN Al AT vlo]L oEE AR g AEF

gl HEd
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Phase II: Intestinal digestion

Trypsin, a-chymotrypsin,

lipase, bile salt mixture, pH 7.8

pH/thermometer

Stirrer
. . Gastric | 0 0 Conoentratioi
Marine organism —( digests ‘ rg Jass

Pump Pump

L
Phase I: Gastric digestion ‘J[J(
Pepsin, pH 2.2 ”1 b & Lyophilizaﬁm*

Reservoir

Enzyme reactor
system Tank

Supplier Gastro-Intestinal digests
Tank @)-| PH/Temp
= | controlle

Pump

AR Al 4 A A2 AAA <159 10~20%C] G, HT RATA, HAew
op-adlel os) F3ig S7F FAll itk dejA ARlo] FIste F8 Al FAG

[e)

aT

El HBAEA 2 3 WA A7) 2L dH=r] AARAe] BL =F,
Zolgo] Bel=Zy] AT F 4B P, A2HE HFHA Z7 59

, lgte) e gREY F7h % ABBAC] FolA AF T AR WF =
aEl3 AT BlARN GFoRY A FYA BAo| =28 /13 37 5

<]
o] &Hl=7] dge FF Wsle] & & Ut

o
S
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D)
iy
olo
—~

allergic reaction) ¢ (allergen)?] =E=Z FZANE (plasma cel) ZFE I
(Ig E)7} A=, o] A|7F HIRFAIEZ (mast cell) EH 23 &, U3 ol 2 =&
HE Gl Bl wA AFAT SE Ul M@AZERE o AN AEAS
(vasoactive amines)®] #2lE o] o8 7}A] AFFSAAE] YElUH, A3 F¢ FAhFo=F

o o &

AlEZE (eosinophil, neutrophil 5)¢] o] dojv= AFursolH A1F FAwEE
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[Fig. 7]. &} & 28 A o} .
FEF (atopy)d A F, WEFA A¥F, 444 TUA A¥, 4F 2 4% YA 5
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AAsa Aok 715A AE A AaA Ao dBe 28 ANIAY nee %

o=y A 9 A7AC AFe] WFHolth ey BAZA e 2H o], B8 2EY

A, 718A FAA 18] leukotrienes ZA] 53 & XA RE o]lE Ao ZAEL T
AAZ 7 Ao yrEA o g APstr] FEF s ZHAZ F= jlon, 53] ZHEo=
A kEe A FAEES of7lsta 7] Wil A= FlY FLHAL AAE E e
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dejx] 7D AFZAHE A5 F&IHE FAoH dF =W @53 #dd AAEAH

S ZAd4HA (Reactive
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2 A3ol 2188 FHAE (YY: abalone, 3}%: H discus hannai) A& [Fig. 8]v <%= =3}
AQe A B FAFR YA 3EAE ddeE AMdEE FREA A FEE [Fig 9o o
2} & (muscle) B W (intestine) FEE F23 & BAson, JEE4A 2 VteEsl=
Az 5 AFE JA71A] -80Co] B#tArh 95 A4 AE/FZIZZOZHE 7HFRAES] AR
2

=
So2 53] B9, FAAEE B A% 90 Fusgo

- 99: Abalone Shell
EtE= - BYW: Haliotis discus hannal
(Haljotis discus hannail ~ MAUK: =32, = SUOA|0F SAEE,
= 7 e 0=, =5, S01Z213L &Y S

ZU S/ HE XY 2R S
- OOl <, CRAIOL [HE, ZHEH, 2T, Y2 S
- 0220k AE, 2R, IDISY 421 S
- FREZ: JISH O AL “""ﬂ

Abalone digestive tract

Intestine Anus
m

Refy) Aquaculture (1997) 157 225-36

Fig. 9. A& 3R = P L3prieis 713
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gue AEe FAAXS ok F Ay AFTH LuAR BAW 010) o ek
P, 2EN, =AW, 3 9 2E 5 IUARS BASAD & SRS 105C 3t

g
, el de 2F dAFHAAA (Kjeltee 2200 analyzer, FOSS Co., Slangerupgade,
Hlllerod, Denmark)E ©]-&3% semimicro-Kjeldahl &A=, A2 A5 AW F=7]
(Soxhlet Avanti 2050, FOSS Co., Slangerupgade, Hlllerod, Denmark)E ©]-&3 Soxhlet's +&
H, 22 phenol-sulfuric acid ¥, £3]&#2 600C AH Isyoz Z47zt AFsdoy 7 4

A 33 whEste] A2 HEgre® Ytk

I AR mt &S At Asotr|igt 47 (Amino Acid
Analyzer, L-8900, Hitachi, Japan)E ©]&3} f-glolu| =itz FAotu|=qks Zh7y B24431%)
=

A BAL A8 6 N HCl 10 mlES £3] 110CoA 22A17F 7158
0.02 N HCl 10 mlZ =< 108] FAA]71 H-& 0.45um membrane filterZ

A8 §-7 opuieit BAe A8 2% TCA 0.6 ml (28] A4S 7lste] d4dEe] & 4
5 4 05 mlol 0.02 11 ml G JAH)E £4F ths SHRTE 58 3HAA 0.45um
[e)

membrane filter2 3+ AL BA8 A 82 AMESYTH

z
ay
0

1 g& 05M NaOH/MeOH &40l ¥of 100TNA 158 &< 7HE sk
VR 2121 F, Triacylglycerol®} phospholipidE 0.5 M NaOH/MeOH & o] 1007 il
A 30% X Jd&HEZ S AlF T 183 AW 14% BFs/MeOH 8922 100TC
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oA 20% B w3} (methylation) AR AWat 2AHEAHLS A AR 29
(Supelcowas 30 m x 0.25 mm)©] &2 Gas chromatography (GC)Z =73}t

&2 Microwave system (Ethos Touch, Milestone, Italy)ollA] AE&S 3
st HAAow wE F, FEAIGET=VE £%7] (Inductively Coupled Plasma Atomic
Emission Spectroscopy, ICP-AES, model OPTIMA 5300 DV, Perkin-Elmer, Shelton, CT, USA)
£ o] g3l EXFALE F, A8 o 100 mg AEE AFHES 01% SAAA < 01 M EDTA
E o] &3t AAHS ¥, HiT o] A AFE ¥ il microwave systemOE F35te] HAo=E

WE H ICPE o] 83t /1Y FFL 243

AFETH w2t s AR ZzrtET YT (HPLO)E ©]& st #4383
Vit. A & 94 C18 columng &3 HPLCE °]&3le o]F4 EtOH:H,0=95:5 / flow
rate=0.5 ml/min / 3% detector 3% 340 nm, S 3% 460 nm Z7A EAFHJATH
Vit. By & PGMA (polyglycerylmethacrylate) column WollA] ©]-&
/ flow rate=0.7 ml/min / W<} HZA|QF ZF - 48 YEF flow rate 0.7 ml/min, 3%
detectorE o] &3] 7|53 375 nm, =AH 34 450 nm ZANA B E AT
Vit. B, — 9y C18  columns A3 HPLColA o] Me-OH:10 mM
NaH2PO4:acetinitrile = 60:40, flow rate 01 ml/min / UV detectorE ©]&3}>] 254 nm I}+73
o SA3ATE Vit. E & T4 columng ©]83le] o]F/F S E hexane :iso-propanol = 98:2,

flow rate 0.5 ml/ml &% detector 713 298 nm, =4 I 325 nmoll A A3

’+ 0.1 M sodium phosphate

g

vl E2]9& (polyphenols) 4]
2bstgg, HYEy, dgAd, Fnivt 24 T uYst @40 RuFEa e Y HEA
o} 3tE 2] £249-8 Folin-Ciocalteu Ao wha} AAISHET =, A8 20
1

H ulS 96 well plate®l
N Folin-Ciocalteu A]¢F 100 pl& 7}3F 3, 3 £ Tk AL WA 7.5% Na,COs

2 DNS (3,5-dinitrosalicylic acid)®?} Rochelle o2 #A3te] 575 nmoll A SFHEE =
Asle T AFHolth 2 M NaOHE F4Hlstan fyyEZ A4l (3,5-dinitrosalicylic acid,
DNS)¢} Sodium Potassium tartrateE 37 5o DNSA|eFS FHISIA T S Fe] 935t T
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YEZ4e 44 (3,5-dinitrosalicylic acid, DNS)o] = o] AFE 3-otv|=-5-HEZ ] 4t
(3-amino-5-nitrosalicylic ~  acid)<] FE=E SAH3=d 3-ohu| =51 E 2 Ak 4t
(3-amino-5-nitrosalicylic acid)& <t 3} 317|915t DNS A] 2ol NaOH, Rochelled, 3= 2
Na;50s5 7138t standard &4 HAES AFESIGE B AFHONA & AHFE A&
DNS Al2FS *2]3}e] heating blok & AF&-3] 90~95TCE 10 & & FA3IAT L £
< 23l F ELISA Reader & AF&-3l 580 nmolA F3EE F43IAT

e o

S|

of Wud FE B4

M

<

Bradford AssayE ©]&3ste @wlze]l wr & =A%t HJ& A Coomassie brilliant
blue 85+ G@WAT AFsHAl =i, o2 I8 #5859 HNWFZE (A max)T 465 nmeol A
595 nm& ©]F3tA ©rh 595 nmel Ao FFE= dWA Fro} HHGERE FFo] rEdt
A Ak ol vlgo g ¥F AT 0.995)3}a1, 41 =3} Bradford* 9F< 10:1%
AglstAth 1 Fof] 37Col 30 w1t MR8k, A&3HAl  vortexting ¥ $-o] ELISA Reader®
595 nmupgel A =743t

~

2

o

N Tk
i3
’W\N

v,

3. 2387t E 8 Al 2" (in vitro digestion system)S & 83 AEA-L{FF 7HFEIAE AX

N
“©
o
e
>«
i&‘
N
¥
]I
if
>
)

%%E‘r(]ung et al. 2007). ¥ AFdME ¢

LFTF A7 EEE0] T JAE
(Haliotis discus hanna)©] 7FA= A2]@AEdS A8 AW FF5&°] =& 55 3% -
o AsrEs g 57

=gozH B =2 AUFE&A (bicavailability)S R4S 17 7]

etz A sl LEe =9
staoem, A8 W Bt ES 8 59 W (Jung et al. 2007, HHIR=535]F
2 10-0680066, 2007)°] we} 811k ch

=
(nutraceutics) B ¢ °F&} (pharmaceutics) &A1& i
b9 J
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. Lab-scale 37k 2~ds 283 AwA 7leddlls Az % H4 =24 4=

A MRS 34 [Fig. 1012 3 59 W (Jung et al.
32 ﬁ}ﬂ-’%-ﬁr‘ﬂf«lé%%
i A A 9

= = 49 ==
7 A9 DFE ARA AELALAE Az 99 FAE

Phase II: Intestinal digestion

Trypsin, a-chymotrypsin,
lipase, bile salt mixture, pH 7.8

pH/thermometer

Gastric () i Concentratio
. . 0 .oncentr:
Marine organism I dgests | | © Q m

Pump

Phase I Gsic st ‘ H T

Pepsin, pH 2.2 1 b ol

Supplier
Tank

Lyophilizatio

Enzyme reactor Reservoir
system Tank

Gastro-Intestinal digests

AEe S WAs Zeistel A9 Ade=R sakE A=A = w8 (20,000 rpm, 30 3,

sk A= F4 10 LS 7leta, 9 (H) 23203 598 pH 18~229 13
71dgHo) thste], A (Pepsin, EC 34.23.1)% 2501, % 35~40T, ¥H3-A17+ 1413 308~2
] AgE B ol 13} Zb5E S (Phase 1), &% Z7olA 23 7h4¢

r\l
lo
it
o
=
BN
Y
)
:{o

- Phase I: 9(¥) 2320y 593 pH 182202 2 12 7|2 th3le], Pepsin (EC
34.231)% 712 W &&H 25011, ©% 35~40C, WHSAIZE 1A17F 308~2A17o® 9 43}

(gastric digestion) 271 dtol| A ZheEa AlF T
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- Phase II: 1z 7}5#3]E] bile salts mixture (0125 M taurocholate, 0125 M
glycodeoxycholic acid), 1 M CaCl , 0.25M Bistris (pH 6.5), 0.1%(w/v) porcine pancreatic
lipase (EC 3.1.1.3)E5% &7 4L ¥, pH 7.8-8.05t 4 7I+=EHEES trypsin (EC 3.4.21.4)3
a-chymotrypsin (EC 3.4.21.1)& ©]83}9 7]& o] &AH] 25011, &% 35~40T, WHEAIZE 24
E~3A17F0. 2 A% (intestinal digestion) &7 3tol| Al 22 7hrE3s] Al Z T

N
X
N
)
D
A
:(u)l'_',
N
o,
>
A
ki
=
S
O
O

d 00xg, 15+, 4C)sted 459 W 33 v, 100 Da °]3}
A FRS AXS A7IFEAGA (electrodialyzer, Micro Acilyzer model G3, Asahi,

Japan)E ol&ate] £AF Ug 52 Az -2 23R A2HE AN rEHEe

_>",

W
o,
Lo,
BN
)
N
Y
rlo
2
e
=
o
Jo
)
BN
]:30{'
[
Lo
B

2)
L]
oX,
n\l
il
)
oift
e
rot
ol

=

T
7h A& W dWAA (proteome) F=
AE W G dA F20 BE AL 4ToAA AAHAeH, JE W tete] SF8&
9 (50 mM phosphate buffer containing 5 mM CaCl,, pH 7.2)< 2u] 7} H7bste o4d~”
12,000 rpmollA] 28 FoF 23] W&l FAFAHY. TRES cheese-clothZ Uz ZE 3
| 40T BedzeA 1 BYEAA T, AAEE (0500xg)Fke] Aol FEe] o
80% EF=7HA FRAURFS H7bste] 2T WALAA 6417 St WAstY Fiu JHdEs o
Atk BaE @ do 284 duld RES AAS] Hste] e SRFE HUe] €
A2l (9,500xg, 10 min)stHt. g5 H-& 100, 10, 1 kDa hejojziero =5
%, 1kDa o4 822 524 b A7 80Tl A Ae.

€8]

AL &

(0]
frtl
M
ot

ha
s

2

o

.
EN
$
2
>~

1=
24 8 54

&
&Y

W T
=

o

aV)

1=

X,

_>|4_'4

)

-dimensional-polyacrylamide gel electrophoresis (2D-PAGE)el| <] gk

wy
__>fl_',‘
N
[oX
B
(o,
ME
1%
o
i
o &

2] (tandem mass spectroscopy analysis)S &3k ofr|x=4F A E
% MASCOT databaseol] 23 @id 4o s £4 2 $HHJH. =, 5 2 WA
2 dS gl dds @ 5 W AES 259 E47I2 E48ke] lysis buffer
A8k & DR8] (4°C, 12,000 rpm, 30min)dte] 23} FAE dwA MZS Fr ) o
122 IPGphor stripell ¢F 25~40 pg Eo14 4 UA A== 2D-clean up kitel] o) &
2 AAHAT. AAES W @@L 250 pl¢] rehydrationg-Holl =1 F, AAET A
HE Rol pH 4~7 <l strip gele &} Strip gelo] AxH+= RS WA 93t Dry

strip cover &4 150 plE 7}t &, 1%} Isoelectric focusing= Y gtc). 231 #a15 F2|& 9

2 2
ha

o 2 ofl o ¢l Mr o
i
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&l Isoelectric focusinge &% IPG sample strip< polyacrylamide gel (125%)< AM&3ste] A
A EtdTt A719% 24L& 60 VollA 4 hr, 150 VoIl A 4 hr, 300 VollA 2 hr ~ 4 hro g2 A<t
S AHAx &HFEA APtAh 1, 23 A7]FEo] B gelS WS E coommassie staining
S AANEY HE dA spotS #AQlEtgom, 7t spotEel tlE] in gel digestion, FHEE-4
MASCOT AMS &3l A& W&o 74 7Ied @24 (EL)E 45 A8

Pk

(th) A EUWF &4 (abalone intestine crude enzyme, AICE) 84 54 % HAxA AE
F FAbE 71 tid 71523l (proteolysis & carbohydrolysis) &4 74

T G Tt a4Ec] uFF XEH] den, ol A&

W gl g 7)1 do] gk 7R3l = (degree of hydrolysis:

=3 o 2L
DH)E =43ttt =, 712 1 g& &58&4 100 mlol]l EAAIA 1% 712&How &t 7|4
ko3
k-3

VB A2 2 miS Ao 2E04 AE A6 FAE AL BATE DNS B4
=yl wet 2R 1 AFRAEE ANSAT

7MEdl= DH % = x 100

@ HZA &4 =71 HAE (optimal condition)
HZA pH x2: 718 tigt 7t¢R38] A, H#34 pH 232 01 M glycine-HCl buffer (pH
3.0-4.0, 01 M sodium acetate-acetic acid buffer (pH 5.0-6.0), 01 M disodium
hydrogenphosphate-sodium dihydrogen phosphate buffer (pH 7.0), 0.1 M Tris-HCl buffer
(pH 8.0-9.0) & 0.1 M sodium carbonate-sodium bicaronate buffer (pH 10.0-12.0)& Z+7} <5
g9o7 3o pH F7E AR

HA 2z 3 71A stz e HF pH 213tdA 25 E 30-70C7HA] ®IgA|71H

A4 71dE=: HA pH 2 2= st 7FEEEE 02:3%7HA WBA7|AAN ThpEs] ol

HESAIZEOl tigh &3 H3 pH, %, 71 = R 712 O

] & %
1, 4,8 12 ¥ 24A17F F<F WEGAIZl & 059 7RI EE HESIAT



Axf 5x ISR Ax ¥ 3 JAR TFEHA v 254 7154 BAL FF
&7 98t 70% €S (EtOH)S AHystdch =, 1JEEOH = 19 & g F, 397 4
Coll A A3 wykste] A thF FFds FHatol 94, J3s5 2 234 T3 &

=
=
< ez shejogut XA (ultrafiltration membrane system)E ©]-&3t T §HA
(molecular weight cut-off : MWCO) W97} Z+7} 100, 10, 5, 1 kDagl =& A#HZ S IAIA
EAFEZ EYsto] gF BAF Y AEA 1FF S4YES SR

4. AE B Pz F 7 AZA AN &4 BFAL W £F HE

7k AF st A E T3 34kstE A HE (Ferric thiocyanate method)
Ao ApF4itste] o3 FAH HAFSIE] ferrous thiocyanateE ferric thiocyanate® 4Fs)
A7le AZRE v Ho 2 SH3te= ZACS =, linoleic acid model system> TBA Wel| 23t =

ol A ARG I FASA ARESEATE &, 40Tl EAS ¥EEEFE 100 plell 75%
ethanol 4.7 ml, 30% ammonium thiocyanate 0.1 mM, 3.5% HCIo| =<l 20 mM ferrous
chloride €9 01 mlS Y3 3 &, A4 383 vbSA|A FAHEE 500 nmol A &
=g ZAFAG FIC Ade 2443 402 79 5 4590 A2 dil SFFE
22 iz Hlaste] Yep e Vit C9  a-tocopherols YA WIERTFE 3t AR
Gastgae maste

U @444 F Y Zd dA €4 HE (Reactive Oxygen Species radical scavenging activity)

