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SUMMARY

1. Title

Development of functional food for bone-related diseases from seaweed

II. Objects of the research and significance

Seaweeds containing sea mustard, sea weed layer and sweet tangle laminaria japonica
have been culbtivated in Korea and the amount reached 930 thousand tons in 2008. Most
have been used in food stuff, but it is not higher value-added business. The phase of
marine biotechnology in korea is just beginning. Therefore, marine biotechnology to make
higher value—added product from seaweed will help fishing villages to make money.

Current medicines include green algac(Fulvescens, Parlay), brown algae(Kelp, Seaweed,
Hizikia, Sargassum), red algae(Gelidium, Laver) has been used. Of these, Hizikia produced
domestically accounted for approximately 7% of algal production. And Hizikia is an
important source of income for fishermen. In Korea, Hizikia production is that Jeju Island
(7.79%6) and Wando (88%). After fukushima nuclear crisis in Japan, the price of seaweed
and kelp are rising. However, price gains of hizikia had not much. Therefore, the
development of high value products with Hizikia was very advantageous in industry.

Advances in medicine make human live longer and then, there has been interest in
metabolic and degenerative diseases. Among them, the research on bone-related diseases
high-rating in developed countries has been extensively done.

In the field of conventional drugs BIOS(Merck) and Bextra(Pfizer Inc.) were used for
arthritis. GSK(GW-406381) and Novartis(Prexige) had a Safety—enhanced COX-2 inhibitor
drug development was going on in the series. NSAIDs had basically not regeneration of
cartilage and had long—term administration side effects.

In addition, the case of Korea, joint disease-related functional food market had that
glucosamine have been reported up to 1 thousand billion won in 2009 year. However, in
2010, Korea Health and Medical Research Institute reported that the no efficacy of
glucosamine for osteoarthritis. After that, Health functional food market associated with
glucosamine was shrinking.

In addition to eliminating the risk factors to these diseases, the balance between
absorption and formation of bone is very important. Hence, needs for drugs with efficacies
and without side effects has been increased. Therefore, this study aimed to develop the

functional materials from seaweed to be safe and evaluated for efficacies against
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bone-related diseases. This may help to expand domestic market and secure national
competitiveness.

. Scope of research

Chapter 1. Screening of function food materials and manufacturing process from seaweeds.

Section 1. Examination seaweeds for prophylaxis potentials against bone-related diseases.
O Collecting seaweeds and making their water extracts.

O In vitro tests for anti-oxidative activity with DPPH and osteoblast cell (MG63)
proliferation.

Section 2. Standardization for manufacturing process and establishment of reference
compounds
O Determination of conditions to eliminate As and quantification of amounts of As and
other minerals.
O Determination of extraction processing methods.
O Activity-guided fractionation with osteoblast cell (MG63) proliferation and
anti—inflammation through nitric oxide activated by lipopolysaccharide.

O Establishment and identification of reference compounds.

Chapter 2. Search of fermented Hizikia. extract on bone-related effects

Section 1. Anti-inflammatory effects of extracts of fermentation Hizikia(in vitro assays).
O Fermented Hizikia extracts confirmed the inhibition of NO production

O TFermented Hizikia extracts for anti-inflammation effect like COXs, TNF-a and IL-1.
O Fermented Hizikia extracts for mineralization effects on MG63 cell

Section 2. Efficacies in osteoarthritis model induced by mono-idoacetate (MIA)
O Weight bearing test

O Micro CT, Histology

O Biomarkers in serum like COXs, TNF-a, and IL-18.

Section 3. Efficacies in osteoporosis model induced by ovariectomy
O Bone mineral density
O Micro CT, Histology

O Biomarkers in serum like Osteocalsin & CTx.

_12_



Chapter 3. Manufacturing prototype for functional foods from seaweeds.

Section 1. Establishment of the manufacturing process
O Examination of characterisitcs of standardized extract

O Establishment of standard manufacturing process

Section 2. Formulation of research
O Formulation of capsule
O Stability test of capsule

O Nutrition contents

Chapter 4. Establishment of Criteria / Test Methods and Evaluation of safety test

Section 1. Establishment of Criteria / Test Methods
O Specifications

O Test methods for standardization

Section 2. Evaluation of safety test
O Single dose toxicity test

O Chromosomal aberration test

O Ames test

O Micronucleus test

Chapter 5. Human research study
O Single institution, randomized, double—-blind, placebo human research
O Efficacy tests (VAS, WOMAC)
O Cytokines in serum
O Safety evaluation

IV. Results

Chapter 1. Screening of function food materials and manufacturing process from seaweeds.

Section 1. Examination seaweeds for potentials prophylaxis against bone-related diseases.
O Collected 63 kind of seaweed and made its extracts with hot water(page 25).

O Examined the activities of water extracts for anti-oxidation with DPPH(page 26-27).
O Examined the activities of water extracts for bone-related diseases via proliferation of

osteoblast cell(page 28-29).

O In addition to biological activities, Hizikia fusiforme was selected with regard to

_13_



intellectual property, published papers, supply and demand of raw stuff, and possibility
to develop a functional food{(page 30).

Section 2. Standardization for manufacturing process and establishment of reference
compounds
O Arsenic (As) is known to exist in organic compounds, arsenobetaine, but the process
for removal was optimized. The treatment in boiled water for 5 min efficiently reduced
the content of As in the extract lower than provisional tolerable weekly intake
(PTWD(page 31-34).
O Solid fermentation supplemented with malt and commercial enzymes promoted the
growth of Aspergillus and increased the proliferation of osteoblast cell (MG63). With
regard to industrialization, usage of enzymes was selected as standard process(page
35-41).
O For establishment of reference compounds, activity—guided fractionation was done
with activities to proliferate osteoblast and reduce the amount of nitric oxide activated
by lipopolysaccharide (anti-inflammation)(page 35-41).
O  The compounds of phlorotannin were revealed to have proliferative effect on
osteoblast cells and anti-oxidative activity. The major compound was revealed to be
fucosterol, which is selected as reference compounds. Fucoidan was also selected

because it has been known to have immunomodulating activity(page 42-50).

Chapter 2. Search of fermented Hizikia extracts on bone-related effects

Section 1. Anti-inflammatory effects and stimulating of bone formation of extracts of
fermentation Hizikia(in vitro).

O Fermented Hizikia extracts showed the inhibition of NO production{Figure 17).

O The standardized extract from Hizikia fusiforme also showed the anti-inflammation
effects through the reduced expression of pro-inflammatory cytokines such as TNF-a
and IL-18, and pro-inflammatory enzymes such as COX-1 and COX-2(Figure 18-19).

O Fermented Hizikia extracts was known to stimulate bone-formation in vitro markers

such as mineralization(Figure 20).

Section 2. Efficacies in osteoarthritis model induced by mono-idoacetate (MIA)

O The oral administration of the standardized extract improved the bhehavior in
osteoarthritis model induced with mono—-idoacetate (MIA), reflected from weight bearing
test(Figure 22). The loaded burden on lesional foot induced with MIA was increased by
oral administration of the Fermented Hizikia extracts. This means the severity of
osteoarthritis was alleviated.

O Micro computerized tomography (uCT) showed that the bone surface in part of
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cartilage in rat administered with Fermented Hizikia extracts was smooth more than
control. The result of pCT said that Fermented Hizikia extract has the efficacy against
osteoarthritis(Figure 23).

O Histologies with Hematoxylin and Fosin staining, toluidin blue, and safranin O showed
that the oral administration of Fermented Hizikia extract exerted prophylactic influences
with regard to the degree of degeneration of cartilage, abnormal phenotype of cells, and
extent of cartilage substance(Figure 24-25).

O Biomarkers in serum were also affected toward positive direction. Fermented Hizikia
extracts reduced the amount of pro-inflammatory cytokines such as TNF-a and IL-18.

Also pro-inflammatory enzymes such as COX-1 and COX-2 was reduced(Figure
26-28).

Section 3. Efficacies in osteoporosis model induced by ovariectomy(Figure 32-39).

O The oral administration of Fermented Hizikia extract improved the hone mineral
density and the amount of trabecpfar bone in osteoporosis model induced by
ovariectomy. This was confirmed with Mason’s trichrome staining.

O The biomarkers of hone formation (osteocalcin) and absorption (C-telopeptide, CTx)

was heightened and lowered by oral administration of Fermented Hizikia extract,

respectively.

Chapter 3. Manufacturing prototype for functional foods from seaweeds.

Section 1. Establishment of the manufacturing process

O The standard manufacturing process for mass production has been established(Figure
40).

O Determine the basic properties(page 83)

O Compatibility with excipients(page 89)

O Stability test of Fermented Hizikia extract(page 94-95)

Section 2. Formulation of research

O The formulation of granules was developed(page 96).

O The results of two months accelerated testing confirmed no change in physical
properties(page 101).

O Nutrition contents analysis were shown in Figure 53.
Chapter 4. Establishment of Criteria / Test Methods and Evaluation of safety test
Section 1. Establishment of Criteria / Test Methods

- Specifications and test methods for standardization has been established(page 103-110).
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Section 2. Evaluation of safety test

- Single dose toxicity test using rat showed that lethal dose is over 5,000
mg/kg(Appendix 4.1).

— Chromosomal aberration test using Chinese Hamster Lung (CHL/TU) cell was negative
at concentrations less than 5,000 pg/m¢ (Appendix 4.2).

- Ames test using auxotrophic Salmonella typhimurium and Escherichia coli was
negative at concentrations less than 5,000 pg/m¢ (Appendix 4.3).

- Micronucleus test was negative at concentrations less than 5,000¢g/m¢ (Appendix 4.4).

Chapter 5. Human research study(Appendix 4.5).

- Hard capsules containing 200 mg standardized extract/capsule were packed with
maltodextrin, microcrystalline cellulose, caramel, stearic magnesium, and herbal flavor

- Appearance and loss on drying at 105C for 1 h was stable for 2 months. But crumbling
took longer time 2 months after storage

- Double placebo human research (66 case) was designed to take a dose of 800 mg

standardized extract per day
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1) Ko H, Yang W, Park K, Kim M.. Cytotoxicity of mineral trioxide aggregate (MTA) and bone morphogenetic protein
2 (BMP-2) and response of rat pulp to MTA and BMP-2. Oral Surg Oral Med Oral Pathol Oral Radiol Endod.
2010 Jun;109(6):e103-8.

2) Ko H, Yang W, Park K, Kim M.. Cytotoxicity of mineral trioxide aggregate (MTA) and bone morphogenetic protein
2 (BMP-2) and response of rat pulp to MTA and BMP-2. Oral Surg Oral Med Oral Pathol Oral Radiol Endod.
2010 Jun;109(6):e103-8.
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A 2 A SFRE LAE)Y HA AL processing FH 2 EY A%
22 AN

29 vHA& AAYEY 9 5 %] H& AA e digk EduF & EUE
100C = 583 AA2E st FE9 A9 vjAsaEe 14.18 mg/ke® SRAE R
om o] 100C= 30%7F AAYE HotnS W v[ATES] 15.35 meg/kg®t H]uls)
of & Aol7t §les 9 stk o] &S AR FO] HlAAA HHE 100T
2 583 AAYste] FEat= Adow gt

A (As)= Edoly &4 aegla F7] S dg #¥313 & 9aoy, A EFoAx vl
o] W Aa7) FREe] k. dukg oz ofx, I, 7ol 0.0171.0 mg/kge] WlA7F 5o
Ao, FEFAAME 20770 mg/kg AEZ Wud B FRol nivt EAdva dyA 9l

o4

Mot Q77 olBERe W Adder e Ao 47 BauAg AAEA %
A5 A% F9H9 W gk WY, 2R NG o A4 AWde) 8E A2
217} 9ls)

& v &g s Hat vlA o]l ofAy 2R, §7(0.171.0 meg/kg) BT ER @
5 ZHe F8 ARES 540 A9 fE f7Inlavt
o] rAstriar & A ke
T TA #-E 7E gAY rAlAE obA AR AGEzl Ae gle
= 2 AHE AASIESE sta gloH, A= AveE &
g/kg ooz gl A3 AAE Aarstal Jvh?
kA RE, A9 A= FAO/WHOY 3 AF37F= A&7t 3] (JECFA)A A3 74

4) Kim KS et. al. Arsenic speciation and risk assesment of Hijiki(Hijikia fusiforme) by HPLC-ICP-MS. Korean j. Food
Sci. Technol. 2009 Vol. 41. No.1. 1~6

5) Martin Rose. et. al. Arsenic in seaweed—Forms, concentration and dietary exposure. Food and Chemical
Toxicology 2007. Vol. 45. 1263-.1267

6) Foster S, et al. Observations on the measurement of total antimony and antimony species in algae, plant and
animal tissues. 2005. J Environ Monit. Dec;7(12):1214-9.

7) Martin Rose. et. al. Arsenic in seaweed—Forms, concentration and dietary exposure. Food and Chemical
Toxicology 2007. Vol. 45. 1263-.1267
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Ao PTWICGHE 3+ A
750 ug/person/weekel| 3
AAsloF 3l Fo=, ¢
LIRS 35 4= L)

Tk dEo e HAE AA 25 o83ty Hste] 29 v AAA HHS Jigstal A

SEE A

# 0 2
Foha, ol AFES WY 47 g(@FYN B g L ASHoR
WA A9 2

el Bl g o A FErr dojuA @gkthar

mebA, sl sl £E ol gt VS AAE S& M) A= Rl FhE A

df ARl WaE Ak Aol mhgAsit ofe], & A2 wEE Y] del

s o fral AR HaE AAN] AT 2482 APt

11 %9 HaAA g W

L1 =e] A A

AAZE R 2 kge mEE wo 2738 AHRY ojRs VT e® 34 25T, 40°C, 60T el A

3084 A AP 3 A, 100TEE EelA 3080 A A & A, 121CAA 1583 Ak b
P AA HAEZAA WA R U da

d A0® 77t 300 g A Urol A AF F av %

-

112 BolAe) wa 24
L REE S EN-

N2

g s £4317] A ArCllmyz 75)00 o8k A& AAE

8) Japan Ministry of Health, labour and Welfare. 2004
9) Hamano-Nagaoka M, et. al. Nitric acid-based partial-digestion method for selective determination of inorganic
arsenic in hijiki and application to soaked hijiki. 2008. Shokuhin Eiseigaku Zasshi. Apr;49(2):88-94
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4 1+ DRC(Dynamic Reaction Cell) mode”} & ICP-MS(ELAN 6100 DRC 1, Perkin
Elmer Sciex, Waltham, MA,USA)E A}&3lo] 2241349t}

12. 29 % wla 9 vulg # 39 A
ex 2A¥WRE A AP £ F vlx 2 v g FLFS ICP-MSE o]gste] E4asich
%g s2E 2o 2733 AHF A9t F va F¥0] 6361 mgkego R YA HxR

= 2 odnkE
o] EAsks ¥ 20770 mgkg Abeldl E0l7 AL Flsklrh nT, ex xAME A
S0l 15.35746.46 mg/kg?l W= &9
o] &, B& 100C=E 30+ d H¥ g 49153
mg/kg) B tH F W& FraFo] oF 4u] o) #Had A& e Fych

i3 dAE 2de wWE £ vA 2 muld g Wk o9 ppm(=mg/kg)
ISR
Washing 25°C 40°C 60°C 100°C Autocleave
g 2
Mg 4,163 3,962 4521 4109 3,990 3,846
Ca 9,716 15,64 16,61 16,65 16,55 16,93
K Saturated Saturated Saturated Saturated Saturated Saturated
Pb 0.86 1.07 1.08 0.96 0.55 1.30
As 63.61 46.46 4251 39.49 15.35 38.21
Cd 273 2.63 2.50 2.36 1.83 2.22
Hg N.D N.D N.D N.D N.D N.D
Fe 48.02 78.92 67.37 72.93 100.84 101.3

%o WAAA PAA R 238 F ATANE WL AAE Ashq AZEL bollng 2
A%

steaming & 3} %4, boiling 2

n : 195 ppm, 30 min 16.1 ppm) 7}E A 7ko] Zo] 3 ] Lﬂrﬁ} /‘3 o] &4o] & F 7]l
o] AT A= 5EZF AAHEYE Bt HAE AAST F & o] & STk

10) JG Koo, GB Kim. changes in chemical components of hijiki during heat process. Fish sci.reserch 1998:14:33~39
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i 4 HF FEEANMY vl R g & 99 ppm(=mg/kg)

Elements Water ex. EtOH ex.
Mg 104.62 77.53
Ca 95.51 63.16
K Saturated Saturated
Pb 0.09 0.13
As 14.18 893
Cd 0.15 0.09
Hg N.D N.D
Fe 2.78 2.29

ug/person/weekl Aoz IdHA 9]

(01710 mg/kg) Ht} A

dol A9l

A F 3 & FHPTWD o]
147] 3%A %=(2009) el A Z=A}

] 627 A A2e & 19 14

g £ 19 1 H+ A F2 0.1 g/daye] At
_Cq

.38 ug/person/weekz PTWIS 7154

A QAo AeS ul slseh v
o] 39%09] a|HE= AL okow 9ailo] Qo] rATL 3

891591 T,

11) Foster S, et al. Observations on the measurement of total antimony and antimony species in algae, plant and

animal tissues. 2005. J Environ Monit. Dec;7(12):1214-9
12) = Ad7 g BFzA A|47]) 3xPA=(2009), HAEA]
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22. A4 7he 23 g9e A xEAx 24 54 I

ol B, sUE, 2rles st dE w7 FRS LAY B 24 Wl
& ol&ste] ¥EE A= AAA, TR A HOLE - 15, 2F, 3F, 457, E4AY
- 1€, 2¢, 3= A4 AMRE Ao xIAXE T4 e FANeH HAF W o

221 2EAMX @4 Az v Wy

Human osteoblastic cell Q1 MG-63 cell & 3ha M 2FL (A dgw o33}, Korea)dl Al
FoFutol olgtdo Al Aa) ksl A&t MG6E3 human osteoblast cellle A X v %F
A Al F-2A1 7] 3L penicillin ¥ streptomycin ©] $H+¥ 196 antibacterial-antifungal solution
(PAA, Canada)¥} 10% FBS (PAA, Canada)E %713 DMEM (PAA, Canada)s A}-83}4
5% COs 37TCincubatorol A vkl c). wjkel 2 273U dH A WA Y, cell seeding Al
MEE &3 891X 9 tryphan blue €98 1112 &334 hemocytometerE ©| &3}
tryphan blue ©l 9a] @A ¥ AELE AFSFAT

222, ZFAX &4 2l W (MTT assay)

Osteoblast®] <=2 =L @A 7k iz #HAMo] 7}53 MTT colorimetric assay HWH
(EZ-CyTox, Daeil-Lab Co., Korea)s AF&3le] =439t} 96-well plate(ISS, korea) 2x10°
cells/well = cell & #F3 g 24x3F &<k 37T CO: incubatoroll A #j ¢k g & 2g A
Lol ® FE=S % H(0.01, 01, 1, 10, 100 wxg/ml) = A els} \jr 24 h, 72 h% Z well &
MTT0 pl/well) AoFS #H7F8FaL 3413 &9k 37Tl A w]kdt & MTT7} formazan °.%
235 = 4S ELISA readerE o] 8319 460 nmolA SFHFEE SASIAY. 2F A 2
well® 33 HHEAEE g o, £ EaEAESY g AX FAEHE 3 v A3
Hir ks Fd & ol F AR XHysA ¥ DMEM §Ho Hjgs dizxaro] sk #HEg=
EA YT

13) Ko H, Yang W, Park K, Kim M.. Cytotoxicity of mineral trioxide aggregate (MTA) and bone morphogenetic
protein 2 (BMP-2) and response of rat pulp to MTA and BMP-2. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 2010 Jun;109(6):e103-8.