Aol A thAayd 2 2B, A 59 Fafler F2 BAse AfdUZES =
< RS/l 7]1ske] A wd, =4, ’ﬂz} = :617—316}2&“1 kst g, oF %
Fo HaA AW 55 oAzt AW s F8 guZd 2AE (Radical Reactive
Oxygen Species)?] T3 ZAtol= 2ozt (Superoxide radical), 3 0]_ /\] 2]z (Hydroxyl
radical), ¥5A] 2ty Z (Peroxyl radical)el]l Wt A &S A=A FTE EFF = (electron
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spin resonance spectroscopy)E ©]-&3t S8R o™ [Fig. 11], 2 &z LA i W
W 245 s NESY ANS a3 2o

_ ”“ I xF ",JWI,I I ul ! ¢
- a\-‘vj,«’ N ‘\.I oy N " oy
A / == N [ T e M i
ﬁ\vw } = © @
|
t ,~w ol Superoxide radical Alkyl radical
< 4
|
[ rar VN

Electron spin resonance O O SR 0 I O IR S
(ESR) spectroscopy i 1 R

Hydroxyl radical DPPH radical

Sample: (a) Blank; (b) 0.1 mg/ml; (¢) 0.5 mg/ml; (d) 1.0 mg/ml

Fig. 11. ESR spectroscopys &-&3t &tjzd &2AGA] 574

DPPH 2}t]Z(radical) &4 E/d2 Nanjo 5 (1996)] "H
DPPH olgta &9 60 ul ¢ 60 pl 7IrEsies 89S T
capillary tubed] &% F 2% Fo] HAA2AFYH FFF T (electron spin resonance
spectroscopy)Z St ~HERDL W74 (field): 3365 + 5 mT, 9] (power): 5 mW, X
F(amplitude): 1x 1000, MZUHH] (modulation width): 0.8 mT. YA H] (sweep width): 10
mT, GA&AIZE (sweep time: 30s)2] o2 7|E31 . ofefe] 48 o]&3t9 DPPH oz
2758 E At

DPPH 2tHZ &715H9, % =

[100 - (AEA A AAp=ATBA 1 WA/ ASHFA A AA=ATEA L | A4)]x100

FH A= 27 (Superoxide radical) 2A%H-2 Guo T (1999)9] Wl we =43}
At =, 03 mM B EZF2HI (riboflavin) 20 ul, 5.0 mM EDTA 20 ul, 0.1 M DMPO 20 ul <}
ZhrEelE &9 20 pl EFT ¥, 365 nme] UV HZE 1
(quartz capillary tube)ell &% %, 2% Fo HAA2AFH FFFEA (electron spin
resonance spectroscopy)Z A3 ATH AHEFHLS field: 3365 5 mT, power: 10 W,
amplitude: 1x 1000, scan width: 10 mT, sweep time: 30s8] XS 2 7|E3} ). ol 2
< ol &3t FHZAIO|E YD 445 Y (superoxide radical scavenging activity)E Al Atsh

w3 zolan, 29§94 AGRA

i
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ATt

S S Al = g £A%

[100 - (AEH2)A zﬂx}a%%w&ﬂzg WA/ A ERA A ARERFTEA TS WA)]x100

[
r

slg4 g7 (Hydroxyl radical) &~A 272 Rosen (1984)9] Wil F3te 43+
o F, JIEEsSE 89 02 mlel 03M 55-gHE-1-3EH N-FAo]= 0.
(5,5-dimethyl-1-pyrroline N-oxide; DMPO) 0.2ml 10 mM &4Hd (FeSO4)E 0.2 ml, 10 mM H

;0 5, 02 ml T3 T A2 258 WX S Fof quartz capillary tubeo] &7 HA}2~H
3™ %Y= Al (electron spin resonance spectroscopy) & ZA3tAth A2HE DL field: 336.5

+ 5 mT, power: 1 ml, amplitude: 1x 200, modulation width: 0.1 mT. sweep width: 10 mT,
sweep time: 30s¢] ZPOE 7=k okfel S olgste] BasFazitiTe] &A%
(hydroxyl radical scavenging activity)E A4t} th.

& Al g Z (peroxyl radical) 42752 Hiramoto & (1993)¢] Wil we} SA = A
=, 20 pl9 40 mM 22 -azobis (2-amidinopropane) dihydrochloride (AAPH)E 20 ple]
phosphate buffered-saline (PBS)°ll =<l &, 20 ule] 40 mM a
-(4-pyridyl-1-oxide)-N-tert-butylnitrone (4-POBN)<} 20 pl =% 7}5i3] &H4ES 718ttt
37 °CollA] 30 3t v & FA]  quartz capillary tubeol &7 AXA2AFH EFFEA
(electron spin resonance spectroscopy) 2 43t th ESR 2~ EH-2 modulation frequency,
100 kHz; microwave power, 10 mW; microwave frequency, 9441 MHz, magnetic field, 336.5
+ 5 mT and sweep time, 30 s& XA 7|ZHUtt. ofefjo] 25 o]&sto] FHEAHHZY
27 (peroxyl radical scavenging activity)E 7148t

AA2DFFAN T AH/ ST AA2BFFA T B H)]x100

o HAME | guZd &4 9 AERS 55

A AN 2ES FAs= dAAIEZ  (macrophage)®] €E mouse XA A FHs
RAW 2647 AEZFE U2 dASEY & T8 HALHS ZH431719138] macrophage A
X5 543 petri disholl 31 § 10% FBS7} Z3HE RPMI1640 B AE 713l 5% CO,
Hi 7oA sl sl Mol Aoz HO 5 AHEstd ME U 8444 =&
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dgoz §EG o, AEL FEEL Aestel AT o 24E Afatige sEs
DCFHDA Al¢ke @83t 233tk =, AT U @02 aA%58e 28 g Aokl
Oxidation-sensitive ~ dye 2,7 " -dichlorofluorescien  diacetate =~ (DCFH-DA)S  &-§3t

Engelmann 5 (2005)9] ol ma} S43A T [Fig. 12]. 5 96-well plateol A 8] Y¢E RAW
2647 MEE GAA 30 & & 20 uM DCFH-DA (HBSS, Hanks balanced salt solution &
et RESAIAT. dd o] AES AT ¥ 1IN & vt PBSE 33] Al H 3 o
= 500 UM HOx & 7Fsith. Ho O gl whet r=d A2 Wl ghuzel] o8] 4tstd DCFH
o] 2Fe}EQ1 27,77 -dichlorofluorescein  (DCF)e] &4 ¥%F Al1d =& GENios
fluorescence microplate reader (TECAN, Minnedorf, Switzerland)Z 319 g2 (A
excitation = 485 nm, Aemission = 528 nm)ol A ZA 3t} o] F MTT assay el wel Al
FIAEE SHS A8 A welld] Ax= T3 AT

HO 0 OH oxidation HO o) (]
LI, — e
c Cl radical ¢ Cl

intermediate

dichlorofluorescin dichloroflucrescein
(DCFH.,) (DCF)

Fig. 12 AE W 34 @02 2458 24 A% 2 we 299

(Oxidation-sensitive dye 2 "7 " -dichlorofluorescien diacetate, DCFH-DA)

AZ W HO0 o8l f=d gz 4o tig LstrRel= AlXRS a3 B7Hs
7] SE Hansen s (1989)°l o] gk ] 2} MTT
(3-(4,5-dimethyl-2-yl)-2,5-diphenyltetrazolium bromide) assayE &3l AX AEE
o AxE W HYZd 28 S8S A8 FteEdEd O AdEdE AEEs
100 pl MTT (1 mg/ml)E 7}3F ThS 4 A1+ E9F wjoFsl 3 DMSO (150 u)E 2] she] Al

H formazan ¥ =0T} o]% 540 nm G A FA5tS MEZAAEES S5

Nl

o

RO
o
QL
8

3

o
fu

o)

2k AIDS] S A E U 4+5} 2Eg 2o ©d DNA &4 H5a¥% HE

Milne 5 (1993)9] WS WPste] DNA Oxidation B9E SASAT RAW 2647
cell®] DNA 5 plol &S F=% 100, 500 2 1000 pg/ml Z+zk 5 ply  F7igith 100 uM
FeSO, 14p1¢t 100 M Hx0,5 H7beal vortexdt & 30%7F ¥H-8-& A7t 130 mM EDTA 5
uE F71st & TotalFell A 20 pl9} DNA loding buffer 4 ulE &33te] agalose AoA 30
ZF 100 V A7) 53t} Agalose gel EtBr (ethidium bromide)ol| 307t @47tk BHE
Fenton %364 hydroxy radicald]l =% ¥® DNAE 7l1AEdl 2 &FHEZ AlphaFase®™ gel

JlN’ o

_&
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Hj sl AEEe1Ael LPS (lipopolysaccharide)S 2] &}
2 olE RS U FTL BANZEZAN HAs7) 9l
(nitric oxide) ¥ iNOS (inducible nitric oxide synthase)ol] e T3 2 &4 FEE P7}3}7]

#13 RT-PCR¥} western blottingS 43 3} 3 Th.

(1) NO ¥ iNOS A& &5 HES 53 ¢4 dogdy & A

HAMES 7]sde v A28 B AEZFFAE, Fo T84 9 BA F&A 93|
A F7HE = opsoninZt-&S W mAEC g 5ol AzE, A" mAESY A8, T2 B
gz o g dde] &9, lysozyme, collagenase, elastase, acid hydrolase &< %& &4,
2 le] BAAGRE P §3UA}L, prostaglandin, leukotriene ¥ E 7o) ZEEA} (interferon,
oA 7FA AHES #H Fo] Utk E dAAEE INOS B vt
cytokines®} w73l W Ao #oIstH, lymphokine®] UZF <! interferon y (HAAE &
Asidabel oal Fdstdn. f8 dAARzdde HE MR, B dAAE, 3H B4
d2 59 27 dAAE 7} doew A dAAZ = 11 AAME (Kupffer's cell), H3Z
AT dHAAE, 71ee] 2284 dAAE7E Aok NOE WA ZdA 2AHE 7HE
83 EAZA 73S v ok Nitric oxide (NO)= x4, A72AY, @43 S AA,
IVl 59 9TL e Ao 4A Ytk NOE AAsh= &42l NO synthase (NOS)
argine®] guanidino nitrogens AFSIAIA citruline?} NOE AASA Hth. NOSe=
endothelial (ecNOS, type III NOS), neuronal NOS (ncNOS, type I NOS) % inducible NOS
(iNOS, type INZ ZA Y =dl, eeNOS2} ncNOS7} constitutive forme. 2 &2 7|2 A&
S 7FAAL 031, calcium/calmoduluin®] ¢]& 2 o]t} wWHHo iNOS+ inducible form o 2 A=
o o3 B ¢S NOE A3, calciume] Ho|EF otk INOSE tHAAE o= 7w
ERAIZ, WM, EAFEIAZ, mesangial cellsolE F3E3A U} iINOSw= HAGA] A
A= &4 2 EdHol A9 fley, LPS, IFN-r, IL-13 TNF-as9| A= s &/33}5 o]
AAZES el NOE sty BHdds FolAY Alx =48 ved & Ao 28y
Foz AGET shockel o3 @A, AW

2] &4 F5 doA A fFals eSS e
5 2 i AEE0] /HAe W98 B85S 18] fsl RAW 264.7 cells B &3}
SHEAAR] LPS (lipopolysaccharide)E 2|ttt MES s=EE A3 v ols
AAE et FFE FAAEFFAA FEH7] AZ2-AQ] NO (nitric

F8 Wy
inducible nitric oxide synthase)oll Higt =& 2 &4 =& Hrtstr] 93l

interleukin-1)& 233t
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RT-PCR¥} western blottingS =3J 3} ST

(2) iNOS (inducible NO synthase)@d #3]&4]

NO A4 &241l inducible NO synthase (INOS) =& A a|€/dS western blot *'H =}
RT-PCR WS Jung 5 (2009)] WS W3t did 2 FHz gdoa A& de 4
EA

Western blotw= Ao AWMES 24 AIZHEE A X]g $ cell lysateE laemmli sample buffer
2 3%% #Folil 30 ug proteing 10% SDS-polyacrylamide gel electrophoresis (PAGE)?]
loadingsle] iINOSY] WHHAPEE #43t}h. SDS-PAGE ¥ proteins polyvinylidene difluoride
membranes®l| transferd}il, 3047+ PBS containing 0.1% tween 20 (PBS-T) and 5% (w/v) dry
skim milk powder®2 30Xt blockingdth. Primary antibodyZ+ anti-SOD % anti-GSH
(Santa Cruz Biotechnologies, Inc.) &< polyclonal %+ monoclonal antibodyE AF&-3}H,
secondary antibodyZ+ HRP-conjugated-anti-rabbit H+=anti-mouse antibodyE A&+t
Immunoreactivedt @ ZA-2ECL Plus Western blotting analysis system (Amersham)© = 2
st Autoradiography filmell =EA]# HEFH RT-PCR £4& LPso] Tdd iNOS
mRNA 2dg A%tk £4 A WF control EHZHX GAPDHS AH&3tH 3T RNAE
Trizol reagent® extractiond}$th. 2 pg total RNA+ AMV reverse transcriptase®] <]3|
cDNAZ 9xAbET. 727 PCR 3 A] AME-H = oligonucleotide, & primers dEEWH,
human iNOS mRNA<®] PCRE ¢t primer2#+ 5  -TTTGCCACGGACGAGACGGAT-3 '
(forward primer), 5  -GCCACTGACACTTCGCACAAA-3 " (reverse primer)7} A}-&5
human GAPDH 5 -ACCACAGTCCATGCCATCAC-3"  (forward primer) % 5°
-TCCACCACCCTGTTGCTTGTA-3 " (reverse primers)7} 31T}

HAGAg gk 7HE 3 A4S B d8e e E &4E4E (oligopeptide)s i
2] AAsIA T Fig. 13014 Webd A3 o], A& dAA|amvtEa et vA| AR 7

H], & FPLCE &3 Solend &2 o7, ODS, GPC ZHE& A3 HPLC/Recycling
HPLC @A, nano-LC/ESI-Q-TOFE A}&-3F &/ HE}O|E Sequence &1 #4HS AZith

HE g AA"Y FHEZHA LS ESI-QTOFE ©]83F de nove AEZAAL 53 FHF 7254
S AN AT
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Hydrolysis of intemal organs

using digestive enzvme
\ Peptide j
Fig. 13. A& 7Iewsi= &8 84 A 344

6. WYz AX AN 2 WBAT) U BAAESFE F9F 2 FLAA FeBA
% 714

7k A A E W cytokine 5 HHEEINA B FQ WALA pathway 777

(1) Cytokine (IL-6, IL-139} TNF-)¥ 3} HE % MARK pathway 74 W
IL-6, IL-1B3%} TNF-a 5 Cytokine H3}5 ZAHsIth dutz o=z A5yt %7 &

< dgo FoF A4S = AR dHA 3
cytokineE=2 €& A U

O] MO|EFINEL o] WAANEZEA BHFY -7 Fo F23 7|es 243 F
ol F %

9 715e 2AsY A2dE &, 9

=
o
om, o]eig AFWSS 2AFE FLF A

a3 @NASe ols T IL-1& 7MY RA B |45 AelE7RICE M F83 AT

d AT L1 84stE AT AE, JIME  (epithelial cells), FFHIAE
(endothelial cell)5ell o ¥rEolA FFWES wi7st= cytokineo|th IL-6© FE WA X
U T-437, AFEAME FoA FHEE AFESA cytokinel 2 B-U3FoA HAZFZE
do] WS F=EstaL, T-d379 4% AExSA T-AxE 237 98 o B
ofuzt 2 A B S AR

Aol g FA4 Wgo] #As= FH cytokine = & 7FAo|th.
g AsA wkge] A Axet WHIA BEFHOUE IL6v HIF FAleA

TNF-a® IgEs48A4AT Zdel osix mtEolx=d, Alde Axed e Wsi
(bacterial endotoxin)l lipopolysaccharide (LPS)ell 2j3l] &Adsld o sir wrEoix
ok LPS9 o] A& A= TNF-a} 32 & AdHo], gy daM 2o #AEsted w4
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ZQ dEHrgo] Yehy o] AAEY. @ 4o TNF-ac f@F8HEdA #HIFS0] &
WalA el FHets AE FI8H, dSAESY PAE AdeEE STRIIIH,
mononuclear phagocytesel 2F&3to] o2 713 dF¥kgo #A3t= cytokines AAFSHA v
0] g59eS F%0

AZEY A5 Ao F23 F8S ZtE Aoz 48d MAPKE ERK, p38, INK 59 Al
7}%] FoE FRAT dutygoz ERKE integrin A2 A 84, o] Ad, golz4l
SAE] S TA dFS WHe R ¢eA Atk ERKE MAPK FollA ohegt
%iﬂ o gaiA &4& Yetd AE A5 EZE mE o8 7R AAF 2-EjAES E4
SIAIA AE AR, 3 Sol #HE {FHA FES frste o= Ezﬂﬂ ATt p38

MAPKE UV, AO|EZIRIE, 44 A 5 o8 7HA 450 9JsiA
(apoptosis), AtClEZF] A Sol FdFS F= A TASE FES= A2 RuHa 3l
t}. INKE UV, 43203}, AbolE7LQl, GPCR Z3A] So afjx 4L zHA Aot AlZy
&493td INKe AEZH, &3, APE, AEd #dste 34 $ds fFEste 2102 B
Ho] Aot HEHJINKE p38 MAPKHY FAHe A1 Ao s Axd 32 2dS

Tate Ador gEA ok

Heo & (2010)9] WHE W¥ste] SAFAo] AEo|A IL-6, IL-189 TNF-a 5 Cytokine
ghefoll tigh S S Agoltt. MEZE 24-well plate2 104 ME E=2 2 Y
g %, ¥WiAE 10% FBSE 13 DMEMOE WAttt olojX, AMEE Aol &
o7 1 A FF niAgsta LPSE A Eletdeh. 24 Az F, vk viA] F 9] TNF-q, IL-18
S &4 WY9E4 7]E (Amersham Biosciences, Sweden)E ©]-83td A3}t

w3 A4 A 9] ERK/p-ERK, p38/pp38, INK/pJNK o thdt S Western blot' o2 &

95 A2 F EIGAZ HMCYA U RS $E SEA ATELE ) AT
2 59 FAsgn

S HEAE 9 SHVAEERE FEHE FEuAE Gy =7 Ao u$
a3k 988 st IgE7t 2FtE & g 9 AFE ALY v EoFH o2 A= A, d &

BRls Eddets o] 7HA stemizfAlzE HIRbAE B SV FEE 53] 5] AE

Ol
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=

=

Ay A
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243}

AAFQIAFQ] NF-kB9

24

1)}

T A, PMA+A23187& HMC-1 Al

+od

©

9]
NF-kBe] 2743to] o]E3th. NF-kBe| &/d3h= AT ARl kB-a2l <

td MAPK®] <14Fs} fFE western blotting analysis
7b A3 s of

tt& & AMZ ol TNF-a ¢ IL-69
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NA A= Buky EZFo) A NF-kBe| 43}
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(conventional circumstance) ©|A] ARSAlo] 533 g HEF glo|T olEI IR AH} FAFSH
o7 Hyo] WAt ¥ IgEe]l HAE Fr7hgol EiEJY (Matsuda et al, 1996;
Watanabe et al, 2002). 1284} NC/Nga -2+ 9 37 (specific-pathogen-free, SPF)oll 4|

+ ZAAAQ IF WHo] MAYEtA] =t (Matsuda et al, 1996). T3+ BALB/c vl 5 T
2 FT9Y FHolAe NC/Nga k529 Zo] AlFsE 5 HHo] HAsHA] = AC=E HF
of DF wWwe] WAl FHAQ] Aol FAFES & & UTh

oly vRde X787 fste, T Algtviols, =t d=f e BEL 2 T
o] AEE, dto]=E2FE$E (hydrocortisone) 52 Z~HZo]E (steroid) AA = o= It
EL so A3 B4, Aodd 8¥S T35 DNA 34 dAA, Ax #3524 dAA, 4
= % 7HeS AAA Fo] At v Ao 2y, AV ZEIRCE AAle E39 A
Ay 728 o qads #2F F oy, fHol HFAelE T2 HFe A A=5 of

2 s AL T WA # FHR o #EAES A2E Ve

T Q)
4 o] e BAA Atk ol HZoE okEy Frge] e e AARAL A}

Ao AMEH T=2 FA 478 Y NC/Nga mouseZ YA FE(F)(Seoul, Korea)ZH

B 7943t 12-h light/12-h dark cycle, 22+2C 9] &%, 50+10% 2] 52 A== TEA |
A AGEARHY v AEL FEAFYNY SPF 87 oM dFLFL F83T F AP A}

U AdA s

olE3 fxo A& A|¢FS Z = Dermatophagoides farinae crude extract (mite antigen,
lyphilized)E X =7] o=z Axd ZHAo=E =7] 3o 05% tween 200 XEFHE
ointment baseZ AZHE HES A& TH (Biostar Hiroshima, Japan). IgE ELISA kite
BDbioscienceAl (CA, USA) oA F+3+

ok olEY]

A= AERLEEPBSE 2:2: 7 2 4 vpHAE vpHst A % =
SHAl AEAZ AES £, 100 mge Biostar-AD Ai1E d Y34 =x3th + WA A2 FH
vl ¥, 150uLe] 4% SDSE HFetn ¢ A%
Al =¥ 3} Biostar-ADYI =X & F 23] E 353 F 63 AA|SIAUT ol f{E
3l 95 g<Qlslr] g AE 50 mg/Kg/day, 1 mg/Kg/dayZ ADI =X317] 45U A
HE 9F7kA] id BTFo st
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maR OEMRES

i s

FAFAo Yvehd IF Wi Az ZHHLS 7|Eo] HiE SCORAD (Scoring of Atopic
Dermatitis) scoreS W& g &3t mjF Atk SCORAD
score= OBV YR QO PG BAE Hlstr] st A7A AEE 57 AA Tl
7V ABAola gy AMEEHE d4EH7Ee] WH oIt Modified SCORAD scoree= 2HH/ &3
(erythema/hemorrhage), & (edema), Q14 / 71 Z(scaling/dryness), Zh} 2t/ =
(excoriation/erosion)®] & 47}A & tha #RAVE K<HF R FFs FHES W=
WHe=w, 7 &5 EE 0 (M3 )1e), 1 (3 W3, 2 (5= W3, 3 (AT HIhE #A3

= 0914 Ao 1274 o],
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golely] Yaf ntearl F= 352 Ak npex Aol Ao & wlEl® @1 AWl A
A2 &, 108 &< A% 55 a5 AFE HESAH

vl @9 2d 2 immunoglobulin E, histamine 7%

9Fo] 7 thAW-S Adsie] sk 7,000rpmoll A 108 5o GRS F dojx=
dHE 70T W5 E#AsIAT 84 W9 IgEe =% ELISA kit (BD science, USA),
histamine-> histamine ELISA kit(Cayman, USA)& AF&-3te] A3t S8 X microplate
reader(EL800®, BIO-TEK Instruments, Winoosik, VT, USA)E A}-&-3lo] =3}t

AL 3Rz Ao A TARC, MDC, RANTES, IL4, Eotaxin, TSLP @& RT-PCR 74

(1) 52Ao|A RNA £
920 Fo2HE IEE HE3tY 247} Trizol 1 mLE ¥ 3l homogenizerZ 2|3}
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o). o] &3 chloroform 200 uLE 7}k & 15% &< A EF3IATE o5 A0A 3
T HRS $ 47, 13,000 rpmoll Al 107 A8kl oF 400 uld] FSHS ﬂTo}ggu} o] 7]

%] isoprophyl alcohols &% % A4 10& ¥H&AIZl %, ©hA] 4T, 13,000 rpmel A
108 YAEEY 3dY. EoA pelletS 75% EtOHZ FAMtal A2 =z RNAE o
t}. &3 RNA+ diethyl pyrocarhonate (DEPC) waterS * 2|35t ¢DNA /ol AH8-31%

A HARES2 total RNA 2 ug= 1 uL oligo dT (10 pmole)®} &7 707C heating blockoll A
5% &t WMAA F, d3ollA 28 A%t 7] 5 uL ANTP (10 mM dNTP mix), 1 uL
MMLV (200 u/uLl), 0.5 uL RNase inhibitor (40u/uL), 5 uL 5x RT buffer (250 mM Tris-HCl
(pH8.3), 375 mM KCL, 15 mM MgClL)E 7}3t & DEPC water® #HF F3|7} 25 uL 7} A
SIATE ©] EFA-E 42°C heat blockel 1417 ¥EGAIZ1 ¥, 70C heat blockelA] 10% ¥H-S-A|
A =243 st

(3) RT-PCR

do]l 5% 1 uL cDNAE PCR premix (Bioneer, Korea) o 21 S/HFTZ 20 uL HF
EFS %Fo] PCRYA stttk PCR 7|Al= Applied Biosystems 2720 thermal cycler
(Applied Biosystems, USA)S A3t ow HHEXA S 2= predenaturatione 94T 5%,
denaturation = 94C 30%, annealing 57C 30%, extention> 72T 192 30cycleZ 3}
3tk AFE-3F primer sequenceZw TS ZTh TARC (forward) 5-CAG GAA GTT GGT
GAG CIG GTA TA-3 (reverse) 5-TTG TGT TCG CCT GTA GIG CAT A-3, MDC
(forward) 5-TCT GAT GCA GGT CCC TAT GGT-3’ (reverse) 5-TTA TGG AGT AGC TTC
TTC AC-3’, RANTES (forward) 5-ATC ATC CTC ACT GCA GCC GC-3’ (reverse) 5-CAC
ACT TGG CGG TTC CIT CG-3’, IL-4 (forward) 5-TCA TCG GCA TTIT TGA ACG AGG
T-3" (reverse) 5-GCA TCG AAA AGC CCG AAA GAG-3, Eotaxin (forward) 5-CCA AGG
ACT TGG CTT CAT GTA G-3' (reverse) 5-ATT CTG GCT TGG CAT GGT AGC-3, TSLP
(forward) 5-CTG TAC TGT TAA TGA CCA GC-3' (reverse) 5-TCG TAG ATG TGC AAG
GCT CT-3 ACTIN (forward) 5-TTG GCA ATG AGC GGT TCC-3" (reverse) 5-AGC ACT
GTG TTG GCG TAC-¥

T X3S AE3ste] 10% paraform-aldehydeol| A 24A17F 59t 13 ¥, uiepd
o7 Zu] 3493, 5 um FAZE sectiondtHtt. A= ZZ—]%‘C‘ hematoxylin ¥} eosin solution
=

AAsATE FEET A IFE AHWE=71X9] mast cell & toluidine solution® & < A3}
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(1) AL Bekol= T4 obEd A A2

1}

AEIIFRES 2 F2ES &89 ofEr 24 ﬂlﬁéﬂ% ATFE Ak g3FFl
JojA Hlolx dge] e FF AFo| AT FEVIF wE MEAS A T8
g adiwx AFe] 27 FFE A 2FHQ ﬁMlE} b AFe] FRAsE A F
g, 283 ofEXA AFAd airt e AFS A8 ol g AEIERS FEE]
THAR e 58S 1E FFFEE WM ATE T AFY HBAH AFY aRE
AE 3}

- AFAA - FERE, e free, FHEF H olEY ANAH A% S HASFLF

-8 & otEdA wFAfe] 93 oA v

-H S8 <45%

- BFAEAZ 12 AZE

- AE VRS FEEY 5 0 <05 %(w/v)

- 71 FFFEE : 1%(v/V)

AENGAN Wb ST@AT, 25C, 45T) 2 HB/|AL)d 2 B4 AL 1elso
Brystal, HEs AEKAZH0, 2, 4, 6, 8, 10, 12h), BIAF AFHe] FEF

o CaymanAtell Al AJZF o F¢1 COX-2(Cyclooxygenase-2) kits AF&-3ste] A& dES 43
o AEWUHS 96 well plate®] 2 well o] 10 ul  heme, 10 ul assay buffer(100 mM
Tris-HCI, pH 8.0) 18|32 10 ul solvent (inhibitorE =3H &w)E FH7}sth. Background
welll= 2 well o] 10 pl  heme, 10 ul assay buffer 712]3 10 ul®] solventE FH7}shaL,
100% initial activity =8-S 913l 2 well o] 10 ul heme, 10 ul FE4(COX-2) L2l 10 ple
solventE %7}ttt Sample(inhibitor)2] COX A3|&d=4ES 9 2 wellel 10 ul heme, 10
ul &4 (COX-2) 183l 10 ul® samples 3 7F$t. Standard inhibitor2+ Indomethacins
dimethyl sulfoxide ©| = *2]3}il, Sample> 100 mM Tris-HCl (pH 8.0)° = TEHEZE
Agst, EE  welldl 200 upl® assay bufferE FH7Fsted  A2dA HEEAIZL 5
Luminometer(SpectraMax L, Molecular devices, USA)d F2t=] o] = 271¢] dispenserE ©]
&3t shite] dispenserZ E& welldl 10 pl®] chemiluminescent substrateE 3 7}stal, FA
g2 sy dispensers ©]83F] 50 ul ¢ arachidonic acidE #H7F$F ¥ Relative
Luminescent Units (RLU)E Luminometer2 =7 gt}
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Table 2. Comparison of proximate composition in various shellfishes (%)

Protein Lipid Carbohydrate Ash

Moisture

704 19.6 1.0 5.5 45

Abalone

76.8 10.9 3.8 6.7 1.8

Oyster

81.0 12.8 0.9 3.9 1.4

Mussel

86.8 8.1 1.0 1.2 29

Comb pen

81.3 14.8 0.8 21 1.0

Cockle

2.7

4.8

78.9 12.4 1.2

Baby clam
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el
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W& (intestine)oll

=]
=

& & (muscle)
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47}

}9 ¢} [Table 3].
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Table 3. Comparison of proximate composition in abalone shell (%)

Protein Lipid Sugar Ash

Moisture

70.40 19.14 0.93 4.71 4.82

Muscle

19.19 1.20 4.01 5.46

70.14

Intestine
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ZolEE ZAgo] gon aeizte dBo|F Ao s FA FFHEe] WA dojdt
T A9 wdo] Yol Aow AHA Utk FA AArE FE Hdo|n FAH AF
gl AALE JFA T en |, Age Bojsts TEEA BAZE JEFIAE O I
H o]l GABA (y-ABA) & o= BsA Uk

Table. 4. Seasonal variation of proximate composition in abalone muscle (%)

Season Moisture Protein Lipid Sugar Ash
Spring 70.2 19.0 1.0 5.5 4.6
Summer 70.5 19.3 0.8 5.6 44
Fall 71.6 18.2 0.9 43 3.9
Winter 719 17.6 1.1 49 4.8

Table. 5. Seasonal variation of proximate composition in abalone intestine (%)

Season Moisture Protein Lipid Sugar Ash
Spring 70.0 224 1.4 3.6 3.4
Summer 71.6 214 0.9 3.9 3.8
Fall 70.3 20.2 1.0 4.2 41
Winter 70.5 231 1.3 3.2 3.1

158.1 2 mg/g¥ 129.8 mg/g OS2
FEH GIn/u 261 mg/g > °t27]
Zto] Al Gly 12.3 mg/g > 74l Leu
o] XgHo] low, W Ar=
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329 mg/go® YA AN e FFE B

P
I3 WA 2 31 % 22 mg/g S22 SAHEHAOH, Ala, Gly, Glu FFH= ¥wE =4 4

mg/g 2 Wi 17.0 mg/g). F

(GIn/u) <]

=
e
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t} [Table 7].
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40~400 mge] Bh-p-¥& A A, it

Table 6. Contents of compositional amino acids in abalone shell (mg/g)

Amino acids Muscle Intestine
Asp/n 14.8 11.6
Thr* 7.5 5.6
Ser 9.1 58
Glu/n 26.1 46.2
Gly 12.3 8.6
Ala 9.6 5.3
Cys 0.4 1.9
Val* 9.3 51
Met* 3.2 2.2
Ile* 5.6 3.4
Leu* 11.5 6.1
Tyr 41 4.0
Phe* 4.8 41
Lys* 11.0 7.1
Trp* 0.6 0.2
His 2.1 31
Arg 19.3 5.4
Pro 6.8 41
Total 158.1 129.8

* Essential amino acids
Asph: aspartic acid + asparagine

Gluh: glutamic acid + glutamine
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Table 7. Centents of free amino acids in abalone shell (mg/)

Amino acids Muscle Intestine
p-Ser 0.1 04
Tau 7.2 17.0
Asp/n 0.2 1.6
Thr* 0.4 0.6
Ser 0.4 1.0
Sar ND ND
Glu/n 0.7 25
a-AAA ND 0.1
Gly 0.9 1.9
Cit ND 1.1
Ala* 1.0 0.1
a-ABA ND ND
Val* 0.3 0.7
Cys ND 0.1
Met* 0.3 0.1
Cysthi 0.3 ND
Ile* 0.4 0.4
Leu* 04 0.1
Tyr 0.5 0.7
Phe* 0.3 0.2
B-Ala 0.1 ND
¥-ABA 0.1 0.2
Hylys 0.2 ND
Orn 0.1 0.1
Lys* 0.5 11
His 0.2 0.2
Ans ND 0.1
Car 1.2 ND
Arg 31 2.2
Pro 0.5 0.4
Total 194 329

* Essential amino acids

ND: no detection / p-Ser: phosphoserine / y-ABA: GABA /

Om: ornithine
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HAE o] RO Avkal e B A= Table 8o Ueldch At B4 A= AldWE
HiHoz xdsIH, IA XA (saturated fatty acid, saturates), ©Y EEZ I} XA

Q.

(mono-unsaturated fatty acid, monoenes), Tha EZ3A WA (poly--unsaturated fatty acid,
PUFAs), 7|} A|%4F (unknown)o.2 &3 s &5 ¥WES Hl9 &2 F it
& (total content) 100% = Z/dHollom, z; AR =2 AL Al Zojo Ex3}

(c152a%) & B Fool wet GAl FEskd =48 %= e AT

UA SEs FAE S WA FrE T AN FF JEAE vusRY, A
> OFEXANA > GAEIAYL $o02 £ 2HE Yedth B9 Atk =
Arle IR O =AW FEY AR AES BT AW 3EEE AuEY dE S
I Wl e ZaA ik dEe Zhz 31.58% 2 29.10%% ol 2F Y & FXE R
Row, dd B¥3} Aake] A9 WA (23.18%) W ol & & (15.03%) Rtk 8%l
=2 S Yehidth DHASH EPA 5 omega-3 (&H7}-3) AWato g Ry e toF 2¥3}
AAHE (PUFAs)9] shaFo] S oA Z47F 24.17% 2 2457% 2 EF £ $£A&5 EA
ot IR YA Fol A= palmitic acid (hexadecanoic acid, 16:0)9 %ol 3 W EF

15.80% H 16.69% % E& A4t oM 7 =i, @l
+ cis-11-octadecenoic acid (18:1 11-cis)¥ &#o] 7Hd =kom WAe] 7% oleic acid (cis-9
=] =

octadecenoic acid, 18:1)¢] &3] 9.30% = 714 =AUt ts EXI AL

Q1

N

53 W& EF arachidonic acid (all-cis-5,8,11,14-eicosatetraenoic acid)®] 3H&o] 7d E=3e
o o Y rlsAS R u7k3 Aoz @ 43R eicosapentaenoic acid (EPA)
T3 3 WA BEF 6% ol =2 2A4ulE YE Yk Arachidonic acide &2 Ho]
A 2ol o FHE Ao R dHA dew (oF 10% ), AE W LA S
T dHAE S Hole AoE AdHT
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Table 8. Percent ratio of fatty acids in abalone shell (%)

Fatty acids Muscle Intestine
12:0 0.06 0.14
14:0 4.00 6.24
16:0 15.80 16.69
18:0 4.05 2.56
20:0 0.13 0.17
24:0 7.37 3.13
26:0 0.17 0.29

Saturates*® 31.58 29.10
14:1 0.07 0.27
16:1 1.09 3.15
18:1 5.57 9.30

18:1(11-cis) 7.01 792
20:1 1.29 2.53

Monoenes* 15.03 23.18
18:2 1.81 2.78

18:2(9-11-cis) 0.52 213

18:2(10-12-cis) 217 0.21
18:3 1.25 2.89
20:2 0.51 0.94
20:3 0.23 0.29
20:4 10.80 8.83
20:5 6.60 6.29
22:6 0.27 0.19

PUFAs* 24.17 24.57

unknown* 29.22 23.15

Total contents (%) 100 100

* saturates: saturated fatty acid, monoenes: mono-unsaturated fatty acid, PUFAs:

poly-unsaturated fatty acid
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2

AEE HAE S g e 4 ALEY 2ARE AN 23 [Table 9, 10],
[e]

B
%o A%, 7ol TAAWA Fako] A UEhhor, BEHAWY PR ALHel Be
ZAHE Btk Mo 29 LAY FFe sheHel ke 2ANE Yoy, ¥
wHANY e Ade Fulse A7Q B A4 e @ maTh ol =

o e
iih)
o

4] 4 2 Az
Hoh
Table 9. Seasonal variation of fatty acids in abalone muscle (%)
Fatty acid spring summer fall winter
Saturates 31.96 31.43 32.08 30.84
Unsaturates 39.69 37.64 38.25 41.2
Unknown 28.35 30.93 29.67 27.96
Table 10. Seasonal variation of fatty acids in abalone intestine (%)
Fatty acid spring summer fall winter
Saturates 25.83 30.36 33.08 27.12
Unsaturates 50.77 46.25 45.46 48.48
Unknown 23.4 23.39 21.46 244

2. 714 (mineral) 3& &4

A% 774 (D) FF B ADER 44 A g, A4 ARgow 2
72 JE AT} [Table 11].