14) Ko H, Yang W, Park K, Kim M.. Cytotoxicity of mineral trioxide aggregate (MTA) and bone morphogenetic
protein 2 (BMP-2) and response of rat pulp to MTA and BMP-2. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 2010 Jun;109(6):e103-8.
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38E E FEEY MEE A% H4 £ 20 g9 2 AxEHE H©A
g 58 8 283ty 2I3AME FAEA 9 FAdEAHS A% A fucosterol S
F-3F+ phlorotannin 8 & oA g4 o] 74 =& A& 21351
o]zt A3 E nle o 2 fucosterols $H-3F+= phlorotannin (PHLT) #83& AFE-314
ZEAE £3 €43 NO dA &48 g1k A 22 A% €742 negative control
o wste] oF 289% A® ©] £& ZHAE HYI, NO JA &4E LPS Aol Hl3
°F 70% AATE A& FAsT)

PHLT 3 #38%& %9 AEEZZH2 fucosterols FAFOZE -3l AL 1591,
fucosterol & £ o83 A7}7]5 2% % Ve AEe Y5 AxEAZE A,
Boapde Nag AT F LIRS £ AUBARA L AuBAL G4 5] &
W PE Fo wyon PHsle]l xZHY 34 9 PE 84, 2ea 39 24 £ 293

of g £ 4 BY 2 9 AREAS FA33.
31 7 B8y 28wy
HAAA AHE e B8 s o me} £E3te] 2EES F539.
Total 80% EtOH —{ Chloroform 100%
extract (75¢)
s - oo g 0
. | ) Egt.:‘ﬂifw_ws Chloroform 95% + Ethanol 5% _| 35% Ethanol/Water |
. -‘i‘, T - 5 : 0 0
— sojution Chloroform 90% + Ethanol 10% _| 60% Ethanol/Water |
Crystallizes (15¢) Drying/
v Ethanol [ Chloroform 80% + Ethanol 20% |=—{ (18 70% Ethanol/Water

Ethyl acetate soluble

(15 Chloroform 70% + Ethanol 30% —{  80%EthanolWater |
—| Chloroform 60% + Ethanol 40% —| 100% Water |
=1 Chloroform 40% + Ethanol 60%
—{ Chloroform 20% + Ethanol 80%
—| Ethanol 100%
— Aceton 70% + Formic acid 5% + Water 25%(A)
o9 5 s £ £ A
FAME (5T 2AL o8t XRAL 4 BHL FAstw, BHo| Ut AL U
2H5ie] A¥ AL S
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33, HALA s 93 F8dE g &
AT W AAY 240 &84 Z&oly 584 =4 Avdd 59 owgk 71d A W
St 7ML e AHFol el o o & FAE FHEAA EE 71dolt. oleld dFnkg
o] 3/ E S Prostaglandin(PGs)¥} Nitric Oxide(NO)¥= el 2 59 AsapAo] S8
il E etk LPSy 2@ o9 ARy dAdEAR de] A o md
LPSE MacrophageE €743 Al7|H thgsl F729] cytokined} €7d4k4, Nitric Oxide (NO)
& A4k 1)

NO+= A4 <l Aeo A &=43}+= neuronal NOS®} endothelial NOS7| )+ ®¥HH IFN-y &
I 28 cytokined] 9F H= @E Fi= INOSE TEHT NOE= A e wro]zkgo] o
AR, ) AdE NOE o@aa, O 9 95 whg9 o] Art Ed, COX-2v AA
MEANA= 2L T=7F v Foy A=Al EoA] o] A=(cytokine, endotoxin, mitogen)

AZoll #Host= PGH Aol Bty 16

1=>
u

o o3 f& Ao T

el B Age BE B FEE FYE0 dF4 23 AW 2 A5A ke Vx4
522 A8E F dEAE g8t o vbe S welax sAFoR & R FEE
2 B FES 7pxa LPSE A3 RAW 2647 AlEolA NOY AAdA] &3E FAEHo]
g B FEE B AF oA e ds e

3.3.1.1. A wgk

Mouse macrophage cell 91 RAW 264.7 cell & @A EFEHP (A& o3t s,
Korea)ol| A #<F Wol AGAoA] Aheft dlo] AR5 Y. RAW 264.7 mouse macrophage
AXE AX wd HAlo F-2ZA7]3L penicillin @ ¥ streptomycin @ ©]  FHH 1%
antibacterial-antifungal solution (PAA, Canada)¥} 10% FBS (PAA, Canada)E #7}3t
DMEM (PAA, Canada)e AF&3l9] 5% CO. 37 Cincubatorol Al 8] E3FA vl vl ko2 273 9
sk A WA B, cell seeding Al AXE 33 wl=] ¢} Tryphan blue §94& 1:112 &3t}
o] hemocytometer & ©]-&3}°] tryphan blue o 9ls] IM% % & AEE At

3.3.1.2. NO assay

RAW 2647 AXE 48 well plated] 5x10° cell/well2 #F3d t}S 24A7F & w3 E 23
sample2 1, 10, 100 pg/mle s=2 X8 3dla, 147k —6r | LPS (05 pg/mi)E A 3le] 37C
5% CO2 incubatore] A H| 01:0} 3T LPS A 24A17F S0 Axul ds o 50 plet Griess
AleF (196 sulfanilamide in 5% phosphoric acid + 1% a-naphthylamide in H20) 50 wE &3t
3ol 96 well platesoll A 108 &<t ¥F&-A171 & ELISA reader & ©]-&3}¢] 520nmol A &%
=2 =243 23E NO: 2 Standard curveE 2HA dto] A Euik F5 o] siHoldE
NO ¢ gt& AAbskaoh

15) Zhi-Yong Xiao. et. al. Inhibitory effect of linomide on lipopolysaccharide-induced proinflammatory cytokine tumor
necrosis factor-alpha production in RAW264.7 macrophages through suppression of NF-xB, p38, and JNK
activation. 2007 Immunol Lett. Dec 15;114(2):81-5.

16) Battistini L, et. al. Reactive nitrogen intermediates in human neuropathology: an overview. 1994. Dev Neurosci.
;16(3-4):152-61.
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O AARAA T}
}oq HEHOoZ PHLT 3 #5100 pg/ml : 1273 + 069)& A &4
o2 2l vk 12 F 8ol A= EAU00 wg/ml - 16.7 + 0.20) &
3L, 22 B3 A A Silicagel-23H 3 (100 pg/ml - 175 +
S MAT ] 32 B3-S vk T3 PHLT 3 £8%2 59 AiEEZQ fucosterolS
FAEoZ Frstal vk wEkA], PHLT 3 +9

AFEe d5dd ANE=d= JHsrh

£«
2
—Higﬂlloo

o]
J i
mlo

Fe RE 8T AYE HF 2 1A

1

NO assay

(=]
L=]
1

-9
L=
[

Nitro Oxide(pM)
b=
1

204
104
04
cont LPS 1 10 100 1 10 100 1 10 100 1 10 100(4g/ml)
EA Water S 23 PHLT 3
a9 7. B8E B3 NO 238 oA el 14 EZ(EA : ethyl acetate, Water : water soluble), 22}
3 (S 23 : sliica column fraction 23), 32 £2&(PHLT 3 : Phlorotannin fraction 3)
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®
gl AAS fucoidan®] A= oF 30 kda-50 kdaol™, 3.6%6(36 mg/g)d] AExFT&

1

ZZE2S 5ul(w/iy)e Zo Holx, A7 AAZ ¢35t HCIS 02 Mo] FJ== A
2o A 12417 FoF vk AT} whgo] EFuw AR st L As Ayt 38j(v/v)
9] acetones 20T A 2A7F &9t ARGy, I FHAEE 353 acetones T3 A

gl & 7Ax3}te] crude fucoidan® & A&} ).

4.1.2 Fucoidan®] A A HH
A7 A %3 crude fucoidan 2 g& 200 ml® 50 mM Tris—HCl pH 7.0°] &3s]A)1z1 3, 44
FEste] 1 A e ol2ud ARvtEIHYE ol g3t AHASIATY. e dS DEAE-Cell

wlose 25%x15 ecm Ao FYstar, A EE 500 mlel 0.1 M NaCl/50 mM Tris—-HCl pH 7.0,

0.4 M NaCl/50 mM Tris-HCl pH 7.0, 3 M NaCl/water®= Z7} @A/ d oz L&A} 2 &
Zole B 5 24 AxdFdoy, o] £ 3 M NaCl/waterollA] €& A Z9he zZhE F4
woAE ol AA fucoidan 2AE AFEEFACT. YS9 18 fucoidan ¢ ¥ AA HWFHS

Enzvme treatment
Hijild extract

: g L Add 2% CaCl:.water solut
{ Renlﬂ"lneﬁlglmc acid ] 3 water solution

for overnight at room temperature.

Centrifuge, discard pellet

( Precipitation of Crude Fucoidan } precipitation with 3 volume of ethanol.

DEAE cellulese anion exchange choromatogram.

Unbound component ] [ Bound component ]

| Elute with 3M NaCl

L 4
High
Sulfated
Fucaidan

178 8 Fucoidan £¢ #A%E
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4.2 %E B FZFLA fucoidan® #4
Fucoidan< 4HAd o] =84 g

GERIE
G, A9 Ak 23 FRan, dHEL, AL
_]

421 & & 7 fucoidan® AE ¥4

42.1.1. ¥& % 3 fucoidan 74 4

fucoidan®] F-Z=ZH 7|24 4 FAE Fax9 I A4 E vy v 2R

o zHE /443 fucoidanol A Fm27) 71.97% i o] AH A9 fucoidan®] A D
& UEHY.

g B FEEZ5H AAS fucoidans, L(-) Fucose (71.97%)¢]o= A7Fe] ©@diF L(-)

Rhamnose(0.37%6), D(+) Galactose(18.4%), D(+) Mannose(5.66%), D(+) Xylose(3.60%)& 3

skal ATt

-
Q
o]

<
; 1 _Fuc - 5.767
1 25;
1 007_
757_
50—?
25—:
A 5 _Gal - 15.334
7: o - 2 _ Fha L& ooeyn 4 -1 3_544\, 8 = @3-3(;/!17
,‘"WWI/’"J e e
20 - T T T T T T T e
0.0 25 5.0 ragt = 10.0 12.5 15.0 175 20.0
No. Ret.Time Peak Name Area Amount Molar ratio Concentration
min nC*min pmole mg/100mg Z=dH|(%)
1 ST Fuc 30.978 1576.182 4.29 10.090 Tl
2 9.90 Rha 0.112 7.218 0.02 0.051 bLeT
3 10.67 n.a. 0.312 n.a. — — —
4 13.63 n.a. 0.033 n.a. — — —
5 15.33 Gal 9.001 367.219 1.00 2.580 18.40
6 17.73 Man 1.553 112.942 0.31 0.793 5.66
7 18.43 Xyl 1.896 86.353 0.24 0.505 3.60
Total: 43.886 2149.915 14.020 100.00

238 9 28 5 #9 fucoidan® 7+AE 24 23}

_43_



4212 & 5 i fucoidan® 47 &=
A7) gher A A, g o2 5H E2/4AS fucoidanol A 28.21%<] 3HAk7] EEbs

LHEFSITE

standard curve for analysis of sulfate content

01

= 0.0009x + 0.0013
008 4 _—

R? = 0.999
0.06
0.02

O I I I I I
0 20 40 60 80 100 120

UV 360 nm

% of Sulfate content

3M-fucoidan : 28.21 % ( 0.28mg/mg )

22 10. Fucoidan ¢ #4t7] %

4213 EE E & fucoidan®] F o, @ A9 A= +4 A3

ZE25H &8 AAS fucoidane] A 4 A3 & o 50%, @A 292 o]
o} A3 4 Ade 10%= YERSTE

3.000

2.500

2.000

[ | 1)1'ofein concentration (’lng,"nll)

1.500

m Total sugar concentration
(mg/ ml)

1.000 | Rt‘ducmg sugar concentration

(mg/ ml)
g )

0.500

0.000 —
IM 0.4M 0.1M Crude hiziki Ext.
fuceidan

a9 11 28 % 79 fucoidan®] & 2, @9z, A3 A &4 23
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422 W& B 9 fucoidand A% =7

2.2.2.1. Size exclusive HPLC & ©|&% fucoidane] A= #21 23}
vy B FEEZHEYH BE8/4A3 fucoidane 9F 30 kda-50 kda®d] EA#S 712 fucoidan o

standard 5 kDa
<1000kda

Ty i
1 !
I !
I | !

V7 —t o = = . r?
' I !
1 || I
! 1| !
i i i
: I |
! = !
= ! i = !
! ' i
w1 = o I -

. 30-50 kDa |r
m 0 am €n n 0 am = an an sm =n &0
(1 3
23812, Size exclusive HPLCE ©] &3} fucoidan® ¥A% =4 2}
4

3. A=

BoAFe] wa B FEEZHEH 8 /4A3 fucoidan® +A#EE °F 30 kda-50 kda©]H,

3.6%(36 mg/g)el AEFTES YEHHLE 3] F-3F0] 028 mg/mgl® 28F H% = e
= 7 il

o TAY BAAT 42l fucoidan¥-& 2HlsS o)

—+
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ke

42, & 3 BE Eo] % FAE(Fucosterol)® ¥3t= LC/MS 4 Ay}

5 ¥ a 5o AuAdE(Fucostero)e] Wz LO/MS 4 2y ; oaE Fo
Shako] oF 22w =gkdl AL 3Holst = gIArh

h Y

fucosterol2]

421.1. A eF H 7]7]

Ao o] g3 Ee Ao H BHle Sk 7Yste] ARESEYE. RRLC-MS/MS+=
Agilent Technologies®] Agilent 6410B(Agilent Technologies, USA, Santa Clara CA)S o] &
gko] A5

W A

42.1.2. #8= ¥

A7 A
Powder3} 3+ % I3

3
1=l

1E 5 1 g % 8% MeOH 5 mlE 7}3h

AZIS e HE 200 e FH3oto], 40T olstel A Fds=7]= A9 ol A 53k, MeOH
FEE 5374 mg) ¥ 2E E(G66 mg) & 4T MeOH FF=-S 10 ml vial o H0%
EtOAcE 2 ml®S AFg3te] Yar, 302 %S¢t voltexing 3+ 3, centrifuge(1,3000 rpm / 4TC) 3
g = 5 F Y Foz vro A FE ARl EtOAc T& vholAE FHO 500 0 F
S 40T o]gtol A FHdF=72 Y T=39] EtOAc &= €3, 1000 ppme] 352 =
Fo] Age) AL&stSiTt.

o

MR Mo
LIS

422, 2 7171 =71

4.2.2.1. Agilent 6410 LC/MASS & Agilent 1200 RRLC condition

¥ 6. LC/MS 271 % (&), RRLC 27 %(%)

Agilent 6410 LC/MASS Agilent 1200 RRLC
SCAN mode 100 — 800 (m/s) Epic C18, 4.6 x 250 mm,
. Column
Diode array 218 nm 3um
Ion Source Positive Flow Rate(mL/min) 1
Fragmentor 150 Injection Volumn(u@) 10
A: 0.1% Formic acid in
. Water
Gas Temp(°C) 320 Mobile Phase . L
B: 0.1% Formic acid in
ACN
Gas Flow (L/min) 35 Column Temp. 40°C
Capillary Volt. (V) 4,000
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2 LA S3HH|IE
BPE AZHE) B Olsdt 2wdlE
0~3 50 50
3~9 0 100
9 ~ 12 0 100
12 ~ 14 100 0

424N E 4

FoA #2¥ fucosterol 1.2 mgE MeCN-s ©o]&3e] 0.005, 0.05 05 mg/LY ¥+ &H4&
ZA 3 2 w & FYE HBFAES FAAHEI AR F 4 249 FTEE L
MASS/MASS® -4 3}9) ).

@

425, Nd At

4251 #ZF=ZH o] HeEA

5000000 fucosterol
v = 6401562236347« + 12,279 3000
4000000 RZ - 09999

2000000
g

< 2000000
1000000

0

0 002 0.04 Q.06
Conc. (mg/ml)

¥ 13. Fucosterol standard Standard curve

fucosterol®] A% ZT=A1E9 FX 0.0005 A 0.05 7hA LC/MSE EA431S o sxo e
peak WAL v = 64,015,623.6347 x +12,279.30 ¢} & Aoz yEytow, I AASTE 0.9999
ATt metA] olsE WololA Aoj ke Wl A3 ol & 5 ST

N
N
O‘l
N
;%
2
=
s}
=
@
E
o
3
o]
S

®
=

< 5
o

)
o
[-4 {
bl
PO
T,
byl
o
N
il
il
)
o
23
R
ot
=
Rl
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108 |#681 TIC Gcan Fap=150 0 TLELFL1000 - 1eld

' I
T8 % J/ -\"\m.-ﬂl
* w0174
[£] \
[ \‘\
i§
5601
§ V10 E \
15 LN W '
4 ﬁ g5 JeraE .
H JMWWW”\‘ kel ’“’m“v“b"——\wz\wwmw,m \A.m | Ao e s ™
1 N ™,
H bl ¥

107 48B1TE Gean Fag=130 01 BTEFL10DRP.1std
11 vt &5
28

180 Brhed

E204

0¥ (D401 = 45igad 18 4 heorkmL WpETD 4

J UV:218 nm f Fucosterol .

0 i ¥ d 2 R TRT R g —— i 05 i i L) G VIR RN R R
Buspois v Leqnidion Tina (nin)

a9 14 % 2 2w Fe] g% Fd

4253. 49 ANg T EYEA (fucosterol) o] THaF W3
B

3} 3}
% 9wy Eo] Total Ion Chromatogram 2 E3fe] & dpdo] Xx&EH T 3z AA
3l fucosterol®] Shefo] ©ofF 22w Fwy AL Feolsk 4 YAk

% 8 B3 g EorY fucosterol T
N £ (1000 ppm) 9 £ (1000 ppm)
2t & (mg/9) 0.42 0.98
Area 1086826 2412345

4254, 9= (fucosterol) ¢ LC/MS data

Standard = AF&3F fucosterol & 1240 £7°l peak 7} YEbow [M-H]+ ko] 413 o=
e T

Phlorotannin &8 E(PHLT 3)°] ¥ &3 o{9li= fucosterol ©] dA4kst 1D¥EREo] ofd A
o] @A ® ZH7F de AS Flskart.

Fl

17) Lee S. et. al. Anti-Oxidant Activities of Fucosterol from the Marine Algae Pelvetia siliquosa, 2003 Arch Pharm
Res. 26, 719-722.
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* 114800
2588{1.75

5 , \L
56. 91

{ 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Time (min)

[M-H]+ 413

P YT, Uy L [ g gy
[ ol 1) [ o

9 15, fucosterol € LC/MS peak($]), peak Al ZF LC/MS gk(eb=h)

4255 X E2 (fucosterol) ¢ NMR data

t}&-8 phlorotannin £ & (PHLT 3) ¢ +%& %A3l7] 98] H-NMR % C-NMR < 3

Aol ),
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3H, d,|l/=6.8 Hz, I\ 1H’5’,-
H-29, E Iyl methyl I
1H,d, /5.0 Hz, |I" | l ‘
H6 ¥ | -|
1H, q, J-6.7 Hz, 1H,m, H3 f)l ] 1 I
»m, T Wiy
JF_“ H28 - s ;‘,: 4 1 }L'J ‘,-%_f ,q ﬁ';!}ﬁ.g'_.‘-' 1 I
, [ AL (Y A \ AL Y
sl o g e o ohils ] I L ' O R o SN Y
5.0 . a.5 4.0 3.5 ) a.o ?:5 - 2.0 l.ra pPpm
c7.8
c20 |
| | | C1 C25 |
& i c12/$22 5 C- c29|
ca8 5 | : ca| 418 | €T :
c24 | & c14| Py (1
! c.:i_ | i AT ‘ il
[ [ |
, . |
! | ‘ { ;

o & '\1 g | U
B * 140 130. 120 110 100 a0 a0 70 60 50 a0 ao 20 PRpm
methyl 2 n l i ”

methylene % J ‘ lL d | [ |
methine l I I l l [

all rotonated ; fucosterol l l ‘ J
i S U Wi ks A _..______.___JJ . Jlﬂ L i

19 16, HF %9 phlorotannin £ &89 Fo A& Fa2HE H-NMRMA0 MHz)
spectrum($)), fucosterol® “C-NMR, DEPT(100 MHz) spectrum(e}=})

vy R Zzzwud RIES Fo ARS A3yl 9ste] NMR=Z i3 A}
fucosterol® 7% TAHo] H AS Ao 55 0.015%
THXA D ARV E LS S REEAE ARRo] T}

w}e} A, fucosterol BE A3
SR o F-E 9l 33t

5. 4% ¢ u#
ol }e AiE T W& AL FE AR &S R oR dto] wE R AV
2Fo A VheAds HES J& vhed 2
¥ g X9 AREZTFT YR AR T fucosterol(FALH E)S
1. & 2asr] A(0.42mg/g) Btk #ad $(0.98mg/g)ol 1 o] F7Hsth
2. kg, ¢, T, @@ R 47s Bl Tl AUt ivta Bl gt
3. 71 A, AE# 23 JiA, A71s KA Tl B3 5357 RaFo] o
4. Fucosterol®] ¥4 23 #d d7 % 53] T2 HuFo QA oes S4E 7}
AL QM A7le TFo| 7, AF g R A JRF o] &old FHE AUt
Rt
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Al A 28 F F=9 &9 &4 294 3 F<2AGn vitro)
Lg% AH9 A 50 ppme] FEIA oF 0% A= NO AAS 8oz A5

=
Aoz YR THp<0.05).