HA AE U AA F718 %S AHEY Na (981.6 mg/g) > K (265.6 mg/g) > P (252.1
mg/g) > Mg (132.1 mg/g) > Ca (92.7 mg/g) > Fe (27.8 mg/g) > Zn (2.5 mg/g) > Cu
24 mg/g) o2 Uewen, 3 WA x3E mulg IRl AFS FAAT S
e ZF (K 1491 mg/g)ol FLsHA WA vis) w2 FAE yed AS Asta
Wl diE vluR Fol fo Ha AAHoR e 54

5 7461 mg/g, WA 1,010.7 mg/g). WAl o FHEo Je

4
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Table 11. Contents of minerals in abalone shell (mg/100 g)

Na K P Mg Ca Fe Cu Zn Total

Muscle 4125 1491 96.5 49.5 319 5.2 0.8 0.6 746.1
Intestine 5691 1165  155.6 82.6 60.8 22.6 1.6 1.9 1,010.7
Total 981.6 2656 2521 1321 92.7 27.8 24 25 1,756.8

A& B3 YeEdI AT} [Table 12]. BIEFRIS
ARl 84a2A A7 sty JAd wet £ 2 A8 viE
ez FREAY AE U FHE 584 vlEYeZ= HIEY Bl (thiamine 0.39 mg/100g),
HIEFYl B2 (riboflavin 0.29 mg/100g), HIE}Y! B3 (niacin 4.81 mg/100g), ¥ HIEFW C
(ascorbate 259 mg/100g)o.2 EANFHJoH, &4 HEgHozE= BHER A AFAA
carotene ¥ro] 0.27 mg/100g F-F=o] A= o= v Aot

TN dFNHE 7 T 2 P S FAFeE & deE =3 Hlusied
carotened] 7% =9 E3E HT A 0.05 g/100ge]  Hl] =L IS HHow, Vit Bl, B2,
Niacin % Vit. C&= =3 FARE 55 B0

fo
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e
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P
ox Jm
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i

Table 12. Content of vitamins in abalone shell (mg/00 g)

Vit. A
Vit. A precursor Vit.B; Vit. B2 Vit. Bs Vit. C
(Carotene)
Contents ND 0.27 0.39 0.29 481 2.59
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1) A% ) 2YAEA HIE FF 24
S AR M) Sold AuBFAM AN AT AA YRFY 80%E A A
AEA AAE 54 AAR 2 424 Sl A1908ke] F3) ARHOR AT ol gr).
3712 TAR 971840 2 Folahs WAR THR 54 87 (5, 9%, 2% 5)d A
qote G AE, AxF, AGTAFEE 5L By gyt W U B o
ol JAAOR T 2Uf kAU, WA ALPEAAE AR FPPEA
%

WL
=
a0
2

(Chlorophyta), ZZF (Phaeophyta), ¥ZF% (Rhodophyta), slWF (sponges), H4tE (soft
corals) oA AAtE= o]z TIAMHEE  (secondary metabolites)o]Th. °]& Y A

chemical 55 A¥HW F=2 YJ}Zo]=  alkaloids (aplysinopsins, araguspongines,

—~

1Hbenzo[dd1,6-naphthyridines, bromopyrroles, bromotyrosines, brominated indole alkaloids,
makaluvamines), B Z3E}e]= lipopeptides (cyclic and linear, malyngamides, microcolins),
furocoumarins, oxylipins (eicosanoids, prostanoids, carbocyclic and heterocyclic), HElo)l=
peptides (simple and cyclic depsipeptides), =7 3%t= phenolics (simple, polyphenolics,
polyhalogenated, styrylchromones, quinones and hyroquinones), E]#|%=¢]= terpenoids
(oxygenated C10-C30, polyhalogenated C10-C20, cyclic, linear, cembranoids, steroids, terpene
quinones) o] Hil% 3l °‘2‘1] 53] ol Fo= 7€ M4 601/&@(%1]& 2 A e vit
C, E (tocopherol) BT} 53+ 34t 2 #BHZd 275e YEle 7x24 Solde A
d 2 (9 Cymopol) = ﬂ-—’ﬁ B 353 9t} (Takamatsu et al., 2003).

olg g sfF= Il I e A ETH A vdd Agde YEle Aew
Hi%3 19m™ (Antiplasmin inhibiting activity, Antimutagenic activity, Bactericidal activity,
Anti-skin aging activities, Elastase and matrix metalloproteinase inhibitory activities,
Hyaluronidase inhibitory activity, Phospholipase A,S, lipoxygenases and cyclooxygenase
inhibitory activity, Antiallergic activity, HIV-1 reverse transcriptase and protease inhibiting
activity, Glycosidase inhibitory activity, Diabetic complication inhibitory activity, Protective
effect against vascular risk factors), ©|5 MFHAE Foe AFEY AA FEFS FE
22 ZxF (brown algae, Phaeophyta)o ¥t E2J3}= polyphenols 3}3&E°] Ex)gitt. 53
dE, itk T IF sl ol MRt IR A O 2 X &= FHE| (Ecklonia cava)©ll+= Tannin /g
o] dFQ Z2E¥d (phlorotannins)ol gt Folgh 729 ZlHs4d stdEc] 5o
em, A7 A phytoorganism FolA  QF ZEFIAMT Hole Folgt Fx

2

polyphenolic compound®]th. o213t o]F=2 At 4 d &<t phlorotanninol] gk o] 3}3}
2 Ao} Agaiboﬂ 3k AE ule AFA ol en, 2000d %0 S04 Y Bl Hig
etz =2, A7, 54, 225, AW A Vs 2 9, oty a5 Tl td
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otz A77E AlFRHAY. olE EF WelA e AeeH Ve WA (anti-fouling),
AESE 24 (osmoregulatory), Al EZH /‘é AERE 47 ¢dHA dom (Armold and Targett,
2002; Amsler and Fairhead, 2006), 213 =
k-9 (Redox) ¥l 7IIg FAqkst (4H) AFHE 7HE AL &= Stk
Phlorotannins®] 3}8t# 4 (classification) 7] @A ] phloroglucinol®] #}8+2 A
2o wet FEEM F8 Fol= fuhalols ¥ phlorethols (ether 2%, fucols (phenyl Z3)
fucophloroethols (ether & phenyl Z3g), 123l eckols ¥ carmalols (dioxin Z&)7} it} o]
& ZxF ol 9 15% (dry weight) 71 oo™ oF 10 - 100 kDa A3 HSE
7}?5_11]- (Targett & Arnold, 1998). Zx7{ AWl HA A HHL obd HeAA Fa
Roem, @2 FAdHAF WolA polyketide synthase &4 EFA ] 93 acetate-malonate
pathway7} &3t ARavto] &elx Jom A /7] i}/‘a“%ﬁ% H3uE ¥k gtk (Arnold
and Targett, 2002; Amsler and Fairhead, 2006).

~

il

_l

#H =°] phlorotannins®] 3}8}# Fxof ]y, A B4 So] AAZSRE FHH
7] A EEEA, olE9] olsterd Aed A Wi A JAH glow, FHITHA
F8d Ao we2d ey =29 1#F FAsasH ROS AAlsdd 7IQlst=

]
}Qt, 33} 5 (Antiplasmin inhibiting activity, Antimutagenic activity, Bactericidal

WL
02 o
™

ofN

5}

<]

(o3

4

activity, Anti-skin aging activities, Elastase and matrix metalloproteinase inhibitory activities,
Hyaluronidase inhibitory activity, Phospholipase A,S, lipoxygenases and cyclooxygenase
inhibitory activity, Antiallergic activity, HIV-1 reverse transcriptase and protease inhibiting
activity, Glycosidase inhibitory activity, Diabetic complication inhibitory activity, Protective
effect against vascular risk factors)®] F8 &Ado] BRuxi o} A HEH 22 4xF

g 7402 st #d A FBO B I 4Tl HAME A9 A w ek

b gAlsl, wel, 2, U@, 2 2o AxRE FAoL st ARe §3 yF
of EoEa el U@ 34 2 o

ﬁ' oX, 0\101

ZEZRPUS e ZYHEy S¥ES F84F A8 T4 A4S vedE

AE §3% WS 52102 22AEE UFeZ 80% BtOH #7186 F2E82 ddez

AT 24 Aol 2ol HE & FEEAAME A EHdEg B4 ] YEuA

gaeH, WA= oF 4638 mg/gel FFe UERAAT ol AHE T sxF HH

T ZeEd A2 A dAbgel WEs el AAHY SHES Bosn §F die

ROS 27243 W@l tef ¢+ 853 Yetle A Sddsd A8 48s
P

A2 PgozRy Fud 54 FAsA
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Fig. 16. Contents of polyphenolic compounds in abalone shell
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71e} 3 7ol Hls)

T, 7wl S
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FA= =,

o] A% oF 25%=2 &HA AUt} [Fig.
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Fig. 17. Contents of chodroitin sulfate in abalone shell
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£ o
Aot vlo] o4 &8 uFI7MASE e, FAE (I abalone, ¥%: H discus hannai)
¥} B

= o
2 7hxet A risAdel e g4 7Ix2ARE dHetal 444 3 2§

AE 7heads A¥Ed, Axg 22 ol diE HE Ko A% (boiling)d T
(steaming) #8& AA HFT HEZE, §Xxd FHE AxHL Uth 53 AE A3
[Fig. 18] &<t t= YA == 713 F4ES] A< (boiled abalone by-products, BABs) W el =
A Agd A obw A, e, XA ol =] AT HF #H 7=
A de AAolvk (AE W B HA A= oF 2025 wh, A= HAF of 1.8
brix/1,000 L/100 kg A&). FHE 3 JFe 45 A5 oz Ry FHddtAeH, HF
o] A% U= FRE & 1EFF E

AR Az FHANA ZutE Freto &9, dxst] AREsHAT

7

g
%o

it

Fig. 18. Massive processing of boiled abalones in a manufacturing plant
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ofefoll A aof® upe} o] [Table 13], & WAI AsH2 a3 22 F8 HE+4
(BT processing)s &-83t] 7zt Z2ol wpe} &85 Q)

Table 13. Utilization scheme and BT processing of abalone by-products

Sources . .
BT processing Utilization
(abalone by-products)

- Extraction of crude enzyme
- GI digestion

. . . - AICEs: crude enzymes
Intestine - UF membrane filtration

- AIGIDs: bioactive
(desalting / concentration / ) .
oligopeptide

fractionation)

- UF membrane filtration . .
- BABs: bioactive

boiled water (desalting / concentration / . .
oligopeptide

fractionation)

Ay tarte) 2249 2 e Bee [ FA A 8 F FAEE oA
W, B2 o] aid A A H Rl o8 S FIEEE fFEste Qo g g
Ha It ¥9bAE oA el 2214 g BE]o = fucoidan, GABA, polyphenols 53 #2 i7]%F
A AAEAE o F Tt ol 3 ZEE BAo] Algg Aotk et B AFolA
= A gelA A 509F xR 2 A= TAAE RBAES ol o] FHEIHoH,
ol YEENFEH e FUEW FEEIH I AE WHE 28545 o83 MExF AEA
ZtrRdlES SRS (Fig. 19)

Fig. 19 Sea tangle by-products
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3 AEAE HASS Q’?lﬁ}ﬁi‘jr. 0]’?‘31 2% —/1\—§]'7]"|‘7':3H (phage Il trypsin / «a
-chymotrypsin / lipase / bile salts, pH 7.0 - 8.0)°] ¢J3] tjF&< iz} dde o
kDa ©]st& A&23t HUem, 10 kDa 7t EAES 7HAe 8 Jeel=s) HASS
gt T &8 olF, teRAES SAHT 23 of 83%E Ao, Ao 43}
ZtrEs A4S Al AE WAHol adFow AEAS HAsS HS HHIA

Fig. 20. SDS-PAGE patterns of abalone intestine gastro-intestinal digests.

M: molecular marker, C: crude extracts, G: gastric digests, I: intestinal digests

84



Table 15. Degree of hydrolysis and MW range for abalone intestine gastro-intestinal
digests

Abalone Intestine Gastro-Intestinal Digests

Degree of Hydrolysis MW range
(%) (kDa)

GI system

Gastric digestion

52.9 8 ~ 70
(Phase 1)

Intestinal digestion

83.6 < 30
(Phase 2)

(2) GI A& o] &3 A& Ztesle Az Az HE

Gl A28 A4 24% Yt/ Astel GFat WA, 4% %, 4 714 o Bk
52 Agetel A3 £5Es) BAL Yt 2AS AR AP 2AL vgoz A%
WgoERE AW F5 A4 ARA 9G¥ 23 FRHES Fugr

phage oAM= 4%AlX 714 &&o
65%, 22+ 7t e 80% = FAHUeH, o]y A= g4V 712G T o F8S
= ]

(W 714 o &xulel we sk 2

714 o) &aule] B3 seEe] B3 Fig 22 9 2ol 71A o) FAHIZF 500100 A RE Z7)e
q 101914 A9 Hu a&& Yehhd JhedsiEe] a8, AN FAY EFE et
2714 HE AL 2709 2ol 25012 A

o

ot 712 o &4 W AN T w-SAIZE (1, 2, 4, 8, 12, 24, 48 hr)o] w
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, 2 HA 27 Tt 8 Alﬁ?f}x} %k 86%<] #iL 7HT6HE§ »}E}m—t— Aoz 2
S (1987)2 chymotrypsine /\]Zlﬁiﬂroﬂ g 45 Huwg AFddA
collagen 7145 AH&3to] 35ColA 8AIZF WHEAIZ S AF-9 o]/ B84 AR ES 7|H=

AHg-ste] 37CAIA BAIZE HESAIZE B HH FA o] %%1% B 38k oh

B Aoy =28 A8 WF 2315-ESE (AIGIDs)Y] GI system W A4k AHzAL ol
9} o] A2)s4t} [Table 16].

Table 16. The optimal conditions for AIGIDs production on GI system

Optimal conditions

] ) ] Degree of
) ) Conc. substrate E:S ratio Incubation time )
GI digestion steps . Hydrolysis
(%) (hr) 0
(%)
Gastric digestion
2 1:250 12 74
(Phase 1)
Intestinal digestion
4 1:250 8 92

(Phase 2)
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Fig. 21. Effect of substrate concentration on the degree of hydrolysis of Abalone Intestine. (a)
phage I (b) phage II
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Fig. 22. Effect of substratefnzyme ratio on the degree of hydrolysis of Abalone Intestine. (a)
phage I (b) phage II
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Fig. 23. Effect of incubation time on the degree of hydrolysis

I (b) phage II
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B) A& A3rtrid=s HE FE

3kge SHTE AAHT & SEAYIARZ dHIIAA AA (salting-out)F+ 2%
<, Gl system Ul & 71238 23 wjet AIGIDs & A|Z3ATh. 7F44%
5 & Rhgol AREE HA HE WFe] oF 25% (250 g/kg)e FHT F SdloH, &
3, 2 % A8 AA AERWF L7 EHE (AIGIDs)ol ek Ael7lsd £

=
AE 59 HH2HS HEY B AY Loy, ARG didgor =2 did
AF %= Phase I, 19 2+ 15 % 3.0%% ZAHAAYG. AE & 718
N=e 87%, AT F&L F 32% (320 g/kg)o 2 AUt

’5
<
Q
o
<z
IS
Y
o
~
B o
HE f

U sl2F AR leRelE g2 A 9 3

(1) A& W 284 (AICE) % ¥ 24

AEe] F2 Hol9l SEFE 43 EdA7I= T8 VBoAL, AE 7FFA dFRAAE=
ol &FE 754 ©WAA (proteome)d] FAS EAStaL, o5 I EAhATS FH
st SR/ fo dEsSY ERS 23 A HT &&3tuA Ak

a7 B A5 A5Vl (WA) [Fig 4] o=, 743}t 3 d44HS AA o
AANE F23 g2 228 FAF ¥y F=X), 2D-SDS PAGE % oln] b E Bluials 53

e 7154 proteomes A3 AH. olE AEF WF f#@ XEA (Abalone Intestine
Crude Enzymes, AICE)®| & % ©uld 7]do] thgt & rleis) =4 (&%, pH, ¥+8H],
H3AIE §)S HEFOZA AArjdxdA AAE g fxF T3 3 &8kt

sttt

Abalone digestive tract

Intestine
(1

Stomach

Intestine Anus

v

Fig. 24. Anatomy of abalone digestive organs (intestine)
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Fig. 25. 2D-PAGE pattern of abalone intestine crude enzymes (AICE)

Table 17. Specific enzymes of abalone intestine enzymes (AICE)

Class Specific enzyme

alginase, laminarase, xylanase, mannosidase, mannase, galactosidase,

Carbohydrases glucoronidase, glucosidase, fucosidase, N-acetyl-[3-glucosaminidase

*

un-identified as endo-/exo- or a-/[- anomers

pepsin, trypsin, a-chymotrypsin, leucine aminopeptidase (AP),

Proteinases ) )
Valine AP, Cystine AP
Lipases esterase, esterase lipase
catalase, superoxide dismutase, glutathione peroxidase, thioredoxin
Misc. peroxidase, thioredoxin, alkaline phosphatase, acid phosphatase,

naphtol-phosphohydrolase
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AR W fFd 254 (AICE)E ©]&3 7HiEalx (degree of hydrolysis: DH)< ThHA| v}
NEEAE powderS 7AZ FR3on, 7] 71F =1L pH 70, 1% 712&d, 712 o

St & 38TCollA 8A1%F Wh-gA|Z T

e T8 ) g 9 ggF )
7hrEslE o] fEEe AEAEelE 2 3T FHFHE Lowry 2 DNS Hol| e} $43}
of ALkttt

7tFES F ARA FAF or HELO| = FFF
7}4E8= DH % = x 100
AW F F or A FF
g oA AICES] allx=/ 7]&d g 7ieial &4 8842 Viscozyme L,

ol o>
5
AN
o
N
&
ML
:(I){=4
ki
i

Celluclast 1.5L FG, AMG 300L, Ultraflo L (Novozyme Co.)9} -frA}
R ATt [Fig. 26].
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P T
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0 T T T T T
A B c D E

Commercial Enzymes

Fig. 26. Comparison of enzymatic activity between commercial enzymes and AICE. Substrate (sea
tangle by-products) conc.: 1%(w/v), S/E: 100/1(w/w), incubation time: 8 h. A: AICE, B:
Viscozyme L, C: Celluclast 1.5L FG, D: AMG 300L, E: Ultraflo L
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(’h #4 pH HE
718 tg AICE 7Hi38lle] H3A pH =718 HES ZI [Fig. 27], pH 75 - 8.0 FZoA 7
T =2 248 AT HF pH 2ddAe 27] 2719 7MgEdE oF 45%0 B8 =2 FAE

¢}
B W29 A dscus hannaiol A 83 oligoalginate
)

-

i
Aul
=
32
v
12
Ul
S
IS
N
c
N
[an
=
ot S
~
S
S
N2
1o

2)
Aol BAFE (sea tangle by-products), & 214 2 FAXNEZE JtFEE GA RS AL B
]

, 71, IAY dxEgol dE AICE HH 2%+ Fig 289149 2ol 50ToAA HANLAHS et
= ¢ T AU 50T o] eutg FAMstE 250

=94 Tz ARHEY &7 20N JleEdEe o 55%E2 st
Suzuki & (2006)°] E,Tloﬂ W2 H discus hannaidl 4] &2 §+ oligoalginate lyase’} pH 42C #

UER AAIRE, EAa37 ] mE ks =9 *3*&*3—% et
50:12 AR
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Fig. 27. Effect of pHs on the hydrolysis of sea tangle by-products by AICE.
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Fig. 28. Effect of temperature on the hydrolysis of sea tangle by-products by AICE.
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Fig. 29. Effect of substrate concentration on the hydrolysis of sea tangle by-products by AICE.
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Fig. 30. Effect of substratenzyme ratio on the hydrolysis of sea tangle by-products by AICE.
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Fig. 31. Effect of incubation time on the hydrolysis of sea tangle by-products by AICE.

HAHzHA Aol tAr BaE 390 1 kgl Z5E AICEY 93 AEA 7leRaEs HF o
560 g SR F AU F HN FE2 56% =2 FAHATH

ThA o} RALE 7)Ad) thek A8 g 284 (AICE) HF 248 g3 o] HF 2o
o} [Table 18].

Table 18. The optimal conditions for algae by-products hydrolysis by AICE

AICE

VS.

7.5 50 3 1:50 12 066
Sea tangle

by-products
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Table 19. Inhibitory effects of abalone muscle and intestine GI digests (0.5 mg/ml)

against lipid peroxidation and NO production

NO Inhibition
Relative % (Blank 0%)

Lipid peroxidation inhibition
Relative % (Blank 0%)

GI digests

Intestine*® Muscle Intestine*
(AMGIDs)

Muscle
(AMGIDs)

(AIGIDs)

(AIGIDs)

69.8+5.7* 21.611.8 42.4+3.4*

56.3+4.8

Gastric digests
(Phase 1)

88.2+7.2*% 36.1+2.1 68.2+5.5%

72.5%6.1

Intestine digests
(Phase 2)
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Fig. 32. Fractionation of the boiled abalone by-products by ultra-filtration membrane
system with various UF membranes of MWCO 100 kDa, 10 kDa, and 1 kDa

A5 W f3A7trEsE (AIGIDs) Fejofael A|2F] oA g S H2 2
g, ¥%, 29E%0en, 4 A5 W AFWrEEEEe A% HE
kDa), AIGID II (100 - 10 kDa), ¥ AIGID III (10 - 1 kDa)2 % A3} t}.

T3 A& A5G oA BAEE HAE A5 AR (boiled-abalone byproducts, BABs > 1
kDa) ¢ 7%, Whatman A2 13} prefilter $+ & 1 kDa e =S Fall €9, 553}
of Zgratrt
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A FHEL B AnE A% WY L A% fA9 FREA B 24F 2

= 2
oot o] QoFatdom [Table 20] 2 31F #S< Fig 337 2o] Jehiglch

Table 1. Bioactive fractions prepared from abalone intestine and boiled water

Sample Name Specifcation MWrange  Yield (%)
-AIGIDs Abalone intestine Gl digests »1kDa 39.7 %ldry
-AIGID | (Phase | digest, AlG & =100 kDa 16.4 %/dry
-AIGID II Phase /Il digests, AIGIDs) 100-10kDa 12.8 %/dry
-AIGID 1l 10-1kDa 10.5%/dry

-BAB Boiled-abalone byproducts >1kDa 098g/L

@) (b)

Fig. 33. Images of bioactive substances produced from abalone by-products.

(a) Various MW fractions of abalone intestine gastro-inestinal digests (AIGIDs). AIGIDs;
AIGID I > 100 kDa; AIGID II 100 - 10 kDa; AIGID III: 10 - 1 kDa (from the left
side)

(b) The concentrated BABs (boiled abalone by-products) with MW > 1 kDa
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2) A5 A37teEElE (AIGIDs) 2 AH&5HAHE (BAB) ofv =4t 24 vl 4

AE WG 7Rl = (AIGIDs) % A& 2A&F4HE (BAB)S obvi=it A4S AESIRNOH,
53] A5 AsRAbE (BABs)ol e 74 ofvledl FFS BHste] % FFoE A, A
NEFRAAEY F A ofuxAt & 2169 mg/gl 2 S WA Hls A e olnk
2 e 89l & 4 Utk (Table. 21) A& 7FEEAFE 9] ofu]ie it ¥ B L (%) S Y&
of opw|i:=st HIEH -2 ARG AFES BRAou AsrteRiEe FAo =L i F
7HE Be HES A e J&EHYL A& S YFdA e W HEs s 3l
= Aog EAHAY As7tE AR dE 78 obvxAt AR FAAE S|Z=EY His
0414 mg/g > o}=3217l Asn/p 0.263 mg/g > SFEFY GIln/u 0.170 mg/g > Efo]Z4] Thr
0.147 mg/g > MY Ser 0.123 mg/g > ZEY Pro 0111 mg/g T2 =Z 3|2EHo] ThE o}n
=abe] Hlste] Foi A<l =& S B UTH(Table. 22) S|2H UL JYAHoze= 5 ofnx
Abdk ] Fg opm|igbe] FRbel fX|sta ARlAE vl A, folole HE, FdAe B
7HE. o 7EA @i d e FAotu| Ao R ST SRS EN, Ea7]Y AFd(o]g) v
Aol 53] goh E3k Eav]e] I3 Ar|a Fo B AY)E Fo] 72x/(carnosine) 9

Table 21. Amino acids composition of AIGIDs

Amio acids Abalone intestine digests (mg/g in sample)
AIGID 1 AIGID I AIGID 1II
Asp. 8.93 6.95 5.96
Thr. 4.46 4.07 4.65
Ser. 4.47 1.75 2.38
Glu. 15.59 13.57 16.17
Pro. 13.16 12.77 14.04
Gly. 6.63 297 5.68
Ala 14.08 11.35 10.55
Cys 1.46 545 4.40
Val. 3.93 3.20 4.58
Met 1.69 1.85 0.50
Ile. 2.62 225 3.54
Leu. 4.70 4.83 6.99
Tyr. 3.08 2.83 2.66
Phe. 3.16 3.28 3.79
Trp 0.15 2.94 1.76
His. 2.39 9.78 497
Lys. 5.47 8.70 4.90
Arg. 416 1.64 2.50
Total 100.00 100.00 100.00
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Table 22. Amino acids composition of BAB

Amino acids BAB (mgg) (A A];ﬁ)% ;1/;0_ AA)

Asp/n 0.263 12125
Thr 0.147 6.7643
Ser 0.123 5.6870
Glu/n 0.170 7.8542
Gly 0.080 3.6912
Ala 0.086 3.9809
cys 0.354 16.339
Val 0.051 2.3543
Met 0.010 0.4603
Ile 0.036 1.6735
Leu 0.074 3.4146
Tyr 0.053 2.4429
Phe 0.045 2.0776
Lys 0.084 3.8717
Trp 0.001 0.0253
His 0.414 19.103
Arg 0.065 3.0129
Pro 0.111 5.1224

Total 2.167 100.0000
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obef Table 23°A Yehd upel o], 418tz AEYHAZHE WAAEE Bost= it
3ld% (antioxidant) 2] 7% AID, AIGID, AIGID III, BAB & 53 &4
H, AID, AIGID, AIGID III, AIGID Hoﬂ A 943t §8<AS (anti-inflammation) 43S
I AIGID, AIGID II, AIGID T4 $-58 F%4e)A (anti-allergy) 5S¢ &98 5 9
o} o]F Z+ Ao 3 5 FAEE, F AID, AIGID, AIGIDS] 744 Faey &
14l gk AlFA 35 T8l A5

o
™
14
o r

N

Table 23. Summary of target sample selection and bioactivities

Activity
Sample Name Anti-
Antioxidant Anti-allergy
inflammation
AID ++ ++ -
AIG ++ + +
AlGIDs* ++ ++ ++
AIGIDI - : g
AlGID I - + ++
AIGID lII* ++ ++ +++
BAB ++ 5 -

7F AkshA 2Edg s AA(FAstae)E B HAWHAE Rsas &<

AW e AstaAgel A EAsts AfratHZd T2 =3, Wgds 9 Fo YA S op]
A71H, ARl BAEE F2 4444 F (Radical Reactive Oxygen Species)?l 73 Ao =
2}t)Z (Superoxide radical), 3}© ] =4 27 (Hydroxyl radical), H$A] 2]z (Peroxyl

radical) & AX2=AFY FFF =7 (electron spin resonance ESR spectroscopy)E ©]-8-3}4
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d oA
A7l FHikstE RefA, mEaEY 4bkst 317
stoll oM 2HZd AsAe TEA FAEES ST A R A 2444
+ singlet oxygen quencher 2% ERFHU. A= vAl A F IF52
Hl, primary Y+ chain-breaking antioxidantsZ4] A&tz 3} 9k-g-3le] t] S <t
MEZ U= 153 secondary T preventive antioxidants2A] THE w7l Fol] ¢
3| A-sA4FeE AAA T IFoE EREH

Endogenous Anticxidant XOGENOLIS
_J'liS'_-—_-- SIENCES - -.-’_{"'#‘ s
Mitochondria Enzymatic syatems Ultravioclet light
Peroxisomes CAT, 30D, GPx lonizing radiation
Lipoxygenases Mon-enzymatic systems Chematherapeutics
MNADPH oxidass Glutathione Inflammatory cytokines
Cytochrome P40 Vitaming (A,C and E) Environmental toxins
less \ l / more
OMOO- O ‘B
o @ e
Oz

‘RO OE'NO “OH

Impaired physiclogical -— Eiiere lasis » |rr1;::~::1irei:lci|I physiclogical

unction notion
l Random Specific
cellular 5|g|'|a|||ng

Mormal growth

and metabalism damage pathuay

Decreased proliferative 1 1 1
response I I I

Defective host defences Ageing Disease Cell death

Fig. 34. &4 4% (ROS)S AA4H AU FF

Primary antioxidant= A& o= g3 grjzds v s A2 wEztu e Fad
AE AFFOEZA AHHEEo] AS HA st AF4MsE et o] sh FE 9o FAskAl =
EE HA=stFEZA a-tocopherol, gallic acid®} 1 =], quercetin, rhamnetin,

kampferol, rutin, quercitrin ¥ caffeic acid ¢ flavonoidAl7} €& A Ut} Secondary
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antioxidant= 53F A &of 4

S WA 71 AY prooxidant2]

83
primary antioxidant®} ‘&2t
s

—_
%
P
o
ol
"

E YEh A AT primary antioxidant®] B IE
E AAZIth oldgt el 3AEEAI= a-tocopherol ¥ 22
S Yehl= AA A prooxidant FZol2¥ ZAYolE H&
o

citric acid 2 ascorbic acid

AFge T = IAs=S o] s}
g A= 4F AE FEE, FE, TaANE F9 flavonoid e HlEA SHERE A
st} (Halliwell, 2008; Sachdev & Davies, 2008; Packer et al., 2008)

T3 F4= @ Es oy AF AAE o|gste] i EAIA e SEasiEel=
T sty et Busa o 3 olg ZA4F duld reiRsEss AP,
eda 5348 3 FEd2uEgE 5o Aggde delle ez 4d8A den, o
F4Q @l TR E 25 dojAe FEolEEE milk casein FEo]E, W (J)eH A
HAepol=, olgeid Jetels, 7

4 Jefole g Adichuld dEol= Fo] d#HA
o} (Engelmann et al., 2005, Hansen et al., 1989). o]} ti¥3sle] A ARISAZ= YA 3l
= Uede & A87IE 7HA- 8 S guZE Ao S UEde H=A
3} sulfurﬁ] 5]‘@%,

>
re
2
:i
X

et 2 AFere AE g &3t E (AIGIDs) 2 259 (BABs)S Wldo g A
A B ATY T8 dAsEAd B4 (ROS) £2AFHS HEFALH, Bgstae
A3lH ~EH22RE AYAE RERT

A

)

AR NG AERE 9 AS9e oz 48 2EdAE 59 Wz o4
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oF7]3l= ROSs &AZAES sl =83t A3, oleje} o] AIGIDSH AIGID 1A 7+
=2 845 =E3Th (Table 24.)

Table 24. ROSs scavenging activity of AIGIDs and BABs

Radical scavenging activity (%)

Samples
(1 mg/ml)
DPPH Hydroxyl Superoxide Peroxyl

AIGID * 86.9 80.7 78.2 69.8

AIGID 1 86.2 68.6 70.8 60.8

AIGID I 75.3 70.6 69.4 56.2

AIGID 11T * 84.3 81.9 72.6 60.9

BABs 70.9 64.3 55.7 40.9

2 A7 Fa4EQ AIGIDS; BABsell tigh A ~Ed s 5 AAAE HegFel o
g AE ofefe} Zol oAjste] gofsih

(1) AIGID®] th3t 4std 2E# 2 A 9 AZHS &

(7} AIGIDS] t@ A Bz AABY A

S5 @RS JAS B FaE 85 S Hole AIGIDE Ao At AA

A

A ZHZ AA EFH+= Elecron Spin Resonance (ESR) Spectrophotometere] 2]k
1,1-diphenyl-2-picrylhydrazyl (DPPH) radical, Hydroxyl radical, superoxide radical, alkyl
radical®] 2755 SHSATH

Fig. 359149} #o] AIGID= 1 mg/mlolA 83%% DPPH radical, 71%<%] Hydroxyl

radical, 78% <] Superoxide radical, 59% %] Peroxyl radical 3 &tz &A &35S YEH

Atk olefd AL AIGIDS EFHE Hetol= P o] JhAE 2 (WA E ol AAte] ¢
& golave] @ zlow S
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o T T T T
DERH Hydroxyl Suparoxids Beromyl

Fig. 35. A& W &3E (AIGID)9] A &FUd AA &%

2 235 Fal gQld ukek 2o, A5 WA F=& (AIGID)S 53 FAstass ug
o2 FAAET (ROS) ol 93t 2tstd ~2EF 22 HE UAMEIE g34402 HE3d= A
o= Yeuy

(W) BIAZ (HAAEZ RAW264.7) W) AEF AESAE AE

Hansen & (1989)° <Jgt ®wel]l wel MTT (3-(4,5-dimethyl-2-yl)-2,5-diphenyl tetrazolium
bromide) assayE Tl AlE AEES ST AW AIAEHE S FAH5= HAAE
(macrophage)«] AE< mouse ZH A freigt RAW 2647 AEFE o2 JE5EY 5
F8 < 54371918 macrophage MEFE S35t petri dishel &1
FBS7} a;;ﬂ RPMI1640 ¥ A S 7}5ted 5% CO2 wig7lolA wiFatdeh. A& A
AEES AEF Y] 95te] WAHE (RAW 264.7)Z 96 well plate® EF3 T 4=
Z+ welldl A&tk 100 ul MTT (1 mg/ml)E 713 o+ 4 A+ B¢ v %3 3 DMSO
(150 ul)E A =ste] YA formazan HES 5tk ©o]F 540 nm FFoIA ZAst M EYE
a2 SASAT

AEZ7F 29 A= 96 well platee] AIGIDE 50 - 1000 pg/ml < 24 A7Hst Hxg *
MTT (5 mg/ml in phosphate buffered saline (PBS), 10 mM KCl, 138 mM NaCl, pH 74)&
10 ul H7istel dAgddoz WHWE wj7pA] 37CoAM 4 AP A=EE Hﬁokaﬁ} a1 Y
Dimethyl sulfoxideE 100 pl #7}3l Formazans &3A171 & 540 nm oA FF=E =54
sted A BEES UEHdT AIGIDE H7FshA] @& A9 Alx BE&E 100 % & o
AIGIDs ZH7FFAA s 90% ©ldez AESES UeER o o= AIGIDE RAW264.7 A9
oyu g ZA4E YEtdA ot AT AS FUSAT [Fig. 36].
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100
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&0 A

Cell wiability (%)

50 100 150 500 1000

Cencentrations {ug/ml)

Fig. 36. AIGID®] RAW264.79 A &] Az 574

(th AIGID®] tiAAxE W 2tz A AR

Oxidation-sensitive ~ dya  2',7'-dichlorofluorescien  diacetate =~ (DCFH-DA)S  &-&3
Engelmann 5 (2005)2] ®¥Hol|l wel ZA3ATE S 96-well plated| Al Bl gE HEZE Aol
2] 30 min &< 20 yM DCFH-DA (HBSS, Hanks balanced salt solution -&wl)¢} ®E-§-A]Z T},

g wx] AES A2 F 1A F)F wiFstal PBSE 33 AlH 3 T 500 uM HO;
Aol wet =8 AX W gzl 93] 4kst®E DCFHe| 4tsl&E<Ql DCFe &4 dFA| 1
g 7}=E GENios fluorescence microplate reader (TECAN, Minnedorf, Switzerland)Z 3%

94Z71 (Aexcitation = 485 nm, Aemission = 528 nm)ol X A3t Fig. 37914 AIGIDS
100-1000 pg/mle] B§Fe s=oA -3 Sz AAZLS 7= Ae d9g =+ 3

15000
12000

D000 -

DCF fluoresse intensity

00l

3000

o 40 LiH] 120 180 200

Incubation tim e {min}

e
o,

Fig. 37. RAW264.791 4 AIGID®|| 2|3 ROS A7
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(2 AIGIDY] A E W) At317F ~Eg 2o 23 DNA &4 R5ay AE

Milne & (1993)¢] WHS WE 3t DNA Oxidation Re 875 SA3AT RAW 264.7
cell?] DNA 5 plel AIGIDE s=% 100, 500 2 1000 pg/ml z+zk 5 pl®  F7}gkth 100 uM
FeSO; 14ul¢} 100 pM HO,2 3 7]-“8}3’_ vortex3dt & 30%7F ¥k3-S A]7It} 130 mM EDTA 5
WE F71sk & Totaldol Al 20 pl®} DNA loding buffer 4 plE &%3ld agalose 24 30+
ZF 100 V 7] &3t} Agalose gel EtBR (ethidium bromide)ol] 307+ @AA 71Tt UVE
gel image analysis soft (Alpha Innotech, CA, USA)Z A& g1t =B

il

®

0]4-3} AlphaEase”
& Fenton ¥F&-o|A] hydroxy radicalel =% ¥ DNA+T 74X =Yl 1 &3E Fig. 384 &<l
& 4 ok 23 100-1000 pg/ml % H$ Ul AIGIDsZ A2l DNA+T hydroxy radicalo
°]3t DNA<4) (Lanes 3-5)2 &340 2 R 3F3YH. o] AIGID7} FE3] 413 A4S 7}
A Y= Ae SHEATH

100 SEHD | KRIRIA]
H2O, + FeSOy, = + + + r

Fig. 38. AIGID®] A 2tt]Zel 23 DNA &4 Rs A

(7h A=7HE R4S (BABs)o @44 A guZd A 24 HE

(BABs)°l tHd w=%® ROSs (DPPH, Hydroxyl, Superoxide, Peroxyl)Al#
I, s oEFOE Ao SIS FIE & UMew, AW T ROSs
°

UrE‘ﬂHL hydroxyl radicalell th&t A A &0l 1000 ug/ml oA <F 90%
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Fig. 39. A& 713 F4HE (BABs)2l ROSs Al A &4

(W) A&7 3222 (BABs)oll ek AlE =4 HE

Fig. 4004 H = vle} o] A&7bgi4HE (BABs)= 100, 250, 500 12|31 1000 ng/mlE
g & HAME (macrophage RAW 264.7)0 tid A5 AEHAHS &gt 2, cell
viability (%)= ZF FXolA 100%° 717he AAE&S HATh

120

[ RAW264.7 BAB
100 T T T -
—~ 80 A
S
=
§ 60 A
-
=
© 40
20 1
0 T : : :
100 250 500 1000

Concentration (ug/ml)

Fig. 40. A7 84S (BABs)Y =1 Aol ©E RAW 264.7 cell®] AEE

(th RAW 264.7 AEo] th3t 245718 R4S (BABs)2 Sz A4 2 AERE &%
BABs (A& 7FERAHE)S 100, 500 28] 3L 1000 pg/mlE FEH 2
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MEoR AE O 54 Bt EE ARgeR st A% ¢ 4 Atk

—e— Control RAW264.7 cell
—-O— Blank  __ _ _ _ _

—w— 100 ug/ml
—O— 500 ug/ml
—&— 1000 ug/ml

12000 +

9000 -

6000

DCF fluoresce intensity

3000 A

Incubation time (mim)

Fig. 41. Al £ (RAW 2647 Cell) W A<=7H74HE (BABs)o] &tHZ AlA &5 HE

() A=7HEE4AHE (BABs)e] * o mE DNA oxidation B &3}

Milne & (1993)2] WHS WE 3 DNA Oxidation HZEHE =G RAW 264.7
cell?] DNA 5uldl A&7FER4HES F=¥ 50, 500 28]3L 1000 pg/ml zHzh 5 pl®  F713
o} 100 pM FeSO; 14ule} 100 pM H202E H7}3lal vortexdt ¥ 30E7F w38 A)7ith
130mM EDTA 5ulE F71gF % TotaldollAl 20 ul®} DNA loding buffer 4ulE E§3l
agalose AollA 30&3F 100V A 71953t} of7f22 A& EtBR (ethidium bromide)oll 307t
AMA 7t} UVE o] 83 AlphaFase®™ gel image analysis soft (Alpha Innotech, CA, USA)Z

=~

Ae FAsA.