A2 9% WS AT Aoz Bug,

4. FE 5 100 pg/mee A 233} 2 o] controlell Bk oF 42% o £ 3y
s ¥
L2 5 589 dF 8d 24 &<
dq4s ‘io% BAY =40 =24 ZHgolu stetd 24, A o ojwd 7 |
StE A 9<= Aol Zheld W I &4 FHE FEAA s 1A ot olHE ASks
o] g/l E 5 prostaglandin(PGs)#} nitric oxide(NO)&= &t 9 AZF9 a4 Fa3h
M7 &Aool th1s) LPSE 13 sAwre] o pAA R HdEdR e A dd. E=3

LPSE macrophageE 43t A7 vpdst F72 cytokinedt #4044, nitric oxide (NO)
& AAe 1),

NOE A4 Aejol A &A1&+ neuronal NOS9F endothelial NOS7F 3l #HH IFN-y &
W} 728 cytokined] 9 FE WF = INOSE FEATE NO= A e Wo] o 7
ofslx gk, ¥ AHdE NO= o&aa, ¢k 2 A5 vhge o] #Ar) =3 COX-2& A
A ]/‘1% I &7 ode e ASHAA X ]/‘1 o7  A=r(cytokine, endotoxin,

S pGE A Tl s

Eo] A4 Ao o 2 A=A e EX

= 5
5o bEAe WEnA eAdon g Rastel FuE

—|—’

2R A8E F dEAE dos

2 B85S 7HH AL LPSE @4 3E RAW 2647 A XA NO9 AdAA aaE A
WE O REE 299 4% oA b4 sy

L1 A8

18) Roy Pettipher et. al. A dominant role for chemoattractant receptor—homologous molecule expressed on T helper
type 2 (Th2) cells (CRTH2) in mediating chemotaxis of CRTH2+ CD4+ Th2 lymphocytes in response to mast cell
supernatants. 2006. Immunology Vol. 119-3, 362-368

19) Zhi-Yong Xiao. et. al. Inhibitory effect of linomide on lipopolysaccharide-induced proinflammatory cytokine tumor
necrosis factor-alpha production in RAW264.7 macrophages through suppression of NF-xB, p38, and JNK
activation. 2007 Immunol Lett. Dec 15;114(2):81-5.

20) Battistini L, et. al. Reactive nitrogen intermediates in human neuropathology: an overview. 1994. Dev Neurosci.
;16(3-4):152-61.
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1.1.1. M Enjek

Mouse macrophage cell ¢l RAW 264.7 cell & 3FAEFEHF (NSt o 3rhel,
Korea)ol| A #9F Hlbol Ao A ek 3l AL-&3F Tt RAW 264.7 mouse macrophage
MEZE AXE wE HA FAA7]3 penicillin @ ¥ streptomycin @ ©]  SHFEH 1%
antibacterial-antifungal solution (PAA, Canada)¥} 10% FBS (PAA, Canada)E #7}3t
DMEM (PAA, Canada)e AF&3Fo] wksladvy siekela 273de] 3k WA wAstH, cell
seeding*] M¥XE 33k vA 2} tryphan blue® - 1112 &35}l hemocytometerES ©| 3}
o] tryphan bluedl| &3] @A =R] ke Ao}l = AXE A3 Y. RAW 264.7 cell ¢ Hj
F A FEE 0%, e ITCE FAAA 5% COE A% a3kt

1.1.2. NO assay

RAW 2647 AXE 48 well plateo] 25x10° cells/ml(5x10° cell/wel) 2 HF3 ] 2447t
Fo] serumS ¥3HEA Fi= wjA R W g3} 24%17} EoF Wikttt BE E E3F sample

< 1, 10, 50 pg/mle] FE= A ob&, 1A12F Fofl LPS (0.5 pg/mDE A A 3kaL 37C 5%
CO: incubatoroll A ®ieFstith. LPS A § 24A3bell wiA & F738ke] Axuj¥F e 50
W Griess A eF (1% sulfanilamide in 5% phosphoric acid + 1% a-naphthylamide in H-0)
50 W& E33le] 96 well platesol A 10F &9t WHS-A|71 ¥ ELISA reader & ©]83}¢] 520
nmel A FHFE=E FAA
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12. 48 % F5E9 v I 24 2%

LPSol o8] &A3d RAW 2647 AlE2] wjFke Fol AAE nitrited ¥ Griess A oFS

Abg3te] 258 W BHE E FEEY NO AY dAE A8 i ved 2o YEs
22 control ¢ NO A HEHLS 1023£1.01 yM & vEston LPSE A g

w9 ¢ 5098+1.23 uM = uERY LPSE A shA ekekS wf wrh Suj

1

i

R =
HEH LPSE A sl 458 st & 13 EJ_ a5 FEES AE3S d, PHLTS
X 5+9

w9439 45 1 49 uM), 50 rg/ml(15.48+0.51 pM)=
chebte
ol#l g Atz LPS wg dxow AYstel 4F¢ HudF 2o Afunk £ A

¢l Fucosterol ©] Y% gfd PHLT 3 4% 50 ppm9
NO A& Fodoz AdAsE Aoz YERTHP<0.05). & 23
Mol st ME=HS YEFUR] ekt

NO assay

~ 504

ol
—
i

Mitric Oxide il
<

NormalControl 1 10 50 1 10 T 10 0 1 10 5°ppm
Dexamethasone Hijki Fermented Hijiki PHLT3

I 17 %R Ro ¥ E4 =l 4
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2. 88 X FE=Y 94 FdF AxY 4
% HE&2 zA A #AHE 84S 28] dojdt}. o] uf &3k

EA4ES  proinflammatory  enzyme©|2Fal  3}%,  inducible form of  nitric  oxide

synthase(iNOS), cyclooxygenase-2(COX-2), TNF-a %°] Q2om, o]#3% proinflammatory

enzyme 9| 23t NO ¥ (xZzxeladtdd-S A s

olF oA, COX-2% £% HoE4e Zzregdde] A4S fE3E 424, NOE H

F3k ZJEtA=ol o3 FAdol FHHI] wite] COX-29] LA AA ALY S AA =
AL #RHG A5 FLE vAY

%6] TNF-a& 193 dFukgolA 7P 83 9EE s+ proinflammatory cytokine &
el do] TNF-ao] Uds & = A dx ZHAHA 8o F28 nlA

E*ﬂ 2h-g-gh},

b}, E A Shol A= macrophage cell lineSl RAW?264.7 celloll A x=3td o

© 2 pro-inflammatory cytockine?] AAdel v Xi= &S Flsle] wa £

I gl

[6)

S

—.~
£
BN
2
ol

=
o

fud S

r2 ol
o
fof
1:01,

2.1. RAW 264.7 cellel 4] COX-1, COX-2, TNF-a 52 ¥& &<l 1

LPSZ 935S %3 RAW 2647 M XE o]£39] pro-inflammatory cytokine$! COX-I,
COX-2, TNF-qa, IL-1B¢] Al v A= && Efﬂ Axede &48 SAIAY 10% FBS
7} 5% DMEMOl A ¥l %s RAW 264.7 AXE 2wellel 1 x 10° cell/mle] v== &3

F 37T, 5% COy 7oA 2447k w319 o). LPS(BOO ng/mhe L& 5o AuEAS 37}
sto] A 7rAZ wjoksle] Zbzbe] M E oAl proteing HE] 8 ¥, western blot®] WS o] &3}
o COX-1, COX-2, TNF-a, IL-1B89] W& =& s, dix gezs AHFd

dexamethasone & AF&3}51 T
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2.2. RAW264.7 celloll 4] COX-1 ¥ COX-29] ¥
TE F FEES o8] NO ¥ ZRX2EE
COX-2 wide] wa =85 westren blot= =2l
pro—inflammatory cytokine$] COX-1 ¥ COX-2 ©

70kDa
65kDa

GO | e

(0X.) | g m—— | 12kDa

I —— e Y| (0T

LPSpsugm) = + + + + + + + + +
10 100 1 10 100 1 10 100
Dexa Hijik F. Hijiki

a7 18, RAW 264.7 cellel A COX-1 #® COX-29 &3 gl g
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2.3. Raw264.7 cell oA T a A
U 5 FEES )&t dFnkes 3
westren blotZ 3¢l £

L.
=
MAe) BAFL BT JF

= s

2l TNF-a % IL-18 v ze] kg
E FZEo ILPSZ $ 5% TNF-a ¥ IL-18
3}

(0 7 T R —— ' 26kDa

17— “ 31kDa

PACHI | e ————— o ([ 47} D)a

LPSoSugm) = + + + + + + + + +

10 100 1 10 100 1 10 100
Dexa Mk F Hijik

28 19. RAW 264.7 cellol Al TNF-a % IL-18 ©de] 3w &2l 4y}

_56_

L oft



3.EE B FEE xI3AYE 4335 &4

MC3T3-E1 M ¥i= A& C57B/6 mouse 2 Fr]&olA FE3 AL = in vitro AolA A
el AT AEe} FASE S Hol el wy oAERE B3 shal, & A4l A
g4 4 2 AAD AE ¢ 7|44 Calcium Phosphate 248 A &3k= 58S 714 AU
o] & AAe dAvsted A@sivhar & glvhey

T3 MC3T3-El cell ¢ £38% Z£3317] $13] FA A Collagen Type 1 gened T3S
Ak A= AR A2 9 Tl wdd FFol RwhEAl Ao sk MUl EAR A A
ALP? A4S x5 Aoz Iz Ascorbic acid < %Aﬂﬁ_oﬂ Ascorbic acid 7} €4 3}+=
4% Ascorbic acid & Z3ZE FsA 7L FAX B35 2 A7|a AlE 9 7]He] wY
A 2ot} ALP 848 1S /A7) Aoz gy J B-glycerophosphate & a-MEM H
Aol A7Fsle] MC3T3-EL cell?] 4335 #7319 v}.22)

A glsle] A 8912 Alizarin red S stainings ©]83e &<l 319 =d Alizarin red S ©]
A= Zaddd g Bold A AAS ol&sto] cellold A¥EIF E3¥o] calcium
phosphate 2 8-& ¥ddst= As &ttt

Ol

o
ro,

31, AE

311 AE wjk

Mouse osteoblastic cellgl MC3T3-El & M EZFLd (A&t o3 s), Korea)ol 4
BoF ol Ao Ahe]kste] A& MC3T3-E1 23 A 7-M X+ polystyrene Al X
W Aol F-FA| 7] penicillin ¥ streptomycin®] ¥ 1% antibacterial-antifungal
solution (PAA,canada)®} 10% FBS(PAA canada)E #7138 a-MEM (PAA,canada) 2 AR&3}
o] 5% CO29F 95% FE7F A== 37T incubator oAl 7]& #j %3St MC3T3-E1 A%
o] FMxre Rile AMEE E3 3 Hix9} tryphan blue AFE 111 2 4L AL
hemocytometer & ©] 834 cell & counting 3 thS 24well plate o 3 x 10° cell/wellZ 3
gste] ol AEVE dFE FAEI F 50 pg/ml Vit. Clascorbic acid) ¢ 10 mM B
~glycerophosphate(B-GP)& &3}3t differential media(DM media) & A3l & Ax9 F

N4 8% fEstar.

3.1.2. Mineralization assay (Alizarin red staining)

AXE g 3 5 3F 7+ vk A7 24well Plateo] MC3T3-El cells & F7]2 3} A7 &=
Vit C&} B-GP & o] &34 £ @& 4FE 9] mineralization 3 =5 Z43AT) Vit C&F B-GP
£ A3 cell plated] @& A $9] £S5 1, 10, 100 pg/ml = A& 3}3L Positive Control =
dexamethasong 108 107, 10° M 2.2 A& 3}9d 357 37°C CO: incubator oA ®] 3 &
Mineralization ©] ¥ 24well Plate oAl wj|# & A AS & PBSE ©]&3}lo] PlateE A3 =
10% formalin solution 2.2 4To|A 12A17F &9 A ZHT. Alizarin red solution(ARS,
Sigma, USA)E cell & 1AA7IE &<F 40 mMe Tz AZFsle] pHE 422 A3

‘101' e o2

21) HIROKO SUDO. et. al. In Vitro Differentiation and Calcification in a New ClonalOsteogenic Cell Line Derived from
Newborn Mouse Calvaria. 1983. J Cell Biol. Jan;96(1):191-8.

22) Quarles LD. Prednisone-induced osteopenia in beagles: variable effects mediated by differential suppression of
bone formation. 1992 Am J Physiol. Jul;263:136-41.
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< DWE o]g3] ko IS washing 3 &
RTE 3 5 dn 4 o]g3F noduled S EF<l
]

LAAT celldl ARS 2 5E3F 44

PBSE o]&3te] e Fito] wEX

= o

Ty -

e 10% cetylpyridinium chloride(Sigma, USA)E ) 5
9%6well Plate ol %71 ©o} 562 m oA FFH=E Feskqdv. & F7123 Az H
negative control % positive control = AF&3l dexamethasone

g4 Ane Fsiarh.

o
ed
ofo
ol
£
bl
o
23
it
o
w7

_\7\_1‘

32. E & FEES oAxe A3 24 4% 2
< treat & 23 F Alizarin redE ©|-&sto] @4 g A= ofegf ARzloA Hol
= A3 o] negative control (DM media) ¢} dexamethasone®]| Y3 &2 noduleo] <
73 B35S wo® Fel o F delon olE 10% cetylpyridinium chloride® o] ELISA
reader & FFE=E &g
1o Holi= Aot o] B E Eof| A positive control & AFE3F dexamethasone ©f 1] 3]
calcium nodule ©] &2 Moz o] % ZF H AL g & F vk
UE 5 100 pg/mlolA negative controlell W] dle] oF 429 A® ¥ L& TIE HQoH,
(100 pg/mé — 142.89 + 2.48) PHLT 100 pg/m¢ 9 A] negative control | W]3] ¢F 46% A% T
2 9= BAdvk (100 pe/md - 14676 £ 1.54 ).

(a1

PiNneralization assay.
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(D) 1 10 100
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(=M= 5)

PHLT =
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1Ll d3E=

A 200g Helel A Sprague-Dawley Rate T43te] 15L7F A8 A7 & AL&313 )

12, & #dsd
MIA & Y2 3 g/mle] w22 &8 &, Rats v A7]al edde] dus &5
5, g E MIA &9 005 mle 257 7 & Rat ol 7 FASk] s@dde #2 3

1.4. Weight Bearing Test
AgEde] Fol AF mi AA Fol7Ige] AA T BN £ el BF AL FH
33 2P ANHEAL APRE 3 B 4 7 11, 14 A

MIA® o3 F@Ado] FEHH Rat> MIAE FollA] @2 ol 233t tester?
holderStell A AA Tt Rate] wi7F 71719 AlAo] 22 2 AejolA A% o B Zpzbo] wbit
Ag)E FAste] Yepdi At

APAHE F= de] Filo] g 2B W T gL A

A3

£
_O|L
2
ol
.
S
=+
=4
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to
2
hu

AAE2 = [weight on right leg/(weight on the left leg + weight on the right leg)]x 100
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1.5. Bone Micro CT #¢ 4
= Adde] WelsE Folsly] fgle] 477 AEE Fo% Rat & 3| Al =38 Y5344

4 Micro CT(Inveon™, Simens Medical Solutions USAInc)E& o|&3 % @& talEoe] &
ALY A x| &= A3ks shelsl ),

CT #ge A/ 2HGALATY SFELo] nxo] gl Micro CT & o] &3] W
29 CTE Bt

% 21, Micro CT vlel 4 2] &< & ¢ A= AR oA

Histology +=4& = 43 Hﬂﬁ](/ﬂi) of 245 973ty
zx4 slide A2 2 slide AMZl #9 % data #2412 & Ag-¢o
discussion 3} T}

T wEWel e TRy WHIE Lolrr] ¢35t H&E I, Toluidin Blue 94
Safranin O FH-& A3 skl

AN A& HuAS o]&dlo] #FY 3 U}S image analysis program(Leica application
& o] &3to] 49 intensityE FA8to] tlxa I WuESAT

1.6. Histology 4
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| i T, A5 AERA COX-1, COX-2 ¥ IL-1B,
TNF-a, PGE; 59 Ato]E7I¢l& S48

A A ES COX-13 COX-29 4
COX-1¥ COX-29 ¥d =& FA3tAHr)

IL-1B, TNF-a, PGE2 &9 wd <& A7 98 Rat-MIDIM IL-18, TNF-a
ELA(Nordic bio Sci., USA)E F943te] 28 £& T3 Rate] @& o83 €4 uf IL-1
B, TNF-a9] g&d= =<l 3l

W A Biotinylated Osteocalcin 2 100 z 2 96 well plate ©| ¥ o] T} sealing 3l¢] 30+F
7 RT, 300rpm microtitre plate mixing apparatus ©A ®¥F& 3}o] Plateo] Osteocalcin®] &2
= A g}

23t AH& AME3Y] Western Blote] Wi o=
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I ve, 300 ¢ washing solution ©.% 5% washing 3} Y. Washing 3 plate©| primary
antibody ¢ primary incubation bufferZ 1 : 1009 v]&= &o] Z+zte] welle] 150 pb €&
t}e- standard 9} control, sample220 02 antibody mixture 7} £33 plate o €3l 60F
ZF RT, 300 rpm microtitre plate mixing apparatus A ¥k& 3}ic}

1 % plateE A 300 p washing solution 2.2 5% washing 3}t Washing 3F plate©l]
100 ¢ secondary antibody E Z+7¢e] well o] 2ial 6087 RT, 300 rpm microtitre plate

mixing apparatus ©°| 4 ¥ %t}

FHAE FAE L AF HolEE= repeated ANOVAE ALg3Fo] E4131H
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2.1. Weight Bearing Test 723

Rat ¢ 5% A&xo wa ¢ WaAxe] xolE FA3 Y AP AERE FA3= weight
bearing test 23 % o|% day M= #F ¢ WA 29 o7} Y

15 MIA o 93] f%k 3k (=) control ¥ %7 A gkl Wl oF 10~17% =% 2o
FA A AE A

Weight Bearing Test &l 235 747t Adg AN, &4l vlaste] 19 33

of vepH ATt

ﬂJ

o] ¥ &ke] positive control & ©]§3+ Liprinol & & #4899 {3l vls) = W@ A
o] 7} vpEh}A] 929k ow | sinbaro capsule ¢ %= day 490l WA Aol r) LAY ES Y
7} control o W3] w43 WHAV} FEHE AS AT

- — - = = o .. - - o o = -
w3 253 & FEEY A5 Liprinold vs=dh WA 35S Hole RS 9 & F 9
=g
weight bearing weight bearing
55+ 55
2 —&- normal R —&- normal
3 504 —& MIA-induce E Bl & MlA-induce
§ ;‘ 454 I - *H W —— Lipringl g %" 45+ i —— sinbaro

2 £ 401 2 £ 40-

C 2 =32
g S 354 & 3 354

§ 30+ fm 304
e A
- 2= L} L} L} L} L} 2= ¥ ¥ ¥ L] L]
day0 dayd4 day7  dayl1 day14 day0 day4 day7  dayl1 day14
day after MIA-induced day after MIA-induced
weight bearing weight bearing

55+ 55
2 —&= normal ) —&= normal
z 50 —& MIA-induce 3 50+ —& MIA-induce

% 2 45 W L2 ——H50 g 2 45 e - b i ——H 100
o 2 EERd * o 2
g% 404 g% 404

= =
2 3 354 2 3 354

fm 30+ fm 304
= =
25 T T T T T 25 T T T T T
day0 day4 day7  dayl1 day14 day0 day4 day7  dayl1 day14
day after MIA-induced day after MIA-induced
weight bearing
55+
2 —&= normal
3 50+ —B8- MlA-induce