A&7 H4HE (BABs)S 250, 500 123l 1000 pg/mlz A3 Axp Fx oEHo=w
DNAE hydroxy radicaloll ©]3 DNA&EGS &334 o= HE3H. o= 44\?7}%11?*’?}%01

Farst B4L M Utke 2L WA [Fig. 421

Concentration (ug/ml)
Blank Control 250 500 1000
Fe80,+H,0, - + + + +

Fig. 42. DNA oxidative protection by BABs (boiled abalone by-products)

110



S B AAE W NO ¥ INOS As) 5% HES ¥ 5 WgBY g% 4

WAA ] TFolle HIEo|A 228 9 AEFSFZE, Fo 584 2 BA FE&A o)
A F/NE = opsoninZ}-§-& W A E U3 So]F 22g, dFHE VA= *eL'SH, TYB

Hx o i3t gede] =3, lysozyme, collagenase, elastase, acid hydrolase ¢ B2 &4
o
[

==

2l BAAZE 2 SR}, prostaglandin, leukotriene ¥ 2 o] ZEEA} (interferon,
interleukin-1)& XZ&3 g 7FA] A=Y ¥ Tol Ao E diAAEZE INOS ¥ st
cytokines¢} wi7isled W Ao #stH, lymphokine®] ¥-ER interferon y (HAAE &
dekiabell s &gstdnt. fre AR HE AR, B9 tiAAE, 3H dHAA
A 59 =2 dAAEr o A iAol 7He M E (Kupffer's cell), BX X
A3 dAAE, 7Iete] 2HAFAE dAAE7E Atk NOE WA ZdA HA=E 713
83 EAEZA 73S w3 o Nitric oxide (NO)= @4xd, A74AE, @43 S IA
q7]% 59 J&E ste AoE dEA Utk NOE A= &4 NO synthase (NOS)
argine®] guanidino nitrogens AFSIAIA citruline?} NOE AA3HA Hoh. NOSe
endothelial (ecNOS, type III NOS), neuronal NOS (ncNOS, type I NOS) % inducible NOS
(INOS, type INZ AA Y =dl, eeNOS2} ncNOS7} constitutive forml 2 22 7|% W&
S 7FAAL 031, calcium/calmoduluin®] &]& & o|t}, wWHHo| iNOS+ inducible form S 2 A=
o 93] Ee ool NOE AAstal, calciumeol H|JE&ZF ot} INOSE HA A X Lflo = | &)
ERAE, WM E, EHEEIHE, mesangial cellgol® X3t o) iINOS= HFA| Al
A= &4 2 FdHol A9 ey, LPS, IFN-r, IL-13 TNF-as2| A= s &/33}5 o]
FAZES e NOE sty HAdds FolAY Alx 485 veid & Utk 24y
NO7} dgoldoz AAEM shockdl 93 dHed, dF5WSoE e 3EY, AA

S -
zAe) &4 5& Yo Al §aF 4L Yepdn,

=

~

4

(EoofN X

rr

s<S T RAW 264.7 cell& wjgate] QS
AAFI LPS Alstdh AlEs sEEE AT vs ol AAEd
3t FFS BAAMEFFAA FRlstr] < AZxHAAR] NO (nitric oxide) 2

iNOS (inducible nitric oxide synthase)ol] th3+ & A AxE Hrislr] 98] RT-PCR¥Y

=
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western blottingS 33 3} -

(1) NO A4 A3l &4
LPSE ¢Zukgo] 5% RAW 2647 t2

Z
v
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- LPS
== Lps
20
- 15 <
E
E 10 -
pr - -
L" =
0 0 L0 250 200
AID (pgiml)
(B)
25
T AIG
AIGID

20

Nitirite (pM)
o
-

=

) | IH
(1] m . Y
AlG & AIGID (pg/ml) 0 250 LPS 10 100 250
LPS (1 pg/ml) - = + + + &

Fig. 43. s 2 M|zl A AID (A), AIG, AIGID (B) ° &g NO A4 Al &%

(2) iNOS (inducible NO synthase) & A& 24

NO A4 &A% inducible NO synthase (iNOS) o3& A3|&/d<S western blot W'Hz}
RT-PCR ¥} E Jung 5 (2009)¢] ®WHS WISt did 2 F1x gidox AfjdHds &
Bt

Western blotw= A3 AID, AIG, AIGID € 24 Al7HsQt A X8 £ cell lysateE laemmli
sample buffer2 37t Folil 30 pg proteing 10% SDS-polyacrylamide gel electrophoresis
(PAGE)®] loading3te] iNOS®] HHAEE F43t}t SDS-PAGE ¥ proteins polyvinylidene
difluoride membranes®l| transferstil, 30&%t PBS containing 0.1% tween 20 (PBS-T) and 5%
(w/v) dry skim milk powderZ 30+&%} blockingdth. Primary antibody=< anti-SOD %
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anti-GSH (Santa Cruz Biotechnologies, Inc.) <] polyclonal X+ monoclonal antibodyE A}
&3}, secondary antibodyZ+ HRP-conjugated-anti-rabbit F+anti-mouse antibodyE A&
gttt Immunoreactived T A 2ECL Plus Western blotting analysis system (Amersham)® =
Walsto]  Autoradiography filmoll :=&A1A HE3Th RT-PCR #42 LPSol| 2@ E iNOS
mRNA &S At 24 Al WH control EH2Z4 GAPDHS AME-3H 33 RNAE
Trizol reagent= extraction3}dth. 2 pg total RNAY AMV reverse transcriptase®] <3|
cDNAZ HH@AEY. Z+ PCR 43 Al AM$-E+ oligonucleotide, & primerS | EEW,
human iNOS mRNA9] PCRS ¢3¢t primerZH = 5  -TTTGCCACGGACGAGACGGAT-3’
(forward primer), 5" -GCCACTGACACTTCGCACAAA-3" (reverse primer)7} AH&-5H
human GAPDH 5 -ACCACAGTCCATGCCATCAC-3 "  (forward primer) % 5’
-TCCACCACCCTGTTGCTTGTA-3 " (reverse primers)7} AT}

Fig. 4 A, B, C & A& YZ 7l5E3&E (AID, AIG, AIGID)o| 3t F2 Wdxzd<l
iNOSell tigt J3FS FAFTolA Western blot ¥ RT-PCRZ FA4g Aol 1 2
iNOS (inducible nitric oxide synthase)o] gt 2 2 wulz o] WS Fo]% o

oA ot A= A3 AL sHAE Ao vehdh
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AID (pg/ml)
10 50 1O 250
LPS (100 ng/ml) - + + €5 + +
AID (pg/ml)
10 50 LOO 250
LPS (100 ng/ml)y - = + + + o
INOS | T — — - |

Bt [ e «— w— a— — |

(B)

LPS (1 pg/ml) - + + + +
AIG (ug/ml) 0 0 10 100 250

INOS

GAPDH

LPS (1 pg/ml) - + + + +
AIG (pg/mi)

INOS 130 kDa

f-actin 42 kDa

LPS (1 pg/ml) - + + + +
AIGID (pg/ml) 0 0 10 100 250
INOS 496 bp

103 bp

FAPDH

LPS (1 pg/ml) - + + * *
AIGID (pg/ml) 0 0 10 100 250

INOS 130 kDa

42 kDa

p-actin

Fig. 44. tl2] A Z oA ] AID, AIG, AIGIDo| 9|3 iNOS mRNA 2 il g 3
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AIG®} AIGIDE 7t Cytokine fx%}e] &S RT-PCR WHo= AESAY. 1 2%

=<
Fig. 46 A, BolA F&% o&402 F34 2dS Asf He Ae st

0O

(A)
S04} 2500
| B
= i-p
400 [ TNF-a L ap00
= =N
-
E: 100 L300 _é
= =
= g
E 200 L 1000 2
; ;
10K L san
LEPS (1040 ng/mly . i i i i }
AL (gl - - 10 i) 10 240
(B)
AID (pg/ml)
10 50 100 250
LPS (100 ng/ml) - + + s B +

IL-1 beata

THF-alpha

Fig. 45. AID €&t IL-6, IL-139} TNF-a 5 Cytokine®] 93
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LPS (1 pg/ml) - + ot + +
AIGID (pg/ml) 0 0 10 100 250
(B)
LES (1 pg/ml) - + + + +
AIG (ug/ml) 0 0 10 100 250
IL-1p 253 bp
I1.-6 249 bp
TNF-a 364 bp
GAPDH

236 bp

Fig. 46. AIGS} AIGIDS] )@ IL-6, IL-13¢} TNF-a 5 Cytokine f32te] <&

(2) MARK pathway ‘3o 24714 &4
Aol E7RRISY @S A oA o' AEE T3 IF HIA=THE FA7] At
MAPK 74 ZE Western blotIH o2 3151t AXY A5 A
o2 %#7 MAPKE ERK, p38, INK S A 7bx o

integrin ME A4 843, o] A, Eo|2A FEAES] TS FiA IFE v Ao
2 484 Utk ERKE MAPK FollA st &A1 Yaix 245 vetl Ax A5 =
dEo wet oAriA i 2dAAES BAAA AE 4R, £3F Sl #ddE fdA 2
S FEde Ae® HuEa o p38 MAPKE UV, AlO|EFIE, A Qa5 o8 7}
A=A oM B33t HMEALE (apoptosis), ARIETFR] A Sl dFE F= 74
A BHS Frste Aoz HuHa o INKE UV, A%, Abo]E7491, GPCR Z &l

A W
= &
= ZA B4 AlxW 243%E INKe A28, 231 AP, A0 &8t
fFEsE Aog Hugo] Juh EFAINKE p38 MAPKH FAHEH 4
Aoz delA Utk

2
iy
2
Lo
é
_>L
=
ke
)
Jo
2
_,>i
& ]
o
o
Jo
k1
o
fr



(B)

ATy (pgdml)

10 S0 LOO 250
LPS (100 g/ ml) - —+ -+ +

+

LPS (1 pg/ml) - + g + +
AIG (ppfml) 0 0 10 100 250

LPS (1 pg/ml) - - * + H
AIGID (pp/mly O 0 10 100 250
PINK  — — — — — ]
INK =~ —— S S S em— S

i 1 R

Fig. 47. AID, AIG, AIGID9| ¢J3t MAPK =& &4
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A

Fig. 47914 HolF A3 AID+= MAPK Z=ZolA <14k3t | ERK1/2, p38, ¥ JNK ©uid
o HAS Aoz Fd5 &4 e 3 AIGE RAW264.7 A Eol| 1413}t |
ERK 1/2 @@l 7)tobA] MES Haste FE5 5345 Heide AS RoFUAY 29
AIGID= RAW264.7 A Eo|A <14k3} ® ERK 1/2 % p38 @@ 7)volx] wdS Asfgre
ZA FIF5 295 YEdE Ae RAFYUT o) dge A8 yFdA 4L AID, AIG,
AIGIDE 9% 595 e dozyn FASA FREZAZN M5 S 104%91@.

Rl

s}

(3) ME W 7heEaEY] 3 HARIAQ NF-kBO 3 2] Ho] 2 &4 A3 &%
o & o) WARIAQ] NF-kBe] 8 29 Ho] 2
d=o dF= BASIUT Fig. 489 Zo] AIGIDE €5 #d
=
o

Nuclear factor-kB (NF-kB)&= ZAFJIAFS] Rel familyol 43} heterodimer ¥ @ E NF-xB
= AHoE HEA IkBsthe oA @uidy 29 EZ4YdHE A3 NFxB &
4& =T €3 F TNF-q, IL-1, mitogens, LPS ¥ virus #9% o8 A=ol 934 Ik
Bs7} Q14F3l =W NF-kB7} IkBs2 HH HoiA uel oz o)Fdrh sjog o]F3 NF«B

2 Hgubgol] Fojste oA2rbA 73RS promoterF- ol Afste] ol #F3
b HdA 7=, NFkBel| 93] 4=+ 95 9 A9ikE 28 E 4= interleukin (IL)-1,
IL-2, IL-3, 1IL-6, IL-8, tumor necrosis factor (TNF)-a, interferon-y, granular
macrophage-colony stimulating factor (GM-CSF), class 1% T MHC, vascular endothelial
growth factor (VEGF), 18|31 o 2]7}A| adhesion molecules & "¢ Th%F3}o.

NF-xBt @&l #H3l= pro-inflammatory cytokines ¥ adhesion molecules®] A&

LDAA7]7] wEel 7] €% ¥8 2™ Fag FARIAEZ dHA Aok ob2] NF-kB=
HHFY A A JPAHolE dFHE £ FHS dds TS ste 2= 94
A0f, AFHkEol o vkt AFe] X5 1F EHZH NFxBe 1 T840 ZxHL
AT
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()

MEDIUM LPS LPS + AIGID

(b)
LPS (1 mgiml) - + +
AIGID (1 mg/ml) - - + -
NF-kB Ab - - - +

Fig. 48. Effect of AIGID on NF-«kB activity in LPS-stimulated RAW 264.7 macrophage. (a)
NF-kB localization in nucleus using confocal scanning microscopy (b) DNA binding

activity of NF-xB by EMSA assay
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(7h AIGIDO] th& {1zt wlgha ¥ (HMC W AESH (BEE) 24
AL Wg 7RSS (AIGID) A2 & BIvHAE (HMC-1)o] 3t A 89 Fx oFF A

E=AE FAF A, 300 ng/ml FEAAE FHY T ME AEE (blank: 100% cell
viability)# 7] wl5:% 3& BTk el 500 ug/miol A 50% olate] AEEE w7 o)
Tl o]F A7 Aol 300 pg/mle] FEE AHE-SHATH [Fig. 49].

0.8
0.6
0.4

0.2

Veh 100 500 500
AIGID (ug/ml)

Fig. 49. AIGID9] F=® g o w2 BITkAEZ (HMC-1)9] AEE

() AIGID®] 3|2ebql BulojA] &%

B2l A Y 9 SHVINEZERE fFEEHe SEuAA R g2y A3lA w$-
T8% 9TS strh IgEt e $ gl o AFS HAY HIEo|Hog A A, 32
BIRS x5 o8 7HA sguifA s gt E 2 S97|AEAAM FEEY 53] 32
Wl oM FReg FGEY AEo] dojya, Ed A AFBe] AFEH V=
o] FEHHE FARH) G VAXH, dHE/A v, A9d TS Yoy,
F Zxdfe] g ToE Frey], ofEYA ARY 59 A4S ot

HNC-1 Al 32 AIGIDZ AAYE & T vvE RF42 ¢ PMA+A231872 =}
=3l HPLCE o]&3te] vIwkA oA EulsE 32elulzs =35 Ad. Fig 500049 2

©] 200 pug/ml¥} 300 pg/mlol A F+3tA 31 2~ENl FHIE A SFA T
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sl [ ] B
PMA+A23187 ; + + + +
AIGID (ug/ml) - - 100 200 300

Fig. 52. PMA+A23187= A=k BIREA|Z A AIGIDY] w=W Ao &

TNF-a @& A 28
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E 10000
-
o
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w
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4000 -
2000 -
0 | -
PMA+A23187 - - - + +
AIGID (ug/ml) - - 100 200 300

Fig. 53. PMA+A23187% A=+ HIRHA XA AIGIDO] s=® A gd u&

IL-6 &d A =&

(b AIGIDY] &<eA] 85 714 4

MAPK 713& Ax @urgo] AFA AAEY - wjg Fa JTS gt} o9
B2 AT, PMA+A23187> HMC-1 Ao A MAPK®S] A|7FA] EFIQI p38, JNK, 18] i1
ERKZ #A43} A7t &a8x ok B dAFoA, AIGIDS| ddeix] %9 7|AS 4¥3]7]
sk MAPKS] <14k} 55 western blotting analysisE 3t} Fig. 54914 * & AIGID
© ERK®} SAPK/INKY 14bsts =3t o} p38e QlAitsle A3 T4 &kt mahA,
A A3} 2]3td AIGIDE= ERKS SAPK/JNKS] M EW ANEZAEE 53te] ddejx &

=
= YUeEhds o F Ao

or r
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PMA+A23187
AIGID(ug/mL)
Veh + 100 200 300

P-p38

T-p38

P-ERK

T-ERK

P-JNK/SAPK

T-INK/SAPK

Fig. 54. HI7HA| Z ol A AIGID 23 MAPK ZH=Z &4

71 flske] 3 AARQIAR] NF-kBO 2A43S Folr sttt TNF-ash IL-6 442 AR
NF-kBo| &/ds}ell °]E&3tth. NF-kBO #43t= AAENE 1kB-ad] <l14hstel ©hld
7b AR E o] o] FolXth. PMA+A23187°] ol A=E HIRMA|EZF A NF-kBe| 24
AIGID Ao °ate] F& oEX o F AT [Fig. 55]. o8 g A= AIGIDO| o]ajA]
NF-kB9| #7435 Aoz dFd AolEZRIS 2Edd= S AndH

2, AIGID®] TNF-a ¢ IL-69} #2 A5/ AIETIRIY AN A &5 711 dolr
o

Lhofr 3L
&%

PMA+ A23187
AIGID (ug/mL)
Veh 4 100 200 300

(8 ’

Fig. 55. BIYHA| Z oA AIGIDS] 28 NF-kB 3.
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(2) AIGID II o] i3t RITAZEF f 85 AE

(7h AIGID II oﬂ gk A7F HITHAIZE S (HMC-1) AEE XA
AIGID 1I %8 3 v|TAE (HMC-1)ol 3k A8 T& o&EF AELEAS I3 Ax,
FAE 7o ME AEE (blank: 100% cell viability)? Ao HI=gF s HE Aok weba], o]

T Ad+= Hdl 500 ng/mle] =5 AHE-EHA Y [Fig. 56].
1.2
1
0.8
0.6
0.4
0.2
e Veh 100 300 500
AIGID2 (ug/ml}
Fig. 56. AIGID I1¢] X Ao m& HvF AlZ (HMC-1)9 AEE
(1) AIGID 119] 3|=8Rl £H A &%
HNC-1 AlXFE AIGID 12 dA2E 3 T vt E AFAZ & IPMA+A231872 A}
=38t HPLCE o] &3t HIRbA| LA FHlH = s|2etulaE SAsEA. Fig. 570149 2

o] % JE=Ho g §o3A F2EY EuZ oA5tgo

60
= 50
E
S 40
=
2 30
% 20
T 10
0
PMA+AZ2318T - + + + +
AlGID2 (ug,"mh - o 100 300 500

Fig. 57. PMA+A23187% A=53F HIRHA| LA AIGID 119} =3 g n&

SECREE R
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]:014
olr

(th) AIGID I19] Alo]E7}Q1 1] <
A A E7IQIY AL @ =Fol A AIGIDS] Alo]lEFRQl BE oA &% ZAMEIY
o} [Fig. 58]. 2ol X s}t o] v oEHo g GFA Alo]E7}Q TNF-a, IL-6 181 IL-1bS
(2]
—

TG FEAA F= &4 Fo5H A Ees EIT

N

ol

PMA+A23187 - + + + +
AIGID2 (ug/ml) - = 100 300 500

TNF-o

Fig. 58. PMA+A23187= Z}=3%F HIREA|Z A AIGID 119 F=¥ Ao &

Cytokines 2} A 2}-&.

Os ddozs 9d FEAAM AolE7RIS] EHIE dAlst=AE A8t 9A

TNF-a, IL-6 183l IL-1b9] &4 A &S ZASHA T [Fig. 59-61]

20000
£ 15000
T -
o
£
5 10000
Z
-
5000
0
PMA+A23187 = + + + +
AIGID2 (ug/ml) - - 100 300 500

olr

Fig. 59. PMA+A23187% 2238 HWhA| E oA AIGID 1I ¥ 5% TNF-a 3@ o4 &
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;? 6000
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PMA+AZ3187 r= + + + +

AIGIDZ (ug/ml) - - 100 300 500

Fig. 60. PMA+A23187% A=53F HIRHA| LA AIGID 119} =4 g n&
IL-6 & A 28

12
10
% 8
g 6
= 4 -
2 Iie
" _
PMA+A23187 ™ + + +
AIGID2 (ugfmh - - 100 300 500

Fig. 61. PMA+A231872 A}=¢+ HIRHA| Z oA AIGID 119] =¥ Ao w&
IL-18 &3 A 28

(2h) AIGID I19] &<dA &5 714 <

MAPK 7]He AXx A9urgo A3 AAE 2o w9 T8 JTS o} o]

2e Aol A, PMA+A23187-2 HMC-1 Al EFo|A MAPK2 A|7FA] B} p38, INK, 18] 1L

ERKE 43} A7tk 48 ot B AFoA, AIGID 119 &&8x] a5 73S 53]

7] 915ke] MAPKS <14+3} H5FE western blotting analysisS 31t Fig. 62014 A&
o

}o

AIGID II= p38%} SAPK/JNKE] 14tstE =31 oy ERKS QI4tsl= 3RS FX &t
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b, 2 AgAzte] osH AIGID I+ p38st SAPK/JNKS] AZW ANEZHEE St
s

PMA+A23187 - + + + +
AIGID2 (ug/mL) = - 100 300 500
p-p38 |
T-p38

p-ERK | — S S TS ==
T-ERK | " W e e

D-JNK/SAPK | e ———

T-INK/SAPK - i T

Fig. 62. HI¥FA| Z oA AIGID IIo] ©3 MAPK A& g

o2, AIGID 119] TNF-a, IL-6 128]3l IL-1be} 22 G54 AllEZRRIY A A &%
71E ot y] 9ty & HAFQIAIQl NF-kBe SA3LE dolHgth Alo]E7IQle] AL
AAFIAQ] NF-kBe] &Adslo] o]&E3tth. NF-kBe &43e oAl 1kB-ao] A4H3}e}
g Zeofjrt daE o] o] FolXth. PMA+A231879 oA A=H HIRHA| 54 NF-kBY
gA3l= AIGID II Aol ol v &Ho7 743tk o83 Ay AIGID IIo] ¢
A NF-kBe|] &35 AATFoEN dFH A|EZRIS ZHIH= AS ov|dH [Fig.
63].

PMA+ A23187
AIGID2 (ug/mL)
Veh L 100 300 500

Fig. 63. BITHA| Zol A AIGID 119 2]3 NF-kB &,
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(3) AIGID IIlell thgt BITAZEF ) &% AE

(7}) AIGID III¢l| o g

e 7ol ME AE

AZF HITHAIES (HMC-1) AEE ZAF

AIGID T g & ] M %

(HMC-1)°ﬂ e Az v & AT FA3 Fa,

T Ad7= Hdl 500 pg/mu TEE AHESIAT [Fig. 64].

1.2

1
0.8
0.6
04
0.2

0

Fig. 64. AIGID III¢]

(W} AIGID 111¢] 3] 2~E}pvl
HNC-1 MEZFE AIGID 112 AAHgES 3+
A=38Fed HPLCE ©]-83le] HIThAM|EZoA] &

Veh 100 300 500

AIGID3 (ug/ml)

Fed Ao e MeE AE HMC1)S JEE.

HH
T'___

1944 &%

T HTAME A=FAZE dE R PMA+A23187%
FHlE = S 2ENHS S48 Fig. 659049}

ol & fEHoE FYstAl SI2ER BHIE Al

Histamine (ng/ml)
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0

PMA+A23187
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FI _

= = 100 300 500

Fig. 65. PMA+A231872 A}=3+ HIREA|Z oA AIGID 119 5 AHEd &

S| =B oA 2
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(th) AIGID I119] Alo]E7}9l EulojA &%
WA Aol E7IQlY] FAA TE FFEAM AIGID MMM Ale]E7H & oA &% FA}
At [Fig. 66]. 1R M 9 o] v JFEHOE HUFA A]EF TNF-a, IL-6 18]l

IL-1bS #3A #FelM T2 Aoz fosiA Al a5= Bt
PMA+A23187 - + + + 4+
AIGID3 (ug/ml) - - 100 300 500

TNF-o

IL-6

1L-1p

GAPDH

Fig. 66. PMA+A231872 A}=3+ H|REA|Z oA AIGID 119 =¥ Hed &

Cytokines 2} A 2H&-

be Afemt AIGID N7} @ad SEolA Alo]gsle] BHlE oAs=AE d78
At WA TNF-a, IL-6 18]3 IL-1b9] £H] A& 52 ZASEA T [Fig. 67 - 69].
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0
PMA+AZ3187 = + s o s 5 5
AIGID 3 (ug/ml) - - 100 300 500

Fig. 67. PMA+A23187% A=3F HIRA Z oA AIGID M9 =¥ g we
TNF-a @& A 2H&.
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Fig. 68. PMA+A23187= A}=3F HIRHAZ A AIGID 119 w5 Ao &

IL-6 Wrd oA 2H8-
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D ||
PMA+AZ23187 = + + + +
AIGID3 (ug/ml) - - 100 300 500

Fig. 69. PMA+A23187& A-=3F HRHA| Z oA AIGID I1¢] =¥ g w2
IL-18 & oA 2.

(2} AIGID II1¢] &< &% AT

MAPK 7]7& AE WIRkgo] A3 AAEY 24dd w9 Fas 95 gt ojH 9]
B2 AFedA, PMA+A23187-> HMC-1 M Z 54 MAPKS] Al7}A] B}l p38, INK, 1|1
ERKE &A43} AlZitta &34 Aok £ AFolA], AIGID 119 J48A &
7] 918ted MAPKQ <14t3} f-5E western blotting analysisE 3l th Fig. 70943 &
AIGID IIIi= p389} SAPK/INKE A%teE f=3l9 oy ERKY A4tste J3s £33 &%

N
)

o|N
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PMA+AZ23187 - + + + +
AIGID2 (ug/mL) - - 100 300 500
p-p38 | =
T-p38

p-ERK | = SS S TS ==
T-ERK | " S s T

p-JNK/SAPK s S —

T-JNK/SAPK —

Fig. 70. BITHA| Z oA AIGID 1119 28 MAPK F=Z &4,

&2, AIGID 118 TNF-a, IL-6 2183 IL-1b9} 2& d5A Alo|EFFle] AA oA &
5 713S golr 7] Yt 3 ARl NF-kBe| &A43lE dolr it} Alo]E7}le] AA
& FHAIAS] NF-kBe| @43}l ¢j&3t) NF-kBo| @43t oA A<l [kB-aol ¢14+s}
o ©wd Zaj7t A o] o]FojXth. PMA+A23187¢] oJsiA ASE  HIREA E T A
NF-kBe] &A43l= AIGID 11 #Hzlo] 93l = oEHoz #AarsAY [Fig 71]. ol#3 4
= AIGID 1Mol ¢JefA NF-kBS Z/A43tE AAFOZH AFA AlEZIS Zd3v=
AL ougi.

PMA+ A23187
AIGID3 (ug/mL)
Veh + 100 300 500

NUCLEAR {..... SUED et o | P85

Fig. 71. BITHA| Z oA AIGID Il 2]8 NF-kB 2H&.
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UM T AFEAE AlFo R, A9EAY (FEF FE FLHA W M T 2

A4S B g% AIGID IS tido® S454S 8 FA kA

3]
=4

%
dlo
©
o
i)
o
A
&
@)
)
N
N
%

Z Fig. 72014 UEhd A# o], FPLCE §& AH-&-
HPLC, ESI-Q-TOFE AF&-3F 3E}o]= Sequence 3 #AS Azt = 71-E8&E 1 g2 20
ml®] &9 5o DEAE o] uw&FA7F E0JU0E columne] &3¥ FPLC (fast performance
liquid chromatograpy)ell 2 mLE &&8t §, 50 mM Tris-HCI buffer (pH 7.5)¢} 2 M NaCl&-
AE AHE3t A FEFHIEA 93] NaCl 355 2 M7HA] A1A38] 971 §&EAZ T
Fig. 73 oA ¢} 2o] 280 nmollA FB =2 ZHH 2 4719 R AVEAIE @9AA F
AAx 5, AYgds AU

()
filo

Abalone intemal organs

ESI Q-TOF|

Y

Hvdrolysis of internal organs

using digestive enzvme
\ Peptide j
Fig. 72. A% W& 728 S(AIGID )9 SA4E4 £ g4 23

7t o] FE& Fole FAY FH FEYL Fr IV g8 152%22 /M B& F85 v
WA= s te] Eojdhs st & HEs oAl HPLCE 2] gAE Jdsa
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Fig. 73. FPLCZ AH&-3H AIGID III #&] A
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Fig. 74. FrlV 2 HPLCZ A}&-3to] 2 A

FPLC g% FollA 7P F&3 ZA4o] 58 FIVE tA] HPLC E3te] 3709 &2
2 2 A [Fig. 74].

ot

i)

s 5% F fraction IV-3 @d¥aE At T das AEEAS 3 AA
oligopeptide & A= ATt 3T peptide &2 HF &S AT HESH
479 ICs = 44.25 uM), ESI-QTOFE ©] &3 de nove AEAA S T3l HFT TS A4

stk
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6. AFZ 4¥E T3 LA d# L9 TERH

Oh‘

nE

HMC-1& AH&3te]l AE 23] 22 series$] AIGID, AIGID2, AIGID3Z &&ex AxS
gRlstAtt. AIGID3E AHES olfre 2FdA EAFo] Ad 2 Fdola, AALAS &
5ol o F57F & 2 5 As olge ZdedA AYstA HAoh w=E 2R olf e

>
¥ 0
)
W
Lo
5

=

=
o

>
od
>,
X
oo
e
i
off
ki
)
[E
of

00, 300 500ug/mL $+=dl, 100pg/mLol A=
=3 A ZaE Ak vkl A8E w25 AHE o, 100ug/mLe] BFY =
Zretsted, 100mg/Kgot 50mg/Kg=2 A@S AFsl9l o, 100mg/Kgel Azttt 50mg/Kge)
A7} @37 dojA 50mg/Kg= A= stA = ATt

i

7} NC/Nga vh-§-2=¢] G350 9] AIGID3(III)°] A&z}
olEF I|EUIE P71 NC/Nga #9220 AIGID3E F3tAS W, 5 ITFlre] ¥
=4 IR, (Fig. 76A - Q)

Atk olEFA IRAL FF AdAx 3 Buk ofdg 53 #HF2,
’ = 5402 da FA7IeE IR nHFrt A7
RES TH 22 oy S 2ol FRtste YA otk (Cooper, 1994; Hanifin and
Chan, 1996). Biostar-AD 1 & =¥ 314 g5 1F(NOR)Z AIGID3E 50 mg/Kg/dayZ F
gt & (AIGID3) Atele] dZFzatelE YEMW It Biostar-AD AilZ2 Ap=& WS vl
A olET IRy FALEE gji dbdo] whAsl Y R HWe] HeEle FHk 2F, QA
ofve} AYgFoR oF mpzo] o WA FAGE HFEHIUT 12y, AIGID3E F

=
dgolMe= 9ok 22 vF ¥He] JAES st

BH
IR

o

(B) olEy R e] FAQl  erythema/hemorrage, scarring/dryness, edema 12]3il

excroriation/erosion®l| 4] Z}7+9] & TSt clinical skin scoreE UEH Folt} &, olEd F
. ADIRE T¥3HA &S IFNOR)F AIGID3E 50

mg/Kg/dayE Biostar-ADYXE EX37] dFY HAUA 55HEH 9F7HA 1?042‘& —hcy

(AIGID3)9] scoreE Biostar-ADILE = 02 2T

o] 2= IF 7T 5viEle] AFHAE meaniSDE YERHI lom, o5 y_ong o=

T *<0.055 YERI gtk olE ZARE AIGID3E olEd X =S Foal #dgd S

dol AgE we FAZ FUd

(C) AIGID3E 957}#] 50 mg/Kg/day= st

5
%,
gl PEH F4A GFAE FE Y

T FE AFE BEY Aot} ol A IR SAURCAL ®
o 34= BFS A9, FE I57F gareE AFS HolAv f94e UeRA ¢kt
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(A)
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60 - —&-1D
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=l
£ 30 - | 4 -
3 E
el a8 2-
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il 0
nor AD AIGIDS3 2 - g ¥ b A

-111

Fig. 76. Atopy dermatitiss +%38 NC/Nga v}-¢-22 5350 A ] AIGID3(I) <A &}
. @A A FE 9 Immunoglobulin E€} Histamine =74

NC/Nga "}-9-2=0 4 AIGID3 Fofo thst Fu <] (A) total IgE ¢} (B) Histamine level
< gRlgk Aot

(A) IgEE Ao] EAals Wovuge] dgolr, ML} FAVME] AEute] Qe

FgASH AFSE FA ol F2 el pAHel Letn WY, N4F FAS B
dso] et & ik Y =7] ABAME FAW F IgE Y 1 Z7hslo) gle A4S of
F gtk 58 okkEd] RdNe A F IgE AWn 23 FBBA} oA & IgE
T S S T %u}. obEw W fre)
80%E & IgE 37k AFol gt ACE LA Utk Fe=27]E YosE BHho] Sojew
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IgE7}F 2338t Alxz2 A5 E dEste] HIRMAES T H7IAE W] S0l BA AX
gto g2 wjE Al7l=d, olZ2 A8 dH=7] S0l FdE T (Yang et al, 2012; Moghtaderi et
al.,, 2012; Shaheen et al., 2011). Millennium criteira®} v|= 3 F-3} &3] FAING7]|FA A=
IgE gAl9] EAE sty Jdr]Eez Asith AIGID3E= 50 mg/Kg/dayZ AD A&
=X dFY A 5FRE 9F74A Wi AFF Pk TP<0.01E normal 1Ee] Wi
3 4] ‘/}E}"“otq "P<0.05% ADZE 1’4161 FEFol a5 ;S vEhd Zojt. % W9
[gEE AIGID3S Soi3t 1804 o8 gadE AxE BJth galx AIGID3E oHEd]

Al =g %E}ﬂ aad = AT

(B) Histamine> H|YWHA|FE 9} S Q7] A| Lol & r

= F8 BEEA FEsed FEY7], A4, %fﬁﬂﬁﬂ’“ H] %%Q G 27] A3 Fa83
QIS 3t HAZ olF e A e XA oA histamine % F7H7F #EEHT (Song
et al, 2011; Kang and Shin, 2012; Buddenkotter et al., 2010). ¥ A3 oA+, histamined]
Ao E AANET, AD 9uE =X3 aFF FEFS aFIHe] X
o B AdAolA o]l#gt ZF}= histamine©] - AT olEIIFY

A%tst wiAfA 7 ol AY, AIGID37} histamineo] ##Eo] ¢S % Yt} o3t A=
Amons©] (Amon et al, 1994) A|A|SF A H, histamine©] 3
U histamine ©]2]e] t-& @284 wiZfA|E0] olEVIF- G B Flolz
W3sks 2otk o)A 7, olEFIF- A histamine®] #HEA A A= o
=3

o] %
E 2 d o] histamine 0]
[e)
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Fig.77 Atopy dermatitisE 53 NC/Nga 792 &% W Ig E % Histamine®] tgt
AIGID3 %A &%
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ot} w$2 5 %7 TARC, MDC, RANTES, IL-4, Eotaxin, TSLP 23 ZAx}

NC/Nga®] vl--20A AIGID3E FH3t8S wWeo] & IHFZZAANAFEEHY chemokine}
cytokine®] &S <21t Adolt}. AIGID3+= 50 mg/Kg/day= AD 918 =X3517] dFY
AQ 5F5H 9F71A] WA AFF At

NOR AD  AIGID3

— — EOTAXIN
(B)
1
150 10 _. 150
o 2 * &
& = = *
= = 100 = |
< 100 - e 100 -
< - =
ESD_ g 50 4 Eso-i
=
: i - § :
0 +— e e — 0 +— i — e 0 +— S— S 3
AIGID3 NOR AD AIGID3 MOR AD AIGID3
150 - = 150 ~ 150
= 100 - E 100 * E 100 *
E < g
= e
é. 50 - g 5o - & 50 4
: I 2 7
0 - 8 01— I—— I L, 0 +— N —— I
AIGID3 NOR AD AIGID3 NOR AD AIGID3

Fig. 78. AIGID3 A& ¥ Atopy dermatitisE =3t NC/ Nga up-2 9] F 22 o A
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(A) BATFAS w29 T2FA total RNAS £ 3l9 RT-PCRE 53] TARC, MDC,
RANTES, IL-4, EOTAXIN, TSLP®] mRNA ZdS  UYelfidlth,. Thymus and
Activation-Regulated Chemokine (TARC)= WI A X, FAFAE, ZHEAME T Th&s Axe
A AT, Hoole olET TR 79 CD4+ T ML CD8+ T AEZE TARC mRNAZ
Egiths Harh o) ofEn g oA e] TARCS =8 tjsA= TARCY} integrin 9]&
3 adhesion T ME7} WHAZE FTHste] o]lFstes F=38t T AlZ7 HIAEE T34
gl o] FSIEE FEE T AlZE Roe 3 DAA ZEste, 2= F3o IZFE T Al
frEstal ofey] HRge x5ty 5AQ w3} (spongiosis)
£ opZlgthar deA vk H2 AFolA IgE v olEY IR At EF TARCY