£ 2 451 W T ——H200
=i e ~

=
E gss-

S 304
=
2?

day0  dayd  day?  dayll  dayld
day after MIA-induced

2% 22. Weight Bearing Test ¢l 4}
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2-2. Bone Micro CT &4 A3}

g
MIAE o] &3le] 52 B dze] BAYE F23 rat ol B4 5 2 £/)29) Py
WsE Belel] 9519 Micro CTE olgsle] ¥& B4 FBS 299 24%s 217 380
Jer e

MIA ¢ ]3] A% 50 Fer) WP

= kol 5191 t}. positive control =
AF&3E sinbaro @ liprinol dlA& 3H AF9 AFo] &40 YERESY| liprinol ¢ A% wh
[e]

a9 . FHe £ A9 gl A
& ST, 50 meks 700 mekg THAAE 100 mehg 2 S 5 49l ¢
gol At e g el & 5 Ut

Normal

Hijiki 50mg/ kg Hijiki 100mg/kg Hijiki 200mg/kg
¥ 23. Micro CT &9 23}
Normal;, 4+, N.C; Negative Control i, Sin; Sinbaro Capsule o, Lip.; Lipronol § <,

H 50 ;
H 200;

50 mg/kg T, H 100; 2& % 100 mg/kg 7o+,

LIRS
BE ¥ 200 mg'kg Fol,
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Toluidin blue Safranin O

Normal

Control

H 50

H 100

Sinbaro

Liprinol

13 24. Histology staining 23 Hematoxylin & Eosin(#), Toluidin blue(%), Safranin O(-%-)
Normal; @4+, Contro : MIA ¥, Sinbaro; Sinbaro Capsgle 599+, Liprinol.; Lipronol ¢,
H 50; && ¥ 50mg/kg T+, H 100, T& ¥ 100mg/kg FoI,
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Cartliage Change scoring Cellular Abnormalities scoring Matrix staining scoring

8 b
-
(1]
i Ks]
56 :
£ £ 4+
: ;
y
[u]
£
62 g
]
4
04 0- T T T T 0- T T T T ™
Normal N.C Sin. Lip. H30 H100 Normal N.C Sin. Lip. H30 H100 Normal NC Sin. Lip. HS0 H100

a7 25, 23 A scoring 23
Normal; 34+, N.C; Negative Control i, Sin; Sinbaro Capsule ¢, Lip.; Lipronol %o,
H50; &E ¥ 50 mg/keg Fo9+, H 100; ¥& & 100 mg/kg T2,
Scoring 7] : Cartilage change (0 = normal, 1 = frregplar surface, including fissures into the radial
layer, 2 = pannus, 3 = absence of superficial cartilage layers (= 6), 4 = slight disorganization (an
absent cellglar row and some small superficial clusters), 5 = fissures into the calcified cartilage
layer, 6 = disorganization (chaotic structure, clusters and osteoclastic activity)), Cellplar
abnormalities (0 = normal, 1 = hypercellglarity, including small superficial clusters, 2 = clusters, 3
=hypocellglarity), Matrix staining (0 = normal/slight reduction of staining, 1 = staining reduced in
the radial layer, 2 = staining reduced in the interterritorial matrix, 3 = staining present only in the

pericellgfar matrix, 4 = staining absent)
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24. Rat @348 COX-1 ¥ COX-29] &d <l Ay
g B FEES L3 NO ¥ Zzselgdde AAS R A COX-13
COX-2 vz o] Wt& k-8 westren blot® 913 A3 F+3F ¥ & 550 FHRAAS +
sk Rate] A oA COX-1, COX-2 @n é‘ Iy s HaAs F2l s

[e] [e]

-3k Control —EJ A, #Ad
COX-29] gf‘,ﬂ_ ko] & A3} A 2—7}9_ 7

>

& Lyprinol 2] A, #49S {23 Control

I vjusle] COX-2¢9] 4y %Eo] 2 2pol= b &gkl
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[e] v}]\_ %

], 7] 2 %2l Lyprinol Bt} =ZA 7

dF e FEsks LOX(Lipoxygenase)d 2H8& Xdshe
= Eo] COX(cyclooxygenase) 2F-8o #odle] A58 =
& Yugt) melA], BE 5L E3E Vs A 75 Ee Es 9% AAE A5

N 70kd
WEE | N— 65kd

COX | - d— | s [ 72kd

Al | e ———— | — — | 17|

Nor. Cont. MTX 100 50 100 200
Lyprinol Hijiki ~F. Hijiki

a9 26 = BAAS LT Rat A0 COX-1 % COX-2¢) & 4y
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25. Rat 3ol 42 TNF-a 9 IL-1B8¢] &d &<l Z
ulg ES o] £3}e] Rate] dH Fo] &A1= TNF-a 8FEES ELISA KitE AMg3le] 39
FusA we

g A3 TNF-a9] 3 =dd9E % ‘I} Control ilfﬂ A, HAd
Normal w3 Bl 3tSlS o of ¢
Z12] 31, Positive Cotrol® A}
TNF-a9] &3& oF 20% 4= F2aAAT
A wE wrE B —71‘*%%0 45, ‘%T_Xéoé% U3l S0l = B--31aL, Control w3 H] &}
W TNF-a9] &3-S 50 mg/kg?) A-% 22%, 100 mg/kg?l % 30%, 200 mg/kgel 7
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weh A Fo EAskE IL-189) =S ELISA Kits A3k <l
fredlk control w9 A, @ 23 = Normal o W] al3hs]
(218.10+1.32 %) <7Fst A& &Rlstsith

1] 3L, positive cotrol® AF&3F Lyprinol i+9 A-¢, #AAS F¢3k controld H| L d}o]

TNF-a9] & oF 30% A% ZaAzvh
A4l

iR
ne
o
do
il
O

AN HE E FEEY A4F, 2REAE sl SolE B33, Control w3 ¥ w33
o u TL-189) 2 50 ma/ked) A 37%, 100 ma/kg® A% 48%, 200 mg/kgel 790l

= 52%(48.20+1.61%) 7t&& HaAz AS 22l 3kslvh
183 A3} gzesol 45 F¢ A F prostaglandin®] &S FddE AdsE v
AT& 2= AS sty A, 2E 5 F3d V)T
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=
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i
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—
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I
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a3 28 & AAY ArrdoM IL-18 2aw 43
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A2 A AR BhEE AR %S B8] 9% in vivo B4

=34 AVl AT Y&

- daEAR EUEEE 9% Raolde 2EE A4 &

- Ratl A1 9] Osteocalcin, CTx ¢ 3 <l
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Hijikia fusiforme Protects Against Ovariectomy-Induced Bone Loss in Rats

Sang-Yong Park"” Jung Min Lee."” Don-Gil Lee! Heon-Sub Shin.' Jung Eun Yang!
Eun Ji Yi! Jae Hee Park! Yu Jin Jeon.” Da-Eun Nam.' and Tae-Hoo Yi'

| Ex] X0
= 85 53
= el s = X A
- = @ = 3 =2011.03.22
= D A ® AT ESoHaEm(s) ESE=s=(01)
&= =T v = 1020110025540 (H == 1—1—-2011—-0210550—-87)
=== el 293 FEICH=tm &S = SH(2—-2004—007362—3)
CH 2l ! = =9 et 4~ = (9—2000— 000 155—5)
= s X = OlEH= «clpiza SfatEm IS ols=2
2 =EESESE asEsgTos sraESHE HETBOIS SCEsSo ==t Gil=
- = == F= xe== Stot=de S Ol= Zorol= A=t 8 -
& = == X3 2011.03.22
- 2l AF ® aAEFPI(SF) SIHAE(S) =l =(02)
= =W = = 102011—-0025541 (V=== 1—-1—2011-0210551—22)
== =23 = =|CH=m A4S = =H(2—-2004—007362—3)
CH =l =1 = = et == (9—2000—000155—5)
S S X o OlEl=s D starE UE S ols2
W o o o= o= 2= R SEEE wedTEos 2RSSl OAlE 2 s 2. iz ==
== 24908 % 0l XSS d2 IS

A FA a4 9 A AEe e 4

<k

o 47

lo

of,

23) ¥ AT Anke 1T HAQ WEF o] §F H2F #9)

.



= o
?%a@
e G
WX ET ﬂ@i
Pols H;H 5
§¢T P nEx
i 5w ™ A} ~ ﬁ}io
™ o 1%6HJI N ~ o
o T 2 g No T
3 Xoﬁ a]_ =
%ﬂﬂﬂg %ﬂgdo:p;% LR
iwﬁﬂ&ﬂ %ﬂ%ﬂéﬂﬁemﬁﬁ o — =
~ io! ﬂﬂegoaniﬁwlnour Eo@mz; < m
ﬂj_fgl :it - X ioL 0 ﬁ;oﬂﬂ Jlﬂm« D
o B E.],A_U.LHX %o T #MAJEU - <V oF
w s SR P T TRy M < = &+
xiﬂﬂi < o SR 27% M 1 s o} ofp T T
;Iba_i T ﬂ7ﬂﬁ:ﬁoﬂ Ngpa g ot o 0
o s ﬂﬁrﬂ =" mﬁﬂﬂq v T Jo- Ho o X B
,g_ﬂg_ %@f@%&]&w T g S % h o
ﬂgaol ﬂiﬂEA = 55 o < i i gl = d <
w o g T o o - 5 < . 8 T w . RN «
o S y wp M i A - o o S i i & = zo 1Y R
ANCE T %ﬂuﬂ% WTﬂrS;o AR B 5 ot N S =
o= - o = ®© S o I o
= % on % JAEM o= o T M o vy 2 = ' o) mﬁ = 5 i o
wg%% 1ﬂ2&§§mﬂwg ieEz su LA i
. o dy_xignogwge AT = g o = N
al %o ) Ro Njo 3 oK e o 4 m oo X T off Ho,_ XN <
& D H E A e oy o% —_~ 5 TR 10
le_f,H& 1%%§H11 il ﬂfﬂx ml ;e T N R0
awﬁ;@m vyiao;oaﬂgg ww%g E~ £ M o AF
ﬁ»@%ﬂ 5 ﬁ@@%ﬂﬂ ms}ﬂ Sa = o
HTéE]ao xomﬂﬂlﬂa ﬁl}gu )ﬂVLNﬁ S o~ X ETH ol
i S g ﬂ_@ﬂw <y Mo 3 T < £ 3 T ot g o E
o I} a B o = ™ o ﬂw]o Mo o 2 — o = e = Ho W T
A%Q@, %%qw}gg%q g ® d 5 % 24 &
_ﬁgﬂaﬂiﬂe Eeﬂu%}um]oujli o} ﬂrm < m = o
u_ W B ~ A;o7uixa Q,Earuofamo., ;L E B
ﬁ;ﬁ. X = %11D@ﬂ &ﬂm0ugmac sy 4 o
ﬂﬂmgﬂ/lﬂ]prﬂﬂ Ewkl,owudwoWo#ﬁEE = ;od.l o1r,__§ < =0
751&% %ﬂﬂﬂo?ﬂuEA . g %QMKW LR S w o
gf]y e mq}@ovof_g ahﬂ5§Q 5 L 5 T
X S T e o ™ a; TSR of DR H = oy B o o RN o o
it o o ™ zoﬂr.ﬂmﬂh T AF v % To! o= LB N - o
5 T 444ﬂg§?g = iot;};;pr&%A:E 2 4 2
Z;E.EgmifgﬂLW L_,Ho;o mﬁarmowg%o@mﬁwlb% 5 ~
ﬂrﬂﬂﬂ%iﬁﬁgﬁém% %%Dﬂrcoqﬂﬂm}x?\ %M o
1 ~ Ho a]]ﬂ =K ) wlle? emow o (;o B
Eowngg_ oﬁRod Bk 9 +Aﬂg.dée1rq = L
° ﬂ,_ 2, & . eﬂrSlx}EnJ.aa,aE A]Lo g
ﬁE.#XLnLa.mX‘IwE Eﬂg.ﬂa.ﬂnénm_i 7.._.mX\_ L O,OI ~
@Rmurb@% nxnmommm ﬂmﬁﬂmd.aﬂ_éﬂ. . Ng
= 2% > auwums %ﬂw%md%ﬁamﬁ B o
& o QéaomﬁmLHmwﬁmﬂr%%% e ?
LuﬁAm@%aeiomﬁf o H o
Qaﬂ?w%?i%.mohvﬂ 2
CHTlﬂiﬁﬂﬂﬂxﬁwwuﬂnov
XEﬂlﬂﬂiMTzTﬁAZe
iou_u f%b
- i;o;o
¢Eﬁ
o

- 72 -

) Ok
Aok

kS
] 1:1. 2008.

]
=

]

g A

R

153 T

24) Ao
/Kg "}: ( ?:’_1'9_}:) Zﬂ xﬂ v/]

5



A A= 2 E= A

_73_



1.2 Ao #Fe 9 Alme] 59

a5 aves AR Zes ] fste] dadE FEs 3 5 1573 42 Az
Rat 72vid] &

O F=& oA %< o (normal)

@ daE A=sA &3 A7iek ¢ & Vehicle & 59 & (sham)

@ Y4 AE & Vehicle ¥F 53 - (ovariectomized, ©]3} OVX)

@D i AE 5T F AT FEES FA8 2 (Hijikd

G dE: ¢ 038 F FEES 5938 S (FHijiki 25, 50, 100 mg/Kg)

o2 7} aFY vt 8 F o R o] wid Az A A s HE R ool v
1w FA = JA E=83 AEE Ratd £HE o83t 653 AUl BAFA ST
Sham, OVX-control, normal &< A&E tAldle] AZE =d u ARE3E vehicle (0.5%

CMC4g9)& Foi3taltt.

JoFgol A Thel=gl oz AR ZtiAb 24 52 biomakerEd °]E9 dTE

Jepd Aol

= UA =4 =92 Biomarker
= HA A F (heat labile) alkaline phosphatase (23)
= oee Osteocalcin (&%)
AsEHA AL Hydroxyproline ()
N Pyridinoline (&)
(= &4 #Axb 2 oAy Hvd dinoline (52
= =7 A3 ydroxy pyridinoline (3
CTx (%)
NTx (%)

oM <o A=, o] biomaker® % Osteocalcin ¥ CTxE =439},

1.4.1. = ¥4 biomarker(Osteocalcin) 74 WH

Serumt®] & 34 biomarker?! Osteocalcin® 2HEFS =AH3s7] 98]  Rat-MID™
Osteocalcin ELA(Nordic bio Sci, USA)E F3te] Ia 58 FoJsk Rate] A& o] &3
3 g Osteocalcin & kS <1313
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W A Biotinylated Osteocalcin 2 100 z 2 96 well plate ©| ¥ o] T} sealing 3l¢] 30+F
7 RT, 300rpm microtitre plate mixing apparatus ©A ®¥F& 3}o] Plateo] Osteocalcin®] &2
= A g}

21 thE, 300 ¢ washing solution ©.2 5% washing 3} t}. Washing 3+ platee]| primary
antibody ¢} primary incubation bufferZ 1 : 1009 v €& & o] 2719 welld] 150 @ 22
t}& standard 9} control, sampleg 20 2 antibody mixture 7} £ 9= plate © i 60
EZF RT, 300 rpm microtitre plate mixing apparatus oA ®¥F-$ 3} t}.

% plateE YA 300 #0 washing solution ©. %= 59 washing 3} tF. Washing 3+ platel

10044 secondary antibody £ 242+ well o ¥ 3 6087F RT, 300 rpm microtitre plate
mixing apparatus °l| A ¥ 3}t

I te plateE Al 300 40 washing solution ©.% 5¥ washing 3F1t}. Washing 3¢
plate®] 100 uf substrate solution = Z}7z+e] well o] 23 15%7F RT, 300 rpm microtitre
plate mixing apparatus oA & 2EHA)z] S vks 35}

WS- 2171 plateo] 100 02 stopping solution - Z}ZFe] well o] ol 5 2A]3F 3450 nm
o] FH&EolA skt

1.4.2. C—terminal telopeptide (CTx) % =74 W

Serum & €4 biomarkerd] C-telopeptide(CTx) 9 & ke =A317] $3] Rat-Laps'

ELA(Nordic bio Sci, USA)E T3t ¢a 5& Fo43% Rate] EHE o] &3] AU CTx

e s g9l st

W A Biotinylated Rat-Laps antigen2 100 p¢ 2 96 well plate o ¥ o] t}L sealing 3}¢]

30%7F RT, 300 rpm microtitre plate mixing apparatus 4 W& &9 Plateo] CTx 7} &3

HA st

I YE, 300 u¢ washing solution ©. %2 5¥ washing 3} v} Washing 3 plate | standard

9} control, sample = 20 % ¥il primary antibodyE 100 w# ¥olFE tS 2-8T

incubator 4 overnight(18+3 hours) 3} th.

Overnigtedt plateE TA 300 @ washing solution ©.# 5¥ washing 3%t} Washing 3%+

plate ©] 100 0 peroxidase conjugated Goat anti-Rabbit IgG antibody £ Z}7+e] well ©

al 60%-7F RT oA wh& 319}

¢ v& plateE ©HA] 300 xf washing solution ©.% 5% washing 3tk L3l vhs 10040

substrate solution & 7+7+e] well o il 1583F RT oA & A7 vh& vks 33t
%5 100 A stopping solution = ZHzFe] well o ¥ols= F 2A1F & 450 nm ¢ T3 %

]/‘1 gl skt

off

offl

=
657 AN EE Fo3 Rat & A F femur bone = AE3 T 1 FS Y stwe =
W=ZA7] (PIXImus, Lunar, USA)E o] &3l Zr2be] Zd % (bone mineral density, BMD)
& 433t
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% LUNAR PiXimus2 2.10 Subiect File: C:WPIXIMUSWDATAIWIda7.9-nor L 07-09-10 16'34'19.ims Bl % LUNAR PiXimus? 2.10 Subject File: C:WPIXIMUSWDATAIWIdg?.S-nor R 07-09-10 1628'31.img

** CALCULATE SUBJECT ™ *= CALCULATE SUBJECT ~*

o3 30 FEE SA7(R) = 2E Z3 datalol)

1.6. Bone Micro CT #9 W

= gabere] WalE B9lsy] fele 6577 AEE Hold Rat & 3Ade] A% gEIe
Micro CT(Skyscan model 1076, Skyscan, Kontich, Belgium)& o]&3d % W& thAlEo] &
thatell Pl A= Qs st
CT Z4< A7) nlo]o A ofFd] AEZXFZAME ] HA=o] 3= Micro CT & o] &3}¢
HE = CTE FFs3lh

17. =4 WstsF 243514 A

Z A& paraffin block®. 2 THE9] section & staine E3fe] ZA5H4 WMEE 82153}

= A4S o W oz wrEo] sy =S g%13al control oY normal w3 o X8}
o AES Tt A5 B4E Fdssitt

1.7.1. Histology 2

A3 & 42 10 % Buffered neutral formalino] YF L7 AAZ 3 10 % A4 7}
200mM EDTAE 9ol 3¢t A3t & 248 &3 (decalcification) 3} T

g3s 242 FHS F mess & ol&3t 05 ecmZolE Hd 3 & H 4L 60 %

ethanolell 4] 1 A7k 70 % ethanolol Al 1 *A]%F, 80 2% ethanolol 4] 1 A% 90 % ethanolol A 1
A 7F 95 % ethanololA] 1 A7+ 100 % ethanolol Al 1 A1 7F S¢t €348 A3 T xylene
oA 1 A 2 ﬂg Frag-s Aasks ‘jr

EgyA T 2AL paraffin® ¥1] 3 & Microtome(Leica, Japan)2 AF&3}e] 6um & F

A2 wbAslo] Al Lg A3 et E8ol=o 29 vhs Axste] B
AAAEI A4 g Ay wstE doln ] 93e] Mason's trichrome 948 A3
3} 54 o