= Qlste, olEVI RGN N} FFT= H
A3l TARCO =5 S43%t= 3lo] fr&stthe= AS AAISAT (Miyahara et al, 2011;
Jung et al, 2010). oFE¥ 3] F-¢lo] A W3] VAR 4gtor}t WA o]iFo] #HAq3
o Az glew ThliZ Th2 Abo]E7IQle] Bt o] MY Ao Fagh W¥ele] dAn
I dHA Utk olEN IR fxte] dxdAY dIAFE 5 o o) AS A F=E
Th2go] M 3A wkg3ttta BuF Aok 3 oleduid W YolA IL-4/IFN-y mRNA
Y Blgo] AAS] FrtetAA TxR AU IL4, IL-59 F57F S71E 0] lo] olEdaid
AN Th2 AE7F FAstH o]& s &3 IgE7l S7Ftta A2 Y. IL4= olEY R4
FR3E Alo] E7RIolH, IgEY A HITHA|REe] &A e Fad A4ES gith olEI IR
Aol F471e IL-47F S7Fst=dl, [L4= IEN-re] @48 dAsta B X5 A538+e] IgE
€ &43st} (Bao et al, 2012; Brandt and Sivaprasad, 2011). H=3t olE9 3 F ¢ 3x}of 744
F4 MEoe 1FE9 TSLPS MDC (macrophage-derived chemokine)”} &3t} TSLP=
CD1lct FAGMEE A=3A4 TARCSF MDC A4S 571 A7t o] &3t cytokined] %+
ool =43 WA AAANEL 7HX 2 k. AETel (chemok1ne)° 6-15kD2&] A}

z

o

Fe Ha 4S5 AX dAd viazEsA], ', 23 i%? ot dAfIAE, 3
SIAE B HIRhA

of s AS FollM Aits= AT %/ QAo E=HE = F
Aoty ARIAL 47 BEH Al2EHA(cys) 719 X9 ¥5A4 ¢ ARANNS P35}
= Azt gAaA 9x19 Aolge] wEl CXC ARIFJ(EE o ARSI CC AXT(E
= B AR 2719 & MEOgos BFdAY. CXC AR }Od«l Hzx 2719 Al&EIRIS 1
jel ofpiitoz WolA AR, CC ARTIRIL FF & AZHILS AR Add L8
T2 CXC AR} 3, MIP-la/B(macrophage inflammatory protein-la/B%]  <F3),
MCP-1 (monocyte chemoattractant protein-12] ¢F3), RANTES (regulated upon activation
normal T-cell expressed and secreted®] ¢FA) S E U o] He
MDC(macrophagederived chemokine) *=
= CC ARFRI sgdHE. AR} AL FF5 34713 8 2 (integrin) 53 &

AZ A% BAY 28 3718 5% AL A% 37 482 23 g0 932 5o §ar

ro
rlo 3

141



o

gl olg WP Fo A 9 Paol WHE VAL 2E W A4 AL, (Takai,
2012; Hener et al., 2011; Han et al., 2012). 3%, MDC (macrophage-derived chemokine)+= <1
F B AlEolA FAH EHlEe ARIQICE, CCR4 HAEL o Z5a8S T3 4
Ao 2 HEF(lymphocyte) S EA4FAIZITh. CCR4 A H= MDC ©]
TARC (Thymus and activation regulated chemokine)¢t® ZAgsh= o= A o
7] CC ARTIRIES BAFS T AE9 B Al ez Fa3 I ot
o] TARC 3 MDC9| @2 ofEvu il SA5AAN s =4 #
H, 2 5% Hlgste] TARC 3 MDC9| #i= S7igth =g, A B
TARCSH MDCE= &dl27] dWe] sy 49 T-B A% Z4s48s 53 54% e =
IgBe] Aol Fadt 98-S sttty HaH vt )} (Lin et al, 2003) W24 MDC % TARC
9] "3"4@5% olE vyl o] A SEo g #AATE 3 =
MDC ¥ TARCE ot=dd7 9 A&
2 BAler Aa d5E I
(B) PCR HIE=9] intensityE Multi Gauge V2.2 program< &3l &4 ZAyolty. {FoAES
HolFE e "X005% Yehin 3t AD I2EdA F7FE chemokined}  cytokine©]
FoAg aAFlA FosHA Faske 2FdE HoAFa o wekd, & A7 2HE
sote] HE FE2E JgolEs olEIIRAS FEEH I A4S st 4zl
chemokinesQl MDC9} TARC # ofyz} ol Ev g3 #dd tE cytokines® 4GS §Al

o SASHE o] A T & AN, olAF FEE B AR F2E Arto|=st ke
S

_15.2

j&
2
oX o p1 X

N

ot
flo
=
53]
2
>
o b
O ox ¥ gt ™
&t o

SR

g4 2 29
L

,,
)
i,
k1

_1% rfr of\

W e XFA I TS A F e @

i)
1
BN
)
=2
=
rr
o2
o
o
J {
r o
ol
i)
N

NC/Nga2] vw-$-2:0] AIGID3E Fojstde we] 5
&

(A) H&EE M (a, b, )& dermisol] F-HE BINFAE (mast cel)E #&3}7] 93t Toluidine
blue M (def)S s Aoty 22 AFZl2 Nonozoomer digital pathologyE A3l H&E
AL 100x, Toluidine blue GAM-E 200xE TZ3}HUTH H&E GAH o2 3213t Ay, HAT
of ®Bla} HETY epidermis®}t dermis7}t FFOE FASA HFHUAT. o]o] H|E}A
AIGID3S 77 T3 A4S thxFH HlwdtyS ), epidermis®t dermis®] F7|7} Ath
2o g2 ghopAaL AA Ao g FFo] s

(B) HITHAIE (mast cell)®] 5 Al Aot} olEy nF¢o| IF WA HITkA XL
(mast cell)7} #FHET HITEZE= AE W IgE F&AIE 7HA L AA| T ofED] 3G
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A (tryptase), &F FAF UAf-a(tumor
€

(serotonin), W|FEM &L (chymase), EHAIE
) 2]l (leukotrienes), ZZEl=Td

necrosis factor-a, TNF-a

st} (Hira et al.,, 2001; Hide, 1997).

200x2 #EF 2L WPoR 3FE st FE5 AU
P<0.055 YERfal Sl (
AE7E AL BFe] HA Fe AL AIE F Stk

>
Lo
Q
)
a.
rr
o
ox
=)
o
[
Lo
&
e
N
N
o
4
(@)
.
a.
@
)
»n
)
#o,
=
B3
=

zo] AEAE, 181 MDA FAME F
JatA Faste AL FAY + AUtk oYU AHEL HEAB|EE o] fa) ofEd 4R
de AR 4 gt A BAZ ALY 5 Je AL ANSD A
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Mast cell number

20

MOR AD AIGID3

Fig. 79. AIGID3 %] A] Atopy dermatitis % NC/Nga }-$-2
S yEzAe U3 55 HE
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7. AEA 2 AAY AE

g AA

Ho

<

A

7v AA A

(1) Al E5F (Sampling) T4

(2) A& (Washing)

(3) =3 (Grinding)

I (in vitro gastro-intestinal digestion)

2] (Centrifuge)

Elasy

bl &

S|

A<
A%

AHE-31e] 3,000 rpm O

=
=

(6) =} (Filteration)
- Filter press

il

(Fractionation / Concentration)

te]l Y Al2Elo|A] 1 kDa

S

H

9] o 34|

Sy

=K

Spray drying =2 & 271X Freeze drying)

FE FFAL2 40-50°C A

i

3]

(9) &L X (Powder packing)
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ol

AN FHE AR AE AHE JFAd olEES AAZ F AlHE EAE AERE
N ° Z7 3} (esp. 718W &4
> HS FAE 10 kDa ¥ 1
THE R HF F
5, AF AXEZT (AIGID 11D
E& AIGID 11 W 249 E}o]

Lo ok | H

T | =

= S 33t Ay oF 8.80+0.11 mg/g AIGID IIE Yeldth HE WarEs) 80 tiaia
obef E¢} Zo] A5 ATk (table. 25)

Table 25. Total yield and content of bioacitive oligopeptide from abalone intestine

Material Abalone intestine AIGID III Bioacitive oligopeptide
10 1.4+0.4 88.0+1.09
Contents
wet wt (kg) dry wt (kg) dry wt (g)
Yields %
(wpv abalone 100 14 0.8
intestine)

* Data are expressed as mean + SD of duplicate determinations.
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T T ] 3 5 e 0 v O 5 W
I |
SYSTEM Flow-sheet
4 &8
p) — B — . = 0=
— |
TEE I E A EAHE 71 310n) gl &M & Holding tank

ﬂ
i e P s

4 I » 4 e = i .9 ]
| |

HES Holding lenk ¥ F syslem HEN Hylding lank 1K UF system MEY Holding tank

7y

HES Holding lank 10K UE system

]
Be | oo
T I L
SPRAY. DRYER &7 e
)
T
~ L AAE oy 3
- e SE | me= | oww | wm | E5Y S -
: : : " . : L < 7 i I : I 5
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A A (Offer Spec.)

S 3| W@ ¥ @
AL DA ZA 2=H
1. AE A"z 1 25,000,000
2. &AwHS7 1 180,000,000
3. HE sjo]2E An) 1 98,000,000
4. Highspeed Centrifugel(alfalval) 1 140,000,000
5. Holding tank 1 23,000,000
6. A RE holding tank 1 6,500,000
7. Ultrafilteration(millipore) 1 637,600,000
8. Spray dryer(F-%5 2% 50kg/hr) 1 285,000,000
9. 2€x737] 1 65,000,000
10. STRUCTURE 1 45,000,000
2 A 1,505,100,000

10. Auke)E] @ Ayl 3 45,153,000
11.71g ) 10 155,025,300
. 5714}
1. 187k A 9
2 A T
8% e % Aed 29
4. A w§ =3

3t Al (Total amount) 1,705,278,300
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A% W

of
oy
=
12
4
o

w7t (2)

K

1. AE A= 25,000,000
1) capacity

2) Material

3) Utility
-, 1% circulstion pump
-. Nozzle
- BhE

LA H s

2. 8407 180,000,000

2) Working volume
3) Temperature (25 Jacket {FH71€)
4) Meterial
5) Utility
-. Agitation system
-. pH control system
-. Temperature Control system
-. °]% pump
-. Steam boiler system
-. Product line

-. Control panel

@
2

E gjo]A~E AH]| 98,000,000
12} Z%37]

Micro mill

1
2

~— ~—

-. Rotate cutter
-. Liner mesh housing

-. Control panel

4. Highspeed Centrifugel(alfalval) 140,000,000
1) Clara80
2) Seperator
3) Control panel
4) CIP module

5 &% ¥ - supervising, A&7, training

5. Holding tank 23,000,000
1) Capacity
2) Working volume
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3) Meterial

4) Utility
-. °|% pump
-. Product line

-. Control panel

6. AHE holding tank

1) Capacity
2) Working volume
3) Meterial
4) Utility
-. °]% pump
-. Product line

-. Control panel

7. Ultrafilteration(millipore)

7-1. Process scale pellicon manual system

7-2. IQOQ Validation

7-3. Pelicone 2UF Modules 1K 0.5m1/PK

P2PL ACC 05

7-4. Pelicone 2UF Modules 3K 0.5m'1/PK

P2PL BCC 05

7-5. Pelicone 2UF Modules 10K 0.5m’1/PK

P2BO 10A 05(PK-60)
7-6. Holding Tank
7-7. Utility

8. Spray dryer(F&% 2% 50kg/hr)
8-1. OPERATING CONDITION
1) 98 54
2) L wiEH
3) Az 2

1) A=

.

A
2

9. =29X37
1) Capacity

10. STRUCTURE

PK

PK

PK

set

set

6,500,000

637,600,000
186,000,000
140,400,000
140,400,000
118,800,000
38,000,000

14,000,000

285,000,000

65,000,000

45,000,000
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uh AZzA7F (&5 WA 3 /Y A2 7]E)
g 5 L B @ AR v 3
LFEF9YH1(60,000H /) 60,000
a4 = 22 2 2 1) 71k & 91 H1(10,000H 9 / ) 10,000 | 300¥/4d
A T4H AE7HEH(2,0008 €/ Y) 2,000
2 A v 22 2 2 1](21,0003 ) x10% 2,100 | 300¥/4
2 3 =] 30,000 91 /3 x4 =4004 /L 400
= 300/
A =] 2] 7 1= 58] (4007 9 / D) x10% 40
=kl 2,000 ¢/ 2,000
A g H| 3,000/ 3,000
= Z1H] 1,0004 91/ 1,000
FEH| 10049/ ¥ 100
) 10039 /¢ 100
2 G2 ] 2003/ 200 008/
71713471 2¢ 28l | 600 Y/ 4 600
A0 1503 €/ ¥ 150
71 €} 74 Hl 204/ 20
HYE 2091/ 20
Ak H] Rl (A Z )+ =51+ 7 H])x10% 9219 | 300¥/4d
o] & A Z A ko)l & T+ 7 v x A Rk 2] v])x15% 2,565.57 | 300¥/4d
Az47}t 3 ton/ Y AHEFE& 14% = 420 kg 85,217.47
Az D7} kg 202.90
vl BAAY 24
AME A AHg viel o] AE S g A& AL 90% oS "H3dste dE &

A HDE IhFEEe B A7t Z2EFHE 5 g dEoth HELS B3 2003d o] T EHH
A AkeFo] 1,000 E FEE 23317 AlFsE e HE E9 6,000 B R TS BRI}

151



bdch. shste 4

71 A &S

o =g

IR AFEow P85

o]., o]

=<

or

AA]
2 7hE g ol A

©

[e)

T

Bz &8

A AEo 5AG] )

ez A7 a7}t AAH

[

i

hs

Joll h

of g B84 AT data §l]

X

7}

=

SFA
Sl

5 At AEST A

Ll
32715

o= 7
i

<

T
=1
o

Ho Mz up

Nr
N
J_AO
Do

o

K

38

Fu

A 7HA) 2

]

&

7

4

It 1 g&
A FHl, E7H|

Rl

OJ o

=

3 A2 Al F& 14%(w/w)°]

Q]

3

Q

[e)
T

, kg@ ©@7F= 202,900

%
m 202902 30Q0] 606099 FEA7FF Y HT) wEkA 7]

3552 (AIGID II1)¢]

[e)

Fae

A
pul

o

13t2 Huj=

%o

10,000

T
. T

el

2A7HE v 5=

=

ol

il

°
pul

”‘—]7/]_

1
=

“:HB—

g Aol 7}

-

o

]

% =7 7]

=
[¢)

3

“Q¥e] 7139}

ol

T

k<l
=4

171

v}

8. &&AZFY
“3

o
I

R

+

ofy
I

ol

HE

b

OO}:

%

Elol= Aol vFerd, A7,

&

To-

152



7o = =

)
& Jo 5 Ao B TF
v iod 14 ~ N A
- of Rk
= R T 0
g G ol ~ Nfo
.m " X Koo e i
, £ E 5 2 ¥ =
ik © b < !
- N AR M
Ho = T X 5 mfy
.ﬂa N .O_ E._ [ae) _ZT Wﬁ
y= Jo wn L X9 -
& N T B T o
3 B o op & i
E o Mo o
T mhy o g =
= B Jo =t 3 il
— T m ~o
> 1_,_Al _ZT N %T — X
- N = G )
8 T B ol B =
5 = 9 B oor %
m M o 0 % < oy
o " = 5 L CRR 1
o £ e T A _
- H S o W Jo - % ° =
4 s &, = Ay o T o =
o oj %0 — LoAp B 2= I r
m K Jlo 70 - m [ N oo o T W
ofr KD 1o =% = m .E L © oo 'm. w
i a | =R =2 Fav .. 2
S e &= =3 S Bl m ey ﬂ__ow n_wo ~ < A& = c i
208 I I e o R M-SR
wiit us el F o PEoEI EETa I
/”ﬁm%. Lk \ <I' M & 50 - _me 7o e N 4- %u < e
S © Ty wm o o<l g
: N i M R
o0 ) o = g R
- ~ ~ on Ak (e G

, AAHAE Sol A

FaAle} wols ARl 4

=

bR

1
=X}
1Xe)

b

AL
A%

Bk

at7] 9]
153

’|_

<]

2l Q4o
Vikls

<
T

1)

= 3

1

L

gl A] o) 7|

ST
=)

of st weolx A

=
AL

171 of

itk mekA sH

°



Table. 26 List of ingredient for proto-type products

ICID Ingredient(%)
Water 70.33
Grapefruit Seed Extract 0.50
Disodium EDTA 0.02
Dipotassium Glycyrrhizate 0.05
Carbomer(Carbopol 940) 0.12
Carbomer(Carbopol 941) 0.03
Stearic Acid 1.00
Cetearyl Alcohol 1.50
Cerasynt 945 0.30
Sorbitan Stearate and Sucrose Cocoate 2.00
Polysorbate 60 0.35
Sorbitan Stearate 0.25
Glycerin 7.00
Isohexadecane 7.00
Trioctanoin 1.50
Dimethicone 1.00
Tocopheryl Acetate 0.10
Butylparaben 0.05
Propylparaben 0.10
Triethanolamine 0.20
Nelumbo Nucifera Leaf Extract 0.50
Sodium Hyaluronate 1.00
Fragrance 0.10
Ceramide 1.00
Abalone extracts 1.00
Herb extracter 3.00

Total 100
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@ AAE 7% B}

(7h T=¥ COX-2 FHTEA

Atopy lotionA| 2] -] base A= 1892% o AHs|&S Aoy F=7F 1 ~
100 pl 2 F713el wel 26.08%, 47.70% 2 8219% = base ¢ BT w] COX-2 A3&°o] &
T oEZ g FThskAH.
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Boiled Abalone By-products for
antioxidant and Angiotensin I
converting enzyme inhibition

effects and functional

Korean patent

573 " . =4 T
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o8 FHsHE /154 248
X o= A E o 3 A3
=3 A jE}O]#JT_;?; oREN g Korean patent TH &
A Aetel= 24=9] BIvtAlZ W
£3 3 2etYl AsE T WAIgH Korean patent +=H F
3 25
Handbook of Marine
Macroalgae:
Immune regulatory effects of Biotechnology and
& A phlorotannins derived from marine Applied Phycology, =3
brown algae (FPhaeophyta) UK, John Wiley &
Sons Publishers
(Nov., 2011)
Protective effects of in vitro
gastrointestinal digests of abalone Fisheries & Aquatic
= (Haliotis discus hannai) intestines against Sciences 10, 216-223 Al A
oxidative stress in RAW 264.7 (Aug, 2010)
macrophage cells
Abalone (Hali(?tis discus hannai) inte.stine Fisheries & Aquatic
= digests with different molecular weights Sciences A A
= inhibit MMP-2 and MMP-9 expression
in human fibrosarcoma cells. (Jun.., 2012)
Antioxidant and Anti-inflammatory Biotechnology and
s Effects of Abalone Intestine Digest, Bioprocess Engineering A A
e Haliotis discus hannai in RAW 264.7
Macrophages (Jun., 2012)
Beneficial Effect of Gastrointestinal
) Digest of Abalone (Haliotis discus hannai) | Journal of Aquatic Food A =
= Intestine on Osteoblastic MG-63 Cell Product Technology mohe
Differentiation
Angiotensin I Converting Enzyme (ACE)
=5 Inhibition Effect§ of a novel peptide Process Biochem, =g =
from Boiled Abalone,
Hallotisdiscushannaiby-Products
Effects of Abalone Intestine
- Gastro-Intestinal Digests, Haliotis discuss . = —
= hannai on mast cell-mediated allergis Food Chem Toxicol T
reaction
Abalone Intestine Gastro-Intestinal
wn Digests .attenuates hc?use dust'r'nit'e Food Chem Toxicol e =
allergen-induced atopis dermatitis in
Nc/Nga mice
cp |l A S | of e |
I o Product Technology T
ovalbumin-induced asthma
GF F7F ARE d ZA-EA-71E 59 update & 449,
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