AN A& HuAS o]&dlo] #FY 3 U}S image analysis program(Leica application
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F 5 18 Rat o] Alg& AsAE AHEste] 54 skl 1L % 0, 3,
JF/eE ol 29 o= HER AT

bah AE FEE 3 1F(OVX control, OVX sample) oA Wi AES 344 & I1H
(normal, sham)ell W8] FosHAl Friete= Egp 005 & HAL 15Fx9 OVX
control(381.56+27.01g), OVX sample(381.67+24.21g) ©l ¥|3 normal (331.92+24.63g) 3}
sham(309.49+23.99g) 2] AFo] 999%AF 2 WHAE AAS Fo AT 7l oA 32
A FAE B8 AT S7H7F AAd T gy Zo] WA A Fe] oa] £ F & v
FE 7o AFel FaAsA Aol7t v EEE Heolw AL FAATHP<0.05 *, p<0.01

A" VI3 Eoke] AlTE 54

o9
©
—_
oo
—_
al
N
o
=
&
MWt

Rat weight of ovariectomized

425+ %
375+ **
:E‘_" —=— normal
_-5,325' o —a— sham
g V¥ cortral
2 215+ = v sample
2
225+
175 T T T T T T
0 3 6 L] 12 15
Weeks {after OVX)
a9 32, 2uEE A 713 5 AlFe] WE
£ 10. =295 #2 Rat o AT ¥
Body F. Hijiki  F. Hijiki  F. Hijiki
Normal Sham OvX Hijiki
Weight 25 50 100

Intial(g) | 201124 201+124 201+124 201+124 201+124 201+124 201+124

Final(g) | 331+24.6* 309+24.0 389+33.6** 382+35.8** 382+23.5* 381+17.9** 381+19.3**

25) Wronski TJ. et. al. Estrogen treatment prevents osteopenia and depresses bone turnover in ovariectomized rats.
1988. Endocrinology. Aug;123(2):681-6.
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2.2. /‘é blomarker(Osteocalcin & CTx) =4 A3}

Rat 4 % Osteocalcin(OC) 525 543 Z34E ofgfe] 2doz Yehldrh
Osteocalcin< & A A Z=Z a9 AF=E Zo] Aol dojupH A Eu|¥o] =
=7t StekE e 7 }]]‘jr

=R OsteocalcmA T OVX control | 314.19+143.2 ng/ml, normal ©°] 476.04+70.9
ng/m¢, Sham °] 565.60+90.5 ng/ml, L&A & o] 36747+1055 ng/ml, T & & 25 mg/ke
T o] 601.55£1104 ng/ml, & & £ 50 mg/kg o] 557.81+171.1 ng/ml, ¥& F 100 mg/'kg T ]
822.61+137.8 ng/m{= Yok ¥E 5 100 mg/kg wolA Sham « wv] 145% © od =& B
S Heoew OVX control o WA= 262% 9 wd-S Mol WE Fol & FAo Hod=
FFetA A7 Ae & st

mlo

l

blomarker‘)] Osteocalcin o] &3

Osteocalcin
~ 10004
£
)
£ 7504
0
c
0
© 5004
€
0
3
o 2304
[}
*a
0 0-
control Normal Sham Hijiki F Hijiki 25 F. Hijiki 50 | | F. Hijiki 100 lmg}Kg)

23 33, €A W Osteocalcin & 23}
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w3k Rate] dA FC-telopeptide(CTx) ¥ & = AFE olgfe] zgow el )
CTxe & &5 AREA avaFo| WHAste =9 FF7F doju =o] wad o #4150
a5 F=7t Stk BAS 7R

% CTx ¢ %% OVX control i7¢] 118.83+21.5 ng/ml, normal 7 °] 78.48+47.4 ng/ml,
Sham °| 58.22+396 ng/ml, W& A 5 o] 85484409 ng/ml, TE 5 25 mg/kg O]
61.48+30.6 ng/ml, L& £ 50 mg/kg o] 57.91£3.7 ng/ml, L& F 100 mg/kg T ©| 47.26+6.5
ng/m{ = == AT}

g % 100 mg/keoll A CTxe] & o] sham ol Y3 81%, OVX control o WH]3] 40% <2
U g Ko g Fo] & S0 #oJstE biomarkerd! CTxe] WdE& A4 AAH =9 S5
& Adstes As &2l skt

C-telopeptide

1504
£

B 1004
£
g
£
0

o 504
'.
Q

04

control Normal Sham Hijiki FHijiki2s | F. Hijiki 50

1

Juit

34.

m%

AU CTx &d 23
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23. X-ray & o]&3 2% 4y}

=l s E I BMD #& 345, #9359 &5 744 A8 Hds Wl
Normal 72 217.1+4.92 mg/cr, Sham ] 207.6+£12.82 mg/cr= WEES ™ OVX controlsr <
187.6+2.14 mg/enf = YERSEEY], o] AL Sham ol vl 90.36% Aol ZHE Fo|r),

e a A 5 100 mg/kgw 2 193.1+6.03 mg/er 2 o] A2 Sham o Y|kl 93.01%<] &=
W 2g YERAY 2E 5o 4%, Sham w3 W 3slo] 25 mg/kg v (196.5+£9.28 mg/cn)
94.65%, 50 mg/kg - (202.5+5.76 mg/cr)-2 97.54%, 100 meg/kg v (205.6£1.95 mg/cn’)S 99.04% 2]
e #ZF& Ho TE F dAMEE 100 mg/ke w9 A dAaAES SHA @2 Iy Ratdt

=
TAE Az x4 AAEE As I € ¢ A

FU

(e3

average femur bone density

0.2305
02234

bt
t

normal sham control Hijik F Hijiki 25 F Hijiki 50

. F Hijki 100[ng-lKg)

Y 35 FHEE

B

4 A
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2.4. Bone Micro CT #< A

Bone micro CTE °]& 3}04 3| gk FEAA A& dE TS FGI 29 FEE e
F1-9] trabecular bone- -E'rol control o W)3E] W& Eo = U =)@ FFo| FEHo] 3ok
Mol Zo| Z71a AL CT (2D) 2dollA 29 3191, 3D oA = Control o] ]3] W& Eo

Ao A FHo] F7)3t Zi% 3} 21513 ot

upekA BE g Ro] dAadEE Adete] svues e AU sERdY &

I}7F 91 AL Total volumn/Trabecular volumn ratios =74 3dko] &<91&9vh(ZL¥. 36)
Positive control = AF&3F 17-B Estrogen ¥ WX 39S w 2&E 5 100mg/kg ol A
Positive control ©| H|3& 110% AX=9] &35 veRHo £o] 17-B Estrogen o W3] &3k
2E UEES & F AT

Micro CT 549 A= ofgfo] 2o = YepATHLE. 37).

CT TVIBV ratio
25+

20+

154

10-

percentage
(Total volume/Trabecular volume)

54

D-

Normal ~ Sham  control [178-Estradiol Hiiiki | _ 25 50 | 100 (mglkg)

Fermented Hijiki

19 36. Rat femur bone®] Trabecular volume/Total volume 23}
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control 17B-Estrogen

Hijiki 100 F. Hijiki 25 F Hijiki 50 F Hijiki 100

19 37. Rat femur bone CT AFZRI($] : 2D, o}= : 3D)
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b
o
1

A W x4

£

2 AAF A3t
2.5.1.Bone length and bone weight

677 ANEE Fo38 rat 9 femur bones &3] Zb7+e] FAe Aolg &4 g A 4
B &Zeo] Zol= F. hijiki 25 mg/KgolA 95% FolAd-S Heow thy el YA o= OVXol
vl 2&E 3k F. Hijiki 100 mg/Kgol A control 91 OVX ©f| "8 99.9% A== ZFe] H 7

7} 119% F7kshe AS g2 & 5 AUk
e =e] Zol7t ZAojA A e Aol Hls =] FAV FrhdthE AL dAa A4F TE B
do A wE BE Fod 7o F 249 AAnrt T v =vs Aow Aze

Rat femur bone length

40 -

30+

20+

length(mm)

10+

MNormal Control ijiki 50 100 (ma/ka)
F. Hijiki

Rat femur bone weight
1.25

1.00

0.75

Gram(g)

0.50

0.25

0.00

Normal Sham Control Hijikli 100 (mcnfkg)

F. Hijiki

2}

7 38. Rat Femur bone length 2 Weight
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. A 2 8rA B A

63 A& Fo & AF3F Rat femur bone & 10% formalin o 324 3 A& 10%
Hydrochloric acid ¢} 200 mM EDTA & 33k &of 3¢zt #d 3 = ddste] 3y
(Embedding) 3+ % &g & U 6um FAZ vHEEe] &elo]=E A Z3E thS Mason
trichrome & A 8§ 3134 T}

AM A By T FEES TR

o] Mason’s trichrome 9%
FEo] ko] control o H]3F

zA Aol A Sl
o] 3]k s e & 4 Ui, BV/TV 23 normal 9]
105%, Sham 9] 101% A%E9] 3&5-S 3 AL &2 3 4 Ak
A B % D E

219 39, Rat femur bone $] Mason trichrome 94} AFZ (A @ normal, B : sham, C : control, D :
Hijiki, E : F. Hijiki 50mg/kg, F : F. Hijiki 100mg/kg
magnification)

L 50x, I 200x, I 400x, IV 1000x
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1 % A28 As Azbs 9% 948 Ax oA
FAE TAE o] &3] 60TAA 3F 3 wE AlA EAxHYUE 45 AEE YEFFEY
£ o]&3to] F=3 F decanterE ol &3fo] o#stal, F= F IFELS 95% Ethanols o] &
gto] 22} FE3 & decanter® o] &l o3 FEAE F5A, A ERE FEY FEA9
Ethanol2 F%3% FZ 45 & 5F71E o] &3te] 60Tl 55 & & FEHE 54
Ax3le] FE2ES 535 YHoR 4 3 dAg & Batch ¥ TLCE &3ty 554 &<l
skt
Process Condition
Hot water treated
H x = g
JI{_EI A 5min — remove As
2aX Z2ko| 10% EAH7} 1day
a4 HZEAg A == 100°C 4hour
1At * Decanter 0| £, THA}
zzo Of f - of x5 23|
1 95% ethanol &7}
X == 40°C 1day
* Decanter 0| &, THA}
Of 2f x=oy Hal
i 2I' TE . '|':E|
[ 2x} ]
TEM
= 60°C 0| ol
SEHE -70°C SEAU=

H
uich
nNy
(a»)
i
ko
il
1o
)
oft
o2,
2
oy
o
o
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3 41, Pilot test®] Batchd F#&E&9 TLC AN

S: PHLT3 #38= a: ©8% Batch 1(1/21), b: ¥ &% Batch 2(2/11),
c: &% Batch 3(2/25), d: &8 % Batch 4(3/11)

Batch ¥ TLCE #<lste] %54 &3 A3} Batch ¥ 23& 59 4% Standard® A}-&3

Sk atch H& =d3l

N
N
o ow
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2.2. 23 A ¢ compatibility &7+

Goprr] 9

b 7bsolyg

3
H

A} v

Ho
Hin

A
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SFEFAE, dHAR AR
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100mI& (g)
3 2
DS114 DS115 DS116
BHeE 0.5g 1.0g 1.5g
nini =y 15.0g 15.0g 15.0g
T 0.2g 0.2g 0.2g
TOHMUIEER 0.2g 0.2g 0.2g
NEEXE=EE 0.05g 0.05g 0.05g
R+ N N g
st 100ml 100ml 100ml

—2

—a 1

ilah]
=

0
=

—a2E2 =5

]

=1

— P oAb

— oA E S

— X} = == X === oH
— = X ==

— S5pm E H

_92_




~N | ;| <
S @ 2|+
Sl v«
W0 | %0 | 30
| |
ﬁ I I I
uy | O | O | of
00 e | e | nE
KKK
¥ ¥ |©
of | o | 3
o 212
<l or| or| o
0 I 3| I
NN R
< LN e
LI Y g
Q1O U
(V2] (V2] (V2]
T2 B8

Fo] Pilot Al

°l3

W~

s

o] A%

S

KeN
=

_93_



Pilot AlZo)A] AAA AAREL DSC 111 &R A4 9 DSC 1159 7)
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g 52 AT & dlEa 24 7] 4 label

Wy EowA 1Y 800 mge AFHT F JdEE formulatione 3o, 13 2735 14 23
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¥ 3R R FE FEE AAANAE AFY 24 a9
=9 UHe £ FE= Lot No. KH20110930 | Z=Xt Ag|cistn
M= 2kg ZtA Ol X} 2011. 11. 01 M4 AR} 2011. 11. 01
A8 ®MHF FL& | SEHY AL NEE 300g NESENN, 2011. 11. 01
g= 7|E(EHH g
SEUZT FEE2 42 FEME = A4S 8
N4 mzMo AR ZWY 7=
oz s
Mool 7|5 dME a5 €Y 7IES HELR
=AY | SF5HD)
KhA S}
1 oo
T | 5% O[5t CiotefMo| XAtz E HIYSZ 2olst
SaAtel Zaltigtuol AlddEM 8 #ME0E
ZIAAHE 1% O|A N
x| EALS Hig ez Ade
stz ZEXO Fecystmol AlggRM % EMZEIE
S HAO|EF: 5% O|A
Hig ez Zdet
AlopEo| "o|}Z TR BON7|EXA 'S HEYSR &
THRE0 | 5000ppm 0|5}
o| &t
| S |
U ORE E FEEY 2N A QWY A4 Aaxe
A=Y NeE=H Spnkal H 2
- Kalsait RP. Isolation of phytosterols and
antihyperlipidemic activity of Lagenaria siceraria..
Arch Pharm Res. Oct;34(10):1599-604. (2011).
- Permeh P. Sterols from Sargassum oligocystum, a
ZAAHE brown algae from the Persian Gpef, and their
bioactivity. Nat Prod Res. 2012;26(8):774-7. (2011).
- Song FH. Studies on chemical constituents of the
brown alga Dictyopteris divaricata. Zhongguo
Zhong Yao Za Zhi. Jan;31(2):125-8. (2006)
de X FE= - S|=FE 0| ZAO0|LHO| AA KSBB Journal

2010. 25: 223-229

- Patankar M.S. Oehninger S, Barnet T., Williams
RL, Clark G.F. A revised structure of fucoidan may
explain some of its biological activities. The
J.Biol.Chem. 268,29, 21770-21776 (1993).
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o
I

- Li B. Structural investigation of a fucoidan
containing a fucose-free core from the brown

seaweed, Hizikia fusiforme. Carbohydr Res. 2006
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L.
=
detes ool FEta v HAx

3k wli= fucoidan 5% ©]7%, fucosterol

o
—
X
s
o
o
i)
do
&
v

Powders} 3+ W& % 1 g & 80% MeOH 5 mlE 7}8taL, Ao A 1A FE2(2S05%)
3t FEES centrifuge(8000 tpm / AF-)d] 58 o AFR3Ele], FEF TALE A ZE,
BedE 200 wE A3, 40T oltel A IdwH7E A stellA w53k, MeOH F&=
g 58 A=t MeOH FEES 10 ml vial o H.09F EtOAcE 2 ml® S Abg3dte] Y,
30% &<t voltexing & &, centrifuge(1,3000 rpm / 4C) 3% &< 58 & F /9 Fo=

Z =

o] A A5 A EtOAc S5 vhola® FHol 500 p I F, 40T olslollA A EZ7)
et T3k EtOAc FE &S 93, 1000 ppme] ¥EE gtao] 4o AL&stdth =
2] ¥ fucosterol 1.2 mgE MeCN-S o] &3}4] 0.005, 0.05, 0.5 mg/Le] X+ &8-S AT
a
[e)
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37
st

3T

25. LC/MS =A% (F), RRLC =A% ()

7171 Z27 : Agilent 6410 LC/MASS & Agilent 1200 RRLC condition

Agilent 6410 LC/MASS

Agilent 1200 RRLC

SCAN mode 100 — 800 (m/s) .
) Column Epic C18, 4.6 x 250 mm, 3um
Diode array 218 nm
Ion Source Positive Flow Rate(ml/min) 1
Fragmentor 150 Injection Volumn(u@) 10
. A: 0.1% Formic acid in Water
Gas Temp(°C) 320 Mobile Phase . o
B: 0.1% Formic acid in ACN
Gas Flow (L/min) 35 Column Temp. 40°C
Capillary Volt.(V) 4,000
g olEd EFuls % oIRE A7
3 26 &uf o] 2 #
20 O|lsd =gH[Z
o2 A|7HE
0~3 50 50
3~9 0 100
9 ~ 12 0 100
12 ~ 14 100 0
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2.1.2.2. Fucoidan

2.1.2.2.1. Fucoidan®] A &4

Fucoidane eH13la A ARE 2 wA AZwfel Fo|fld HAste w2lal, ol&
0.196 Methylene blue, 50 mM HCl MeOH:acetone:water & 3-8&< o2 AT} 5% acetic
acid, 696 MeOH, 4% acetonel.= €9 9 A% fucoidans 2% SDSE X3 70% MeOH
05 mlell ¥ar 50CoA FZ3Ht 0.2 ml® 96well plateo] #5331 microplate reader”] &

o] &3ko] 663 nmolA1¢) FFEE =),

2.1.2.2.2. HPLCE ©| &3 fucoidan® #At& =4

Gel permeation chromatography (GPC)E ©]&3}9 fucoidan®] EX#-s A3 A
&5+ ultrahydrogell 1000-500-2501¢19, 0.2 M KNO; & o] s o2 dlo] A-2dA f< 0.7
mi/min® & ow, AAH fucoidan AFE 100 45 mg/mh& FHASFA Standard A
Dextran sulfate(sigma) 5, 9-20, 500 kdag A}&33A T}

21223, #7) &&F 54
S gEE HA8H7] A& AAE fucoidan 3 mg-S 60% formic acid 1.0 mlel =]l

100CAA 8AIZHESE Ab7lRE] AlAY HEE T8 & 7FpRdlE 02 mgel 3.8mle] 4%
TCA<t 1 mle] BaCl-gelatines #7}3l3. Elisa LeaderE ©]-&3%o] 360 nmolA THEE =
A3kt

2.1.2.24. Fucoidan® 4% &4

1-2mge] AA ¥ fucoidan A&EE 6.0 M2 HCle| ¥ar 110TCo A 24A3F &<t 4 71+ &
A71aL Az 5, 1-2 mle] S7FE &3g 5 ol& 74T #49 AEEA o] &35ttt 4
Al2=¥le HPAEC-PAD, ED50¢l™ #H#el F#= CarboPac PAl Analytical (4x250 mm),
PAl Guard(4x50 mm)°]tl 30ColA] 18 mM NaOHE o] &4 o= 3o f< 1.0 m/minzZ <
Hom, 7teds @ AR FHHS 16 wolth A% 77FA (Fue, Rham, Arb, Gal, Glu,
Man, Xyl) & 7|2 o2 #4391}

S
o,

.

214, &g &<
IE 5 FEES AZXY | AMES v opyo] “olfFiRau 7] EA A ASA
Sz Bfse] vk A &vle] ol 19 50 mg o3t (%W 1914 5000 ppmeltt 0.5%¢]
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222. %8 B F&E W9 fucoidan®| &9l

2.2.2.1. Fucoidan®] A &#24

1,600 400y

1,400 | 350 ,I

© @
=
i gy sl

10.0 20.0
1g of fucoidan in spot

1,200

1,000

Age3

0,800 [

0,600 [

0,400 [

volume of spot {intensity x mm> x 107

0,200 [

0,000

0 5 10 15 20 25 o

fucoidan(pg/spot) fucol da n(pg/spot)

219 55, Fucoidan® A %54 calibration curve(#), fucoidan A% #4 Az

2222 HPLCE o]&3 fucoidan®] ¥4 =4
¥ A3 AAE fucoudan oF 30-50 kdad] Z7|E vhERWILE

standard
pre
i
e
S
- e . e

30-50 kDa

Li L
o =0 o oo m rm I =0 Le il &n =m =D L]
I

23 56, HPLCE ©]&3F fucoidan® A% =% 4z
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standard curve for analysis of sulfate content

0.1 .
y = 0.0009x + 0.0013
E-EE R? = 0.999
: nlm ’
R oo *
} g &
5 0
0 20 40 60 80 100 10

% of Sulfate cnntent_

28.21 % ( 0.28mg/mg )

3M-fucoidan

213 57. Fucoidan® 4b7| &=k

)=
NRS

2.2.2.4. Fucoidan® A%

nC

s0]

N
4]

4
|

k
o

1 -Fuc - 5.767

S -Gal -15.334

a 713_@44\~

s

6 - MaiXyh7|
My

min

0.0 2.5 5.0 e o 10.0 15.0 17 .S 20.0
No. Ret.Time Peak Name Area Amount Molar ratio Concentration
min nC*min pmole mg/100mg Z=H[(%)

1 5T Fuc 30.978 1576.182 4.29 10.090 (197

2 9.90 Rha 0.112 7.218 0.02 0.051 BEET

3 10.67 n.a. 0.312 n.a. — — —

4 13.63 n.a. 0.033 n.a. — — —

5 15.33 Gal 9.001 367.219 1.00 2.580 18.40

6 1773 Man 1.553 112.942 0.31 0.793 5.66

7 18.43 Xyl 1.896 86.353 0.24 0.505 3.60
Total: 43.886 2149.915 14.020 100.00

219 58. Fucoidane 743 4 23}
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ratol] 3
FS3 T

S

I 674

Sprague-Dawley 7

F7] 9lste] 44

S

:F-

KeN
=

Fhsta, Alere] A A

e

j2)
o

0

Hr
3

AT A LhEbL

ojy

fveel

_ZTI

K

7o

pelut.

ATFo] 5

3]

5 v 4

peae.

S

2 Al dEapAA B4

&= 5,000 mg/kg FoJ ol Al AL

o

v} 9F= 5000 mg/kg T o] ol A

e

'l

e

1.1. A
&

of A thEp

il
ﬁo

i)

ojy

= X
==

N

S

al
=

]

b1 9

S

XE]O

=
T+

AT

T
i

o]-§3te] A

KeN
=

% Sprague-Dawley rat

b ek,

S

shel A

A b

e

s

=0
K
1

el

1.2. A

(Fermented Hiziki Extracts)

1.2.2. A @A

A&
Rat, Sprague-Dawley (Crl:CD(SD)), SPF

wl
1.2.22. Ak 2 4 A

=
)

1.2.2.1.

ORIENTBIO INC., Korea

Sprague-Dawley # =+ 2

-

FA, 12 vte], 5 75, 1243 7 1358 g / A, 12 wie], 5 59, 100.7 7 1131 g

1225, Fo A

111



7, 10 viel, 6 9, 1665 ~ 1783 g / ¥A, 10 v+, 6 8, 1178 7 1298 g

1.2.2.6.

Far, AXA S (CP3202S, Sartorius, Germany)® A

Al 3]

W3l (Table 5)

==
&

=A

e

j2)

A5

o
AR

—
o

iy
o

uj
&

A

iz
i

e

j2)

belet.

S

5wl iy

1.2.3. o (SOP/SGE/260)

1.231. FAA=

1232, FojA e Aol f

J4 89420t ATolnE

a9l 9%

=]
=

sl

]

A

Far, A Fo

S

10 mL/kg &

ke
T

o) o} 3

o

tol el &3] ZAl

o]-§3

g FA G mL)E

16 A3k ]

ok
)

o el

il
o}
o
1K
a5

-

1.24.1. &+ 74

0

g
oo
<
jazel

i

s
o
W

2

S
0
iof
Tl
3
=
4§
o | Y
o <-
50—
== g
T <
g 3
u E
o =
do 2
85 O
u £
i

5 (2101 ~ 2105)

5 (1101 ~ 1105)

10
10

5 (2201 ~ 2205)

5 (1201 ~ 1205)

< 9F 800 mg/human/day (%42l 60 kg 714 13.3mg/kg) ]t}

o

way

BN
T

At ApTEZE gEEA @ wEkA, EAE e Fol g% 5,000

oF
g

KeN
=

2] oHlAlE (Biotoxtech Study No.: B12152P)2. % 5000 mg/10 mlL/kg

ok
wle]

l‘ﬁ:

-

W

37

i)

ol

W~
EE

112 -



1251 9wt #F (SOP/SGE/160)
TG (0 Dol Fo F 30 I7H= Ao 1 3] o4, 1, 2, 4 %
(AT F5, A, A5 T) R T

A v 18 duEgs gdac

N

1.254. 53 (SOP/PAT/115, 130)
B2V TR F, ERE AETEA dEA CO2 F2E FYUAA widEHe A wHate] <t

S 7] 3 B d,
1.25.5. &AW g4 HAF (SOP/PAT/190, 230, 250, 280, 300, 320)

54 A fetaze] waw A-xAel dal Wasttii e 49, =Aued s
ERL ]

1.2.6. A7l HAIAE (SOP/DSC/002) : AgoAx dojz AlF A= SAS (version 9.2,
SAS Institute Inc., US.A)E A3l 71 A S Folded-F #HAAW-S AFE3lo s84HES 7
Al (7995 0.05). T84 A9 Student t-test E, T840l 717%™ Aspin-Welch
t-test & AHAIStY FoAAE gl (Y FS 005 2 0.0D).

\ﬂﬂ
OHD:

—_

AshEs WA 41 o A% sy

3.1 AR (B3 41¢] Table 1)
BRA7NZE gl b dlz=w ® 5000 me/kg FolwolAl AbdEl= SLSdTh

1.3.2. dub5A (23 419 Tables 2, 6)
5,000 mg/kg T o] kg Aol A Fof 1 i1

stooDo] #FHI oL Fof 2 UFH OE]L%’E}Q oS HEEA &Uutt. oy T
ANdEZ Foo 7]Q1s dA]4Ql HstE wd

1.3.3. A=Wzt (¥4 419 Figures 1, 2, Tables 3, 7)
#H&Z7)7F ok, oF 5000 mg/kg Folwtol A o FTd vlaA] F9A = AlFHEE QA

Q X] 01—0 ]:]_

34, Fokd BAaA7A (33 419 Tables 4, 8)

3
FAA, g5t 2 5000 mekg Folwel A Febd ol AL RFHA okl
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5,000 mg/kg
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AL IEETE S

Fﬂ\i
_VE

© o Ob 2
jg t

EASA 0w
ol
=<

aAARENAS 2 EAs aEAe

GRS EA S RE ALALAN QARG s Aze] FANEE 5%

Moz AMAY  FUAES  HAHA  @gov], SHWEEH  wastol
Fo9 Aol

oo ANEHE B ARzAS A APEA WE E FEES AAARE 40
34 = sow Byt

2121 ANgdE4

g F%% (Fermented Hiziki Extracts)
21.2.2. AEF

21221 54

Chinese Hamster Lung (CHL/IU) #j kA X
2.1.2.2.2. Aeo]
AEAETE ol FAA o)A Ho] ARRHIL o Jloj=gglel e F

=
Chinese Hamster Lung (CHL/ IU) A ¥:FZ A&t}

21223 4+ 2 By

2
o
i

CHL/TU A¥=F (Lot No.. 3375917, US.A)+ 2006d 10¥ 25¥ | American Type Cplture
Collection (ATCC)o A T4 38ted, 10% Fetal bovine serum (FBS)E ¥ 3Fsl Eagle’s Minimum

Essential Medium (EMEM)o] E0]9% 75 cm® =23 (Nunc, Denmark)oll 23,
CO.7F &%+ 37°C wik7] o A vl <3St} Hoechst Stain Kit (MPBIOMEDICALS,

- 115 -
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& Abgstel Axe vlolm Fehzvie] o gftel sl #elsta, wigE Azel 0.25%
Trypsin-EDTA & 45 7}sto] Setaa npe o=y A2yt 29 As gl A%

HegdS tubeo] £7 I 1,000 rpmelAd 583 QAR e AEds AAs 1x10°
cells/mLe] ¥ %% FBSE H7[3F & DMSO (Merck, Germany)® HEs%7F 10% 7| 5 ==
3lo] FANEE FHO BEF31, 2ASYEIL(-80 T -60°C)oll A EFFFeF WA 5 A A

Axdad] g A b wasg.

2.1.2.2.4. 7 chwj ok

FAE AYXE 37°CE AAE 2524 =20 & 10% FBSE ¥ &3 EMEM wl#|7} &
19l 50 mL ZehaE R *;1 1,000 rpmel A 5830 4Rl kgt el e AAd
5. 10% FBSE %23tst EMEM wIXo] #EAAT. AZHENS 75 cm® Zeh~ze] $7,

5%¢2] COx7} &5 %= 37°C v k7)o Al v st AE7) sfEZela=a npdH Ao 707809
ol A Aesk uf MEFHE B3, 0.25% trypsin-EDTA &8 g sle] Sof~= npeto
ZHE AEXE B39, AEAERS 50 mL S22 FH @il 1,000 rpmel A 527
AAEHEATT e AE AAT 5 10% FBSE %33 EMEM #jxlo] &g A A¥d
A& 75 em” Tkl &7, 5%9 CO7F T 37°C g7 oAl vl kst gict.

=

.

nu

o

2.1.2.25. A%k
AR o] G A Fol= AE Al 14 ol AlXEE ARESSTE tiFFA 78 AlEd
trypsin-EDTA £94& Heste] Sgaz nfgdozRy AXE 2838 5 50 mL S~
FrHol |al, 1,000 rpmollA 5&3F AAEZsAY. Fede A & 10% FBSE X3
EMEM #jA|e] #gA7 & JAFHE o] &ste] AEFE A8t 5x10" cells/mL A3
g s e F A XS ‘?—1 Al ]643—8— 96 well plate (200 uL/well; Nunc, Denmark), A
<2 60 mm dish (6 mL/dish, BD, U.S. Aol #F389] 5%2 CO7} &+ % 37°C a7l
/‘1 193w FatSich

==

Al

i) }-H r,: )

2.1.2.3. 11

Aol AFES BlAE ZAEY] 93te], EMEMel g4 3stE FBSE HEwTE 10%7F 5=
A7F3E & 10,000 units/mLe Penicillin G sodium¥ 10,000 pg/mL<] streptomycin splfate
2%Hek &3t (Invitrogen, US.A)S 100 @ 19 &2 H7Fstdth. 24 & AFEAIZHA] W
(2 7 8°C) B3

o

2.1.34. AXZT2AAAE
2k 0.

BAGe) g A4 8] WGLPZ A ST

2.1.3.4.1. &3

Zhol =2kl oA F3 8 5000 pg/mLe HiagFo=z 3oL, o]k 2,500, 1,000, 500, 250, 100,
50, 10 2 5 ug/mLe] 88 %e AANAT. ER, AT e 2489,

2.1.3.4.2. g4y
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A Gt Axdgge] Axss dyAs % o] &38to] A F 5x10" cells/mLo] =
= 10% FBSE ¥&3 EMEMOA.2 343} 96 well plate (Nunc, Denmark)el 200 uL? &
3kar, 5% COx7F 3w %= 37°C # 7] ol A] 1%‘2} ket MdEs & 7 platew ©
P o] At su|EA et B© SR, ASA e At A e s & 3AEE
et ¢ £59 4 wells AFESaL, AlEHS 2 72 ADE 7| D84 well plateE T
Atk AldE=E OHHJ B o] ZAste] A skalth

E_-{}J
[-'\l

.

o

F 28 Az AHAIF A7 A

ZHZ (mL) o at
ou R CE: EMEM o o o
AE mix Bl i 0% | S0 | S¥dixed "
mix | e A|SES oM L/well)
FBS =
SNz 0.90 0.1 200
ANEEE 0.90 0.1 200
CHA|ZHA 2]
[HEE N sMO=x 0.73 0.17 0.1 200
ANE=2 0.73 0.17 0.1 200
eMOx 0.90 0.1 200
GisMaly | - -
1218 ANEEE 0.90 0.1 200

Al g, SAEA Y A e EA s B EAstel= 6A1%F widE & welllHE Dl
becco’s Phosphate-Buffered Saline (D-PBS)Z= Al A skar, 21413k vkl 200 pLE 73 184
P o viekstanh ASA e Aol 243 A5 widsianh AEEdY AAde AEE
AR Ao} wjSFER A 4 &FEE Bzksialh

:l:‘4 ‘

2.1.343. 3= A
wokEnr 3 BE welld]  3-[4,5-dimethylthiazol-2-y1]-2,5-diphenyltetrazolium bromide

(MTT, 5 mg/mL D-PBS)E 50 uL® H7}sle] 447k 1] vkl o] wjokeR s wjgal A%
A o7]o DMSOE 150 ulL® #H7lste] A &8 £3A A . ELISA reader (ELx&08IU,
BioTek, US.A.)E o] &3¢l 540 nmeoll A THE=E SAHFA .

21.344. 2N ¥ ol

213441 AEFHAANGE At @A e ARSI LA L ASA LW o)
Agg sl EAsel ] AEFAE B 50% ol At SR BATA L) WA
WAL RS AARAAEASAANE ALEA) A Y3AG. APEL UL BALA

gl tAardd st EAsr 2 Sk, dEA e AR SEAse] 2,500 ng/mL o]
oA FE= A

213442 EA A9 &
A REA 2 o] o }%}* slEAs 2 Aol uare
ug/mLol A ¢F 30% o]AFe] AlE=Ao

=

P
A

|

rJ
-1
i
32
~
k=)
Bl
9
fe o
>
il
lo

;
Nt
=
o
ot
flo
L
M
— 0O
=
_)ld
Ak
)
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9 ﬂ%*}%‘“ﬂﬂliﬂﬂ & AsAE e WArEA s EAsE 25 5000 pg/mLo=
i, o8l gy 2% 3§ AJEATS AT w3, ke HEAdel e A4
= " FYUE il% A8

2.1.35. A&

2.1.35.1. A

AajeEst HEdetoo] M¥4E J7ASFHS o831 A5 & 5x10" cells/mLo] %
2 10% FBSE %33 EMEM=Z 343t 60 mm plate (BD, US.A)ol 5 mL® #EF3}
5%2 CO27} w5+ 37°C v 7]olA 1¥3F ujtedt). vidEs - 2 plate= @A 7HA

gl garg sl Ege 2 A, 9%
Atk # &2F 2719 plates AL, 2ol plated] FAMOR =T g 54
27, FEEd 9 GARAE E4F5E V156 Ausr AdEe olye} 2

Askel Aelshslr.

3
A e A d sl EAste] 3 3AER £ Tt
Z o
o]

329 AlESAAA ZAIYE AR A

s9 ZH 2 (mb) Bxa
Ae MEIZ | EMEM with | S9 | S8 izg | (MU/plat
mix 10% FBS | mix | FE= AHESXH e)
=df= 11.7 1.3 5
- NEZEEE S 117 - 13 5
chA|ZHA 2 SISINES 12.87 0.13 5
=dix 9.53 1.3 5
+ ANE=E 9.53 217 1.3 5
R S 10.7 0.13 5
=df= 11.7 1.3 5
ALK 2| E - AEEZ 11.7 - 1.3 5
ToNle E 12.87 0.13 B

= ARsa, A el 5 mLe wEea 1847 o WRsATh AA e Al
UAZF A% M APEAY AAL AGRANe] A Alsh MBERA 7 PR
B2ahglt

21352, AAAZ

wlokEs 24 7F Aol Colecemid £ (Invitrogen, US.A)S HE5E7 0.2 ng/mLE A 7}

} Ik wER F0.25% Trypsin-EDTA £94-8 =3 plate n} e} gTa AZEe
¥ & 1,000 rpm (FLETA 5, st a}3}) of A 533 dA#Fe s = Jesds

F/] 37° Coﬂ/ﬂ B3 0075 mol/L KCl =898 5 mL 7&17}6}04 vortex mixer® HF3F 3

37°Col A 205-3F WA AT 208 -, 1 mLe WZe 3AH 9 (methanol : acetic acid = 3 :

D& ¥3L 1,000 rpmel A 583 AAFdd & Feds A7t AlxE waAgslvh o F,

O

_|_4

.

o)
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5 mLe Wztsl aA RS H7Ls 3 vortex mixer® WHFsFe] 2000 rpmoll Al 5E7F A E
[e:
A

3ta, 13] wkaste] MY E nAS AT Ao AXF-FAE Edol= Fgha 27ded 1 7 2
e "ol Sdtol= RS ARl A=stsdYh dx 5 3% Giemsa ¥R o ® 207
A e

2.1.3.6. &z

sdfols FEAFLE XA el A ASA Y AR AAET. A B A
|5 7 AEy BT &5Y 20079 2EFUIAET #E b 38%S AAs 4
sohol=% 10070, 10 &% B Ha 200709 £EdF7IAEE A4 (BX51, Olympus, Japan,
4008, 600H) Hl&)o 7 TEE AT FRo|Ao A AMEYHAG (chromatid break; cth), <

AR A3 (chromatid exchange; cte), 9 A A (chromosome break; csbh), 244 w3k
(chromosome exchange; cse), 7 (gap: @AEA 2] & Hyn FL& w|ga4d F9) & 7|g

i
AT 2 2] gap R A Fo] 8=

(other; 0)Z 3t Ath 7IEZ A 1719 5o
o= @3} (fragmentation; frg)= 7| %330t Gapol helir = At 7|54 o]0 29
A i, AR gaps EFSHA F= AR FUPeRAATh B 7 o] F oz A H)
A (polyploid; pol) @ 3Mwls}l (endoreduplication; end)E 7] Z3tgc}. o]e]dk o] 4SS 174
ol TtX = AEE o BAX ME AFda JAE g T3, HAE & A
T2 SHTE S, A Aol FRE 44 7 Es AT

2.137. A1@ e AHxA

e 21E By vUEste A AHeE gt

DAAA oG ZAN =T S UE T A= 5% PIRE FAA U TS 10% ©)Fd A

DA D EATNAN EAT AEE 2007) B2 §3o] 3&F oY A,

DAEL] 990l & A

2138 Ao #4

AMA o) HS 7 AE (gapS A9)He @S] 3] Toshio Sofunise BA7Fe ul
2} o] A XS At FFE&o wt v 2ol #As v

1 5% "W - FA40)
2) 5% ol 10% m ¥k - o FA(£)

B A= Faez AAHA F%7] W
- D20: 20969] Aol Fxolidol EHE 4 U= v (mg/mL)
- TR#: @98 % (mg/mL)Fe] AMEAGngt (cte) TAWES] Bl

2.1.3.9. ®t52] EAAH T
A A o] e THAE AIEL] FEHIEE SAS (version 9.2, SAS Institute Inc., U.S.A)S A
B

S
&3t Al e AAEh e e2 BAE Aol dfAN S VA= Axe 3R

-



NE
dlo
oX,
=
BN
M
B
o2

To| a4 Fisher's exact testol] 93] AT AdEAAE T 7
_]

Ak oAk (elaE 0.05) Ad5s A

£32 5000 ng/mLe.= 3}
%

FH TS 9

M
)

2.1.4.2. EAFE (3H 4.29] Table 2)
2.14.21. Al EANE

A A g o At st EA s ) Ak, AR e AR S njEAstel A A
Aol da 7Hxl Ae] FFNIEE 5% nRtez AAMA ol g FAHA fkew, &
s [e]

Az vwdle] EAH 0w A2E A okv) (Fisher's exact test, p=>
0.05). Zt HgADel 3 FddETAANE TS 7R AxY FIREE 10% o] do]
o A XTI v BAA R /234 S8t (Fisher'sexact test, p<0.05).

21422 N@EH A
AgEde Hde dAA

v &8 2,500 ng/mL o]l

.

At siniEA sl 2 S, A5 e A st
3]

iu)
> o
lo
i

2.1.4.2.3. Historical Control Data (B3 4.22] Table 3)
SANET 9 FAETe GAAo)AFS VM AES F# ¥ = historical control data®l

He el At

21424, N8 AHY
SANET 2 FANET
o

o3| | 2]
= T

Mol 3o, AU ERTAA Fxo)FE 7H A9 FHNEE 10% ooz &4
A

s v Fod S7F FAH AN, AdEdae] 3§ 20071 T 7] GA
E7F g vhselvh 3, Az o9 gldly] wiitel sigAld e AEd AlP skl A

AR Aol gs AT

215 28
ool AMmAE, & APt Aded BB F FE=Y dAAY RS &4
oz A=A
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2.2. Att& o] &% HEFEdwolA Y

NAEAD 2g 5 FEHE9 FAAEAH HEAS d2d 74 dudaqf
(TA98, TA100, TAI53 %  TAIG37 w5 % EdeEd Q974 i
(WP2uvrA(pKM101) TF7)8 o]l &3t dixdAdsivlEAst 2 EA3te] Aol 3

72t 71 Esen
BARe) A APEATNNE LS F5
Hel 2R ERYSE SAYzTe e

wEE A st

Al F7 sk T

ol AMEFH, B A@xdelM AEEE LR F FE=S A =R

22.1. AgEA

AdEd wag 5 FEEY FAAEAWH] HAAHES dAHY 2549 Ardeat
(Salmonella typhimurium)¥} EHES 274U &3t (Escherichia coli)& o] &3to] HAES}
O:]]:‘I_

AR .

222. NdAws 9 H

2221. ANEEZA 48 B FEFE (Fermented Hiziki Extracts)

%30, HY dx BAe BF
x

RS Lot No. HaxXA K| = At
Sodium azide (SA) STBB9452V A2 Sigma-Aldrich, U.S.A.
2-Nitrofluorene (2-NF) S43858V A2 Sigma-Aldrich, U.S.A.
2-Aminoanthracene (2-AA) STBB1901V A2 Sigma-Aldrich, U.S.A.
9-Aminoacridine (9-AA) 07620TDV A2 Sigma-Aldrich, U.S.A.
2-(2-furyl)-3-(5-nitro-2-furyl) $TQ3987 ge Wako, Japan
acrylamide(AF2)

2223 ANIEH xA
ANdgde A= AFEA Hgdeol AA3} dowko]l ANFEAS A & (CP323S,

A 2l 2
Sartorius, Germany), ZA|&7]o] il Age] BHAE 7138 vortex mixerZ W RHEslo] A&

o



Azl & BEAZ AL Ho] HES ZASAY. o3t & didiAE dAg st A S}
At
2.224. FAEA] %A

4.
zb gt e FAUx=4dE A 9ste], SAE FARESF (Lot No. GBA1009,
Choongwae Pharma Corp., Korea)& 2 ¢ EZ2 DMSO (Lot Nos.. K41607131,
K42088831 Merck, Germany)E 3 A2 AFE3dvh 2471 FANEEZ
/7] ¥ K

il
|

ull
=
L
_0|L
&
i

N

N

L Awe] B AE 718l vortex mixer 7| Bl
2ol AH HE&Fo| HERE FYAE AFste] XA AT 2AE 47 =L
FH FF3fe] 2A2Wsi (OPR-DFU-657CEV, Operon, -80 -60°C)ell &4 KW #3}ar,
e gl sFste] AFE3FA
3 31 ZF Tl digk FduxEL TR &%
S99 mix | #FY =k % (ug/plate)
TA98 2-NF 5.0
TA100 SA 1.5
- TA1535 SA 1.5
TA1537 9-AA 80.0
WP2uvrA(pKM101) AF2 0.005
TA98 2-AA 1.0
TA100 2-AA 2.0
+ TA1535 2-AA 3.0
TA1537 2-AA 3.0
WP2uvrA(pKM101) 2-AA 2.0

2225 oF

22251 F 9 w9

Salmonella typhimurium TA98
Salmonella typhimurium TA100
Salmonella typhimurium TA1535
Salmonella typhimurium TA1537
Escherichia coli WP2uvrA (pKM101)

2.2.25.2. A &lo]f

HoldAd =gl et Apdo] wa, nAES AFES WolddA gl 71 dhld oz AL g
Ha glow  Jrol=gkele A FHE I 9= TA9S, TAI100, TAI1535, TA1537 2
WP2uvrA(pKM101) & ARE3F T}

TFEE 20119 109 28¥ 9] Molecplar Toxicology, Inc. (MOLTOXTM)oA FLatdth ¢
% 7} #FZ nutrient broth ¥WiR|o] HEdFo] SAIZF HoF AEwjE (37°C, 130 rpm) 3ttt
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== 0

5 5 7 9T Z‘ix}% (genotype)
=

o
dot
o
ol
¥R
v
=
N
1o
i
o
o
N _1@
-0,

= F59 QALY
hisD3052
TA98 rfaAuvrB (pKM101)
Salmonella TA100 hisG46 rfaAuvrB (pKM101)
typhimurium TA1535 hisG46 rfasuvrB
TA1537 rfasAuvrB
hisC3076
Escherichia coli WP2uvrA(pKM101) trpE uvrA (pKM101)

FARAA 4 dFE 3]F53o] nutrient broth ¥l Ao HEFs 3 Feul<F (37°C, 130 rpm)3}

At Mg =85 5 7 FFE 2 mLAY cuvetted] ¥ 3l UV/VIS spectrophotometer (SA4 37

660 nm, V-550, Jasco, Japan)E o]&3dle] EHE=Z A, #5471 1x107 cells/mL o]
3l

= Ae HAd 5 gl st

2.2.2.6. ¥lA|

2.2.2.6.1. Nutrient broth #]*|

Nutrient broth No.2 (Oxoid, UK)E &g & XA &7]o] ¥il 2% 25 H7bshd
stitrer= W REFo] B A H . HEE 7 25%7F H RS 2eFE HUMAY 24 & gy
<7] drst vt

N

2.2.26.2. F4 glucose 3H3H 3 )%

Z7 bacto agar (BD, US.A)E ¥i 3357 Hsgd. % VB (Vogel-Bonner)
salts 10¥] ¥ =943 20% glucose (Junsei Chemical Co., Ltd., Japan)& 7t7} H7lstal #H Eg
YAl Z&538ke] A2 A8

Ol

2.2.2.6.3. Top agar

A3l ESR 9 bacto agar (BD US.A)9S %7} 42 05 % 06%9! top agars 2487 ¢
sto] Z4zhe] EdE AFS 5 2EFE st agF ] sk 2AE fofe ARy
T8 top agar 0.5 mM L-Histidine/DBiotin &3 (Slgma—Aldnch, US.A)S 10:19) M
&2 E§3ta, AR top agare 0.5 mM L-Tryptophan (Sigma-Aldrich, U.S.A)S 10:12]
&2 Edste] AT

=

2.2.27. S9 mixe ZA
22271 44 2 13
S93 Cofactor AE 8| dYBREFAF2AEA (Japan)ZF-H F 43k 2A2WEaL (=80 ~
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-60°C)ell BLg3ar, fE7]1F dlol AR&-3FSith
3% 33 59¢ 54
ANESE Sprague-Dawley rat [Cr1:CD(SD)]
g4, 8 R, 778
271 7
SEEE Phenobarbital (PB) &l 5,6-benzoflavone (BF)
PB: 30 mg/kg 13| (1m)
Fog 8 Foz 60 mg/kg 33| (2 ~ 4Lm)
BF: 80 mg/kg 13| (3LM])
£0i3z = LU0

22272, S9 mix 4 2@ ZAHH
S9 mixT ofHY HeoF 7
No.: 11122210)3} Cofactor A (Lot No.: A11121910)=

3£ 34, S9 mixe =4

o zHoR BATFe A zANGY E
sigstel 1: 99 ug

g = 2 7o dRE
S9 01 mL
0.4 mol/L MgCI2 0.02 | mL (8 pmol)
1.65 mol/L KCI 0.02 | mL (33 pmol)
1.0 mol/L Glucose-6-phosphate 0.005 | mL (5 pmol)
Cofactor| 0.1 mol/L NADPH 0.04 | mL (4 umol)
A 0.1 mol/L NADH 0.04 | mL (4 pmol)
0.2 mol/L Sodium phosphate buffer, 05 | mL (100 pmol)
pH 7.4
A %= 0.275 | mL
= ot 1| mL
2228 &FEAAANE
BAP $3e AR st §FUAAN DL A
2.2.281. &%
Zhol =g}l Al FH-3tE 5000 ug/plates HiagHFo= ) ola} #H] 4= 1,250, 313,
781, 195 % 488 ug/plate®) 54%& ANt D SAUET L PYUxET e 4R34

=
2.2.282. ANaHW

S48

@ 2ve] 5]
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SFAAANG Y A, APEA 93 AFA s = dAEAASE fio #AAglel e e
Zhe) R ggkvh Al EZH HAS AL s v E=AE 2 EA35F9] 1,250 n
g/plate o] oA BAEYA, B W] FRU S| AZol: Aol G wepd, A
o HuLgwL 5000 ug/plateog a1, oldk &M 22 48 (2500, 1,250, 625 2 313
g/plate)2] Al dEA gl ST 2 FdxTS A3

M
o
L
Zi
L
15(

0o

N
N
©

rz
>
et

o meqFuel oz Attt £d, AT LA} L £Aste) 2ADE
At BAGAAE 7§39 3o A=AUAR A A7 SEgd4d] s
7

?
eqUEE, PYUEED 2 AABYS S FFE W] Jdsg

2.2.2.9.2. AW

thAtAd spnE A el M= 2h &7 ZEAS 717 100 uLA vhol
Azryglor FHolo] Adddats Fe Pl HaL, 0. Ak (pH 74) 500 WL
2ozh gt dEd 100 uLE H7RA 37°Cell A 208-3F st 29 F85 F, TA9S,
TA100, TA1535 2 TA1537 r=Foll= Awdek& top agars, WPZuvrA(pKMlOl) ol =
g top agars A7t 2mL”/q H7tske] vortexing sFvh 1§, #EAE HA glucose
gl ol Fedto] 2ol WA, hAEA stEA ol A= 0.1 mol/L 14tk 5
(pH 7.4) 500 uL thAlel S9 mix 500uLE A7FstSch 2 99 Heles FL3A AA3A T

N

5 o &)
]@Eé,'ﬁ‘ = o’06

A 1 okA T
L

2.2.293. Al 2 wjkAlZE
Top agar’} =<2 § #HEZUYUHAE A ojx 37°C w7] (DK-LIO20-P, Daikiscientific Co.,
LT, Korea)oll Al 4847+ wf 2k&}5 o}

22294, T
Aarel o)sk 09 fNE
74 % S0 mixE AAREL FAAREA 23, 57TC Y10 20%4 Agstenh A9
T %, top agars 74 vortexing & ¥, n

9ith. Top agar’t Z& ¥ sIEUHAE FR01A 37°C w7 el A 48/\]J W) ket &
nAEe oo Qe FEY FA FEE FAsHTt.

SHAg D EAFe Aol AFAel FRHA e Aok BEAST FAHA
T ooldo] FRHA &2 Ao 23l sFHA k7] wiel AP e

2.2210. & 2 A=
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222101, N BEA] HA 2]
ANaEZe HA & &

st

222102, 259 =
et T5 & HAdo

Z2YSE Z2Y7H (ProtoCOL, SYNBIOSIS, UK)® #1575 8

FAZC] AHeA e Aol KAARE FAHh

2
=
>
il
il
S
lo
ot
2
ol
o
f
_|>i

2.2.2.10.3. Background lawn®] ¥z
HAZ3 sA)9 background lawno = F-E A& &2 o
Ak ASA el B4 7)EES background lawne] &4

A8 sk Aoz 33l

2.2211. N gel A€z
1) &4 9 oAUz Ae HFEFWoelZ 2147} Historical control data®l Wy ==
Aol FEZ Y7L ST 2v] o] 4d A

22212, A3te] B4

Aol& 17 wFollA HAAMo|FRZ USRIt 185 o] ifollA] &
skar, F7bell wE fFelEA o] AAY, AFALC] d& A =1
A 3k o

2.2.2.13. A=52] TAAE
BAvel R RS ZAR 0] B AT Wy, A L TFAFE P 5
[e]

ATH e ALgEA Qe

22.3. A1E A

Aldel A F= A 43 o ARSI

3 e A A BEAEe HauEwe 5000ug/plate®
393, 3HE 2 2 5 ¥R st AAsY wl SR ¥ FAdxTs AAEA

=

2232 BA¥
22321, BARc| 2% 72
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2

A = %ol

3|

Nlo

X

)

9l

b ergkan, £

S

Z 3}

=
=

UsE S4mETe) 2v)

T
o

F2] 625 pg/plate o] el A &

A&

ol =
N =

3

A

P
)

Gl

pelut.

S

2 B3

2.2.3.3. Historical Control Data

3

b2

SERES

ojn

b ek,

S

AL el £

historical control data®]

A =

s

0

X

R

2.2.3.4. A

] 7} historical control data

K

f7F €174 = ]

A At =g, PF A3

d S7HF &

243

tel 28 o] %

S

0

peae.

o

)

A&

2.24.

fveel

X
)
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ol

o

{
To

23. VHy2E o8

53Tt

Fod HES

S

F7 ICR "% 28 ol §3to]l w8 475l

i 5,000 2,500, 1,000, 500 % 250 mg/kg®] &HOE

MIEE

A 3]

S|
=

KeN
=

o

of 1,000 mg/kg ©|%9l

14

21,250 mg/kg)el Al

b Y 22 287 (2,500

92Tt

A 3]

=z A
= =

Mitomycin C
£kl 5000 mg/kgs Fo

-
1.

3

R

&

gre}. webAl o

bele.

o)
=]
3|

7F5 ]

=
[}

47

o FEAANBOE

24X 3k

==
&

ojn

&

(Micronucleated polychromatic erythrocyte, MNPCE) 2]

:F-

o
T

B

%

—
o

B

<A

0

o

oY
23!

¢+
el

e

o}

EE

E
N

ool AumFE, AN3md TE

'l

23.1. A&

2321 AE=4

(Fermented Hiziki Extracts)

()

2322 FHdNxE

=
=

=& 28 Sigma-AldrichAHU.S.A)ol A 9 -Mitomycin C (MMC)

b,

5

bol Abg

S

s

ks

2323 A&

sl

a5

3

s

3}o] vortex mixer@ i

& 7t

A

[}

A R

al

1
o

Sartorius, Germany), Z=#|-& 7]
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2324 FAEAY =A

Mitomycin C (MMC) 2 mgol A9 (Lot No.: GBA1009, Choongwae Pharma Corp.,
Korea) 4 mLE #H7Islo] &8s & A2 A4 (Lot No.: GAJ1036, Choongwae Pharma
Corp., Korea) & 93te] 02 mg/mLO&E FAdte] AL W%al (-80 ~ -60°C) ol ¥ 3}
aL, ARgA] Elsste] Algel AR st

2325 N
23251 F % AE

vh-2 CrljOri:CDI(ICR), SPF (ORIENTBIO INC., Korea)

2.3.2.5.2. A &lo]f

ICR wh$2% AAF2A 29098 MEd bdgAdel 71 del A4ET gles mu
&g A aARst 450 Qo] desar

s YRS R ATl ool 8l sES ol&dte] wdERY (& &y d)el
AAEEIYE - Be Dol ATl 7k sE el S AAFE 157k, A A ERA]
T ARAANGE ovte] R EAEE 5vkeE eI AEE Fe2 4 o HATo] it
B oo t}.

2326.1. Fol 4%
Zhel=elo Al FHshE &2 2000 mgkg olAW, A=Al AEQ As s,
5,000 mg/kge HigFo = sk o8 2,500, 1,000, 500 L 250 mg/kge) 4832 AHE

T R 21670 o] pie=1
8% 9 3 nelR ik HZEA SUE FHY FAE Astel FART Fofaksir)
Fojojere 10 mL/kgR 33, & BelA AL 71Z2 so] AEAAL £, FolHF (F
o] 09), Fof F 243, Fof 5 1, 2 B 3o dute B 7 &5 AP EES dEEslY

AR ekkvt wEkA, 5000 mg/kgs EAEel Hugwgow 3dla, o]d FH] 2=
(2,500 2 1,250 mg/kg)e]l AdEAS AH
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2.3322. AFwst (FF 4.49] Table 5)

Y o BRE FEA ST v FYA4 e ASHEs EHA U (o=
0.05, ANOVA).

23323, 298G FYIE (HA 442 Table 6)

ANFdEATdAME 9488y & A9udddagte &l B &84 Sz
W3l FASIH o2 {23 Frls #AHA @dvd (p=0.05, Kastenbaum & Bowman).
e AT T adddd S e & EHZ:ilﬂr Hlaste] 93k 2po]= HJaAHA &
4Tk (p=>0.05, ANOVA). FdUxTdA= gaddddy & A2dgaddddye At
LA EFI v wdte] fo8A F7FskA v (p<0.05, Kastenbaum & Bowman). & &8+ 5
gdddd o] vE&e SAAWERTY vty folsk AolE TEEA LUt (p=0.05,
ANOVA)

2333 Alde AH
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B4 AHA AN A “wE E FEFELTH-OD'E 37 HE&
Fol8tele we] WOMAC score,
= = Aol

&, -2k g, ole A, ok, vl AAAEAFoR HYPAH AAHA
5 FEELTH-O0DE 3% 583 9F 1.8 g4t A/d0Ls =
A)E AT TS W] WOMAC score, VAS scale 712 HA @2 AA
5 F7rel7] 918 A A EA oz AAHY 2 QA
3

[

o

gAdstr] fste] v 208 (KBS (LERSTE
T

3.2. A@Ud I EAH(STUDY PATIENTS)

32.1. AAg7+

1) 5+ 45A4] o], 754 o]dle] A<l Yy

2) HaAd A 2 ofzfo] 7Ee A
7 & #AFo] YA XA o] 308 o] 3fo] Arf(o] ke I
) £ WALAALN Y FE 7] (osteophyte) 7} DAY EBA #HA 2718 Hol= A}
t}h) 100 mm VASOA] #HHF-919] FF o] 35 mm ©|4< &
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1) sixFel &
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3 A e Fa Tl AY YAl ThsAdol g
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ANAAE R E FEE o] A% 1 44606 mg) T

1#&35(mg) e R=(%)
Exzxg 200.0 55.01
LYEHAER 100.0 27.50
O ZHMEZ QA (#102) 40.0 11.00
o = R B 16.0 4.40
AE[O}2 ALY 40 1.10
5|28 3.6 0.99
TEERY 363.6 100.00
AMSIZHE(05) 97.0
A 460.6
3.3.1.2. tzx=AF
A U2 E o] A% 1 A4646 mg) 5
F 37 UEAFE U AR S
1#&5(mg) etrE(%)
LYEHAER 300.0 82.51
D AEEASERA#102) 40.0 11.00
FetH A A 16.0 4.40
AEOfZ A0S 40 1.10
Ik 3.6 0.99
HEe=A 363.6 100.00
AotE(02) 97.0
A 460.6

3.3.2. A9 A
AARE FAAE APAE B hxraETd 111 9
FAEE= GAS A o8 Alw s A

o

DO AFgPA oz HAS IAAE 3o oA F2Yu|A HlHo =z 7}
F-2h9l WA E SPSS 22 a#e] W (random number) & LA A 7] E

4 3154 T}
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ii) VAS, WOMAC #HA}k

i) W ok 24

1204 24 2 el 5 AAE e A)

9, solth oFERE 5 AWel g AFd A¥le] A5 1Y o] APAH ANAR

v) Cytokines &4

vi) FAS] WA/ AR e 22 AW 8wy

v) VAS, WOMAC #A}
vi) B 55 Huh (AA B8 2E F/EsoF g A E F) x 100
vi) AlEAE s g2 E A 9 a5

-5
iv) 4944 gk g gl i Aarrrd el )
v) Cytokines &4

vi) BEefE 2AF

vi)) VAS, WOMAC #A}

viil) oF 8% #7t

A7 e A5 A A
APAES LA X FE=LTH-0Ds H4a 13 ol H&3tal Ha 13 o4 Wi, 84

P7+E e AbghS Intention-to—treat w410 E 339 o}

35.1.2. & H7}

0529 65, 1254 100mm VAS AALet WOMAC AALE AAskeia, Adste] dEA %
(CRP, cytokines)E &4 3}l

D 12k #8574 712 A baselined 125 = A|@ 3 2] 100mm VAS FA1¢] AdE&E&
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v g 7Fek At
2) 224 A H7FEA baselinedt 125 § A @3 o] WOMAC AAF &3 714
2, 100mm VAS F3x¢ /MAAE vu Hrlely, 5332 CRP, cytokines®] 7|H 3=
v g 7Fek At

AA s A, ofE B89 o #3843 Fisher's exact test 3= Chi-square 3%
HE Aldste] 1 Aol & FHob3tdth WaE £ FEE H&7 X2 VAS 9 TAES
w3l 7] $13Fe] o] BE t+-AA (twosample t-test)S AA| v}l w3 Bady B4 Fo) =
A=A el WgE A7 st 2 FEE A -4 (paired t-test)S Al TE 3 &
& Aol HrtgEo] ¢ 7 Fho F93% 2olE HolE H$i= old W F o AolE HA
77 f1sked ANOVA AAES A3t 2 2784 H7ta gl #FalAx sd3 S A
& A ABATH

35.2. FAA HutASs 9 FA4HY

35.2.1. B}V =

St el ek F4L AN HARIES AR o dwkEo] e A & THEE T
o}&le] Fisher's exact test 3= Chi-square AR NS Al 3§35t}

35.2.2. etdA Hrt

O RS, AP AAAN dHASE T

35.2.3. 7} W

AE7I7F EoF Bad BE o[ Hkes2 CREFe 7]|&3ta =xslst & o] wks uj&& 3k
oh 127ke] AlEa ) 2T o] dwkE T 2 SAEES I 7 o] 793k xfelrt 9l
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HgA@el sty = Fod d A 799 T A AA A, AR/ A7
| 23y gy o] & 660l 29 mjAs okt Fare] wiAge W
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K=
AP =S IR

Safery M= HT DT

W= 64

NB2ES 120014 B0 B2

IR ¢

(Safety M= DT
FE e

a3 33

HE AF & T
A9 BE 13
- SERHRNE HE 13

- =T
- EHEE

N=2
ITT &= B2 DM
HE AE HER NBF
By 1 0
N= 64 > EUH b ’
0l & BV 0 1
S4BT 1M 014 ABS DET
(TT &= M
EEF e
N 3
N=63 N=1
DZESH M HES IMT PP B DT
(PP ® =T8T HE AS HET NEE
EED HET - DaEE 0 0
31 3 _EELE 0 0
- B 1 0
- #ET @ 0 0
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42. B4 LT sGATe] A4
B AN Gl SR ABNE ik RAEL Fol we 6699 WNPA} Safety
§:] A

For4 A1zAuel dske] ikl A
= PAREIRES

olE My At F glojA FFol def el = A
o7 gllEe & F UM

432. A @A GAYE Y e 58

HEAE = 3] AuEo] YA AlFe tETe A 15H oz AA Y 455%E A F o

HoAg e A 138 R 304%F A Eoid. ol# et WITE okt el EAA LR 9
= k.

3 xjo]= p_o1 A= g tHp=0.803). A Ase] A fro] i bol BAH o= {23
Zpol 7} #HAH A FRTHEE 42). H 3, A %%—%%éﬂ, of 3k FAfoAE thETo] 15 o R
455%, Al@To] 12 o2 364%E YERY ikl f-23 Aol gl Aom AT

(p=0.617)

51. 84 &4 ITT £4)
Lol HF29 wiAS e yEx F FEA AAIE ol R Al8E Alghe tido R
(ITTset) A &A% 84 &4 A= oot ).

51.1. 12 &4 H7HHe <100 mm VAS $32)¢] #H3l>
G252 100 mm VAS gkel i3k 7] A4 A (baseline)= th&0] 59.39, Al &wto] 577302
T kel BAAo® 9% 2ol7k gl (p=0.576). & 65 F2] 100 mm VAS # & U
F0] 49.00, NPT 456302 e T o el BAAHCE f93 o7 gl Ao
b}E}% o (p=0.445), B& 12F Fo|% thrae 43.83, A FTS 40478 LERY T 7bel] A}
} 5] %] %‘OLE} & 12F 79 100 mm VAS gt Wste xS o 16569 7
& 17279 #AE Yebl AETY A7t el vE tax & 3
e B H3A LAY (p=0.692). Paired t-testE ©]-&3lo] 12F
e Aol A= dixzad Alga BT 1253k 5873 Fet 100
mm VAS #e] BAFoz Fo3A #adt Aoz UebdtHp=0.000). Z3#4& o] &3}
9] 100 mm VAS gto] 7] A A o] vl&] fhagh Abda AashA] e Ao v &S 74
T2 v wEdrh 7 Ay axte] ujgo] ERToAE 87.5%, Al AE 781%E 7

=
offt
X,
a2
ML o, F-H
do
j&
O_u
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et o BAAS fo4de AEE A ekorr),
<¥E 6> 100 mm VAS H3}0f| Cjst M@K HA

Ch ot (329) Alelst (329)
p-2t°
HA+HTHX}

Baseline 59.39+12.24 57.73+11.31 0.576
After (6 Week) 49.00+17.16 4563+17.93 0.445
After (12 Week) 43.83+18.88 4047+18.82 0479
Difference® -15.56+16.62 -17.27+17.60 0.692
p-Zke 0.000 0.000

a: & 20| MY Student’s t-test AA| Zn}

b: After (12 Week) - baseline

c 2t 20l ¥ baseline THH| after (12 Week) #HAMX| 9| paired t-test AA| Zut
729 60. 100mm VAS W& Hx 724

51.2. 22 &84 H7IHS <WOMAC 749 wWE>

22 WOMAC el thdk 7] A4 A (baseline)= &) 46.50, A gao] 47.19%2 F+
ol BAACR F3 2ol ATHDP=0.826). H& 6F F9 WOMAC #HE tfzx9]
41.25, Al @rol 39.56& Mol F o ol FAZLeR Fodk Aolrf §le Aom yEhwow
(p=0.648), H& 127 Fox o 37.72, AP 34318 YE Farzbel| ol #Ey
A FkHp=0419). & 125 3te] WOMAC #ke] ¥ste dixwo]l Hat 8789 #HAE Mol
Hh | A e 12889 #AAE e ARt ArF gzl vle) va 2 HAE HYle
U EAAC FoAe FREA A THP=0.297). Paired t-testZ o] &3] 125771 ¥
TR A% Aol M i AR B 1253k 5873 E |
Aoz fo3HA #A3 Aoz e tHp=0.003 vs. p=0.000). W x}EA L
o] WOMAC #kol 7| A Aol wjs] zkAash Abga ghashA| &2 AbEe H|&
A 2 A FARRe] v go] YFRToAAE 71.9%, AlETodAE 81.3%E
Aol A A vlgo] thh =g FAAL FYdS FEE A L htHp=0.555)

11
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<xE 8> WOMAC =x=X| HE|0| cist 27X &

CH = AlEa
(323) (324) p-at®
e+ HFHLL

Baseline 46.50+13.95 47.19+10.72 0.826
After (6 Week) 41.25+15.34 39.56+14.10 0.648
After (12 Week) 37.72+18.42 34.31+14.86 0.419
Difference® -8.78+15.66 -12.88+15.51 0.297
p-Zt° 0.003 0.000

a: 2F 2O e| Student's t-test A1 A| ZH 1}

b: After (12 Week) - baseline

c: ZF E0 2 Y baseline CHH| after (12 Week) #HALX|2| paired t-test Al A] Z}
1% 61. WOMAC 7] ®g] ofsh =] 27

51.3. 22 F8A4 Hr7P¥S4 <IL-3 23 e Wal>

HHAE9] IL-3 S| sk 7] A A (baseline)= i o] 1.32, A|@are] 34302 AlgT
o Ag7F BA R ko F witel BAACE Fod Aolw UATHpP=0.449). =&
125 F o= dlx=we] 310, A9 1.899] Hets YEHl o A SAA fedS #E
A FAHp=0.311). =& 125F 219 IL-3 LA WA iz 4¢, e 1.789 5
7HE Bl R A2 1548 HAE UEY o Aboldl WEkgke] zpolvl AEEA oL
EAA oz Fodl ol ol AtHp=0.291). Paired t-testZ ©]&3te] 125719 WIS
2 RS A3 dixad APda EFelA 125 ko] wgleFe] SAA0E FofeAE &
Aoz et tHp=0.166 vs. p=0.594). WAHEA S o] &3to] 127 Fo] IL-3 WA o] 7|4 A
of Bla] F7Fe Abgd FUFekAl &8 AbE e vl 7 HE vlasiiv. 1 A3 Sk
Hl&o] dtixwollAE 28.1%, Al oA=188%E ZH7 YeR dixwrolAel F7tAF ulgo]
tha Eo EAAS oS dEEA & kvH(p=0.555)
<@ 10> IL-3 HH3}of| cljst HaX| HHE
CHZ= =
(329) (329) -2t

Baseline 1.32+3.65 3.43+15.18 0.449
After (12 Week) 3.10+5.37 1.89+4.05 0341
DifferenceP 1.78+7.12 -1.54+16.13 0.291
p-Zi© 0.166 0.594

a: 2 F0| A S| Student’s t-test A A| Hu}
b: After (12 Week) - baseline
c Zt Ed 2 2 baseline CHH| after (12 Week) ZALX|2| paired t-test & A| Z 1}

2% 62 IL-3 W3kl ek Hatx] 473
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514. 22} a4 H71¥ ¢ <TGF-beta W& 2] W3l>
J g xE2] TGF-beta &d ZFo| thak 7] A X (baseline)= t o] 19045, Al &to] 20119=
Algdae] A7 A Fkoy F e BAFSE F593% zol= PATHP=0.398). B-&

125 Fol&= thxaro] 18931, Al w2 199869 Heto Yehl A A4 Fode #3H
A A THP=0.378). H-& 125 7t9] TGF-beta W& #Fo] Walol A e 4% Hyr 1149
AaE Bl v A F S 1339 HAAE YER ik Alolell WiEkERe] o]t wu A sk
TH(p=0.985). Paired t-testE ©o]-&3lo] 127119 WstE wHEEZ 2438 Ayoas dixa 3 A
At B 125 Eeke] Wstwo] FAA SR FoIAlE ¥ ASE YEWtHp=0.871 vs.
p=0.869). AAFEAE o] 83te] 12F $ TGF-beta LR o] 7| AA o vla] F7hek Abat

0z
Z71EEA] e AbEe] nLS 7 SR vt o 23 kA vjgo] dEToAME
46.9%, A E ol & 531% 5 A7 e Fell A el FrEAE vlgel A9 Aolrf gl AL
= Jd’;élﬂ ME]'(D:O.SOS)

<E 12> TGF-beta #islo| ci3t X AH
oz 2 Nz
(32%) (32%) p-2t?

Baseline 19045+4249 2011945736 0.398
After (12 Week) 1893144841 19986+4653 0.378
Difference® -114+3903 -133+4496 0.985
p-af© 0.871 0.869

a: & FY Al Student’s t-test AA| Zut

b: After (12 Week) - baseline

c Zt E0 & ¥ baseline CHH| after (12 Week) ZAFA|S] paired t-test AA| Zu}
2% 63 TGF-B Walo] g HyA HA

515. 22 84 ¥4 <Osteocalcin 5= 2] ¥ 3}>

@259 osteocalcin EA #ol| gk 7] A A (baseline)w Ewro] 043, Al@wo] 0.560=
Algarel A7 i mokou 7 witel BAACE Fo3% Aol fIATH(p=0.617). H&
1277 Sofl= djZro] 045, A @2 0349 BarS 47 yerd] 9A SAA] fo)de &
H A A tHp=0.639). & 125F 7+o] osteocalcin ¥Ha #e] W Elo A thFxaol A%, Hit 0.02

o] F7HE Bl WHAE A ET e 0229 TAE YERoY & 7 BTN SAIAeE f9%
W sleko] xjolr} #AE A EdrH(p=0.336). Paired t-testE o] &3lo] 12F71e] WslE 7=
A% Ao g 7 BTN 125 &ote] wglgko] FAER) FoAdSs YEehIRA &Skt

(p=0913 vs. p=0.145). WA} o] &3lo] 125 % 2] osteocalcin W& zFo] 7] A Ao w3 F
7}ak Abhah E=7hE A e Ab#e] v)eS ZF R ¥ wEduk 2 Ay SRR vl o] o
Zao A 125%, Aol s 6.3%E 27 YER oA e SR vl &L FAF o=
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Apol 7l gl Aoz AEHATHP=0.672).

<H 14> Osteocalcin B30 st HAX| #HA

of 2= AET
(32%) (329) p-gk?
H o+ H & HAH(nhg/ml)
Baseline 0.43+1.04 0.56+1.08 0.617
After (12 Week) 0.45+1.11 0.34+0.79 0.639
Difference® 0.02+1.17 -0.22+0.85 0.336

p-at© 0.913 0.145

a: & A0 A e Student's t-test A A] Ao}
b: After (12 Week) - baseline
o 2 E0 2 Y baseline CHH| after (12 Week) HAFX[©] paired t-test AA] Z 1}

23 64, Osteocalcin H3}el] e A= HAA

5.2.6. 22 874 H7I¥G <ESR G4 9 ¥sl>
AZ=AHE A EF 39l ESR(Erythrocyte Sedimentation Rate)®] 7-%- 7] A Z] (baseline)i= Tt
Zro] 1853, Al @aro] 185602 F w3t FAAFo=E f{o3k Aol ¢lla(p=0.991) & &

1277 Fo dlxa2 1978, Algwe 17.03S Yehd gzt zpelrt #zbEX gkt
(p=0.270). Z1H Y HE 127 719 ESR #k9] Wgls dlxTo] Har 1.259 715 H<l HbA,
AP 1539 HAasE yebl Al A7k tixaed va] dodew 2 HAas
U BAH FoAe FuEA E3tHp=0.156). Paired t-testZ o] &3] 1257
THEE B3 Ay dxdy APe BF 1257k 2873 B¢k ESR ol
o3 WslE HoFA EIATH(P=0.335 vs. p=0.301). A5H#A 2| &3 ESRO]
100mm VAS, WOMAC¥ t}& & HolFo] 154l Aatg} avt 3 54
< HoAFA Zseivh

N
o of -{}J d

XU )
ol
ol
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<H 16> ESR HH3}0o| CHst =

k=

AE

o 2=

(323)

0.991

18.56+11.13

18.53+10.78

Baseline

0.792

1547+1041 16.13+9.43

After (6 Week)

0.270

17.03+£9.55

19.78+10.22

After (12 Week)

0.156

-1.53+x8.24

(]
o]

+l

Difference®

0.301

0.335

-7
H

Al 2t

A
=

20| A e| Student’s t-test

b: After (12 Week) - baseline

OF
[=}

a:

2 baseline CHH| after (12 Week) ZALX| 9| paired t-test 4 A| Zu}

Foz

1.

z
=

C:

a9 65 ESR ¥ 3ol o

'l

~
;oo

safety set2 U

[eXife)
Rle

of A 31 o

7)o

=
=

o) Aol A 121%9F 9.1%

el

I

=1.000). &4, Fti

= ST

o3 7ol

oAt

e

Al £l

o=

(oo

oA E5F e o 7hy

o) sl

-
it

6.2 7] 2= A A A

7]

W3} 2k paired t-test?)

£9)

A A ko] w3t

e

~

fo] 2]

S

Folow Student’s t-testE o] &

7}3

3

i

W o2

19 b

3|

A stol| A=

l‘ﬁ:

b ek

S

B

3

R

i)
Gl

!

0.000), =1 "ol A3 =7

0.010 vs. p

et e (o

2

e

<9 7]

2 995

Fokrh wekA, Al @AE gl

[e]
L=+

Z5]A

2 folF Wl @

Ax A

63 d34

1 (Week )3 F

%
L

9

EREED

92Tt

S

ITT ¥4 oz 24

ol
<
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o E(Week 12)9] ®W38lE ¥ 7] 91319 paired t-testE A A3F3L Student’s t-testollA] <

ZolE HQl AgE ¥z ¥7|EdY. 2 Ay, Wy (WBC), &8 A(Iematocrit), A4
(platelets), AST, ALT, r—GTP, BUN, Creatinine, £4HUric acid), 3533 (glucose), &=
ZH|Z(Total cholesterol), A& %=x]Z(LDL), 54 A ¥ (Triglyceride)®] 8- i+ 5ol A
AR o2 freolgt wErt YehvAx skt Ad5(RBO)Y A= &t Bl 127312 J
£ T Fod #Z4A2E YR oem (p=0.004 vs. 0.034) &2 ZFZ 4 (Hemoglobin)& & A
g, agln AEEARMHDL)S A@d AR {9k gt #EEAC $E, Student’s

%!

t-testE ©]&37 =3t vjaLol A FAA AolE B9l A= HEHA &kt

oot o &

2ol Bg fonE AT 2 gixdd %E JERY. dixTde g2 Es 243
TEEE NPT IE E BES B8 &EE %E YEHAL 23] % &8 E v
2 ggs AdA= gl
8 1z ¥ FE

FHAEALE drdow FHgAdaEgdow F A4 Jut o #HS HIII JE AF
o] &4 e Hestal Myl E71- 7 dAste] FRixAd den $F5o] AV AEE o
oy, = @E A BAF9e 9N, dHe] Hrd AME oIy BEYo R A5 ddd B4, &
v GAFoE ol =g Fyo] glg w F Avie #He AT A FolA

= P [S)
o2 554 o]l Aol of 80%, THAIQl A-Fol= Ao Al

FEZE(LTH-01)"E 37 587 of 1.8g/454/¥
S AT FA39S Wl WOMAC score, VAS scale & ¥ 7}3}¢
AAAF B HA7F d=A FAsEAL o] gRkE & b Aol e

A A oolAvt @A T9HE A=Y A Aol AP 66WE T
He] fa4d AAE AlgstA] @S 28 o 23E g 19go] ITTT oA ALs

=

= ddd FFol e HrhE A FEAE B MR v

A W T At &89 FREdeE qlE o= AR FFo] Y=AE index joint

£ 7oz Omm(ETF $ls)olA 100mmGGHs gl Hdel T)Akolel VASE A8k
= a

A S AR WOMAC score Korean

1
kS EAE S
AR FEA4 HFo] it HEZ  visiual analogue scale(VAS)E AF&3F a1,
! #A9
s

validation versions AF-&3}5t}.

T8 A AE ol 233 A3 100 mm VAS gkel
t gk 7] A 2] (baseline)i= U] o] 59.39, Al@re] 57.730.2 F o o] TAHSR fos x
o] 7} IR o™ (p=0576) H-2& 65F 2] 100 mm VAS #2 thxo] 49.00, A &2 45630 %
UE} 5 o R SAACE FosHA Haste s B

H
=
021:2
e
ey}
w
ol
o
=
o
o
bt
=
;%
M
]

BN
M

A gk 54 1253k9) 100 mm VAS #9) Wal® gxae P 15569 Fas B
A owkA, AR 17279 A vEhl AEwe] A9t dixael vle o 2 s
Rov SAA] el FEEHA FEATHp=0.692). Paired t-testE ©]&3to] 1253ke] W
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PAol Tod A4S o= TGF-beta L& ol ol

Alg o]l 201192 A9 A97F i %o 7 o ol FAACE /F9o38 Aol gl
I(p=0.398) & 125 Fo+= dlxTo] 18931, AP 199869 HrS e 94 &
d FYde BEYA LATH(p=0.378). 5§ 125 F9] TGF-beta L& ol Wl A
o] At Hat 1149 HAE Bl Wb, AETe 1339 #AAE YE g Aboldl ¥ E

F #Z2 5% &t (p=0.985). Paired t-test® ©]-§3}o] 1257+e] Wi s 9

I AP B 125 wohe] Wsteko] TAA R FosAE ¥ Ao
=0.871 vs. p=0.869).

Z¥AS F73= Osteocalcin & 7ol

AN

o
o)
5
=
BN

7) A A (baseline)= thzwto] 0.43, A& o]
TAACE Fos Aol= YA oH
349 Hyts A7 vEbl A A4
osteocalcin L@ e Wsto A T
29] #FAE dEploy F o mEFdA
tHp=0.336). Paired t-testZ o] &
oA 125 F<he] WsteFo] &4

41 =
o

AR
oy o
o 5 2

(p=0.617) & 125 Fo&= o] 0.45
¢l Folde #FEHA FArHp=0639). &
o] A, Wit 0029 F7HE H whd, A
ol gk Wskeke] zpolrf #FHX
Fe] Wigts SR 4% AR F & =
FEtHp=0.913 vs. p=0.145).
#d A EF 39l ESR(Erythrocyte Sedimentation Rate)®] - 7]
| 1853, Al&re] 185602 F it BAASZ folst o7t gl (p=0.991) =
1277 o dzxwe 1978, AP 17038 YeR Frgbel zbe]7} HA skt
(p=0.270). ZLejv} & 125 3+ ESR #¢] ®¥ste dixwo] ¥ 1259 F7tE Hel whd
A& 1539 H4asE et Ao 497t tixate] vs] didos 2
U FAARD Fode FREA] E3Y tHp=0.156). Paired t-testE ©]-§3F] 12
THE FAG A, fERod ART BT 127308 587170 §2k ESR gl
o) gk Wisk= WoFA 3 AT (p=0.335 vs. p=0.301). dF#
100mm VAS, WOMACH¥ t& 43s HojFol a4l 4
< HoAFA Zseivh

Safety sets wiozZ o gnkes HUisidxn AgA
I

>
il
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